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Bbi6op aHTUOMOTUKOB ANA NIeYeHUs opToneauHeckon MHPeKuuu,
BbI3BaHHOI rPaMmnoNiOXUTENIbHbIMU BO3OYyaUTENIMM,

no pesynbratam 12-netHero HabnwaeHus.

Yactb 2: GTOPpXUHONOHBI, CyNbdaHuNaMuabl, TETPALMKIIUHDI,
NUHKo3amMuabl, pochoMULMUH
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Pecdepar

Llenv uccnedoeanus — 060CHOBATh BbIOOP JIEKAPCTBEHHOIO CPeACTBA [JIS SMIIMPUUECKO aHTUOGaKTepualbHOM Tepanum
Ha OCHOBAHMM Pe3y/IbTaTOB aHAIM3a AMHAMMUKY YYBCTBUTEIBHOCTY K aHTMOAKTEPUATbHBIM MpernapataM BeoyIux Ipam(+)
6GaKTepuii, BbIIRIEHHBIX OT MTAal[MeHTOB C OpToneauueckoit nHdekimeit ¢ 2011 mo 2022 1.

Mamepuan u memods!t. BbITIOTHEHO PETPOCIIEKTUBHOE MCC/IeOBAHMEe JaHHBIX O UYBCTBUTEIbHOCTM K aHTUOAKTEPUAITDb-
HBIM ITpernapaTtam Bemymux I'pamM(+) 6aKTepuii, M30IMPOBAHHBIX OT MAIVIEHTOB, HAXOAMBIIMXCS Ha iedeHmnu ¢ 01.01.2011
1o 31.12.2022. Ha ocHOBaHMM MMOTyYE€HHBIX JAHHBIX OblJIa MICCIeIOBaHA IMHAMMKA 1 OTIpeieieH MTPOTHO3 Pe3UCTEHTHOC-
™M Beaymux I'pam(+) Bo36ynureneit. [IpoaHaIM3UPOBAHBI MSITh TPYIIT aHTUOMOTUKOB, aKTUBHBIX B OTHOIIeHUM ['pamM(+)
MMUKPOOPTaHMU3MOB: (TOPXMHOJNOHBI, CYlTbGaHUIaMUAbI, TETPAIMKINHBI, JTMHKO3aMUIbl, Gocdhomuiiny. I[pernapatam
C Y3KMM CITEKTPOM eiCTBYMS Obla MOCBSIIeHa repBast 4acTh pabOThI.

Pesynomamet. Bonee 75% mrammoB MRSA u 6omee 50% mrTamMoB MRSE meMOHCTPUPOBAIM YCTOMUMBOCTh K (DTOPXM-
HOJIOHaM. MeTUIIVIIVH-YYBCTBUTENbHbIE MITAMMbBI 00/1aAI0T MEHBIIMM ITpoduIeM pe3UCTEeHTHOCTH, MO PE3VICTEHT-
HbIX K MOKcudokcanmay MSSA 3a Bech mepuop HabmopeHust coctaBmwia 2,3%, MSSE — 14,7%. [lons pe3uCTEHTHbIX
K nunpoduiokcauuy mraMmoB E. faecalis causmnack B Teuenue 12 et Ha6mogenus ¢ 61,3% B 2011 go 40,4% B 2022 T.
B Hamem 1meHTpe 3a 12 sieT HaGmofeHMs] OTMEUAeTCsl CHYDKEHME MOMM INTaMMOB Staphylococcus spp., YCTOMUMBBIX
K KO-TpuMoOKcasony. [Ipy 9ToM rpemnapart 60Jiee aKTUBEH MPOTUB S. aureus v METUIIUUIMH-UYYBCTBUTEIbHBIX IITAMMOB, YEM
B oTHOwmeHun S. epidermidis v MR-IITaMMOB COOTBETCTBEHHO. [laHHbBIE JIOKAJIBHOTO MOHMTOPMHIA B HallleM IIeHTpe Ae-
MOHCTPUPYIOT aKTUBHOCTb hochoMuiiHa B oTHOIIEHMM 6onee 90% cTadMIOKOKKOB. B 11e/10M cpeHsIst IO YCTOMUMBBIX
K TAaHHOMY Mpernapary mraMmmoB MRSA cocraBunia 5,8%, MRSE — 7,7%, MSSE — 7%. [Tofist yCTOMUYMBBIX K KIMHIAMUIIMHY
MSSA yBenmumiach ¢ 1,5 mo 12% u B cpemHem coctaBuia 4,4%. B To ske BpeMsl 4aCcTOTa BbIeIeHNST KIMHIAMULIVH-PEe3UC-
TeHTHbIX MRSA BapbupoBasa B guamnasone 39-60% c TeHAeHIMel K CHUsKeHUIO 0 48% K KOHITY CpoKa HaOI0meHMsI.
3axaroueHue. Hu ogyH 13 aHTUMOMOTMUKOB IIMPOKOIO CIIEKTPa Heb3sl PeKOMEHIOBATh IJIS1 MCIIOIb30BaHMUSI B CTAPTOBOIL
SMIIMPUUECKOI Tepanuy opTorneauueckoit nHbekiuyu. ®TOPXMHOMIOHbI M KO-TPMMOKCa30JI aKTUBHBI B OTHOIIeHU 30—-33%,
TETPALMKIMHBI — B OTHOLIEHUM 39% (TIpeuMyLIeCTBEHHO 3a CYeT COXPAHSIOIIEN sl aKTMBHOCTY MUHOIMKIMHA U TUTeI-
KJIMHA), KIMHIAMUIIMH — B OTHOLIEHUU 64% I'pam(+) Bo36yauTeneit. PochOMUIIMH COXpaHSIeT aKTMBHOCTb B OTHOLIEHUY
nipuMepHo 90% cradnIokokKoB. OMHAKO HA CETONHSIIHMIA TeHb HET KPUTEPUEB )i OLIeHKM UYBCTBUTEILHOCTU K HEMY
SHTEPOKOKKOB, B CBSI3Y C UeM UYBCTBUTEIbHOCTb IHTEPOKOKKOB K (GoCchHOMUIIMHY He OITpeIesiin.

KiroueBbie c1oBa: oprornenyyueckast MHOEKINS; MMIUIaHTAT-aCCOIMUPOBaHHAs MHMEKIMS; TepUIIpoTe3Hast UHEKIs;
aHTMOaKTepuaibHas Teparnys; aHTUOMOTUKOPE3UCTEHTHOCTD; S. aureus; S. epidermidis; sSMIIpuYecKas Teparmus.

[ Ans umrupoBanus: Kacumosa A.P., Bokkoa C.A., TydanoBa O.C., Topmmua E.M., T'Bosgenkuit A.H.,
Tuxunos P.M. BbiOOp aHTMOMOTMKOB [JiS JIEUEHUSI OPTOINeOuMuyecKoil uHQeKUUM, BbI3BAHHOM TIpaMIIONIOXKN-
TeJbHBIMM BO3OYIMUTENSIMM, IO pe3yabTaTaM 12-meTHero HabGmogeHus. YacTb 2: GTOPXMHOIOHBI, CyTbdaHMIa-
MUIbI, TETPALMKIVHBI, JUMHKO3aMuAbl, dochomunuu. Tpasmamonozus u opmonedus Poccuu. 2025;31(3):5-19.
https://doi.org/10.17816/2311-2905-17710.
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Choice of Antibiotics for the Treatment of Orthopedic Infection
Caused by Gram-Positive Pathogens, Based on a 12-Year Follow-Up.
Part 2: Fluoroquinolones, Sulfonamides, Tetracyclines, Lincosamides,
Fosfomycin
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Abstract

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

Methods. We performed a retrospective study of data on the antimicrobial susceptibility in leading Gram(+) bacteria
isolated from patients who were treated from 01.01.2022 to 31.12.2022. Based on the data obtained, we investigated
the dynamics and determined the prognosis of resistance in leading Gram(+) pathogens. This article analyzes 5 groups
of antibiotics active against Gram(+) microorganisms: fluoroquinolones, sulfonamides, tetracyclines, lincosamides,
fosfomycin.

Results. More than 75% of MRSA strains and more than 50% of MRSE strains demonstrated resistance to fluoroquinolones.
Methicillin-sensitive strains have a lower resistance profile; the proportion of moxifloxacin-resistant MSSA during the
entire follow-up period was 2.3%, MSSE — 14.7%. The proportion of ciprofloxacin-resistant E. faecalis strains decreased
during the 12-year follow-up from 61.3% in 2011 to 40.4% in 2022. Over the 12-year follow-up period, our center has seen
a decrease in the proportion of Staphylococcus spp. strains resistant to co-trimoxazole. At the same time, the drug is more
active against S. aureus and methicillin-sensitive strains than against S. epidermidis and MR strains, respectively. The local
monitoring data in our center demonstrate the activity of fosfomycin against more than 90% of staphylococci. In general,
the average proportion of MRSA strains resistant to this drug was 5.8%, MRSE — 7.7%, and MSSE — 7%. The proportion
of clindamycin-resistant MSSA increased from 1.5 to 12% and averaged 4.4%. At the same time, the incidence of clindamycin-
resistant MRSA varied between 39-60% with a tendency to decrease to 48% by the end of the follow-up period.
Conclusions. None of the broad-spectrum antibiotics can be recommended for use in the initial empirical therapy
of orthopedic infection. Fluoroquinolones and co-trimoxazole are active against 30-33%, tetracyclines — against 39%
(mainly due to the continued activity of minocycline and tigecycline), clindamycin — against 64% of gram-positive
pathogens. Fosfomycin remains active against about 90% of staphylococci. However, to date, there are no criteria for
assessing the sensitivity of enterococci to it, and therefore the sensitivity of enterococci to fosfomycin has not been
determined.

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

WHberuys 061acTV XMPypruuyeckoro BMeIlaTelbCTBa
(MOXB) mociie oproreauueckux ornepauuili pa3BuBa-
eTCSI OTHOCUTEeJIbHO HeyacTo, a MMeHHO B 1,5-1,6%
CJlydyaeB IOC/Ie 3HIONPOTe3UPOBAaHMUSI KPYIHBIX CYC-
TaBOB — Ta300epeHHOro u KojeHHoro [1]. YacroTa
repesioM-acColMUMPOBAHHON MHGpEKIUM 3HAUUTENb-
HO BBbIllle — OHA JocTuUraet 27% M 3aBUCUT OT pas-
JUYHBIX (AKTOPOB, B TOM UYMC/IE OT OCOGEHHOCTEN
TIOJTyYeHMsI TpaBMbI U ee jjoKanusauuu [2]. Hecmorps
Ha OTHOCUTEIBHO HEBBICOKYH0 PpacHpoCTpaHeH-
HOCTb, ITPOTHO3 MCXOMa OpTOoNeanveckoit nHbeKkmun
B CpaBHEeHUU ¢ MHGEKIMSIMM MHBIX JTOKaIU3a1uit 60-
Jlee CIOXHBIN IO MPUUYMHE YacToro hopMUPOBAHUS
MMKPOOHBIX GMOIUIEHOK Ha IMOBEPXHOCTU WMMILIAH-
TUPYEMBIX YCTPOMCTB UM OKPYKAIONIMX MX TKaHei,
160 CEKBECTPOB B TOJIIE KOCTHOM TKaHU, UTO JleIaeT
MHQGEKUMOHHBIN ouar TPYTHOMOCTYITHBIM JJISI aHTU-
GaKkTepuaJbHBIX MPENapaToB U TPe6GyeT MPOBeIeHMUS
KOMOMHMPOBAHHOTO JieueHUSI (XUPYPTUUECKOTO U Me-
IVKaMeHTO3HOro) [3].

Benymas ponb B pasBUTUM OpPTONELUYECKON MH-
dbexuM MPUHAIJIEKUT TPAMIIOIOXKUTEIbHBIM —
Ipam(+) — BO36yauTensm. Ilo manusiM HMUI]
TpaBmarojgoruu u opromneauu um. P.P. Bpenena
(nanee — LlleHTp), cymmapHass pons S. aureus
u S. epidermidis B crieKTpe MMKpPOOPTaHM3MOB, U30-
JIUPOBAHHBIX M3 OMOMaTepMana TMAIMEHTOB C UM-
IUIaHTaT-accouunpoBanHoit uHpeximeit (MAU) wu
OCTEOMMENUTOM, NpeBbiliaeT 50% [4]. AHamOrMYHbIe
IaHHble ObUIM TIOMy4YeHbI A.B. IluckapamBuiam ¢ co-
asropamu [5] u FE.S. Froschen c¢ coaBTopamu [6]
B 2022 r. Ilommmo 3TOro, mo gaHHbIM lleHTpa,
B CIHEKTP BeAyIIMX MUKPOOPTaHU3MOB, U30AMPOBaH-
HBIX OT MAlIEHTOB C OPTOIeaMuYecKkoit MHekImest,
BXOOIT M npyrue I'pam(+) BO3OymuTeNnu: MHbIE KO-
arynasoorpuiaTesibHbie  ctadmiokokku (CoNS) —
5,8%, Enterococcus spp. — 5,5% wu Corynebacterium
striatum — 4,5% [4]. Tlpu 3TOM HacTOpakUBAIOIIUM
(dakTopoMm sIBISIeTCSI TEHIEHUMSI K POCTY JOAU MEeTH-
IWUIMH-PE3UCTEHTHBIX S. epidermidis no 66% B CTpyK-
Type 4yBCTBUTEIBHOCTY IITAMMOB JIAaHHOIO Buaa [4],
YTO yKa3bIBaeT Ha HeOOXONMMOCTb OTHABATh MPELIIO-
YTeHMe aHTMOAKTepUaIbHBIM ITperapaTamM, akTMBHBIM
B OTHOIIEHUM NAHHBIX BO30OymuTesneit, B sMIuUpuUyec-
KUX CX€Max IIPOTUBOMUKPOOHOII Tepanmm.

Bbi6op aHTMOAKTEPUATbHBIX TIPEMNAapaToB s Jie-
YyeHMs] MMAIMEHTOB C OpPTOIenuueckoit uHbekuen
MIpeNCTaB/IsIeT co00ii HEMpOCTYI0 3aJauy sl Kiu-
HULKCTOB. [IpenrouTeHne NO/DKHO OTAABAThHCS Oak-
TEePULMIHBIM IpernapaTaM, 06IafalouM aHTUOUO-
IUVIEHOYHOM aKTMBHOCTBIO, XOpOllel IeHeTpaLuen
B KOCTHYIO TKaHb " aKTUBHOCTBIO B OTHOLIeHu MRSE

1 MRSA [7]. [TosTOMY IIperapaTamu BeIOOPa, COIIACHO
COBpPeMEHHbIM KJIMHUYECKUM peKOMeHIaluusiM!, siB-
JISTIOTCS 6eTa-maKTaMbl, IIMKOTIETUIbI, OKCA30IU TN~
HOHBI, pudamnuimH u1 dy3uameBas KUCI0Ta, 0COO6eH-
HOCTY IIPMMEHEHMSI KOTOPBIX ONMCAaHBbI B IPebIAYIIEN
nyonukauyy. OIHAKO CIOXKHOCTM MOTYT BO3HUKATb,
KOTZa 13 6uomMarepuasia MaiyeHTOB U30JMUPYIOT Hec-
KOJIbKO TIATOT€HOB pas3/IMUHBbIX BUAOB OakTepuit, Cy-
IIeCTBYIONIMX B MUKPOOHOI accoumanyu. B Takux ciy-
yasx B KauecTBe aJIbTePHATUBLI JaHHBIM IperapaTram
MOXHO TIPUMEHSITh aHTHOaKTepUaIbHbIE CPEACTBA,
obnagarolye MMPOKUM CIIEKTPOM AeHCTBUSI — PTOp-
XUHOJIOHBI, TETPAIMKIMHBI, TMHKO3aMUIbI, pochomu-
IIMH U TPUMeTOIpUM-CcyibdameToxcasorn [7].

OCO6eHHOCTBI0O AHTUMOAKTEPUAIbHON Tepamnmuu
(ABT) optonenuueckoii MHGEKUUU SIBISETCS ee
IJINTENbHOCTb, KOTOpas 3aBUCUT OT MHOXeCTBa
dbaxTopoB, B TOM 4uc/ie OT BUIA MPOBEIeHHOIO X1-
PYPruyeckoro BMeIlaTeabCTBa, U MOXET COCTaBJISTh
6-12 Hep. [8]. IIpu 5TOM mepBble nBe Heneny nanu-
eHT ToayvyaeT B CTauyuoHape MHQY3MOHHbIE aHTHU-
6akTepuaabHble TIpernapaThl, apceHaa KOTOPhIX JOC-
TaTOYHO MMUPOK. IPPeKTUBHOCT BAHKOMMUI[MHA
B OTHOIIeHuu I'pam(+) Bo36GymuTesneii o4yeHb Be-
JIMKa, M K JAaHHOMY IpelnapaTy B HacTosllee Bpe-
MSI PETUCTPUPYIOT YCTOMUMBOCTb Cpely LITaMMOB
Enterococcus spp. (VRE), mong koropsix maina [4].
OnHako HAaHHBI aHTUOMOTUK OTCYTCTBYET B IEpO-
panbHOI Gopme, U B KauecTBe IpernapaToB BbIOO-
pa s aMOylIaTOPHOTO MpUMeHeHUs TPU JeUeHUNn
MHGeKIIuM, BbI3BaHHOI MpobieMHbIMKU I'pam(+)
MMUKpPOOPraHU3MaMu, MOTYT CTaTh ajlbTepHAaTUBHbIE
aHTubGaKTepuajibHble CPeACTBA — (QTOPXMHOJIOHBI,
TeTpalMKIMHBI, JMHKO3aMUIbBl M TPUMETONPUM-
cynbhamMeToKca3oa. DTO 0CO6GeHHO aKTyalbHO, YUU-
ThIBasi BBICOKYIO CTOMMOCTb I€POPaIbHBIX OKCa30-
JUIVNHOHOB U OTCYTCTBME Ha ¢apmaleBTUYecKoM
pbIHKe TIepopajibHOro pudammnuiinHa u Qy3mumoBoi
KUCJIOTBI.

[IpmeHeHMe KaXAOTO U3 GAHHBIX IPYNI aHTU-
6akTepuaabHBIX MPernapaToB MMeeT CBOM IpeuMy-
ecTBa ¥ HeloCTaTKM. Tak, GTOPXMHOIOHBI BLITOLHO
OTIMYAeT OT APYTMX IMpernapaToB aHTUOUOIIEHOYU-
Hasl aKTMBHOCTb, OJHAaKO MpU IJIUTEIbHOM IIpU-
MeHEeHUM MpernapaTrbl JAaHHOJM TPyNIbl 4acTO CIO-
COOCTBYIOT Pa3sBUTUIO HEXEIATENbHbIX peakuuii [9],
a KO-TPMMOKCa30Jl — OLHOBPEMEHHasi aKTMBHOCTb
B OTHOLIEHMM HEKOTOPBIX TIpPaMOTPULATEIbHBIX
(T'pam(-)) Bo3OGymmuTesneil, KOTOpPbIe YAaCTO BCTpeua-
IOTCSI B COCTaBe MMKPOOHBIX accoimanuii ¢ 'pam(+)
mukpooprauusmamu [10]. TeTpaUMKIMHBI U JIVH-
KO3aMM[IbI SIBJISIIOTCSI 6aKTEPUOCTATUKAMM, OFHAKO
3TU MpenapaTsl 06JaJal0T XOPOolleil aKTUBHOCTHIO

1 I/IH(I)EKLU/IH, daCCoMMpoBaHHas C OpTOoNeANYeCKMMNM MMITIJIAHTaTaMM ! KIMHMYEeCKNe peKOMeHaalmn. 2024. Pexxum

nmoctyma: https://library.mededtech.ru/rest/documents/60122168/
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B OTHOIIIEHMM BeAymux I'paM(+) MUKPOOPraHU3MOB,
B TOM YMCJI€ METUIUITMH-PE3UCTEHTHBIX CTabMIO-
KOKKOB, IT0 TIPUYMHE OTCYTCTBUS UX IMUPOKOTO MPU-
MeHeHUS B aMOyI1aTOPHOJ CEeTH.

CnemyeT OTMETUTb, UTO aHaAU3 AHTUOMOTUKO-
YYBCTBUTEIBHOCTM BeOyIIMX BO3OyAMTENe K aHTU-
GakTepMaTbHBIM IIperapaTtaM UrpaeT BasKHYIO POJIb
B pa3paboTKe KaK SMIIMPUYECKUX, TaK U JIeUeOHbIX
cxeMm ABT. JlaHHas1 CTaThsl SIBASETCSI BTOPOI YaCTbIO
MCC/IeAOBAHMS U JIOTMYECKUMM 3aBeplieHreM paHee
OITyOIMKOBAHHOM paboThl, TOCBSIIEHHON aHTUOMO-
TUKaM, ITPEMMYIIEeCTBEHHO aKTUBHBIM B OTHOIIEHUN
I'pam(+) mukpoopraunsmos [11].

Ilenv uccnedosaruss — 0OOCHOBATh BBIOOD JieKap-
CTBEHHOTO CpeACTBAa MJII SMIIMPUUECKON aHTMOaK-
TepUabHOM TepanuMyu Ha OCHOBAHWMM PEe3yIbTaTOB
aHaIM3a JMHAMUKY IyBCTBUTEILHOCTY K aHTHOAKTe-
pUaIbHBIM IIperapaTam Bemyiux I'paM(+) 6akrepuii,
BBIJ€JIEHHBbIX OT IallMeHTOB C OPTOIeAMYEeCKON WH-
exiyeitr c 2011 o 2022 1.

MATEPHAJI U METO/1bl

BpinosHeHO peTpOCHeKTUBHOE OLHOLEHTPOBOE MC-
clefoBaHMe AAHHBIX O PE3UCTEHTHOCTU K aHTU-
OGaKkTepuaJbHBIM IIpemapaTaM Begyumux I['pam(+)
GakTepuii, M30IMPOBAHHBIX OT IAI[MEHTOB, Ha-
XOOMBIIMXCS Ha JIEUEHUM B OTHeJleHUM THOMHOM
ocreonorum Ilentpa ¢ 01.01.2011 mo 31.12.2022.
K Bemymum BO36ymuTeNsIM OTHOCMIM MUKpOOpra-
HM3MBbI, 10JIS KOTOPBIX B OOIIEM CITEKTPE BO3OYIAUTE-
Jieil opromeauveckoil MHbeKIMKu mpeBbimana 3,5%
MO pe3y/ibTaTaM OIMyOJMKOBAHHOTO paHee ILeHTPO-
BOro MoHuTopuHra [4]. llTamMmMbl ¢ MUHMMAIbHOM
MOAABJISIIOIIEN KOHIIEeHTpaleii BAHKOMUIIMHA HUXKE
1,5 Mr/n paciieHuBaIv Kak YyBCTBUTEIbHBIE.
ONUOEMUOIOTUYECKMIT  aHAIMU3  pe3y/bTaTOB
MMUKPOOMONIOTMYECKOTO MCC/IeNOBAHMS  BBITIOMHS -
M ¢ TpuMeHeHMeM mporpammbl «Cucrema Mu-
KpOOMOIOTMYECKOTO MOHMUTOPMHra “MMKp0o6-2”
(«MenllpoekTt-3», Poccus, 2002-2020) u mabopa-
TOPHO MHMPOPMAIMOHHON CUCTEMBI «AKpoOCC-
WrskuaupuHr» (2021-2022). Mukpobmoiornyeckoe
uccIenoBaHKue OMomMaTrepuana IMAlMEHTOB BBIMOM-
HSIIM B COOTBETCTBUM C MEXIYHAapOOHBIMM CTaH-
nmapramu (Standards for microbiology investigations
(UK SMI)). Do 2021 r. umeHtudukanuo OakTepui
MPOBOAMIM OUOXMMUYECKUMM METOJOM Ha IIaHe-
nsgx Microlatest (Erba Lachema) ¢ momomnipio iEMS
Reader MF (Labsistems, ®unnsiaaus), ¢ 2021 r. —
meTogoMm MALDI-TOF-MS c¢ mcmnonb3oBaHMeM CHUC-
teMbl FlexControl # mporpaMMHOro obecrieueHust
MBT Compass 4.1 (Bruker Daltonics, I'epmanus),
Score > 2,0. YyBCTBUTEIbHOCTb KYJIBTYP OakTepuMit
K aHTUOaKTepMaJIbHBIM IIperapaTaM OILeHUBAIN
B cooTBeTCcTBUMU C TpeboBaumsimyu EUCAST (v.1-12)%.

IloMuMoO IMHAMWMKM AHTUOUOTUKOUYBCTBUTEID-
Hoctu I'pam(+) Bo3Gymureneit B LieHTpe GbuIM MpO-
aHAIM3UPOBaHbl 3(G(EKTUBHOCTh OCHOBHBIX TIPYIII
aHTHOAKTEPUATbHBIX JIEKAPCTBEHHBIX CPEACTB B Jie-
YeHUM OpTONenndeckoii MHGEKIMY Ha OCHOBAHUU
IaHHBIX HAYYHBIX ITyOMMKAIINIL, 8 TAKKE KyMY/ISITUB-
Hasl BEpPOSATHOCTD ycriexa (Tornaganus) mpu SMIOupu-
YeCcKOM Ha3HAueHWM NAHHOV TPYIITbI, OCHOBBIBASICh
Ha OVMHAMMKE BbIEIEHUSI PE3UCTEHTHBIX HITAMMOB
B LleHnTtpe 3a 12 ner.

CraTucTHUYECKMUI aHaIn3

JlisonycaHs KaTeropuaabHbIX TIepeMeHHbIX MCIIOMb-
30Ba/iM abCOTIOTHbIE 3HAUEHUS U NOJU OT LIeJIOTO —
n (%). IlepemeHHble, UMEIOLVE HEIPEPBIBHLIN Xa-
paKkTep pacrpeleneHusl, ONMUCHIBAAU CPEOHUM U
CTaHJApTHBIM OTKIOHeHUsIMU (M*c). Takke BbI-
YNCIISUIM MUHMMAIbHOE ¥ MaKCVMaJIbHOe 3HaueHUs
(min-max).

MogenupoBaHue KpUBOW «pe3UCTEHTHOCTb — Bpe-
MsI» TIPOU3BOAM/IYU TIpU oMoty 6ubmmoreku MGCV.
B kauecTBe 3aBUCHMOJ IIepeMeHHO BBICTYIIaja 01
pe3UCTeHTHBIX LITAMMOB B I'OJly, B KaueCTBe He3aBU-
CUMBIX — BpeMsl U Bup, 6akTepuit. MomenupoBaHue
HeJIMHEeVHOM 3aBUCUMOCTM TIPOBOAMIIM METOLOM
Ky6MUeckoii criaiiH-TpaHchOpMaluM OT BPeMEHU
¢ 3¢ derToM B3aMMOIEICTBUS C I'PYIIIOBO MIPUHAL-
JIeKHOCTBI0. Tak Kak 3aBuCHMas lepeMeHHasl pu-
Hagnexut nuanasoHy (0, 1), mpumMeHs M MOZesb
6eTa-pacrpenenenusi. s MUCKIIOUEHMSI IKCTpe-
MasIbHBIX 3HaueHui1 (0 1 1) BBIMIOIHSIACH CIeAyIoLas
TpaHchopManys 3aBUCUMOIL TepeMeHHOI:

(e (n-1)+0,5)/n,

roe y — 3aBUCMMAas TepeMeHHasl, 1 — KOJIMUYeCTBO
HabmoneHnit. CMHTAKCUC MOIeNu ObLI CJIeTYIOIIVIM:
gam (y ~ s(time, bs = ‘cr’, k = 5) + name + s(time,
by = name, bs = ‘cr’, k = 5), family = betar()).

Mopenb XapakTepu3oBaau KO3QPUIMEeHTOM IICEeB-
nomeTepMmuHaIvu R?, HOpManM30BaHHBIM KOPHEM U3
cpemHeKBaApaTUUHO ommbky (nRMSE), creneHsMu
cBO6OMBI. )i YTOUHEHMSI JAHHBIX Ha IOTyYeHHBIX
MOZENSIX TEeCTUPOBAIM TUIOTE3bl JUHEITHOTO TpeH-
nIa. s KOppeKIyuy MHOKECTBEHHOTO TeCTUPOBAHMS
TUIIOTE3 UCIIONIb30BAIM CPENHIOI0 JTOI0 JIOKHBIX OT-
knoHeHui1 (FDR). Bce pacueTsl BBITIOJIHEHBI Ha SI3bIKE
nporpammupoBaHus R 4.4.0.

PE3VJIbTATBI 1 OBCY>XKIEHUNE

@OTOPXMHOMIOHBI (IMIPOdIOKCAIIMH,
neBodIoKcanyiH, MOKCU@IOKCAIIVH)

DTOPXMHOMIOHBI — 3TO OOJbIIasl TPyIIa CUHTETH-
YECKMX aHTUMMUKPOOHBIX JIEKAPCTBEHHBIX CPEICTB.
DTOPXMHOJIIOHBI OKA3bIBAIOT 6aKTePUILIMIHBIN 3P deKT

2 The European Committee on Antimicrobial Susceptibility Testing — EUCAST. Peskum mocryma: https://www.eucast.org/
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3a cYeT HeoOPATUMOT0 MHTMOVPOBAHMS ABYX KM3HEH-
HO BaKHBIX (pepMeHTOB MUKPOOHOI KieTku — JJHK-
IMpPasbl ¥ TOMOM30Mepasbl-4 — UTO HAPYIIAeT CUHTE3
IOHK u BeI3bIBaeT rubenb 6akTepuii. [IpemapaTbl 06-
JIAJAI0T IMUPOKNUM CITEKTPOM aKTMBHOCTHU, & HaJIMUMe
TMapeHTEePATbHBIX U MEePOPaIbHbIX (GOPM ITO3BOJISIET
NPUMEHSITb UX IJIS IIPOAJIEHHON CTYIIeHYaTON Tepa-
Y Ha ambyaTopHOM arare [12].

HecMorpss Ha TO, 4YTO OOJBIIMHCTBO COOOIIE-
HUiT 0 GOpMUPOBaHMM aAAANITMBHON PEe3UCTEHTHOC-
™ K (pTopxuHOoIOHaM KacaroTcsl I'pam(-) 6akTepuii,
B HacTosmiee Bpems cpeau I'pam(+) BUAOB BCe 4Yallle
BCTPEYAIOTCS IITaMMBbl, YCTOMUYMBBIE K ITperaparam
IaHHOV IPYIIIbL. YCTOMUMBOCTh (POPMUPYETCS BCIIE -
CTBME peanu3aluy pasInaHbIX MeXaHU3MOB U MOXKET
ObITh OOYCJIOBJIEHA OJHOV WMJIM HECKOJIbKUMMM MyTa-
uysimu B reHe-muiienu QRDR (quinolone resistance
determining region), MOBBIIIEHHOI CKOPOCTHIO BBI-
BeJleHMsT JIEKAapCTBEHHOTO CPeNCTBa U3 KIETKU, CUH-
Te30M MOAUGPUIMPOBAHHBIX (EPMEHTOB  U/UIU
6enkamMmy, 3ammImammyMu Muiienb [13]. Inupokoe
HeoOOCHOBAaHHOE  MpUMeEHeHMe  (TOPXMHOIOHOB
B aMOY/IaTOPHOI ITPaKTMKe, 0COGEHHO BO BpeMS ITaH-
memum COVID-19, ycyry6miIo CUTyaluIo ¢ IIOBCEMECT-

Corynebacterium spp.

Enterococcus faecalis

HBIM pOCTOM KOJIMYEeCTBAa ILITAMMOB, YCTOMUMBBIX
K [IpernaparamM JaHHOM TpymIibl [14].

Ionst pe3suCTeHTHBIX K MOKcuokcayay MSSA
3a Bechb Ilepuoj HabmwomgeHus cocraBuna 2,3%, pe-
TUCTPUPOBAIM TEHAEHIMIO K YBEIMUYEHUIO JaHHOTO
roxasareJsisi, KOTopbiii coctaBma B 2021-2022 rT. co-
OTBETCTBEHHO 5 1 6%. AHaJIOTMYHBII ITOKA3aTeNlb A1
MSSE 6511 BbIIIE M COCTAaBWII B CPETHEM JIJISI BCETO ITe-
puopa HabmwogeHus 17,9; 16,5 u 14,7% cooTBeTCTBEH-
HO [JIJIST JIEBO-, MOKCU- U UIMIIPOQIOKCAIIMHA, TAKKe
C TeHAEeHIMel K pocTy (puc. 1).

Bonee 75% mrrammoB MRSA meMOHCTpUpPOBAIN
YCTOMYMBOCTD K (TOPXMHONIOHAM, IPY 3TOM Ha-
6I0maNcsl He3HAUYUTETbHBIN TPEeHI K CHVDKEHUIO
OOJMM PEe3UCTEeHTHBIX IITaMMOB A0 67 U 69% co-
OTBETCTBEHHO MJIsI MOKCHU- ¥ IMITPOQUIOKCaIMHA
K KOHIY CpoKa HaOmwomeHusi. Iojas yCTONUMBBIX
K JIeBO- U ummpoduiokcanyuy mramMmoB MRSE Ha
MpOTsDKeHMUM 12 yieT HaGMOmeHus: Kojebanach B Iya-
nmasoHe 56-69% 6e3 KakKUX-JIMO0 3aKOHOMEPHOCTEIA.
IduHaMMKa BbIIENEHUS PE3UCTEHTHBIX K MOKCU(D-
JokcauyHy mramMmmoB MRSE wumena BomHOOOpas-
HYIO CTPYKTYPY C 001Ielt TeHIeHIMeN K YBeTUIEHNIO

(puc. 2).

Enterococcus faecium
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Pucynok 1. Habnionaemast 1 TporHo3upyemasi pe3sucTeHTHOCTh
Beaymux I'pam(+) MUKpOOPraHM3MOB

K IUIIpOQIoKCcallHy

Figure 1. Observed and predicted resistance of leading

Gram(+) bacteria to ciprofloxacin

9 2025;31(3)

TPABMATONOIMNA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

MRSE

MSSA MSSE

[ons pe3ncTeHTHbIX, %

2014
2016
2024
2026

2018
2020
2022
2028
2030

PucyHok 2. Habnrogaemast v TporHO3upyemast
PEe3UCTEeHTHOCTD BeAylmux I'paM(+) MMKPOOPraHU3MOB
K MOKCUGMIOKCATIMHY

Figure 2. Observed and predicted resistance of leading
Gram(+) bacteria to moxifloxacin

B 1menoM akTMBHOCTb pasHbIX MpernapaToB U3
I'PYIIIb PTOPXMHOIOHOB B OTHOIIEHNM METULIMIITH-
YYBCTBUTENIbHBIX CTA(PMIOKOKKOB Gbl/Ia COMIOCTAaBUMA
(Tabm. 1), HO GbUTM BBISIBIEHBI MEXKBUIOBBIE Pa3JiK-
Yyist. DTOPXMHOJIOHBI ITPOSIBJISIV O0Jiee BhIpAsKEHHYIO
aKTUBHOCTb B OTHOIIeHuM mrtammoB MSSA B cpas-
HeHuy ¢ MSSE (p = 0,017) u B OTHOLIEHUM IITAMMOB
MRSE B cpaBHeHuu ¢ MRSA (p = 0,03).

YacTtoTra BbIAEIE€HUS PE3UCTEHTHBIX K IUIIPO-
(nokcanuay nrrammoB Corynebacterium spp., M30-
JIMPOBAHHBIX OT MALMEHTOB C OPTOMEOUYECKOI WH-
dexumeit, B IleHTpe BbIpowIa 3a 12 jeT HabGMIOOEHNS
c79% B 2011 1. 10 92% B 2022 1. HecMOTps Ha TO, UTO

B TeueHue uyeTbipex JjeT (2015-2018) mons ycroii-
YMBBIX IMITAMMOB CHMKAIACh, OOIIMIT TPEH] MOXKHO
0XapaKkTepU30BaTh KaK YBeIMUYEHMe, a MPOrHO3UPY-
eMasl yacToTa BBIIENeHMS Pe3UCTEHTHBIX K IIUIIPO-
dnokcanyHy KynbTyp crpemurcs K 100% (cm. puc. 1).
PesucrentHocTb Corynebacterium spp. K GTOPXMHOJIO-
HaM OITMCHIBAETCS TAKKe B PA3IMYHBIX 3apyOesKHbIX
nyonukamysix [15, 16]. Hons Corynebacterium spp.,
BBIZIEJIEHHBIX OT TAI[MEeHTOB C OPTOIeAMYEeCcKOM
mHbeKIyel, YyBCTBUTENBHBIX K IMUITPOQIOKCAIIMHY,
cocrasisieT MeHee 6% [15].

PasnuuHbie BUABI SHTEPOKOKKOB TaKke OT/IM-
YajuCch MEXAY €000 IO UYBCTBUTENBHOCTU K IIU-
npodokcanyuy. 0ot pe3syCTEeHTHBIX K IIUITPOGIIOK-
cauyHy mraMmoB E. faecalis cHusuiaach B TeyeHUe
12 ner Habmogenus: ¢ 61,3% B 2011 r. go 40,4%
B 2022 r. O61IMI1 TPEH MOKHO OXapaKTepU30BaTh KaK
cumskenue. Cpenu E. faecium omnpenensiiv 60blliee Ko-
JIMYECTBO YCTOMUYMBBIX K (PTOPXMHOIOHAM IITAMMOB:
B2011r.—91,7%, B 2022 1. — 100% (CcMm. puc. 1).

Ha cerogusiiamii 1eHb (GTOPXMHOMOHBI HE MOTYT
ObITb PEKOMEHIOBAHbBI JJISI SMIIMPUUECKOI Tepanmm
oproneanueckoii MHpekuuu. Huskas vacrora BbI-
IleJIeHMs] YYBCTBUTEIbHBIX IITAMMOB ITO3BOJISIET MC-
MOJIb30BATh UX TOJIBKO JIJISI STUOTPOITHOM TepaIuu 1o
pe3ynbpraTaM MUKPOOMOIOTMYECKOTO MCC/IeNOBaAHMS
6romaTepuasna Wwin yaaJaeHHbIX KOHCTPYKITUIA.

IMTo mauubM C. El Haj ¢ coaBTOpamu, oiHO 13 Hau-
6onee 3(PEKTUBHBIX KOMOWHALMIZ AHTUOMOTUKOB
NP JIeUeHUM OPTOIeqMUeCcKoi MHGbEeKIMM, BhI3BaH-
HOM cTaWIOKOKKaMM, SIBJIIETCSI COYETaHMe JIeBO-
dnokcanyHa ¢ pudaMnuIMHOM. [laHHAast KOMOMHAIMAS
He BbI3bIBAaeT (GOPMUPOBAHMS IPUOOPETEHHOI pe3u-
CTEeHTHOCTY CTa(PMIOKOKKOB K pudamrmiuuy [17].
OpHako Tpy HasHaUYeHUM GTOPXMHOJIOHOB B COCTaBe
IJIUTEIbHOM KOMOMHMpOBaHHO ABT Heo6xomgymo
YUIUTBHIBATh BEPOSTHOCTb Pa3BUTHUS HEXKeIaTeTbHBIX
peaxLuii: relraTOTOKCUMYHOCTH, IepudepuIecKoit mo-
JIMHEeponaTun, GOTOTOKCUIHOCTU U T€PATOTEHHOTO

acddexra [9].
Tabnuya 1

CpeJHss YacTOTa BbIeJIeHNUS YCTONYMBBIX K (pTOpXmHOMIOHaM mTamMmMoB I'pam(+) 6aKkTepmit
3a mepuopg, 2011-2022 rr., %

Muxkpoopranmsm

Lunipodiokcauyx

JleBoioKCcaiH

Mokxkcudmokcaua

MSSA (n =2373)

MSSE (n = 957)

MRSA (n = 542)

MRSE (n = 601)

E. faecalis (n = 449)

E. faecium (n = 130)
Corynebacterium spp. (n = 467)

3,2 (1,9-3,9)
14,7 (9,2-16,4)
78,8 (76,3-85,7)
64,1 (58,2-69,6)
45,6 (41,4-47,6)
91,1 (90,0-94,7)
77,5 (75,7-85,2)

H/L

17,9 (9,7-21,3)
H/L

62,1 (60,5-69,5)

2,3 (1,0-3,9)

16,5 (3,7-16,6)
73,9 (75,2-82,4)
49,4 (43,6-64,1)

H/[ H/L
H/L H/A,
H/[ H/L

H/IL — HeT JaHHbIX.
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TpuMeTONPUM-Cy/Ib(haMeToKCa3oJl
(KO-TpUMOKCa30/1)

IIpemapat mpeacTaBasieT co60i KOMOMHALIMIO TPU-
MeTOIpMMa (CMHTEeTUYECKOTO aHTU6aKTepualbHOTO
areHTa, JIeiiCcTByIOIIero Ha 6mocuHTe3 donaTta my-
TeM KOHKYPEHTHOTO CBSI3bIBaHUS ¢ (epMeHTOM M-
rugpodonaTpenykTasoi) u cyiabdamMeTokcazona —
cyabGaHMIaMuI, BO3AEICTBYIONIMIT Ha Ipyroit dhep-
MeHT — guruaponTtepoarcuHTasy [18]. B cocTas ne-
KapCTBEHHOTO CPefCTBA OHM BXOAST B COOTHOILIEHUHU
OOUH K MSTHU, a TPU MOTIaJaHMUM B OpTaHMU3M COOTHO-
[eHMe KOHIIEHTpalMii aKTUBHBIX BEIleCTB B KPOBU
U TKaHSIX COCTaBJsIeT MPMMEPHO OAVH K ABajllaTH,
yTO ObecreurBaeT MaKCUMAJIbHbBI CUHEpreTuyec-
kuit apdexr [19].

Ko-TpuMoxcaszon xapaKTepusyeTcsl HIMPOKUM
CIIEKTPOM aHTUMMUKPOOHOI aKTUBHOCTU U GOJIBIINM
rnepevyHeM 3aperucTPUPOBAHHBIX MOKA3aHUII K TIPU-
MeHeHMI0, BKIoYas MHQEKIMU KOCTeil ¥ CyCTaBOB.
[TpemapaT XOpOIIO TPOHUKAET B KOCTHYIO TKaHb, CU-
HOBMAJIbHYIO KMAKOCTh M CO3[AaeT TaM KOHIleHTpa-
uuu, npessimaoine MUK, B orHomenun I'pam(+)
natoreHoB [20]. VIMEHHO 3TO OOBSICHSIET IIMPOKOE
MpUMeHeHMe NAHHOTO TperapaTra Mpu Je4yeHUM Ma-
LIMEHTOB C OpTOTeaMUeckoi nHdeKIMe, B TOM Unucie
obycnosneHHoi I'pam(+) Bo36ymurensimu [8].

OnHaxko, o mJaHHbIM M. Sanchez-Osuna ¢ coaB-
TOpaMu, Pe3UCTEHTHOCThb K KO-TPUMOKCA30y OIOoC-
pemoBaHa M3MEHUMBOCTHIO (DepPMEHTOB, CIIOCOOHBIX
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PucyHok 3. Habmiomaemast ¥ IporHO3MpyeMast
PEe3UCTEeHTHOCTh Beayuyux ['pam(+) MUKPOOPraHN3MOB

K KO-TPMMOKCa30J1y
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Figure 3. Observed and predicted resistance of leading
Gram(+) bacteria to co-trimoxazole

2028 T
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BBITIOJIHSITh CBOIO OMOJIOTMUYECKYI0 (YHKINUIO 06e3
CBSI3BIBaHMS € 5TUMM Npenapatamu [18]. B LlenTpe
3a 12 ner HaGmwIOeHUsS OTMeuyaeTcsl CHUKeHUe
Ionyu 1mramMmoB Staphylococcus Spp., YCTOMYMBBIX
K KO-TpuMOKcasony (puc. 3). Ilpu sTom mnpenapar
6osee akTUBeH MPOTMUB S. aureus U MeTUIMJUIUH-
YyBCTBUTE/NbHBIX ULITAMMOB, YeM B OTHOIIEHUU
S. epidermidis ¥ MeTUIIUIIVH-PE3UCTEHTHBIX IITAM-
MOB. Jlonsi pPe3UCTEeHTHBIX K KO-TPUMMOKCA30Ty
mrtaMMoB MRSA cokpatunace ¢ 9,9% B 2011 1. 1o 1%
B 2022 r.TIpu 5TOM 32 BeCbh I1epuof, TOAbKO TPU LITaAM-
ma MSSA 6bUIM YCTOMUMBBI K JAHHOMY IIpernapary.
OuHaMMuKa BblIe/NeHUsS YCTOMUMBBIX K KO-
TPUMOKCA30/Iy IITaMMOB S. epidermidis vimena BOJ-
HOOOpa3HOe TeueHMe C TPEHAOM K CHUKEHWUIO.
B 2021-2022 rr. Tonmbko 10% MSSE u 27% MRSE 661111
pe3uCTeHTHLIMY K JaHHOMY IIperapary (puc. 3, 4).
YacTtoTa BbIeI€HUSI PE3UCTEHTHBIX K KO-TpU-
mokcasony E. faecalis Bo3pocna ¢ 36,5% B 2011 T.
mo 39,7% B 2018 1. OgHako ¢ 2019 r. Xo-TpMMoO-
KCa3071 MWCKIIOYEH U3 T[epeyHsl JieKapCTBEHHBIX
CPenCTB, K KOTOPBIM OMNPENENSIOT UyBCTBUTEIbHOCTD
Enterococcus spp. B CBSI3U C OTCYTCTBMEM KPUTEPU-
€B ero akTMBHOCTM B OTHOLUEHUM 3IHTEPOKOKKOB
U, ClIefoBaTelbHO, HEBO3MOXHO MPOTHO3UPOBATh
KJIMHUYECKUM UCXOL. I30/19Thl C MUHMMAJAbHOM UH-
rubupyiomeit koHueHntpauyueit (MUK) 6onee 1 mr/m,
CKOpee BCero, MMeIT MeXaHU3Mbl Pe3UCTeHTHOCTU
K Ko-TpuMokcasony. [ljns E. faecalis v E. faecium 3To
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PucyHoK 4. [1o5151 pe3MCTeHTHBIX K KO-TPUMOKCA30Ty
mrammoB MSSE u MRSE

Figure 4. The proportion of co-trimoxazole-resistant
MSSE and MRSE strains
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COOTBETCTBYET AMaMeTpPy 30HbI IOJaBIe€HUS PO-
CTa BOKPYT AMCKa MeHee 21 MM [Jis1 TpMMeTOIIpuMa
U MeHee 23 MM JIJis CyJb(daMeTOKCa30ja COITaCHO
EUCAST.

HecmoTpst Ha To, uTO 3a 12 jeT HaGMIOmEHUS
B LleHTpe perucTpupoBajiM COKpallleHue YacTo-
Thl BbIEJEHUSI PE3UCTEHTHBIX K KO-TPUMOKCA30TY
IITAMMOB BCeX 3HAUMMBbIX I'pam(+) Bo3Oymuresnei
opToneanYecKoii MHMeKIMK, Tpenapar AeMOHCTPU-
pyeT aKTMBHOCTD TOJbKO B OTHOLIEHUU 67% I'pam(+)
GakTepuif, UTO He II03BOJISIET MCIIOJb30BaTh €ro
B CXeMe CTapTOBOI SMIMUPUIECKON Teparuu.

TeTpauMKINHBI

TeTpalMKIMHOBBINA Psifi aHTUOMOTUKOB B HACTOSIIIEe
BpeMs B Poccuu nipeficTaBiieH YeThIPbMS Mpenapara-
MU: TETPaUUKINH (IlepBOe IOKOJeHMe), JOKCULMUK-
JIMH ¥ MMHOLUMKJINH (BTOpPO€E MOKOJIEeHUE), TUTELIUK/INH
(TpeTbe MOKOJIEHME). B 11e1I0M OHM XapaKTepu3yIoT-
cs1 6AaKTEPMOCTATUYECKUM JECTBUMEM HA IIMPOKUIA
CIIeKTP MUKPOOPraHM3MOB 3a CUET MOJAaBIeHUS CUH-
Te3a 6eJIka B MUKPOOHOI KJIETKe ITyTeM B3aMMOIeil-
ctBust ¢ 30S cyobemuuuileii pubocomsel. Ilpenapartsl
XOpOUIO TPOHMKAKOT B OPTraHbl M TKaHM, BK/IOYAs
CMHOBUAJIBHYIO J>KMIKOCTb, MOTYT HaKarIMBaThbCs
B KOCTHOJ TKaHM, CO3/1aBasi HeOOpaTuMble KOMILIEK-
col ¢ Ca?'. [Ipu 3TOM OOKCULIMKIMH Y MUHOLMKIVH
XapaKTepUsYIOTCS JIYIIIUM ITpoduiieM 6e30MacHO-
CTU ¥ MMEIOT MepopanbHbie GopMbI. Pe3ucTeHTHbIE
K TeTPaUVK/IMHY HITAMMbI BO30yIuTeel MOTYT ObITh
YyBCTBUTEIbHBI KO BTOPOMY ITOKOJEHUIO (HOKCULIM-
KJIMHY M MUHOLUMKINUHY), YyBCTBUTEIbHOCTb K TUTE-
LMKIVHY OTIpefensieTcsl OTAEeNbHO.

VCeTOMUMBOCTD CTA(PUIOKOKKOB K TETPalVKIMU-
HaM 00yCI0BJieHA YCKOPEHHBIM BBIBEIEHMEM IIpe-
rmapara u3 6GakTepuaJbHOM KIETKM C ITOMOIIBIO
s dmokcHoro Hacoca (MFS — major facilitator
superfamily) [21]. Kpome Toro, dbnaBuH3aBUCHUMAS
MoHOooKcureHasa TetX obecrieunMBaeT pe3UCTEHT-
HOCTb KO BCEM TeTpaluK/IMHAM, TaK KakK KaTaJu3u-
pyeT MX MOHOTUAPOKCUMIMPOBaHME B MPUCYTCTBUU
monexya NADPH, O, u Mg*, uTo IpMBOAUT K BHYTPU-
MOJIEKY/IIPHOM LMKAM3ALMUU U pacliafzy MOJeKyJIbl
npemnapara [22].

HecMorpss Ha 6GakTepuocTaTMUecKoe [eiicTBUE,
IOKCULIMKAVUH AeMOHCTPUPYET aKTUBHOCTb B OTHO-
menun 70% urramMmMoB S. epidermidis, a Takke agau-
TUBHOE (YCWJIMBAIOIIEE) IeiCTBME B KOMOMHALIUMU
¢ pudaMIUIIMHOM, JIMHE30JIUAOM U IUITPOGIOKCALIA-
HOM [23], 4TO TO3BOJISIET PACCMATPUBATD €r0 KaK aJlb-

TepHATUBY pUMGaMIUIIMHY TIPY JIEYeHUM TalMeHTOB
C OpTONeaMUecKoi MHMeKIME.

B niesom 3a aHanM3UpyeMblil Iepuo aKTUBHOCTh
TeTpaluKAMHA B OTHomeHuu Staphylococcus spp.
M3MeHslach He3HauuTenbHO. [Ipu 3TOM Mpemnapar
IIeMOHCTPUPOBAJ GOJIBITYI0O aKTMBHOCTh B OTHOIIIE-
HUM IITAMMOB CTaOWIOKOKKOB, YYBCTBUTETbHBIX
K METULMIIMHY. YCTONYMBOCTh MSSA cHu3uMIach 3a
nepuop Habmonenus ¢ 9,1 go 5%, a nyis MSSE nau-
HBI}i TTOKa3aTesb OBLI BBIIIE M COCTABUJ B CpeIHEM
16,3% ¢ poctom go 21% k 2021-2022 rr. Yacrora
BbIJleJIEeHUSI YCTOMUYMBBIX K TETPaAlMKAMHY ILITaM-
moB MRSA konebanach B IIMPOKUX ITpemenax oT 21,3
Io 45,7% c TeHOeHLMeNn K CHMUKEHUIO M Ha Tepuo
2021-2022 rr. cocraBuna B cpegHeM 38%. [ons
ycToiiunBbIx mrtaMmMoB MRSE 6b11a cTaGMIbHOI BECh
repyuop, HabIIogeHs U COCTaBuIa B cpegHeM 35,5%.

B cnexTp meiicTBuUS TeTPaUMKIMHOB, IOMUMO CTa-
dbuokokkoB, BxogsiT u Corynebacterium spp. B LlenTpe
¢ 2011 no 2014 r. yacToTa BbIE/JEHUS PE3VUCTEHTHBIX
mrammoB Corynebacterium spp. yMeHbIIMUIAch ¢ 57,0
o 28,4%, omHaKO 3a cledyiollye 8 JeT HaOMIogeHNs
aKTMBHOCTb TeTpaUMK/IMHA Hauyaja JMHEHHO CHU-
Kkatbes, 1 B 2021-2022 rr. okono 73,3% 1ITaMMOB
OBLIV K HEMY YCTOMUYMBHI (pUC. 5).

Hauunas ¢ 1976 r., korga Ha npuMepe S. aureus
ObUIO TIOATBEPKIOEHO, UTO YYBCTBUTENbHBIE K Te-
TPalMKIMHY HITAMMbl UyBCTBUTEIbHBI U K APYIUM
npernaparaM TeTPaUMKINMHOBOTO psina [24], 4yB-
CTBUTETBHOCTh BO30OYyAUTENE! OIpenesivi TOIbKO
K TeTpaumkiauHy. OfHaKo 3a mocjefHee Bpemsl Bce
6osbllle MCIeAOBAHUII AEMOHCTPUPYIOT, YTO MWHO-
IUKIVH XapaKTepu3yeTcss OOJbllel aKTUMBHOCTHIO
B CpaBHEHUM C TETPALMKIMHOM U TOKCULIMKIMHOM
B oTHowmeHuu S. aureus, CoNS, Enterococcus spp.
M paxke KapbareHeM-yCTOMYMBBIX  IITAMMOB
Acinetobacter baumannii [10, 25, 26]. Harrpumep, B He-
JIlaBHEM MCCIeIOBaHUM YyBCTBUTEIBHOCTU 85 M30ISI-
TOB CONS M.A. Amer ¢ coaBTOpaMy oKa3ajiau, 4To U3
IEeBSITU TIPOTECTUPOBAHHBIX aHTUOMOTUKOB (OKCa30-
JIMIVHOHBI U ITIMKONENTUAbI He U3yUaik) CAMYIO BbI-
COKYI0 aKTMBHOCTb MPOAEMOHCTPUPOBAIM TeTpalu-
KJIVHBI. YCTOMUMBBIMU K TETPALMKINHY ObLIN 28,3%,
OOKCULIMKIMHY — 11,7% u MuHOUMKIMHY — 8,3%
n3oaaToB [27]. Takum 06pa3om, Ha CErOmHSIIHMIA
IleHb MMeeTCsl AokasaTejbHas 6asa Il TOTO, UTO-
6bI ITPOBOAUTDH TECTMPOBAHME HA UYBCTBUTEIHLHOCTH
K MMHOLUMKIMHY IITAaMMOB, J€MOHCTPUPYIOLIMX pe-
3UCTEHTHOCTb K TETPAUMKIUHY WIU JOKCULIMKIUHY,
YTO peasn30BaHo B HaueM LleHtpe ¢ 2023 .
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TUreuUMKIMH TPUHALIEKUT K KJIACCy TMULIVILIVK-
JIVHOB, CTPYKTYPHO CXOOHBIX C TEeTPaUUKINHAMMU.
TurenMKINMH paccMaTpMBaeTCcs B OCHOBHOM B KOH-
TeKCTe JieueHUsT MHQEKLWiA, BbI3BAHHBIX I'pam(-)
Bos6ygutensmu. OgHako, cormacHo EUCAST, ompe-
JleJieHbl KOHTPOJIbHbIE TOYKM U JJIS TaKUX BO3OYmU-
Tesneii, Kak Staphylococcus spp. (BKIOYasi METULIMI-
JIMH-YYBCTBUTE/IbHbIE U DPE3UCTEHTHbIe UITAMMBbI),
Enterococcus spp. TUreqUKIMH MOXET IIpeoaosie-
BaTh [ABa OCHOBHBIX MeXaHM3Ma pPe3UCTeHTHOCTU
MMUKpPOOPraHM3MOB, HAOMIOAAEMbIX B OTHOIIEHUU
KJIaCCUYEeCKMUX TeTPaLMKIMHOB TE€PBOrO U BTOPOTO
TTOKOJIEHUT : prOOCOMATBbHYIO 3aIIUTY M AKTUBHOE BbI-
BefeHMe. bpliia MpoleMOHCTpUPOBaHa MepeKpecTHast
Pe3UCTEHTHOCTb MEXIY TUTeLUKINH- U MUHOLUK-
JIMH-pe3UCTeHTHbIMU U3onsgTaMu Enterobacteriaceae,
orocpefoBaHHas 3G@IIIOKCHBIMM HacocaMu, o0be-
CIIeYMBAIIMMM MHOKECTBEHHYIO JIeKapCTBEHHYIO

2026 1

2028 1
2030 4

YCTOMYMBOCTb. B Hamem ucciefoBaHMM IITaMMbI
Enterococcus Spp. DEMOHCTPUPOBAIM COXpPaHEHHbIN
MpodWIb UyBCTBUTETBHOCTY K TUTELIUKINHY (pUC. 6).
Bcero 5% Enterococcus faecium B 2022 r. 6bUIM pesu-
cTeHTHbIMMU. OOIINI TPEH[ TaKKe CBUIETEIbCTBYET
0 COXpaHsIolIelics akTUBHOCTH JIeKapCTBEHHOTO Tpe-
napara B OTHollleHuu Enterococcus spp.

HecMoTpst Ha XOpOIIyI0 MeHeTpaLuIo MpernapaToB
IAHHON TpyINbl B KOCTHYK TKaHb, HU3KUIT YPOBEHb
He(PPOTOKCUYHOCTM ¥ HUZKYI0 CTOMMOCTH, TeTpalu-
KJIMHBI Helb3s1 paccMaTpUBaTh B KauecTBe Ipernapa-
TOB BbIOOpA [JIJIST CTAPTOBOM SMIIMPUYECKON Teparuiu.
OpHako mepopasbHble (GOPMbI JOKCUIIMKIMHA U MU-
HOLIMK/IMHA aKTMBHO MPUMEHSIOT B CXeMax JieueHUs
nanueHToB ¢ AU, B TOM uMciie B KaueCTBe IJIUTENb-
HOJM CYIPEeCcCMBHONM Tepamuyu MpU HEBO3MOKHOCTU
BBIMIOJTHUTh PpaJUKaJIbHOE XUPypruyeckoe BMellla-
TeNbCTBO [28, 29, 30].
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PucyHok 6. Habnomaemast 1 mporHo3upyemMast
PEe3UCTeHTHOCTDb BeAylux I'pam(+) MUKPOOPTaHU3MOB
K TUTeLIUKIIUHY

Figure 6. Observed and predicted resistance of leading
Gram(+) bacteria to tigecycline

JIMHKO3aMMbI (KIAMHIAMMIIH)

Knunpamuiiyy, npemapaT wu3 TPYNNbl JIMHKO3a-
MWIIOB, 00/1amaeT, Kak M TeTPalMK/IMHbBI, OaKTe-
pUOCTaTUUYECKUM JeiiCTBMeM 3a CueT CBSI3bIBAHUS
¢ 50S cybpemuuuieit puboCoOMbl ¥ MHTMOGUPOBAHMS
cuHTe3a 6e/Ka y MIMPOKOTO CIIEKTPA MUKPOOPTAHU3-
MoB. XOpOIlIO TPOHMKAeT B TKAHU U OPTaHbl, BKIIIO-
yas KOCTHYIO TKaHb. OJHAKO OTMeYaeTcs MosiBeHne
GOJIBIIOTO KOJIMYECTBA PE3UCTEHTHBIX K HEMY IITaM-
MOB cTadmiIoKokkoB [31, 32]. Haubosee pacmpo-
CTpPaHEHHBIM MEXaHU3MOM YCTOWUYMBOCTU GaKTepuii
sIBsieTcsl MoauduUKaIMs 1eJIeBOr0 ydacTka, OIoc-
penoBaHHasi reHaMu erm, KOOUPYIOUUMU (epMeHT
MeTuIa3y, KOTOpbIit U M3MeHsieT 23S pubocomab-
Hyro PHK.

R.R. Albavera-Gutierrez ¢ coaBTopaMu B HeIaB-
HeM KOTOPTHOM MCC/IefOBaHMM TOKAa3a1M, UTO UyB-
CTBUTENBLHOCTH S. aureus, BbljeJIeHHbIX OT NalleHTOB
¢ uHdexMel, acCOUUNPOBAHHOM C OPTOIeIUUYeCKu-
MM MMIUIAHTaTaMM, K KIMHIaMULMHY COCTaBMjIa
89% [33]. pyrue aBTOpbI yCTAaHOBUJIN, YTO YCTONYN-
BOCTb K KJIMHIAMUIIVMHY OblJIa BbIIIE Y KYJIbTYyp MRSA
B cpaBHeHUM ¢ MSSA — 79,4% npotus 41,8% [34].

B Harniem ucciaemoBaHuy ObUTa BbISIBJIEHA TOXOKAS
3aKOHOMEPHOCTb IJisT 000MX BUAOB CTA(QUIOKOKKOB.

Hdoins yCcTomumBeiX K KIMHAaMuIuHy MSSA yBenu-
ymiack ¢ 1,5 go 12% u B cpemHeM cocraBuia 4,4%.
B TO ke BpeMmsi yacToTa BbiAeleHUs] KIMHIAMUIIMH-
pesucTeHTHbIX MRSA BapbupoBasa B IMPOMEXKYTKE
39-60% c TeHOeHIMEN K CHIDKEHUIO A0 48% K KOHITY
cpoka HabmomeHus (puc. 7).
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Figure 7. The proportion of clindamycin-resistant MSSA
and MRSA strains

OuvHaMuKka AONMM KIMHAAMUIMH-PE3UCTEHTHBIX
S. epidermidis 6bu1a CXOXell He3aBUCUMMO OT UyB-
CTBUTENIBHOCTM K MeTuIwuinHy. CHauama QuKCu-
poBanu cHkeHue mokasatens ¢ 2011 mo 2013 r.,
3aTeM — POCT, U K KOHITY CpOKa HaOMIOmeHusT TOJs
ycroriumBbix MSSE cocraBmiia 27%, MRSE — 48% nipu
cpenHelt BeluunHe nokasatens 11,6 u 36% cooTBeT-
CTBEHHO (puc. 8).

Hannune nmapeHTepaabHOI U ITepopaibHOM GopM
BBIITyCKA, IIMPOKUIA AMATNa30H OO3UPOBOK, HU3KUI
aJIJIepreHHbIi MOTeHIMaa SIBJSIOTCS ITIII0CAaMU UC-
MOJb30BaHUS KIMHIAMUIIMHA TIPU JIeYeHU U NalueH-
TOB C OpToIlleanueckoi nHdeKIuelt, KOTopoe Ipej-
nosaraet pAauTenbHble Kypchl ABT. CraHpmaprHas
IosupoBKa mpenapata — 600 Mr Kaxkabie 8 u. — obec-
TeYMBaeT BBICOKYIO BEPOSITHOCTh MOMYUYEeHUSI KOH-
LIeHTpalnii B TKaHSIX, PABHBIX 110 MeHbIlIeli Mepe ero
MUK (0,25 mr/n) B oTHomieHuu Staphylococcus spp.
IMpu nosbitenunu MUK 6osee 0,25 MI/l1 BO3MOKHbI
yBe/lndyeHue A03bl 00 450 Mr UM uyeTbIpeXKpaTHbIN
npuem [35].
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PucyHok 8. Habnomaemas 1 mporHosupyemast
PEe3UCTeHTHOCTb BeAylux I'paM(+) MMKPOOPraHM3MOB
K KIMHIAMULIVHY

Figure 8. Observed and predicted resistance of leading
Gram(+) bacteria to clindamycin

OmHako B TOC/IEOHME TOObI OMYyOJIMKOBAHBI pe-
3Y/IbTAThl HECKOJIBKUX MCCIeMOBaHMI, KOTOpbIE II0-
Ka3bIBAIOT, YTO MPUMEHEeHEe KIMHIAMUIIMHA B KOM-
6MHaLMY ¢ pUGaMIUIMHOM CYIIeCTBEHHO M3MeHSeT
(bapmMaKOKMHETNKY JTMHKO3aMMUAA 3a CUET yBeaude-
HUS ero KimpeHca B 16 pa3 [36]. B Takoi cutyauun
JocTiskeHne 3(QGeKTUBHOM KOHIEHTpaUuM KIWH-
JaMUIIMHA B TKAHSIX TpeOyeT 3HAUUTENbHOIO yBe-
JIMYEHUS €r0 JO3UPOBKM — HEIPEePhIBHON MHOY3UU
4,2 T B CyTKU, YTO BO3MOSKHO TOJIBKO MOA, KOHTPOIEM
JIEKAPCTBEHHOTO MOHMTOPMHTA M TIPU TIIATEIbHOM
MOHMTOPUHTE HeXKe/laTeJIbHbIX SIBJIEHUI, B 4YacCT-
HOCTY aHTUOMOTMK-aCCOIMMPOBAHHOrO KoiuTa [37].
Heob6x0a1Mo yUUTHIBATh, UTO 3HAUMTETHHOE BIIVSTHYE
pudamnuiMHa Ha ¢apMaKOKMHeTuueckue/papma-
KOAMHAMMYECKMe TOoKa3aTeny KIMHIAMUIIMHA IIPU
X OINHOBPEMEHHOM IPUMEHEHUM MOXKET MPUBECTU
K KIMHNYECKOV He3(DOEeKTUBHOCTY B CIyYasiX UyB-
CTBUTEbHBIX K HUM BO30YIUTEIEN .

V3Kkuit CIeKTp OeMACTBUS UM 3HAUMTENbHAsl OIS
YCTOMUYUBBIX K aHTMOMOTHUKY IITAMMOB He ITO3BOJISIIOT
PEKOMEHAOBAaTh KIMHAAMMIIMH IJIT CTapTOBOM M-
nupuueckoi tepanuu. OgGHAKO OH SIBJSETCS IIperna-
paToM BbIOOpa [IJis IepUONepalyoOHHOM Ipoduiak-

TUKM B TPaBMaTOJIOTUM M OPTOMIEAVU Y TAIMEeHTOB
C a/uteprueil Ha MEHUIM/UTMHBI U 11eaTOCITOPUHBL.
HenmaBHme myGmmKanmy pe3ysnbTaTOB aHaaM3a HOP-
BEKCKOTO PETMUCTpa SHAOMPOTE3UPOBAHMUSI C BKITIO-
YyeHMeM OAHHBIX O 2655 mamyeHTax, MOMYUYMUBIIUX
B KayecTBe ITepMOIEepalMOHHON aHTUOMOTUKOIIPO-
buUnakTMRY KITMHIAMULIVH, JEMOHCTPUPYIOT €ro aHa-
JIOTMYHYIO ¢ 1Ieda3onuHoM 3¢G(eKTMBHOCTh B IIJIaHE
npenynpexxaenys IIIU ripu 5-meTHeM cpoke Hab6IO-
neHus [38].

dochomuys

®ochoMUIIMH — eOUHCTBEHHOE MPOU3BOIHOE (oc-
(OHOBOJI KUCIOTHI, paspaboTaHHOE [Jig KIMHUYe-
CKO¥ TTpakTUKY B 1970-X IT., 6AKTePULIMIHBIIA aHTU-
O6MOTYK IMIMPOKOTO CITEKTPa IeACTBUS C YHUKATbHBIM
MeXaHM3MOM JeliCTBUSI, HU3KO/ TOKCUYHOCTBIO
M XOpoIlleil MPOHMKAIOIIE CIIOCOOHOCThIO B TKa-
HU TIpU ITy60KUX MHEOEKIUSIX KOCTe U CyCTaBOB.
3a cueT HM3KOM MONEKYISIpHOM Maccel (138 [la), He-
3HAUNUTEJHPHOTO CBSI3BIBAHMSI C OeNKaMy IIa3MBbl
M CXOOCTBA €ro XMMMUECKON CTPYKTYyphbl C TUAPO-
KCManaTUTOM XOPOIIIO MTPOHMUKAET B KOCTHYIO TKaHb U
pacripefesnsieTcs BHeOPraHMYeCKO 4acTy KOCcTH [39].
BakrepunugHoe mericTBue Iperapara OInpepesieT-
€SI HeOOPaTUMbIM MHIMOMPOBAHMEM PaHHEN CTagUmn
CMHTE3a KJIETOUHOJ cTeHKY 6akTepuii. DochomMuiimy
MPOSIBJISIET AHTUMMKPOOHYI0 aKTUMBHOCTb B OTHO-
IIEHUM IIMPOKOro IepeyHs IMaToreHoB. B cmekTp
ero akTMBHOCTU cpemu I'pam(+) 6akTepuii BXOOST
CcTaWIOKOKKY, B T.U. YCTOWUMBBIE K METUIIM/IIUHY,
M SHTEPOKOKKM, B T.U. u E. faecium [40]. Yka3zaHHbIe
CBOViCTBa omnpenensioT 3¢(GeKTUBHOCTh Ipernaparta
B JIEUEHUM TTAIIMEHTOB C OPTOIEeANYECKOi MHGEKIM-
et [39, 41].

[laHHbIEe JOKAJIbHOTO MOHMTOPMHTAa B HalleM
LleHTpe 1eMOHCTPUPYIOT aKTUBHOCTDH (oCchOMUIIMHA
B oTHOIIeHUM Gojee 90% cradMIIOKOKKOB. B 1enom
CpemHssl OOJS YCTOMYMBBIX K [IaHHOMY Ipernapa-
Ty mramMoB MRSA cocraBuna 5,8%, MRSE — 7,7%
(puc. 9), MSSE — 7%. Bce MSSA 6bUIM UyBCTBUTEIbHbI
K ¢ochomuiinay. Hecmotpst Ha To, yTO hochoMUIIH
BK/IIOYEH B PEKOMEHIAIuM AJisI KOMOMHMPOBAHHOM
teparuy AU, Bei3BaHHO sHTepoKOKKamu, EUCAST
He COAEP>XKUT KpUTEPUEB [J151 OLIEHKU YYBCTBUTENBHO-
CTU 3HTEPOKOKKOB, B CBSI3U C YEM UYyBCTBUTEIbHOCTD
SHTEPOKOKKOB K (ochomunny B 6GaKTepuoIOTH-
yeckoii jabopatopum He ompepnensiii. HecMorpst Ha
coxpaHeHMe BbICOKOJ aKTMBHOCTH, [pemnapar He pac-
CMAaTpPMBAIOT B KaueCTBe IMIIMPUYECKOI Tepanum, ofi-
HaKO UIMPOKO MPUMEHSIOT AJIs1 leYeHUs] NalyeHTOB
C opTOoIneaMIecKoi MHMeKIMe.
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PucyHok 9. Habmrogaemast 1 TporHo3upyemast
PEe3UCTEeHTHOCTh Beaymux I'pam(+) MUKPOOPraHM3MOB
K pochomuiinny

Figure 9. Observed and predicted resistance of leading
Gram(+) bacteria to fosfomycin

CormacHO MHCTPYKIIUM TI0 TIPUMEHEHMIO, TO3UPO-
BaHMe pochomMuiHa BOSMOKHO B IIMPOKUX Ipefe-
Jlax — 10 24 T B CyTKM B 3—4 BBeneHus. HegaBHee nc-
CJlefoBaHMe MOKa3ajio, uTo BBeaeHue GochoMuiiMHa
ManyeHTaM ¢ MHGEKIMSIMM KOCTeil 1 CyCTaBOB B pe-
SKMMe HeIpepbIBHONM MHMY3uM oT 8 10 16 T B CYyTKHU
MO3BOJISIET OCTUTHYTD I€IEBbIX 03 ITperapara Ajist
s dekTMBHOrO momapjeHusl mnmatoreHos ¢ MUK 1o
128 mr/n. B ciyuae uHbeEKIMM, BBISBAHHOIN S. aureus
(Brimouass MRSA) u CoNS, s¢ddeKTuBHbBIN pexkuM [0-
3upoBaHus QochomMuiiMHa ObUI COOTBETCTBEHHO
1o 2 T 6 pa3 B CYTKU U HENPEPBIBHO 8 T B CYTKHU [42].
Kpome ToOro, mpemaparT HpOSBISET CUHEPTUIHOE
B3aMMOJIE/ICTBME CO MHOTMMM aHTUOMOTUKAMMU,
n B ciydyae jeueHust AW ero Heo6XOAuMMO TIpu-
MEHSATh B COCTaBe KOMOMHMPOBAHHONM Teparmm.
HecmoTpst Ha TO, UTO He GbIIO OIIMCAHO CJTyUaeB pa3-
BUTUSI TIPUOOPETEHHON YCTONYMBOCTY BO36GyAuUTE-
Jyeii K pochoMuLiHy, B SKCIEPUMEHTAIBHOI paboTe
OBLJIO TTOKA3aHO YeThIpexKpaTHOe yBennuenne MUK
B xofie JieueHnst AW y 1abopaTopHbIX JKUBOTHBIX [40].
OnHoit u3 Haubomee 3(PGeKTUBHBIX KOMOMHAIIMIK
B HaCTosIlllee BpeMsl CUMTAIOT coueTaHue (ochomu-

IMHA ¢ pUaMIUIMHOM, YTO, MO-BUAMMOMY, 00yC-
JIOBJIEHO BBIPAKEHHBIM aHTUOMOIUIEHOYHBIM [Ieii-
crBueM pudammuimaa mpu UAU [40, 43].

Jpyrue rpynmnbl aHTUOAKTEePUATbHBIX
nmpenapaTos

[lpu mpoBeeHUM MUKPOOUOIOTUUECKOTO WCCIEI0-
BaHMsSI OuOMaTepuasa U YAAJEHHBIX KOHCTPYKIIMI
MalyeHToB C OpToNeanveckoit MH@eKyeit, BbI3BaH-
HOI1 pas3nanuyHbiMy ['pamM(+) MUKpOOPraHu3MaMu, BbI-
MOJTHSUTY  OTIpefie/ieHne aHTUOMOTUKOUYBCTBUTEb-
HOCTU K SpUTPOMULIMHY, TeHTAMULIMHY, UMUIIEHEMY
B COOTBeTCTBMM C MEXIYHapOOSHBIMM PeKOMeHJa-
uusimu EUCAST 1o omnpefeneHnIo aHTUOMOTUKOYYB-
CTBUTETBHOCTU BBIZIEJIEHHBIX OaKTepUii.

OngHako MaKpoOIMIbI, YUUThIBasI (apmMaKOKMHe-
TUYECKME OCOGEHHOCTM [JaHHBIX IIpernapaToB, He
UCTIONB3YIOT 1T aHTMOAKTepUaabHON MpoduIak-
TUKM WIM Tepanuyu OpTolefuueckoin uHeKIun.
leHTaMMLIMH B KIMHUYECKO MIpaKTUKe I CUCTEM-
HOJ1 Tepanyuy IpUMeHseTCs KpaliHe pelIko, HeCMOTpS
Ha TO, YTO IIPUCYTCTBYET B HEKOTOPBIX PEKOMeHIal -
gax 1o nedyeHuto IITIM B KauecTBe IOMOIHUTEILHOI'O
rpenapara Jijisi KOMOMHUPOBAHHO Tepanuu MHpek-
1M, BbI3BaHHOI E. fecalis [8]. B cBSI3u ¢ yKasaHHBIMU
(daxTaMy gaHHbIE JIOKATbHOTO MOHUTOPUHTA )1 HUX
He MIpeJiCTaBIeHbI.

3AK/IIOYEHHE

[To maHHBIM MCCIEOOBAHUS, HU OOUH U3 aHTUOUOTH-
KOB IIMPOKOTO CIIeKTpa Helb3sl peKOMeHI0BaTh AJIsl
MCIIOIb30BaHMS B CTApTOBOI 3MIMPUUECKON Tepa-
MM OPTOIeaNYEecKoii MHGeKIuu. DTOPXUHOIOHbI
¥ KO-TPMMOKCA30/1 aKTUBHbBI B OTHOIIeHUU 30-33%,
TeTPALMKINHBI — B OTHOLIeHUM 39% (mpeumyiie-
CTBEHHO 3a CyueT COXpaHSIoLeicsl aKTUBHOCTU MU-
HOLMK/IMHA Y TUTEIMKINHA), KIMHIAMUIIMH — B OT-
HolleHuu 64% I'pam(+) Bo3oymuTeneit. ®ochoMuiH
COXpaHSIeT aKTMBHOCTDb B OTHOIIEHUU ITpumMepHO 90%
cTamI0KOKKOB. OMHAKO HAa CErOmHSIIHMIA JeHb HeT
KpUTepueB sl OLIeHKM UyBCTBUTEIbHOCTM K HEMY
SHTEPOKOKKOB, B CBSI3U C YeM UYBCTBUTEIbHOCTb 3H-
TEPOKOKKOB K (ochOMUIIMHY He ompemensin. s
YCKOpPEHMST TIPUHSTUS peleHnii HeoOXOoauMOo 3HATh
SMUIEMUONIOTUIO 3a060/IeBa€MOCTH, STUOJIOTUUECKYIO
3HAYMMOCTD Pa3JIMYHBIX BUAOB OaKTepuii 1 ux pac-
MPOCTPAaHEHHOCTb, a TakKke OCHOBHblEe TeHIEeHIUU
M3MeHEeHUSI Pe3UCTEHTHOCTY BO30ynuTesneil K aHTU-
MUKPOOHBIM IIperapaTam.
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JOIIOTHUTEJIbHASI NTHO®OPMALIMISA

3asnenenHslii 6K1a0 asmMopoe

Bce aBTOpHI coenanyM 3KBUBAIEHTHBIN BKIA[ B MOATO-
TOBKY MyOIMKAIVA.

Bce aBTOpBI Mpouwin U ogo6pmian GUHAIBHYIO BEPCUIO
DPYKOTIMICH CTaTbU. Bce aBTOPBI COT/IACHBI HECTU OTBETCTBEH-
HOCTb 3a BCe aCIeKThl paboThl, YTOOBI 0OECTIeUNTh Hale-
skalee pacCCMOTPEHME U pellleHMe BCeX BO3MOKHBIX BOTIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAJEXKHOCTBIO JII0607
yacTu paboThl.

Hcmounuxk  ¢uHnancuposaHus. ABTOPBI  3asIBJISIIOT
00 OTCYTCTBMM BHeIlIHero pMHaHCHMPOBAHMS TIPU MPOBee-
HUM UCCITENOBAHMS.

Bo3mocHblli KOH(IUKM UuHmMepecos. ABTOPHI JIeKja-
PUPYIOT OTCYTCTBME SIBHBIX U TIOTEHIIMATbHBIX KOH(DIMKTOB
MHTEPECOB, CBA3aHHBIX C MyOIMKaleii HacTOSIIEel CTaTh.

Imuueckasn skcnepmu3a. He npyumeHnMma.

HngopmupoeanHoe coenacue Ha
He TpebyeTcs.

nyoéauxkayuio.
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Revision and Complex Primary Total Hip Arthroplasty with Impaction
Bone Grafting for Acetabular Defects: Medium-Term Results
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Nina A. Korenyak !, Yuriy M. Batrak!, Vladimir A. Peleganchuk, Vitaliy V. Pavlov?

! Federal Center of Traumatology, Orthopedics and Arthroplasty, Barnaul, Russia
2 Tsivyan Novosibirsk Research Institute of Traumatology and Orthopedics, Novosibirsk, Russia

Abstract

Background. Impaction bone grafting remains an alternative method for managing bone deficiency.
Cyclic loads on the allograft may cause its further compaction and deformation, leading to migration of the
acetabular component.

The aim of this study — to evaluate the effectiveness and refine the indications for the use of impaction
bone grafting for acetabular defects in revision and complex primary total hip arthroplasty by assessing
the mid-term survival of implanted cemented acetabular components.

Methods. We performed a retrospective analysis of the results of impaction bone grafting in 48 patients whose
data were available for the assessment of acetabular component survival. Radiographic data were analyzed
in 42 cases, clinical outcomes were assessed in 44 cases. Structure of operations was represented by
37 revisions and 5 cases of complex primary hip arthroplasty. The average follow-up period was 60 months.
We assessed radiographic signs of cup migration, loosening and bone allograft remodeling. Kaplan-Meier
survival analysis with 95% confidence intervals was performed.

Results. The general survival of acetabular components was 97.9% (95% CI: 97.86-97.94) for 60 months
and 84.3% (95% CI: 84.15-84.43) for 90 months. In 4 (7.4%) cases, we recorded an unsatisfactory result.
In 7 cases, radiolucent lines without clinical signs of loosening were detected. In 22 (52.3%) cases
a simultaneous change in inclination and cranial displacement of the rotation center were noted. In isolated
assessment of inclination, changes were noted in 24 (57.1%) cases. We found a direct correlation between
the acetabular component migration, defect severity and the use of a containment device (p = 0.006),
as well as between the displacement of the rotation center by more than 5 mm and the inclination by more than
10°in 91.7% of cases (p < 0.0001). The median functional assessment according to the Hip Harris Score showed
85.50[70.5; 95.0] points and 6.5 [2.0; 21.0] points according to the WOMAC questionnaire.

Conclusions. Impaction bone grafting is a method of choice for limited bone defects replacement. Migration
of the cup, displacement of the rotation center by more than 5 mm and an increase in its inclination by more
than 10° can be regarded as a conditional norm due to natural biomechanical processes, which is confirmed
by high medium-term survival rates of the implant according to clinical data.

Keywords: impaction bone grafting; bone defect; revision arthroplasty; acetabular component migration,;
Kaplan-Meier survival analysis.
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CpenHecpouHble pe3ynbTaTbl pEBUSUOHHOTO U NEPBUYHOIO C/I0XKHOIO
3HA0NPOTE3MPOBaHUS Ta306eApEHHOrO CycTaBa C NPUMEHEHUEM
MMNaKLUMOHHOM KOCTHOM NAACcTUKU AedeKTOB BePTNYXXHOU BNaAUHbDI

B.H. Tonpuuk !, A.M. MBaniok !, [I.A. [I>xyxaeB !, A.I. 3omoBkuHa !, H.A. KopeHsik !,
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I @IBY «DedepanvHelli yeHmMp mpasmamoJsiozuu, opmoneduu u 3Hdonpome3suposarus» Muxsdpasa Poccuu (2. FapHayn),
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Pedepar

AKkmyansHocmp. VIMITaKIMOHHAS KOCTHAS TUIACTMKA OCTAETCSI aJIbTePHATUBHBIM CITIOCOG0M BO3MEI€HMSI KOCTHOTO
nedwrura. LIykamyeckye Harpy3KM Ha a/VIOTPAHCIIAHTAT MOTYT BBI3bIBATD €T0 AaibHelillee yIIOTHeHME U Jedop-
MaluIo, IPUBOAS K MUTPaLiM BePTIIYKHOTO KOMIIOHEHTa.

Llens uccnedosanus — oueHUTb 3GGEKTUBHOCTh M YTOUHUTD MTOKA3aHMS [JIS1 IPUMEHeHMs] MMITAaKIMOHHOM KOCT-
HOJI MIacTuku JedeKkToB BePTIYKHOI BIIAAMHbI IIPY PEBU3VOHHOM U MEPBUYHOM CIOXKHOM 3HIOIPOTE3UPOBAHNUY
Ta300eJpeHHOTO CyCTaBa ITyTeM OIpefeseHNs] CPeSHEeCPOYHBIX Pe3y/IbTaTOB BbDKMBAEMOCTM MMIUIAHTUPOBAHHBIX
BEPTIYKHbIX KOMITOHEHTOB I[eMEHTHO (uKcaIun.

Mamepuan u memoodst. IIpoBeleH PeTPOCIIEKTUBHBIN aHAIM3 Pe3yAbTAaTOB IIPMMEHEHNMS UMITaKIIMOHHOM KOCTHO
TJIACTUKY Y 48 MaleHTOB, JaHHbIE KOTOPBIX ObLIY AOCTYITHBI JJISI OL€HKY BHIKMBAEMOCTY BEPTIIY>KHOTO KOMITOHEH-
Ta. PeHTreHONMOrMYecKye JaHHble TPOaHAAM3UPOBAHBI B 42 CIydasix, OLleHKa KIMHUYECKMUX PE3YIbTaTOB IPOBeleHa B
44 cnyyaax. CTpyKTypa oIepaliuii mpefcTaBieHa 37 peBU3MOHHBIMY BMeNIaTebCTBAMMU U 5 oTlepalusiMiu IepBUUHO-
TO CJIOKHOTO 3HIOMpoTe3upoBanusi. CpemHnit cpok HabmogeHus coctaBmi 60 mec. O1ileHeHbl PEHTTeHOIOTYeCcKye
NPU3HAKU MUTPaLVK, paclIaTbIBAHMS BEPTVIY>)KHOTO KOMIIOHEHTA, IepeCcTPOMiKM KOCTHOTO a/lloTpaHcIuiadTara. [Ipo-
BelleH aHaIM3 BbDKMBaeMoCTH 1o Kartany — Maitepy ¢ 95% moBepuTeIbHbBIMY MHTEPBATaAMMI.

Pesynemamest. O6111as1 BbDKMBAEMOCTb SHIOIPOTE30B, B YACTHOCTY BEPTIYKHBIX KOMIIOHEHTOB, cocTaBuia 97,9%
95% IOU: 97,86-97,94) 3a 60 mec.; 84,3% (95% IU: 84,15-84,43) 3a 90 mec. B 4 (7,4%) crydasx 3aduKCUpPOBaH He-
YIOBJIETBOPUTEbHBIN pe3ynbTat. B 7 ciydasx BbISIBJIEHbI PEHTIe€HOIIPO3payHble JIMHUM 63 KIVMHUYECKUX MPU3HaA-
KOB pacmaTeiBauus. B 22 (52,3%) crydyasx OTMeUEHO OZHOBPEMEHHOE M3MeHeHMe MHKIMHAIIUY Y KpaHUaIbHOe
cMellleHye IeHTpa potaiuu. IIpy U301MpPOBaHHOI OlleHKe MHKIMHALMY U3MeHeHus1 oTMeueHbl B 24 (57,1%) ciy-
yasx. BeisiB/ieHa mpsiMasi KOpPessiuysl MUTPaly BEPTAYKHOTO KOMIIOHEHTA, TSDKeCTH JedeKTa U UCIIONMb30BaHUS
orpaHMuMBampIeii KoHCTpyKuuu (p = 0,006), a Takke MeXAy CMeNeH)eM I[eHTpa poTaluu 6osee 5 MM B JIIOO60M
HaIlpaBJI€EHUN ¥ YBeIMUYEHMEM MHKIMHAIMK 60oee yueM Ha 10° B 91,7% ciryuaeB (p < 0,0001). Megmana GbyHKIMO-
HaJIbHOJi OLIEHKM IT0 1mIKayie Xappuca rmokasasna 85,50 [70,5; 95,0] 6asna u 6,5 [2,0; 21,0] 6as1a coryiacHO OITPOCHUKY
WOMAC.

3axnroueHue. IMNaKkIMOHHAsT KOCTHAs TUIACTMKA SIBJISIETCSI METOIOM BbIOOpA /ISl 3aMeIeHMsT OTPaHMYEHHbIX KOCT-
HbIX edeKTOB IPU PeBU3MOHHOM IHAOIMPOTE3VPOBAHNY Ta300€IPEHHOr0 CycTaBa. MUrpauuo BepTIY)KHOTO KOM-
MTOHEHTA, CMeIIeHMe LieHTpa poTaiyu 6ojee 5 MM ¥ yBeIMYEHME ero MHKIMHauu 6oee 10° MOKHO paciieHUBaTh
KaK yUIOBHYIO HOPMY, 00YC/IOBJIEHHYIO €CTECTBEHHBIMY GMOMeXaHNYeCKVIMM ITPOLiecCaMu, YTO TIOATBEPIKIAETCST BbI-
COKOV CpeHECPOUYHOM BbKMBAEMOCTbIO SHA0IIPOTE3a.

KirroueBbie (JIOBa: MMIIAKLIVOHHAS] KOCTHAS TJIACTUKA; KOCTHBIN 1eQeKT; peBU3MOHHOE SHIONTPOTe3POBAHME ; MU-
rpauusi BEPTIIY>KHOTO KOMIIOHEHTa; aHa/Iu3 BbUkMBaemMocTu 1o Karany — Maiiepy.

HOns nutupoBanusa: l'onbHuk B.H., BaHiok A.M., [IxxyxaeB [.A., 3onoBkuHa A.l., Kopensk H.A., Barpaxk 10.M.,
Ileneranuyk B.A., IlaBnoB B.B. CpenHecpouyHble pe3yabTaTbl PEBU3UMOHHOIO UM TEPBUYHOTO CJIOXKHOIO
SHJIOIIPOTE3UPOBAaHMS Ta300eqPEHHOrI0 CyCcTaBa C TPUMEHEHMEM MMIIAKIMOHHOM KOCTHOJ IIACTUKM [e(heKTOB
BEPTIIYKHOJ BITaauHbl. Tpasmamosozus u opmonedus Poccuu. 2025;31(3):20-34.
https://doi.org/10.17816/2311-2905-17701.
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INTRODUCTION

Bone defect restoration remains a key prere-
quisite for successful hip joint reconstruction
during revision arthroplasty, along with
restoration of the center of rotation and
achievement of stable component fixation [1, 2].
In recent decades, there has been a growing
trend in hip reconstructive surgery toward the
use of modular revision systems made from
various porous materials with pronounced
osteoconductive properties [3, 4].

Nevertheless, interest in the use of various
bone grafting materials (BGM) remains high.
The use of massive structural allografts is
limited due to the risk of resorption and reduced
long-term stability, as bone remodeling occurs
only partially in the revascularized peripheral
zone [5]. An alternative method of managing
bone defects currently involves impaction bone
grafting (IBG) using morselized allograft
bone. Numerous studies have demonstrated
satisfactory outcomes with IBG in combination
with cementless highly porous acetabular
components [6, 7], modular revision systems
[8, 9, 10], cages [11], reconstruction rings, and
custom implants [12], where the mechanical
support is provided by the native bone while
the allograft fills the defect cavity. Most of the
clinical experience with IBG in hip arthroplasty
has been associated with cemented fixation
of the acetabular component [13, 14, 15,
16, 17].

A distinctive feature of this approach is the
potential for changes over time in the spatial
position of the acetabular component, which
rests on a bed of impacted morselized allograft
bone. This characteristic is an inherent aspect
of the technique and is likely related to the fact
that the bone graft material undergoes additional
compaction and deformation under cyclic
loading [18]. This fundamentally differs from the
implantation of the acetabular component into
native acetabular bone, which does not undergo
significant structural changes under cyclic loads.
Despite the known limitations of IBG, such as the
risk of resorption of the impacted bone graft [19],
lower initial stability of cemented acetabular
component, and potential for migration [20, 21],
the biological potential for restoring acetabular

bone defects remains an attractive advantage of
this technique.

The aim of this study - to evaluate the
effectiveness and refine the indications for the
use of impaction bone grafting for acetabular
defects in revision and complex primary total hip
arthroplasty by assessing the mid-term survival
of implanted cemented acetabular components.

METHODS

Study design

A single-center retrospective observational
study was conducted to evaluate the outcomes
of impaction bone grafting using the X-Change
system with specialized instrumentation
(Stryker Howmedica, Newbury, UK) in revision
and complex primary total hip arthroplasty
(THA) in patients operated on between Sep-
tember 2015 and February 2022 at the Federal
Center of Traumatology, Orthopedics, and
Arthroplasty (Barnaul, Russia).

Inclusion criteria were as follows:

1) revision or complex primary THA;

2) contained or combined (with segmental
deficiency) acetabular bone defects requiring
reconstruction;

3) use of IBG in combination with a cemen-
ted acetabular component.

The exclusion criterion was the use of
alternative techniques for acetabular defect
reconstruction, including cementless acetabular
components with augments, reconstruction
cages, or structural allografts.

Initially, 54 patients meeting the inclusion
criteria were selected. By the time of mid-
term follow-up assessment, 6 patients were
lost to follow-up and could not be contacted or
examined. Three patients had died from causes
unrelated to the surgical procedure; however,
available clinical data and X-rays obtained
during their follow-up period were included
in the study. As a result, data from 48 patients
were included in the final survival analysis of
cemented acetabular components. Radiographic
data were analyzed in 42 cases (37 patients who
underwent revision procedures and 5 patients
who underwent complex primary THA), and
clinical outcome questionnaires were completed
by 44 patients.

22 2025;31(3)
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Baseline patients’ characteristics

The study included 23 (47.9%) women and 25
(52.1%) men. The mean age at the time of surgery
was 59.8 years (range, 35-78 years); 21 patients
were under 60 years of age, and 27 patients
were aged 60 years or older. The mean body
mass index (BMI) was 28.55%4.9 kg/m? (range,
18.2-39.0). Twelve patients (25.0%) had normal
weight, 17 (35.4%) were overweight, 14 (29.2%)
had class I obesity, and 5 (10.4%) patients had
class II obesity. The mean follow-up period was
60 months (range, 12-111 months).

The indications for the use of IBG were
determined based on preoperative evaluation
in cases of contained acetabular bone defects or
combined defects with a segmental component,
provided that the defect could be augmented
with various metal constructs and converted
into a fully contained defect capable of retaining
the BGM.

Initially, revision arthroplasty accounted
for 47 of the performed procedures. Of these,
30 cases were due to aseptic loosening, 2 cases
due to osteolysis, and 1 case due to a massive
post-explant acetabular defect following a
failed reconstruction attempt using alternative
methods. In 13 cases, IBG was performed during
the second stage of treatment for periprosthetic
joint infection (PJI), and in 1 case during single-
stage treatment for PJI. In 7 cases, acetabular
bone grafting was performed during primary
THA: in 1 case for a massive osteolytic cyst,
in 1 case for femoral head avascular necrosis
with a secondary acetabular defect, in 1 case
during two-stage treatment of arthritis following
femoral head osteomyelitis, and in 4 cases for
protrusio acetabuli. In 26 cases, revision of the
acetabular component was combined with the

exchange of the femoral component, and in 11
cases IBG was performed on both the pelvis and
femur simultaneously.

Surgical technique

All procedures were performed via an
anterolateral approach by three experienced
surgeons, each with over 10 years of surgical
practice. Intraoperatively, the condition of the
acetabulum and the extent of any segmental
bone defects were assessed. In areas of the
acetabulum where bone loss resulted in
uncontained defects, a metallic reconstruction
mesh (X-Change, Stryker Howmedica, Newbury,
UK), a custom-made 3D-printed titanium mesh
(Logeeks MS, Novosibirsk, Russia) manu-
factured via selective laser melting, or a porous
tantalum augment (Zimmer, Warsaw, Indiana,
USA) was used. The distribution of constructs
used for acetabular defect augmentation
is presented in Table 1. The bone graft
material (chips approximately 10 mm?® in
size) was manually prepared from thermally
disinfected allograft bone obtained from the
institutional bone bank using Luer rongeurs.
Cemented acetabular components from various
manufacturers, ranging in size from 40 to
58 mm,wereimplanted.Patients were mobilized
on the first postoperative day, followed by
partial weight-bearing on the operated limb for
6 weeks.

Outcome assessment methods

At the time of the study, patients were invited for
a follow-up visit, during which X-rays of the hip
joint were obtained in anteroposterior and axial
views. A clinical examination was performed,
including assessment of functional outcomes
using the modified Harris Hip Score (HHS) [22]

Table 1

Methods of bone defect augmentation in acetabular reconstruction

Augmentation method

Number of cases

Without a construct

Reconstruction of a peripheral defect using the Stryker mesh
Reconstruction of a medial wall defect using the Stryker mesh

Reconstruction of peripheral and medial defects using the Stryker mesh

Reconstruction using a custom-made 3D-printed mesh

Porous tantalum augment

19
20

L) ) S S
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and the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC)
[23]. Patients who were unable to attend an in-
person visit were interviewed by phone, and their
X-rays were requested by mail and subsequently
analyzed.

Based on preoperative X-rays, computed
tomography data, and intraoperative
findings, acetabular defects were classified
according to their containment and severity
using the American Academy of Orthopaedic
Surgeons (AAOS) classification [24] and the
W. Paprosky classification [25], respectively.
In revision arthroplasty cases, the distribu-
tion of defects according to the Paprosky
classification was as follows: type 3B in
27 (57.4%) cases, type 2A in 18 (38.3%) cases,
and types 2B and 2C in one case (2.1%) each.
Uncontained defects (Type I) were observed
in 2 (4.3%) cases, while the remaining cases
included contained defects (Type II) in
11 (23.4%) patients and combined defects
(Type III) amenable to reconstruction and
conversion into fully contained defects in
34 (72.3%) cases. Among complex primary
arthroplasty cases, contained defects (Type II)
were identified in 5 cases and combined
defects (Type III) in 2 cases (Table 2).

In evaluating implant survival - specifically,
that of the acetabular component - radiographic
signs of loosening at the study endpoint or
removal of the acetabular component during
the follow-up period after revision surgery were
considered as failure outcomes.

To assess changes in the position of the
center of rotation of the acetabular component
over time, a horizontal reference line (X-axis)
was drawn through the inferior margin of the
“teardrop” figure on both hips. A perpendicular
line (Y-axis) was then drawn from the lateral
edge of the “teardrop” on the operated side.
Horizontal and vertical distances from the center
of the prosthetic femoral head were measured
by projecting perpendiculars from the head
center to the X and Y axes [26]. Additionally, we
measured the inclination angle of the acetabular
component relative to the X-axis and its
anteversion (Figure 1).

The magnitude of acetabular component
displacement was determined by calculating the
difference between the initial and final positions
of the center of rotation along the X and Y axes.
Similarly, changes in inclination and anteversion
angles were assessed. Calibration of radiographic
images was performed using DICOM files,
and all measurements were conducted with
the BonaPlanner 2D software, utilizing the
“postoperative control” function.

Table 2
Distribution of bone defects according to the W. Paprosky and AAOS classifications
W. Paprosky AAOS
Type ‘ Number Type ‘ Number
Revision arthroplasty (n = 47)

Type 2C 1 Typel 1

Type 2B 1 Type III
Type 2A 18 Type II 7
Type III 11
Type 3B 27 Type 1 1
Type Il 4
Type III 22

Complex primary total hip arthroplasty (n=7)

Type 11 5
No Type III 2
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Figure 1. Scheme of acetabular component
displacement measurements

Radiographic assessment of the bone allograft
was performed using the criteria described by
T.]J. Slooff et al. [27]. Complete graft incorpora-
tion was defined as radiographic density of the
graft identical to that of the host bone, with
continuous trabecular patterns throughout
the interface. Radiolucent lines at the bone-
cement interface were evaluated according to the
three-zone system described by J.G. DeLee and
J. Charnley [28]. The outcome was considered
unsatisfactoryinthe presence of radiolucent lines
in all three zones, mesh breakage or screw migra-
tion, or dislocation of the acetabular component.

Statistical analysis

The study data were analyzed using both
parametric and non-parametric statistical
methods. Data collection, correction, orga-
nization, and visualization were performed
using Microsoft Office Excel 2016. Statistical
analysis was conducted with MedCalc software.
Continuous variables were described using the
median (Me) and interquartile range [Q; Q.].
Categorical variables were presented as abso-
lute values and percentages.

For comparisons of means in normally
distributed continuous variables, the Student’s
t-test was applied; the difference considered

statistically significant at p<0.05.In cases of non-
normally distributed data, the Mann-Whitney
U test was used for comparisons between
independent groups. For normally distributed
data across multiple groups, one-way analysis
of variance (ANOVA) was performed using
the F-test. Associations between categorical
variables were assessed using contingency
tables and Pearson’s chi-squared (y%) test.
Kaplan-Meier survival analysis was performed
with 95% confidence intervals (CI). Endpoints
included aseptic loosening, radiographic signs
of aseptic loosening, and revision for any reason
(aseptic loosening or infection) in the analysis of
overall implant survival.

RESULTS

During the follow-up period, no revision
procedures were performed in 44 (91.7%) cases.
Complications occurred in 4 (4.2%) cases, of
which 2 (4.2%) cases required surgical interven-
tion due to recurrence of the infectious process.
In another 2 (4.2%) cases, radiographic signs
of aseptic loosening were identified, for which
revision surgeries have been scheduled. Thus,
the overall prosthesis survival rate, specifically of
the femoral component, with aseptic loosening
or re-operation as the endpoint, was 97.9% (95%
CI: 97.86-97.94) at 60 months and 84.3% (95% CI:
84.15-84.43) at 90 months (Figure 2). The survival
rate with aseptic loosening as the endpoint was
100% at 60 months and 90.9% (95% CI: 90.78-
91.02) at 90 months (Figure 3).

Overall survival

90 |-

80}
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60 |-
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Figure 2. Kaplan-Meier curve for overall cup survival
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Survival: aseptic loosening
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Figure 3. Kaplan-Meier curve for cup survival with
revision aseptic loosening as the endpoint

Complications were observed in 6 (11.11%)
patients: in two cases, intraoperative perforation
of the femoral canal wall occurred during
the removal of the femoral component of the
prosthesis. In one case, sciatic nerve neuropathy
developed, which regressed within 6 months with
conservative treatment. In 3 cases, dislocation
of the femoral component occurred. In one of
these cases, due to recurrent dislocations, a re-
operation was required, involving implantation
of a dual mobility system into an impacted bone
graft bed following the removal of the acetabular
component using the “cement-in-cement”
technique prior to the patient’s discharge. This
case was not classified as an unsatisfactory
outcome. No mortality was recorded in the study
group.

Control X-rays were analyzed in 42 patients.
Reliable signs of the acetabular component

loosening were identified in only 4 (9.5%)
patients. In two (4.8%) cases the dislocation of
the cup beyond the boundaries of the acetabulum
was observed. In one (2.4%) case there was
noticed the presence of a radiolucent line at
the graft-cement interface in all three zones.
In one (2.4%) case a radiolucent line in zone III
was associated with a high degree of migration
(>5 mm along one of the axes), a change in
anteversion within 10°, and a low HHS value of
37 points. Radiolucent lines were detected in 7
(16.7%) cases: in 6 patients, they were observed
in only one zone, most frequently in zone III, and
in one case, a radiolucent line was found in two
zones (zones II and III).

Midterm radiographic assessment of the
position of the center of rotation, inclination,
and anteversion of the acetabular component
revealed simultaneous changes in inclination
and cranial displacement of the center of
rotation in 22 (52.4%) cases. An increase in
acetabular component inclination was observed
in 24 (57.1%) cases, indicating that changes in
inclination occurred in nearly all cases with
cranial displacement of the center of rotation.
A direct correlation was identified between the
displacement of the center of rotation by more
than 5 mm in any direction and an increase in
inclination by more than 10°, occurring in 91.7%
of cases (p < 0.0001). The analysis showed that
significant displacement of the center of rotation
(> 5 mm) most commonly occurred in the cranial
direction: 8 (19.0%) cases along the Y-axis and
3 (7.1%) cases along the X-axis. Types
of acetabular component migration in relation
to bone defect classification and reconstruction
method are presented in Table 3.

Table 3
Major indicators for acetabular component migration
& o Displacement of the center of rotation, mm
g _é: A of inclination, deg. Along the X-axis Along the Y-axis Paprosky | AOOS Rec?éles':ﬁgfiﬁon
A s 0 <10 | >10 0 <5 >5 0 <5 >5
1* . . . 2A I11 C
9 . . . 3B 11 c2
3 . . . 3B II 0
4 . . . 2A 111 C2
5 . . . 3B I C
6 o . o 3B III Cc2
7 . . . - 111 A
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End of Table 3
© o Displacement of the center of rotation, mm
_§ é A of inclination, deg. Along the X-axis Along the Y-axis Paprosky | AOOS Reconstruction
=l method
A S 0 <10 | >10 0 <5 >5 0 <5 >5
8 . . . 2A I C2
. . . 2B I
11 o . . 2A III
12 . . . 3B III C2
13 . . . 3B I C
14 . . . 3B III CM
15 . . . 2A I C
16 . . . 3B 111
17 . . . 2A I 0
18 . . . 3B 111 C2
19% . . . 3B III C
20* . . . - I 3D
21 . . . 2A II 0
22 o . . 3B III 3D
24 o . . 3B II 0
24* . . . 2A 111 C
25 . . . 2A I C
26 . . . 2A I 0
27 o . o 3B 111 C
28 . . . 3B 111 A
29 . . . 3B I C
30 . . . 3B 111 CM
31 . . . 3B I 3D
32 . . . 3B I C
33 . . . - II 0
34 . . o 2A II 0
35 . . . - II 0
36 . . . 2C I A
37 . . . 2A II 0
38 . . . 2A II 0
39 . . . 2A I C
40 . . . 3B II 0
41 . o . 3B II 0
42 . o . - 1I 0
Total 18 16 8 20 16 6 20 10 12

* — patients with unsatisfactory outcomes, C — a mesh along the acetabular rim, C2 — a mesh along the
acetabular rim and medial acetabular wall, CM — a mesh along the medial acetabular wall, 3D — a custom-made
3D-printed mesh along the acetabular rim, A — an augment, 0 — no constructs used.
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In the group of patients without the use
of any constraining implants (13 cases), the
displacement of the center of rotation was
observed in 30.8% of cases, with migration
occurring within 5 mm (Figure 4).

The use of any type of mesh to contain
acetabular bone defects was associated with
a change in the position of the acetabular
component in 68.0% of cases, i.e., with the
displacement of the center of rotation, an
increase in inclination, or both. In 44.0% of
these cases, the displacement of the center of
rotation was significant, being greater than
5 mm along any axis. At the same time, when
augments were used, only two out of four cases
demonstrated minor changes in acetabular
component position (displacement within 5 mm
and inclination change less than 10°).

A direct correlation was found between the
occurrence of acetabular component migration
and the type and severity of bone defect, as
well as the use of a containment device. An
increased frequency of any degree of migration
was observed in the presence of AAOS type III
and Paprosky type 3B defects when any type

of mesh was used along the acetabular rim
(p = 0.006).

The mean change in anteversion in the
midterm follow-up compared to the immediate
postoperative value was 2.8° (range: 0.5-4.5).
However, this parameter was not analyzed in
detail due to its projection variability depending
on pelvic positioning during radiographic
examination.

No correlation was found between the
displacement of the acetabular component’s
center of rotation and the diameter of the cup
used (p=0.3457), BMI (p=0.5726), or patient
age (p=0.3457). No statistically significant
associations between these parameters were
identified.

In our cohort, functional outcomes assessed
using the HHS questionnaire showed a baseline
median value of 44.0 points (range: 37.0-55.0),
which improved to 85.5 points (range: 70.5-95.0)
at the final follow-up. According to the WOMAC
questionnaire, baseline scores averaged 47.0
points (range: 45.0-52.0), improving to 6.5
points (range: 2.0-21.0) by the end of the study,
indicating good to excellent outcomes.

Figure 4. Clinical example of IBG without augmentation:

a — aseptic loosening of the acetabular component with contained acetabular bone defect AAOS type II,
Paprosky type 2A, femoral component malposition; b — right hip X-ray after acetabular and femoral IBG with
Stryker Exeter/Contemporary cemented fixation; ¢ — control X-ray after 68 months with clear signs of allograft
remodeling without component migration

DISCUSSION

The choice of surgical technique depending on
the size and shape of bone defects in revision
arthroplasty remains a relevant issue [1].
Modern modular revision systems and additive
technologies address most problems related

to acetabular reconstruction. Nevertheless, in
certain cases, impaction bone grafting (IBG)
remains the method of choice [29]. As with all
techniques used to manage massive bone defects
in revision arthroplasty, IBG is associated with
less favorable long-term outcomes compared
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to primary arthroplasty. However, subsequent
revisions following IBG may prove more
successful, as a greater amount of bone stock is
often preserved compared to the pre-revision
state. This is particularly important for patients
who have undergone multiple revisions or for
younger individuals likely to require additional
surgeries later in life [30, 31, 32].

In our study, midterm outcomes demonstrated
a relatively high reliability of impaction bone
grafting in the reconstruction of large bone
defects. The overall implant survival rate was
97.9% at 60 months and 84.3% at 90 months.
The results obtained in our study are comparable
to those reported by other authors who have used
similar approaches. M.A. Buttaro et al. reported
a 90.8% survival rate in their study involving
IBG, metallic mesh, and cemented cup fixation
in patients with uncontained acetabular defects
undergoing revision total hip arthroplasty, with a
mean follow-up of 36 months [33]. B.W. Schreurs
et al. reported 96% and 84% cup survival rates
at 10 and 15 years, respectively, in patients who
underwent acetabular revision using IBG and
cemented components [34]. S. Rohe et al., in a
midterm study involving 56 patients treated with
IBG, also demonstrated a high survival rate of
88% at 7.8 years [12]. However, in the latter study,
the authors used IBG in combination with various
uncemented fixation constructs.

The term “impaction bone grafting”
is broad in orthopedic and trauma surgery and
generally refers to the compaction of morselized
allograft, with or without the use of additional
implants [35]. It is important to emphasize that
the present study focuses exclusively on cases
involving the X-Change technique, in which the
cemented fixation of the acetabular component
is performed directly onto the impacted allograft.
From a biomechanical perspective, the graft
behaves like soil, exhibiting typical changes in
its properties under cyclic loading [18]. A key
feature of IBG is that load transfer occurs through
the cement mantle into the graft, with the bone
cement playing an additional stabilizing role
for the graft material [36]. The success of IBG
using the X-Change technique typically depends
on the balance of numerous factors, including
the quality of the allograft, the size of the bone
chips, and the surgical technique employed to
achieve proper impaction [37].

The analysis of midterm outcomes in our
study is largely based on previously described
biomechanical aspects of the IBG technique,
which suggest that spatial changes in the
position of the cemented acetabular component
along with the cement mantle are virtually
inevitable. These changes are attributed to the
compaction processes of the graft material during
the postoperative period under the influence of
cyclic loading resulting from the patient’s daily
physiological activity [18, 38].

During the measurement and interpretation
of the obtained data, we encountered certain
methodological limitations. The described
method for measuring the displacement of the
center of rotation has a margin of error of 3 mm
[26]. According to C. Yang et al., even migration
of up to 2 mm may be classified as early
loosening [39]. Based on these considerations,
the measurements of center of rotation displace-
ment in our study were grouped using 5 mm
intervals.

The evaluation of the center of rotation and
inclination changes showed that acetabular
component migration occurred in 24 cases
(57.1%). We found no statistically significant
correlation between defect size and the degree
of component migration. However, we observed
a clear pattern: in 68% of cases, migration
occurred in patients in whom various types
of meshes were used to contain segmental
defects along the acetabular rim. In half of
these cases, the displacement exceeded 5 mm.
This group included patients undergoing
revision arthroplasty for AAOS type III defects
with Paprosky type 3B severity. Notably, all
four patients with unfavorable outcomes also
belonged to this group. In contrast, in cases where
no additional reconstruction of the acetabular
rim was performed, the migration rate was under
one-third and the displacement did not exceed
5 mm. Acetabular component migration
following IBG has been described by many
authors in both earlier [40, 41] and more recent
studies [18, 21, 39]. It is evident that in cases with
minor defects, where partial load on native bone
is achievable, the biomechanical conditions are
more favorable than in defects where the load is
borne entirely by the impacted allograft, as seen
in Paprosky type 3B defects with segmental loss.
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E. Garcia-Rey et al. demonstrated differences
in long-term outcomes depending on defect type
and the use of mesh along the acetabular rim [19].
The 15-year survival rate was 89.1+14.0% when
no mesh was required, 84.9+12.0% when mesh
was used for medial defects only, 79.6£12.0%
when mesh was placed along the rim, and just
53.9+22.0% when both medial and rim meshes
were needed (log-rank test, p = 0.008).

Migration likely depends to a great extent
on the balance between the biological
remodeling processes of the graft, its plastic
deformation, and the compaction caused by
interfragmentary motion of the morselized
allograft under cyclic loading, in other words,
on which process predominates first. M.Y. Abu-
Zeid et al. demonstrated that, according to the
Paprosky and AAOS classifications, the smaller
the acetabular defect, the greater the likelihood
of complete graft incorporation (p < 0.001).
The average graft layer thickness was sig-
nificantly higher in patients with partial
incorporation compared to those with complete
incorporation: 15.5 % 3.8 mm vs. 10.0 + 2.2 mm,
respectively (p < 0.001) [35].

When evaluating acetabular component
migration, most authors focus on the displace-
ment of the center of rotation. In our study, we
also observed a consistent increase in inclination
in nearly all cases where a reconstruction mesh
was used (p < 0.0001). In some cases, an increase
in inclination was the only radiographic sign of
acetabular component migration. Therefore, this
parameter may be considered an independent
risk factor for the progression of migration.
The biomechanics of these phenomena were
described by A.T. Phillips et al. [42].

Radiolucent lines were identified in 7
(16.7%) cases in our study. In six of these, the
lines were confined to a single zone. The HHS
values in this subgroup exceeded 74 points;
therefore, these radiographic findings were not
classified as failures in the survivorship analysis.
M.]. Willson et al. also reported the presence of
radiolucent lines at the prosthesis-bone interface
in clinically well-functioning joints [43]. As
previously demonstrated, classical radiographic
signs of aseptic loosening may not always be
evident against the background of ongoing
compaction of morselized bone graft under
cyclic loading [18]. Accordingly, the acetabular
component migration observed in our study

in 24 cases (57.1%) did not always present with
radiographic indicators of aseptic loosening, and
conversely, the presence of such markers did
not consistently reflect the clinical picture. The
signs of loosening often became apparent only in
cases where the acetabular component migrated
beyond the anatomical acetabulum (3 cases)
or when implant failure occurred with screw
migration (1 case). Moreover, the interpretation
of radiographic images was often complicated
by overlapping shadows from reconstruction
hardware superimposed on the graft mass or
the acetabular component itself. Thus, in the
evaluation of outcomes following IBG, the
interpretation of radiological data in conjunction
with clinical findings remains a critical aspect.
In our cohort, the functional outcomes were
classified as good to excellent based on the HHS
and WOMAC scores, with a median of 85.5 (95%
CI: 70.5-95.0) and 6.5 (95% CI: 2.0-21.0) points,
respectively, which is consistent with the findings
of other recent studies [16, 17, 35].

A distinctive feature of this study was that
21 patients (50%) available for follow-up
presented with the most severe reconstruction
challenges: type 3B acetabular defects according
to Paprosky. The limited form of these defects
created the most favorable conditions for
retaining the bone graft material. This served
as a selection factor for determining indications
for IBG at the preoperative stage. The preserved
contour of the compact bone of the acetabular
region provided optimal support for graft
containment. As demonstrated by our data
and the findings of a systematic review by
M.A. Malahias et al. [44], the use of various
meshes for augmentation in segmental defects
was associated with more frequent or pro-
nounced migration of the acetabular component
in massive defects, suggesting the considera-
tion of alternative technologies when extensive
meshes or multiple constructs are required for
defect containment.

P. Cimatti et al., in their meta-analysis,
reported high survivorship rates of different
implant types used with IBG over an average
follow-up of 9.2 vyears. Cemented cups,
uncemented cups, and anti-protrusio devices
showed survivorship rates of 98.45%, 97.91%, and
97.51%, respectively [45]. Thus, in the current era
of diverse revision systems and reconstructive
approaches for bone defects, the indications
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for IBG can be more narrowly defined. In our
opinion, the optimal application of IBG combined
with cemented acetabular components is in
cases of strictly limited defects classified as
Paprosky types 2A and 3B, and AAOS type II,
with preserved acetabular rim and external
contour of the compact bone substance, which
do not require mesh reconstruction. In such
scenarios, we be-lieve that the implantation of
metallic augments often necessitates extensive
bone preparation and may exacerbate bone
loss, whereas IBG represents the optimal
reconstructive method.

Study limitations

The limitations of this study include a relatively
small number of cases available for final
evaluation, as well as the absence of a control
group. Comparative analysis remains challenging
due to the varying severity of defects and the
diversity of implants used for augmentation.
Another limitation is the inclusion of patients
who underwent primary complex arthroplasty
with the use of IBG via the X-Change technology.

CONCLUSIONS

Impaction bone grafting is a method of choice
for the reconstruction of limited bone defects
in revision total hip arthroplasty, with certain
specific features in the interpretation of
postoperative X-rays. Subsequent migration
of the acetabular component, displacement of
the center of rotation exceeding 5 mm along
any X/Y axis, and an increase in its inclination
within 10° correspond to a conditional norm
and are associated with natural biomechanical
processes occurring in the impacted cancellous
bone. The consistency of these processes
is confirmed by good and excellent clinical
outcomes at the study endpoint: HHS — 85.5
[70.5; 95.0] points, WOMAC — 6.5 [2.0; 21.0]
points. Revealed strong direct correlation
(p =0.006) between migration of the acetabular
component in type III defects by AAOS and
grade 3B by Paprosky with the use of any mesh
type on the acetabular rim does not indicate
the development of aseptic loosening of the
acetabular component. This is supported by the
midterm overall prosthesis survival estimated by

Kaplan-Meier analysis for revision and complex
primary total hip arthroplasty using impact bone
grafting, which was 97.9% at 60 months and
84.3% at 90 months.
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Predictors of Early Aseptic Loosening of Prosthetic Components
Following Primary Total Knee Arthroplasty
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Vitaliy V. Pavlov, Andrey A. Korytkin, Aleksandr A. Pronskikh

Tsivyan Novosibirsk Research Institute of Traumatology and Orthopedics, Novosibirsk, Russia

Abstract

Background. Aseptic loosening of the knee prosthesis components is one of the most common causes
of revision surgery. The acceptable range of angular values for postoperative alignment of the lower limb and
the frontal positioning of the prosthetic components remains a subject of debate.

The aim of the study — to identify the predictors of the early aseptic loosening of prosthetic components
following primary total knee arthroplasty.

Methods. The study group included 31 patients with aseptic loosening of prosthetic components.
The comparison group consisted of 55 patients with no signs of loosening over a follow-up period
of at least 8 years. Baseline characteristics (sex, age, body mass index, and operated side) were compared,
along with preoperative and postoperative angular alignment of the lower limbs, specifically, the anatomical
femorotibial angle (aFTA) and the hip-knee-ankle angle (HKA), as well as reference angles for prosthetic
component positioning.

Results. Patient age over 60.5 years and BMI over 27.5 were associated with a 2.9-fold and 2.6-fold increased
risk of prosthetic loosening, respectively. Preoperative varus deformity, with an HKA angle exceeding 9.5°
and an aFTA over 6.5°, increased the risk of loosening by 9.6 and 23.1 times, respectively. Postoperative
residual deformity exceeding 0.5° in either direction, as measured by the aFTA, increased the risk of loosening
by 8.7 times. Valgus positioning of the tibial component was associated with a 2.8-fold increased risk
of component loosening.

Conclusions. In elderly and overweight patients with pronounced varus deformity of the lower limb,
personalized preoperative planning should be prioritized to prevent early aseptic loosening of prosthetic
components. In cases where postoperative residual deformity or valgus positioning of the tibial component
is detected, enhanced clinical follow-up with radiographic monitoring every 6 months is recommended.
If radiolucent lines progress and pain is present, early consideration of revision surgery is advisable, as it may
increase the likelihood of a successful conservative revision.

Keywords: total knee arthroplasty; aseptic loosening of prosthetic components; revision knee arthroplasty;
lower limb alignment; preoperative planning.
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I'Ipep,uK'ropbl paHHEro acenTu4yeckoro pacwartbiBaHU KOMNOHEHTOB
SHAonpoTesa npu nepeu4HOM 3HAONPOTE3INPOBAHUMN
KOJIEHHOro CyCtaBa

M.B. T'ypakes, B.JI. JlykunHos, B.C. Bautos, A.C. l'odep, E.A. VIBaHOB,
B.B. I[1aBnoB, A.A. KopbITKKH, A.A. [IpOHCKIUX

@I'BY «Hosocubupckuii HayuHo-ucciedoeamensCKuti UHcmumym mpasmamonozuu u opmoneouu
um. S.JI. Lusvsaina» Munsdpasa Poccuu, 2. Hosocubupck, Poccus

Pedepar

AxkmyansHocme. AcenTMueckOoe pacliaThbiBaHME KOMIIOHEHTOB 3HAOIPOTE3a KOJIEHHOTO CYCTaBa SIBJISIETCS
OAHO U3 PacHpPOCTPAaHEHHBIX MTPUYMH BBIMIOJIHEHUS PEBU3MOHHOTO BMeIlaTeabCTBa. JOMyCTUMBII AUana3oH
YIJIOBBIX 3HAUEHMIt MOCIe0IepaliOHHOTO BbIpaBHUBAHMS OCY HMKHEN KOHEUHOCTU U (POHTAIBHOTO pacio-
JIO’KEHMSI KOMITOHEHTOB SHAOIIPOTE3a SBJISIETCS AUCKYTabeIbHbBIM BOITPOCOM.

Ilens uccnedosanus — onpeneauTb MPeIUKTOPbI PAHHETO aCEIITUYECKOTO PacIlaThIBaHMSI KOMIIOHEHTOB SHI0-
MpoTe3a Mpy MepBUYHOM SHAOMPOTE3UPOBAHUM KOJIEHHOTO CYCTaBa.

Mamepuan u memoodst. B ucciemyeMylo TPyIIy Bomien 31 ManyeHT ¢ aCeNTUUECKMM paciiaTbIBaHMEM KOM-
TIOHEHTOB SHAOIIPOTE3a, a B IPYIIITYy CPaBHEHUS — 55 MaleHTOB, Y KOTOPBIX He ObLIM BbISIBJIEHBI IIPU3HAKA
pacmaTbeiBaHUs HA MPOTSDKEeHUM MUHUMYM 8 jieT. CpaBHUBAIUCh UCXOAHBbIE AaHHbIE (TI0JI, BO3PAaCT, UHAEKC
Macchl Tea, CTOpOHAa omepalun), a Takxke 10- 1 MocjeoTepaMoOHHas yriaoBas OleHKa 0CY HUKHUX KOHEYHO-
CTeif, B YaCTHOCTY aHaTOMMYECKUit heMopo-TubuanbHbiit yroa (a®TY) u 6egpeHHO-KOJIEHHO-TOIbIKEUHbIA
yron (BKJIY), a Takke pedepeHTHbIE YIJIbl yCTAHOBKM KOMIIOHEHTOB 3HA0IIPOTE3a.

Pesynsmamet. Bospact maimeHToB crapiie 60,5 roga u UMT 6onbiine 27,5 yBeIMUMBAIOT PUCK paciiaThiBa-
HMS KOMIIOHEHTOB B 2,9 1 2,6 pa3a cOOTBeTCTBeHHO. [loomnepaiiMoHHas BapycHas fedhopmaiius, Ipyu KOTOpoit
BKJIY mpeBbimaet 9,5° a a®TVY — 6,5°, yBeIMuMBaeT PUCK pacilaThbiBaHUSI KOMIIOHEHTOB B 9,6 u 23,1 pasa
COOTBETCTBEHHO. [Toc/ieonepanoHHas ocTaTouHas nedopmaiiyus, mpepsimatomas 0,5° mo adTV B 1r060M Ha-
MpaBJeHNY, YBEIMUMBAET PUCK paclIaTbIBaHMsI KOMIIOHEHTOB B 8,7 pa3a. PacronokeHne TM6MaIbHOTO KOM-
TMMOHEHTAa B BAJIbT'YCHOM MOJIOKEHUY yBEJINUMBAET PUCK pacliaTbIBaHMSI KOMIIOHEHTOB B 2,8 pa3sa.
3axkntoueHue. V TaIMeHTOB MTOKMUIOTO BO3PAcTa C M36bITOYHBIM BECOM, MMEIOIIMX BBIPAKEHHYIO BapyCHYIO
mebopMalnio HUKHE KOHEUHOCTH, cleayeT u3beratrh MIAGJOHHOTO IMpeaoIepaliOHHOTO IUIaHMPOBAHMUS
M OTHABaTh MPEAIIOUTEHME TEPCOHAIM3MPOBAHHOMY, Goiee M30MpaTeIbHOMY IpenoIepalioHHOMY IIa-
HUPOBAHMIO MJIs1 TIPOPUIAKTUKM paHHEro acerTU4YeCcKOTO pacHiaThbiBAHMS KOMIIOHEHTOB JHJIOMpOTe3a.
B wiyyasix BbiSiBieHMSI B TTOC/Ie0IepalliOHHOM Iepuofie OCTaTOYHOM AedopMaliui 1 BaIbI'yCHOT'O TOJIOXKe-
HUST TMOMAIBHOTO KOMIIOHEHTa TpebyeTcsl YCUIEHHbIi KOHTPOJIb C MPOBedeHNEM peHTreHorpadpmueckux
MCCIeIOBaHM Kaxkable 6 Mec. [Ipy MporpeccpoBaHMM PEHTTEHOIPO3PAUHbBIX JIMHUI M HATUUUM GOJIEBOTO
CUHIpPOMa HeoOX0IUMO He3aMeIIMTeIbHO PAaCCMOTPETD BOIIPOC O MPOBEIeHUM TOBTOPHOTO XUPYPrudecKo-
r0 BMeIIaTe/JIbCTBa, YTO MOBIIIAET BEPOSITHOCTh YCIIEITHOTO BIMTOJTHEHVSI KOHCEPBATUBHOM PEBU3UN.

KiroueBbie ¢10Ba: 3HIOMNPOTE3MPOBaHME KOJIEHHOIO CYyCTaBa; aCelTHYeCKOe paciiaThiBaHue KOMIIOHEHTOB 9H-
IOMpOTe3a; PeBM3MOHHOE SHAOIPOTE3MPOBaHE KOJIEHHOIO CYCTaBa; OCh HIKHMX KOHEUHOCTEI; IIpenorepariy-
OHHOE IIJIaHMPOBaHMe.

IOna umutupoBaums: I'ypaxeB M.B., JlykmuoB B.JI.,, BautoB B.C., Todep A.C., VBanoB E.A., TlaBmoB B.B.,
KopeiTkuH A.A., [IpoHCcKkMx A.A. [IpeguKTOphl paHHEro acernTMUYeCKOro pacilaTbiBaHMS KOMIIOHEHTOB 3HAOIPOTEe3a
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INTRODUCTION

Total knee arthroplasty (TKA) is the most
common surgical procedure performed at the
terminal stage of knee osteoarthritis. However,
up to 20% of patients remain dissatisfied with the
outcome, and despite completing a full rehabili-
tation course, some of them require revision
surgery [1, 2].

Aseptic loosening of prosthetic components
(ALPC) is one of the most frequent reasons
for revision procedures, accounting for 29.8%
of cases. Aseptic loosening is a multifactorial
phenomenon involving implant-related factors,
surgical technique, and patient-specific factors
[3, 4]. All of these factors are broad in scope
and often interrelated. For example, improper
positioning of prosthetic components (a factor
related to surgical technique) increases the
risk of excessive load and contact stress on one
of the compartments of the knee joint. This,
in turn, leads to premature generation of wear
particles (an implant-related factor), followed by
periprosthetic osteolysis and the development of
aseptic loosening. When patient-related factors,
such as increased BMI and/or osteoporosis, are
added to this scenario, the risk of early ALPC
increases significantly.

The precise positioning and alignment
of prosthetic components remains the subject of
active scientific discussion, especially following
the introduction of computer-assisted navigation
and robotic surgery into clinical practice [5, 6].

Patients who underwent revision total knee arthroplasty
unrelated to infection (n = 193)

At present, the orthopedic community has
not reached a consensus on the acceptable
range of angular values for postoperative lower
limb alignment and the coronal placement
of prosthetic components [7]. Moreover,
the implementation of the knee phenotype
concept [8] has further complicated the current
approach to limb alignment, challenging the
universality of the gold standard of mechanical
alignment for all patients [9, 10].

The aim of the study - to identify the predictors
of the early aseptic loosening of prosthetic
components following primary total knee
arthroplasty.

METHODS

Study design

A retrospective case-control study was conduc-
ted in accordance with the Strengthening the
Reporting of Observational Studies in Epidemio-
logy (STROBE) guidelines [11].

Patient group formation

Between 2010 and 2015, 331 patients (331 knees)
underwent revision TKA at the Novosibirsk
Research Institute of Traumatology and
Orthopedics n.a. Ya.L. Tsivyan. To form the
study group, 193 (58%) cases were selected
in which revision surgery was performed for
reasons unrelated to infection. The flowchart of
patient selection for the study group is shown
in Figure 1.

Excluded patients (n = 143):
« contractures and knee pain (n = 59)
« primary arthroplasty performed at other healthcare facilities
(n=29)
« phoenix-brand prostheses (n = 20)

Y

Patients selected for the study group after applying
exclusion criteria (n = 50)

Y

« ligamentous instability (n = 18)
« periprosthetic fractures (n = 14)
« unicondylar arthroplasty (n = 1)
« patellar dislocation (n = 1)

« insert dislocation (n = 1)

( Patients excluded due to lack of follow-up X-rays (n = 17)

Y

[ Patients included in the final study group (n = 31) )

Figure 1. Flow-chart of patient selection

Patients excluded due to femoral/tibial fracture malalignment

k over 15° (n= 2)
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The control group consisted of 55 patients
who underwent primary TKA at the same
institution between 2010 and 2015 and showed
no radiological or clinical signs of aseptic
loosening during a follow-up period of 8 to
10 years. It is important to note that both

the study and control groups received only
three-component primary TKA (femoral and
modular tibial components), and all implants
were of cruciate-retaining (non-linked) design.
The list of implant models used in both groups
is presented in Table 1.

Table 1
Implant models used in both groups
Manufacturer
Commbes | WHghtMP | GNECT Depuysigma | SN | ST Ao
Study (n = 31) 11 8 3 4 5 -
Control (n = 55) 20 6 7 8 5 9

Assessment methods

Baseline data for patients in both groups (sex,
age, BMI, and side of surgery) were extracted
from medical records.

During admission, all patients underwent
radiographic examination both preoperatively
and prior to discharge according to a standard
protocol. This included targeted and full-length
standing knee X-rays. Limb positioning during
radiographic imaging complied with current
quality standards for image acquisition [12].
If the patient was unable to properly position
the limb at the time of discharge (due to
residual pain), the radiographic examination was
repeated at the 6-month follow-up visit.

All  radiographic measurements  were
performed digitally using the tools available
in K-PACS software. Measurements were

conducted at different time points by a single
investigator, and all data were double-checked.
The measurements included evaluation of lower
limb alignment, determination of knee joint
phenotype, and detection of radiographic signs
of prosthetic component loosening.

Reference angles were the following:

- anatomical lateral distal femoral angle
(aLDFA): the angle formed by the intersection
of the anatomical axis of the femur and the line
connecting the most prominent points of the
femoral condyles;

- mechanical lateral distal femoral angle
(mLDFA): the angle formed by the intersection
of the mechanical axis of the femur and the line
connecting the most prominent points of the
femoral condyles;

- anatomical medial proximal tibial angle
(aMPTA): the angle formed by the intersection
of the anatomical axis of the tibia and the line
running along the superior surface of the tibial
plateau;

- mechanical medial proximal tibial angle
(mMPTA): the angle formed by the intersection
of the mechanical axis of the tibia and the line
running along the superior surface of the tibial
plateau (Table 2).

Lower limb alignment was assessed by
measuring the anatomical femorotibial angle
(aFTA) — the angle formed by the intersection of
the anatomical axes of the femur and tibia — and
the hip-knee-ankle (HKA) angle, defined as the
intersection of the mechanical axes of the femur
and tibia. In this study, varus deformity was
assigned a negative value, while valgus deformity
was assigned a positive value (Table 2).

Table 2
Reference angles and criteria for angular
assessment of the lower limb alignment, deg.

Angle Varus Norm Valgus
aLDFA > 83 from 79 to 83 <79
mLDFA >90 from 85 to 90 > 85
aMPTA/mMPTA <85 from 85 to 90 >90
HKA angle <-3 from-3to 3 >3
aFTA <2 from 2 to 7 >7

38 2025;31(3)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

Knee phenotype was determined using the
CPAK (Coronal Plane Alignment of the Knee)
classification, which evaluates coronal plane
limb alignment based on the arithmetic hip-
knee-ankle (aHKA) angle and joint line obliquity
(JLO) [8]- The arithmetic HKA angle is calculated
as the difference between the mMPTA and
the mLDFA, while joint line obliquity is defined
as the sum of the mMPTA and mLDFA (Figure 2).

Arithmetic HKA angle (mMPTA and mLDFA)

Varus (-) Neutral (0) Valgus (+)
D A AR/
istal apex / \ | \ [
(< 180°) T | 7‘/ \”/ ‘/5”{’
\ / [\

!/
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Neutral apex _{_IV\
(=180°) \ ]
\
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h 4
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|
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Proximal apex
(>180°)

Joint line obliqmty (mMPTA and mLDFA)

v
/ \

Figure 2. CPAK classification for coronal lower limb
alignment [8]

Signs of prosthetic component loosening were
assessed based on the following three criteria:

- the presence of progressive radiolucent
lines, measured according to the Knee Society
Roentgenographic Evaluation Scoring System
(KSRESS) [13];

- mechanical collapse of one prosthetic
component;

- mechanical collapse of two prosthetic
components.

It should be noted that some patients lacked
full-length standing X-rays (due either to their
absence in the archive or to poor image quality).

In certain cases, preoperative X-rays were
missing; in others, postoperative ones.

As a result, it was not possible to measure
mLDFA and HKA angles for all patients. However,
in order to preserve valuable measurement data,
it was decided not to exclude these patients from
the study (Table 3).

Statistical analysis

The Smirnov test for continuous data showed
no normal distribution in the compared groups;
therefore, descriptive statistics were primarily
presented using nonparametric measures:
median (Me), first and third quartiles [Q,; Q,].
Additionally, mean (M), standard deviation
(SD), and minimum and maximum values (min-
max) were reported. Group comparisons were
performed using the nonparametric Mann-
Whitney U test. Categorical variables (sex,
side of prosthesis implantation, age group,
classifications of coronal limb alignment and
knee phenotypes) were described by the number
and proportion of patients in each category,
and group comparisons were performed using
Fisher’s exact test. To correct for multiple
comparisons in categorical data, Benjamini-
Hochberg adjustment was applied to the achie-
ved p-values. Only two-tailed tests were used.
Identification of predictors of prosthetic
component loosening was performed using
logistic regression modeling. Univariate
logistic models were applied to identify indi-
vidual predictors associated with loosening.
Covariates with a p-value < 0.3 in univariate
analysis were included in the multivariate
logistic regression model, built using both
forward and backward stepwise selection based
on the Akaike Information Criterion (AIC).
The resulting forward and backward models
were identical. For the final multivariate
model, ROC analysis was used to determine
the optimal classification threshold based

Table 3
Number of patients with available radiographic examination
Study group (n = 31) Control group (n = 55)
Type of radiographic examination
Preop Postop Preop Postop
Full-length standing X-ray 30 19 53 45
Targeted X-ray 31 31 55 55
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on the Youden index (i.e., maximum combined
sensitivity and specificity). A confusion matrix
was then constructed to calculate predictive
metrics, including sensitivity, specificity,
method case rate, and observed case frequency.
The Hosmer-Lemeshow test was used to assess
the goodness-of-fit between predicted and
observed frequencies of adverse events.

Statistical significance was established at a
critical alpha level of p = 0.05; that is, differences
and predictors were considered statistically
significant when p < 0.05. All statistical
analyses were performed in R-Studio (version
2022.07.2+576, “Spotted Wakerobin”, USA) using
R (version 4.1.3, Austria).

RESULTS
Baseline patient characteristics

No statistically significant differences in baseline
clinical characteristics obtained from medical
records were found between the two groups.
However, the control group had a predominance
of patients aged 36-59 years (n = 29; 52.7%),
whereas the study group included more patients
aged 60-74 years (n = 19; 61.3%) (Table 4).
Results of preoperative radiographic
assessment

In both groups, the preoperative alignment

of the lower limbs was predominantly varus,
as determined by aFTA and HKA angle

measurements, followed by neutral and valgus
alignments. Baseline varus deformity, measured
by the HKA angle, was significantly more common
in the control group (p < 0.001). In contrast,
valgus deformity was more frequently observed
in the study group, although the difference did
not reach statistical significance (Table 5).

In the study group, varus deformity was less
frequent than in the control group, but when
present, it tended to be more severe. However,
this difference was not statistically significant
(Table 6).

No significant intergroup differences were
found in the preoperative reference angles.
In both groups, the majority of reference angles
fell within the neutral range (n = 130), followed
by varus (n = 114) and valgus (n = 11) angles.

Results of postoperative radiographic
assessment

Based on the aFTA measurements, a neutral axis
was more frequently observed in the control
group compared to the study group (p < 0.001).
According to the HKA angle measurements,
a neutral axis was also more common in the
control group, although the difference was not
statistically significant. Valgus deformity, as
determined by the HKA angle, was observed only
in the study group and showed a statistically
significant difference compared to the control
group (p < 0.001) (Table 7).

Table 4
Comparison of baseline characteristics between the two groups
Baseline B _
parameters Study group (n = 31) Control group (n = 55) p

Gender:

female 28 (90.3%) 47 (85.5%) 0.739!

male 3(9.7%) 8 (14.5%)
Side:

left 12 (38.7%) 32 (58.2%) 0.116!

right 19 (61.3%) 23 (41.8%)

Age, years old

21-35 1(3.2%)
36-59 8(25.8%)
60-74 19 (61.3%)
75-90 3(9.7%)
BMI, kg/m?
Me [Q,; Q] 32 [29; 35]
M*SD 32.58+6.46
(min-max) (21-48)

Overall comparison: 0.023,
p (correction of p)

0 (0.0%)
29 (52.7%)
24 (43.6%)

0.360 (0.451)
0.023 (0.114)
0.177 (0.443)

2 (3.6%) 0.346 (0.451)
32 [28; 35] 0.8922
32.33+5.88

(22-50)

! — Fischer’s exact test, 2 — Mann-Whitney U test. Statistically significant differences are indicated in bold here and

further below.
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Table 5
Preoperative lower limb alignment in both groups based on aFTA
and HKA angle measurements
Lower limb Study group Control group Fischer’s exact test,
Measurement alignment (n = 31/30) (n = 55/53) p (correction of p)
aFTA Varus 20 (64.5%) 50 (90.9%) 0.004 (0.012)
Neutral 6 (19.4%) 4 (7.3%) 0.158 (0.158)
Valgus 5(16.1%) 1(1.8%) 0.021 (0.032)
HKA angle Varus 21 (70%) 52 (98.1%) < 0.001 (< 0.001)
Neutral 6 (20%) 1(1.9%) 0.008 (0.012)
Valgus 3(10%) 0 (0.0%) 0.044 (0.044)
Table 6
Preoperative deformity values based on aFTA and HKA angle, deg.
. Study group Control group Mann-Whitney U test,
Preoperative angles (n = 31%/30%%) (= 55%/53%%) p
aFTA
Me [Q,; Q] -2[-4.5;-0.5] -5[-10; 3]
M=SD -2.8%4.2 -3.10+10.01 0.485
min-max -16...7 -27...22
HKA angle
Me[Q,; Q)] -10[-12;-8] -13[-17.8; -2.0]
M=SD -10.6%4.4 -9.70%+10.73 0.943
min-max -22...0 -33...14
* — measurement based on aFTA; ** — measurement based on HKA angle.
Table 7
Postoperative lower limb alignment in both groups based on aFTA
and HKA angle measurements
Angle Lower limb Study group Control group Fischer’s exact test,
8 alignment (n = 31%/19%%) (n = 55%/45%%) p (correction of p)
aFTA Varus 14 (45.2%) 10 (18.2%) 0.012 (0.012)
Neutral 9 (29.0%) 43 (78.2%) < 0.001 (< 0.001)
Valgus 8 (25.8%) 2 (3.6%) 0.004 (0.005)
HKA angle Varus 6 (31.6%) 21 (46.7%) 0.406 (0.406)
Neutral 6 (31.6%) 24 (53.3%) 0.170 (0.255)
Valgus 7 (36.8%) 0 (0.0%) < 0.001 (< 0.001)
* — measurement based on aFTA; ** — measurement based on HKA angle.

In both groups, postoperative correction of in the study group, although the difference was
the lower limb alignment toward the neutral axis not statistically significant (Table 8).
was observed compared to preoperative values; No statistically significant differences
however, residual varus deformity predominated were found between the groups in terms of
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postoperative reference angles. In both groups,
the majority of reference angles corresponded
to a varus alignment (104), followed by neutral
(102) and valgus (30) alignments. Comparison
with preoperative reference angle data revealed
balanced varus and neutral alignments and an
increase in the number of valgus cases, mainly
due to changes in the tibial component.

There were no statistically significant
differences between the groups in postope-
rative component alignment based on
anatomical reference angles. The most
common combination of implant positioning
in both groups was a varus position of the
femoral component and a neutral position
of the tibial component. The second most

frequent combination in the study group was
varus alignment of the femoral component
and valgus alignment of the tibial component.
In the control group, the second most common
combination was neutral positioning of both
femoral and tibial components.

Postoperative component alignment based on
mechanical reference angles showed a statisti-
cally significant difference for the combination
of a neutrally positioned femoral component
and a valgus-positioned tibial component, which
was more frequently observed in the study group
(p = 0.007, p = 0.040). The most frequent implant
alignment combination in both groups was a
varus femoral component with a neutral tibial
component (Table 9).

Table 8
Postoperative deformity values based on aFTA and HKA angle, deg.
. Study group Control group Mann-Whitney U test,
Postoperative angles n = 31%/19%* n = 55%/45% p
aFTA
Me [Q,; Q,] 2[0.0; 7.5] 5(2;6]
M=SD 3.7%4.9 4.1+¥2.4 0.361
min-max -4...16 -1...9
HKA angle
Me [Q,; Q] -1.0[-8.5; 1.5] -3[-6;-1]
M=SD -2.6%6.1 -3.2%3.2 0.621
min-max -13...8 -9...3
* — measurement based on aFTA; ** — measurement based on HKA angle.
Table 9
Postoperative component alignment combinations based on mechanical reference angles
L . Fischer’s exact test
Combination ratio Study group Control group PR
MLDFA/mMPTA (n = 19) (n = 45) overall comparison: 0.007,
p (correction of p)
Valgus/valgus 1(5%) 0 (0%) 0.286 (0.343)
Varus/valgus 4(21%) 8 (18%) 0.729 (0.729)
Varus/norm 6 (32%) 25 (56%) 0.164 (0.327)
Norm/valgus 6 (32%) 2 (4%) 0.007 (0.040)
Norm/varus 1(5%) 0 (0%) 0.286 (0.343)
Norm/norm 1 (5%) 10 (22%) 0.155 (0.327)
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Phenotype determination

Prior to surgery, most knee joint phenotypes in
both groups were classified as Type I, with no
statistically significant differences observed.
Postoperatively, the most common phenotypes
in the study group were Types I (17%), V (17%),
VII (17%), and IX (17%), while in the control
group — Types IV (11%),V (32%), and VII (34%).
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Figure 3. Preoperative distribution graph of the knee
joint phenotypes among patients

Radiographic signs of component
loosening

The variants of the radiographic signs of
prosthetic component loosening, depending on
their combination as determined by anatomical
reference angles, are presented in Table 10.

The most frequent sign of loosening was
mechanical collapse of a single component
(3 cases, 41.94%), observed across all component
alignment combinations. The second most
common sign was the progression of radiolucent
lines without the evidence of component collapse
(11 cases, 35.48%), followed by the collapse
of both components (7 cases, 22.58%). All
radiographic signs of loosening were observed in
cases where the femoral component was implan-
ted in a varus position, while the tibial compo-
nent was in either a neutral or valgus position.

The preoperative distribution graph of the
knee joint phenotypes demonstrated a high
density of limb axes within the varus corridor
(Figure 3).

This density was no longer observed on the
postoperative distribution graph of the knee
joint phenotypes (Figure 4).
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Figure 4. Postoperative distribution graph of the
knee joint phenotypes among patients

Data on the timing of the detection of
prosthetic component loosening, depending
on the existing combination of component
positioning as measured by the reference angles
aLDFA/aMPTA, are presented in Table 11.

Signs of loosening were identified within
5 wyears for all alignment combinations.
The majority of ALPC cases (n = 25, 81%) occur-
red within the first 3 years.

Predictive model for aseptic loosening of
prosthetic components

To identify predictors of prosthetic component
loosening following knee arthroplasty, univariate
and multivariate logistic regression analyses
were performed (Table 12).

The univariate logistic regression models
revealed several significant predictors of aseptic
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loosening of prosthetic components. As shown
in the table, severe preoperative varus deformity,
as measured by the HKA angle and aFTA, was
associated with an increased risk of loosening:
by 9.6 to 23.1 times, respectively. According to
postoperative alignment measurements using
aFTA, deviation of the mechanical axis beyond
the normal range (either into varus or valgus) by
as little as 0.5° increased the risk of loosening
by 8.7 times (3.32-25.10). Additional significant
predictors included age over 60 years (OR 2.92)
and BMI over 27.50 (OR 2.60).

The performed ROC analysis assessed the
predictive performance of the multivariate

model and identified the optimal Youden index,
with a sensitivity of 64.5% and specificity of
85.5% at a threshold probability of prosthetic
failure of 55.1%. Thus, using this cut-off value,
patients with a model-calculated probability
of component loosening exceeding 55.1% were
predicted to experience prosthetic loosening
(Figure 5).

The Hosmer-Lemeshow goodness-of-fit test
(p = 0.785, degrees of freedom = 4, Pearson’s
x> = 1.731) confirmed agreement between the
predicted and observed frequencies of aseptic
loosening, indicating adequate calibration of the
multivariate model.

Table 10

Radiographic signs of implant loosening depending on component
alignment combinations

Alignment combinations

Radiographic signs of implant loosening

according to aLDFA/aMPTA reference . . Displacement of one Displacement of both
angles Radiolucent lines component components
Valgus/valgus (n = 1) - 1 -
Valgus/norm (n = 1) - 1 _
Varus/valgus (n = 8) 4 2 2
Varus/norm (n = 13) 2 6 5
Norm/valgus (n = 5) 4 1 -
Norm/varus (n = 1) 1 -
Norm/norm (n = 2) 1 1 -
Table 11

Time of detection of the signs of prosthetic component loosening depending
on component alignment combinations

Alignment combinations

Number of cases of component loosening by time, years

according to aLDFA/aMPTA reference
angles 1

2 3 4 5

Valgus/valgus (n = 1)
Valgus/norm (n = 1)
Varus/valgus (n = 8)
Varus/norm (n = 13)

_ W W = =

Norm/valgus (n = 5)

Norm/varus (n = 1) -

Norm/norm (n = 2) 1

— =R
N N =
[N
—
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Table 12
Logistic regression models of aseptic loosening of prosthetic components
(n = 86, including 31 (36%) cases of loosening)
Univariate model Multivariate model
Covariates/explanatory variable
OR [95% CI] p OR [95% CI] p

Preoperative lower limb axis measured by aFTA 23.14 < 0.001
with a value less than -6.5° [5.72; 158.23]
Preoperative lower limb axis measured by HKA angle 9.60 <0.001
with a value less than -9.5° [3.11; 34.36]
Patient’s age more than 60.5 years 2.92[1.18; 7.60] 0.023
BMI more than 27.5 2.60[0.75;12.18] | 0.165 | 3.47[0.84;18.67] 0.108
Postoperative lower limb axis measured by aFTA with 8.76[3.32; 25.10] | <0.001 | 9.58[3.53;28.69] | < 0.001
a value more than or less than 0.5° the norm
Tibial component installed in valgus position 2.83[1.10; 7.43] 0.032

100
1

80
|

Thrieshold 0.55 (85.5%, 64/5%)

60

AUC: 77.3%

Sensitivity, %
40

T T T T T T
100 80 60 40 20 0

Specificity, %

The formula of the multivariate model for
predicting the aseptic loosening of prosthetic
components is as follows:

P=1—1/(1+exp(B+A X, +A,X),

where P is the probability of aseptic loosening
of components, and exp() is the exponential
function. The values of the coefficients of the
multivariate model are presented in Table 13.

Figure 5. ROC curve (threshold value 55.1%)
of the multivariate model for predicting loosening
of prosthetic components

Table 13

Coefficients and variables of the multivariate logistic regression model for aseptic loosening

of prosthetic components

Coefflc_lents and Description Acceptable values in the formula
variables
B Constant coefficient -2.657833
A Constant coefficient 2.259605
X, Postoperative lower limb axis measured by 0 — the value of more than 1.5° and less than 7.5°;
aFTA 1 — the value of 1.5° or less and of 7.5° or greater
A, Constant coefficient 1.243753
X, BMI 0 — the value of less than 27.5;
1 — the value of 27.5 or greater
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DISCUSSION

At first glance, variables such as patient age and
severity of varus deformity may not appear to be
directly correlated. However, osteoarthritis tends
to progress with age, and many patients delay
seeking medical care due to the fear of surgical
treatment. Therefore, it becomes apparent that
the older the patient, the more pronounced the
deformity of the lower limb is likely to be.

This trend was reflected in the results of
the study: in the study group, the majority of
patients were older (61% aged 60-74 vyears),
compared to the control group (52% aged 36-
59 years). The more severe the varus deformity,
the more difficult it is to correct while
avoiding inaccuracies in prosthetic component
positioning. That is why patients in the study
group had more pronounced varus deformities
than those in the control group. Evidence
supporting the roles of age and varus deformity
severity as predictors of ALPC is provided by the
univariate logistic regression model: the severity
of deformity increases the risk of loosening by
23 times, while age over 60 years increases the
risk threefold.

In the postoperative period, neutral alignment
of the lower limb axis was observed more
frequently in the control group than in the study
group (p < 0.001), while postoperative valgus
deformity was detected only in the study group
(p < 0.001). A more pronounced residual varus
deformity after surgery was noted in the study
group. These results suggest a predisposition
to prosthetic component loosening in patients
with greater deviation from neutral alignment
toward varus, with deviation toward valgus being
an even less acceptable misalignment. Similar
findings were obtained in the multivariate
logistic  regression model: postoperative
deviations of the lower limb mechanical axis
measured by aFTA exceeding 0.5° toward either
varus or valgus increased the risk of loosening by
8.7 times (3.32-25.10) (Table 12). Y.H. Kim et al.,
analyzing 3048 knee X-rays from patients with
a mean prosthesis survival of 15 years, drew
the same conclusion. The authors stated that a
mechanical axis deviation greater than 3° varus
measured by aFTA significantly increases the
risk of prosthetic component loosening [14].
On the other hand, B.S. Lee et al. found that
a varus deviation greater than 3°, measured by

the HKA angle, also increases the risk (by 10%)
of prosthetic component loosening [15].

The results of our study showed that,
most frequently in both groups, the femoral
component was implanted in varus alignment,
while the tibial component was in neutral.
This likely occurred because surgeons either
overlooked or lacked the means to measure the
preoperative a-angle, and a standard 5° was
automatically set on the distal femoral cutting
block, which proved insufficient to achieve
neutral femoral component positioning in
the coronal plane. This combination occurred
in over 50% of cases in the control group,
suggesting that the risk of loosening in this
scenario is low. In the study group, loosening
with this combination likely arose due to
other related factors. Statistically significant
differences between groups were observed
in the component positioning combinations
measured using mechanical reference angles,
where loosening most frequently occurred when
the femoral component was implanted neutrally
and the tibial component in valgus alignment
(Table 9). This finding further underscores the
poor survival prognosis of prostheses when
initial varus deformity is overcorrected to
valgus, due to valgus positioning of the tibial
component. Conversely, tibial components
positioned in varus alignment (mMPTA 85°)
with preservation of overall neutral lower limb
alignment demonstrated a 10-year prosthesis
survival rate with good clinical outcomes in
66 patients, as reported by F.A. Miralles-Munoz
et al. [16].

The classification of coronal plane alignment
of the knee (CPAK) was originally developed
to identify which knee joint phenotype would
benefit most from kinematic alignment.
However, we chose to use this classification to
identify patterns in the development of ALPC.
No statistically significant differences in joint
phenotype distribution were found between the
groups. Considering that the majority of joints in
both groups preoperatively belonged to the varus
phenotypic corridor, it can be assumed that there
is no predisposition to component loosening if
the phenotype remains within the same axial
corridor. Regarding patient satisfaction with
surgical outcomes, maintaining the preoperative
varus  phenotypic corridor = demonstrates
favorable results, as patients in the control group
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were operated on at least 8 years ago and have
reported no complaints during this period.

The most frequent radiographic sign of
component loosening was collapse of a single
component (41.94%), ranking first because the
progression of radiolucent lines is not always
detected in a timely manner. This is partly due
to patients often not adhering to postoperative
follow-up protocols and presenting for their first
outpatient visit only after clinical and radio-
graphic signs of loosening appear. Additionally,
there are difficulties in detecting radiolucent
lines as some patients present asymptomatically
with X-rays taken at local clinics, where AP and
lateral view accuracy is often compromised and
the film quality is suboptimal. Considering that
the cohort of patients who underwent revision
surgery for aseptic loosening was collected
between 2010 and 2015, and primary arthroplasty
X-rays available in the archives start only from
2008, the longest documented time to component
failure did not exceed 5 years.

The derived formula of the multifactorial
model, which includes unrecovered neutral
postoperative lower limb alignment and
BMI, is also logically consistent. Mechanical
alignment of the lower limb axis during TKA
implies mandatory achievement of a neutral
axis position through soft tissue releases,
while performing horizontal (floor-parallel)
distal femoral and proximal tibial cuts. That is,
the surgical intervention aimed at correcting
limb alignment is performed on the soft
tissues (releases), whereas the bony cuts are
standardized for all patients. Consequently,
any deviation from the neutral limb axis during
mechanical alignment leads to improper load
distribution on the prosthetic components,
resulting in their premature failure. At the same
time, current requirements for the correction
of the lower limb axis deformity are carried
out mainly due to distal femoral and proximal
tibial cuts combined with individualized
femoral component rotation [10, 17]. Such
alignment techniques allow for so-called safe
undercorrection of the neutral axis position.

The most unexpected result of our study was
the eightfold increase in the risk of prosthetic
component loosening with just a 0.5° deviation

in either direction as measured by aFTA.
A deviation of 0.5° is very small and difficult to
detect intraoperatively during manual TKA using
a conventional metallic alignment guide. This
finding highlights the potential advantage of
robot-assisted arthroplasty, which ensures high
precision in executing planned bone cuts, thus
guaranteeing accurate prosthetic component
positioning. However, it should be noted that
long-term studies are necessary to confirm the
benefits of robot-assisted techniques.

Study limitations

This study involved a relatively small sample size;
however, this did not prevent the identification of
predictors for early ALPC following primary TKA,
thanks to the use of logistic regression modeling.

Potential inaccuracies in radiographic
measurements of lower limb alignment angles
and reference angles for prosthesis component
positioning cannot be entirely excluded. Such
measurement errors may have influenced the
statistical calculations in both univariate and,
consequently, multivariate models for identifying
ALPC predictors.

Surgical interventions were performed by
different surgical teams, and prostheses from
various manufacturers were used, although all
implants were of a similar unlinked design.

CONCLUSIONS

In elderly patients with overweight and
moderate-to-severe varus deformity of the
lower limb, personalized and more selective
preoperative planning is essential to prevent
early aseptic loosening of prosthetic components.
In patients exhibiting residual deformity and
valgus positioning of the tibial component
postoperatively, intensified postoperative moni-
toring with control X-rays every six months
is recommended. If progression of radiolucent
lines is detected alongside pain symptoms,
prompt revision surgery should be performed to
increase the likelihood of a conservative revision.
Principles of conservative revision include
avoiding the use of revision prosthesis constructs
and minimizing aggressive interventions to
preserve intact adjacent soft tissues and bone
structures.
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Outcomes of Anterior Cruciate Ligament Reconstruction Using
Detached and Non-Detached Autografts:
Comparative Analysis
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Abstract

Background. Despite the widespread use of autograft techniques for anterior cruciate ligament (ACL)
reconstruction, there remains a need to improve surgical methods aimed at enhancing graft osseointegration,
reducing inflammatory responses, and preventing bone tunnel widening. Particular attention has been drawn
to techniques that preserve the tibial insertion and ACL remnant. A systematic comparison of these approaches
based on objective functional and morphological parameters is necessary.

The aim of the study — to conduct a comparative analysis of short-term and early outcomes of different anterior
cruciate ligament reconstruction techniques.

Methods. The study included 112 patients stratified into four groups based on the type of ACL reconstruction
performed: D — detached graft; N — non-detached graft; D+S — detached graft with remnant preservation; N+S
— non-detached graft with remnant preservation. Clinical outcomes were evaluated at 6 and 12 months using
the Lysholm score, IKDC, and KOOS, as well as MRI-based Signal-to-Noise Quotient (SNQ) and CT-based bone
tunnel widening. Statistical analysis included one-way and multivariate ANOVA (MANOVA), as well as Principal
Component Analysis (PCA).

Results. The comparative analysis revealed statistically significant differences between the groups across all
evaluated parameters (p < 0.05), according to the ANOVA test. The best functional outcomes (Lysholm, KOOS,
IKDC) and morphological indicators (SNQ ratio, bone tunnel widening) were observed in the N+S group.
MANOVA and PCA confirmed spatial separation of groups, with a distinct cluster formed by N+S patients,
indicating the superiority of this technique. All intergroup differences were statistically significant (p < 0.05).
Conclusion. The results suggest that the use of non-detached autografts in combination with preservation
of anterior cruciate ligament remnant offers substantial potential for improving surgical outcomes in knee
joint instability. However, large-scale randomized trials with long-term follow-up are needed to confirm these
findings.

Keywords: anterior cruciate ligament; ACL; ACL rupture; non-detached graft; ACL remnant preservation.
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CpaBHUTENbHDbIM aHANU3 Pe3yIbTaTOB PEKOHCTPYKLUM
nepepHen KpecTtoobpasHoOM CBA3KM pa3/IM4HbIMU CNOCO6aMM
C NpMMeHeHneM CBo060AHbIX U HECBOOOAHbIX ayTOTPAHCN/IAHTATOB

I.I1. Korenpuukos, H./I. Illep6aTos, [1.C. Kynamies, C.[I. 3yeB-PaTHMKOB
@I'BOY BO «Camapckuii zocyoapcmeenHblli MeduyuHckuli yHusepcumem» Munsdpasa Poccuu, 2. Camapa, Poccus

Pedepar

AxmyanbHocms. HecMOTpS Ha MIMpPOKOe TpUMEHEeHMEe ayTOIUIACTMKM IlepefHeli KpecTooOpas3sHoil CBsI3-
k1 (TTIKC), coxpaHsieTcs TOTPeOHOCTb B COBEPIIEHCTBOBAHUYM METOIMK, HAIlpaBAeHHbBIX Ha YIyUIIeHN)e OCTEO-
MHTEerpaluy TpaHCIUIaHTaTa, CHIDKeHME BOCHAIMTENbHOM peakiuy U Mpo@UIakTUKy paciiyMpeHus: KOCTHBIX
ToHHeJ1eit. Oco6bIi MHTepeC MPeCTaB/ISIOT TEXHOIOTUM C COXPaHEHMEM TUOMATbHOTO PUKPEIIEHNS U KY/IbTU
IKC. Vx cpaBHUTEIbHAS OlIEHKA HA OCHOBE OOBbEKTMUBHBIX (DYHKIIMOHAIBHBIX ¥ MOPQOIOrMUECKUX TTOKa3aTe-
Jieii TpebyeT cucTeMaTU3MPOBAHHOTO aHAIM3a.

Ilenv uccnedosaHuss — MPOBECTY CPABHUTENIbHBIN aHAIN3 OMVKAMIINX Y PaHHUX Pe3y/IbTaTOB MPUMEHEHUS
Pas3IMYHBIX CITOCOO0B PEKOHCTPYKIINY MepeIHel KpecToo6pasHoil CBSI3KM.

Mamepuan u memodsl. B ucciieqoBaHye BKIIOUEHBI 112 ManyeHToB, CTpaTUGUIVPOBAHHbIX Ha UEThIPE TPYIIITHI
TI0 TUITY BBITIOIIHSEMOII orepanyi: D — cBOGOIHBIN TpaHCIIaHTAT; N — HeCBOOOMHbIN TpaHCIIaHTaT; D+S —
CBOOOMHBIN TPAHCIUIAHTAT C COXpaHEeHMEeM KyJIbTi; N+S — HeCBOOOIHBII TPAHCIIAHTAT C COXpPaHEHMEM KYJIbTH.
O1eHKa pe3y/abTaTOB MPOBOAMIIACH B CPOKM 6 M 12 Mec. TTOc/Ie omnepalynu ¢ UCHoab3oBaHueM Ikaa Lysholm,
IKDC, KOOS, a taxske o gauusiMm MPT (uumekc SNQ) u MCKT (pacimmpeHue KOCTHBIX TOHHeel). [IpumeHsi-
JIUCh METO/IbI OJTHO- ¥ MHOTO(MaKTOpHOTrO AycriepcuorHHoro aHannsa (ANOVA, MANOVA) u PCA.

Pesynvmamat. CpaBHUTEIbHBIV aHAIN3 TOKA3aJ CTATUCTUUECKM 3HAUMMBbIe Pa3INUMs MEXIY IPyHIiamMu 1o BCeM
mccnemyeMbIiM mokasaTessiM (p < 0,05) o manubpiM ANOVA-Tecta. Hammyuriye GyHKIIMOHAIbHbBIE Pe3Y/IbTAThI 10
nikanam Lysholm, KOOS u IKDC, a Takke mopdosornueckue mokasareny (MHaekc SNQ 1 cTerieHb paciiipeHust
KOCTHBIX KaHaJIOB) 3adukcupoBanbl B rpymme N+S. MANOVA n PCA nokasaiayu NpoCcTpaHCTBEHHOe pasjiesieHne
TPYIIII C BBIPAYKEHHBIM KJIaCTEPOM MaLMeHTOB rpyInbl N+S,; oTpaXkaomum NpeumyiecTBO JaHHON TeXHUKU. Pas-
JIMYMS MEKIY TPYIITIaMM CTaTUCTUIecKu 3HauuMblI (p < 0,05).

3axmouenue. TTomyuyeHHbIe TaHHbIE TO3BOJISIOT YTBEPKAATh, UTO IIPYMEHEH e HeCBOOOIHBIX TPAHCIIJIAHTATOB
B COUETAHMMU C TEXHUKOI COXpaHEeHUS KY/IbTU TlepeaHeli KpecTooOpa3Hoii CBSI3KM 06J1alaeT 3HAUUTEIbHBIM I10-
TEHI[MAJIOM B IIJIaHEe YIYYIIEeHNS Pe3y/IbTaTOB XMPYPIrUUECKOTO JJeUeHMsT HeCTaGMIbHOCTY KOJIEHHOTO CYCTaBa.
B To ke BpeMs [jIs1 OKOHUYATEIbHOM BepudUKAIMM BISIBJIEHHBIX 3aKOHOMEPHOCTEl TpebyeTcsl MpoBefeHMe
MIMPOKOMACIITAOHbIX PAHIOMM3YPOBAHHbIX MCCIENOBAHMIT C TPOIOHTMPOBAHHBIM MEPMOIOM HAOTIOAEHNS.

KiroueBsble ciioBa: nepefHssi KpectoobpasHast cBsiska; ITIKC; paspeiB [IKC; HecBOGOIHBIN TPAHCIUIAHTAT; CO-
xpaHeHue kyabtu [TKC.
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INTRODUCTION

Anterior cruciate ligament (ACL) reconstruc-
tion of the knee joint remains one of the
most common surgical interventions in
contemporary orthopedics, aimed at restoring
anteromedial knee stability [1, 2, 3, 4]. Despite
substantial progress in surgical techniques,
graft materials, and approaches to ACL
reconstruction, the challenge of achieving
optimal and predictable long-term clinical and
functional outcomes remains relevant [5, 6].
The conventional technique of ACL autoplasty
using a detached hamstring tendon (DHT) is
often associated with insufficient biological
integration of the graft, pronounced tunnel
widening, and variability in clinical results,
which may not always meet the expectations of
both surgeons and patients [7, 8].

In recent vyears, growing attention has
been directed toward advanced methods that
include preservation of the ACL remnant (such
as the Single Antero-Medial Bundle Biological
Augmentation, SAMBBA technique) and
the use of non-detached hamstring tendon
(NDHT) grafts, which retain the native tibial
insertion of the semitendinosus [9, 10, 11, 12].
These techniques are expected to enhance
revascularization, promote ligamentization,
and facilitate improved osseointegration, as
suggested by early preclinical and clinical
observations from independent studies [13, 14,
15, 16]. Nevertheless, comparative data on the
long-term clinical and morphological outcomes
of these surgical strategies remain limited,
highlighting the need for systematic analysis of
their potential benefits and limitations.

The aim of the study - to conduct a
comparative analysis of short-term and early
outcomes of different anterior cruciate ligament
reconstruction techniques.

METHODS

Study design

The study design corresponds to a single-center,
open-label, randomized prospective clinical
trial with parallel groups and was developed
in accordance with the CONSORT 2010
(CONsolidated Standards of Reporting Trials)
guidelines. The study was conducted at the
Department of Traumatology and Orthopedics
No. 2 of the Clinics of Samara State Medical

University from 2023 to 2024. A total of 121
patients with verified ACL injuries were enrolled
in the study.

Inclusion criteria: age > 18 years; ACL injury of
any duration confirmed by clinical examination
and MRI findings; preserved ACL remnant as
verified by MRI.

Exclusion criteria: associated injuries to other
knee ligaments (posterior cruciate ligament,
medial or lateral collateral ligaments) with
instability; stage III-IV knee osteoarthritis
(according to the Kellgren-Lawrence clas-
sification); body mass index (BMI) > 35 kg/m?;
trophic disorders and/or purulent-inflammatory
processes in the target joint area.

Withdrawal criteria: absence of the ACL rem-
nant during arthroscopy, poor patient compliance
during the follow-up period, and failure to adhere
to postoperative recommendations.

All patients were informed in advance by the
orthopedic trauma surgeon about the treatment
options and the possible risks and outcomes of
surgery. Each patient signed an informed consent
form to participate in the study and undergo
surgery.

The follow-up period included 6 and 12
months postoperatively. Clinical outcomes were
evaluated using the Lysholm, IKDC, and KOOS
scoring systems. Imaging parameters included
the SNQ index (based on MRI) and bone tunnel
widening (based on MSCT).

Patients

Initially, 121 patients were enrolled; however,
9 (7.4%) were excluded: 8 (6.6%) due to intra-
operatively confirmed absence of the ACL
remnant and 1 (0.8%) due to poor compliance
and violation of postoperative rehabilitation
protocols. As a result, the final analysis included
112 patients (92.6% of the initial cohort).
Stratified randomization was used to allocate
patients into four equal groups of 28 individuals,
each receiving a different ACL reconstruction
technique.

In the first group (D), surgical intervention
was performed using the standard technique
involving a double-loop detached hamstring
tendon (DHT) autograft harvested from the
semitendinosus (ST) and gracilis (G) tendons,
with complete removal of the ACL remnant.

In the second group (N), during ACL
reconstruction, the autograft from the ST and
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G tendons was left with its native tibial attach-
ment intact (NDHT), but similar to the first
group, the residual ACL remnant was resected.

In the third group (D+S), a detached autograft
was also used; however, the SAMBBA technique
(Single  Antero-Medial Bundle Biological
Augmentation) was additionally applied. This
approach involves preservation of the residual
anteromedial bundle stump of the ACL, which
was augmented with the autograft.

In the fourth group (N+S), the autograft was
left non-detached, retaining its tibial insertion,
and the SAMBBA technique was similarly
employed to preserve the native ACL remnant.

Among the 112 patients, 72 (64.3%) were
male and 40 (35.7%) female. The mean age
was 30.5+9.3 years (range 18-45). ACL injury of
the left knee was found in 52 (46.4%) patients,
and of the right knee — in 60 (53.6%) patients,
with a left-to-right ratio of 1:1.15. The mean
time from injury to surgery was 6.0£1.4 months.
Demographic and baseline clinical charac-
teristics of the groups are presented in Table 1.

No statistically significant differences
between groups were found in terms of age, sex,
or time from injury to surgery (p > 0.05).

Table 1
Stratified randomization of patients into groups
Grou Number of Sex Age, years Side of injury Time from injury to surgery,
p patients (M/F) (M=SD) (right/left) months (M+SD)
D 28 18/10 28.0%£9.2 16/12 6.1¥1.4
N 28 17/11 31.0+8.9 15/13 5.9%1.6
D+S 28 18/10 29.0£9.5 16/12 6.2%1.5
N+S 28 19/9 32.0£8.7 16/12 6.0+1.3

According to the ANOVA test results, between-group differences were not statistically significant in terms of sex
(p =0.9597), side of injury (p = 0.9912), and time from injury to surgery (p = 0.3019). The difference in age approached the

threshold of statistical significance (p = 0.0547).

Surgical technique

Arthroscopic reconstruction of the ACL was
performed under spinal anesthesia using
standard approaches. The initial stage included
a diagnostic arthroscopy with inspection of the
ACL remnant and intra-articular structures.

Therapeutic procedures were then carried out
as required, including arthrolysis, debridement,
and partial meniscectomy. Subsequently, femoral
and tibial bone tunnels were created according
to the anatomical footprints of the native
ACL. The entry point for the femoral tunnel

aperture was determined with reference to the
Blumensaat line and the lateral intercondylar
ridge (“resident's ridge”) using an offset guide
included in the standard instrument set for
anterior cruciate ligament reconstruction.
Femoral fixation was achieved using a cortical
suspensory device (ULTRABUTTON Adjustable
Fixation Device, Smith & Nephew), while tibial
fixation was performed using a bioabsorbable
interference screw (Smith & Nephew). The
arthroscopic view of the preserved ACL remnant
and the placed autograft is shown in Figure 1.

Figure 1. Arthroscopic view:

a — ACL remnant (indicated by the
red arrow);

b — fixed autograft (indicated by
the blue arrow) with preserved ACL
remnant
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All patients followed an identical postoperative
rehabilitation protocol regardless of group
allocation.

Assessment methods

The outcome assessment was conducted at
6 and 12 months post-op using both clinical
and imaging-based evaluation methods. The
functional status of the knee joint was assessed
using validated clinical scoring systems: the
Lysholm Knee Score, the International Knee
Documentation Committee Subjective Knee
Evaluation Form (IKDC), and the Knee injury
and Osteoarthritis Outcome Score (KOOS) [17,
18, 19]. These questionnaires were completed by
patients preoperatively and at 6 and 12 months
postoperatively.

Instrumental assessment of graft integration
and bone tunnel morphology was performed
using magnetic resonance imaging (MRI) and
multislice computed tomography (MSCT).

MRI was conducted at 6 and 12 months
postoperatively to calculate the SNQ (Signal-
to-Noise Quotient) index using the following
standard formula:

SNQ = (SI of graft — SI of posterior cruciate
ligament) / SD of background,

where SI stands for signal intensity and SD
stands for standard deviation of the background
signal measured. Particular attention on MRI
was also paid to the accuracy of bone tunnel
positioning and the dynamics of graft remodeling

(Figure 2).

Figure 2. MRI images 6 months after ACL reconstruction:

a — position of the femoral tunnel (PDE_TSE_SPIR sequence);

b — position of the tibial tunnel (STIR longTE sequence);

¢ — intra-articular portion of the ACL autograft (STIR longTE sequence)

Additionally, MSCT was used to quantify
tunnel widening in both the femoral and tibial
canals, expressed as a percentage increase
relative to the original drilling diameter.

Statistical analysis

To analyze the dynamics of parameters over time
(6 and 12 months), a two-way repeated measures
analysis of variance (ANOVA) was used, allowing
for assessment of both between-group diffe-
rences and within-group changes over time. To
evaluate between-group differences based on
the full set of clinical and instrumental scales,
a multivariate analysis of variance (MANOVA)
was performed, followed by principal component

analysis (PCA). Prior to conducting ANOVA
and MANOVA, the distribution of quantitative
variables was tested for normality using the
Shapiro-Wilk test. In cases where deviations
from normality were detected, non-parametric
methods (Kruskal-Wallis test) were additionally
applied. The median (Me) and interquartile
range [Q,; Q,] were used to describe the
sample structure. A post-hoc power analysis
was performed based on a sample of 4 groups
with 28 patients each, with a significance
level of a = 0.05 and an effect size of f = 0.40;
the resulting statistical power was 0.94, indi-
cating a high level of reliability.
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All statistical analyses were carried out using
IBM SPSS Statistics version 25.0, and graphical
visualizations were generated using GraphPad
Prism 9.0. A p-value < 0.05 was considered
statistically significant.

RESULTS

Throughout the entire follow-up period,
improvements in both clinical and instrumental
parameters were observed in all four groups;
however, the degree of recovery varied
significantly depending on the anterior cruciate
ligament reconstruction technique used.

Based on the analysis, statistically significant
differences were found between the groups across
all assessed parameters at both 6 (Table 2) and 12
months of follow-up (Table 3).

After 6 months, the highest functional
scores (Lysholm, IKDC, KOOS) and the best
instrumental results (the lowest SNQ index
and tunnel widening values) were observed in
patients from the N+S group. The minimum
values were recorded in the D group. By 12
months, the advantage of the N+S group remains
in all clinical and morphological criteria: the
maximum values of the Lysholm, IKDC, and

Table 2

Comparative dynamics of clinical and instrumental parameters in the study groups
at 6 months after ACL reconstruction, Me [Q; Q,], (min-max)

Results
Parameters

D (n=28) N (n =28) D+S (n = 28) N+S (n = 28)
. 79 [77; 80], 82 [80; 84], 83 [80; 85], 88 [86: 90),

Lysholm, points (71-89) (75-88) (77-89) (82-92)
. 74[71;77), 78 [75; 81], 83 [82; 86), 89 [88; 91,

IKDC, points (64-89) (68-88) (78-87) (84-93)
. 74 [68; 78], 81 [74; 84], 74[72; 83, 83 [80; 89,

KOOS, points (66-79) (72-85) (71-85) (78-92)

. 8.5[7.9;9.1], 7.6 [6.8; 8.1], 6.8 [6.4; 7.2], 5.8 [5.3; 6.3],
SNQ index (7.4-10.2) (6.0-8.9) (4.4-9.3) (4.2-8.5)
Bone tunnel 31.2[31.1; 31.3], 26.5 [26.5; 26.6], 25.7 [25.6; 25.8], 20.8 [20.8; 20.9],
widening, % (31.0-31.5) (26.3-26.8) (25.5-26.0) (20.6-21.0)

p < 0.05 - derived from ANOVA.
Table 3

Comparative dynamics of clinical and instrumental parameters in the study groups
at 12 months after ACL reconstruction, Me [Q,; Q,], (min-max)

Results
Parameters

D (n = 28) N (n = 28) D+S (n = 28) N+S (n = 28)
Lusholm. oo 86 [83; 88], 90 [87; 93], 91 [89; 93], 96 [95; 98],

ysholm, points (79-92) (84-96) (85-96) (94-100)
. 81[77; 85], 85 [81; 88], 89 [87; 92, 94 [91; 96],

IKDC, points (72-91) (75-94) (81-97) (89-100)
. 78 [75; 82], 84 [81; 89, 91[89; 93], 96 [94; 98],

KOOS, points (68-88) (74-94) (82-98) (88-100)

. 8.5[7.9;9.1], 7.6 [6.8; 8.1], 6.8 [6.4; 7.2, 5.8[5.3; 6.3],
SNQ index (7.4-10.2) (6.0-8.9) (4.4-9.3) (4.2-8.5)
Bone tunnel 31.2 [31.1; 31.3], 26.5 [26.5; 26.6), 25.7 [25.6; 25.8], 20.8 [20.8; 20.9],
widening, % (31.0-31.5) (26.3-26.8) (25.5-26.0) (20.6-21.0)

p < 0.05 - derived from ANOVA.
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KOOS scales and the lowest SNQ and tunnel
wideningvalues. The worst results were observed
in the D group. The highest functional scores
and the lowest SNQ and tunnel widening values
were recorded in the group with non-detached
graft and ACL remnant preservation (N+S).
The lowest outcomes were observed in the
D group (detached graft without remnant
preservation), as confirmed by statistically
significant pairwise differences (p < 0.05) with
the other groups (N, D+S, and N+S).

The resulting two-dimensional projection
onto the plane of the first two principal
components, which together explained the
majority of data variance (PC1: 75.6%,PC2:9.3%),
enabled visualization of the spatial distribution
of clinical groups in a multiparametric context.

The PCA projection of MANOVA revealed a
clear separation of data points corresponding to
patients from different groups, most distinctly
in the N+S group (non-detached graft + remnant
preservation), which formed an isolated cluster
distant from the others (Figure 3). This indicated
a high degree of differentiation of this group in
terms of cumulative clinical indicators (Lysholm,
KOOS, SNQ index) at both 6 and 12 months
postoperatively. The D and D+S groups showed
partial overlap, while the N group was positioned
between them and the N+S cluster, reflecting
intermediate values.
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Figure 3. PCA projection of MANOVA: clustering of

groups based on combined clinical and instrumental
indicators

The observed spatial differentiation in the
PCA cluster plot confirmed that clinical features
- such as the rate of functional recovery of the
knee joint, subjective quality-of-life assessment,
and graft integration level - exhibited a
consistent distribution depending on the surgical
technique applied. These findings emphasized
the practical significance of multivariate analysis
for prognostic stratification and personalization
of surgical tactics.

The results of the PCA projection confirmed
that the modified surgical techniques, particu-
larly in the N+S group, lead to qualitatively
distinct recovery trajectories, which was further
validated by statistically significant differences
according to the MANOVA data (p < 0.001).

DISCUSSION

Surgical ACL reconstruction continues to be
considered the preferred method for treating
anteromedial instability of the knee joint [20,
21, 22]. However, despite the widespread use of
conventional technique employing detached
autografts, recent years have witnessed the active
development of biologically preserving surgical
approaches focused on maintaining anatomical
structures, including the ACL remnant and
the tibial tendon insertion site [23, 24, 25].
This trend reflects the growing demand for
achieving anatomical and functional outcomes
comparable to those of the native ligament, while
simultaneously reducing complication rates and
improving graft incorporation into surrounding
tissues [26, 27, 28, 29].

According to the literature, non-detached
hamstring tendon (NDHT) grafts that preserve
the natural tibial attachment demonstrate
more favorable outcomes compared to detached
tendon grafts (DHT). For example, N. Vari et al.
demonstrated that the use of NDHT grafts leads
to more reliable restoration of knee joint stability
and a lower re-rupture rate, while maintaining
comparable functional results [30]. The study
by A. Grassi et al., based on magnetic resonance
imaging, revealed significant advantages of
NDHT graft in terms of graft ligamentization.
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In the NDHT group, the authors observed lower
SNQ values, reduced graft edema, and less tunnel
widening at 4 and 18 months postoperatively
[31]. According to A. Rulffilli et al., preservation of
the natural tibial tendon insertion site promotes
accelerated ligamentization and the formation
of structural graft continuity, improving healing
and early functional recovery [32].

In parallel, the SAMBBA technique, which
includes ACL remnant preservation, not only
improves the biomechanics of the graft but also
enhances biological integration by maintaining
vascular and synovial coverage. Studies by
Y. Zhang et al. and B.I. Lee et al. demonstrated
that preservation of the ACL remnant reduces
bone tunnel widening and graft signal intensity
on MRI, which are interpreted as indicators of
graft maturation in the later stages of follow-
up [33, 34]. G.Y. Ahn et al. also reported that
biological augmentation in the form of remnant
preservation improves both clinical and imaging
outcomes [35].

The results of the present study are consistent
with the findings of the aforementioned
authors. Patients in the N+S group treated with
a combination of NDHT graft and ACL remnant
preservation achieved the most favorable
outcomes across all clinical scales (Lysholm,
IKDC, KOOS) and instrumental assessments
(SNQ index, bone tunnel widening) at both
6 and 12 months postoperatively. These findings
confirm the effectiveness of biologically
sparing techniques compared to traditional ACL
reconstruction using a detached graft.

Additionally, multivariate analysis of variance
(MANOVA), with visual representation via
principal component analysis (PCA), revealed
that patients in the N+S group formed a distinct
cluster, clearly separated from the other groups.
The key features contributing to this separation
were high scores on functional scales (Lysholm,
KOOS), a high percentage of patients rated as
IKDC grade A, as well as the lowest SNQ index
values and minimal tunnel widening. These
characteristics reflect the most favorable
clinical and morphological recovery trajectory in
patients who underwent ACL reconstruction with
preservation of both the tibial tendon insertion
and the ACL remnant.

Study limitations

Despite the statistically significant results
obtained, this study has several limitations.
It was conducted as a single-center observation,
which may reduce external validity and limit the
generalizability of the findings to other clinical
populations. Although the study design included
randomization, the lack of blinding could have
introduced potential bias in the interpretation
of subjective outcome measures. Additionally,
the follow-up period was limited to 12 months,
which restricts the assessment of long-term
clinical and morphological outcomes. Finally,
despite the stratified allocation of patients into
groups, the potential influence of concomitant
factors — such as the level of physical activity or
adherence to rehabilitation protocols — was not
fully accounted for.

Future multicenter blinded randomized trials
with extended follow-up periods are needed to
confirm and expand upon these findings.

CONCLUSION

The findings of this study suggest that the use
of non-detached grafts in combination with
anterior cruciate ligament remnant-preserving
techniques holds substantial potential for
improving the outcomes of surgical treatment
for knee joint instability. At the same time, large-
scale randomized controlled trials with long-
term follow-up are necessary to definitively
validate these results.
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Abstract

Background. Minimally invasive Chevron and Akin osteotomy (MICA) for hallux valgus is a high-tech procedure,
with certain stages potentially being time-consuming and requiring intraoperative fluoroscopic guidance.

The aim of the study - to evaluate the impact of the original guide device on the operative time, fluoroscopy
time, and radiation exposure during minimally invasive Chevron and Akin osteotomy of the first metatarsal
bone.

Methods. The study included 42 patients with hallux valgus, divided into two groups. All patients underwent
surgery using a minimally invasive technique. The Guiding Device Group consisted of 21 patients who
underwent osteotomy with the use of the original guide. The Freehand Group included 21 patients who
underwent osteotomy without the guide. At the end of the procedure, the duration of the surgery and the
radiation dose — measured using the image intensifier sensors — were recorded.

Results. The median duration of surgery in the Guiding Device Group was 25.00 minutes [25.00; 30.00],
while in the Freehand Group it was 45.00 minutes [40.00; 57.50]. The observed differences were statistically
significant (p < 0.001). The mean radiation dose was 0.30 + 0.06 mGy in the group where the guide was used, and
0.79 = 0.20 mGy in the group where guidewires for screws were inserted freehand. The mean difference between
the groups for this parameter was 0.49 mGy (95% CI 0.39-0.58 mGy; p < 0.001). Pain intensity assessed by the
VAS at 2, 4, and 8 weeks, and at 6 months postoperatively, was lower in patients who underwent surgery with
the guide (p < 0.05 for all time points).

Conclusion. The use of the original guiding device in minimally invasive corrective osteotomies for hallux valgus
deformity significantly reduced operative time and radiation exposure for both the patient and the surgeon.
Keywords: hallux valgus, bunion; valgus deformity of the first toe; osteotomy guide; minimally invasive
corrective osteotomy; chevron osteotomy.
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Pedepar

AxmyansHocms. MaJlOMHBa3UBHAS KOPPUTUPYIOIIASI OCTEOTOMMSI P BaJbIyCHOM medopMalyyu IepBOTO
IMaJIbIA CTOIIBI SIBJISIETCS] BBICOKOTEXHOJIOTMYHBIM BMEIIATEIbCTBOM, OTHAEIbHbBIE TAIThl KOTOPOTO MOTYT OBbITh
IJIATEIbHBIMM U TPEOYIOT MHTPAOIEPALIMOHHOTO (DII0OPOCKOITMUECKOTO KOHTPOJIS.

Ilens uccnedosanus — OLIEHUTD BIVMSIHYE IPUMEHEHMSI OPUTMHAIBHOTO HATIPaBUTEJISI ITPU BBITOJTHEHMM MAaJIO-
MHBA3UBHOM KOPPUTHUPYIOIIEl OCTeOTOMMUM ITIePBOIi IIIOCHEBOI KOCTM Ha MPOAO/IKUTEIbHOCTD OTIePaTUBHOTO
BMEIIATeIbCTBA, BpeMSI pabOThI JIEKTPOHHO-OIITUUECKOTO ITPeo6pa3oBaTeIs U BeTMUMHY J03bl PEHTT€HOBCKO-
ro OOIyJYeHNUs.

Mamepuan u memoosi. B vicciienoBaHuM MPUHSUIA ydacTue 42 mauueHTa ¢ hallux valgus, pasgeneHHbIe Ha IBe
rpynIbl. Bce mamyeHThbl ObUTM ITPOOIIEPUPOBAHBI C UCIIOAb30BAHMEM MaJOVMHBA3UBHON XUPYPrUUECKOI TeX-
HuKku. B rpynmy «Hampasutenb» Bomien 21 maumeHT (21 crora), KOTOPhIM ObLjIa BBITIOTHEHA OCTEOTOMMUS C
MIpMMeHeHNeM OPUTUHATBHOTO HampaBuTes. [lanyentam rpyrrbl «CBobogHast pyka» (21 mauuent, 21 cromna)
OCTEOTOMMUSI BBITIONHSIIACh O€3 MCIT0Ib30BaHMST HaIlpaBuTes. Ilocie 3aBepiieHns orepany permcTpUupoBaIn
ee IJIUTeTbHOCTb, @ TAKKe 03y PEHTTeHOBCKOI'O M3/TyUYeHMsI, U3MepPeHHYIO C TIOMOIIbI0 JaTUMKOB 3JIEKTPOHHO-
OITUYECKOTO ITpeobpa3oBaTeis.

Pesynomamui. MenuaHa IJIMTEIbHOCTY OIIEpallNM Y MTAIMeHTOB IPpyIIsl «Hampasurenb» coctraBwmia 25,00 MuH.
[25,00; 30,00], a B rpymie «CBo6ogHas pyka» — 45,00 muH. [40,00; 57,50]. BeisiB/ieHHbIE pa3imnumst ObLIM CTATU-
ctuuecky sHauMMbIMMU (p < 0,001). CpenHsis BenumuHa 103bI 06yyeHns 6puta paBHa 0,30+0,06 mI'p B rpyrie,
IJle UCIT0NIb30BaJICs HarpaBuTenb, u 0,79+0,20 mI'p — B rpyIiIe, rae HaNpaBIsSOL/e COULbI [JIS1 BUHTOB IIPO-
BOAMJIMCh METOJIOM «CBOOOIHOV pyKu». CpemHsIsl pa3sHOCTb MEKAY TPYIIaMy MCCIeI0BAaHMS IO STOMY IOKa-
3areno cocrtaBmia 0,49 mI'p (95% N 0,39-0,58 mI'p; p < 0,001). U'HTEHCMBHOCTD 60JIEBOTO CHMHApoMa 110 BAIII
Ha Cpokax 2, 4, 8 Heq., 6 Mec. TTOcjIe onepanyy OblIa HIDKE Y TAlMeHTOB IIPY MCIIOIb30BaHMM HAIlPpaBUTEJIS
(mist Bcex cpokoB p < 0,05).
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INTRODUCTION

Minimally invasive Chevron and Akin osteotomy
(MICA) for hallux valgus is a high-tech
procedure, the individual stages of which may
be time-consuming and require intraoperative
fluoroscopic control. The widespread adoption
of this technique is explained by the fact that
its radiological and clinical outcomes are
comparable to, and in some cases surpass, those
of open procedures [1, 2, 3, 4].

However, the technical complexity of
minimally invasive hallux valgus correction
increases the time required for surgeons to master
the technique and to apply it effectively [5].
To facilitate the procedure, new instruments are
regularly introduced (patent RU 229923 U1) [6].
One of the most time-consuming stages of MICA
is the insertion of guidewires for subsequent
placement of fixation screws. In addition, this
step requires multiple intraoperative X-rays,
which results in increased radiation exposure for
both the patient and the surgeon.

To facilitate this stage of the procedure and
to reduce the negative impact of X-ray exposure
on patients and operating room personnel by
decreasing the duration of fluoroscopy, in 2024
we developed a guiding device. The design of this
instrument allows the lateralization of the first
metatarsal head after osteotomy and enables the
insertion of a guidewire for the fixation screw
in the desired direction (patent RU 281344 C1).
The use of this guide device may help shorten
the duration of a technically demanding stage of
minimally invasive hallux valgus correction.

The aim of the study — to evaluate the impact
of the original guide device on the operative time,
fluoroscopy time, and radiation exposure during
minimally invasive Chevron and Akin osteotomy
of the first metatarsal bone.

METHODS

Study design

The study design was a non-randomized
prospective comparative study.

The study included 42 women (42 feet) with
hallux valgus who received treatment at the
St. Petersburg Clinical Hospital of the Russian
Academy of Science or the St. Petersburg
I.I. Dzhanelidze Research Institute of Emergen-
cy Medicine.

Inclusion criteria: hallux valgus deformity of
grade I, II, or III according to Lewis et al. (2021) [7],
age over 18 and under 80 years.

Non-inclusion criteria: decompensated
comorbidities or exacerbation of chronic diseases,
oncological diseases, or ongoing steroid therapy.

Following preliminary examination, the
patients were hospitalized for elective corrective
osteotomy. Preoperatively, based on foot X-rays,
the surgeon measured the intermetatarsal
angle (IMA) and the hallux valgus angle (HVA)
in all patients. In addition, pain severity was
assessed using a visual analogue scale (VAS),
and functional status was evaluated with an
individual questionnaire based on the American
Orthopaedic Foot and Ankle Society (AOFAS)
scale.

During 2024, all patients underwent
corrective forefoot surgery — minimally invasive
Chevron and Akin osteotomy (MICA). All
procedures were performed by a single surgeon
with more than 7 years of experience in this
type of surgery. In half of the cases, the original
guiding device for wire insertion was used,
while in the other cases guidewires were placed
using the freehand technique. Based on this
technical difference, all patients were divided
into two equal groups (21 feet per group), which
were comparable in baseline characteristics.
The overall characteristics of the patients are
presented in Table 1.
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Table 1
Baseline characteristics of patients in the study groups
Guiding Device Group, Freehand Group, All patients,
Parameter n=21 n=21 p n=42
Age, years, Me 51.00 45.00 46.00
Q;Ql [35.00; 57.50] [38.00; 55.50] 0.930 [37.75; 56.50]
(min-max) (25.00-66.00) (28.00-76.00) (25.00-76.00)
HV grade, n (%):
I 1(5) 0 1(2)
I 14 (67) 17 (81) 0.484 31 (74)
I 6 (28) 4(19) 10 (24)
Foot, n (%):
right 9 (43) 8 (38) 0.753 17 (40)
left 12 (57) 13 (62) : 25 (60)
Preoperative IMA, °, Me 16.40 16.70 16.45
[Q;; Q] [15.10; 18.20] [15.70; 18.30] 0.529 [15.65; 18.25]
(min-max) (13.40-21.30) (14.80-19.70) (13.40-21.30)
Preoperative HVA, °, Me 35.40 32.50 34.95
[Q,; Q] [26.90; 39.75] [29.95; 39.10] 0.763 [28.55; 38.98]
(min-max) (15.20-57.50) (26.50-46.10) (15.20-57.50)

Surgical technique

All procedures were performed under regional
anesthesia. With the patient in the supine
position, the operative field was prepared with
antiseptic solutions and draped in a sterile
manner. A 3-4 mm skin incision was made
down to the bone along the medial surface of
the forefoot, at the level of the distal quarter of
the first metatarsal shaft. Osteotomy was
performed with a 2.2-2.9 mm burr approxima-
tely 2.0-2.5 cm proximal to the radiographic
projection of the first metatarsophalangeal joint
space. After osteotomy, the first metatarsal head
was shifted laterally. Depending on the technique
applied, the insertion of the first guidewire was
carried out either with the aid of the original
guiding device or by the freehand method under
intraoperative fluoroscopic control. The design
of the guiding device and the method of its
application were described in our earlier work [8].

Once the first guidewire had been placed,
a 2 mm skin incision was made at its point of
exit to reduce soft tissue trauma. A 2.7 mm
cannulated drill was then advanced over the
guidewire to create a channel for a cannulated
fixation screw. Using a cannulated screwdriver,
a 3.5 mm screw was inserted to fix the frag-
ments of the first metatarsal bone. The second
guidewire was placed freehand, parallel to the
previously inserted screw. Following insertion

of the second fixation screw using the same
technique, both guidewires were removed.

The stability of the fixation of the first
metatarsal fragments was verified clinically
and radiographically. Excess bone tissue of
the medial portion of the proximal fragment,
and, if necessary, of the distal fragment of the
first metatarsal bone was then resected with
a burr. When indicated, correction of the first
metatarsal axis was supplemented with Akin
osteotomy of the proximal phalanx of the hallux
and/or lateral release. These procedures were
also performed minimally invasively. The Akin
osteotomy was performed with a 2.2 mm burr
and subsequently fixed with a 3.0 mm cannulated
screw. The operation was completed by irrigating
the wounds with antiseptic solutions and closing
them after achieving hemostasis.

Assessment methods

Upon completion of operation, the following
parameters were recorded: duration of the
procedure, fluoroscopy time, and radiation
exposure as determined by the fluoroscopy
unit sensors. The following mobile fluoroscopy
systems were used: Philips BV Pulsera C-arm
(Philips Medical Systems Nederland B.V.,
Netherlands) and GE OEC Fluorostar C-arm
(GE OEC Medical Systems GmbH, Germany). In
addition, the performance of an Akin osteotomy
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and lateral release during operation was noted
separately. On postoperative X-rays, IMA and
HVA were measured.

Postoperative period

In the postoperative period, pain severity was
assessed using the VAS at 2, 4, and 8 weeks, as
well as at 6 months and 1 year after operation.
At 1 year following corrective osteotomy, pati-
ents also completed the AOFAS questionnaire
again to assess functional status.

Statistical analysis

Data were systematized using Microsoft Excel
(Microsoft, USA). Statistical analysis was
performed with SPSS Statistics v.27.0.1 (IBM,
USA). Quantitative variables were tested for
normality using the Kolmogorov-Smirnov and
Shapiro-Wilk tests. In the case of normally
distributed data, the mean (M) and standard
deviation (SD) were reported as measures of
central tendency. For comparative analysis,
Welch’s corrected Student’s t-test for independent
samples was used, since the Levene test indicated
unequal variances between groups. Effect size
was expressed as the mean difference with a 95%
confidence interval (95% CI). For non-normally
distributed variables, nonparametric statistical
methods were applied. In this case, the median
(Me), interquartile range [Q,; Q,], and minimum-
maximum values (min-max) were reported as
measures of central tendency. Comparative
analysis was performed using the Mann-Whitney
U test for independent samples and the Friedman

test for dependent samples. Post-hoc pairwise
comparisons were adjusted using the Bonferroni
correction to the significance level.

Qualitative variables were analyzed using
contingency tables. To identify statistically sig-
nificant differences in event frequencies,
Pearson’s chi-square test, Fisher’s exact test,
and the Fisher-Freeman-Halton exact test (for
multiway contingency tables) were applied.
All relative values are presented as percentages.
For this study, the level of statistical significan-
ce was set at a = 0.05.

RESULTS

Descriptive statistics and the results of
comparative analysis of the studied parameters
are presented in Table 2.

In the group of patients where the guiding
device was not used, the duration of operation,
fluoroscopy time, and radiation exposure were
significantly higher (for all parameters p < 0.001).
The mean fluoroscopy time in the group with the
guiding device was 66.3 seconds shorter (95%
CI 52.1-80.5 sec). The mean radiation dose was
also 0.49 mGy lower (95% CI 0.39-0.58 mGy) in
patients in whom the original device was used for
guidewire placement.

No statistically significant differences were
found between groups in the frequency of Akin
osteotomy — 3 cases (14%) in the Guiding Device
Group vs. 6 cases (29%) in the Freehand Group
(p = 0.454) - or lateral release — 10 cases (48%)
vs. 15 cases (71%), respectively (p = 0.116).

Table 2
Comparison of intraoperative parameters between the study groups
Guiding Device Group, Freehand Group, All patients,
Parameter n=21 n=21 p n=42
Operative time, min, Me 25.00 45.00 <0.001 35.00
[Q,; Q] [25.00; 30.00] [40.00; 57.50] [25.00; 46.25]
(min-max) (20.00-35.00) (35.00-60.00) (20.00-60.00)
Fluoroscopy time, sec, M*SD 45.7%9.1 112.0£30.1 <0.001 78.8%40.1
Radiation dose, mGy, M*SD 0.30+0.06 0.79%0.20 <0.001 0.54%0.29
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In the postoperative period, X-rays were
used to assess the degree of correction of hallux
valgus deformity by measuring IMA and HVA.
No statistically significant intergroup differen-
ces were found for these parameters. The obtai-
ned values and results of comparative analysis
are shown in Table 3.

Analysis demonstrated that both IMA and
HVA were significantly reduced after surgery in
each study group (p < 0.001 for both parameters).

The results of pain assessment at different
follow-up periods, as well as functional out-

comes at 1 year after surgery, are presented in
Table 4.

Statistical analysis of VAS scores over time
showed that the reduction in pain intensity was
significant in both groups (p < 0.001 for each
group). Identical VAS values between groups
were observed only at the 1-year follow-up.
Interquartile range analysis indicated that at
other postoperative time points, pain intensity
was significantly lower in the Guiding Device
Group, despite the fact that preoperatively these
patients had higher VAS scores.

Table 3
Postoperative radiographic angle values,®
Guiding Device Group, Freehand Group, All patients,
Parameter n=21 n=21 p n=42
Postoperative IMA, Me 3.80 2.90 3.45
[Q,; Q] [2.65; 5.10] [2.45; 5.10] 0.473 [2.50; 5.05]
(min-max) (1.90-6.20) (1.90-9.70) (1.90-9.70)
Postoperative HVA, Me 9.40 8.30 9.15
[Q,; Q] [7.60; 10.55] [5.95; 10.05] 0.162 | [6.30;10.33]
(min-max) (3.20-16.80) (2.50-18.30) (2.50-18.30)
Table 4
Dynamics of pain intensity and functional status at 1-year follow-up, points,
Me, [Q,; Q,], (min-max)
Scale Guiding Device Group, Freehand Group, All patients,
n=21 n=21 P n =42
Before surgery 7.00 7.00 0.015 6.00
[6.50; 8.00] [6.00; 8.00] [6.00; 7.00]
(5.00-9.00) (5.00-9.00) (5.00-9.00)
2 weeks 4.00 4.00 0.005 5.00
[3.50; 5.00] [4.00; 5.00] [4.00; 6.50]
(2.00-5.00) (2.00-9.00) (3.00-9.00)
4 weeks 3.00 3.00 0.040 3.00
[2.00; 3.00] [2.00; 4.00] [3.00; 5.00]
VAS (1.00-4.00) (1.00-6.00) (1.00-6.00)
8 weeks 1.00 2.00 0.007 2.00
[0.50; 2.00] [1.00; 2.00] [1.00; 3.00]
(0.00-2.00) (0.00-5.00) (0.00-5.00)
6 months 0.00 1.00 0.038 1.00
[0.00; 1.00] [0.00; 1.00] [0.00; 1.50]
(0.00-1.00) (0.00-2.00) (0.00-2.00)
1 year 0.00 0.00 0.435 0.00
[0.00; 0.00] [0.00; 0.25] [0.00; 1.00]
(0.00-1.00) (0.00-2.00) (0.00-2.00)
Before surgery 52.00 52.00 0.263 52.00
[34.00; 68.50] [42.00; 72.00] [42.00; 72.00]
(29.00-80.00) (29.00-80.00) (29.00-75.00)
AQOFAS
1 year 95.00 95.00 0.855 95.00
[88.00; 97.50] [88.00; 95.00] [88.00; 95.00]
(82.00-100.00) (80.00-100.00) (80.00-100.00)
p < 0.05 is shown in bold.
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It is noteworthy that pairwise comparison of
VAS scores at different time points revealed the
most pronounced reduction in pain intensity
between weeks 4 and 8 of follow-up in both
groups. However, these changes did not reach
statistical significance (p = 0.158 in the Guiding
Device Group and p = 0.314 in the Freehand
Group). Differences in functional outcomes
assessed by the AOFAS scale before and after
surgery were statistically significant (p < 0.001)
in both groups.

No complications were recorded during the
follow-up period.

DISCUSSION

During the preparation of this study, we
noted the limited number of investigations
addressing the impact of surgical technique
and instrumentation on operative time and
radiation exposure for both patient and surgeon.
Therefore, our work not only aimed to evaluate
the effectiveness of using the original guiding
device during surgery, but also contributes
additional data to the scarce body of evidence
available.

The study groups were comparable in terms
of the frequency of Akin osteotomy and lateral
release (p = 0.454 and p = 0.116, respectively).
This suggests that these two factors did not
influence operative time, fluoroscopy time, or
radiation exposure. However, it should be empha-
sized that patients who underwent operation
without the guiding device spent significantly
longer on the operating table (p < 0.001) compa
red with those in whom the device was used.

In our opinion, the reduction in operative
time and radiation exposure achieved with the
guiding device not only simplifies the work of
experienced surgeons but also facilitates the
training process for young orthopedic surgeons.
According to A. Toepfer and M. Strassle, MICA,
unlike open techniques, is characterized by a
shallow learning curve. Based on their expe-
rience, the authors argue that a surgeon who has
performed a sufficient number of open corrective
procedures quickly reaches high efficiency in
surgical technique. At the same time, progress
in training is less evident in minimally invasive
surgery. In their study, the authors also reported
operative times for MICA and total radiation
exposure. According to their data, the mean
operative time was 46.8 min (SD 12.1; range

31.0-90.0 min), and the mean radiation dose
was 0.82 mGy (SD 0.51; range 0.27-1.06 mGy).
For experienced surgeons, the mean operative
time was 35.1 min, and the mean radiation dose
was 0.67 mGy [9]. Notably, both of these values
are higher than those obtained in our study in
the Guiding Device Group.

Comparable mean radiation dose values were
reported in 2021 by R. Hromadka et al. in their
study of 93 procedures in 76 patients. According
to their findings, the mean radiation exposure
was 0.58 mGy [10]. The authors did not provide
data on the mean operative time.

The angular parameters assessed in our study,
reflecting the degree of correction of hallux
valgus deformity, did not differ substantially
from those reported in the scientific literature.
X. Geng et al., based on the results of minimally
invasive hallux valgus correction in 36 patients,
reported the following values: preoperative IMA
and HVA were 14.0+3.2° and 22.3+6.1°, respec-
tively, while postoperative values were 3.7+1.0°
and 7.0£1.8°, respectively [6]. These results are
comparable to those obtained in our study.

Many authors have presented early and
midterm outcomes of hallux valgus correction
[11,12,13,14].V.V. Balesar et al. tracked changes
in angular values compared with baseline
measurements. In 42 patients prior to surgery,
the median IMA was 28° [22-30°], and the HVA
was 11° [10-14°]. At 6 weeks, the corresponding
values were 9° [7-13°] and 5° [4-7°]. After
1 year, both parameters increased slightly to 11°
[7-15°] and 6° [4-8°], respectively [11].

Similar results were reported by T.L. Lewis
et al. In their study of 50 minimally invasive
hallux valgus corrections, the IMA at 12 months
postoperatively was 7.9°, compared with a
preoperative value of 32.7°, while the HVA was
4.2°, compared with a baseline of 14.0° [12].

In our study, the dynamics of IMA and HVA
changes over time were not assessed; however,
it may be noted that the degree of correction of
hallux valgus deformity was satisfactory. Based
on our own clinical experience and published
data, an increase in angular values over time
can be expected. Analysis of these parameters in
long-term follow-up will be the subject of future
studies.

Analysis of pain intensity dynamics is one
of the specific indicators of patient satisfaction
with the operation. International studies
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report a decrease in mean VAS scores from
5.2+2.4 preoperatively to 2.4¥1.9 one week
postoperatively (p < 0.001; n = 93). At an average
follow-up of 1 year, pain intensity further
decreased to 1.6+2.1 (p < 0.001; n = 93) [14].

Other surgeons report higher preoperative
pain levels. In studies by G.A. Nunes et al. and
K.A.M. de Carvalho et al., the mean preoperative
VAS scores were 8.1 and 8.2+1.5, respectively.
In both studies, pain decreased to 1.3 and 1.2+2.2
at approximately 2 years after surgery [15, 16].

In our study, pre- and postoperative VAS
values were comparable to those reported
by the above authors. Comparison of scores
showed that patients who underwent surgery
with the original guiding device experienced
statistically significantly lower postoperative
pain at all follow-up time points, except at the
final 1-year assessment. This may be explained
by the fact that the use of the guiding device
reduced intraoperative trauma to soft tissues and
bone by minimizing failed attempts at guidewire
placement.

A similar pattern was observed for functional
outcomes. The dynamics of AOFAS score changes
will be analyzed in our future studies; however,
it should be noted that at 1 year there were no
statistically significant differences between the
study groups. Both preoperative and midterm
postoperative values were largely consistent with
those reported in the literature [15, 16, 17, 18].
In the study by G.F. Ferreira et al., mean AOFAS
scores improved from 57.0+8.6 preoperatively to
93.9+8.7 at 2 years post-correction [17]. Accor-
ding to T.J. Holme et al., functional scores
increased from 48 to 93 on the AOFAS scale [18].

Despite the absence of statistically significant
differences in pain intensity and AOFAS
scores at the final follow-up, we believe that
lower postoperative pain contributes to faster

rehabilitation and greater overall patient
satisfaction with surgical treatment.
CONCLUSION

The use of the original guiding device during
minimally invasive corrective osteotomies for
hallux valgus allowed a reduction in operative
time and radiation exposure for both the patient
and the surgeon. Additionally, patients who
underwent operation with this instrument
experienced lower pain intensity during the first
six months postoperatively.
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Abstract

Background. Midfoot pathology accounts for 60-70% of all deformities in diabetic Charcot neuroarthropathy.
However, the available classifications of this pathology are few and have certain disadvantages.

The aim of the study — to analyze X-rays of patients to investigate the displacement patterns of the midfoot
bone and joint structures in Charcot neuroarthropathy, and, based on the identified displacement trends, to
develop an anatomical and radiological classification of midfoot deformities.

Methods. A retrospective analysis was performed on the foot X-rays of 416 patients (436 feet) with midfoot
pathology in Charcot neuroarthropathy. Of these, 233 X-rays were provided by inpatient hospitals, and 203 -
on an outpatient basis. Only X-rays taken in anteroposterior and lateral views were included in the analysis.
We assessed the alignment of bones within the foot joints, the extent of destruction, and the direction of the
displacement of bony structures.

Results. The following types of lesions are identified. 1A — involvement of the navicular bone and talar head
with the preservation of the lateral column anatomy. 1B — simultaneous involvement of the talonavicular
and calcaneocuboid joints. 1C — subluxation or dislocation at the talonavicular joint with transition to the
lateral parts of the tarsometatarsal joint with plantar dislocation of the cuboid bone and preservation of
anatomical integrity in the calcaneocuboid joint. 1D — complete displacement of the navicular bone with the
dislocation at the talonavicular, naviculocuneiform and tarsometatarsal joints. 2 — deformation (subluxation,
dislocation, fracture-dislocation) of the naviculocuneiform joint, with involvement of the lateral column at
the metatarsocuboid joint and flattening of the medial column. 3 — isolated involvement of the Lisfranc joint.
4A — isolated involvement (subluxation or dislocation) of the first cuneometatarsal joint without visible
deformity in the affected area. 4B — dislocation at the medial naviculocuneiform and medial cuneometatarsal
joints with the displacement of the medial cuneiform bone relative to the other foot bones. 5 — varus deformity
of the foot with fractures of the metatarsal bones.

Conclusion. A new classification of Charcot midfoot lesions is intended to guide the selection of key
reconstructive surgical interventions for this pathology.

Keywords: neuroarthropathy; Charcot foot; diabetic foot; midfoot; deformity; classification.
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Pedepar

AxmyansHocmbs. [lopaxkeHust CpeHEro OTaesa CTOIbI cOCTaBisaioT 60—70% oT Bcex nedopmaiinii mpu nuabeTuye-
CKoit HelipoocTeoaprponatuu lllapko, omHaKO uMeMecs KiaccuOUKaimm 3Toi NaToMOTY HEMHOTOUMCJIEHHBI
¥ UMEIOT HeOCTaTKU.

Llens uccnedosanus — Ha OCHOBAHUM aHA/IN3a PEHTIeHOTPAMM U3YUUTDb XapaKTep CMellleHMst KOCTHO-CYCTaBHOTO arl-
rapara Cpe[Hero OT/eia CTOIbI Ipu ocTeoapTpornaTtum [lapko 1 ¢ yueToM 3aKOHOMEPHOCTEN CMellleHus pa3paboTaTh
aHaTOMO-PEHTTeHOIOTMYECKYI0 Kinaccudukannio fedopmaiyii cpefHero OThesna CTOIbI.

Mamepuan u memodel. IIpoBeieH peTPOCIIEKTMBHbIN aHaIN3 peHTTeHOTpaMM 416 nauyeHTOoB (436 CTOI) ¢ TTaTOMOTHE
CpenHero OTzesna Kak MposiBjieHreM HelipoocTeoaptponatvu [llapko. V3 HuX 233 peHTTeHOrpaMMbl ObUTM BHITTOTHEHBI
B CcTalMoHapax, a 203 — amOyaTopHo. [IJ1sT aHaIM3a OTOMPaIICh PEHTIEeHOIrPaMMBbI B IIPSIMOIL ¥ G0KOBO IMTPOEKIIVSIX.
OlLieHMBa/IM COOTHOIIIEHNE B CyCTaBaX CTOITbI, 00bEM JeCTPYKIIMIA, HallpaBjIeHe CMeIeHNs KOCTelA.

Pesynvmamel. BoizeneHsl ciiefyloniye BApUaHThl TOpakeHMs. 1A — nopaxkeHue JaJbeBUAHOM KOCTU U FOJIOBKYU Ta-
PaHHOV KOCTU C COXpaHEHMEM aHAaTOMMUM JIaTEPAJIbHON KOJIOHHBI. 1b — OmHOBpeMeHHOe MopaskeHue TapaHHO-/a-
IbEBUIHOTO U TSITOUHO-KYOOBMIHOTO CYCTAaBOB. 1B — IMOABBIBMX M/IM BBIBMX B TapaHHO-JaAbeBUIHOM CyCTaBe C
Tepexo/ioM Ha JiaTepasibHble OT/EeNbl IPeILTIOCHe-TTIOCHEBOTO CYCTaBa ¢ AMCIOKaIMeil KyOOBUIHOM KOCTY IJIaH-
TAapHO U COXpaHeHVEeM aHATOMMUYECKOI IeJIOCTHOCTY B MSITOYHO-KyOOBUIHOM cycTaBe. 1I' — TOTa/JibHOE CMeleHme
JIaIbeBUIHON KOCTU C BBIBUXOM B TapaHHO-JaAbeBUIHOM, JaAbeBUIHO-KIMHOBUAHBIX U MPeAIUIIOCHEe-TIIIIOCHEBOM
cycraBax. 2 — nedopmanyst (TIOABbIBUX, BHIBUX, ITIEPEIOMO-BBIBMX) Ha YPOBHE JIaIbeBUAHO-KIMHOBUIHOTO CyCTaBa
C TIopakeHVeM JIaTepaabHOM KOJOHHBI B KYOOBMIHO-ILTIOCHEBOM CYCTaBe M YIUIOIEHVEeM MeOMaTbHON KOTOHHBI.
3 — u3onMpoBaHHOe TopaxkeHue cycrasa JinchbpaHka. 4A — M30IMPOBAHHOE MOPaKeHMe (TTOIBBIBMUX WJIM BbIBUX)
TepBOTO IUIIOCHE-KIMHOBUIHOTO CyCTaBa Py OTCYTCTBUM BUAMMOI Aecdopmaliuu B 30He TIopaxkeHus1. 4b — BbIBUX B
MeAVaabHOM JagbeBUAHO-KIVMHOBUIHOM U MeIMaIbHOM ILTIOCHE-KIMHOBUIHOM CyCTaBe CO CMelleHeM Meauallb-
HOJt KITVMHOBUIHO KOCTY OTHOCUTENBHO OCTaIbHBIX KOCTEl CTOIBI. 5 — BapycHas fedopMaliysi CTOILI C TepeIoMOM
IUIFOCHEBBIX KOCTEIA.

3axmouenue. HoBas knaccudburanmsi mopakeHui cpeHero oTAena MpegHa3HavueHa [jIsl OTpeeleHusT KII0YeBbIX
HaIpaBJIeHUl PEKOHCTPYKTUBHBIX OIepaTUBHBIX BMeIAaTe/lbCTB IIPU JAHHO MTaTOIOTUH.

KiroueBbie cjioBa: HelipoocTeoaprponaTust; cromna lllapko; nuabetnueckasi cTomna; cpegHuit otaen; negopmarusi;
KiIaccudurams.
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INTRODUCTION

Diabetes mellitus is one of the most widespread
non-infectious diseases, with an annual growth
rate that has reached epidemic proportions.
According to the International Diabetes
Federation (IDF), as of 2021, 537 million people
worldwide were diagnosed with diabetes mellitus,
and this number is projected to increase to
783.2 million by 2045 [1]. Along with the rising
prevalence of diabetes, the number of its
complications is also increasing, affecting various
organs and systems. One such complication is
Charcot neuroarthropathy (CN), also known as
Charcot foot. Its prevalence ranges from 0.56%
in primary care facilities to 10-12% in specialized
medical centers [2]. CN is a non-infectious
arthropathy that affects the bones and joints of
the foot and ankle, leading to destruction and
disturbance of the bone and joint architecture of
the foot [3].

The most common localization of CN is the
midfoot, which is affected in 50-70% of cases.
Among these, the involvement of the tarso-
metatarsal joints accounts for approximately
40%, while damage to the naviculocuneiform,
talonavicular, and calcaneocuboid joints oc-
curs in 30% of cases. Furthermore, it has been
noted that plantar ulceration most often deve-
lops in conjunction with midfoot deformities
[4, 5,6, 7].

As CN progresses and axial loading on the foot
continues, significant deformities can develop,
potentially compromising the weight-bearing
function of the limb. Conservative treatment,
which includes offloading and immobilization of
the affected extremity, does not always succeed
in halting further progression of the deformity.
In addition, according to the latest systematic
review, CN is diagnosed late in 53.2% of cases,
with an average diagnostic delay of 86.9 days. As a
result, patients often seek medical care at a stage
when severe deformities have already developed,
rendering conservative management ineffective
and substantially increasing the risk of ulceration
and limb amputation [5, 8, 9]. It is evident that the
treatment strategy should be primarily guided by
the nature of the foot deformities. This highlights
the need for a practically oriented classification
of midfoot lesions in Charcot neuroarthropathy.

The development of CN classifications began
abroad in 1966, and to date, there are nine

systems, thoroughly reviewed by V.B. Bregovskiy
et al. [10]. Most of these classifications stratify
the types of deformities and bone destruction
in one way or another, but they are not directly
linked to surgical management strategies. Only
two of them associate certain types of lesions
with an overall poor prognosis for the limb,
both in general and after foot reconstruction
surgery: types 3 and 4 in the classification by
L.J. Sanders and R.G. Frykberg, and lesions
of the talocalcaneal joint and varus foot defor-
mities in the classification by M. Pinzur and
A. Schiff [4, 11].

In Russian-language literature, two research
groups have addressed the issue of CN classi-
fication. In the work by V.N. Obolensky et al.,
a combined approach was proposed for
assessing the condition of the foot. It included
the Sanders and Frykberg classification of CN,
the Eichenholtz radiographic staging, Wagner’s
ulcer classification, and a typology of foot
deformities (valgus, varus, equinus, and rocker-
bottom deformities) [12, 13]. Based on this
system, the authors developed a rationale for the
surgical treatment of CN complicated by septic
and necrotic processes. However, a disadvantage
of this classification is its complexity, as well
as the fact that the possible deformities of the
midfoot are not limited to the variants presented.
These deformities are often more complex and
multiplanar in nature.

The second Russian classification of
foot deformities in diabetic foot syndrome
was published by M.V. Parshikov et al. [14].
They proposed that within a comprehensive
classification of secondary deformities, hindfoot
and midfoot lesions in CN should be considered
separately. According to their concept, hindfoot
pathology is divided into three degrees based
on the angle of calcaneal tuberosity deviation,
while midfoot pathology is also categorized
into three degrees depending on the presence
of a prominent bone fragment or the formation
of a rocker-bottom deformity. Like previous
international classifications, this classification is
descriptive and does not provide a framework for
tailoring orthopedic reconstruction procedures
to individual patients.

Our analysis of the literature has revealed
several common disadvantages across existing
classifications. First, there is a biased sampling
(patients of septic and orthopedic departments).
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It is evident that patients admitted to hospitals
usually have more severe deformities, which are
the logical progression of milder deformities
observed in outpatient settings. Studying
outpatient cases would allow for a broader
understanding of the full spectrum of pathology
and help trace the progression patterns of
deformities — factors that could be critical
in choosing appropriate orthopedic fixation
methods and surgical strategies. Second, the
number of examined patients or X-rays in
these studies is often small. Combined with
biased sampling, this limitation leads to the
underestimation of the incidence of various
deformity types and increases the likelihood
of overlooking rare variants. Third, none
of the existing classifications consider the
mechanisms behind the development of specific
foot deformities, such as the role of external
forces or the actions of muscles and tendons in
shaping deformity patterns. Finally, all publi-
shed classifications are primarily descriptive
and not integrated with treatment decision-
making in orthopedic surgery.

The aim of the study — to analyze X-rays of
patients to investigate the displacement patterns
of the midfoot bone and joint structures in
Charcot neuroarthropathy, and, based on the
identified displacement trends, to develop an
anatomical and radiological classification of
midfoot deformities.

METHODS
Study design

Study design: multicenter retrospective.

A retrospective analysis was performed on the
foot X-rays of patients with diabetic CN affecting
the midfoot (or both feet in cases of bilateral
arthropathy).

Patients who had previously undergone minor
amputations or reconstructive procedures on the
foot bones were not included in the study, as such
interventions alter the biomechanics of the foot
and affect the pattern of deformity progression.

Since the study focused solely on radiographic
findings, the evaluation of the initial X-rays did
not take into account patient characteristics such
as diabetes type and duration, sex, age, or the
state of arterial blood flow. Likewise, the integrity
of the skin, the presence of ulcerative lesions,
or deep infection associated with previously
developed deformities were not considered.

Only X-rays taken in anteroposterior and
lateral views were included in the analysis.
Weight-bearing X-rays were excluded, as
although they may demonstrate deformity
under load and highlight pressure points,
they do not provide additional information
regarding the positioning of already dislocated
bones. We assessed the alignment of bones
within the foot joints, the extent of destruction,
and the direction of the displacement of bony
structures. The analysis of deformities was
carried out with consideration of the functional
anatomy of the foot and the displacement
vectors of bony elements during unprotected
roll-over under the influence of muscular and
ligamentous forces [15].

A total of 233 X-rays were provided by
inpatient hospitals: the Foot and Diabetic Foot
Surgery Center of City Clinical Hospital named
after S.S. Yudin (Moscow), the Purulent Surgery
Center of Branch No. 1 of City Clinical Hospital
named after V.P. Demikhov (Moscow), and the
Almazov Centre (St. Petersburg). An additional
203 X-rays were selected from outpatient Diabe-
tic Foot clinics at the Regional Endocrinology
Center (St. Petersburg) and the Endocrinology
Dispensary of the Moscow Department of Health.
Thus, a total of 436 X-rays from 416 patients were
included in the analysis.

RESULTS

Based on the analysis of X-rays, nine primary
types of typical midfoot bone displacements
were identified, which in many aspects differ
from those described in existing classification
systems. The variants were numbered from
1 to 5, proceeding from the hindfoot toward the
forefoot. In addition to the main numbering,
two variants (1 and 4) were subdivided into
subtypes based on the specific features of
involvement within the same type. The displace-
ment characteristics for each variant are descri-
bed below.

Variant 1. Deformity (subluxation,dislocation,
or fracture-dislocation) of the Chopart joint. This
variant includes subtypes:

Variant 1A. Involvement of the navicular
bone and talar head with the preservation of the
lateral column anatomy. Typical features of this
subtype include:

— defect of the talar head and/or navicular
bone;
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- preservation of an intact lateral column;

- no visually significant foot deformity.

Variant 1B. Simultaneous involvement of the
talonavicular and calcaneocuboid joints (dorsal
dislocation or subluxation of the navicular and
cuboid bones). Typical features of this subtype
include:

- dorsal displacement of the midfoot bones
(navicular and cuboid) relative to the hindfoot
bones (talus and calcaneus);

- preservation of an intact tarsometatarsal
(Lisfranc) joint;

- equinus positioning of the talus and
calcaneus bones without disruption of the
subtalar joint alignment.

Variant 1C. Simultaneous involvement of the
talonavicular and tarsometatarsal joints (dorsal
dislocation or subluxation of the navicular and
cuboid bones). This subtype is characterized by:

- dorsal displacement of the navicular bone
along with the midfoot and forefoot bones;

- plantar dislocation of the cuboid bone at
the cuboid-metatarsal joint;

- equinus positioning of the hindfoot (talus,
calcaneus, and cuboid bones).

Variant 1D. Total displacement of the
navicular bone with dislocation at the
talonavicular and naviculocuneiform joints. This
subtype is characterized by:

- plantar and/or medial dislocation of the
navicular bone;

- dorsal dislocation of the medial cuneiform
bone;

- dorsolateral displacement of the metatarsal
bones;

- plantar displacement of the cuboid bone at
the cuboid-metatarsal joint;

- dislocation of the intermediate and lateral
cuneiform bones either in plantar direction
together with the cuboid bone or dorsally along
with the metatarsals;

- supinated positioning of the metatarsal
bones;

- equinus positioning of the hindfoot.

Variant 2. Deformity (subluxation,dislocation,
or fracture-dislocation) of the naviculocuneiform
joint, possibly involving the lateral column at
the cuboid-metatarsal joint, with progressive
deformity and flattening of the medial column.
This subtype is characterized by:

— destruction within the naviculocuneiform
joint with preserved anatomical alignment of the
Chopart joint;

— possible involvement of the lateral column
at the tarsometatarsal joint;

- equinus positioning of the hindfoot.

Variant 3. Deformity (subluxation, disloca-
tion, or fracture-dislocation) of the Lisfranc joint.
This subtype is characterized by:

- subluxation of the metatarsal bones in
the Lisfranc joint with valgus positioning and
abduction;

— prolapse of
displacement;

- possible destructive changes in the Lisfranc
joint;

— development or worsening of pre-existing
valgus foot deformity;

- depending on the severity of destruction,
possible plantar dislocation of the cuboid bone
in the cuboid-metatarsal joint.

Variant 4. Isolated deformity (subluxation,
dislocation, or fracture-dislocation) of the medial
column involving the medial cuneometatarsal
joint. This variant includes two subtypes.

Variant 4A. Isolated involvement (subluxa-
tion or dislocation) of the first cuneometatarsal
joint without visible deformity in the affected
area. This subtype is typically characterized by
the elevation of the head of the first metatarsal
bone.

Variant 4B. Dislocation of both the medial
naviculocuneiform and medial cuneometatarsal
joints with the displacement of the medial
cuneiform relative to the other foot bones,
potentially accompanied by ulceration in the
area of the dislocated bone.

Variant 5. Varus deformity of the foot with
fractures of the metatarsal bases and possible
impaction of bones in the medial column. This
variant is characterized by the following features:

— initial pes cavovarus deformity, which under
conditions of neuropathic arthropathy may lead
to fractures of the metatarsal bases at peak load
zones, further aggravating forefoot adduction
and supination, with eventual involvement of
medial column bone destruction at later stages;

- development of ulcerative defects along the
lateral edge of the plantar surface of the foot.

the foot with plantar
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The variants of deformities and their
frequency in inpatient and outpatient facilities
are presented in Table 1.

A schematic representation of the deformity
variants is shown in Figure 1. The variants are
presented in the anteroposterior view only, for
better visualization of the lesions.

Considering the specific characteristics of
midfoot involvement in CN and correlating
them with radiographic findings, we developed
a differentiated approach to surgical
management. In determining the indications
for surgery, we did not rely on angular
measurements associated with various types
of deformities and displacements. Instead, we
were guided by the Eichenholtz classification
stage, the presence or absence of ulcerative
defects and infectious complications, the
assessment of deformity stability and its
potential for progression, as well as patient
complaints of limping and pain.

Given the preserved anatomical relationships
in the joints of the lateral column, in variant 1A
we performed restoration of the medial column
length with bone grafting to reconstruct bony
defects. In patients with lesions corresponding to
variant 1B, we performed Chopart joint arthrodesis.
In variant 1C, arthrodesis of the talonavicular
and tarso-metatarsal joints was carried out. In
variant 1D, arthrodesis of the talonavicular, navi-
culocuneiform, and lateral tarsometatarsal joints
was performed. In variant 2, arthrodesis of the
naviculocuneiform joint was carried out. In cases
of dorsal dislocation of the 4" and 5% metatarsal
bones, lateral tarsometatarsal arthrodesis was
performed. Patients with variant 3 deformity
underwent arthrodesis of the Lisfranc joint. In cases
of isolated involvement of the first cuneometatarsal
joint (variant 4A), arthrodesis of the first medial
cuneometatarsal joint was performed. In patients
with bone damage corresponding to variant 4B,
arthrodesis of both the naviculocuneiform and the
first medial cuneometatarsal joints was carried out.

Table 1
Share of each deformity variant among all examined patients
Deformity . Inpatient, | Outpatient, Total,
variant Type of displacement n (%) n (%) n (%)
1A Involvemgnt of the navicular bone and talar head with the 27 (6.10) 41 (9.50) 68 (15.60)
preservation of the lateral column anatomy
1B Slmultaneous. 1nyqlvement of the talonavicular and 1(0.23) 0 1(0.23)
calcaneocuboid joints
1C Simultaneous involvement of the talonavicular and cuboid-
metatarsal joints 5 (L.15) 0 5 (1.15)
1D Complete displacement of the navicular bone with the
dislocation of the talonavicular and naviculocuneiform 93 (21.34) 59 (13.56) 152 (34.86)
joints
2 Deformity (subluxation, dislocation, fracture-dislocation)
of the naviculocuneiform joint with possible involvement 14 (3.21) 15 (3.44) 29 (6.65)
of the lateral column in the metatarsocuboid joint
3 Deformity (subluxation, dislocation, fracture-dislocation)
of the Lisfranc joint 75 (17.20) 32 (7.30) 107 (24.54)
4A Isolated 1r1v01vern_er_1t (subluxation or dislocation) of the first 6 (1.40) 28 (6.40) 34 (7.80)
cuneometatarsal joint
4B Dislocation of the medial naviculocuneiform and medial
cuneometatarsal joints with the displacement of the medial 7 (1.60) 8 (1.80) 15 (3.44)
cuneiform bone
5 Varus deformity of the foot with fractures of the metatarsal
bases and possible crushing of the medial column bones 5 (1.10) 20 (4.60) 25 (5.73)
Total 233 (53.40) | 203 (46.60) | 436 (100.00)
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Variant 1A

Variant 1D Variant 2

Figure 1. Variants

of the midfoot
lesions
Variant 3 Variant 4A Variant 4B Variant 5
The deformity variants are illustrated in X-rays (Figure 2).
Figure 2. Deformity

variants
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Variant 1B

L Variant 1C

Variant 1D

Variant 2
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Variant 4B
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In patients with varus foot deformity corresponding
to variant 5 of our classification, simultaneous
arthrodesis was combined with a medial column-
closing wedge osteotomy to achieve deformity
correction by bringing the arthrodesed surfaces
into alignment.

DISCUSSION

The previously proposed radiographic classifi-
cations of midfoot deformities in CN can be
conditionally divided into two groups. The first
group includes early studies from the 1960s
to the 1980s, a period when the incidence of
CN increased, and, as a poorly understood
complication of various diseases, it attracted
the attention of specialists. Therefore, the
publications from that period were primarily
descriptive in nature. They mainly addressed
three questions: what types of lesions are
encountered, how frequently they occur, and, to
some extent, what mechanisms might contribute
to the development of specific deformities.
Given that CN is a relatively rare condition, it
is evident that the sample sizes in these studies
were small, and some of them more closely
resembled case reports. For example, in the
study by J. Harris and P. Brand, 147 patients were
evaluated without subdivision by foot region
[16]. R. Cofield et al. reported on 38 patients, of
whom 18 had involvement of the Chopart joint
and 20 had medial column involvement [17].
The study by G. Sammarco and S. Conti analyzed
X-rays of 26 patients [18]. The issue of limited
sample representativeness was highly relevant
at this stage; even in the comprehensive study
by L. Schon et al., 109 patients were included,
of whom only 89 had diabetes mellitus [19].
Furthermore, in another article by L. Schon et al.,
to illustrate the pattern 4 deformity, X-rays of a
patient with peritalar dislocation were shown
- this corresponds to hindfoot involvement
and is not associated with destructive changes
in the calcaneocuboid joint [20]. The studies
of the first group reflected the accumulation
and systematization of knowledge and were
conducted by clinicians, mainly surgeons. A kind
of culmination of this period is the classification
proposed by L. Sanders and R. Frykberg, in
which five types of CN lesions were identified
for the first time [21]. Notably, this classification
was also the first to suggest different prognoses
depending on the type of lesion, marking a

shift from descriptive classifications to clinical,
radiological, and outcome-oriented systems
[12, 22].

Unlike previously published studies, the aim
of our research was to systematize the radiogra-
phic patterns in such a way that the identified
variants would enable a differentiated surgical
approach to treatment. In addition, we focused
on the most common and limb-threatening type
of lesion — midfoot involvement. To achieve this
goal, it was necessary to analyze a significantly
larger number of X-rays than in previously
published works; therefore, we designed the
study as a multicenter investigation. Both
outpatient and inpatient facilities participated in
our study, which allowed us to broaden the scope
of the pathology and to identify less common
variants. Furthermore, during the study planning
phase, we hypothesized that lesion patterns in
outpatient and hospital settings might differ.
This assumption was only partially confirmed:
deformities of types 4A and 5 were somewhat
more common in outpatient practice, while types
1D and 3 were more frequently encountered in
inpatients. For the remaining variants, we found
no significant differences.

Arguably the most detailed classification
of midfoot lesions is the system proposed by
L. Schon et al. [19]. The 24 variants identified
by the authors reflect, on the one hand, the
diversity of patterns of bone destruction and
displacement. On the other hand, in our study we
identified several variants not described in the
aforementioned publication, which is most likely
due to the limited sample size in the study by
L. Schon et al. Moreover, in our view, this level of
detail poses a challenge for practical clinical use.

The classification we propose is based on a
comparison of the radiographic findings at the
time of the patient's initial presentation with the
known patterns of bone displacement resulting
from muscle and tendon pull as well as external
loading during walking [15]. The key patterns we
considered in developing our classification are
outlined below.

The lateral column of the foot includes the
tarsometatarsal and calcaneocuboid joints.
The calcaneocuboid joint, formed by the
calcaneus and the cuboid bone, has a saddle-
shaped configuration and is stabilized by the
dorsal calcaneocuboid ligament, a relatively thin
band located on the lateral side, and the stronger
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plantar calcaneocuboid ligament, which consists
of two distinct layers.

The metatarsocuboid joint is formed by the
flat articular surfaces of the cuboid bone and the
bases of the fourth and fifth metatarsal bones.
Its ligamentous support is relatively limited and
consists of plantar and dorsal tarsometatarsal
ligaments. Additionally, the metatarsal bones
are interconnected by dorsal and plantar
intermetatarsal ligaments. The tendon of the
peroneus brevis muscle attaches to the styloid
process of the base of the fifth metatarsal and
the base of the fourth metatarsal, while the
tendon of the peroneus tertius muscle inserts
into the proximal metadiaphysis of the fifth
metatarsal bone.

In our analysis of X-rays, a higher incidence of
dislocation was observed in the tarsometatarsal
joint (87.4%) compared to the calcaneocuboid
joint (12.6%). This is likely due to the
robust ligamentous support stabilizing the
calcaneocuboid joint, which resists displa-
cement. The presence of the anterior process of
the calcaneus also limits superior displacement
of the cuboid relative to the calcaneus. These
findings can be explained by the relatively
underdeveloped ligamentous apparatus of
the tarsometatarsal joint compared to the
calcaneocuboid joint, as well as the pull of the
peroneus brevis and peroneus tertius muscles,
and the presence of obliquely oriented articular
surfaces between the cuboid and the fifth
metatarsal bones. Additionally, the lateral
cuneiform is situated slightly more anteriorly and
dorsally relative to the cuboid, which exerts axial
pressure on the cuboid during weight-bearing
and further promotes plantar displacement of
the metatarsocuboid joint. Simultaneously, the
continued pull of the Achilles tendon induces
an equinus position of the calcaneus, talus, and
cuboid complex, thereby increasing stress on the
ligamentous structures of the tarsometatarsal
joint and further driving the cuboid bone in a
plantar direction.

The anatomy of the medial column is more
complex due to the presence of multiple
structures and includes the talonavicular,
naviculocuneiform, and cuneometatarsal joints.

The talonavicular joint is formed by the head
of the talus and the concave articular surface of
the navicular bone. It is stabilized by the dorsal

talonavicular ligament, which normally prevents
plantar and medial displacement of the navicular
bone, as well as by the calcaneonavicular
ligament. On the plantar surface, the tendon
of the posterior tibial muscle attaches to the
navicular tuberosity and has additional insertions
on all three cuneiform bones and the base of the
fourth metatarsal.

The naviculocuneiform joint is flat in shape
and formed by the navicular and cuneiform
bones. It is stabilized by plantar and dorsal
naviculocuneiform and intercuneiform liga-
ments. On the plantar surface of the medial cu-
neiform, the tendon of the anterior tibial muscle
inserts.

The cuneometatarsal joints consist of three
separate articulations formed by the articular
surfaces of the bases of the first, second, and third
metatarsal bones and the medial, intermediate,
and lateral cuneiform bones, respectively. The
arrangement of the cuneiform bones creates
a recess or mortise-like socket for the base of
the second metatarsal. Each of these joints is
reinforced dorsally and plantarly by ligaments
extending from the base of the metatarsal to
the corresponding cuneiform bone. In addition,
the joints are stabilized by a robust ligamentous
complex: medially, by a strong ligament,
considered the key stabilizer of the Lisfranc joint
complex, extending from the lateral surface of
the medial cuneiform to the base of the second
metatarsal; and laterally, by cruciate-shaped
ligaments connecting the base of the second
metatarsal to the lateral cuneiform and the
base of the third metatarsal to the intermediate
cuneiform.

The involvement of the talonavicular joint
results in the medial and plantar displacement
of the navicular bone due to the pull of the
posterior tibial tendon, despite the tendon’s
multiple insertion points. The degree of
navicular displacement may range from a slight
subluxation to a complete dislocation and can
be accompanied by fracture. This variability
is likely related to inherent differences in foot
morphology and biomechanics. The pull of
the anterior tibial tendon causes the posterior
displacement of the forefoot and midfoot, with
the cuneiform bones overriding the displaced
navicular. Considering that patients often have
markedly reduced sensation, continued axial
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loading in the presence of fracture-dislocations
combined with preserved rocking movements in
the affected joint contributes to the erosion of the
proximal edges of the cuneiform bones, leading
to the formation of bony defects of varying size.

Lisfranc joint lesions cause changes similar
to those observed in talonavicular joint
involvement. Due to the pull of the posterior
tibial tendon, the medial cuneiform and navicular
bones are displaced medially and plantarly, while
the metatarsal bones are dislocated dorsally
and posteriorly as a result of contraction of the
anterior tibial muscle, and also laterally due to
the pull of the peroneus longus tendon.
We identified two displacement patterns of the
intermediate and lateral cuneiform bones: in the
first pattern, all three cuneiform bones shifted
in medial and plantar direction as a single unit;
in the second, only the medial cuneiform and
metatarsals were displaced dorsally, whereas
the intermediate and lateral cuneiform bones
prolapsed in the plantar direction, locally
increasing pressure on the soft tissues and
potentially leading to ulcerative defects.

Such deformity is often described in the
literature as a rocker-bottom foot deformity
[23]. However, this terminology is somewhat
inaccurate, as the deformity occurs not only in
the sagittal plane but also in the transverse plane
due to the abduction of the forefoot.

Analyzing X-rays, we identified cases where
damage to the medial column, manifested as
destruction of the talar head, navicular, and
medial cuneiform bones with the preservation
of the lateral column, was accompanied by
the development of an adduction contracture.
The presence of forefoot adduction is
biomechanically unjustified, which prompted us
to perform additional radiographic assessments.
Comparing images with the contralateral healthy
foot, we found that patients with this deformity
originally had a mild varus deformity with a
pronounced longitudinal arch and forefoot
adduction. With progression of arthropathy,
ligamentous structures of the medial column
were compromised, resulting in “crushing” of
the talus, navicular, and medial cuneiform bones
and subsequent formation of the adduction
contracture. Pathological fractures occurred at
the apex of the deformity, around the bases of the
third, fourth, and fifth metatarsal bones, leading

to the lateral column instability and further
adduction and supination of the foot.

The combined consideration of the
aforementioned changes enabled us to develop a
differentiated surgical treatment strategy based
on the specific deformity pattern. The system
we proposed represents the first attempt to
link classification with a practical therapeutic
algorithm for midfoot CN, with no existing
analogues published to date. It is evident that
our proposed algorithm requires long-term
validation in clinical practice and may be refined
as more data are accumulated and patients
are followed prospectively. This is particularly
relevant for the less common deformity variants.

CONCLUSION

As a result of systematizing X-rays of feet
with midfoot Charcot neuroarthropathy and
considering the mechanics of dislocation
formation, we proposed a new classification of
midfoot lesions. It comprises five main types,
with subtypes in types 1 and 4. The proposed
classification is intended to guide the selection
of key reconstructive surgical interventions for
this pathology.
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Abstract

Background. Among the many causes of plantar heel pain, the most common is proximal plantar
fasciopathy (PF), second only to ligamentous injuries of the foot. The disease reduces the quality of
life and is difficult to treat, as its pathogenesis remains unexplored.

The aim of the study — to conduct a comparative evaluation of treatment outcomes in patients with
proximal plantar fasciopathy using extracorporeal shock wave therapy, as well as minimally invasive
bipolar radiofrequency ablation, both with and without the described modification.

Methods. We analyzed the treatment outcomes of 36 patients who sought medical care for chronic
heel pain caused by proximal PF in the period from 2018 to 2023. Among the patients, there were
14 (38.8%) women and 22 (61.2%) men, with a median age of 55.4 [46.7; 61.7] years. All patients
were randomly assigned to three groups of 12 patients each. In Group 1 (control), extracorporeal
shock wave therapy (ESWT), which had not been used at previous stages, was used for treatment;
in Group 2 (comparison) — minimally invasive bipolar radiofrequency ablation (BRFA); in Group 3
(main) — minimally invasive BRFA using a method modified by the authors. Comparative evaluation
of the results was carried out at 1, 3, 6 and 12 months after surgery in Groups 2 and 3 and after the
completion of ESWT course in Group 1.

Results. The median plantar fascia thickness of the affected limb did not differ between the groups at
3 months after the completion of treatment. At 6 months, these indicators were significantly different
between the control and main groups (p = 0.001). In the intergroup analysis of the dynamics of pain
syndrome and foot functionality, the treatment results in the main group showed a statistically
significant advantage compared with control and comparison groups after 1, 3 and 6 months of
follow-up (p < 0.05).

Conclusions. The modified minimally invasive radiofrequency ablation method for the treatment of
patients with proximal plantar fasciopathy demonstrated superior early clinical outcomes compared
to the standard ablation technique and a course of extracorporeal shock wave therapy. The results
obtained appear promising and suggest that the modified technique may be considered a preferred
treatment option in cases where all types of conservative therapy fail within a six-month period.

Keywords: proximal plantar fasciopathy; plantar fascia; plantar heel pain; bipolar radiofrequency
ablation; foot function index; functional capacity of the foot and ankle.
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Pedepar

AxmyansHocms. Cpenyi MHOKECTBA IIPUUMH TTOAOIIBEHHO IMSTOYHOM GOIM MPOKCHMMAaIbHAS MOAOIIBEHHAS
(acumonaTuss HaxoAUTCS Ha BTOPOM MeCTe, YCTYTIAs JIUIIb OBPEKAEHMSIM CBSI30YHOTO arapara CTOITbI. 3a-
6oseBaHMe CHIKAET KAUeCTBO KU3HU U TPYIHO MOIaeTCs JIEUeHNIO, TAK KaK ero MaToreHe3 OCTAeTCs 40 KOHIIA
He Y3yYeHHbBIM.

Lleny uccnedosanus — CpaBHUTENIbHAS OLlEHKA Pe3yabTATOB JIEUeHUS MAIMEHTOB C ITPOKCUMMAJIbHONM MOJ0-
IIBEHHOJ (haciyonaTueii ¢ IpMMeHeHMeM yIApPHO-BOJIHOBOJ TepaIum, a TaKsKe MUHM-MHBAa3VBHOI OUIIONSp-
HOJI paiiouacTOTHOJ abnsiuy ¢ MoguduKaLyeii u 6e3 Hee.

Mamepuan u memodst. [IpoBeieH aHAIN3 Pe3yJIbTaTOB JeUeHNST 36 MALMEeHTOB C IMPOKCUMAJIbHOJ IOIONIIBEH-
HOV dacuyonarueii B mepuog ¢ 2018 mo 2023 r. Cpeay maiueHToB 6but0 14 (38,8%) skeHmiuH u 22 (61,2%)
MY>KUMHBI, MeAMaHa BO3pacTa cocTaBuia 55,4 roma [46,7; 61,7]. Bce mamyeHTsl CTydaifHbIM 06pa3oM 6bUIM pac-
npefeneHbl Ha TP IPYIIIbI O 12 MAlMEHTOB B KaXKO0M. B 1-11 (KOHTPOIBbHOI) rpyIine AJjs JIedeHMS UCITOIb30-
BaJIaCh He MPMMEHSIBIIASICS Ha MPeIbIAyIIMX 3Tanax yaapHo-BoiaHoBas Tepanus (YBT), Bo 2-i1 rpymrie (CpaB-
HEHMUS) — MUMHU-MHBa3VBHAsI OUIIOJISIPHAST paiyiouyacTOTHAs abusumst, B 3-if (OCHOBHOI) — MUHM-VMHBAa3MBHAs
OUITONAPHAS PAAMOYACTOTHAS abSIIMS TI0 MOOMMUITMPOBAHHO aBTOpamu MeToAuKe. CpaBHUTETbHYIO OI€H-
KY pe3yabTaTOB OCYILECTBIISUIM B CPOKM 1,3, 6 1 12 MecC. CO IHS OTIepaTMBHOTO JIeYeHMS BO 2-1 U 3-71 TpyInax u
€0 oH okoHuaHus Kypca YBT B 1-71 rpymre.

Pezynomamei. MenyaHbl IT0Ka3aTesIeii TOMIIVHbI ITOAOIIBEHHOIO allOHEBPO3a CTOIIBI C 60JIBIO Uepes 3 Mec. Io-
Cjie 3aBepIleHMs JJeUueH s MeXTPYIIIIOBBIX OT/IMUMIA HE UMEJN, Yepes3 6 MeC. — MEXKAY KOHTPOIbHO 1 OCHOBHOM
IPYIIIaMM 3TY Pasanums 6bUmM craTucTuuecky sHauuMsbl (p = 0,001). ITpy MeKTpyImoBOM aHaaM3e TUHAMMUKI
6071eBOTO CMHAPOMA ¥ (PYHKIMOHATBHBIX BO3MOKHOCTEI CTOIIBI Pe3y/IbTaThl JIeYeHMsI B OCHOBHOI IPYIIIIe 1MO-
Kaszaau CTaTUCTUYECKM 3HAYMMOe IMPEUMYIIeCTBO M0 CPaBHEHMIO C TPYIIIaMy KOHTPOJISI M CpaBHEeHUS uepes 1,
3u 6 mec. (p <0,05).

3axnouenue. MogubUIMPOBAHHbIN MUHNU-VHBA3MBHBIA METOJ, PaAMOYACTOTHON abisLyy IpU JIUeHUN T1a-
LIMEHTOB C IMPOKCUMMAJIBHON TTOAONIBEHHOI dacionaTneit mokasasl Jyullie UTOTOBbIe Pe3y/bTaThl B 60ee
PaHHME CPOKM B CpaBHEHMM CO CTAHIAPTHOM METONVKOV abJsIyu ¥ KypcoM yaapHO-BOJIHOBO Tepamnuu. ITo-
JIydeHHbIe Pe3Y/AbTAThI BHIIISIOAT 0OHAIeKMBAOIIMMY, M METOA, MOKET PaCCMAaTPUBATHLCS B KAUECTBE ITPUOPH-
TETHOTO BapMaHTAa JIeYeHNs B TeX CyJasix, KOTAa B TeueHue 6 MecC. ObLIM MCUepIIaHbl BCe BaApMaHThI KOHCEPBA-
TUBHOM Teparmu.

KinioueBbie c10Ba: IMIPOKCUMAaJIbHAS MTOMOMIBEHHAsS (GaCcUMONaTHs; ITOOMIBEHHbIN allTOHEBPO3; MOIOIIBEHHAS
MSITOYHAsI 60J1b; OUITOSIPHAST PaIMOYaCTOTHAS a6/sIIysl; (PYHKIIMOHATbHBINM MHIEKC CTOIThI; GYHKIMOHATbHOE
COCTOSIHME CTOITbI ¥ TOJIEHOCTOITHOTO CyCTaBa.
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INTRODUCTION

Proximal plantar fasciopathy (PF) is the most
common cause of heel pain and ranks second in
prevalence among all causes of foot pain, second
only to pain syndrome resulting from ligamen-
tous injuries of the ankle joint [1, 2]. The term
“plantar fasciopathy” most accurately reflects the
true nature of the condition, commonly referred
to as “heel spur”, “plantar fasciitis”, or “fasciosis”,
since the degenerative and inflammatory changes
of the plantar fascia that occur at various stages of
the pathological process and gradually progress
are difficult to detect and differentiate [3].
Chronic pain syndrome associated with proximal
PF proves resistant to standard conservative
treatment options in 10-20% of cases, and
patients with proximal PF increasingly demand
not only more efficient treatment modalities and
shorter recovery time, but also more satisfactory
outcomes [4].

To date, no consensus has been reached among
foot and ankle surgeons regarding the type and
extent of surgical intervention for long-standing
proximal PF. In clinical practice, a significant
variety of surgical techniques for proximal PF
are used, ranging from different approaches
to minimally invasive exostectomy to open or
endoscopic release of the plantar fascia [5]. These
procedures align with the current surgical trend
focused on the development and widespread
adoption of minimally invasive techniques aimed
at preserving the integrity of the soft tissues of
the foot as much as possible [6].

In light of emerging data indicating that
the underlying pathogenesis of proximal
PF is predominantly degenerative and non-
inflammatory, a new surgical approach has been
introduced — bipolar radiofrequency ablation
(BRFA) of the proximal portion of the plantar
fascia. This method, originally developed for
transmyocardial and percutaneous myocardial
revascularization, aims to stimulate collagen
regeneration and improve vascularization [7].
A specially designed bipolar needle electrode
was used to deliver radiofrequency energy to
the fascia. Following BRFA, elevated levels of
fibroblast growth factor and vascular endo-
thelial growth factor have been observed at
the pathological site, resulting in an increa-
sed number of endothelial cells migrating
through the vascular wall and promoting revas-
cularization and tissue regeneration [8].

This etiopathogenetic approach provides an
optimal foundation for further research into the
condition, as it not only reduces tension in the
plantar fascia but also facilitates the resolution
of reversible, heteromorphic, and heterochronic
changes in its connective tissue structures,
thus restoring their morphological integrity.
The previously proposed BRFA technique for
the proximal plantar fascia using a bipolar
needle electrode involves performing a series of
microperforations [9]. However, in our opinion,
this procedure leads to insufficient elongation
of the plantar fascia. The modification of
the method consists in supplementing the
microperforation series with several marginal
microtenotomies, which allow for more
substantial elongation and, consequently, a
greater reduction in fascia tension. Combined
with the regenerative stimulation effect, this
modification represents a new stage in the
evolution of surgical techniques for treating
proximal PF.

The aim of the study — to conduct a
comparative evaluation of treatment outcomes
in patients with proximal plantar fasciopathy
using extracorporeal shock wave therapy, as well
as minimally invasive bipolar radiofrequency
ablation, both with and without the described
modification.

METHODS

Study design

Type of study: randomized prospective open-
label comparative cohort study.

Between 2018 and 2023, a study was
conducted at the Department of Traumatology
and Orthopedics of RZD-Medicine Clinical
Hospital (Omsk), involving 36 patients who
sought medical care for chronic heel pain caused
by proximal PF.

Patients

Among the patients included in the study, there
were 14 (38.8%) women and 22 (61.2%) men. The
median age at disease onset was 55.4 [46.7; 61.7]
years.

Inclusion criteria: diagnosis of proximal PF
lasting 6 months or longer and ineffectiveness of
prior conservative treatment.

Patients with BMI > 35, significant biomecha-
nical abnormalities of the foot (posterior hind-
foot pronation > 5 mm; medial longitudinal arch
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angle < 125° or > 140°), hypermobile first ray
(sagittal mobility > 10 mm), contracture of the
gastrocnemius-soleus complex, autoimmune or
other systemic diseases were not included in the
study.

Patients were randomly assigned into three
equal groups of 12 participants each. The groups
were comparable in terms of inclusion criteria,
gender, and age. Group 1 (control group) included
12 patients (7 men and 5 women), with a median
age of 49 [38; 56] years, who underwent a course
of extracorporeal shock wave therapy (ESWT).
Group 2 (comparison group) included 12 patients
(7 men and 5 women), mean age 50 [38; 62]
years, who received a single session of minimally
invasive BRFA of the proximal plantar fascia using
the standard technique. Group 3 (main group)
included 12 patients (8 men and 4 women), mean
age 54 [48; 68] years, who underwent minimally
invasive BRFA of the proximal plantar fascia
using a modified technique developed by the
authors (patent RU 2702867).

The main difference between the proposed
and standard technique lies in the addition
of 4 to 6 marginal microtenotomies, each no
longer than 2 mm, performed along the medial
edge of the proximal fascia, in addition to the
standard series of 18-24 microperforations
made with the same bipolar needle electrode.
This modification resulted in greater elongation
of the plantar fascia and, consequently, more
effective reduction in tensile stress.

All patients underwent a comprehensive
evaluation of complaints and medical history,
including a detailed account of previous treat-
ment for proximal PF, functional status, as well
as assessment of occupational and recreational
activities. A thorough physical examination of
the foot and ankle was performed, which included
inspection, palpation, percussion, assessment of
range of motion and muscle strength. The scope
of laboratory and instrumental examination was
determined in accordance with current medical
diagnostic standards.

All surgical interventions in Groups 2 and 3
were performed using a minimally invasive
approach, under regional (ankle block) anesthe-
sia and tourniquet-induced ischemia.

Postoperative management was standardized
across all groups. During the first two days,
patients were advised to limit foot movements
and avoid weight-bearing. From day 7, passive and

active range-of-motion exercises were initiated,
and protected ambulation in an offloading boot
was recommended. A gradual return to normal
activities at home and at work was permitted
within the first two months, provided that sports
and physically demanding work were completely
avoided. In the third postoperative month,
intensive training and prolonged axial loading
were restricted for professional athletes and
individuals engaged in heavy physical labor.

Methods of examination

Ultrasound examination of the plantar fascia
structure was performed using an ACUSON
X300 PE ultrasound system (Siemens). The
following parameters were assessed: thickness,
uniformity, echotexture, and echogenicity of the
plantar fascia. Among the evaluated parameters,
the dorsoplantar thickness of the fascia at its
insertion site on the calcaneal tuberosity was
considered the most informative and objectively
comparable. Therefore, this specific parameter
was selected for comparative and statistical
analysis at three time points: before treatment,
and 3 and 6 months after the completion of
therapy.

Outcome assessment methods

Pain intensity was assessed using the pain
subscale of the Foot Function Index (FFI) [10].
This subscale enables the evaluation of foot
pain in various situations, such as walking
barefoot or in shoes, and provides both total and
subscale scores. The Minimal Detectable Change
(MDC) was set at 2.42 points, as established by
B.R. Martinez et al. for conditions such as plantar
fasciopathy, metatarsalgia, and chronic ankle
instability [11].

The analysis of function and daily activity in
patients with foot and ankle disorders to assess
treatment effectiveness was conducted using
the Foot and Ankle Ability Measure (FAAM)
assessment system [12]. In the clinical study,
we used one subscale: Activities of Daily Living
(ADL), consisting of 21 items. Each item had five
response options and an additional “no answer”
option (if the patient was unable to respond).
The total score was obtained by summing the
item scores and calculating the proportion
relative to the maximum possible score, taking
into account the number of “no answer”
responses. The final score ranged from 0 to
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100 points, with higher scores indicating better
function, and the MDC threshold was 5.7 points
[13]. The FFI questionnaire was administered
before treatment, and at 1 month (Timepoint 1),
3months (Timepoint 2), 6 months (Timepoint 3),
and 12 months (Timepoint 4) after treatment.
The FAAM (ADL) assessment in all groups was
performed before treatment, and at 3 months
(Timepoint 1), 6 months (Timepoint 2), and
12 months (Timepoint 3) after treatment.

Statistical analysis

Statistical processing of the obtained data was
performed using MS Excel 2007, Statistica 10,
and NCSS 2022 software packages. Descriptive
statistics for the study groups were presented
as median (Me) and interquartile range [Q; Q,].
To assess the statistical significance of diffe-
rences between groups, the Mann-Whitney
U test was used for independent samples, and
the Wilcoxon signed-rank test was applied to
evaluate changes within the same group over
time at different study timepoints. A p-value
< 0.05 was considered statistically significant.
The correlation between study parameters
was assessed using Spearman’s correlation
coefficient with calculation of the exact p-value.
To build mathematical models describing the
relationship between ultrasound parameters
on the affected side at Timepoints 2 and 3 and
various predictors, multiple linear regression
analysis was performed using NCSS 2022.

The minimum sample size for this study
was calculated using Altman’s nomogram
with the following input parameters: standard
deviation (SD), which determines the minimal
standardized quantitative difference. In the
pilot study, SD = d/s, where d is the absolute
value of the minimal clinically significant mean
difference, and s is the parameter obtained
from the pilot study (the 6-month reduction
in plantar fascia thickness in the BRFA group).

For the parameter “plantar fascia thickness”, SD
=1mm/ 1.1 mm = 0.90. Thus, SD was set at 0.90;
the significance level at p < 0.05; and the study
power at 80%. According to Altman’s nomogram,
the minimum required sample size was 12 pa-
tients per group, for a total of 36 patients

RESULTS

Short-term and mid-term treatment outcomes
in patients with plantar heel pain caused by
proximal PF were analyzed and assessed across
all three study groups. The follow-up period in all
groups was12 months.

One of the most objective indicators of the
reparative processes in the structure of the plan-
tar fascia was its thickness at the calcaneal inser-
tion site as measured by ultrasound. A compari-
son of ultrasound parameters on the unaffected
limbs showed that the median plantar fascia
thickness in Group 1 was 3.2 [2.80; 3.33] mm, in
Group 2 - 3.25 [3.05; 3.40] mm, and in Group 3 -
3.4[3.175;3.800] mm, with no statistically signifi-
cant differences between Group 1 and Group 2
(p = 0.817), Group 1 and Group 3 (p = 1.000),
or Group 2 and Group 3 (p = 0.150). This indi-
cated initial homogeneity of the study groups.

Changes in plantar fascia thickness in patients
with plantar heel pain (PHP) during treatment
are presented in Table 1.

According to the obtained data, at the first
assessment point, the thickness of the plantar
fascia in the painful foot was statistically
significantly greater than that of the contralate-
ral foot in all study groups (p < 0.001 for all three
groups), but there were no statistically significant
intergroup differences (p > 0.05).

Within-group dynamics of plantar fascia
thickness demonstrated heterogeneous posi-
tive trends. In Groups 1 and 2, a significant
reduction in fascia thickness was achieved by
6 months. In Group 1: between Timepoints 1
and 2, p = 0.358; between Timepoints 2 and 3,

Table 1

Thickness of changed plantar fascia at the calcaneal insertion site, nm (Me [Q,; Q.])

Timepoint Group 1

Group 2 Group 3

1 (before treatment) 6.300 [5.675; 6.650]

2 (3 months after) 5.350[5.175; 6.125]

3 (6 months after) 4.950 [4.425; 5.950]

6.750 [6.225; 6.925] 7.050 [6.575; 7.700]

5.650 [5.250; 6.000] 5.400 [4.975; 6.025]

4.500 [4.125; 4.750] 3.800 [3.600; 4.125]
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p = 0.645; between Timepoints 1 and 3, p = 0.035.
In Group 2: between Timepoints 1 and 2,
p = 0.193; between Timepoints 2 and 3,
p = 0.254; between Timepoints 1 and 3, p =0.012.
In Group 3, a statistically significant impro-
vement was observed in 3 months: between Time-
points 1 and 2, p = 0.085; between Timepoints 2
and 3, p=0.035; between Timepoints 1 and 3,
p =0.002.

The median plantar fascia thickness in the
symptomatic foot before treatment showed no
statistically significant difference between Groups
1 and 2 (p=0.260) or between Groups 2 and 3
(p=1.000). However, statistically significant
difference was found between Groups 1 and 3
(p =0.010), which was attributed to a longer,
more persistent, and treatment-resistant course
of the pathological process in the main group.
At Timepoint 2, no statistically significant
differences were found between Groups 1 and 2
(p=0.839), 1 and 3 (p=0.583), or 2 and 3
(p=0.686). A different picture emerged at
Timepoint 3: while there were still no significant
differences between Groups 1 and 2 (p = 0.126)

Group 1
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or between Groups 2 and 3 (p = 1.000), the diffe-
rence between Groups 1 and 3 reached statistical
significance (p = 0.001).

The lowest final absolute values of plantar
fascia thickness were observed in Group 3, despite
this group having the highest baseline values of
the measured parameter (Figure 1).

To verify the obtained results, two
mathematical models were constructed to assess
the dependence of ultrasound measurements
in the symptomatic foot at Timepoints 2 and 3
on the ultrasound parameters of the contralateral
foot, on the previous measurement point of the
symptomatic foot, and on the type of treatment.

For this purpose, Spearman’s rank correlation
coefficient was calculated:

— At Timepoint 2, the ultrasound measure-
ment on the symptomatic foot demonstrated a
moderate direct correlation with the ultrasound
measurement on the healthy side (T = 0.71;
p < 0.05), as well as a moderate direct correlation
with the baseline value on the symptomatic
side (Timepoint 1, before treatment) (T = 0.74;
p < 0.05).

Timepoint 1 Timepoint 2 Timepoint 3

Figure 1. Changes in plantar fascia thickness according to the
results of ultrasound:

Timepoint 1 - before intervention;

Timepoint 2 — 3 months after intervention;

Timepoint 3 — 6 months after intervention
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- At Timepoint 3, the ultrasound measu-
rement showed a weak direct correlation with the
ultrasound value of the healthy side (T = 0.38,;
p < 0.05), a weak direct correlation with
the baseline value of the symptomatic side
(T = 0.31; p < 0.05), and a moderate direct
correlation with the ultrasound measurement
at Timepoint 2 (T = 0.82; p < 0.05).

A mathematical model was developed to as-
sess the dependence of the ultrasound measure-
ments on the symptomatic foot at Timepoint 2
on: 1) the ultrasound values of the healthy side;
2) the baseline values of the symptomatic side
(Timepoint 1, before treatment); 3) the type of
treatment.

The model parameters were calculated using
NCSS 2022 software. A linear multiple regression
equation was applied.

The equation of the mathematical model at
Timepoint 2 was as follows:

R =-0.005+0.262B+0.772C+D,

where R is the ultrasound measurement at
Timepoint 2; B is the ultrasound measurement
on the healthy side; C is the ultrasound measure-
ment on the symptomatic side at Timepoint 1,
D = 0 for the control group, D = -0.286 for
the comparison group, and D= -0.945 for
the main group.

A similar

Timepoint 3:
N =-0.381+0.980E+D,

where E is the ultrasound measurement on
the symptomatic side at Timepoint 2; D = 0 for

equation was developed for

the control group, D = -0.652 for the comparison
group, and D =-1.090 for the main group.

The equation shows that, all other conditions
being equal, at Timepoint 2 the ultrasound
measurement in the comparison group is
0.29 mm lower than in the control group,
and 0.96 mm lower in the main group. At
Timepoint 3, the ultrasound measurement in
the comparison group is 0.65 mm lower than
in the control group, and 1.1 mm lower in the
main group.

Comparative results of pain assessment (FFI),
function, and activities of daily living in patients
with foot and ankle disorders (FAAM (ADL)),
across all groups are presented in Table 2.

When comparing FFI (pain subscale) and
FAAM (ADL) scores between groups prior to
treatment, no statistically significant differences
were observed, which was consistent with the
hypothesis of group comparability.

In the intergroup analysis of FFI (pain
subscale), at Timepoint 1, Group 3 demonstrated
a statistically significant advantage compared
with Groups 1 and 2. At Timepoint 2 (3 months
after treatment initiation), Group 3 again showed
a statistically significant advantage over Groups
1 and 2. At Timepoint 3 (6 months after treatment
initiation), pain scores in Group 3 continued
to demonstrate significantly better results
compared with Groups 1 and 2. At Timepoint 4
(12 months after treatment initiation), Groups
2 and 3 showed identical results (p = 1.0) and a
statistically significant advantage over Group 1
(p = 0.003 for both Groups 2 and 3).

Table 2
Comparative analysis of the medians of daily activity indicators
Group (Me) Mann-Whitney U test (p)
Parameter
1 2 3 1 2 3
FFI Before treatment 68.0 67.5 70.0 0.120 0.100 0.661
1month 31.0 19.0 17.5 0.008 0.007 0.036
3 months 35.0 12.0 4.5 0.004 0.000 0.000
6 months 41.0 5.0 0.0 0.002 0.000 0.000
12 months 60.5 0.0 0.0 0.003 0.003 1.000
FAAM Before treatment 49.0 46.5 47.5 0.305 0.579 0.923
(ADL) 3 months 67.0 85.0 90.5 0.006 0.003 0.042
6 months 66.0 94.5 99.5 0.055 <0.001 0.002
12 months 57.0 100.0 100.0 0.003 0.003 1.000

Empirical value of the Mann-Whitney U test and the exact p-value in 1 - comparison of indicators for Groups 1 and 2;
2 — comparison of indicators for Groups 1 and 3; 3 — comparison of indicators for Groups 2 and 3.
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In the intergroup analysis of FAAM (ADL)
scores, at Timepoint 1 (3 months after treatment
initiation), Group 3 demonstrated a statistically
significant advantage compared with Groups
1 and 2 (vs. Group 1: p = 0.003; vs. Group 2:
p = 0.042). At Timepoint 2 (6 months after
treatment initiation), Group 3 also showed a
statistically significant advantage over Groups
1 and 2 (vs. Group 1: p = 0.001; vs. Group 2:
p = 0.002). At Timepoint 3 (12 months after
treatment initiation), Groups 2 and 3 showed
identical results (p = 1.0) and a statistically
significant advantage over Group 1 (p = 0.002
for both Groups 2 and 3).

DISCUSSION

Plantar heel pain is a common clinical issue that
remains both relevant and, in many respects,
controversial. Due to the complex anatomical
structure of the heel and foot, the etiology
of pain, as well as the associated dysfunction
and alterations in foot biomechanics, may be
attributed to a variety of factors [14]. Traditio-
nally, three main categories of causes of PHP are
distinguished: mechanical — related to pathology
of the proximal, middle, or distal portions of the
plantar fascia, its ruptures, or stress fractures
of the calcaneus; rheumatologic - development
of localized pain syndrome in the setting of
ankylosing spondylitis, Reiter’s syndrome, or
other seronegative  spondyloarthropathies;
neurologic — occurring in cases of L5-S1 radicu-
lopathy or compression of the first branch of the
lateral plantar nerve (Baxter’s nerve) [15].

The focus of the present study was PHP
caused by pathology of the proximal portion of
the plantar fascia. According to J. Perry’s concept,
this condition arises due to the overstress of the
plantar fascia during heel lift-off and weight
transfer to the forefoot while walking. In his
view, because of the fascia’s low elasticity,
tensile forces are primarily exerted on the
calcaneal tuberosity during the push-off phase,
and these forces increase with dorsiflexion of
the metatarsophalangeal joints. In addition, the
gastrocnemius-soleus muscle complex further
concentrates stress in the area of the plantar
fascia, significantly enhancing the overall
loading effect [16]. Morphological changes in the
structure of the proximal plantar fascia, resulting
from a tendinosis cycle triggered by chronic foot
overload, include decreased collagen synthesis

or progressive collagen degeneration, tenocyte
death, and matrix degradation. These changes,
in turn, further increase the fascia's susceptibi-
lity to injury [17].

Pain chronification and the ineffectiveness
of traditional conservative treatment protocols,
which include functional stretching and
strengthening of the foot’s extensor apparatus,
use of orthopedic supports, anti-inflammatory
therapy, various local injection and cell-based
therapies, as well as physical and radiation
modalities, necessitate consideration of more
invasive therapeutic approaches. At the same
time, ESWT, which has proven highly effective
during the acute phase of the condition, remains
a relevant treatment option in cases of PHP
relapse or when the patient declines surgical
intervention.

According to M. Thiel, ESWT is a
pathogenetically justified treatment modality
as it optimizes reparative processes through
microtrauma of avascular or poorly vascularized
tissues, which in turn leads to the release of local
growth factors, stimulation of revascularization,
and ultimately more effective tissue remodeling
[18]. Several multicenter studies evaluating the
efficacy of low-energy ESWT for chronic heel
pain have reported up to 86% favorable outcomes
[19, 20]. D.S. Hammer et al. demonstrated
similar results — 80% of 49 patients with heel
pain experienced complete or near-complete
relief after three weekly ESWT sessions [21].
M.IL. Ibrahim et al. reported that during a two-
year follow-up, all patients noted a 90%
reduction in pain compared to baseline [22].
C. Schmitz et al., based on a systematic review,
recommended that all patients aged 18 and older
with proximal PF undergo a course of ESWT
prior to surgical intervention [23]. However,
H. Gollwitzer et al. argued that the efficacy of
ESWT remains controversial, and the procedure
does not guarantee clinical improvement in
cases of chronic PHP [24]. Published series of
studies have also reported highly heterogeneous
results with high-energy ESWT, ranging from 56
to 94% success rates [25].

Conclusions regarding the relatively low
efficacy of ESWT in chronic pathological
processes were presented in the study by T. Erden
et al. [26]. The sonographic and functional results
of our study confirmed the reduced effectiveness
of ESWT in treating PHP caused by proximal PF.
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Despite the statistical identity of the absolute
values of plantar fascia thickness in the affected
limb across all groups at baseline, as measured
by ultrasound and exceeding the corresponding
values of the contralateral limb by 1.7-2.1 times,
the plantar fascia thickness in the ESWT group
increased by the third month of the study and
only decreased by 6.6% by the sixth month after
treatment completion. This value remained
significantly higher than the thickness of the
intact fascia, indirectly indicating a continuing
degenerative process.

The recurrent nature of the disease course
was also confirmed by the analysis of pain
severity using the FFI. Following ESWT, a more
than twofold reduction in PHP was observed
during the first month after treatment. However,
pain intensity increased at 3 and 6 months,
and by the 12-month follow-up, the values had
nearly returned to baseline, showing only an
11% reduction. Functional assessments of the
foot during activities of daily living and various
work-related tasks demonstrated a similar
pattern: an increase of 25.5 and 29.0% during
the first month, stabilization at this level over
the next 6 months, followed by a gradual decline
between months 6 and 12, ultimately exceeding
baseline values by 18.0 and 21.0%, respectively.
These findings indicate an almost complete
loss of the initial therapeutic effect. Overall,
our results suggest a low efficacy of ESWT in
treating patients with chronic proximal PF.

Bipolar radiofrequency ablation affects
regenerative processes in the plantar fascia
differently. Rapid pain relief immediately
following treatment is primarily due to
denervation, followed by subsequent
regenerative processes, including stimulation
of angiogenesis in the avascular fibrous fascia
through increased secretion of fibroblast
growth factors and vascular endothelial growth
factor. Radiofrequency treatment does not
significantly compromise the mechanical
strength of the fascia, does not cause serious
complications, and demonstrates favorable
early outcomes in the treatment of PHP [27].
F. Yapici et al. unequivocally recommended
switching to alternative treatments, with BRFA
being the preferred option, in cases where ESWT
was ineffective [28].

In a 2023 study, N.P. Tas and O. Kaya compared
outcomes of 79 patients treated with BRFA and
80 patients receiving ESWT on the plantar fascia.
The authors reported that both procedures
significantly reduced pain, disability, and activity
limitation. ESWT was particularly effective in
early painreduction, whereas BRFA demonstrated
a more pronounced effect on reducing disability
and activity limitation [29].

Our study also demonstrated superior
treatment outcomes with BRFA compared
to ESWT. The analysis of the ultrasound
measurements of the dorsal-plantar dimensions
of the proximal plantar fascia revealed
significant positive changes by the end of the
third month post-treatment. By six months,
fascia thickness had decreased by one-third
compared to baseline, showing statistically
significant improvement over the corresponding
values observed with ESWT. Unlike the findings
reported in the aforementioned study, BRFA in
our investigation led to a significant reduction in
the FFI as early as the first month of treatment,
with a sustained positive effect throughout the
follow-up period and marked alleviation of PHP
by the sixth month. This contrasted sharply with
the outcomes following ESWT. Moreover, during
the initial three months of the follow-up, only
minor functional limitations of the foot and
ankle during walking and various work-related
activities persisted, enabling patients to restore
mobility and work capacity. From months 6 to
12, functional outcomes approximated those
of the healthy limb, fully satisfying all study
participants.

Alternative treatment methods to BRFA that
lead to pain reduction and improvement of foot
biomechanics include surgical procedures based
on the concept of plantar fascia lengthening
aimed at reducing its tension [30]. Endoscopic
plantar fascia release is considered a safe and
effective alternative; however, its significant
drawback is poor visualization and a high risk
of unintentional excessive transection [31].
A.M. Brugh et al. demonstrated that regardless
of the surgical technique chosen, transection of
more than 50% of the plantar fascia diminishes
its supportive function and results in overload
pain in the dorsal and lateral aspect of the foot,
leading to the development of the so-called
“lateral column syndrome” [32].
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The short- and long-term outcomes of open
release and percutaneous BRFA were reported by
Y. Yuan et al. According to their data, both surgical
procedures demonstrated equivalent long-term
therapeutic effects, with a mean follow-up dura-
tion of 58.77 months. However, the authors noted
that percutaneous BRFA was superior in terms
of reduced operative time and an uncomplicated
postoperative course. Additionally, patients
undergoing percutaneous BRFA experienced a
shorter recovery period for the restoration of
normal motor function compared to those treated
with open plantar fascia release [33].

In our opinion, it is also important to consider
that the therapeutic effect of surgical lengthening
may partly result from the enforced period of
rest dictated by the postoperative protocol.
At the same time, mere reduction of plantar
fascia tension without stimulation of collagen
regeneration is likely to create conditions for
a more prolonged disease course and patient
socialization. Taking this into account, the
concept of combining microperforations with
marginal microtenotomies performed using a
bipolar needle radiofrequency electrode allows:
first, to achieve a faster analgesic effect through
denervation of pathological nerve endings;
second, to achieve greater lengthening of the
plantar fascia, thereby further reducing its
tension; and third, to potentiate regeneration,
consequently ensuring a more complete and
earlier restoration of limb function.

Ultrasound imaging with analysis of plantar
fascia thickness, echotexture, and echogenicity
is widely recognized by most authors as
an accessible method for diagnosing and
objectively assessing treatment outcomes in
patients with proximal PF [34]. The results of our
study confirmed this assumption. Sonographic
measurements of fascia thickness in the main
group, which initially showed high baseline
values, demonstrated superior dynamics with
complete normalization of fascia dimensions by
the sixth month of treatment. Moreover, only in
the main group did the plantar fascia thickness
of the affected limb become not only closest
to that of the intact limb but also statistically
indistinguishable from it (p = 1.0). Meanwhile,
among the wide range of subjective methods

for monitoring treatment efficacy, assessment
of pain reduction and restoration of foot and
ankle function remains the most informative
[35]. According to the pain subscale of the FFI,
by the third month, only patients in the main
group had scores that exceeded MDC by less
than two times, in contrast to the comparison
group (almost eightfold MDC exceedance) and
the control group (MDC exceedance by 12.8
times). Complete pain relief was achieved
within the first six months of follow-up, earlier
than in patients of the other groups. In our
opinion, sufficient recovery of foot function and
daily activity had already been achieved by the
3-month follow-up (a clinically insignificant
exceedance of MDC in the FAAM (ADL) by 1.54
times).

Study limitations

The limitation of our study is the relatively small
sample size, which is attributable to the strict
inclusion and non-inclusion criteria, as well
as the limited follow-up period of 12 months.
Further research is needed to evaluate the
long-term outcomes of the proposed treatment
method over a five-year period.

CONCLUSIONS

The modified minimally invasive bipolar
radiofrequency ablation technique proposed
in this study for the treatment of refractory
proximal plantar fasciopathy demonstrated
superior clinical outcomes, including complete
resolution of plantar heel pain and earlier
restoration of foot function, when compared
to both standard bipolar radiofrequency
ablation and a course of extracorporeal shock
wave therapy. The use of modified bipolar
radiofrequency ablation helped to interrupt
the degenerative cycle of tendinopathy by
applying an etiopathogenetic approach, which
successfully combined reduction of plantar
fascia tension with partial denervation and
activation of collagen regeneration. These
findings appear promising and suggest that
the modified technique may be considered a
preferred treatment option in cases where all
types of conservative therapy fail within a six-
month period.
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Pedepar

Axmyansnocms. Manuectepcko-Okcdopackuit onpocHuk (Manchester-Oxford Foot Questionnaire, MOXFQ) siByisi-
eTcsl OBHUM U3 Hambosee BAIMIMPOBAHHBIX M MIMPOKO MPUMEHSEMbIX MHCTPYMEHTOB [JISI OL[EHKM COCTOSIHMUSI CTOIIBI
¥ TOJIEHOCTOITHOTO CyCTaBa Ha OCHOBE CaMOOTYETOB MallMEHTOB. B HacToslee BpeMsi OTCYTCTBYeT PyCCKOSI3bIUHAs Bep-
cust MOXFQ, aganTupoBaHHasi B COOTBETCTBMUM C MEXAYHAPOLHBIMU METOONIOTMYECKMMY CTaHIapTaMu.

Llens uccnedosanus — Kpocc-KyabTypHAs afanTalus M ICUXOMeTpUUYecKasl Baauaanuys pycCKOsI3bIYHOM BepCui OMPOCHMU-
ka MOxFQ y nmanueHTOB € IaTOJIOTME CTOIIbI ¥ TOJIEHOCTOITHOTO CYCTaBa.

Marepwuain u meToasl. B ccienoBanme Bouuiu 50 MalMeHTOB, HAXOAMUBILMXCS Ha MPefoIepalMIOHHOM JTarle JeueHus 3a-
60j1eBaHMIT CTOIBI M TOJIEHOCTOITHOTO CycTaBa. Bblay npoBeneHsbl nepeBoy 1 agantaiys MOxFQ mo metogonorun ISPOR.
Bce maumenTs! 3anonHmIM onpocHMk MOXFQ 1 EQ-5D-5L. [ToBTOpHOE aHKeTUPOBaHKe uepe3 7—14 nHeii 61710 MPOBEIEHO
y 38 malyeHTOB, He MOTyYyaBIINX XUPYPruueckoro Wiy MHOTO BMeNlaTelbCTBa B 9TOT Hepuof. OLeHMBaINCh BHYTPEHHSIS
cornmacoBaHHOCTb (oo Kponb6axa), TecT-petect HageskHOCTh (ICC), ctanmapTHas omnbka usMepenust (SEM), MUHUMAIbHO
3Haunmoe pasanune (MDC), 3¢ deKTsl «I10/1a» U «IIOTOMKA», KOHCTPYKTHAS BATUIHOCTD.

Pesynemamot. Pycckas Bepcust MOXFQ mokasasa BbICOKYI0O BHYTPEHHIOIO coriacoBaHHOCTh (o = 0,878) u xopoiiryio Boc-
npousBoaumocts (ICC = 0,758). SEM cocraBmiia 3,09 6aymuta; MDC — 8,55 6asia. DhdeKThI «I1oma» U «IOTOIKa» OTCYTCTBO-
Banu. O6HapyKeHbI 3HAUMMbIe KOPPeJISIIY Mexkay uToropbiMmu 6annamm MOxFQ u nomenamu EQ-5D-5L (p = 0,599-0,745;
p <0,001), a Takke ¢ BAIII (p =-0,564; p < 0,001).

3axntouenue. Pyccrosizpradasi Bepcyst MOXFQ rnpogeMoHCTpMpoBasia BbICOKME IICUXOMeTpUUYeCcKe CBOCTBA Y MOKET ObITh
peKoMeHI0BaHa /iJ1s IpYMeHeHMsI B KIMHNYECKOI 1 UCCIef0BaTeNbCKOi MpakTUKe.

KirroueBble ¢JIOBa: CTOIA; roieHOCTOMHbIN cycTtaB; MOXFQ; Bammparus; PROM; onpocuuk; EQ-5D-5L.
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Abstract

Background. The Manchester-Oxford Foot Questionnaire (MOXFQ) is one of the most validated and widely used tools
assessing foot and ankle disorders based on patient-reported outcomes. To date, there has been no Russian-language version
of the MOxFQ that has been adapted according to international methodological standards.

The aim of the study — to perform the cross-cultural adaptation and to assess the psychometric validity of the Russian-
language version of the MOxXFQ among patients with foot and ankle pathology.

Methods. The study enrolled 50 patients who were in the preoperative stage of treatment for foot and ankle joint
disorders. The MOxFQ was translated and adapted following the ISPOR guidelines. All patients completed both the MOXFQ
and EQ-5D-5L questionnaires. Test-retest reliability was assessed 7-14 days later in 38 patients who had not undergone
surgery or other interventions during this period. Internal consistency (Cronbach’s a), test-retest reliability (ICC), standard
error of measurement (SEM), minimal detectable change (MDC), floor and ceiling effects, and construct validity were
evaluated.

Results. The Russian-language version of the MOxFQ showed high internal consistency (o = 0.878) and good test-retest
reliability (ICC = 0.758). SEM accounted for 3.09 points; MDC — 8.55 points. No floor or ceiling effects were observed.
Significant correlations were found between the total MOXFQ score and EQ-5D-5L domains (p = 0.599-0.745; p < 0.001),
as well as with the VAS (p =-0.564; p < 0.001).

Conclusion. The Russian-language version of the Manchester-Oxford Foot Questionnaire demonstrated strong psychometric
properties and is recommended for use in clinical and research practice.
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BBEJEHUE

[TaTomorusi CTOMbI ¥ TOJTEHOCTOIIHOIO CyCcTaBa SIBJISI-
eTcst OIHOV 13 HamboJsee pacpoCTpPaHeHHbIX B OPTO-
MeauvYecKoii MpaKTUKe U CONTPOBOXKIAETCS] BbIPa)KEH-
HbIMM HapyIIEHUSMU OIMOPOCIOCOOHOCTH, GONEBBIM
CMHAPOMOM M CHMKEHMEM KauyecTBa XMU3HU MalieH-
ToB [1]. 151 oneHKM (YHKUMOHAIBHOTO COCTOSTHMS
M pe3yJbTaTOB JIeUeHUSI B TaHHOW 061acTy IIKUPOKO
MUCHONB3YIOTCS MHCTPYMEHTBI, OCHOBaHHbIE Ha ca-
MooTueTax nanueHToB — Patient-Reported Outcome
Measures (PROMs) — obecreunBaloiiye cTaHgapTu-
3MPOBAHHYI0 U BOCIIPOM3BOAVMYIO XapaKTePUCTUKY
KIIMHUYEeCKOro cTaTyca [2, 3].

OpHuM w3 Haubosee BaaMAMPOBaHHBIX PROM-
MHCTPYMEHTOB, TIpeJHa3HAaUeHHBbIX [JIS OLLE€HKU
HapylleHuii B 061acTM CTOMBI YU TOJEHOCTOITHO-
ro cycrapa, sBasieTcsi MaHuecTepcko-Oxrcdopackuit
ompocHuKk (Manchester-Oxford Foot Questionnaire,
MOxXFQ). OnpocHMK WM3HAUaJIbHO ObUT pa3paboTaH
B Benuko6puTaHUM MJIST OLIEHKU MCXOMOB XUPYPTU-
YeCKOTO JieueHMsI BaJIbI'yCHOI Nedopmaiiuyu mepBo-
ro Majblla CTOMbI M BKJIOUAET 16 MYyHKTOB, 00b-
eIVHEHHbIX B TPU CYOLIKAIbI: «OO0Mb», «QYHKUIMS
(xombpbOa/cTOSIHME)» U «COLMANIbHASI aKTUMBHOCTb»
[2, 4, 5]. BnocnenctBuu MOXFQ O6bUT BayMOuMpOBaH
¥ B IOMYJ/ISILUSIX NALIMEHTOB C IPYTMMM HO30/I0TMYec-
kuMu ¢dopmamMy, BKIIOUAs apTpo3, MOCTTPaBMATU-
yeckue U BPOXKIeHHbIe AedopMauyi, XpoHUUECKIe
pPa3pbIBbl CYXOXWINIA, OCTEOXOHApPAJbHbIE IOBPEX-
JeHus U Spyrue COCTOSAHUS [6, 7].

Ha Texymuii MOMEHT PYyCCKOSI3bIYHAsI BePCUS
ornpocHuka MOXFQ, nepeBeieHHas M afalTUPOBaH-
Hasl B COOTBETCTBUM C MEXAYHAPOLHBIMU METOA0/I0-
rMYeCcKMMU CTaHapTaMM, B IUTEPAType He NpeSCTaB-
sneHa. CoracHO pekoMeHJauusM MeXayHapoLHOIo
obmiecTBa  (HapMakO3KOHOMMUECKUX  MCCIemoBa-
Huit u oueHku ucxomos (International Society for
Pharmacoeconomics and Outcomes Research, ISPOR)
¥ KoHceHcycHO nHunmuatuebl COSMIN (COnsensus-
based Standards for the selection of health status
Measurement INstruments), mnpolecc BHeIpeHUs
PROM-MHCTPYMEHTOB B HOBYIO JIMHIBUCTUUYECKYIO U
KYJIbTYPHYIO Cpefly TpebGyeT 06s13aTe/IbHO OI[@HKU UX
IICUXOMETPUYECKUX CBOJCTB: BHYTPEHHEN COIaco-
BaHHOCTHY, BOCIPOM3BOLMMOCTU, KOHCTPYKLUMOHHOM
BJIMIHOCTU, UYBCTBUTEIBHOCTM U OTCYTCTBUS 3d-
(bexTOB «IOTONMKA» U «TI0Na» [3, 8, 9].

i1 OLleHKM KOHCTPYKTHOJ BaJdUAHOCTU pYyC-
ckosi3biuHOM Bepcuu MOXFQ B Hacrosiem uccie-
moBaHMM ObUIa MCIIONb30BaHa ImKama EQ-5D-5L,
MMOCKOJIbKY:

— OHa SIBJISIETCS YHUBEPCAJIbHBIM MHCTPYMEHTOM
IS OLIEHKM KauyecTBa KU3HU U (QYHKUMOHAIBHOTO
COCTOSIHMS IaLIMEeHTa;

- ee oduiMaNbHAST PYCCKOSI3bIUHASI BepCus pas-
paGoTaHa B paMKax MeXIYHapOMHOTO CTaHAApTU3U-

POBAHHOTO IMPOTOKOJIA U AOCTYITHA )T KITMHUYECKOTO
npuMmeHenus [10];

- paHee B MEXAYHApOMHOI IIPaKTMUKe MIKajaa
EQ-5D-5L ycIelmno npMMeHsUIach IJist OLeHKU KOHC-
TPYKTHOM BUIMIHOCTU APYTUX IIKaI, BKaouass AOFAS,
FFI n SEFAS [11, 12].

EQ-5D-5L BK/IIOYAEeT MATh JOMEHOB (XIOIBVK-
HOCTb», «CaMOOOCTY>XMBaHME», «OObIYHAS AKTUB-
HOCTb», «00Ib/AMCKOMGOPT», <«TPEBOXKHOCTb/Ie-
Mpeccusi»), KakAblii M3 KOTOPBIX OLIEHMBAETCS II0
5-6a/TbHOM IIKaJie, a TaKKe BU3YaJIbHYIO aHAJIOro-
By1o mKanay (BAII) ot 0 go 100, roe 100 — Hamtydiee
cocTostHMe 300poBbs. TakuM 06pa3om, JaHHAS IIKa-
JIa TI03BOJISIET BBISIBUTH KaK 0OIee KauecTBO KMU3-
HM, TaK U OTHeSbHble KOMITOHEHTBI, ITOTEHIMAJb-
HO Koppenupyiomue ¢ cybmkaramu MOXFQ. Hamu
ObLIa MCII0Ib30BaHA PYCCKOSI3bIUHASI BEPCUS OIPOC-
Huka EQ-5D-5L, B3sTast ¢ oduUMAJbHOIO caiiTa
WWW.euroqol.org (OoCTyII IT0 perucTpanmn).

B oTHOmEHUM Banupauuyu OXUAAETCS, UTO Hau-
0ojsee CcUJIbHAS OTpUIIATENbHAS KOppensiuust Oymer
HabII0IaThCSI MEeKAY UTOroBbIM 6ayom MOXFQ u mo-
MeHaMM «60JIb/IUCKOMMOPT», «ITOABMUKHOCTb» 1 BAIII
mrkasibl EQ-5D-5L. Takum o6pasom, Bei6op EQ-5D-5L
060CHOBAaH KaK C TOUYKM 3pEHMSI MEKIYHAPOMHBIX
CTaHAAPTOB, TaK U C MTO3UIMM JIOTMIECKOI KOHCTPYK-
[V KOHBEPTEHTHO BaJIUTHOCTMU.

Llenv uccnedosanus — KpOCC-Ky/IbTypHas ajarra-
M Y TICMXOMEeTpUUeCKasl BaMOALNS PYCCKOS3bIU-
HoJi Bepcum ompocHuMka Manchester-Oxford Foot
Questionnaire (MOxFQ) y nmauyeHTOB C pa3JiUMYHbIMU
3a60/1eBaHMSIMM CTOTIBI ¥ TOJIEHOCTOITHOTO CYCTaBa.

MATEPUAJI 1 METO/IbI
JlvizaiiH uccjaegoBaHMUSI

Tun uccnenoBaHyus — ONHOLEHTPOBOE MPOCIIEKTUB-
Hoe HabmofaTenpbHOe. MeTomonorusl UccinesoBaHms
COOTBETCTBOBAIA MeXTyHapOLHBIM pPeKOMeHJaLMIM
M0 KPOCC-KYAbTYPHOJ afanTalyuy U IcUuxoMeTpuye-
CKOJi BanyuJalyy ONIPOCHUKOB, U3IOKEHHBIM B JOKY-
meHTax ISPOR u COSMIN [8, 9].

Boi6opka

B uccnemoBaHue ObUTM BKJIIOUEeHBI 50 IMAI[MeHTOB,
HaXOIMBIIUXCS Ha IpeJoliepaliOHHOM 3Tare Jie-
yeHMusl 3a6ojeBaHMIT CTOMBI UM TOJEHOCTOITHOTO
cycraBa. CpemHMii BO3pacT IalMeHTOB COCTaBUJI
47,5+13,7 roga; skeHmuH — 29 (58%), mykumn — 21
(42%). TlopaxkeHne neBOV HIVDKHEN KOHEYHOCTU 3a-
peTUCTPUpPOBaHO Yy 27 TMalMeHTOB, MpaBoit — y 23.
B BBIGOPKY BOILJIM MTAIIMEHTHI C Pa3IMUHBIMI HO30JI0-
rmyeckuMu (popmamu: 3acTapenblit pa3pbiB axXmIoBa
cyxoxwiust (n = 6), puruaHasi SKBUHycHasi nedopma-
uMst cTorbl (n = 8), apTpo3 rOJIeHOCTOITHOTO CyCTaBa
(n =10), ocTeoxOHAPaIbHBIN AedeKT TapaHHO KOCTU
(n = 4), MoBpexxeHe CBI30YHOrO arrapara rojieHo-
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CTOITHOTO CycTaBa (n = 6), BaJIbTyCcHas1 medopManus
IepBOro naiblia (n = 5), medopmariys repegHero oT-
Ileyia CTOIbI (n = 3), IIIOCKO-Ba/IbTyCHasI Aedopmanys
(n =3), apTpo3 moATapaHHOro cycTasa (n = 3), apTpos3
IePBOro IUTI0cHeaJaHroBoro cycrasa (n = 2).

ITpouenypa mepeBoga u aganTanumn

[lepeBog, M KpocC-Ky/IbTYpHasl afarnTaiusi OMPOCHU-
ka MOxFQ ocyecrisinuch 1o meroguke ISPOR [8].
[IBa He3aBUCUMBIX IIPSIMbIX I€peBOJa BbIMOTHUIN
Bpau-opTornen U MpodecCMOHATbHBIN TepeBOTUYNK,
rocJie 4ero O6bUI COCTaB/I€H eOMHbIN COIVIaCOBAHHBIMI
BapuaHT. [lajiee ABa aHIVIOSI3bIUHBIX TE€PEBOAYMKA,
He 3HAKOMBIX C OpPUTMHAJIOM, ITPOBeNM OOGPaTHBIN
repeBo. IlomyyeHHbIe BepCUM OBLIM COTOCTABJIEHbI
SKCIIEPTHOM KOMMCCUEN (TpaBMaTOJOTU-OPTOIIEAbI,
JIMHTBUCTBI). [locie yTBepsKOEHUS OKOHYATe/IbHOM
BepcuM ObLI MMPOBEAEH ITMJIOTHBIN TECT Ha BbIOOpPKE
13 15 maumeHToB.

B xome NMJIIOTHOTO TECTUPOBAaHMUS PYCCKOSI3bIU-
Hoii Bepcuu MOXFQ Ha BbpIGOpKe M3 15 maryeHTOB
OBLIIO BBISIBJIEHO, UYTO MAIMEHTHI 3aTPYIHSIOTCS B pas-
JIMUMM KaTerOpUil OTBETa «PeOKO» U «MHOIAa», 4TO
MOKeT CHMUKaTh TOYHOCTh CAMOOLIEHKM U BIUSATH Ha
peTecToBYI0 HaZleXKHOCTb. B COOTBETCTBUM C METOLO-
sorndyeckumu pekomeHgauyusmu ISPOR 1 COSMIN,
MpeanoaaraniMMi BbICOKYI0 Pa3JIM4MMOCTb U KOT-
HUTUBHYIO JOCTYITHOCTD IITKAJI OI[€HKM, OblJIa BHECEHA
KOPPEKTUPOBKA B POPMYIUPOBKY OTBETOB K [IEPBOMY
IyHKTY [IKaJIbl: KaskKJAOMY OTBETY ObUIM COIIOCTaB-
JleHbl BpeMeHHble OPUEHTUPBI (HampuMep, «pelako
(1-2 pa3za B He[ieJi0)», «MHOTAA (HECKOIbKO pa3 B He-
Oento)» U T. 4.). Takoi mogxon, yay4diiaeT IOHMMaHue
MalMeHTaMy pasauumuii MeXAy BapuMaHTaMM OTBeETa
U obecreuMBaeT COONMIOAEHME KPUTEPUS pasindm-
MOCTM KaTeropuit, jiesxalero B OCHOBe KOHCTPYKLUU
wKkas tuma Jinkepra.

B wmToroBoit Bepcuu OBUIM COXpaHEHbI OPUTU-
HaJbHbIE CMBICJIOBbIE KOHCTPYKIMM C YUETOM JIMHT-
BUCTUYECKUX W KYJAbTYPHBIX OCOOEHHOCTEN pyc-
CKOSI3BIYHOTO KOHTEKCTa, KOTOopasl IIpefcTaB/ieHa
B 3JIEKTPOHHOM BepCuUM CTAThbM Ha CaiTe >KypHaia
(ipuioxxenue 1).

IIpouenypa 3amoJTHEHUSI OTIPOCHUKOB

Bce 50 maiyeHTOB 3alOJIHMIM PYCCKOSI3IYHYIO BEpP-
cuto MOxFQ Ha moormepaloHHOM 3Ttarie. [IIoBTopHOe
3arloJIHeHMe OIPOCHMKA OBLIO BBHITIONIHEHO uepe3
7-14 nHeli 38 naleHTaMM, He MTOy4aBIIUMU XUPYP-
rMYeCKOro UM MHOTO BMeLIaTe/lbCTBa B 3TOT IIEPUOT,
JLJISL OLIEHKY PeTeCTOBOI HaJlesKHOCTH.

C uenbio OLleHKM KOHCTPYKTHOM BaJIMTHOCTU BCe
MalMeHThl TaKKe 3aIlONHUIM ONpocHuK EQ-5D-5L

(oduimanbHas PyCCKOSI3bIYHASI BepCHsl, TiepeBeeH-
Hasl pa3paboTUMKAMM B paMKax CTaHIApTM3MPOBaH-
Horo npoTokoia EuroQol).

CraTuCcTHUYECKUI aHaIn3

AHanu3 MCUxXoMeTpUUYeCKUX XapakKTepPUCTUK PYCCKO-
s13bI4HOI Bepcuyu MOXFQ BK/IOUaI OLI€HKY:

e BHyTpeHHe! COIJTaCOBAHHOCTU — OIIpenens-
JIach C MCIOJIb30BaHMeM KoadbduimenTta o Kponbaxa.
3Hauenusa ot 0,7 go 0,9 MHTEepHpeTUPOBAIUCH KaK
CBUIETETbCTBO BbICOKO COTTIACOBAHHOCTM.

¢ PeTecTOBOII HageXXHOCTM — OIl€HMBajachb Ha
OCHOBaHMM KO3 GUIMEeHTa BHYTPUKIIACCOBOI KOoppe-
nsum (intra-class correlation coefficient, ICC).

« CraHmapTHOi ommbku wusmepenus (SEM) —
paccumMThIBaNIACh IO hopmyIie:

SEM = SD x (1 — ICC).
e MuHuUMa/ibHO 3HauMmoro pasanuusg (MDC) —
omperensiyioch o opmyie:

MDC = 1,96 x SEM x V2,

KaK HayMeHbIllee M3MeHeHMe, BbIXOSIINee 3a mpeje-
JIbI BEPOSITHO CJTyYaifHOM OIIMOKNA.

o KOHCTPYKTHOM BaIMITHOCTU — OLl€HMBAIach IIy-
TeM pacueTa Ko3(puiMeHTa paHroBOil KOppeasiuun
CroupMmeHa (p) MeXIy UTOroBbIM 6ayiom MOXFQ u
pesyabTaTaMy omnpocHuka EQ-5D-5L (BKiouast OT-
nenbHble JoMeHbl 1 BAII).

o Anamu3 3dQeKToB «Ioga» U <«IIOTOJKA» —
ompeAensINCh Kak oS TalyMeHTOB, HabpaBIIMX
MaKCMMajJbHOE WIM MUHMMAJIbHOE 3HaueHUe II0
utoropomy 6amry. dbdexTs > 15% cunTanuch BbIpa-
SKEHHBIMM U TTOTEHIIMATBHO MCKaKAOUIMMU UHTEP-
MIpeTaIuio pe3yabTaToB.

CraTucTuueckast 06paboTKa JaHHbBIX TPOBOIMUIIACH
C ucnob3oBaHMueM Jamovi (Bepcus 2.3.28), IBM SPSS
Statistics (Bepcust 26.0) 1 Python. YpoBeHb cTaTuCTHU-
YeCKOl 3HAUMMOCTY YCTAHOBJIEH Ha ypoBHE p < 0,05.

HJIaHMpOBaHI/le rmIioTe3

IOns OlLleHKM KOHCTPYKTHOM BaJIMAHOCTU IIIKaJbl
MOXFQ 6bUTa MCIIOAb30BaHA METOHOJIOIMS COIMO-
CTaBJIEHMS C IOKasaTeasMyu ornpocHuka EQ-5D-5L.
B cootBeTcTBUM ¢ pekoMmeHaanyussMyu COSMIN 6bLan
3apaHee cOPMYIMPOBAHbI I'MIIOTE3bI O HAIlpaBJjie-
HUM U CUJIe TIpeAriojaraeMbIX KOPPessinii MeXIy
utoroBsiM 6aymom MOXFQ u momenamu EQ-5D-5L
(Tabm. 1).

KoHcTpyKTHaAsi BaJMOHOCTb IMpM3HABAjgacCh ITOM-
TBEPXKIEHHOV B cJlyuyae BepuduKkaiuy He MeHee 75%
TUIIOTE3, YTO OTpakaeT JOCTATOYHYIO KOHIIEITYyallb-
HYIO COINIACOBAHHOCTh MEXAY IIKaJlaMy, U3Mepso-
MMM CMEKHbIE KOHCTPYKTAHI.
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Tabnuya 1

IIpegBapuTensHO chopMyIMpPOBaHHbBIE TMIIOTE3bI AJIS OIEHKY KOHCTPYKTHO BaIUAHOCTI
pycckoszbruHoi Bepcuy MOXFQ (B cpaBHeHUM ¢ foMeHamu mKkanabl EQ-5D-5L)

Ilomen EQ-5D-5L

T'mnoTe3sa Okupaemblii p

IToaBMKHOCTD

O6bIYHAasE aKTUBHOCTD
Bonb/muckompopt
TpeBOXXHOCTB/LeTIpeccust
Camoo6cemykuBaHme

BusyanbHas aHanorosas mkana

[Mpsimast koppensus
[Tpsimast Koppensius
[Mpsimast Koppensus
[Tpsimast Koppensius
[Ipstmast KoppessImst

O6paTHast KOppesius

>0,5
>0,5
>0,5
>0,4
>0,4
<-0,4

PE3VJIbTATDBI

XapakTep pacmpeneneHuss utoroporo 6amra MOXFQ
B MCCJIelyeMOJi BbIOOpKE JeMOHCTPUPYET YMEePEHHO
HOpMaJbHOE paclipefiejieHue C JerKUM CMellleHUeM
B CTOPOHY 6o0jiee BbIpasKEHHOJ CHMMIITOMATUKM, YTO
yKa3bIBaeT Ha TeTepOreHHOCTb KIMHUYECKUX TIPOSIB-
JIEHM# y TallMeHTOB C PasJINMYHbBIMM 3a60/1€BaHUSIMU
CTOIIbI U TOJIEHOCTOITHOTO cycTaBa (puc. 1).

10

YactoTa

l_—l_
5 10 15 20 25 30
WToroeeiin 6ann

PucyHok 1. Tucrorpamma pacrpeseneHus UTOTOBOTO
6aia MOXFQ (n = 50)

Figure 1. Distribution bar chart of the final MOxFQ score
(n=50)

BHyTpeHHSsIsI COTJIaCOBAHHOCTD

AHanu3 BHyYTpeHHel COIIaCOBAHHOCTU PYCCKOSI3bIU-
HOMt Bepcuu ompocHuka MOxFQ mpopeMOoHCTpUpO-
BaJI BBICOKMIT ypOBeHb OAHOPOAHOCTU IIKaJIbl. PacueT
o Kponbaxa Ha 0CHOBaHMM ITEPBUYHOTO 3aTIOTHEHMS,
BK/IIOUamero 50 MalueHToB, TOKa3aJl 3HaueHMe
0,878, UTO CBUIETENBbCTBYET O BHICOKOI CTEIeHy B3a-
MMOCBSI3Y MEXYy MyHKTaMM IIKaJbl ¥ COIJIACOBAaHHO-
CTU U3MepsieMbIX KOHCTPYKTOB.

TecT-peTecT HaJEKHOCTD

TecT-peTecT aHa/13 GbIT BHIIOJIHEH HA TIOATPYIIIE U3
38 mauyueHTOB, NMOBTOPHO 3alOIHUBLIMX OINPOCHUK
MOxFQ B TeueHme 7-14 nHeil mocjie NepBOro aHKe-

TUPOBAaHUS B CTAOMILHOM KIMHUUYECKOM COCTOSTHUM.
Kosdduiment BHyTpuKiaaccoBoii koppensiunu (ICC)
coctaBui 0,758, UTO MHTEPIIPETUPYETCS KaK XOpoIast
BOCIIPOM3BOAMMOCTb pEe3yJIbTaTOB M yKa3biBaeT Ha
CTabUJILHOCTL M3MEpEeHUH IpU MOBTOPHOM ITpUMe-
HEeHUM IIKajbl (pUC. 2).

50t

N w B
=) =) 1<)
\
*,

MOxFQ (noBTOpHOE 3anoNHeHne)

=
o
T

0 10 20 30 40 50
MOxFQ (nepenyHoE 3anonHeHNe)

PucyHoK 2. [lyarpaMmMa paccesiHusI MeXIY IepBUYHbIM
1 IOBTOPHBIM 3aronHeHneM mkanbl MOXFQ —
UTOTrOBbIE 6B (1 = 38): Kakaast TOUKA IPeICTaBIISIET
MHIMBUAYATBHOTO MALlMEeHTa; KpacHas JIMHUS — JIMHEeHAs
perpeccusi; MyHKTUPHAS JUaroHaab COOTBETCTBYeT
UaeaJlbHOMY COBITae€HUIO Pe3YyIbTaTOB (Y = X)

Figure 2. Scatter diagram showing the relationship
between the primary and repeat MOxFQ scale scores
(final scores; n = 38). Each point represents an individual
patient; red line shows the linear regression;

dotted diagonal corresponds to perfect correlation

of results (y =x)

Il OlleHKM TOYHOCTM M3MEpeHUs] paccuuTaHa
craHmapTHasi ommbka musmepenust (SEM), kotopast
cocraBmia 3,09 6anna. MUHMMAaIbHO 3HAUMMOE Pas-
mmnune (MDC), onpefensioiiee HauMeHblIee U3MeHe-
HMe, BbIXO[sIee 3a Ipefesbl CIy4aiHOM Bapualyy,
cocraBmio 8,55 6asmia, YTo MOXKeT OBITh MCIIOIb30Ba-
HO I[IPY KJIMHMYECKO MHTepIIpeTaluy MHAVUBULYaJIb-
HO OIMHAMMKMU.
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dddeKkTsI «110Ia» U «IMOTOJIKA» pensiiyio ¢ utoropsimM 6amiom MOXFQ (p < 0,001), 3a
UCKJIIOYEeHMEM BU3YaJIbHON aHAJIOrOBOJ UIKAbl, TAe
Habmopanach obpaTHas 3aBUCMMOCTb (p = -0,564)
(Tabm. 2, puc. 3).

B ucciemyeMoit BbIGOpKE He 3aperuCTpUpPOBAHO HU
OIHOTO C/Ty4ast JOCTVsKeHUs] MyHUManbHoro (0 6a-
JIOB) WIM MaKCUMalbHOro (48 06a/uioB) 3HAUEHMUS

mo uroroomy 6aury MOXFQ. Takum o6pasom, ad- Tabnuya 2
(exThl «Io/Ia» U <«IOTOJKa» OTCYTCTBOBAIU. ITO Koppensuus mexxay MToroBsiM 6a/utom MOXFQ
YKa3blBaeT Ha BBICOKYIO UYBCTBUTEILHOCTb IIKAJIbl u nomenamy EQ-5D-5L (p Cimpmena)
B IIpefeiax KIMHUYECKOro AuarnasoHa U OTCYTCTBUE I EO-5D-5L
VICKaKeHUI1 pacIipe/ie/ieHus1, CBI3aHHbIX C KPAifHUMMU omer £L Koapduument p b
3Ha4YeHUIMN. IToaBMKHOCTD 0,584 <0,001
KoHcTpyKTHas1 BaIugHOCTh Camoob6cmykuBaHue 0,745 <0,001
O1leHKa KOHCTPYKTHO BJIMTHOCTY OCYIIeCTBJISIaCh O6bIYHAS AaKTUBHOCTD 0,603 <0,001
myTeM pacueTa Ko3¢GdUIMEHTOB PaHroBON Koppe- B 0.599 <0.001
asuuy CiupMeHa MeXIy UTOTOBbIM OGayiom MOXFQ OB/ IMCKOMOpT ’ ’
(B mpolieHTax) M ToKasaTenasiMu 1mkamabl EQ-5D-5L. TpeBOKHOCTb/IENpeccust 0,715 <0,001
Bce momens! mkanbl EQ-5D-5L mpomeMoOHCTpUpoOBa-
A < pon pvb BAIL 0,564 <0,001
JIM CTAaTUCTUYECKU 3HAUMMYIO TOJIOKUTEbHYI0 KOP-
MOXxFQ (%) vs EQ _MoasuxHoCTb MOXxFQ (%) vs EQ _Camoo6cnyxuBaHue
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PucyHoK 3. [IuarpaMMbl KOppessiiinii MeXXay UTOroBbIM 6anmom MOXFQ (%) n nomeHamu mikaisl EQ-5D-5L
Figure 3. Correlation diagrams between the MOxFQ total score (%) and the domains of the EQ-5D-5L scale
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IJIsT OLIeHKM KOHCTPYKTHOM BaJIMIHOCTM ObLIa
MpoBefeHa MPOBepKa IIecTu 3apaHee CHOPMYIUPO-
BaHHBIX TUIIOTE3, OTpaXkaloUMX IMpearnoaaraeMmyo
CUJTy M HaIlpaBJIEHHOCTb KOppesilyuii MeXIy UTOTO-
BbIM 6ayutoMm MOXFQ 1 nomeHamu 1ikanbl EQ-5D-5L.
[MoagTBep)kOeHME OBUIO TIOAYYEHO [JISI BCEX Ilec-
TU TUIore3, uto cocrasisger 100% or obiero uyc-
Jla ¥ T[OpeBblllaeT MUHMMAJbHBIA IOpPOT BEPU-
dukauym  (=75%), peromenmoBaHHblii COSMIN.
OTO CBUAETENbCTBYET O BBICOKOM CTEEHU KOHCTPYKT-
HOJ BaJIMAHOCTU PyCCKOSI3bIUHOM Bepcuu MOXFQ.

OBCY>XKIEHUE

Hacrosiiiee mcciefnoBaHue MPOAEMOHCTPUPOBAIO,
YTO PYCCKOSI3bIUHAST BepCust ompocHMKka Manchester-
Oxford Foot Questionnaire (MOxFQ) o6naga-
€T BBICOKMMM IICUXOMETPpUYECKUMU CBO]‘/J[CTBaMI/I,
CPaBHMMBIMM C OPUTMHAJIbHOI aHIIOSA3BIUYHOI Bep-
cuel U BaIUAMPOBAHHBIMMY afanTalusIMM Ha OPYTUX
SI3BIKAX.

BHYTpeHHSIS COIIaCOBAaHHOCTh
¥ BOCIIPOU3BOAMMOCTh

Kosdbdunment o Kponbaxa, pacCYMTaHHbIN O pe-
3yJbTaTaM II€PBUYHOrO 3allOJIHEHUS OIPOCHUKA,
cocraBun 0,878, UTO CBUAETENLCTBYET O BBICOKOI
BHYTPEHHE} COINIAaCOBAaHHOCTM ¥ OLHOPOLHOCTU
IIKaJIbl. AHAQJIOTUYHbIE 3HAUEHUS ObUIM TIOTyYeHbI
B OpUI'MHAJIIbHOM McCCaenoBaHuu J. Dawson ¢ coas-
Topamu (0,89-0,93) 1 noaTBEpPKIEHBI B afalTalUsIX
Ha ApYTUX s3bIKax, BKIoUas kuraiickuii (0,98-0,99),
Typeukust (0,78), ucnanckuiti (0,91), rommaHgcKuii
(0,74-0,86) 1 mHorue apyrue [1, 13, 14, 15, 16, 17,
18,19, 20].

OueHKa TecT—peTecT HaJeXHOCTM Ha MOATpyIIe
u3 38 nanueHToB nokasana ICC = 0,758, uTo cooTBeT-
CTBYET XOPOIlIeMY YPOBHIO BOCIIPOM3BOLMUMOCTHU. ITO
3HAUeHMe COMOCTaBUMO C pe3yJlbTaTaMMu, OMyOIMKO-
BanHbIMU R. Goodall ¢ coaBropamu (0,78), a Takke
D. Morley c coaBropamu (0,83), 1 MOATBEPKIAET CTa-
O6MIbHOCTb MHCTPYMEHTA MPU MOBTOPHOM IIpUMeHe-
HMU B CTAOWIBHOM KIMHUYECKOM KOHTeKCTe [4, 6].

Paccuntanubie 3Hauenust SEM (3,09 Gamna) u
MDC (8,55 6anna) COOTBETCTBYIOT 'paHUIIAM KIMHU-
yeckM 3HAUYMMOTO M3MeHeHMs. B mpyrux mccieno-
BaHusx MDC MOxXFQ konebanocs ot 7 go 10 6annoB
B 3aBMCMMOCTHU OT OM3aliHa UCCAeLOBaHMUS U IOIy-
nauum [21].

KoHcTpyKTHas1 BaIugHOCTh

PesynbTaThl aHAIM3a KOHCTPYKTHOI BaJUIHOCTH T10-
Kasajy 3HAUMMYI0 KOPPEJISIMI0O MeXKIY WTOTOBBIM
6asutom MOxFQ u momeHamu 1mkaasl EQ-5D-5L.
HawnGosee BbIpaskeHHbIe TONOKUTEIbHbIE KOPPEs-

MY YCTAHOBJEHBI C JOMEHaMM «CaMOOOCTyKMBa-
HJe», «TPeBOKHOCTb/Ienpeccusi» U «OOJb/OVICKOM-
(dbopT», UTO MOATBEPKIAAET UYBCTBUTEIbHOCTD IIKAJTBI
K GYHKIMOHAILHOMY ¥ SMOLMOHAJIBHOMY KOMIIO-
HEHTY COCTOSIHUS nauyeHTa. OTpuuaTenbHas Koppe-
gauus ¢ BAII Takke cormacyeTcsl ¢ OKMAAeMOM MO-
IleJIbIo, Te yXyAiieHne GyHKIMOHATbHOTO COCTOSTHUS
1o MOXFQ conmpoBOXIaeTCsI CHIDKEHMEM CYObEKTUB-
HOJi OIIEHKM OOIIEro 3I0POBbSI.

IlpoBenmeHHast TMpoBepKa TIUIOTe3, chopmyan-
pOBaHHBIX [0 Hayajaa CTaTUCTUYECKOTO aHainu3a,
rokasasa, YTo BCe U3 IIeCTU MpeInoaoskeHuit 0 Ha-
MpaBJeHNUM U cuje B3auMocBsi3u mexxay MOxFQ u go-
meHamu EQ-5D-5L moaTBepAauanch. OTO MOTHOCTHIO
cootBetcTBYeT Kputepussm COSMIN, cormacHO KOTO-
pbIM Bepudukaius 6osee 75% rumnores ykasbpiBaeT Ha
aJleKBaTHYI0O KOHCTPYKTHYIO BaIMAHOCTb MHCTPYMEH-
Ta. [lonydeHHbIe JaHHbIe MOATBepKaatT, uTo MOXFQ
M3MepsieT 6;M3KMe IO CMBICTY KOHCTPYKTHI, OTpaXka-
onye Gusnyeckyo QyHKUINWIO, 601b U 06IIee BOC-
MIpUSITHE 300POBbS y TTALIMEHTOB C NTATOJIOTMEN CTOIIbI
Y TOJIEHOCTOITHOT'O CYCTaBa.

OTcyTcTBUe KpaitHux 3¢ derroB

B Hacrosimem wuccienoBaHUM He OBLIO BBISIBIEHO
BBIPKEHHBIX 5(POMEKTOB «I0/Ia» U <«IOTOJAKA. JTO
O3HavaeT, YTO IIKaja ob6jagaeT JOCTATOUYHON mud-
depeHIMPYIOLIEN CIIOCOOHOCTHIO B Ipemenax Kiu-
HMYECKOTO [Maria3oHa, MO3BOJISIS afeKBaTHO oOlle-
HMBATh MMAIMEHTOB KaK C MUHMMAaJbHBIMU, TaK U
C BBIP&KEHHBIMM CUMIITOMaMy. AHaJIOTMYHbIE BBI-
BOJbI IpeacTaBieHbl B paborax R. Goodal c¢ coas-
topamu u J.B. Garcés ¢ coaBTOpamMu, Ife OMPOCHUK
MOXFQ 3¢ ®deKkTMBHO MPUMEHSICS Y IallMeHTOB
C PasHOOOpa3HBIMM TATOJOTUSIMM, BKIIIOYAs IOCT-
TpaBMaTMUUYeCKue apTpo3bl, Aedopmalnm rnepegHero
M 3aHETO OTAEJIOB CTOIHI [6, 15].

OI‘paHI/I‘IEHI/Iﬂ nucaieasoBaHmMsa

HecMoTpst Ha 1O/IOKUTEIbHbIE PE3YAbTATbI, UCCIEN0-
BaHMe MMeeT psif, orpaHuueHuit. Bo-mepBbIx, BBIOOD-
Ka BK/II0Yajia reTepoTreHHbIX MalieHTOB C Pa3/IMUHbI-
MM HO30JI0TMYecKMMU (HopMamMu IaTOJIOTUM CTOIIbI
Y TOJIEHOCTOITHOIO CyCTaBa. JTO MOIJIO MOBIUATH Ha
BOCIIPUSITHE OTHENbHBIX TYHKTOB ILKaJIbl ¥ YBEIUUYUTD
MEKUHINBUIYAIbHYI0 BapuabenbHOCTh. OMHAKO Ta-
Kasl TeTePOreHHOCTh OTPaXKaeT peaauy KIMHUUECKOM
npakTuky, rge PROM-MHCTpYMEHTHI NPUMEHSIIOTCS
y IIMPOKOTO Kpyra MauueHTOB. Bo-BTOpBIX, B pam-
Kax JaHHOTO MCCaeq0BaHUs He MPOBOAMIACH OLleHKa
YYBCTBUTEIBHOCTU K M3MeHeHMusIM (responsiveness)
B OTHAJEHHOI IepCleKTUBe I0cae OINepaTMBHOIO
JleyeHUs, YTO IUIAHUPYETCSl y4yecTb B pamMKax Oajb-
HeJf1ero HabJIIomeHusI.

102 2025;31(3)

TPABMATONOIMNA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

3AK/TIIOYEHUE

Kpocc-kynbTypHasi afamTanyusi ¥ IICUXOMeETpude-
CcKas BalMIALMST PYCCKOSI3BIYHOM BepCuu OIMPOCHU-
ka Manchester-Oxford Foot Questionnaire (MOXFQ)
MoKa3aau, YTO MaHHBbI MHCTPYMEHT o6j1amaeT BbI-
COKOIl BHYTPEHHEN COIIaCOBAHHOCTHIO, Y OBJIETBO-
PUTEIbHOM BOCIPOU3BOAMMOCTBIO ¥ JTOCTOBEPHOI
KOHCTPYKTHOJ BaJMIHOCTHIO IIPU MCIIOIb30BAHUMU
Y MalieHTOB C TIATOJIOTIEe CTOIIBI 1 TOJIEHOCTOITHOTO
cycraBa.

[llkaja [OeMOHCTPUPYET OTCYTCTBME KpaitHUX
abdekToB, xopouryio auddepeHIUPYIONIYI0 CIo-

JOIIOTHUTEJIbHASI MTHO®OPMALIMISA

3asnenenHslii 6K1a0 asmopos

Bce aBTOpBI cOenany 3KBUBAJIEHTHBIM BKJIaj B MOATO-
TOBKY ITyOIMKALIMMN.

Bce aBTOpBI TpowIn U ofo6pman GUHANBHYI0 BepCUIo
PYKOITMCY CTaTh!. BCe aBTOPBI COTIACHBI HECTM OTBETCTBEH-
HOCTb 3a BCE aCIeKThl paboThl, YTOOBI 0OECIEUNTh Hale-
Kaliee pacCMOTPEHME U PEeIlIeHe BCEX BO3MOXKHBIX BOITPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAZEKHOCTDIO 0007
4acTy paboThl.

Hcmounuxk  ¢unancuposanus. ABTOpBI  3asIBJISIIOT
06 OTCYTCTBUM BHeIIHEro (GMHAHCUPOBAHUS MIPU MPOBeJe-
HUU UCCTeN0BaHMS.

Bo3moskHblli KOHpAUKIN uHmMepecos. ABTODBI eKiia-
PUPYIOT OTCYTCTBME SIBHBIX U TIOTEHLIMATbHBIX KOHDIMKTOB
MHTEPECOB, CBI3aHHBIX C MyOIMKaIMeii HaCTOSIIEN CTaTh.

Omuueckasn 3kcnepmu3a. He npumenuma.

HugopmupoeanHoe coznacue Ha nyoaukayuio. ABTOpbI
MOYYM/IM TIMChbMEHHOE corjiacue MaleHTOB Ha ydyacTue
B MCC/IENOBAHUY U ITyOIMKALVIO PE3YIbTaTOB.
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Abstract

Background. Despite the evolution of the surgical technique, sometimes patients complain of dissatisfaction even though
the objective post-operative parameters do not demonstrate obvious complications.

The aim of the study — to evaluate psychological implications for post-operative pain perception after hallux valgus surgery
in patients who had already undergone contralateral foot surgery.

Methods. The study included 42 patients treated with percutaneous surgery for bilateral hallux valgus in two different
time periods (40 females and 2 males; mean-age at the 1%t surgery — 55.7 years; mean-age at the 2™ surgery — 56.7 years).
All patients were administered a visual analog scale (VAS) one week after surgery to judge post-operative pain. Each
of them was evaluated clinically to assess post-operative convalescence. The patients were randomly divided into
2 groups: in group A, patients have not received further indications about post-operative pain in contralateral surgery;
in group B, patients have been informed that post-operative pain would have been worse in contralateral surgery.
Both groups received the same anesthesiological and pharmacological support in the peri-operative period.

Results. The VAS pain score was 1.03 and 1.55 after first surgery; 4.57 and 0.5 after second surgery for group A and
group B, respectively. All patients reported no pain 7 days after surgery. No significant clinical variation was reported.
Conclusion. We observed the great importance of psychological implications for pain perception in patients undergoing
foot surgery. The role of a surgeon is related not only to technical skills, but it is also conditioned by their ability to drive
patients’ individual perception of post-operative outcome.

Keywords: valgus deformity of the first toe; hallux valgus; minimally invasive surgery; pain; VAS; patient satisfaction.
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Mcuxonornyeckne nocneacTeUA YPpECKOXXHOU XUMPYPruyecKom
Koppekuuu hallux valgus
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Pedepar

AxkmyansHocms. HecMOTpSI Ha pa3BUTYE XUPYPTrUUYECKOi TeXHUKY, MHOT/IA MAlleHThI KaTyI0TCS Ha HEeYI0BJIeTBOPEHHOCTD
CBOUM (DU3MUECKMM COCTOSTHMEM, AaKe eC/TU 0ObEKTUBHbIE TTOCIe0NepalMOHHbIe TIOKA3aTeM He CBUIETENTbCTBYIOT O SIB-
HBIX OCTIOKHEHMSIX.

Llens uccnedosanuss — OIEHUTD IMICUXOIOTMYECKYE ACTTEKTHI BOCITPUSITHUS 60U TIOC/IE XUPYPIUUECKO KOPPEKIUU BaTbTYC-
HOJ1 edopManyy IEPBOTO MaJIbIIA CTOIBI Y AI[MEHTOB, KOTOPBIE Y3Ke TTepeHec Iy Onepalio Ha KOHTpanaTepaabHOii CToIIe.
Mamepuan u memodsl. B vicciefioBaHye BOILTO 42 MaIMeHTa, KOTOPIM 6bIJIA BHITTOTHEHA YPECKOKHASI KOPPEKIINST TBYCTO-
POHHe1 BaJIbI'yCHO HedopmMaliyy IepBoro naablia CTOIbI B pa3Hoe BpeMsi. Bcero 66110 40 SKeHIIMH U 2 MY>KYMH; CpeIHMI
BO3pacT Ha MOMEHT 1-ii orepauuu — 55,7 roga, Ha MOMEHT 2-ii orepanuu — 56,7 roga. Bce maieHTbI uepes Hefeso Mo-
CJ1e orepanuy 3aroTHSIIY BU3YaIbHYI0 aHAJIOTOBYI0 mKary (BAIID) my1st M3MepeHUsT MHTEHCUBHOCTM 60/, Kaskaplii M3 HUX
TIpoIIesT KIVMHUYEeCKoe 00cIeqoBaHme ISl OIEHKY MOC/Ie0NnepaliOHHOTO BOCCTAHOBIEHMS. [1allMeHThI GbIIY CTyYaiiHbIM
06pa3oM paszesieHbl Ha IBE TPYIILL. B rpyrine A manyeHTam He cOOOIIAIM HUKAKOI MHGOpManyy 06 MHTEHCUBHOCTY 60N
TocjIe omepauy Ha KOHTpajaaTepaabHO cTore. B rpymme B manyeHTs 6bUTM TPOMHGOPMUPOBAHBI O TOM, YTO 60Jb GyeT
CuJIbHee MOocje ornepaiuu Ha KOHTpaJaTepaibHOI cTore. TTalMeHTbl 06eMX IPYIIN MOMyJain OOMHAKOBOE aHECTE3MOMOTH -
yeckoe mocobue 1 hapMakomornueckoe jeyeHue B epmuornepanyioHHOM TIepyuoze.

Pesynsmamet. O1ieHnka 60y 1o BAIII cocrasmia 1,03 u 1,55 mocie nepBoii orepatiu u 4,57 1 0,50 mociie BTOpOit onepanym
B rpynmnax A u B cooTBeTcTBeHHO. Bce malMeHThl yKa3aay Ha OTCYTCTBMe 6oy yepe3 7 mHeit mocie oneparyiu. O Kakux-
JIM60 CYIIECTBEHHBIX KIVHNYECKUX U3MEHEHUSIX He COOOIAN0Ch.

3axouerue. TICUXOIOTUYECKME ACTIEKThI BOCIIPUATHS OGOMM TAIMEHTaMM, MIepPeHeCHIMIU OIePaIvio Ha CTOTe, UMEIOT
6osbIIIoe 3HaUEHMe. BiysiHMe Xupypra Ha UCXO, JTeueHst 0OYCIOBIEHO He TOMbKO er0 TEXHUYECKMMY HaBbIKaAMU, HO U BO3-
MOYKHOCTBIO BAMSTH Ha MHAUBUIYyaJIbHOE BOCIIPUSTHE MMAl[ieHTaMy pe3y/lbTaTOB ONepalMOHHOTO BMelIaTe/lbCTBa.

KiroueBbie cjIOoBa: BajJbrycHas medopmalius IepBOro majblia cTombl; hallux valgus; MaJouMHBa3uBHAs XUPYpPrusi; 60jb;
BAIII; ynoBneTBOPEHHOCTD IMalMeHTa.

IOns qutupoBanus: bounu JI., OrroHemno K., sxkynuanu I1., Bouau P., Ikynuauu JI. Tlcuxonoruueckue mocjie[ic-
TBUSI YPECKOKHO XMpypruveckoit koppekuun hallux valgus. Tpaemamonozus u opmonedus Poccuu. 2025;31(3):105-110.
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INTRODUCTION

Hallux valgus is one of the most common chronic
foot complaints with a prevalence of 23% in adults
aged 18-65 years (CI: 16.3-29.6) and 35.7% in
elderly people aged over 65 years (CI: 29.5-42.0) [1].
Corrective surgery for hallux valgus is one of the most
frequently performed surgical procedures with more
than 150 surgical techniques but none of them has
proven its superiority over the other [2]. In the last
decades, percutaneous forefoot surgery has become
increasingly widespread, providing better outcomes
for patients, less post-operative pain, shorter
scar length and lower risk of infection and wound
complications [3].

Additional advantages of this surgical technique
also include faster post-operative recovery with
immediate full weight bearing [4, 5]. S.A. Isham
from the USA was the first surgeon who described
the percutaneous forefoot surgery, and then the
Spanish specialists Mariano de Prado and Pau Golano
exported it in Europe [6, 7]. The percutaneous surgical
treatment of hallux valgus involves several procedures,
and there is still no evidence to recommend one
minimally invasive technique over another [8].

Despite the evolution of the surgical technique,
sometimes patients complain of dissatisfaction even
though the objective post-operative parameters do not
demonstrate obvious complications. In this study, we
evaluate post-operative pain following percutaneous
hallux valgus correction and investigate how
psychological adaptation can influence individual
pain perception.

The aim of this study — to evaluate psychological
implications for post-operative pain perception after
hallux valgus surgery in patients who had already
undergone contralateral foot surgery.

METHODS

Between January 2014 and December 2016, 42 patients
treated for percutaneous hallux valgus correction in
two different time periods were enrolled in the study.
For inclusion, the patients had to suffer from isolated
bilateral mild-to-moderate hallux valgus [9] with no
lateral toes deformity. Patients with a history of prior
or current chronic pain, neurological or psychiatric
disorders were excluded.

The surgery on the second foot was performed 3 to
6 months after the first one. The same percutaneous
surgical procedure was performed in all patients by the
same surgeon. They were randomly divided into two
groups: group A was not given any indications about
post-operative pain compared to the contralateral
foot; patients from group B were informed by the
surgeon that the pain would probably be worse than
in the previous surgery on contralateral foot. Both

groups received the same anesthesiological and
pharmacological support in the peri-operative period
(ankle bi-block with naropine 7.5% and mepivacaine
2.0% before surgery; acetaminophen 1000 mg twice
a day for seven days after surgery).

A week after second surgery, all patients were
administered the visual analog scale (VAS) to judge
post-operative pain, and each of them was evaluated
clinically to monitor post-operative convalescence at
one and at two weeks.

Surgical technique

The patient was placed on the operating table in the
supine position. The foot was prepped and draped
in a standard aseptic manner.

A small 2-3 mm incision was made on the medial
aspect of the first metatarsal. Under image intensifier
control, a toothpaste-like mixture of bone and blood
was removed using a wedge burr (exostosectomy).
The distal osteotomy (subcapital — proximally to
sesamoid bones) according to the Bosch technique [10]
was then performed through the same incision, so as to
allow lateral movement of the metatarsal head (WOS,
i.e. without osteosynthesis) [11]. Through a lateral
dorsal small incision the release of the tendon of the
muscle abductor of the hallux was finally performed.
A functional dressing completed the surgical act,
keeping the foot in its correct position because no
internal fixation was performed. A final visualization
under fluoroscopy confirmed the right correction.

Specific measures have been taken to limit
tissue damage according to current literature.
The blades used (attached to Beaver-type handles)
were sufficiently thin to guarantee high precision
incisions without damaging vessels, nerves or skin [5].
In addition the low-speed high-torque motor system
used in conjunction with cooled irrigation fluid and
discontinuous activations reduced the temperature
and the risk of thermal injury and necrosis [12]
while using the burrs.These procedures finally take
advantage of mini image intensifiers which are easy
to handle and provide extremely accurate images
by emitting radiation doses that are 10 to 100 times
lower than those provided by the conventional
image [5].

Post-operative management

In the immediate post-operative period, the patients
received written instructions aimed at the adequate
management of pain and local edema. The instructions
included specific drugs, forced rest, full weight bearing
in a flat stiff shoe and thromboembolic prophylaxis.
At one and two weeks, the same surgeon assessed
the patient clinically and radiologically, noting
a good hallux valgus correction in all cases. No major
complications were observed in our series.
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Statistical analysis

The statistical analysis was carried out using
the SPSS software (SPSS Inc., Chicago, IL, USA).
The VAS pain perception score was used as an
outcome measure. To compare the outcome measure
between groups A and B, we calculated changes from
baseline as the percentage of variation {[(follow-up
value/ baseline value) - 100] - 100}. After calculating
changes from baseline, we repeatedly compared
the results of group A and group B (difference of
differences) through the Mann-Whitney U test.
Throughout the statistical analysis, the significance
level was set at 0.05.

RESULTS

The mean age of patients at the time of first
surgery was 55.7 years and at the time of the second
surgery — 56.7 years. Among 42 patients, there were
40 female and 2 male patients. The average VAS pain
score was 1.03 (0.92 SD) and 1.55 (0.50 SD) after
first surgery; 4.57 (2.09 SD) and 0.50 (0.62 SD) after
second surgery for group A and group B, respectively.
All patients reported no pain 7 days after surgery. These
results showasignificant difference (p < 0.00001)in pain
perception compared to the preliminary information
obtained during the pre-operative assessment.

DISCUSSION

The ability to objectively measure pain is an important
component of health care, as it determines the
effectiveness of medical interventions. The VAS was
found to be accurate, valid, reliable and reproducible
[13], and therefore it was chosen as the outcome
measure in our study.

The relationship between a painful stimulus and
pain perception is not linear as pain is modulated
by individual emotional processes [14]. Affective
modulation of pain is currently known in the
literature: unpleasant emotions tend to increase the
perception of the painful stimulus, differently from
neutral or positive emotions [15, 16, 17, 18].

Memory also plays an important role in pain
modulation. The researchers have found that
a subject repeatedly exposed to pain develops
a branched neural network for painful memories
[19] and that activating pain projects in memory
increases the pain perception of subsequent painful
stimuli, compared to neutral information [20].

Thus, the pain perception is sensitive to various
mental processes, such as someone’s feelings and
beliefs about pain, and it is not driven solely by
harmful impact. More specifically, expectation seems
to be one of the basic mechanisms in the cognitive
modulation of pain [21].

The results of our study show a significant
difference in pain perception compared to the

preliminary information obtained during the pre-
operative assessment. This highlights how the
concepts widely described in the literature are useful
for the more specific management of post-operative
pain in percutaneous hallux valgus correction.

In fact, the surgeon must not only take care
of the technical practical part of the surgical
operation, but also try to understand the patient’s
expectations and guide the perception of the post-
operative outcome.

In this regard, it should be emphasized that it is
essential to discuss expectations with the patient
prior to surgery, as expectations themselves are the
best predictors of post-operative satisfaction [22].
Failure to understand expectations leads to patient
dissatisfaction [23]. This is particularly true in
hallux valgus correction surgery: a high percentage
(25-33%) of patients remain dissatisfied at follow-
up, even if there is a functional improvement [24].
A thorough interview should be conducted with the
patient also to evaluate the psychological component
and specific personality traits. In fact, research
suggests that a patient’s subjective outcome after
surgery may be influenced by certain individual
personality profiles [25, 26, 27, 28]. Specifically,
R. Radl et al. have shown that patients who, in the
pre-operative time, had atypical traits (aggressive,
impulsive or worried) were not completely satisfied
even when faced with an objectively corrected
hallux valgus deformity [29].

Study limitations

We recognize that this study has some shortcomings.
Firstly, the follow-up period is very short (only
2 weeks); despite this, we think that 2" week is a
crucial period in the patient’s perception of the overall
outcome. Secondly, although we consider these
results to be statistically significant, we believe that
the study group is quite small. Therefore, we stress
the need for further studies that would confirm the
role of psychology in the surgery outcome and in the
perception of pain.

CONCLUSION

The patients examined in our study, although
presenting a memory of the pain developed following
the first surgery, seem to be influenced by the
indications of the surgeon provided preoperatively,
which evidently influence their expectations and
psychological aspect. Thus, not only the surgical
procedure, but also information and dialogue with
the patient are priorities in this type of treatment to
achieve excellent post-operative satisfaction. This
approach is useful in all cases, but it is recommended
for psychologically fragile patients or for those with
specific personality traits.
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Pedepar

AxkmyansHocmes. VicciienoBaHNS 3TUONOTUM U TIATOTeHe3a JIALOHHOTO daciuaibHOro ¢pmubpomMaTosa BILUIOTh 0 HACTOSIIe-
IO BpeMeHM OCTAIOTCSI aKTyaJbHbIMM, OOHAKO JAHHbIE O IMCTOTEHETUUYECKOI MPUPOJE ero 6hICTPOTrO MPOTPeCcCMPOBAHMS
M TUCTOJIOTUYECKUX TIPEAVKTOPaxX PelUaMBUPOBAHMS B IUTEPATypPe OTCYTCTBYIOT.

Llens uccnedoeaHuss — CpaBHUTENbHBI aHAIN3 TKAHEBOT'O COCTAaBa U MepdOpPaHTHBIX apTepuii JaJOHHOTO arlOHEeBPO3a
Yy IIallMeHTOB C 6bICprIM Y TUTIUYHBIM pa3BUTHEM KOHTPaKTYpPbI ,HIOHIOI/ITpEHa.

Mamepuan u memodsi. [IpoaHanM3UpoBaHO 222 MCTOpUM GONE3HU MAIMEHTOB, MPOOIIEPMPOBAHHBIX B epuop ¢ 2014 o
2019 r. Cpok hopmupoBanusi KOHTpakTypsl JiomouTtpena (KII) B Hanbomee MHOTOYMCIEHHOI rpytime (n = 88) — OT Tpex 10
BOCbMM JIET — GBI ONpee/ieH KaK TUIIMUHbIN; pasBuTiue KII 3a mBa roga u MmeHee (n = 41) MHTepNpPeTHPOBAHO KaK GbICTPOE.
Bbuta nmpoBeneHa rMcToMOphOMETpUsI OTIepallIOHHOTO MaTepuana mpu 6eictpoM (n = 20, rpymnma 1) u Tummaaom (n = 25,
rpymira 2) mporpeccupoBanuy KII. B kauecTBe cpaBHeHMSI ¢ HOPMO¥ 6bLITY UCTIOTb30BaHbI MCCEYEHHbBIE TTPU XUPYPIUUECKOT
00paboTKe paH KMCTY GpparMeHThI JTaJJOHHOTO allOHEBPO3a YCJIOBHO 3[TOPOBBIX JI0fei (1n = 5).

Peszynomamet. MenuaHa cofepskaHUsl TUIIEPIUIACTUYECKON COeIVHUTENbHOM TKaHM CTATUCTUYECKM 3HAUMMO OOJblile
B rpymmne 1 (p < 0,05), HO TTOKa3aTesb IMMPOKO BapbMpyeT B 06eux rpynmnax. B rpymme 1 6bula BISIBJIEHA CTATUCTUYECKU
3HAuMMO 6O/IbINAsi MPOLeHTHAS O/ COfepKaHMs COCYNOB MUKPOLMPKY/ISTOPHOIO Pycia, B TOM YMC/e TIaTONOrMIecKy
M3MEHEHHBIX ¥ HOBooGpasymomuxcs (CD34+). TuctomopdomeTpus mepopaHTHBIX apTepuii IaJOHHOTO allOHEBPO3a I0-
Ka3aja, YTO B apTepusIX CpeIHero Kammobpa y malueHToB Ipymil 1 1 2 Mo cpaBHEHMIO ¢ HOPMO¥ HapyskKHbI AuamMeTp 605b-
me Ha 4% (p < 0,05) u 12,5% (p < 0,01) COOTBETCTBEHHO; IMaMeTphbl IIPOCBETOB B rpyiiie 1 meHbiie Ha 30% (p < 0,01),
a B rpyrie 2 6onbiie Ha 31% (p > 0,05). B apTepusix KPYITHOTO Kaaubpa B rpyrinax 1 u 2 HapykKHbI AMaMeTp 110 CPaBHEHUIO
C KOHTpoJsieM 6bLT MeHbIle Ha 18% (p < 0,01) u 17% (p > 0,05), a AuaMeTpsbI MPOCBETOB — MeHblie Ha 52% (p = 0,00) u 18%
(p > 0,05) COOTBETCTBEHHO.

3axnouernue. HecMOTpsI Ha MEHBIIYIO JABHOCTDb 3a60/IeBaHMS, Y TTAIIMEHTOB C OBICTPBIM IIPOTPECCUPOBAHMEM KOHTPAKTYPBI
[lomouTpeHa BbISIBIIEHO YBeIMUYeHMe YMCIeHHOCTY MaTOMOTMUeCKM M3MEHEHHBIX COCYN0B MUKDPOLIMPKYISITOPHOTO pycia
1 6oJiee BhIpAXKEHHOE CTEHOTUUECKOe PeMoeMpoBaHe mephopaHTHBIX apTepuii TaJOHHOTO allOHEeBPO3a, YTO Bepuduim-
pyeT paHHee COCYOUCTOe cTapeHue. [McTonmornueckme mpeauKToPhI MOCIe0NnepaMoHHOr0 PelUIMBUPOBAHMS HE0OX0OMMO
OLIeHUBATh MHIUBULYAIBHO.

KimoueBble c10Ba: JaloHHBI (acumanbHblii GMO6pOMaTo3; KOHTpaKTypa [IoMouTpeHa; peMomeanpoBaHue apTepuii;
COCYIJCTO€e CTapeHMue.

Onsa mutupoBanus: llynno H.A., CrynuHa T.A., Bapcerosa T.H., Octranuna [.A. TucTomornyeckue xapakTepuc-
™KK (acimanbHoro (Gubépomarosa y MaIlMEeHTOB C ObICTPBIM IPOTPECCHMPOBAHMEM KOHTPAKTYphbl [IIOMIOMTpEHA.
Tpasmamonoeus u opmonedus Poccuu. 2025;31(3):111-120. https://doi.org/10.17816/2311-2905-17664.

D}] Bapcezoea TamesHa Hukonaesua; e-mail: varstn@mail.ru
Pykomnuch nmomyuena: 23.01.2025. Pykonuch omo6pena: 06.05.2025. CtaTbst ony6aMKoBaHa oHyaiiH: 17.07.2025.

© Wlynmo H.A., Crynuna T.A., Bapcerosa T.H., Ocrannna [I.A., 2025

111 2025;31(3) TPABMATONOIMNA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA


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

KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

Original article @)y |

https://doi.org/10.17816/2311-2905-17664

Histological Features of Fascial Fibromatosis in Patients with Rapidly
Progressive Dupuytren’s Contracture

Nathalia A. Shchudlo, Tatyana A. Stupina, Tatyana N. Varsegova, Daria A. Ostanina

National Ilizarov Medical Research Centre for Traumatology and Orthopedics, Kurgan, Russia

Abstract

Background. Research into the etiology and pathogenesis of palmar fascial fibromatosis remains relevant to this day.
However, the data on the histogenetic nature of its rapid progression and histological predictors of its recurrence are absent
in the literature.

The aim of the study — to perform a comparative analysis of the tissue composition and perforating arteries of the palmar
aponeurosis in patients with rapid and typical progression of Dupuytren’s contracture.

Methods. A total of 222 medical records of patients operated on in the period from 2014 to 2019 were analyzed.
The development period of Dupuytren’s contracture (DC) in the largest group (n = 88) — from 3 to 8 years — was defined
as typical; the development of DC in two years or less (n = 41) was interpreted as rapid. Histomorphometry of the surgical
material was performed in cases of rapid (n = 20, Group 1) and typical (n = 25, Group 2) progression of DC. We used the
fragments of palmar aponeurosis from conditionally healthy people (n = 5) as control samples. These were excised during
surgical treatment of the hand wounds.

Results. The median content of hyperplastic connective tissue was statistically significantly higher in Group 1
(p < 0.05), though the indicator varied widely in both groups. Group 1 showed a statistically significantly higher proportion
of microvasculature vessels, including pathologically altered and newly formed ones (CD34+). Histomorphometry of the
perforating arteries of the palmar aponeurosis showed that, compared with the control samples, the outer diameter in
medium-sized arteries in patients of Groups 1 and 2 is larger by 4% (p < 0.05) and 12.5% (p < 0.01), respectively. The lumen
diameter is 30% smaller in Group 1 (p < 0.01) and 31% larger in Group 2 (p > 0.05). In large-caliber arteries in Groups 1
and 2, the outer diameter is smaller by 18% (p < 0.01) and 17% (p > 0.05) compared to the control, and the lumen diameter
is smaller by 52% (p = 0.00) and 18% (p > 0.05), respectively.

Conclusion. Despite the shorter duration of the disease, patients with rapidly progressive Dupuytren’s contracture showed an
increase in the number of pathologically altered microcirculatory vessels, as well as more pronounced stenotic remodeling of
the perforating arteries of the palmar aponeurosis, which verifies early vascular aging. Histologic predictors of postoperative
recurrence should be assessed individually.

Keywords: palmar fascial fibromatosis; Dupuytren’s contracture; arterial remodeling; vascular aging.
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BBEJEHUE

KoHTpakTypa llononTpeHa pa3BuBaeTcs BCIeLCTBUe
dbubponponudepaTMBHOro 3a6oaeBaHMUS JaLOHHOIN
U nanblieBoit dacuuit — JagoHHOTO (dacuuaaIbHOTO
dubpomarosa (JIO®D). VcTopuss U 3MUIEMUOTOTHUS
JI®D xopouo u3yyeHa, OJHAaKO BIUIOTh O HACTOS-
IIero BpeMEHM OCTalTCSl aKTyaJbHBIMU MCCIENO0-
BaHMUS ero STUOJOTUM U MaToreHe3a, pa3paboTka u
o6ocHOBaHMe MeTonoB yseyeHus [1, 2]. KnuHnuecku
3abosieBaHMe MPOSIBsieTCS HOPMUPOBAHUEM Y3JIOB,
a 3aTeM M BOJOKHUCTBIX TSDKEN, OrpaHMUYMBAIOIINX
pasrubaHue MaablieB ¥ BbI3bIBAIOUIMUX CTOVKME KOH-
TPaKTypbl, KOTOPbIE MOTYT CYLIeCTBEHHO BAUSTH Ha
IIOBCEeJHEBHYI0 aKTUBHOCTb M KauecTBO XU3HU [3].
3aboseBaHMe YaCTO BCTPeEUAETCS Y MYsKUMH CTapliie
40 JyieT C CeBEpOEBPONENCKUM IIPOUCXOKIEHUEM,
CKJIOHHBIX K YIOTPEOJNIEHUIO aJKOTOJs, KYPEHUIO U
nuabety [4, 5, 6], 3aHUMAIOIIVXCS TSKEIBIM PYUHBIM
TPYAOM J6O TOABepraroIIuxcs JOKaJIbHO BUOpa-
LU, lepeaBaeMoit uepes KUCTU pyk [7, 8, 9].

HecMoTpst Ha OOGUIMPHBIE MUCCIENOBAHUSI MOJIe-
Ky/lspHOii 6uonorum JI®D [10], KOHCepBaTMBHbBIE
METOAbI JIeYEHNSI er0 PaHHUX MPOSIBIEHMIT B HACTO-
siee BpeMsl He MMEIOT JOKa3aTelnbHON 6asbr [11].
Xupypruueckoe JjieueHyue, HallpaBjIeHHOE Ha ucceve-
HMe WIM pacceyeHye IMaToJI0TMYeCKUX XOpZ U KOp-
pekiuio nedbopMaluyu KUCTH, yAy4ylIaeT KauecTBO
SKU3HU TALMeHTOB, HO TpebyeT OIUTeNbHOI Mmocie-
OTIEPAIMOHHON peabuanTaly, HepPeaKOo MPUBOIUT
K OCJIOKHEHUSIM M He 136aBJisIeT MalyeHToB OT pe-
UMAMBOB, MPOrpecCUMpoOBaHUs M pPaCIpPOCTPaHEHUS
IO [12].

V GonbimmHCcTBa ManyeHToB JIOD pasBuBaeTcs
MepjieHHO. Ilo JaHHBIM MCCaefoBaHusl, MPOBEeAEeH-
Horo R.M. Reilly ¢ coaBTOpammu, B cpemHeM OT IO-
SIBJIEHUS y3JI0B IO Pa3BUTUS KOHTPAKTYpPhl IMSICTHO-
danmanroBoro cycraBa 6osee 30° mpoxogut 8,7 roaa,
a y 12% GonmbHbIX 3aboneBaHue perpeccupyet [13].
B HEKOTOpBIX CIy4asix KOHTPaKTypa MoxeT chHopMu-
pOBaThLCS 3a HECKOJIbKO JIeT MM Jaxke Mecsues [14],
npuueM 6ojiee GbICTPOE Pa3sBUTUE XAaPAKTEPHO ISt
nauyueHToB Mosoxke 50 net [15]. [IporpeccupoBaHue
KOHTPAKTypbl — OLHO M3 OCHOBHBIX IOKa3aHUIA
K onepaTMBHOMY JjeueHuto [16]. OmHaxko, o MHe-
HUIO [PYTUX aBTOPOB, OMEPUPOBATh HEOO6XOIUMO
B TaKoOJi Ilepuof, BpeMeHMU, KOTAa KOHTpaKkTypa mepe-
CTaeT MpOrpeccupoBaTh, UTOOBI HE CIIPOBOLMPOBATH
peunnus [17, 18]. B mocTymHOI 1MTepaType MbI He 06-
HapY>KWJIM UCCIeOOBaHUI TMCTOT€HETUYEeCKO Ipu-
poIbl OGBICTPOTO MIPOrPECCUPOBAHUSI KOHTPAKTYPbI
JiomonTpeHa U rUCTONIOTMYECKUX MMPEIUKTOPOB pe-
UMAVMBUPOBAHUS y TAKUX MMalMEHTOB.

Ilenv uccnedosauuss — CpaBHUTENbHbBIN KOIMYEC-
TBEHHbII aHa/JIM3 TKaHEBOTO COCTaBa U mnepdopaHT-
HBIX apTepuii JJalOHHOTO allOHEeBpO3a y MalMEHTOB
C OBICTPBIM M TUIMIMYHBIM Pa3BUTHEM KOHTPAKTYPHI
HromwontpeHa.

MATEPUAJIbI U METO/IbI
JIu3aiil ucciegoBaHusa

Tun uccnenoBaHus — OOHOIIEHTPOBOE KOTOPTHOE He-
pPaHIOMMU3UPOBAHHOE OTHOMOMEHTHOE.

[lpoBemeH peTPOCMEKTMBHBIN aHAAU3 UCTO-
puit 6omesHyu 222 MALMEHTOB, MPOOMEPUPOBAHHbIX
B niepuog, ¢ 2014 o 2019 r. mo MOBOAY KOHTPAKTYyPbI
HoronTpeHa.

Kpumepuu exknwoueHusi: TUCTOJNOTUYECKU TIOM-
TBepXKAeHHbIN JIOOD, HanuMune TOYHBIX aHAMHECTU-
YeCKUX TAaHHBIX O XapaKkTepe U CPOKax MOSIBJIEHMUS
MepPBBIX CUMIITOMOB 3a060/1€BaHMSI.

Kpumepuii ucknwoueHuss — TpaBMbl KUCTU B aHaAM-
He3e.

XapaKTepI/ICTI/IKa nmanMeHToB

IMo maBHOCTU JI®®D mauyeHThbl ObLIM pacIpeIeeHbl
Ha MSTh TPyIN: MeHee 2 jeT — 41 manueHT; oT 3 10
8 mer — 88; or 9 mo 14 netr — 60; ot 15 go 20 — 28;
u 6onee 20 — 5 maumeHToB. Cpok (opmupoBaHUS
KOHTPAKTyph! [IomonTpeHa B Hauboee MHOTOUMC-
JIeHHOJi rpymre (0T 3 go 8 jieT) 6bUT OIpenesieH Kak
TUTIMYHBIN, a CPOK Pa3BUTUSI KOHTPAKTYPHI 3a < 2 TOfa
MHTEPIPETHPOBAH KakK ObICTPHIN. [PYIITBI MANMEHTOB
¢ 6bICcTpBIM (TpyTmia 1, n = 41) ¥ TUIIMYHBIM (TPyIIIA 2,
n = 88) pa3BuUTMEM KOHTPAKTYPhI OKa3a/IMCh COMOCTA-
BUMBIMM IO Bo3pacty (58,39+9,73 u 57,98%1,73 co-
OTBETCTBEHHO) U CTEeMeHU KOHTPaKTyphsl (2,41%0,60
u 2,54+0,55 cOOTBETCTBEHHO).

I'ictomopdomMeTpruecKue MCCIeTOBaHUSI OIepa-
IIMOHHOTO MaTepuasa, MCCEYeHHOTO IPU OTKPBITOM
dacumskToMnuy, 6bUTM BBITTONHEHBI Y 20 MANMEHTOB
rpyrmnsl 1 ny 25 manyeHToB rpytms 2. CpaBHMBaeMble
BBIOOPKM OBLIM CTPAaTUGUIMPOBAHBI IO BO3PACTy U
CTeleHM KOHTPaKTyphl. B kauecTBe cpaBHEeHUS C HOP-
MOV MCTIOJIb30BaHbI CCEUEHHBIE TPU XUPYPTrUUECKOI
06paboTke paH KUCTU (parMeHThI JIaJOHHOIO aro-
HEeBPO3a YCIIOBHO 3[I0POBBIX JTiofeit (n = 5).

TexHMKa MUccIegOBaHUA

OmnepaloHHbII MaTepuan buUKCMpoBain B 4% pac-
TBOpe dopmaninHa. Yepes 1-3 AHS MPOBOAMIN BbI-
pe3Ky TKaHeBBbIX 06pa3I[OB M 3aJIMBKY IO CTAHIAPT-
HOI1 MeTomuKe B mapadmH. Ha murporome Reichert
(ABCTpHMS) TONMy4YasiM IIPOMOJbHBIE U TIOMEepevyHble
cpe3bl allOHeBPO3a, KOTOpbie 3aTeM OKpallluBaju Te-
MaTOKCWJIMHOM Y 303MHOM Y TPUXPOMHBIM METOHOM
1o MaccoHny.

IS UMMYHOTUCTOXMMUYECKOTO aHaau3a aHTHo-
reHesa MCIOAb30BAIM MOHOKJIOHA/IbHbIE aHTUTesa
Kponuka K CD34 (CD34 [EP373Y] mogxoout st 060-
pasioB uyenoBeka) (Abcam, Bemukobpuranus). s
BU3yanu3aly peakiuy MpuMeHsUIN epoKCUIa3HYI0
CUCTEMY IETEKIVU C AMAMUHOOEH3UIVMHOM C MUKPO-
nonuMepom (ab236469 — Rabbit specific HRP/DAB
Detection THC Detection Kit-Micropolymer, Abcam,
Benuko6purauus). Bce arambl MMMYHOTMCTOXUMM-
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YecKoi peaklMy MPOBOAWINCH MO MMPOTOKOIY, PEKO-
MeHZO0BAaHHOMY (bMPMOi-TIPOU3BOIUTEEM aHTUTE.
Cpe3bl OKpallMBaau TeMaTOKCUIMHOM.

s rucromMophoMeTpuUecKoro aHaauM3a TKaHe-
BOTO cOoCTaBa ¥ IepdOpaHTHBIX apTepuil MaToIoru-
YyeCcKy M3MEHEHHOTO JIaJIOHHOTO aIlloHeBpo3a ObuIn
B3SIThI pelpe3eHTaTMBHbIE MUKpOIIpernapaThl orepa-
LIMOHHOTO MaTepuana.

N306paskeHns TUCTOJOTUUECKUX Cpe30B OIud-
POBBIBAJIM C MOMOIIbI0 MMUKpOCKOIa AxioScope Al
(Carl Zeiss Microlmaging GmbH, I'epmaHnust), ocHa-
eHHOoTro HMdpPoBoit kKamepoii AxioCam.

[y omnpeneneHuss KOAMYECTBEHHOTO COOTHOIIIE-
HUSI TUCTOCTPYKTYPHBIX KOMIIOHEHTOB JIaJOHHOTO
aroHeBpo3a ¢ 1enblo Iud@epeHIMPOBKU KOMIIO-
HEHTOB COEeIVHUTENbHOM TKaHU MPUMEHSIIU OKpac-
Ky TPUMXPOMHBIM MeTOAOM I10 MaccoHy. OT KaKIoro
nanyeHTa aHIM3POBaIN He MeHee 30 mosieit 3peHus
Opy MHCTpyMeHTaJIbHOM yBenmueHnu x100 (ok. 10;
00. 10). MopdomeTpuio TPOBOAMIN C UCIIONb30BAHN-
eM nporpamMmsbl PhotoFiltre, MeTomoM TOUKO-CUETHOI
IUIAHMMETPUM C TIOMOIIBIO TECTOBOV pelleTKU PaBHO-
yOalleHHBIX TOU€eK C IPO3payHbIMM LIeHTPaMU OTIpeie-
JISTA TIPOLIEHTHYIO JIOJII0 TMCTOCTPYKTYPHBIX KOMIIO-
HEHTOB JIaJOHHOTO alloHeBPO3a B TECTOBO IJIOIIAAN:
KPOBEHOCHBIX COCYOB, XXMPOBOJM COEIVMHUTEIbHON
TKaHM, PBIXJION COEOAVMHUTENbHOV TKAaHM, IIJIOTHOM
COeIVHUTENbHON TKaHU U TUIEePIUIaCTUYeCcKOi Co-
eIMHUTENIbHON TKaHu 1o kputepusm R.F. Warren [19].
B >knpoB0Oi1 TKaHM ompenessuiv IPOLeHTHYIO A0 CO-
CYIOB C TIpM3HAKaMy JMMGOIUTAPHO-TUCTUOIIUTAP-
HOVi MHQUIbTpayu 1 ¢pubpo3a agBeHTUIIUN.

B monepeuHbIx ceueHUSIX rep@opaHTHBIX apTepuii
JIAMOHHOTO aroHeBpo3a auamerpoM 150-300 MKM
(aprepun cpegHero kKamubpa) u 6omee 300 MKM
(apTepuu KpymHOTO KajauMbpa) B KOMIIBIOTEPHOI
nporpamme «BumeoTecT-Macrep-Mopdosmorust 4.0»
(BupeoTecT, Poccust) M3amepsiiv Hapy>KHbIV OUaMETD,

IMaMeTp TPOCBETA, TOMIIMHY COCYIMCTOV CTEHKU U
paccunThiBaM MHAEKC KepHoraHa Kak OTHOIIeHME
TOJIIIVMHBI COCYOVICTONM CTEHKM K IMaMETpPY ITPOCBeTa.

CraTucTuueckuii aHajaus

I CTaTUCTUUYECKOIi 00pabOTKM KOIMUECTBEHHBIX
IAHHBIX MCIOAb30BaIM NPWIOKEHNE K IPOoTrpam-
me Excel AtteStat Bepcuu 9.3.1. HopMmaabHOCTb pac-
npeneneHys MokasaTenell MpoBepsiiu M0 KPUTEPUIO
Mlanupo—-VYunka. YunTeiBasg OTKIOHEHUS paclipene-
JIEHV1 HEKOTOPBIX BBIOGOPOK OT HOPMAaJIbLHOT'O 3aKOHa,
Mepa LIeHTPaJIbHOI TeHIEeHIMM MOPGOMETPUUECKUX
rapaMeTpoB MpeACTaBjeHa B BUAe MeOaHbl U KBap-
TUAe, MUHUMAJIbHBIX ¥ MaKCUMAaJJbHBIX 3HAUEHUI
Me [Q,; Q,] (min-max). C yueToM MaJIoii YMCI€HHOCTI
BBIOOPOK (1 < 30) rUIIOTe3bl O Pas3INUUSIX MepeMeH-
HBIX B TpyINax OpoBepsix C TIOMONIIbI0 Hemapame-
TpU4ueckoro kpurepus ManHa - YutHu. [l niposep-
KM DaBEHCTBA MeIMaH TpeX CPaBHUBAEMBIX TPyMIl
ucnonb3oBain kputepuit Kpackena-VYomnuca. [Onas
OLIEHKM 3HAUMMOCTU OTIMYUI YaCTOTHBIX IMOKa3aTe-
Jielt ipuMeHsIu Kputepuit bapHapza.

PE3VJIbTATbI

B rpymme 1 65110 BBISIBJIEHO CTATUCTUYECKY 3HAUMMO
Oosblliee comepskaHye TUIIePIIaCTUUECKOM COeqMHMN-
TeJIbHOJ TKaHM ¥ KPOBEHOCHBIX COCY/IOB B JIaJIOHHOM
arroHeBpo3se (Tabi. 1).

O6Hapy>keHbI BhIpAsKEHHbIE OTIIVYUSI B CTPOEHUMU
TUTIePIUIACTUYECKOM COeMHUTENbHOM TKaHU U Bac-
KyJISIpM3aliui KMPOBOI TKaHM Y TIAlleHTOB CPaBHU-
BaeMbIx rpymnm (puc. 1 u 2).

B rpymmne 1 BbIBIeHa 60/blIasi IPOLLEHTHAS OIS
MaToOJOTUUECKM M3MeHEHHBIX COCYIOB IIpeumylie-
CTBEHHO 3a CYET COCYIOB C MHOWIbTPUPOBAHHBIMU
crenkamu (p = 0,0001), B To BpeMsi KaK B rpyrmme 2
Gosblle IOIST KPOBEHOCHBIX COCYIOB ¢ GMOPO3HO-U3-
MeHeHHbIMU CTeHKaMu (Tabi. 2).

Tabnuya 1

IIpoeHTHAA 10/ TKAHEBBIX COCTABJISIIOIIVX JIAJJOHHOIO allOHEeBPO3a B IPyIIiax CpaBHEHMH,
Me [Q,; Q,] (min-max)

CTPYKTypHbIe KOMIIOHEHTbI I'pynma 1 I'pynma 2 p

JKupoBasi coequHMTENIbHAS TKAaHb 18,96 [8,59; 28,44] 24,71 [17,20; 31,53] 0,0563
(1,25-56,24) (0,43-46,94)

luneprutacTuyeckas coeIMHUTENIbHAS TKaHb 20,43 [8,19; 32,21] 17,61 [4,21; 30,61] 0,0152
(0,00-56,91) (0,00-50,73)

PbIxjiast coeqMHUTENbHAS TKaHb 7,08 [5,09; 9,69] 5,62 [3,71; 14,05] 0,4219
(2,51-22,04) (1,10-25,42)

ITnoTHAs coemHUTEIbHAS TKaHb 35,07 [29,52; 52,87] 44,22 [28,79; 52,88] 0,4103
(4,25-83,64) (14,21-65,59)

Cocynpl 5,93 [4,44; 7,13] 4,16 [2,51; 6,16] 0,0177
(3,13-10,77) (1,07-9,38)

P — YPOBEHb 3HAUMMOCTY OTJIMUMIL TIPU CpaBHEHMM TPy 1 1 2 o KpuTtepuio ManHa — YutHu nipu p < 0,05.
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Pucynok 1. ITapabiuHOBbIe Cpe3bl OMEepalIOHHOTO MaTepyuaa rmanyeHTa U3 Tpymmbl 1:

a — rUIepIvIacTuyecKasi CoeIMHUTENbHAs TKaHb C TMTOBBIIIEHHBIM COlepskKaHMeM COCYIOB MUKPOIMPKYASITOPHOTO Pycia,
BBICOKO#1 KJIETOUHO IJIOTHOCTBIO, BUXpeo6pasHbIM (MU MaMCago06pasHbIM) PaCIONOXKEHMEM KIIETOK;
b — B rumepBacKyISIPU30BaHHOI KMPOBOI ObKE TUTIO€PMbI BbIPasKEHbI IIEPUBACKYIISIPHAS KIETOYHAST MHOUIBTPAIINAS
U 9KcTpaBasalys GOpMeHHBIX 3JIeMEeHTOB KpoBy. OKpacka reMaTOKCUIMHOM U 303MHOM. YBenueHue x100

Figure 1. Paraffin sections of the surgical material from a Group 1 patient:

a — hyperplastic connective tissue with an increased content of microcirculatory vessels, high cell density, vortex-like
(or palisade-like) arrangement of cells; b — in the hypervascularized fat lobule of the hypodermis, perivascular cellular

infiltration and extravasation of blood cells are expressed. Hematoxylin and eosin staining. Magnification x100

PucyHoK 2. [TapadnHOBbIe Cpe3bl OMEePAlMOHHOTO MaTepuaa MauyeHTa U3 rPYIIbI 2:

a — ruIepruiacTuyeckasi CoeIMHUTENbHAS TKaHb C PeAKO BCTPEYAIOIIMMMCS COCYaMU U BbICOKOM KI€TOYHOM
IJIOTHOCTBIO; b — B JKMPOBOJT TKAHM ITPE06IANAI0T COCYAbI C GUOPO3HO-M3MEHEHHBIMM YTOJIIEHHBIMM CTEHKAMM.
Okpacka reMaTOKCWIMHOM U 303MHOM. YBeimueHue x100

Figure 2. Paraffin sections of the surgical material from a Group 2 patient:
a — hyperplastic connective tissue with sparse vessels and high cellular density; b — vessels with fibrously changed
thickened walls predominate in adipose tissue. Hematoxylin and eosin staining. Magnification x100

Tabnuya 2

IIpomeHTHasA IO/ TATOMOrMYECKY M3MEHEHHBIX COCYZOB OT BCEX COCYJ0B MUKPOLUMPKYJIATOPHOTO
pyc/ia B 1oJjie 3peHus B rpynnax cpasHenus, Me [Q,; Q,] (min-max)

=

IMaTomopdoIoTMUeCKuit IpU3HaK 'pynma 1 I'pynma 2 p
IMepuBacky/sipHas TMMQPOLUTAPHO-TUCTUOLUTAPHAS 23,27 14,55 0,0001
MHOWIBTpAIMS [15,51; 38,81] [9,72; 22,44]

(13,33-48,14) (0,00-26,82)
ITepuBacKyasIpHbIA HUOPO3 3,04 6,77 0,0001
[1,85; 2,44] (0-20) | [2,77;19,51] (0-29,03)

P — YPOBEHb 3HAUMMOCTH OTJIMYMIA IPU cpaBHeHMM rpyti 1 u 2 mo Kpurtepuio bapHapaa npu p < 0,05.
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Ikcrpeccusi CD34 B sHOOTENMU COCYA0B MUKPO-
UMPKYISITOPDHOTO pycjia B  TUIIEPIUIaCTUYeCKO
COEOVMHUTEIbHON TKaHM Obl1a 6ojiee BbIpakeHa
B rpynre 1 (puc. 3).

I'mctomopdomMeTpuss mnepdOpPaHTHBIX apTepuii
JIaJOHHOTO aloHeBpoO3a MoKa3ajia, YTO B apTepu-
SIX cpemHero Kajambpa B rpymmax 1 u 2 Hapy>KHBbIA
nyaMeTp GoJiblle 10 CPaBHEHUIO C HOPMOW Meau-
anbl Ha 4% (p < 0,05) n 12,5% (p < 0,01) coorBeT-
CTBEHHO (puUC. 4), IpU 3TOM OTJAMUMS MOKa3aTesein
B rpymnmax 1 u 2 6bIIM CTAaTUCTUUECKM HE3HAUYVMBI.
TonmuHa cTeHKM B rpynmnax 1 u 2 mo CpaBHEHUIO
¢ HOpMoOI1 6oibIie Ha 55% (p = 0,00) u 9% (p > 0,05)
COOTBETCTBEHHO, TP 3TOM OTAMUYMS TOKasaTesei
B rpymmax 1 m 2 ObUIM CTAaTUCTUYECKM 3HAUU-
Mbl. [IMaMmeTp MpocBeTa apTepuil MO CpaBHEHUIO
¢ HopMmoI B rpymme 1 meHbiie Ha 30% (p < 0,01),
a B rpymie 2 6osbiie Ha 31% (p > 0,05), oTnnuust

rmokasatejeii rpymil 1 u 2 6bUIM CTATUCTUYECKY 3HA-
yyMBbI (TabII. 3).

B aprepusix KpymHoOro Kajmbpa B rpymmax 1 u 2
HApY>KHBIN AMaMeTp MO CPaBHEHUIO C HOPMOJ MEHb-
mre Ha 18% (p < 0,01) u 17% (p > 0,05) cOOTBETCTBEH-
HO (puc. 4), MEXTPYMIIOBasI Pa3HULLA CTAaTUCTUYECKU
3HauuMa. ToNMMHA CTEHKM Y KPYITHBIX apTepuii Mo
CpaBHEHMIO C HOpMOJi Oosbile Ha 27% B rpyme 1
(p < 0,01), HO MmeHbIlle Ha 5% B rpymre 2 (p > 0,05).
IdviameTp mpocBeTa KPYIIHBIX apTepuii B rpynmnax 1
u 2 B CpaBHEHUM C HOpMOJ1 MeHbIe Ha 52% (p = 0,00)
u 18% (p > 0,07) COOTBETCTBEHHO.

Nupexc KepHoraHa B apTepusix CpegHEro u Kpym-
HOro Kaynubpa B rpymie 1 6osbie B 2 U B 4 pasa co-
OTBETCTBEHHO, a B Trpylne 2 ero u3MeHeHUs CTa-

TUCTUYECKY HEe3HAUMMBbI, YTO OTPaskaeT CHIDKeHUE
MPOITYCKHOJ CHOCOOHOCTY TepdOPaHTHBIX apTepuit
Yy NaljeHTOB IPYyIIbI 1.

Pucynok 3. IlapaduHoBbIe cpe3sl OllepalliOHHOTO MaTepuaia MalueHTa U3 Ipynmnsl 1 (a) u naumuenTa us rpymnsl 2 (b).
Oxcnpeccus mapkepa CD34 B sHHOTeNMM COCyA,0B MUKPOLMPKY/ISITOPHOTO Pyc/ia B IMIIePIIIaCTMYECKO COelHUTEIbHOM
TKaHU. IMMYHOIMCTOXMMMYecKas peakuys ¢ aHTutenamu K CD34, nokpacka reMaTOKCUIMHOM. YBennueHue x400

Figure 3. Paraffin sections of the surgical material from a Group 1 patient (a) and from a Group 2 patient (b).
Expression of CD34 in the endothelium of microcirculatory vessels in hyperplastic connective tissue is observed.
Immunohistochemical reaction with antibodies to CD34, counterstaining with hematoxylin. Magnification x400
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PuicyHOK 4. YCJIOBHOE MacIITabupoBaHue
COOTHOIIeHUH MOPhOMETPUYECKUX ITapaMeTPOB
riephOpaHTHBIX apTePUii TAJOHHOTO allOHEBPO3a

Yy IalIeHTOB C KOHTPAaKTypoii JIononuTpeHa

C KOHTpOJIeM:

C — KOHTpO/Ib (HOpMa);

Grl — rpymma c 6bICTPHIM Pa3BUTHEM KOHTPAKTYPBI;
Gr2 — rpyrirna ¢ TUIIMYHBIM Pa3BUTMEM KOHTPAKTYPHI;
MSL — apTepun cpegHero Kaamopa;

LSL — apTepuu 60/bIIOro Kaanubpa

Figure 4. Conditional scaling of the morphometric
parameter ratios of the perforating arteries

of the palmar aponeurosis in patients with Dupuytren’s
contracture compared to controls:

C — controls (norm);

Grl — a group with rapidly progressive contracture;

-17%

Gr2 — a group with typically progressive contracture;
MSL — medium caliber arteries;
LSL — large caliber arteries
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Tabnuya 3

KonnuecTBeHHBbIE XapaKTEPUCTUKY apTePuii CpeTHEro M KPyImHOro KaJimopos,

Me [Q; Q]

I'pyrnina IuameTp cocyna InameTp rpocseTa TonmyuHa CTeHKU Nupekc KeproraHna
Apmepuu duamempom 150-300 mkm
Hopwma (H) 183,30 96,61 42,09 0,41
[177,54; 185,87] [94,44; 99,39] [38,72; 43,20] [0,41; 0,44]
p*1=0,035* p*1=0,005* p*1=1,3-10%* p*1=1,65-10°*
p*2=0,005* p*2=0,205 p"?t=0,4470 p*2=0,0715
pri2=0,012* p2=0,0005* p*12 = 0,00001* p*12=0,000001*
Ipymma 1 190,76 67,75 64,71 0,89
[178,26; 203,76] [54,26; 95,26] [56,06; 71,11] [0,59; 1,16]
pt?=0,145 p'?=0,0003* p*?=0,00017* pt?=1,6-101%*
I'pymma 2 205,83 126,65 45,75 0,30
[178,30; 248,00] [78,41; 177,84] [12,71; 68,81] [0,18;0,57]
Apmepuu duamempom 6osiee 300 MKm
Hopma (H) 412,80 243,15 89,03 0,30
[351,43; 506,31] [223,07; 326,52] [65,97; 88,88] [0,27; 0,41]
p*1=0,005* prl=7610"* p*1=0,008* p*1=7610"*
p**=0,109 p*t=0,175 p"?=0,902 p*2=0,1757
p*12=0,008* p*12=0,0007* p*12=0,091 p*i?=0,224
Tpyrma 1 337,71 117,13 113,36 1,12
[309,26; 333,24] [92,37; 175,40] [109,68; 120,44] [0,83; 1,20]
pt*=0,035* pt?=0,041* p'?=0,2598 p'?=0,0137*
Ipyrma 2 343,90 200,66 84,84 0,34
[333,16; 470,83] [137,67; 259,00] [45,28; 135,23] [0,30; 0,67]

p*l, p*? — ypOBHU 3HAUMMOCTH OTJIMYMIA IPY CPAaBHEHUY HOPMBI C TPYIIIOi 1 U rpymioii 2 no kpurepuio MaHHa - YUTHH;
p'? — YpOBHM 3HAUMMOCTU OTJIMYMII TIPU CPAaBHEHUU TPYMI C OBICTPHIM ¥ TUIMYHBIM TeueHMeM 3a60JIeBaHNs;
p*!? — YpOBHM 3HAUMMOCTM OTJIMUMII NIpM CpaBHEHMM TpeX McCCaelyeMblx Tpynn Kputepuem Kpackena-VYosuinca;

* — pasnuuust 3HaUMMBbI ipu p < 0,05.

OBCY>XIEHUE

B paHHMX TUCTOIOrMYECKMUX WUCCIefoBaHUIX JIDD
nporpeccupyioiiee GUOPO3HOE 3aMelleHNe KUPOBOIA
TKaHM, TTOKpbIBAIOLLell JTIafJOHHbIM allOHEBPO3 U pac-
ToJIaraplIleNicss Mexny ero IosiMyu, paccMaTpuBa-
JIOCh B KaueCTBe OCHOBHOTO ITaTOTeHeTUYecKoro (ax-
Topa 3aboseBaHus. B nuTeparype oTMeuanoch, 4TO
(b1bpo3HOe 3aMellleHMe AAUIIOLMUTOB ITPOUCXOAWIIO
MpeyMYyILeCTBEHHO BOKPYT cocynoB [20]. bblio Takke
chopMUpPOBAHO TOHATHE «TUIEepPIUIaCTUYeCKasi coe-
OVHUTeNbHAs TKaHb», 3aMelaollas XUPOBYIO TKaHb
M XapaKTepU3yIoIasics MOBBIIIEHHOM KIETOYHOCTHIO
1 mponudepaTUBHOM aKTUBHOCTBIO [19]. DTU Kpu-
Tepuy ObUIU TONOXKEHBI B OCHOBY TMCTOJIOTUYECKOM
KiIaccudukauy 6omesHu JIOMIOUTPEHA, KOTOPas, MO
MHEHMIO aBTOPOB, I103BOJISIJIA OLIEHUTDH BEPOSITHOCTD
MOC/IEONEPALIMOHHOIO pelyAuBa KOHTPaKTyphl [21],
OJHAKO 3Ta KiaccuuKralus He IpemycMaTpuBaeT
MCII0/Ib30BaHMS KOJIMUYECTBEHHBIX ITOKa3aTeJeii.

B BbINIOTHEHHOM HaMU TMCTOMOPGOMEeTPUUEeCKOM
UCCIeIOBAaHUM COMepKaHMue TIUIepIUIacTUYecKoin
COeMHUTENbHOM TKaHU B OIlepall OHHOM MaTepua-
Jie TIAI[MeHTOB C GbICTPBIM Pa3BUTMEM KOHTPAKTYPhI
0Ka3ajaoCh CTAaTUCTMUECKM 3HAYMMO OOjblie, yem

y MalVeHTOB C TUIIMYHBIM Pa3BUTMEM KOHTPaKTYpHI,
OJHAKO B 06eMX CPaBHMBAEMBIX TPYIIIaX MMOKa3aTelb
IIMPOKO BapbMpoBal. IIo3TOMy [Ji1 YTOUHEHMSI BO-
IIpoca O BepOSITHOCTYU PeLANBOB IIpY GbICTPOM pas-
BUTUU KOHTPAKTYpPbl HEOOXOIMMBI JOTIOTHUTETbHbIE
K/IVHMKO-CTaTUCTUYECKVe UCCIIef0BaHMS.

KoMIuiekcHOe MMMYHOTMCTOXMMMYECKOe MCCile-
JoBaHue JIO®, npoBefeHHOe paHee NPYTMMU aBTO-
pamMyu, OOKYMEHTUPYeT MOBBIIIEHUE KIETOYHOCTHU
(bUOPO3HBIX TSKE MaTOMOTMUYECKU M3MEHEHHOTO
aroHeBpO3a C YBelIMUYEHMEM KoauvecTBa Muodu-
6pob61acToB, M3MEeHeHNeM COOTHOIIEHMIA TUIIOB KOJI-
jlareHa, yBeIMYEHMEM COLEPKaHUS PETUKYISIPHBIX
BOJIOKOH M CHVXKeHMEeM KOJINYeCTBA NIACTUYeCKUX
BOJIOKOH [22]. [IpuunuHa JIO® [0 HACTOALLETO Bpe-
MeHM HeM3BeCTHa, OGHAKO OOIIenpu3HaHHO, YTO aK-
TuBauus Tpanchopmupymoiiero daxkropa pocra pl u
nponudepanysa mmuodubpo61acTOB MPOUCXOTUT TIOf,
BJIMSIHMEM MMKDPOCOCYIMCTOI aHTMONaTUM U TKa-
HeBOJM muileMuy [23], mpuyeM Ha paHHUX CTaAUAX
JIO® xapakrepusyercs (OKaJbHBIM ITOBBIIIEHMEM
BaCKy/Isipu3alyy, SKCTpaBasalyeil GopMeHHbIX d1e-
MEHTOB KPOBU U UM OILUTAPHOI OKOIOCOCYIUCTOM
MHuIbTpaLyei [24].
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B BbINIOJIHEHHOM HaMM MCCIE€NOBaHUM BIlepBbie
MPOBEIEHO CpaBHEHMEe OIepalMOHHOTO MaTepua-
JIa TIAIIMEeHTOB C GBICTPBIM M TUITMYHBIM Pa3BUTHEM
KOHTpakTyphbl [lomiouTpeHa. Y IalyeHTOB C ObIC-
TPbIM pa3BUTHEM KOHTPAKTypbl YBEJIMUYEHO COAEP-
>KaHMe COCYI0B MUKPOLUMPKYASITOPHOTO pycjia — Kak
MaTOJIOTUYECKM M3MEHEHHbIX (C TpMU3HaAKaMu Iie-
PUBACKYISIPHOM  TMMAOLMTAPHO-TUCTUOILUTAPHO
UHOWIBTPALIUM JIMOO TMEePUBACKY/ISIPHOTO (Gubdposa),
TaK ¥ HOBoOOpasywmuxcsa. HoBoobpasymwomuecs: co-
CyIobl MUKPOLUMPKYISITOPHOTO pPyC/ia BbISIBJIEHBI UM-
MYHOTUCTOXMMMYECKM peakuyei ¢ CD34 u, BeposT-
HO, OTPakalOT KOMITEHCATOPHO-IIPUCIIOCOOUTETbHbIE
M3MEHEHMSI B OTBET Ha MIIEMUIO, OOYCIOBJIEHHYIO
KOHCTPUKIMEN TaJOHHOM AYTU U MaJbI€BbIX apTePUit
JIOKTEBOJI CTOPOHBI KUCTM, KOTOpasl ObUIa BbISBIIEHA
Hamu paHee [25]. Ba30KOHCTPUKLNS JIAAOHHOM IyTU U
MNanblEBbIX apTEPUIT IPUBOAMIIA K CTPYKTYPHOM Tepe-
CTpOJiKe (PEMOIEIMPOBAHNIO) apTepuit, mephopupylo-
IMX JIaA,0HHBIN alIOHEBPO3 [26]. Ero BbIpaskeHHOCTh He
3aBucesia OT BO3pacTa MalieHTOB, a HallpaBAeHHOCThb
pasnMyanach B 3aBUCUMOCTH OT Kanbpa aprepuii [26]:
B apTepusX CpeIHEro Kajaubpa Ipeobaafano SKCIIaH-
CMBHOE peMoenupoBaHue (yBelnveHue auameTrpa
apTepuu U IIPOCBETA), a B apTePUSIX KPYITHOTO Kaymnb-
pa — KOHCTPUKTMBHOE peMOAeNpoBaHue C YMeHb-
1IeHueM JuaMeTpa M IPoCBeTa apTepuit.

B maHHOM MccienoBaHMM MTOTyYeHbl aHAJIOTUUHbIE
JlaHHbIE B TPYIIIIe MaleHTOB C TUIIMYHBIM pPa3BUTHEM
KOHTpPaKTyphbI JI0MI0UTpeHa U BIIepBbie YCTAHOBJIEHO,
YTO IPU OBICTPOM PA3BUTUM KOHTPAKTYPHI pEMOAE-
JIMPOBaHNe apTepuil CpeqHero 1 KPyrmHOTO KaanbpoB
HOCUT OO HOHAIIPaBJIE€HHbI CTEHOTUYECKUIT XapaKTep
u 6ojiee BBHIPAXKEHO, UeM B TpyIIIe MalyeHTOB C TU-
MMUYHBIM Pa3BUTKEM KOHTPAKTYPHI.

[TockonbKy CpaBHMBaeMble I'PYIIIbl COMOCTaBUMBI
10 BO3pacTy, 6ojiee BhIpakeHHOE CTEHOTUMYECKOE pe-
MozenpoBaHue nepbopaHTHLIX apTepuii TagOHHO-
rO artoHeBPO3a y IMAIMeHTOB ¢ GBICTPHIM PA3BUTHUEM
KOHTPaKTYypbl MOXKET CBUAETETbCTBOBATh O CUHAPOME
paHHero (MM YCKOPEHHOTO) CTapeHUsI COCYOUCTOrO
pycia. OTOT ¢GeHOMEH IPOSIBJISIETCS HapyIleHUSIMU
SHIOTENMATBLHOTO Gapbepa, YTOMIIEHMEM WHTUMO-
Me[uaIbHOTO KOMILIEKCA, CY>KeHMeM apTepuili U ux
MPOCBETOB, yYBeJIMUEHMEM CKOPOCTM pacIpoCTpaHe-
HUSI TTyJbCOBOI BOJIHBI M TIOBBILIEHUEM >KECTKOCTU

JOIIOJIHUTEJIbHAS NTHOOPMALIMSA

3asneneHHslii 6K1a0 A6MOPO6

I[yono H.A. — KOHIIENUMS Y IU3aiiH UCCIeI0BaHMsI, Ha-
MMCaHue TeKCTa PyKOIUCH.

Cmynuna T.A. — o6paboTka MaTepuasa, CTaTUCTUYE-
cKast 06paboTKa JAHHBIX, HAIMCAHME TEKCTA PYKOTIUCH.

Bapcezoea T.H. — c60p 1 00paboTKa MaTepuasa, CTaTh-
cTUyeckast 06paboTKa TaHHBIX, HATIMCAHVE TeKCTa PYKOTIMCH.

OcmanuHa [I.A. — o6paboTka MaTepuaja, HarucaHue
TeKCTa PyKOIIMUCH.

aprepuit anactuueckoro tuma [27]. Cpeny dakTopoB
pUcKa U3BECTHBI HE TOJbKO TeHeTUUeCKMe U STIUTeHe-
TUIecKye GakTOpPhl, BKIOYAST METab0IMUeCKIiA CUH -
pOM, apTepuanbHyI0 TUIIEPTEH3UI0, KypeHue U AUC-
IUIa3UI0 COeNVHUTENbHOM TKaHU [28], HO U BpelHbIe
yaioBus Tpyza [29]. Io miecToii fekaapl >KM3HU SHI0-
TenuanbHas AUCOYHKIMUS U JKECTKOCTh apTepuit 60-
Jiee BbIpa)KeHa y MY>KUMH, yeM Yy skeHIMH [30]. B aHa-
JIOTUYHBIN TIepUOJ, KU3HU PUCK PasBUTUS 6oe3HU
[iomonTpeHa Takxke BbIIlIe Y MY>KUMH, XOTS C BO3pac-
TOM pasHMIIA B 4aCTOTEe 3a60/IeBA€MOCTY MYKUMH U
SKeHIIVH CHYKaeTcs [31]. DT JaHHble He3aBUCUMBbIX
MCClielOBaHMIT TIOATBEPKAAIOT TUIIOTE3y O B3auMMO-
cBsI3M Oose3HM [IIOMIOUTPEHa C COCYIMUCTBIM CTape-
HMeM, KOTOpoe Hen36eXHO JJIsT BCeX JIofEN, HO TIpu
Hammuuy GakTOPOB PYUCKA PA3BMBAETCS YCKOPEHHO.

VY GONBILIMHCTBA MALIMEHTOB ¢ 60/1e3HbI0 TI0mon-
TpeHa HMU3KUILT MHIOEKC Macchl Teja, CpaBHUMbIE
C YCJIOBHO 3JJ0POBBIM KOHTPOJIEM apTepuaibHOe [AaB-
JIeHVe, YPOBEHDb OOIIEro XojecTepuHa Y JIUTTUIHbBIN
npodbuiab [32], ogHAKO AVCIUMINAEMMUS aCCOLUUPO-
BaHa C arpeccuBHbIM (Drb6pomaTo3om [7]. [ToCKOMbKY
pacIpocTpaHeHHOCTb 6oe3HM [II0MIOUTPeHa YBeIu-
ynBaeTcs [33, 34], He06X0OOMMbI JabHeIINe UCCIe-
IOBaHMUSI KOMOPOUIHOIO cTaTyca U (akTOpoB puUCKa
CepIOevyHO-COCYAUCTHIX 3a60/IeBaHMII Y PasIMUHBIX
TPYMNII MALMeHTOB ¢ KOHTPAKTypoy [IOIMOUTpeHa u,
MpeXXe BCEero, C ObICTPO ITPOrPeCcCUpPYIOIIe.

OI'paHM‘IEHI/Iﬂ nuccieaoBaHnsa

1 yTOUHEHMST BOTIPOCA O BEPOSITHOCTM PELVIVBOB
Mpy OBICTPOM Pa3BUTUM KOHTPAKTYPhl HEOOXOIMMO
yBeuueHne o6beMa BbIOOPOK U IIPOBEeIeHye Paciim-
PEHHOTO CTaTUCTUUYECKOTO aHaTN3a.

3AK/TIOYEHUE

HecmoTpss Ha MeHBIIYIO JAaBHOCTb 3a060/eBaHMs,
y TMalyeHTOB C GBICTPBIM MPOTPECCUPOBAHMEM KOH-
TPakTypbl [IIOMIONTPEHA BBISBIEHO YBEINYEHME
YMCJIEHHOCTM TIAaTOJMIOTMYECKY M3MEHEHHBIX COCYIOB
MUKPOIMPKYISITOPHOTO pycia U 6osiee BhIpaskeHHOE
CTEHOTMYECKOE peMojenupoBaHye IephopaHTHBIX
apTepuit JaJOHHOTO allOHEBPO3a, YTO BepuUduIMpyer
paHHee COCYOMCTOoe cTapeHue. IUCToIormyeckme mpe-
IUKTOPBI TIOCIEOINEePAIMOHHOTO pPeNVAVNBUPOBAHMS
HeO0OXOAMMO OLIeHMBATh UHAVBUIYATbHO.
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Bce aBTOpBI Mpowin ¥ omo6pmiayu GUHANbHYIO BEPCUIO
PYKOINCH CTaTh!. Bce aBTOPBI COTIACHBI HECTY OTBETCTBEH-
HOCTb 3a BCE€ acIeKThl paboThl, YTOObI 06ECIIeUnTh HaIe-
Kaliee pacCMOTpeHMe U pellleHye BCeX BO3MOXKHBIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAJEXKHOCTDIO JII0607
YacTu paboThl.

Hcmoynuxk  uHancuposaHusi. ABTOpbI  3asIBJISIOT
06 OTCYTCTBUM BHeIIHEro GMHAHCUPOBAHMS MIPU MPOBe/Ie-
HUY UCC/IeJOBAHMSI.

Bo3MmosicHbIli KOH(AUKIN UHMepecos. ABTOPBI OeKa-
PUPYIOT OTCYTCTBME SIBHBIX M TIOTEHI[MAIbHBIX KOHPIUKTOB
MHTEPEeCOB, CBSI3aHHbIX C MyOIMKalIMeil HaCTOSIIEH CTaThH.

Amuueckasn 3xkcnepmu3sa. He mpumeHuMa.

HngpopmupoeanHoe coznacue Ha ny6aukayuio. ABTOpbI
TIONTyYMTM TIMCbMEHHOE COTIlacye Tal[MeHTOB Ha My6mKa-
LU0 MEAUIIMHCKUX TaHHBIX Y M306PaskeHMIA.
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Cnocob6 onepaTtuBHONO A0CTyna npu eMellaTeNnbCTBax
Ha aXUINOBOM CYyXOXU/TUU

E.C. LIp16ysb, JI.A. PomomaHoBa, B.1. MasbiiieB

OI'BY «HauuoHanvHoili MeOUUUHCKULL ucciedosamenscKuli ueHmp mpasmamosnozuu u opmoneduu um. P.P. Bpedena»
Munsdpasa Poccuu, 2. CaHkm-Ilemep6ype, Poccus

Pecpepam

AxkmyansHocmp. Majast TOABVKHOCTb KOXKM 3aIHe/ [IOBEePXHOCTY HIUKHEI TPeTH rojieH!, a TaKske HeGOoJIbIIIoe KOIMYeCTBO
TTOIKOKHO-KMPOBOJI KJIETYATKYM U OIM3KOE PACTIONOKEHME aXU/IIOBA CYXOKWIIUS OITPEeNsIIOT CKIIOHHOCTb K popmMupoBa-
HMIO JedekTa TKaHel Mocie ONePaTBHOTO BMENIATENbCTBA B 3TOM 06/1acTy. [IpeaioskeHO 60bIIoe KOTMYECTBO ONIEPATUB-
HBIX TOCTYTIOB, OMHAKO HU OIVH U3 HUX He pelaeT MpobiemMy yeTpaHeHus AedeKTa Py KOPPEKIMUM CTOMKOI SKBUHYCHOI
YCTaHOBKM CTOTIBI.

Llens uccnedosanuss — MpoOIEeMOHCTPUPOBATH HOBBIN CITOCO6 OMEPATMBHOTO JOCTYIIA ITPY PEKOHCTPYKIMY aXWJIIOBA CYXO-
SKUTTUSL.

Texnuka onepayuu. OTepaTUBHBINA JOCTYT AJIS YIJMHEHUS aXUIOBA CYXOKWINS 3aKI0vaics B GopMUpPOBaHUU TyTO-
06pasHoOro paspesa U MocIeOBaTeTbHOM BbIIEIEHNUM KOKHOTO, a 3aTeM (aclMalbHOTO JOCKYTA. YCTPAHSIM YKOPOUEeHME
axWIIOBA CYXOXKWJIUS ITyTEM BBITOIHEHUS Z-00pa3Hoil MIaCTUKY, TTOC/IEe Yero CHavasaa yYKPhIBAIM CYXOKMIbHYIO TKaHb
dacuyanpbHBIM JIOCKYTOM, 3aT€M YaCTMYHO YIIMBAIM KOXKY, HE IOIyCKasl HATSDKeHUS TRaHei. OcraBummiics qedexkTt Msr-
KUX TKaHEe BOCIIOIHSIIM KOXKHBIM TPAHCIUIAHTATOM. ITaliyieHTaM MPOBOIMIIM TUIICOBYI0 MMMOOWIN3AIMIO B TEUEHME
6 Hep., TTOC/Ie Yero pa3pemaay MOTHYI0 Harpy3Ky Ha OTIepMPOBAHHY0 HOTY M Ha3HAYAIM KypC JieueOHOI DU3KYIbTYpBHI.
3axnouenue. OMCAHHBIN CITOCO6 JOCTYIIA MPOCT B BBITIOTHEHWY U TIO3BOJISIET OMHOMOMEHTHO 3aMeCTUTD Ae(heKT MOKPOB-
HBIX TKaHel 1oc/ie yCTpaHeHUsI 9KBUHYCHOM YCTaHOBKM CTOTIBI.

KiioueBble C/I0Ba: axWUIOBO CYXOKWIIME; OTIEPATUBHbIN JOCTYI; JedeKT MATKMUX TKaHel ; SKBUHYCHAS yCTAHOBKA CTOTIBI.

O Ana  uutuposBanms: [pi6yns E.C., Pomomanosa JIA., Manbimes B.M. Croco6 omepaTtuBHOrO mOCTYyIa
NPy BMeNIaTelbCTBAX HA axWIIOBOM CYXOXuauu. Tpaemamonozus u opmoneduss Poccuu. 2025;31(3):121-128.
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A New Surgical Approach for Reconstruction of the Achilles Tendon
Evgeny S. Tsybul, Lyubov A. Rodomanova, Vladislav I. Malyshev

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

Abstract

Background. The limited skin mobility on the posterior surface of the lower third of the leg, along with a small amount
of subcutaneous fat and the close proximity of the Achilles tendon, predisposes this area to tissue defects following surgery.
Numerous surgical approaches have been proposed; however, none of them completely address the problem of tissue defect
elimination when correcting persistent equinus foot deformity.

The aim of the study — to demonstrate a new surgical approach for Achilles tendon reconstruction.

Surgical technique description. The surgical approach for Achilles tendon lengthening involved creating an arched incision
and sequentially isolating the skin and fascial flaps. Achilles tendon shortening was corrected using Z-plasty. After that,
the tendon was covered first with a fascial flap, and then the skin was partially sutured without tension. The remaining soft
tissue defect was covered with a skin graft. Patients underwent 6 weeks of plaster immobilization, after which full weight-
bearing on the operated leg and physical therapy was allowed.

Conclusion. The described surgical approach is simple to perform and allows for the simultaneous replacement of tissue
defects following the correction of equinus foot deformity.
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BBEJEHUE

[MogkokHbIE TIOBPEXOEHMUSI aXUIOBA CYXOXKUIUS
cocTaByistoT 20% cpely BCeX paspbIBOB CYXOXUIUI
u mbli [1, 2, 3, 4, 5]. Y X0oTS cpeiu CrielaaucToB
BCe ellle BeAyTCs CIIOPHI O JIydllleM CIIocobe jieueHus
OCTPBIX Pa3pbIBOB axXWJIJIOBA CYXOXWUINS, €T0 IEPBUY-
Hasl IIaCTHKa acCOLMMPYETCS B OCHOBHOM C XOPOLIN-
MU pesyabTaTaMM, CHVDKEHMEM YacCTOThl IOBTOPHBIX
pa3spblBOB ¥ TOBBILIEHMEM IMPOYHOCTU CYXOXKWUIMS,
a Takke yBeIMYEeHMEeM CUJIbI MBILIL ¥ UX BBIHOCIU-
BOCTM TIO CPAaBHEHMIO C KOHCEPBAaTUMBHBIMU METOJA-
Mu [6, 7]. OmHAKO CITOCO6bI OMEPATUBHOTO JIEUEHNS,
B CBOI0 OYepenb, COMPSIKEHBI C MOBBIIMIEHHBIM DPUC-
KOM XMUPYPrUUYeCKUX OCIOKHEHUIA, KOTOpble MOXXHO
pasgenuTb Ha ClEeAyIOUIMe OCHOBHbIE KaTerOpUH:
pacxoXxmeHue KpaeB paHbl BCIEACTBME U3OBITOYHOTO
HATSKEHMSI, TTOBEPXHOCTHBIN MU TIy60KUi MHDEeK-
LMOHHBIN MpOLlecC ¥ MOBTOPHBIN Pa3pblB CYXOXKMU-
sust. TIOCKOJIBbKY 3T MPOG/IEMBbI HE SIBJISIIOTCS B3au-
MOMCKJIIOYAIOLI /MM, OUYeHb YaCTO KpaeBOii HEKPO3 U
pacxoXxJIeHue KpaeB OINepaliOHHON paHbl NPUBOAST
K MHQUIMPOBaHUIO 06/1aCTY XUPYPrUUeCcKoro BMela-
TeJbCTBA U MOC/IeNYyIIeMYy pa3pbiBy BOCCTaHOBJIEH-
HOTIO CyXOKuus [8]. OTHOCUTE/IbHO BbICOKAsI 4acTOTa
MHQEKIMOHHBIX OCI0KHEHMI! TTOC/Ie OTKPBITOTO BOC-
CTaHOBJIEHMS], TI0 Pa3/IMYHBIM JaHHBIM, BapbUPYeTCs
or 1,7 mo 21% [9, 10, 11].

CrneuyanucTy, 3aHMMAalOLIEMYCsl JeueHneM OaH-
HOJ KaTeropuMmM MNALMEHTOB, BaXHO MOHUMATb U
MPOTHO3MPOBATh TOTeHLMaNbHble (aKTOPbI PUCKA,
CBsI3aHHbIE C TTPOGIeMaMy MSITKUX TKaHel 3Toit 06-
nactu. K takum ¢akropamM MOTYT OTHOCUTBCS: He-
MpaBUJIbHOE IJIAHMPOBaHME OMNEPalMOHHOr0 AOCTY-
na, GopMMUpPOBaHME KOKHBIX JIOCKYTOB C M36BITOYHO
OCTPBIMM YIJIaMM NpPU Z-IUIaCTUKE, KelaHUe yCTpa-
HUTD fedeKT TKaHel upe3MepHbIM HaTSDKeHMeM Kpa-
€B PaHbl, arpecCcMBHas XUPypruueckasi TeXxHuKa Mnpu
MaHMIyJASILUSIX. Bce BblllenepeuyncieHHOE MOXeT
MPUBOAUTh K 06pa30BaHMIO KpaeBbIX HEKPO30B, KO-
TOpBIE B CJTyyae CaMOCTOSITE/IbHOTO 3aKMBJIEHUS MO-
TYT YBEJIMUUTD TUIOIAb py6Iia. Hepenko momo6HbIe
HEKpO3bl NPUBOIAT K PACXOXAEHMUIO KPAaeB paHbl U
dbopmupoBannio JedekTa MSITKUX TKaHeil, Tpebyro-
11ero IIacTMYecKoro 3samenenus [12, 13].

AHanu3 COBpeMEHHOJ JUTepaTypbl OKa3bIBaerT,
YTO MCCAeLOBaHMs, Kacarollyecs TUIIa U KOJuyecTBa
MOC/IeonepalMOHHbIX OCTI0KHEHUI MTOC/Ie YAJIMHEeHUS
axuiioBa CYXOXWIMSI TIPU YCTPaHEHUM SKBUHYCHO-
rO TOJIOXKEHUS] CTOIbI, MPAaKTUUECKU OTCYTCTBYIOT.
OIHaKO MOXKHO MPeZIONI0XKUTb, YTO OCHOBHOJ CI0XK-
HOCTbIO NPU TaKUX MaHUTTY/ISIUMSIX SIBJIsSIETCS GOPMU-
pytouuiicst feuUUNT MATKMX TKaHe 1o 3aJHel mo-
BEpPXHOCTU HUKHEN TpeTu rojsieHu. PellleHueM 3TOM

Mpo6eMbI MOXKET CTaTh TLIATENbHOE IJIaHMpOBaHMe
XUPYPrUUecKoro JOCTYIa U crocoba ycTpaHeHus [ie-
dbuuTa MITKUX TKaHe Mpu ero BOSHMKHOBEHUMN.

IocTaTouHOo GoJbIIast BAPUMATUBHOCTb XUPypruye-
CKMX IOCTYTOB, IPUMEHSIEMBIX NIPU PEKOHCTPYKLIUH,
M aHATOMMYEeCKye OCOOeHHOCTM O06JacTM axuiIoBa
CYXOXXUJIMSI TTIOKA3bIBAIOT, UTO ONTVMAJIbHOIO ITOAXO-
I3, VAOBJIETBOPSIOUIEr0 BceM TpebOBAHMSIM oOllepa-
TUBHOTO ITOCOOMSI TIPU Pas3IUUHBIX TUIIAX BOCCTAHOB-
JIEHVSI aXUJUIOBA CYXOKUJINS, He CyLIeCTBYeT.

Ilenv uccnedosanus — MPOLEMOHCTPUPOBATh HO-
BBIJ1 CIIOCO6 OTIepaTVMBHOIO AOCTYIA TPU PEKOHCTPYK-
LMY aXWIJIOBA CYXOXKWINSL.

[IpenoxkeHHbIT HAMY METOZ, SIBJIsieTCsI MOIUbU-
Kalyeil ¥ NOIOTHEeHHOM Bepcueil AoCTyIa, ONuCcaH-
Horo E. Abraham u A. Pankovich, mpu KoTopomM KoKy
1 (hacLii0 OHHOMOMEHTHO pacceKaloT Jyroo6pasHbIM
paspe3oM, BeplIMHA KOTOPOTO IPOXOAUT IO MeAu-
aJbHOJ IIOBEpPXHOCTM axWIoBa Cyxoxuausa [14].
Wpest pa3paboTaHHOTO CII0CO6a ONIEPATUBHOTO JOCTY-
Ia NPy BMeIIaTe/IbCTBAaX HAa aXMU/UIOBOM CYXOXWINU
3aKiIIo4yaeTcss B GopMUPOBAHMM ABYX KPOBOCHAOKae-
MBIX JIOCKYTOB (KOXXHOTO ¥ (aciyaabHO-KIPOBOTO),
YTO MO3BOJISIET OLHOMOMEHTHO 3aMeCTUTh 00pasylo-
IIMICS TIOC/Ie YCTPaHeHUs] S5KBUHYCHOTO ITOJIOKEHMS
cTombl TedeKT MITKUX TKaHel 3aHelt TOBepXHOCTU
TOJIeHM C TIOMOLIIBIO MOC/IenyIomeli IIaCTUKY ITOIHO-
CJIOVHBIM KOXKHBIM TPaHCIIAaHTaTOM (m1aTeHT PO Ha
nsobperenne N2 2766042).

TexHMUKa onepauuu

B monoxeHuu manmeHTa Ha SKMBOTE IIPOU3BOIM-
MM OyroobpasHblii pa3pe3 KOXU C BbIKpauBaHUEM
JIOCKYyTa I10 3aJHell MOBEepXHOCTU TOjJIeHM OT MecCTa
KpeIUIeHNsI aXMUJIJIOBa CYXOXUIIMS K MSATOUHOM KOCTU
IO YPOBHS Ha 5 CM AyCTa/bHee CyXOXWIbHO-MbIIlIey-
HOTO Tepexoja IaMHoi oKoso 15 cm. OcHoBaHMe Joc-
KyTa 06paleHo MeAuaabHO. [Ipy 3TOM TOYKM Hayaia
M OKOHYAHMS paspesa PaCIIONIOXKEHbI 10 CpeAVHHOM
JIVHUM 3aJHell [IOBepXHOCTU TOJIeHH, a BepIlyHa pas-
pesa pacrosiaraeTcs Ha jaTepajbHOM Kpae axu/uioBa
CyXOxxuusi. 3aTeM (GOpPMUPOBANIU KOXKHBIN JIOCKYT,
oTclauBasi KOXKY [0 Tonjexaiieil dacuuu ot jiarte-
paJIbHOTO Kpas K MeaualbHOMYy. [lanee mpomu3BOAUIN
IyroobpasHblii paspes (aciyun, KOTOPbIi 3epKabHO
oTOoOpaskan mpenbiayInyit KoKHbI paspes. [Ipu sTom
BEPXHSIS M HUSKHSISI TOUKM 3TOTO paspesa ObUiM TaKkke
CcoeiHeHbI CpeNMHHOI MMHMeN 3aJHeli I0BEPXHOCTU
rojieHy, a OCHOBaHMe JIOCKyTa ObII0 0OpaleHo JiaTe-
pasibHO. B pesynbTaTe popMupoBain KpoOBOCHaGKae-
MbIil  (acuMaTbHO-KUPOBOM JIOCKYT, 0b6ecreuuBas
IOCTYII K aXMJIJIOBY CYXOKWINIO, UKPOHOKHBIN HEPB
TP 3TOM OCTaBaJICS UHTAKTHBIM (puc. 1).
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Hanee yoJMHSIM Ha HEOOXOOMMOE PaCCTOSIHUE
axMIJIOBO CYXOXKuUIue, mepecekas ero Z-o6pasHo u
BBIBOZ CTOIY ToA, yrioM 90° Kk roneHu. B Tpex ciryua-
SIX VIJIMHEHMEe CYXOKUIMs 6bIIO BBITTOJHEHO Ha 5 CM,
y 2 MalMeHTOB — Ha 6 CM U B OJHOM KJIMHUYECKOM
npumepe Ha 7 cM. [locsie ycTpaHeHUST SKBUHYCHOT'O
TOJIOSKEHMST CTOIIBI M30bITOUHOE HATSIKEHME KOKU He

MO3BOIWJIO TIEPBUYHO YIIUTb OINEPAlMOHHYIO paHy
BBy BBICOKOTO pUCKa (OPMMUPOBAHMUS KPaeBOTO
Hekposa. YTo6bl 136ekaTh MOJOOHOT0 OCIOKHEHNS,
3aKpbITME paHbl MPOM3BOAMIOCH CIEOYIOIIMM 00-
pa3soM: CyXOXKuiue 3aKpbIBa/y (GaciuaabHbIM JIOC-
KyTOM, TIOJUIYBAs €r0 K MeIUaJbHOMY Kpal pPaHbI,
MPU 3TOM BOCCTAHABJIMBAIU CKOJb3SIIMIA ammapar
axu/UIoBa CyXoxkwius. Jlajniee, He NOIMycKas U30bITOYU-
HOTO HaTsSKeHMSI, [T00YEPEIHO HAUMHAsI C BEPXHETO U
HMKHETO KOHIIOB PaHbl, YaCTUYHO YIIMBAIM KOXKY Hal
dacumanbHbIM J0CKyTOM. Ha 3TOM 3Tame mpumepHO
B CepelMHe paHbl OCTaBaICI Ae(QeKT MOKPOBHOI
TKaHM OBaJIbHOI (OPMBI, THOM KOTOPOTO SIBJISLI-
Cs1 XOpOILIO KPOBOCHAGkaeMblii (haciuaabHblii JIOC-
KyT. Pasmep nmedekra cocraBisii B cpemHeM 5 cm?.
JJ1s1 OKOHYATETbHOI TIACTUKY OCYLIECTBIISIN 3a60p
MOJTHOC/IOMHOTO KOKHOTO TPaHCIUIAHTaTa C 3aJHeii
ua 6GOKOBOM IIOBEPXHOCTEl TO/MIeHN. BBIMOMHSIN
00paboTKy TpaHCILIAHTAaTa OT ITOAKOKHO-KMPOBOIK

PucyHoKk 1. BeikpauBaHue KOKHOTO U daciuaabHO-
SKMPOBOTO JIOCKYTOB:

a — Iyroo6pasHblii pa3pe3 KOXu;

b — dbopmupoBaHye KOKHOTO JIOCKYTa C OCHOBAaHUEM,
06palleHHbIM MeAVAIbHO;

¢ — dbopmupoBaHme GacIaIbHOTO JOCKYTa

C OCHOBaHMeM, 06paleHHbIM JIaTePaaTbHO

Figure 1. Dissection of skin and adipofascial flaps:
a — an arched skin incision;

b — formation of a skin flap with the base facing
medially;

¢ — formation of a fascial flap with the base facing
laterally

KJIeTYaTK, IephopupoBaiv, MOCIAE Yero ITOAIIN-
Ba/IM K KpasiM AedeKkra B TOCTAaTOYHOM HATSKEHUM,
a 3aTeM MPUIABIMBAIM BAJIMKOM [Ji1 obecrieueHust
MaKCMMaJIbHO IJIOTHOTO KOHTAaKTa C KpOBOCHabkae-
Moit ¢acumeit. JIoHOpckoe MecTo B obiacTu 3abopa
KOKHOTO TpaHCIJIaHTaTa yiuiMBaau B IMHUIO (puc. 2).

IMocse 3aBepiiieHMS ONiepaly paHy IpeHUpPoBaJIH,
HaKJIaJIbIBA/IY aCeIITUUYECKYIO MMOBSI3KY U (UKCUPOBaA-
JIM CTOITY U TOJIEHOCTOIIHbBIN CyCTaB I'UIICOBOJ JIOHTe-
TOI1 B ronoxkeHuu 90°. Y nByX naleHTOB BBUIY OCTa-
TOYHOI PUTUIHOCTU TOJIEHOCTOITHOTO CyCTaBa mocjie
VIJIVHSIONEM TUIAaCTUKM aXW/IJIOBA CYXOKMUJIUSI MbI
BBITIOJTHWIM TPAHCAPTUKY/SIPHYIO (PUKCAIIUIO IBYMS
COMLIAMM IJIS TIPUAAHUS HeOOXOOMMOTIO IT0I0KEHMS
CTOITbl. Bpems orepaiiyu B cpelHEM COCTaBMUJIO OKOJIO
50 MmuH.

3a mepuopn, ¢ 2019 mo 2023 r. B HMUIL TO um.
P.P. BpemeHa o OMMCaHHOM MeTOmMKE 6bLIO IPO-
OIepMpOBaHO 6 TMAIMeHTOB C 3KBUHYCHOI YCTaHOB-
KOJ CTOIbl, BBI3BAHHOI YKOpOUEHMEM axXuJIoBa
cyxoxxmius. [Ipu 3ToM BO BCeX Caydyasix pUTUIHOCTD
3aJ{HeN IPYIIThI MBI, ¥ chOPMMUPOBABIIASICS IJIMHA
axXMJIJIOBA CYXOXMUJIMSI He TI03BOJIs/Ia OCYILECTBISITh
[1acCMBHOE BhIBEJ€HME CTOIbI, POpMUPYS TaKuUM 06-
pasoM CTOMKYIO CTM6aTelbHYI0 KOHTPAKTypy roje-
HOCTOITHOTO CycTaBa. Bce maieHTbI 6bLIM MYKCKOTO

PuicyHOK 2. VInHeHNe aXxuiioBa CyXOKUINS, yIIMBaHNe
paHbl ¥ 3aMelieHne fedeKTa MITKUX TKaHeil:

a — yIJIMHeHMe aXxMI0Ba CyXOKMINSI IPY TIOMOIIN

ero Z-o6pa3Horo paccevueHus;

b — axm/UI0BO CyXOKMIVE YKPBITO hacuyaabHbIM
JIOCKYTOM;

C — YaCcTMYHOe YIIMBaHMe KOKHOI paHbl U IJIaCTUKa
TIOJTHOC/IOMHBIM KOXKHBIM TPAHCIUIaHTaTOM

Figure 2. Lengthening of the Achilles tendon, wound
suturing and reconstruction of soft tissue defects:

a — Achilles tendon lengthening using a Z-shaped incision;
b — the Achilles tendon is covered with a fascial flap;

¢ — partial wound suturing and full-thickness skin
grafting
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10714, BO3PAcCT BapbMpoBasl OT 24 1o 53 yet. [IpyumHbI
YKOPOYEHUSI CYXOKWINS B 3 CAy4asix ObLIM CBSI3aHBI
C IJINTEJIbHOM MMMOOWIM3ALMell HVKHE KOHEeYHO-
CTU B armapare BHeIIHel GuKcanuu, mpyu 3TOM BO
BpeMsI JieueHMs TAaHHBIX MMAIl[MeHTOB He OCYIIeCTBIISI-
JIOCh yIep>kKMBaHMe IepeIHero OTHeNa CTOIIbI IIPU 0~
MOIIIY ITOICTOITHUKA U/ AOTIOTHUTETHHOTO CTOITHOTO
KOMITOHEHTA. B omHOM C/Tyuae yKopoueHMe axmiioBa
CYXOKMJIMS OBIJIO BbI3BAHO AycOAIaHCOM CrubaTeneii
U pasrubatesieii CTOIbI BUIEOCTBME TTOBPEKAEHMS TT0-
ctegHuX. JJaHHOMY MAIMEHTY YIJIMHEHNE CyXOXKIINS
¢ 3ameneHneM gedeKTa 10 MPeII0KeHHOMY CITOCO0Y
MIPOM3BOAWIOCh OJHOBPEMEHHO C IIACTUKONM CyXO-
SKUJIUIA pasrubareieii MaiblieB U IepemgHeii 6oblie-
6epII0BOI MBIIIILIBL. B IBYX CJIydasix SKBMHYCHAs ycTa-
HOBKa CTOITbI ObIIa MUaMonaTuyeckoi. Oba maiyueHTa
ObUIM BCECTOPOHHE 00C/IeIOBAHbI: ITPEIIIeCTBYIONIYIO
TpaBMaTMU3aIUI0 U TepeHeceHHble MHGEKIMOHHbIE
3a00J1€BaHMSI OTPULIAIN, HEBPOJIIOTUYECKUI TePULUT
OTCYTCTBOBAJI, & Y/IbTPA3BYKOBOE MCC/IeAOBAHME T10-
Ka3bIBAJIO COCTOSITETbHOCTh CYXOKWJIMSI M MHTAKT-
HOCTb ITapacyXxOKUJIbHOM TKaHU. YCTAHOBUTD ITPUIM-
HY YKOPOUEHMS axWIJIOBA CYXOKMINSI M SKBUHYCHOTO
TTOJIOSKEHMSI CTOITbI Y TAHHBIX 60bHBIX HE YIa/I0Ch.

PanHMI1 mocieonepaliOHHbIN MTEPUOS, Y BCEX Ia-
LMEHTOB MPOXOAMJI TVIa[IKO, KPAe€BbIX HEKPO30B KOKM
BBISIBJIEHO He ObuTO. IIPVDKMMHOM BaIMK CHUMAJIU
yepe3 8-9 mHel, MIBbI yaaasiM yepe3 2 Hem. mocie
BMeNIaTeNbCcTBa. [loMIHOe MPWSKUBIIEHWE KOXKHOTO
TPAHCILIAHTaTa ObUIO JOCTUTHYTO BO BCEX CIyYasiX.
VIMMOOWMIM3aLMI0 TUTICOBO IOHT€TO OCYILECTBIISIIN
6 Hel., B TeUeHMe KOTOPBIX IMalyeHTam Oblia 3armpe-
IIeHa OIopa Ha OIepUPOBAHHYI0 KOHEYHOCTD. ITocie
MpeKkpaleHns MMMOOMIM3aIUM Ha3HAYAIM KOM-
IUIEKC JIeYeOHOI DU3KYIbTYPBI U paspeniay MOJTHYI0
Harpy3Ky Ha HIDKHIOI0 KOHEYHOCTh. [TaleHThl 61N
OCMOTpEHBI B CpengHeM uepe3 12 Hell. MOC/ie PEKOH-
cTpyKuyy. OYHKIMS aXWIoBa CYXOKMINS ObLIa CO-
XpaHeHa Yy BCeX IMalMeHTOB, IOBTOPHBIX Pa3PhIBOB He
Habmomanoch. IIpU3HAKOB MHQEKIMOHHBIX OCIOX-
HeHMit ¥ (OPMMPOBAHMS IMATOJIOIMUYECKOrO pPyoIa
0671aCTM OIEepaTUBHOTO BMEIIATETbCTBA BBISIBJIEHO
He 6b110. TakMM 06pasoM, y BCeX MallIEHTOB TOCTUT-
HYT OTJIMYHBINA 3CTETUUECKUIi U (QYHKIMOHAIbHBIN
pe3ysnbTar.

OBCY>XIOEHUE

HiuokHss TpeTh 3afHei MOBEPXHOCTU TOJIEHUM BBULY
MaJIOi CMeNlaeMOCTU KOXM, OJIM3KOTO PacIioyioke-
HUSI aXW/UIOBA CYXOXKWIMS M HEOONBIIOTO KOIude-
CTBAa MECTHBIX IIACTMYECKUX PpeCcypCoB SIBJSETCS
MOTEeHUMATbHO OIMACHOM I XUPYPTUUECKUX MaHU-
mynsiuyit [15]. Bo3aMoskHbIE OCTIOSKHEHMSI, CBSI3aHHbIE
C ImpobiieMaMy MSITKMX TKaHell 06/1acTu axXuiioBa
CYXOXWJIUsI, MOTYT OTOIBMHYTb BOIIPOCHI PEKOH-
CTPYKLMM CAaMOT0 axwJiOBa CYXOXWJIMSI Ha BTOpPO¥
wiad. OnepaTMBHBIN JOCTYII IIPU MHOJOOHBIX BMeE-

1IaTebCTBAX C L1e/IbI0 BHITIOJIHEHMS 1IBA UM PEKOH-
CTPYKIMM JO/DKEH YUYUTHIBATH OCOOEHHOCTY 3TOTO
aHaToMu4ueckoro permvoHa. OgHOI M3 IVIaBHBIX 3a-
Iauy TPy 3TOM CUYMTAETCS 00sI3aTebHOE COXpaHe-
HMe CKOJIb3SILIero armrapaTra axuioBa CYXOXWIMS,
a MMEeHHO MapaTeHOHa, KOTOPBIi SIB/ISIeTCS OCHOB-
HBIM MCTOYHMKOM KPOBOCHAOKEHUS CYXOXKMIIMS
[16, 17]. Kpome Toro, o6pasyromiyecs: Iocjiae ornepa-
TUBHOIO BMEIIATEIbCTBA I'PyOble PYOIbI IO 3amHEN
MMOBEPXHOCTU B HIMKHEN TPETU TOJI€EHU MOTYT ObITh
BechbMa 00JIe3HEeHHBIMM U 3aTPYIHSTDH HOIIEHNE 00Y-
BU C HU3KUM 3aJHUKOM.

[ToMmuMo 3TOro, B XOAE BBINOJHEHUS [IOCTyIa
BKHO YYMUTBHIBATH OJM3KOe pacIioNokeHUe UKpPO-
HOXXHOTO HepBa, KOTOPbI/ B AHIVIOSI3BIYHOM JIUTE-
paType OOBIUHO 0003HAYaeTCS KaK «CypaJibHbI»
(n. suralis). TlepeceyeHne JAaHHOIO HepBa IIPU BbI-
TOJTHEHUM OIMEepaTUBHOrO [AOCTYIa MOXET CTaTb
MPUYMHOM GOpMUPOBaHUS GONIE3HEHHO HEBPOMBI.
Kpome TOro, moBpeXIeHHbI «CypajbHbI» HEPB
B MMOCIEeAYIOIeM Py HeOOXOOMMOCTY He MO3BOJIUT
MCMOJIb30BaTh 7151 BOCCTAHOBIEHUS MSATKOTKaHHOTO
MTOKPOBAa OCTPOBKOBBIV KOXHO-(hacCIMaIbHbIA «Cy-
paJIbHBIIi» JIOCKYT, OCEBBIM MUTAIOLUM COCYIOM KO-
TOPOTO SIBJISIETCS KaK pa3 apTepusi, COPOBOXKA A0 AS
«CypaJIbHbII» HEPB.

Taoke K ¢akTopam, BIMUSIOMYM Ha BO3MOXKHOE
dbopmupoBanHye nedeKTOB IMTOKPOBHBIX TKAaHEN mocie
OIepaTMBHOTO BMeLIaTeabCTBa, MOTYT OTHOCUTBCS
arpeccuMBHasl XUpypruueckasi TeXxHuKa, BO Bpemsl KO-
TOPOJt MPOUCXOAUT HapyllIeHMe UCTOUHUKOB MMUTaHUS
9TOJ 006J1aCcTM, U3OBITOYHOE HATSKEHME KPAeB PaHbI
NpU yIIMBaHUMU, IPUBOASIIEe K UIIEMUM KOKU, U He-
KOPPEKTHBII BLIOOP OITepaTUBHOTO AOCTYTIA.

Vi3BeCTHO TOBOJILHO 6OJIbIIOE KOJIMYECTBO OIepa-
TUBHBIX JOCTYIIOB JJ151 BOCCTAHOBJIEHUS aXMUJIJIOBA CY-
xokuust. [IpomobHbIe AOCTYIIBI 00eCIIeuNBaIOT XO0-
poImii 0630p CYXOXKWINS, HO TIpU YIIMBaHUU TaKOM
paHbl HEPEAKO BO3HUMKAET HaTSHKeHME ee KpaeB, UTo
MOXKeT ITOBJIeUb 32 CO00¥ pa3BUTHE KPAeBbIX HEKPO-
30B, a TaKKe 06pasoBaHue CBUINEN U MHPEKIIMOHHBIX
ociokHeHM#. Tak, 10 MHEHMI0O HEKOTOPBbIX OTeue-
CTBEHHBIX MCC/IeloBaTeseli, MPOAOIbHbIE TOCTYIIbI,
chopMupoBaHHbIE HENOCPEACTBEHHO HAJl axWLIO-
BBIM CYXOXUJIMEM, TPeOyIT MOOMIM3aIUM MaJo-
TTOABVIKHBIX TKAHEN B 00JIACTY OMEPalMOHHOM PaHbI,
YTO, B CBOIO Ouepenb, MPUBOIUT K (HOPMMUPOBAHUIO
KpaeBbIX HEKPO30B B 8,5% ciyuaes [18].

HekoTopsie aBTOpbI MPeANOUNTAIOT B TAKUX CITY-
yasgx MCI0/JIb30BaTh MOCIAGISIONIVE HAZIPe3bl KOXMI,
IIJISI TOTO YTOOBI MMHUMM3MPOBATH HATSSKEHME KOKMU
[19, 20]. Ha nHam B3Iisif, BBIMOAHEHME IOHOOHOIN
MaHUMNYISILUM HeJONyCTUMO, MOCKOJIbKY 3TO Ipak-
TUYECKM He TIPUAAeT MOOMIBHOCTM KOKHBIM KpasiM,
a TOJIbKO JOTIOJIHUTENbHO TpaBMUpPYeT U, CjiefoBa-
TeNbHO, YXyIIIaeT KPOBOCHAOXKeHMe KOXMU B ITOM
obnactu. Bosee TOTO, TOC/IE BBITIOTHEHMUS TTPOIOJb-
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HOT'O JIOCTYIIa C BBICOKOI BEpPOSITHOCTHIO 0Opa3yerT-
s TUIEPTPOUUECKMI KOXKHBIA pybel, KOTOpPBIi
MOCTOSIHHO TPaBMMpPYeTCSl MPU HATSOKEHUM KOXKU
(TIpU TBUIBHOM CTMOAHWMM CTOIIbI) U TIPU TaBIE€HUMN
3aJHMKA OOYBM.

Cpenyu HamboJee YacTo MCIIOIb3yeMbIX TAKKe BbI-
JeJISTIOT TPYIIY OKOJIOCYXOKMUJIBHBIX AOCTYIIOB, MU
KOTOpBIX pa3pe3 MPOU3BOAMIT M0 MeAUalbHOMY WU
JlaTepaJibHOMY Kpaw CyXOXWJIus, Tojiaras, YTo KOxa
B 3TO¥1 06/;acTy 6osee mogByskHas [21, 22].

I[ToMMMO JMHENHBIX U OYrooOpasHbIX [OCTY-
OB, HEKOTOpbIe aBTOPHI MpeAJiaraloT UCIO0/Ib30BaTh
Z-o06pasHblit paspes [23]. Tak, S.M. Green u P.J. Briggs
MCITO/Ib30BaJIM TIPSIMYIO M OOpATHYIO Z-TUIacTUKY [24].
MeTonuKa BBIMOTHEHMS TAaHHOTO CIiocoba 3aKiIoya-
ercs B GOPMUPOBAHNY TTOTHOCIONHBIX TPEYTOTbHBIX
KOXKHBIX JIOCKYTOB C COXpaHEHMeM CyOmepMaabHOM
cocynouctoit cetu. OgHAKO MpPU 3TOM OCTAETCS BbI-
COKasi BEPOSITHOCTb TIOSIBJIEHMSI KpaeBbIX HEKPO30B
B 06sacTM yrima KOXKHOTO JIOCKYTa, UTO IIPUBOIUT
K BTOPMUHOMY 3aKMBJIEHMIO PaH U BO3pacTalouiemy
pucky hopMupoBaHus gedeKTa MITKUX TKaHei.

OmnepaTuBHBIE BMEIIATETbCTBA, KOTOPbIE TPEOYIOT
YAJMHSIOEN TIaCTUKU aXWIIOBa CYXOXWIMS TOocIie
ero yKopoueHus, yallle BCero COMpPOBOXKIAIOTCSI He-
00XOIMMOCTBIO TIJIACTUYECKOTO 3aMelleHus JedeKTa
IMOKPOBHBIX TKaHei. ITO 0OYCJIOBJIEHO TEM UTO IIPU
YCTpaHEeHUM 3KBUHYCHOTO TTOJIOXKEHMUS CTOIbI U BbI-
BeleHun ee 1of yrioMm 90° mo OTHOIIEHUIO K ronie-
HOCTOITHOMY CYCTaBy YIIMBaHMe KOXM He TpeLCTaB-
JISIeTCSI BO3MOYKHBIM ¥3-32 M30bITOYHOTO HATSKEHUS
KpaeB paHbl.

[lpenyiaraeMbpl/i Hamyu OIEPATUMBHBIA  OOCTYII
K axXMJUIOBY CYXOXMJIUIO TIO3BOJISIET TIPU HEOOX0omu-
MOCTM OZHOMOMEHTHO 3aMeCTUTh OedeKT MSITKUX
TKaHell MeTOIOM IJIaCTUKY MOTHOCTOMHBIM KOXXHBIM
TPaHCIVIAHTAaTOM WM 3HAYUTENbHO CHU3UTH PUCK
rocienynero GopMupoBauust JedekTa KoK B 3TOM
obnactu. B xome ocyiecTBaeHNsI ONEPATUBHOTO [10-
CTyIa OMKUCaHHAs MeTOAMKa MpeAroiaraeT Bbiene-
HMe ¢GacuyaaIbHO-KMPOBOTO JIOCKYTA. [IJaHHBI TOCKYT
MpecTaB/sieT Cco00ii XOPOIIO KPOBOCHAGKAaeMbIii
KOMIUIEKC TKaHel, KOTOPBIN SBISIETCS WUAeaabHOI
cpenoit OJiss IPUXKUBJIeHUS KOKHOTO TpaHCIIaHTaTa.
Kpome TOr0, OH NO3BOJISIET MOTHOLIEHHO YKPITh 30HY
PEKOHCTPYKIMM aXUJJIOBA CYyXOXKWIIMSI, CITOCOOCTBYS
ONTUMAJIBHOM pereHepauun CyXOXWJIbHON TKaHU U
COXpaHsIsl CKOMb3SIIMIA amnapaT CyXOsKUIus.

[TockonbKy OmHUM M3 Hauboee rPO3HbIX OCIOXK-
HEHMIT TIpM PEKOHCTPYKLUU axUJIOBa CYXOXWINS
SIBJISeTCST MHOUIIMPOBaHKE U TTocienyoliee GopMu-

JOIIOTHUTEJIbHASI THO®OPMALIVISA

3asneneHHslii 6K1a0 aémMopos
Isi6yne E.C. — KOHUENUMS M OU3aiH MCCIeI0BaHMS,
HamnMCaHMe TEKCTA PYKOIUCH.

poBaHue medeKkTa MITKUX TKAHEe 3aJHei TOBepXHO-
CTY TOJIEHU, TIPeOTBpalleHNe MogoOHOM CUTyauyumn
MyTeM MPaBWIbHOTO IJIAaHMPOBAHUSI OIEPaTUBHOTO
JOCTyTIa CTAHOBUTCSI OAHOM U3 IPUOPUTETHBIX 3a1au
LIS Xupypra.

3amelreHue yxxe copMIUpPOBaHHbIX Te(hEKTOB 3a/-
Heli TOBEPXHOCTM HWOKHEN TpeTu TOJeHU SIBIISIETCS
HEOUEBUIHOV ITPOGIEMOiT PEKOHCTPYKTUBHONM XUPYP-
ruu. Micrionb30BaHue MeCTHOM KOKHO TIJTaCTUKM 3TOM
06/1acTy BecbMa OTpaHMYEHHO ¥ MOXKET ITPUBECTU
K 00pa3oBaHMIO ele OGoJbIIero aeduiuTa MSITKUX
TKaHel. B 3ToM t1yyae Takue MeTOAbI, KaK UCIIONb-
30BaHMEe BCTPEUHBIX TPEYTONbHBIX JIOCKYTOB WU
M71aCTMUKA JIOCKYTOM Ha LIIMPOKOM OCHOBaHMUU, MOTYT
OBITb MCIIOJIb30BAHBI TOJIBKO IIPY OUE€Hb HEOOBIINX
nmedekrax. [IpumeHeHME pPACIIEIVIEHHOTO KOXHOTO
TPAHCILIAHTATa BO3MOXHO, TOJIBKO eC/IM JHOM fedex-
Ta OKAKETCS MapaTeHOH, HeloBpekAeHHas daciys
roJieHu JMO0 3apaHee IMOATOTOBJAEHHAS TPAHYJISAIIN-
OHHas TKaHb. B MPOTUBHOM cilyyae CylIecTByeT yrpo-
3a OTTOPKEHMS TPAHCIUIAHTATa WM (GOPMUPOBAHMS
MTOPOYHOTO U3bS3BIISTIONIErocs pyoia. Cpeny oCcTpoB-
KOBBIX JIOCKYTOB Haubosee dYacTO WCIOIb3YIOTCS
KOXHO-(paciyanibHble «CypaslbHbIii» ¥ MeOualbHbIA
MOJOIIBEHHBIN JTOCKYT. [Ipy HEBO3MOXHOCTU IIpU-
MeHEeHMSI BCeX BbINIEyKa3aHHBIX CITIOCOO0B METOAOM
BbIOOpA SIBJISIETCSI CBOOOIHAS TIepecaka KPOBOCHA0-
sKaeMbIX KOMIUIEKCOB TKaHelt [13, 25, 26].

3AK/TIIOYEHHE

[TpenJiokeHHbINT HAMY CIIOCOO OMEPATUBHOIO JOCTY-
ra Mpy BMeNIATeIbCTBaX B 00JACTU aXWIJIOBa CYyXO-
SKUJTVSI MOSKET OBITh aKTyaJIeH He TOIbKO IMPY KOppeK-
MY 9KBUHYCHO¥ YCTAHOBKM CTOIIbI, HO U TIPY JIFOOBIX
MOBTOPHBIX PEKOHCTPYKIMSIX 3TOI 30HBI, COMPOBO-
SKOAIOLMXCST TTOBBILIEHHBIM PUCKOM IOC/Ieoneparm-
OHHBIX OCJIO)KHEHMI. OCHOBHBIMM IIPEMMYIIECTBAMMU
IaHHOTO CIT0CO0a SIBJISIIOTCSI BO3MOXKHOCTD CO3[TaHMS
IIMPOKOTro 0630pa B 30HE PEKOHCTPYKIMM, COXpaHe-
HMe CKOJIb3SILIero amrapaTra axXuioBa CYXOXKWIMS,
a TaKKe BbIHECEHME TIOC/IeOlepaliOHHOTO pybia
13 06/acTV TIOCTOSTHHOJ Harpy3kyu ¥ BO3MOXKHOCTH
OTHOMOMEHTHOTO 3aMelleHus] 06pasyouerocs: Io-
CJle OTIepaTMBHOTO BMENIATETbCTBA IedeKTa MATKUX
TKaHeil mpu Heo6XogMMocTy. Hall ombIT orepaTuB-
HOTO JieueHMs TalMeHTOB C YKOpOUeHMEeM axXMIoBa
CYXOXXWUJIUS U BbIPAaKEHHOM 3KBMHYCHOM YCTAaHOBKOW
CTOTIbI TIO3BOJISIET TOBOPUTDH O TEXHMUECKOI MPOCTO-
Te BBINIOJIHEHMS JAaHHOTO AOCTYIIA U MO3BOJISIET PEKO-
MeHJIOBaTh €ro K MCII0JIb30BaHUIO B TPaBMaTOJIOTO-
OpTOIeaMYeCKUX OTeNeHUSIX JII0O0T0 YPOBHSI.
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PodomaHosa JI.A. — KOHLENIMS VCCIeNOBaHMUS, pelaK-
TUPOBaHMe TeKCTa PYKOIMUCH.

Manbsiwes B.1. — TTOUCK M aHAIU3 ITyOIMKaLyii, Hammca-
HMe U pefaKTUPOBaHMe TEeKCTa PYKOMMUCH.

Bce aBTOpBI Mpouwin U ogo6pmian GUHAIBHYIO BEPCUIO
PYKOTIMCH CTaTby. Bce aBTOPBI COTMIaCHbI HECTY OTBETCTBEH-
HOCTb 3a BCE aCIeKThl paboThl, YTOOBI 0OECIEUNTH Hale-
Kalllee pacCMOTpeHMe U pellieHMe BCeX BO3MOXKHBIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO M HAJEKHOCTbIO JII06071
YyacTu paboThl.

Hcmounuk ¢puHaucuposaHus. ABTOpbI  3asIBJISIOT
00 OTCYTCTBMM BHeIIHEro (GpMHAHCHMPOBAHMS TIPU MPOBee-
HUM UCC/IeTOBaHMSI.

Bo3mozicHblli KOH(IUKM uHmepecos. ABTOPBI NeKia-
PUPYIOT OTCYTCTBME SIBHBIX M TIOTEHIMATbHBIX KOHQIUKTOB
MHTEPECOB, CBI3aHHBIX C MyOIMKaIMeii HaCTOSIIEN CTaTh.

Omuueckasn 3Kkcnepmu3sa. ViccienoBaHyue omoOpeHo Jio-
KaJIbHbIM 3TuYeckum komuterom PIBY «HMUL TO wmm.
P.P. Bpemena» MwuusgpaBa Poccum, mpotokon N2 2 or
21.05.2024 1.

HnpopmuposanHoe coznacue Ha nyoauKayuio. ABTOpbI
MOYYMIM MUCbMEHHOe corjiacue TallMeHTOB Ha yuyacTue
B MCC/IEAOBAHUM U ITyOIMKALIUIO Pe3yIbTaTOB.
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Assessment of the Accuracy of Pedicle Screw Fixation
in Thoracolumbar Vertebrae using Freehand Technique
in Resource-Limited Settings: Insights from a Prospective Analysis

Mohamed S. Elzyati!, Magdy G. Youssef?, Mina S. Zaki

I Ain Shams University, Cairo, Egypt
2 Ain Shams University Hospitals, Cairo, Egypt

Abstract

Background. Thoracolumbar fractures and diseases represent a significant healthcare problem. Pedicle fixation is
a cornerstone in the surgical stabilization of spinal disorders, where spinal stability is crucial for maintaining proper
biomechanical function and preventing neurological compromise.

The aims: 1) to reassess the accuracy of freehand pedicle screw fixation in thoracolumbar vertebrae, particularly within
the context of resource-limited settings where image-guidance technologies are not feasible; 2) to explore how surgical
ergonomics, particularly surgeon handedness, affects screw placement accuracy.

Methods. A prospective study was conducted, recruiting 90 patients with thoracolumbar lesions who underwent pedicle
screw fixation by freehand technique in 2024. We excluded patients with congenital spine deformities and revision surgery.
The accuracy and incidence of cortical breach of screws were determined by postoperative CT.

Results. Six hundred eighty-one screws were inserted in the lumbar and thoracic spine of 90 patients using a freehand
approach. Out of them, 579 (85%) screws were installed within the pedicle without cortical breach, 78 (11.4%) screws — with
a cortical breach less than 2 mm, and 24 (3.5%) screws — a with a cortical breach more than 2 mm. Six hundred fifty-seven
(96.4%) screws were considered a safe breach, and 24 (3.6%) screws were considered a dangerous breach.

Conclusions. The use of freehand technique in pedicle screw fixation appears to be reliable and safe. It remains a valuable
method, particularly in a resource-limited environment, providing a cost-effective and radiation-free alternative to
navigation-assisted systems. This study reveals that surgical ergonomics, specifically surgeon handedness, do not
significantly impact a breach when proper technique is maintained.
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MeToAOM «CBOGOAHOI PYyKU» B YCNOBUSIX OrpaHMUYEHHbIX pecypcoB:
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Pedepar

AxmyansHocme. TpaBMbI 1 3a060/IeBaHMSI TPYIOIMOSICHUYHOTO OT/e/1a TO3BOHOYHMKA MTPEICTAB/ISIOT Cepbe3HYI0 Mpobiie-
MYy [JISI XMPYPTOB U BCETO 3[[paBOOXpaHeHMs B 1esoM. TpaHcneAuKyasipHas GUKCAIS JIEXKUT B OCHOBE XUPYPTUUECKOI
CTAabWIM3aNyY MO3BOHKOB, a CTAGMILHOCTH MTO3BOHOYHMKA MMEET peniaiolnee 3HaUeHMe /IS oA Ae psKaHusI Ha IIexkaniei
61oMexXaHNYeCcKoil GYHKUMY U MPeaoTBPAIeHNSI HEBPOJIOTMYECKIX HaPYIIEHMIA.

Llenu uccnedosanus: 1) MpoBeCTy MIOBTOPHYIO OLIEHKY TOUHOCTY TPAHCIIEAVIKYISIPHOI (pUKcalyu B IpyIONOSCHUYHOM OTAENe
ITO3BOHOYHMKA METOJOM «CBOOOIHOI PYKM», OCOGEHHO B YCIIOBMSX OrPAHMYEHHBIX PECYPCOB, KOTIA MPUMEHEHVEe MEeTOIOB
BU3YaIM3aIMM HEBO3MOKHO; 2) U3YUNThb, KAK XUPYpPruUyecKas SproHOMIKA, B YACTHOCTU IIPEIIIOUTEHMEe XMpypra paboTaTthb
JIeBOV MV TIPABOVi PYKOJA, BIIMSIET HA TOUHOCTDb YCTAHOBKY BUHTOB.

Mamepuan u memodsi. BblI0 TTPOBEIEHO MPOCIIEKTUBHOE MCCIeIOBaHMe, B KOTOPOM MpUHSIM ydyactre 90 MamyeHTOB
C TOPAKEHVSIMU TPYOOTIOSICHUYHOTO OT/IeNa, KOTOPhIM B 2024 T. 6bUIa BRIMOMHEHA TPAHCTIEANKYISIPHAS GUKCALIMS METOIOM
«CBO6GOAHOI pyKu». [TaliMeHThI ¢ BPOKAEHHbIMM AedopManysIiMy TO3BOHOYHYKA U MTPEIIIECTBYIONIVIMU PEBU3USIMU ObLIU
MCKITIOUeHbI. TOUHOCTD (DyKCAIY BUHTOB U YaCTOTA MOBPEXAEHNI KOPTUKATBHOTO CJIOST OMIPENESIN ITPY MTOMOIIM MOC/Ie-
OIepalyOHHO KOMITbIOTEPHOI TOMOTrpaduin.

Pesynomamet. Y 90 NAnMeHTOB B MOSICHUYHBIN M TPYIHON OTHENbI TIO3BOHOYHMKA ObLT YCTAHOBIEH 681 BUHT METOLOM
«CB060A0IT pyKu». I3 Hux 579 (85%) BUHTOB ObLIIM YCTAHOBIEHBI MHTPATIEAUKY/ISIPHO 6€3 HapyIIeHNsI KOPTUKAIBHOTO CJ10S,
78 (11,4%) BUHTOB — C BBIXOZOM BYHTA U3 HOKKM MeHee 2 MM 1 24 (3,5%) BUHTa — C BBIXOJJOM BMHTA 13 HOXKM 60jiee 2 MM.
IMonoskenue 657 (96,4%) BUHTOB ObLIO IIPM3HAHO 6e30MacHbIM, a 24 (3,6%) BUHTOB C IMTOBPEXKIEHUSIMM — OIACHbBIM.
3axntouenue. Vicrionb30BaHMe TEXHUKY «CBOOOIHOI PYKM» IIPY TPAHCIEAVKYISPHOM QuKcaly IBISeTCsS HagesKHbIM U
6e30IMacHbIM METOAOM, KOTOPBI 0COGEHHO TT0JIe3€H B YUIOBUSIX OTPAaHNYEHHBIX PECYPCOB, SIBISISICh 9KOHOMUYHO 1 6€3-
paaMalMOHHONM anbTepPHATMBOM HAaBUTALIMOHHBIM cucTeMaM. Pe3ynbTaThl MIPOBEEHHOIO MCC/IeN0BaHMs MOKa3alin, 4To
XUPYPrudyecKasl 3proHOMNKA, B YACTHOCTM TMPEAIIOUTEHNE XUPYypTa paboTaTh JeBOI WM MPaBOil PYKOii, HE OKa3bIBaeT
CYIIECTBEHHOTO BIMSHMS Ha YCIIEITHOCTh XUPYPIUUECKOTO JIEYeHUS TPU COOMIOAEHUM TEXHUKU.

KitroueBblie ¢/10Ba: TpaHCIEANKYISIpHAs GUKCALMs; METO, «CBOOOLHOM PYKi»; TPABMbI IPYIOIOSICHUYHOTO OT/IEJIa II03BO-
HOYHMKA; 3a60/IeBaHMsI IPYOOIOSICHIUYHOTO OT/e/Ia TI03BOHOUHMKA.
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INTRODUCTION

Spinal fixation has been developed in the 20" century.
Before that, immobilization of an unstable spine
had been tried using traction, bed rest, bracing, and
casting [1]. One of the earliest spinal fixations was
introduced in 1891 by B.E. Hadra, who used a sliver
wire loop around a spinous process in a figure-of-
eight to stabilize spinal fractures caused by Pott’s
disease [2].

Nowadays, pedicle screws fixation with rod
constructs has gained global acceptance in multiple
reconstructive spine surgeries, spinal fusion, and
spinal stabilization in traumatic, degenerative, and
neoplastic spine diseases [3]. The coronal and sagittal
orientations of the thoracic and lumbar facets define
the thoracolumbar spine, a crucial transitional region
between the more rigid thoracic spine and flexible
lumbar spine [4].

Various methods, including the freehand technique,
have been established for pedicle fixation; this method
relies on the surgeon’s experience and the ability to
determine the entry point with anatomical landmarks
exposure of the posterior elements. Freehand pedicle
screw fixation has been widely accepted in the lumbar
region. In contrast, the thoracic region is more
challenging due to the narrow pedicle corridor and
critical neurovascular anatomy [5]. Due to the spine’s
unique neurovascular anatomy, there has been
a movement in favor of new techniques that enhance
the accuracy of pedicle screw fixation, including
intraoperative fluoroscopy, computed tomography
(CT), and computer-assisted navigation [6]. Despite
their advantage in the accuracy of pedicle screw
positioning, they pose hazards, including radiation
exposure to the medical team and the patient,
prolonged operative time, blood loss, and high costs
that hinder their availability in all facilities. The
benefit of the freehand method is that it may be used
anywhere, especially in developing areas, decreases
radiation exposure, saves time and money, and
prevents repeated interruption during surgery [5].

Spine surgeons are among the most exposed
surgical specialists in terms of occupational radiation.
Compared to other fields, their exposure ranks third
after interventional cardiologists and radiologists,
mainly due to the frequent use of intraoperative
fluoroscopy and navigation in spinal instrumentation.
Studies show that spine surgeons may receive
between 1 to 5 mSv per year, significantly higher than
general surgeons or neurosurgeons, whose exposure
typically remains below 0.5 mSv [7]. Intraoperative
fluoroscopy in spine procedures, especially minimally
invasive surgeries, poses substantial radiation risks
to the surgeon’s hands, thyroid, and lens of the
eye. Long-term cumulative exposure can lead to
increased risks of cataracts, thyroid abnormalities,
and even malignancies [8, 9]. This elevated risk

underscores the occupational health advantage of
adopting the freehand technique, particularly in
routine thoracolumbar surgeries, where it eliminates
intraoperative radiation. Inresource-limited settings,
where radiation shielding may be inadequate or
inconsistently used, this benefit becomes even more
critical.

Despite the advantages of pedicle fixation by the
freehand technique, there is a potential risk of screw
malposition in the surrounding critical neurovascular
anatomy, which requires higher accuracy and
precision. Screw malposition can lead to a permanent
neurological deficit and necessitate reoperation [10].

The aims: 1) to reassess the accuracy of freehand
pedicle screw fixation in thoracolumbar vertebrae,
particularly within the context of resource-limited
settings where image-guidance technologies are
not feasible; 2) to explore how surgical ergonomics,

particularly surgeon handedness, affects screw
placement accuracy.

METHODS

Patients

A prospective study was conducted on 90 patients
aged 18 to 65 years with spinal pathologies, including
fractures, metastatic diseases, infection, and
degenerative diseases, from January 2024 to June
2024 at the Ain Shams University. We excluded any
congenital deformities, such as congenital scoliosis
and malformations, or revision surgery.

Six hundred and eighty-one pedicle screws were
implanted in 90 patients (54 males and 36 females)
using a freehand approach. The patients were
clinically and radiologically evaluated preoperatively
and postoperatively. Personal history included name,
age, and sex; history of trauma included mode, site,
time till presentation, and severity; history of night
fever; loss of weight; neurological disorders including
sensory, motor, and sphincter disorders, or history
of other general health problems that may hinder
anesthesia.

Examination

The general examination included evaluating the
patient’s hemodynamic state, examining the head,
chest, abdomen, and extremities for associated
injuries, and palpating the spine for tenderness and
deformity. Inspection for any deformity, contusion,
or sinuses, evaluating any deformity and identifying
any associated injuries. Neurological examination
included motor, sensory, and sphincter examination.
The motor examination included reflexes (superficial
and deep) and motor power, assessed using the MRC
muscle power scale, which grades the motor power
from grade 0 (no contraction) to grade 5 (normal
power) [11]. Sensory examination is a comprehensive
process that encompasses both superficial and
deep sensations, providing a robust foundation
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for diagnosis. Radiological evaluation included AP
and lateral radiography, spine CT and MRI, further
enhancing our understanding of the pathology and
aiding in decision-making.

After admission, when all the investigations had
been done, anticoagulants were administrated to
non-ambulatory patients, and analgesics were used
to manage other comorbidities. The surgery and
postoperative management were explained to the
patient and their relatives, and consent was obtained
for the approach and postoperative CT.

Preoperative preparation and positioning

All patients received prophylactic antibiotics prior
to the induction of anesthesia. The patients were
positioned prone with a slightly flexed hip, and their
knees were kept in slight flexion to avoid stretching
over the sciatic nerve. Exposure of the entire back was
achieved, and pressure points at the hips and chest
were avoided by using proper padding. Fluoroscopy
was used to confirm the level of incision.

Surgical technique

A longitudinal midline incision is done along the
skin, subcutaneous fat, and fascia to reach the tips of
spinous processes. Paraspinal muscles are stripped
off the lamina subperiosteally to reduce blood loss
with exposure to the transverse processes bilaterally,
exposing the facet joints.

The entry point of the lumbar spine is at the
meeting between the transverse process, pars
interarticularis, and the inferior margin of the
superior articular process. In the thoracic spine, the
entry point is at the center of a triangle formed by
the lower border of the superior articular process
and the medial wall of the transverse process and the
pars interarticularis. In the lower thoracic spine, the
entry point tends to be more medial and cephalad

when moving proximally; above T7, the entry point
tends to be more lateral and caudal again.

An awl is used to create an entry point, and then
a pedicle probe is inserted about 15-20 mm. Once
the probe is removed, the track is checked to ensure
that only blood is coming out, not pulsatile, and not
cerebrospinal fluid. Then, the pedicle track is palpated
with a feeler to ensure that the five osseous borders
are intact. Then the screw is placed down into the
body. The rod is placed and secured with set screws.
Then, the surgical wound is irrigated, homeostasis is
achieved, and the wound is closed in layers.

All the operations were performed by expert right-
handed surgeons, and all the screws were positioned
from the same side. The surgeon placed the right
screws from the right side and the left screws from the
left side.

To ensure accurate placement of pedicle
screws during the surgery, we utilized a structured
intraoperative audit tool named the Pedicle Screw
Freehand Accuracy Checklist (PSFHAC) (Table 1). This
checklist systematically verifies critical anatomical
landmarks and procedural steps at each stage of screw
insertion. It helps detect potential breaches early and
guides the surgeon in maintaining the correct screw
trajectory.

Postoperative protocol

The patients underwent neurological examination
in the postoperative period. They were given
antibiotics, and brace was prescribed for all of
them. Different techniques are used to detect
breaches intraoperatively, including fluoroscopy,
and postoperatively by radiography, CT, or MRI.
In this study, we utilize postoperative CT scans to
assess the accuracy of pedicle screw placement and
intraoperative fluoroscopy to detect any apparent
breaches (Figure 1).

Table 1
Pedicle Screw Freehand Accuracy Checklist (PSFHAC)
Step Anatomical landmark/technique Checkpoint Remarks
1 | Identify the junction of the transverse process | Entry point correctly marked? Align with the base
and superior articular facet (Yes/No) of the facet

2 | Use of gear shift probe Medial wall breach during probing? Tactile loss of

(Yes/No) resistance warning
3 | Palpate pedicle trajectory with a ball-tip probe | Smooth canal felt to depth? (Yes/No) | Check that all walls

4 | Measure depth and angle with gear shift
or probe

5 Screw insertion

6 | Record estimated trajectory angle (optional)

Medial/lateral angulation within the
expected range?

Smooth insertion without resistance?
(Yes/No)

Matches anatomical norms for level?

intact

Based on the vertebral
level

Sudden loss = possible
breach

For training purposes
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Figure 1. Postoperative CT scans assessing the accuracy of pedicle screw placement of:

a — a 35-year-old female with L1 fracture post-fixation with T12, showing screws within the pedicle;
b — a 43-year-old male with T12 fracture post-fixation with T10, showing a medial breach;

¢ — a 41-year-old female with T7 pathological fracture with T6, vertebra showing a lateral breach

The placement of the pedicle screw was assessed
using postoperative CT scans. We analyze the axial,
sagittal, and coronal views to get a comprehensive
view of the screw trajectory, whether the screw is in
the planned trajectory of the pedicle and the vertebral
body and assess any cortical breach.

Then we use the Gertzbein-Robbins classification,
which grades breaches as follows: a screw entirely
within the pedicle is considered grade A; a violation
of <2 mm is considered grade B; a violation of 2 to
<4 mm is considered grade C; a violation of 4 to
<6 mm is grade D; and a violation >6 mm is
grade E [12]. According to the Gertzbein-Robbins
classification, this study considers grades A and B
breaches as safe, while C, D, and E are dangerous.

Statistical analysis

Data were collected, revised, coded, and entered into
the Statistical Package for the Social Sciences (SPSS),
version 23.0 (SPSS Inc., Chicago, IL, USA). Qualitative
variables were presented as numbers and percentages.
Chi-square test (3?) was used to assess the association
between categorical variables, such as the screw
breach status (safe vs dangerous) and factors like
vertebral region (thoracic vs lumbar), screw side (right
vs left), and underlying pathology. Logistic regression
analysis was performed to identify predictors of
dangerous screw breaches. The odds ratio (OR) and
its corresponding 95% confidence interval (CI) were
reported for each predictor to quantify the likelihood
of a dangerous breach. The regression coefficient (B)
represents the change in the log odds of the outcome
for each unit change in the predictor variable. A p-value
of < 0.05 was considered statistically significant.

RESULTS

Among 90 study participants, 54 (60%) were male,
and 36 (40%) were female; all were operated on
using the freehand technique. Forty-eight (53.3%)
patients were diagnosed with vertebral fracture,

18 patients (20%) — with spondylodiscitis, 12 patients
(13.3%) — with metastatic lesions, 9 (10%) patients —
with a disk prolapse, and 3 (3.3%) patients — with
spondylolisthesis.

We wused 681 screws in the thoracolumbar
vertebrae, 270 — in the lumbar vertebrae, and 411 —
in the thoracic vertebrae, with most of the screws
in the thoracolumbar transition zone. We used
375 (55%) screws in vertebral fractures, 123 (18%)
screws in metastatic lesions, 135 (19.8%) screws in
spondylodiscitis, 36 (5.2%) screws in a disc prolapse,
and 12 (2%) screws in spondylolisthesis (Figure 2).
No statistically significant difference in breach
rates between pathologies (p>0.05) were observed,
although lateral breaches were numerically higher in
infection and metastatic cases.

Diagnosis

Spondylolisthesis J
Disc prolapse
Spondylodiscitis [
Metastatic [
trauna cases
0 50 100 150 200 250

BLt @Rt

Figure 2. Number of screws in each pathology

In the thoracic vertebrae, we used 411 screws,
204 screws on the right side, and 207 screws on the
left side. The percentage of screws within the pedicle
was 342 (83%) screws out of 411 screws. Most of the
screws outside the pedicle caused a lateral breach
(8%) (Figure 3).

In the lumbar vertebrae, we used 270 screws, 132 on
the right side and 138 on the left side. The percentage
of screws within the pedicle was 237 (87.8%) screws
out of 270 screws. Most of the screws outside the
pedicle caused a lateral breach (7.8%) (Figure 4).
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Figure 4. Position of screws in the lumbar spine

The following tables compare the thoracic and
lumbar spine regarding the position of the screw
(Table 2). Lateral breaches were most common,
particularly in the thoracic region. Medial breaches,

which pose a higher neurologic risk, were observed in
only 5.7% of cases.

In this study, according to the Gertzbein-Robbins
classification, 579 (85%) screws were considered
grade A, 78 screws — grade B (11.4%), 18 (2.6%)
screws — grade C, and 6 (0.9%) screws — grade D.
Grade A and B with breaches <2 mm are considered
acceptable breaches, while grades C, D, and E with
breaches >2 mm are considered dangerous breaches.
In this study, 657 screws out of 681 (96.4%) screws
are considered safe breaches, while 24 (3.6%) screws
are considered risky breaches (Table 3). Reoperation
was required only in one patient due to pedicle screw
malposition, which resulted in nerve root irritation.
There is no significant difference in breach rates
between right- and left-sided insertions, despite all
surgeons being right-handed.

Side-based analysis and surgeon handedness

All screws were placed using an ipsilateral approach
by right-handed surgeons (i.e., right screws inserted
from the right side, left screws from the left).
Among the 336 right-sided screws, 327 (97.3%) were
classified as safe breaches (Grades A and B), and 9
(2.7%) were dangerous breaches (Grades C, D, and
E). In comparison, among 345 left-sided screws,
330 (95.7%) were safe breaches, and 15 (4.3%)

Table 2
Thoracic versus lumbar screw placement accuracy
. 1 . . Total
Spine Within Medial wall | Lateral wall | Inferior wall Total number
. . number x2 p-value
region pedicle breach breach breach of screws of breaches
Thoracic 342 (83.2%) 27 (6.6%) 33 (8.0%) 9 (2.2%) 411 69 (16.8%) 2.07 | 0.59 (NS)
Lumbar 237 (87.8%) 12 (4.4%) 21 (7.8%) 0 (0.0%) 270 33(12.2%) 0.89 | 0.35 (NS)
NS — non-significant.
Table 3
Combined Gertzbein-Robbins classification with breach acceptability by a screw side
Right-sided Left-sided
Grade l‘c’;crefi,se escrz‘lee Total Classification
A 300 279 579 Safe
B 27 51 78 Safe
C 9 9 18 Dangerous
D 0 6 6 Dangerous
Total 336 345 681
Acceptable breach (A+B) 327 330 657 96.4% of all screws
Non-acceptable breach (C+D) 9 15 24 3.6% of all screws
p-value (acceptable vs non-acceptable) 0.50 (NS)
Right Left 22 p-value

Acceptable breach 327 330
Non-acceptable breach 9 15 0.47 0.50 (NS)
Total 336 345

NS — non-significant.
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were dangerous breaches. The difference was not
statistically significant (p = 0.50). These findings
suggest consistent screw placement accuracy
irrespective of screw laterality and surgeon
handedness.

As illustrated in Table 4, the freehand technique
significantly reduces the overall cost of surgery
compared to navigation-assisted methods. This
difference is mainly due to the elimination of high-
cost imaging equipment, system maintenance, and
extended operative time. In resource-limited settings,
this reduction in cost per procedure enhances
accessibility and surgical efficiency, supporting
broader implementation of the freehand technique.
Moreover, a comparative overview of cost and
operative parameters between freehand and image-
guided techniques for thoracolumbar pedicle screw
fixation reveals that the freehand approach shows
substantial advantages in cost, setup time, and

radiation exposure, with a marginal difference in
screw malposition rate.

A total of 681 pedicle screws were analyzed, of
which 24 (3.5%) were classified as dangerous breaches.
Logistic regression was performed to assess whether
the screw region, side, or underlying pathology
was associated with the occurrence of a dangerous
breach. As shown in Table 5, none of the predictors
demonstrated statistically significant associations.
Screws placed in the lumbar region had lower odds of
resulting in a dangerous breach compared to thoracic
screws (OR = 0.69, p = 0.290). Similarly, screws placed
on the right side had slightly higher odds than those
on the left (OR = 1.16, p = 0.700). When compared
to fractures, infections were associated with higher
odds (OR = 1.23, p = 0.555), while metastatic lesions
(OR = 0.95, p = 0.867) and other pathologies such
as spondylolisthesis and disc prolapse (OR = 1.09,
p = 0.854) showed no significant differences.

Table 4

Cost-effectiveness comparison between freehand and image-guided pedicle screw fixation

Parameter

Freehand technique

Image-guided (fluoroscopy/navigation)

Equipment cost (per case) 0-20 USD

Setup time 5-10 minutes
Operative time (avg.) 90 minutes
Radiation exposure none
Screw malposition rate 4%
Total estimated cost per case ~500 USD

300-600 USD
20-30 minutes
120 minutes

moderate to high
2%
~1200-1800 USD

Logistic regression for predictors of dangerous screw breaches fables
Predictor Coefficient (B) p-value Odds ratio (OR) 95% CI for OR
Lumbar vs thoracic -0.32 0.27 0.73 0.42-1.26
Right vs left 0.15 0.59 1.16 0.66-2.05
Infection vs fracture -0.20 0.52 0.82 0.45-1.52
Metastatic vs fracture 0.10 0.77 1.11 0.58-2.13
Other vs fracture 0.25 0.58 1.29 0.53-3.15

DISCUSSION

This study confirms the high accuracy (96.4% safe
placement) of freehand pedicle screw fixation in
a broad cohort of thoracolumbar pathologies. It is
important to note that these results stem from real-
world conditions with limited resources that are
underrepresented in the literature. Although image-
guided techniques offer higher theoretical precision,
their marginal gains may not justify the cost, operative
time, and radiation exposure in all settings.

The low incidence of dangerous breaches (3.6%)
and the single reoperation reflect the technique’s

clinical safety when performed by experienced
surgeons. Moreover, our subgroup analysis
offers additional insight into the anatomical and
pathological patterns of screw placement challenges.
This reinforces that, while navigation may benefit
specific complex deformities or revision surgeries,
freehand fixation remains highly effective in routine
thoracolumbar surgery.

Pedicle screw fixation by freehand technique
has been widely used depending on the anatomical
landmark and surgeon experience; despite the
availability of various intraoperative navigation
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tools in most centers, the freehand method is most
commonly used to avoid harmful radiation exposure,
prolonged time and blood loss, and the high cost of
navigation tools [13]. A pedicle breach is a complication
that can occur during spinal surgery. This can result in
several potential issues, such as nerve damage with the
medial or inferior breach, can impinge on the spinal
cord or nerve roots causing numbness, pain or even
motor deficits. Instability with improper placement
can compromise the stability of the spinal construct.
Vascular injury as a breach can damage nearby vessels,
leading to bleeding or hematoma formation [14, 15].

A noteworthy component of our study is the
analysis of pedicle screw accuracy with respect to the
surgeon’s handedness. All procedures were performed
by right-handed surgeons who inserted screws from
the ipsilateral side. Despite the expected ergonomic
preference for the dominant side, our results did
not demonstrate a significant difference in breach
rates between the right- and left-sided screws. This
observation reinforces the consistency and reliability
of the freehand technique, regardless of the surgeon’s
laterality.

This study adds a novel dimension by integrating
a multivariate approach to understanding predictors
of screw breaches, particularly about ergonomics and
laterality. While previous studies have not explicitly
explored the influence of surgeon handedness on
screw placement accuracy, our analysis showed
a trend toward higher breach rates in left-sided
screws placed by right-handed surgeons. Although
not statistically significant, this observation raises
important questions about ergonomic consistency,
visual angles, and dominant-hand biomechanics
during spine instrumentation.

This study was a prospective study on the accuracy
of 681 screws positioned in 90 patients with different
pathologies, including fracture, metastatic lesions,
discitis, disc prolapse, and listhesis. Expert surgeons
positioned all the screws; the acceptable breach
was 96.4% divided into 85% — purely within the
pedicle, 11.4% — with a breach of less than 2 mm,
and 3.6% — with a dangerous breach of more than
2 mm, with only one patient underwent revision due
to screw malposition.

L. Karapinar et al. conducted a study on the
freehand technique on T10-L3 fixation that showed
an accuracy of 94.2% with violated screws (5.8%)
[16]. S.L. Parker et al. carried out a study on freehand
pedicle screw fixation in the thoracic and lumbar
spine. They defined the breach as more than 25% of
the diameter of the screw is outside the pedicle or
vertebral cortex. The result was 1.7% of screws were

identified as breaching the pedicle [6]. In another
study by V.S. Fennel et al. on the freehand thoracic
pedicle screw method with the same definition of the
breach (more than 25% of the screw diameter outside
the pedicle), the result was 4.1% of screws violating
the cortex [17].

Compared to other methods, such as navigation
and image-assisted techniques, in different studies,
the freehand approach has a higher accuracy rate
than image-assisted techniques. T. Laine et al.
reported that the accuracy of the image-assisted
technique was 95.7% compared to the freehand
technique, which was 85.7% [18]. L.P. Amiot et al.
reported that image-assisted techniques’ accuracy
was 95%, with the misplaced screws found 0.1 to
2 mm from the cortex. In comparison, the freehand
technique accuracy was 85%, with the misplaced
screws divided into 12.5% of screws found 0.1 to
2 mm from the cortex (grade B), 1.8% of screws were
2.1 to 4 mm away from the cortex (grade C), and 0.7%
of screws were found away from the cortex by more
than 4 mm (grade D) [19].

In comparison with other studies, we have
accepted the accuracy rate of the freehand technique
with negligible complications encountered in our
study, such as neurological or vascular complications
following the freehand technique due to the
misplaced screws.

Study limitations

This study has several limitations, as it is non-
comparative, has been performed by different
surgeons, and includes a small number of cases. The
lack of comparison with image-guided techniques is
a key limitation. However, the study’s strength lies in
its pragmatic design and clinical relevance the to real-
world settings.

CONCLUSIONS

Pedicle screw insertion using the freehand technique,
depending on the anatomical landmark, is safe,
reliable, and accurate, which provides advantages such
as a decrease in setup and operative time, a reduction
in blood loss and radiation exposure, and less cost-
effectiveness in a resource-limited environment.
Additionally, the accuracy was maintained across
both right and left pedicle screw insertions, regardless
of the surgeon’s handedness, which underscores the
ergonomic reliability of the technique. A larger and
comparative study is required to provide stronger
evidence. This technique should be done by an expert
surgeon who is well-oriented in the anatomical
landmarks.
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MoaynbHas peBu3us 3HA0NPOTE30B Ta306eApeHHOro cycTaBa
Y NALMEHTOB C U3HOCOM MOJIMITUNIEHOBBIX BKNAAbILLei
U NepunpoTe3HbIM 0CTEONIM30M: 0630p UTEpPaTYpbl

I.B. Cradees, [I.B. CrieunanbHbiit, A.P. JIsx, H.B. UeB,
A.O. leuncos, P.M. Tuxuiosn

OI'BY «HauuoHanvHoili MeOUUUHCKULL ucciedosamenscKuli ueHmp mpasmamosnozuu u opmoneduu um. P.P. Bpedena»
Munsdpasa Poccuu, 2. CaHkm-Ilemep6ype, Poccus

Pedepar

AxkmyansHocms. MopynbHasi PeBU3USI SHIOMPOTE30B Ta300eAPEeHHOr0 CycTaBa IMpeACTaBisieT CO00i M30JMPOBAHHYIO
3aMeHY BKJIabIIIA ¥ TOJIOBKYU IPU COXPaHEHUY CTaOMIbHBIX KOMIIOHEHTOB. AKTYabHOCTh JaHHOI Ollepaium o6yCcIoBlIeHa
POCTOM 4MCJla IEPBUYHBIX SHIOIIPOTE3MPOBAHMIL U CBSI3aHHBIX C 3ITUM OCIOXHEHMII: M3HOCA MONUITUIeHa U [TIepUITPOTe3-
HOro ocreonn3sa. HecMoTps Ha KIIMHMYECKME NTPEUMYIIECTBA MOJY/IbHON peBU3UM — MaJjlasi TPaBMaTUYHOCTb, COKpallleHue
BpeMeHM Oomepanyy 1 6bICTpast peabMIUTaLIMSI — OCTAIOTCST BOIIPOCHI OTHOCUTENBbHO YETKUX KPUTEPHEB 0TOOpa Mal[MeHTOB
JL7IS1 [aHHOTO BMeLIaTelbCTBa.

Llens 0630pa — Ha OCHOBaHUM aHAIM3a AAHHBIX OTEUECTBEHHON M 3apyOeskHOI JuTepaTypbl 0606IIUTh COBPeMeHHbIe
B3IVISIABI HA BHITIOTHEHME MOIY/IbHO PeBU3MM Y MALIMEHTOB C MU3HOCOM M OCTEOIM30M BOKPYT CTAGMIBHBIX KOMIIOHEHTOB
9HZOIPOTEe3a Ta306eAPEHHOTO CYCTaBa.

Mamepuan u memoodet. ITouick my6IMKaIuMit OCyLecTBIsICS B 6a3ax JaHHbIX PubMed/MEDLINE (Ha aHITIMIICKOM SI3BIKE),
eLIBRARY (Ha pycckoMm s3bike) u Google Scholar (Ha pyccKOM M aHIVIMIICKOM SI3bIKax). BbUIM MCITONIb30BaHbI KITKOUEBbBIE
CJIOBA: 3HIOMPOTE3MPOBAHME Ta300epeHHOr0 CycTaBa, PEeBM3MOHHOE JHIOMPOTE3MpPOBAHME Ta300epeHHOro CyCcTaBa,
MOAY/IbHAsI PeBU3UST IHAOIpPOTe3a Ta306eAPEeHHOr0 CyCTaBa, M30IMPOBAHHAS 3aMeHa BK/IAIbIIA M TOJIOBKU SHIOMIPO-
Te3a Ta300edpeHHOr0 CycTaBa, M3HOC MOIMITUIIEHA, TIepUIIPOTe3HbI ocTeonns, osteolysis acetabular, revision total hip
arthroplasty, polyethylene liner wear, isolated head and liner exchange. [IpoBepka Ha COOTBETCTBME TEMATUKE UCC/IENOBA-
HMS BBITIIOJTHSI/IACh 110 3aT0JIOBKAM U pe3loMe cTaTelt, ocjie yero NpoBOAMIICS aHaIN3 TIOTHOTEKCTOBBIX BEPCUIA.
Pe3zynsmampt. OCHOBHbIE OCIOXXHEHMS IOC/Ie MOIY/IbHOM PEBU3UM — BBIBUXM U acelTUUecKoe pacliaThIBaHMe KOMIIO-
HEHTOB. Psz $hakTopoB pucKa BKIIOUAeT HelpaBWIbHOE MO3UIMOHMPOBaHMe KOMIIOHEHTOB, MaJblii AMaMeTp TOJIOBKM,
OOIIMPHBI OCTEONN3 U COMHUTENbHYIO CTaGMIBHOCTh BEPTIYKHOIO KOMITOHeHTa. KOoCTHasi IuiacTuMKa OCTeonuTude-
CKMX eheKTOB MOKeT CHMU3UTh PUCK OCIIOKHEHMIA, OOHAKO ee posib IO KOHIIA He onpexeneHa. CoBpemMeHHble MeTonbl KT
¥ 3D-peKOHCTPYKIMY CYIIECTBEHHO IMOBBIIIAIOT TOYHOCTb NpeforepalMOHHOrO MJIaHMPOBaHus. Pe3ynpTaThl Ucc/ief0Ba-
HMIT JEMOHCTPUPYIOT COMTOCTABUMYIO BbIKMBA@MOCTbh MMIUIAHTATOB P IIPUMEHEeHUM LIeMeHTHO ¥ OPUTMHAIbHON QK-
calyy BKIapIIa.

3axntoyeHue. MonynbHasi peBU3MS MPU YUIOBUM XOpolueit dukcanmumu U MpaBUIbHOTO PACIONOKEHUS MMILIAHTATOB
siBsieTcs: 9 beKTUBHOI anbTepHATMBOI MOTHON peBU3UM C TOTHON 3aMeHO) KOMIIOHEHTOB 3HIOoMpoTe3a. OgHaKo
HeoOXOIMMBbI JaTbHeliIIne ccieJ0BaHys, HallpaB/ieHHble HAa yTOUYHEHMe MT0OKa3aHuit, KpUuTepueB 0TO6Opa MalyeHTOB JJIsT
JIaHHOT'O OIIePaTUBHOTO JeYeHMSI.

KiroueBble CJI0Ba: PeBU3MOHHOE SHAOMPOTE3MPOBaHME Ta300eIpPEHHOTO CYCTaBa; MOAY/IbHAs PEeBU3MS IHIOIPOTE3a
Ta306eIpPEeHHOTO CYCTaBa; M30IMPOBAHHAS 3aMeHa BKJIAZbINIA U TOJIOBKM SHIOMPOTE3a Ta300eJpeHHOr0 CyCcTaBa; U3HOC
TIONMA3TUIIEHA ; IEPUTIPOTE3HbIN OCTEONN3.

Onsa mutupoBanusi: CradeeB [I.B., Cmeumanbusni [O.B., JIix A.P., e H.B., IeuncoB A.O., Tuxmwios P.M.
MogynbHasi peBU3us SHAOMPOTE30B Ta306eIPEeHHOr0 CyCTaBa y MAI[ME€HTOB C M3HOCOM IOIMSTUIEHOBBIX BKJIAJIbI-
11eit ¥ IepUIpoTE3HBIM OCTEOMN30M: 0630p IUTepaTyphl. Tpasmamonozus u opmonedus Poccuu. 2025;31(3):139-153.
https://doi.org/10.17816/2311-2905-17747.
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Isolated Head and Liner Exchange for Polyethylene Wear
and Periprosthetic Osteolysis in Revision Hip Arthroplasty:
A Review

Dmitry V. Stafeev, Denis V. Spetsialnyi, Alexey R. Lyakh, Nikita V. Iev,
Alexey O. Denisov, Rashid M. Tikhilov

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

Abstract

Background. The growing number of primary total hip arthroplasties (THAs) and the associated long-term complications —
such as polyethylene wear and periprosthetic osteolysis — underscore the importance of this technique. Although isolated
head-liner exchange offers clinical advantages, including reduced surgical morbidity, shorter operative time, and expedited
postoperative recovery, there remains a lack of clearly defined indications and patient selection criteria for its optimal
application.

The aim of the study — to synthesize current perspectives on isolated head and liner exchange in patients presenting
with polyethylene wear and osteolysis surrounding stable hip prosthesis components, based on a comprehensive review
of the international literature.

Methods. A systematic literature search was conducted in PubMed/MEDLINE (English), eLIBRARY (Russian), and Google
Scholar (English and Russian) databases. Search terms included: osteolysis acetabular, revision total hip arthroplasty,
polyethylene liner wear, isolated head and liner exchange. Titles and abstracts were screened for relevance, followed by
full-text evaluation. Articles without accessible full-text versions were excluded from the analysis.

Results. The most frequent complications following isolated head-liner exchange are prosthetic dislocation and aseptic
loosening. Identified risk factors include suboptimal component positioning, small femoral head diameter, extensive
osteolytic lesions, and questionable stability of the acetabular component. Bone grafting of osteolytic defects may help
mitigate these risks, though its efficacy remains under investigation. Advances in preoperative imaging, including CT and
3D reconstruction, have significantly improved surgical planning accuracy. Current evidence suggests comparable implant
survivorship between cemented and press-fit liner fixation techniques.

Conclusion. Isolated head and liner exchange, provided that the implants are well-fixed and positioned correctly, represents
a viable and less invasive alternative to complete component revision. However, further high-quality studies are warranted
to refine patient selection criteria and to establish standardized indications for this approach.

Keywords: revision total hip arthroplasty; isolated head and liner exchange; polyethylene wear; periprosthetic osteolysis.
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BBEJEHUE

ITo coobiennssMm BceMupHO# opraHusauuu 37paBo-
OXpaHeHMs], eXXerofHO BO BCEM MMpe BBIIOIHSETCS
okoso 1,5 MJTH omepauuit MepBUYHOTO TOTATLHOTO
SH/OIIPOTE3UPOBAHMS Ta300€IPEHHOTO CyCTaBa, IIpu
3TOM MOTPEOHOCTh B JAHHOM BMEIIATETbCTBE Ha Ce-
TOOHSIIIHUI NeHb IPoJLo/KaeT pactu [1]. Vinyduenue
KauecTBa XU3HU MalMeHTa U GYHKIMK [IPOOTIepUpPO-
BaHHOI'O CyCTaBa CIesajo0 JAaHHYI0 Ollepalui0 OOHUM
13 Haubosee KIMHUYECKM YCTIEIIHbIX ¥ SKOHOMUYe-
CKM BBITOLHBIX BMeUIaTeAbCTB B MeAULIMHE [2, 3].

HecMoTps Ha coBepIIeHCTBOBaHME MMILIAHTATOB,
XUPYPru4ecKoil TEXHUKU U MPOTOKOJIOB BeeHus a-
LMEHTOB, @ 3HAYUT U CHMXKEHME KOIMYeCTBa OCIOXK-
HEeHNI, 3HaUUTeNbHBIM POCT Ollepalyii IepBUYHOrO
SHIOINPOTE3UPOBAaHUSI BCE PAaBHO HEMMHYEMO BJle-
yeT 3a co60ii yBeMMUeHMEe KOMIMYECTBA PEBU3MOHHBIX
BMelIaTeNbCTB [4]. OCHOBHBIMY NPUUMHAMM BBIIIOJ-
HEeHUS] PEeBU3MOHHOTO SHAONPOTE3MPOBAHUS SIBJISI-
IOTCSI: acelTUYecKoe pacllaTbiBaHME KOMIIOHEHTOB
SHJOMpOTe3a, MepurpotesHas MHQEKLUS, BbIBUXU
SHIOIPOTEe3a, MepPUIPOTe3Hble IepeoMbl, MU3HOC
" pa3pyllieHne KOMIIOHEeHTOB 9HA0IIpoTe3a [5, 6]. [Ipu
3TOM HamboJiee YaCThIMU [MOKA3aHUSIMU K PAHHEMY
PEBU3MOHHOMY 3HAOINPOTE3UPOBAHUIO Ta306eqpeH-
HOTO CyCTaBa SIBJISIOTCS HepuUIipoTe3Hasi MHGeKIUs
M pelUAMBUDYIOLIMe BBIBUXU 3HAOINpoTe3a [5, 7].
OCHOBHBIMM TOKa3aHMSIMU K PEBU3MUM HA JJIUTEJIb-
HOM CPOKe HabJIofeHit yallle SBASIIOTCS POo6IeMbl,
CBSI3aHHbIE C OJIUTEbHON 3KCIUTyaTanuein 3HA0IMpo-
Te3a Ta300eqpeHHOro CyCcTaBa, a MMEHHO — C U3HO-
COM MOIM3TWIEHOBOTO BKJIAJbIIIA M OCTEONU3OM [8, 9].
Tak, ocTeonus SBJSIeTCS OCHOBHOM INPUYMHOM, MPU-
BOZSLIEN K acenNTMYeCKOMY paclIaThIBAHMIO KOMIIO-
HeHTOB. O HaKoO I10 TOBOAY M3HOCA MMOINITUIEHOBOTO
BKJIQ/IbIIIA ¥ OCTEO/IM3a 6e3 Pa3BUTHSI HECTAOWIIbHOCTU
KOMIIOHEHTOB 3HJOIPOTE3a TaKoKe BBIMIOMHSIOTCS pe-
BU3VMOHHBIE OIlepalyii, a YacToTa TaKMX BMeLIaTelbCTB
cocrasysieT 17,9% Ha cpokax 6onee 10 et rocne mnep-
BMYHOTO  SHJOMPOTE3UPOBAHUSI  Ta300epPeHHOTO
cycrasa [7]. Ha cerogHaUIHMi [eHb ONHUM U3 BapuaH-
TOB ONEPaTUBHOTO JieYeHUs MalMeHTOB C MU3HOCOM U
0CTEeO0JIM30M IPU CTAOMIIbHBIX KOMIIOHEHTAaX SIBJISIeTCS
M30/IMPOBaHHAasl 3aMe€Ha MOAY/IbHBIX KOMIIOHEHTOB
sHpomnporesa [8, 9]. OZHaKO B HACTOSILMIA MOMEHT
HeT YeTKOro OTBeTa Ha Bompoc: «Korma BO3MOXXHO
BBIIIOJIHEHME MOZAY/IbHOM peBU3UU?».

Ilenv 0630pa — Ha OCHOBaHUM aHaAIM3a JAHHBIX
OTeUeCTBEHHO! U 3apybexkHoil JuTepaTypbl 0606-
IIUTh COBPEMEHHbIE B3IVISAbl HA BBIIOJHEHME MO-
IyJIbHOJ PEBU3UM Yy IALIIEHTOB C MU3HOCOM U OCTE0/IN-
30M BOKPYT CTAOMIbHBIX KOMITIOHEHTOB SHIOMPOTE3a
Ta306eIPeHHOTO CYCTaBa.

MbI npeAnpUHSIIN NONBITKY OTBETUTD Ha PSif, BO-
npocoB: KakoBbl NOKa3aHMsl K BBIIIOJHEHUIO U30JIU-
POBaHHOV 3aMeHbl MOIYJIbHBIX KOMIIOHEHTOB 3H-
JIOTIPOTEe3a Ta300epeHHOr0 CyCTaBa y MallMEHTOB

C M3HOCOM U ocTeonn3om? KakoBbl pe3ynbTaThl Jie-
YyeHUsl TalMeHTOB, MepeHecIliuX MOOYJIbHYI0 PeBU-
3u0? Kakue (GakTopbl BAMSIOT HAa Pa3sBUTUE OCIOXK-
HEHMI1 IOCJIe OIepaTMBHOTO BMenlaTenbCcTBa? KakoBa
PO KOCTHOV IUIACTMKM B 3arlofHeHUM OedeKTOoB,
06pa3yIoyXcs B pe3y/abTaTe 0CTeoam3a?

MeTomoIorHs MMOMCKAa MCTOYHVKOB

IMouck my6IMKaIMii OCYIIEeCTBISUICS B 6a3aX JaHHbIX
PubMed/MEDLINE (Ha aHmmiickom si3bike), eLIBRARY
(Ha pycckoMm si3bike) u Google Scholar (Ha pycckom
Y QHIVIMIICKOM $I3bIKax). BbLIM MCHONIB30BaHbI Clie-
IyIolMe KIIYeBble (JIOBA: 3JHIOIMPOTE3UPOBaHME
Ta300eJpeHHOTO CYCTaBa, PEBM3MOHHOE IHJOIMPO-
Te3UpOBaHME Ta300eIPEHHOTO CYCTaBa, MOAY/IbHAS
peBU3US SHAOIMPOTE3a Ta300eqPEeHHOT0 CYyCTaBa, M30-
JIMPOBAHHAS 3aMeHa BKJIAIIIIA M TOJTOBKY SHOMPO-
Te3a Ta300eIpeHHOr0 CyCcTaBa, M3HOC IMOMUITUIIEHA,
TepUITPOTE3HBbINi OCcTeonus, osteolysis acetabular,
revision total hip arthroplasty, polyethylene liner
wear, isolated head and liner exchange.

Kpumepuu sxniouenus:

1) mccinenoBaHMs BCeX ypOBHEN O0KAa3aTEIbHOCTH;

2) paboThI C JOCTYITHBIM TTIOJTHBIM TEKCTOM

3) mybaMKauMM Ha PYCCKOM WIM aHIIUIACKOM
SI3BIKE.

B 0630p BKITIOUAIN:

— VMICTOYHMKM, OTMCHIBAIOIIME MPUYMHBI Y MeXa-
HM3M BO3HMKHOBEHMSI M MIPOTPECCHMPOBAHMS U3HOCA
" OCTEO0N3a;

— IyonuKauuu, comepkanive uHGopMaIuio o pe-
3y/IbTaTax MOAY/IbHBIX PEBU3UI SHIOMPOTE30B Ta30-
O6edpeHHOro CyCcTaBa, a Takke (aKTopax, CIOCOOHBIX
TOBJIMSITh HA MCXOJ, OIIePATUBHOTO BMEIIATeTbCTBA;

— paboThl, B KOTOPBIX HAOGMIOmaNM 3a U3MEHe-
HMEM OCTeOIUTUYECKMUX II0JIOCTeN IowIe KOCTHOM
TJIACTUKH,

— MCCeOBaHMs, CPABHMUBAIOIIVE pa3Hble METO-
IIbI pUKcayy HOBOTO BKIAIbIIIIA.

[lepBoHaAuvanbHBI/i IIOMCK B IEPEUYUCIEHHBIX
BbIllle 6a3ax MAHHBIX BBIABUI 2239 MCTOYHMKOB.
Hanee 1mocie MCKIKOUYEHMSI CTaTelt, He IOAXOmS-
MyUX [0 TeMaTUKe, MUIOTHBIX MCCIeLOBaHUI, TJIaB
KHUT, KOMMEHTapUeB K CTAThsIM, TE€3MCOB, CTATEl HA
OpYyTUX $SI3bIKaxX (KpOMe PYCCKOTO M aHIJIMIACKOTrO),
Iyomupyronux paboT 66110 0TOOpaHo 569 craTteit oys
aHaym3a mpuemieMocTu. [Tocie u3ydeHus 3aroyioB-
KOB, pe3IoMe, a TaKKe IMOTHOTEKCTOBBIX ITyOIMKaIit
B 0030p O6BIIO BKIIOUEHO 67 paboT, OITyOIMKOBAHHBIX
¢ 1972 o 2024 r., nogxoAs X Mo4 KPUTEPUM BKITIO-
YeHUSI M COOTBETCTBYIOUIMX LIEJISIM MCCAeqOBaHMS.
CnenyeT NMOAYEPKHYTb, UTO MpU aHaAu3e CTaTei
ocoboe BHMMaHME YOENSIJIOCh paboTraM, comepsKa-
myM MHOOPMAINIO O MOKA3aHUSIX K BHITOTHEHUIO
MOIY/JIbHOV PEBU3UM U OLIEHUBAIIIUM PE3Y/IbTaThI,
OCJIOKHEHUSI M (PAKTOPbl pUCKA HEOIarOmpPUSTHBIX
MCXOJOB IIOC/Ie BBITIOTHEHMSI M30JIMPOBAHHO 3aMe-
HbI BKJIQABINIA Y TOJIOBKM Ta300€IpeHHOTO CYCTaBa.
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PE3VJIbTATBI 1 OBCY>XKIEHUE

H3HoC mapsl TpeHUs 3HAOIPOTE3a

¥ ero nocjaeacTBUs

V3HOC — 3TO M3MeHeHMe pa3MepoB, (GOPMbI, MaCChI
WX COCTOSTHMSI TIOBEPXHOCTeii MMILIaHTaTa BCien-
CTBUE paspylieHus (M3HAMIMBAHUSI) MUKPOOOHEMOB
MMOBEPXHOCTHOTO ¢JIosl pu TpeHun [10].

Ha n3Hoc BKIaipIIa SHAOMPOTe3a Ta300eIPEHHOTO
cycTaBa BAMSIET MHOKECTBO ()aKTOPOB: IBUTATEIbHAS
aKTMBHOCTb IMallMeHTa; MO3UIUY KOMIIOHEHTOB 3HJ0-
MpoTe3a; MaTepuabl, UCIIOIb3yeMble B Mape TpeHMs.
Tak, P.M. TuxuaoB ¢ coaBTOpamu IpOaHaJIU3MPOBA-
Jin 467 omepauuii IepBUUHOTO SHAOMPOTE3UPOBAHMS
Ta306eIPeHHOT0 CYCTaBa, BBIMIOJHEHHBIX B ITE€PUO],
¢ 2001 o 2012 r. B Tpex TpaBMAaTOJIOr0-OpTOIleamYec-
kux otaenenusx ®I'BY «<HMULL TO um. P.P. Bpenena»,
U BBISICHWIN, UTO BBICOKAsl IBUTATEIbHASI aKTUBHOCTD
U yBeIuYeHMe yIJia HaKJIOHA BEPTIY>KHOTO KOMIIO-
HeHTa SIBJISIOTCS 3HAUMMbIMM (hakTOpamu Ijst 6osee
OBICTPOTO M3HOCA TOMMITUIEHOBOTO BKJIAMBIIIA, YTO
TaKKe ObIIO YCTAHOBJIEHO U B APYTUX UCCIETOBAHMSIX
[11,12,13].

Takke Ha CKOPOCTb M3HOCA OKA3bIBAIOT BJIMSIHME
MaTepuasnbl TPYIIUXCS MOBEpXHOCTel. B HacTosmmii
MOMEHT Haubojiee paclpoCTpaHeHHOI apoii TpeHust
B SHIONPOTE3UPOBAHUN SIBJSIETCS METalI-TIONMNITU-
seH [14]. MHOXeCTBO MCC/IeIOBAaHUI, OLI€HUBAIOIINX
pEHTTeHOo/IoTYeCcKe TTPU3HAKM U3HOCa Y TalMeHTOB
TI0C/Ie TOTAIBHOTO SHAOMIPOTE3UPOBAHMS Ta300eIpeH-
HOTO CyCTaBa, MOATBEPKAAI0T (haKT MEHbIIET0 M3HOCA
MOIepeyHO-CBSI3aHHOTO TONMATUIeHA B CpaBHEHUU
C TIOIMSTUIEHOM BBICOKOM MOJIEKYISIPHOV MacChl
[15, 16]. HecMoTpst Ha 3TO IIpob6ieMa M3HOCA MOIUITH-
JIEHOBOTO BKJIApIllIa B COBPEMEHHOM 3H/OMPOTe3N-
POBaHMUM OCTAETCS AKTyaIbHO 1 HEpEIIeHHOIA.

Vi3HOC mapsl TpeHMs SHAOIIPOTE3a Ta300eIpeHHO-
ro CyCTaBa MOXET MHOTAA IPOTeKaTb 6eCcCMMIITOM-
HO JIJIS TTallMeHTa, OJJHAKO 3aYacTyl0 HeceT 3a coboit
MHOKECTBO IIPOOJIEM U OCTIOKHEHMI, TAKMX Kak 6ojie-
BOJ CUHAPOM, BBIBUXM, HECTAOUIBHOCTb KOMITOHEH-
TOB Ha ¢oHe octeommsa [17]. A.R. Patel ¢ coaBTopamu
OOHAPYXMJIM, UTO B TpyIine u3 87 MalyeHTOB, MOM-
BEPTIUINXCS MOAY/IbHOI PeBU3MHU T10 TTOBOAY M3HOCA U
ocTeonusa, y 62% mpoorepupOBaHHBIX MTPUCYTCTBO-
Basl 6oseBOII CMHApPOM A0 orepanuy [18]. ITpu cra-
OWIbHBIX KOMITOHEHTAX M HAJMUMM M3HOCA U OCTEO-
s3a 60JIb MOKET OBITh CBSI3aHA C YaCTUIIAMM M3HOCA,
BBI3BIBAIONIMMIM CMHOBUT. [IoMMMO 3TOTO, IIpU BbIpa-
SKeHHOM M3HOCe U [ielleHTpaly TOIOBKM SHIOIpOTe-
3a BO3MOXKHO TTOSIBJIEHME TTOABBIBUXOB, IPOBOIMPYIO-
muxX OoJieBble ONIYIIEHMS Yy TalMeHTa BCIeICTBUE
HapylleHus TPUBBIUHOTO HATSDKEHMSI TapaapTUKy-
JISPHBIX TKaHei [17].

OpyruM HeO6IaroNpUSITHBIM TIOCIEICTBUEM, CBSI-
3aHHBIM C M3HOCOM IIOJIM3TUIEHOBOTO BKJIAAbIIIA,
MOYKeT ObITh BBIBMX SHIOIIPOTE3a B MTO3MHEM ITOC/IE-
oIepanyoHHOM Iepuogpe (CIycTs 5 jieT u 60s1ee mocye

TEepBUYHON omepanuu). B pesynpraTe M3HOCA MpO-
MCXOIUT JelleHTPpaLus TOMOBKY OeIpeHHOTO0 KOMIIO-
HEHTa, CHUKeHMEe HATSDKeHMsT MSITKUX TKaHei U, Kak
CJ1eICTBUE, IOBILIEHME PUCKA BbIBMXA B UCKYCCTBEH-
HOM cycrase [19]. ]. Parvizi c coaBTOpamu nmpoaHasiu-
3UpoBaau 22 ciaydas MO3OHEr0 BbIBMXA SHOOIPOTE3A
Ta300eJpeHHOr0 CyCTaBa, NMPU 3TOM CpeJHee BpeMs
OT TEePBUYHOTO 3HIONPOTE3UPOBAHUSI 1O BbIBUXA
COCTaBUJIO 9 J1eT. ABTOPBI OTMETMIIN, UYTO U3HOC MO~
STUJIEHOBOTO BKJIAJbIIIA, BEPOSITHEE BCETO, ObLT MPK-
YJHOV BBIBUXOB SHZIOIPOTE30B [20].

OnHMM M3 Hambosee T'PO3HBIX OCAOKHEHMI U3-
HOCa, BJIEKYLIMM 3a co60it acenTuueckoe pacuiaThl-
BaHMe KOMIIOHEHTOB 3HJIOIPOTE3a, SBISIETCS OCTEO-
u3. BriepBble 06paTuil BHMMaHMe Ha 06pa3oBaHUe
HEOO/MbIINX TOJIOCTENl BOKPYT I[EMEHTHOIN MaHTUU
BO BpeMsl U3yueHMs CIOMaHHbIX HOxeK ]. Charnley.
ITo ero MHeHNIO, 06Pa30BABIIMECS TTOJIOCTY OBLIU pe-
3y/IbTaTOM HEIIOJTHOLEHHOIO 3al0JIHEHUS UX 1]eMeH-
TOM B Ipollecce YCTaHOBKM HOXKM MMILIaHTaTa [21].
B manbHemxX MCCaeIoBaHUSIX ObUIO YCTAHOBJIEHO,
YTO OCTEO0M3, MPUBOALIMIT K 06pPa3sOBaHUIO IO-
JIOCTeil U B JajbHeiIleM K acerTuyecKoOMy paclia-
TBIBAHUIO, 3aBUCUT OT MaTepuasoB, MCIOIb3yeMbIX
B Iape TpeHUs sHAomnporesa [22, 23]. B vacTHOCTH,
uccinenoBaHus, mposeaeHHbie B 1980-1990-x rr., mo-
Ka3aau, YTO MUKPOYACTULIBI ITOIMITUIEHA SIBJISIOTCS
OCHOBHBIM IPOAYKTOM M3HOCA, HaXOISIIMMCS B 30-
HaxX OCTeo/NM3a BOKPYI KOMIIOHEHTOB SHAONPOTE30B
C [1apoJi TpeHMSI MeTALI-TTONINSTUIIEH [24].

R. Narkbunnam ¢ coaBTopamyu B CBOeM MCC/Iel0-
BaHUM OPEeNIPUHSIIU MOMbBITKY CO3[aTh MHCTPYMEHT
IIJIST KOMUYeCTBEHHOM OlleHKku ocTeonusa. Ha ocHoBa-
HUU JTaHHBIX PETPOCIIEKTUBHON TPyNIbl MALIMEHTOB,
MPOONEepUPOBAHHBIX [0 MOBOAY U3HOCA U OCTE0In3a,
Obla paspaboTaHa 6ayIbHAsI CUCTEMA OI[EHKU OCTE0-
nu3a (tabn. 1). IlpemyiokeHHasT CUCTeMa OlLleHMBaeT
pacmosio’keHue ¥ PaclpoCTPaHEHHOCTh OCTe0In3a
B 30Hax 1o DeLee u Charnley, npeo6pasys maHHbIe
B CYMMYy Oa/l/IOB IS JajbHeIeli MHTepIIpeTaiun.
ABTOpBI OTMETUM, UTO MMOPOTOBBIM 3HAUEHUEM IJIsI
acenTUYEeCKOTO PaciIaThIBAHUS BEPTIIY>KHOTO KOMIIO-
HEHTa SIBJISIeTCST cyMMa 6ajioB 5 u 6ojiee, Ipy 3TOM
YYBCTBUTEIBHOCTh JAHHOTO MeTona coctasisieT 0,79,
a cneuuduunocts — 0,87 [25].

Takum o6pa3oM, Ha M3HOC BKIABIIIA OKA3bIBAIOT
BJIMSIHME [JIUTENbHOCTb SKCIUTyaTalUMU SHAOIMPOTE-
3a, MaTepuas Mapbl TPEHUSI MCKYCCTBEHHOTO CyCTa-
Ba 1 (GaKTOpPhI, CBSI3aHHbBIE C XUPYProM. B cBOIO Oue-
pelib, OCTEO/IN3, PAa3BUBAKOILUIACS BUIEACTBYME U3HOCA,
MMeeT MHOXEeCTBO KJIMHMUYECKUX MPOSIBIeHUI U M0-
cnenctBuii. COCTOSIHME TTallMEeHTOB MOXET BapbUpO-
BaThCS OT ITOJHOTO KJIMHMYECKOTO OJIaroroyuust 10
CUTYyalyit, P KOTOPBIX MOTPEOYeTCS] BBITIOTHEHME
PEeBU3MOHHOTO BMENIATENbCTBA, OGHUM U3 KOTOPBIX
SIBJISIETCSI M30MPOBAHHASL 3aMeHa MOIYJIbHBIX KOM-
TIOHEeHTOB SHAOIPOTE3a.
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Tabnauya 1
Ba/utbHast MIKa/ia CUCTEeMHOV olleHKu octeonansa (Narkbunnam R., 2017)
Jlokanmuszanmsa | Bamn W3meHeHMsI Ha peHTTeHOrpamMmme

0 OTcyTCTBME IOPasKeHMS

1 He6onb111071 pasmep rmopaxkenust < 1 cm

2 Pasmep nmopaxeHus > 1 ¢M, MHTAaKTHOCTb CBOZA > 1 CM WJIM PEHTIeHOIIPO3pavyHast IMHUS
3oHa 1 KOCTY TOJIIMHOM < 2 MM

3 CBof, He TTOBpeXaeH < 1 CM WM peHTreHOoIIpo3pavyHas JMHUS TOMUIMHONA > 2 MM

4 IMopaskeHe 3aXBaThIBaeT BECh CBOJ, UM IIPUCYTCTBYET IlepeioM CBOJAA

0 OTCyTCTBME MOPasKEHUS

1 Heb6osb111071 pasmep rnmopaxkeHus < 1 ¢M WIK TOJIIMHA PEHTTeHOMPO3PaYHOi TMHUK < 2 MM
Bona 2 2 Pasmep nopaxeHus > 1 cM WM TOMIIMHA PEHTTEHOIPO3PAaYHO IMHUM > 2 MM

3 IMopaskeHne 3axBaTbiBaeT auHui0 Kohler

0 OTCyTCTBME IOPAsKEHUS

1 PenTreHornpospauHas IMHMUS TONIIMHON < 2 MM
30Ha 3 2 JlokanM30BaHHOE MOopaxkeHne B 00J1aCTU «(DUTYPBI CIe3bI»/CeqaTUIITHON KOCTU

WJIM PeHTTeHOIIpO3pavyHasi IMHMS TOMIIMHOM > 2 MM
3 IMopaskeHue 3axBaThIBaeT AMHNIO KOhler min 3HaUMTENbHBIN TU3UC CEIATUIITHON KOCTU

IToxasaHus AJIsT BBIMIOJTHEHMSI MOTY/IbHOM
peBu3Un

[TanyeHTaM C M3HOCOM M OCTEOIM30M BO3MOXXHO
BBIIIOJIHUTD MOJYJIBHYIO DEBU3UIO UM PEBU3UIO 3H-
JOTIpOTe3a Ta300epeHHOro CycTaBa C 3aMeHOli Bcex
KOMIIOHEHTOB. MoJly/ibHasi peBu3us Mofpa3yMeBaeT
M30JIMPOBAHHYIO 3aMeHY BKJIafbllla U FOJIOBKM SHI0-
MpoTe3a C COXpaHeHMEeM CTaOMIbHBIX BEPTIYKHOTO
1 6elpeHHOTO KOMITOHEHTOB [26, 27].

B Hacrosiilee BpeMsl B HAy4YHOI JuTepaType HeT
eIVIHOTO MHEeHMSI OTHOCUTE/IbHO IIOKa3aHuil s
BBIIIOJTHEHMSI MOAYIbHOI peBU3UM Ta300eIpeHHO-
ro cycrasa. Y MauyeHTOB C 6OeBbIM CUHADPOMOM MU
OTCYTCTBMEM SIBHBIX IIPM3HAKOB acCelTU4YecKoil He-
CTabWIBHOCTY KOMIIOHEHTOB JHJONPOTe3a OIHOIA
13 Haubosee BEPOSITHBIX MPUYMH ITOSIBUBLIETOCS CO
BpeMeHeM ayckoMdopTa B 06acTu Ta306eqpeHHOro
CycTaBa SBJIsIeTCs U3HOC U octeonus [17, 18]. B Takoi
CUTYyallMy MOZIY/IbHASI PEBU3MS SIBJISIETCS IIPUBJIEKa-
TelbHBIM BapMaHTOM XMPYPrUYECKOro JIeYeHUsl, Of-
HAKO B Pa3HbIX paboTax TpebGoBaHMs, TP bsBIsIeMbIe
K NOTEHUMAJbHBIM KaHAUAATAM Ha W30JIMPOBAHHYIO
3aMeHy TOJIOBKM M BKJIaAbIlIa SHIONPOTE3a Taso-
6elpeHHOTO CyCTaBa, He Bcerna coBmazaior [26, 27].
Psni XMpyproB OrpaHMUIMBAIOT KPYT MAILMEHTOB Gosee
KECTKMMU KpUTepUSIMM: Haluuue IpaBUIbHON I10-
3ULMM KOMIIOHEHTOB 3HJOIPOTE3a, Le/IbIii MeXaHU3M
¢uxcanMy BKIAABINIA, BEPTAYKHBIM KOMIIOHEHT He
MIOBPEXAEH T'OJIOBKOJM B pe3y/bTaTe M3HOCA BKIA[bl-
11, HOBBIM ITOMMITUIEHOBbBIN BKIAIBIII 00/373eT
JIOCTaTOYHOM TOJIIMHOM, MOJleNb BEPTIY>KHOTO KOM-
[IOHEHTa VMeeT XOPOIIYI BBDKMBAEMOCTb II0 JaH-
HBIM perucTpoB [26]. B cBoem uccienosanuu B. Lutz
C COaBTOpaMy PeKOMEHIYIOT M30IMPOBAaHHYIO 3aMe-
HY MOJY/IbHBIX KOMIIOHEHTOB IIpU yCJIOBUM, UTO CO-

XpaHEHHBI BEPTIY)XHbIII KOMIIOHEHT, 0 AaHHBIM
PEerucTpoB, ellle He JOCTUT CPeJHETO CPOKa CBOEeN BbI-
>KMBaemocTu [27].

OnHako co BpeMeHeM ITOAXOIbl K JIEUEHUIO Ta-
KUX TalMeHTOB HeCKOIbKO M3MeHWINCh. Hanpumep,
IlaHHbIE O COTIOCTaBUMBIX pe3y/bTaTax MpU MUCIOb-
30BaHMM OPUTMHAIBHOTO (UKCUPYIOUIETO YCTPOIi-
CTBA ¥ ILIEMEHTHOW TeXHWKM (UKCAIMM BKIAIBIIIA
B CTAOMJIbHBIV BEPTIYSKHBI/I KOMITOHEHT PAaCIIUPUIIN
TOKa3aHMs K MOAY/IbHON peBu3uu [28, 29]. banibHas
OIleHKa OCTeom3a, paspaboranHasi R. Narkbunnam
c coaBTOpamu [25], c ompeneneHreM MOPOrOBBIX 3HA-
YeHUI [OJis acenTMUecKOTO pacllaThiBaHUSI TakKKe
YBeJIMUMBAET KOJMUECTBO MOTEHLMAIbHbBIX MallyeH-
TOB, KOTOPBIM OYAET MOKA3aHO BBITIOTHEHVE MOY/Ib-
HOJ peBU3UMN.

V nmauueHTOB C OOIIMPHBIM OCTEOIM30M BO3HMKA-
IOT TPYOHOCTH, CBSI3aHHBIE ¢ muddepeHIanbHO qu-
arHOCTMKOI ITOTEPM KOCTHO TKaHM BOKPYT CTaOMIIb-
HOTO KOMIIOHEHTa 3HAOMNpPOTe3a IO CTaHZAPTHBIM
peHTreHorpammamM. OCTeONnopo3 M CTpecc-IUIgMHT,
pasBuBalolIMecss BOKPYT MMIUIAHTAaTOB, BbI3bIBAIOT
TPYOHOCTU TIPM MHTEpIpeTaluy peHTTeHOrpaMm
Ha Ha/lnyye OCTEeONUTUYECKUX MojocTeil. [laHHbIe
0 TIOTepe KOCTHOV TKaHU, KaueCcTBe epuuMIIaHTaT-
HOJV KOCTHU, 1IeJIOCTHOCTY pUMa ¥ HJIMYUU y4aCTKOB
OCTEOMHTeTpaly KOMIIOHEHTA SIBJISIIOTCS K/TI0UeBbI-
MM Ha 3Talle MpenonepalyoHHOrO IJIaHMPOBaHMS.
CraHzapTHbIe peHTreHOTpaMMbl He Bcerjga JawT He-
00X0aMMOe KOJIMYECTBO MHGOpMAaLMM [Jis ITOJHO-
LIEHHOTO MpefonepaluyioHHOr0 TIaHUPOBAaHUST BBULY
TPYOHOCTU B BU3ya/IM3ALUU TPEXMEPHON CTPYKTYpbI
Ha IBYMepHOM n306paskeHmu [30].

B kamaBepHoM ucciaegoBanuu A.M. Claus ¢ coas-
TOpaMM YCTAHOBWJIM, UTO 0OIAsl YyBCTBUTEIbHOCTD
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PEHTTeHOBCKOTO MCCIeNOBaHUS B OOHAPYKeHUU
OCTEOJIUTUUYECKMX 0YaroB cocTasjseT juiib 41,5%.
Taxske 6bUIO OTMEUEHO, YTO OOHAPYKEHME OUAroB 3a-
BUCUT OT UX PacronoxkeHusi. Tak, YyBCTBUTEIbHOCTD
TIpY JIOKAJIM3aIMM TIOJIOCTU B TIOAB3AOUIHON KOCTU
cocraBuia 72%, B TO BpeMsI Kak JIJIsl CeAaINITHOM KOC-
TU U alleTabyJISIPHOTO pyMa JaHHbII [T0Ka3aTeNlb ObLI
paBeH 15% [30]. TpymHOCTM B OOHAPY>KEHUU OCTEONIN -
TUYECKUX TTOJIOCTEN Ha CTAaHAAPTHBIX PEHTTeHOTPaM-
Max 00yCIaBIMBAIOT HEOOXOAMMOCTH BBIITOTHEHMUS
KOMIBIOTEPHOI TOMorpaduu. B psae ucciegoBanuii
KOMITbIOTEpPHAS TOMoOrpadusi IpoJeMOHCTPUPOBA-
sa 6osiee BBICOKYI0) UYBCTBUTEIBLHOCTb IO CPaBHE-
HUIO C peHTreHorpadueii B AMAarHOCTUKE OCTEONIN-
3a BHe 3aBUCMMOCTY OT JIOKQJIM3aIMM U Pa3MePOB
nosiocreit [30, 31, 32]. Takke CTOUT OTMETUTBH, UTO
B HEKOTOPBIX PabOTax, MOCBSIEHHbIX OIIEHKE OCTEO0-
M3a TIPU TIOMOIIY JIYYEBBIX METOMOB IMArHOCTU-
KM, MMEHHO KOMITbIOTEpHAsI ToMOrpacdms BBICTYIIA-
J1a 30JIOTBIM CTaHAAPTOM, C KOTOPBIM ITPOBOAMIOCH
CpaBHEHME pe3yJNbTaTOB aHajaM3a PEHTTeHOrPaMM
[32, 33].

PasBuTiie 1P POBBIX TEXHOJIOTHMIA M HEOOXOIMMOCTD
TIOJTHOIIEHHOM BU3YIM3aLMM PUBETU K TTOSIBJIEHUIO
METOAMK TI0 CO3JaHMI0 TPeXMEpPHON pPeKOHCTPYKIIVN
taza Ha ocHoBe KT-cpe3oB, KoTOpas sBiseTcs 6osee
MHGOPMATUBHO C TOUKY 3pEeHMSI BO3MOKHOCTY OIIeH-
Ki 00beKTa C PasIMYHBIX PAKYPCOB U ITPEICTABIEHMS
1I€JIOCTHOV MOZENM CJIOKHOTO TPEXMEPHOTO 0OBEKTa.
V XUpYypros MOSIBUIACh BO3MOKHOCTb TOYHO Paccum-
TaTh IUIOIIAOb KOHTAKTA BEPTIY’KHOTO KOMITOHEHTA
C KOCTBIO, UIBMEPUTH 06BEM OCTEOIUTUUECKOI TTOIOC-
THU, YTO, B CBOIO OUEPe[lb, HATIPSIMYIO BIMSIET HA TAKTU-
Ky OTIEPATUBHOTO JieueHus [34, 35].

Hampumep, B wuccnemoBannu A.H. KoBaseHKO
C COaBTOpaMM, OLIEHMBAIOIEM BAMsIHME 3D-peKOHC-
TPYKIMM Ha MpefornepanoHHoe TIaHVPOBaHMe pe-
BU3MM SHIOIPOTE3a Ta306eqPEeHHOT0 CYCTaBa, ObUIO
0OHAPYKEHO, UTO XUPYPIH YaCTO MEHSIIM CBOe MHe-
HME OTHOCUTEIIBHO TAKTUKM JIEUEHMSI TIOC/Ie IIpOo-

cMOTpa 06beMHOTO M306paskeHus [34]. TpexmepHast
PEeKOHCTPYKIMS, TIpM TIpaBUIBHON CerMeHTaluun
M OUYMCTKE M300pakeHMs OT MMIUIAHTATa, CIIOCOOHA
McyepIibiBalolle Moka3aTb BbIPa)keHHOCTb M3MeHe-
HMI1 KOCTHOIM TKaHM BOKPYT KOMIIOHEHTOB 3HAOIPO-
Te3a. Takke HEKOTOpble aBTOPbI OIMMCHIBAIOT AaxKe
YMeHbIIIeH/e MHTPAOIepaliMOHHO KpPOBOIIOTEPU U
COKpallleHVe BpeMeHM oliepaiiui py TpeXmMepHoit BU-
3yaqmsaluy Ha 3Talle INIaHMpoBaHus [36, 37]. [JaHHbIe
0 XapaKTepUCTUKe METOAMK BU3yaln3alyuu nepurpo-
TE3HOTO OCTEO/ M3 MTPeICTaB/IeHbI B TabmuIe 2.

VHdopmanys o JoKaIusauum u 06beMe 0CTEO M-
3a, laHHbIE O IIJI0IaAY KOHTAKTa KOMIIOHEHTOB 3H/10-
MpoTe3a Ta300eIPEHHOTO0 CYCTaBa C KOCTHIO SBISIIOTCS
KJIIOUeBBbIMM [MapaMeTpaMy BO BpeMsl Npeforepanu-
OHHOTI'O IUVIAHMPOBAHMUS, IIOCKOJIbKY CTaOMIbHAsT (PUK-
calmsi KOMIIOHEHTOB, OKPY>KEHHBIX OCTEOTUTUUECKHU-
MU TIOJIOCTSIMU, SIBJSIETCSI 3HAYMMBIM apryMeHTOM
B I10JIb3Y BBITIOJTHEHWSI MOILY/IbHOM peBu3uu [25].

B HacTosmuii MOMEHT OGOJIBIIMHCTBO YYEHBIX
CXOISITCS BO MHEHMU, YTO OKOHYATeJIbHOE pelleHue
0 COXpaHeHUM KOMIIOHEHTOB JH/IOMIPOTE3a U BbhIOOpE
ManyeHTa, KOTOpOMY OyIeT BBITIONIHEHA MOMY/IbHAS
peBu3us, IPUHUMAETCsI MHTPaonepalunoHHo [8, 38].
[To HamemMy MHEHMIO, TTIOTPEGHOCTD YIOCTOBEPUTHCS
B TIOJTHOM MeXaHWYeCKOi CTabMIbHOCTY MMILIAHTA-
TOB 00OYyC/IaBAMBAET HEOOXOOMMOCTb UETKOJ BU3ya-
mu3auuy 0601a BEPTIY’KHOTO KOMITOHEHTA WM Jajlb-
HeJIIero MpoBeIeHNsl TeCTOB Ha CTAOMIbHOCTD. Pan
XUPYProB JIs TONMydeHus: 6osiee NOCTOBEPHON WH-
dbopmanyy 0 cTabMIbHOCTY BEPTTYSKHOI'O KOMIIOHEH-
Ta PeKOMEHIYIOT YAaJISITh BUHTHI Iepef, OLleHKOI ero
MexaHnyeckoy ycromumpoctu [8, 38]. Taxke Heko-
TOpble U3 HUX TpeJJjaraloT IPOU3BOAUTb HENOCpes-
CTBEHHBII yAap Mo Kpaw MMIUIAHTaTa U OLeHUBAThb
ero CMellleHye OTHOCUTEeIbHO KOCTeii Ta3a [39].

Takum 06pa3oM, OIyOIMKOBAaHHBIE paHee IMOIXO0-
IbI K OT60pY MaIMeHTOB [JISI BBITTOMHEHUS MOJIY/Ib-
HOJi peBU3MM CO BpeMeHeM IpeTepIienu psij M3MeHe-
Huii. [Iporpecc B mpoOM3BOACTBE HOBBIX ITap TPEHMS,

Tabnauya 2
XapakTepucTUKa METOAMK BU3yaIN3al i IepUIPOTE3HOTO OCTeo/In3a
BosmoxxHOCTD
Bo3smoxxHOCTD
g _ | BO3MOXHOCTb | paccuuTaThb
M YBCTBU CO3MIaHuUs
1 eTop, paccumTaTh TUIOIAMb
ccteoBaHMe TeJIbHOCT, MOJIeNu IIpU
BMU3YaIM3aIUN % pasmep TTOKPBITHS OMOLI
° MIOJIOCTH KOMIIOHEHTOB -
3D-nevatyu

SHIOIpPOTEe3a
Claus A.M. c coasr., 2003 [30] PenTrex 15-72 na HeT HeT
Leung S. ¢ coaBT., 2005 [31] KT 60-85 Ia HeT HeT
Stulberg S.D. c coaBrT., 2002 [32]
KoBanenxko A.H. ¢ coaBT., 2020 [34] | 3D-peKOHCTPyKUIMSI 60-85 Ia na na
Henmncos A.O. ¢ coaBT., 2023 [35] Ha ocHoBe KT
Leung S. ¢ coaBr., 2005 [31]
Stulberg S.D. c coasrT., 2002 [32]
Zhang Y.D. c coaBT., 2018 [37]
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BHeJIpeHMe TpeXxMepHO BU3yaau3aluyu M MU3MeHeHUs
B ITOAXO/Te OIIeHKM OCTe0I1M3a Ha IpeaoIiepaliiOHHOM
JTale, a Takke HaKOIVIEHHbIe JaHHbIe 00 MCX0Hax Mo-
IYJIbHBIX PEBU3UI PACHIUPSIOT ITOKAa3aHUS K BBITIOJ-
HEHMIO M30IMPOBAHHOI 3aMeHbI TOJIOBKM M BKJIAIbI-
11a SHIOIPOTE3a Ta300eIPeHHOr0 CycTaBa.

B HacTogmuii MOMEHT Ha OCHOBAaHUM JaHHBIX
OTEUECTBEHHOI M 3apybeskHOl JTUTEpPaTypbl MOXKHO
BBIIENIUTD CJIeAyIolIye MoKa3aHus K MOIYJIbHOM pe-
BU3UU: BbIPAYKEHHbIN M3HOC MTOIMITUIEHOBOTO BKJIA-
ObIIIA C YIPO30/ KOHTAKTa MEXOY TOMOBKOM 3HIO-
MpoTe3a ¥ BHYTpeHHel ITOBEePXHOCTbI0 BEPTITYKHOTO
KOMITOHEHTa; 60JIeBOJi CMHAPOM B 06/IacTy Ta300emd-
PEeHHOTO CyCTaBa UM OTCYTCTBME IPM3HAKOB aceITu-
YeCcKOro paciiaTbiBaHMSI KOMIIOHEHTOB 3HJIOMIpOTe3a
MMPY HAJIMUMM M3HOCA BKJIAIbIIIIA ¥ O4aroB OCTEOJIM-
3a; MO3OHMI BbIBUX, 00YCIIOBJIEHHBIN M3HOCOM Iapbl
TpeHuss. OOHAKO OCTAaeTCcsl HepelleHHbIM BOIPOC 06
o0beMe pPEBM3MOHHOIO BMEIIATEIbCTBA Y IAlViEeH-
TOB, MMEIOIIVX OOIIVPHbIE OCTEONIUTHUUECKIE TedeK-
ThI BOKPYT CTaGMIbHBIX KOMIIOHEHTOB SHIOMPOTE3A,
0COGEHHO BOKPYT BETIYKHOTO, a TaKKe y OOJbHBIX
C BbIpaskeHHBIM M3HOCOM, MaJIbIIO3UITMEN MMIUIAHTA-
TOB IIPU OTCYTCTBUM BBIBMXOB B aHaMHe3e.

MopnynbHass peBU3Ns: MPeMMYyIecTBa
¥ HeJIOCTATKU

B Xome peBM3MOHHOIO 3HIONPOTE3UPOBAaHUSI Ta30-
OGenIpeHHOr0 CycTaBa 3aMeHa MOIY/IbHBIX KOMIIO-
HEHTOB S$BJISETCS LOCTATOYHO MaJOTPaBMaTUYHOM
ornepanuei, KoTopasi IO3BOJISIET COKPATUTh MPOAOI-
SKUTeTbHOCTb BMeIIaTe/bCTBa, CHU3UTb 00beM KPOBO-
notepu. [Ipy 3TOM MOAy/IbHAas PEBU3US B CPAaBHEHUU
C peBM3MeNl C 3aMeHO)l KOMIIOHEHTOB 3HIOIpOTe3a
MMeeT MEHbIIMI IMOoKa3aTelb GOJIEBOTO CUMHApPOMA
rocjie omepauuu U obecreunBaeT paHHee BOCCTa-
HOBJIEHME TalMeHTa IpPU XOpouleli BbDKMBAeMOCTU
B CpelHeCpOUYHOM Habmonenun [40, 41].

K.H. Koh ¢ coaBTopamu IpoaHaIu3upoBaIn
80 cimyyaeB peBM3MOHHOIO 3SHIONPOTE3UPOBAHUS
10 MMOBOLY M3HOCA BKJIAJbIlIa SHIONPOTE3a: U3 HUX
45 monHbIX peBuU3uit U 35 MOOYAbHBIX MIpU CpegHeM
cpoke HabmomeHust 51 mec. Bola BbIsSIBJIeHa CTaTUC-
TUYECKM 3HAuMMasi pasHulla B 0ObeMe MHTpaoIe-
pallMOHHOM KpOBOIIOTEPM, BPEMEHM Olepauuin u
MPOJO/KUTENBHOCTY HAXOXKAEHUsST OOMbHBIX B CTa-
LIMOHape Ipu OTCYTCTBUM pasiuMuMii B 4acTOTe OC-
JIO)KHEHM, TAKMX KaK acelTUIecKoe pacliaThiBaHUE,
BBIBUXU U TIepUIIpoTe3Hast uHeruus [8].

C. Restrepo ¢ coaBTopamu cpaBHWIM 31 ciyvait
PEeBU3MOHHOTO 3HIOINPOTE3UPOBAHUSI IO IIOBOAY
M3HOCA M OCTeOo/NM3a C 3aMeHO} CTabMIbHOTO BepT-
JIy>)KHOTO KOMITOHEHTa ¢ 37 cIyvasiMyU peBU3UMU C 3a-
MEHOJ TOMbKO BKJAAbIlIa. ABTOpPbl He HalLIM pas-
AUYUiL B UCXOJAaX MPU CpelHEeM CpoKe HabIIomeHus
2,8 rofa, XOTs U ObLIO YCTaHOBJIEHO, UTO MTPOIOJIKM-
TEJIbHOCTh OTIepallMyi ¥ KPOBOIOTEPS] ObUIM MeEHbIIIe

B TPYIIIIe 3aMeHbI MOAY/IbHbIX KOMITOHEHTOB MMILIaH-
taroB [41]. R. Narkbunnam ¢ coaBTopamu B cBoeit pa-
60Te 06HAPYKUIM OTCYTCTBME PA3HUIIBI B UaCTOTE OC-
JIO(KHEHUI MEXIy MOIYJ/IbHOM peBuU3uel U peBusuen
C yOaJeHueM BepTIY)KHOTO KOMIIOHEHTa, HO OTMe-
TWJIU, YTO BbIPASKEHHOCTH TIOCIEONePaMOHHOT0 60-
JIEBOTO CMHApPOMA ObLIa HMKE B TPYIINE 3aMeHbl MO-
IYJIIbHBIX KOMITOHEHTOB [42].

V3BeCTHO, UTO yHajeHye XOPOoIIo GUKCUPOBAHHOI
YalKM MMIUIAHTaTa, OKPY>KEHHO! 30HAMM OCTEOJM-
34, MOXKET MPUBECTY K 3HAYUTEIBHON IOTEpe KOCT-
HOJi TKaHM ¥ (GOPMMUPOBAHMIO OOIMIMPHOro medekTa
B 30He IPeATIoaaraeMoif yCTaHOBKM HOBOTO BEPTITyK-
HOro KommoHeHTa [40, 43]. B MOmOOHBIX CUTyAIUSIX
PV BBITTOHEHMM PEBU3MOHHOTO SHIOMPOTE3POBa-
HUSI MOKET IOTPeb0oBaThCS UCIOIb30BaHMe KOCTHOM
MJIACTUKM, ayTMEHTOB, aHTUIIPOTPY3MOHHBIX KOJIEIl,
a B 0C000 CJIOKHBIX CTYyYasiX — MHANBUIYATbHBIX M-
IJIAaHTaTOB. Bce BbINIenepeuncieHHOe 3a4acTyi0 Biie-
yeT 3a €000l TeXHUYeCKue TPYOHOCTU B YCTAHOBKE
HOBOTO BEPTIY’KHOTO KOMITOHEHTA, Yero MOXHO W3-
OexxaThb, IPUHMMAsI pellieHre 0 COXPaHEHUY CTabuITb-
HOI1 Yaiku [26, 43].

CnemyeT OTMETUTb, UTO IPU BCEX CBOMX IIpe-
MMYIIeCTBaX MOAY/IbHAS PEBU3MUS TaKKe MMeEeT DS
HEJOCTATKOB, CBSI3aHHBIX KaK C TEXHUYECKUMU U
MaTepUaIbHbBIMM aCIIeKTaMM OTepalnum, Tak 1 ¢ moc-
JleoTiepanMoOHHbIMU  cxomamu. [Ipu  coxpaHeHUU
CTabUJIbHOV YallKy BO BpeMs OIlepanyiu OTCYyTCTBY-
€T BO3MOXHOCTb VCIIPABUTb €€ MaIbIIO3UIINIO, UTO
B TAJIbHENIIIeM MOKET MPUBECTY K BBIBMXAM B II0CIe-
omepalMoHHOM mepuoge [44, 45]. B Hamieit mpakTu-
Ke TIpYM pasMepe Yamky A0 50 MM He Bcerpa ymaeTcst
YCTaHOBUTDb HOBBIN TOJMITUIEHOBBIN BKJIAMBIII JI0-
CTaTOYHONM TOJIIVHBI TIPU MCIIOIb30BAHUY TOJOBKU
MMIUIAHTATa OOJbIIEro pasMepa, YTO TAKKe MOKET
MIPMBOAUTD K BBIBUXY SHIOIMPOTE3A IIOC/IE OTePAIUN.
Taxoke 06IIeNTPU3HAHHO, YTO CYIIECTBYIOT TEXHMYEC-
Kie TPYOHOCTU C AOCTYIIOM K 30HE OCTeOJUTUYeC-
Koro gedeKkTa TpM TIOMBITKE BBIMTOJHUTL KOCTHYIO
TIACTUKY.

Hcxopst u3 9TOT0, MOKHO OTMETUTD, UTO U30IMPO-
BaHHAs 3aMeHa MOIY/IbHBIX KOMITOHEHTOB SIBJISIET-
CSl TIPUBJIEKATEIbHBIM BapUMaHTOM XUPYPTUUECKOTO
JledeHMs MaIMeHTOB C M3HOCOM M TepUIIPOTe3HBIM
OCTeO/IN30M, OJHAKO Ha/MuMe psifa HeJOCTAaTKOB He
MO3BOJISIET C YBEPEHHOCThIO YTBEPXKOAaTh, UYTO JAH-
HOEe BMENIaTeJbCTBO IMOKA3aHO BO BCEX CIyYasX M3-
HOCA BK/IQABINIA TPU CTAOWIBHBIX KOMITOHEHTaxX
SHJOIpOTE3a.

Pe3ynbTaThl ¥ OCJIOKHEHVSI MOLY/IbHOM
peBusuM

B coBpemeHHOJI Hay4yHOI JUTEpaType CoobIaeTcs
0 pa3/JIMYHBbIX MCXOOAaX MOIYAbHOI peBu3un. S.A. Lie
C COaBTOpaMM COOOIIAIOT O pesyiabTaTax 1649 pe-
BU3MOHHBIX OIepaluii, CBeIeHUS] O KOTOPBIX ObLIU
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MOJy4eHbl M3 HOPBEXKCKOTO PErucTpa 3HAONPOTe-
3MpoBaHMs. BblJI0 yCTaHOBIEHO, UTO YacToTa Iocie-
OnepalOHHbBIX OCIOXXHEHMIA TTOCIe U30AMPOBAHHOMN
3aMeHbl BKJIQAbINIA M TOMOBKY SHAOMPOTE3a ObLIa
BbIllle B CPaBHEHUM C PEBU3USIMU, BO BpeMSsI KOTOPBIX
MPOUCXOAMIa 3aMeHa BepTIY)KHOTO KOMIIOHEHTA,
a OCHOBHBIM OCJIOKHEHMEeM T0cjie MOAY/IbHOI peBu-
3UU SIBJISITICSI BBIBMX OJIOBKY 9HONPOTE3a, COCTABUB-
it 28% ot Bcex ocnmoxkHeHmit [46]. L. Vadei ¢ coaBTo-
pamMyu PeTpPOCHeKTUBHO MPOAHAIMU3UPOBAIU PETUCTD
SHIONPOTE3UPOBAHMUSI  Ta300eIPEHHOr0  CyCTaBa
HoBoii 3enananm, olleHMBas pe3yabTaTbl MOAY/IbHOM
peBusun. ecITUNETHSISS BbDKMBAEMOCTb COCTaBMJIA
75,3%, a cpemHMUII CPOK IO MOBTOPHOI ONepauum —
1,3 roga. OCHOBHBIMM IIPUUYMHAMM PEBU3UI CTAIN
peuuauBUPYIOMIMNIT BbIBUX (48,4%) U acenTuUyecKoe
pacuiaTelBaHMe BEPTIYKHOTO KOMIOHeHTa (20,9%)
[47].

S.M. Petis c coaBTOpaMy OLEHWIM pe3yJbTaThl
116 Momy/IbHBIX peBU3NI IO TTIOBOAY U3HOCA U OCTEO-
Jin3a. beuia BbISIBIEHA BBIKMBAEMOCTb 91% Ha cpoke
10 ner u 69% — Ha cpoke 15 ner. Ilatu (4%) nauu-
eHTaM ObLIa BBITIOJTHEHA ITOBTOPHAS OIepanust Io

TOBOJY aCeNTMUEeCKOTO pacliaTbIBaHMS BEPTIYKHOTO
KOMITOHEHTa, OfHAKO CaMbIM YaCTbIM OCIOKHEHUEM
SIBJISUICSI PELMAVBUPYIOIIUIA BBIBUX, ITPOU3OIIEA NI
y 19 (16%) nauuenTtoB [48]. [JlaHHbIE O pe3yiabTaTax
MaJIbIX PEeBU3UIi, OMMyOIMKOBAaHHbIE 3a IIOCTEIHME
IBaAIIATD JIET, IIPEICTABJIEHbI B TabuIie 3.

IMocie MomyNbHONM peBU3UM Ta306eIPEHHOIO CyC-
TaBa BbIBMXM SHIOMPOTE3a MOTYT BCTPEUATHCS C Yac-
TOTOM OT 2 nmo 48%, acenTuyeckoe pacliaTbIBaHUE
BEPTIY>)KHOTO KOMIIOHEHTa pa3BuBaetrcsi y 4-21%
MaleHTOoB, a TIOBTOPHbIE PEBM3MOHHbIE BMellaTellb-
CTBa BBITIOIHSIOTCS B 3—20% ciyuyaes. [Ipy 5TOM BbDKM-
BaeMOCTb 3HAOMNPOTE30B IOC/IE 3aMeHbl MOIYIbHBIX
KOMIIOHEHTOB, 110 JaHHBIM Hal[MOHATbHbIX PETUCTPOB,
cocrasiisieT OT 73 0o 97% Ha cpokax ot 2,8 go 10 et
(tabm. 3). [TosTOMy, HECMOTPSI Ha MaJible TPaBMaTU4-
HOCTb, KPOBOIIOTEPIO U COKpAllleHHOe BpeMs orepa-
LMU, & TaK’Ke BO3MOKHOCTb PaHHETO BOCCTAHOBJIEHUS
namyuenTa, C.T. Talmo ¢ coaBTOpamMu peKOMEHOYIOT
TIpU U3HOCE MOINITUIEHOBOTO BK/IAbIIIA BHITIOTHSTh
PeBU3MOHHOE 3HA0MNPOTE3MPOBAaHME C 3aMeEHOI BepT-
JIY’KHOTO ¥/Mau OGelpeHHOr0 KOMITOHEHTOB BO BCEX
cryvasx [54].

Tabnuua 3
Pe3yibTaThl ¥ OCI0KHEHUSI MOAY/IbHOM PeBU3UU

[IpyuMHa peBU3MOHHOIO BMelllaTeabCTBa &

3)

m 2

VccnenoBanue e < | Pewpmmeupyio- PacmrateiBanue | PacinatbiBaHue = 3

oZ| % o BEpTITY>KHOTO 6eipeHHOTO v g 8

gl s LM BBIBUX S5 o S

ORI KOMIIOHEHTA KOMIIOHEHTa =% § %
2 E| & HE| & | AR
Blom A.W. ¢ coaBT., 2005 [49] 3819 3 - - - 3| 92,1
Koh K.H. ¢ coaBr., 2011 [8] 35 1 1 1 - - 2 | 94,3
Stamenkov R. c coaBr., 2014 [50] 7 1 1 - - 1 | 857
Park M.S. ¢ coasr., 2015 [51] 45 | 5 5 7 - - |12 ] 71,8
Lim S.]. ¢ coaBT., 2014 [52] 36 | 1 - 1 - - 1 | 97,2
Rivkin G. ¢ coasr., 2015 [53] 3%6 |1 1 1 1 1 4 | 889
Narkbunnam R. ¢ coaBrt., 2017 [25] | 43 | - - 3 - 1 4 1 90,7
Petis S.M. c coasT., 2019 [48] 116 | 19 19 5 - - 1241 790

@daKTOpbI pUCKa BO3SHUMKHOBEHMSI OCI0)KHEHUI
ocjie Majoi peBU3un

B Hacrosgiee BpeMsi B HAyyHOM JuUTepaType HeT
YeTKOTO OTBETAa Ha BOIPOC O NMpUUMHAX Heyzad Ioc-
Jile omepalyuu Mo 3aMeHe MOZLY/IbHbIX KOMIIOHEHTOB
SHIOMpOTe3a Ta300eApeHHOTo cycTaBa. HekoTopble
aBTOPBI IBITAIOTCS BBISIBUTH (HaKTOPHI PUCKA Pa3BU-
TUS OCJIOXKHEHMI [0C/ie MaJibIX peBu3uit. Hanpumep,
W. Chen c coaBTOpamu 1o pe3ynbTaTaM aHaau3a MUC-
X0[0B 104 mMasbIx peBU3UI1 BbILEIUIN XPOHUYECKYIO
MOYeYyHYI0 HeJOCTAaTOYHOCTh B KauecTBe (akTo-
pa pucka pasBUTHUS aCeNTUUYECKOrO paculaThiBa-
HMS TIOC/Ie M30MPOBAHHON 3aMeHbl BKaabIa [55].
R. Narkbunnam c coaBTopamu, aHaIU3UPYS MCXOIbI

MOZIY/IbHBIX PEBU3UIL M TPOBOIS KOMMUECTBEHHYIO
OIIEHKY OCTeOJN3a, ONPeNeNIn, YTO CyMMa OalyioB
ocTeosnusa 5 u 6ojee SIBISIETCS 3HAUMMBIM (PaKTOPOM
pUCKa acerTUYeCKOTO PacIIaThIBAHUS ITOCIE MOIY/Ib-
HOJt peBu3uM [25].

CnenmyeT OTMETUTD, UTO JaHHbIE O PACIIaThIBAHUA
O6eIpeHHOro KOMIIOHEHTa U (paKkTopax, MPUBOISIINX
K MOJ00HOJ CUTyaluM IIOC/Ie MOIYJIbHOM PEBU3NH,
B JIMTEpaType MpakKTUIecKu He BCTpeuanncb. OmHako
psn paboT CBUAETEIBCTBYIOT O ITpo6ieMax, CBI3aHHbIX
C COXpaHeHMeM CTabMUIbHOrO 6eIpeHHOr0 KOMIIOHEH-
ta. Tak, B CBoeM MeTaaHa/IN3e U CUCTEMHOM 0630pe,
B KOTOPBIN BOIUIM 35 paboT, comepsKalluX JaHHbIE
0 3497 mauyeHTaX, KOTOPbIM Oblia BBIITOJIHEHA U30-
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JIMPOBaHHAsI peBU3MS BEPTIYKHOIO KOMIIOHEHTA
C coxXpaHeHMeM GepeHHOTOo CO CPeTHMUM CPOKOM Hab-
mogenus 9,28 roma, M. Poursalehian ¢ coaBTopamn
YCTaHOBWIM, UTO PUCK MOBTOPHOTO XUPYPTrUUECKOTO
BMeIlIaTe/JbCTBA T10 TOBOAY aceNTUYecKOro paciia-
ThIBaHMSI OeIpeHHOr0 KOMITOHEeHTa cocTaBuia 1,7%.
Taoke OBIJIO YCTAHOBJEHO, UTO WCIIOTb30BaHME Ke-
paMuuecKkMx TOJIOBOK U TOIEePEeYHO-CBSI3aHHOIO I0-
JIMITUIEHA 3HAYMMO CHUKAJIO0 YacTOTy OCIOKHEHUIA
[56]. Cxoxkue maHHbIe 6bpUM TOMy4eHbl H. Li ¢ coas-
TOpaMM B XO[e MeTaaHa/lM3a U CUCTeMaTUYeCKOro
0630pa. ITpoanammsuposas 20 paboT, B KOTOPBIX CO-
Iepskajach MHbopMauus o 1484 mamueHrax, mnepe-
HeCIIMX pPeBMU3MOHHOE 3HAOMNPOTEe3MpOBaHME C 3a-
MEHOJ BEepPTIYKHOTO M COXpaHeHMeM O6eqpeHHOro
KOMITOHEHTA, ObUIO YCTAaHOBIEHO, UYTO PUCK ITOBTOP-
HOJl pPeBM3UM MO BCEM IpUUMHAM coctaBua 1,75%,
a i1 acerTMYeCcKOro pacHiaThbIBaHMUSI OGeqpeHHOro
KOMITOHEeHTa puck 6bu1 paBeH 0,62%. B0 BhISIBIIE-
HO, YTO 3HAUYMMBIM (AKTOPOM [JIsI aCEINTUUECKOTo
paciiaTeiBaHus 6GeJpeHHOTO KOMITOHEHTA SIBJISIICS
LIeMeHTHbI ThI Gukcauym [57]. [JaHHbIe MUCCIen0Ba-
HMST HEOOXOMMO YUUTBIBATD IIPY PEIIeHNM BOIIPoca
0 BBITIOJTHEHUM MOAY/IbHOM pPeBU3UU, TTIOCKOIbKY OHU
MOAYEePKUBAIOT, UYTO COXpaHeHye OGeApeHHOTr0 KOM-
IIOHEHTA SIBJIIeTCS 6e30ITacHOii OILMeEN C TOUKM 3pe-
HMS aCEIITUYECKOT0 paciIaTbIBAaHMS ITPY COOITIONEHNN
onpeeNeHHbIX YCIIOBUIA.

[loMmMMO acenTUUECKOTO pacliaTbIiBaHMsl, BbIBUX
Takke SBJSETCSI Cepbe3HbIM OCIOKHEHMEM IIocie
M30IMPOBAHHOIM 3aMeHbl MOIYJAbHBIX KOMIIOHEH-
TOB. P/ aBTOPOB OTMEYAlOT, UTO AMAaMETP TOJOBKMU
SHAoMNpoTe3a 28 MM W/UaM HapylleHue MO3ULMNO-
HUPOBaHUS KOMIIOHEHTOB 3HIOIpPOTEe3a SIBJSIOTCS
3HAYMMbIMM (DaKTOpamMM puUCKa BbIBMXA IOC/IE MO-
IyabHOM peBusuu [17, 58]. ITosTomy 115 mpegoTBpa-
1IeHUSI acCeNTUUeCKOTo paciliaTbiBAaHUSI BEPTIYKHOTO
KOMIIOHEHTA ¥ BBIBMXOB 3HAOIPOTe3a emie B 1997 r.
W.]. Maloney ¢ coaBTOpaMyu HPeIJIOKWIN aJTOPUTM
IIJIST TIPUHSITUS PEIEHMS O BbIOOpe 06beMa PeBU3UY U
COXpaHEeHUM WY YOATeHUM CTaOMITbHOTO BEePTITYsKHO-
ro KOMIIOHEHTA [26]. ABTODPBI BBIAEIMUIN 1IECTb KPU-
TepueB, OTHOCSIINXCS K BEPTIY>KHBIM KOMIIOHEHTaM
3HJIOMpOTEe3a: HaInuyue MPaBWIbHOM MO3ULUU, UH-
TaKTHBIM MeXaHU3M QUKCAIMY BKIAIbIIIA, BEPTITYK-
HbI/i KOMIIOHEHT HE MOBPEXOEH rOJIOBKOM B pe3yib-
TaTe M3HOCA BKJIAJbIIIA, HOBBIN ITOIUSTUIEHOBBIN
BKJIabIII 06/1aaeT JOCTATOYHO TOJIIIMHOI, MO e/Ib
BEPTIY’KHOTO KOMIIOHEHTAa MMeEeT XOPOIIYI0 BbDKU-
BaeMOCTb T10 JaHHBIM PErucTPOB, BEPTIYKHbIN KOM-
TOHEHT SIBJIIETCS MOAY/IbHBIM. Ha OCHOBe 3TUX KpU-
TepueB aBTOPbI Heminu 6eclieMeHTHbIe BepTIy>KHbIE
KOMIIOHEHTBI Ha TpU Tpynibl. [lepBas rpyrmmna J0mK-
Ha OTBeuyaTb BCEM ILIeCTM KPUTEPUSIM, TOTAa B 3TOM
IpyTIIe MOXKeT ObITh BBITIONIHEHA MOIY/IbHAS PEBU3MS.
Ko BTOpOII IpyrIie OTHOCSATCS CTaOUIIbHBIE BEPTIIYIK-
Hble KOMIIOHEHTBI, JIMIIb YaCTMYHO OTBevaroliye

BbIlIETIEPEUYNC/IEHHBIM KPUTEpUsIM. B CBSI3u € 3TUM
naieHTam 3TOM TPYIbl PEKOMEHIOBAHO BbITIOIHE-
HMe He MOAY/IbHO PeBU3MM, a IOJTHO 3aMeHbl BEepT-
JIY’KHOTO KOMITOHeHTa. K TpeTbeii rpyIine OTHOCSITCS
BEPTIY)XKHbIe KOMIIOHEHTBI C PEHTIe€HOJIOTrMYeCKUMU
MpM3HAKaMy HeCTabWIbHOCTHU, KOTOPbIe TaKKe ITOf-
BEpraroTCs MOTHOM 3aMeHe.

HecMoTpst Ha 3TO, Ha CErOAHSIIHNUI AE€Hb Psif, UC-
CJIe[OBaHMI TEMOHCTPUPYET OTIMUYHBbIE Pe3yIbTaThbl
orepaiiuii 1Mo 3aMeHe MOZAY/IbHbIX KOMIIOHEHTOB 3H-
IIOTIPOTE30B Ta300eIpeHHOr0 CyCTaBa y IMalyeHTOB
C TIOBPEXIOEHHBIM MeXaHMU3MOM GbUKCAMMU U ycTa-
HOBJIEHHBIM TIOJIM3TUIEHOBBIM BKJIAAbIIIEM TMPU
MTOMOIIYM KOCTHOTO ItemeHTa [52, 59]. K Tomy ke uc-
M0JIb30BaHMe IOMEePEeUuHO-CBSI3aHHOr0 TMOIMITUIIeHa
MO3BOJISIET NPUMEHSTh BKJIAIbILIIM MeHbIIel TOoJ-
IIMHBI, YTO MMO3BOJISIET YCTAaHABIMBATD SHIONPOTE3bI
C TOJIOBKOJ 6OJIBIIET0 JUaMeTpa, YTO CIIOCOOCTBYET
podMIaKTVKe BBIBMXOB B ITOC/IEOIIEPALIIOHHOM ITe-
puoge [58].

Takum 06pa3om, HOBble JaHHbIe O pe3y/IbTaTax
IIEMEHTHOV (pUKcauyuy BKIAIBIINIA M IMUPOKOE UC-
M0/b30BaHMEe B TMPaKTUKE IOMepPeYHO-CBSI3aHHOTO
TO/IMATUIIEHA 3aCTaB/ISIOT IEPECMOTPETh OTHOIIIEHUE
K BBITIOJTHEHMIO MOZY/IbHOV peBU3UM, a CO3JaHUe
MIKaJ I MTPOTHO3MPOBAHMS OCIOKHEHMI CITOCO6-
ctByeT (opmupoBaHuo  AuddepeHIPOBaHHOTO
MOIX0AA K JIEUeHUI0 TPO(PIIIbHBIX MTAI[MEHTOB.

IIpo6iema BbIOOpa MeToAa PUKCATIUAN
HOBOT0 BKJIaAbIIa

B Hacrosiiee BpeMs OCTaeTCsI OTKPBITBIM BOIIPOC
BbIOOpa MeTOAMKM UKCAIMM HOBOTO BKIAAbIIIA
B CTaOWIbHBIN BEPTIYKHBINI KOMIIOHEHT BO BPEMS
BBITIOJTHEHUST MOIYAbHOI peBu3uu. CylecTByeT Ba
crocoba (ukcanyuu: yCTaHOBKA C MCIIOIb30BaHUEM
OPUTMHAIIBHOTO (PUKCUpYIOIIEro MexaHu3Ma U Guk-
caiysi Mpyu MOMOIIY KOCTHOTO 1ieMeHTa. YTOObI BbI-
MOMHUTH (UKCALUIO TIPU MOMOIIY OPUTMHATBLHOTO
MeXaHM3Ma, HeOoOXOOMMO Hajauuue IMOAXOLSIIEro
BKJIAMbIIIA ¥ HEMOBPEXIEeHHOI CUCTeMbl Kpeluie-
Hus. M.]. Archibeck ¢ coaBTopamMu 3aperucrpuposna-
JIV IUIb OMH CTy4ait MOBTOPHOI peBU3MM HA CPOKe
2,5 roma 1o IMoBOAYy Pa3obIneHusT BKIaAbIINIA C BepT-
JIY>KHBIM KOMIIOHEHTOM B rpyTine u3 29 naiueHTOB,
KOTOpPbIM ObUI YCTAHOBJEH HOBBIM BKIAABINI C UC-
MOJIb30BaHMEM HeIMOBPEXIeHHOTO OpPUTMHAIBLHOTO
MexaHu3Ma (QUKcAlMU TIPpU CPeJHEM CPOKe HA6IIIo-
nenust 5,1 roga [60]. W.G. Hamilton ¢ coaBTopamu,
oTcnenuB pesynbTaThl 180 3aMeH MOAMUITUIEHOBOTO
BKJIAIBIIIA C VICTIONIb30BaHMEM OPUTMHAIBLHOTO MeXa-
HM3Ma GUKcaluu y MalueHToB ¢ MU3HOCOM U OCTeo-
JIVI30M IIpY CpefHeM cpoke HabmoneHus 6,7 rozga, 06-
Hapyxwinu 25 ciaydyaeB, moTpe6oBaBLIMX TTOBTOPHOM
orepaluu, OIHAKO TOIbKO B OGHOM 13 HUX IIPUUMHOIM
SIBUJIOCHh Pa300IlleHe HOBOTO BKJIAMbIIIA C BEPTIYK-
HBIM KOMITOHeHTOM [61]. Takke psifi McClnelOBaHUIA,
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OLIEHUBAIOIIMX Pe3YAbTaThl M MPUUMHBI Heyau rociie
MOAY/JIbHBIX PEBU3UIA, JEMOHCTPUPYIOT, YTO pa306-
1IeH)e HOBOTO BKJAZbIIIA C BEPT/IY>KHBIM KOMIIOHEH-
TOM 10 TIPMUYMHE HECOCTOSITEIbHOCTU OPUTMHATBHOTO
(ukcupyloniero MexaHusma He SBJSETCS OCHOBHOM
IIPUYMHOI BBITTOJIHEHUS] IOBTOPHBIX peBu3nii [62, 63].
Tak, R.G. Ricotti ¢ coaBTOopamu B CBOeM cucTeMa-
TUYECKOM 0030pe, B KOTOPbIA BOILIM PabOThI, CO-
JIepxaliue AaHHble O pe3yJabTaTax M30AMPOBAHHOI
3aMeHbl MOZY/IbHBIX KOMIIOHEHTOB 3HAONPOTE30B
Ta306eqpPEeHHOTO CyCTaBa C KOCTHOJ IUIACTUKOM U He-
MMOBPEXIEHHBIM MEXaHM3MOM (UKCALVM, COOOIIMIN
006 obmeir yactore peBusmit 6,6% [62]. Hu B ogHoM
paboTe HaMM He HalIeHO JAHHBIX O IIOBTOPHOM pe-
BU3MOHHOM BMeIIaTeIbCTBE 10 TTOBOLY pPa3001ieHmst
HOBOTO BKJIaJbIlIa C BEPTIY>KHBIM KOMIIOHEHTOM, UTO
TOBOPUT O BO3MOKHOCTM HAHEXHOV (bUKCAIUU TIPU
MUCTOb30BaHMM OPUTMHATBHOTO MeXaHu3Ma.

B cutyanusx, korga MmeeTcsl IOBpeKIeHue opu-
TMHAJIBHOTO MeXaHu3Ma (MUKCAIUM UIU OTCYTCTBYET
MOAXOASIIMI BKAAJbIII, BO3MOXHA YCTaHOBKA HO-
BOr0 BKJIajblllla MPU TMOMOIIM KOCTHOTO IleMeHTa.
B 6uomexanmnyeckom ucciaemosaumu A.A. Hofmann
C COABTOpPaMM CPaBHMUIM YCTOMYMBOCTH K paszobiie-
HUIO MEXIY 3alleMeHTVPOBAHHBIMU U (UKCUPOBAH-
HBIMM C IOMOIIIbI0 OPUTHHAIBHOTO MeXaHM3Ma BKIa-
IbIIamu. BbIIO yCTaHOBJIEHO, UYTO CUJIA, HEOOXOOMMasT
IJIT Pa3obLIeHNsT KOMIIOHEHTOB, ObljIa OIVMHAKOBOIA
B 00eux TIpyMIax, OJHAKO POTALMOHHASI CTaOWIIb-
HOCTb ObUIA BBINIE B TPYIIIE 3aIlleMEeHTUPOBAHHBIX
BragpImesi [64]. Tacke G.F. Haft ¢ coaBropamu, aHa-
JIU3UPYSl TeXHUYeCKue MapameTpbl LieMeHTUPYEMBbIX
KOHCTPYKIINI, YCTAHOBWIM B3aMMOCBSI3b MEXIY 60/Tb-
1Ieji MPOYHOCTbI0 COWIEHEHUI U HaMUMeM peyibeda
Ha BHeIIHel) MOBEePXHOCTM BKJaAplllia ¥ BHYTpPEH-
Heil TIOBepXHOCTM BEPTIYKHOTO KOMIIOHeHTa [65].
W.K.T. Liu c coaBTOpamMu B CBOEM MCCIeq0BaHUM CPaB-
HWIN OTHajleHHble pe3y/bTaThl ABYX TPYIN MaleH-
TOB, TIEPEHECHINX MOAYIbHYIO PEBU3NIO C (UKCAIU-
el HOBOTO BKJIAJbIlIA MPU MOMOIIM OPUTMHATBHOTO
YCTPOMCTBA M KOCTHOTO IleMeHTa. YacToTa peBuU3nii
Ipy CpegHeM CpOKe HabmomeHus: 13 jieT cocraBuia
11,1 un 12,0% COOTBETCTBEHHO, UTO CBUIETEIbCTBY-
€T O XOpOolIlleil BbIKMBAEMOCTM MOAY/AbHON PEBUSUN
C LIeMEeHTMPOBaHMEM HOBOTO BKjafplllia B CpaBHe-
HUM C OPUTMHAJIBHOW MeTomuKoi dukcamum [28].
Taxke M.A. Malahias ¢ coaBTOpammu, mpoaHaJIU3U-
poBaB paboOThI, MOCBSIIEHHbIE MOIYJIbHON PEBU3UMN
¢ ¢dukcamyeil BKIaAbIa Ha LIEMEHT, COOOIIIN 06
obmieit yactore ocnoskHennit 11,3% [29]. Hu B omHOM
MCTOYHMKE He ObIIO 3aperucTpUPOBAHO OCIIOKHEHNS,
CBSI3aHHOTO C pa300IleHueM 3aleMeHTHMPOBAHHOTO
BKJIaJbIIIA C BEPTAY>KHbIM KOMIIOHEHTOM.

Takum 06pPa30M, COTIOCTAaBMMbIE Pe3YabTAThl Me-
TOIOB (hMKCAIMYM HOBBIX BKJIAIBIIIEN TOBOPST O BO3-
MO>KHOCTY BBITIOJIHEHUS] M30JIMPOBAHHON 3aMeHbl
MOJY/IbHBIX KOMIIOHEHTOB IIpU MOBPEXIEHUU OpU-

TMHAIBHOTO (PUKCUPYIOIIETO YCTPOIICTBA MM OT-
CYTCTBMM TIOAXOISIIErO BKJIAJbIIIA, UTO PaCHIMpPSIeT
KpPYT TIAIMEHTOB, KOTOPbIM BO3MOKHO BBITIOJIHUTH
MOZIY/IbHYIO PEBU3UIO.

Pe3ynbTaThl KOCTHOV MJIACTUMKU B 30HAX
ocTeoImn3a

MHorue aBTOPbI, IOMMMO 3aMe€HbI MOLY/IbHBIX KOM-
TIOHEHTOB, IIPU M3HOCE U OCTeONN3€e PEeKOMEHAYIOT
BBITIONHSTL 3aMellleHe 00pa30BaBIIMXCSI OCTeo-
JUTUYECKUX NedeKTOB MoCpelcTBOM KOCTHOI Iiia-
CTUKU [JI1 BOCIIOJTHEHMSI 3amaca KOCTHOM TKaHU U
MpefoTBpallleHnsl fanbHeiieir ee motepu [50, 66].
Heo6x0omuMo OTMETUTH, UTO yaajaeHue BEPTIYKHOTO
KOMIIOHEHTa 3HAuMTe/NbHO YIIPOLIAeT 3aIloJIHEHUE
OCTEeOIUTUYECKUX AedeKTOB BepPTIYKHOV BIAIUHbI
B CPaBHEHMMU C UX 3aMelleHUeM MPU ero COXpaHeHUH,
MOCKOJIbKY Yy XMPypra MMeeTcsI IPSIMOJ JOCTYII K 30He
Iedexkra [40].

Cyl1iecTByeT AOCTaTOYHOE KOIMYECTBO METOAMK,
MO3BOJISIIOLIMX 3alOJHUTh OYar OCTEOTUTUYECKOTO
MopakeHMsl, He yaaisis KOMIIOHEHTBhI 3HJOINpOTesa.
Taxk, psii, aBTOPOB PEKOMEH/IYIOT BBITIONHSTE eGP -
MEeHT U MocIefyioliee 3amelieHne KOCTHOTO AedekTa
yepe3 cHOpMMUPOBAHHOE OKHO B KpblLae IOJB3[O0LI-
HOJI KOCTY HaJi BEpXHEeN Uiu 3aJIHei1 06/1acThi0 BepT-
JIY>)KHOJ BIaAMHBI B 3aBMCMMOCTU OT JIOKaJM3alun
ouara nopaxenus [8, 67]. IIpu pacrnonoxxeHun ovyara
OCTeoNM3a PeTpoaneTaby/IsipHO OMMCAHBI METO/bI
3aMelleHMsT OCTeOIUTUYeCKUX NedeKToB uepe3 OT-
BepcTUs I BUHTOB. K TOMY ke HeKOTOpble aBTO-
pbl PEKOMEHIYIOT IpU MOMOIIM 6OpPOB HJisI pe3ku
MeTa/yla OOBEIVHSITh OMM3KOPACIIONOKEHHbIE OT-
BEpPCTUS [/ BUHTOB [Jist 6osiee ymoOHOro MOCTyIa
K 00/1aCTV KOCTHBIX Ie(peKTOB BOKPYT KOMIIOHEHTOB
sHpomnporesa [17].

s  3amomHeHUS OCTeONUTUUYECKUX HedeKToB
XUPYPr¥M MCIIONB3YIOT pas3iuMyHble BUABI MaTepua-
JIOB: aJ/IOTeHHAasl KOCThb, docdaT Kambuus, cyabdat
KaJIbLIVsI, KOCTHBIN LiemeHT [40, 50, 66]. Bbibop maH-
HBbIX MaTepuasoB 0OYCIOBAEH UX CITOCOGHOCTHIO 3a-
MOJTHSITh OGIIMPHBbIE KOCTHBbIE NedeKThl, MPOCTOTON
B MCHOAb30BaHMM U PEHTTeHOKOHTPACTHOCTHIO.
OpHako B HacTosillee BpeMs HET JaHHBIX O NIpeuMy-
IIeCTBe OIpefie/IeHHOTo Bua MaTepuana. Takke ciie-
IyeT OTMETUTD, UTO B UCCAEL0BAHUSX, OL€HMBAIOIINX
3aro/IHeHMe OCTeOMUTUUECKUX TedeKTOB Ha pasHbIX
CpoKax mocje onepauyuy, HeT JaHHBIX O TIOJTHOM MC-
Ye3HOBEHUM COOTBETCTBYIOLIMX KOCTHBIX IIOJOCTEIA.
B cBoem wmccmenoBanuu R. Stamenkov c coaBTOpa-
MM HaGIIOJaNIM 3a O4YaraMm OCTeonn3a, KOTOpbIe
ObUIM 3aIIOTHEHBl KOCTHBIM aJUIOTPaHCIUIAHTATOM,
y 6 TIALIeHTOB B TeUeHMe 4 JIeT II0CJIe oTlepaliuu. bulio
OTMEUEHO OTCYTCTBME TMPOTPECCMPOBaHMS 06beMa
0YaroB OCTeo/M3a, a Ko3POULIMEHT 3anoTHeHNS [ie-
(dbexToB cocTaBm 44%, 4YTO OBLIIO UHTEPIIPETUPOBAHO
aBTOpaMu Kak xopouinit pe3yabTar [50].
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Cxoskme pesynbraThl onucaan H. Egawa ¢ coaBTo-
pamu mocjie aHaiu3a M3MeHEeHMI o4aroB OCTeoin3a
y 10 maiueHToB, KOTOPBIM ObLIa BHITIOJIHEHA MOYJ/Ib-
Hasi peBM3USI COBMECTHO C 3aMellleHMeM KOCTHbBIX
nedekToB. B KauecTBe Marepuasna IJisl 3aTIOTHEHMS
KOCTHBIX ITOJIOCTEN VCIIOTb30BAJICS CY/Tb(aT KaTbIVS.
KT BbIMOMHSIACh HA CIEAYIOLIMIA AeHb M1OC/Ie onepa-
UMM U Jajnee B cpefHeM OOMH pa3 B rof. Ha mocieo-
MepalnyOHHBIX KOMITHIOTEPHBIX TOMOTpamMMax KO-
(buIMeHT 3aITOTHEHNST TTOJIOCTU COCTABJIST B CPeAHEM
43%, a uepes rojl 6bUIM OTMEUEHbI IPMU3HAKY MUHEPa-
JIM3alyy HOBOJM KOCTHOM TKaHMU, 3alOnHsIomen 24%
OT MIepBOHAYAIIbHOTI'O OYara ocreonusa [66].

N.A. Mall ¢ coaBTOpamu, CpaBHUB pe3yIbTaThl KOCT-
HOJ a/UIOTIJIACTMKY B IPYIIIax C yAaJeHUEM U COXpaHe-
HUEM BEPTIY)KHOTO KOMIIOHEHTA, OOHAPYXmiu Gosee
HM3KMIA TOKas3aTelb 3alOIHEHMSI OCTEOIUTUUYECKUX
IedexToB U JaymbHelilelt OCTeOMHTErpalM B TPyIIIe
3aMeHbl MOAYIbHbIX KOMIIOHEHTOB. KoadduiimeHnr 3a-
TIOMTHEeHUS coCcTaBuil 43 U 17% COOTBETCTBEHHO, a IIpU
aHanu3e KT-uccnenoBanmii, BBIIOTHEHHBIX B CpeITHEM
yepe3 rof, MOKa3aTe/lb OCTEOMHTErpaluu COCTaBUI
35,5 u 14,4% coorBetcTBeHHO [40]. B TO ke BpeMs
HEKOTOpble aBTOPbl OTMEYA/IM YMEHbIIEHME OCTEO-
JIUTUYECKUX 0YaroB MOCjae M30AMPOBAHHON 3aMeHbl
MOZY/IbHBIX KOMIIOHEHTOB 63 BBIOMHEHMS KOCT-
HOJ racTuku. I1o MX MHEHMIO, 3TO CBUAETENbCTBYET
0 3HAYMMOCTM yZHajaeHUs] UCTOYHMKA YacTUL] M3HOCA
(mebpuca) st IpeaoTBpalLleHUs ITPOrPeCCUPOBAHMS
0CTeo/M3a U MoTepy KOCTHOM TKaHMU [26, 43].

B HacToAmMii MOMEHT pOb KOCTHOWM TIJIaCTUKU
IIpY 3aMeLeHUM OCTEONUTUYECKUX TT0JIOCTEN BO Bpe-
MS$I M30/IMPOBAHHO 3aMeHbl MOAY/IbHBIX KOMIIOHEH-
TOB OCTaeTCsl HesICHO. HecMoTps Ha TO, 4TO B Ipe[i-
CTaBJIEHHBbIX pab0Tax JOCTATOUHO ITOJHO 06OOIIEHbI
JIaHHBIE O 3all0JTHEHUM OCTEeOIUTUYECKUX IONOCTel,
OCTAlOTCSI HepelleHHbIMM BOIIPOCHI, Kacarolyecs
BIIVSTHUS HA Pe3YJIbTAT KOCTHON IJIACTUKU 06beMa U
JIOKaaM3aluy KOCTHBIX AedeKkTOB, Hanue y KOCTHOM
TOJIOCTU KOPTUKAIBHBIX CTEHOK. Takske HeT JaHHbBIX
0 CpaBHEHMM pe3y/IbTaTOB KOCTHO IVIACTUKY Pa3J/INY-
HBIMM 3aMeIlaloniMMu MaTepuaniamu. JJaHHbI GakT
o6ycnaBiuBaeT HeOO6XOIMMOCTh SATbHEIIIETo UCCe-
nIoBaHus ¢ 6onee nubdepeHIIMPOBAHHBIM MTOIX0I0M
K OLIeHKe MCXOLOB KOCTHOV IJIaCTUKHA.

JOIIOTHUTEJIbHASI THO®OPMALIMISI

3aseieHHblii 6K1a0 a8mMopos

Bce aBTOpBI chenany SKBUMBAJIEHTHBIN BKJIAM B TIOATO-
TOBKY ITyOIMKALIAM.

Bce aBTOpBI Tpowin U omo6pmiv GUHATBHYI0 BEpPCUI0
PYKOIVCH CTaThU. Bce aBTOPBI COT/IACHBI HECTM OTBETCTBEH-
HOCTb 3a BCE aCIeKThl paboThl, UTOOBI 06ECTIeUNTh Haie-
Kalee pacCMOTpeHMe U pellieHNe BCeX BO3MOXKHBIX BOITPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO U HAZEKHOCTBIO JTI060i1
YacTu paboThl.

3AK/TIIOYEHUE

V3HOC mapbl TpeHMsI SHAOMIPOTe3a Ta300eIpeHHOro
CycTaBa, BJAEKYIIMIA 3a cO00i Takue IMPOO6IeMbI, KaK
6071€BOVI CMHIPOM, BBIBUMXM M aceNTUUYeCcKoe paciia-
ThIBaHME KOMIIOHEHTOB MMIUIAHTaTa, B HACTOSILIMI1
MOMEHT SIBJISIETCSI HepellleHHOI Tpo61eMoii B opTore-
nuu. JlaHHbIe 0 KOHCEpPBAaTMBHOM JieYeHUM HEMHOTO-
YIMC/IEHHBI, @ BOIIPOC BbI6OpA METOIa XUPYPTUUECKOTO
JleueHUsI OCTaeTcsl TUCKyTabenbHbIM. Ha cerommsiii-
HUIi JeHb BO3MOXHBI BapMaHThl BMellaTeabCTBa
C COXpaHeHMeM WIM 3aMeHOii CTabMIbHBIX KOMIIO-
HEHTOB 3HJOMpoTe3a. Majbie TpPaBMaTUUHOCTh, KPO-
BOITOTEPSI, COKpallleHye BpeMeH! ornepauumn u 6onee
OBICTpOE BOCCTAHOBJIEHME Je/al0T MOIYJIbHYIO PeBU-
3UI0 TIPUBJAEKATeIbHBIM METOJOM XUPYPruueckoro
JieueHUsI TTal[M€HTOB C M3HOCOM M OCTEO0/IM30M BOKPYT
CTabMUIbHBIX BEPTIYKHOTO U GeIpeHHOTr0 KOMITOHEH-
TOB. 3a TToC/IefJHee BpeMs ITOKa3aHMs K BbITIOJIHEHUIO
MU30JIMPOBAHHOM 3aMeHbl MOJYJIbHBIX KOMIIOHEH-
TOB SHJIOTNIPOTE3a CTA/JIM 3HAUUTENbHO IIMPEe B CBI3U
C TIpOrpeccoM B IMPOU3BOJICTBE HOBBIX Iap TPeHMUs,
BHeJIpeHMeM TpexXMepHOI BM3yaau3aluu, a TakkKe
HaKOIIJIEHHBIMM JAHHBIMM 00 MCXOAaxX ONepaTUBHOTO
JleueHUsl y TAIMEHTOB C MCIOJb30BaHMEM IIeMeHT-
HOJi (MKcaIy HOBOTO BKJIAIbIIIIA.

OpHako moc/ieornepalMOHHbIe OCTIOXKHEHMUS, TaKue
KakK BBIBUXM U acCerTuUuUeckoe paciiaTbiBaHMe KOMIIO-
HEHTOB 3HJIONPOTEe3a, B HEKOTOPbIX CAyUyasix CTaBST
T10J], COMHeHMe TPefIoUTUTEbHOCTb TaHHOTO XUPYP-
TMYECKOT0 BMeEIaTeIbCTBA, OCOOEHHO Y TAllEHTOB
C OGIIMPHBIMY TIepUaLeTa0yAIPHBIMM OCTEOTIUTHUYEC-
KuUMM gederraMy MM MaJIbIIO3UIIMEN KOMIIOHEHTOB
3HOTIpOTE3a.

Iyisi mpenoTBpaleHUs pPa3sBUTUSI OCIOKHEHMUIA
M TIOBTOPHBIX pPEeBMU3MII IMOCAe BbITIOJHEHUS 3aMe-
Hbl MOMY/IbHBIX KOMIIOHEHTOB pa3HbIMU XUpypra-
MU TIPOBOAMIICSI TIOUCK (DaKTOPOB PUCKA, CBSI3AHHBIX
C MalMeHTOM, 3HAOIIPOTE30M U XUPYPrUueCckKuM BMe-
maTeabCTBOM. Ha ceromHSIIHNUIA TeHb HeJOCTaTOUHO
IaHHBIX OTHOCUTENbHO IMPOTHO3MPOBAHUS OCIOXKHE-
HUI1 B 3aBUCUMOCTH OT JIOKQ/IM3allMU U KOJIUUECTBEH-
HOJ1 OLIeHKM OCTEeONUTUUECKUX TTIOpaskeHU, CTereH
dbukcanuy M MO3UIUM BEPTIYKHOTO U GeIpeHHOTo
KOMIIOHEHTOB, TEXHUKM Omepaluy, YCTaHOBJIEHHbBIX
MMIUIQHTATOB, 0COOEHHOCTEN MalyeHTa.
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Hcmoynuxk  uHancuposaHusi. ABTOpBI  3asIBJISIOT
06 OTCYTCTBUM BHeITHEro (GMHAHCUPOBAHUS MPU MPOBeJIe-
HUY UICCIIEJOBAHUSI.

Bo3moscHbIli KOH(AUKIM UHMepecos. ABTOPBI AeKiIa-
PUPYIOT OTCYTCTBME SIBHBIX ¥ TIOTEHI[MAIbHBIX KOHPIMUKTOB
MHTEPECOB, CBSI3aHHBIX C MyOIMKaIIMe HaCTOSIIEH CTAThU.

Amuueckasn sxkcnepmu3sa. He mpumeHuMa.

HUngopmupoeanHoe coenacue Ha — nyéauxayuio.
He Tpe6yeTcs.
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