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lpoueHko B.B.", byp ‘sHos O.A.?, YopHum B.C.2, Kyxapyk A.C.2, CoroHIumH €.0."
TAY «IHcTuTYT TODABMATOAOTIT TQ opToneail HAMH YkpaQiHm», M. Kuis, YkpaiHa
’HavuioHaAbHWM MeAndHWY yHiBepcuteT imeHi O.O. boroMobLsl, M. KuiB, YkpaiHa

[rOHTOKAITUHHO MYXAUHO AUCTOABHOIO BIAAIAY
NPOMeHEeBOI KICTKU, Pe3YAbTATU XIPYPriYHOro
AIKYBOHHS

Pestome. AKTyaAbHICTb. [IrQHTOKAITMHHA MyxAuHQ (TKIT) AMCTAABHOTO BIAAIAY MPOMEHEBOI KICTKU € AOBPOSIKIC-
HOIO, MICLIeBOQrpEeCUBHOK MyXAUHOO, SIKA XQPAKTEPU3YETHCST HACTUMM PEeLMAMBAMU TQ MQE MNEBHUM METACTA-
TUYHUA MOTEHLIQA. BHYTPILLHLOKICTKOBA Q60 CErMeHTQPHA pe3eKUisi AMCTAALHOTO BIAAIAY MOOMEHEBOI KICTKM 3
KT cTBOPHOE AEDEKT Y AUCTAABHOMY BIAAIAI IPOMEHEBOI KICTKIN, OCHOBHMMM XiPYPIHHMN METOAMKAMM PEKOH-
CTRYKUIT TOKOro Ae@eKkTy € 3aCTOCYBAHHST CMIOHIMO3HUX QAO-/QBTOTDQHCIAQHTATIB, LUTYYHUX MQTEPIAAIB, MOAIME-
TUAMETAKPUAQTY, BACKYASIOU3OBAHUX | HEBACKYASIOU3OBAHMX KICTKOBMX QBTOTPAHCIIAQHTATIB, KICTKOBO-CYINOOO0BUX
QAOTOQHCIAQHTQTIB TQ IHAMBIAYQALHUX €HAOMPOTESIB. M MOOBOAVAM OLIHKY OHKOAOTIYHUX, XipYPridHMX | pyHKLO-
HAABHWX Pe3yAbTarTiB rpu [KIT ANCTAABHOTO BIAAIAY MOOMEHEBOI KICTKW 3 YOQXYBAHHSIM DI3HUX METOAMK XIpYPridHMX
BTRYYQHb | PEKOHCTPYKLIN. MeTa: xipypridHe BUuaAaAeHHSs1 [KIMT AMCTAABHOIO BIAAIAY MPOOMEHEBOI KICTKM, 3HVKEHHS
VIMOBIPHOCTI peLUmAnBY NMyXAHW TQ 36epeXkeHHs1 QyHKLIT MooMeHeBO-3ar sICTKOBOro cymooba. Marepianu ra me-
T0AMU. [1DOBEAEHO XIPYPIIHHE AiKYBAHHST 21 XBOPOro 3 [KIT AMCTAABHOIO BIAAINY MPOMEHEBOI KICTK. CepeaHiv BiK
XBOPWMX CTAHOBMB 28,7 POKY (AIQrNA30H Bia 18 A0 39 pokis). [poaikoBaHo 8 (38,1 %) nauieHTis i3 [KIT ll/IIl cTyneHs
(3a KamrnaHayyi) AMCTAALHOIO BIAAIAY MOOMEHEBOI KICTKU, MICAST pe3eKUii AMCTAABHOIO CerMmeHTa rnooOMeHEBOT
KICTKU 3 MYyXAMHOKO TA PEKOHCTRYKLUIT AeDEeKTY KICTKM 30 AOMOMOIO HEBACKYASIOU30BAHOIO MAAOrOMIAKOBOIO OB-
TOTPQAHCMAQHTATA MPOOKCUMAABHOIO BIAAIAY MQAOTOMIAKOBOI KICTKM, GIKCOBAHOIO 3Q AOMOMOIOK NMAQCTUHM Q60
CEPKASKIB AO 3QAULLIKY MPOMeHeBOI KicTkun. 7 (33,3 %) nauieHtam i3 KT | ctyneHs (3a KaMnaHayyi) nposBeAeHa
BHYTPRILLHBbOKICTKOBQ PE3EKLLiSI AMCTAABHOIO BIAAINY MPOMEHEBOI KICTKM 3 MYyXAMHOK TQ MAQCTUKA AEDEKTY KICTKM
MQTEPIANOM HQ OCHOBI GIOQKTUBHOIO CKAQ (GIOKOMMIO3MTOM) Q60 CMNOHrO3HA QBTONAQCTUKA. 1 (4,8 %) nauieHTy
3 K[ Il ctyneHs (3a KamnaHayy) 1a 2 (9,56 %) nauieHTaMm i3 peumAnBOM MyXAVMHW BUKOHQHQ BHYTPILLHbOKICTKOBA
pesekuisi AMCTAALHOIO BIAAIAY MPOOMEHEBOI KICTKM 3 MyXAMHOKO TA MAQCTUKA AeDEKTY MOAIMETUAMETAKPUAQTOM
(KicTkoBuM LiemeHToM), 2 (9,5 %) nauieHTam i3 KT Il ctyners (3a KamnaHaywyi) 1a 1 (4,8 %) NALiEHTY MiCAS MOBTOP-
HUX PELIMAMBIB MYXAUHW BUKOHQHO CErMEeHTaPHY PEe3eKLitO KICTKY i3 3aMILLLEHHSIM Ae@EeKTy QBTOTPAHCIAQHTATOM i3
MPOKCUMAABHOIO BIAAIAY MQAOITOMIAKOBOI KICTK V1 QRTPOAES Y MPOMEHEBO-3QI1 SICTKOBOMY CYIn0Obi. Pe3yAbraTi.
CepeaHivi nepios CrnoCcTepeXkeHHs1 CTaHoBMB 5,5 poky (2,8-11,2 poKy). YHACAIAOK MOOBEAEHOIO AIKYBAHHS Yy 3
(14,3 %) NauieHTIB CIOCTEPIrQANCST YCKAQAHEHHST — BMBUX QBTOTPAHCIAQHTATA Y MPOMEHEBO-3Ar1 SICTKOBOMY CY-
MO6i Mpr 3aCTOCYBAHHI HEBACKYASIOU30BAHOIO MAAOTOMIAKOBOIO QBTOTPAHCIAQHTATA, BUBMX BUMPABAEHO 3Q Pa-
XYHOK MOBTOPHOIO XipYyPriYHOro BTRYYQHHS. PeLmamsm yxanHn crioctepirarmcs y 3 (14,3 %) naujieHTis. Y nepLuomy
BUMQAKY MICASI BHYTPILLHbOKICTKOBOI pe3eKLii T MAQCTUKM MQTePIaQAOM HQ OCHOBI 6i0QKTUBHOIO CKAQ BUKOHAHO
BHYTPILLUHLOKICTKOBY PE3EKLIO, BUAQAEHHST MATEPIAAY TQ MAQCTUKY AEQEKTY KICTKOBUM LIEMEHTOM, Y APYroMy —
MICAS1 BHYTPILLHbOKICTKOBOI pe3eKLyii TQ CrOHrRO3HOI ABTOMNAQCTUKI BUKOHQHO BHYTPILLHBOKICTKOBY PE3EKLit0, BUAQ-
AEHHSI MATEPIQAY TA MAQCTUKY AEDEKTY KICTKOBUM LIEMEHTOM, Y TDETbOMY — MTICASI BHYTPILLHbOKICTKOBOI pe3ekuil
TQ IAQCTUKU KICTKOBUM LIEMEHTOM Y 3B 513Ky 3 MOBTOPHUM PELIMANBOM MyXAVHU BUKOHQHO PE3EKLIK0 AUCTAABHOIO
CEerMeHTa rNPOMeHEBOI KICTKN 3 PeLMAMBOM MyXAVHU 1 QPTOOAES Y MPOMEHEBO-3Ar SICTKOBOMY CYIn06i 3Q AOMO-
MOrOtO QBTOTPAHCMIAQHTATA TQ METAAOOCTEOCUHTESY MAQCTUHOK. DYHKLIOHOALHI PE3YALTATY BEPXHBOI KIHLIBKIA
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nicAst opraHosbepiraroymx onepauin i3 npusoAy MKl AMCTAABHOTO BIAAIAY MPOOMEHEBOI KICTKM 3Q LIKAAOK MSTS
CTQHOBUAM B CEPEAHBOMY: MICASI BHYTPILLHEOKICTKOBOI pe3eKLUii T MAQCTUKY MATepIGAOM HQ OCHOBI GiOQKTUBHOIO
CKAQ aB60 CrOHrO3HOI aBTONAQCTUKN — 98,52 % (97,7-99,9 %), nicAs pe3eKuii AMCTAAbBHOrO CErMEHTA NPOMeHe-
BOI KICTKM 3 MYXAMHOK TQ PEKOHCTRYKLT A€DEKTY KICTKM 30 AOTTOMOIOK HEBACKYASIOU30BAHOIO MAAOTOMIAKOBOIO
QBTOTPAHCIAQHTATA — 89,34 % (78,6-92,5 %). OYHKLIIOHQABHI PE3YALTATU KIHLIBKW OLIIHEHI Yy 21 NAUiEHTQ, BIAMIHHI
pesyabTat otpumaHi y 5 (23,8 %) nauieHTis, Ao6pi —y 10 (47,6 %), 30A0BiAbHI — y 6 (28,6 %). CepeaHivt Yac 3p0-
LLI@HHST Y MAQAOTOMIAKOBO-TIIPOMEHEBOMY 3 €AHQHHI MICASI 3QCTOCYBAHHS HEBACKYASIPU3OBAHOIO MAAOrOMIAKOBOIO
QBTOTOQAHCIAQHTATQ CTAHOBUB 7,5 micsust (3,2-16,1 micsius)). CepeaHs CUAQ XBATY MPOONepOBAHOI BEPXHBOI KiH-
LIBKU MICAST 3QCTOCYBQAHHS HEBACKYASIOM30BAHOMO MAAOTOMIAKOBOIO ABTOTPAHCMIAQHTATA BiA, HOPMAABHOI CTOPO-
Hu ctaHoBuAQ 50 % (35-69 %), a paKTMHHE CepeAHE 3HQYEHHST AAS MPOONEePOBAHOI CTOPOHM — 15 KI MOPIBHSIHO
3 30 Kr pANST IPOTUAEIKHOI HOPMAOABHOI CTOPOHM. CEepEeAHIN AIQNQ30H PyxiB CTAHOBMB: CYMIHALSI TEPEANAIYYST —
47° (31-69°), npoHauist nepeanAiqyst — 33° (16-55°), 3riHQHHS1 KUCTI Y AOAOHHWM Gik — 40° (18-67°), PO3rMHQHHS
KUCTI (y TMABHUE BiK) — 29° (11-52°), Mpu KOMBGIHOBAHMX pyxax — 151° (76-180°). 3aranom 59 % (24-70 %) kKoMbi-
HOBQHOrO AIQNA30HY PyXiB GYAO 36epeXxeHO y MNpoonepoOBAHOI CTOPOHM MOPIBHSIHO 3 MPOTUAEXXHOK HOPMOAb-
HOK CTOPOHOK. 85,7 % MPpOOonNepOBAHMX MALIEHTIB BYAM 3QAOBOAEHI PEIYALTATAMM AIKYBAHHS. BUCHOBKUN. BHY-
TPILHBOKICTKOBQA pe3eKLis AMCTAABHOIO BIAAIAY MOOMEHEBOI KICTKU 3 MyXAMHOK TA MAQCTUKQ A€DEKTY PI3HMU
MAQCTUYHUMN MQTERIQAQMU € METOAMKOKO BMOOPY rpu MK | cTyneHs. Pe3ekuis AMCTAAbBHOro CErMmeHTa npome-
HEBOI KICTK 3 MyXAVHOIO V1 ABTOMAQCTUKA AEPEKTY KICTKM 3Q AOMOMOIOKO MPOKCUMAABHOIO CErMEeHTA HEBACKYASI-
PU3OBAHOI MAAOrOMIAKOBOI KICTKM € epeKTmBHOK MeToamKoro ripu KT/ cTyrneHs. BHYTRILLHbOKICTKOBQ pe3eKList
ANCTAABHOIO BIAAINY MOOMEHEBOI KICTKU 3 MyXAVHOKO TA MAQCTUKQA AQDEKTY MOAIMETUAMETAKPUAQTOM (KICTKOBUM
LIEMEHTOM) € METOAMKOK BMOOPY rpu peLmamvsi TKI. ApTooae3 y nooMeHEBO-3Ar1 SICTKOBOMY CYIn06i 3Q AOrMO-
MOrotO ABTOTOAHCIAQHTATA T METAAOOCTEOCUHTE3 MAQCTUHOK € TAKOX METOAMKOK BUOOPY MW MOBTOPHUX
peumamsax K. Peuuams nyxAnHn rnoB’si3yemMo 3 QOAQCTUYHUM | PAAMKAABHUM BUAQAEHHSIM KT, YCKAQAHEHHST
nicAst opraHoséepiraroymx onepauivt iz npusoAy MK AMCTAABHOIO BIAAIAY MPOMEHEBOI KICTKM MOB ‘S1I3YEMO 3 HEAO-
ACPXKAHHSIM MNALIEHTAMU PEKOMEHAQLIN Y MICASIONEPALVIHLL NEPIOA.

KAIO4OBI CAOBQ: rirQHTOKAITMHHQ MYyXAMHQ, MOOMEHEBA KICTKQ; AUCTAAbHUM BIAAIA; KOMGIHOBAHE AIKYBQHHSI,
XipypridHe AIKyBAHHST, QYHKLIST KIHLIBKU, PELMAMB MyXAVHU

Bctyn

TranToxmitunna myxiauHa (I'KIT) — me moGposikicHa
MicleBoarpecuBHa MyxJIMHa KiCTKU 3 IEBHUM MeTacTaThy-
HuM noteHiiagoM. I'KIT kictku ctaHoButh 20 % BCix 10-
OPOSIKICHUX MYyXJIMH KiCTOK i MeHIe 5 % ycix mepBUHHUX
nyxJuH Kictok [1]. He3Baxatouu Ha 1O0OpOsIKiCHY TPUpPO-
ny I'KII, BoHa neMOHCTpy€E MMPOKUIA CIEKTP MOBEAIHKH,
BKJTIOYAIOY M JIOKAJTbHUIM piBeHb peunanBiB 10 50 %, Myb-
TULEHTPUYHICTh, BillaJieHi MeTacTaTU4YHi ypakKeHHs, iH-
Ba3sUBHICTh i 10 10 % HMOBIpHICTh 37105IKiCHOI TpaHCdOp-
maii [2]. I'KIT nepeBaxxHo Bpaxkae emimMeTadi3y TOBTHUX
KicTok i € TpeTboto (10 %) 3a MONIMPEeHOCTIO JIOKAJTi3alli€ro
B IUCTaJbHOMY BiJIisi TpoMeHeBoi KicTku [3]. ¥V mitepaty-
pi MiATBEPIKYETHCS TiCHUI 3B’SI30K BTOPMHHOI CapKoMa-
To3Hoi TpaHchopmartii I'KII, sixa niKyeTbcsi IpoMeHeBOO
teparieto [11]. Meracrasu npu ['KII kicTok 3ycTpivatoTb-
ca aie y 3 % nauieHTiB, aje MoBeaiHKa JereHeEBUX MeTa-
crasiB HerepenbauyBaHa |5, 12, 13]. Bapiantu jikyBaHHs
I'KIT nucranbHOrO Biiily MpoOMeHEeBOI KiCTKM BKJIIOUAIOTh
KIOpeTax i3 KiCTKOBOIO IJIACTUKOIO a00 1IEMEHTYBaHHSIM,
eKCIM3io en bloc i peKOHCTPYKIIiIO 3a TOIIOMOIOI0 HECy-
JIUHHOTO a00 CyauHHOro ¢iOyasapHOro aBTOTPaHCILIAH-
TaTa, KiCTKOBO-CYIJI000BOIO ajloTpaHCIIaHTaTa, JIIKThO-
BOI TpaHcoKallil abo eHaonpore3yBaHHs [4]. 3a TaHUMM
JIiTepaTypy, YCKJIaAHEHHS MicJsl XipypriyHOIo JIiKyBaHHS
I'KII guctasbHOro BiaAily MPOMEHEBOI KiCTKM CTaHOB-
natb Big 10 mo 50 % [16, 17]. YacTota peuuauBiB micis
i30JIbOBAHOTO KiopeTaxy — Bif 12 10 65 %, KiopeTaxy 3
an’toBaHTaMu — Big 12 1o 27 %, pesexuii en bloc — Bin 0 10
12 % [6]. Y nesskux DOCTiIKeHHSIX YacTOTa PELIUINBIB ITic-
151 kropetaxy npu I'KIIT gucranbHOTO Bimmiay mpoMeHeBoi

KIiCTKY CTAHOBUTS Bin 27 10 35 %, 1110 € BUILIOIO ITOPiBHSIHO
3 pelAMBaMU TIPU KIOpeTaxi B iHIINX JOBIUX KicTKax [7,
8]. IMicnsa nosiu neHocymaody sikyBaHHs1 ['KIT 3smiHumocst
i3 CcyTO XipypriuHoro Ha KoMmOiHoBaHe. [leHocymad MoxXKHa
BUKOPUCTOBYBATH SIK HEOal IOBAaHTHY Teparlilo, CTBOPIOIO-
Y1 HOBOYTBOPEHY KiCTKY Ha nepudepii ypaxkeHHsI, IIPOIIo-
HYIOUM MEXaHiYHUIi KapKac, NMpu SKOMY MOXHa BUKOHATU
KIOpeTax, 10 JO03BOJISIE MOKPAIIUTH (PYHKIIOHYBaHHS
nauienTa [9, 10, 14, 15]. Mu npeactaBisseMo Hall A0CBif
3aCTOCYBaHHS PI3HUX METOAMK XipypriyHOTO JIiIKYBaHHS
['KII nuctanbHOrO Biaiily MpOMEHEBOI KiCTKU.

MarTepiaAu Ta meToamU

V Bigmimi AY «IHCTUTYT TpaBMaToO]OTii Ta OpTOmemdil
HAMH VYxpainu» mpoBeneHO XipypriuyHe JiKyBaHHS 21
nauienTa 3 I'KII nuctanbHOro Binmaiay mpoMeHeBoi KiCTKH.
CepeHiii Bik XBOpUX CTaHOBUB 28,7 poKy (aiana3oH Bim 18
1o 39 pokiB). 2KiHok Oysio 14, yosoBikiB — 7. 13 nauieHTiB
OyJIM 3 ypaXXEHHSIM AUCTAJbHOrO BilJijly JiBO1 IpOMeHe-
BOI KiCTKM, 8 — 3 ypaxkeHHSIM JUCTaJIbHOTO Biliy MpaBoi
MPOMEHEBO1 KiCTKU. Y 2 BUMAaAKax PEHTTEHOJIOTIYHO CITO-
cTepiraBcsl IATOJIOTIYHUI TIEPEJIOM IIPOMEHEBOI KiCTKU
B IIISTHII JIOKaJi3alii myxauHu. Bu3HayeHHS MeTOmMKU
XipypriyHOro JiKyBaHHS Yy ITAlli€HTIB IPOBOAMIM BidIlO-
BiIHO OO pamioyiorivHoro Merony kiacudikarii Kamma-
Hayyi, SKUI CKIIaga€eThCs i3 TphoX cTymneHiB [22]. [TyxmuHu
I cTryneHst Manu 4iTKy MeXXy 3 TOHKMM KpaeM 3piJioi KiCTKH,
KICTKOBUIA KOpTeKC OyB iHTaKTHUM. YpaxeHHs Il cryne-
HS MaJld BiJHOCHO YiTKi Kpai, ajie He OyJIO PEHTIT€HOKOH-
TpacTHOTrO KopTuKajibHoro kpato. Cryminb II1 6yB BusHa-
YEHUH SIK YPaKeHHSI 3 HEUiTKUMU MeXaMu, 110 CBiIYMIO
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PO UIBUJKE 3DOCTAHHS MYyXJIMHU, K€, MOXJIMBO, IPOHU-
KaJio y HaBKOJIMIIHI M SIKi TKAHUHU.

MeToauku XipypriyHMX BTpyYaHb, BAKOHAHI y Malli€H-
TiB, IIpeaCTaBJIeHi y Ta01. 1

Hawmu 6yno miposikoBato 8 (38,1 %) nauienris i3 I'KIT
I1/11I ctynens (3a KammnaHauyyi) nuCTaJibHOTO BifIiTy TTpO-
MEHEBOI KIiCTKHU, IIiCJII pe3eKIlil TMCTaIbHOTO CerMeHTa
MPOMEHEBOI KiCTKM 3 ITyXJIMHOIO Ta peKOHCTPYKIIil nedek-
Ty KICTKHM 3a IOITOMOTOI0 HEBACKYJISIPU30BAHOTO Majloro-
MiJIKOBOTO aBTOTpPAHCIUIAHTAaTa IPOKCUMAJIbHOIO Bimi-
JIy MaJIOTOMIJIKOBOI KiCTKHU, (piKCOBAaHOTO 3a JIOIIOMOIOI0
TUTACTUHU 200 CEPKIISLKiB A0 3aTUIIKY IIPOMEHEBO1 KiCTKH.
7 (33,3 %) manienrtam i3 ['KIT I ctynens (3a Kammanay-
4i) TIpoBedeHa BHYTPIIIHBbOKICTKOBA PE3€KIlisl AUCTaTb-
HOTO BiIIiTy IIPOMEHEBOI KiCTKH 3 IyXJIMHOIO Ta IUIACTU-
Ka nedekTy KiCTKM MaTepiaJloM Ha OCHOBi 0i0aKTMBHOTO
ckjla — 0OiOKOMITO3UTOM a00 CTMOHTIO3HA aBTOTUIACTHKA.
3 (14,3 %) naiieHTaM i3 peuUAMBOM TyXJIMHU BUKOHAHA
BHYTPIIITHBOKICTKOBA Pe3eKIlisl JUCTAJTbHOTO Bilmilly Ipo-
MEHEBOI KiCTKM 3 IMyXJIMHOIO Ta IUIaCTUKaA Ae(PEeKTy IOJi-
METUIMETAKPUIATOM (KiCTKOBUM LieMeHTOM), 3 (14,3 %)
nauieHTam i3 TKIT I1I crynens (3a KammnaHauui) BUKOHa-
HO CErMEeHTapHY pe3eKIlito KiCTKHM i3 3aMillleHHSIM Ie(eKTy
aBTOTPAHCIUIAHTATOM i3 MPOKCUMAIBLHOTO BiIIily MaJo-
TOMIJIKOBOI KiCTKM ab00 CEerMEHTOM i3 KJIyOOBO1 KiCTKM it
apTpoe3 y MPOMEHEBO-3a1’ SCTKOBOMY CYyTJIO0i.

Bubip meTomuku XipypriyHoro BTpy4YaHHsS (BHYTpiIlI-
HBOKICTKOBa pe3eKilisi KiCTKM abo 3aCTOCYyBaHHSI HeBac-
KyJIIpU30BaHOTO MaJOroMiJIKOBOTO aBTOTpPaHCIUIaHTaTa
MPOKCHMMAJIbHOIO Bidily MaJOTrOMiJIKOBOI KiCTKW) IIpU
nyxauHax Il cTymeHs rpyHTyBaBcs Ha iHAMBiZyaJbHOMY
MiIX0Mi, MPUYOMY OIHUM i3 BaXJIMBUX (akToOpiB OyJIO Te,
1110 HE CIToCcTepiraaocst pyiiHyBaHHsI KOPTUKAJIbHOTO I1apy
KiCTKM TIifl YaC BHYTPIITHbOKICTKOBOI PE3€KIlil KiCTKH.

Y 21 Bumanky rnepBUHHE TiepenoriepalliiiHe BCTaHOB-
nenHs aiarHody ['KIT 6ysio miaTBepakeHo BiikpuToro abo
TpenaHOiomncielo. YciM malieHTaM mepen oIlepalli€lo BU-
KOHYBaJIacsl peHTreHorpaMa IpoMeHeBoi KicTku (puc. 1),
KT mpomeneBoi kictku Ta MPT ypaxkeHOro rnmpomMeHeBO-
3aIl’ICTKOBOTO CyTJ100a.

I1pu HanXoMKEeHHi 10 cTallioHapy, MiCJsl BCTAHOBJIEHHS
JiarHO3y LIMTOJIOTIYHO Ta TiCTOJOrIYHO, MalliEHTaM ITPOBO-

PucyHok 1. @oToBigbutku peHTreHorpamm
xBoporo C., Kl guctanbHoro Bigginy npaBoi
NMPOMeHeBOI KicTkun

JAacs nepeaonepaliiHa miroroBka 3 HAaCTYITHUM Xipyp-
rivHUM JlikyBaHHsIM. OCTaHHIM YacoM y KIIiHIYHIN Mpak-
THii nomupwiaca kombiHoBaHa tepamis ['KII. I1pemapar
JieHocyMa0, MOHOKJIOHATTbHE aHTHUTIIO 0 PEUENTOPHOTO
aKTUBaToOpa Jiranmy simepHoro ¢gakropa kammna-B (RANK)
(RANKL), mpomemoHCTpyBaB €(heKTUBHY IpOQiIaKTHU-
Ky BTpaTu KicTKoBoi Macu y nauieHTiB i3 I'KII muisixom
MPUTHIYEHHS 3aJlydYeHHSI 1 aKTMBHOCTI OCTEOKJIAaCTUY-
HUX KJIITUH. 3a3BUYail JeHocyMab MoKa3aHWii maiieHTam
i3 mporpecyrounm craHom (ctyminb 11 3a Kammanayui).
OcHOBHa MeTa nepeaornepamiiiHoro 3aCTOCyBaHHS JI€HO-
cymMaly — 3MEHILINUTH OiJib, BiTHOBUTHU (DYHKILiIO 3a11’ICTKa
Ta 3a0e3MeUYnTH Kpalluii CTaH KiCTKM IS XipypTidHOTO
BTpydaHHs. [lepen omepami€eo meHocymMad BBOOWIJIN ITiI-
mKipHo B 103i 120 mr Ha 1, 8, 151 29-i1 neHpb sIK HaBaHTa-
2KyBaJIbHY 03y IIPOTSATOM IEPIIOro Micslis, a MoTiM 1o 120
MTI KOXHi 4oTupH TYiKHi [10].

IIpu nmepBuHHO Bepudikosaniii I'KIT I ctymens (3a
Kamrmanauui) IMCTaJbHOTO BiJIiJTy TPOMEHEBOI KiCTKM
TaKTUKa JIiIKyBaHHsI OyJia TaKOl: MPOBOIMJIACS BHYTPIllI-
HBOKICTKOBA pe3eKIIisl KiCTKM 3 ITyXJIMHOIO, €JIeKTPOKO-
aryJisitliss CTiIHOK KiCTKOBOI TOPOXHWHU Ta 3allOBHEHHSI

Tabnuus 1. MeTtoguku xipypridyHux BTpy4yaHb

BTpy4yaHHs AGC. K-CTb Bincotku
Pesekuis ancrtanbHOro cermMeHTa NPOMEHEBOI KiCTKM 3 MyXJIMHOK Ta aBTo- 8 38,1
nnacTtuka gedexTy KiCTK1 3a 40MOMOro NPOKCUMasibHOIo CErMeHTa HeBac-
KyS19pM30BaHOi ManoroMinkoBOi KiCTKM
BHYTPILLIHBOKICTKOBA pPe3eKLis AMCTaNbHOro Biaajiny NpoOMeHeBOi KiCTku 3 7 33,3
NyXJIMHOK Ta NnacTuka AedekTy MmaTtepiasioM Ha OCHOBI 6i0aKTUBHOIO ckna
(6iokomno3nT) abo aBTOMNACTUKA
BHYTPILWHbOKICTKOBa pe3ekLuid OMCTaNlbHOro BioAiny NpOMEHeBOT KIiCTKM 3 3 14,3
NMyxXJIMHOKO Ta niacTuka aedekTy noniMeTunMeTakpunaTtom (KiCTKOBUM Lie-
MEHTOM)
ApTpones y NpoMeHeBO-3an’scTKOBOMY Cyr/100i 3a JOMOMOro aBTOTPaH- 3 14,3
crniaHTara Ta METaNI00CTEOCUHTEZY NNIACTUHOIO
Ycboro 21 100
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nedeKkTy KiCTKM MaTepiaJloM Ha OCHOBi 0i0aKTHMBHOTO
ckjla — OIOKOMITO3UTOM, SIKWMii BUTOTOBJISIBCS B Jlabopa-
TOpil HEOPraHiyHOI XiMil NUISIXOM OCa/IKeHHs, ab0 CITOH-
ri0O3HUM aBTOTPAHCILJIAHTATOM, 3a0ip SIKOTO TIPOBOMBCS 3
KpuJjia 31yXBUHHOI KiCTKH.

Ilpu ypaxenni I'KIT 1I/I11 ctynens (3a Kamnanau-
i) OMCTaJIbHOTIO BiIIily IPOMEHEBOI KiCTKM BUKOHY-
Bajacs KiCTKOBO-ILIACTUYHA OMepallis, siki cKiamanacs
3 pe3eKlii AUCTAJIbHOIO Bimmilly MPOMEHEBOI KiCTKH i
aBTOIJIACTUKU HEBACKYJISIPU30BAHUM MaJIOTOMIIKOBUM
aBTOTPAHCIJIAHTAaTOM NPOKCUMAaJbHOIO Biaminy Majo-
TOMUJIKOBOI KiCTKH.

Texnixka onepayii. HaxinagaeMo JXTyT y cepenHiil Tpe-
TUHI ruteya. Po3tuH mikipu 3aBnoBxku 1o 10—15 cM mpo-
BOJMMO IO TWUJIbHIl MOBEPXHi HUXKHBOI TPETUHU TIEpei-
TUTIYYsT HaJ TIPOEKIIIEI0 TIPOMEHEBO1 KicTKHU. JucTanbHuit
KiHEeIlb PO3TUHY OOXOAUTH mo 3am’sictka. [liciasa po3tuny
IIKipH, MiAIKipHOI KJIITKOBUHU Ta (acilii BUIIIIEMO Cy-
XOXWJIKY PO3TMHAYiB MaJbliB, SIKi BiIBOAMMO Y CTOPOHMU.
OroyroeMo OKiCTsSI MPOMEHEBOI KiCTKM, 00po0JIsieMO HOro
pacrarepoM y Miclli pe3ekllii, muioto JIXKirai nepenuioe-
MO MPOMEHEBY KiCTKY Ha 3 CM MPOKCUMAJIbHIlllE YpaKeH-
Hs1. Po3THaeMo Karicysny NpoMeHeBO-3all’ ICTKOBOTO CY-
r1oba Ta BiJICiIKaEMO Bill TPOMEHEBOI KiCTKU. 3BiIBHSIEMO
MSTHKY MPOMEHEBOI KiCTKHM, sika OyJia pe3eliiioBaHa, Bif
HaBKOJIMIITHIX TKAHUH i BUIAJSIEMO Pa3oM i3 MyXJIMHOIO.
IIpoBoguMo TemMocTa3 y paHi, 3HIMAEMO KTYT i IIPOBOIM -
MO OCTaTOYHUI reMOocTa3 y paHi.

Ilicnst bOro MpPoOBOAMMO 3arOTOBKY aBTOTpaHCILIAH-
Tata. Haknamaemo IKTYT y cepenHiil TpeTMHi CTerHa.
IIpoBoaMMO MO3AOBXHI PO3TUH IIKipU MO 30BHIillIHiK
MOBEPXHi FTOMiJIKM Y BEpXHill TpeTHUHI Ha 5 CM IPOKCHU-
MaJibHillle TOJiBKM MaJIOTOMiIKOBO1 KicTKU. Po3TnHaeMo
¢acitiito Mo BCiit JOBXWHI MIKipPHOTO PO3TUHY, TIC/IS 11bO-
ro y BEepXHiil YaCTUHI paHU 3HAXOAMMO MaJOTOMIiJIKOBHIA
HEpB i, 1006 BOEperTy foro Bil MOIIKOMKEHb, 00ePeKHO
BUIUISIEMO 110r0 3 TKAaHMH. 3BUILHUBIINA HEPB, CTATYEMO
MOro M’SIKOI0 TYMOBOIO CTPIUKOIO, ITOMIIIAIOUM IIepend
TOJIOBKOIO MaJIOrOMIJIKOBOI KiCTKM. 3HAXOIMMO IIPOCTip
MiXX KamM0ajomonioHuM M’SI30M 33a1y i MepoHeaJIbHUMU
M’s13aMU criepesly i yepe3 HbOro MPOHUKAEMO 10 MAJIOTO-
MiJIKOBOT KicTKH. JlicTaeMo Harepes nepoHeaabHi M s3H,
PO3TMHAEMO MO30BXHbBO OKICTS i OTOJIIOEMO KiCTKY Ha
HeoOximHy moBxuHy. ITmroro JIXKirm mepenmiioeMo Ma-
JIOTOMIJIKOBY KiCTKY, 3BiJIbHSIEMO CErMEHT KiCTKH, IO
pe3elitoeThCs, Bifi HABKOJMIITHIX TKAHUH, aKypaTHO BU-
IUISIEMO TOJIOBKY MAaJIOTOMiJIKOBOI KiCTKM 3 Cyryioba Ta
BUIAJISIEMO aBTOTPAHCIUIAHTAT 3 paHU. 3HIMAEMO IXIYT i
MPOBOAMMO IT'eéMOCTa3 y paHi, HaKJIaJaeEMO IOIIapOBi IIBU
Ha paHy F'OMUJIKM Ta APEHYEMO 1i aKTUBHUM TPyOYaCTUM
JIPEHAXOM.

3aroToBJIiCHUII aBTOTPAHCIJIAHTAT MaJOTOMiJIKOBOI
KIiCTKM TOMilIaEMO Ha MicClle pe3eLiiiloBaHOro cerMeHTa
MPOMEHEeBOI KiCTKM Ha mepearutiyvi. Hamri crocrepe-
JKeHHSI TIOKa3aju, 110 aBTOTPaHCIUIaHTaT Kpaille OpaTu 3
TOMIJIKM Ti€l caMOi CTOPOHU, 110 I ypaXkeHa IIpOMEHEeBa
KiCTKa, OCKUIBKHY IIPU IMiATOHIII TpaHCIUIaHTaTa Ha TIepe-
IUTiY9i CTBOPIOIOTHCSI ONTHUMAaJIbHI YMOBHU (Haxuil ¢acer-
KM Hamepes, BepXiBKa IOJIOBKU MaJOrOMIJIKOBOI KiCTKM

3aiiMae Miclie IMIUIOINOAIOHOr0 BiAPOCTKA IMPOMEHEBOI
Kictku). [IpokcuMalbHUIl KiHellb aBTOTpaHCIUIAHTaTa
CMOJIYYa€EMO 3 TUCTAIbHUM KiHIIEM TPOMEHEBOI KiCTKH 3a
TUIIOM «3aMKa» i 3’€JHYEMO 1X 3a JOTIOMOTOIO IPOTSHUX
CepKJISIKiB 200 MeTasieBoi riacTuHU. st Kpaiioro yTpu-
MaHHSI KiCTOK i TpodiakTuKM BUBUXY B MPOMEHEBO-
3a1’ ICTKOBOMY CYIJIO0i 9aCTKOBO BiTHOBIIOEMO KAaIICYILy
cyrinoba Ta CHOJYyYaEMO KiCTKM KETTyTOBMMU ILIBAMU Y
pamioyibHapHOMY 34JieHyBaHHi. Karcyny mpomeHeBo-
3aI’sICTKOBOrO Cyrjo0a, 10 3aJuInuiacs, IiIlIMBaAEMO
IIIOBKOM IIO0 TUJIbHIM i MpOMeHEeBili MOBEpPXHi A0 aBTO-
TpaHcIUlaHTaTa. BkasaHi 3axoau HaniifHO monepenxamTh
PO3BUTOK BUBMXY B IIPOMEHEBO-3aIl’ SICTKOBOMY CYyIJIO0i,
110 MA€ BEJIMKE 3HAYEHHS JUIS TTOJAIbIIOr0 BiTHOBJICH-
Hs dyHKIii KiHUiBKU. Hakiamaemo moimapoBi 1mBu Ha
paHy i IpeHyeEMO paHy r'yMOBOIO cMyXKoto. Hakianaemo
aCeITUYHY IT0B’ 13Ky, TilICOBY IIMHY BiJl IMaJbIIiB KMCTi A0
CepenHbOI TPETUHU IUIeya (3rUHAHHS y JIKTbOBOMY CY-
061 mig kyrom 90°). dikcalisi MepearuIivyys TilcoBoOO
HIMHOO 10 JIIKThOBOTO CYIJ100a MTPOBOAUTHCS YITPOIOBXK 6
MicCs11iB, Mif MOCTIHHUM PEHTTEHOJOTiYHUM KOHTPOJEM.
VY cepeqHbOMY TPOTSTOM 6 MICAIIIB BiIOYBa€eThCsS 100pe
3pOIIEHHSI MaJIOTOMIJIKOBOTO aBTOTpaHCIUIaHTaTa i3 3a-
JIMIIKaMM IIpoMeHeBoil KicTku. Yepes 3 micsii Oyau po3-
royvari JIeTKi aKkTUBHI Ta TOTTOMIXHi BITpaBy JIJIs 3a11 SICTS,
IHTEHCUBHICTb SIKUX MOCTYIMOBO 301TbIITyBasIacs 3aJIe>KHO
Bim mepeHocuMOCTi Ta mporpecy. Ilicias npunmHeHHS iM-
MoOii3alii mpru3Havyaaud KOMIUIEKC pealdimiTalliiiHuX 3a-
XONiB, SIKMI CKJIaIaBCsl 3 Macaxy KHUCTi, Hepearuiivus i
Iieya MpoonepoBaHoOl KiHIIiBKY Ta JiKyBaJlbHOI (hi3KyIb-
TYpH JAJIs MPOMEHEBO-3aIl’ ICTKOBOTO i JTIKThbOBOTO CYTJIO-
0iB. IIpoTsiroM poky 3a00pOHSIOCSI BUKOHYBAaTH BaXKKi
IIi1 BEpXHbOIO KiHIIBKOIO. PeHTreHorpamy mnepearuiivys
IMOBTOPIOBAJIM Yepe3 KOXHI 2 Mics1Ii, 100 BU3HAYMTH Ha-
SIBHICTbh YTBOPEHHSI KiCTKOBOI MO30JIi Ha MicCIli 3’ €THaHHS
MaJIOTOMIJIKOBOTO aBTOTPAHCIUIAHTATa Ta 3aJUIIKY TIPO-
MEHEBOI KiCTKM, peluIMBY IyXJIMHU ab0 YCKJIamHEHb,
MOB’SI3aHUX 3 aBTOTpaHcIUiaHTatoMm. Ilicas mepioro
POKY CIIOCTEPEXEHHSI Ha IPYIuid pik peHTreHOrpaMu BU-
KOHYBaJIMCS 3 iHTepBajioM 3 Micslli IPOTSroM POKy Ta 3
iHTepBajoM 6 MiCsIIiB Ha TPETIiil pikK criocTepeKeHHSI, MO~
TiM pa3 Ha piK i3 MOJAJBIINM CIIOCTEPEXKEHHSIM.

JAnHamMoMeTp BUKOPMCTOBYBABCSI HAMU JJISI BUMIpIO-
BaHHSI CWJIM 3aXOTUICHHSI Ta TTOPiBHSHHS 3 TTPOTUJIEXKHOIO
BEPXHBOIO KiHIIiBKOIO. [TomiOHMM YMHOM TOHIOMETp BU-
KOPHUCTOBYBABCs IS BUMIPIOBAHHS Jiaa3oHy pyxy Ta
MOPIBHSIHHS 3 MPOTWIEXKHOIO KiHILiBKOI0. DYHKIIIOHATb-
HUI1 pe3yabTaT IIPOOMNEPOBAHOI KiHIIiBKM BU3HAYaBCs 3a
mkajgoro MSTS, 3a momomorowo gKoi OLiHIOBaJM Malli-
€HTIiB Ha OCHOBI (hakTopiB (0ijb, (PyHKIIIOHATbHA AKTHB-
HiCTb Ta eMOLiliHe TMPUNHSTTS), 1110 CTOCYIOThCS Malli-
€HTa 3arajoMm, i (akTopiB, XapaKTepHUX IS Oyab-IKOI
BEPXHbOI KiHIIBKHU (MTOJOXEHHS PYKM, CIIPUTHICTh PYK i
3natHicTh migHiMaTn) [23]. Pesynbratu Oyau BcTaHOBIIE-
Hi 9K BigMmiHHI 1 ouinku MSTS > 90 %, xopoui st
80—90 %, 3amoBinbHi mist 60—80 % i morani musg < 60 %.
JIJ1sT OLIIHKM SIKOCTI XKUTTS XBOPUX MiCJIS XipypTidHOIO JIi-
KyBaHHSI IPOBOIMIN ONMUTYBaHHS 3a cuctemolo EORTC
QLQ-C30.
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OTpUMOQAHI pe3yAbTaTH

CepenHiil mepiof criocTepeskeHHsI CTAaHOBUB 5,5 POKY
(2,8—11,2 poky). Ilicna mpoBemeHOro JiKyBaHHS y 3
(14,3 %) manieHTiB criocTepiraiucs yCKJIagHEHHS — BH-
BMX aBTOTpaHCIUIAaHTaTa y IPOMEHEBO-3all’ ICTKOBOMY
cyrno0i TIpy 3aCTOCYBaHHI HEBAaCKYJISIPU30BAaHOTO MaJio-
TOMIJTKOBOTO aBTOTpaHCIUIAHTaTa, BUBMX BUIIPABICHO 3a
PaxyHOK ITOBTOPHOIO XipypriYHOro BTpy4aHHs. Perumu-
BM MyXJuWHM crioctepiranucg y 3 (14,3 %) mauienTis. ¥V
MepIIOMY BMITaKy ITiCJIsI BHYTPILIHbOKICTKOBOI pe3eKlii
Ta TMJIACTUKUA MaTepialoM Ha OCHOBi 0i0OaKTMBHOIO CKJja
BUKOHAHO BHYTPIIITHbOKICTKOBY pPE3€KIIi0, BUIAJECHHS
maTtepiaqy Ta TUTACTUKY AedeKTy KiCTKOBUM IIEMEHTOM,
y IpyroMy — TICJIsl BHYTPIllIHbOKICTKOBOI pe3eKilil il aB-
TOTUTACTUKM BUKOHAHO BHYTPIIIHBOKICTKOBY pe3eKIlilo,
BUIAJICHHSI MaTepialdy Ta IUIACTUKY OedeKTy KiCTKOBUM
LIEMEHTOM, Y TPeTbOMY — IIiCJIsI BHYTPILIHbOKICTKOBOI
pe3eKilil Ta MIACTUKMU KiCTKOBUM LIEMEHTOM, y 3B’SI3KY 3
MOBTOPHUM PELIMIMBOM IMyXJIMHU, BUKOHAHO PE3eKIlilo
JMMCTaJbHOTO CerMeHTa MPOMEHEBOI KiCTKU 3 peLMAMBOM

MyXJIMHU ¥ apTpoie3 y TPOMEHEBO-3a1’ ICTKOBOMY CYTJI001
3a IOTIOMOTOI0 aBTOTPAHCIUIAHTATa Ta METAJIOOCTEOCUHTE-
3y TMUIACTUHOIO.

HaBomumo pe3yabraTti XipyprivHOro JIiIKyBaHHST XBOPOiL
I1., 3 TKII I crynmens (3a KammaHayyi) AucTaabHOIO Biami-
JIy IPOMeHEeBOI KicTKu (puc. 2a, 0).

HaBonumo pesynbTaTu XipypriyHoro JiKyBaHHsI Malli-
enrta M., 3 'KII Il ctynens (3a Kammanayyi) 1uctajibHOro
BiILIily MPOMEHEBOI KiCTKM, MiC/sl pe3eKilii UCTATbHOIO
CcerMeHTa IMPOMEHEeBOI KiCTKM 3 TTyXJMHOI0 Ta PEKOHCTPYK-
11ii nedeKTy KiCTKM 3a JOMOMOTO0 HeBACKYJISIPU30BaHOTO
MaJIOTOMIJIKOBOTO aBTOTPAaHCIUIAHTaTa MPOKCUMAIbHOTO
BiIIiay MaJIOrOMiJIKOBOI KiCTKM, (DiKCOBaHOTIO 3a IOIIOMO-
roI0 IJIACTUHMU 0 3aJIUIIKY IIPOMEHEeBOI KicTKM (puc. 3).

HaBonumo pesyiabTaTd XipypriuHoro JiKyBaHHS IIa-
mientku O., 3 T'KII III ctynens (3a Kammanauui), siKiii
BUKOHAHO CErMEHTapHYy pe3eKIlil0 KiCTKHU i3 3aMillleHHSIM
nedeKTy aBTOTPaHCIUIAHTATOM i3 MPOKCUMAaJIbHOTO Bii-
JIy MaJIOTOMIJIKOBOI KiCTKH Ta 3 (pOpMYBaHHSIM apTpoze3y B
TPOMEHEBO-3alT’ ICTKOBOMY CyIJ100i (puc. 4).

Pucynok 2. @oroBigbutku peHTreHorpamu xsopoi I1.: a) FKI gucransHoro Bigainy npasoi npomeHeBoi
KicTkun; 6) cTaH nicns BHYTPILLIHbOKICTKOBOT pe3ekKuyil AucTanbHOro Bigainy npoMmeHeBoOI KiCTKn
Ta nnacTuku 6i0KOMNO3NTOM; B) YacTKOBa rnepeobynoBa nanacTU4HOro matepiany B NOPOXHUHI KicTkn
yepe3s 6 micsauiB
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DyHKIIiOHANBHI pe3yabTaT BEPXHbOI KiHILIIBKU ITiCJIs
opraHo3oepirarouux onepauiit i3 npuBoxy I'KIT gucranb-
HOTO Biiily mpoMeHeBoi KicTku 3a mikaiorw MSTS cra-
HOBUWJIM Y CEPEAHbOMY: TIC/ISl BHYTPIITHbOKICTKOBOI pe-
3eKIlii Ta TUIACTMKKU MaTepialoM Ha OCHOBiI 0i0aKTUBHOTO
cKJia, ab0O CITOHTIO3HOI aBTOIJIACTUKHU, a00 TJIACTUKHU T10-
JiMeTmiMetakpuiaaToM — 98,52 % (97,7-99,9 %), micas

pe3eKllii AMCTaIbHOIO CerMeHTa MPOMEHEBOI KiCTKU 3 IyX-
JIMHOIO Ta PEKOHCTPYKILii AeeKTy KiCTKU 3a JOTMOMOTOI0
HEBACKYJISIpPU30BAHOI0 MaJOrOMiJIKOBOTO aBTOTPAHCIIIaH-
tata — 89,34 % (78,6—92,5 %). ®yHKIIIOHATbHI pe3yJbTa-
TH KiHIIiBKY OlliHeHi y 21 maiieHTa, BiIMiHHI pe3ybTaTh
oTpuMaHi y 5 (23,8 %) nauieHnris, noopi — y 10 (47,6 %),
3aM0BiUTBHI — Y 6 (28,6 %).

A

e

PucyHok 3. PoToBigbutkmn peHTtreHorpam xsoporo M.: a) FKIM gaucransHoro BigAiny npoMmeHeBoOi KiCcTKU;
6) ¢poTOo BUAAneHoro cerMeHTa AUCTasIbHOro BiAAiNy NMPOMeHeBOi KiCTKU 3 MyXJINHOIO; B) pOTO HEBACKY-
JISPU30BaHOI0 aBTOTPAaHCIJIaHTaTa MPOKCUMasibHOro Biaaisly MasioromMisIKoBOi KicTku; r) iHTpaonepawivi-
He ¢pOoTO BCTaHOBJ/IEHHSI HEBACKYJIIPU30BaHOro MasioromMiJikoBoro aBToTpaHCIiaHTaTa 1a Qikcadist ioro
N1aCTUHOIO [0 3a/INLLKY NPOMEeHeBOT KICTKU; A) NpsiMa rMpoekKList; e) 60koBa rnpoekKyis
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CepenHiii yac 3pOLIEHHSI Y MaJOroMiJIKOBO-TIpOMe-
HEeBOMY 3’€IHaHHi MicJsl 3aCTOCYBaHHSI HEBACKYJSIPU30-
BaHOI'O MaJIOTOMIJIKOBOTO aBTOTpAHCILJIaHTaTa CTAHOBUB
7,5 micsus (3,2—16,1 micaus). CepenHiii yac rmepedynoBu
maTtepiaqy Ha OCHOBi 0i0aKTMBHOTO CKJa Yy MOPOXHUHI
MPOMEHEBO1 KiCTKU Mic/Isl BUAAJICHHS TyXJIMHU Ta Tij1ac-
™K — 9 micauis (6,1—13,5). Cepenniii yac rnepeOynoBu
CITOHTi03HOTO aBTOTpaHCIUIAHTaTa y ITOPOKHUHI IIpOMeHe-
BOI KiCTKM TIiCJIsT BUAAJIEHHS MyXJIMHU Ta IIACTUKU — 6,8
wmicsus (5,3—10,4). CepenHst cita XBaTy IPOOIIEPOBAHOIL
BEpXHbOI KiHIIBKHU ITiCJISI 3aCTOCYBaHHSI HEBaCKYJISIPU30-
BAaHOTO MAaJIOTOMIJIKOBOTO aBTOTpPAHCIUIAHTaTa Bim HOp-
MaJIbHOI cTopoHu ctaHoBuIa 50 % (35—69 %), a hakTruHe
cepeaHE 3HAYeHHs [JIs1 MPOOMNEePOBAaHOI CTOPOHU — 15 KT
nmopiBHsHO 3 30 KT UIsT IPOTUJIEXKHOI HOPMAJIbHOI CTOPO-
Hu. CepenHiil niarna3oH pyxiB CTAaHOBMB: CyIiHALlisl Tie-
pemrutivust — 47° (31—69°), npoHariis nepemarmiigas — 33°
(16—55°), 3aruHaHHS KUCTi y TOTOHHMI 6ik — 40° (18—67°),
PO3rMHAHHS KUCTi (Y TWIbHUI Gik) — 29° (11-52°), mpu
KoMmOiHOBaHMX pyxax — 151° (75—180°). 3araiom 59 %
(24-70 %) xomGiHOBaHOTO Jiara3oHy pyxiB Oyjao 30e-
peXeHO y IPOOIEePOBAHOI CTOPOHU MOPIBHSIHO 3 IIPOTU-
JIEXKHOIO HOPMAJIBHOIO CTOPOHOI0. 85,7 % TipooriepoBaHUX
MaiieHTiB OyJIM 3al0BOJICHI pe3yjbTaTaMu JIiKyBaHHSI.
SKICTh XMTTS XBOpMX IOKpAIIMIACS y CepeaHbOMY 3 35
OayiB y TepenorepaliitHuit mepion 10 85 06ajiiB y Iiciso-
nepauiiHum.

O6rosopeHHs

Kiiniuna nmosenminka ['KII pucranbHOTO Bigminy Ipo-
MEHEBOI KiCTKM HelependadyBaHa. XipypTidHe JiKyBaH-
Ha 'KII guctanbHOrO Bigminy mpoMeHeBoi KiCTKU pi3HO-
MaHiTHe. Y JiTepaTypi IOBIIOMJISIETbCS, 110 HAMOIiIbIIE
XipypriyHux BTpydyaHb BiIOyBa€TbCs i3 3aCTOCYBaHHSIM
HEBACKYJISIpU30BaHOIO aBTOTPAHCIUIAHTATa TPOKCUMATb-
HOTO BiIiy MaJloroMiakoBoi Kictku [18]. BukopucraH-
HSI TPOKCUMAJIBbHOIO BiIiTy MaJIOTOMiJIKOBO1 KiCTKM SIK
3aMiHHMKA pe3eLiiioBaHOI0 M CTaJbHOTO BiAAIy MpoMe-
HEBOI KiCTKM € JIOIJIbHUM Yepe3 MOoAiOHICTh aHATOMIYHUX
dopM i mocTynHicTh aBTOTpaHCcIUIaHTaTiB [19]. ¥V meskux
TOCHTIIXKEHHSIX 3TaAYEThCS PO aBTOIJIACTUKY AUCTATbHO-
ro BiIIiTy IIPOMEHEBOI KiCTKM 3 HEIMOTaHUMM (PYHKIIiO-
HaJabHUMMU pesyabTatamu [20]. Jlesski aBTopu MOBIiZOMIISI-
I0Tb IIPO BUCOKMI PiBEHb Iic/asionepaliiHuX yCKIaTHEHb
Iicg aBTOIIACTUKU JAMCTaJbHOTIO BiIily NMPOMEHEBOI
kictku tipu T'KIT mo 50 % [16]. Y Haimomy mociimkeHHi
micisionepauiifHi yCkiIagHeHHs criocrepiranuca y 14,3 %
TMali€HTIB, 1110 BBA)KaEMO HETTOTAaHUM Pe3yJIbTaTOM Xipyp-
riyHoro yikyBaHHs1. HaituacTimumm ycKiIamHEeHHSIM TTiCTIs
XipypriyHoro JIiKyBaHHs Yy Halllili cepii OyB BUBUX aBTO-
TpaHCIJIaHTaTa y MPOMEHEBO-3aI’ ICTKOBOMY CyTrioli y
3 manieHTiB. Y HalomMy JOCIiIXKEHHI YacTOTa PeLUAUBIB
ImicJisg KIopeTaxy 3 ax’toBaHTamu Oyna 14,3 %, 3a naHuMu
nitepatypu — Big 12 1o 27 %, 1110 pakKTUYHO 30ira€ThCs 3
Janumu [6]. 2 manientam i3 peunanBom I'KIT, skum crio-
yaTKy Oys1a BUKOHaHAa BHYTPIllITHbOKICTKOBA Pe3eKILisl T1C-
TaJbHOTIO BiJAiJy TPOMEHEBOI KiCTKM, OYJO MPOBEIECHO
BUJQJICHHS PELIUAMBY MYXJWHU Ta IJIACTUKA TTOPOXKHUHUA
KiCTKM TIOJIIMETUJIMETAaKpUJIaTOM, 1110 TOBOPUTH TIPO Te,

a 6

PucyHok 4. dPoToBiabuUTKN peHTreHorpam nayieHT-
kn O.: a) IKI gucranbHOro BipgApiny npomeHeBoOi
KicTkn; 6) pekoHCTpyKuisa AedeKTy KiCTku 3a Jomno-
MOrol HeBacCKyJ/Iipu30BaHOro MasioromMisikoBoro
aBTOTpPaHCIIaHTaTa rMpPoOKCUMaJlbHOIro Biaginy ma-
JIOroMiJsIKOBOI KicTku, ¢pikcoBaHOro 3a [4ornomMoroio
M1aCTUHU [0 3aJINLLKY MTPOMEHEBOI KiCTKU 3 popmy-
BaHHSIM apTpoae3y B NpOMEeHeBO-3arn’ssCTKOBOMY
cyrnobi

1110 OiTBIIICTh PeIUAMBIB MiCJIsI BHYTPIIIHBOKICTKOBOI pe-
3eKIIii MOXKHA JIiIKyBaTH IMTOBTOPHO BHYTPIiIlIHbOKiCTKOBOIO
pe3eKlli€lo, SIKIIO T03BOJISIE KOPTUKAJIbHUM I1ap KiCTKU.
Mu gocsaray TpOXu ripux (pyHKIiOHATbHUX pe3yJIbTaTiB
50 % (35—69 %) nporu 71 % (42—86 %) mis cepeaHbBOT
CUJIA XBaTy MPOOIEPOBAHOI BEPXHbOI KiHIIIBKY MiCJIST 3a-
CTOCYBaHHSI HEBACKYJSPU30BAHOTO MaJOTOMiJIKOBOTO
aBTOTpaHCIUIaHTaTa Ta 36epexkeHHs 59 % (24—70 %) kom-
0iHOBAHOTO [iaIlla30HYy PYXiB Ha MPOOIIEPOBaHiil CTOPOHI
mopiBHsHO 3 64 % (29—78 %) KOMOIHOBaHOTO Aiama3oHy
PYXiB Ha MpPOOIIEPOBaHiil CTOPOHI y HESIKUX TOCIiIXKEeH-
Hax [24]. OcoOauBO Clil BiA3HAYMTU BiTHOCHO H00pe
30epexXeHi pyxu CymiHallil Ta MpoHalii mepearIivys, sSIKi
€ HallBaXJIMBIILIMMM JUTST (DYHKIIOHAJIBHOI 31aTHOCTI. Ce-
pemHiit yac 15 3pOIIeHHS Y MiClli 3’e IHaHHS TpaHCIUIaH-
TaTa cTaHOBUB 7,5 Micaus (3,2—16,1 micsg), o npak-
TUYHO 30iTa€ThCS 3 JTAHUMU iHILIUX aBTOPIB, Y IKUX TAKOX
3aCTOCOBAHA aBTOTIACTMKA MAaJIOTOMIJIKOBOIO KiCTKOIO
[16]. Iesiki aBTOpU MOBiTOMIISIOTH PO AO0OPi Ta BiAMiHHI
(YHKIIIOHAJIbHI pe3yJbTaTH IIPOMEHEBO-3am’ ICTKOBOTO
cyrnob6a y nanienTiB i3 I'KII guctaabHOro Bimmiay Impo-
MEHEBOI KiCTKHM IIiCJIsI PEKOHCTPYKIIii HEBAaCKYJISIpU30-
BaHMM aBTOTPAHCIUIAHTATOM MaJIOTOMiJIKOBOI KiCTKM
[21], a TakOX TIpO pe3yJbTaTU 3aCTOCYBaHHSI apTpoje-
3y MPOMEHEBO-3aIl’ICTKOBOro cyrioba [22], 1o Takox
30ira€eTbCs 3 HALIUM JOCHTIMIXKEHHSIM. YCi mpoonepoBaHi
HaMM Talli€eHTY 3aJTUIIUINCS 3aJ0BOJICHI pe3yIbTaTOM Jii-
KyBaHHS: i KOCMETUYHOIO (POPMOIO TIepeaIuIiads, i pyHK-
IIOHAJIBHUM  PE3yJIbTaTOM TPOMEHEBO-3all’ ICTKOBOTO
cyrioba Ta BepXHbOI KiHIIBKM. MM He 3aCTOCOBYBaJd
IJIsT PEKOHCTPYKIIii IMpOMEHeBO-3aIl ICTKOBOTO CyTjo0a
aJIOTpAHCIJIAaHTATU # €HIOMpOTe3U, 10 € MpPiopiTeToOM
MOJAJbIINX TOCTIAXEHb.
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BucHoBkM

1. BHyYTpillIHBOKIiCTKOBA pe€3eKIlisl AUCTaJbHOTO Bifd-
niny nmpomeHeBoi Kictku 3 I'KIT ta rutactuka nedexty
pi3HMMU MaTepiasaMu € MeTonuko Bubopy npu ['KIT
I crynens.

2. Pe3exilisi AMCTaibHOTrO CErMeHTa MPOMEHEBOI KiCTKU
3 TyXJIMHOIO i aBTOIIacTMKa AedeKTy KiCTKM 3a JIO0TOo-
MOTO10 MPOKCUMAJIBHOTO CETMEHTa HEeBaCKYJISIPU30BaHOI
MaJIOTOMIJIKOBOI KiCTKM € €(eKTUBHOI METOMMKOIO IIPU
T'KIT II/1II crynens.

3. BHYTpillIHbOKICTKOBA pPe3eKllisl AUCTATbHOTO BiIiTy
MPOMEHEBOI KiCTKH 3 MyXJIMHOIO Ta MJIacTUKa 1edeKTy o-
JIIMETUJIMETaKpUJIaTOM (KiCTKOBMM LIEMEHTOM) € METOIM~
koto Bubopy npu peunnusi [KIT.

4. Aptpoze3 y IpOMEHeBO-3aI’ ICTKOBOMY CyIJI00i 3a
JIOTTIOMOTOI0  aBTOTPAHCILJIAaHTaTa Ta METaJ00CTEOCUHTE3
TUIACTUHOIO € METOJMKOI BUOOPY MPU MOBTOPHUX PeLy-
nusax ['KII.

5. PeuunuB myxJIMHU MOB’SI3yEMO 3 a0JaCTUYHUM i pa-
nuKanbHUM BuganeHHsMm [KIT.

6. YcKnamHeHHsI Ticjsl opraHo30epirarouux oreparriii
i3 npuBony ['KII nucranbHOrO Bigaijly MpoMeHeBO1 KiCTKH
MOB’A3yEMO 3 HEIOJEPKaHHSIM TalliEHTaMM pEeKOMEH/1a-
i1 y micasionepauiiHuii rmepio.

IlepcnekTiBa MOAANBIIOrO0 AOCJIIKEHHS TIOJISITAE B
ToMy, 110 Xipypriute JgikyBaHHs ['KII nucranbHOTrO Bimmiay
MPOMEHEBOT KiCTKM € MEePCIEeKTUBHUM METOIOM i MOoTpe-
Oy€ TOCTiIITHOrO BAOCKOHAIEHHS SIK TEXHIKM XipypridyHOro
BTpYYaHHSI, TaK i METOAUK PEKOHCTPYKIIii, 3aBASIKM YOMY
BIIAETHCS BMEHIIUTU KiJIbKiCTh Iic/sioNnepaliiHuX yCKaam-
HEHb i peLIMANBIB MyXJIMHU, @ TAKOX MOKPAIIUTH DYHKIIiIO
BEPXHbOI KiHIIiBKH.

Kondaikr inTepeciB. ABTopu 3asiBISIIOTH MPO BiACYT-
HiCTb KOHMJIIKTY iHTEpeciB i Bl1acHO1 (hiHaHCOBOI 3allikaB-
JICHOCTI TIPH ITiATOTOBIII JAHOI CTATTi.

Indopmania npo dinancysanns. XomHux Burom y
Oynb-sIKilt hopmi He OyJIO OTpMMAHO i He OyIe OTpUMaHO
Bill KOMEpLiifHOI CTOPOHU, ITOB’S3aHOI MPSIMO UM OIOCe-
PEIKOBAHO 3 IMIPEIMETOM IIi€l CTATTi.

Etnuni nHopmu. lle mociimxeHHsT OyJI0 CXBaJleHO KO-
MiCi€l0 3 MUTaHb 0I0ETUYHOI €KCMEPTU3U Ta €TUKU Ha-
yKoBUX mociimxeHb mpu HMY imeni O.0. boroMmoubis,
iH(pOpMOBaHy 3romy Ha yyacTh Y AOCHIAXEHHiI OTpU-
MYBaJIW BiJl MOpOCAMX TAlli€EHTIB, SKi TMepeOyBajiu Ha
JIIKyBaHHI y KJIiHIYHMX Bimmimax JlepxkaBHOI ycTaHOBU
«IHcTuTYT TpaBMaToJorii Ta opronenii HAMH Ykpainu
HanionanbHoi akamemii MeIMYHUX HayK YKpaiHW», aB-
TOPU HECYTh BilINOBIZAJIbHICTh 3a BCi aCeKTU POOOTHU,
rapaHTyIOUM HajiexkHe HOCHiIKEHHs Ta BUPILIEHHS Mu-
TaHb, MOB’A3aHUX i3 TOUHICTIO YM LiJIICHICTIO OYAb-SKOT
YAaCTUHU POOOTH.

Buecok aBtopiB. Kyxapyk A.C. — 3amymaB, po3po-
6uB i nposiB nociimkeHHs; CoynoHinmH €.0. — npoaHa-
JIi3yBaB Ta iHTepripeTyBaB KJiHiuHi nani; Yopuuii B.C.,
byp’ssnoB O.A. — migroryBanu pykonuc; IIpoueH-
ko B.B. — mepernsanyB i BimpegaryBaB pyKoIlMC. ¥YCi aBTO-
Py 3po0OUIM 3HAYHMIA iIHTEIeKTyaIbHUI BHECOK Y pOOOTY
Ta CXBaJIWJIHU ii A1 myOJTikaltii.
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Giant cell tumour of the distal radius: outcomes of surgical treatment

Abstract. Background. Giant cell tumour (GCT) of the distal ra-
dius is a benign, locally aggressive bone tumour characterized by
frequent recurrences and certain metastatic potential. Intramed-
ullary or segmental resection of the distal radius affected by GCT

results in a defect in the distal radial segment. Main surgical re-
construction techniques for such defects include the use of spongy
allo- and autografts, synthetic materials, polymethylmethacrylate,
vascularized and non-vascularized bone autografts, osteoarticu-
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lar allografts, and custom-made endoprostheses. In this study, we
evaluated the oncological, surgical, and functional outcomes of
distal radius GCT with different surgical interventions and recon-
struction methods. Objective: surgical excision of distal radius giant
cell tumour, reduction of tumour recurrence risk, and preservation
of wrist joint function. Materials and methods. Surgical treatment
was performed in 21 patients with distal radius GCT. Their mean
age was 28.7 years (range: 18—39 years). Eight patients (38.1 %)
with Campanacci grade 11/111 distal radius GCT underwent resec-
tion of the distal radial segment followed by reconstruction using
a non-vascularized proximal fibular autograft fixed to the remain-
ing radius with a plate or cerclage wires. Seven patients (33.3 %)
with Campanacci grade | GCT underwent intramedullary resection
and defect reconstruction using bioactive glass-based biocompo-
site material or spongy autograft. One patient (4.8 %) with Cam-
panacci grade II GCT and 2 patients (9.5 %) with recurrent tu-
mours underwent intramedullary resection and reconstruction with
polymethylmethacrylate (bone cement). Two patients (9.5 %) with
Campanacci grade I11 GCT and 1 patient (4.8 %) with repeated re-
currences underwent segmental bone resection with defect replace-
ment using a proximal fibular autograft, along with wrist arthro-
desis. Results. The average follow-up period was 5.5 years (range:
2.8—11.2 years). Complications occurred in 3 patients (14.3 %),
all involving dislocation of the fibular autograft in the wrist joint,
which was corrected by revision surgery. Tumour recurrence was
detected in 3 patients (14.3 %). In the first case, after intramedul-
lary resection and bioactive glass-based reconstruction, the tumour
was re-excised, the material removed, and the defect reconstructed
with bone cement. In the second case, recurrence occurred after
intramedullary resection and spongy autografting, requiring ce-
ment reconstruction. In the third case, after recurrence following

cement reconstruction, a distal radial resection with arthrodesis
using a fibular autograft and plate osteosynthesis was performed.
Functional outcomes of the upper limb after organ-preserving sur-
geries for distal radius GCT according to the MSTS scale averaged:
98.52 % (97.7—99.9 %) after bioactive glass or spongy autograft recon-
struction, and 89.34 % (78.6—92.5 %) after resection and fibular auto-
graft reconstruction. Functional outcomes were assessed in all 21 pa-
tients: excellent in 5 (23.8 %), good in 10 (47.6 %), and satisfactory in
6 (28.6 %). The average union time at the fibular-radial junction using
a non-vascularized fibular autograft was 7.5 months (range: 3.2—16.1
months). The mean grip strength of the operated limb was 50 % (35—
69 %) of the unaffected side, averaging 15 kg compared to 30 kg on
the opposite side. The average range of motion included: forearm su-
pination — 47° (31—69°), forearm pronation — 33° (16—55°), palmar
flexion of the wrist — 40° (18—67°), dorsal extension of the wrist — 29°
(11-52°), during combined movements — 151° (75—180°). Overall,
59 % (24—70 %) of the total motion range was preserved on the ope-
rated side compared to the normal side. A total of 85.7 % of patients
were satisfied with the treatment outcomes. Conclusions. Intramedul-
lary resection of distal radius GCT with defect reconstruction using
various grafting materials is the preferred method for Campanacci
grade I. Resection of the distal radial segment with fibular autograft
reconstruction is effective for grade I1/111 tumours. Cement recon-
struction is the method of choice in recurrent GCT. Wrist arthrodesis
using autograft and plate osteosynthesis is preferred in cases of recur-
rent wrist instability. Tumour recurrence is associated with insufficient
ablative and radical excision. Complications after organ-preserving
surgery for distal radius GCT are linked to non-compliance with post-
operative recommendations.

Keywords: giant cell tumour; radius; distal segment; combined
treatment; surgical treatment; limb function; tumour recurrence
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AY «HcTutyT ToaBmaTtoAorii Ta oproneaii HAMH Yikpainu», m. Kuis, YkpaiHa

CentnyHa Ta acenTtUYHA HeCTABIABHICTb
€HAOMPOTE3d KOAIHHOIro CYrao6a y Xxsopmx
HO PEeBMATOIAHUN APTPUT (METACAHAAI3)

PestoMe. AKTYyaAbHICTb. EHAOMPOTE3YBAHHST KOAIHHOIO CYMo6a € e®eKTBHIM METOAOM AiKYBOHHST XBOPUX
HQ pPEeBMQATOIAHMI apTpuT. [lpoTe HQ GYHKLIOHAABHI PE3YALTATU AIKYBAHHSI CYTTEBO BNAMBAE BUHUKHEHHST TAKUX
CepUIO3HUX YCKAQAHEHb, SIK CENTMYHQ TQ ACenTMYHA HeCTABIAbHICTb IMMIAQHTATIB. Y LiIbOMY OMSIAI Y3QraAbHEHO
CYYQCHI YSIBA@HHSI MPO MATOreHes, KAIHIYHI MposiBY, AIQrHOCTUKY, CTPATETI MPO@IAQKTUKM TA AIKYBAHHST HECTQ-
GiAbHOCTI €HAOMPOTESIB Y XBOPUX HQ PEBMATOIAHM QpPTPUT. MeTa: npoBeCT METAAHAAI3 CYYQACHUX KAIHIHHNX
AOCAIAKEHb LLIOAO YACTOTU, PAKTOPIB PUNKY, AIQrHOCTUKM TQ AIKYBAHHST CEMTUYHOI TQ QCenTM4yHOI HeCTAbIAb-
HOCTI eHAOMPOTE3Q KOAIHHOIMO CYmoba y XBOPUX HQ PEBMATOIAHWY QpTPUT. Marepiaamn Ta meToau. [lposese-
HO CUCTEMQTUYHMI MOLLIYK AOCAIAKEHB y 6Q3ax AaHuX PubMed, Scopus ra Web of Science 3a nepioa 2010-
2024 pp. AO QHAAIZY BKAKOYEHO 16 AOCAIAXKEHD, LLIO BIAMOBIAQAN KPUTEPISIM BKAKOYEHHS. OLIHEHO BIAHOCHWM
pu3viK (RR) po3BuTKy HeCTABIAbHOCTI, HOCTOTY YCKAQAHEHb, rETePOreHHICTb PE3YALTATIB. AHOAI3 BUKOHQHO 3 BU-
KopucTaHHsSIM RevMan 5.4. Pe3yAbratn. HacToTQ CentmyHOi HECTABIAbBHOCTI Y XBOPUX HO PEBMQATOIAHWI QPTPUT
CTAQHOBUTL 3,4 % (95% Al: 2,6-4,5), o y 2,1 pasa (95% Al: 1,6-2,9) nepesuLyye pu3mK 'y NALEHTIB 3 OCTEOQPTPO-
30M. AcenTnyHa HeCcTabinbHICTb BiadHaYeHA y 10,8 % (95% Al: 8,6—13,4) Bunaakis. OCHOBHVIMM GQAKTOPAMM PU3U-
Ky € Bik moHQA 65 pokiB (RR = 1,7), IMT > 30 (RR = 1,9) TQ TpmBaAe 3QCTOCYBAHHSI CTEPOIAIB (RR = 2,2). BACHOBKM.
XBOPI HO PEBMATOIAHW QPTPUT MQKOTb MIABULLEHUN PU3UK PO3BUTKY HECTABGIABHOCTI KOAIHHOrO eHAOMPOTE3QA.
BUKOPUCTAHHS MEPCOHAAIBOBAHUX MPOTOKOAIB MPOPIAQKTUKM TQ PEBI3IIHOIO M OTE3YBAHHST AQE 3MOTY 3HU3NTU
4YACTOTY YCKAQAHEHb.

KAIO4OBI CAOBQ: peBMATOIAHUI QPTOUT, TOTAABHE EHAOMPOTE3YBAHHS, CENTUYHQ HECTABIAbHICTb, ACENTNYHA

HeCcTAbIAbHICTE, METAQAHQAAI3

PeBmaroinnuit aptput (PA) € XpoHIYHUM 3anaJbHUM
3aXBOPIOBAHHSIM, III0 YacTO BHUMAara€ OpTOMEIUYHUX
BTpY4YaHb y 3B’SI3KY 3 IPOrpPeCyIouol0 AECTPYKII€ Cy-
r106iB. ToTasibHEe €HA0MPOTE3yBaHHS KOJIiHHOTIO Cyrioba
(TEKC) noxirniiye sIKicTb XXUTTS, OAHAK y XBopux Ha PA
yacTillle BAHUKAIOTh YCKIJIAAHEHHSI, HiXXK Y XBOPUX Ha OC-
Te0apTpo3, 30KpeMa CEeNTUYHA Ta aceNTUYHA HecTadilb-
HICTb iIMIUIAHTATY.

MeTo10 1IHOTO TOCIIIKEHHS € CUCTEMATUYHMIT aHali3
HasBHOI JIiTepaTypu 3 MeTaaHaJi30M pPe3yJbTaTiB ILIOHO
YaCcTOTU Ta YMHHUKIB PU3UKY HECTAOUIBHOCTI KOJiIHHOTO
eHJompoTe3a y XxBopux Ha PA.

MarTepiaAu Ta meToamn

3piiicHeHo nowyk iHdopmauii y PubMed, Scopus, Web
of Science 3a xioyoBuMmu ciioBamu: rheumatoid arthritis,
total knee arthroplasty, septic loosening, aseptic loosening,
prosthetic joint infection, meta-analysis iporsirom 2010—
2024 pp. Bynu npoaHasnizoBaHi axkepena, sKi BianmoBigaiu
KPUTEPisIM BKIIIOUEHHSI: OPUTiHABHI KJIIHIYHI JOCTiIKEeH-
HSI, MEeTaaHali31, OMISIIOBI MyOJTiKallil 111070 yCKJIaJHEHb
TiCJIst TOTAJIBHOTO €HA0TIPOTe3yBaHHS KOJIIHHOTO CYIjio0a
y xBopux Ha PA (ta6u. 1). Iyt aHamizy 4acTOTH OO BU-
KOPHCTOBYBAJIM METOJ MeTaaHali3y 3 OOUYMCIEHHSIM Bil-
HocHoro pusuky (RR) ta 95% nosipuux intepsanis (1]).
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CTraTUCTUYHY OOpOOKY 3MiliICHEHO 3a JOIIOMOTIOI0 IIPO-
rpamMHoro 3abesrneyeHHss RevMan 5.4. 3 MeTOw OLIIHKK
SIKOCTi 3acTocoByBasiu HiKaiy Newcastle-Ottawa.

CTaTUCTUYHUI aHaJi3 MPOBEAEHO 3 BUKOPUCTAHHSIM
RevMan 5.4. Po3paxoBaHo BiZHOCHUIA pU3UK i3 95% mno-
BipYMMU iHTE€pBaJIaMM, FeTePOTeHHICTh o1liHeHo 3a I2. [Tpu
3HaveHHi [2 > 50 % BUKOPUCTOBYBaJIN MOJIETb BUTIATKOBUX
eeKTiB.

PesyAbTaTH

IIpoBeneHo cucTeMaTUYHUIA MOILIYK HOCTIIXEHb
y 6a3ax gaHux PubMed, Scopus Ta Web of Science 3a
nepiox 2010—2024 pp. Jlo aHamizy BkJodeHO 16 mo-
CJIIKeHb, 10 BiANOBiZaJIM KPUTEPisIM BKIIOUYCHHS.
O1iHeHO BiJHOCHUN PU3UK PO3BUTKY HeCTabiTbHOC-
Ti, 4aCTOTY YCKJaZHEeHb, TeTePOTEHHICTh Pe3yIbTaTiB
(puc. 1, 2).

Ta6anusa 1. XapakTepucTnku BKIOYEHUX [OCIigXEeHb

KinbkicTb CepepHin CentuyHa AcenTuyHa
Ne ABTop (pik) AnsaiiH nauieHTiB BiK HecTabinbHiCTb | HECTabINbHICTb
3PA (pokmn) (%) (%)
1 Goodman (2020) KoropTHe 250 67 3,5 9,0
2 | Kapadia (2016) KoropTtHe 340 65 3,2 10,5
3 | Kunutsor (2018) KoropTHe 1200 66 2,8 11,0
4 | Lenguerrand (2018) KoropTtHe 950 68 4.1 10,8
5 | Mahmud (2015) KoropTHe 400 64 3,7 9,8
6 | Mikuls (2014) KoropTtHe 870 65 2,9 10,2
7 | Ravi(2014) KoroptHe 310 66 3,0 10,0
8 |Tande (2014) KoropTHe 610 63 3,8 11,3
9 | Tsukada (2017) KoropTHe 520 69 4,5 12,0
10 | Zmistowski (2011) KoropTHe 700 64 3,1 10,1
11 | Boyko (2023) Petpocn. 120 65 3,6 11,5
12 | Hrytsenko (2024) Petpocn. 80 62 3,0 9,9
18 | Ivashchenko (2022) PeTtpocn. 150 66 2,7 10,6
14 | Kovalchuk (2022) Petpocn. 100 67 3,3 9,7
15 | Shevchuk (2021) PeTpocn. 110 64 3,4 10,3
16 | Sydorenko (2023) PeTpocn. 130 65 3,1 10,1
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PucyHok 1. Po3nopgin 4acTtotv HectabisibHOCTi 3a 4OC/iAXeHHIMN
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PucyHok 2. leTeporeHHicTb pe3ynbTaTiB
MeTaaHanisy

CenTtuyHa HecTabUIbHICTh BUHMKAE BHACITOK iH-
(ikyBaHHSI mepUIIpOTe3HOro mpocTopy. Halivacrimm-
MU mmaToreHamu € Staphylococcus aureus (45—60 % Bu-
naakis), Staphylococcus epidermidis (15—30 %) Ta iHuri
YMOBHO-ITATOTeHHI MikKpoopraHizmu (puc. 3).

[IprumHamMu cenTUYHOI HECTAOITbHOCTI €: PO3BUTOK
iH(EeKIiHOTO Mpoliecy HaBKOJIO iMIJIaHTaTy, opmMy-
BaHHS OiOMJIiBKM Ha MOro IMOBEPXHi, OCTEOJIi3 KiCTKO-
BOi TKAHMHM BHACJIiZOK XpOHIYHOTO 3amajeHHs [1—3,
5, 6].

YckaaaHeHHs Micjsl TOTaJbHOTIO €HIONPOTe3yBaHHS
KOJIIHHOTO cyrjio0a y XBOpUX Ha peBMaTOINHUI apTpUT
TPATUISIIOThCS 3HAYHO YacTillle, HiX y Malli€EHTIB 3 ocTe-
oaptpo3oM (puc. 4). Lle cTocyeThcs IK CENITUYHOI, TaK i
acenTUYHOI HeCcTabiIbHOCTI iMIJIAaHTATIB, 110 MiATBEP-
JUKYETBCS TAaHUMM CydyacHMX MeTaaHalli3iB Ta BEJIUKMX
KOTOPTHUX JTOCITiIKEeHb.

3rigHO 3 pe3yiabTaTaMHM y3arajJbHEHOTO aHaji3ly I0-
chimxeHsb 3a epiog 2010—2024 pp., yactora CENTUUYHOI
HEeCTabUIbHOCTI Micas TOTaJbHOTO €HAONMPOTE3yBAHHS
y naiieHTiB i3 PA ctaHoButh npubausto 3,4 % (95%
Al:2,6—4,5), Toni K cepen MalieHTiB 3 0CTE0apTPO3OM
BoHa csrae numie 1,6 % (95% JA1: 1,1-2,2). Lle cBimunTh
PO Maiike IBOPa30Be 3pOCTAHHST PUMKY PO3BUTKY iH-
(exuitHUX yCKJIaIHEHb Y XBOPUX HA peBMATOIAHUIA ap-
tput (RR =2,1;95% A1: 1,5-2.9).

PucyHok 3. MowumpeHi 36yaHUKN Npy cenTuYHin
HecTabinbHOCTI

AHaJjioTiuHa cUTYyallisl CloCTEPIiTaeThCs i MO0 acer-
TUYHOI HecTabiMbHOCTI. Y mailieHTiB 3 PA ueit nmokas-
Huk csarae 10,8 % (95% O1: 8,5—13,4), Toni K cepen
XBOpHUX Ha ocreoaptpo3 — 7,2 % (95% I 6,1-8,5).
BigHocHuU#T pu3MK PO3BUTKY acCENTUYHOI HeCTaOilb-
HOCTI B 0Ci0 i3 peBMaToOifHUM apTPUTOM CTAaHOBUTH 1,5
(95% J1: 1,2—1,9), 1110 TaKOX BKa3y€ Ha CTATUCTUYHO
3Hauylle MiIBUILEHHS YaCTOTH 1IbOTO YCKIAAHEHHS.

I[MpuyvHM MiABUIIEHOT YACTOTU YCKJIaAHEHb Y XBO-
pux Ha PA € 6aratrodaktopHuMu. Jlo OCHOBHUX YNHHU -
KiB HaJleXXaTh XpOHIYHE CUCTEMHE 3anajieHHsI, TpuBaje
3aCTOCYBaHHSI IMYHOCYMpPECUBHOI Teparii (0coOJMBO
IIOKOKOPTUKOIiB Ta Oi0J0riyHMX TpernaparTiB), 3HU-
XKEHHS SIKOCTi KiCTKOBOI TKAaHMHU (OCTEOIEHisI, OCTEO-
opo3), aHeMis Ta rimoanboyMmiHeMisa. TakoxX BaxKJIUBY
poJib Bimirpae iMyHHa DUC@YHKILiS, sIKa MOTipIIye pe-
napaTUBHI MpolecHu y IepiornepauiiiHoMy nepioai Ta
3HUXKYE 3MaTHICTh 10 OCTEOiHTerpallii iMIiaHTaTiB.

3a gaHumMu nociimkeHHs Lenguerrand et al. (2018), pu-
3WK PEBi3iifHOr0 BTpY4YaHHS yepe3 aceNnTUIHy HecTalilb-
HicTb npoTtsirom 10 pokiB TicJisi TEPBUHHOTO €HIOIPOTE-
3yBaHHS KOJIHHOTO cyryioba cTaHOBUB 5,8 % y malieHTiB
i3 PA, Tomi Ik cepen mami€HTiB i3 0CTe0apTPO30M — JIMIIIE
3,4 % (p <0,001). Lle monaTKOBO MiATBEPIXKYE HASIBHICTh
3HAYYIIOI Pi3HMIII y IIPOTHO3i Ta MicasionepaliiHuX Ha-
cJIimKax y 1ux 1BOX KaTeropiil XBOpHUX.
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PucyHok 4. BigHOCHWI pU3nK CenTtu4yHoi
HecTabinbHoCTIi npu PA Ta octeoapTpo3i

PucyHok 5. DakTopu puamnky acentun4Hoi
HecTabinbHOCTI
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PesynbraTi mpoBeneHOro MeTaaHasidy CBigdaTh, IO
PEBMATOITHUIA apTPUT € HE3AJEKHUM (PAKTOPOM PU3UKY
PO3BUTKY MEPUITPOTE3HOI iH(EKIIiT 3 BITHOCHUM PU3UKOM
2,1(95% A1:1,5-2.9). IndekuiitHi ycKiIagHeHHS YMOBHO
MOIINSIOTbCS HA paHHI (1o 3 MicsLiB micas orepailii) Ta
mi3Hi (uepe3 3 micaui i 6inpiie). Panni indekii 3a3Bnyait
OB ’sI3aHi 3 iHTpaoIepalliiiTHUM 3apaxkeHHsIM a00 paHHIM
MicsIoNepaiiHuM TIepiogoM i MOXYTb CYIIPOBOIKYBa-
TUCh JIOKAJIbHUM 3amnajeHHsIM, BUJAUICHHSIM eKCynary,
rinepemiero. I1i3Hi iH(eKIIil Y4acTo MarOTh TeMaTOTeHHUM
XxapakTep abo IMoB’s13aHi 3 HU3bKOBiIpYJIEHTHUMU OaKTepi-
SIMM, TIPOSIBJISIIOTBCS Yepe3 TPUBAIUIA yac Micis iMIUIaH-
Talii i HEPiAKO CyNTPOBOIXYIOTHCS XPOHIYHOIO HeCTa0Ib-
Hictio [3].

KitiHiYHO cenTmyHa HeCTaOUIbHICTh IPOSIBISIETHCST 00-
JIeM, HaOpsIKoM, TirepeMi€lo, rineprepMieto, GopmMmyBaH-
HAIM Hopulb. JlabopaTopHO Bim3HAYAETHCS IMiIBUIICHHS
piBHiB CPB (> 10 mr/n y 88 % Bumnanki), IIIOE, neiiko-
umro3 [1-3, 12, 16].

AcenTryHa HecTabiIbHICTh MOB’A3aHA 3 MEXaHIYHUM
MOILIKO/XXEHHIM KOMIIOHEHTIB €HAOoMNpoTe3a abo OCTeo-
JIi30M, BUKJIMKAHUM iMYHHOIO BiIMOBIIAI0 HA YACTKHU MO-
JIieTUJIEHY, MeTaly UM 1ieMeHTy. [IpuunHaMu acenTuaHo1
HEeCTaOITbHOCTI MOXYTh OYTH: MeXaHidYHe pPO3XUTYBaHHS
KOMITOHEHTIB €HJIONpOoTe3a, HeaoCTaTHsl dikcalliss imri-
JIAaHTaTy, HeIpaBWIbHE TO3UIIIOHYBaHHS KOMIIOHEHTIB,
MOpYILLIEHHS 3B’I3KOBOro GanaHcy [4, 9, 11] (puc. 5).

PesynpraTi MeTaaHaizy HaBeAeHi B Ta0J. 2.

Henocrathiit piBenb remorno6iny (Hb) y mamieHTiB,
SIKUM TPOBOAUTBLCS TOTAJIbHE €HIOMPOTE3yBaHHS KOJiH-
HOro Cyrio0a, acoLIOEThCS 3i 3POCTAHHSIM PU3UKY Iic-
JigonepauiiHuX YCKJIaAHEHb, 30KpeMa CeNTUYHOI HecTa-
6inbHOCTI. 3a nanumu Kunutsor et al. (2018), anemist (Hb
< 10 r/mn) € He3anexXHUM (haKTOPOM PHU3UKY PO3BUTKY
iH(eKIIiil y TepurnpoTe3Hiii 30Hi 3 BITHOCHUM PU3UKOM

1,8 (95% AI: 1,3-2,5) [3]. OnepatnBHEe BTpyYyaHHS Ha TJIi
BUpaXKeHOI aHEMil CIIpHUsIe 3HIDKEHHIO iMyHHOI pe3UCTEeHT-
HOCTIi, ITOraHOMY 3arO€HHIO paH, TPUBAIill rocImiTasizalii
Ta MiABUILEHHIO piBHS peiHdexiii. 3HxkeHHs: Hb y mic-
JIsionepaliifHoMy Iepiofi TaKoX HeraTHBHO BILIMBA€E Ha
penapatuBHi rpoiiecu Ta GyHKIIIOHAbHUI pe3yabTaT. Ta-
KWM YMHOM, ONTUMIi3allisl piBHSI TeMOTI00iHy 10 oneparltii
Ta MiATPUMKa MOro Ha ajeKBaTHOMY PiBHi Tic/Is Xipypriu-
HOTO BTPYYaHHSI € KPUTUYHO BaXJIMBUMM TPODiIaKTHY-
HUMH 3aXOJJaMH.

O6roeopeHHs

3a nanumu gociimkeHHs Lenguerrand et al. (2018), pu-
31K peBi3ii 3 MPUBOIY aCENTUYHOI HecTabiibHOCTI yepe3 10
POKiB cTaHOBUTH 5,8 % y xBopux Ha PA nipotu 3,4 % y na-
Li€HTIB 3 ocTeoapTpo3om (p < 0,001) [4].

VY XBOpYX Ha peBMAaTOIIHUI apTPUT i3 3HAYHO BUPAXKeE-
HOW0 (poHTAIBHOIO Nedopmallieto YacTo BUHUKAE (hpOH-
TaJlbHA HECTaOLIbHICTh KOiHHOTO cyrinoba. Lle mos’s13aHO0
3 TIOPYUIEHHSIM OaJlaHCy 3B’$I3KOBOTO arapaTy, OCOOJIM-
BO MpH BTpaTi (PYHKIiIOHAIBHOI LITICHOCTI JlaTepaJbHUX
CTPYKTYp, 110 YCKJIAIHIOE TOCSITHEHHS CTa0IbHOCTI MiCIs
iMILIaHTalii eHmonporesa [7].

OxkpeMy yBary ciii NMPUAITUTU BapycHiil aedopmartii
KOJIIHHOTO Cyrjio0a, sika 4acTo TPaIUISIETbCSI Y XBOPUX i3
TpuBaJinM Tiepedbirom PA. BapycHe BiaXuaeHHST OCi HUX-
HbOI KiHIIBKYU CIIPUYMUHSIE HEPIBHOMIPHUI PO3IOAiT Ha-
BaHTaXXeHHS Ha MeiaJIbHi BiIIin KOJIHHOTO CyTI00a, 1o
MPU3BOAUTH 70 TIEPEIYACHOTO 3HOIIYBAaHHSI KOMITOHEH-
TiB IMIUIAHTATy Ta PO3BUTKY aCENTHUYHOI HECTAOUTbHOCTI.
Taxki nmamieHTH MaroTh IMiABUILEHUN PpU3UK (POpMyBaHHS
OCTEeOJIi3y y MedialbHOMY Biliji Ta MOTPeOyIOTh iHAUBI-
NyaJli3oBaHOro Migbopy TUIy €HAONpoTe3a, 30KpeMa 3a-
CTOCYBaHHSI iMIUIaHTaTIB i3 BapiabesibHOIO (ikcalli€ero Ta
BUPIBHIOBAHHAM OCi KiHIIBKH ITiJ 9ac ornepailii. 3a JaHu-

Tabnuus 2. Peaynbtatn MmetTaaHaniay

MapameTp 3Hau4yeHHs
3aranbHa KiflbKiCTb BKJIIOYEHMX JOCNIIXEHb 16
3aranbHa KinbkicTb naujieHTis 3 PA 12 840

CenTtnyHa HecTabinlbHICTb

O6’enHaHa yacToTa

3,4 % (95% A|I: 2,6-4,5)

BigHocHWn pnaunk (PA vs octeoapTpos)

RR=2,1(95% Al: 1,5-2,9; p<0,001)

leteporeHHicTb (I?)

41 % (nomipHa)

AcentnyHa HecTabinbHIiCTb

06’egHaHa yacToTa

10,8 % (95% [AI: 8,5-13,4)

dakTopu pu3nKy

Bik > 65 pokis

RR=1,7(p=0,02)

IHpekc macu Tina > 30

RR=1,9(p=0,01)

TpvBana Tepania ctepoigamu

RR=2,2(p=0,003)

leteporeHHicTb (I?)

63 % (BMCOKa)

Publication bias*

He BusiBneHo

lMpumitka: * — Publication bias: funnel plot He BusiBuB 3Ha4yHoro egekry nyobnikauiiiHoi ynepeaxeHocTi.
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MU OKPeMUX JOCIiIKeHb, BapycHa IedopMallis 30i1b1Iye
pu3HK HecTabinbHOCTI B 1,6—1,8 pasa, ocobauBo mpH ii Be-
JryuHi moHan 10° [17, 18].

JliarHOCTHKa CeNTUYHOI HeCTaOiIbHOCTI 0a3yeThCs Ha
KiiHiyHOMY orusni, Jlaboparopuux (CPb, ILHOE, mnpo-
KaJdbLUTOHIH), IHCTpYMEHTAJIbHUX (peHTreHorpadis,
V31, KT) ta Mikpo06ionoriyHux mociaimkeHHsaX. YyTam-
BIiCTB CYIJIOOOBOI ITyHKIIii 3 ITOCIBOM y BUSIBJIEHHI iH(eKIIii
cranoButh 80—92 % [7, 8, 12, 15, 16].

AcenTryHa HECTaOLIbHICTb BUSIBISIETLCS 4Yepe3 O3Ha-
KU MiKpOPYXOMOCTI iMILIaHTAaTy, IIPOrpecylounii OCTEO0Ii3,
PO3MUTICTB LieMeHTHOro mapy. CuuHturpadist 3 MiueHu-
MU JIEHKOLMTaMU Ma€ crietudivHicTs moHan 90 % npu au-
(dbepeHmiamnii Tuny HectabinpHoCTi [4, 9, 11, 16].

YV nikyBaHHI CeNTUYHOI HECTAOLTBHOCTI 32aCTOCOBYETHCSI
KOMITJIEKCHUI TAXIM: XipypriuyHa caHallisi paHu, BUAaTICeH-
HS IMIUIAaHTaTy, CUCTeMHa aHTHOaKTepiaJbHa Tepalris. Y
OaraTbOoX BUIAJKaX MiX JIBOMa eTaraMU peBi3iitHOro eH10-
MPOTE3yBaHHS BCTAHOBIIOIOTh IEMEHTHUM cnieicep, IKui
MIiCTUTh aHTUOIOTUK i BUKOHYE THMYACOBY CTaOiIi3ylouy
(YHKIIi10 10 MOMEHTY MOBTOPHOI iMIuIaHTalii. [lo3uTuBHI
pe3yabTaTh Mic/si BAKOPUCTAaHHS BKa3aHOI METOIMKH CIO-
cTepiraiotbes y 82—89 % BHUMAIKiB MPOTATOM I’ ITU POKiB
[7,8, 12, 15, 16].

AcenTryHa HeCcTaOUIbHICTh MOTPEOYE PEeBi3ilAHOTO MPO-
Te3yBaHHs i3 3aCTOCYBAaHHSIM CIielliali30BaHUX iMIIJIaHTa-
TiB 3 TOBTUMHU HiXXKaMM, MOIYJIbHUMU KOMIIOHEHTaAMH Ta
KiCTKOBOIO IIJIACTUKOIO. Y CIIIIHICTh peBi3ii 0e3 iHpeKIIiii-
HMX YCKJIaAHEHDb CTaHOBUTH 91-96 % [4, 9, 11, 16].

IIpodinakTuka cenTUYHOI Ta aCENTUYHOI HECTaOilb-
HOCTi BKJIIOYAE IMOMEPEAHIO OLIIHKY aKTUBHOCTI PA, TuM-
YacoBy BiIMiHy OioJIOriyHOI Tepamil mepen ornepalli€to,
KOpEKIIilo aHeMii, rimoaap0ymMiHemii Ta giadety. [IpoTokon
aHTHOioTUKOIpOodinakTUKK (Hanpukian, uedas3oiH 2 T
3a 30 XB 10 BTpyYaHHsI) 3HUXXYE PUBUK CENITUUYHUX YCKIIA/I -
HeHb Ha 48 % [8]. OiHKa MIJTBHOCTI KiCTKOBOT TKAHWHU
Ta MeIUKaMEHTO3Ha podiakTrka ocTeornoposy (bicgoc-
¢oHatu, Bitamin D) nae 3Mory 3MEHIIIUTY PU3UK aCeITHY -
HOI HeCcTabIbHOCTI Maiixke Ha TpeTUuHY [9].

Tak, BM3HAUYEHO IO YacTOTa CENTUYHOI HecTaldiab-
HOCTi y maiieHTiB 3 PA micisi TOTaJlbHOTO €HIOIPOTE3Y-
BaHHSI KOJIIHHOTO cyrjoba 3a JaHUMU MeTaaHalli3y cTa-
Hosuna 3,4 % (95% Al: 2,6—4,5), mo y 2,1 pasa (95% 11:
1,5-2,9; p < 0,001) nepeBuIilye MOKa3HUKHU Y TAIIEHTIB 3
octeoapTpo3oM. HaitGinbin yactumMu 30yaHUKaMu Oyiu
Staphylococcus aureus (55 %), Staphylococcus epidermidis
(21 %) ta Enterococcus spp. (9 %). YacrtoTra acenTUIHOI
HecTabiabHOCTI craHoBuiaa 10,8 % (95% AI: 8,5—13.4) 3
MiABUIIEHUM PU3MKOM Y IMALIIEHTIB BiKOM IOHAa 65 poKiB
(RR=1,7; p=0,02), innekcom macu tizna > 30 (RR =1,9;
p = 0,01) Ta TpuBainoio Tepamnieto crepoinamu (RR = 2,2;
p=0,003) [1-16].

[Tepunpore3Hi mnepeaoMyd € IIe OJHUM CEepHO3HUM
YCKJIQIHEHHSIM ITiCJIsI TOTAJIbHOTO €HJIONPOTEe3yBaHHS KO-
JiHHOTO cyrTo6a. [xHs wactoTa Bapitoe Bix 0,3 mo 2,5 %
i 3poCTa€ y MAIiEHTIB IMOXUJIOTO BiKY 3 OCTCOIICHI€I0 abo
MPpY TOBTOPHUX XipypriyHUX BTpyYaHHAX. [IpuymHaMu
MOXYTh OYyTH MeXaHiuHi TpaBMU, HECTAOLIbHICTD iMILJIaH-
Taty ab0 TeXHiuHi MOMWIKMU IIiJ yac onepaiii [ 7].

OTpuMaHi pe3yiabTaTy MiATBEPIKYIOTh TiABUILIEHUI
pusuk yckinagHeHb TEKC y xBopux Ha PA. IMyHone-
Mpecist, CyMyTHSI CTepOigHa Tepallis Ta BiK € KIIOYOBUMU
dakTopamu, SIKi CJIil BpaxoByBaTH TpY TJIaHyBaHHI orie-
pauii. CBoeyacHa rmpodilakTrKa, Moar(ikallis pu3uKiB Ta
MYJIBTUMCLUTITIHAPHUIN TiAXI TTOMIMIIYIOTh pe3yIbTaTHu.

IlopiBHAHHA 3 iHIIMMM MeTaaHajli3aMHM CBITYUTDH IIPO
CXOXi pe3yJIbTaTu, ONHAK y LIbOMY JOCiIXKEeHHI J0IaTKOBO
MIpOaHaji30BaHO MiATPYIIU PUBKUKY.

BucHoBKU

XBopi Ha PA MmaloTh BUIIy YacTOTYy SIK CENTUYHOI, TaK
i acentnyHoi HectabinbHOCTI micas TEKC. Yacrora cen-
TUYHOI HeCTaOILHOCTI Y XBOPUX HA PEBMATOIMHUI apTpUT
cra"oButh 3,4 % (95% J1: 2,6—4,5), mo y 2,1 paza (95%
HI: 1,5—2,9) mepeBulilye pu3uK y NALIIEHTIB 3 OCTEOAPTPO-
30M. AcenTMYHa HecTabiTbHicTh BinzHayeHa y 10,8 % (95%
H1: 8,5—13,4) Burnankis. OCHOBHUMM (paKTOpaMU PUBUKY
€ Bik moHan 65 pokiB (RR =1,7), IMT > 30 (RR =1,9) Ta
TpuBaje 3acTocyBaHHs crepoiniB (RR = 2,2).

IIpodinakTuuHi cTparerii, 3aCHOBaHi Ha MePCOHANI30-
BaHiil OLIiHIII PU3UKIiB, € KpUTUYHO BaxKauBuUMU. HeoOxin-
Hi moaaJIbIlli MPOCIEKTUBHI TOCTIIXKEHHS IUIST ONITUMI3allii
ITiIXOiB.

Konduikr inTepeciB. ABTopu 3asBISIOTH TIPO BiICYT-
HIiCTh KOH(IIIKTY iHTEpeciB Ta BilacHOI (iHaHCOBOI 3aili-
KaBJICHOCTI IIpH MiATOTOBII JaHOI CTATTi.
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Septic and aseptic instability of knee endoprosthesis in patients with rheumatoid arthritis
(meta-analysis)

Abstract. Background. Knee arthroplasty is an effective method
for the treatment of patients with rheumatoid arthritis. However,
the functional outcomes are significantly affected by serious com-
plications such as septic and aseptic instability of implants. This re-
view summarizes the current understanding of pathogenesis, clini-
cal manifestations, diagnosis and strategies for the prevention and
treatment of endoprosthesis instability in patients with rheumatoid
arthritis. Aim: to conduct a meta-analysis of current clinical trials
on the frequency, risk factors, diagnosis and treatment of septic and
aseptic instability of knee endoprosthesis in patients with rheumatoid
arthritis. Materials and methods. A systematic search of studies was
conducted in the PubMed, Scopus and Web of Science databases
for 2010—2024. The analysis included 16 studies that met the inclu-
sion criteria. The relative risk (RR) of developing instability was esti-

mated, as well as the incidence of complications, and hete-rogeneity
of results. The analysis was performed using RevMan 5.4. Results.
The incidence of septic instability in patients with rheumatoid ar-
thritis is 3.4 % (95% confidence interval (CI): 2.6—4.5), which is 2.1
times (95% CI: 1.5—2.9) higher that in participants with osteoarthri-
tis. Aseptic instability was detected in 10.8 % (95% CI: 8.5—13.4)
of cases. The main risk factors are age over 65 years (RR = 1.7),
body mass index > 30 (RR = 1.9) and long-term use of steroids
(RR =2.2). Conclusions. Patients with rheumatoid arthritis have an
increased risk of developing knee endoprosthesis instability. The use
of personalized protocols for prevention and revision knee replace-
ment can reduce the incidence of complications.

Keywords: rheumatoid arthritis; total joint replacement; septic in-
stability; aseptic instability; meta-analysis
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EKCnepuMeHTaOAbHEe AOCAIAXKEHHS CTAOIAbHOCTI
MEeTAOAOOCTEOCUHTE3Y KAIOYULI HOKICTKOBUMU
NAQCTUHOMMU NPU NepeAOMi IT AKPOMIAAbBHOIO KiHLUS
3 AePeKTOM KICTKOBOT TKOHUHU

Pestome. AKTyaQAbHICTb. LOVIOBI YILIKOAXKEHHST AINSTHKM HOAMAIYYST 3 TEPEAOMAMIM KAKOYULY] ICTOTHO BIAPIBHSIKOTLCS
BiA TPABM MUPHOIo 4acy. HanbiAbLL MOLLUMPEHUM MIAXOAOM AO AiKYBAHHST HE3POLLEHHST KAKOYML € BIAKPUTA perio-
3u1Lis1 3 pikcaALiero NAQCTUHOK, PO3TALLIOBAHOKO MO BEPXHIM MOBEPXHI KICTKM, Y MOEAHQHHI 3 KICTKOBOK MAQCTUKOKO.
lpore, 3a AQHUMN AOBrOCTPOKOBUX AOCAIAKEHB, HACTOTQ HE3POLLEHHS 3AAMLLIAETLCSI HA PIBHI 3,1-10,5 %. Mera:
BUBYMTI CTABIAIZYIOYI MOXXAMBOCTI BAPIQHTIB OCTEOCUHTE3Y GPAIMEHTIB KAKOYMLI Mov NepeAoMi HQ MeXXi Alagiza
TQ HOANAEYOBOIO KiHLIST 3 AeEeKTOM KICTKOBOI TKAHWHW. Marepiaan Ta MeToAn. AOCAIAXKYBAAM CTABIAIZYHOYI MOXK-
AMBOCTI METAAOOCTEOCUHTEZY KAKOYMLL HAKICTKOBUMM MAQCTUHAMMU MY NELEAOMI HQ MeXXi AIQ®i3a TQ HOANAEYO-
BOrO KiHLIST KAOYMLIT 3 AEEKTOM 2 CM, skt 6yB 3QrOBHEHMU TPQHCIAQHTATOM BIAMOBIAHOIO PO3MIPY TQ pikCcoBA-
HUW TBUHTAMM. AOCAIAXKYBAAM 2 BAPIQHTY OCTEOCUHTEZY KAKOYULL: OAHIEIO MAQCTMHOK T ABOMQ MAQCTUHAMM, Y
KOXKHIVI rpyri no 5 3pa3KiB. BUSHQYAAM BEAMYNHY NEPEMILLEHHS PPArMeHTIB Mis BIAMBOM HQBAHTOXKEHHST HQ 3rviH
Y ABOX MAOLUMHOX — BEPTUKAALHIN | rOPU3OHTAABHIM. HaBAHTAYKeHHS 36inbLLYyBAAM Bia, 0 A0 50 H 3 kpokom 10 H.
Pesynbrat. OCTEOCUHTES KAKOYULI OAHIEID MAQCTUHOKO 3a6e3nedye CTAbiAbHY ikCaLito GpArMeHTiB TiAbkn 'y
BEPTUKAABHIV MAOLLMHI, KOAM HQBAHTQXKEHHST Al€ HQ i HOAMNAEYOBUM KiHeLb NepneHANKYASIOHO MAOLUMHI HOKICT-
KOBOI MAQCTUHN. Y LibOMY BUMQAKY, LLLOG 3MICTUTY HOAMAEYOBUI KIHELIb, KAKOYMLIST BUMYLLUEHQ AEPOPMYBATH META-
AEBY HQKICTKOBY MAQCTUHY, SIKQ MQE 3HAYHI MILHICHI BAQCTUBOCTI. [1ia BIAVMBOM HOBOHTQXKEHHST B FOPU3OHTAAbHIM
MAOLLMHI CIIOCTEPIram HQMBULL NMOKQA3HUKM NEPEMILLEHHS HOQANAEYOBOIrO KiHLIST KAtOYML. Lle BiaBYyBAETLCS Hepes
7€, LLIO HOBAHTQKEHHSI A€ NMAPAANEABHO HAKICTKOBIV MAQCTUHI | O HAOBAHTAXKEHHST 3AIMCHIOKOTL TiAbK GikCyroui i
BUHTU, LLLO BUSIBASIETECST HEAOCTATHIM. OTXKEe, HEAOAIKOM OCTEOCUHTESY OAHIEIO HAKICTKOBOK MAQCTUHOIO € Te, LLO
BOHQ €EKTUBHO MPOTUAIE HOBAHTAXKEHHSIM TIAbK B OAHIV MAOLLMHI, OCTEOCUHTES KAKOYMLY ABOMQ HOKICTKOBUMM
MAQCTUHQAMM, PO3TALLOBAHUMI Y B3AEMHO MEPMEHANKYASIOHUX MAOLLUMHAX, 3a6e3reydye CTAbIAbHICTb if HQAMNAEYO-
BOrO KiHLST A BIIAVBOM SIK BEPTUKAAbHUX, TQK | FOPU3OHTAAbHUX HOBAHTAXKEHb. HEBEAVKQ PI3HULIST B MOKA3HUKAX
nepemilieHb HOAMNAEYOBOrO KiHLST KAKOYML MK royrnamm, siki BANPOBYBAAM rlig, BIAMBOM BEPTUKAABHOIO | ropu-
30HTAQALHOIO HQBAHTQAKEHHSI, OYAQ BUKAMKQHQA TIAbKY GQAKTOPOM r€OMETPUYHUX NMapaMeTpiB NAQCTVH. BUCHOBKMN.
OCTEOCUHTE3 KAKOYMLL OAHIEKD MAQCTUHOK 3Q6e3redye CTABIAbHICTb if HOAMAEYOBOIrO KIHLIST TIAbKM Y BEPTUKQAbHIV
rAoLLwmHI. [ia BIAMBOM BEAMKINX HOBAHTAXKEHb, LLIO AiOTb Y FOPU3OHTAABHIV MAOLLMHI, NepeMILLEHHSI HOANAEYOBOIro
KIHLIST KAKOYMLL MOXKYTb AOPIBHIOBATU i AlQMETPY B ornepeyHomy rnepepisi. OCTEOCUHTES KAKOHMLI ABOMQ MAQC-
TUHQMM, PO3TALLIOBAHVMIM Y B3AEMHO MEPMNEHANKYASIOHMX MAOLLMHAX, 3a6e3rnedye CTAbIAbHICTb i HOAMAEHYOBOro
KIHLIST HE3QAEXKHO BiA HAMPSIMKY All HAOBAHTQXKEHHS].

KAIOYOBI CAOBQ: KkArOUMLIST;, MEpPEeAOM; METAAOOCTEOCUHTE3; HAKICTKOBA MAQCTUHA,; HABAHTAXKEHHS; Mepemi-
LLIEHHST
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Bctyn

[lepenomu KoUK HajIeXaTh A0 OJHUX i3 HAUMOLIM-
PEHIIIMX YIIKOMXEHb Yy ILUBUIbHIM TpaBMaTOJIOTil, IXHS
yacTKa CTaHOBUTH 5—11 % cepen ycix mepesioMiB KiCTOK
ckeirera [1, 2]. YIpomoBxX ocTaHHIX AECATUIITD BiIOYIMCh
CYTTEBI 3MiHM TPAAULIMHUX MPUHLIMIIIB JIKyBaHHS Tepe-
JIOMIB KJTIOUMIIi: XipypTridHi METOOW OTPUMAIU YiTKi ITO-
Ka3zaHHSI, Oy 3HAYHO BJOCKOHAJIEHI 11 HA ChOTO/IHI Tepe-
BaXkaloTh y KJIiHIYHil mpakTuii [3]. BoiioBi yIIKomKeHHs
MIISSHKY HaOIUTY4us 3 repejioMaMy KIJIIOUMIL CTAHOBJISITh
0COOJIMBUM KJIiHIYHMI iHTepec, OCKIIbKM iCTOTHO Bil-
Pi3HSIIOTBCS Bil TpaBM MUpHOro uacy [4, 5]. 3a maHuMU
0O.€. JlockytoBa, cepen 1809 nmopaHeHUX BiliChKOBOCITYX-
6oBLiBY 31,5 % Oynu BOrHeNallbHi TIEPEIOMU, CEPEI TKUX
TepeIOMU JIONATKHU i KJTIOUUIIi JiarHoCTyBanu B 14,7 % ma-
ieHTiB [6]. Bimomo, 1110 YacToTa He3polleHb KITIOYHIL TTic-
JIsl KOHCEpBATUBHOTO JIiKyBaHHS cTaBUTh 0,1—5 %, TOAi K
MicCJIsi OTIepaTUBHOTO JIIKYBaHHS 1l TTOKA3HUK TiIBUIILY-
€Thest 110 2,6—8 %. He3polleHHST KITIOUHMII MOXKEe ITPU3BEC-
TH 10 XPOHIYHOT'O OOJILOBOTO CUHAPOMY Ta CTiKOI BTpaTu
¢yHKIi1 1eyoBoro cyrioba [7]. [lopiBHSIHO 3 ToCTpUMU
3aKpUTUMU MepesoMaMu 0e3 nedekTy KicTKOBOI TKAaHUHU
XipypriyHe JIiKyBaHHSI BOTHEMAJIbHUX TMOJICTPYKTYPHUX
MEePeIOMIB KITIOUMII, IO CYIPOBOIKYIOThCS IedeKTaMu
KiCTKOBOI, M’SI30BOI, CYXOXXWJIbHOT TKAHWHU Ta pyOlIeBOIO
TpaHcdopMallielo abo OedeKTOM IIKipH, acOILilOIOTHCS
3 BUCOKMM piBHEM YCKJIAIHEHb i YaCTO HE3aJ0BUIbBHUMU
KIIIHIYHUMHK pe3yiabTratamu. Lle cTaHoBUTH CyTTEBY IIPO-
onemy Ijig opTomeAiB-TpaBMaTosIoriB [8]. HaitGiabr mo-
IIMPEHUM ITiIXOAO0M J0 JiKyBaHHS HE3pOIUEHHS KU
€ BiIKpuTa perno3ullisl 3 ¢ikcalli€lo MIaCTUHOIO, Po3Ta-
IIOBAaHOIO MO BEpXHili MOBEPXHi KiCTKW, Yy MOEAHAHHI 3
KiCTKOBOIO TIJIACTUMKOIO. Taka TaKTWKa Ha€E MOXJIMUBICTb
PaHHBOTO BiTHOBJIEHHS 1 y LIJIOMY 3a0e3Ieuye CIpUsITAn-
Bi pesynbraru [9, 10]. [1poTe, 3a TaHMMU JOBrOCTPOKOBUX
MOCITIIKEeHb, YaCTOTa HE3POIIEHHS 3aJIMILIAEThCS HA PiBHI
3,1-10,5 %. OmHuM i3 TTOSICHEHb TAKMX HEBIAY € MeXaHiv-
Ha HeCTaOLIbHICTh Mixk 000Ma KiHIIsSIMU Iiepenomy [11, 12].
Tomy MeTo10 HaIIOro OCTiIKeHHS OyJIO MOPiBHATU cTabi-
JIi3y104i MOXKJIMBOCTI Pi3HUX METOAUK (piKcallil repesoMiB
KJTIOUMII 3 1e(heKTOM KiCTKOBOI TKAHWHU ISl ONITUMi3allil
TaKTUKHU XipyprivHOro JIiKyBaHHSI Malli€HTIB i3 UM TUIIOM
YIIKOKEHb.

MeTa: BMBYMTH CTaOLTi3yI0ui MOKIMBOCTI BapiaHTIiB
OCTEOCHHTEe3y (pparMeHTIB KJIIOUMIII MpU IepesioMi Ha
MexXi miadiza Ta HaAIJIEYOBOIO KiHIIS 3 1e(DEKTOM KiCTKO-
BOI TKAHWHMU.

MarTepiaAu Ta meToamn

YV naboparopii Giomexaniku Y <«IHcTuTyT marosorii
xpe0Ta Ta cyrn00iB im. mpod. M.I. Cutenka HAMH Ykpa-
iHM» CyMICHO i3 cmiBpoOiTHMKaMu J1abopartopii 6iomexa-
Hiku 1Y «ITO HAMH VYkpainu» Oyau mpoBeaeHi excre-
PUMEHTaJIbHI JOCIIIKEHHS CTaOLIi3yI0uMX MOXJIMBOCTEM
METaJI00CTEOCUHTE3y KJIIOUMIL HaKiCTKOBUMM IJIACTUHA-
MM TIpH TIepeIoMi Ha MexXi Iiadiza Ta HaMIeYoBOTO KiHIIS
KJIIouHlli i3 JeekToM 2 cM, SIKUi OyB 3aMOBHEHUI TpaH-
CIUIAHTATOM Bi[NTOBIAHOTO po3Mipy Ta (hiKCOBaHM1 TBUH-
TaMu. EKciepyMeHT TpoBOAMIM Ha TUIACTUKOBUX MOJE-
JISIX, Ha SIKWX IILJISIXOM PO3TWJIY MOJETIOBAIM TIEPEJIOM i3
nmedeKToM Kimounili (puc. 1).

JlocmimKyBaiy IBa BapiaHTH OCTeOCHHTe3Y: 1) S-mmomio-
Ha KJIIOYMYHA OJIOKyIoua IlacThuHa 3,5 MM Ta 7 TBUHTIB
(1o 3 rBUHTHU 111 (hiKcallii MPOKCUMaIbHOTO 1 OIUCTalb-
HOro (pparmMeHTiB Ta 1 rBUHT /Is1 hikcallii TpaHCIUIaHTa-
Ty), (ikcallis mpoBeseHa MO BEPXHili MOBEPXHi KITIOUMILI
B TOPU3OHTAJIBHIN MJIOIIMHI; 2) ABi TuIacTUHMU, dikcallis y
JIBOX MEPIEeHAUKYISIPHUX TUIOIIMHAX, TOPU3OHTAIbHIN Ta
BepTUKaJbHII (3BepXy i crepeny): S-momioHa KitounyHA
Gsiokytoua TutacTuHa 3,5 MM Ta 7 TBUHTIB (10 3 TBUHTH JJIST
(ikcairii TpOKCUMAaJIBLHOTO i1 UCTAIBLHOTO (PparMeHTIB Ta
1 rBUHT M1 (iKcallii TpaHCIIAaHTATy) i IOMePeaIHbO 3MO-
JeJIboBaHa 0JIOKYyIoYa MpsiMa IutacTuHa 2,4 MM Ta 7 TBUHTIB
(1o 3 rBUHTHU 181 (hiKcalii MPOKCUMaIbHOTO 1 OUCTalb-
HOTO (hparMeHTiB Ta 1 TBUHT M1 (hikcallii TpaHCIUIaHTAaTY)
(puc. 2).

Jn3aitH eKcrepuMeHTaIbHOTO JOCIiKeHHSI HaBeJIeHO
Ha puc. 3.

Sk moka3zaHo Ha cxeMi, BUBUAJIM 2 BapiaHTU OCTEOCHH-
Te3y KJIIOUUIIi: OHIEIO TJIACTUHOIO Ta IBOMA IJIACTUHAMMU,
y KOXHIl TpyIi Mo 5 3pa3KiB. BuzHavanm BeIMInHYy Iepe-
MillleHHsT (pparMeHTiB KIIOYMWII ITiJ BIUIMBOM HaBaHTa-
JKEHHS B IBOX IUIOIIMHAX — BePTUKAJbHIl (3BEpXy BHU3)
i ropu3oHTaJIbHIN (crepeny Ha3am). HampsiMok HaBaHTa-
JKEHHS 3MiHIOBaJIM LIJISIXOM MOBOPOTY 3paska Ha 90°. Cxe-
MU HaBaHTaXXeHHsI HaBeJeHO Ha puc. 4.

Jlinii nepenomy

PSSP —

AN

PucyHok 1. Cxema mogesiioBaHHSI nepesioMmy Ha Mexi giagiza Ta Hagnie4oBoro KiHuUs KoYuLi
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PucyHok 2. BapiaHT OCTeOCUHTe3y KJII0YULi: a — OAHIEI0 N1acTUHO; 6 — ABOMAa Na1acTUHaMu

Kntounya 3 nepenomom
AKPOMIa/IbHOrO KiHLA

| OCTeoCUHTe3 |
1 nnactnHa 2 NNACTUHMU
| | HaBaHTaXEHHA | |
BepTukanbHe [Opn30OHTaNbHE BepTukanbHe [Opu30OHTaNnbHe
N=5 N=5 N=5 N=5

PucyHok 3. in3aiiH ekcriepuMeHTy

PucyHok 4. CxemMu HaBaHTa>keHHsI MOAEeN1el: a — Yy BePTUKasIbHili NIOWNHI (3BepXy BHU3);
06 — y ropu3oHTanbHI NAoLWKnHI (cnepegy Ha3ang)
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Pucynok 5. MpucTtpin ans ¢ikcauii BennynHmn
HaBaHTa>XeHHSs

IIpu mpoBeneHHi BUNpPOOyBaHb TPYOIHMHHMI KiHEIb
KJTIOUMII KOPCTKO 3aKpillIlOBaIv, HaBaHTaXKeHHs TpHU-
KJIafgaay Ao il HaaruiedoBoro KiHmsg. HaBaHTaxkeHHS CTy-
niHyacto 30iaburyBaiu Big 0 mo 50 H 3 kxpokom 10 H. Buiie
HaBaHTAXEHHS He MiIHiMaau yepe3 Te, IO B AeSKUX BU-
MajgKax BeJIMYMHA TEepeMillleHHs HaAMJIeuYOBOTO KiHIIs
KJTIOY UL MepeBUILIyBaJla MEXY BUMiPIOBAaHHSI MiKpoMeTpa
10,00 MM. BennuuHy HaBaHTaXXKeHHSI BUMIpIOBav 3a JIO-
MOMOT010 TeH30AMHaMoMeTpuuHoro aatynka SBA-100L,
pe3yJIbTaTh KOHTPOJIIOBAIM TIPUCTPOEM PEECTpAILlil JaHUX
CAS tuny CI-2001A (puc. 5).

Ha xoxxxoMy Kpolli HaBaHTaK€HHsI BUMIpIOBaIl BEJIM-
YUHY IepeMillleHHsI A/ HaAIuIedoBOIrO KiHII KITIOUMIL 3a
JOTIOMOTOI0 MiKPOMETPUIHOTO iHIUKATOpa YaCOBOTO THUITY.

Hani Oynmum o0poOieHi cTtaTMCTUYHO. 19 KOXHOTO
KJacTepa eKCIepMMEHTY BU3HAYaJIM CepelHE 3HAUYEeHHS
(M) Tta crannmaptHe BimxuieHHsa (SD). [las mopiBHSIH-
HsS TpyH 3aCTOCOBYBaJiud OaraTOBMMIpHUIN aucnepciii-
Huit aHaniz (MANOVA) 3 nopanbiiuM post-hoc tectom
Duncan [13].

PesyAbTaTH

YV pesynbTaTi NpoBeNeHUX eKCIIepUMEeHTaIbHUX TOCTi-
JIKEHb OyJIO OTPMMAHO JaHi PO BEJUYMHU MepeMillleHHSI
(bparMeHTIB KJIIOUMIII TIPU Pi3HUX BapiaHTaxX iX OCTEOCHUH-
Te3y 3aJIeXKHO Bi/l HATIPSIMKY Ta BEJIMYMHU HaBaHTaXKEHHSI,
SIKi TICJIST CTATUCTUYHOI OOPOOKM MaroTh BUTJISI, 1110 Ha-
BeleHuit B Ta0. 1.

I'padiuHO 3MiHM BeIMYMHU IIePEeMIlIeHHS HaOILIedo-
BOTO KiHIIS KJTIOUMIII 3aJI€KHO Bill BEIMYMHU i HATIPSIMKY
HaBaHTaXXEHHSI NTPU METAT00CTEOCUHTE31 O/IHIEIO TUIACTU-
HOIO HaBeIeHO Ha puc. 6.

K mokaszanu npoBeieHi BUIIPOOYBaHHSI, IPU OCTEOCUH-
Te3i KJTIOUHLIi 3 TEPEJIOMOM Ha MexXi iadiza Ta HaAIIeyoBo-
ro KiHUS OJHI€EI0 IJIACTUHOKO HOTro CTaOUIBHICTD 3a1eKUTh
Bi/l HATMIPSIMKY J1ii HaBaHTaXeHHSI. SIKIIIO HaBaHTaXKEHHSI i€
Y BEPTUKAJILHOMY HaIpsIMKY 3BEpXy BHU3, TOOTO B TUIOIIU-
Hi, TIEPMEeHIUKY/SIPHIN TJIONMIMHI TUITACTUHU, TePEeMillleHHSI
HAJTUIEYOBOTO KiHIIS KJIIOYMIII HE3HAYHi i BUBHAYAIOTHCS B
mexkax Bin 0,30 £ 0,04 mm nipu HaBaHTaxkeHHi 10 H mo 3,24 +
+ 0,13 mm npu HaBaHTaxkeHHi 50 H. TobTo riacTuHa 10CUTh
e(eKTUBHO MPOTUIIiE TAKOMY HaBAHTAXKEHHIO.

30BCiM iHIlIa KapTUHA CIIOCTEPIra€Thesl MPY HaBaHTAKEH-
Hi, 110 Ji€ B TOPU3OHTAIbHII TIOIIMHI, TOOTO B TUIOIIMHI,
MapajiejbHili TUIONIMHI TJIAaCTUHU. YK€ TIPU MiHiMaJIbHil
BeIMuMHI HaBaHTaxkeHHs! 10 H nmepemillieHHs1 HaaIIe40BOrO
KiHIISI KITFOUMIIi BU3HAYAETHCSA Ha PiBHi 2,61 & 0,28 MM, a ipu
MakcuMaIbHOMY HaBaHTaxkeHHi 50 H mmepeMitieHHS cAaraioTh
no3Hauku 9,70 + 0,32 mm. Takuil pe3ynbraT MOXHA TOsIC-
HUTU TUM, 110 TIPU BEPTUKATBHOMY HaBaHTaXEHHI CIIPOTHUB
oMy 3miliCHIOE BCSI HaKiCTKOBa ILiacTuHA. Ilpu ropusoH-
TaJbHOMY HaBaHTaXKEHHI IUIACTUHA MPAKTUYHO HE MPALIoE i
¢ parMeHTH TPUMAaIOThCS TiUTbKM Ha (hiKCYIOUMX IBUHTAX.

PosrisiHeMo, sIK MTOBOAUTD ce0e KIIFOUMIIS 3 TTIePeIOMOM
Ha Mexi miadiza Ta HaAIJIEYOBOTO KiHLS KJIFOUMIL i3 1e-
(dekToM 2 cM, 3aMillleHUM TPaHCIUIAHTATOM, TPU OCTEO-
CHUHTE3i JIBOMAa HaKiCTKOBMMM TUIACTMHAMM, PO3TalloBa-
HUMMU Y B3aEMHO TIePIIeHANKYISIpHUX IutommrHax. ['padik,
SIKUU HaBeIeHW Ha pucC. 7, HA/Ia€ YSIBJICHHS TTPO XapakTep
3MiH 3aJIEXKHO Bil BeIMYMHU i HAIIPSIMKY HaBaHTaXKEHHSI.

Tab6nuusa 1. Pe3ynbtaTtv ekcriepuMeHTaslbHUX AOCig)XeHb nepemilieHb pparMeHTIiB KioYnLi
npu pisHNUX BapiaHTax iXx OCTeOCUHTE3Y 3aJ1eXKHO Bif, HanpsiMKy Ta B€JINYUHUN HABAHTa)XXEHHS

HaBaHTaxeHHs MepemiweHHs, Mm

Hanpsamok Benununna, H 1 nnactunHa 2 nnacTuHu

10 0,30+0,04 0,18 +0,02

20 0,68 = 0,04 0,47 £0,04

BepTukanbHe 30 1,09 £ 0,06 0,70 £ 0,06
40 1,77 +£0,32 1,00+ 0,06

50 3,24+0,13 2,16 +0,16

10 2,61+0,28 0,33+0,10

20 5,70+0,14 0,78+0,10

[opn30oHTanbHe 30 7,32 +0,11 1,17+£0,13
40 8,26 £ 0,20 1,86 0,26

50 9,70+ 0,32 3,36+ 0,21
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PucyHok 6. Ipagik BenninHu nepemileHHs Hag-
MJ1e40BOro KiHLs KJII04YU L 3aJ1€)XHO Bif BeJINYUHU
i HanpPsIMKY HaBaHTaX>XeHHS1 Py OCTEeOCUHTEe3i

PucyHok 7. Ipagik BennynHu nepemMilieHHs akpo-
MiasibHOro KiHUSI KJ1I04YULi 3aJ1€)XHO Big BeJINYUHN
i HaNPsSIMKY HaBaHTa)>XeHHS1 P OCTE€OCUHTEe3i
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PucyHok 8. fliarpama po3noAginy Besin4uH nepemi-
LeHHS Haarn1e4yo0Boro KiHus KaoYyuLi nig BrnjanBomM
HaBaHTa)xeHHs1 10 H 3a KpyuTepiemM CTaTUCTUYHO
3HayyLwoi pisHnyi a = 0,05

PucyHok 9. fiarpama po3noginy Besn4mnH nepemi-
L eHHS Haarnse4o0Boro KiHus KaoYuLi nig BrnJanBom
HaBaHTa)keHHs1 20 H 3a KputepieM cTaTUCTUYHO
3Havyywoi piaHuyi a = 0,05
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PucyHok 10. fiarpama po3noginy sesin4uH nepe-
MilLleHHS1 Ha[n1e40BOoro KiHus KioYuyi nig snan-
BOM HaBaHTaxkeHHs1 30 H 3a kputepiem ctatuctmny-
HO 3Hayywoi pi3Huui a = 0,05

PucyHok 11. Qiarpama po3noginy Benn4uH nepe-
MileHHSsI Haanae4yoBOro KiHUsS Ko4YuLi nig srav-
BOM HaBaHTa)keHHS1 40 H 3a kputepiem ctatucTtuny-
HO 3Hayywoi pi3Hnui a = 0,05
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2 NnacTuHu 1 nnactuHa 2 nnacTuHu
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PucyHok 12. fliarpama po3noginy Bein4nH
nepemilleHHs Hagrn1e40Boro KiHus KovYuyi
nig BnamBomMm HaBaHTa)keHHs1 50 H

3a KpUTepieM CTaTUCTUYHO 3HaAYYLLLOi
pi3Hnyi a = 0,05
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OcTeocrHTe3 KIIIOUHIli ABOMA TUIACTMHAMM M0Ka3aB 30-
BCiM iHIII pe3ynbTatul BupoOyBaHb. Ha rpagiky BuaHO,
1110 KPUBi 3MiHM BEJIMYMHU TepeMillleHb 3aJIe3KHO Bill Ha-
OPSIMKY 1ii HaBaHTaXKE€HHSI PO3TalllOBaHi MPaKTUYHO Ta-
paJieJIbHO, 110 CBIIYMTH MPO MiHIMaJIbHY 3aJ€XHIiCTh CTa-
OUIBHOCTI KJTIOYULILI Bill HAMPSIMKY Ail 3rMHAI04Y01 CUTU. AK
O6aunmo, ipu HaBaHTaxkeHHi 10 H pi3HuLs BeMunH nepe-
MillleHHsSI aKpOMiaJbHOTO KiHIIST KJIIOYMIlI MiHiMaJlbHa, B
a0COJIIOTHUX 3HAYEHHSIX BOHU cTaHOBIIATH 0,18 + 0,02 MM
10,33 £ 0,10 MM IIpu BepTUKAJILHOMY Ta TOPU30HTATIBLHO-
My HaBaHTaXK€HHIi BiAIIOBiZHO. Y Mipy ITiIBUILEHHS Ha-
BaHTaXXEHHS BEJIMYMHU NEPEeMillleHb HAIIJIEYOBOTO KiHIIS
KJTFOUHII 301TBIIYIOTHCS 10 piBHA 2,16 £ 0,16 MM r1pu Bep-
TUKaJIbHOMY HaBaHTaxeHHi i 10 3,36 = 0,21 MM npu ropu-
30HTaIbHOMY. Pi3HUMILIS MpU LIbOMY CTAHOBUTb TPOXU OiJib-
e Hix 1,00 mm. Lle BinOyBa€eTbcs 3a paXyHOK TOTO, 1110 B
LIbOMY BUMAJIKY OIip SIK BEPTUKAJIbHOMY, TaK i TOPU30H-
TaJJbHOMY HaBaHTaXXEHHIO 3/iCHIOIOTh HaKiCTKOBI rac-
TUHU. Pi3HUIIS B ITOKa3HUKAX MEepeMillleHb HAITIEYOBOTO
KiHIISI KJIIOUMIi BUHUKAE 3aBISIKUA Pi3HULI T€OMETPUUHUX
pO3MipiB ImIaCTUH — OiYHA IUIACTMHA 3HAYHO TOHIIIE.

Hactynaum eramom poGotu Oyj10 MPOBEAEHO IIOPiB-
HSUJIbHUI aHaJli3 BUSBJICHHS CTATUCTUYHO 3HAUYIIUX Pi3-
HULIb MiX TOKa3HMWKaMM [EepPeMillleHHS HaIlJIe40BOTO
KiHIIST KJTIOYMII 3aJIEXXHO Bill BapiaHTa OCTEOCHHTE3y Ta
HampsIMKY HaBaHTaxeHHsI. [[ocimkeHHsI BUKOHYBaIU 3a
JIOTIOMOrot0  6araTohakTOPHOTO JAMCIIEPCIHOTO aHalli3y
MANOVA 3a tectom Duncan. Pe3ynbraty anHamisy rpu
HaBaHTaxeHHi 10 H HaBeneHi B Tab1. 2.

PesynbTaT TIpoBemeHOro IMCIIEpCiiHOTO aHaji3y Io-
KaszaB, 110 Ipu HaBaHTaxkeHHi 10 H yci 3pa3ku xmoun-
1Ii, He3aJIeXKHO Bil HAIpsSMKy HaBaHTaXKEHHS i BapiaHTa
OCTEOCHHTEe3y, 3a0e3IeuyloTb OJHAKOBY CTaOiIbHICTh il
HaJAMJIEYOBOTO KiHLS. BUHSATOK CTaHOBISATH 3pa3Ku 3 OC-

TEOCHHTE30M OJIHI€I0 TIJIACTUHOIO ITiJl BIJIMBOM IOPU30H-
TaJbHOTO HaBaHTAXEHHSI, sIKi 3 cepeaHIiM TOKa3HUKOM
BEJIMYMHU TIepeMillieHb 2,61 MM OyJIu BiTHECEHi B OKpeMy
nigrpyny. Lle o3nagae, mo BoHu 3 BiporigHicTio p < 0,05
BiIpi3HAIOTHCS Bif iHIIMX 3pa3KiB, sSKi BiZHECEHi OO Iep-
ILIOI MATPYIH, 110 CBITYUTH IIPO BiACYTHICTh CTATUCTUYHO
3HauyIoi pizHuli MixX HuMH (p = 0,143). I'paciune 30-
OpakeHHsI pe3yJbTaTiB AUCHEPCIHOro aHajizy HaBeIeHO
Ha puc. 8.

Tab:n. 3 BinoOpakae pe3yibTaTi IUCIIEPCiHHOTO aHai3y
BEJIMYMH TepeMillleHb HAAIUIEYOBOrO KiHIISI KJTIOUMIII i
BIUIMBOM HaBaHTaxeHb 20 H.

[MigBueHHS BeaIMYMHA HaBaHTaxkeHHs 10 20 H Hanmae
MOKJIUBICTH OiTBIIIOTO BiZOKPEMIICHHS TPYII i IAOCITI THIX
3pa3KiB 3aJIeXKHO Bil HAIIpsSIMKy HaBaHTaXKeHHs i BapiaHTa
ocreocuHTe3y. Haiikpaiiiii pe3yabTar Imokasaiyd 3pa3Ku 3
OCTEOCHMHTE30M JIBOMA IJIACTMHAMU ITifl BIUIMBOM BEpPTH-
KaJIbHOrO HaBaHTaXXE€HHS i3 CcepedHiM IMOKa3HUKOM 3Mi-
ILIEHHs aKPOMiabHOTO KiHLs Katounwi Ha 0,47 mu. Ix Bin-
HECEHHSI 10 MEePIOoi MiATPYNU CBiTYUTh MPO T€, 110 BOHU
cratuctuyHo 3Hauynie (p < 0,05) Biapi3HSOTHCS Bil BCixX
IHIIMX JOCiIKeHUX 3pa3kiB. Haiiripmwuii pesynbrar, B
cepenHbomy 5,70 MM, MoKa3aau 3pa3kKu KJIIOUMILi 3 OCTEO-
CHUHTE30M OJIHI€I0 TUTACTUHOIO MTi/l BILTMBOM HaBaHTaXKeH-
HSl B TOPU3OHTAJIbHIN TUTOIIMHI. BOHM TakoX cTaTucTHUY-
Ho 3Hauyiie (p < 0,05) ripiii 3a Bce iHIII BapiaHTU, TOMY
MOTPaIlWIM 10 TPEeThOol Miarpymnu. I'pyma 3paskiB 3 ocTeo-
CUHTE30M OJIHI€I0 IJIACTUHOIO TijJ BIUIMBOM BEPTUKAJb-
HOTO HaBaHTaXeHHs (CepelHill MOKa3HUK MepeMillleHHs
0,68 MM) i rpyma 3 OCTEOCMHTE30M JBOMa TUTACTUHAMM
(0,78 MM) moTpanuiivi A0 OJHIET MiaArpynu 2, 1o o3Havyae
BiJICYTHICTh CTATUCTUYHO 3Hauyioi pizHuui (p = 0,104)
MiXX HUMU. AJie IOTparuIsSiHHSI X 10 OKPEMOi ITiArpyIiu ro-
BOPUTH IIPO T€, IO BOHU CTAaTUCTUYHO 3Haay1Io (p < 0,05)

Tabnuus 2. Peaynbratn 6ararogakropHoro aucnepciviHoro aHanisy MANOVA 3a tectom Duncan
AJ151 Pi3HUX BapiaHTIB OCTE@OCUHTEe3Y KJo4Yuli (nepemiluieHHs nig HaBaHtaxeHHsaMm 10 H)

MipmHoXxuHa pns a = 0,05
HaBaHTaxeHHs OcTeocuHTe3 ; >
2 NnacTuHn 0,18 -
BeptukanbHe
1 nnacTtmHa 0,30 -
2 NnacTuHn 0,33 -
[opn30oHTanbHE
1 nnacTtuHa - 2,61
CTaTtmncTMyHa 3HAYYLLICTb Pi3HUL, P - 0,143 1,000

Ta6nuusa 3. Pesynbtatu 6aratogpakropHoro gucrnepciviHoro aHanisy MANOVA 3a tectom Duncan
47151 Pi3HNUX BapiaHTIiB OCTE@OCUHTEe3Yy K/lo4Yuli (nepemilleHHs nig HaBaHTtaxeHHaIMm 20 H)

MipmHoXxuHa png o = 0,05
HaBaHTaXxeHHSs OcTeocuHTeE3
1 2 3

2 NnacTuHn 0,47 - -
BepTtukanbHe

1 nnactmHa - 0,68 -

2 NnacTuHn - 0,78 -
[opu30oHTanbHe

1 nnactmHa - - 5,70
CTatncTnyHa 3HaYyLWICTb Pi3HULI, p - 1,000 0,104 1,000
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BiIpi3HAIOTHCS i Bill TPyIIX 3 OCTEOCHMHTE30M JBOMA TUIac-
TUHAMU MIPU BEPTUKAIBHOMY HaBaHTaXXEHHI, i BiJl Tpymnu 3
OCTEOCUHTE30M OJIHI€I0 TJIACTUHOIO MPU HaBAHTAXEHHi B
TOPU30HTAJIbHIl TJIOLIMHI.

HaouHe ysiBieHHs PO pO3MOIiJ BEJIMYMH ITepeMillleH-
HSl HAJATUIEYOBOTO KiHUS KJIIOUMLI 32 KPUTEPIEM CTaTHUC-
TUYHOI 3HAYYIIOCTI pi3HUII Hala€ Aiarpama, sika HaBeJaeHa
Ha puc. 9.

PosrnsiHeMo, sikuii BIUIMB Ha BEJIMUMHU TEpPeMillleHb
HaAJIUIEYOBOTO KiHIM KITFOUWI 3IiACHWIO MiABUILIEHHS
BeJMYrMHU HaBaHTaxXeHHs mo 30 H. Pesynpratm mucnep-
CiiTHOTO aHaJIi3y BeJIMYMH IIepeMillleHb HaBeeHO B Ta01. 4.

[Ipu migBuineHHi BennunHM HaBaHTaxkeHHs 10 30 H,
HE3BaXXalouM Ha 3arajibHe MiIBUIIECHHS BEJUYMH MepeMmi-
ILIEHHST HAATIJICYOBOIO KiHIIsI KJTIOUMIIL B YCiX TOCTiIKEHUX
rpymnax 3pasKiB KJIIOYHWIli, 3MiH 3HAYYLIOCTi Pi3HMLI MiX
rpynamu He Bimoynocs. CtatuctuaHo 3Hauyiie (p < 0,05)
Kpalle 3a BCi iHIIi Tpyny BUTJSAAIN 3pa3KU 3 OCTEOCUH-
TE30M JBOMA TJIAaCTUHAMU TIpY BEPTUKAJIbHOMY HaBaHTa-
KeHHi (cepenHsi BennunHa 3MmitieHHs 0,70 mm). [ipiie 3a
Bcix (p < 0,05) BumIsimany 3pa3ku 3 OCTEOCHHTE30M OIHi-
€10 TUIACTUHOIO Tiji BIUIMBOM T'OPU30HTAJIbHOTO HAaBaHTAa-
JKEHHS 3 TTOKa3HUKOM 7,32 MM. 3pa3KM 3 OCTEOCUHTE30M
OJIHI€0 MJACTUHOIO i/l BIUIMBOM HaBaHTaXXEHHS Y BEPTU-
KaJIbHOMY HamnpsIMKY 3 cepeliHiM mokazHukom 1,09 mm Ta
3pa3Ky 3 OCTEOCUHTE30M JBOMa TUIACTUHAMMU MiJl BILTUBOM
TOPU30OHTAJILHOTO HaBaHTaxkeHHsI — 1,17 MM mokazaau
MPaKTUYHO OJTHAKOBI pe3yJibTaTH, TPO IO CBIAUYUTH I10-
Ka3HUK 3Hauyniocti pisHuui p = 0,184.

Y rpadiuHOMY BUTJISIII pe3y/ibTaT IUCTIEPCiiHOTO aHa-
JIi3y HaBeAeHi Ha miarpami (puc. 10).

Sk moBomAThH cebOe 3pa3Ku KIIOYUIL MPU MiABUIICHHI
HaBaHTaxkeHHs 10 40 H 3aiexHo Bim BapiaHTa OCTEOCHUH-

Te3y Ta HaMpsIMKY HaBaHTaXXEHHSI, IEMOHCTPYIOTh Pe3yJib-
TaTW AUCIIEPCIHOTO aHai3y, sIKi HaBeAeHi B Ta0JI. 5.

INopanpine migBUIIEHHS BEJIMYMHM HaBaHTAXEHHS JI0
40 H Taxkox He Npu3Beo 10 Mepepo3roaily 3HaYyIIOCTi
BiIMiHHOCTEM MiX MOKa3HMKAMM BEJIMYWHU IIePEeMIilleH-
HST HAAIIJICYOBOIO KiHIIS KIIOUUIIL MiX Pi3HUMM TpyIIaMH
3paskKiB. fIK i mpu monepenHili BeIWYMHI HaBaHTaXKEHHS,
cratuctiyHo 3Hauyiy (p < 0,05) 3a Bci iHIIi 3pa3ku Haii-
HIKYY CEPeIHIO BeJIMYMHY TepeMillleHHs HaIJIeu0BOTo
KiHLg Kmouui 1,00 MM BUBHAUYMIY B TPYTIi 3pa3KiB 3 ocTe-
OCHMHTE30M JIBOMA TUTACTMHAMM T1iji BIUIMBOM BEpPTUKAJIb-
Horo HaBaHTaxeHHs. CratuctuyHo 3Hauyiio (p < 0,05)
HaMOIIbIIy CepelHI0 BEIUYMHY MepeMillleHHsT 8,26 MM
CITOCTepiray Ha 3pa3Kax 3 OCTEOCUHTE30M OIHIEIO Tiac-
TUHOIO TiJ BIUIMBOM TOPM30HTAJIBHOTO HaBaHTa>KEHHS.
I'pynu 3pa3kiB 3 OCTEOCMHTE30M OMHI€I0 IUIACTUHOIO IIijT
HaBaHTaXK€HHSIM y BepTUKaAJIbHIl IJIOMINHI Ta 3 OCTEOCHUH-
TE30M JIBOMA TJIACTUHAMM TIil BIJTMBOM TOPU30HTAILHOTO
HaBaHTAKEHHSI HE MaJM CTAaTUCTUYHO 3HAYYLIMX BiAMiH-
Hocreit (p = 0,545).

HaouHo MopiBHSATH BeJTUYMHU TIepeMillleHb HA/ITLICUOBO-
TO KiHIIS KJTIOYUII i BITTMBOM HaBaHTaxkeHHs 40 H MoxxHa
3a JIOTIOMOTO10 JliarpaMH, sika HaBejieHa Ha puc. 11.

PesynbraTi nucniepciiiHOro aHajisy BeJIMUUH TiepeMi-
IIEHHS HAAIJIEYOBOTO KiHIISl KJTIOYMILI IMiJ] BIUIMBOM MakK-
cUMabHOTO HaBaHTaxxeHHs 50 H HaBeneHi B Ta61. 6.

IIpu MakcuMaaIbHOMY BHUKOPHUCTAaHOMY HaBaHTaXKEHHi
50 H posnoain rpyn 3pa3kiB 3a CTaAaTUCTUYHOIO Pi3HUIICIO
CcepelHiX MOKa3HUKIiB He 3MiHuBCs. AK paHilie, Hailkpa-
it (p < 0,05) mokasHuK 2,16 MM Hagaau 3pa3Ku 3 OC-
TEOCUHTE30M JBOMA IJIACTUHAMMU ITiJi BEPTUKAJIbHUM Ha-
BaHTaXXeHHsIM. Haiiripiii 3pa3ky 3 0CTEOCMHTE30M O/IHIEI0
TJTACTUHOIO TIiJi HABAHTAXKEHHSIM B TOPU3OHTAIBHIN TLJIO-

Ta6auusa 4. Pesynbratu 6aratogpakropHoro gucnepciviHoro aHanisy MANOVA 3a tectom Duncan
AJ1s1 Pi3BHUX BapiaHTiB OCTEOCUHTE3y K/1lo4YuLi (NnepemileHHs nig HaBaHTa)keHHsM 30 H)

MipMmHoXuHa gns a = 0,05
HaBaHTa)XeHHs OcTeocuHTe3
1 2 3

2 NnacTuHU 0,70 - -
BepTukanbHe

1 nnactuHa - 1,09 _

2 NnacTuHm - 1,17 -
[opn3oHTanbHe

1 nnactuHa - - 7,32
CratnCcTryHa 3HaYyLLICTb Pi3HUL, p - 1,000 0,184 1,000

Tabnuusa 5. Peaynbratn 6ararogakropHoro aucnepciviHoro aHanisy MANOVA 3a tectom Duncan
AJ151 Ppi3HUX BapiaHTIB OCTE@OCUHTEe3Y K/o4Yuli (nepemilleHHs nig HaBaHTaxeHHaIM 40 H)

MipMmHoXuHa gng a = 0,05
HaBaHTa)XeHHs OcTeocuHTEe3
1 2 3

2 NnacTuHn 1,00 - -
BepTukanbHe

1 nnactuHa - 1,77 -

2 NnacTuHn - 1,86 -
[opn3oHTanbHe

1 nnacTtuHa - - 8,26
CTaTnUCTMYHA 3HAYYLLICTb PiSHULI, p - 10,000 0,545 1,000

Tom 26, N2 6, 2025

www.mif-ua.com, https://tfrauma-journal.com 29



I OpuriHaAbHi pocAiaXXeHHs / Original Researches

Tab6nunusa 6. Pe3ynbtaTtu 6aratogpakropHoro gucnepciviHoro aHanisy MANOVA 3a tectom Duncan
AJ19 Pi3HUX BapiaHTIiB 0CTeOCUHTEe3y kio4YnLi (nepemilyeHHs nig HaBaHTa)keHHsIM 50 H)

MigmHoXxuHa pna « = 0,05
HaBaHTaxeHHSs OcTteocuHTe3
1 2 3

2 NNacTuHU 2,16 - -
BepTukanbHe

1 nnactmHa - 3,24 -

2 NNacTuHn - 3,36 -
[opu3oHTanbHe

1 nnactmHa - - 9,70
CraTucTnyHa 3HaYyLLICTb Pi3HULI, p - 1,000 0,381 1,000

wuHi — 9,70 mm (p < 0,05). I'pynu 3 oCTEOCUHTE30M O/1-
Hi€I0 TJIACTUHOIO MiJl BEpTUKAJIbHUM HaBaHTaKEHHSIM Ta 3
OCTEOCUMHTE30M JBOMA IJIACTUHAMMU I1ijl TOPU30HTATbHUM
He MaJlid CTaTUCTUYHO 3Hauy1oi pisaui (p = 0,381).

[iarpama, sika HaBe/ieHa Ha pyc. 12, Haae HaOYHE YsIBJICH-
HS TIPO CITBBITHOIIEHHST BeJIMYMH MTepeMIIIEHHS HaIIIIeu0-
BOT'O KiHIIST KJTIOUMII TTi1 BITTMBOM HaBaHTaxkeHH: 50 H.

O6roBopeHHs

[IpoBeneHi ekcriepuMeHTaIbHI JOCITIIKEHHS ITOKa3alIH,
1110 OCTEOCHUHTE3 KIIIOUUILLi OAHIEIO MIACTUHOIO 3a0e3Meuye
cTabiIbHy (ikcalliio (parMeHTiB TiIbKUA Y BEPTUKAIbHIMN
TUTOIIMHI, KOJIM HaBaHTaXKEeHHS i€ Ha 11 HaAIlJIeYOBUI Ki-
Hellb NePIeHAUKYISIPHO IJIOIIMHI HAKiCTKOBOI IIJIACTUHM.
Y ubomy BUNAAKY, 1100 3MICTUTH HAAIJIEYOBUHN KiHEUb,
KJTIOYUIISE BUMYIIeHa aehopMyBaTH MeTajleBy HaKiCTKO-
BY IJIACTUHY, sSIKa Ma€ 3Ha4yHi MilHicHi BaactuBocTi. [lix
BIUTMBOM HaBaHTaXXEHHSI B TOPU3OHTAJIbHIH IUTIOIIMHI CITO-
cTepiraemMo iHIy KapTHHY, a caMe HalBHIIi MOKa3HUKU
MepeMillleHHSI HaATUIEYOBOTO KiHII Kimrouni. Lle BinOyBa-
€TbCS Yepe3 Te, 1110 HaBAaHTAXEHHSI JIi€ MapasieibHO HaKiCT-
KOBIll IUTACTHUHI i omip HaBaHTaXKeHHS 3ilICHIOIOTh TiIbKK
ikcyroui ii TBUHTH, 1110 BUSIBIISIEThCS HemocTaTHIM. OTXe,
HEIOJIIKOM OCTEOCHHTE3y OAHi€I0 HAKiCTKOBOIO IUIACTH-
HOIO € Te, 1110 BOHa €()eKTUBHO MPOTUJIi€ HABAHTAKEHHSIM
TUTBKY B OJHil TJTOLIMHI.

OcTeocHHTe3 KIIIOUMILi TBOMa HaKiCTKOBUMU TLJIACTH-
HaMM, PO3TAIlIOBAHMMHU y B3a€EMHO MEPNEHAUKYISIPHUX
TUIOLIMHAX, BUpillye 1o Tpobiemy. [lposemeHi mocii-
JKEHHS TTIOKa3aJiv, 110 HaKJIaJaHHS TUTACTUH 3BepXy i crie-
peny KoY 3a0e3reuye CcTabiabHICTh 1 HaaIuIeuoBOTO
KiHIIS ITiJ BIUIMBOM $IK BEPTUKAJIbHUX, TaK i TOPU30HTAb-
HUX HaBaHTaxeHb. HeBenuka pi3HUIIS B MOKa3HUKaX Te-
peMillleHb HaAIJIEYOBOIO KiHIISI KJIIOUMI MiX TpyrnaMu,
SIKi BUMPOOYBaJM il BIVIMBOM BEPTUKAJIbHOTO i TOPU30H-
TaJbHOTO HaBaHTaXEHHsI, OyJia BUKJIMKAaHA TUTbKU (paKTo-
pPOM reoOMeTpUUYHUX MapameTpiB TuiacTuH [14]. [TnactuHa,
SIKY HakJianaau Ha O0KOBY MOBEPXHIO KJIIOUULLi, Oysa 3Ha-
YHO TOHIIE TIJIACTUHU, HAKJIAACHOIO 3BEPXY, OTXeE, OIlip
TOPU30HTAJTLHUM HaBaHTaXXEHHSIM OyB CJIa0IINM.

BuCHOBKM

OcTeocuHTe3 KJIIOUHUIli OHIEI TIIACTUHOI 3abes3re-
4yy€e CTaOUIbHICTD 11 HAAIJIEYOBOTO KiHIISI TIIBKU Y BEPTU-
KanbHil mmomyHi. [1in BIJIMBOM BeJIMKMX HaBaHTaXKeHb,

IO Jil0Th Y TOPMU3OHTAJbHIN IUIOIIMHI, MEpPeMillleHHS
HaAAIJIEYOBOIO KiHIIS KJIIOUMIII MOXYTh AOpPiBHIOBATHU ii
JiaMeTpy B IOTNIepeYHOMY Iepepisi.

OcTteocuHTe3 KJIOUYHUILi JBOMA TIaCTUHAMU, PO3Tallo-
BaHUMU Y B3aEMHO TMEPIEHIMKYISIPHUX TUIOIIMHAX, 3a-
Oe3Ireuye cTaOiIbHICTD ii HAAIIJIEYOBOTO KiHIIST He3aIeXk-
HO BiJl HATIPSIMKY i1 HAaBaHTa>KEHHSI.

KonduikT inTepeciB. ABTOpY 3asiBISIOTH MPO BiACYT-
HiCTh KOHQJIIKTY iHTepecCiB Ta BIIaCHOI (hiHAaHCOBOI 3alli-
KaBJICHOCTI IIPU IiArOTOBIIi JAHOI CTATTi.

Buecok aBtopiB. oiromnonoB O.B. — ocratouHe 3a-
TBepIKeHHs1 cratTi; be3pydyeHko C.O. — KoHIenilis Ta
nuzaitH podotu; 3iHueHko B.B. — kputuunuii ornsin; Cy-
BopoB B.JI. — 36ip Ta anami3 ganux; Kapminceka O./1., Kap-
niHcbkuit M. FO. — 306ip Ta aHai3 TaHWX, HATTMCAHHSI CTaTTi.
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Experimental study of the stability of osteosynthesis of the clavicle with bone plates in case
of a fracture of its suprahumeral end with a bone tissue defect

Abstract. Background. Combat injuries of the suprahumeral
region with clavicle fractures differ significantly from peacetime
injuries. The most common approach to the treatment of clavicle
nonunion is open reduction with fixation with a plate located on
the upper surface of the bone, in combination with bone grafting.
However, according to long-term studies, the frequency of non-
union remains at the level of 3.1—10.5 %. Objective: to study the
stabilizing possibilities of the options for osteosynthesis of clavicle
fragments in case of a fracture at the border of the diaphysis and
the suprahumeral end with a bone tissue defect. Materials and

methods. The stabilizing possibilities of osteosynthesis of the clavi-
cle with bone plates were studied in case of a fracture at the border
of the diaphysis and the suprahumeral end of the clavicle with a
2 cm defect, which was filled with a graft of the appropriate size
and fixed with screws. Two options for osteosynthesis of the clav-
icle were considered: with one plate and two plates, 5 samples in
each group. There was determined the value of fragment movement
under the influence of bending load in two planes — vertical and
horizontal. The load was increased from 0 to 50 N in steps of 10 N.
Results. Osteosynthesis of the clavicle with one plate provides sta-
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ble fixation of fragments only in the vertical plane, when the load
acts on its suprahumeral end perpendicular to the plane of the bone
plate. In this case, in order to displace the suprahumeral end, the
clavicle is forced to deform a metal bone plate, which has significant
strength properties. Under the influence of a load in the horizontal
plane, the highest rates of movement of the suprahumeral end of
the clavicle were observed. This is due to the fact that the load acts
parallel to the bone plate and the resistance to the load is provided
only by its fixing screws, which turns out to be insufficient. There-
fore, the disadvantage of osteosynthesis with one bone plate is that
it effectively counteracts loads only in one plane. Osteosynthesis of
the clavicle with two bone plates located in mutually perpendicular
planes ensures stability of its suprahumeral end under the influence

of both vertical and horizontal loads. A small difference in the rates
of movement of the suprahumeral end of the clavicle between the
groups tested under the influence of vertical and horizontal loads was
caused only by the factor of the geometric parameters of the plates.
Conclusions. Osteosynthesis of the clavicle with one plate provides
stability of its suprahumeral end only in the vertical plane. Under
the influence of large loads acting in the horizontal plane, the dis-
placement of the suprahumeral end of the clavicle can be equal to
its diameter in cross section. Osteosynthesis of the clavicle with two
plates located in mutually perpendicular planes provides stability of
its suprahumeral end regardless of the direction of the load.
Keywords: clavicle; fracture; osteosynthesis; bone plate; load; dis-
placement
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M. XapkiB, YkpaiHa

Hanpy>xeHo-AedopMOBAHUN CTAOH MOAEAI
rPYAONOnepeKoBoro BiAAIAY XpeobTa
3 nepeAnoMomM xpebusa Th12 tnny A1
30 KOPOTKOI TPAOHCNEeAUKYASIPHOIT dikcauil:
OHOAI3 KOMMPEeCiMHOro HOBAHTODKEHHS

Pestome. AKTyaAbHICTb. [lepeAOMU rPyAONONepeKoBoro rnepexoay (Th11-L2) € oaHMMA 3 HAVIHACTILLINX YILIKOAKEHb
XpPebTa 1 HEPIAKO MPU3BOASTTE AO POPMYBQAHHS MOCTTPABMATNHHOI AEPOPMALl TQ HEBOOAOTIHHNX YCKAQAHEHBL. Ham-
MOLLMPEHILLIM METOAOM XIPYPIMYHOIO AIKYBAHHSI € KOPOTKA TOAHCIIEAMKYASIOHA GikCaLisl, ane AOCI He BUPILLEH] M-
TQHHST LLIOAO HEOBXIAHOCTI 3QAYHEHHST MOLLKOAXKEHOIO XPebLisT B KOHCTPYKLKO, O TAKOXK LLOAO ONTUMQAABHOI ACBXKHI
rBuHTIB. MeTa: oLjHNTI HOMP Y)KEHO-AEPOPMOBAHMV CTAH MPYAOMNONEOEKOBOrO BIAAIAY XOEOTA Mpu MepeAOMi XpeoLis
Th12 iy A1 3a knacugikauiero AO Spine TQ BU3HQYMT BIIAVMB AOBXKMHI OCHOBHUX TDQHCIEAMKYASIOHVX MBUHTIB | HO-
SIBHOCTI MOOMDKHMX BUHTIB Y MOLLIKOAYKEHOMY XPeObLii rov KOPOTKIM GikcaLii HO PO3MoAiA HOBAHTAYKEHHS. Marepiaaun
Ta MeroAn. [TOGYAOBAHO TPUBUMIPHY CKIHYEHHO-EAEMEHTHY MOAEAL TPYAOIMONEPEKOBOro Biaainy xpebra (Th9-L5)
HQ OCHOBI AQHUX KOMIT IOTEPHOI TOMOrpadii. 3MOAEALOBAHO MepeAoM TiAQ XpebList Th12 iy A1 3a kKaQcugikaLiero
AQO Spine. PO3msiHyTO YOTmpIM BAPRIAHTM KOPOTKOI TOQHCNEAVKYASIOHOT ikCaLyii: KOPOTKI rBvHT 6€3 MPOMIKHMX, AOBFT
rBUHTY 63 MNP OMDKHX, KOPOTKI MBUHT 3 MOOMDKHMM B TiAi Xpe6List Th12, AOBri rBUHT 3 MOOMDKHVIMIA B Tini XpeoLis Th12,
HQBAHTOXKEHHST BIATTOBIAQAO OCbOBOMY CTUCHEHHIO BEANYMHOK 350 H. AHQAIZ HOMPR Y KEHHST BUKOHYBAAM METOAOM KiH-
LIEBUX EAEMEHTIB 3 KpuTepieMm Mizeca. Pe3yAbTaTi. YCTOHOBAEHO, LLIO PO3MNOAIA HAMPYXKEHHST B TIAQX XPEOBLLB CYTTEBO
He BIAPIBHSIBCST B MOAEASIX, KOAVBAHHST ByAmn AvLue 2-3 %. bazoBa YOTMpUMrBMHTOBA ¢ikcaLlis 3a6e3rneyyBana AOCTAT-
HE [DO3BAHTQKEHHST MOLLIKOAXKEHOTO XPeOLisl. BBeAEHHST MPOMDKHX MBUHTIB 3HUYKYBAAO PIBEHL HAMPYKEHHST B OCHO-
BHUIX TBMHTQX, OCOBAMBO HA PiBHI Th11, ane CyrpOBOAKYBAAOCSI ABOPA30BMM 30IALLLIEHHSIM HAMPYXKEHHSI B OMOPHMX
CTPWKHSIX KOHCTRYKLUII, 3aCTOCYBAHHST AOBIX GIKOPTUKQABHUX BUHTIB MOMIPHO PO3BAHTAXKYBAAO KICTKOBI CTOYKTYOU,
ane 36iAbLLYBANO HOBAHTQPKEHHST B COMUMX IBUHTAX, OCOOAMBO HA PIBHI L1. BUCHOBKM. [ov KOMIAPECIHMX MEpENOMAX
iy A1 3Q HQSIBHOCTI MOKA3QHb AO XiDYPMHHOrO BTRYHAHHST KOPOTKQ YOTUPUIBUHTOBA GikKCALst 3a6e3rnedye AOCTAT-
HIO CTQBIAbHICTb | MIHIMOABHE HOBAHTQYKEHHST HQ YLLKOAXKEHMV XoebeLib. BUKOPUCTAHHS AOBIVIX TBUHTIB Tl AOAQTKOBMX
MPOMDKHVIX IBUHTIB AOLIIALHE MEpEBAXKHO MU TSDKYMX YLLIKOAIKEHHSIX, TOAI SIK Y PA3I MOOCTVX KOMMPECIHMX MepeAoMIB
iX 3QCTOCYBQHHSI HE MQE 3HAYHMX BIOMEXQHIYHYIX MEPEBAr, AAe 36IAbLLYE TOABMATUYHICTb BTOYHYAHHS.

KAIO4OBI CAOBQ: rpyaononepekosumii nepexia; neperom xpebLst Th12; KOMIpeCiiH epeAOM; TOAHCTEAMKY-
ASIOHQ QIKCQALisI; MPOMDKHI TBUHTM, GIKOPTUKQABHI TBUHTU, CKIHYEHHO-EAEMEHTHE MOAEAKOBAHHS

BCTYI'I nedopmallii Ta HEBPOJIOTTYHUX YCKIJIAJHEHb 32 BiZICYTHOCTI

I'pynononepexkoBuit mepexia xpedra € ooHi€l0 3 Hali-  ameKBaTHOI cTabiiizauii [1]. AHaTOMiYHiI OCOOJIMBOCTI Ie-
ypa3IMBIlIMX 30H XpeOTOBOrO CTOBMA 00 TPABMAaTUYHUX  PEXiIHOI 30HU BiJI Kih0o3y TpYIHOTO BifIiTy 10 JJOPAO3Y MO-
yikomkeHb. [Tepenomu Ha piBHi Th11—L2 TparisitoTbcsi 3 MEpEeKOBOTO BiIily, peopieHTallist (paceTKOBUX CYIJIO0iIB i
BUCOKOIO YaCTOTOI i MOXYTb MPU3BECTU A0 KipOoTMUHOI  BTpaTa «pedepHOi oropu» KayaajbHilie 3a xpeodeirb Thl2

© «TpaBma» / «Trauma («Travmay), 2025
© Bupaseub 3acnascokmii 0.10. / Publisher Zaslavsky 0.Yu., 2025

[ina kopecnonpenuii: Hexnonoumt Onexcili Cepriitoiy, AokTop dinocodyii 3 MeaLMHM, Nikap-HeiipoXipypr, CTapLumii HayKoBWii CNIBPOBITHUK, BiAAINEHHA naTonorii cnuHHoro Mo3ky, JIY «HctuTyT
Heilpoxipyprii imeHi akagemika A.N. Pomogaxosa HAMH Ykpaitu», Byn. Mnatoxa Maiibopoau, 32, m. Kuig, 04050, YkpaiHa; e-mail: AlexeyNS@gmail.com; Ten.: 4380 (95) 033-04-48

For correspondence: Oleksii S. Nekhlopochyn, PhD in Medicine, Neurosurgeon, Senior Research Fellow, Department of Spinal Pathology, Romodanov Neurosurgery Institute of NAMSU, Platona
Mayborody st., 32, Kyiv, 04050, Ukraine; e-mail: AlexeyNS@gmail.com; phone: +380 (95) 033-04-48

Full list of authors information is available at the end of the article.

Tom 26, N2 6, 2025 www.mif-ua.com, https://tfrauma-journal.com 33



I OpuriHaAbHi pocAiaXXeHHs / Original Researches

CTBOPIOIOTH IEPEIyMOBM JIsl KOHLIEHTpallil MeXaHiuHUX
HarnpyXeHb i MiABUILEHOTO PU3UKY MOLIKOMXEHb MPU
OCbOBMX Ta 3rMHAJbHUX HaBaHTaXXEeHHsIX 2, 3].

Jist 1iKyBaHHSI MepesioMiB rpyJIononepeKoBoro nepe-
XOMly ILIMPOKO 3aCTOCOBYIOTb KOPOTKY 3alHIO TpaHCIIe-
MUKYJISIpHY ikcallito, TOOTO YCTaHOBIIOIOTH TBUHTU B
XpeO1li, po3TalllOBaHi BUIIE i HIDKYE 3a PiBeHb IIEPEIOMY,
i3 MOHTaXeM CITOJIydHUX Oanok. Lls xipypriuna MeTonuka
Ma€ CyTTEBI IepeBaru (30epeskeHHs PyXJIMBOCTI OiTBIIIOCTI
CerMEeHTIB xpeOTa, BimHOCHA MpPOCTOoTa BUKOHaHH:). On-
HakK Yy pa3i HecTaOiLIbHUX IIepesloMiB KOpoTKa (ikcallis
MOXe€ CYMPOBOXYBAaTHUCSI BTPATOIO KOPEKIIil Ta MeXaHiu-
HUMMU YIIKOJKEHHSIMU iMIUIaHTaTiB [4].

Jnst minBUILIEHHS KOPCTKOCTI KOHCTPYKIIii JesiKi Xi-
pYpPrM PEeKOMEHIYIOTh 3ajy4aTd TOILIKOKEHUI Xpebellb
y cucremy ikcallii, yCTaHOBJTIOIOUM TOJATKOBI MPOMIiXHI
TBUHTHU B ¥oro Tino. Takuii mioxim repemndadae BUKOPHC-
TaHHSI CUCTEMU 3 I1I€CTU TBUHTIB 3aMiCTh TPaJMIIiiHOI YO-
TUPUTBMHTOBOI KOHCTpyKIil [5]. KutiHiuHi gocimKeHHs Ta
MeTaaHai3u MiATBepIKYIOTh, 1110 JOAaBaHHS IPOMIXKHUX
TBUHTIB MiABMIIYE CTaOUIbHICTH (hiKcallil, 3HIKYE PU3UK
IMIUTAHTaT-aCoOLiOBAaHUX YCKJIAIHEHb, 3a0e3neuye Kpalie
30epekeHHsT KOPEeKIIil Ta 3MeHIIye OOTbOBUIA CUHIPOM [6,
7]. OmHak ycTaHOBKa JONATKOBUX TI'BUHTIB CYMPOBOXY-
€TbCsI 301TbILIEHHSIM TPUBAJIOCTI OMEPATUBHOIO BTPYYaHHS
Ta TIABUIIEHHSM MOro iHBa3WBHOCTI, 1110 TIPU3BOAMUTH JI0
OLTBIIIOI KPOBOBTPATH ¥ MOTEHIIIITHOTO 30LIbIIEHHS pPU3M-
Ky TicsoIepaliitHuX ycKiagHeHb [8]. ToMy TpuBae moIyk
OINTUMAJIbHOI TaKTUKU JIiKyBaHHS. JIJIs1 1IbOTO HEOOXimHO
3’CyBaTH, UM € KOPOTKa hikcallisi 63 MPOMixKHUX I'BUHTIB
JMIOCTAaTHHOIO MPU CTaOUIbHUX MepesioMax abo CJIil 3aBXKau
3MILHIOBATU KOHCTPYKIIiIO TONATKOBUMU TBUHTAMU.

JAUCKyCIiHUM 3aluIlIa€eTbCcsd MUTAHHS 1OA0 BUOO-
Py JOBXWHU TpaHCIEIUKYJISIPHUX TBUHTIB. MOHOKOP-
TUKaJIbHI TBUHTU BiZTHOCHO KOPOTKi Ta (PiKCYIOThCS B
MexXax Tijla XpeOlisi, T/l 1K 0iKOPTUKaJbHi FTBUHTH TIPO-
XOISTh KPi3h TMEpeNHI0 KOPTUKAJIbHY TUIACTUHKY Tila
xpebus. [IpumyckaioTs, 110 OiKOpPTUKaIbHI TBUHTU 3a-
Oe3meuyloTh HamiliHilly ¢ikcallilo 3a paxyHOK IeHeTpa-
1ii )KOPCTKOr0 KOPTUKAJIBLHOIO IIapy MepeaHboi CTiHKKU
Xpeous, aje Npu LbOMY MiABUILYETbCS PU3UK MOLIKO-
JKEHHST TPUJIETINX, BEHTPAJIbHO PO3TALlIOBAHUX aHATO-
MigHUX cTpYKTYp [9, 10].

biomexaHiuHe MonmemoBaHHS HA€ 3MOTY ITOPIiBHITH
BapiaHTH (ikcallii Ta OLUIHUTU PO3IMOIiI HAIPYXKEHHSI B
eJieMeHTax XpeoOTa if iMIIaHTaTtax 3a pi3HUX YMOB HaBaH-
TaXXEeHHS. Y CTaTTi pO3IJISIHYTO KJIiHITHO 3HAYYIITy IIpo0JIe-
MY — TPaHCIIeAUKYJISIpHY (hiKcallilo 3a TpaBMaTUIHOTO I10-
LIKOJ/IKEHHS IJISTHKU TPyJ0TIONEPEKOBOTO TIEPEXOy TUITY
Al 3a xinacudgikarieo AO Spine [11, 12].

Ilepenomu Tumy Al 3a3BUYail CYNPOBOMIXYIOTHCS Mi-
HiMaJIbHUMHU TIOIIKOJKEHHSIMU OIMOPHOIO KOMIUIEKCY. Y
OLTBIIOCTI BUMAAKIB MPU HEYCKJIAAHEHOMY CTaOiTbHOMY
nepebiry mokasaHo KOHCepBaTMBHE BEJICHHS 3 BAKOPYCTAH-
HSIM 30BHIIITHBOI iIMMOOiJTi3allii Ta paHHBOI (PYHKIIIOHATTEHOT
peabimitamii [13]. Xipypriuna craOimizamisi moxkas3aHa 3a
HAsSIBHOCTI TIEBHUX O3HAK: IPOTpecyBaHHS KihOTUYIHOI Ie-
¢opmaliii, BTpata BUCOTH TiJla XpeOlis 3 MOPYIISHHSIM ca-
riTaJIbHOTO OajlaHCy, BUpaXKeHUU OOJbOBUII CUHAPOM, a

TaKOX 3a HAsIBHOCTI YMHHUKIB PU3UKY HECITPOMOXKHOCTI
KoHcouinaii [14, 15]. Taki BTpy4yaHHs 3a3BUYail BUKOHY-
I0Th BiICTpOUYEHO, Ha eTarnax, KoJu BepTeOpoIiacTuky abo
KihoIIacTUKy BXe He MOXKHa PO3IJISIAATH SIK ONTUMATbHUM
METO]I JIIKYBaHHSI, a OPYIIEHHS cariTabHOTO OaslaHCy, 110
dopMmyeThesl, MOTpedye KOPEKIlii i3 3aCTOCYBaHHSM caMe
TpaHCIeAUKYJISIpHOI (ikcartii [16].

Mera: OLIHUTHY HaAIPyXeHO-Ie(OPMOBAHUIA CTaH TPy-
JIOMOMNEPEKOBOro BiMaily XpeOTa Mmpu MepeaoMi Xpeolst
Th12 Tuny Al 3a knacudikauiero AO Spine Ta BUBHAYUTU
BIUIMB IOBXXUHW OCHOBHUX TPAHCMEIUKYJISIPHUX TBUHTIB i
HasIBHOCTi MPOMIKHUX I'BUHTIB Yy ITOIIKOIKEHOMY XpeOlii
MpU KOPOTKiii pikcallii Ha po3mo/Iijl HaBaHTaXKEHHS.

3B’A30K myOJiKaiii 3 MIAHOBUMH HAYKOBO-0CJIiJHHU-
MH podoTamu. PoGora € pparMeHTOM HayKOBO-IOCTIIHOI
pobotu «JocmiguTy MexaHi3MH1 Ta PO3POOUTH KOMILIEKC
JIIKyBaJIbHUX 3aXOMiB IS 3MEHIIEHHS iHBaligW3aiii Ta
MOJIIIIEeHHS SIKOCTi XUTTS XBOPUX 3 XPeOETHO-CIIMHHO-
MO3KOBOIO TPaBMOIO», I€p>KaBHUI peecTpalliiH1uii Homep
01190000110.

Marepiaam Ta metoamn

JocninkeHHs: BAKOHAHO METO/IOM MaTeéMaTUYHOTO MO-
NIeJIOBaHHS i3 3aCTOCYBaHHSIM METOIY CKiHUEHHUX eJie-
MEHTIB. ¥ snaboparopii 6iomexaHiku IHCTUTYTY marToJjorii
xpe6Ta Ta cyrio6iB iMmeHi M.I. Curenka HAMH Ykpainu
0yJ10 po3p00JIEeHO TPUBUMIPHY CKiHUEHHO-EJIEMEHTHY MO-
JIeJb TPYIOTIOTIEPeKOBOrO Bimiay XpeOTa (CerMeHTH Bif
Th9 no LS) i3 MoaentoBaHHSIM MOLIKOXKEHHSI Tija XpeoList
Th12 tumy Al.

l'eomeTpuuHy Mozenb XxpedTa CTBOPEHO Ha OCHOBI Ja-
HUX KOMIT'IOTepHOI ToMorpadii 310poBOro m00pOBOJIBIIST
yosoBivoi ctati. [Ipomec moOymoBu reoMeTpii Ta BU3HA-
YeHHsI BJIACTMBOCTEIl MOJEJi OMUCAaHO B MOIEpPeaHiX My-
Osikawisix aBropiB [17, 18]. JluckpeTusaiito Mozesi BU-
KOHAaHO 3 BUKOPHMCTaHHSIM TeTpaeApabHUX CKiHUEHHUX
ejeMeHTiB i3 10 By3jamMu Ta KBalpaTUYHOIO allpOKCUMAlli-
€0 QyHKIIiit hopMu.

Jost imiTartii TpaHCTIe IMKYISIPHOTO OCTEOCUHTE3Y MOJIe-
i Th12 3acTocoBaHO KOHCTPYKILilO 3 TBUHTAMU Yy IBOX CYy-
MixkHnx xpeousax: Thll, po3ramoBaHomy BHIIE 3a piBeHb
nepenomy, i L1, po3ramoBaHOMy HIKYE 3a piBeHb Iepe-
Jomy. JlocaimKyBaayu 4OTUPU BapiaHTU KOPOTKOI hikcalrii
NIBOX CYMiXXHMX XpeOlliB, SIKi BiIpi3HSUIMCS 3a HAsIBHICTIO
a00 BIACYTHICTIO MOMATKOBMX TBMHTIB Yy IEpeIOMaHOMY
xpebui Th12, a TakoX 3a JOBXWHOI OCHOBHUX I'BUHTIB
(puc. 1).

[epimii BapiaHT nepeadayaB BUKOPHUCTAHHS KOPOTKUX
MOHOKOPTUKaJIbHUX TBUHTIB y xpebisix Thll ta L1 6e3
BCTAHOBJICHHSI MIPOMIXKHUX TBUHTIB y Tijio xpebust Th12,
NPYTUii BapiaHT — 3aCTOCYBAaHHS TOBTMX OiKOPTUKATbHUX
rBuHTIB y xpebusax Thll ta L1 6e3 BcTaHOBIEHHS IIPO-
MiXKHMX TBUHTIB y Tiio xpebus Thl2, TpeTiii BapiaHT —
BUKOPUCTAHHS KOPOTKUX MOHOKOPTUKAJIBHUX T'BUHTIB Y
xpebusx Thll ta L1 i 1BoX 101aTKOBUX KOPOTKMX IBUHTIB
y Tini xpebus Th12, yeTBepTuii BapiaHT — 3aCTOCYBaHHSI
JIOBruX OiKOPTUKaJIbHUX TBUHTIB y XpeOisix Thll Ta L1y
MO€ETHAHHI 3 IBOMA JOJATKOBUMU KOPOTKUMU TBUHTAMU B
Tii xpe6us Thi2.
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PucyHok 1. Mogeni 3 pi3HumMu BapiaHTamu TpaHcneaukynsspHoi ¢ikcadii: A — KOPOTKi rBUHTU
6e3 npomixHux; b — goBri rBUHTN 6€3 NPOMIXXHUX; B — KOPOTKi rBUHTY i3 NPOMDKHUMM B Tini xpebuys Th12;
I — goBri rBUHTY i3 NPOMDXHUMM B Tini xpebuys Th12

A b B

PucyHok 2. Po3nogin Hanpy>xeHHs1 B MoAesli rpyaornonepexKkoBoro Bianiny xpebta 3 noLWKOAXEeHHSIM Tina
xpebus Th12 tuny A1 nig aieto koMnpecinHoro HaBaHTaxeHHa. TpaHcneaukynsapHa gikcauis KOpoTKUMU
rBuHTamu 6e3 npomixHux: A — Burnsag cnepeay; b — surnap 36oky; B — eurnsag 33any; I — rBuHTn

A b B

PucyHok 3. Po3nopgin HanpyxeHHs1 B MoAesli rpyaononepeKkoBoro Bigniny xpeb6ta 3 noLWKOAXeHHSIM Tina
xpebust Th12 tuny A1 nig giero komnpecirnHoro HaBaHTaxkeHHsl. TpaHcnegukKynapHa gikcauis 4oBrumMmn
reuHTammn 6e3 npomixxunx: A — surnag cnepeay; b — surnag 36oky; B — surnsg 33agy; I — reBuHTH
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PucyHok 4. Po3nogin Hanpy>eHHs B MoAeJli rpy[0nornepeKoBoro Biaziny xpeobrta 3 NowKoAXXeHHSIM Tina
xpebus Th12 tuny A1 nig Aieto koMnpeciiHoro HaBaHTaxxeHHs. TpaHcneaukynsapHa gikcalis KOpoTKUMU
rBUHTaMu i3 npomMixkHumu B Tini xpebus Th12: A — surnag cnepeny; b — surnag 36oky; B — Burnsg 33aay;
I — rBuHTN

A b B
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PucyHok 5. Po3nogin Hanpy>eHHs B MoAeJli rpy[0nonepeKoBoro Biaaziny xpeobrta 3 NowKoAXXKeHHIM Tina
xpebus Th12 Tuny A1 nig Aieto koMnpeciiiHoro HaBaHTaxkeHHs. TpaHcneaukynapHa gikcadisa 6ikopTun-
KasibHUMU rBUHTaMMU 3 NPOMIiXXHUMM B Tini xpeous Th12: A — surnag cnepeny; b — surnsg 360ky;

B — Burnapa 33apy; I — reuHTn

Yci Matepiajii B MozieJTi po3mIsiaaiy SIK i30TPOIIHI i1 of1-
HOpinHi. MexaHiuHi XapaKTepuCTUKU 0i0JOTiYHUX TKAHUH
(KopTrKajabHa KicTKa, rydJyacTta KicTka, Cyra000BUi XL
i MixXXpeOl1IeBi TMCKU) OTPUMAHO 3 JITEPaTypHUX JIKepes
[19—21]. Moaynb KOnra i koediuient [lyaccona mist Kop-
TUKaNIbHOI KicTkM ctaHoBwan 10 000 MITa i 0,30 Bimmosiz-
HO, W1 ryouacToi Kictku — 450 MIla ta 0,20, nisa xpsiia
cyrnoboBux nosepxoHb — 10,5 MIla i 0,49, ans mixxpeo-
neBoro aucka — 4,2 MIla ta 0,45.

EnemMeHTM MeTallOKOHCTPYKIii (IBUHTM Ta OMNOPHi
CTPVKHI) MOIETIOBAIN 3 TATAHOBOTO criaBy BT-16, skuit
€ aHajoroM Ti-6Al-4V. MexaHiuHi XapaKTepUCTUKN TUTa-
HoOBOTO criiaBy: moayb FOHra — 110 000 MIla, koediti-
ent Ilyaccona — 0,30 [22, 23].

I'pannyHi yMOBM Ta HaBaHTaXKEHHsI MOJIEJIi BillIOBigaIn
i3i010TIYHMM YMOBAM MOJIOKEHHS Tijia TIOAWMHU CTOSYM.
Hioxsst mexka Mozeoni, 110 BiAlloBinae OMCTaIbHill IIOBEPX-
Hi nucka L5—S1, Oyna xkopcTKo 3adikcoBaHa SIK HEpyxoMa

onopa. Ha mozmenb mpuxiaganocss BEPTUKATbHE OChOBE
CTUCKAaJIbHe HaBaHTAXXEeHHS Y BUIJISI PO3MOAIIEHOTO TUC-
Ky BeanunHoo 350 H, o BinmoBimzae Ba3i BepXHbOi 4acTH-
HU Ty1yOa [24, 25].

HaBaHTaxxeHHSI MpUKIagaaocsl 10 BEpXHbOI MOBEPXHi
Tina xpeo1st Th9 i maoimmH #oro MixxxpedlieBUX Cyrio0iB.
CxeMHM 3aKpillJIeHHSI Ta HABaHTaXKEHHsI MOJIEJIi BiIoBiga-
I0Th TAKUM Y TTOTIEPEAHIX JOCTIIKEHHSIX Y LIbOMY HATPSIMi.

AHali3 HanpyxeHo-1e(hOpMOBAHOTO CTaHy 3iliCHIO-
BaJIM 3a JOITOMOTOIO IporpaMHOro KoMruiekcy SolidWorks
Simulation (CosmosM) BupoOHuiTBa Dassault Systemes
(®paHiist) i3 BUKOPUCTAHHSM aJTOPUTMIB CKiHUEH-
HO-€JIEMEHTHOIO PO3paxyHKy. fK KpuTepiii OLIHKM iH-
TeHCHBHOCTI HaIlpy:K€HHSI B MaTepiajax 3aCTOCOBYBAJIU
HarpyXeHHs 3a Mi3zecoMm, 1110 € eKBiBaJICHTHUMM Harmpy-
SKEHHSIMHU.

J1J1s1 TOpiBHSIHHS Pe3yJIbTaTiB y Pi3HUX 30HAX MOJEJIi BU-
3HavyaJIu BEJWYMHY HAIpy>KEHHSI B KOHTPOJIBHUX TOYKaX,
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pO3TallloBaHUX y OiOMEXaHiYHO BaXXJIMBUX CTPYKTypax:
tija xpeouis Th9, Th10, Thl1, Th12, L1-LS5, 3amMukaib-
Hi MJACTUHKU CYMIKHUX i3 TIepeIoMOM XpeOlliB (HUXHS
naacTuHka xpe61ist Thll i BepxHs rutactuHka xpeobus L1),
Miclisl BXOy TBUHTIB Y Ay>Kku xpe6uiB Th11, Th12, L1, ce-
peIHS YacTMHA TBUHTIB, YCTAHOBJECHUX Y Tijla IIMX XpeO1liB,
OMNOPHi 0aJIKu KOHCTPYKIii. [TopiBHIOBaIM 3HAYEHHSI €KBi-
BAJICHTHOTO HAIpy>XEHHs B MOJEJSIX ISl OL[iIHKU BILJIUBY
JIOBXKWHU FBUHTIB i HASSBHOCTI MPOMIXKHUX TBUHTIB Ha pO3-
MO HABAaHTaXKEHHSI.

PesyAbTaTH

Ilepma modeas, 1110 € Ga30BMM BapiaHTOM i3 KOPOTKH-
MU I'BUHTaMU 0€3 MPOMIKHUX €JIEMEHTIB, IIPU CTUCKAJIb-
HOMY OCbOBOMY HaBaHTaXKEHHi IEMOHCTpyBaJla OCHOBHY
nedopmallito B TOMEpeKOBOMY BiIili MOIEi, Mpo 1110
CBIMUMJIO TiABUILIEHE HATIPYXKEHHS B TijlaX MOMEPEeKOBUX
xpeb1iB (puc. 2). MakcuMalibHUI piBeHb €KBiBaJIEHTHOTO
HanpyXeHHsI 3apeecTpoBaHo B T xpebust L1 (6au3bko
18,0 MIla), gemro MeHIe HAIpy>KeHHS — B TiJIax Xpeo-
uiB L4 (6ausbko 17,0 MIla), L3 (6:au3bko 16,2 MIla) i L2
(6mm3bko 15,8 MIla). V Tini xpebus LS5 HampyXeHHST He
nepesuiyBaio 10,4 MIla.

V rpynHOMY BifiJli piBeHb HaIlpy:KeHHs OyB 3HAYHO
MeHIIUM: y TiJi xpebus Thll — 6ausbko 8,9 MIla, y Tini
noikomkeHoro xpeobist Th12 — 6auseko 2,4 MIla. Ha-
BKOJIO OCHOBHUX (DiKCyBaJbHMX T'BMHTIB 3apEECTPOBAHO
MOMipHe TiABUILIEHHS HANPYXXeHHsI B KiCTKOBiii TKaHWHI
Iy>k0K — 07113bK0 7,5 MI1a B Miciisix BXoay TBUHTIB Y TyX-
ku xpeowiB Th1liL1.

V caMux rBUHTax piBeHb €KBiBaJIEHTHOTO HAIIPy>KEH-
Hs1 OyB 3HAUHO BUIIMM, HiX Y KiCTKOBIili TKAHMHi: MaKCH-
MajibHe HampyxXkeHHs (0iu3bko 44,1 MIla) BuHuHKaAlO B
rBUHTaX, 3adikcoBanux y xpeoili Thll (BepxHbOMY 111010
nepeaomy), TOMi sIK y TBUHTAX, yCTAaHOBJIEHHUX y xpeori L1,
HarnpyXeHHs1 Oysio BABiui MeHIIUM (Ou3bKo 27,2 MITa).
HaiiGinbin HaBaHTaXKEHUMHU eJIeMEHTaMW KOHCTPYKIIii BU-
SIBUJIMCS OTIOPHi 6anku (61u3bKo 125,8 MITa).

Posnonin HarpyXeHHsl y MOJieJIi CBiIYMB TIPO Te, 1110 MPU
KOPOTKiii pikcairii 6e3 mpOMiKHIX TBUHTIB OCHOBHE HaBaH-
TaXX€HHS TIPUITafajao Ha KOHCTPYKIIio (0aJKu Ta TBUHTH),
TOMi SIK MOIIKoMKeHuit xpebelb Th12 OyB dhakTMuHO po3-
BaHTaXXKeHMH i BiquyBaB MiHiMaIbHEe HaIIPy>KeHHSI.

Jlpyea modeaw i3 3acTocyBaHHSIM JOBIMX I'BMHTIB 0€3
MPOMIXHUX €JEMEHTIB MoKa3aja, 110 BUKOPUCTAHHSI J10-
BIIIMX OIKOPTUKaJIbHUX TBUHTIB y XpeOisix Th1l ta L1 He
MPU3BOJUTH 10 TIPUHLIMIIOBUX 3MiH XapaKTepy Harpyxe-
HO-1ehOpMOBaHOTO CcTaHy Mojesi (puc. 3). 3arajbHUit
PO3IIOIia 30H MiABUIICHOTO HAMPYXEeHHS OyB MOmIOHUM
IO TaKOTO B IIEPIiii MOIei 3 He3HAUYHUMHU KiTbKiCHUMU
BiIMiHHOCTSIMU.

V rpynHoMy Bimmini Hampy:eHHs1 B Tiai xpeous Thll
craHoBuiIo 8,4 MIla, y momkomkeHoMy xpebui Th12 —
2,1 MIla. ¥ nonepekoBUX XpeOIsiX BiIMiHHOCTI Oy/1u Mi-
HiMaJbHUMU: HaINpyXeHHs B Tl xpebus L1 Oyno neuio
meHmuM (17,7 MIIa), y po3ralioBaHuUX HUXKYE XpeOLsx
L3 i L4 — memo migBunrysanocst (16,3 Ta 17,4 MIla Binmo-
BinmHO). HaBKOJI0 TOUOK BXOAY 'BUHTIB 3MiHU TaKOX Oy
HE3HAUYHUMU: y Oykkax xpeoms Thll HampyKeHHS memio

sMmeHiryBajocs (7,2 MIla), y nyxkax xpeous L1 — 3poc-
tajo (8,1 MIla). binbie 3MiHIOBaBCS piBeHb HAIPYKEHHS
y rBuHTax. Tak, y rBUHTaX, ycTaHOBIeHUX Y xpeberb Thll,
MaKcHMaJbHe HaIlpy>XeHHs ctaHoBuJIo 47,7 MIla, y rBUH-
Tax, yctaHoBJIeHUX y xpebeub L1, — 41,8 MIla, 1110 3Ha4HO
repeBUIIye TTOKA3HUK Yy Mepluiii Mmoaei (27,2 MIla).

Takum yuHOM, OGiKOpTMKaidbHa (ikcallisi memo po3-
BaHTaXYy€E KIiCTKOBi CTPYKTypu (TiepeioMaHuii i CyMixHi
XpeOl11i) 3a paXyHOK Kpaloi (ikcalii rBUHTIB, ajie repe-
PO3MOIiI HaBaHTaXKEHHsI MPU3BOAUTDL IO 3POCTAHHST Ha-
MPYXeHHS B TBUHTaX, 0COOJIMBO B HIDKHBOMY cerMeHTi L1.
HanpykeHHsI B CrToJlydHUX OajqKax MpW TOBTUX TBUHTAX
neino 3MeHiryBajocs (124,8 MIla), o BKa3zye Ha nesike
IiIBUILIEHHS )KOPCTKOCTi KOHCTPYKIIil B LIIJIOMY.

Tpemsa modeap nokaszana, 10 3aTy4eHHS MOIIKOIXKE-
Horo xpebust Th12 y KOHCTpYKIIi0O 3a JOMOMOTOI0 JBOX
JIONATKOBUX TBUHTIB MPU 30€pEXEHHI KOPOTKUX IBUHTIB Y
xpebusix Th1l ta L1 npu3BoauTh 10 3MiH HaIpy>KeHO-/e-
(opMoBaHOro cTaHy nepeBaxKHoO B 30HaX, Oe3MocepeaHbO
OB sI3aHUX 3 iMITJIaHTaTaMu (puc. 4).

[lopiBHSAHO 3 MomeuTI0 O3 MPOMIKHMX T'BUHTIB Ha-
MPYXXEHHS B CYMiIXKHUX i3 TIepeJIOMOM XpeOlsix OyJI0 AeIIo
MeHIuM: y Timi xpeous Thll — 8,0 MIla (1a 10 % men-
1Ie), y nomkoakeHomy Tii xpeous Th12 — 2,1 MIla (y
nepiiii mogeni — 2,4 MIla). ¥ HUXHIX IONEPEeKOBUX
XpeOIIsIX 3apeeCTPOBAHO Ay>Ke HE3HAYHI 3MiHM: Y TiJli Xpeo-
s L1 — 18,4 MIla (Ha 2 % Ginbllie TOPiBHSTHO 3 MEPIIOI0
MoJesT0), y Titi xpeoist L4 — 17,2 MIla (1a 1 % 6imnbiire),
y Tini xpe6uis L2, L31i L5 — rakox Ha 1-2 % (15,6, 15,9 ta
10,3 MIla BinmoBigHO).

Takum 4YMHOM, BUKOPUCTAHHS TIPOMIXHMX TBUHTIB
JIENIO PO3BaHTaXy€E TepeIOMaHuil Xpebellb i po3ranioBa-
HU BUIIE XpeOellb, MePepO3NOaISIOUN YaCTUHY HaBaH-
TaXXeHHSI BHM3 KOHCTpYKIIieto. Lle minrBepmKyeTbcs aHa-
JIi30M HampyKeHHsI HaBKOJO I'BUHTIB: y OyXKaX XpeOlst
Th12 HaBKOJO BBEACHUX MPOMIXKHUX TBUHTIB BUHUKAJIO
HarpyxeHHs1 6au3bko 1,5 MIla, 1o cBimumiio mpo 3aity-
YEHHSI 1IbOTO PiBHS B Mepeaavy HaBaHTaXKEeHHsI. Y pe3yJib-
TaTi HANPY>XeHHST HABKOJIO OCHOBHUX IBUHTIB 3HIKYBAJIO-
cs: y myxxkax xpeous Thll — i3 7,5 mo 5,1 MIla, y myxxkax
xpeoms L1 — i3 7,5 mo 7,4 MIla. B ocHOBHUX TBUHTax
TakoX 3adiKCOBaHO TEHJEHIIiI0 10 3MEHIIEHHS HaBaH-
TaXKeHHsSI: MaKCUMaJbHe HampyXeHHs y I'BUHTaX, ycTa-
HoBsieHux y xpebeupb Thll, — no 39,5 MIla nopiBHsiHO 3
44,1 MIla B niepuiiii MozeJli, y TBUHTAX, YCTAHOBJICHUX Y
xpedeub L1, — no 28,3 MIla nopiBusHo 3 27,2 MIla (pi-
BEHb MTOXMOKU MOJIETIOBAHHSI).

VY nonarkoBuX rBUHTaX y Tisli xpeoO11s Th12 ekBiBasieHTHE
HarpyXeHHsI cTaHOBWJIO O1u3bKo 7,2 MIla, 1o cBiguuTh
PO YYacTh IIUX ITBUHTIB Y Mepeaadi YaCTUHY HaBaHTaXKeH -
HSI Kpi3b 3pyliHOBaHUI1 xpebelb. LlikaBo, 1110 BUKopucTaH-
HSI TIPOMIXKHUX TBUHTIB CIIPUYMHUIO 3HAUYHE 3POCTAHHS
HanpyKeHHsI y CTPMXKHAX KOHCTpyKIii (260,2 MIla, 1o
BIBiUi MepeBUIIYyE aHAJOTIYHUN MOKa3HUK y Mojelli 0e3
MPOMiXXHUX TBUHTIB).

Takum yuMHOM, nomaTkoBa ikcallisi TepeJoMaHOTo
XpeOlsl 1a€ 3MOTY 3HSITU YaCTUHY HaBaHTaXXEHHSI 3 OCHO-
BHUX TBUHTIB i HABiTh TPOXY PO3BAaHTAXKYE CYMiXHi XpeOlli,
ajie 3eKOHOMJICHI HaBaHTaXXeHHSI TiepeBaXkHO Oepe Ha cebe
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oropHa 6ajika KOHCTPYKILii, SIKa Tpaltoe B HATIPYKEHiIIO-
MY peXUMi.

Yemeepma modeap i3 3aCTOCYBaHHSIM TOBTMX TBUHTIB
i TIPOMIXKHMX TBUHTIB y Tl xpebusa Thl2 mokasama, 110
KoMOiHamisa OiKOPTUKAIBHUX TOBTUX TBUHTIB i3 J0IAaTKO-
BOIO (hiKcalli€lo TPaBMOBAHOI'O XpeOlLlsl 1a€ 3MOTY JOCSITU
HaWMEHIIIOrO piBHS HAIIPY>KE€HHSI B OUIBIIOCTI €JIeMEHTIB
mozeni (puc. 5). HanpyxeHo-aedopMoBaHUii cTaH Moe-
JIi XapaKTepHu3yBaBCsl 3HUKCHHSIM €KBiBaJICHTHUX Harpy-
>K€Hb MPAKTUYHO B YCiX KOHTPOJBbHUX TOYKAX IMOPIBHSIHO 3
nornepeaHiMu BapiaHTaMM.

VY T1ini xpebusg Thll HampyXeHHS 3MEHIIWJIOCS 10
0mu3bko 7,4 MIla, mo € HaHIKINM 3HAYEHHSIM ceper
ycix momeneii. Y Timi xpeousa Thl2 BennumHa HammpyXeH-
Ha (Oausbko 2,1 MIla) He Bigpi3HsIacs Bim moKa3HUKa
B TpeTiii Moneni. ¥ Tiii xpedus L1 HampyxXeHHsI cTaHO-
Bujo 17,9 MIla, 1o nmemio HuxX4Ye, HiXK y TPeTiid Mometi
(18,4 MIIa), Ta Majio MepeBUIIyBao TMOKA3HUK Y APYTiit
mozeni (17,7 MITa). ¥V Tinax xpe6uiB L2—L5 mokazHuku
HaIpy>XeHHsI OyJIu MOPiBHIHHUMM 3 TAKUMU B TPETii MO-
neni 3 BimxunenHsamu 0,1—-0,2 MITa.

HaBkoji0o TOYOK BXOAy TBUHTIB 3apeecTpOBAaHO Haii-
MCHIIMK piBeHb HAIpPYXKEHHS Cepel YCiX BapiaHTIB: y
nyxkax xpebus Thll — 4,9 MIla, y nmyxkax XpeOris
Th12 — 1,5 MIla, gx i B TpeTiit Moaeni, B Ay:KKax Xpeo-
s L1 — 8,0 MIla. PiBeHb HanpyXeHHsI y TBUHTaX, ycTa-

HoBJeHuX y xpedeub Thl1, cranoBus 43,5 MIla, 1o xeiio
MEePEBUIIYBAJIO ITOKA3HUK Y TPETilA MoeJi, aje OyJ10 MeH-
1Ie 3a TTOKAa3HUK Yy Apyriii Mozaeni (47,7 MIla). ¥ rBuHTAax,
yCTaHOBJIEHMX Yy Xxpebeub L1, HampyxXeHHsS CTaHOBUJIO
44,0 MIla, mo Oyn0 MakCUMaJIbHUM 3HAYEHHSIM Cepejl
ycix BapiaHTiB st L1, 30kpeMa mepeBuIyBago MOKa3HUK
y npyriit mozeni (41,8 MIla). Y rBuHTax, yCTaHOBJICHUX Y
xpebeup Th12, HanpyxeHHs ctaHoBwio 7,2 MIla, gk i B
TPETiii MOIeJIi.

Takum ynHOM, X04a JOmMaBaHHS IPOMIXKHUX TBUHTIB Y
KOMOiHallil 3 JOBT'MMU I'BUHTAMU AAJI0 3MOTY 3HM3UTHU Ha-
BaHTaXXEHHS Ha OUTBIIICTh KiCTKOBUX €JIEMEHTIB i TOUOK
BXOJly TBMHTIB, HaBaHTaXKeHHsI Ha TBUHTU B Xpeoui L1 3a-
JIMIIAJIOCS BUCOKUM. AK i B TpeTiii Moneli, Bindyocs pi3-
Ke 30iJIbIIIEHHSI HaIIpY»XKeHHS B CTpYKHSX 10 258,3 MIla,
110 BABIYi BUIlE 3a 0a30BUil piBeHb. OTXXE, KOHCTPYKIIisl 3
JIOBTMMHU I'BUHTAMU Ta IIPOMIXKHOIO (hiKcalli€lo 3a0e3mneuye
HaNOiIbIIYy XOPCTKICTh, ajie MpU LIbOMY 3HAYHO 3POCTAE
HATPYXXEeHHS B METAJIEBUX CTPUKHSIX.

AHaJi3 MOKa3HUKIB Y KOHTPOJBHMUX TOYKAX yCiX MOIe-
Jeit (Taba. 1) mokaszas, 110 BiIMiHHOCTI MiXK MOAEISIMU 3a
HAaIpy>KEeHHSIM Y KiCTKOBHUX eJIeMeHTaX MiHiMaJIbHi, TOMI SIK
Ha eJIeMEeHTU MEeTaJIOKOHCTPYKIIil iCTOTHO BIUIMBA€E COCIO
(ikcauii. BukopuctaHHsl 1OBIINX OiKOPTUKATbHUX TBUH-
TiB Ta OCOOJIMBO JOJATKOBUX I'BUHTIB y IOILIKOIKEHOMY
XpeO1li 3MiHIOE PO3ITOALT HaBaHTaXKEHHS MiXXK TBUHTAMU i1

Tabnuusa 1. HanpyxeHHs nig gieto KOMNPeciiiHOro HaBaHTaXX€HHs! y MOAEeJIsIX rPY[0NnonepPeKkoBoro
Bigpiny xpe6Ta 3 nowkoaXXeHHsIM Tina xpeobuss Th12 tuny A1 3a piaHux BapiaHTiB KOPOTKOI
TpaHcneaukynspHoi gikcauii

HanpyxeHHs, MlNa
KoHTponbHi Touku Mopaenb 6e3 npomixHNxX Mogaens i3 NpoMiXXHUMM
rBUHTIB rBUHTaMu
3oHa KopoTki revHTn | JoBri reuHTu | KopoTki reBMHTM | [lOBri rBUHTU
Tino xpebus Th9 4.1 4.1 4.1 4.1
Tino xpebus Th10 3,0 2,9 3,0 3,0
Tino xpebusa Th11 8,9 8,4 8,0 7,4
Tino xpebus Th12 2,4 2,1 2,1 2,1
Tino xpebus L1 18,0 17,7 18,4 17,9
Tino xpebus L2 15,8 15,8 15,6 15,6
Tino xpebus L3 16,2 16,3 15,9 15,9
Tino xpebus L4 17,0 17,4 17,2 17,2
Tino xpebus L5 10,4 10,4 10,3 10,3
HuxHsa 3aMukanbHa nnacTuHka xpebust Thi1 2,0 1,9 2,1 2,0
BepxHs 3amukanbHa nnactuHka xpebus L1 6,1 5,8 5,6 5,4
Bxig, rBvHTIB y Aayry xpebusa Th11 7,5 7,2 5,1 4.9
Bxig rBunTiB Yy Ayry xpebus Th12 - - 1,5 1,5
Bxig rBuHTiB Yy Ayry xpeobus L1 7,5 8,1 7,4 8,0
BMHTK B Tini xpebus Th11 44 1 47,7 39,5 43,5
BUHTK B TiNni xpebus Th12 - - 7,2 7,2
BUMHTK B Tini xpebus L1 27,2 41,8 28,3 44,0
OnopHi 6ankn 125,8 124,8 260,2 258,3
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crprkHsMU. JlonaTkoBa (ikcatist xpeous Th12 3meHIye
HaBaHTaXEHHsI Ha OCHOBHI T'BUHTH, YaCTKOBO II€PEHO-
CUTh MOTO Ha 3a3HaYeHUI Xpebellb i 3HAaUHOIO Mipolo — Ha
CTPVIKHI, IO TTPAIIOIOTh HA BUTHH.

O6roBopeHHs

PesynbpTaTi MomeatoBaHHS 3aCBiMYMIIN, IIIO BCi pO3IJISI-
HYTi BapiaHTH KOPOTKOI'O TPAHCIIEAUKYISIPHOIO OCTEOCUH-
Te3y 3a0e3MeuyloTh MOPiBHIHHUMN PO3IMOIil HaBaHTaXXeH-
Hs1 B 30Hi nepenomy Tuny Al. He3Baxkaloun Ha CTPYKTYpHi
BiIMiHHOCTI KOHCTPYKIIili, HaIIPy>X€HHS B Tijax XpeOliB
MPaKTUYHO HE BiIpi3HSIOCS 3a pi3HMX CcIOcoO0iB (hikca-
uii. Lle o3Havae, 1110 1IsT PO3BAHTAXKEHHSI TTOLIKOIKEHO-
ro xpeOiist Ta podiTaAKTUKKA HOrO0 BTOPUHHOI KOMIIpecil
OyIb-SIKMIA i3 JOCTIIKeHUX BapiaHTiB € e(DeKTUBHUIM.

Tum nepenomy Al, 10 € cTabiIbHUM KJIMHOMIOIIOHUM
KOMIIPECIiHUM TIepeIOMOM, HE CYIPOBOMIXYETHCS T10-
IIKOMKEHHSIM 3aIHiX CTPYKTyp, TOMY HaBiTh MiHiMaJabHa
KOHCTPYKIIisl 3 YOTUPHhOX TBUHTIB 3a0e3Ieuye HEeOoOXiaHy
CcTabiIbHICTh cerMeHTa. Lleii BUCHOBOK Y3rOIXKYETHCS 3
KJTIHIYHUMU JaHUMM MPO Te€, IO JJI BITHOCHO IMPOCTUX
KOMITpeCiiHUX MepeIoMiB KOPOTKHUI CIOHAMIIOAE3 AA€ 3a-
TOBIJIbHI pe3ybTaTh 0e3 000B’SI3KOBOTO 3aJy4eHHS TpaB-
MOBaHOTO xpebus [26]. OmHak i 6kl BUCOKOEHepre-
TUYHUX TOILIKO/XEHb, HATIPUKIIA BUOYXOBUX TEepPEIOMiB
tuny A3/A4, nomaBaHHS TTPOMIXXKHMX TBUHTIB ab0 TOI0-
BXeHHs (pikcallii CyTTEBO MOJIIIIIYE MPOTHO3, 3HWXKYIOUN
PU3UK iHCTPYMEHTAJbHOI HECIIPOMOXHOCTI Ta IicJsiomne-
paLiifHOi BTpaTu KOpeKIlil. 3a JaHUMU MeTaaHajisy, Ipu
CMOHAWIOAE3I IIiCThbMa TBUHTAMU i3 3aJTy4YEHHSIM KOMIIpe-
MOBaHOTO XpeblIls BTpaTta BUCOTH XpeO1ls Ta Kiho3y B Tiic-
JISIOTIepalliiHUi TIepiof € MEHIIOI0, a MOJIOMKa TBUHTIB,
1110 CIIPUSTIOTh 3MEHIIIEHHIO0 00JIbOBOTO CUHAPOMY B Malli-
€HTIB, € pigmoto [27, 28].

Takum yHOM, IOLIIBHICTh 3aCTOCYBAHHS ITPOMIXKHIX
TBUHTIB 3QJIEKUTh BiJl TSKKOCTI MOIIKOKEHHS: TIPY MPO-
CTUX KOMIIpeciiiHuX mepenomax Tuily Al edekrt crabiab-
HOCTI MiHiMaJIbHUI, TOMI SIK TIPU HECTAOIbHUX BUOYXOBUX
rnepejoMax JI0JaTKOBI TOUKM (hiKcallii iCTOTHO ITiABUIILY-
IOTh HAOiiHICTh KOHCTPYKIIii.

CripaBXHE MOJEIIOBaHHS T10Ka3ajio, IO MPOMiXHi
TBUHTHU B MOIIKOIKEHOMY XpeOlli Mepepo3IoAisiioTh Ha-
BaHTaXXCHHS: YacTMHA CUJIM, sIKa paHille mpuriagaia Ha
OCHOBHI TBUHTH Ta TIpUJIETJIi XpeOlli, nMepepo3noaiisieTh-
csl Ha JIOJATKOBI TBUHTU 11 KOMITPEMOBaHUIT XpeOelib, ajie
3HAYHO 3pPOCTA€ HaBaHTaXXEHHs Ha omnopHi Oanku. KoH-
CTPYKIIisI CTa€ XKOPCTKIIlIOI0, MEeHIIIe Ae(POPMYETHCS B 30Hi
mnepeaoMy, 110 3amo0irae IMOBTOPHIM KOMIIpeCii IOIIKO-
JI>KEHOTO Tijla XpeOolis.

BinoMo, 1o B KJIiHiYHIM MpakTUlli KOPOTKi YOTUPHU-
TBUHTOBI KOHCTPYKIIil HEPiNKO 3a3HAIOTh MOJOMKU CaMe
BHACJIiIOK MepeBaHTaXXeHHs KpaiiHiX TBUHTIB a00 BUTUMHY
CTPMKHIB Yy 30HI nepesomy. JlomaBaHHsI TBUHTIB rocepe-
NMWHI Ja€ 3MOTy 3MIITHUTU KOHCTPYKIIiIO Ta 3HU3UTU Ha-
BaHTaXXEHHS HAa TBUHTU.

OTpuMaHi pe3yJbTaTh Y3roKYIOThCs 3 TaHUMU, OTPU-
MaHUMHU B iHIIMX OiOMEXaHiYHUX MJOCHIDKeHHSX: IIec-
TUTBUHTOBI KOHCTPYKLii MalOTh OiJblIy >KOPCTKICTh i
3HUXYIOTb PiBEHb HAINPYXXEHHS Y TBUHTAX TOPiIBHSIHO 3

YOTUPUTBMHTOBUMU cuctemamu [29]. [esiki nocaiiHUKu
3a IOMOMOTOI0 MOJENIOBAHHS TMOKa3aiu, 10 JI0AaTKOBI
IBUHTH B KOMOiHAaIIii 3 IEeMEHTHUM 3MiITHEHHSIM Tijla Xpeo-
1151 3MEHIIYIOTh €KBiBaJICHTHE HAIPYXXEHHS SIK y TBUHTAX,
TaK i B CTPYZKHSIX KOHCTpYKIIii [30].

IHIIi aBTOpPM Big3HAYMIM TEHIEHIIIO OO0 30iLIbIICHHS
HAMNpyXeHHsSI camMe B OMOPHUX Oajkax Mpu BUKOPUCTAH-
Hi MPOMIXXHUX TBUHTIB, TOMi SIK HalIpy>KE€HHSI B OCHOBHUX
TBUHTAX 3HMXKYBanocd [5]. OTpuMaHi gaHi MiATBepIKYIOTh
TaKWil Mepepo3noia: 3MEHIIEHHSI HAIPYXXeHHS B TBUH-
Tax, ocob0MBO y BepxHboMy xpeobiti (Th11), ta 3poctaHHs
HaNpyXeHHSI B CTPMKHSIX. TaKUM YMHOM, XO4ya MPOMiXK-
Hi TBUHTM PO3BAHTaXYIOTh KPUTUYHI TOYKM (KOHTAKT
«TBUHT — KiCTKa», JIe YaCTO MMOYMHAETHCSI PO3XUTYBAHHS),
CJIil BpaXOBYBaTU 3pOCTAaHHSI HABAaHTAXEHHSI B METaJIeBO-
My KapKaci.

Illomo mOBXMHM I'BUHTIB OTPUMAaHi pe3yJbTaTU CBid-
4yaTh MPO BiTHOCHO HE3HAYHUI BILJIMB LIbOTO YUHHUKA HA
HarpyxeHo-1e(opMoOBaHUI CTaH MPU OCLOBOMY HaBaH-
TaxeHHi. BiKopTuKanabHiI I'BUHTH, 110 € JAOBTMMM i MpoO-
XOISITh Kpi3b TEPEeNHI0 KOPTUKAIbHY IJIACTUHKY, IEIIO
piBHOMIpHillle TIepeIatoTh HaBaHTAXKEHHSI Ha TiJIo Xpeo11s,
IO TPOSIBJISIIOCS HE3BHAYHUM 3HUKEHHSIM HATIPYXXeHHS B
KICTKOBiif TKaHWHI HABKOJIO TOYKW BXOJAY TBUHTIB i B Tijli
XpeOlisi BUIIE 3a TIEPEJIOM.

IlonmiOHi BUCHOBKM OTpMMAaHi i B iHIIMX poboTax. 30-
Kpema, ToKa3aHo, 110 [MOBHE 3aHYPEHHSI TBUHTA 10 TPOTU -
JIEXKHOI KOPTUKAJIbHOI CTIHKM 30i71bIIYE MIillHICTh CHUCTE-
MU «TBUHT — TiJIO XpeOlisl» 11010 €KCTPaKLii Ta 3MEHIIY€E
Mikpoaedopmallito KoHCTpykKii [9, 10]. ¥V uiit moaesni Gi-
KOPTUKAJIbHI TBUHTU TPOJEMOHCTPYBAJIM 3HUXKEHHSI Ha-
MPYXEHHSI B TiJlax MepeJOMaHOro Ta CYMiKHUX XpeOlliB
Ha 2—3 %, 1110 MOXHa BBaXkaTH HeCyTTEBUM. BomHouwac
HanpyKeHHsI B TBUHTaX 3p0CJI0 TOMITHO — 110 50 % y HIK-
HboMy rBUHTI (L1).

MoXI1BO, OOBII IBUHTU CIIPUKAMAIOTh OiIBIINI 3TH-
HaJIbHUI MOMEHT, OCOOJMBO KOJIM BiICYTHSI MiATpUMKa
MPOMIXKHUX eJIeMEeHTIB (Ipyra Mojejb). 3arajlioM pi3HUILIS
MiXX MOHOKOPTUKAJbHUMU i OiKOPTUKATbHUMU TBUHTAMU
3 MOMISIAY KJIiHIYHOI e(eKTUBHOCTI HaBpsi YU € 3HaUy-
1II010, OCKIJIbKM OOMIIBa TUIX 3a0€3MeuyIoTh cTadiIizalio
nepejomy Tury Al. BuGip MOBXWHU I'BUHTIB MOXE BU-
3HAYaTUCS AHATOMIYHUMU OCOOJMBOCTSIMU Ta IOCBIIOM
xipypra.

Kriniune 3HayeHHs ofepKaHUX pPe3yJIbTATiB IIOJISITAE
B OOIpyHTYBaHHI BUOOpPY MEHII iHBa3MBHOI TaKTUKU IIPU
JIiIKyBaHHi BiIHOCHO IPOCTUX KOMIIPECIHHUX IepeIoMiB
IPyIONONepeKoBoro Biaminy. JocmimkeHHs MiaTBepIKYeE,
o 1151 iepesioMiB TUIy Al KOpOTKa TpaHCIEAUKYISIpHA
(ikcauisg n1BoMa CyMiXHUMM XpeOLsIMU 0€3 MPOMIKHUX
TBUHTIB 3a0€3Ieuy€e JOCTATHIO CTA0UIBHICTD i MiHiMabHe
HaBaHTaXXKEHHSI Ha TOLIKOMKEHU I XpeOellb.

JlomaBaHHSI TBUHTIB Yy TIOIIKOIKeHe TiJio Xpebist Th12
JIMIIIe He3HAYHO 3MIHIOE PO3IIOAiT HAIIPYyXKEHHS B XpeO-
1LI5IX, TOMY 32 BiZICYTHOCTI iHIIIMX OKa3aHb (HeCTa0IbHICTh
a00 3HauyHe pyHHYBaHHS Tilia XpeOlisl) MOXHAa YHUKHYTU
3aiiBOi TpaBMaTu3allii, 0OMEXUBIIMCh YOTMPMa TBUHTA-
Mmu. Lle crpolilye onepaTuBHE BTPYyYaHHS, 3MEHILIYE OTO
TPaBMATUYHICTh i TPUBAIICTh, 110 aKTyaJbHO B MAlliEHTIB
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i3 JISTKUMM YIIKOKCHHSIMU Ta 0e3 3arpo3u HEBPOJIOTiu-
HUX ycKJagHeHb. OmHaK CJIil ypaxoByBaTH, 110 B 1IbOMY
TMOCITIIKEHHI MOJe/IIoBaIu JiMille KOMITpeciiiHe HaBaHTa-
JKEHHSI, TIPU iHIIUX TIaTepHax HaBaHTaXKeHHsI (3TMHaHHS,
PO3rMHAHHS, POTALlisl) Pe3yIbTaT! MOXYTb CYTTEBO Bilpi3-
Hsitucsa. OCTaToYHi BUCHOBKU MOXJIMBI JIMIIE ITiC/s T0-
BHOTO KOMILIEKCY OioMeXaHiYHUX eKCIIEPUMEHTIB.

MepcnekTuen NOACQAbLLUNX AOCAIAXEHDb

YV HacTynmHuX poOoTax MIaHYETHCS OiIbI NeTalbHE BU-
BUEHHSI HaIpy>XeHO-1ehOpPMOBAHOTO CTaHy Mojeseil 3a
pi3HUX TUMIB HaBaHTaxkeHHs. Ha OoCHOBI KOMIUIEKCHOTO
aHaJli3y 3 ypaxyBaHHSIM KJIiHIYHO1 3HAYYLIOCTi Oyne BU-
3HAYEHO ONTUMAJIbHY CTpaTerilo crabimizallii, Ky MOXHa
3aCTOCOBYBATH TPY TIJIaHYBaHHI XipypriyHOTO BTpYYaHHSI.

BUCHOBKMU

[MopiBHsIIBHMIT OGioMeXaHIYHWIT aHali3 BapiaHTIB KO-
POTKOTO TPAHCTIEAUKYJISIPHOTO CIIOHIMUIOAE3Y TpU Tie-
pesoMi Tuimy Al rpyaonomnepekoBOro Iepexoiay MoKasaB
BiICYTHICTb NPUHLMIIOBUX BiIMiHHOCTE! Y pO3MOIiIi Ha-
MPYKEHHS B eJeMEHTaX MoJesiell MiX KOHCTPYKUisIMU 3
JIOBIMMU 200 KOPOTKMMY TBUHTAMU, @ TAKOX 33 HASIBHOCTI
200 BiICYTHOCTI MPOMIXXHMX I'BUHTIB. Y Ci AOCTiIKEHI KOH-
diryparii ¢ikcanii 3abe3nevyoTh HamiliHy crabimizalliio
nepesoMaHoro XpeOisl Ta e(GEeKTMBHO PO3BAHTAXKYIOTh
loro mepeaHiil Bimmis.

3 ypaxyBaHHSM MiHiMaJbHUX OiOMEXaHIYHMX BiIMiH-
HOCTel mpu Bubopi Merony dikcarii mepeaoMiB Tumy Al
CJIiI KepyBaTUCS iHIIMMU KPUTEPiSIMHU, TIepeBaxkKHO Mpar-
HEHHSIM J0 MEHIIOI iHBAa3MBHOCTI Ta 3MEHUIEHHS OIle-
paliiiHuX pU3UKiB s maiieHTa. OTpuMaHi pe3yabTaTu
MiITBEPAXYIOTh TOCTATHICTh KOPOTKOI YOTUPUTBUHTOBOI
¢ikcalii 111 KOMIpeCciiHUX MepeioMiB TPYA0NOoNepeKo-
BOTO TIEpeXoly Ta OOIPYHTOBYIOTh KOHCEPBAaTHMBHILIWiA
Hinxim 7o BUOOpPY XipypridYHOi TAKTUKM IIPU 3a3HAYCHOMY
TUTTi TTOIIKO/KEHb.

Konduikr inTepeciB. ABropu 3asiBIsIIOTH PO BiACYT-
HiCTb KOHQJIIKTY iHTepeciB Ta BjlacHOi (hiHaHCOBOI 3alli-
KaBJICHOCTI IPU MiATOTOBII JaHOI CTATTi.

Buecok aBTopiB. Hexnonounn O.C. — KOHLEIMIIS Ta
nu3aiiH poOOTH, 30ip Ta aHali3 JaHUX, HATMCAHHS CTaT-
Ti, ocTaTo4yHe 3aTBepIXeHHs crtaTTi; Bep6oB B.B., Ye-
myk €.B. — 30ip Ta aHajii3 gaHWUX, KPUTUYHUIN OIJISI;
Kapninceknit M.KO. — koHueniisg Ta au3aitH poOOTH,
BiIMOBIiNAJIbHICTh 3a CTATUCTUYHMI aHajli3, HaIMCaHHS
CTaTTi, OCTaTOYHE 3aTBEPMIKEeHHS cTaTTi; Apecbko O.B. —
30ip Ta aHaJli3 JaHUX, BiAIIOBiIAJbHICTh 32 CTATUCTUYHUIMA
aHai3.

Cnuncok Aiteparypu

1. Du Plessis A, Van Schoor A, Wessels Q, Murphy P, Van
Schouwenburg F, Thuhua P, et al. Vertebrae at the thoracolum-
bar junction: A quantitative assessment using CT scans. Journal
of anatomy. 2022;240(6):1179-1186. doi: 10.1111/joa.13619.
PMID: 34958488.

2. Liebsch C, Wilke HJ. How Does the Rib Cage Affect the
Biomechanical Properties of the Thoracic Spine? A Systematic

Literature Review. Front Bioeng Biotechnol. 2022;10:904539.
doi: 10.3389/fbioe.2022.904539. PMID: 35782518.

3. Orbach MR, Mahoney J, Bucklen BS, Balasubramani-
an S. In vitro coupled motions of the whole human thoracic and
lumbar spine with rib cage. JOR Spine. 2023;6(3):e1257. doi:
10.1002/jsp2.1257. PMID: 37780824.

4. Alimohammadi E, Bagheri SR, Joseph B, Sharifi H,
Shokri B, Khodadadi L. Analysis of factors associated with the
failure of treatment in thoracolumbar burst fractures treated
with short-segment posterior spinal fixation. Journal of ortho-
paedic surgery and research. 2023;18(1):690. doi: 10.1186/
s13018-023-04190-w.

5. Xu C, Bai X, Ruan D, Zhang C. Comparative finite ele-
ment analysis of posterior short segment fixation constructs with
or without intermediate screws in the fractured vertebrae for
the treatment of type a thoracolumbar fracture. Comput Me-
thods Biomech Biomed Engin. 2024;27(11):1398-1409. doi:
10.1080/10255842.2023.2243360. PMID: 37553841.

6. Li K, Zhang W, Liu D, Xu H, Geng W, et al. Pedicle
screw fixation combined with intermediate screw at the fracture
level for treatment of thoracolumbar fractures: A meta-analy-
sis. Medicine (Baltimore). 2016,95(33):e4574. doi: 10.1097/
md.0000000000004574. PMID: 275375§6.

7. Liu H, Wang H, Liu J, Li C, Zhou Y, Xiang L. Biome-
chanical comparison of posterior intermediate screw fixation tech-
niques with hybrid monoaxial and polyaxial pedicle screws in the
treatment of thoracolumbar burst fracture: a finite element study.
Journal of orthopaedic surgery and research. 2019;14(1):122.
doi: 10.1186/s13018-019-1149-2. PMID: 31068193.

8. Kapoen C, Liu Y, Bloemers FW, Deunk J. Pedicle screw
fixation of thoracolumbar fractures: conventional short seg-
ment versus short segment with intermediate screws at the frac-
ture level — a systematic review and meta-analysis. European
Spine Journal. 2020;29:2491-2504. doi: 10.1007/500586-020-
06479-4. PMID: 32529525.

9. Bezer M, Ketenci IE, Saygi B, Kiyak G. Bicortical versus
unicortical pedicle screws in direct vertebral rotation: an in vitro
experimental study. J Spinal Disord Tech. 2012;25(6):E178-
182. doi: 10.1097/BSD.0b013e31825dd542. PMID: 22614270.

10. Shibasaki Y, Tsutsui S, Yamamoto E, Murakami K, Yo-
shida M, Yamada H. A bicortical pedicle screw in the caudad
trajectory is the best option for the fixation of an osteoporotic
vertebra: An in-vitro experimental study using synthetic lum-
bar osteoporotic bone models. Clin Biomech (Bristol, Avon).
2020;72:150-154. doi: 10.1016/j.clinbiomech.2019.12.013.
PMID: 31877533.

11. Vaccaro AR, Oner C, Kepler CK, Dvorak M, Schnake K,
Bellabarba C, et al. AOSpine thoracolumbar spine injury clas-
sification system: fracture description, neurological status, and
key modifiers. Spine (Phila Pa 1976). 2013;38(23):2028-2037.
doi: 10.1097/BRS.0b013e3182a8a381. PMID: 23970107.

12. Kepler CK, Vaccaro AR, Schroeder GD, Koerner JD,
Vialle LR, Aarabi B, et al. The Thoracolumbar AOSpine In-
Jjury Score. Global Spine J. 2016,6(4):329-334. doi: 10.1055/s-
0035-1563610. PMID: 27190734.

13. Peev N, Zileli M, Sharif S, Arif S, Brady Z. Indica-
tions for Nonsurgical Treatment of Thoracolumbar Spine Frac-
tures: WENS Spine Committee Recommendations. Neurospine.
2021;18(4):713-724. doi: 10.14245/ns.2142390.195.

40 TpaBMma, ISSN 1608-1706 (print), ISSN 2307-1397 (online)

Tom 26, N2 6, 2025



OpuriHaAbHI pocAiaXXeHHs / Original Researches I

14. Petitt JC, Desai A, Kashkoush A, Ahorukomeye P, Pot-
ter TO, Stout A, et al. Failure of Conservatively Managed
Traumatic Vertebral Compression Fractures: A Systematic
Review. World Neurosurg. 2022;165:81-88. doi: 10.1016/].
wneu.2022.06.053. PMID: 3572488 1.

15. Yaman O, Zileli M, Sentiirk S, Paksoy K, Sharif S.
Kyphosis After Thoracolumbar Spine Fractures: WFNS Spine
Committee Recommendations. Neurospine. 2021;18(4):681-
692. doi: 10.14245/ns.2142340.170. PMID: 35000321.

16. Tan T, Huang MS, Rutges J, Marion TE, Fitzgerald M,
Hunn MK, et al. Rate and Predictors of Failure in the Con-
servative Management of Stable Thoracolumbar Burst Frac-
tures: A Systematic Review and Meta-Analysis. Global Spine
J. 2022;12(6):1254-1266. doi: 10.1177/21925682211031207.
PMID: 34275348.

17. Nekhlopochyn OS, Verbov VV, Cheshuk 1V, Karpin-
sky MY, Yaresko OV, Korolkov 10. Finite element modeling and
optimization of biomechanical parameters of short stabilization
of burst fractures of the thoracolumbar junction under compres-
sion loading. Trauma. 2025;26(1):55-63. doi: 10.22141/1608-
1706.1.26.2025.998.

18. Nekhlopochyn OS, Verbov VV, Cheshuk 1V, Vorodi MV,
Karpinsky MY, Yaresko OV. Impact of transpedicular fixa-
tion on thoracolumbar junction burst fracture stability: a bio-
mechanical perspective. Ukrainian Neurosurgical Journal.
2024;30(3):30-37. doi: 10.25305/unj.303393.

19. Boccaccio A, Pappalettere C. Mechanobiology of Frac-
ture Healing: Basic Principles and Applications in Orthodontics
and Orthopaedics. In: Klika V, editor. Theoretical Biomecha-
nics. Croatia: InTech; 2011. P. 21-48.

20. Nekhlopochin A, Nekhlopochin S, Karpinsky M,
Shvets A, Karpinskaya E, Yaresko A. Mathematical Analy-
sis and Optimization of Design Characteristics of Stabilizing
Vertebral Body Replacing Systems for Subaxial Cervical Fu-
sion Using the Finite Element Method. Hirurgia pozvonocnika.
2017;14(1):37-45. doi: 10.14531/ss2017.1.37-45.

21. Nekhlopochyn OS, Verbov VV, Karpinsky MY, Yaresko OV.
Biomechanical evaluation of the pedicle screw insertion depth and
role of cross-link in thoracolumbar junction fracture surgery: a fi-
nite element study under compressive loads. Ukrainian Neurosurgi-
cal Journal. 2021;27(3):25-32. doi: 10.25305/unj.230621.

22. Cao F, Zhang T, Ryder MA, Lados DA. A Review of
the Fatigue Properties of Additively Manufactured Ti-6AI-4V.
JOM. 2018,70(3):349-357. doi: 10.1007/511837-017-2728-5.

Information about authors

23. Niinomi M. Mechanical biocompatibilities of titanium al-
loys for biomedical applications. J Mech Behav Biomed Mater.
2008;1(1):30-42. doi: 10.1016/jjmbbm.2007.07.001. PMID:
19627769.

24. Popsuyshapka KO, Teslenko SO, Popov Al, Karpin-
sky MY, Yaresko OV. Study of the stress-strain state of the
spine model for various methods of treatment for fractures of the
bodies of the thoracic spine. Trauma. 2022;23(5):53-64. doi:
10.22141/1608-1706.5.23.2022.916.

25. Radchenko V, Popsuishapka K, Yaresko O. Investiga-
tion of stress-strain state in spinal model for various methods of
surgical treatment of thoracolumbar burst fractures (Part one).
Orthopaedics, Traumatology and Prosthetics. 2017;1:27-33.
doi: 10.15674/0030-59872017127-33.

26. Wang J, Yang H, Ganau M, Wang Y, Miao J, Yan L,
et al. A comparative analysis of three distinct approaches for
the management of type Al traumatic thoracolumbar fractures:
a retrospective cohort study with a minimum 6-year follow-up.
Journal of orthopaedic surgery and research. 2025;20(1):856.
doi: 10.1186/513018-025-06262-5. PMID: 41013774.

27. Wang H, Zhao Y, Mo Z, Han J, Chen Y, Yu H, et al.
Comparison of short-segment monoaxial and polyaxial pedicle
screw fixation combined with intermediate screws in trau-
matic thoracolumbar fractures: a finite element study and
clinical radiographic review. Clinics (Sao Paulo, Brazil).
2017;72(10):609-617.  doi:  10.6061/clinics/2017(10)04.
PMID: 29160423.

28. Vilela A, Couto B, Ferreira D, Cruz A, Azevedo J,
Pereira J, et al. Risk factors for failure in short segment pe-
dicle instrumentation in thoracolumbar fractures. Brain Spine.
2025;5:104266. doi: 10.1016/j.bas.2025.104266. PMID:
40417011.

29. Farrokhi MR, Razmkon A, Maghami Z, Nikoo Z. In-
clusion of the fracture level in short segment fixation of thora-
columbar fractures. Eur Spine J. 2010;19(10):1651-1656. doi:
10.1007/500586-010-1449-7. PMID: 20495932.

30. Zhang GA, Zhang WP, Chen YC, Hou Y, Qu W, Ding LX.
Efficacy of Vertebroplasty in Short-Segment Pedicle Screw
Fixation of Thoracolumbar Fractures: A Meta-Analysis. Med
Sci Monit. 2019;25:9483-9489. doi: 10.12659/msm.917253.
PMID: 31829312.

Otpumaro/Received 04.09.2025
PevjeH3oBaHo/Revised 17.09.2025
TMpwiiHsiTo fo apyky/Accepted 08.10.2025 |

Oleksii S. Nekhlopochyn, PhD in Medicine, Neurosurgeon, Senior Research Fellow, Department of Spinal Pathology, Romodanov Neurosurgery Institute of NAMSU, Kyiv, Ukraine; e-mail: AlexeyNS@gmail.com;

phone: +380 (95) 033-04-48; https://orcid.org/0000-0002-1180-6881

Vadym V. Verbov, PhD in Medicine, Neurosurgeon, Department of Restorative Neurosurgery, Romodanov Neurosurgery Institute of NAMSU, Kyiv, Ukraine; e-mail: v.verbov@gmail.com;

https://orcid.org/0000-0002-3074-9915

Yevhen V. Cheshuk, PhD in Medicine, Neurosurgeon, Department of Restorative Neurosurgery, Romodanov Neurosurgery Institute of NAMSU, Kyiv, Ukraine; e-mail: evcheshuk@gmail.com;

https://orcid.org/0000-0002-8063-2141

Mykhailo Yu. Karpinsky, Senior Research Fellow, Biomechanics Laboratory, Sytenko Institute of Spine and Joint Pathology of NAMSU, Kharkiv, Ukraine; e-mail: korab.karpinsky9@gmail.com;

phone: +380 (67) 571-48-63; https://orcid.org/0000-0002-3004-2610

Oleksandr V. Yaresko, Junior Research Fellow, Biomechanics Laboratory, Sytenko Institute of Spine and Joint Pathology of NAMSU, Kharkiv, Ukraine; e-mail: avyresko@gmail.com; phone: +380 (57) 725-14-74;

https://orcid.org/0000-0002-2037-5964

Conflicts of interests. Authors declare the absence of any conflicts of interests and own financial interest that might be construed to influence the results or interpretation of the manuscript.
Authors’ contribution. 0.5. Nekhlopochyn — work concept and design, data collection and analysis, writing the article, final approval of the article; V.V. Verbov, Ye.V. Cheshuk — data collection
and analysis, critical review; M.Yu. Karpinsky — work concept and design, responsibility for statistical analysis, writing the article, final approval of the article; 0.V. Yaresko — data collection and

analysis, responsibility for statistical analysis.

Tom 26, N2 6, 2025

www.mif-ua.com, https://tfrauma-journal.com 41



I OpuriHaAbHi pocAiaXXeHHs / Original Researches

O.S. Nekhlopochyn?, V.V. VerboV’, Ye.V. Cheshuk’, M.Yu. Karpinsky?, O.V. Yaresko?

'Romodanov Neurosurgery Institute of NAMSU, Kyiv, Ukraine

2Sytenko Institute of Spine and Joint Pathology of NAMSU, Kharkiv, Ukraine

Stress-strain state of a thoracolumbar spine model with a Th12 type A1 vertebral fracture
under short-segment pedicle fixation: analysis of compressive loading

Abstract. Background. Fractures of the thoracolumbar junction
(Th11-L2) are among the most common spinal injuries and frequently
lead to post-traumatic deformities and neurological complications.
The most widespread surgical treatment is short-segment pedicle fixa-
tion; however, questions remain regarding the necessity of including
the fractured vertebra in the construct and the optimal screw length.
Objective: to evaluate the stress-strain state of the thoracolumbar spine
with a Th12 vertebral body fracture of type Al according to the AO
Spine classification, and to determine the influence of the main ped-
icle screw length and the presence of intermediate screws in the frac-
tured vertebra during short-segment fixation. Materials and methods.
A three-dimensional finite element model of the thoracolumbar spine
(Th9-L5) was constructed based on computed tomography data. A
type Al Th12 vertebral body fracture (AO Spine classification) was
simulated. Four short-segment pedicle fixation configurations were
analyzed: short screws without intermediate screws; long screws with-
out intermediate screws; short screws with intermediate screws in the
Th12 vertebral body; long screws with intermediate screws in the Th12
vertebral body. An axial compressive load of 350 N was applied. Stress

distribution was analyzed using the finite element method according
to the von Mises criterion. Results. The distribution of stresses in the
vertebral bodies showed only minor variations (2—3 %) across the
models. The basic four-screw construct provided sufficient unloading
of the fractured vertebra. Adding intermediate screws reduced stress in
the main screws, particularly at Th11, but doubled stress levels in the
supporting rods. The use of long bicortical screws exerted a moderate
unloading effect on the bony structures but increased stress within the
screws themselves, especially at L1. Conclusions. In cases of type Al
compression fractures requiring surgical management, short-segment
four-screw fixation ensures adequate spinal stability while minimizing
the mechanical load on the fractured vertebra. The use of long screws
and additional intermediate screws is more appropriate for severe in-
juries, whereas in simple compression fractures such modifications do
not offer significant biomechanical advantages but increase surgical
invasiveness.

Keywords: thoracolumbar junction; Th12 fracture; compression
fracture; pedicle fixation; intermediate screws; bicortical screws; fi-
nite element modeling
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Incidence of hypertrophic scar in burn patients

Abstract. Background. Hypertrophic scarring represents an aberrant response to burn injuries and is the result
of excess collagen deposition, persistent inflammatory mediators, and excessive proliferation of fibroblasts. They
form distinctive, raised, thickened, and erythematous tissue that remains within the borders of the original wound
but can lead to considerable aesthetic and functional morbidities. If wound healing is delayed or poorly ma-
naged, hypertrophic scars may persist for months or even years unlike keloid scars, which may never regress over
time. Objective: to assess the incidence and functional characteristics of hypertrophic scars in burn patients.
Materials and methods. This is a cross-sectional study that was performed at Al-Nasiriya Teaching Hospital in Thi-
Qar Province during the period from November 1, 2024, to February 1, 2025. Twenty participants were randomly
selected. Structured interviews and a questionnaire-based form were used for data collection, including demo-
graphics and evaluation of burn injuries (burn cause, severity, location, signs and symptoms, hypertrophic scar
formation, and freatment interventions). Ethical considerations protected the anonymity and confidentiality of
participants. Results. A fotal of 20 subjects were included in the study, with 10 people per age range (15-30 and
31-60 years). 60 % of the sample was male, and 55 % of participants were from rural regions. The most frequent
injury was a thermal burn (70 %), followed by oil (20 %) and chemical burns (10 %). Second-degree burns were
the most common (70 %), and 35 % of the subjects experienced loss of sensation. The most common site for scars
was the lower limb (30 %). The most frequent clinical presentation was itching (70 %), followed by pain and limita-
tion in movement (20 %). Treatments included steroid injections (35 %) and daily dressing changes (25 %); how-
ever, 30 % of patients had not received any prior freatment. No scar prevention measures were applied (100 %).
Conclusions. The most common category is thermal burns, and the majority are second-degree burns. The most

frequent site of scarring is the lower limb and ifching developed as the most frequent symptom.
Keywords: hypertrophic scar; burn; itching,; second-degree burns; thermal burn

Introduction

Hypertrophic scarring represents an aberrant response to
burn injuries and is the result of excess collagen deposition,
persistent inflammatory mediators, and excessive proliferation
of fibroblasts. They form distinctive, raised, thickened, and ery-
thematous tissue that remains within the borders of the original
wound, but can lead to considerable aesthetic and functional
morbidities. If wound healing is delayed or poorly managed,
hypertrophic scars may persist for months or even years unlike
keloid scars, which may never regress over time [1].

Hypertrophic scars can develop in burn patients with an
incidence rate ranging widely based on the severity of the
burn, the depth of the damage, and the quality of the wound
care received, as well as each patient’s genetic predisposi-
tion to developing those types of scars [2].

Thickened or hypertrophic scarring is reported to occur
in 30—90 % of deep dermal burns, especially those that take
longer than three weeks to heal. In this study, the most com-

mon site of hypertrophic scars was the lower limb (30 %),
while the left arm, upper trunk, and upper limb were equally
predominant (20 % each). The most frequent symptom
was itching (70 %), but pain (20 %) and movement limita-
tions (10—20 %) were also common, especially when scars
formed across joints [3].

There are multiple factors contributing to hypertrophic
scar formation in burn patients. Burn severity and depth are
particularly critical, second- and third-degree burns are a sig-
nificant complication, as they destroy deep skin layers and re-
sult in slow, difficult wound healing. With delayed closure of
wounds (> 3 weeks), there is increased fibroblast activity and
collagen synthesis, resulting in hypertrophic scars [4].

Wound infections, repeated irritation, or improper burn
care can cause chronic inflammation, which additionally
promotes the proliferation of fibroblasts and thereby con-
tributes to the formation of hypertrophic scars. Genetic pre-
disposition also plays a major role, with those who have a
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darker skin tone or family members with a history of hyper-
trophic scarring being more prone. In highly mobile arecas
such as the joint (elbow, wrist, knee), neck and shoulders,
mechanical tension on the wound site can cause excessive
collagen production and scar hypertrophy [5].

Location, size, and duration determine the symptoms of
hypertrophic scars. In clinical examination, hypertrophic
scars appear as tight, elevated, and erythematous lesions
that are confined to the same area of the burn. These scars
are typically characterized by persistent erythema, increased
vascularization, and thick fibrotic tissue leading to restric-
tion and stiffness over time [6].

[tching (pruritus) and discomfort are common complaints.
One of the results of excess collagen deposition and persistent
inflammation is the irritation of nerves. There may be pain
and tenderness, especially if internal tissues are tested against
external pressure or are moved. Hypertrophic scar formation
over joints can lead to a restricted range of motion resulting
in functional impairment and contractures as seen in 10 % of
wrist- and 20 % of elbow-involved scars in this study [7].

Hypertrophic scars are diagnosed mainly by clinical fea-
tures, including patient history, time to wound healing, and
physical examination. This includes assessment of the scar
for thickness, texture, color, vascularity, and symptoms
(itching, pain, stiffness). Hypertrophic scars usually arise
within 4—8 weeks after burn wound closure, whereas keloid
scars may occur later and extend beyond the boundaries of
the original wound. Scar assessment scales such as the Van-
couver Scar Scale can be utilized to objectively assess scar
height, pliability, pigmentation, and vascularity [§—11].

Hypertrophic scars are an inevitable consequence of
burns, and they can lead to significant morbidity for patients.
Their management requires a multimodal approach to scar
thickness reduction, functional restoration, and improved
cosmetic.

Materials and methods
Study design

A cross-sectional study was conducted to assess the in-
cidence and characteristics of hypertrophic scars in burn
patients at Al-Nasiriya Teaching Hospital in Thi-Qar Pro-
vince, which receives patients from all over the region. The
date range of the study periods was from November 1, 2024,
to February 1, 2025.

Sampling technique

The study involved 20 subjects who were randomly re-
cruited from the hospital’s burn unit. The population in-
cluded both males and females who were burn victims re-
ceiving treatment or follow-up for previous burn injuries.

Data collection

Data were obtained using structured interviews per-
formed by the investigator. A standardized form, compri-
sing two sections in a questionnaire format, was utilized.

The first section collected demographic data such
as age, sex, occupation, residence, medical history and
medication history. The second section focused on burn
injury evaluation, including the cause of burn, burn se-

verity, burn site, and associated symptoms, as well as the
presence of hypertrophic scars (if any) and prior treat-
ment interventions.

The assessment comprised details on burn wound healing,
scar formation, and complications associated with the heal-
ing process, like itching, pain, and movement restrictions.

Ethical approval

No personally identifying or sensitive patient data were
collected in conducting this study. Anonymity and confi-
dentiality were ensured throughout the research process.

Statistical analysis

Data were organized and analyzed using Microsoft Excel
2013 and SPSS Statistics v21. Descriptive statistics, in terms of
frequency and percentage, were used to summarize variables.

Results

Depending on age, the participants were distributed into
two equal classes: half (50 %) were in the 15—30-year range
and half (50 %) in the 31—50-year range. As for sex status,
60 % were male while 40 % were female. In terms of oc-
cupation, most patients were employees (70 %), while stu-
dents represented the remaining 30 % of cases. Of the par-
ticipants, 55 % lived in rural areas and 45 % in urban areas
for residency. As far as comorbidities are concerned, 85 %
ofthe subjects did not have any comorbidity, while 15 % had
it. As for medical and surgical history, 90 % had no prior
medical or surgical history, while 10 % had such a history.
The history of drug use indicated that 5 % of the patients
had a history of drug abuse. The timing of burn injuries was
as follows: 90 % occurred within 7 months to 1 year, and
10 % within 1 to 6 months. Finally, 85 % of the patients
developed scars 3 to 6 months post-procedure and 15 % — 7
to 10 months post-procedure (Table 1).

Table 2 shows the burn injury history and characteristics
of 20 study participants. Thermal burn was the most common
cause of burn injury (70 %), followed by oil (20 %) and chemi-
cal burns (10 %). Second-degree burns (70 %) were predomi-
nant in severity, while 30 % of patients had third-degree burns.
Relatedly, 75 % of participants reported blisters, while 25 % did
not develop them. Burns varied in appearance, with 50 % of
subjects presenting with burn lines that were pink or red, 25 %
having white burns, 20 % reporting black burns, and 5 % hav-
ing pink burns only. 65 % of participants retained sensation at
the burn site, but 35 % showed loss of sensation.

Table 3 demonstrates the history of complications in the
study sample of 20 participants, including scar location and
associated symptoms. In terms of scar location, the lower
limb was the most commonly involved site (30 %), followed
by the left arm (20 %), upper trunk (20 %), and upper limb
(20 %), with hand scars being the rarest at 10 %. Itching was
the most common symptom affecting 70 % of participants.
Elbow pain and limited motion of the elbow were present
in 20 % of the cases, while limited motion of the wrist was
found to be the least common occurring in 10 %.

Table 4 presents the management and prevention prac-
tices implemented for a total of 20 participants in this study.
The treatment included steroid injection, which was the
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most commonly administered modality (35 %), followed
by daily dressing changes (25 %). Interestingly, 30 % of the
patients had not received treatment for the disease before,
and 10 % of the cases were treated using the excision graft
approach. From the perspective of scar prevention, the data
show that 100 % of patients did not use specific preventive
measures.

Discussion

This study examined the incidence of hypertrophic scars
among burn patients taking into account demographics, burn
degree, complications, infection types, and management.

50 % of the participants were in the age group of 15—30
years and the other half were between 31 and 50 years.
Also, 60 % of patients were male, and 40 % were female,

Table 1. Distribution of the study sample by demographic data

Variable Ranking and intervals Frequency Percentage
A 15-30 10 50.0
e grou
ge group 31-50 10 50.0
Female 8 40.0
Gender
Male 12 60.0
. Employee 14 70.0
Occupation
Student 6 30.0
Rural 11 55.0
Residency
Urban 9 45.0
Don’t have 17 85.0
Comorbidities
Have 3 15.0
Don’t have 18 90.0
Medical history
Have 2 10.0
Don’t have 18 90.0
Surgical history
Have 2 10.0
Don’t have 19 95.0
Drug history
Have 1 5.0
1-6 months 2 10.0
Burn date
7 months to 1 year 18 90.0
3-6 months 17 85.0
Scar onset
7-10 months 3 15.0
Table 2. Distribution of the study sample by history of burn
Variable Ranking and intervals Frequency Percentage
Chemical burn 2 10.0
Injury cause Qil burn 4 20.0
Thermal burn 14 70.0
. Second-degree 14 70.0
Burn severity
Third-degree 6 30.0
Don’t have 5 25.0
Blister
Have 15 75.0
Black 4 20.0
Pink 1 5.0
Color of burn
Pink, red 10 50.0
White 5 25.0
Intact 13 65.0
Sensation
Lost 7 35.0
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Table 3. History of complications in the study sample

Variable Ranking and intervals Frequency Percentage
Hand 2 10.0
Left arm 4 20.0
Scar location Lower limb 6 30.0
Upper limb 4 20.0
Upper trunk 4 20.0
Itching 14 70.0
Limitation of wrist
Symptoms movement 2 10.0
Pain and limitation in elbow 4 20.0
Table 4. Management and prevention in the study sample
Variable Ranking and intervals Frequency Percentage
Daily dressing change 5 25.0
Excision graft 2 10.0
Treatment received -
Not treated previously 6 30.0
Steroid injection 7 35.0
Scar prevention Not specific 20 100.0

which is comparable to that of Kumar et al. (2022) [12]
who showed that male patients experience more burn
injuries than females because of their focus on profes-
sional availability and risk-taking behaviors. In common
with the findings by Bloemen et al. (2009) [13], the study
also identified that 55 % of patients came from rural are-
as highlighting that burn injuries are prevalent in rural popu-
lations with limited healthcare access and increased expo-
sure to these dangerous conditions. In fact, 85 % of patients
had no comorbidities and 15 % reported underlying medical
conditions, which also highlights the conclusion by Finner-
ty et al. (2016) [14] that some comorbid conditions, includ-
ing diabetes, and hypertension, can hinder wound healing
and result in the formation of hypertrophic scars.

The frequency of burn injuries in this study was as fol-
lows: thermal burns — 70 %, oil burns — 20 % and chemical
burns — 10 %, which align with Domenico et al. (2023) [15]
who concluded that flame and scald burns are the leading
cause of burn injuries worldwide. Burn grading revealed sec-
ond-degree burns in 70 % of patients and third-degree burns
in 30 %, consistent with Bloemen et al. (2009) [13] who re-
ported that second-degree burns are more likely to develop
hypertrophic scarring because the healing process can be
prolonged, and fibroblasts are active at the site for longer.
The color of admission burns was pink, red, or white, and
blanching was observed in 10 % of patients only, which is
similar to the findings of Finnerty et al. (2016) [14] that
non-blanching burns are often indicative of deeper tissue
damage and delayed healing. This also confirms research by
Domenico et al. (2023) [15]: in 75 % of the cases, blisters
were observed, emphasizing that blistering indicates deep
dermal burns and greater potential for hypertrophic scar-

ring. Sensation assessment revealed intact sensation in 65 %
of cases, while 35 % had a loss of sensation similar to Gaug-
litz et al. (2011) [11] who reported that deeper burns, which
damage nerve endings, frequently result in sensory deficits
and prolonged inflammation.

Similarly, the study also identified 30 % of patients de-
veloped hypertrophic scars and reported that itching was the
most common symptom (70 %), followed by limited move-
ment of the wrist (10 %), pain and limitation in elbow (20 %).
This is in accordance with Bloemen et al. (2009) [13], which
made the same conclusion that itching is the most common
symptom of hypertrophic scars as a result of the excessive
activity of mast cells and histamine release. Scars in areas
subjected to high mechanical tension, including the lower
extremities and upper trunk, tend to develop hypertrophic
changes more frequently, which adds credence to the study
conducted by Domenico et al. (2023) [15] showing that me-
chanical force on the healing tissue drives excessive collagen
deposition and scar maturation.

Burn treatment was as follows: 35 % of patients received
steroid injections, 25 % underwent daily dressing changes,
30 % were untreated in the past, and 10 % received excision
grafting. This is consistent with Finnerty et al. (2016) [14]
who noted that steroid injections are a good treatment for hy-
pertrophic scars because they inhibit fibroblast proliferation.

Early excision and grafting have been shown to be critical
modifiable interventions in improving outcomes by reduc-
ing prolonged inflammatory phases; yet, this was performed
in only 10 % of cases — indeed lower than in other stu-
dies. Furthermore, 30 % of patients were untreated. Gaug-
litz et al. (2011) [11] found that untreated burns are at a
much higher risk of developing serious hypertrophic scars.
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Figure 1. Female, 16 years old, scaled burn on limbs, keloid scar 7 months after burn (third-degree),
main symptom is itching, and treatment is daily dressing

Figure 2. Oil burn on the lower limb. Four months after it, there is still resistance
to steroid injection sessions

-~ i
Figure 3. Trauma to the lower limb due to RTA one
year ago, hypertrophic scar appeared 3 months
after trauma
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Conclusions

These findings illustrate the clinical features and demo-
graphic variables of burn injuries in the study population.
The most common categories were thermal burns, and the
majority were second-degree burns. The most frequent site
of scarring was the lower limb and itching developed as the
most frequent symptom.

Recommendations
1. Management of burn wounds. Following a standard
for treatments can minimize the risk of hypertrophic scars

through adequate cleansing, well-fitted dressing, and early
intervention.

2. Strategies to prevent scarring in burn patients. Intro-
duction of pressure therapy, silicone gel sheeting, and hy-
dration techniques.

3. Patient education. Educate burn patients about ade-
quate wound care, early scar management, and the impor-
tance of follow-up treatment to optimize outcomes.

4. Longitudinal studies. Design and execute more perspec-
tive, larger-scale studies addressing the risk factors and long-
term outcomes of hypertrophic scars occurring in burn patients.

Figure 4. Old diabetic male with a history of upper limb burn (7 months ago),
hypertrophic scar about 6 months after burn, good response to steroid injection after 3 sessions

Figure 5. A history of scald burn (third-degree) of 30—-40 % of the upper limb, hypertrophic scar
developed 3—-6 months after it, post-resection of hypertrophic scar due to limitation of wrist movement,
the result is 2—3 months after the surgery (excision and grafting)
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HYacToTa BUHUKHEHHS rinepTpodiyHnX py6uiB y NALIEHTIB 3 onikamun

Pe3tome. Axmyaavnicms. Tineprpodiuni pyoui ABIsSIOTH COG0I0
aHOMaJIbHY peakllilo Ha OMiKOBi TPaBMM Ta € Pe3yIbTaTOM HaaMip-
HaaMmipHoOi Tiposideparii (idbpobimacTiB. BoHr yTBOpIOIOTH Xapak-
TEpHyY MiTHSATY, MOTOBIIEHY i €pUTEMaTO3HY TKaHWHY, 110 3aJIMIIIa-
€ThCsI B MeXKax MOYaTKOBOI PaHM, ajle MOXe TMPU3BECTH A0 3HAYHUX
eCTeTMYHUX Ta (PYHKIIIOHATBHUX MTOPYIIEHb. SIKIIIO 3aTOEHHST paHU
3aTPUMYEThCS a00 BilIOYBAEThCS HEMPABWILHO, TillepTpodiuHi pyo-
11i MOXYTb 30epiratucsi MicsiLsIMUA a00O HaBiTb pOKaMM Ha BiIMiHY
Bill KEJIOIMHUX pYOLIiB, 1110 MOXYTh HiKOJIU He perpecyBat. Mema:
BU3HAYUTH YaCTOTY Ta (PYHKIIIOHATbHI XapaKTepUCTUKHU TillepTpo-
biuHMx pyOLiB y mauieHTiB 3 omikamu. Mamepiaiu ma memoou.
Ile mepexpecHe MOCTIIXEHHsI TMPOBEACHE B HaBYAIbHIN JiKapHi
Anb-Hacipist (mposinitist Ti-Kap, Ipak) y nepion 3 1 aucronana 2024
poky o 1 motoro 2025 poky. JIBaausrTh y4acCHUKIB OyJv BimiOpaHi
BUITAIKOBUM YMHOM. J17151 300py TaHMX, BKITIOYHO 3 ieMorpadiuHu-
MM TTapaMeTpaMHM Ta OLIIHKOIO OIiKOBUX TpaBM (ITPUYMHA, TSKKICTb,
JIOKaJi3allisi Oriky, 03HaKH i CHMIITOMU, YTBOPEHHSI TinepTpodiuHo-
ro pyous i JIikyBaJbHi BTpY4aHHsI), BUKOPUCTOBYBaJIU CTPYKTYPO-

BaHi iHTepB’10 Ta aHKeTyBaHHS. ETMUHI MipKyBaHHS 3a0e31euyBain
AHOHIMHICTb i KOH®bineHiliHicTh natieHTiB. Pe3yibmamu. Y noci-
IDKEeHHI B3s1M ydacThb 20 ocib, mo 10 y KoXXHOMY BiKOBOMY Jiarta3oHi
(15—30 i 31-50 pokiB). 60 % BUGIpKKM CTAHOBWJIM YOJIOBIKM, a 55 %
TMAaLEHTIB OYJIM 3 CLTbChKOI MiciieBocTi. HaituacTinoro TpaBMoio OyB
Tepmiunuii omnik (70 %), naini omniku oniero (20 %) ta ximiuHi oniku
(10 %). Ormiku gpyroro crynens Oy HaiitnommpeHimmmu (70 %),
35 % yJacHMKIB CKapXKMJIMCSl Ha BTpaTy uyyminBocTi. Haityactitmm
MiclieM YTBOpeHHsI pyOuiB Oysa HyKHS KiH1iBKa (30 %). Haitbinbiu
MOLIMPEHNUM KJTIHIYHUM TPosiBoM OyB cBepbix (70 %), moTiM Oib
Ta oOMexeHHs1 pyxyuuBocTi (20 %). JlikyBaHHSI BKJIIOYAJIO iH €KLl
crepoiniB (35 %) Ta woxeHHy 3MiHy MoB’s130K (25 %), onHak 30 %
TMALEHTIB HE OTPUMYBAJIM XOIHOTO JiKyBaHHS. 3aX0IM 1IOJO MPO-
(dinaktuku pyoLioBaHHs He 3actocoByBaiu (100 %). Buchoexu.
HaiinolupeHiilioro KaTeropiero omnikiB OyJiv TepMidHi, OUIBLLIICTS i3
HMX — Jpyroro ctyrneHs. Haiigacrime pyoii (hoopMyBaaucst Ha HUXK-
HiX KiHIliBKax, a cBepOiK OyB HAMOLIMPEHIILIM CUMIITOMOM.
Kir040Bi cj1ioBa: rineprpodiunuii py6elin; omik; cBepOix; omiku
JIPYroTo CTYTEHS; TEPMiIYHUIA OITiK
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PeKOHCTPYKTUBHI onepauii
AMMNYTALIMHUX KYKC FOMIAOK BHOCAIAOK
60MOBOI TPOBMU

Pestome. AKTyanbHiCTb. [10BHOMACLUTAGHI BOEHHI All CYMDOBOAXKYIOTLCST 3POCTAHHSIM KIABKOCTI MOPAHEHMX i3
TSDKKUMU YLLIKOAXKEHHSIMW KIHLIBOK, O YOCTO MOTpebyroTs aMmiyTauiv. He3Baykaroym HQ BAOCKOHQAEHHS Xipyp-
MYHWX TEXHOAOTIN, Y 3HQYHOI YQCTUHW MALIEHTIB MICAST QMMYTALT HUDKHIX KIHLIBOK $OPMYKOTECSI MATOAOMYHO 3Mi-
HEHI KyKCH, LLIO YCKAQAHIOE iX MPOTE3yBAHHS TQ MOAQABLLY peabiAitauito. MeTa: rmiABULLEeHHST epeKTUBHOCTI pe-
KOHCTPRYKTUBHO-BIAHOBHOIO AiKYBAHHSI MALLIEHTIB i3 A€DEKTAMYM AMIYTALIVIHUX KYKC HUXKHIX KIHLIBOK MiCAS1 6GOMOBOT
TPQABMU LUASIXOM YAOCKOHQAEHHSI Crioco6iB aMyTaLUiviHOI naQcTvky. Marepiaan Ta MeToan. [oOBEAEHO KAIHIYHE
OBOCTEXXEHHS TA XIPYPriHHE AIKyBAHHS 126 NALIEHTIB i3 A€DEKTAMM QMIYTALVIHIX KYKC FOMIAKY, CEPEA SKUX Nepe-
BQYKAAM MOCTTOABMQATUYHI YO QXKEHHSI, 3yMOBAEHI MiHHO-BUOYXOBVIMI TQ BOTHENMAALHUMUM MOPAHEHHSIMU. BUKOHAHO
137 PEKOHCTRYKTUBHMX OMEPATUBHUX BTDYHAHb, CEPEA SIKMX MIOMAQCTUYHI, OCTEONAQCTUYHI T LLKIPHO-MIALLIKID-
Hi onepauii. AAST OLHKN PE3YALTATIB 3QCTOCOBAHO PEHTIEHOAOTIYHI, YABTOQ3BYKOBI TQ FICTOAOrIYHI METOAM AOCAI-
AXKEHHS. TOMBQAAICTb CMIOCTEPEKEHHST CTAHOBUAQ BiA 3 MICSILB A0 & pOKiB. PE3YALTATU. Y BCIX MALEHTIB OTOMMAHO
CTIVIKUUT MTO3UTUBHUV PE3YABTAT i3 GOPMYBAHHSIM eAQCTUYHOI, 6€360AICHOI TQ GYHKLIOHAABHO MOBHOLIIHHOI KyKCH,
MPEUAQTHOI AAST CYHQCHOrO MpOTE3YBAHHSI. 3ACTOCYBAHHST PO3POOAEHNX | BAOCKOHAAEHMX CNOCOBIB LLKIDHOI,
M’§1I30BOI TQ KICTKOBOI MAQCTUKI CIPUSIAO MIABULLEHHIO OMOPO3AQTHOCTI KYKCU, PIBHOMIPHOMY PO3MOAIANY HOBAH-
TQYKEHHSI B MOUMMAABHIV MiAb3I MPOTE3Q TQ 3MEHLLUEHHIO BIACOTKA HEMPABUABLHO CHOPMOBAHMX KYKC. BUCHOBKM.
3AKPUTTST AEDEKTIB HEBIABHUMI LLKIOHO-TTIALLKIDHUMN KAQMTSIMA € METOAOM BMOORY MU PEKOHCTPYKLUII aMyTa-
LIFHMX KYKC FrOMIAOK MiCAs1 60K0BYX ToaBM. DikcaLlist M 13I8 AO KICTKM AO3BOASIE YCYHYTV BAAM KYKCU TQ OTPUMATU
MPYKHY M s130BY KyKCY. POPMYBAHHS MDKKICTKOBOIO CUHOCTO3Y PI3HMMM KICTKOBOMAQCTUYHUM METOAQMMU CYTTE-
BO MOAINLWYe QYHKLIOHAALHI BAQCTUBOCTI KYKCUY TQ CrpUsiE epeKTBHOMY MpoTe3yBAHHIO.

KAKOUYOBI CAOBQ: 60/i0Ba TPQBMQ,; QMIIYTALIMHA KYKCQ, PEeKOHCTRYKTUBHA XipYPris, MIONAQCTMKA, OCTEO-

MAQCTUKQ

Bctyn

CyuacHa BiiiHa CyNpOBOIXKYEThCS 3HAYHOIO KiJIbKiC-
TIO MHOXWHHMX i MOENHAHUX YPaXeHb OMOPHO-PYXO-
BOTO amaparty, cepel SIKUX MepeBaxkaloTh MiHHO-BUOY-
XOBi Ta BOTHeMaJIbHi TTOpaHEHHSI HUXHIX KiHIiBOK. Y
YaCTUHI TaKUX BUITAAKIiB IEPBUHHUM €TAIOM JIiKyBaH-
Hg € amnyTauisa [1—-3]. [Ipore B mepemoBux paiioHax
11e BTpy4YaHHsI Mae€ MorepeaHiii xapakrep. BoHo yacto
CIIpSIMOBaHE Ha BPSITYBaHHS XUTTS MOTEPIIijaoro. Ycy-

HEHHS$ BaJ KyKCH MOKJIAa€ThCS HA TUJIOBI MEMYHI 3a-
Kiaaau [4—6].

boiioBa TpaBMa Bilpi3HSETHCS Bif MOOYTOBOI MacIITa-
OoM pyiiHyBaHHSI TKaHUH, 3a0pyIHEHHSIM paHU, HasIBHIC-
TIO 30H BTOPMHHOTO HEKPO3y Ta BUCOKHUM PU3UKOM iH(DEeK-
mitHux yckiamgHeHb [5, 7—10]. Lle 3yMoBIO€ po3BUTOK
nedopMalliii KyKcu, pyoleBrUX KOHTPAKTyp, OOII0YNX He-
BPOM i 3HMKEHHST OIIOPO3AATHOCTI, 110 iCTOTHO YCKJIAIHIOE
IpoTe3yBaHHs Ta peabiniTaliito mopaHeHux [7, 8, 11—13].
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BiTunsHsHi i 3apy6ixkHi pocaimkeHHs [5, 14—16] mig-
TBEPKYIOTh €()EKTUBHICTh KOMIUIEKCHOTO TiAXOAY IO
PEKOHCTPYKIIii aMITyTalliiHuX Kykc. Y mpaisx [16—18]
orrcaHo meron Eptna (Ertl), mo nepenbavae ¢opmyBaH-
H$I KICTKOBOTO MiCTKa MiX 3aJIMIIKaMU BEJIMKOTOMIJIKOBOT
Ta MaJIOTOMIJIKOBOI KiCTOK i3 BUKOPUCTaHHSIM TIEPiOCTy Ta
YAaCTMHU KOPTUKAJIBHOTO Iiapy. Xoua MeToj 3abesreuye
Io0puit GYHKIIIOHATIBHUI pe3y/IbTaT, BiH € TEXHIYHO CKJIaI-
HUM 1 MOXe€ CYIPOBOJKYBATUCS YCKJIAJIHEHHSIMU, SIK-OT
3MILLIEHHS M SI13iB 200 necopMallisi KicTKOBOI'O MiCTKa.

MonudikoBanuii crocidé KiCTKOBOILIACTUYHOIO (op-
MYBaHHSI CHUHOCTO3Y 3 PO3IIMPEHHSIM IUIOLIMHU 3pi3y
BEJIMKOTOMIJIKOBOI KiCTKW JO3BOJISIE ONTUMIi3yBaTU PO3-
MOJIiJ1 OCLOBOTO HABAHTAXEHHS 1 MOJIMIIUTYU TPODiKY TKa-
HuH. Ha ocHosi ineit Beiica [19] BmockoHaleHO MeTOOM-
Ky ikcarlii M’s13iB 10 KiCTKH, 1110 TiABUILYE CTAOUIBHICTD
M’SI30BO-KiCTKOBUX CTPYKTYP KYKCH.

DyHKI1iOHAIBHA TOBHOLIHHICTh AMITYTOBAHOI KiHIIiBKU
BU3HAYAETHCS CTAHOM M’$13iB, KiCTOK i IIKipHOTO ITOKPUBY,
TOMY PEKOHCTPYKTMBHI BTPYYaHHSI MaloTh TepeadayaTu
MOETHAHY KOPEKIIilo IIMX KOMIOHEHTiB. Po3BUTOK cyyac-
HOTO MPOTE3yBaHHSI 3HAUHO PO3LIMPIOE MOXKJIMBOCTI pea-
OiJliTalii Ta colliaJIbHOI afanTallii mopaHeHMX.

OTXe, OMHUM i3 TPIOPUTETHUX 3aBIaHb CydyacHOI Me-
MUIIMHU € BIOCKOHAJIEHHS Ta KIIiHIYHE BIPOBA/KEHHS
e(heKTUBHUX PEKOHCTPYKTUBHUX METOAUK (OpMyBaHHS
MOBHOIIIHHOI (DYHKIIIOHAJIbHOI KYKCH HIDKHBOI KiHIIIBKM
icys1 00MOBUX TPaBM.

Mera: miaBUIINTH e€(hEKTUBHICTE PEKOHCTPYKTUBHO-
BiIHOBHOTO JIIKyBaHHSI Malli€HTIB i3 1e(heKTaMM aMITyTallili-
HUX KYKC HUXKHIX KiHIIiBOK ITiCJ151 00I10BOI TpaBMU LILJISIXOM
YIOCKOHAJIEHHSI METOIUK aMITyTalliiHOI MJTACTUKMU.

Marepiaam Ta metoamn

TTix HamMM criocTepexxeHHAM TiepebyBann 126 maiieH-
TiB i3 BagaMM Ta 3aXBOPIOBAHHSIMU aMITyTalliiHUX KYKC I'O-
MiJIKM BiKoM Bif 19 no 52 pokiB. TepMiH mic/isi mepBUHHOT

OB6MOpOKEHHA CyanuH
48 % 3aXBOPIOBAHHA
" o 24 %

BorHenasnbHi
MNOpaHeHHs
19,0 %

MiHHO-BMOYX0BI
nopaHeHHs
73,8 %

PucyHok 1. Po3nopgin xsopux 3a rnpun4ynHoro
amnyrtauii

aMmmnyTauii craHoBuB Bin 2 no 10 micsauis (5,4 = 1,3 mics-
11s1). TpuBajicTh CrIOCTEPEXKEHHSI CTAHOBUJIA Bif 3 MicsI1IiB
110 5 pokiB. OCHOBHOIO IIPUYMHOIO aMITyTalliii Oyau 00i10Bi
MOpaHEeHHS HIKHIX KiHIiBOK — y 117 (92,8 %) nauieHTiB,
cepell IKUX TepeBaxkaau MiHHO-BUOYXOBi ypaxkeHHs (93
Bunanaku, 73,8 %) ta BorHemnaabHi mopaHeHHs (24 BuMa-
ku, 19,0 %). IHII NpUYMHU BKIIIOYAIM 0OMOPOXKEHHS (6
BUITAJIKiB, 4,8 %) Ta CynIuHHI 3aXBOpIOBaHHS (3 BUIAIKH,
2,4 %) (puc. 1).

KiinigHe o0cTeskeHHS BKJIFOYAJIO OLIIHKY PiBHS aMITyTa-
11ii, hopMu KyKCH, CTaHy M’SIKMX TKaHWH, PyO11s1, M’ S1I30BO1
CUJIA, KPOBOOOITY, PYyXJIMBOCTI CYTrJ100iB, HasIBHOCTI 0OJTIO.
TpuBamicTh KOPUCTYBaHHS TPOTE30M OLliHIOBaIacs Ipo-
TSIrOM J00OBOIO LIMKIIY. 3arajbHa XapaKTepuCTUKa Ban i
3aXBOPIOBaHb aMITyTalliiHMX KyKC HaBeJeHa B TaoI. 1.

IIpoBoauau craHgapTHY peHTreHorpadim y IBOX Mpo-
€KIIiSIX Ta yJIbTPa3BYKOBE JOCIIIKEHHSI arapaToM Siemens
Sonoline SL-450.

MopdostoriuHi JoCTiIKeHHS 3IiliCHIOBaIM Ha OioIIciii-
HOMY MarepiaJi Bin 14 maiieHTiB Mg yac peaMIyTalliid.

Tabnuus 1. XapaktepucTuka Bas i 3axBOploBaHb aMnyTaLiliHUX KyKC

Kinbkictb AT e IHLWi
LULIGE Y CRLT naujiexTie Mcinae e :;‘;";f;::i onepauji

Bontoyi HeBpomu, niraTypHi Hopuui 2 - - 2
CnasiHi 3 KicTkoto py6u 29 16 11 3
3aHanTo OoBri Ta KOPOTKI KYKCKU 12 3 9 3
BucTynatounini onmn KicTok 18 12 6 4
OcCTeoMiIeNIT KiHLS KyKCH 5 2 - 3
Bypcutn 5 3 _
Bucoke posTtaluyBaHHS M’ KX TKaHWUH 5 2 1
MpukpinneHHa m’a3iB 0o pyou,is 20 9 11 3
BioxmneHHs 3anniiKy ManoromisnkoBoi KiCTKM 12 6 5 1
Ha,uMipHa PYXJIMBICTb 3a1LLKY MaJioroMisikoBOi 5 3 2 2
KiCTKM

HenpaBunbHMin onmnn KicTOK 13 5 3
3aranom 126 61 53 25
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PucyHok 2. CTabinizayis 3aniwKy Masioromisikosoi
KiCTKM [fOBruM mMasioroMisiIkoBuM M’i30M

OcTreoruiacTUUHI PEeKOHCTPYKIii moysiraiu y ¢hopMy-
BaHHI CMHOCTO3Y MiX BEJMKOIOMiJIKOBOIO Ta MaJIOTOMiJI-
KOBOIO KiCTKaMM 3a JOIIOMOIrOl0 aBTOTpaHCILIAHTATiB i3
BinciueHux pparmenTiB. [TokazaHHAMU 10 OCTEOIIACTUY -
HUX PEKOHCTPYKILiii Oy HaUTUIIIOK M’ SIKUX TKAHWH, He-
MPpaBUWIbHUM KiCTKOBUIA OMWII, PYXJIMBICTh 200 BiIXUJIEHHS
MaJIOTOMIJIKOBOI KiCTKM, HaIMipHa JOBXWHA KYKCH, PyO-
II€BO-CITAMiKOBI Ta ITATOJIOTiYHI 3MiHM IIKipH.

IIpu miommacTuyHil crabimizamii HaOMipHOI PYXJIMBOCTI
3QJIMIIKY MaJIOTOMUIKOBOI KiCTKM JOBTUI MaJIOTOMLTKOBUIA
M’$s13 (DiKCyBaJIM CIIOYATKY /10 3aJMIIKOBOI KiHIIIBKH, a TTOTiM
IO 30BHIIITHBOI ITOBEPXHI BEJIMKOTOMIJIKOBOI KiCTKU (puc. 2).

IIpu BucTymarouomy rpebeHi BeIMKOIOMIIKOBOI KiCTKU
Oypcy npenapyBaiu. ['peGiHb BULISIIM i CIITIOBAIM TTilT Ky-
TOoM 45°. Y BepxHiii YaCTHHI 1IbOTO KiCTKOBOTO pO3pi3y pOOMIN
ToTepeyHnit KaHal JoBXUHO0 0,6—1 ¢cM 6e3 POHUKHEHHST
B KiCTKOBO-MO3KOBUIA KaHaJl. Yepe3 KaHal POBOIWIIN 111BU,
IO PO3CMOKTYIOThCsI. OmHMM BUITbHAM KiHIIEM TiIIMBa-
JIA JIaTepaJibHO TIEPeNHiii Kpall BEIMKOTOMIIKOBOIO M’s3a,
IHIIMM — MeiaJIbHy TOJIOBKY JMTKOBOro M’si3a. Jliratypy
3aB’s13yBaJid, IpebiHb 3akpuBaiud. [1icist IbOro oaMH BiUTbHMIMA
KiHellb HUTKU MPOBOAMIIY Uepe3 JlaTepaibHy, a Ipyruit — Je-
pe3 MemiaibHy TOJIOBKY JIMTKOBOro m’siza U-1omibHo 3 To-
BEPHEHHSIM JI0 TIEPeTHHOTO Kpato BEJIMKOTOMIJIKOBOTO M’si3a.
Hwurtku 3a8’s13yBaymi. Ha onepariiitHomy cTojii Oys1o oTprMaHO
€JIaCTUYHY M SI30BY KyKcy. SIKiIo M’s13iB OyIio 3abararto, Ipo-
BOJMJIACS] BUCOKA Pe3eKllisi KambaonoaioHoro m’si3a (puc. 3).

O00B’SI3KOBUM 0YJI0O BKOPOUEHHSI BEJTMKOTOMIJIKOBOTO,
TTOBEPXHEBOTO Ta TIMOOKOTO MaJIOTOMIJIKOBOTO HEpBiB Ta
3aHBOTO IIKipHOTO HEPBA.

KicTkoBormnacTuuHa peKOHCTPYKIIis Tepeadavaia gop-
MYBaHHSI CMHOCTO3Y BEJMKOTOMIJIKOBOI KiCTKM 3a JOIIO-
MOTOI0 BUJTBHOI Ta HEBIJIbHOI TUIACTUKM.

[Ipn KOpoTKiil KyKci 3 pyOlLIeBUMU 3MiHAMM, IO MPU-
JISITalOTh JIO KiCTKM, OCTAHHIO TipernapyBajii. BukoHysaiu
peaMmyTallito 3 BKOpPOUEHHSIM KiCTKU Ta M’S30BOIO TLjiac-
TUKOIO 3 (hikcalliero M’sI13iB 10 KicTKU. [l TTOIOBXEHHS
KYKCH IIPOBOIMIN OCTEOTOMiIO BEJIMKOTOMIJIKOBOI KiCTKM
3 MOAJIBIIO0 TUCTPAKINEIO Ta (POPMYBAHHSIM pereHepary.
Tlicnst mocsrHeHHsST HEOOXiHOI JOBXWHM Ta JOCTaTHBHOI
MIlIHOCTi pereHepaTy BUTOTOBJISIIA IIPOTE3.

PucyHok 3. M’ss30Ba nnacTtuka KyKCU romMisikv
3 YKPpUTTSIM rpeb6eHs1 BeJIMKOromMisIkoBoi KicTkun

PucyHok 4. Cxemu onepadii M’130BOi n1acTuku
KYKCU roOMiJIKu 3 NogOBXEeHHSIM (Z-rogoBXXeHHS
Ta 3uKonoAioHe NogoBXeHHS) INTKOBOro M’s3a

I1pu 3aMIIKOBIH KiHIIBII HA PiBHi HUXKHBOI TPETUHMU 3
pyOLIEeBUMM 3MiHaMU B IMCTaJbHill AUISTHII Ta HAAMipHOIO
JIOBXXMHOIO KyKCH MPOBOIWJIM peaMITyTallilo Ha PiBHi ce-
penHbOI Ta HUXKHBOI TPETUHM TOoMiaKU. Yacrite 3acToco-
ByBaJIM €EKOHOMHY peaMITyTallilo 3 OJJHOYACHOIO IIKipHOIO
ractTukoro. Po3pis mikipu BUKOHyBaJIM aTUIIOBO, 3 ypaxy-
BaHHSIM pPO3TalIyBaHHS pyOleBux TKaHuH. [liciasa po3sci-
YeHHS Ta OUCEKIIii pyOlliB BUKOHYBaJIM LIKipHY IJIACTUKY
MaCHUBHMM IIKipHO-ITAIMKIpHAM KJIANTeM, TIepeMillleHuM
i3 IpUJIerIuX AUISTHOK 3aJMIIKOBOI KiHIIIBKM, KOJIiHAa abo
crerHa. Ilepen 1uM 3aBXIUM MPOBOAMIM iHTEHCUBHY ITifl-
TOTOBKY JOHOPCHKOI NUTSTHKY TSI 3a0e31eueHHsI 11 O1IbI1101
PYXJIMBOCTI.

Ha kykci cepenHboi TpeTMHM TOMIJKU Mpu jaedeKrax
LIKIpK Ha TepeiHiit a00 3aHbOIaTePATbHI TTOBEPXHI 1IKi-
Py 3 MiIIKIPHOIO KJIITKOBUHOIO BiZIOKPEMJIIOBAJIU T10 TIepe-
IIHil a00 30BHINIHIM MOBEPXHi KYKCH IO PO3MIipiB Te(eKTy.
[Iporunexxuuii Kpaii paHu MOOLTI3yBaIu 110 BCili JOBXHWHI
po3pi3y, 1IBYM HakjIamaayd 0e3 HaTdary. Y pasi BeJUKUX JIe-
¢eKkTiB mepenHboJIaTepaJbHOI MOBEPXHi aMITyTalliiiHO1
KYKCH BEPXHbOI TPETUHU FOMiJIKK 3aCTOCOBYBaIU HEBIIbHY
LIKIpHY TJIACTUKY TIEPEeMillIEHUM KJIanTeM 3 MepeHbO30B-
HIlTHBOI TTOBEPXHi CTErHA, 110 JO3BOJISLIO MOBHICTIO 3aKpH-
TH LLIKipHi JedekTr po3mipom a0 70—80 cm? (puc. 4).
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PucyHok 5. HeBinbHa LUKipHa naacTtuka amnyTauifiHOi KyKCU roMifiku MacuBHUM repemillieHUM Knantem

BoaHouac 3i HIKipHOIO MJIACTUKOI0 BUKOHYBAJIM BUAA-
JIEHHST 0cTeodiTiB, pe3eKllilo HEPBOBUX CTOBOYPiB Hal 30-
HOIO HaBaHTaXK€HHS KYKCU B IPOTe3i, 00pOOKY rpedeHs Ta
KiCTKOBOTO OIMJTY.

PesyAbTaTH

XipypriuHe BUAQJIEHHs JraTypHUX HOPUILb i3 YIIU-
BaHHSIM Ta IOPEeHYBaHHSM paHM MPU3BOOMWIO IO 1i 3a-
roenHst nporsarom 10—16 gHiB. Bupanenust 6ypcu B
IISTHII TpeOeHsT BEJIMKOTOMIIKOBOI KiCTKM 3a3BUYail Cy-
MPOBOIKYBAIOCS CIWJIIOBAHHSIM TpeOeHsl Ta YyIIMBAHHSM
paHM. Y BCiX Ialli€HTIB CIIOCTepirajaocs IIOBHE 3arO€HHS
paHu.

HanmipHa pyxJuBiCTh MaJOTOMIJIKOBO1 KiCTKUA B OiJib-
LIOCTi BUTAJKIB ycyBajacs ii crabinizallieto 3a 10IoMorowo
JIOBIOTO MAaJIOTOMIJIKOBOTO M’si3a. YCYHEHHsI HaaMipHOI
PYXJIMBOCTi OYJ10 JOCATHYTO Y BCiX ITaIli€HTIB.

IIxipHO-TIIIacTMYHA PEKOHCTPYKIIis KYKC Ha piBHI ce-
PeIHBOI Ta BEPXHbBOI TPETUHU TOMIIKHU Oyja yCKJIagHeHa.
V GinbpIIOCTI MALIEHTIB OIISTHKY KYKCU Ta MPUJIETIIi 30HU,

KPUTUYHO BaXXJIUBi 3 (PYHKIIIOHAJIBHOI TOYKHU 30py, Oy
BKpUTi pyOIlIeBOIO TKAHWHOIO, IIJIBHO CHasHOIO 3 Mil-
JIETJIMMU  CTPYKTYpaMy Ta JIETKO YIIKOKYBAaHOIO TIPU
MiHiMaJTbHOMY HaBaHTaXeHHi. Y iHIIMX CIIOCTepirajaucs
TPUBAJIO HE3aro€eHi paHu, 0ojo4i abo BUpa3KoBi pyoOli,
TpodiyHi BUpa3Ku, OUITHKY 3MiHEHOI IIKipy 3 03HaKaMM
arpodii Ta mereHepaliii, yiiJibHeHi pyolli, 1110 CIIPUYMHIO-
Basiu Aedopmallito KyKcu. Y IBOX BUIAAKaxX MpY 3aKPUTTi
nedekTy LIKipu B paHHbOMY Mic/sioniepaliiiHoMy Tnepiofi
yepes HaTSAT LWIKipU BigOyJ0Cs 4aCTKOBE HEKPOTUYHE ypa-
>KeHHs KpaiB kiants. [TomiOHe ycKagHeHHSs criocTepira-
JIoCsI TIPY HIKIpHii TIacTULi BETUKOTO AeeKTy Ha mepe-
JIHIl MOBEPXHi KyKCU FOMIJIKM, KOJIM TPOTUJICKHUN Kpait
paHu OyB HETOCTATHBO MOOTI30BaHUIA TTiCTISI 3aKPUTTSI Be-
JIUKOTO nedeKTy motieto 75 cm?. YacTKOBUIT HEKPO3 yCy-
HEHO IUISIXOM Pe3eKllii ypaXkeHOoi TiSTHKU Ta ITOBTOPHOTIO
YIIUBaHHS paHU.

DopmyBaHHS KyKCH IITSIXOM hikcartii M’s13iB 10 KiCTKO-
BOT'O OIMWJIY JO3BOJISUIO OTPUMATH TIPYXKHi M’SI30Bi KyKCH 3
no0pe 3aKPUTUMHU KiCTKaMU. Y JesIKMX BUIIaJKax BUHUKA-

'\

PucyHok 6. dopmyBaHHSI CUHOCTO3Y rOMI/IKOBUX KICTOK i3 BUKOPUCTaHHSM aBTOTpaHCNAaHTara
3 MaJsIoromisiKoBOi KiCTKu
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PucyHok 7. dopmyBaHHSI CUHOCTO3Y rOMI/IKOBUX KICTOK i3 BUKOPUCTaHHSIM aBTOTpaHCNAaHTara
3 BeJINKOroMiJIKOBOI KiCTKU

JIA TPYAHOIILII TIPU HATSITY CKOPOYEHOTO JTUTKOBOIO M’$13a JI0
rpeOeHsT BEIMKOTOMIIKOBOI KicTKM. JIJIsT YHUKHEHHST Ham-
MIpHOTO HaTATY M’SI3 MOMOBXYBAJIM Ha ABi TPETUHU MOTO
TOBILMHU MOCIa0JISIIOUMMU po3pizamu (puc. 5). ITicas mio-
IUIACTUYHUX OIlepalliii (popMyBaHHS KiCTKOBOI 3aKpHBalo-
YOI TUTACTUHU 3aBEPLIYBAJIOCS MPOTITOM 2—3 MiCSIIiB.

Xopolili pe3yabTatu O0yau oTpuMaHi npu GopMyBaHHi
CHMHOCTO3Yy TOMUIKOBUX KiCTOK i3 BUKOPUCTAHHSIM Pi3HUX
TpaHCIUIAaHTaTiB. 3aCTOCOBYBAIM KiJibKa TEXHIK 3aJIeXKHO
BiJl KJIiHIYHUX YMOB. 3 aMITyTOBAaHOTO CErMeHTa Majioro-
MIJIKOBOI KicTKU (hopMyBajiy TpyOUacTUil TpaHCIUIAHTAT
IIOBXWHOIO, IIIO BiAmoBigana adbo Oyja TpoXu MEHIIOIO 3a
pO3Mip MIKKICTKOBOTO MPOMLKKY. TpaHCIUIaHTaT po3Mi-
LIyBaJIy MEePHEeHANKYISIPHO 10 TOMIIKOBUX KiCTOK MiX ix
OOKOBMMU MTOBEPXHAMU (pHUC. 6).

Yepe3 KiHelb MaJOrOMiJIKOBOI KIiCTKM MPOBOAUIN
CITUIIIO 3 OMOPHOIO TJIaT(MOPMOIO Yepe3 KiCTKOBMIT KaHasl
TpaHCIUIaHTaTa Ta BEJIMKOTOMIJIKOBY KicTKy. Jlpyra cru-
LSl TIepeTUHajia TepIly 4yepe3 BeJIMKOTOMIIKOBY KiCTKY.
Crnmui ¢ikcyBaau B Kisblli artapara [nizapoBa, cTBOpIoloun
kompecito. [IpokcumanbHe Kiblie, Ha SKOMY (hiKcyBaIu
MpOBeJieHI HaBXPeCT Yepe3KiCTKOBO CIUIIi, MOHTYBAJIU Y
BepXHiil TpeTuHi rominku. Kinpls 3’eqHyBaayn HampaBiisi-
UMMM ITaHraMu. Lls MeTonuka 3a0e3mnedye cTadiIbHICTh
TpaHCIUIaHTaTa i 3amobirae Moro 3MillleHHI0. Y OesIKUX
Mali€HTIB TpaHCIIaHTaT (pikcyBajiu H0AATKOBO 3a JOIO-
MOTro0 TBUHTIB. POpMyBaHHS KiCTKOBOTO CMHOCTO3Y Bil-
OyBajI0Cs IIPOTIATOM 6—7 TUKHIB.

Skio Kykca Majia JOCTaTHIO TOBXWHY, KiCTKU CIU-
JIIOBAJIM 3CepeIVHM Ha3am. 3 YaCTUHU BEJIMKOTOMIIKOBOL
KIiCTKH, IO ITiIJIsATajia BUIaJICHHIO, BUTOTOBJISIA TPaIelli-
enonioHui1 TpanciuianTat. CTOpOHU Tparelii BiAmoBigaain
IJIONIMHAM OTWJIiB BEJIMKOTOMIJIKOBOI Ta MaJIOTOMIJTKOBOT
KiCTOK, a JOBXKMHA Oi/IbIII0I OCHOBM JOpiBHIOBAJA BiACTaHi
MiX iX HAMHMKYMMU TouKaMU. TpaHCIUIaHTaT po3MilllyBa-
JI1 MiX KiCTKOBUMU OTMUJIAMU, 3aKPUBAIOYM OTBOPU KiCT-
KOBMX KaHaiB (puc. 7).

Jns dikcarii yepes KiHIli 000X KiCTOK i TpaHCIJIaHTaTa
3 OOKY MaJIOTOMIJIKOBOT KiCTKM €JIEKTPOIPUIIEM TTPOBOIM-

JIM CIUL 3 onopHoM0 TiaTdopMotro. OctatouHy dikcaltito
3mificHIOBaIM artapaTtoM liizapoBa.

[Hmmii BapiaHT omepallii 703BOJISIB HE3HAYHE BKOPO-
YyeHHs KyKcu (10 1 cm) i3 popmyBaHHSIM cuHOCTO3Y. Benu-
KOTOMIJIKOBY KiCTKY CITMUTIOBAJIM IO AiarOHaJIi 3BepXy BHU3
i 30BHi BcepeauHy, (OpMyIOUM TPaHCIUIAHTAT Y BUIJISIOL
Tpaneuii. MeHIlla ocHOBa Tpamelii BiAmoBigaaa IIMPUHi
MiXKiCTKOBOI'O IIPOMiXKY, a OiJibllla — BiICTaHi MiX BHY-
TPILIHIMU KpasiM{A BEJIMKOTOMIJIKOBOI Ta MaJOrOMiJIKOBOI1
KicTok. TpaHcruianTat noseptanu Ha 180° Ta nmoeaHyBaIu
Oro CTOPOHHU 3 TUOiaJIbHOIO Ta JIaTePaTbHOIO TTOBEPXHIMU
MaJIOroMiJIKoBOI KicTku. Dikcallilo BUKOHYBAJIU 3a J0I10-
Morolo amapara lmizaposa. Ilepion crabGinizaiii cTaHOBUB
6—7 TUKHIB.

MeTton hopMyBaHHSI CHHOCTO3Y 3 TPAHCIJIAHTATOM Be-
JIMKOTOMLJIKOBOI KiCTKM 0€3 ToZaTKOBMX 3aco0iB (ikcairii
MoJIsIiraB 'y TakoMy: Opajiu (parMeHT BeJIMKOTOMiJIKOBOI
KiCTKM JOBXMHOIO, 110 JOPiBHIOE BiJCTaHi MiX 30BHillI-
HbOIO Ta BHYTPIIIIHbOIO TOYKAMU KiCTKU. Y HbOMY (hOpMYy-
BaJIM T1a3, IIMPUHA SIKOTO JOPiBHIOE TTOJOBUHI MepeaHbO-
3aIHLOTO poO3Mipy KicTku. Ha KiHLi KicTku dhopmyBaiu
rnas, rMOUHa SIKOTO Bi/lMOBiNAa€ TOBIIMHI KOPTUKAIbHO-
ro 1Iapy TpaHCIUIaHTaTa JOBXUHOWK 1 cM y hpoHTaIbHINi
miomuHi. TpaHCIIIaHTaT BCTABJISUTA B T1a3, MPU LIbOMY 3a-
ITHS TIOBEPXHSI BEJIMKOTOMUIKOBOI KiCTKM Ta KyKca MaJIoro-
MiJIKOBOI KiCTKM TaKOK pO3TalllOBYBaJIMCS Yy C(POPMOBAHO-
My otBopi. Lleit MmeTon 3abe3neuyyBaB HafdiliHE YTPUMaHHS
TpaHCIUIaHTaTa, a (OpMyBaHHSI CHHOCTO3Y BigOyBajocs
npoTsiroM 8—10 THXHIB.

JlonarkoBa cikcallisi He Oyja HeoOXimHa MpPU CHUHOC-
TO31 TOMIJIKOBUX KiCTOK i3 TpyOYacTUM TPaHCILIAHTATOM,
BCTAHOBJICHUM 4Yepe3 MaJIOTOMIJIKOBY KiCTKY. 3 4aCTMHU
BEJIMKOTOMIJIKOBOI KIiCTKM, IO MimIsgrajia BUIAJIEHHIO,
BUTOTOBJISUTM Oe3TepepBHUI TpyOUacTUil TpaHCILIAaHTAT
JNIOBXKMHOIO 3—4 cM, 3auuIaiy MOTo BiJ M SIKUX TKaHWUH
i IIJIBHO BCTAHOBIIOBAJIM B KYKCY MaJIOTOMiJIKOBOI KiCT-
ku. TpaHCIUIaHTAT PO3TAlllOBYBaIM TakK, 11100 OAHA 3 1Oro
TPbOX MOBEPXOHbD IIUJIBHO MpUIsiraja A0 30BHILIHbBOI M0~
BEpXHi BEJIMKOIOMiIKOBOI KicTku. IlepenHiii Belnkoro-
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MiJIKOBUIA Ta TUTKOBI M 5131 (hiKCyBau A0 TpaHCILJIaHTaTa.
TpuBanicTh (ikcalii craHoBUIa 6—8 THXHIB.

Y pasi KOpoTKOi KyKCU BEJIMKOTOMIJIKOBOI KiCTKM i3
3aJIMIIKOM MaJIOTOMiJIKOBO1 KiCTKM, SIKUI TOCTiiHO Bin-
XWJISIBCSI Ha3ajl i Ha30BHi yepe3 HaTSIT JIBOTOJIOBOTO M’s3a,
CTBOpIOIOUM OyJIaBOMOAiOHY nedopmallito Ta yHEMOXKIMB-
JIIOIOUM TIPOTE3yBaHHS, BUKOHYBaJIU OJHY 3 OCTeOIIac-
TUYHMX OTIepalliii.

OpnHa 3 MeToauk nependavyana (popMyBaHHSI CUHOCTO3Y
3a paXyHOK TOHKOI'O aBTOTpPaHCIUIaHTaTa 3 TpeOeHs Beu-
KOTOMIJIKOBOI KiCTKHU. 3 TpeOeHsT BeIMKOTOMIJIKOBOI KiCT-
KU BUTOTOBJISIM TPAHCIUIAHTAT y hopMmi LBsIXa. 3aJUIIOK
MaJIOTOMIJIKOBOT KiCTKM BUBOAWIM Yy (hi3iojoriyHe mosio-
JKEHHSI; TPy HEOOXiMHOCTI MpoBOAWIN Z-MOIi0HEe MOom0-
BXEHHSI CYXOXWJIJIS IBOTOJI0BOro M’si3a. Enexrpompuiem
i3 CBepUIOM BiJIOBIAHOTO AiamMeTpa (popMyBaiu Tmornepe-
YHi CJIiMi KaHajJX Ha 30BHIIIHINA ITOBEPXHi BEIMKOTOMiI-
KOBOI KiCTKM Ta BHYTPIIIHIM MOBEPXHIi MaJOrOMiJIKOBOI
KicTKM, y sKi BBomwiIu TpaHcruiaHTaT. Iliciasa mboro Bu-
KOHYBaJIM M’S30BY IJIACTUKY Ta ylIMBaau paHy. CHHOCTO3
(dopMyBaBcs MPOTATOM 6—7 TUXKHIB.

CHHOCTO3 KiCTOK TOMIJIKU TTPU KOPOTKUX KyKCaX TaKOXK
MOe OyTH JOCSITHYTUI LIISIXOM KOMITPECii MaJOTOMIJIKO-
BOI KiCTKM 10 BEJIMKOTOMiJIKOBOI 3a JOITOMOIOIO arapara
InizapoBa a00 NUISIXOM PO3MillleHHSI KYKCU MaJIOTOMIJIKO-
BOI KiCTKM B OOPO3Hi B3I0BX 30BHIIIIHbOI MTOBEPXHi Beu-
KoroMinkoBoi Kictku. [lepion ¢ikcarii cTaHOBUB 2 MicCAIIi.

Yepes 4 TuKHI Tics omepallii yabTpa3ByKOBE IOCIi-
JDKEHHS IMoKa3aJio 3MEHIIEeHHsI AiacTa3dy MiX TpaHCIUIaH-
TaToOM Ta KicTKO. Bigmivuanoch 30i1bIIEHHS €XOMO3UTUB-
HUX BKJIIOYEHb i3 TpaHC(oOpMalli€lo y JiHiliHI CTPYKTYpH,
OpIEHTOBAHI B3I0BX OCi KYKCH. Y AKX BUIAIKaX BUSB-
JISITUCS KiCTKOBI MiCTKH Y BUTJISIIi TOHKMX TiITepeXOTeHHUX
JIiHIHA.

Ha 8-My T1KHI y1bTpa3ByKOBa KapTHHA IEMOHCTpYyBajia
Oe3IepepBHY TillepeXOreHHY CTPYKTYPY 3 HepiBHOMipHOIO
TiIIepeXOTeHHOIO JIiHI€I0 Ta aKYCTUYHOIO TiHHIO, IO CBim-
YUJIO MPO MOBHE 3POLIEHHS TPAHCIUIAHTaTa 3 KiCTKOIO.

ITokazaHHS 100 OCTEOIUIACTUYHOI PEKOHCTPYKTHUBHOL
ornepalii BKIOYaaId HaIJIUIIOK M’ SIKMX TKaHUH, MPUKpPi-
IUIEHHSI M’sI3iB 10 pyOlLliB, HEMpPaBUJIbHUI OIMUJ KiCTOK,
BiIXUJIEHHSI MaJIOTOMiJIKOBOI KIiCTKM, HaAMipHY pPyXJIu-
BICTb, HA/ITO IOBIY KYKCY, PyOLIEBY Ta 3MiHEHY ILIKipy.

M’s30Ba macTMKa BUKOHYBaJIacsl y BCiX BUTAAKaX JJIsI
YKPUTTSI KIiCTOK i 3a0e3reueHHs1 (yHKIIOHATbHOI Iijlic-
HocTi Kykcu. CepiO3HUX YCKJIaJHEHb HE BUSIBJIEHO; JIO-
KaJIbHI ITiC/IsIONepaliiiHi reMaToMy MOTpeOyBaaIl aKTHB-
HOTO JApEeHYBaHHSI.

Opny>XaHHS JOCSITHYTO y BCiX MAIiEHTIB.

ParionanbHe moemHaHHS MIKipHOI, M’SI30BOi Ta KiCT-
KOBOI IUIACTUKU, A0aiijiiBe IOBOIXEHHS 3 M’s3aMM Ta
ix (pikcallist 10 KiCTKOBOTO OIMTMJIY 3arobirajam cKoOpoyeH-
HIO M’sI3iB, BUCTYITAHHIO KiCTKOBOT'O OMWJIY Ta HAJIAIIKY
M’SIKMX TKaHWH. 3TJ1a/IKyBaHHSI HEPiBHOCTEI JTiHii KicTKO-
BOTO onujy Ta (hOpMyBaHHS KiCTKOBOTO OJIOKY BEJIMKOTO-
MiJIKOBOI KiCTKM 3a1mo0iranm aedeKraM KyKc.

YciM maiieHTaM TIpOBENEHO TPOTE3YBaHHS JIETKUMU
MPOTE3HNMU KOHCTPYKUISIMU, TaKUMHU SIK HamliBKOHTaK-
THU# nipoTe3. Lli mpoTe3u ecTeTUYHi, JIeTKi Ta IPOCTi y BU-

KopucTaHHi. BoHu 3a6e3meuyoTb MaKCMMalbHUI KOHTaKT
MiX KyKCOIO Ta TiJIb3010 MTPOTE3a, a TAKOX HaBAHTAKEHHS
Ha Topellb. KpoBooOir y Kykci 3amoBiibHuUiA. TpodiuyHux
MopylieHb HeMae. BukiroueHa HassBHICTh XpOHIYHOTO Ha-
OpsIKYy B IMCTaJIbHIN YacTUHI KyKcu. ATpodisi cTerHOBUX
M’s13iB He3HayHa. Maike BCi MallieHT BUKOPUCTOBYIOTh
MpoTes3.

OwiHiouM pe3yabTaTy aMIIyTalliii 3 TOYKU 30py IIPO-
Te3yBaHHsI, CJill MiAKPECINUTH, 110 MPOTe3Ha NPUAATHICTh
KyKC 3aJIeXXUTh Bil piBHs ammyTauii. Kykca micis kict-
KOBOI TUIACTUKM Mae€ [0 Kpally OMOpHY MOBEPXHIO 3a-
BISIKU OiTbLIOMY JliaMeTpy MJIOIIMHU. X0o4a TaKi KYKCU He
MOXHa BBaXkaTu ONTHMaJIbHUMU, (POPMYBaHHSI PO3IIUPE-
HOro 6e300J1iCHOr0 JUCTAJIbHOTO Biaaily 3abe3rneuye 3a-
TIOBUTbHMIT KOHTAKT i3 IIPOTE30M Ta KOMMOpPTHE HaBaHTa-
JKEHHS Ha KiHIIiBKY.

Kykcy rominkm Ha piBHI cepemHBOI TPEeTUHU mOOpe
YKpUTi M’s13aMu. 30iIbLICHHS IUIOIII MOIIEPEYHOTo IIe-
pepisy mosBossie niepeHocutn 10 60 % macu tina. Kykcu
€ MPYXHUMM, eJaCTUYHUMU Ta 0e300JiCHUMM. 3aBISIKU
(hopMyBaHHIO CHHOCTO3Y Ta PO3LIMPEHHIO 30HU OMWIY, a
OTXe, MiABUIIEHIA HaBaHTaXXyBaJIbHii 31aTHOCTI TUCTaIb-
HOTO BiJIiTy 3aJIUIIIKOBOI KiHIIIBKY 151 YaCTUHA 3a0e3rme-
Yy€e ONTUMAJIbHUI KOHTAKT i3 TIPOTE30M.

O6roeopeHHs

BinHoBiIeHHS MOBHOLIHHOI (DYHKIIOHAIBHOI LIKipH 3a-
JIMIITKOBOI KiHIIIBKY € HAA3BUYATHO BAXJIMBUM acIeKTOM
pekoHCTpYKTUBHOI Xipyprii. LlIkipHa miacTuka Bimirpae
KJTIOYOBY POJIb HE JIUIIIE Y BiTHOBJIEHHI M IKMX TKaHWH, a
1 Y KOMIUIEKCHil M’130Biif Ta KiCTKOBili peKOHCTPYKIIii.
BukopucranHs HEBIIbHMX ILIKipHUX KJIAMNTIiB Ha IIMPO-
Kiii OCHOBI JO3BOJISIE 30€PErTH JOBXUHY KiCTKH, IO I10-
3UTUBHO BIUIMBAE Ha (PYHKIiOHAIbHI MOXKJIMBOCTI KYKCHU
i1 yac nmpote3yBaHHs. [lepemillieHa 111Kipa € TOMOT€HHOIO
3 NPUJIETJIMMU TKaHMHAMM, 30epira€ mMpupoaHUil KpOBO-
00ir Ta iHHepBalilo. OcoOJIMBO BaxJIMBY POJb Bidirpae
MiOIIKipHa >XWpoBa KJITKOBMHA, sIKa 3a0e3mnedye Jierke
MepeMillleHHs] TKAaHWH 1 YCyHeHHSI MIMOOKUX HedeKTiB.
HIxipHO-TIAIIKIpHUIA KJIAmoTh CIim (GopMyBaTH Ha OfI-
HOMY PiBHi 3 MeXXaMU 310pOBOI TKAHMHU Ta BiIIUJISITH Bi
dacuii eqmHuM 6;10KOM. Y pasi HATITy WIKipH il HEOOXimHO
po3cikatu 0e3 YIIKOIXKEHHsI KOJIATeHOBUX BOJOKOH. 3a-
KPUTTS Ne(heKTiB 3aJIMIIKOBOI KiHIIBKY IIJISIXOM IepeMi-
IIEHHS IIKipHO-TIAIKIPHOTO KJIAITS 3 IepeaIHbOI TOBEPX-
Hi KOJIIHHOTO CYIj100a Ta CTerHa € 0COOJUBO e(DEKTUBHUM,
SIKILIO MTiJT Yac MiAroOTOBKY KJIAIITs BpaXOBYEThCSI TPEHYBaH-
HSI IOTO PYXJIMBOCTI Ta €JIaCTUYHOCTI.

M’s130Ba 11acTuka € 6e33arnepeyHolo CKJIaI0BoIo yac-
TUHOIO PEKOHCTPYKIIii Kykc romiaku. MDikcaliis M’s13iB 10
KIiCTKM TO3BOJISIE YKPUTU KiCTKOBI OIMMIM, I'peOiHb KiCT-
K1 Ta 3a0€3MeUnTH 1iJTbHE 3aKPUTTSI KiCTKOBOTO KaHay.
PanionanbHe moemHaHHS cTaOimi3alii 3aJMIIKy MaJoro-
MIJIKOBOI KiCTKU JOBI'MM MaJIOTOMIJIKOBUM M’SI30M i3 Bifl-
HOBJICHHSIM MEpPeNHiX Ta 3aAHiX MiXM’SI30BUX MEPETUHOK
Ta (hopMyBaHHSIM 1Iapy, 110 MepeKpUBaE TpediHb BETUKO-
TOMIJIKOBOI KiCTKH, i3 (hiKcalli€ro JIUTKOBOTO M’si3a J10 Tpe-
O€HST BEJIMKOTOMIJIKOBOT KiCTKM, 3a0€3Mevy€ eJJaCTUYHICTh
M’s130B01 Kykcu. Dikcallis M s13iB 10 KiCTKH i1 9ac KiCTKO-
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BOILJIACTUYHUX OIlepalliii BUKOHYE aHAJIOTIYHY (PYHKIIIIO.
Hapani M’s13u, 31IMTI Ha KiHII KyKCH, TEPETBOPIOIOTHCS
Ha 1IJIbHY (hiOpO3HY TKAaHUHY 3 OpraHHOIO OyTO0BOIO, 110
CITyTY€ HaMIHOIO TIPOKJIAAKOIO MixK KiCTKOIO Ta IIPOTE30M.
Biuni moBepxHi Kykcu 3a3HalOTh aTpodii M’3iB, CTYITiHb
SIKOT 3QJIEXKUTD BiJl BAKOPUCTAHHS TIPOTE3a.

TexHika KiCTKOBOI IUTACTUKM Ha KyKCaX TOMIJIKA € I10-
PiBHSIHO HECKJIATHOIO Ta JO3BOJISIE Xipypry oOMpaTl ONTU-
MaJIbHUI BapiaHT JJIs1 KOXHOTO IalieHTa. PemapatuBHuii
mpoliec 3a3Buyaii MpoXoauTh 0e3 yCKIagHeHb: He 3adik-
COBAaHO 3MillleHb a00 HEeNpPaBUJIBHOIO pO3TalllyBaHHSI
TpaHCIUIaHTaTa. 3aKPUTTS KiCTKOBOI MOPOXHUHM CTBO-
PIOE CIPUSITIIMBI YMOBH JIJISI HOPMAaJIbHOTO perapaTUuBHOTO
npoliecy. Y XXOIHOMY BUITaIKy HE CIIOCTepiraaocs: 1oaar-
KOBOTO KiCTKOYTBOPEHHSI Ha OiYHMX MOBEPXHSIX KiCTKU Y
BUIJISAAI KiCTKOBUX i XpsIoBux pereHepariB. [Ipu Hamiii-
Hill ¢ikcalii TpaHCIIAaHTaTa CUHOCTO3 (DOPMYETHCS IIPO-
TAroM 6—8 TIKHIB.

AHani3 yabTpa3BYKOBHUX JOCIIIKEHb II0Ka3aB, IO
MPOTATroM 4 TUXXHIB BiIOyBa€ThbCsl aKTMBHA KOHCOJidaLlist
TpaHCIUIAHTaTa 3 KiCTKOIO, iHOMI 3 (h)OPMYBaHHSIM KiCTKO-
BUX MicTKiB. [Io 8 TMXKHIB crocTtepiragocsi 3aBeplIeHHs
KOHcOJIiaii.

TMonepenHi gocimkeHHs [16] DO3BONSIOTH CTBEPIKY-
BaTH, 110 MPHU KiCTKOBIH TJIACTULII i3 CHHOCTO30M CTa0i/Ib-
HICTB i CTYITiHb HaBaHTaXK€HHS KYKCH OLTBIII HiXK Y YOTUPU
pa3u BUIII, HixX 0e3 Hboro. OCTaHHE 0COOJIMBO BaXKJIUBO,
OCKIJIBKM MpHY (DYHKIIIOHAIbHOMY HaBaHTaXKEeHHI B KiCTKax
BUHUKAIOTh MPYXHi AedopMallii, 1110 BUKIUKAIOTh TiIpo-
IUHAMIYHMI e(eKT, 110 CIpUSE HOPMAJbHIilA BHYTPIlI-
HBOKICTKOBii1 MiKpOLIMPKYJIALT, a 0TXe, i Tpodilli KiCTKU.

[TpoBeaeHi MOPGOIOTIUHI TOCTIMKEHHST CBiTYaTh MpPo
Te, 110 B KiCTKOBIi# TKAHWHI KiHIIiB KYKC BiZIOYyBaJIMCS TIPO-
necu (izioyorivHoi peopraHizailii 3 TOBHUM 0aJIaHCOM OC-
TeoreHe3y Ta ocTeope3op6utii. JocmimkeHnas [16] neMoH-
CTPYIOTh, IO MNPHU KIiCTKOBIiil IuIacTuii 3 (opMyBaHHIM
CUHOCTO3Yy CTaOLIbHICTh i CTYIIiHb HaBaHTaXK€HHS KYKCU
MEePEBUIIYIOTh aHAJIOTIYHI MOKA3HUKU Y 4 pa3u MOpPiBHSI-
HO 3 KyKcaMu 0e3 cuHocTo3y. Lle Mae oco01mBe 3HaUeHHS,
OCKIIbKM MiJ yac (pyHKIIOHATbHOTO HABAHTaXXEHHS Bill-
OyBarOThCSI €1aCTUUHI Tedopmallii KicTKH, 110 CTBOPIOIOTh
rinponHaMiyHUi e(peKT i CIpUsIIOTh HOPMAaJbHil BHY-
TPIlTHBOKICTKOBIMA MiKpOLMPKYJISILii, a OTXe, MiATpUMy-
10Th TPOGiKY KiCTKH.

KicTtkoBuit 610K BEJIMKOTOMIJIKOBOI KiCTKM TIiCJISI aM-
myTallii 30epira€ KOMITaKTHY CTPYKTYpy 3pilioi KiCTKOBOI
TKaHWHM, 110 MiATBEPIXKYE MOBHY (PYHKIIIOHATIbHY BiIIlO-
BiIHICTP KiHIIiB KyKC aHAaTOMIUHIli CTPYKTYpi KiCTKH.

BUCHOBKMU

1. BukopMcCTaHHSI HEBULILHOTO MIKipHO-MIAIIKIPHOTO
KJIATITS € METOIOM BUOODPY IJIs1 3aKPUTTS NeEKTiB MIKipu
aMITyTallifHIX KYKC HYDKHIX KiHIIIBOK.

2. dikcallist M’s131B 10 KiCTKH T03BOJISIE YCYHYTH AedeK-
TU KiCTKOBMX OITWIIB i IpeOeHiB, (popMyloun eIacTUYHY
M’SI30BY KYKCY i3 3aMKHYTOIO KiCTKOBO-MO3KOBOIO I10-
POXHUHOIO, 110 MiABUIILYE CTAOUIbHICTh KYKCH, TOIIIIIY€E
1l MexaHiYHy MILHICTb i (QYHKIIIOHAIbHI MOXJIMBOCTI TIpU
MpOTe3yBaHHi.

3. ®opMyBaHHSI CMHOCTO3Y Pi3HMMU METOIAMU CYTTEBO
MiABUIIYE HABAHTAXKYBAIbHY 3MaTHICTh i MEXaHIUHY CTiil-
KiCTh aMITyTallilfHOI KyKCH, 3a0e31e4Yylour ONTUMaIbHUNI
KOHTAKT i3 IIPOTE30M Ta CIPUsIOuN e(heKTUBHOMY i 0€300-
JIICHOMY TIPOTe3yBaHHIO.
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Reconstructive surgeries of below-knee amputation stumps resulting from combat tfrauma

Abstract. Background. Full-scale military operations are ac-
companied by an increase in the number of wounded with severe
limb injuries, often requiring amputation. Despite advances in
surgical technology, a significant proportion of patients develop
pathologically altered stumps after lower limb amputation, com-
plicating prosthetics and further rehabilitation. Aim: to improve
the effectiveness of reconstructive and restorative treatment of
patients with lower limb amputation stump defects after combat
trauma by improving amputation plastic surgery techniques. Ma-
terials and methods. Clinical examination and surgical treatment
were performed on 126 patients with lower limb amputation stump
defects, among which post-traumatic lesions caused by mine-blast
and gunshot wounds prevailed. A total of 137 reconstructive surgi-
cal procedures were performed, including myoplastic, osteoplas-
tic, and skin-subcutaneous operations. Radiographic, ultrasonic,
and histological methods were used to evaluate the outcomes. The

duration of follow-up ranged from 3 months to 5 years. Results.
All patients achieved stable positive results with the formation of
an elastic, painless and functionally complete stump suitable for
modern prosthetics. The use of developed and improved methods
of skin, muscle and bone plastic surgery contributed to an increase
in stump stability, uniform load distribution in the prosthesis socket
and a reduction in the percentage of defective stumps. Conclusions.
Closure of defects with skin and subcutaneous flaps is the method
of choice for reconstructing amputation stumps of the lower leg af-
ter combat injuries. Fixing muscles to the bone allows you to elimi-
nate stump defects and obtain an elastic muscle stump. The forma-
tion of interosseous synostosis using various osteoplastic methods
significantly improves the functional properties of the stump and
contributes to effective prosthetics.

Keywords: combat injury; amputation stump; reconstructive sur-
gery; myoplasty; osteoplasty

Tom 26, N2 6, 2025

www.mif-ua.com, https://tfrauma-journal.com 57



OpUriHaOAbHI AOCAIAXEHHS

Original Researches

TpaBma

YAK 616.72-002;616.72-007.2,616.72-002.77,616.72-002.78,616.711-002

DOI: https://doi.org/10.22141/1608-1706.6.26.2025.1056

Cokpyt M.B., Knumosubkmt @.B., Cokpyt O.[1., lNMoranos tO.O., CokpyTt B.M.,
AutBmHoBa O.B., lNonos B.M., MyaraxmeTtoB A.T.
AOHEeUbKNA HALIOHAAbHUA MEANYHWI YHIBEPCUTET, M. KDOMMBHULIBKIN, YKPQIHO

[omeoKiHeTUYHO KAacudikauia apTponarin

Pe3tome. AKTyaAbHICTb. «BeretQrivBHL NacropT» | KOMOPOGIAHICTL GOPMYIOTb MAPAMETON FOMEOKIHE3Y Y naLli-
EHTIB 3 PEBMQATOIAHM APTPUTOM (PA), BU3HQYQKOTE MEXQHI3MU MNOLLUKOAXKEHHST CYIMOBIB YHepesd aBTOIMYHHY Qrpecito
(Ceporno3nTUBHMKM QPTPUT) Y1 OKMCHUM CTpecC (CepoHeratvBHM aQpTpur). Marepiaan Ta MeToaun. Y crioctepe-
MKeHHI 62 nauieHT 6yAn PO3MNOAIAEHI 30 «BErETATUBHIMM MACTIOPTOM» | KOMOPOBIAHICTIO HQ ABI rpyrv: nepLa (38
BUMNQAKIB) — BQroTOHIKM 3 CEPOMO3NTUBHIM PA | KQAbLIV-AEDILMTHOK KOMOPBIAHICTIO. Apyra royna (n = 24) —
CUMIMQATOTOHIKWY 3 CEPOHErQTUBHM PA | KQALLIN-HOAAMLLIKOBOK KOMOPOGIAHICTIO. PO3MOAIA HQ Yy BArOTOHIKIB i
CUMIMIQTOTOHIKIB MPOOBOAMAM 3rIAHO 3 AQHUMM CMEKTPAALHOIO QHAAIZY CEPLIEBOrO PUTMY TQ QBTOMQTU3OBAHUMI
TECTAMM BU3HQYEHHS] «BEreTATMBHOIrO nacrnopTa» i popmm comaroreHii (https://sokrut.com/somatogenytest2).
Pesyabrary. [I0OBEAESHQ KAIHIKO-MATOreHEeTUYHA NapaAeAb CYI0O0BOro CUHAPOMY AO3BOAUAQ BUAIAUTA AUCHEB-
POTUYHI, AMCTOPMOHQOAbHI, AN3IMYHHI, AMCMETAOOAIYHI, ANCLUMPKYASITOPHI, ANIEAEMEHTO3HI QPTPOMATII T PO3PO-
OUTHN TOMEOKIHETUYHY/MATOrEHETUYHY KAQCUIKALKO HQ 6Q3i BereTaTMBHOIro rNAcropTa, NOpYLLIEHHS NapaMeToiB
romMeokiHe3y i KOMOPOIAHOCTI. Y cxemy peabiNiTaUiIHOrO AIQrHO3y 3QrPOMNOHOBAHO BKAKOHATU: «BEr€TATBHNN
nacrop™ (BAroTOHIK Y1 CUMIAQTOTOHIK), MOPYLUEHHST NAPAMETPIB FOMEOKIHE3Y HQ CUCTEMHOMY (AMCHEBPOTUYHI/
ANCTOPMOHAABHI/ANIIMYHHI/AMCMETABOAIYHI QPTPOMNATI), OPraHHOMY (ANCLUMPKYASITOPHI QRTPOMATI) TA KAITUH-
HOMY PIBHSIX (AM3EAEMEHTO3HI apTponarii); ¢opmMy KOMOPOIAHOCTI (KAAbLIN-AEDILMTHA Y1 KQALLIM-HOAAMLLIKO-
BQ), COMQTOreHii (ALUEeTUAXOAIHOBI CEPOTOHIH-AEDILINTHI TPUBOXKHO-AEMPECUBHI Y QAPEHEPIHHI CEepOTOHIH-HOA-
AMLLIKOBI MAHIKO-OGIYHI; HEAOCTATHICTL PYHKLIT Cyrno6is (H®,, ). BACHOBKM. BCTAHOBAEHI IHPOPMATUBHI KpUTEPIl
BU3HQYEHHST BEretamBHOro nacropta, $opmMmy KOMOPOIAHOCTI i COMATOreHii, iHAeKCH PIBHOBArY CUCTEMU-QHTU-
CUCTEMU FOMEOKIHE3Y AQAMU 3MOTY PO3POOUT TOMEOKIHETUYHY KAQCH®IKALIKO QPTOONQATIM TQ 3ArPONOHYBATHU iH-
AVBIAYQABHY MPOrPamMy/nAQH AOKQ30BOrO AiKyBAHHST TQ peqbiAiTaLii naLieHTiB 3 PA.

KAIOHOBI CAOBQ: «BereTarsHu NAcropT»; B-aAPEeHOPEeLenTopu, CepOTOHIHePriYHI peLenTopmu H5TR2-aAbga;

BHYTPILLIHBOKAITVHHW KQABLIN,; KOMOPOGIAHICTb; rOMEOKIHE3; PEBMQATOIAHWY QPTPUT; KAQCUIKALLS

Bctyn

Ha cporomti akTyanbHOIO IPOOJIEMOI0 B MEIWLIMHI €
HaTOTeHEeTUYHi Kiacuikallii THITOBUX KJIIHIYHUX CUHAPO-
MiB: Cyr;1000BOTO, apTepiajbHOI rilepTeHsii, KapaialbHO-
ro, aCTMaTUYHOTI0, XPOHIYHOI TiMepriikeMil Ta iHIIuX, SKi
BimoOpakaloTh IOPYIIEHHSI MapaMeTpiB TOMEOKiHe3y Ta
BU3HAYAIOTh CTpaTerito i TakTuKy peabdimitarii [1]. I1po-
BelleHa KIIiHiKO-TIaTOreHeTUYHa Iapajie/ib apTporarTiid,
PO3p0o0JIEHI TTOKPOKOBI aITOPUTMU XipypriuHO] i Tepares-
TUYHOI TaKTUKU 3 YpaxyBaHHSIM eTiJeMioJorii, KJIiHiKH,
cramii Ta gedpopmamii cyrmo06iB [2]. Ha croromui 3armpo-
MOHOBaHA JiarHOCTHKaA Helipoocteoaprpomarii Lllapko 3
pinkicHolo Jokanizamieio CN BeIMKOTo IMajblsl Ta METO
eKOHOMHOI cTabinizanii (K-wire) 3 paHHbOIO MOOiTi3alliel0
[3]. BusnaueHi kpurepii aiarHoctuku (MPT, temnepary-

pa/HabpsK) Ta edpekTuBHICTH po3BaHTaxkeHHs (TCC), saki
3HIKYIOTh BUKOPUCTAHHS XipypriyHUX MaHIiMyJIsLiil mpu
JIUCTOPMOHAIBLHUX apTpornarisx [4]. Y maroreHesi ncopia-
TUYHOTO apTPUTY KJIOUYOBY POJIb BiIBOIATH iMyHHUM IO-
pymeHHssm (IL-23/1L-17 ta TNF, HeomHOpigHOCTiI TKa-
HUH: LIKipa/eHTe3ic/Cyrio0), 110 BUSHAYAE TIEPCTIEKTUBHI
uiai (IL-17/23, inridiropu JAK/TYK?2) [5]. Baxiuse 3Ha-
yeHHs nuisixy [L-23/11L-17 y po3BUTKY CIIOHIWJIITY, HA 11O
BKa3ylOTh KOHCOJIiZOBaHi JaHi IIpo KIi04oBy poib IL-17 y
BOTHUILIEBOMY 3aIlaJIeHHi €eHTEPO3UTIB; KJIiHiYHi BUIIPOOY-
BaHHS IOSICHIOIOTh BiIMiHHOCTI B €(DeKTUBHOCTI OJIOKaau
IL-17 Ta 1L-23 3 0chOBUM CHOHAMIOApTPUTOM [6]. BBe-
NIEHHS CTpaTerii TOYHOI MEAULIMHU Ha TIPOTUBAry IiIX01y
«OJIMH PO3MIip ISl BCiX» MOTpedye po3risiay e(eKTUBHOCTI
HII3I1, inri6itopis TNF/IL-17/JAK 3 axSpA ta PsA, 3 ak-
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LIEHTOM Ha BUOip Tepallii 3aJIeKHO Bill (heHOTUITY 3aXBOPIO-
BaHHS, (OPMU KOMOPOITHOCTI ¥ CymyTHiX MposiBiB (yBe-
T, 3anajibHi 3axBoproBaHHs KuieuHuka (33K), mikipa).
CyyacHMI1 TIOTJISI Ha TaTOT€HE3 PEBMATOIIHOTO apTPUTY
(PA) mae Ha yBa3i: aKkTMBallil0 BPOIXKEHOI0/aJalITUBHOTO
iMyHITETY, KJIIOUOBY posib ¢ibpobnactiB, B/T-kiiTuH Ta
mutokiHiB (TNF, IL-6, 1L.-17), BHECOK T¢HETUKM Ta Ha-
BKOJIMIIIHBOTO cepefoBullia. BUIiISIOTH cepono3uTUBHY
i cepoHeratuBHy ¢Gopmu PA, 1o morpedye BU3HAYEHHS
MmileHel (kiacudikailii), po3pooku 6iomapkepiB i chepu
Tepamnii. BcTaHOBJIEHHs IaToreHesy, MPOTHO3yBaHHS Ta
npodinakTrKa 3MiHIOIOTh TapaaurMu. «Jlonoporosa» cra-
Ilist cepono3uTuBHOrO PA, MpeaukTopu nepexomy 10 Kili-
HIYHOTO apTpUTY Ta Tepiii NpodiaKTUUYHI BUTIPOOYBaHHS
YTBOPIOIOTH 10JI1e TTpodiTaKTUYHOI peBMaToJiorii [7]. Bax-
JIUBa POJIb BEreTaTUBHOI AMCGYHKIIT 11 BUSHAYEHHS He
TIJIbKY CEePLIeBO-CYAMHHOTO PU3UKY, ajie i mepediry pisHUX
dopM peBmaToimHOro apTputy [1]. 3MeHIIeHHS ITapame-
TpiB BapiabeIbHOCTI ceplieBoro putMmy mnos’szane 3 CRP
Ta po3mupeHHsIM QTc, 110 MiaATBepIKYIOTh TUCHYHKIIIO
ANS Ta kapumiopusuk 1pu PA, BKasyloTh Ha TOPYILIEHHS
cummnaroBarycHoro 6anaHcy [8, 9]. HeinBazuBHa cTumy-
JISILiST 6JTyKar0uoro HepBa IMOCUITIOE XOMiHepTriYHUI TTPOTH -
3arajbHUI UISIX Ta MOJINIye KaiHivHi gadi mpu PA/33K
[10]. 3aroctpeHHsi PA cynpoBOMXKY€ETbCSI MiIBUIIEHHSIM
TOHYCY CHMIIaTUYHOI HEPBOBOI CUCTeMH. 3pOCTAE Tepa-
MEBTUYHUI MOTEHIIiaJ CTUMYJISIIL OJTyKalouoro HepBa IIpu
aBTOIMYHHUX 3aXBOPIOBaHHSIX, 1110 MiATBEPIKYE CUCTEMA-
tuuHuii orisin PRISMA no 19.07.2024, sikuit y3arajibHIo€e
KJiHiuHi Hacainku VNS, ipodiiiB 6e3neku Ta mporajuHu
y mokazax [11]. «BereratuBHuit mnacnopt» BU3Havae hopMy
CyrJI000BOTO CUHAPOMY, 110 MOTPeOy€E MOAAIBIINX AOCTi-
JIKEHD 3 LIUX TTO3ULIiiA.

Yce yacrillie 3BepTaloTh yBary Ha poJib MiKpooioMy mpu
PA. NeHeTnuHa CXUJIBHICTD 10 KMIIIKOBOTO ACOAKTEPio3y,
MMOBIpHO, TIepelye apTpUTy Ta CIPUSIE CUCTEMHOMY 3a-
najeHHI0 (MOJIEKYJISIpHA MIMiKpis, ITOpyIIeHHs Oap’epa)
[12]. HocmimkeHHsI TeHETUKHU, OCi «KUIIEYHUK — CYIJIO-
6u», BBy HIT3I1/BI13I1, GionpenapatiB Ha MiKpoGioTy
BU3HAYa€ MepcrnekTuBu BukopuctaHHss FMT/mpo6ioTu-
KiB TIpU akciaJbHOMY (OCHOBOMY) CIIOHAWJITI, BiIKpUBa€e
MOXJIMBOCTI MaiiOyTHbHOI Teparii HOBUMU JIiKapCbKUMU 3a-
cobamu [13]. BcraHoBIeHI MexaHi3MU y4acTi MiKpobioTH,
1L-23/1L-17, ponb Gap’epa Ta MeTabOJITIB TIPU CIOHIM-
JIOApPTPOIIATisSIX TO3BOJISIIOTh PO3POOJISITH a1’ FOBAHTHY Mi-
KpoOHy Tepartito [14, 15]. [TopyiieHHSI KUCTOTHO-TYXHOT
piBHOBAaru BaxkjivBe y (opMyBaHHI OMCOAKTepio3y, SIKWi
3HAYHOIO MipOI0 3aJIeXXUTh Bill BereTaTUBHOI AMC(YHKIIII
[16]. BarotoHiku uyepe3 BHYTPIIIHBOKIITUHHUI aJIKaIo3
OiJbllle CXWJIbHI A0 MiKO3iB, 110 BiIKpMBAa€ HOBi MOXKJIM-
BOCTIi iHAMBiIyaJIbHOI Teparlii cyri060Boro cuHapomy [1].
CyuacHe po3yMiHHsI maTtoreHesy octeoapTputy (OA) Ta
HOBUX ITiIXOMAiB JO MOro JiKyBaHHSI I'PYHTYETbCS Ha poOJi
eIMireHeTUKM, TOPYLIEHHSIX TapaMeTpiB TOMEOKiHe3y Ta
MU3eIeMeHTo3ax, (opmax 3armbeni KITHH (TiponTo3/
KaJblinTo3, ¢peponTo3, aBTOIMYHHa arpecisi/aBrodaris),
MemiaTopax 6omio Ta HoBux Metonnkax (CRISPR, scRNA-
seg) npu nociaimkeHHi OA [17, 18]. I1omKomkeHHs CyTrio-
0iB pealli3yeThCs Yepe3 MexaHi3MM aBTOIMYHHOI arpecii uu

OKHCHOTO CTpecCy 3aJIeXXHO Bill BEreTaTMBHOIO MacropTa
naiienra [1]. OTpuMaHO HOBi JaHi MPO MITOXOHApiab-
HUIT 0OMiH Ta TUCGYHKIIIIO OCTE0apTPUTY, SIKi BKA3YIOTh
Ha pPOJib MiTOXOH/IPill y XOHAPOLIMTAX, MOKa3aHi (DeHOTUTTN
3aITaJIeHHsT Ta 00J110, PO3pO0JICHI HAIIPSIMKIA MITOXOHIPI-
aJbHO-CcIpsiMoBaHoi Teparii [19]. CtapiHHs Ta 3pocTatoua
PpOJIb KIIITUHHOI CeHEeCHEHIIii IIpY OCTeOapTPUTI JIeKaTh B
ocHOBi SASP, TkaHnHocnenn@iyHOI ceHeCUeHIIil (XpsIIII,
CcyOXOHApalbHA KiCTKa, CMHOBIs), 1110 BU3HAYA€E LTI IS
CeHoJIiTUKiB/ceHoMopdikiB [20].

[TopyureHHsT METa0O0Ii3MY YAaCTO CYTTPOBOIKYETHCS Mif-
BUILEHHSIM CEYOBOI KHUCJOTHU, IO MOTpedye OGalaHCOBOI
Tepartii ajgomypuHojoM/hedyKcocTaToM 3 METOI0 3aro0i-
raHHS 3aTOCTPEHHIO 3 ypaxyBaHHSIM KoMopOigHocTi [21].
Pexomenpamii ACR 2020 mrst miKyBaHHSI TTOJarpu po3-
[JI1al0Th TTOYaTOK MPU3HAYEHHS aJIONypUHOY (BKJTIOU-
Ho i3 X3H) nipu piBHi ce4oBoi KucaoTu < 6 MI/mI, POib
xonxinmHy/HTI3IT/TKIT Ta 1ikyBaHHS TodhyCcHOI Togarpu
[22]. ITomarpa yacriiiie 3ycTpida€eThCsl Y BATOTOHIKiB. XBO-
poba ocaIXeHHSI eKCTPaKJIiTUHHO KpUCTaJiB Iipodocda-
Ty Kainblio (CPPD) nos’s3ana 3 aktuBaiieto NLRP3, mae
pi3Hi eHoTUNH i Mepebdirae Ha TIi cuMnatoToHii [23]. 3a-
nporioHoBaHi kputepii kiacudikaiii ACR/EULAR 2023
I 3aXBOPIOBAHHSI OCAIKEHHS IipodocdaTy Kalblliio,
SIKi BKJIIOYAIOTh BAaroBi KJIiHiUHI miKanu/X-ray/nociiaKeH-
HSI CUHOBiaybHOI pimnHM [24]. IlepcrieKTUBHUM € METO.
BCTAaHOBJICHHSI «BETE€TAaTUBHOTO TacropTra» ISl BU3Ha-
yeHHs (OpMU AMCMETA0O0IIYHOI apTPOIIaTii, 1110 MOBUHHO
3HAWTU BimoOpaxkeHHs B TOMEOKiHeTHMYHiil Kiacudikarlii
CyTJ1000BOT0 CUHAPOMY.

CuHIpoMabHUI MaTOreHETUYHUI MiaXia € 6a30BUM y
Menu4JHii peabimitartii [1]. [laToreHe3 0OCHOBHOIO i CymyT-
HbOTO 3aXBOPIOBAHHSI 00’€AHYE KOMOPOiITHICTh (EMMHUIA
raToreHes3), KpUTEPieM SIKO1 € piBeHb BHYTPIillIHbOKJIITUH-
HOTO KaJIbllilo SIK YHiBepcaJlbHOro MeceHkepa [25]. Baxk-
JIMBY POJIb Y TATOJOTIi BiBOOSATH IOPYIIEHHSIM pOOOTHU
KaJblLi€BUX, HATpPili-KaJi€BUX, XJIOPUIHUX, BOMHMIX KaHa-
7B [26]. Bumiagiors Kaiabliii-aediluTHy KOMOpPOiIHiCTh
Ha TJIi OCTeONopo3y i KaJbllili-HaIJIMIIKOBY IpU aTepo-
ckieposi [1, 25], 10 akTyaJllbHO Y 3B’3KYy 3 MeXaHi3MOM
KaJbLINTO3y — <«KaJIbLIIEBOI cMepTi KiiTwuH» [27] Ta 00-
I'PYHTOBYE BUKOPUCTAHHS OJIOKATOPIB KaJblIiEBUX KaHAJIiB
npu apTpomnarisix [28].

Ha croronHi 6isibllie BUKOPHCTOBYIOTH Kiacuikarlii Ha
6a3i cTpykTypHOTO (MOP(OJIOTIYHOT0), (DYHKIIOHATBHOTO
Ta KJIiHIYHOTO ITOPYIIECHHS OIOPHO-PYXOBOi cucTteMu [1].
KirrouoBum mapamMeTpoM 300pOB’sl Ta XBOPOOU € TOMEOKi-
He3, IKUU MpeCTaBlIeHn 0araTopiBHEBUMU CTPYKTYpaMu
B opraHi3mi [1]. [oMeokiHe3 — 1ie AMHaMiuHa B3a€EMOZIis
BCiX PperyJsITOpPHUX CHUCTEM OpraHi3My, sika 3abe3Ieuye
30epekeHHs] XUTTEMISNIBHOCTI, afgamnTauilo 10 3MiH YMOB
30BHIIIHBOIO i BHYTPIllIHbOrO cepeaoBuia. [lopymeHHs
napamMeTpiB TOMEOKiHEe3y 3HAUHOK Mipolo JeTepMiHOBaHi
TE€HOTUITOM, «BEr€TaTUBHUM IacIOPTOM» XBOPOTO (IiThb-
HICTIO agpeHOpelLEITOPiB y TKaHMHAaX) i (heHOTUIIOBUMU
cTpecoBUMM (amanTaliiHuMM) peakuismu (puc. 1, 2).
«BereraruBHMI MacropT» Malli€eHTa BU3HAYAIOTh 34 CEH-
CUTUBHICTIO pELeNTOPiB TPOMOOLIMTIB 10 alleTUJIXOJiHY
i HopanpeHaniHy [1, 2]. IndopMatuBHUMU i BaJiTHUMU
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BUSBUIIUCH TecT COKpyTa 3 BU3HAYEHHSI «BeTeTaTUBHOTO
rnacrmopra» i ¢bopMU COMATOTeHil, SIKi 3HAWIIIN ITUPOKE
KJIiHIYHE 3aCTOCYBaHHS. AKTyaJJbHUM € BUBYEHHSI BHY-
TPITHBOKJTITUHHUX CUTHAJbHUX HUISIXIB i MIKKJTITUHHOT
B3a€EMOZil B XOHAPOLIMTAX i CMHOBIsAX. Bereroromeokine-
TUYHA TeOpis IaTOJIOTIl cTajla 3araJlbHOIPUIHSITOIO, IO
JIO3BOJIMJIO 3aIIPOIIOHYBAaTH T'OMEOKiIHETUUYHY KJiacuika-
1Ii10 apTpomaTiii Ta HamaTH ii AJIs1 OOTOBOPEHHSI.

YuHHi Kiacudikauii BUPIIIYIOTh OKpeMi mpobJiemu,
aje 0a30BO HE IOB’SI3aHi MiXK C00010 (He MaroThb €IMHOI
MaToOreHeTUYHOI OocHOBM). ['oMeoKiHeTMuHa Kiacugika-
LIis1 apTpoNartiii JO3BOJWTD iHAMBiIYyai3yBaTH JiKyBalbHi
Ta peabiyitauiitHi mporpamu [1]. HozomoriuHi ctaHgapti
JIIKyBaHHSI TIOTPiOHO TpaHCc(hOpMYBaTH Yy CUHIPOMAabHI
peKOMeHIallil 3 ypaxyBaHHIM (hOpMU 3aXBOPIOBAHHS i KO-
MOpOiZHOCTI. BaroToHiuHi Y1 cMMIIATOTOHIYHI MapaMeTpu
TOMeOKiHe3y (OpMYIOTh BIiAIIOBIZHO KabLili-AediuuTHY
(ocTeoropo3) 4M Kajbllifi-HaIJUIIKOBY (aT€pPOCKIEPO3)
KOMOpPOIAHICTh, SIKY BU3HAYaIOTh 3a PiBHEM BHYTPILIHHO-
KJIITMHHOTO Kajblilo y Bojocci [25]. TlolKomKeHHs y
cyriobax Mpu peBMaToiIHOMY apTPUTI peali3yloTbcs Ye-
pe3 MexaHi3MU aBTOIMYHHOI arpecii Yu OKMCHOTO CTpecy
3aJIexKHO Bif ioro ¢opmu [1, 29]. Tumn comaTtoreHii y3ro-
JIKYETHCS 3 BETeTATUBHUM MAaCIOPTOM Ta KOMOPOiTHICTIO,
SIKi (DOPMYIOTH TTOPYILICHHS MMapaMeTpiB TOMeoKiHe3y [25].
VY cUMITaTOTOHIKIB P KaJbLili-HaIJINIIKOBii1 KOMOPOim-
HOCTI BiICJIiIKOBYIOTH aIpeHEPriuHi CepOTOHIH-HaIIMII-
KOBI peaxllii 3 aKTUBaIli€l0 TTepEeKNMCHOT0 OKMCHEHHS JIiMli-
niB (ITOJI), 1o 3amyckae OKMCHe IOIIKOIKEHHS TKaHUH,
30KpeMa 4epe3 (eponTos3, MPU OCTEOAPTPUTI i JO3BOJISIE
3aMpoNOHYBAaTU HOBi TepareBTUYHI CTpaTerii — MOTeH-
LiitHI anTudeponToTnuHi miaxonu [29]. Kopekiiist piBHs
BHYTPIIITHBOKJIITUHHOTO KaJIbIlil0 TIPM CUMMATOTOHIl 3
KaJIbLill-HAIJIUIIIKOBOIO KOMOPOIIHICTIO CIIpsMOBaHa Ha
YCYHEHHS KanbLinTosy [27, 28]. [1pu qoMiHyI0Uiil BaroTO-
Hil i KanbLiii-neiouTHIA KOMOPOIMIHOCTI CITOCTEpiraloTh
alleTUJIXOJIiHOBI CEPOTOHIH-AEMILIMTHI CTaHU, 110 JIeXKaTh
B OCHOBi aBTOiIMyHHOI arpecii [1, 25]. 3ampomnoHoBaHUt
BapiaHT TOMEOKiHeTMYHOI KJiacuikallii apTpomnartiit no-
3BOJISIE BPaXOBYBAaTH OCHOBHI KJIiHiYHi Ta MaTOT€HETUYHi
aCIeKTH CYrJI000BOTO CUHIPOMY.

MarTepiaau Ta meToamn

Po6ota BukoHaHa Ha 62 xBopux Ha PA Bikom Binx 40 mo
60 poxkiB. XBopi Oy/u moileHi Ha ABi TPYITX 3TiAHO 3 KITi-
HiKO-J1a00paTOPHUMU JaHUMU (CEpOITO3UTUBHUII/CepO-
HeraTUBHMIT), CIIEKTpaJbHUM aHaJi30M CEPLIEBOIO PUTMY
(CACP) Ta aBTOMaTH30BaHMM BU3HAYEHHSIM IapaMeTpiB
TrOMEOKiHe3y i «BereratuBHoro mnacropty» [1, 9]. Ilepury
Ipyny CTaHOBUJIM 38 BaroToHiKiB 3 ceporno3uTuBHUM PA,
a Apyry — 24 CUMMAaTOTOHIKM 3 CEPOHEraTMBHOW (op-
Moto PA. [TokazHMKM HOpMU BUBYAIMCS Y TPYTIi 310POBUX
0ci0 — y 40 IpaKTUYHO 3I0POBUX JIIOIEH 1Ii€1 BIKOBOI KaTe-
ropii, cepe sikux 0yJio 11 yonosikiB i 29 xiHok. Tpusanicts
3axBopioBaHHg ctaHoBuia 10,00 = 0,56 poky. ¥ rpyry Ba-
TOTOHIKiB BKJIIOYAJIU CEPOIO3UTUBHUIM BapiaHT PA 3a peB-
maTtoinHuM dakTopoM (RF) i aHTUTIIAaMM 10 LUKJIIYHOTO
uutpyaiHoBoro nentuny (ACCP) Ha T/1i rinep4yyTauBocCTi
iMyHHOI CHCTeMU, KallblLiii-mediuuTHOI KOMOpOimHOCTI

(ocTeornoposy) Ta foMiHyBaHHS BaroToHii [1, 25]. Octeo-
MOPO3 MiATBEPIKYBAIM Pe3yIbTaTaMU IBOXEHEPreTUIHOT
PEHTIeHIBCHKOI OCTEOACHCUTOMETpPii MPOKCHMAaJIbHOTO
Bimminy crerHoBoi Kictku (QDR-4500-Delphi-Hologic,
CHLIA). V¥ rpyny CUMIIAaTOTOHIKIB BiTHOCWJIM IMAlLli€HTIB 3
cepoHeratuBHUM PA, Bucokolo aktuBHicTio I[1OJI, cummna-
TOTOHI€l0, Tinmepkarexosiemieto. OLiHKY BereTaTUBHOTO TO-
HYCY 3[iiCHIOBAJIM METOAOM CIIEKTPAJIBHOTO aHai3y 3a 10-
ITOMOT0I0 KOMII'I0TEpHOTO eJieKTpokapaiorpacda ANS-Pro
ta «Kapmiona6-2000» (Ykpaina). CriekTpaJbHUI aHali3
I ITUXBUJIMHHUX TocHimoBHOcTeil RR-iHTepBasiB ejek-
TpOKapaiorpaM MPOBOAMIIN 3a JOITOMOTOIO METOY IIBU/I-
koro neperBopeHHs1 Dyp’e [1]. Ha purMmokapmiorpamax
Bu3Havanu noTyxHicts LF (Low Frequency — 30Ha Hu3b-
kux vacror (0,05—0,15 I'u)) i HF (High Frequency — 3ona
Bucokux yactotT (0,15—0,5 T'm)), a TakoxX iHAEKC cuMma-
toBarycHoi piBHoBaru (ICBP = LF/HF). IMoryxHicTb BuU-
cokouacroTHoro iHTepBaiy (HF) 3B’s13aHa 3 KoJTMBaHHSIMU
BaryCHOro TOHYCY TpHW JWXaHHI Ta BU3HAYa€ aKTMBHICTh
napacummnarnyHoi BHC, a HuzbkouactotHuii (LF) 3miHIO-
€ThCSI 32 PAXYHOK MEXaHi3MiB pPeTyJIsiilii CyTMHHOTO TOHYCY
i BimoOpaxkae craH cumraruyHoi JaHku BHC. «Berera-
TUBHUI MACIOPT» i «BereTaTUBHUII TOHYC» BimoOpaxKaim
BiIMOBIZHO CTaH CTPYKTYpHU i (PyHKIIiIO, Ka Oyjia OiIbIx
BapiabenbHOW0. 3arocTpeHHs1 PA BMKIMKAIO NOJATKOBY
aKTHUBAIlil0 CUMIIATUYHOI CUCTEMM, 110 MOTPiOHO Bpaxo-
BYBATU B OLLiHIIi BereTaTUBHUX MOPYILIeHb. Bijblll CTIKUM
i BipOTiIHUM BUSIBUBCSI «BereTaTMBHUI MacnopT», 3aCHO-
BaHMII Ha CTPYKTYPHMX 3MiHax MapaMeTpiB rOMEOKiHe3y.
dopma coMaToreHii 3HAYHOIO MipOIO 3ajexkayia Bil «Be-
reTaTUBHOTO TIACIOPTY» i CEPOTOHIHOBOI HEIOCTATHOCTI
(alleTUIXOMiHOBA, CEPOTOHIH-Ie(IIUTHA TPUBOXKHO-IE-
TIPECUBHA YM aJipeHepTiuyHa CEPOTOHIH-HAIIUIITKOBA Tia-
Hiko-¢po0iuHa) [1], 110 MiATBEpIXKYyBalIM 3a JOIIOMOTOIO
tectiB Cokpyra, beka, Cnindeprepa, Jliomepa ta onury-
BajnbHUKa SF-36. /{7151 BU3HaueHHST (hopMHU KOMOPOiZHOCTI
JOCITiKyBaiu piBeHb Ca y KpoBi i Bojiocci. BukopucTtoBy-
BaJlu aTOMHO-a0copOuiliHui criekTpoMeTp SolAAr-Mk2-
MOZe 3 enektporpaditroBum atomizaropom (Benrkobpu-
TaHis1). PiBeHb BHYTPIIIHBOKJIITUHHOTO KaJIbIIitO, SIKUI
BU3HAYAETHCSI METOJIOM CIIEKTPAJbHOTO aHaJli3y BOJIOCCS
(MAB-giarHOCTHKa — MYJIbTHUEJIEMEHTHUI aHaIi3 BOJIOC-
cs) 1 CIiBBiZHECEHM 3i 3HAUYEHHSMU HOPMM, BUCTYIIA€
«TOYKOIO BilIlJTiKy» B IiaTrHOCTHIIi TUITy KOMOpOigHOCTi [25].
Ddopmy KOMOPOITHOCTI BU3HAYAJIN 32 iHAEKCOM HOPMOBA-
HOTO0 BHYTPIlLIHBOKJIITUHHOTO KaJIblLIil0 (ICanopM), minpa-
XOBYBaJIu 3a (hOPMYJIOH0: ICaHOpM = Cay BoJsiocci xBoporo/
Ca y HOpMmi (ICaHOpM = 1,0 — 310poOBI; ICaHOpM > 1,0 Bka-
3yBaB Ha Ca-HaJUIMIIKOBY KOMOpPOiIHICTb; lCaHopM < 1,0
BKa3y€e Ha 3aKHMCHEHE CEepelIOBUIIE 3 aKTUBAIIEID KUCIUX
docdarasz, CXUTBHICTIO 10 aTEPOCKIEPO3y TPU KaJlblIiii-
HAJUTMIIKOBI KOMOPOIHOCTI, BUCOKOMY KaJblliii-KO-
poHapHoMmy iHmekci; 3HadeHHs IKJIP 1,0 BimoGpazkano
MeXaHi3MU TIOIIKOKEHHST CYIJI00iB Yepe3 OKCHMIAHTHUIA
crpec [1]. BusHavyanu iHgekcu piBHOBaru CUCTeMU-aHTH-
CUCTEMM TOPYIIEHHS IapaMeTpiB romeokiHesy [1]. Cra-
TUCTUYHA 0OpOoOKa OTPUMAHMX PE3YJIbTATiB HOCIiIKEHHS
MpOBeAeHA 3a JOMOMOIOI0 BapialliilHOro, HermapameTpuy-
HOTO, KOpeJsililiiHOro, perpecuBHOro, onHo- (ANOVA) i
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6araroakropHoro (ANOVA/MANOVA) nucnepciiiHoro
aHanizy (mporpamu Microsoft Excel i Statistica-Stat-Soft,
CIHIA). OuintoBanu cepeaHe 3HauyeHHs (M), iioro craH-
napTHy moxuoOky (m) i BiaxuneHHst (SD), mapamerpuyuHi
koediuienTn kopensuii [lipcoHa i HenapamerpuuHi KeH-
Jajia, Kputepii perpecii, qucnepcii bpayna — ®opcaiira,
VinkokcoHa — Pao, Maknemapa — @imepa, CTblofeHTa
i BIpOTimHICTh CTAaTUCTUYHMX ITOKA3HUKIB. Y TaOIUILIX
nomaHi pe3yJabTaTh BJIACHOTO MOCIIIKEHHS, ST KOX-
HOTO TOKa3HMKa HaBOAMTHCS CEepeJHE 3HAYeHHs, HOro
noxu6ka (M, m), BipOTriIHiCTb 3MiHM BU3HAYEHMX IO-
Ka3HMKiB 3a kputepiem CTbloJieHTa, KOpesiliiiHa 3aIexX-
HICTb 3 ypaxyBaHHSM KoedilliEHTIB KOpeJsliii i nerepmi-
Haltii.

Pe3yAbTaTM TO OOrOBOPEHHS

ITpoBeneHe noCHiKEHHS T03BOINIIO BUBHAYUTH iHDOP-
MAaTUBHI TTOKa3HUKU «BET€TaTUBHOTO MAacropTa» MailieHTa,
BaroTOHIYHMI Ta CUMITATOTOHIYHMI TOMEOKiHe3, (hopMy
CyIJ1000BOrO CHMHIAPOMY i KOoMopOimHocTi. Baroroniku-
craiiepy (OCHOBHHUM MeIiaTOp — aleTWJIXOJiH) CXUJIbHi
0 KaJblLiii-nehiluTHOI KOMOPOiZHOCTI (OCTeoImmoposy),
alleTUIIXOJiHOBUX, CEPOTOHIH-AeDILIMTHUX TPUBOXKHO-/1e-
MPECUBHUX COMATOreHiii, TOMiHYBaHHS aHA0OJIYHUX TrOp-
MOHIB, ajieprii, ankanody. @opMyeTbCsT CepONO3UTUBHMIA
PA, TIomko;keHHS y cyTiio0ax peasi3yloThCsl uepe3 MeXa-
Hi3Mu aBTOiMYHHOI arpecii [1]. CUMNaTOTOHIKKU-CIIPUH-
Tepu (OCHOBHUII MeIiaTop — HOpaIpeHalliH) CXWIbHI IO
KaJIbLIili- HAJUIMIITKOBOI KOMOPOIZHOCTI, ampeHEepriyHuX,
CEepOTOHIH-HAMIMIIKOBUX MaHiKO-(pOOIYHMX coMaTore-
Hili, TOMiHYBaHHSI KaTaOOJiYHMX TOPMOHIB, allMAO3y Ta
iMyHOIE(IlIMTHUX CTaHiB, 110 MiATBEPIKYIOTh pe3yJbTaTh
CACP, ncuxoJjoriyHe TeCTyBaHHS Ta iHIEKCH piBHOBaru
napaMeTpiB roMeoKiHe3y. PO3BUBa€ThCsI cepOHETaTUBHUMA

PA, npuunHOIO SIKOTO € OKCUAAHTHUI cTpec, a ¢GhopMmu
3arubesti KJITUH — MipornTo3/KaiblinTo3, deponros [17,
27]. Pizni popmu PA moTpeOyioTh iHmMBigyasi3alii B JiKy-
BaHHI Ta peaOinitawii. Pe3ynpTaTi BapialiiiHOI ITyJIbcOMe-
Tpii, MOTYKHICTb CIIEKTPiB CEPLIEBOrO pPUTMY B Jiara3oHax
LFiHF, a takox ix cniBBigHowmeHnHst LF/HF (iHgekc cum-
MaTOBaryCHOI piBHOBAaru) IiATBEPKYBaJIM 3HAYHY POJb
«BEreTaTUBHOIO TIACIOpTa»/BereTaTUBHOI AMCOYHKIIT B
raroreHesi cyrio6oBoro cuHapomy (tads. 1). Lli mokazHu-
KU JO3BOJIMJIU TIOTIEPEIHBO TTPOBECTU PO3MOiJ MALliEHTIB
Ha TPyIN: IIepilla — BaroTOHIKM 3 CEPOITO3UTUBHUM PA,
JIpyra — CUMIIATOTOHIKM 3 cepoHeraTuBHUM PA, i po3ro-
IUTATH TIAIi€HTIB 3TiIHO 3 KJIiHiKO-I1a00paTOpHO-iHCTPY-
MEHTAJbHUM aHajli3oM. Y KOHTpPOJIbHIM TIpyIi (HOpMa)
notyxHicte LF = 786,2 £ 20,5, HF = 489,1 £ 12.4, cniB-
BigHomeHHs1 LF/HF = 1,59 & 0,05 (Ta6x. 1).

Innexc cummartoBaryCHoOi piBHOBaru B KOHTPOJbHIil
rpymi — 1,60 £ 0,05. Moro 3HaueHHs1 > 1,65 BKa3yBaiy Ha
MIOMiHyBaHHSI CUMITaTOTOHiI, a < 1,55 BimoOpaxkain Baro-
ToHi. OTpumani pesynbratu iHaekcy LF/HF nosenu no-
LIJTBHICTh 1OT0 BUKOPUCTAHHS SIK JIlarTHOCTUYHOTO KPUTE-
piro BU3HAUEHHS «BereTaTUBHOIO macrnopta» i popmu PA.
OTpuMaHi 3aKOHOMIPHOCTI i TiCHI KOpeJIsiii ImapamMeTpiB
pizHux opm PA 3 BereraTMBHUM MACOPTOM ITiATBEPIKY-
BaJIM aBTOPCHKY «BEreTOTOMEOKiHETUUHY TEOPilo IMaToJIo-
rii», sika BigoOpakasia eBOJIOLII0 KOHIIEIIIii cTpecy, ¢hop-
MyBaHHs ausaaantaiii [1, 9, 25]. ®opmu KomMopOinHOCTI
YTOUHIOBAIU «BEre€TATUBHUIA ACMOPT» MalieHTa (Tad. 2).

Y BarotoHikiB, xBopux Ha PA, BU3Havaiach KaJblliii-
nediunTHa, y CMMITATOTOHIKIB, XBOpuX Ha PA, — KasblIliii-
HaJIJTUIITKOBA KOMOPOiTHICTh, 1110 MOB’3yI0Th 3 BJIACTUBOC-
TSIMM HOpaIpeHaliHy i ampeHaliHy ITiIBUIIYBaTA PiBEHb
BHYTPIIIHbOKJIITUHHOTO KajbLilo. binbin iHpopmaTuBHN-
MU BUSIBUJIMCH IMTOKA3HUKM KaJIBIIiI0 Y BOJIOCCI, SIKi MOXKYTh

Tabnuus 1. Moka3Hukn cnekTpasbHOro aHasi3y puTMy cepus B NayieHTIB
3 pisHumu popmamu aptpurtis (M = m)

Moka3Huku
Mpynu
LF HF LF/HF
pyna 3popoBux ntoaen (n = 40) 786,2+20,5 489,1+12,4 1,59 + 0,05
pyna 1, BaroToHikn 3 Cepono3nTuBHUMM aptputamm (n = 38) 370,8 9,0 | 384,7+13,0* | 0,91+0,04*
pyna 2, cuMnNaToTOHIkM 3 cepoHeraTuBHuMu aptputamn (n=24) | 5945+ 12,5* | 318,5+13,9* | 2,01 £0,09*

Mpumirtka: * — p < 0,05, BiporigHa pi3HULsI NOKa3HUKIB MOPIBHSIHO 3 KOHTPOJIbHOIO IPYIoio.

Ta6aunusa 2. Po3nopgin xsopux Ha PA 3a nokasunkamu ingekcy bapHetra — Hopgina (BNI),
iHaekcy MmiHepanbHOT WinbHOCTI kicTkn (BMD) Ta BMicTy kasbuito B kposi i Bonocci (M = SE)

Ipynu xBopux Ha PA
KoHTponbHa N X
O3HaKkun rpyna Npyna1l, BaroToHiku, Mpyna 2, cuMnNaToTOHIKM,
(n = 40) Ca-pediuntHa komMopo6igHicTe | Ca-HagnNULIKOBa KOMOPOGIAHICTb
(n=38),ICa, <1,0 (n=24),ICa,_ >1,0
BNI, B.O. 0,42 +0,51 0,400+ 0,013 0,430+ 0,083
BMD, -SD 2,00 +£0,60 0,920 + 0,091 1,90+£0,14
Cay KpoBi, Mr/n 99,40 = 3,71 65,7 2,1 57,5+1,6
Cay Bonocci, MKr/r 302,30 + 19,21 247,90 £ 27,41* 363,6 = 22,6*

Mpumitka: * — p < 0,05, BiporigHa pi3HULsI MTOKa3HUKIB NOPIBHAHO 3 KOHTPOJIbHOIO IrPyIio0.
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OyTM BUKOPHUCTaHI JJIs1 BU3HAYEHHS «BEreTaTUBHOTO Tac-
nopTa» i MaTOreHEeTUYHOI (POPMU CYIJIOOOBOTO CUHIPOMY
Ta comaroreHii. XBopux Ha PA 3 Ca-nediuutHoro KoMop-
6inHicTio BusiBieHO 38 (73 %), 3 Ca-HamIuImKoBow — 24
(47 %). ®opma KOMOPOITHOCTI BU3HAYaJla BEKTOPHICTh
MOpYIIEHHs TTapaMeTpiB roMeoKiHe3y i BKa3yBajia Ha Me-
XaHI3MU TOIIKOMKEHHSI Yepe3 aBTOIMYHHY arpecito mpu
cepono3utuBHOMY PA [1] Ta OKMCHMIT cTpec TIpU cepoHe-
ratuBHomy PA [17, 25]. Ingekcu piBHOBaru cUCTeMM-aH-
TUCHUCTEMHU TlapaMeTpiB roMeoKiHe3y npu PA minTBepmky-
BaJIi OTpUMaHi 3aKOHOMipHOCTi. JloMiHyI04a BaroTOHis
KOpeJIIo€E 3 Kajbliii-AedilluTHOIO KOMOPOIAHICTIO, aKTH-
Ballieto JyxHux docdaraz Ta nposiBaMu octeornoposy |1,
25]. CuMnaToTOHisI aCOLIIOEThCSI 3 KaJblliii-HaITUIIKO-
BOIO KOMOPOIiIHICTIO, BACOKMM KaJIbllill-KOPOHAPHUM iH-
nekcoM (KopoHapHUit cuHapoMm), aktusatiieto [TOJI i kuc-
mmx ocdaras, aTepoCKISPO30M i HASIBHICTIO KaIbLIMHATIB
y TKaHuHax [ 1, 27]. Cyrimo6oBuii CMHIAPOM 4acTo Iepebdirae
Ha TJIi COMATOTeHili, SIKi MOB’SI3yI0Th 3 MOPYIIEHHSIM PiB-
HOBaru MeIiaTopiB aleTWIXOJiHY/HopaapeHaniHy («Be-
reTaTUBHUIA TacmopT»), O0iOJOriYHO aKTUBHUX PEUYOBUH
(cepoToHiHy/TicTaMiHy), Au3eneMeHTo30M [25]. OTpumaHi
pe3yabTaT AOCTIIKEHHS Ta TECTYBaHHS MALliEHTIB MOCTY-
KU 0a3010 JIJ11 TOMEOKIiHeTUIHOI KiTacuikarii cyrio00o-
BOT'O CUH/APOMY:

1. 3a eTionorivHMMM O3HAKAMMU:

1.1. [lepBUHHI TEHOTUIIOBI apTPOTIATIi.

1.2. BropunHi (peHOTHIIOBI apTpomartii: eK3oreHHi (0io-
JIOTiuHi, iH(eKUiliHi, BipycHi, MiKO3Hi, XiMiuHi, ¢iznyHi)/
€HJIOTeHHI iIHTOKCUKallii.

11. 3anexxHo Bia MopylieHb Ha CUCTEMHOMY piBHi pery-
JIAUii TOMEOKiHe3y:

2.1. JIucHeBpOTMYHA apTpomnaTisi (apTporiartis Ha Tii
TCUXO0- i cCOMaToreHii):

A. BaroroHiuyHa aprtpomnatisi Ha TJi CepoTOHiH-Aedi-
LIUTHUX, TPUBOXHO-JAETIPECUBHUX COMATOTeHiil (00IbOBI
apTpoIIaTii mpu ACIpecii; CHHAPOM TillepMOOITBHOCTI Cy-
m100iB — cuHapom Enepca — Jlanno).

b. CummnatoToHiyHa apTpornaris Ha TJIi CepOTOHIiH-HaI-
JIMIIKOBUX MaHiaKaJlbHO-ITaHiKO-(poOiuHMX peakiiiit (60-
JIbOBI apTporarii pu (o0isix, MaHiaKaabHO-TIaHiKO-(O-
OGIYHMUX COMATOTEHIsIX).

2.2. lucropMoOHaibHa apTpOTaTisi:

A. Aptpormaris ropMOHO-aHa0OoiuHa (MeHoTmay3albHa
3 a0COJIIOTHOIO €CTPOr€HOBOIO HEIOCTATHICTIO; Ha TJi Ba-
TOTOHIYHOTO (iIHCYJIHOTOJIEPAHTHOTO) CUHAPOMY XPOHiU-
HOI TinepriikeMii; TimeprnapaTupeoinHa; Ipyu aKpOMeTallii;
MPOJIAKTMHOBA, MiKceaemMaro3Ha (TilloTUpeoimHa) apTpo-
maTist).

b. Aptpomnarisi ropMoHO-KaTaboJliuHa, (MeHoIay3allb-
Ha 3 BiIHOCHOIO €CTPOr€HOBOIO HEAOCTATHICTIO; TUPEO-
TOKCUYHA (TiMepTUpeoinHa); rinepKaiblIMTOHIHOBA; HA TJTi
CUMITaTOTOHIYHOTO (iHCYyaiHOAedinuTHOrO) CXT').

2.3. luzimyHHa (peBMaTU4YHA) apTpoOIIaTis:

A. AnepriyHa/cepomno3UTUBHA apTpornaris (ceporno-
3UTUBHMI peBMaTOiMHUI apTpuT, cuHapoMm DenTi; mco-
piaTUYHUII apTpUT (3UMOBO-OCIHHS (popma); CIIOHIMIO-
apTput (xBopoba bexTtepeBa); cyrio00BUii CUHAPOM IIpU
xBopob6i KpoHa/HecnenundiuHoMy aopToapTepiiTi; Hecre-

1ugiyHOMY BUPa3KOBOMY KOJIiTi; CKJIepoaepMii, AepMaTo-
MiO3UTi; CUCTEMHUX BaCKYyJiTax).

b. ImyHonediuuTHa/iMmyHOIETIPECMBHA, CEpOHEraTUB-
Ha apTpomnaTisi (cepOHeraTMBHUI PEBMATOITHUI apTpuT,
TICOpiaTUYHUI apTpUT (BECHSIHO-JITHS (hopMma); capKoi-
JI03HA apTpoIIaTis (capKoimo3); nuceMiHoBaHa iMyHomedi-
LIMTHA apTPOIIATisl; Ha TJIi OKUCHOIO CTPECY).

2.4. lucmeTaboiuHa (KpucTajaidyHa) apTpoIaTis:

A. AnkanosHa, Kaibliii-neginuTHa (0CTeonopos), Mi-
KO3Ha apTporarisi (0CTeonopo3; nojgarpa nepBUHHA; TO-
Jlarpa BTOpMHHA).

b. AummosHa, Kajiblili-HaJUIMIIKOBA (aTepoCKIepo3)
apTporiaris (XOHIPOKaJIbIIMHO3, IICeBIOIOAarpa, riapo-
KcUamnaTUTHUI i mipodocdaTHuii apTpuTH; amiloigo3Ha
apTporiarisi).

I1I. Oprannuii piBeHb TOMEOKiHe3y: apTpOIIaTii 3 Ipo-
BiTHUMU CUHAPOMaMU OPTraHHOI HEJOCTAaTHOCTI Ta TMOpYy-
ILIEHHSIMUA KPOBOTOKY:

3.1. AMCUMpKYISITOPHi apTpoIIaTii — uyepe3 mopyLIeHHs
KPOBOOOITY i MiKpOLIMPKYJISIIii:

A. ApTepiajibHi illleMiuHi apTponaTii — apTepiajibHa He-
JIOCTATHICTh (ACENTUYHUIT HEKPO3 TOJIOBKU Ta30CTErHOBOI
KiCTKM).

Bb. BeHo3Hi, 3acTiiiHi, TilOKCUYHi apTpornaTii — BEHO3-
Ha HeIOCTaTHICTh (BapMKO3HA BEHO3HA apTPOTaTisl; CUHO-
Bioma).

Cyrno0oBuid CMHAPOM € TUIIOBUM KIIIHIYHUM CHHIPO-
MOM i 3ycTpiya€eTbcsl ab0 SIK CaMOCTiliHE 3aXBOPIOBaHHS,
ab0 € KOMOpPOimHMM CTaHOM MpPHY MATOJOTii BHYTPIllIHiX
OpraHis.

3.2. Cyrio0oBUii CMHAPOM MpM OpPraHHiil HemocTaT-
HOCTi (apTpornartisi Npu XpOHIYHOMY TeMaTUTi; CUIiKO3HA
aptporaris (xBopoda Kojnine — Karmana); aptposu ripu
reMoiii To1o).

3.3. JlucruiacTyHi apTporiarii:

A. l'imeprmactnaHa aptpomnaris (cuaapoMm Mapdana).

b. l'imomractuyHa apTpomnartist (XOHApOMAaTO3 CYIJI00iB).

B. Heomnactuuna aprtpomaris (MielomMHa XBOpooOa;
JIGIKO3HUI apTPUT; 3JI0SIKiCHI TyXJIMHU CYIJI00iB).

Henocraruicts dyHkuii opranis (H® ) nosponse Bu-
SIBUTM CTYITiHb afanTaliii (cyOKomrmeHcallist (amanTartiii-
HUI CMHIPOM); AeKOMIIEHCAllis (IM3aganTaliiiHuii CUH-
JpOM)).

IV. KiituHHMiT piBeHb TOMEOKiHE3Y: apTpoIIaTii Ha TJIi
NIU3EJIeMEHTO3iB:

4.1. lnzeneMeHTO3Hi apTpomnarii:

A. BarotoHiuHi 1u3eneMeHTO3Hi apTponaTii — aegiluT
Ca, Fe, Si, I, Zn, Cr, Li, Co i Hamumok K, Mg, Na, V,
Mo, Ni, Mn, Cu, Se (ocTeomnopo3).

b. CuMIaToTOHIYHI IM3eJeMEHTO3HI apTporartii —
Hammumok Ca, Fe, Si, I, Zn, Cr, Li, Co i nediunt K, Mg,
Na, V, Mo, Ni, Mn, Cu, Se (ypoBcbKa XxBopoba, reMOXpO-
MaTo3Ha apTporarist, cMHaIpoM PopecThe).

3a KJIiHIYHUM TIepebirom:

1. InTepMiTyrounii, MEPCUCTYIOUNII JETKUIA TIepelir ap-
TpoIarTii.

2. IloMipHO TepcucTyioUa CEPEAHbOI TSIKKOCTI apTpo-
rarisi.

3. Tsxka nepcuctytodya hopMa apTpornarii.
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3a cTyrmeHeM amanTallii Ta (YHKIIiOHaJIbHOI Hea0CTaT-
HOCTI omopHo-pyxoBoi cuctemu: 1) ®H; 2) ®H, (mopy-
mweHHs QyHKUIT He Oinbine Hix 25 %); 3) ®H, (cybaman-
Tauis, Bix 25 no 50 %); 4) ®H, (nm3ananrauis abo crabka
KoMIIeHcauid, Bix 51 1o 75 %); 5) ®H, (mosHa qu3aganra-
wist, moHan 75 %). Jlyist oliHKY cTaHy QYHKIIT B eKCIIepTH3i
i peabiiiTallii BpaXxoBYIOTbCS IBa KPUTEPil — CTYMiHb I10-
pymeHHs (GQYHKIIII i MOXKJIMBOCTI i KOMIIEH ATl 3a J0IT0-
MOTOI0 MEIMKO-TEXHIUHUX 3ac00iB. SKIO KoMIeHcallist
MHoJinurye crad (pyHKIII, TO (YHKIIOHAJIBHUI KJIac OIli-
HIOETBCS 3 ypaxyBaHHSIM e(peKTy KOMIIeHcallii.

Knacudgikaliist cyriioboBoro CMHIApOMY — TOHSTTS IU-
HaMiyHe, 1110 BigoOpaxkae MOCSITHEHHS (hyHAaMEHTaIbHOI
i MPUKJIAAHOT MENUIIMHU, Y SIKill HABOAWUTHCS HOMEHKJIA-
Typa 3axBOpIOBaHb/CUHAPOMIB Ha OCHOBI TOMEOKiHE3y,
CYTHOCTI TIATOJIOTIYHUX TPOLIECIB i CTYIEHSs X OJIM3bKOCTI
MiX co0010 (KOMOpPOinHiCTh — €aUHUIL TTaToreHe3). [lepe-
OIr 3aXBOPIOBAHHS: TOCTPUH, ITIATOCTPUI, XPOHIUHUIA, pe-
LUIUBYIOUMIA.

3anponoHOBaHa aBTOPChbKAa TOMEOKiHETUYHA/TaTo-
reHeTUYHa Kiacudikallis apTponaTiii 103BOJSIE ITPOBO-
JIUTHU KJIIHIKO-TIATOT€HETUYHY Tapalie/ib, OOrpyHTOBaHe,/
NoKa3oBe, NUdepeHliioBaHe €eTio- Ta MaTOreHEeTUYHe
JIIKyBaHHS CYIJIOOOBOTO CUHAPOMY 3a iHAWBIAYaJIbHUMU
peabiniTallilHUMKU TporpaMaMu i € CBOEPITHUM <«KIIO-
yeM» MeIUYHOI peabimiTanii. 3ampornoHoOBaHa BEreTO-
roMeoKiHeTU4YHa Teopis matosiorii cyryio0is. [lepenycim
BasKJIMBO, IO CYTJI1000Ba MaTOIOTiS y OiTbIIOCTI BUIAOKiB
33 CBOEIO CYTTIO € 3allaJIbHUM IIPOLEeCOM (CHHOBITOM).
BcraHoBneHo, 110 3amisiHO ABa yHiBepcaJabHi MeXaHi3-
MU MOIIKOJXEHHSI CYriI00iB: yepe3 aBTOIMyHHY arpecito
y BaroTOHiKiB Ta OKMCHMIA CTpeC — Yy CHUMIIATOTOHIKiB.
IHIIMMU c1oBaMM, 3HAaYHOIO Mipolo (hopMy CyrIo60BOro
CUHIPOMY BHU3HAYa€ «BEreTaTUBHUI IMacropT» Malli€H-
Ta, MapaMeTpyu TOMeOoKiHe3y i KOMOpOimHicTh. Y cxemy
peabimiTamiifHOro miarHo3y 3alpOIIOHOBAHO BKJIIOYATH:
«BeTeTaTUBHUI MacopT» (BaroTOHIK Y1 CUMIIATOTOHIK);
MOPYIIEHHSI MapaMeTpiB TOMEOKiHe3y Ha CUCTEMHOMY
(IMCcHEeBPOTUYHI/AMCTOPMOHANbHI/IN3iIMYHHi/IuCMe-
TaboJIiYHiI apTpomaTii), opraHHoOMYy (OIUCLUUPKYJISTOPHI
apTpomarii) Ta KJIITMUHHOMY PiBHSIX (IM3eJeMeHTO3Hi ap-
Tpormartii); dopMmy KoMmopOGigHocTi (Kajbliii-mediluTHa
YU KaJblili-HaJUIMIIKOBA); COMATOreHii (alleTUIX0JTiHOBI
CEepOTOHIH-1e(IUTHI TPUBOXHO-AEMPECUBHI YU aape-
HEepriyHi CepOTOHIH-HAIJIMIIKOBI MaHiKo-()oOiuHi); He-
mocTaTHicTh GyHKii cyrno6is (HD ).

BuCcHOBKM

1. ¥V maroreHesi cyrio00BOro CMHApOMY (apTpoIiarii)
BaXXJIMBY POJIb Biflirpa€e BereTaTUBHUIA acnopT (IIiJIbHICTh
azipeHo- Ta cepoToHiHepriuHux petentopiB HSTR2-anbda,
CEHCUTHBHICTb PELIENITOPIB TPOMOOINTIB 10 AllETUIXOJIHY
i HOpaznpeHalliHy), TIOpYIIEHHSI MapaMeTpiB TOMEOKiHe3y
(iHgekcu piBHOBarM CHUCTEMM-aHTUCHUCTEMM) Ta KOMOP-
OimHiCTh (3a piBHEM BHYTPIIIHBOKIITUHHOTO KaJIbIlilo).
Baroroniunuii TpooTponHU, Kalbllili-, IIUHK-, XpOM-,
CEepOTOHIH-AeiuMTHUI, HATpili-, MarHiii-, rictamiH-3a-
JIEXKHUM TOMEOKiHe3, Kajblliii-nedinuTHa KOMOPOiaHiCTb
(GOpMYIOTh ITaTOreHe3 cepono3uTuBHOro PA 3 anieTmiIxoJti-

HOBOIO CEPOTOHIH-IE(MILIUTHOIO TPUBOXKHO-AEITPECUBHOIO
COMATOTreHi€l yepe3 aBTOIMYHHE MOLIKOIKEHHS CyTJI00iB.
CuMMNaTOTOHIYHUI €proTPONHUIA, HATpiii-, MarHii-, ric-
TaMiH-Ie@IIUTHUN i KaJblili- Ta CEPOTOHIH-HAaIINIIKO-
BUII TOMEOKiHe3, Kablliii-HaIIMIIKOBA KOMOPOITHICTh
JiexKaTh B OCHOBI cepoHeraTuBHOTO PA 3 OKCMAaHTHUM MO~
LIKOIKEHHSIM CYIJIO0iB.

2. IlpoBeneHa KIIiHiIKO-TIATOT€HETUYHA Iapajieiib Cy-
[JI000BOTO CUHIPOMY J03BOJIWIIA BUAUIMTH IUCHEBPOTHUY-
Hi, OMCTOPMOHAaJbHi, AU3IMyHHi, AUCMETa0OJiuHi, IMC-
LMPKYJIITOPHI, IU3eJEMEHTO3HI apTponaTii Ta po3poouTu
TrOMEOKIHeTUYHY/TIaTOTeHeTUUHY KJlacudikaiiito Ha 0asi
«BETETATMBHOTO TacropTa», MOPYIIEHHST MapaMeTpiB To-
MeOKiHe3y i KOMOPOiTHOCTi.

3.V cxeMy peabimiTaliitHOro JiarHo3y 3aIlpOIIOHOBAHO
BKJTIOUATH: «BET€TaTUBHUIA MacmopT» (BaroTOHIiK YM CUM-
MMaTOTOHIK); MOPYIIEHHS apaMeTPiB TOMEOKiHe3y Ha CHC-
TEMHOMY (IMCHEBPOTUYHI/AMCTOPMOHAJIbHI/AN3IMyHHi/
IMCMeTaboJIiyHi apTpomnartii), opraHHOMY (IMCLUMPKYJIsI-
TOPHI apTpomnaTii) Ta KIITHHHOMY PiBHSIX (IU3€JI€MEHTO3HI
apTporarii); ¢popMy KoMOpOigTHOCTI (Kabliii-nedinuTHa
Yy Kajbllili-HAIJIUMIIKOBA), COMATOreHil (alleTUIXOJIiHOBa
CEepOTOHIH-NediMTHA TPUBOXKHO-JEIIPECUBHA YU alipe-
HepriyHa CepOTOHIH-HAUIMIIKOBA MaHiko-(ho0iuHa); He-
TOCTaTHICTh PyHKILi cyrno6is (HD, ).

4. BcraHoBieHi iH(GoOpMaTUBHI KpuUTepii BU3HAYEHHS
«BEreTaTMBHOTO MacropTa», GopmMu KOMOPOIAHOCTI i co-
MaTOTeHil, iHAEKCH piBHOBarM CHUCTEMU-AaHTUCUCTEMU
TFOMEOKiHe3y HaJgalu MOXJIMBICTb pPO3POOUTU TOMEOKi-
HEeTUYHY KJjacudikallilo apTporariii Ta 3arporoHyBaTh
IHIMBiNyabHY MpOrpaMy/TulaH J0Ka30BOTO JIiIKYBaHHSI i
peabimitamnii mamieHTiB 3 PA.

Konduikr inTepeciB. ABropu 3asIBIAsIIOTH PO BiACYT-
HiCTb KOH(JIKTY iHTepeciB Ta BIacHOI (hiHAaHCOBOI 3alli-
KaBJICHOCTI IIPM MiATOTOBIIi JaHOI CTATTi.

Bnecok aBtopiB. Cokpyr M.B. — KoHIenTyasi3aris,
METOAOJIOTisI, JiTepartypa, poborta 3 Al; KiaumoBuib-
kuii @.B. — TmepeBipka, HaNMCaHHSI, pelieH3yBaHHS Ta
penaryBaHHs; [Toranos FO.O. — nocnimkeHHs, KIiHIYHUI
aHani3, Kypauisa ganux; Cokpyr O.I1. — HanmucaHHs, pe-
LIEH3yBaHHS Ta pefaryBaHHS, aIMiHICTpYBaHHS MPOEKTY;
Cokpyr B.M. — mocnimxeHHs1, (hoopMaJIbHUI aHali3, Bi-
3yaltizallisi, Kypauis nanux; Jiutsunoa O.B. — BeaeHHs,

HarnucaHHs, nmoyaTkoBuil npoekT; [lomoB B.M. — mpo-
rpaMHe 3abe3nedyeHHs], opMaIbHUI i KITiHIYHUI aHaTi3;
MymnaxmeroB A.I. — mporpaMmHe 3abe3nedeHHs, (op-

MaJIbHUI aHaJi3.
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Homeokinetic classification of arthropathies

Abstract. Background. The “autonomic passport” and comorbid-
ity form homeokinesis parameters in patients with rheumatoid arthritis
(RA), determine the mechanisms of joint damage due to autoimmune
aggression (seropositive arthritis) or oxidative stress (seronegative arthri-
tis). Materials and methods. Our study involved 62 patients who were
divided into two groups according to the “autonomic passport” and co-
morbidity: group 1 (38 cases) — vagotonics with seropositive RA and
calcium-deficient comorbidity; group 2 (n = 24) — sympathotonics
with seronegative RA and calcium-excessive comorbidity. The division
into groups of vagotonics and sympathotonics was carried out accor-
ding to the data of spectral analysis of the heart rate and automated tests
for determining the “autonomic passport” and the form of somatogeny
[https://sokrut.com/somatogenytest2]. Results. The conducted cli-
nical and pathogenetic comparison of the joint syndrome allowed dis-
tinguishing dysneurotic, dyshormonal, dysimmune, dysmetabolic,
dyscirculatory, dyselement arthropathies and develop a homeokine-
tic/pathogenetic classification based on the “autonomic passport”,
violations of homeokinesis parameters and comorbidity. It is pro-

posed to include in the rehabilitation diagnosis scheme the following:
“autonomic passport” (vagotonic or sympathotonic); violation
of homeokinesis parameters at the systemic (dysneurotic/dyshor-
monal/dysimmune/dysmetabolic arthropathies), organ (dyscircula-
tory arthropathies) and cellular levels (dyselemental arthropathies);
form of comorbidity (calcium-deficient or calcium-excessive), so-
matogeny (acetylcholine serotonin-deficient anxious-depressive
or adrenergic serotonin-excessive panic-phobic); insufficiency
of joint function. Conclusions. The established informative crite-
ria for determining the “autonomic passport”, forms of comorbi-
dity and somatogeny, indices of the balance of the homeokinesis
system-antisystem made it possible to develop a homeokinetic
classification of arthropathies and propose an individual pro-
gram/plan of evidence-based treatment and rehabilitation of RA
patients.

Keywords: “autonomic passport”; B-adrenoreceptors; 5-HT2A
serotonergic receptors; intracellular calcium; comorbidity; homeo-
kinesis; rheumatoid arthritis; classification
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boHaapeHko A.B., beacmeptHmi KO.O., LLleByyk B.1.
YHIBEOCUTETCHKQA KAIHIKQ BIHHMLIbKOrO HQLIOHAABHOIO MEANYHOIO YHiBepcutety im. M.I. Muporosa,

M. BiHHWLSI, YKkKpQiHQO

PeMOAEAIOBAHHS KYKCU KICTKU NiA BMAUBOM
MeXAHIYHOro HOBAHTO)KEHHS

Pesiome. AkTyansHicTe. He3saxkaroum HA AQBHICTb OMepaLlivi 3 aMyTALl, AO LibOro Yacy HEeAOCTATHbO BUCBIT-
AEHI MUTAHHST PEMOAEAKOBAHHST KICTKOBOI TKAHWHW KYKCU | pQKTOPU, LLO HQ HUX BAAMBAIOTL., MeTa: AOCAIAMTA
OCOBAUBOCTI PEMOAEAKOBAHHSI KYKCU KICTKM TQ MOXXAMBOCTI MOro ONTyMI3aLii B yMOBOX repMeTUYHOro 3QKPUTTS
KICTKOBOMO3KOBOI MOPOXXHWHM TQ MEXAHIYHHOIO HOBAHTAXKeHHSI. Marepiaau ta metoAu. [[ooBeAeHO HYoTupu cepil
AOCAIAIB HQ 36 KPOAMKAX 3 QMMYTALIEKD CTEMHQ B CEPEAHIN TPETMHI. Y | Cepii Mia OnMAOM KICTK 3LUMBAAM M S131-
aHTaroHictn. Y I, KpiM MIONAQCTUKY, MOOBOAUAN MEXAHIYHE LIMKAIYHE HOBAHTQXKEHHST KYKCU YAQPHOIO XBUAEIO 3
eHeprieto 0,5 MAX/MM, yacTororo 2 [14 3 noaayetro 400 imryabcis 3a ceaHce. Y lll cepii ora repmeTinyHo 3akprBAAM
ry64QcTm TOQHCIAQHTATOM. Y IV cepii, KpiM 3QKPUTTST OMUAY TOQHCIAQHTQATOM, MPOBOAUAN MEXAHIYHE LMKAIYHE
HQBAHTAYKEHHS1 KYKCU QHAAOTIYHO 3 APYroto cepieto Yepes 4, 8, 16 TdKHIB ricAst aMmnyTauii. TepmiHv CoCcTepexeH-
Hs1 — 6, 10, 18 Tv>KHIB. MEeToA AOCAIAXKEHHSI FICTOAOrIYHWIA. PE@3yAbTATU. Y | CEPIi B 3HQYHIV KIAbBKOCTI AOCAIAIB BiAMI-
YAAOCh MATOAOIMHHE PEMOAEAKOBAHHST KICTKOBOI TKQHWHM 3 DO3BUTKOM QTPOQII, MOPYLUEHHST GOPMU KiHLST KYKCU, i
BUKPPUVBAEHHSI, CTPECOBI mepeAomu, ocTeornopoas. Y Il cepii pesyasrar 6yan aHanoridHumm. Y Il cepii B HanGAmKYI
TEPMIHV (6 TVXKHIB) PEMOAEAKOBAHHS BIAOYBAAOCSI SIK Pi3IONOMHHE, Q'Y BIAAQAEHI (18 TVXKHIB) — PO3BUBAAMCH MO-
LUMPEeHI AereHepaTMBHO-ANCTOOQIYHI rpouecu. Y IV cepii B yCi TepMiHu CroCTepiraAOCh PEMOAEAOBAHHSI, HO-
6AKEeHe A0 Gi3ioNOrYHOro. BUCHOBKMU. [10HQTOK MEXAHIYHOIrO HOBAHTAXKEHHST Yepe3d 4 TVKHI MICAST MIOMAQCTUYHOT
QMyTauii BUKAVMKQE MOMNOAEHHST AereHepPATUBHO-ANCTOOQIYHNX | HEKPOTUYHMX MPOLECIB TA MPHU3BOAUTHL AO MQ-
TOAOIMYHOIO PEMOAEAKOBAHHSI KICTKOBOI TKAQHWHM, DO3BUTKY OCTEOMNOPO3Y TA CTPECOBUX NELEAOMIB. 3Q BIACYTHOC-
Ti MEXQHIYHOIrO HOBAHTAXKEHHST repMeTnYHE 3QKPUTTS KICTKOBOMO3KOBOI MOPOXKHUHU AO3BOASIE OTPUMATH OPraHO-
TUMOBY LIMAIHAPUYHY GOPMY KYKCU BXKE B TEPMIH & TVXKHIB MICAST QMAYTALT, LLIO MOXXHQ PO3LHUTY SIK pi3ionoriyHe
PEMOAEANOBAHHSI. Y BIAAQGAEHI TepMiHW (10-18 TVDKHIB riCAsT QmyTauil) BIACYTHICTE MEXQHIYHOrO HOBAHTAYKEHHST
MPU3BOANTE AO MOPYLLEHB PEMOAEAKBAHHSI 3 PO3BUTKOM OCTEONOPO3Y. [epMETUYHE 3AKPUTTST KICTKOBOMO3KOBOI
MOPOXKHUHN 3 MEXAHIHYHM HQBAHTAYKEHHSIM KYKCU AO3BOASIE OTOUMATH ii OPraHOTUNOBY GOPMY 3 MOBHOK 3QBEP-
LUEHICTIO PEMOAEAKOBAHHS].

KAIO4YOBi CAOBQO: pEMOAEAKOBAHHS KICTKU KYKCU; repMETUYHE | HEerepMeTyHe 3aKpmTTs KICTKOBOMO3KOBOIO Ka-
HAAY; MEXAHIYHE HOBAHTOKEHHS

Bctyn

AMmyTallis KiHI[iBKM — pPEeKOHCTPYKTHMBHE Xipypriu-
He BTpPy4YaHHS, COpsIMOBaHE Ha MaKCHUMaJbHO MOXKJIM-
By KOMIIEHCAIIil0 BTpauyeHOro cerMeHTa KiHIiBKH [1, 2].
Oco0imBe 3HaUYeHHsS B MalOyTHbOMY (PYHKIIIOHYBaHHi
KYKCH Bimirpae ii KiCTKOBUil 3aiuinokK. B imeani me wmi-
HepaJli3oBaHUIl CTPYKTYPHUI KapKac, SIKOMY HaJleXUTh
BUKOHYBaTU (DYHKIIiIO OIMOPU i pyXy, MIATPUMKM Ta 3a-
XUCTY M’SIKMX TKAaHUH, MAaKCUMAaJbHOTO 30epeXeHHs Mi-

HepaniB [3]. [IpoTsroM XUTTEBOro LIMKITY KyKca KiCTKA
3HAXOOUTLCS B IIPOIeCi pereHeparii i MoCcTiiHOrO pemMo-
NIeJTIIOBAHHSI, BKJIIOUYHO 3 PyHHYBaHHSIM/PEKOHCTPYKIIIE€IO
KicTKkoBOI Matpuli [4—6]. PemoaenoBaHHSI KiCTKU — 1ie
Oe3repepBHMII Ta AMHAMIYHUM IIpoliec pe3opolii Ta 3a-
MillleHHsI YacTUH KalbLM(piKOBAHOTO KiCTKOBOTO Ma-
TPUKCY, SIKMI BKJIIOYa€ KOOPIMHALII0O OCTEOreHHOI Ta
OCTEOJITUYHOI AKTUBHOCTI, 110 [OCSTA€ETHCS 3aBASKUA
Y3TOMKEHIN MisSTBHOCTI OCTe00JacTiB, OCTEOLMTIB, KJli-
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TUH, 110 BUCTUJIAIOTh KiCTKY, Ta OCTEOKJIACTiB y 0a30BUX
0araTOKJITUHHUX OAMHUILIX [3]. MeTolo peMojienioBaH-
H$I € ONTUMI3allisl CTPYKTYPHU Ta MILITHOCTI KiCTKM A0 3Mi-
HeHUuX OioMexaHiuyHMX BUMOT. PeMonentoBaHHs BigOyBa-
€ThCSI HA BCiX TUIAX KiCTKOBUX MOBEPXOHb, BKIIOYAIOUMN
KiCTKYy 3 MepiocTaJibHOI Ta €HJAO0CTAJIbHOI CTOPiH, raBep-
COBIi KaHAJIM Ta MOBEPXHIO TPaOeKyIsIpHOI KicTkH. Ompa3sy
K ITiCJIST aMITyTallii Ha KiHII Oy KyKCH ITOBUHHA chop-
MYBaTHUCh KiCTKOBa 3aMUKaJibHA MJIACTUHKA, TPU3HAYEH-
HSIM SIKOI € TepMeTH3allisl KiCTKOBOMO3KOBO1 TOPOXKHUHU
i 30epeXXeHHs B Hill MiABUIIIEHOTO BHYTPIillTHbOKiICTKOBO-
ro Tucky [7]. OcraHHiii HeOOXiTHMUI 1UIsT TOTO, 1100 TPO-
THATU KPOB IO CUCTEMi raBepCcoBUX i (hOJTbKMaHiBCbKUX
KaHaJiB, 3a0e3Ieuylour KiCTKOBY Ta KiCTKOBOMO3KOBY
TKaHWUHU TIOXMBHUMU pedyoBMHaMU. [HIIOIO (yHKIiEO
KiCTKOBOT 3aMUKaJIbHOI IUIACTUHKU € 3aXUCT BMICTY KiCT-
KOBOMO3KOBOTO KaHaJy, MOJIIIIeHHS MiATPUMaHHS Mill-
HOCTI KiCTKOBOTO 3aJIMIIKy Ta 3a0e3meueHHsT Xoapou [9].
OnHaK IOCUTh YaCTO 3aTOEHHS i peMOIeII0BaHHS KiCTKO-
BOI 3aMHUKAaJIbHOI IUIACTUHKM i BCi€l KYKCH B CHITY Pi3HUX
MNPUYMH nopyyoThes [§—10].

BuBuarouu roctpi 3MiHM KiCTOK MicCJs1 aMITyTallii HYX-
HbOI KiHIiBKM BHACiIOK TPaBMaTUYHOIO YIIKOIXKEHHS
nepej mpoTe3yBaHHAM, yepe3 6 Tta 12 micsiiB xonpbu Ha
npotesi [11, 12] BusBUIM 3HAYHY HETATMBHY JWHAMIKY.
MiHepasibHa HIUTBHICTh KiCTKOBOI TKAHWHU KYJIBIIIOBOTO
cymioba aMIyTOBaHOI KiHIIBKM 3MeHIIuIach Ha 11—-15 %
i 30epiranach mpotsarom 12 micaiiB. 3a mepion Bim aMmmyTa-
i1 10 6—12 Mics1iB KOPUCTYBaHHS MPOTE30M KyKCa KiCT-
KU MaJjia 3HVDKEHHS IMMOKa3HUKIB KicTKoBoi Macu (—26 %),
LITBHOCTI KicTKOBOI TKaHUHM (—21 %). ITapanenbHo cro-
CTepirasoch 3SHMXKEHHST YaCTKH KiCTKOBOi MacH > 650 Mr/cm?
(Bim 58 mo 43 % Bin 3araynbHOI TUTONI) a6o > 480 mr/cm?
(Bim 65 no 53 %), 1o cBimYMIO TIPO 30UIBIIEHHST TTOPHUC-
TOCTi KOPTUKAJIbHOTO Iapy. TakoxX IpOorpecuBHO 30i1b-
LIyBaJMCh MapKepu pe3opOllii KiCTKOBOi TKAaHMHU. YHa-
CJIiIOK peMOoAeI0OBaHHS IIBUAKI i CYTTEBI BTpaTU BMiCTy
Ta MIIIHOCTi KiCTKOBOI TKaHWHM HacTaBaJii HEBIOB3i
micist aMmIryTallii Ta He BiIHOBJIIOBAJIMCH IMPOTSIToM 12
Mics1iB KopucTyBaHHs Tipote3oM [13]. 3a nanumu [14],
nopsia 3i 3HwxkeHHsaM MIIKT ammyroBaHoi cTOpoHM
3MEHIIyBaJIach IJIOIIA MOBEPXHIi 3aJUIIKY Ha KiHIIi TO-
PiBHSIHO 3 aHAJIOTIYHUM 3Pi30M iHTaKTHOI KiHIIiBKH, 110
MiABUIIYBAJIO pU3UK OCTEOIIOPO3Y Ta IIePEIOMiB KiCTKH.
CTypOOBaHICTh MOXKJIMBICTIO BUHUKHEHHS II€PEIOMiB
KYKCHU KiCTKM BHACJiIOK HECBOEYACHOIO i HESIKiCHOIo
MPOTEe3yBaHHS BUCIOBIIOBAIM i iHIII gociaiqHuku [14].
Ha nymky [1, 10, 15—18], 3MiHeHUII pexXuUM XoIbOH,
3MEHIIICHe HaBaHTaXXE€HHSI, BiICYTHICTh M’SI30BOI aK-
TUBHOCTI MPU3BOMASATH A0 MOPYIICHHS PEeMOJICTIOBAaHHS
KiCTKU. YHacCHi0K MOpyIlIeHb perapaTuBHOI pereHepa-
mii [8] BimMivanm 3MiHM CTPYKTYPHOI opraHi3amii KyKcu
3 YTBOPEHHSIM KOHYCOTOAiOHMX i OyJIaBOIOAiOHMX KYKC,
nopyiieHHs GopMyBaHHS KiCTKOBOI 3aMUKaJIbHOI TLJIac-
TMHKU [9]. Onucano [19] HeraTMBHUMIA BIUIMB TicCJsi-
aMnyTaliliHOTO 00JbOBOTO CMHAPOMY Ha (DOpMyBaHHS
KyKcu KicTku. 3a manumu [20], sKi cmocTepiraiu aBO-
CTOPOHHI CTPECOBi MEpeJOMU KIiCTOK KYKC BHACHiAOK
XpPOHIYHOTO KOMIApTMEHT-CUHIPOMY, BiH BUKJIMKAB

TMOPYILIEHHSI KPOBOIOCTAaYaHHS Ta TATOJOTiYHE peMoJie-
JIIOBAHHSI TOMIJTKOBUX KiCTOK.

Takum yMHOM, Ha CHOTOAHI BiACYTHI ILiJECIIPSIMOBA-
Hi JOCHiIKEeHHS OCOOJIMBOCTEHl pPEeMOMNENIOBAaHHS KYKCU
KicTku. Bimomi kiiHiuHI poOOTHM MalOTh (hparMeHTapHUI
XapakTep, 0OMeXyI0ThCsI KOHCTaTalli€l0 BTPAaTU KiCTKOBOI
TKaHWHM, HE BimoOpaxkaloTb CYTHOCTI MPOILIECIB peMoje-
JIIOBAHHS i HE TIPOTIOHYIOTh LUISIXM iX MOXJIMBOTO MOJIIIT-
meHHs [1, 15—17]. [looagnHOKi eKcnepuMeHTaIbHI TOCTi-
JKEHHST pereHepallii i (popMyBaHHS aMIyTalliiiHUX KYKC
[8] BuB4YaNM pemMonentoBaHHs KyKCH KiCTKM B CITOKOI1. AJie
Kykca — (OyHKIIOHAJIbHUI OpraH, MPU3HAYEHHSIM SIKOTO €
3a0€e3IeYeHHsT OTOPH i X0AbOU 3 yIapHUMU HAaBaHTAXKEH-
HsaMu. Lli HaBaHTaXXeHHSI HaXOASITh HA OCHOBHY OIOPHY
TKaHUHY — KiCTKY, SIKa B HOPMi IMHAMIYHO PEMOIEIIOETh-
cs mpoTAroM XuUTTs [21]. 3ragyBaHuii Tipoliec pyiiHyBaH-
H$I/pEKOHCTPYKILiT [4—6] MOXe 3MiHUTH Ta peopraHizyBaTh
KICTKOBY TKAHWHY KYKCH TaK, 1110 ii MiKpOCTPYKTypH Oy-
IyTh 3MYIIIeHi TO-Pi3HOMY pearyBaTh Ha MeXaHi4Hi HaBaH-
TaxkeHHs1. 3rinHo 3 maHumu [22, 23], yacToTa MOBTOPHUX
orepalliii Ha KyKci micist TpaBMaTUUHUX aMITyTalliil CTaHO-
Buia 41,9—48,8 %, 110 TaKOX CBiTYUTH MPO HEOOXiTHICTh
MorINOJEHOTO BUBYEHHSI OCOOJIMBOCTEN PEMOIETIOBAHHS
KiCTKOBOI TKAaHMHM KYKCH Ta IIOIIYKY CIIOCOOiB HOr0 I10-
JIIIIEHHS.

Mera pocaimKeHHs: TOCTiIUTH 0COOIMBOCTI peMoe-
JIIOBaHHST KYKCHU KiCTKM Ta MOXJIMBOCTiI MOr0 onTUMi3allii
B YMOBaX répMETUYHOIO i HErepMETUYHOTO 3aKPUTTSI KiCT-
KOBOMO3KOBO1 MOPOXKHWHM TiJl Yac aMITyTallii Ta MexaHiu-
HOTO HaBaHTaXXEHHSI.

MarTepiaAu Ta meToamU

Ha 36 crareBo3pinux KpoJjsix Macoio 2,5—3 Kr mpoBe-
IeHo 4 cepii JOCTImiB 3 aMITyTalli€l0 CTerHa Ha PiBHIi ce-
penHboi TpeTuHU. Y 1 cepii mix onuaoM KiCTKM 3LIMBaJIA
M’s13u-aHTaroHictu. ¥ II, kpiM MioraacTuku, micjs orme-
paiii mpoBOAWIM LMKIiYHE MeXaHiuYHe HaBaHTaXKEHHs
TopueBoi nmosepxHi kykcu. Y III cepii KicTKOBOMO3KOBY
MOPOXHUHY KYKCH T€PMETUYHO 3aKpUBAJIU TOHKUM TyO-
YaCTUM aBTOTPAHCIUIAHTATOM i TPOBOAWIM MiOTUIACTUKY.
VYV IV cepii, KpiM repMeTUYHOTO 3aKPUTTSI KiCTKOBOMO3-
KOBOI TIOPOXKHUHU aBTOTPAHCTUIAHTATOM i MiOTUTACTHKU,
TIPOBOIWIIM MeXaHiuHe HaBaHTaXKEHHS TOPLIEBOI TMTOBEPXHi
KyKcu. MexaHiuHi IMKIiYHI HaBaHTaxXeHHsT Kykeu B 111 IV
cepisx rpoBoauIn yepes 4, 8, 16 TUKHIB micisa ammmyTariii
yIapHOIO XBUJIEI0, C(hOKYCOBAHOIO Ha TOPLIEBill MOBEPXHi 3
eneprieio 0,5 mIxx/Mm?, gactotoro 2 T'1y 3 momauero 400 im-
IMyJIbCIiB 3a ceaHC. Ycboro nmpoBoawin 12 ceaHcis o 1 pasy
Ha 1o0y. TepMminu crioctepexkeHHs: — 6—10—18 TuKHIB.
[nst 3He0OMIOBaHHS Iepel NPOLEAYPOI0 MEXAaHIYHOIo
HaBaHTaXEHHSI TBapMHAM BHYTPIllTHbOM’SI30BO BBOIMJIU
KoMOiHarlito ketamiHy (40 Mr/Kr) Ta KCuiaasuHy (5 Mr/Kr).
s MaKCMMaTbHOTO HAOJIMDKEHHSI 10 TIPOTEe3yBaHHS Te-
pell ceaHCOM KYKCY TTOMIIIIaIv B THEBMAaTUYHY MaHXeTy, ¥
SIKii1 cTBOpIOBan TUCK 30 MM PT.CT.

IMepen BUBENEHHSM 3 MOCIiAY TBapvMHAM BBOIWIM
BHyTpilHboapTepiaabHo 3000 O]l remapuHy Ha disio-
JIOTIYHOMY po3uuHi. Yepe3d 15 XBUIUH BHYTPillTHbOBEH-
HO LIBUAKO BBOAMIU JeTaiabHy (0,5 MJ1) 103y reKceHany
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Ta IepeB’sI3yBaliu YepeBHY aopTy. Hukue Bim jairaTtypu
BBOJWJIM KAHIOJIO Bifl CUCTEMM JIJIs BHYTpPilIHbOAPTEPi-
aJlbHOrO HarHiTaHHs, (piKCyro4u ii B IPOCBITI CyIMHHU,
i HamuBaym 10% TymI-xeratuHOBY cymimr. Yepes mo0y
BiIOKPEMJTIOBAJIM CTETHOBY KiCTKY B KYJIbILIOBOMY CYTJIO-
6i. /laBanu Bi3yaJibHY OIIiIHKY B3aEMMH M’SIKMX TKaHWH 3
KiCTKOI0, TTiCJIsl YOTO KYKCY CTeTHA 3BiJIbHSIIN Bijl M’ SIKHX
TKaHWH, 3aJUIIalYu iX JIMIIe IO TOPLEBii TMOBEPXHi.
3niiicHoBanM (ikcauito npenapaty y 12% po3uuHi dop-
MaJliHy Ta JeKaJIbIIMHAIlil0 OoTO 3a JormoMoroo 15% po3-
YUHY a30THOI KuciaoTu. Pobwunu caritanbHUii 3pi3 uepes
cepennHy KiCTKU, SIKMM 3aJuBajayd OJJOKOM Y IIEJIOIIMH.
3pizn ToBmmHOK0O 15—30 MKM 3a0apBIiOBal reMaTOK-
cuiaiHoM Ta eo3uHoM i 3a Ban I'izoHom. PobOunm i mpo-
CBiTJIeHi 3pi3n. MopdosoriyHe HOCTiIKEHHS BKII0YaI0
MiKpOCKOMiYHe BUBYEHHSI IiCTOTONMOrpadivHuX i 3BUyaii-
HUX TiCTOJOTIYHUX 3pi3iB KicTKOBOI TKaHMHU. OlliHIOBa-
JIM CTaH MiKpOLIMPKYJISITOPHOI Mepexki KiCTKU Ta M’s3iB,
3allOBHEHOI TYII-KeJaTUHOBOIO CYMIIIIIII0, BPaXOBYBaJIU
(6e3 crieniaTbHUX BUMIpIOBaHb) LIIJIBHICTh pO3TalllyBaH-
HSI CyIMH Ta iX AiaMeTp.

JLUTs1 KiJTbKiCHO1 OLIIHKY CTPYKTYP TKAaHWH KYKCHU ITPOBO-
A MOP(OMETPUYHE TOCITiIKEHHS.

Ha mnpoBeneHHs eKCMepUMEHTATbHUX JOCHiTXKEHb
otpumano 103BiT Ne 4 Kowmitery 3 Gioetuku HaykoBo-
IOCTIZHOTO iHCTUTYTY peaOimitaiii ocid 3 iHBaJigHICTIO
BHMY im. M.I. ITuporosa Bix 23.09.2023 p. JocmikeHHs
MPOBOIWIOCH BiIMOBIAHO A0 MPUHIUMIIIB T'YMaHHOTO IIO-
BOJKEHHSI 3 TBApMHAMU, BUKJIAJIEHUX Y AMPEKTUBaX €Bpo-
neiicbKoro criBToBapuctBa (86 (609) €C) Ta I'eTbciHCBKIl
JeKiapallii mpo TyMaHHe MOBOKEHHSI 3 TBApUHAMMU.

CraTtucTnunmii aHami3. OLIHKY CTAaTUCTUYHMX BiIMiH-
HOCTEI MiX rpynamMu MpOBOIMIIM 3a JIOTIOMOTOI0 Herapa-
MetpuuyHoro tecty Kpyckana — Boutica (Cruskal-Wallis
test). Lleit TecT 3acTOoCOBYBaBCS IS IEPEBipKM HASBHOCTI
CTaTUCTUYHUX BIIMiHHOCTEN MiX 4YOTUpMa He3aJIeKHU-
MU TpylaMu, He TPUITYCKaIOUX HOPMAaJIbHOCTI PO3MOIiTy
IaHUX. 3 KOXHOI rpyIu JaHi Oyn1u o0’eqHaHi Ta mpopaH-
oBaHi. Ilicas paHKyBaHHSI 1JIs1 KOXHOI rpynu Oyna o0-
YHCJIEHa CyMa PaHTiB, sIKa CTajla OCHOBOIO [JIs1 TOAAIBIINX
po3paxyHKiB. OTpumaHy craTucTuky H mopiBHIOBain 3
KPUTUYHUM 3HAYEHHSIM 3 TaOJIULI Xi-KBaapaT, BpaXOBYIO-
YU KiJIbKICTh CTYMEHiB cBOOOAM K — 1 (e K — KiJIbKiCTh
rpym). [Ipu p-3HadeHHi TecTy, MEHIIIOMY 3a piBeHb 3Ha-
yymocTi (o = 0,05), Hy1bOBY rinote3sy Bigkuaaau. Y pasi
BiIXWJICHHS HYJIbOBOI TiITOTe3U OYJI0 MpoBeneHo post-hoc
aHaJIi3 Ij1s 3’ SICyBaHHSI, SIKi caMe TPYIU BiIPi3HSIIOTHCS MixK
coboro. Iyt 1boro 3acTocoByBaBcs TecT MaHHa — YiTHI,
SIKAUW T03BOJISIB MOPIBHIOBATU Mapu TPyI Ta BU3HAYATH,
MiX SIKUMU caMe TpyNaMM € CTaTUCTUYHO 3HAYYIIi BiAMiH-
HOCTI.

PesyAbTaTH

MionAacTnka 6e3 MeXAaHIYHOro HABOHTCODKEHHS
(9 cnocrepeXxeHb)

Tepmin 6 muxcnis, 3 cnocmepeycents. B ycix criocrepe-
XKeHHSIX c(popMoBaHi KyKcW HuIiHApWYHOI ¢opmu. Ha
KiHIIi OMMJTy KiCTKM Ha OCHOBi €HIOCTaJIbHOI'O KiCTKOYT-
BOpEHHS MoYnHajaa (GopMyBaTUCh KiCTKOBAa 3aMMKaJbHa

IUIAaCTUHKA 3 MPUMITUBHMX KicTKOBUX Oajok. CyauHu
MiX0aJKOBUX MPOCTOPiB MEPIiOCTAIILHOTO ¥ €HIO0CTalb-
HOTIO KiCTKOYTBOPEHHSI OYJIM pi3HOKaIiOepHi, 3 SBUIIAMU
MinBUIIEeHOT NpoHUKHOCTI. [lo siiHii TopleBoi MmoBepxHi
OIMWJIY BUSIBJISIIACh IyXKa BOJIOKHUCTAa TKaHWHA. Y Hel
31 CTOPOHU KiCTKOBOMO3KOBOTO KaHaJIy i MOTOBIIEHO-
ro OKiCTSl BPOCTaJIM CYAMHU CUHYCOINHOTO TUIY Ta KJIi-
TUHHO-BOJIOKHUCTA TKAHUHA OCT€O0IaCTUUYHOTO TUTTY. Y
KiCTKOBOMO3KOBOMY KaHaJli CIOCTepirajauch po3IIvMpeHi
CYIMHU 3 HEYiITKUMM KOHTYypaMHM CTIHOK, HEPiBHOMipHUM
3aIIOBHEHHSIM TYIIIIIO i ii Audy3i€lo B 0TOUYIOUi TKAHM-
HU. BusHauanach 3HayHa KiIbKICTh CYIMH CUHYCOITHOTO
TUITY i TKAHMHHMX KiCT, 3B’sI3aHUX 3 MiKpOCYIUHHOIO CiT-
kow. KopTtukanpHa miagizapHa miaacTMHKA BUTOHYEHA,
3 gucTpodiyHuMuy 3MiHaMu. ONUII KiCTKM MiCTMB aBac-
KyJApHi JissHKU. [Topsia 3 MIOLIMHOI0 oMUY CHOCTepi-
rajyuch po3IIMPeHi raBepcoBi i (oJIbKMaHIBChbKi KaHAJIHU.
Y Hux Oynu po3TalioBaHi MOOAWMHOKI PO3IIMPEHi i Api0-
Hi MHOXWHHI npoJiidepyodi cynuHu 3 audysiero Tyl B
TEPUBACKYJISIPHUI MPOCTip. Y MixXOaTKOBUX MPOCTOPAX
BU3HAYaJKUCh OCTe00JaCTUYHA TKAHUHA Ta HAOPSIK KiCT-
KOBOTO MO3KY.

Tepmin 10 muxcnie, 3 cnocmepexncenns. Y IBOX CIIO-
cTepeXXeHHSIX cHOpMOBAaHUII KOHYCONOMIOHMWIA, B OI-
HOMy — OyllaBomomiOHuMI KiHellb KyKcH. EHmocrambHe
i mepiocTajbHe KiCTKOYTBOPEHHSI B 30Hi KiHIIS KyKCU
3MEHIIYBaJIOCh, X04a OYJ10 MPeaCcTaBAeHO OiIbII 3piIuMu
0aJKoBUMU CTpyKTypaMu. KicTkoBa TKaHMHa 4aCTKOBO
c(hopMOBaHO1 3aMUKaJIbHOI MJIACTUHKU Pi3HOTO CTyMe-
HsI 3pUJTOCTi, 1O CBIAYMTH MPO HE3aBEPIIEHICTh peMoJe-
noBaHHs. KoprukanbHa niadizapHa IJIacTUHKAa TOHKA.
CrocTepirajacs ii pe30op0O1IisI 3a X0J0M CYyIMHHUX KaHaJIiB
i 31 CTOPOHM MeIyJISIPHOI MMOPOKHUHU. Y 30HaX pe3opOIii
KiCTKOBOI TKaHMHHU C(POPMYBaINCh KiCTKOBOMO3KOBI I10-
POXHUHU, 3alIOBHEHI MTyXKOIO BOJOKHUCTOI TKAHUHOIO,
XKUPOBUM KiCTKOBMM MO3KOM, KaITuIsIpaMy CUHYCOITHO-
ro TUMy, TKAaHUHHUMM Kictamu. Ilporecu ocreoxiac-
TUYHOI pe30pO1lii BUKJIMKAJIU BOTHUIIEBY CIIOHTI3allilo,
BUTOHUYEHHSI KOPTUKaJIbHOI TMJIACTUHKHU, 3MiHY (opMmu
Kykcu. Ha okpemux HinsiHKax KopTuKaibHa AiadizapHa
IUTAaCTUHKA BTpayaja OCTEOHHY OymoBY. Y KOMITaKTHilA
KIiCTIi CITOCTepirajim JIi3UC OCTEOLMTIB, HEKPO3 BMICTYy
LIEHTPaJbHUX KaHa/IiB, 3HUKHEHHS KJIITUH Y TaBePCOBUX
KaHamaXx. B omHOMYy cIocTepexkeHHI MiX OajJKkamMu eH-
JIOCTAJIbHOTO KiCTKOYTBOPEHHSI BUSIBJISLIMCH TTPOCBITH a.
MOPOXHUHU Y BOJIOKHUCTE OTOYEHHS KYKCHU i CTBOpIOBa-
JIY MIepEeLIKOaM Il GOpMYBaHHS KiCTKOBOI 3aMMKaJIbHOL
IUTAaCTUHKU. Y TUCTAIBHOMY i IPOKCUMAaIbHOMY Bilaizax
KiCTKOBOMO3KOBOI MOPOXHUHU CIIOCTepirajiach HaOpsi-
KJla TyXKa BOJOKHMCTA TKaHWHA 3 CYJAMHAMU CUHYCOI/I-
HOTO TUITY. Y JBOX BUMAAKaX BiMidasioch BUKPUBJICHHS
0Ci KYKCH 3 11 pO3IIMPEHHSIM B MPOKCUMAIBHOMY BiUTisi
KiCTKOBOMO3KOBOTO KaHaJTy TicJisl IepeHeceHOro CTPeco-
BOTO TIEPEIOMY.

Tepmin 18 muxcrie, 3 cnocmepencenns. Dopma Kykcu
B OJHOMY CIIOCTepeXeHHi OyJa HUIiHAPUIHOIO, B OJHO-
MY — KOHYCOIIO/iOHOI0, a IlI€ B OTHOMY — PO3IBOEHOIO.
g Bcix crioctepekeHb LIbOTO TEPMiHY XapaKTepHUMM
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OyJIM TIporpecyioue 3MEHIIEHHS MiKpOLMPKYISITOPHOI
CiTKM, TOpYIIEHHSI CYIMHHOI HPOHUKHOCTiI, PO3BUTOK
MEePUBACKYJISIPHOTO HAOPSIKY, 3HUKHEHHSI KJITUH y Cy-
TMHHUX KaHalaX KOPTUKaIbHOI AiadizapHOi MIaCTUHKH,
pe30opO1lisl KicCTKOBOI TKAHUHU 3a XOJOM CYIMHHUX KaHa-
JIiB i €HIOCTaJIbHOI TTOBEepXHi Ha (hOHI 3HUKEHHSI TTPOJTi-
depaTUBHUX MPOLIECIB Y KiCTKOBIi i KiCTKOBOMO3KOBIii
TKaHWHAX, YaCTKOBE 3aMillleHHSI XXMPOBOTO KiCTKOBOTO
MO3KY IyXKOI BOJIOKHUCTOIO TKaHMHOIO. Criocrepira-
JINCh BUPAKEHi SIBUIIA PEMOJICJIFOBAHHS 3 TIepeBaXkKaHHSIM
pe3opO1ii 3 YTBOPEHHSIM IIUPOKUX MIiXKICTKOBUX IIPO-
ctopiB. 'aBepcoBi KaHaNMM 3aJUINANCHh PO3IIMPEHUM.
HacraBano 3HauHe pO3CMOKTYBaHHS KiCTKOBUX CTPYKTYD
3 BOTHUIIEBOIO iHMIIbTpalli€l0 IUIa3MaTUIYHUMU Ta JIiM-
¢doinHumMu kiaitmHaMu. Papedikaiiis cynpoBomKyBaaach
3MEHIIEHHSIM KiJIbKOCTi i TOBIIMHM KiCTKOBUX OaJloK, a
TaKOX KJIITMHHMX €JIEMEHTIB. Y KiCTKOBMX MOPOXHU-
HaxX BUTOHUYEHUX KiCTKOBUX OaJIOK 3HUKAIM OCTEOLIUTHU.
YcepenauHi KicTKOBUX 0aJlOK 3’SIBJISIMCh MiKPOTPILLIMHU.
MikponepeaoMu KiCTKOBUX 0alo0K CYNpPOBOIKYBaJIUCh
HE3HAaYHUMM KpOBOBWJIMBaAMHU. Y HUX (HOPMYBaIUCh
YTBOPEHHS, 110 CKPIIUTIOBaan Kpai 3JaMaHUX KiCTKOBUX
0aJIoK, OYBIIM OCHOBOIO, Ha SIKiii PO3BMBAJIMChL perapa-
TUBHI Tpoliecu. Y HaOpPsIKJIIOMY KiCTKOBOMY MO3KY Bill-
Mivasiachk npoJticepatiisi GiOpoOpeTUKYISIPHUX KIITUHHUX
€JIEMEHTIB 3 MOSIBOIO HiJISTHOK BOJIOKHUCTOTO KiCTKOBOTO
M03Ky. CriocTepiraiuch po3ImMpeHi BeH! i YUCICHHI Ka-
MHiJIIpY CMHYCOITHOTO THITY.

VY nBoX crnocTtepexXeHHsIX B KOMITAKTHOMY 1l1api BU3HA-
yajach He3pija KiCTKOBa TKaHMHA ITiCJIsI 3aTOEHHS CTpe-
COBHUX MepeoMiB. Y KiCTKOBOMO3KOBOMY KaHaJli BUSIB-
JISITUCh €HAOCTAJIbHO YTBOPEHi KiCTKOBi CTPYKTYypH, 1O
3BY>KYBaJIU IOTO TIPOCBIT.

MionAacTnka 3 MeXAHIYHUM HOBAHTCAKEHHSM
KYKCU KiCTKM 3 nopayeto 400 iMnyAbCiB 30 CeaHC
1 pA3 HA A€Hb (9 CnoCcTepeXXeHb)

Tepmin 6 muxncrie, 3 cnocmepescenns. MexaHiuHe Ha-
BaHTaXXEHHSI po3MoyaTo yepe3 4 TUKHI Micas amIyTa-
uii. B ycix cnoctepexkeHHsix 0yau cchopMoBaHi Kykcu 3i
3HAYHMUM PO3IIMPEHHSIM KiHIS KiCTKM 3a paxyHOK BU-
paxkeHUX TepiocTalbHO-CHIOCTAILHUX pereHepariB, sKi
nedopMyBaiu KiHellb KyKCHU, HaJaldu oMy Oyl1aBOIO-
nioHy dopmy. BHacaimok 3mmMTTd IMX BiIKiIamgeHb KOH-
TypU KOPTUKAIbHOI miadizapHOi IUIACTUHKMU B AUCTAJIb-
HOMY Binmiii He Bu3Hayaauch. KicTkoBa 3aMuKaibHa
IUIaCTMHKA He cchopMoBaHa. Y IMCTaIbHOMY BilIiji KiCcT-
KOBOMO3KOBOI'0 KaHaJIy BU3HAYQJIMCh HE3piJi OajJKMu eH-
JIOCTAJIbHOTO pereHepaTy Ta ocepenku HEKPOTU30BAHOTO
KicTKOBOTO MO3KY. CTpyKTypa MepiocTaJibHUX pereHe-
pariB npencrasiieHa OajqkaMu pi3Hoi 3pisiocTi. B omHOMY
CIIOCTEPEXKEHHI 1X MOKPMBAE HIMPOKA 30HA TiaJliHOBOTO
xpsiia. Ha onwuti KyKcer KicTKM HUXKYe BiJl eHI0CTaIbHO-
ro pereHepary BM3HAYaJKUCh BOTHHUINA He3pinoi ¢idpo3-
HOT TKAaHWHU 3 OcepeIKaMU He3piInuxX KiCTKOBUX OaJIOK Ta
OUISTHKY XpsAIIoBoi TKaHHM. CrocTepiraJnch mMoCTTpaB-
MaTUYHi KpPOBOBWIMBH Ta 3allajibHa KJIiTUHHA iHDinbTpa-
11is1 3 MOJIiMOPGHOSI A PHUX JICHKOLMTIB Ta Maa3MaTUUHUX
KJiTAH. YacThHa XpSIIOBUX KJIITUH 3HAXOAUJIACh B CTaHi

pyiHaiii. ¥ npokcMMaJibHOMY Bi[IiJli KOpTUKAJIbHA dia-
(izapHa rutacTMHKa IMOTOBIIIEHA, CITOHTi30BaHa. CrocTe-
piranoch pO3LIMPEHHSI CYIMHHUX KaHajliB KOMITAKTHOI
0e30CTeOUTHOI KiCTKU. ¥ 6araThOX 3 HUX BillCYTHI KIIi-
TUHHI eJIeMeHTU. Y 3B’SI3Ky 3 IepUBACKYJISIpHUM HaOpsI-
KOM BiIMiYajioch IPUCTIHKOBE PO3MIIIEHHs KaIliIspiB.
Binmivanu 3MeHIIEHHST KiJIBKOCTI Ta PO3Mipy OKPYIJIMX
OCTEOLIUTIB, IX amornTo3 Ta 3HAYHE TMOCUJIEHHS OCTEO-
KJIaCTUYHOI pe30pOlii KiCTKOBOI TKaHMHU. BimMiuaBcs
IUIa3MOCTa3, HEKPO3 BMICTy LIEHTPaJbHUX KaHaliB. ¥
MiClUSIX BATOHUYEHHSI KOPTUKAJIBbHOI IJIACTUHKU BUSIBJIEHI
CTPECOBi MepesIoOMU KiCTKOBUX 0aJ0K Ta OCTe00JacTUYHA
TKaHWHA 3 OCTEOKJIaCTaMMU.

VY IIBOX CIIOCTEPEKEHHSIX B KiCTKOBOMO3KOBOMY KaHaJi
crocTepirajiach HasiBHICTh BeUKUX KicT. KicTt oxorutio-
BaJIi Maitke BECh JiaMeTp KaHaily, JIMIIE TTopyy 3i CTiHKa-
MM 30€peramcst TOHKi CMYXKH ITyXKOi BOJJOKHUCTOI TKAHU -
Hu. TyT criocTepiraauch CTpECOBi Mepe oMU KOPTUKAIbHOT
nmiadizapHoi TIacTUHKU. JIHOM IIUIMHM mepenomy OyB
HEKPOTU30BaHUI KiCTKOBUM MO30K. Y TPETbOMY CIIOCTE-
PEeXeHHi 1IbOT0 TePMiHy Ha TJIi BEJIMKOrO MepioCTaIbHOIO
pereHepary, SIKMi 3HAXOIMBCS BUILE KpaiB KiHLS KYKCH,
CTaBCS CTPECOBUM MEPETIOM.

Tepmin 10 muocuie, 3 cnocmepescents. OyHKIIOHAIb-
HE HaBaHTaXXEHHS pO3I0YaTo uyepe3 8 TUXKHIB Tic/s aMm-
nyTauii. B ycix Tpbox criocTtepekeHHsIX OTpUMaHi KYKCHU
uwitiHapuyHoi ¢Gopmu. Ha kiHui omwty crnoctepiraBcs
EHIOCTAJIbHUI pereHepar, Mo HUXHBOMY Kpaio SIKOTO
chopMyBaBCs KICTKOBUI 3aMMKaJbHMUI IIAap i3 ITOCUTh
3piJioi KiCTKOBOI TKAHMHU OCTEOHHO-0aJIKOBOI OYIHOBH.
V KicTKOBili TKaHMHI B 3HA4YHili KiJbKOCTi OyJu HasiBHi
ocreobsnacTu i octeouuTu. 1o foro HUXKHBOMY Kparo BU-
3HAYAJIMCh 3a3yOpUHU 3 HASBHICTIO TaylIMMOBUX JIAKYH
Ta ocreokiaactiB. KoprukanbHa nmiadizapHa miacTMHKa
Oyjla HepiBHOMIpHO MOTOBILEHA, 3 AUISTHKAMU JESIKOro
BUTOHYEHHs. ['aBepcoBi KaHaiu poO3LIMPEHi, 3 HasiBHIC-
TIO B HUX CYIWUH i OCTEOTEHHOI TKaHUHU. Y Miclli il KOH-
TaKTy 3 3aMUKQJIBHUM IIaPOM BUSIBUINCS 3a3yOpuHU. Y
MiKO0aJKOBUX MPOCTOPaxX BU3ZHAYATIMUCH XXKUPOBUI KiCTKO-
BUIA MO30K Ta MyxKa BOJOKHMCTA TKAHWHA 3 HE3HAYHOIO
KUJIBKiCTIO TKAHMHHUX KiCT Ta CyAWH CUHYCOITHOIO TUITY.
YV mnpoxkcumaabHOMY BilJijli KiCTKOBOMO3KOBOTO KaHa-
JIy CyAWHU MIKPOUMPKYJISTOPHOTO pycja HaOJMXKEHi 10
HOpMaJIbHUX.

Tepmin 18 muxcnie, 3 cnocmepexcenns. @yHKIiOHATBHE
HaBaHTaXEHHSI PO3MOoYaToO yepe3 16 TYKHIB TCIs aMITy-
Tallii. Y IBOX CIOCTepeKeHHsIX Oyin chopMOBaHI KyKCU
OyaBOmOmiOHOI, B OMHOMY — KOHYCOIIOHIOHOI (popMu.
B omnomy Bumanky miacdizapHa KOpPTHMKaJbHA IIACTUHKA
OyJia MOTOBIIEHA, CIIOHTiI30BaHAa, MiCIIIMU BUTOHYEHA. Y
IMCTaJIbHOMY Bildiii HacTana ii moBHa pe3opOuis. Ha Bin-
CTaHi 2 CM Bil KiHLSI KyKCU c(DOpMyBaBCsl XUOHUIL CyT100,
SIKUI OXOIUTIOBAaB OOMIBI KOPTUKAJIbHI IJIaCTUHKKU 0e3
MOPYIIEHHS ITICHOCTI BEJMKOTO MEepioCTaIbHOIO pere-
Hepaty. KicTkoBa 3aMuKajibHa TJIaCTUHKA He chopMoBa-
Ha. KiHelp KiCTKOBOMO3KOBOTO KaHajly OyB 3alTOBHEHUIt
IyXKOI0 BOJOKHUCTOIO TKAHWHOIO, KiCTKOBUMU OajiKamu,
CyIMHAMU CHUHYCOIZHOTO TUIY, TKAHMHHUMHU KicTaMu. Y
MMPOKCUMAaIbHOMY BiIHiJli KiCTKOBOMO3KOBOTO KaHaIy BHU-
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3Havasach AuQy3isd Ty, HAOPsIK, CyIUHU CUHYCOITHOTO
turty. CrnocTepirajioch 3HayHe PO3LIUPEHHS CYIMHHUX
KaHaJliB KOMIIAKTHO1 0€30CTEOLIMTHOI KiCTKOBOI TKAHUHU.
YacTtuHa 3 HuX 3aKynopeHa (hopMeHUMHU eJieMeHTaMu. Bii-
Mivaju 1jia3MocTas, HeKpo3 BMICTy LIEHTpaJIbHUX KaHaiB,
BUTOHYEHHS KiCTKOBUX OaJloOK, TepeBaxkaHHS KiJTbKOCTi
aKTUBHUX OCTEOKJIACTIB HaJl ocTeo0siacTaMu, poO3LIMpeHi
OCTEOIMTapHI TTOPOXKHUHU. Y TMPOKCUMAIbHOMY BiiIiii
KiCTKOBOMO3KOBOTO KaHaJly BU3HauUajaach HaOpsikia myxka
BOJIOKHMCTA TKAHWHA 3 CyTUHAMU CUHYCOIIHOTO TUTTY.

V npyroMmy cnoctepexkeHHi chopMoBaHuUil Aedopmo-
BaHMIi KiHellb KiCTKM 3 BUKPUBJIEHHSIM OCi, 30iIbIIIEHHSIM
MOMEPEYHOro po3Mipy 3a paxyHOK IIOCKOTO MO3A0BXHbO
pPO3TAlllOBAHOTO TEPIOCTAIBHOTO pereHepaTry Ta 3JUT-
TS TIEPIOCTATBHOTO 1 €HAOCTAILHOTO pereHepariB. AK i B
MOTNepeHbOMY BUIAAKY, MUCTATbHUN KiHEellb KiCTKOBOI
KYKCHU MPOTSITOM JIBOX CAHTUMETPiB po3cMokTaBcs. Crio-
cTepirajauch JereHepaTUuBHO-AUMCTPOGiUHI i HEKPOTUYHI
3MiHU KOPTUKAJIBHOI MiadizapHOI IUIACTUHKH i KiCTKOBOTO
Mo3Ky. KicTkoBa 3aMuKajbHa IJIacTUHKA He chopMOBaHa.

V KoHycomnomiOHiil Kykci Bimmivyanach papedikairis i
BOTHUILIEBE PO3CMOKTYBAHHS KOPTHUKAIbHOI TJIACTUHKU.
V 3By:KeHOMY KaHaJli KiHIIsI KYKCU BU3HAYaJIuCh 30HU He-
3pijol KiCTKOBO1 TKAaHWHM. YHACIIIOK pe30opOlii i Hak/Ia-
JIAaHHSI HOBOYTBOPEHMX KiCTKOBMX OaJIOK CITOCTepiraiach
CITOHTI3allist KOPTUKAJIbHOI AiadizapHOi MIaCTUHKH.

Y BCiX TPbOX CITOCTEPEKEHHSIX MPOLIECU pe30pOllii Te-
peBaxajm OCTeoreHes.

KicTkoBa NAQCTUKAO 6€3 MeXAHIYHOro
HOBOHTODKEHHS (9 CnocTepeXXeHb)

Tepmin 6 muicnie, 3 cnocmepedjicenHs. Y BCiX CIIOCTEpe-
JKEeHHSIX ¢(hOpMOBaHi KyKCU HUIIHAPUYHOI (popMU 3 He-
3HAYHUM PO3CMOKTYBAaHHSIM KpaiB KOPTUKAJBbHOI miadi-
3apHOI IUIACTUHKU B MicCIIi il KOHTaKTY 3 TPaHCIJIAHTATOM,
1110 TepPMETU3YyBaB KiCTKOBOMO3KOBY ITOPOXHMHY. PeMone-
JIIOBAHHSI TOHKOTO KiCTKOBOT'O TPAHCIJIAHTATa MPOXOAUIO
LLJISIXOM HOTOo 3aMillleHHSI €HI0CTaIbHOI KiCTKOBOIO TKa-
HUHOIO i (hbOpMyBaHHSI KiCTKOBOI 3aMUKaJIbHOI IMIACTHH-
ku. KicTkoBa TKaHMHA 3aMUKaJbHOI TUIACTUHKU Maiixe
3pina. KpoBorocTtayaHHsI KiHISI KyKCU 3a0e3MedyBajioch
32 paxyHOK CYIWH OTOUYIOUMX M’SIKMX TKaHWH, MEepPiocTy,
raBepCoOBUX KaHaIiB KOPTUKAJIbHOI AiachizapHOI IJIaCTUH-
ku. CrocTepiragoch po3IIMPEHHS raBepCOBUX KaHATIB. Y
MixX0aJIKOBUX MPOCTOPAX BU3HAYABCS KMPOBUU KiCTKOBUIA
MO30K, MyXKa BOJIOKHUCTAa TKAHWHA, CYIMHU CUHYCOITHO-
ro TUIy. Y IpOKCUMaIbHOMY Bill[ili KiCTKOBOMO3KOBOIO
KaHaJly CIIOCTepiraBcsl XKMPOBUM KiCTKOBUI MO30K, CyIu-
HU CUHYCOIJHOTO TUITY.

Tepmin 10 muocnie, 3 cnocmepexncenns. B ycix cmocte-
pexkeHHsIX (popma KiHI KyKe Oysa HWIiHApUuIHOW. 30e-
pirajioch po3MIMPEHHSI CYIMHHUX KaHaJIiB KOPTUKAJIbHOT
niaizapHOi TJIACTUHKU. Y3I0BX KYKCU Y MOBEPXHEBUX
Irapax KOpTHKajJabHOI miadizapHOi IUIACTUHKM BHU3HA4ya-
Jlach Mepexa IUPOKUX CYIUH, SIKi TICHO aHaCTOMO3YBaIu
3 CyIMHaMU MEePiocTy Ta MeAYISIpHOI TopoxXHUHU. CynuHU
OCTAHHbOI 3ATUIIAIKUCH PO3LIUPEHUMU. Y AUCTATLHOMY
BT KyKCH 3yCTpidaluCh CYIMHU CUHYCOITHOTO TUITY i
TkaHUHHI Kicty. KiHli kyke Oyiau muiockumu. Koprukans-

Ha miadizapHa riacTUHKA MPOC/iKOBYBalach 1Mo BCiit 10-
BXMHI KyKcu. Bigmiuanace ii pe3opOitist Ta nesike BUTOH-
YEHHSI 110 €HJOCTAJIbHI TTOBEPXHi. Y AUCTATIBLHOMY BifIisi
KiCTKOBOMO3KOBOTO KaHajly Ha 3HAYHil BifCTaHi B3I0BX
CIIOHTi30BaHOI KOPTUKAJIbHOI miadizapHOi IJIACTUHKYU BU-
SIBJISIIACH CiTKa HE 30BCIM 3piIMX KiCTKOBUX 0ajoK. BoHu
Oyau BUTOHYEHi I y3ypoBaHi. Ha moBepxHi KiCTKOBOI
TKAaHWHM BiAMiYaJoCh 3HaUYHE 3MEHILEHHS KiJIbKOCTI aK-
TUBHUX OCTE00JacTiB. ¥ NMPOKCUMAIbHUX Bifdilax Mix
KiCTKOBUMMU OajIKaMU CIIOCTEPIiraBcs KUPOBUM KiCTKOBUIA
MO30K i ITyXKa BOJIOKHMCTA TKaHWHA i3 3aITOBHEHUMM TYIII-
II[10 MiKpOCYyAMHAMHU. Y KiCTKOBOMO3KOBOMY KaHaJli KiHIIsI
KYKCU BU3HAYaJlach HETYCTa CiTKa JOCUTb 3piINX KiCTKO-
Bux Oayok. KicTkoBa 3amMukanbHa IJIACTUHKA OCTEOHHO-
0aJIKOBOI CTPYKTYPH.

Tepmin 18 muxncnis, 3 cnocmepeycents. B ycix crioctepe-
XKEeHHSIX cpopMOBaHi KyKCU HUIiHAPpUYHOI (popmu. ToH-
KM KOPTUKAJIbHUM TpaHCIUIAaHTAT 3aMillleHUi 6aJKOoBOIO
CTPYKTYPOIO KiCTKOBOI 3aMUKaJIbHOI MJIACTUHKU 3 HE 30-
BCiM 3pisioi KicTkoBoi TKaHuHU. KopTukanabHa niadizapHa
IUIaCTMHKA Ha 3HAYHil BiICTaHi Bif Kparo OyJia CIIOHTi30-
BaHa. Bigmivuasoch po3cMOKTYBaHHSI KiCTKOBOI TKAaHWUHU
32 XOJIOM CYIMHHUX KaHaTiB i B3MIOBX €HIOCTAIbHOI T0-
BEpXHi KOPTHKaJIbHOI miadizapHOi IUIACTUHKU. Y 3HAYHO
PO3IIMPEHUX TaBEPCOBUX KaHajlax BU3HAYAIUCh Karijisi-
pu cuHycoigHoro Ttumy. Bu3Hayanzach HepiBHOMipHIiCTb
i OiTHICTH MIKPOCYIMHHOI CiTKH, SIBUILA MPUCTIHKOBOTO
HaOpsIKy. BusBiasivch MopoxXHi JakKyHU ocTeoluTiB. Ha
MOBEPXHi KICTKOBUX TPaOEKyJI CrloCcTepirajiach akTUBi3allist
octeokJyacTiB. OcTeobsacTi BUSBISIIUCH B MEHIIIN Kib-
KOCTI, 1110 CBiTYUTH ITPO HE3aBEPIIEHICTh PEMOCTIOBAHHSI.
Mix6anKoBi MPOCTOpU 3aMOBHEHI XXUPOBUM KiCTKOBUM
MO3KOM i ITyXKO0IO BOJIOKHHUCTOIO TKAHUHOIO, OiIBIIICTh CY-
IVH OyJla CHHYCOIZHOTO TUITY. Y TIPOKCUMAJIbHUX Bimmizax
XKUPOBUIT KiCTKOBUI MO30K 3i 3BUYaifHOIO MiKPOLIMPKYJISI-
TOPHOIO MEPEXeEIO.

KicTKoBO NAQCTUKA 3 MEXAHIYHUM
HOBOHTOKEHHSM (9 crnocTtepelXeHb)

Tepmin 6 muocnie, 3 cnocmepescents. Y BCiX criocrepe-
JKeHHsIX cOpMOBaHi KykKcu opraHotumnoBoi ¢opmu. Ha
KiHIIi KyKCU BHUSIBJISIACh HETycTa CiTKa EHIOCTaJIbHUX
KiCTKOBUX 0aJIOK, IO HUXKHBOMY Kpato siKuX (hopMyBasiach
KiCTKOBa 3aMUKaJibHA TIJIACTUHKA. Y YOTMPHOX Tperapa-
TaxX BOHA CKJIaJajiach 3i 3piJioi, a B OMHOMY — 3 HE 30BCIM
3pisol KiCTKOBOI TKAaHMHHU. Y MiKOAJIKOBHUX IIPOCTOpax
€HIOCTAJILHOI'O KiCTKOYTBOPEHHSI Y BCiX CIIOCTEPEXKEHHSIX
BUSIBJISUIMCh MyXKa BOJOKHUCTA TKAHWHA 3 MpOoLIapKaMu
GiOpOPEeTUKYISIPHOI 0CTE00IaCTUYHOI TKAHUHM 1 CyTUHU
MiKPOLUUPKYIATOPHOTO pycia. Y MPOKCUMAaIbHUX Bii-
JIax KiCTKOBOMO3KOBOTO KaHajy CIIOCTepiraBcsi XKUpPOBUit
KiCTKOBHUI1 MO30K 3 HOPMaJIbHO PO3BMHYTOIO MiKPOCYIUH-
Holo ciTkowo. KoprukanbpHa miadizapHa ITaCTMHKA 3Ha-
YHO TIOTOBIIIEHA 32 PaXyHOK MepiocTaIbHUX HalllapyBaHb,
SIKi IHTEHCMBHO KOMITAKTU3YBAJINCh. ¥ IX mepuepnIHnX
BiIminax BUSIBISUINCH PO3IIMPEHI HEHTpaJbHI KaHaIU. Y
INIMOOKMX BifIiJIax TepiocTalibHi HalllapyBaHHS ITOBHICTIO
KoMnakTu3oBaHi. CyaMHHI KaHaayd KOPTUKaIbHOI miadi-
3apHOI IJIACTUHKM po3liupeHi. B omHOMy BUMaaky crio-
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CTepirajaoch MOPYIIEHHS XOAy CYAMHHMX KaHaJiB. Y HUX
3HAXOAWINCh 30i/IbIIEHI B AiaMeTpi MpoJidepyiodi CymnuHu
i HOBOyTBOpeHi Kaminsipu. HaBkoyio HMX (opMyBallKCh
KICTKOBI CTPYKTYpPM TUIY OCTEOUUTiB. BoHU piBHOMipHO
3a0apiieHi. CynMHU B KiCTKOBMX KaHaJlax pO3TalllOBaHi
npucTiHkoBo. [ku a. nutricia B MpoKCMMaTbHOMY Bifli-
JIi KiCTKOBOMO3KOBOI'O KaHajJIy 3HAa4YHO po3iupeHi. B oc-
TeOOJIACTUYHIN TKaHWHI MIXKiCTKOBUX MPOCTOPiB BU3HA-
yajach 3HaAYHaA KiIbKiCTh OCTEO0JIACTiB Ta OCTEOKJIACTIB.
BinOyBaBcst akTMBHUI TIpOLIEC PEMOICTIOBAHHSI KiCTKOBOL
TKaHWHU 3 (DOPMYBAHHSIM KOMMAKTHOI KiCTKH 3a paxyHOK
HalllapyBaHHSI HOBOI ILIACTMHYACTOI KiCTKU 3 A00pe 3a-
OapBJIEHUMU SIIPaMU OCTEOLIUTIB.

Tepmin 10 muocnie, 3 cnocmepexncenHs. Y BCiX CIIOCTe-
pexkeHHsIX cOpMOBaHi KyKCH LWJiHIAPUYHOI OpraHOTH-
noBoi (opmu. Binmiuanack BiACYTHICTH TIporpecyBaHHs
perapaTiBHUX MPOLECiB EHIOCTAIBHOTO i TEPiOCTaAIbHOTO
KictkoyTBOpeHHs. KopTukanbHa piadizapHa riacTuH-
Ka 3HaYHO TOTOBIIEHA 32 PaXyHOK KOMIAaKTU3allil Tepi-
OCTaJIbHUX HalllapyBaHb, BOHAa I00pe KOHTypyBajach Ha
BCbOMY IIPOTs3i. Y MicClli BXOIKEHHS a. nutricia TOKaaIbHUMK
0CTEOINOpPO3, MiKpOMepeIoMH i He3pija KiCTKOBa TKaHMHa.
KiHeup KykcH 3aKpUTHIA TOBCTOIO 3aMUKAJIbHOIO MJIACTUH-
KOO 3i 3pijoi KOMITaKTHOI KiCTKOBOi TKaHMHU. Hacrtano
3BYKEHHSI CYAMHHUX KaHaJliB KOPTUKAaJIbHOI niacdhizapHOl
rutacTuHkU. CTpyKTypa KiCTKOBOI TKaHWHM CTaOiJbHA.
JAnctpodiuHnx 3MiH KiCTKOBOI TKAHWHM i OE3KIITUHHMIX
MJISTHOK HE CIOCTepirajioch. Y AUCTAJILHOMY BilIili KicT-
KOBOMO3KOBOTO KaHaJly >XMPOBUI KiCTKOBMH MO30K i3
3aMOBHEHUMU TYLIIIIO MiKPOCYAMHAMU, OJIU3bKUMU 10
CyIMH HOPMAaJbHOI KiCTKM. Y IPOKCHMAJbHOMY Bimmimi
KiCTKOBOMO3KOBOI'O KaHaJly KHMPOBUM KiCTKOBUII MO30K

3 XapaKTepHOIO CYIMHHOI CiTKO. MiKpOLMpPKYJISITOPHI
3MiHM KOMIIEHCATOPHOTO XapaKTepy 3aBepIITyBalCh.
Tepmin 18 muscuie, 3 cnocmepexcernts. Y BCiX TPbOX CIO-
cTepexkeHHIX c(popMOBaHi KyKCH UIIHAPUIHOI (popmu 3
PiBHUMM MOTOBIIEHMMU OpTraHHOI OyIOBU CTiHKAMU KOp-
TUKaJIbHOI miadizapHOi IUIACTUHKU i 3aMUKaJbHOI KiCT-
KOBOI IUIAaCTUHKM KOMMaKTHOI OymoBU. PemonenioBaHHS
KiCTKOBOI1, KiCTKOBOMO3KOBOI Ta CYAMHHOI CUCTEM 3aBep-
myBajioch. CTpyKTypu KOPTUKaIbHOI AiadizapHOl, KicT-
KOBOI 3aMMKaJIbHOI IIACTMHOK, KiCTKOBOIO MO3KY, Ma-
KpO- Ta MiKpOLUPKYJISITOPHOTO pyciia OyIr HaOJKeHi 10
HopMu. HoBuUX TIpolieciB KiCTKOYTBOPEHHST HE BilIMiueHO.
IlepiocTanbpHi HamapyBaHHS ITOBHICTIO KOMITAKTU30BaHi.
Takum yMHOM, TepMeTUYHE 3aKPUTTS KiCTKOBOMO3KO-
BOi MOPOXXHUHMU, TOEAHAHE 3 MEXaHIYHUM HaBaHTAXKEH-
HSM, CIPUSUIO ONTUMAJbHOMY Ilepediry pemnapaTHBHOTO
OCTEOreHe3y i MPoLeCiB peMOIe/IIOBaHHS TKAHUH KYKCH.
KinpkicHa oliHKa CTPYKTypU TKaHWH aMITyTalliiHOL
KyKCcH B TepMiH 8 mic. HaBeneHa B Taou. 1. [1poBeaeHuit
MOpGOMETPUYHMII aHaJli3 TKAHMH aMIYTaLliiHOI KYKCH
JTIO3BOJINB BCTAHOBUTH BipOTifHI BiIMIHHOCTI Yy CITiBBiIIHO-
IIEHHI OCTEOTeHHOI, XOHAPOTeHHOI Ta (iOpOTeHHOI TKa-
HUH MiX pocmiganumu rpynamu (H = 17,1387—15,6448,;
P < 0,01 3a xkpurepiem Kpyckama — Bojica) (tab6um. 1).
OTtpuMaHi MOKa3HUKM CBiMYaTh PO Pi3HUI CTYMiHb 3aBep-
IIEHOCTi Ta peMOIEIIOBaHHS KiCTKOBOI TKAHUHU 3aJIEXKHO
Bill BUIY IUTACTUKM Ta (PYHKIIOHAJTBLHOTO HABAaHTaXKEHHSI.

O6roeopeHHs

PemonenoBaHHST KiCTKOBOI TKAHMHU — 11€ MOCTiHHUIA
0ioJIOTiYHMI TIpoliec, SIKMil 3a0e3Ieuye OHOBJIEHHS CKe-
JIETHOI TKaHWHU, 30epexkeHHs ii MIIIHOCTI Ta peryJsiiiiio

Tabnuus 1. KinbkicHa ouiHka CTPYKTYpU TKaHUH aMnyTaLifiHOT Kykcu

Nocnigsl CTpyKTypa TKaHWUH, %
ocnigHi rpynu

Py OcTeoreHHa, M =+ SD | XoHpporeHHa, M= SD | ®i6poreHHa, M = SD
| rpyna (M’a30Ba nnacTtuka
6e3 HaBaHTaxeHHs!) (n = 3) 72,80£3,11 10,80 +2,28 16,40 £ 3,51
Il rpyna (M’a30Ba nnacTuka
3 HaBaHTaXeHHsM) (n = 3) 78,60+2,70 10,20 1,31 11,20 £ 3,35
Ill rpyna (kicTkoBa nnacTuka
6e3 HaBaHTaxeHHs) (n = 3) 85,20+2,28 8,40+ 1,12 6,40 + 2,51
IV rpyna (kicTkoBa nnactuka
3 HaBaHTaXeHHsAM) (n = 3) 91,20 +£2,17 4,60%1,14 4,20+ 1,64
H Kruskal-Wallis test 17,1387 13,463 15,6448
P-3HAYEHHSA 0,0007 0,0037 0,0013

MonapHe NopiBHAHHA

F)|,|| <0,05 <0,01 > 0,05
P|,||| <0,01 <0,01 <0,01
Piw <0,05 <0,01 <0,01
Pu,m <0,01 >0,05 <0,05
Puw <0,01 >0,05 <0,01
Pm, v <0,05 >0,05 <0,05
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CUCTEMHOI0 KaJblIiEBOro romeoctasy. BiH BigOyBaeTbcs
3a YJacTIO B3a€EMOJii YOTMPHOX OCHOBHMX THUIIIB KJIiTHH:
OCTEOKJIACTiB, SIKi BiIMOBiIaIOTh 3a pe30p0O1Iilo CTapoi KicT-
KM, OCT€00JIaCTiB, 1110 YTBOPIOIOTh HOBY KiCTKOBY TKAHUHY,
OCTEOLIUTIB, SIKi BAKOHYIOTb POJIb MEXaHOCEHCOPIB, i pery-
JISITOPiB pEMOJIETIOBAaHHSI, KJIITUH KiCTKOBOI BUCTLUIKH, 11O
MPUTHIUYIOTh PE30pOILit0 KiCTKM, HE JOMYCKaOUM MPsSMOT
B3a€EMOJIii MixX KiCTKOBUM MaTPUKCOM Ta OCTEOKJIaCTaMU
B 0a30Biil OaraToKIiTUHHIN ogvHUI. bamaHc MixX UMK
npoiecamMu 3ade3nedye HopMaJbHY CTPYKTYPY i (PyHKIIiI0
KicTok [25]. OcTreouTy Ta OCTEO0JACTU B KiCTLI MOXYTh
pearyBaTy SK Ha IIOTIiK PiIMHM, TaK i Ha MEXaHiuYHY Je-
¢dopMallilo, 1110 BUHUKAIOTh BHACIITOK MEXaHiYHOIo Ha-
BaHTaxeHHs [26, 27]. ITpouec peMoaeaIoBaHHS KiCTKOBOT
TKaHWHU TTONUTSIEThCST Ha 6 a3 [28]: akTuBallii, peKpyTy-
BaHHS, pe3opO1lii, peBepcii, hopMyBaHHSI, MiHepaJi3allii.

AMIyTallist KiHIiBKM CITpaBeUIMBO HA3UBAETHCS PEKOH-
CTPYKTUBHOIO omepaitieto. [Ipu 1i BUKOHaHHI HEOOXiTHO
CTBOPUTHU YMOBHU JIJISI iEPAPXiYHO 3aKJIAIEHOTO TTOAAIBIIIO-
O pPeMOJIEJIIOBAaHHSI KiCTKOBOTO 3JIUIIKY 3i CTPYKTYpOIO,
MaKCHMaJbHO HAOIMKEeHOIO 10 HOPMaIbHOI KiCTKH. Y 3a-
MKHYTill KiCTKOBOMO3KOBIili MOpPOXHWHI HasBHUI THUCK,
SIKMI HEOOXimHUM JI CIpsSIMYyBaHHSI TTOTOKY iHTepPCTUIII-
aJIbHOI PiIMHU IO CUCTEMI CyAMHHMX KaHaubliB. Jloaar-
KOBMII THCK y 3aMKHYTOMY KiCTKOBOMO3KOBOMY KaHai
CTBOPIOETHCS LIJISIXOM TIepeaayi Myabcallil TiIoK KUBUIb-
HOI apTepii yepe3 HalliBpiJKe CepeloBUIIEe KiCTKOBOMO3-
KOBOTO KaHaJly Ha CTiHKM APiOHUX CYAMH i Kamiispis. 3a
BiJICYTHOCTI TEPMETUYHOTO 3aKPUTTSI KiCTKOBOMO3KOBOTO
KaHaJly TUCK y KiCTKOBOMO3KOBIil MOPOXHUHI TIafa€e, 110
MOPYIIYE KPOBOIOCTAaYaHHS KOPTUKAJIbHOI miadizapHoi
IUTACTUHKY HaBiTh MPU BiTHOCHOMY 30€peXXeHHi MeayIsIp-
HOro KpoBoroctayaHHs. [lopylieHHsT KpoBOMOCTaYaHHS
MOTIUOJIOITHCS MEPETUHOM TEPIOCTy i MOIIKOIKEHHSIM
OTOUYIOUMX KiCTKY M’sI3iB.

Y TepMiHM 6 TUXKHIB aganTaliiHO-KOMITEHCATOPHMIA
KOMILJIEKC, 110 3a0e3IeuyBaB YMOBH pelapallii i peMoe-
JIIOBAaHHSI KiCTKOBOI TKaHWHM KyKCHM, OyB Maiike oJHa-
koBuM s 1 i 11 cepiii. BusiBneHi ctepeoTUHi 3MiHI Mi-
KPOLIMPKYJIALIi KyKCH: perioHapHa TilmepBacKyJIsIpr3allis,
30iIbIIIEHHS 00’€MYy TepMiHAJIbHOTO CYAMHHOIO pycia 3
CUHYCOITHMMM 3MiHAMM KaIliIIpiB i IMiIBUILEHHSIM CY-
JUHHOI TPOHUKHOCTI, (pOpMyBaHHS TKaHUHHMX MiKpO-
KiCT, 3B’SI3aHUX 3 MiKPOCYIUHHOIO ciTKo1o. Lli 3MiHU Oy
CIIPSIMOBaHI Ha KOMIIEHCAIIiI0 TUPKYISITOPHUX PO3JAMIB i
3a0e3MeueHHs MiIBUIIIEHUX META0O0IiYHUX ITOTPEO pereHe-
PYIOUMX TKAaHWH 32 PaXyHOK MaKCMMaJbHOTO BUKOPUCTAH-
HSI TIO3aCYIMHHUX ILISXiB MiKpOLIMPKYJIsILii. ¥ mogaibIi
TepMiHM 3aJIeKHO BifI cepii IIpoliecy pereHepaliii i pemome-
JIIOBAaHHSI TKAHUH KYKCU 3HAYHO Pi3HWIUCH.

V 10-TmzxHeBUit TepMiH y | cepii cmocTepiraiach Bupa-
JKeHa pe30pOlliss KOpTUKaIbHOI AiadizapHoi MIACTUHKY 3a
XOJIOM CYAMHHMX KaHaJIiB Ta 31 CTOPOHU MEIYJSIPHOI I0-
poxXHHU. BoHa mpu3BoaMia 10 BOTHUIIEBOI CITOHTi3allil,
BUTOHYEHHS TJIACTUHKU, 3MiHU (pOpMU KiHIIIB KYKCU B
TPbOX CITOCTEPEKEHHSX. Y KOMITaKTHIl KiCcTIli HacTaBaiu
MUCTPOdiuHi Ta HEKPOTUYHI TTPOIIECH, SIKi XapaKTepu3yBa-
JIUCh JII3UCOM OCTEOLIUTIB, HEKPO30M BMiCTYy LIEHTPATbHUX
KaHaJiB, OiOHICTIO TaBepCOBMX KaHAaJiB, PO3BUTKOM OC-

TEONopo3y. YHaCiA0K HEMOBHOLIIHHOTO €HI0CTaJIbHOIO
pereHepary Ha KiHIIi KyKCH BiaMivyaiach iloro nepdopartiist
rizkamu a. nutricia. Y mi3Hiii TepMiH y OLJIBIIOCTI CIIOCTE-
pexxeHb OyB cOpMOBaHUIA MMATOJOTIYHAIN KiHEIb KYKCH.
Y nBoX BUIAKax BiIMiueHi 3pOIIEHi CTPECOBi TEPEJIOMU.
IIpouecu pemonmemoBaHHS 3 IepeBakaHHSIM pe30pO1lii Ta
HETIOBHOLIIHHUM 3aMillleHHSIM KiCTKOBOI TKaHWHU TIPO-
IOBXyBanuch. BupaxkeHa papedikallisi cympoBOmXyBa-
Jlach 3MEHILIEHHSIM KiJTbKOCTI i TOBIIMHU KiCTKOBUX 0aJIOK
Ta KJITUHHUX €JIeMEHTIB. YCepelauHi KiCTKOBUX 0ajioK
3’ SIBJISIACh MIiKPOTPIilIMHKU. Y HaOPSIKIOMY KiCTKOBOMY
MO3KY MpOAOBXYyBajnach npoiidepaliisi ¢hiopopeTuKyJsip-
HUX KJIITUH 3 TTOSIBOIO AUISTHOK BOJIOKHUCTOTO KiCTKOBOTO
MO3Ky. BimMiuanace arpodisi KicTKOBOi TKaHWHU, BiJCyT-
HICTh perapaTMBHUX TpOoleciB Ha (OHI CTINKMX ITUPKY-
JIITOPHUX 3MiH, IIO CYIIPOBOKYBAINCH 30iTHEHHSIM ap-
TepiaJlbHOI i BEHO3HOI CITKM IIpM 30epeXeHHi HesIKOro
PO3ILIMPEHHS BEHO3HOTO JIPeHaXYy.

TakuMm yrHOM, y MEPIIIiii cepii TOCIiaiB CIOCTEPiraJoch
MOPYLIEHHSI PEMOMEIOBAHHS 3 TepeBaKaHHSM pe30p0-
1ii, opMyBaHHSIM aTUIIOBUX (POPM KiHIIIB 3 BiIXWJICH-
HSIM BiJl OCi, CTPECOBHUMMU TIEPEIOMaMU, Pi3KO BUPAXKEHOIO
CITOHTI3alli€0 KOPTUKAIbHOI fiadizapHOi MJIACTUHKY YU 11
PO3CMOKTYBAHHSIM, TIEHETPAIli€El0 €HIOCTAJIbHOTO HEeIlo-
BHOIIIHHOTO pereHepaTy riikaMu XWBWJIbHOI apTepii. Lli
MaTOJIOTiYHI 3MiHM BUHUKAIU Ha TJIi 3HAUHUX TMOPYLIEHb
Mikpouupkysuii. Ha Hanry mymKy, IaTojIoriyHe peMoe-
JIIOBaHHSI OyJ10 BUKJIMKAaHE HEAOCTaTHIM THUCKOM y KiCT-
KOBOMO3KOBIili IOPOXHMHI Ta BiICYTHICTIO MeXaHiYHOTO
HaBaHTaXK€HHs, 1110 CYTTEBO MOCIA0JIOBAJIO MOTIK iHTep-
CTULIATBHOT PiTUHUA.

3Baxatouu Ha BukianeHe, y 11 cepii 3acrocoBaHe mexa-
HiuHEe HaBaHTaXXEHHSI KYKCH KiCTKHM, sIKe, Ha Hallly AYMKY,
TMOBUHHO OYJIO MO3WTHUBHO BIUIMHYTU Ha PEMOJCIIOBAHHSI
KiCTKOBOI TKAHWHU, TTOCUJIMBILIM OCTEOT€HHI Ta aHTiOTeHHI
peaxiii.

IIpore panHiii (4 TUXKHI) TTOYATOK HAaBAaHTAXKEHHS TIPU-
3BiB 10 TpaBMaTU3allii i MOMIKOMKEHHS HiXHUX HOBO-
YTBOPEHMX CYAMH i €HJAOCTaJbHOrO0 pereHepary Ha KiH-
1Ii KyKCU KiCTKM, 110 BUKJIMKAJIO BTOPUHHI MOPYILIEHHS
MikpouupkyJsauii. i mopylueHHsT MiKpoUMpKysiii,
110 BUHUKAIOTh, 3MiHIOIOTb YMOBM IE€PEePO3IMOIiTbHOT
KOMIEHcallii MOpYyIIEHOr0 KpPOBOMOCTaYaHHS B KiCT-
i i BUKJIMKAIOTh pe30pOllito KOpTUKaIbHOI niadizapHoi
MJIACTUHKM, 110 MU i criocTepiranu. dopMyBaHHS eHIOC-
TaJIbHO-TIEPiOCTAIbHUX pereHepaTiB y BilIIOBiAb Ha MeXa-
HiuHEe HaBaHTAaXXEHHS MOXHa BiTHECTH 10 afanTaliiiHOro
peMomeaoBaHHs KicTKOBOI TKaHUHU. [1po HegocTaTHICTh
KpPOBOIIOCTaYaHHS i ajanTaliiiHe peMoeJI0BaHHS CBil-
YUTh i MOsIBa XPSIIIIOBOTO IMOKPUTTS IepioCTaJbHUX pe-
reHepaTiB, OCOOJMBICTIO SIKOro € AudYy3iiHUI XapaKTep
Tpodiku. BimcyTHicTh (hopMyBaHHS KiCTKOBOI 3aMUKaJIb-
HOI TUTAaCTUHKU, HEKPO3 KiCTKOBOTO MO3KY, 3MEHIIICHHS
KIUJIBKOCTI OCTEOIIUTIB, IX allonTo3, HeKPO3 BMICTY IIEH-
TpaJbHUX KaHaJiB CBiq4aThb MpO JAereHepaTUBHO-JAUC-
TpodiuHi Ta HEKpPOTUYHI mpouecu. IlopyiieHHs pema-
pPaTUBHOTO OCTEOTreHe3y i peMOe/TIOBaHHS MTPU3BEIU 10
¢opMyBaHHS B KiCTKOBOMO3KOBOMY KaHajli BEIMKHUX
KicT. PaHHill MOYaTOK MEeXaHIYHOrO HaBAaHTaXEHHS BU-
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KJIMKaB 3alaJIbHUI MPOLIeC i MaToJoriYHe peMOoJeII0BaH-
H$I TKAHWH, 110 OTOYYBAJIU KiCTKY.

Takum yMHOM, MeXxaHiuHe HaBaHTa>K€HHS KiHIISI KYKCHU
KiCTKH, po3royaTe B TepMiH 4 TUXKHI ITic/Is1 onepallii, € Te-
peaYacHUM i IIKiIJIMBUM.

VY tepMmiH 10 THKHIB 3 TOYATKOM MEXaHIYHOTO HaBaH-
TaXKeHHSI dyepe3 8 TIDKHIB ITiciIsI aMITyTallil OTprMMaHi 3a10-
BUTbHI pe3ylbTaTU peMOIeIIOBaHHS KiCTKOBOI TKaHWHM.
Kykcu KicTky Many opraHOTUIIOBY LWIHAPUYHY (opmy
3 KiCTKOBOIO 3aMUKAaJIbHOIO TNIACTUHKOIO 3 HE 30BCIiM 3pi-
JIOi KiCTKOBOI TKaHMHU. BinMmivyanach nmeBHa HopMaJizalis
MiKpOUMPKYJISITOPHUX TMpolieciB. Taki pe3yapTaTu MOXHa
MOSICHUTU ONTUMAIbHUM TEPMiHOM MOYATKy MEXaHiuHOTO
HaBaHTaXXEHHsI, KOJIM BXe Cc(HOpMYBaBCS KOPTUKAIbHUIA
3aMUKaJIbHUI IIap JOCTaTHHOI MIITHOCTI, 3a0e311e4yBaIOCh
IOCTaTHE KPOBOIIOCTAYaHHS i MeXaHiuHa CTUMYJISILIST He
BUKJIMKaJIa MIiCIIEBUX TMOPYIIEHb KPOBOIMOCTAYaHHS i He-
TaTUBHOTO BIUIMBY Ha OCTEOTE€HE3.

Ha namy nymky, maTosioriuHe peMoaeatoBaHHsS KiCT-
KOBOI TKAHWUHU KYKC il BIJIMBOM MEXaHiYHOTO HaBaH-
TaXXEeHHSI B TepMiH 18 TUIKHIB mmicist ammyTalii mae nBi
npuyuHu. [lepma i rojoBHa nmpuyMHa — 1€ TpUBaja,
MPOTSITOM 16 TYKHIB BiZICYTHICTh (DYHKIIii CKOMITPOMETO-
BaHO1 aMMyTalli€l0 KiHIiBKH, sSTKa BUKJIMKAJIa MOPYIIEHHS
MiICLIEBOTO i BHYTPIllITHBOKICTKOBOTO KPOBOMOCTaYaHHSI.
YHacnigmok 3MiHM YMOB MiKpOUMPKYJISIIii 3MiHIOBATIUChH
(GYHKIIIOHAJIBHI CITiBBITHOIIEHHS MiX BHYTPIIIHBOKICT-
KOBUMM i MapaocaibHUMU OaceiiHaMu KpOBOIOCTayaH-
Hs, 110 BUKJIMKAJIO IePEepO3IOIia TOKY KpOBi i amamTa-
LHiliHy mepeOynoBy KiCTKOBOI TKAHWMHMU 3 (hOPMYBaHHSIM
ocTteoropo3sy [11].

[HI11I010 MOXKJIMBOIO TPUUMHOIO, TEX MOB’SI3aHOIO 3 KPO-
BOMOCTAYaHHSIM i OCTEOT€HE30M, € CTYIiHb KOPCTKOCTI
MO3aKJiITUHHOTO MaTpukcy. Bimomo [29], 110 oTpuMaHmii
3 TIPeocTe00J1acTiB MO3aKJIITUHHUI MaTpPUKC, SIKU € Me-
XaHOUYTJIMBOIO CTPYKTYPOIO, 3a0e3Ieuye KiCTKOBY KIIiTH-
HY TPUBUMIPDHMM OTOYEHHSM Ta 3MIiHHOIO >XOPCTKICTIO.
OcTaHHs Ma€ 3HAYHUI BIJIMB Ha TMOBEAIHKY OCTEOIIUTIB.
CdopMoBaHMIi KOMIAKTHUM MaTPUKC CIIPHUSIE JO3PiBaHHIO
ocrteobacTiB. [Tyxkuii MmaTpukc, sikuit cpopMoBaHM TIpU
OCTEONopo3i, CIpHUsIe HAAMIPHil aKTHBAallil OCTEOKJIACTiB.
Ha m’sikoMy maTpukci BiIK1agaeTbCcsl OCTeoin 0e3 yTBO-
pPEHHS KiCTKOBOI TKaHWHU [29]. BiamosigHo, 1ie BIJIMBa€E
Ha CTPYKTYPHi 3MiHU KiCTKOBOI TKAHWHU 3 BUTOHYEHHSIM
Ta y3ypali€lo KiCTKOBUX 0ajloK, 30UIbIIEHHSIM KiJIbKOCTI
MOPOXHIX OCTEOLIMTAPHUX JIAKYH, 3MEHILIEHHSIM KiJIbKOCTI
aKTUBHUX OCTEO0JIACTIB. 3 OIJIsIMy Ha HEOOIHOPIMHUI CKIIa
HOBOYTBOPEHMX KiCTKOBUX CTPYKTYpP, KOJIHU OIISTHKM KiCT-
KOBOI TKAaHMHU TIJIACTUHYACTOI OYIOBU TiCHO MEXyBaju 3
BOTHMUIIIAMY CIOJYYHOI TKAHUHU, MOXHA IUTU BUCHOBKY
PO MOPYIIEeHHs MiHepali3allii KICTKOBOI TKAHUHM.

Takum YMHOM, MeXaHiYHE HaBaHTaXXEHHSI HA CKOMITPO-
METOBaHY KyKCY KiCTKM He TOJIIMIIYE MPOLIeC PeMOIETIO-
BaHHS. Y YacTHHI BUIAJKIB BiH, K i B Mepliii cepii, Ha-
OyB XapaKTepy NaTOJIOTIYHOTO PEMOIETIOBAHHS 31 3MiHOIO
dopmu, apXiTeKTypu Ta CTPECOBUMU TIEPEIOMaMMU.

V mepuiit i gpyriit cepisx Mmpu MOPYIIeHiil MiKpOLp-
KyJISIlii Ta HEAOCTaTHHOMY HAOXOMXKEHHI KMCHIO i I10-
KMBHUX PEYOBUH KITUHU (biOPOPETUKYJISIPHOI TKAHUHU

nudepeHiioBaauch y ¢Gidbpodnactu, sKi MPOAYKyBaau
CMHOJIyYHY BOJIOKHUCTY TKaHUHY. Y NeSIKUX BUMagkax (i-
OpopeTUKYyJIsSipHa TKaHWHA I1(pEepeHIIiIoBaIach Y XpSIILIOBY.
VY 3B’513Ky 3 HECITPUSTIUBUMMU YMOBAaMU BiTHOBJIEHHST Mi-
KPOLMPKYJISIiT peMOJIETIOBaHHS TIPOIOBXKYBAJIOCh iy Bill-
najeHi TepMinu. BuHuKamm noBTOpHI penapaTuBHI UK.
BincytHicTh repMerm3ailii  KiCTKOBOMO3KOBOIO KaHaJy
npu3Besia 10 MOPYIICHHS PeMOJETIOBaHHS, SIKE TTOCUJITIO-
BaJIOCh MEHETPalli€l0 eHAOCTAILHOTO pereHepary riikamu
KUBWJIbHOI apTepii. Taka (yHKIliOHaJbHA pPO3repMeTH-
3allisl 11e Oijblle Morauob/oBaja i MogoBXKyBala po3aaau
MiKPOUMPKYJISILIIIL.

[epMeTHyHE 3aKpUTTS KiCTKOBOMO3KOBOIO KaHaly B
IIT cepii 3aBnsIKM BiZHOBJIGHHIO iHTEPCTUILIAJIBHOTO THC-
Ky JO3BOJIUJIO B MICSYHUI TEPMiH BiTHOBUTH TOpPYIICHE
KPOBOIIOCTaYaHHSI, MPUILIBUIIIUTH TIPOLIECU pereHepartii i
peMoJieTIOBaHHS KiCTKOBOI TKaHMHU. BcTaHoB/IeHO cyTTe-
Bi mepeBarm repMEeTUYHOTO 3aKPUTTSI KiCTKOBOMO3KOBOTO
KaHaJTy KiCTKOBMM TPaHCILIAHTATOM, SIKE B TEPMiH 6 THXKHIB
JIO3BOJIMJIO 30eperTu MpUTaMaHHWM HOPMi BHYTPILIHbO-
KiCTKOBUI TUCK i 3aITyCTUTH MIiKpPOLIMPKYJISIIIO i perapa-
TUBHI npoiiecy iHuoi sikocTi. [Ipote B TepMiH 10 THXHIB
YHACJIIOK BiICYTHOCTI HABAHTAXKEHHS PO3MOYABCS MPOLIEC
PO3BUTKY ocTeornoposdy. BiH He OyB KpUTMUHUM, ajie Mo-
CTYIIOBO TIOTJIMOJIIOBABCS Y BimgayieHi TepMiHu. Takum yu-
HOM, JIJIS1 IATPUMAaHHSI HaJIEXKHOTO PiBHST PEMOJIETIOBAHHS,
SIKI O 3a0e3IeuyBaB CTiKUII pe3yIbTaT, TepMETUYHOTO
3aKPUTTS KiCTKOBOMO3KOBOI IIOPOXKHUHU HEIOCTAaTHEO.

V1V cepii 3 HIiTbHUM 3aKPUTTSIM KiCTKOBOMO3KOBOI I10-
POXHUHU i MeXaHiYHMM HaBaHTAXXEHHSIM Y pe3yJbTaTi pe-
MOJIe/IIOBaHHSI C(POpPMOBaHi KyKCH LIVUTIHAPUYHOL (DOPMHU 3
MOTOBIIEHOI KOPTUKAJIbHOMO AiadizapHOI0 MJIACTUHKOIO 3
KOMITAKTHOI KiCTKOBOiI TKaHMHU. [IporpecyBano nopajib-
1Ie peMOJICIOBAHHSI CYIMHHUX KaHAJIB 3 1X 3BYXKCHHSIM.
CBixi permapaTuBHI Ta TUCTPOMIUHI IIPOLIECH B KiCTKOBIN
1 KiCTKOBOMO3KOBIilf TKAaHMHAX OyJIN IPAKTUYHO BiACYTHi.
MikpounpKysiiss HabIKaaach 10 HOpMaJIbHOI.

CTuckaouy repMeTUYHO 3aKpUTY KYKCY KiCTKM, MeXa-
HiuHe HaBaHTaXKE€HHsI IMOCWIIIOE Mirpallilo iHTepCTULIiaIbHOT
KiCTKOBOI PiIMHM, CTUMYJIIOE OCT€OI€HE3 Ta IIPUTHIYYE pO3-
BUTOK OCTeOKaCTiB [24]. [TinBUllieHN I TUCK PiIIMHU B KiCT-
KOBOMO3KOBOMY KaHaJli TOCUITIOE TPaHCKOPTUKATbHUIA T10-
TiK piIMHA, CTBOPIOIOYN HATIPYTH 3CYBY Ha KiCTKOBi KJTITUHU
Ta aKTUBYIOUM MexaHiuHi peakiiii [30]. [TinBuieHunii piBeHb
3CYBHOI'O HAIIpY>KEHHSI TTOB’SI3aHUI 31 3HUKEHOIO eKCIIpe-
ciero reHa RANKL, 1110 cripusie miaBUIIEHHIO MiHEPaJIbHOI
IITBHOCTI KicToK [31]. 3HMKeHUii piBeHb MPU3BOIUTH IO
HEKpO3y OCTEOLUTIB, YHAC/IIIOK YOIO BUBLIBHSIOTHCS MO-
JIeKyJ1, TOB’sI3aHi 3 IOILIKOMKEeHHSIM. BOHU aKTUBI3yIOThH
octeokyiactu. Bimomo takox [32, 33], 1110 3CyBHE Harpy-
JKEHHsI 0e3MocepeHbO MOAYJIIoe AudepeHIialilo ocTeo-
KJIacTiB i OCTe001acTiB Bil iX KJIiTMH-TIONEepeaHUKiB. [1o-
cuJieHa BacKyJIsipy3allist (hOpMY€EThCS 3aBISIKU 301TbIIICHHIO
IMOTOKY iHTEPCTULIATBLHOI PiIMHU Yepe3 HEelliIbHY IIPUpPO-
ny KarijisipiB [34]. 3a nanumu [35], BacKy/sipu3allisi MOxe
3MiHIOBAaTA (PYHKIIIO OCTEOO0JACTIB IIUISIXOM BUBLIBHEHHS
E€HIOTeIiHY Ta OKCHUIY a30Ty. EHOoTesiH moCcuiIoe CUHTE3
JHK Ta ragbMye aKTMBHICTh JIy*KHOI (pocara3u B 0CTeO-
Giacrax, MOCUJIIOI0UH iX rposidepatiito [36, 37], mpurHivy-
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10uM pesopoOirito Kictok [38]. Lleit enmoTeniaabHuii hakTop
TaKOX MPUTHIYYE pe30pOllito KiCTOK. Y CBOIO Yepry, OKCHU/I
a30Ty MPUTHIYY€E pe30pOlli0 KiCTOK IUISIXOM TaJlbMyBaHHSI
MOIIMPEHHS OCTeOKIacTiB [37].

Takum 4yMHOM, Kpallli pe3yJbTaTh pPeMOJEeTIOBAHHS
kictkoBoi TkaHuHM Kykc B II1 i IV cepisix oOymoBieHi sik
3aKPUTTIM KiCTKOBOMO3KOBOTO KaHaJly, TaK i MeXaHIYHUM
HaBaHTAXXEHHSIM.

Haine gocnimkeHHs Ma€ HU3KY 0OMexkeHb. Bukopuc-
TOBYBaHe B poOOTi MexaHiyHe HaBaHTaXXKE€HHs KiCTKU
MPOBOAMIIOCH 0e3 ypaxyBaHHS (a3 peMOJeII0OBaHHS,
Xo4a TepMiHU HOro moyaTky 30iraroThcs 3 pisHUMHU (a-
3amu. He nociiakeHi pi3Hi TUNY Ta BEJIMYUMHU MEXaHiy-
HOTro HaBaHTaxXeHHs. HeBimmoBinHa CTUMYJISILIS MOXe
MEePEeKOIKATU OCTEOTeHHUM (YHKILisIM, OJHOYaCHO
CTIIpUSIIOYM HaAMIpHili akTMBHOCTI octeokiacTiB. He
MPOBEACHO MOCHIIKeHb IIUTOKIHIB, KOAYIOUNX (pepMeH-
TU TeHiB, OiJIKiB KiCTKOBOTO MAaTPUKCY Ta TPaHCKPHUII-
HiiHUX (QaKTOpiB, IO PEryialoIOTh JOKAJIbHE PEeMOIe-
JIIOBaHHS KiCTOK. Y MallOyTHHOMY HEOOXiIHO IMPOBECTU
IOJAaTKOBI AOCIiMXKEHHSI IJIsl 3’sICYyBaHHS poJii, oOMe-
JK€Hb, HENIOJiKiB Ta MpobJieM 3aCTOCYBAHHS MEXaHIUHUX
HaBaHTaXeHb KiCTKU.

BucHOBKM

IMouaTok MeXxaHIYHOrO HaBaHTaXKCHHSI 4yepe3 4 TUXKHI
mic/sl MIiOIJIAaCTMYHOI aMIlyTalii BUKJIMKAE NMOMIUOIEHHS
JlerTeHePaTUBHO-IUCTPOMIYHUX i HEKPOTUUHUX MTPOIIECIB B
KYyKCi KiCTKM BHACJIiIOK TOIIKOIKEHHST CYIMH MiKpOLMp-
KYJIITOPHOTO pycJia il eHIOCTaIbHOTO pereHepaTy Ha KiHITi
OMNWJIy, 110 MPU3BOAUTH 10 3HAYHUX TOPYIIEHb MiKpO-
LUPKYJISLIl Ta TTaTOJOTiYHOTO PEMOACIIOBAaHHS KiCTKOBOI
TKaHWHM 3i 3MiHOI0 (POPMHU, apXiTEKTYPH, PO3BUTKY OCTEO-
MOPO3Yy Ta CTPECOBUX MEPEIOMIB.

I'epMeTnyHe 3aKpUTTSI KiCTKOBOMO3KOBOI ITOPOXHUHU
i yac aMmyTallii 103BOJIsSIE PO3MOYaTH MeXaHiYHe HaBaH-
TaxXeHHs KyKCU KiCTKU 4yepe3 4 TUXKHI Miciast aMIyTalii ta
HE BUKJIMKAE TOILIKO/XEHb CYIMHHUX i KICTKOBUX CTPYK-
TYp KiHLSI KyKCH.

3a BiJICYyTHOCTi MEXaHIYHOTO HAaBaHTAXXEHHS TepMeTHY -
HE 3aKpUTTS KiCTKOBOMO3KOBOI TMOPOXHWHU TO3BOJISIE
OTPUMATH OPTAHOTUTIOBY LMJIIHAPUYHY (hOPMY KYKCU BXKe
B TepMiH 6 THIKHIB ITiCJIsT aMITyTallil, 1110 MOXHAa PO3LiHU-
TH K (i3ioIoriuHe peMoaeaoBaHHs. Y BilalleHi TepMiHU
(10—18 THKHIB i/t aMITyTalliil) BiICYyTHICTh MEXaHi4YHOTO
HaBaHTAXXEHH$ MPU3BOAUTH 10 MOPYIIEHb PEMOIETIOBAH -
HSI 3 PO3BUTKOM OCTEOIOPO3Y.

[epMeTrUHE 3aKPUTTSI KiCTKOBOMO3KOBOI IMOPOXHUHU 3
MEXaHIYHUM HaBaHTaKEHHSIM KYKCH J03BOJISIE OTpUMATH 1l
OPraHoOTUIIOBY (hOPMY 3 TTOBHOIO 3aBEPILIEHICTIO PEMOIEITIO-
BaHHSI.

Konduikr inTepeciB. ABropu 3asiBJIsIIOTH PO BiICYT-
HiCTh KOHQJIIKTY iHTepeciB Ta BjaacHOiI (hiHaHCOBOI 3alli-
KaBJICHOCTI IPU MiArOTOBII JaHOI CTATTi.

Buecok aBtopiB. IlleBuyk B.I. — ocrarouHe 3aTBep-
IDKeHH cTaTTi; bonpapeHko [.B. — KoHLenis i au3aiiH
pobotu, 30ip Ta aHai3 naHux; beacmeptHuii F0.0. — kpu-
TUYHUI OTJISII, HAITMCAHHS CTaTTi.
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Remodelling of bone stumps under the influence of mechanical loading

Abstract. Background. Despite the long history of amputation sur-
gery, issues related to the remodelling of bone tissue in stumps and
the factors influencing them remain insufficiently studied. Aim: to in-
vestigate the features of bone stump remodelling and the possibilities
for its optimisation in conditions of hermetic closure of the medullary
cavity and mechanical loading. Materials and methods. Four series
of experiments were conducted on 36 rabbits with amputation of the
thigh in the middle third. In the first series, antagonist muscles were
sutured under the bone end. In the second series, in addition to myo-
plasty, mechanical cyclic loading of the stump was performed with a
shock wave with an energy of 0.5 mJ/mm?, a frequency of 2 Hz, and
400 pulses per session. In the third series, the bone end was hermeti-
cally sealed with a cancellous graft. In the fourth series, in addition
to closing the bone end with a graft, mechanical cyclic loading of the
stump was performed similarly to the second series 4, 8, and 16 weeks
after amputation. The observation periods were 6, 10, and 18 weeks.
Histological studies were performed. Results. In the first series, a sig-
nificant number of experiments showed pathological remodelling of
bone tissue with the development of atrophy, distortion of the stump

end, its curvature, stress fractures, and osteoporosis. In the second
series, the results were similar. In series 111, remodelling occurred as
physiological one in the short term (6 weeks), while widespread dege-
nerative-dystrophic processes developed in the long term (18 weeks).
In series IV, remodelling close to physiological one was observed at
all time points. Conclusions. The start of mechanical loading 4 weeks
after myoplastic amputation causes deepening of degenerative-dystro-
phic and necrotic processes and leads to pathological remodelling of
bone tissue, the development of osteoporosis and stress fractures. In
the absence of mechanical loading, hermetic closure of the medullary
cavity allows for the formation of an organotypic cylindrical shape of
the stump within 6 weeks after amputation, which can be regarded as
physiological remodelling. In the long term (10—18 weeks after am-
putation), the absence of mechanical loading leads to remodelling
disorders with the development of osteoporosis. Hermetic closure of
the medullary cavity with mechanical loading on the stump allows its
organotypic shape to be obtained with complete remodelling.
Keywords: bone stump remodelling; hermetic and non-hermetic
closure of the medullary cavity; mechanical loading
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Psychological resilience and mentalization
of military surgeons under combat stress:
a multidisciplinary approach to overcoming
emotional burnout

Abstract. Background. Military surgeons work in extreme conditions where limited resources, constant time
constraints, and life-threatening situations are part of everyday reality. This situation requires not only impec-
cable professional training, but also a high level of psychological resilience, the ability to adapt quickly, and
to act effectively under pressure. The purpose of the study is fo conduct a retrospective analysis of scientific
sources on psychological resilience and mentalization ability in military surgeons as factors contributing to
reducing the level of emotional burnout in combat stress conditions and to prove the effectiveness of a
multidisciplinary approach to maintaining the mental health of medical personnel. Materials and methods.
The study was based on an analysis of domestic and foreign scientific works using the PubMed and Google
Scholar databases for 2008-2025, as well as a bibliometric, analytical, systematic, and statistical approach.
The literature search was conducted using the keywords: “military surgeons”, “adaptation to combat, ex-
treme conditions”, “emotional burnout”, and “psychological resilience”. A survey of 18 military surgeons
(Role 1) was conducted to establish professional burnout syndrome using the validated diagnostic method
of O. Chaban and the questionnaire "Adaptability-200”. Data processing was performed using Excel and
Statistica software, and statistical reliability of the results was verified using Spearman’s nonparametric rank
correlation coefficient. Results. Correlation analysis using Spearman’s rank correlation coefficient revealed
a statistically significant linear relationship between the questionnaire score and the age of respondents,
as well as their work experience, indicating the influence of these factors on the formation of emotional
burnout syndrome. The results of the study of psychological stability and adaptive potential showed the
presence of the following characteristics in the study sample: 20.0 % of respondents demonstrated signs of
nervous and mental instability; 40.0 % had reduced communication potential; 20.0 % exhibited reduced
level of moral and ethical normativity,; 20.0 % reported a low level of military and professional focus, 20.0 %
had pronounced deviant behavioral traits; 20.0 % showed markers of increased risk of suicidal behavior.
The data obtained indicate the need for systematic psychological support for personnel and the imple-
mentation of targeted correctional and rehabilitation programs within the military medical environment.
Conclusions. Preserving the human resources of military medicine, particularly surgeons, is a strategic task
for Ukraine’s defense system. The effectiveness of medical care in combat zones is largely determined by
the professional training and psychological resilience of personnel working in high-risk conditions with limited
resources.

Keywords: military surgeons;, emotional burnout; psychological resilience,; adaptation to combat and ex-
tfreme conditions; resource scarcity; multidisciplinary approach,; mentalization
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Introduction

Modern armed conflicts, in particular the full-scale war
in Ukraine, have placed new demands on the professional
activities of military medics, especially surgeons working in
combat zones. Military surgeons operate in conditions of
increased risk, limited time, lack of resources, and constant
threat to life, which requires not only a high level of profes-
sional skill, but also the ability to adapt psychologically and
manage stress [1].

The issue of medical personnel adaptation to extreme
conditions has become particularly important in light of the
armed conflicts of recent decades. Studies show that mili-
tary surgeons are regularly exposed to stressors such as mass
casualties, resource constraints, emotional exhaustion, and
traumatic events, which contribute to the development of
post-traumatic stress disorder (PTSD), burnout, and pro-
fessional maladjustment [2, 3].

At the same time, highly developed professional skills,
algorithms for action in critical situations, and a system of
psychological support help reduce the negative impact of
combat stress on the effectiveness of military surgeons [4].

Building resilience and developing self-regulation skills
are key factors in maintaining the combat readiness of me-
dical personnel in wartime [5].

Thus, research into the psychophysiological, professio-
nal, and organizational aspects of military surgeons’ activi-
ties in combat conditions is extremely relevant for impro-
ving the effectiveness of medical care and preserving the
health of the medical personnel.

The purpose of the study is to conduct a retrospective
analysis of scientific sources on psychological resilience and
mentalization ability in military surgeons as factors contri-
buting to reducing the level of emotional burnout in com-
bat stress conditions and to substantiate the effectiveness
of a multidisciplinary approach to maintaining the mental
health of medical personnel.

Materials and methods

The study was based on an analysis of domestic and
foreign scientific works using the PubMed and Google
Scholar databases for 2008—2025, as well as a bibliometric,
analytical, systematic, and statistical approach. The litera-
ture search was conducted using the keywords: “military
surgeons”, “adaptation to combat, extreme conditions”,
“emotional burnout”, and “psychological resilience”. A
survey of 18 military surgeons (Role 1) was conducted to
establish professional burnout syndrome using the valida-
ted diagnostic method of O. Chaban and the questionnaire
“Adaptability-200”. Data processing was performed using
Excel and Statistica software, and the statistical reliability
of the results was verified using Spearman’s nonparametric
rank correlation coefficient.

Results

Based on the results of a survey of military surgeons who
served in combat zone and provided surgical care in condi-
tions of resource scarcity, an assessment was made of their
level of professional burnout [6] and degree of adaptation to
extreme professional stress [7].
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Figure 1. Levels of occupational burnout risk
among military surgeons

The assessment was carried out using a standardized
psychodiagnostic questionnaire that provides an integrated
quantitative indicator of professional burnout syndrome in
the range from 0 to 87 points. A higher total score is consi-
dered as a higher level of burnout symptomes.

In order to interpret and summarize the results, the va-
lues obtained were conditionally divided into risk levels ac-
cording to the specified ranges (Fig. 1):

1. A low risk of developing professional burnout syn-
drome (0—29 points) indicates minimal emotional and
physical exhaustion, as well as a high ability to adapt to pro-
fessional stress. Ten respondents (55.6 %) who are military
surgeons were included in this category. Their individual
scores ranged from 24 to 29 points, demonstrating the pre-
sence of adequate mechanisms of psychological stability
and effective adaptation to the extreme conditions of pro-
fessional activity.

2. The average risk level (30—59 points) reflects the pre-
sence of moderate psycho-emotional stress (pre-illness),
which, although not reaching a clinically significant level,
indicates potential threats to the psycho-emotional state
and the need for psychoprophylactic measures. Eight re-
spondents (44.4 %) fell into this group. In most of them (6
people), the level of burnout was at the lower end of the ave-
rage range — from 30 to 32 points (75.0 %).

The data of two surgeons who showed the highest scores
among the entire sample — 40 points each (25.0 %) — de-
serve special attention. These results may indicate pro-
nounced psycho-emotional tension (signs of illness), which
is already close to a high risk of developing burnout syn-
drome, which may be the result of:

— intense and prolonged exposure to combat stress fac-
tors;

— a high level of responsibility for the lives of the woun-
ded in conditions of limited resources;

— significant professional experience with accumulated
experience in critical situations;

— overwork due to staff shortages, which is especially
common during wartime.

All respondents show signs of burnout. The overall ave-
rage score was 27.50 = 14.12, with a margin of error of 3.33.
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Figure 2. Correlation analysis according to Spearman’s rank correlation coefficient for the formation
of professional burnout syndrome

The minimum score was 6, and the maximum score was 54.
Considering the number of questions related to each fac-
tor, the most influential symptoms were professional dis-
satisfaction (6.17 + 4.90), emotional and volitional symp-
toms (5.56 £ 3.55), symptoms of fatigue and feeling of lack
of time (3.33 *+ 1.28), depersonalization and derealization
(3.5+ 3.0) (Table 1).

Table 1. Factor analysis of professional burnout
among military surgeons (points)

Symptoms M*m
Symptoms of professional dissatisfaction | 6.17 +4.90
Emotional and volitional symptoms 5.56+3.55
Symptoms of fatigue and feeling of lack
of time 3.33+1.28
Symptoms. of glepersonalization 35130
and derealization
Asthenic-depressive symptoms 2.28+2.05
Symptoms of anxiety 1.89+1.23
Symptoms of the need for solitude
and withdrawal from people 2.22+1.48
Symptoms of dissatisfactipn 1.61+1.79
with monetary compensation
Symptoms of the desire for rest 1.17+0.79
Symptoms pf p_ositive moral attitudes 0.28+1.18
toward dedication to work

Correlation analysis according to Spearman’s rank coef-
ficient revealed a clear linear dependence of the question-
naire score on the age of respondents and their work experi-
ence in terms of developing emotional burnout syndrome:
the correlation coefficient r, was 0.69 and 0.71 for age and
work experience, respectively (p < 0.05) (Fig. 2, 3).

The influence of respondents’ age and work experience
on the quantitative assessment of the questionnaire, and
thus the chances of developing burnout syndrome is de-
monstrated visually using a wafer plot diagram (Fig. 3).
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Figure 3. Visual demonstration of the influence
of age and experience of military surgeons
on the development of professional burnout
syndrome

The research data shows that a significant proportion
of respondents are in a state of chronic emotional exhaus-
tion, although a critical level requiring immediate clinical
intervention has not yet been reached. At the same time, the
trend toward increasing burnout is evident and requires pre-
ventive attention from military medical and psychological
services.

These factors are typical for military surgeons who work
in an extremely stressful environment, where constant ten-
sion, rapid decision-making on matters of life and death,
and a lack of time and resources create extremely high psy-
chological pressure. In addition, constant contact with trau-
matized military personnel, difficult clinical cases, moral
dilemmas, and emotional involvement significantly reduce
internal reserves of adaptation.

The results of the study confirm that the specificity of
the professional activity of military surgeons is a combina-
tion of high professional responsibility, the need to make
quick decisions in conditions of uncertainty, and physical
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and emotional overload. The combination of these factors
objectively increases the risk of professional burnout even in
experienced specialists.

To assess the level of psychological stability and personal
adaptation potential of military surgeons who provided sur-
gical care in the combat zone, it was proposed to conduct a
survey using the multilevel personal questionnaire “Adap-
tability-200” [7].

The professional activity of military surgeons is charac-
terized by a high degree of psycho-emotional stress and the
need to make quick decisions in critical situations, accom-
panied by significant responsibility for the lives and health
of the wounded. In such conditions, the assessment of the
adaptive resources and psychological stability of specialists
becomes particularly important.

An analysis of the reliability scale of responses revealed
that 20.0 % of surgeons demonstrated a high level of objec-
tivity and sincerity in their responses, indicating adequate
self-perception and openness. A total of 40.0 % of the study
participants showed a generally sufficient level of sincerity,
but with signs of social desirability, which may indicate a
certain correction of responses in the direction of socially
acceptable attitudes. For the remaining 40.0 % of respon-
dents, the results need to be interpreted with caution due
to a pronounced desire to demonstrate socially acceptable
behavior, which may significantly affect the reliability of the
data obtained (Fig. 4).

The study found that the average behavioral regulation
score was 46.9 points, indicating a generally sufficient level
of regulatory mechanisms for adaptive behavior among mi-
litary surgeons. In 60.0 % of respondents, an average and
sufficient level of neuropsychic stability was established,
which ensures the preservation of professional effectiveness
even under conditions of intense psycho-emotional stress.
These surgeons are able to maintain self-control, make in-
formed decisions, and maintain optimal performance in
stressful situations, which is especially important for effec-
tive functioning in a combat zone (Role 1).

20.0 % of the respondents showed a high level of tole-
rance to stress factors, which is extremely valuable in profes-
sional activities related to surgical interventions in combat
conditions, where uncertainty, risk, and physical overload
are dominant factors. Such specialists, as a rule, demon-
strate high emotional self-regulation, the ability to mobilize
resources in critical circumstances, and rapid adaptation to
a changing external environment.

At the same time, 20.0 % of participants showed signs of
behavioral and neuropsychiatric instability, manifested in
reduced stress tolerance, rapid exhaustion, and difficulties
in adapting to new or complex conditions. In such cases,
adaptation processes may be dysfunctional, potentially po-
sing the risk of impaired professional performance and the
development of psychological maladjustment, especially in
conditions of chronic or combat stress.

According to the questionnaire, the communicative
potential of military surgeons averaged 14.8 points, which
corresponds to the overall average level of communicative
competence development. 40 % of respondents demon-
strated a sufficient level of communication skills, allow-
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Figure 4. Analysis of the reliability scale among
military surgeons

ing them to interact effectively with colleagues, coordinate
team actions, and engage in constructive professional com-
munication under pressure and time constraints.

20.0 % of military surgeons had a high level of communi-
cative flexibility, the ability to easily establish interpersonal
contacts, maintain a positive psychological climate in the
team, and respond adequately to social stimuli. This con-
tributes to stable interpersonal relationships and effective
teamwork under stressful conditions.

At the same time, 40.0 % of respondents demonstrated a
reduced level of communicative potential, which may indi-
cate difficulties in building interpersonal relationships, low
flexibility in communication, and limited ability to interact
openly. Such characteristics may complicate effective pro-
fessional activity in a team, reduce the level of social sup-
port, and affect adaptation in extreme conditions. At the
same time, in most cases, reduced communicativeness was
not accompanied by pronounced maladjustment, and par-
ticipants demonstrated the ability to respond adequately
to constructive criticism and partially self-correct their
behavior.

Moral and ethical normativity as a component of perso-
nal adaptation potential averaged 10.2 points in the sample,
of respondents, which corresponds to the average level of
socialization and moral orientation. In 60.0 % of military
surgeons, a sufficient level of moral normativity can be
observed, which manifests itself in an orientation towards
socially acceptable patterns of behavior, adherence to ethi-
cal standards of professional activity, and discipline. Such
specialists are able to function effectively within the social
norms and requirements of military service.

20.0 % of participants demonstrated a high level of moral
and ethical normativity, indicating internal integration of
moral values, willingness to subordinate personal interests
to group (team) needs, a high level of responsibility, and
motivation to adhere to professional ethical standards.

At the same time, 20.0 % of respondents showed a re-
duced level of socialization, characterized by the dominance
of personal interests over collective ones, a lower willingness
to submit to group (team) norms, and a potential tendency
toward individualistic or non-conformist behavior patterns.
This can complicate the process of social adaptation and in-
teraction in the context of the rigid organizational structure
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Figure 5. Level of combat stress resilience among
military surgeons

of military service, especially in situations that require clear
team coordination.

Additional indicators of the psychological functioning of
military surgeons were determined:

1. Military-professional orientation.

The average score on the military-professional orienta-
tion scale was 16.5, which indicates a predominantly suf-
ficient level of professional motivation among the respon-
dents. 80.0 % of surgeons showed a pronounced orientation
toward professional activity, manifested itself in a positive
attitude toward military service, an understanding of its
significance, and a willingness to continue professional ca-
reers in conditions of increasing demands and risks. These
participants demonstrate a formed professional identity and
internal motivation to realize themselves within chosen pro-
fession.

At the same time, 20.0 % of military surgeons showed a
low level of military-professional orientation, which may
indicate insufficient satisfaction with professional activities,
doubts about further stay in the military medical system, as
well as the risk of professional burnout. In some cases, there is
atendencyto distance from one’s professional role, whichisa
critical factor in the formation of adaptation difficulties in
the future.

Therefore, attention should be paid to measures to sup-
port professional motivation and prevent emotional ex-
haustion, in particular through the implementation of psy-
chological support programs, professional mentoring, and
corrective work with respondents who show signs of profes-
sional maladjustment.

2. Tendency to deviant behavior.

The average score on the scale of propensity for deviant
behavior was 16.8 points. 60.0 % of respondents showed no
signs of deviant behavior, indicating stable social norms and
values, a high level of self-control, and constructive strate-
gies for interpersonal interaction. These individuals demon-
strate socially acceptable behavior and a low likelihood of
destructive reactions in critical situations.

However, 20.0 % of military surgeons had isolated
manifestations of aggression, impulsivity, or reduced self-
control in their social behavior. Such signs may be a re-
action to chronic psycho-emotional stress, professional
stress, or maladjustment. Another 20.0 % of respondents

showed pronounced deviant traits, potentially indicating
a risk of inappropriate responses in frustrating situations, a
tendency to violate social norms, aggressive and confron-
tational behavior, and difficulties in establishing effective
communication.

These results justify the need for in-depth psychological
diagnosis and individual corrective work aimed at prevent-
ing deviant behavior and forming socially adaptive behavior
patterns in military service.

3. Level of suicide risk.

The average score on the suicide risk scale was 8.9 points,
which corresponds to a low level of threat of suicidal beha-
vior among most participants. In 80.0 % of surgeons, there
are no pronounced signs of destructive tendencies or mani-
festations of emotional maladjustment associated with sui-
cidal intentions. These military personnel are usually cha-
racterized by a stable emotional background, the presence
of a supportive social environment, and adaptive mecha-
nisms for overcoming difficulties.

However, 20.0 % of respondents showed individual
markers of increased suicide risk, including signs of inter-
personal isolation, emotional exhaustion, difficulties in
regulating stress, or low self-esteem. Although these mani-
festations are not critical, they can become relevant in crisis
situations, particularly in conditions of combat stress, loss,
or physical exhaustion. In such cases, the risk of transitio-
ning to destructive forms of behavior increases.

These data indicate the advisability of organizing syste-
matic psychological monitoring and individual support for
military personnel who show signs of emotional instability,
with the aim of early prevention of crisis situations and po-
tential suicidal actions.

According to the results of the study, the average level
of combat stress resistance among the military surgeons
surveyed was 71.93 points, which corresponds to a satis-
factory level (level 3) according to the criteria for assessing
this parameter. This indicates the general ability of most re-
spondents to maintain functional mental stability under the
influence of combat and extreme factors, the effectiveness
of professional activities in conditions of increased risk and
emotional stress.

60.0 % of military surgeons were found to have a suffi-
cient level of resistance to combat stress, which indicates
the presence of established adaptation mechanisms, a high
degree of personal maturity, the ability to regulate emo-
tions, and to mobilize internal resources in combat condi-
tions. Such specialists are able to effectively perform profes-
sional tasks in life-threatening conditions, high uncertainty,
and information overload. They maintain critical thinking,
quick decision-making, and adequate behavioral responses
in complex situations.

20.0 % of respondents demonstrated low resistance to
combat stress, indicating a barely acceptable level of adap-
tability that only partially meets the requirements of mili-
tary activity in critical circumstances. Such individuals may
experience periodic signs of maladjustment: emotional in-
stability, sleep disturbances, decreased concentration, and
difficulty making decisions in uncertain situations. These
manifestations are usually not systemic, but with further
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exposure to stressors, they can lead to the development of
acute or chronic stress reactions.

The most vulnerable group was another 20.0 % of mili-
tary surgeons who were found to have critically low levels
of resistance to combat stress. In such cases, there are clear
signs of nervous and mental instability, emotional exhaus-
tion, increased sensitivity to frustration factors, and an
inability to mobilize internal resources in difficult circum-
stances. These respondents are characterized by a reduced
threshold of psycho-emotional endurance, which signifi-
cantly complicates adaptation to combat conditions and
may pose a threat to professional effectiveness in extreme
situations (Fig. 5).

Discussion

A study by M. Ryu (2023) conducted among United
States military surgeons who participated in combat ope-
rations in Afghanistan and Iraq during periods of intense
combat losses found that 80.0 % of respondents were male.
According to the results, 55.0 % of respondents provided
surgical care during combat operations in Afghanistan,
45.0 % in Iraq, with 15.0 % of military surgeons having ex-
perience in both countries.

The study demonstrated high levels of psychological and
emotional burnout associated with performing professional
duties in resource-limited conditions according to medical
protocols. The main factors contributing to emotional burn-
out were the effects of emotional stress caused by provi-
ding care to the seriously wounded, particularly in cases of
multiple and combined injuries among American military
personnel. Additional negative effects on the psychological
state of medical personnel were caused by difficulties related
to limited access to specialized care, lack of practical expe-
rience in performing certain surgical procedures, and prob-
lems in communication with the military command.

The consequences of psychological and emotional burn-
out manifested themselves in sleep disturbances, increased
irritability, and difficulties in establishing and maintaining
interpersonal relationships [8].

According to the results of a study by D.M. Modlin (2020)
conducted among military surgeons, 64.0 % of respondents
were men, 65.0 % were married, and 40.0 % had children.
The overall level of professional burnout reached 66.0 %.

Analysis of open-ended responses showed that the main
stress factor for survey participants was excessive workload
due to non-clinical and administrative duties. At the same
time, the most pronounced protective factor against burn-
out was support from colleagues. These data emphasize the
need to optimize the organization of the work process and
create a favorable professional environment, which are im-
portant measures for the prevention of emotional burnout
among military surgeons [9].

A systematic review by A. Tam (2025) found that acute
stress has a significant negative impact on the technical and
non-technical skills of surgeons, both in simulation training
and real clinical situations. Stress factors lead to an increase
in the frequency of errors, prolongation of the duration of
surgical interventions, impaired visual-motor coordination,
and reduced teamwork efficiency. The main mechanisms of

this effect are cognitive overload and decreased motor ac-
curacy, which in turn reduces the effectiveness of surgical
procedures.

At the same time, experienced surgeons demonstrate a
higher level of stress resistance, which is due to the automa-
tion of professional skills that allow them to maintain con-
trol and accuracy even under the influence of stress factors.
It has been found that the introduction of mental practice
techniques, stress management, and simulation training
helps reduce the negative impact of stress on surgical acti-
vity [10].

According to a study by M. Jones (2008), during combat
operations in Iraq, medical personnel of the British Armed
Forces demonstrated a higher incidence of psycho-emo-
tional disorders compared to military personnel of other
specialties. Among medical personnel, 70.0 % reported psy-
chological distress, 65.0 % had multiple somatic symptoms,
and 60.0 % reported increased fatigue, particularly among
men. At the same time, female medical personnel com-
plained of fatigue less often than men (44.0 %).

The level of PTSD among medical personnel was not
significantly related to the performance of professional du-
ties, although 18.0 % of participants reported symptoms of
PTSD, and 15.0 % reported alcohol abuse as a means of
coping with psychological and emotional stress.

Psychological difficulties among medical personnel were
largely due to low team cohesion (43.0 %), a high degree of
traumatic experience (55.0 %), and difficulties in adapting
after returning from the combat zone (50.0 %) [11].

According to a retrospective analysis by P. Cawkill
(2015), among medical personnel of the British Armed
Forces who served in combat zones in Iraq and Afghani-
stan, the prevalence of mental disorders such as psychologi-
cal distress, PTSD, somatic symptoms, and alcohol abuse
was 24.0 %, but when compared to rear located medics, the
frequency of PTSD symptoms was 18.0 %. This result may
be due to several factors, including the intensity of combat ex-
perience, the involvement of medical personnel in tasks that
exceeded their professional skills and training, and the more
difficult experience of psychological adaptation after returning
from combat zones. Moreover, rear located medics more often
reported feeling overwhelmed while performing their duties
(60.0 vs. 45.0 % among frontline medics) and difficulties as-
sociated with returning to civilian life (53.0 vs. 39.0 %), which
indicates an increased level of emotional exhaustion and vul-
nerability to the development of mental disorders among this
category of military personnel and shows high stress resistance
among military medics who served in combat zones [12].

The results of a study by A. Adler (2017) among US
Armed Forces medical personnel involved in combat de-
ployments in Afghanistan showed a high level of profes-
sional burnout. A survey conducted among military medics
showed that 63.0 % of respondents reported high levels of
emotional exhaustion and 55.0 % reported depersonaliza-
tion, which are the main components of burnout. These in-
dicators were closely correlated with high levels of perceived
professional stressors.

The protective factors associated with lower levels of
burnout were behavior focused on caring for one’s own
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well-being — 38.0 %, support within the team (team
care) — 45.0 %, and effective leadership, particularly with
an emphasis on promoting the psychosocial health of per-
sonnel — 57.0 %. These factors reduced the level of emo-
tional burnout regardless of military rank, the presence of
PTSD symptoms, and overall stress levels.

Of particular note is the impact of health-oriented lea-
dership, which had an independent positive effect. Approxi-
mately 65.0 % of respondents who worked under such lea-
ders reported a significant reduction in emotional burnout
and improved psychosocial health [13].

A study by J. Tropf (2025) conducted among active-duty
military orthopedic surgeons in the United States found
emotional and professional burnout syndrome in 33.0 %
of them. Among residents, this figure was significantly
higher — 49.0 % compared to 26.0 % among senior phy-
sicians. Men predominated in the sample (82.0 %), while
women accounted for only 18.0 %.

Analysis of the data showed that support from col-
leagues and management, as well as an optimal workload
had a significant protective effect against the development
of burnout syndrome. In particular, low levels of personal
achievement were more common among general practitio-
ners, while the likelihood of burnout was significantly lower
among residents.

Regarding satisfaction with military service, only 50.0 %
of doctors and 70.0 % of residents said they would choose
a military career again, while 93.0 % of doctors and 86.0 %
of residents confirmed their choice of orthopedics as a spe-
cialty [14].

The study conducted by V. Garbuzova (2024) was aimed
at examining the psycho-emotional state of medical per-
sonnel at treatment and rehabilitation facilities for combat-
ants involved in providing medical care in the context of
full-scale aggression in Ukraine. It focuses on the impact
of secondary traumatization and high levels of professional
stress, which negatively affect the quality of medical services
and the overall health of employees.

The results of the study showed that medical workers
generally have an average level of resilience, with women
showing slightly lower scores than men. According to the
data for the subscales “perceived support”, “professional
burnout”, “secondary traumatic stress”, and “moral di-
stress”, these indicators are at a moderate level. At the same
time, the group of nurses had a significant decrease in the
feeling of support, accompanied by an increase in the level
of secondary traumatization, burnout, and moral suffering.
Doctors show high levels of satisfaction with compassion,
while nurses and other workers have average values, with the
lowest scores among nurses.

Data analysis confirmed that higher resilience is associated
with greater satisfaction from compassion and better percep-
tion of support, while low resilience is a factor that increases
the risk of professional burnout, secondary traumatization,
and moral suffering. Thus, nurses are the most vulnerable ca-
tegory among medical personnel, prone to the development
of professional burnout and secondary traumatization, which
requires special attention to ensure their psycho-emotional
support and prevention of mental disorders [15].

The ability of military surgeons to adapt to stressful fac-
tors is determined by the level of their adaptive resources,
which include not only physical endurance, but also psy-
chological readiness to work in conditions of increased risk,
time constraints, and emotional pressure, which are charac-
teristic of military field conditions. High adaptive abilities
contribute to effective functioning in chronic stress inherent
in combat or emergency situations.

A military surgeon is a specialist who combines gene-
ral clinical competencies with the skills necessary for ef-
fective surgical care in combat conditions. Unlike civilian
surgeons, their professional activity is characterized by the
constant need to adapt to combat and extreme conditions,
accompanied by significant logistical, organizational, and
clinical limitations [16, 17].

One of the key challenges faced by a military surgeon is
a shortage of resources: limited qualified personnel, lack
of adequate technical support, and a shortage of medical
supplies. In such conditions, surgeons are forced to make
clinical decisions based on the available equipment, often
improvising to preserve the viability of patients [18].

In addition, operating in remote or isolated combat
zones without developed healthcare infrastructure compli-
cates medical triage, evacuation of the wounded, and orga-
nization of postoperative care. It is particularly important
for military surgeons to be able to stabilize patients’ condi-
tions until they can be evacuated to a hospital. A study by
R.S. Kotwal (2018) analyzed the activities of military sur-
geons in Role 2 medical facilities of the US Armed Forces lo-
cated in Afghanistan. According to the data obtained, among
all fatal cases, 40.0 % of patients were in critical condition,
11.2 % were in serious condition, 0.8 % were in moderate
condition, and less than 0.1 % were in mild condition.

Most deaths at the prehospital stage were classified
as critical (66.3 %) or severe (25.9 %). At the same time,
among the survivors, patients with mild (56.9 %) or mode-
rate (25.4 %) severity of injuries prevailed.

Overall, 14.0 % of fatalities occurred during the pre-hos-
pital phase: 5.8 % before transport and 8.2 % during trans-
port. The remaining 86.0 % of deaths occurred in Role 2
medical facilities after evacuation.

Among fatalities for which the time of transport was do-
cumented, the median was 53.0 minutes. Meanwhile, most
patients (61.7 %) were evacuated within 60 minutes after
injury [19].

The specific nature of combat trauma also places an ad-
ditional burden on military surgeons. In particular, com-
bined mine-blast, gunshot, and burn injuries require a mul-
tidisciplinary approach and rapid decision-making [20].
Such injuries are often accompanied by massive bleeding,
damage to large vessels, abdominal organs, the chest, or the
central nervous system, which significantly complicates sur-
gical tactics [21, 22].

The professional activities of a military surgeon in combat
conditions are extremely complex and require a combination
of a high level of clinical competence, adaptability to extreme
circumstances, and crisis management skills. The effective
functioning of military surgeons is a critical factor in reducing
mortality among the wounded in combat conditions.
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A study by A. Ramasamy (2010) analyzed the distribution
of surgical interventions by specialty in military conditions.
According to the results, orthopedic operations had the
largest share — 66.0 %, while general surgical interventions
accounted for 21.0 %, head and neck operations — 6.0 %,
burn operations — 5.0 %, and other interventions — 4.0 %.
The author also notes that the surgical workload nearly dou-
bled during the second year of combat operations compared
to the first year of the armed conflict in Afghanistan.

A. Ramasamy found that the nature of the injuries and
the range of surgical skills required far exceed those typically
used in clinical practice in the UK National Health Ser-
vice. In this regard, various strategies are proposed for the
training of future military surgeons. These include sending
trainee doctors to military hospitals and introducing more
targeted courses in military surgery tailored to the needs of
combat conditions [23].

In a study by O. Barbier (2018), a retrospective analysis
of the surgical activities of orthopedic surgeons during three
large-scale French military operations (Afghanistan, Mali,
Central African Republic) was conducted. The volume of
surgical interventions, the nature of injuries, the status of
patients, and the indications for surgery were assessed. The
results of the study revealed significant variability in the
volume of operations, the spectrum of pathologies, and the
types of patients, which depended on the conditions of de-
ployment of medical units.

In particular, at Role 3 medical facilities, most of the sur-
gical activity was planned interventions, while in advanced
Role 2 facilities (Mali, Central African Republic), more
than 70.0 % of operations were emergency procedures. In-
dications for surgical interventions ranged from emergency
trauma care to reconstructive limb surgery and included
non-orthopedic procedures such as vascular repair and de-
compressive craniotomy.

O. Barbier emphasizes that the significant diversity and
high level of technical complexity of the interventions per-
formed require the training of versatile military orthopedic
surgeons capable of working at the intersection of orthope-
dics, neurosurgery, general, and vascular surgery. This ap-
proach to training military medics has proven its relevance
and effectiveness in the context of real clinical challenges
arising in modern armed conflicts, ensuring the develop-
ment of the competencies necessary for effective work in
extreme conditions [24].

A study conducted by K. Gomes (2024) provided a com-
prehensive analysis of the relationship between stressors
associated with military deployment, affective state, and
symptoms of behavioral health disorders among United
States military medical personnel who participated in com-
bat operations. Respondents were assessed on criteria such
as symptoms of PTSD, level of combat and military expo-
sure, intensity of stress, and specific emotional state.

According to the study results, most participants (89.0 %)
had a predominantly positive military experience, but a sig-
nificant proportion of them encountered potentially trau-
matic situations. In particular, 47.0 % reported witnessing
dead or seriously wounded military personnel, and 21.0 %
demonstrated clinically significant symptoms of PTSD.

The assessment of risk factors such as combat experience,
stress levels, and PTSD symptoms explained 39.0 % of the
variation in negative affect among respondents. At the same
time, for positive affect, these factors, together with indi-
cators of overall military experience and psychological resi-
lience, accounted for 28.0 %.

No significant differences were found between male and
female medical personnel in terms of the impact of the fac-
tors studied on the development of positive and negative
affect. The researchers emphasize that the pronounced
negative emotional reaction in a significant proportion of
military medical personnel may be a consequence of PTSD,
which, with appropriate rehabilitation programs, can be ef-
fectively treated even in a combat zone. Social support plays
a special role in maintaining emotional stability during mili-
tary missions, correlating with positive changes in the affec-
tive state of medical personnel [25].

A study by A.L. Peterson (2019) found that 18.0 % of
military medical personnel reported a significant impact of
combat operations on their emotional and mental state. At
the same time, more than three times as many respondents
(67.0 %) noted that their condition was significantly af-
fected by medical-specific stress factors associated with the
performance of professional duties in combat conditions.

Approximately one in ten military medics tested positive
for PTSD, and about one in twenty had a diagnosis con-
firmed by strict diagnostic criteria. Further analysis showed
that both the intensity of medical stressors and combat fac-
tors were statistically significantly associated with the se-
verity of PTSD symptoms. At the same time, the impact
of medical stressors showed a stronger association with the
development of PTSD than combat ones, and this trend
persisted under both minimal and strict diagnostic criteria.
The results indicate that although combat stressors remain
a significant risk factor in military medical personnel, they
are more likely to experience intense psychological stress
associated with the treatment of severely injured patients,
particularly those with amputations, severe burns, and ga-
ping wounds. This leads to an increased risk of developing
clinically significant PTSD in 5.0—10.0 % of military me-
dics, even with the availability of prevention and treatment
programs designed primarily for combat units [26].

The results reported by C. Leners (2014) indicate high
levels of psychological resilience among all military sur-
geons surveyed who participated in providing medical care
in combat conditions. In particular, a significant relation-
ship was found between components of professional qua-
lity of life (job satisfaction, emotional exhaustion, level of
compassionate stress) and the level of psychological resi-
lience. Significant differences in professional quality of life
were found depending on combat experience, indicating
the important influence of this factor on the psychological
state and professional well-being of military doctors. The
researcher emphasizes the need to pay special attention to
supporting the psychological resilience of military surgeons,
which is an important factor in their readiness to perform
complex tasks in combat zones. Timely identification and
support of the psychological resilience of military doctors
significantly increases the effectiveness and readiness of
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military medical units, which remains one of the main chal-
lenges for the Ministry of Defense [27].

In military medicine, especially in combat situations,
mentalization — the ability to understand both one’s own
behavior and the behavior of others through the prism of
mental states such as emotions, desires, beliefs, and inten-
tions — is critical to effective communication and mutual
understanding between medical personnel and patients who
are often traumatized both physically and psychologically
[28, 29].

For military surgeons working in extremely stressful,
risky, and unpredictable combat conditions, the ability to
mentalize becomes an important tool for maintaining psy-
chosocial relationships with patients and colleagues. Studies
show that high levels of mentalization ability among health-
care professionals are associated with better therapeutic
outcomes, lower levels of emotional burnout, and a more
stable attachment style [30].

In the context of combat conditions, it also helps main-
tain morale, prevent isolation, and support team (multidis-
ciplinary) effectiveness [31].

In addition, developing mentalization skills in military
surgeons can reduce the risk of professional deformation,
strengthen emotional regulation in critical situations, and
promote more effective clinical decision-making, even in
conditions of informational uncertainty [32].

A study by C. Choufani (2021) indicates that mastering
the skills necessary for military surgery often exceeds the ca-
pabilities of standard civilian medical training, especially in
conditions of limited resources and complex combat situa-
tions. One of the most effective ways to gain such experience
is to participate in internships that are specifically adapted
to the operational conditions of future missions.

C. Choufani (2021) conducted a survey among military
surgeons who underwent internships during their initial
professional training. Most respondents (88.4 %) indicated
that the internship significantly increased their operational
readiness to provide medical care in combat situations,
with 83.6 % rating this impact as significant. In addition,
88.4 % of participants supported the idea of introducing
this format as a mandatory part of the training of future
military surgeons.

The results obtained demonstrate the importance of con-
tinuous training for the development of both clinical and
technical skills, as well as for familiarization with the orga-
nizational aspects of working in field hospitals, the specifics
of the contingent, and the nature of injuries that occur in
combat conditions. This training format is a highly effective
tool for developing the competencies of military surgeons
and provides invaluable experience that cannot be replica-
ted in standard medical practice [33].

According to data from S. Korol (2023), since 1993,
more than 3,000 surgeons and more than 7,000 medical spe-
cialists from the Ministry of Defense medical facilities have
been trained within the framework of the Armed Forces of
Ukraine’s medical service training system, of which 20.0 %
have undergone training in the form of field cycles. The
Department of Military Surgery at the Ukrainian Military
Medical Academy (Kyiv) regularly organizes courses and

training sessions with international participation, involving
specialists from Ukraine’s partner countries. In particular,
specialized events are held such as Current Issues in Combat
Surgical Trauma, aimed at training surgeons from military
mobile hospitals and advanced surgical teams.

These programs focus on mastering modern high-tech
and minimally invasive methods of diagnosis and treatment:
endoscopy, laparoscopy, ultrasound technologies, interven-
tional sonography, radiology, spiral computed tomography,
and magnetic resonance imaging. The goal of these activi-
ties is to improve the quality of surgical care for combat in-
juries and to ensure the standardization of medical protocols
and standards in the context of military conflicts [34].

According to J. Shumaker (2024), the Operation Gun-
powder simulation program provided targeted training
for Ukrainian medical professionals to provide care in
armed conflict situations with limited resources. During
the program, three main obstacles to the effective work
of Ukrainian military medicine were identified: limited
resources, logistical problems, and time constraints. In
particular, Ukrainian medics are forced to keep patients
and provide them with vital assistance for long periods,
which can last from several hours to several days due to
prolonged combat operations and the constant threat
from enemy drones.

Evacuation delays contribute to situations where medi-
cal professionals must provide treatment outside of stan-
dard CLS (systemic flightworthiness) protocols, particu-
larly to maintain patient stability. As a result, Ukrainian
medical professionals have acquired the necessary know-
ledge and skills to stabilize patients, particularly in criti-
cal areas such as hemodynamic monitoring, sepsis treat-
ment, and respiratory control. At the same time, they have
learned to effectively distribute scarce medicines and work
as a team, performing important functions within the me-
dical service.

Ukrainian military surgeons mastered a number of key
skills, including optimizing patient management in complex
operational and tactical situations, developing leadership
competencies, and improving interdisciplinary teamwork.
All these skills are aimed at improving the effectiveness of
medical care in combat conditions, which are characterized
by time constraints, limited resources, and a large number
of wounded. Researchers emphasize the importance of in-
ternational cooperation and the use of simulation technolo-
gies as a key element in improving military medical training,
highlighting their effectiveness in developing the robust
clinical and organizational skills necessary for effective work
in crisis situations [35].

The practical significance of the data obtained lies in the
need to develop and implement targeted psychological sup-
port programs, in particular:

— regular psychodiagnostic assessment of military sur-
geons and all medical personnel;

— organizing regular monitoring of the psycho-emotio-
nal state, especially for individuals with low or critically low
levels of psychological resilience;

— conducting supervision and psychological relief groups
after staying in a combat zone;
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— implementing psychological training programs aimed
at developing stress resistance and increasing the adaptive
potential of military medics;

— involving specialists in military and crisis psychology
in psychoprophylactic and corrective work;

— conducting training on the development of self-regu-
lation, relaxation, crisis response, and effective communi-
cation skills in stressful conditions.

Considering the level of resistance to combat stress is key
when making decisions about assigning personnel to high-
risk positions, as well as when planning measures to preserve
the mental health of military personnel.

Conclusions

1. Preserving the human resources potential of mili-
tary medicine, particularly surgeons, is a strategic task for
Ukraine’s defense system. The effectiveness of medical care
in combat zones is largely determined by the professional
training and psychological resilience of personnel working
in high-risk conditions with limited resources.

2. Correlation analysis according to Spearman’s rank co-
efficient revealed a clear linear dependence of the question-
naire score on the age of respondents and their work experi-
ence on the formation of emotional burnout syndrome.

3. The study of psychological resilience and adaptive
potential showed that 20.0 % of participants have signs of
nervous and mental instability, 40.0 % reported a reduced
level of communicative potential, 20.0 % exhibited a re-
duced level of moral and ethical normativity, 20.0 % have
a low level of military-professional orientation, 20.0 %
reported pronounced deviant behavioral traits, 20.0 %
have markers of increased suicidal risk, indicating the
need for targeted psychological support and the imple-
mentation of correctional programs in the military-me-
dical environment.

4. The development of international cooperation and
the introduction of simulation technologies in the training
of military medics is a promising direction for improving
readiness for action in extreme conditions. Such approaches
allow for the formation and improvement of clinical think-
ing, rapid decision-making, and interaction skills in stressful
situations.

Prospects for further research. It is planned to continue
research in this area aimed at studying the real impact of
stress on military medics and personnel and to develop pre-
ventive measures.
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YopHa B.B., MNetpyLueHko B.B., PubiHcekmi M.B., TomaLueschimii A.B., Konomieup B.B., loasipyu B.B., Tumuyk €.B.
BiHHULIbKV HOLIOHQABHW MEeANYHWA YHIBepcuTeT iMeHi M.1. [Tporosa, m. BiHHMLSI, YkpaiHa

MCUXOAOTIYHA CTINKICTb TO MEHTAAI3ALA BINCbKOBUX XipypriB B YMOBOX 60MOBOro CTpecy:
MYABTUANCLMMNAIHAOPHUA NiAXIA AO NMOAOACHHS @MOLIMHOrO BUTOPCHHS

Pesiome. Axmyaavnicmo. BiiicbkoBuii Xipypr rnpauioe B eKcTpe-
MaJIbHUX YMOBaX, /e OOMEXEeHi pecypcH, MocCTiiiHuii Opak vacy i
3arposa JUTsl XKATTS € YaCTUHOIO IIOACHHOI peanbHOCTi. Taka cu-
Tyallisl BUMara€e He Juile 6e310raHHoi nmpodeciiiHol MiaAroToBKH,
a i BUCOKOTO PiBHSI MCUXOJIOTIYHOI CTIMKOCTI, 3AaTHOCTI LIBUIKO
amanTyBaTucsl M epeKTUBHO AiATH Tia TUCKOM. Mema: nipoBecTu
PETPOCTIEKTUBHUI aHaJli3 HAYKOBUX JIKEepeJT 111010 TICUXOJIOTIiYHOT
CTIIIKOCTi Ta MeHTasi3alii BilCbKOBUX XipypriB sIK YUHHMUKIB, IO
CNPUSIIOTH 3HVXKEHHIO PiBHSI eMOLiiTHOTO BUTOPAHHSI B yMOBax 00-
iloBoro crpecy, it 00rpyHTYBaTH €(heKTUBHICTh MYJIbTUANUCLIUILII-
HapHOTO TiIX0My 10 30epeXXeHHS TICUXiYHOTO 3I0POB’ST MEIUIHOTO
nepcoHany. Mamepiaiu ma memoou. J1ocinimxeHHs Ga3yBajaocs
Ha BUBYEHHI BITYUM3HSIHUX Ta 3apyOiKHUX HAYKOBMX Mpallb i3 6a3
nmanux PubMed i Google Scholar 3a riepion 2008—2025 pp. 3 BUKO-
pPUCTaHHSIM 06i0Ti0CEMaHTUYHOTO, aHAITUYHOTO, CUCTEMaTUYHO-
ro, CTAaTUCTMYHOTO MiaxofdiB. [lomyk jiTepaTypu 3mificHIOBaIM 3a
HACTYIMHUMU KJIIOUOBUMU cjioBamu: military surgeons, adaptation
to combat, extreme conditions, emotional burnout, psychological
resilience. I[IpoBeneHo obcTexkeHHs 18 BilicbkoBuX XipypriB (Role
1) 1715t BCTAaHOBJIEHHS CUHAPOMY MpodeciiiHOro BUTOpaHHS 3a BaJli-
JIM30BAHOIO AiarHOCTUYHO MeToaukow O. YabaHa Ta onUTyBajlb-
HUKOM <«AIanTuBHICTb-200». OOpoOKy HaHUX BUKOHAHO B IIPO-
rpamax Excel Ta Statistica, cTaTUCTUYHY BipOTiTHICTb pe3yJbTaTiB
OI[{HEHO 3a JJOMOMOTOI0 HeMapaMeTpUYHOr0 PAHITOBOTO KPUTEPiio
CnipmeHa. Pesyasmamu. KopensiuiiiHuii aHaji3 i3 BUKOpUCTaH-

HSIM paHroBoro koediuieHTa CripMeHa BUSIBUB CTATUCTUYHO 3HA-
Yylly JIiHIHY 3aJIEXHICTh MiXK 0aJbHOIO OLIIHKOIO 3a OIMUTYBaJlb-
HUKOM i BIKOM PECITOHIEHTIB, a TAKOX IXHIM TPYIOBUM CTaXeM,
110 BKa3y€ Ha BIUIMB LIMX YMHHUKIB Ha (DOPMYBaHHSI CUHIPOMY
eMOLiHOro BUTOpaHHs. Pe3yabTaTu QOCTiIKEHHS TTCUXOJIOTIYHOT
CTIMKOCTI Ta amanTauiiiHOro MOTeHLially 3acBiIuMJIM HasIBHICTb
HAcCTyNmHUX XapakTepuctuk: y 20,0 % pecrnoHICHTIB BUSIBICHO
03HaKM HEepPBOBO-TICMXiuHOI HecTiiikocTi; y 40,0 % — 3HUXEH-
Hsl KOMYyHikaTUBHOTO noteHuiany; y 20,0 % — 3MeHILeHHs piBHS
MOpaJIbHO-eTUYHOI HopMaTuBHOCTI; Y 20,0 % — HU3bKUII piBEeHb
BilicbKOBO-TIpodeciitHoi crnipsimoBaHocti; y 20,0 % — BupaxeHi
NeBiaHTHI noBeniHKOBI puck; y 20,0 % — mMapkepu MiIBUILEHOTO
PU3UKY CYiUUaIbHOI MOBeAiHKU. OTpUMaHi JaHi TOBOPSITH MPO
HEOOXITHICTh CUCTEMHOI IMCUXOJIOTIYHOI MIATPUMKHU TepCOHATY Ta
BIPOBADKEHHS IILIECTIPSIMOBAHMX KOPEKIIiHHO-peadimiTaliiiHuX
Mporpam y Mexax BiliCbKOBO-MEIMYHOTO cepenoBuila. BucHoexu.
30epexkeHHsI KaJpoBOro MOTEHIlially BilCbKOBOI MENUIIUHU, 30-
KpeMa XipypriB, € CTpaTeTiYHMM 3aBIaHHSIM CHUCTeMU OOOpPOHU
VYkpainu. EpexTuBHiCT MeTMUHOTO 3a0€3MeYeHHsI B 30Hi 0010BUX
Nili 3HAYHOIO MipOIO BU3HAYAETHCS MPOGhECiiiHOIO MiATOTOBKOIO Ta
TICUXOJIOTIYHOIO CTIMKICTIO TePCOHAY, SIKUI MPAIIOE B yMOBaX BU-
COKOTO PU3UKY i1 0OMEXEHUX PECYpCiB.

Kimo4oBi cJ10Ba: siiicbKoBi Xipypru; eMolliiiHe BUTOPAHHS; ICUXO-
JIOTiYHA CTIMKICTh; amanTaLisi 10 00OBMX Ta eKCTPEMaTbHUX YMOB;
nediuut pecypciB; MyJIbTUANCUUTUTIHAPHWI TTiAXIA; MEHTaTi3aLlist
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A retrospective analysis of thoracic trauma:
outcomes from a tertiary care hospital in war fime

Abstract. Background. Thoracic trauma is a significant contributor to morbidity and mortality worldwide, par-
ticularly in regions experiencing conflict and civil unrest. In Iraq, penetrating chest injuries due to violence re-
present a critical healthcare challenge. The purpose was fo evaluate the epidemiology, clinical presentation,
management strategies, and outcomes in patients with thoracic frauma in Iraq. Materials and methods. This
refrospective study analyzed data from 1108 chest trauma patients freated between August 2014 and August
2018 at Samarra Temporary Hospitals, Iraq. Patient demographics, injury mechanisms, diagnostic and manage-
ment strategies (conservative or surgical), indications for thoracotfomy, and clinical outcomes were thoroughly
documented. Surgical interventions were further categorized into emergency and elective procedures to assess
their distinct impact on patient outcomes. Results. This study analyzed 1108 chest frauma patients, predomi-
nantly young males (male-to-female ratio ~ 7 : 1), with penetrating injuries (96 %) largely from bullets and shells.
Hemothorax was the most common radiological finding (62.1 %). Surgical management was required in 86.6 %
of cases, mostly tube thoracostomy; urgent thoracotfomy was performed in 16.6 %. Complications occurred in
6.86 %, with a mortality rate of 3.6 %, emphasizing the necessity for context-specific and rapid intervention pro-
tocols. Conclusions. Injuries due fo violence during war time in Iraq and Middle East countries unfortunately hap-
pened commonly. Using diagnostic imaging, mainly chest X-rays, and timely surgical interventions are critical in
improving patient outcomes. Enhanced strategies fo address associated injuries are recommended fo further
reduce morbidity and mortality.

Keywords: chest trauma;, thoracotomy; penetrating injury; hemothorax; frauma management; mortality

Introduction

Chest traumas remain highly challenging health issues
worldwide, which cause significant morbidity and mortality
at war time practically because of presence of vital organs
like heart, lungs and mediastinal structures [1].

During war time, the incidence of penetrating trauma is
greater than blunt one due to high percentage of explosive
and missile injuries. This leads to more severe and unstable
patient conditions compared to blunt traumas, which are
more common in peacetime and are usually associated with
more stable condition. In addition, penetrating injuries
correlate strongly with the intensity and nature of violent
conflicts, impacting predominantly young adults and eco-
nomically active populations, thus imposing considerable
socioeconomic burdens [2, 3].

Effective management of chest trauma requires rapid and
accurate diagnosis, primarily through clinical assessment
complemented by radiological investigations such as chest

X-ray and computed tomography, when feasible [4]. Time-
ly intervention, particularly surgical management like tube
thoracostomy and thoracotomy, is essential to reduce com-
plications and improve survival outcomes in severe cases
involving hemothorax and pneumothorax [5]. However, the
management of thoracic trauma can be further complicated
by associated injuries, necessitating a multidisciplinary ap-
proach to treatment [6].

The purpose of the study is to evaluate the epidemiology,
clinical presentation, management strategies, and outcomes
in patients with thoracic trauma in Iraq.

Materials and methods

This retrospective analysis included 1108 patients trea-
ted for chest trauma from August 2014 to August 2018
(ISIS era) at Samarra Temporary Hospitals, Saladin Go-
vernorate, Iraq. Patient data were meticulously extracted
from hospital records, encompassing demographic cha-
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Figure 1. Mechanism of trauma

racteristics, type and mechanism of injury, associated trau-
ma, clinical presentation, diagnostic methods, manage-
ment approaches (conservative and surgical), indications
for thoracotomy, and outcomes including complications
and mortality. Patients were categorized into conservative
or surgical management groups based on clinical and ra-
diological assessments. The conservative group included
patients who received non-operative treatment such as
observation and chest tube placement without further sur-
gical intervention. The surgical group comprised patients
requiring thoracotomy or additional invasive procedures.
Emergency and elective surgical interventions were docu-
mented separately to evaluate their impact on outcomes
comprehensively.

Results

Among 1108 patients, males predominated significantly,
with a male-to-female ratio of approximately 7 : 1. The
most affected age group was 21—30 years, highlighting the
vulnerability of young adults. Penetrating injuries consti-
tuted 96 % of cases, predominantly due to bullets or shells
(74 %). Blunt trauma accounted for only 4 % of cases, it
was primarily caused by blunt objects and road traffic ac-
cidents (Fig. 1). Associated injuries occurred in 40.4 % of
cases, most frequently affecting limbs (20.6 %), followed by
abdominal (10.1 %), head and neck (6.5 %), and spinal in-
juries (0.7 %).

Radiological thoracic changes were detected in 1048 pa-
tients: hemothorax was the predominant finding in 688 pa-
tients (62.1 %), followed by pneumothorax in 240 patients
(21.7 %) and hemopneumothorax in 120 patients (10.8 %)
(Fig. 2).

Conservative management was applicable in 148 patients
(13.4 %), involving close monitoring and minimal interven-
tion. Surgery was required in 960 patients (86.6 %), primar-
ily tube thoracostomy alone in 743 patients (67.1 %). How-
ever, combined procedures, including thoracotomy, were
necessary in 217 patients (19.5 % of all patients, not just
surgical cases). Urgent thoracotomy was performed in 184
patients (16.6 %), primarily indicated by high initial chest
tube drainage (> 3 ml/kg), hemodynamic instability, and
ongoing bleeding (Fig. 3).

Postoperative complications occurred in 76 patients
(6.86 %), with wound infections in 24 (2.17 %) cases and

Figure 2. Radiology findings in the study

Conservative
Thoracotomy treatment

19.5 % 13.4%

Tube
thoracostomy
67.1%

Figure 3. Management in the study

atelectasis in 20 (1.81 %) being the most common. Other
less frequent complications included respiratory distress
syndrome, postoperative bleeding, stress ulcer, and post-
intubation tracheal stenosis (Table 1). Overall mortality
was 3.6 % (40 patients, exclusively those with penetrating
injuries, predominantly associated with multi-organ in-
volvement and severe initial presentation). Use of statistics
to show the correlation between our data considering the
p-value and chi-square as we already done in previous re-
search is not applicable here.

Table 1. Postoperative complications

Postoperative No. of o
complications patients %
Wound infections 24 2.17
Atelectasis 20 1.81
Respiratory distress
syndrome 12 1.08
Postoperative bleeding 10 0.90
Stress ulcer 8 0.72
Post-intubation tracheal
stenosis 2 0.18
Discussion

This study highlights the substantial impact of pene-
trating chest injuries in conflict-affected regions, par-
ticularly during the ISIS era in Iraq. The high prevalence
of penetrating injuries, predominantly caused by bullets
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and explosive devices, reflects the direct consequences
of ongoing violence and instability [7]. The observed de-
mographic pattern, primarily affecting young males, un-
derscores the severe socioeconomic implications, as this
group is typically the most economically productive in
society [8].

The necessity for surgical intervention in most cases
emphasizes both the severity of injuries and the critical
role of timely and aggressive surgical management strate-
gies. The predominance of hemothorax aligns with high-
energy injury mechanisms associated with penetrating
trauma, reinforcing the importance of rapid diagnostic
imaging techniques, mostly chest radiography, for initial
assessment and decision-making [9]. Although computed
tomography could provide additional diagnostic preci-
sion, its utility in emergent situations is often limited due
to hemodynamic instability and availability constraints in
resource-limited settings [10].

The relatively low morbidity and mortality rates ob-
served in this study can be attributed to effective proto-
col-driven interventions and rapid surgical management.
Nonetheless, the presence of associated injuries consi-
derably complicates clinical management, increasing
morbidity and prolonging length of stay [11]. These fin-
dings align with international data, which emphasize that
polytrauma significantly influences clinical outcomes
and resource utilization.

Despite the positive outcomes, variability in complica-
tion rates and mortality when compared to international
benchmarks highlights the urgent need for context-specific
trauma management guidelines tailored to regions experi-
encing ongoing conflict. Enhanced multidisciplinary col-
laboration and continued education for healthcare providers
in trauma care protocols are essential strategies to further
improve patient outcomes [12].

Conclusions

Injuries due to violence during war time in Iraq and
Middle East countries unfortunately happened com-
monly. Using diagnostic imaging, mainly chest X-rays,
and timely surgical interventions are critical in improving
patient outcomes. Enhanced strategies to address associ-
ated injuries are recommended to further reduce morbid-
ity and mortality.
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PeTpocneKTUBHUIA OHAAI3 TPOBM FPYAHOT KAITKU: PE3YAbTATU AIKYBOHHS
B 30KACAi TPETUHHOIO PiBHA Y BOEHHUM YaC

Pe3tome. Axmyaavnicms. TpaBma IpyaHOI KIITKM € 3HAUHUM
(aKTOpOM 3aXBOPIOBAHOCTI Ta CMEPTHOCTI B YCbOMY CBITi, 0CO-
OJIMBO B perioHax, e BimOyBalOThCsl KOHMJIKTA I MacoBi 3aBOpPY-
meHHs. B Ipaky npoHUKHI MopaHEeHHSsI TPYAHOI KJIITKM BHACTIIOK
HAaCWJIbCTBA CTAHOBIISITH KPUTUYHY TIPOOJIEMY OXOPOHU 3I0POB’SI.
Mema: ouinuTti enimemiosiorio, KJIiHIYHY KapTHHY, CTpaTerii Ta
pe3yJbTaTH JIiKyBaHHS B 0Ci0 i3 TpaBMOIO IpyaHOi KJIiTKM B Ipaky.
Mamepiaau ma memoou. Y 1boMy peTpOCIIEKTUBHOMY JOCITiIKEH -
Hi mpoaHaizoBaHo AaHi 1108 malieHTiB i3 TpaBMaMU TPYIHOI KJTiT-
KU, SIKi OTpUMYBaJIX JIiKyBaHHS 3 ceprrHst 2014 poky mo ceprHs 2018
poxy B TuMyacoBuXx jgikapHsix Camappu (Ipak). [lemorpadiuni nani
YYACHMKIB, MEXaHi3MU TpaBMyBaHHS, MiarHOCTUYHI I JIiKyBaJIbHi
crparerii (KOHCepBaTUBHI abo0 XipypriyHi), MOKa3aHHS IO TOpa-
KOTOMii Ta KJTiHIYHi pe3yabTaT OyIu peTebHO 3aI0KyMEHTOBAHI.
XipypriuHi BTpy4aHHS AOIAaTKOBO KiacudikKoBaHi sIK eKCTPeHi Ta
TUIAHOBI, 100 OLIHUTU OCOOJMBUI BIUIMB Ha pe3yJbTaTH JIiKy-
BaHHs. Pezyabmamu. Y 11b0My JTOCTiDKEHHI MpoaHai3oBaHO HaHi
1108 mamieHTiB i3 TpaBMaMu TpyIHOI KITITKH, TIEPEBaskHO MOJIOIMX

YOJIOBIKIB (CITiBBiIHOIIIEHHST YOJIOBIKiB Ta XKiHOK ~ 7 : 1) i3 IPOHMK-
HUMHU TopaHeHHsIMU (96 %), 31e0iIbIIOro Bif KyJb Ta CHapsIIiB.
lemoTopakc OyB HaWMOIIMPEHILIOK PALiONOTiYHOI 3HaAXiIKOIO
(62,1 %). Xipypriuse JiKyBaHH# 3Hag00uI0cs y 86,6 % BUMAIKiB,
TEpPeBaKHO 30HIOBA TOPAKOCTOMIsl (i3 BUKOPUCTAHHSIM TPYOKHU);
TepMiHOBa TOpakoTOMist OyJa BUKoHaHa y 16,6 %. YckiaaHeHHs
BUHUKIN Y 6,86 % XBOpUX, a piBeHb CMEPTHOCTI cTaHOBUB 3,6 %,
IO MiAKPECTI0E HEOOXITHICTh KOHTEKCTHO-CIIELM(PIYHUX i 1IBUI-
KHMX TIPOTOKOJIiB BTpydaHHs. Bucnoeku. Ha xaib, TpaBMu, Cripu-
YMHEeHi HAaCWJIBCTBOM, TTifl Yac BiliHU B Ipaky Ta kpaiHax biausbpkoro
Cxony Tparuisiucst yacto. BukopucTtanHs niarHocTH4HoOI Bizyasti-
3allil, FTOJIOBHUM YMHOM peHTreHorpadii rpy1HO1 KJIiTKU, Ta CBOE-
yacHe XipypriuHe BTpyYaHHsI MalOTh BUpilllaJibHEe 3HAYEHHSI 11010
TIOJTIMIIEHHST Pe3y/IbTaTiB JiKyBaHHS. [IJ1s1 TOAAIbIIOro 3HKEHHS
3aXBOPIOBAHOCTI 1 CMEPTHOCTI PEKOMEHIYIOThCSI BIOCKOHAJEHI
cTpaTerii JJiKkyBaHHSI CYITyTHIX TpaBM.

Ki1i040Bi c10Ba: TpaBMa rpyniHoi KJIiTKU; TOPAKOTOMisl; IPOHUK-
HE TIOpaHEeHHST; TeMOTOPAKC; JIKyBaHHS TPaBM; CMEPTHICTb
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CyJ4acCHi TeXHOAOTriT 3aMilleHHsa pAedeKTiB
KicTKOBOI TKOHUHU (bone fransport, Masquelet)
(OTrASIA AiTEPATYPU TO MEeTAAHAAI3)

Pestome. AkTyansHicTtb. Aepext KicTok (AK) — NATOAOTiYHMA CTQH, 1110 XQPAKTEPU3YETHCS BIDATOK 06 EMY KICTKO-
BOI TKQHWHW, SIKUII HE MOXKE CAMOCTIMHO BIAHOBUTUCH HOBITb 3Q YMOBU QAEKBATHWX 3QXOAIB TA XiDYPriYHOI CTABIAZAL.
Y AiTepQrypi TQKmMY CTAH XQPAKTEPU3YETLCS SIK KPUTUHHA AEDEKT: AOBXKMHA MOHAA 2 CM TQ BTOATA KICTKOBOI MACH
noHaA 50 %. AK pO3roAIASIKOTECSI HO fepBMHHI Q60 BTOPUHHI T € HACAIAKOM AOBOAI LLIMPOKOIO 30 CBOEHO MPUPOAOK
KOAQ YWHHUIKIB: MTyXAMH OMOPHO-PYXOBOrO Qriapary, iHpeKuil, BUCOKOEHepretyHi MoLLUKOAKEHHS], OCTEOPIOPO3HI
AMCrAQ3ii Q60 BpoakeHi Baay (Adams-Oliver syndrome). 3 mo4yarkom noBHOMQCLLQGHOI QrpeCii rOAOBHM YYHHUKOM
SIK MEPBUHHWX, TAK | BTOPUHHIMX AK CTOAM GOMOBI YOQYKEHHST (BOFHEMAALHI TQ MIHHO-BUGYXOBI), SIKi BUHUKQIOTb Y 0E3YAb-
TQTI BAICOKOEHEPIrem4HOro KOMOIHOBAHOIO BIIAMBY TQ MOW3BOASITb AO MOAICTOYKTYOHVX MOLLKOAKEHb. MeTa: rnopiBHSITV
KAIHIYHI pe3yAbTaT MeToAvki Masquelet Ta MeToAy TOQHCIIOPTYBAHHST KICTOK Mpu AiKYBAHHI MALIEHTIB 3 CEIMEeHTQp-
HMn pedeKTamm AOBIVX KICTOK KiHLBOK. Marepiaau Ta metoau. Y ABox 6Q3ax AQHWX (PubMed, Embase) 6yAo rmpo-
QHQOAIZ0BAHO CYYQACHY AITEPATYPRY LLOAO NKYBAHHST ACPEKTIB AOBIX TRYOHACTMX KICTOK 3Q repios 3 2016 no 2025 p. 3
BUKOPUCTAHHSIM METOAY INBApOBQ — KICTKOBMV TOQHCIOPT Ta Masquelet — iHAYKOBAHQ MeMOPAHQ, 34 KAKOHOBUMIA
caosami: bone defect, nonunion, bone transport, Masquelet method, complications. Pesyasrart. HaviroLLmpeHi-
LLMMU HEAOAIKAMU TQ' YCKAQAHEHHSIMU IMPW KICTKOBOMY TOQHCIIOPTI € AOBrOTOMBAAE BUKOPUCTAHHST 30BHILLHLOI KOH-
CTPYKUI, IHeKUist MICLST 3aKpINAeHHST wTndTa (65,96 %), akcianbHe BinxuneHHs (40,78 %), ckyTicTe cymoba (23,76 %),
CTUCKQHHST M SIKX TKOHWH (22,34 %) TQ 3QTPMMKQ 3P OLLEHHST MICLIST CTUKYBAHHST (13,48 %). ANST BMEHLLIEHHST IX KIABKOCTI
3QrMPOMNOHOBAHO LAY HU3KY PISHOMAQHOBUX YAOCKOHOAEHb. 30KDEMA, HABUPAE MOMYASIOHOCTI TOUGOKAABHUI CI1O-
Ci6, 3QCTOCYBQHHSI OAHOCTOPOHHIX 30BHILLHIX GIKCQTOPIB 3 IHTPAMEAYASIOHMIA DIKCATOPAMM, IHTPAMEAYASIOHW
KQBEAbHMV TPQHCIOPT, TPQHCIOPTYBAHHST KICTKM 30 AOMOMOIOK MQArHITHNX IHTDAMEAYASIOHNX CTOVKHIB. [103MTVBHI
PEIYALTATU MU 3ACTOCYBAHHI METOAY Masquelet CTaHOBASITE GAM3bKO 86 % rpoTn 95 % npm KICTKOBOMY TPQHCMOPTI,
OAHQK MepLL AEMOHCTRYE MNEPEBAr Yy HXKYIVi BOPTOCTI FOCTITAAIZQLl, KOPOTLLOMY YQCI OCTQTOYHOIO 30O0LLIEHHS
AO [MOBHOIO HABAHTAXKEHHSI, HYKYIY HOCTOTI YCKAQAHEHb TQ KPQLLV MICASIONePALiviHiv SIKOCTI )kuTTsl. BUCHOBKK. MeToa
KICTKOBOIo TpQHCopTy T Masquelet € Cy4QCHMMI HOMGIALLL BYXMBOHMMI TEXHOAOTISIML Mo AIKYBAHHI MQLYIEHTIB 3 A€-
pekTamm KICTKOBOI TKAHMHM. [1031TNBHI PE3YABTATI M BACTOCYBAHHI LIIX METOAMK CTAHOBASTTE OAM3bKO 86-95 %, 1110 3
YOQXYBAHHSIM MOAICTRYKTYPHUX YPQXKEHD € AOBOAI 3HAYYLLMM MOKA3HUKOM. KOXKEH METOA XOPAKTEPM3YETLCST CBOIMM
MO3UTUBHVIM CTOPOHAMYM TQ HEAOAIKAMMU, SIKi 3yMOBAEHI OCOBAMBOCTSIMI MO0 PEQAAIZALT TAl TSDKKICTIO MOLLKOAXKEHHS],
LLJO noTpebye ix 3aCTOCYBAHHSI 3Q YITKO BUSHAYEHVIMI MTOKA3AHHSIMU,

KAKOUYOBiI CAOBQL: KiCTKOBUI AEDEKT, HE3POLLEHHS; KICTKOBWV TOQHCHOPT; MeToa Masquelet; yCKAQAHEHHS

BCTY“ JliTepaTypi TaKUi CTaH XapaKTEPU3YETHCS SIK KPUTUUHUI
Hedextu kictok (AK) — maTtosmoriunmii craH, mo xa-  Oe¢eKT: JOBXMHA IToHaa 2 CM Ta BTpaTa KiCTKOBOI Macu

PaKTEpU3YEThCSI BTPaTOl0 00’€My KIiCTKOBOI TKaHuMHM, ToHanm 50 % [2].

SIKMI HEe MOXe CaMOCTiiiHO BiTHOBUTMCDH HaBiThb 32 YMO- JK posnoainsioTbess Ha MEepBUHHI a00 BTOPUHHI Ta €

BU aeKBaTHMUX 3aXOMiB Ta XipypriuHoi ctadimizauii [1]. ¥  HaciaigkoMm IOBOJII IIMPOKOrO 3a CBOEIO MPUPOIOIO0 Koja
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YMHHUKIB: MyXJIMHA OTIOPHO-PYXOBOTO amnaparty, iH(peKIIii,
BUCOKOEHEPIeTUYHI IMOIIKOMXKEHHS, 0cTeo(hiOpo3Hi auc-
11a3ii a0o BpomkeHi Bagu (Adams-Oliver syndrome) |3, 4].

JK 3yctpivatorbest y 0,4 % Bin yciei KinbKocTi motep-
IMiIMX 3 MepeJoMaMM KiCTOK, a y MallieHTiB IMpY BiIKpu-
TUX BUCOKOCHEPIEeTUYHUX TpaBMaxX CTaHOBJIATH 10 11,4 %
[3, 6].

3 nmoyaTkoM MOBHOMACIIIA0HO1 arpecii TOJIOBHUM YWH-
HUKOM SIK TIepBUHHUX, TaK i BTopuHHUX K cTanu 60iioBi
ypaxkeHHsI (BOrHenaibHi Ta MiHHO-BUOYXOBI ), sIKi BUHUKa-
I0Th Y pe3yJibTaTi BUCOKOCHEPTeTUYHOTO KOMOIHOBAHOTO
BIUIMBY Ta MIPU3BOJSATH 0 MOJIiCTPYKTYPHUX MOIIKOIKEHb
[7, 8]. CyyacHi BiiiHI XapaKTepU3yIOThCSI BUKOPUCTAHHSIM
Pi3HOMAHITHMX BUIiB 30pOi Ta BOTHEBUX 3aCO0IB ypaXkeHHSI
3 BEJINKOIO KiHETUYHOIO €HEePTi€lo, pi3HOMaHITHUMHU (hop-
MaMM Ta KOMITO3UTHUM CKJIaJIOM CHapsiy, 10 paHUThb [9].

banictnyHi mapamMeTpu cydyacHO1 30poi CyTTEBO 3MiHU-
JIN XapaKTep Ta CTPYKTYpYy OOMOBMX ypaxkeHb, sIKi CyIpo-
BOJIKYIOThCSI MiKpOOHOIO KOHTamiHattieo [10].

CTOCOBHO TTOIIKOIXKEHb aHATOMIUHUX JiJISTHOK, HE3Ba-
JKaroUM Ha BiJCYTHICTh BipOTiTHMX CTATUCTUYHUX JAHUX
3a 00’€KTMBHUX OOCTaBMH, MPEBATIOIOTH TMOUIKOIKEHHS

HIDKHIX KiHIIIBOK (01u3bKo 80 %), i 1151 TEHAEHIIis TIPOI0-
BXY€ 30i1b1IyBaTUCh. OKpPiM LILOTO, 3pOCTAE KiJIBKICTh 00-
MOBUX ypaXkeHb CEITMEHTIB KiHIIiBOK 3 KiCTKOBUMU Ae(eK-
TaMu (3a monepeaHiMu faHuMHK, 6n3bko 11—17 %) [11].

Haii6inpi BXUBaHUMUM TeXHOJOTisIMU 3aMilieHHs1 K/
€ METOAMKa IUCTPAKIIIHHOTO OCTeOreHe3y, ab0 KiCTKOBOTO
TpaHCTIOPTY, Ta MeToauka Masquelet, KOXHa 3 SIKUX Ma€
cBoi Henostiku Ta riepesaru [12, 13]. IMopsin 3 TuM, 1110 Ha-
KOIMUYEHO JOCTaTHLO 3HAaHb Ta MPAKTUYHOTO JOCBIimy iX
3aCTOCYBaHHSI, aKTyaJlbHUM IMUTAHHSIM € TMOPIBHSUIbHUM
aHasli3 UMX METOAMK Ta BU3HAUYEHHS Pe3yJbTaTUBHOCTI
pu JIiKyBaHHi nauieHTiB 3 KJI.

Meta: TOpPIBHATM KIIiHIYHI pPe3yabTaTH METOAMKH
Masquelet Ta MeToAy KiCTKOBOIO TPaHCIIOPTY IMPU JIiKy-
BaHHi MAaIliEHTIB i3 CerMEeHTapHUMM JaedeKTaMUu JOBIMX
KiCTOK KiHIIiBOK.

MartepiaA Ta meToAmU

VY nBox 6azax nanux (PubMed, Embase) 0yo mpoaHari-
30BaHO Cy4YacHY JIiTepatypy 100 JiKyBaHHs 1e(heKTiB 10-
BruX TpyouacTux KicTok 3a nepion 3 2016 mo 2025 p. 3 BuU-
KOpUCTaHHSIM MeTony IiizapoBa — KiCTKOBUI TpaHCIIOPT

Cratri, ineHTudikoBaHi

CratTi, BUAaneHi nepeq

3 6a3 gaHnx (n = 682)

laeHTUiKaLin

A 4

lNepeBipeHi cTartTi

A 4

NepeBipKOIO:
pybnikatu ctaten (n = 46)

BukntoueHi ctatTi

(n = 636)

l

\ 4

(n =581)

He oTpumaHo JoCTaTHLOI

Crarri, siki BUBYanuce (n = 72)

v

CrarTi ouiHeHO

CKpWHIHr

A 4

iHpopmauii (n = 14)

BukntoueHi cTaTTi; HemoCTaTHS

Ha BIANOBIOHICTb BUMOram
(n=158)

CrartTi, BKNKOYEHi Ao ornsgy
(n=44)

BknrovyeHHSA

A 4

Jokasosa 6a3a (n = 9),
HEAO0CTaTHBLO iHchopMaLi (n = 5)

PucyHok 1. Cxema Big60opy nitepatypHux gxepersn
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(KT) Ta Masquelet — innykoBaHa MemopaHa (IM), 3a kj1to-
yoBMMHU clioBamu: bone defect, nonunion, bone transport,
Masquelet method, complications. Ha3Bu ta aHoTatltii 0yiun
MEepersgHyTi Mim 4Jac Binbopy, MOTEHIIAHO pejeBaHTHI
craTTi Oy/IM BUBUYEHI Ta OLIiHEHI IS BKJIIOUEHHSI.

Kpurepii BKIIOUEHHS: TOBHI TEKCTU CTaTeH, SIKi MiCTSATh
MOCTATHIO KiJIbKICTh KJIIHIYHUX JOCTIIKEeHb, a MalliEHTaM
i3 cerMeHTapHUMMU AedeKTaMM KiCTKH IPOBOAMIIOCH JIiKy-
BaHHs uuisixom KT a6o [M.

Kputepii BUKIIIOUeHHS: 3BiTH IIPO OKpPeMi BUITAIKH, ITi-
JIOTHI Ta MonepeaHi JOCTiIKEHHS.

Crarti o0upau, SIKIIO BOHU MICTUIM PE3yIbTaTH Jii-
KYBaHHS, YCKJIAAHEHHS ITICHs JIIKyBaHHS, SIKi 0a3yloTbCs
Ha JIOCTaTHIi KiJIbKOCTi TAalli€HTIB, a TAKOX MOPiBHSUIbHI
poOOTU CTOCOBHO BMIlI€3a3HaYeHUX crioco0iB. [1pu noci-
JKEHHI BUKOpUCTOBYBasin KOoH1er1lito Preferred Reporting
Items for Systematic Reviews and Meta-analysis (PRISMA)
guidelines [14]. AHani3 BimiOpaHOi J1iTepaTypu IIPOBOIUBCS
3 BukopuctaHHaMm RStudio (https://www.rstudio. com/)
(puc. 1).

XapakTepucTuKa cTaTeid, BigiOpaHUX ISl MOAAIbIIOrO
aHaJli3y, HaBeJeHa B Taour. 1.

Ta6aunusa 1. Ctarri, Bigi6paHi Ans noganbLUoro aHanizy

MeTop BinHOBNEHHSA
. . XapakTtep Awv3anH
AgBTOp, pik, KpaiHa KicTkoBuii :
MNOLUKOAPKEHHS AOCNiIAXKEeHHSA
TpaHcnopT Masquelet
1 2 3 4 5

Zhang Q. i cniBaBT., BinkpuTtuin nepenom, Gustilo 111B/CI 35 30 PeTtpocnekTueHe
2024, China [15]
Grin W. i cniBaBT., 2023, | MegjaHa 0OBXUHM AedeKTy KiCTKM 17 PeTpocnekTnBHe
Norway [16] ctaHoBmna 9 (3-15) cm
Mathieu L. i cniBaBT., BiokpuTtuin nepenom, Gustilo Il Ta 15 PeTpocnekTnBHe
2020, France [17] Gustilo 1lIB
Fung B. i cnigaBt., 2019, | CepenHiit po3mip nedekTy CTaHOBUB 48 PeTtpocnekTueHe
Canada [18] 5,9 cm (Big 0,5 0o 26 cm)
Hsu C.A. i cniBagBT,, CepenHiit po3mip nedekTy Benmkoro- 115 PeTpocnekTnBHe
2020, Taiwan [19] MINKOBOT KicTKM — 5,5 c™m

(nianasoH: 0-20 cm)
Yoon Y.C. i cniBasT., CepenHsa ooBxuHa aedekTy KiCTKu 32 MpocnekTnBHe
2022, Korea [20] ctaHoBuna 43,9 Mm, a po3mip gedekTy

M’AKUX TKaHUH — 79,3 cMm?
Chloros G.D. i cniBaBrT., CepefHin po3Mmip KicTKOBOro aedekTy 17 PeTpocnekTnBHe
2022, United Kingdom 6 c™m (pianasoH 4-8 cm)
[21]
Kotodziejczyk K. CepenHsa noBxuvHa aedekTy CTaHo- 45 [MpocnekTnBHe
i cnigaBT., 2024, BUna 7,9 cM ons BEPXHbOI KiHLIBKM
Poland [22] (3,5-18) Ta 5,3 cM ANS HUXHBOI KiHLLIB-

Kn (3-11)
Tsang S.J. i cniBaBT., BinkpuTtuin nepenom, Gustilo I1IB 96 PeTpocnekTnBHe
2020, India [23]
Shen J. i cnieaBT., 2023, | CepenHili po3mip nedekrty CTaHOBUB 44 lMpocnekTneHe
Iraqi [24] 6,8 cm (Big 0,5 oo 30 cm)
Wang P. i cniaBT., 2020, | CepenHs [oBXMHA AedeKTy KiCTKM 45 PeTpocnekTnBHe
China [25] cTaHoBuna 6,3 cm
Ozpolat N. i cnisasr., CepenHsa ooBXUHa KICTKOBUX AedeKTiB 12 MpocnekTnBHE
2022, Tirkiye [26] nicnsa pagykanbHOi caHaulji cTaHOBUIA

51 mm (25-98)
Lu Y. icnigaBT., 2023, CepenHsa noBXNHA KICTKOBUX AedeKTiB 50 PeTpocnekTnBHe
China [27] Bin7,8+2,4008,1+£2,6cm
Qian Wang i cniBagT., CepefHi 3anmLwKoBi 4edeKkTn KicTKn 23 PeTtpocnekTmBHe
2024, China [28] ctaHoBunn 2,9 1,9 cm
Liu Y. i cniBaBT., 2020, CepenHiit nedekT cTaHOBUB 282 PeTtpocnektneHe
China [29] 6,56 +2,15¢cm
Kinik H. i cnieaBT., 2021, | JoBxuHa aedekTy cTaHOBMUNA 30 PeTtpocnekTnsHe
Turkey [30] 8-9,5cm
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3akiHyeHHs1 Tabn. 1

1

2

3 4 5

China [31]

Liu K. i cniaBT., 2023,

CepenHsa ooBXunHa KicTKOBOro aedek- 62
Ty ctaHoBmna 4,60 = 1,83 cm

PeTtpocnekTueHe

China [32]

Xie J. i cnigaBT., 2021,

CepenHsa ooBxunHa KicTKoBOro gedek-
Ty cTaHoBMna 6,1+ 1,5c¢cm

189 PeTtpocnekTuBHE

China [33]

Shi B. i cniBaBT., 2024,

JedekT KicTkM BinbLue HixX 3 cM 62

PeTtpocnekTueHe

Huang Q. i cniBaBrT.,
2021, China [34]

[iana3oH nedekTiB BENNKOrOMINIKOBOI 85
KiCTKM CTaHOBMB 6-22 cM

PeTtpocnekTueHe

China [35]

Feng D. i cnigaBT., 2023,

JoBxuHa oedekTy BeSIMKOroMisIKOBOI
KiCTKN > 3 CM

199 PeTtpocnekTrBHE

Tabnuus 2. Pe3ynbTaTtv 4OCNIAXEHHS Ta BACHOBKU aBTOPIB

ABTOD, piK,
KpaiHa

MeTop, BigHOBNEHHS

KictkoBui
TpaHcnopT

Masquelet

Pe3ynbTaTtn, BUCHOBKM

1

2

3

4

Zhang Q.
i cnigaBT., 2024,
China [15]

35

30

Mpyna A — Masquelet Ta BHyTpiWwHS ¢ikcauia (n = 35), rpyna B —
KT (n=30). CepegnHin nepion CNOCTEPEXEHHSA CTAHOBMB 28 MicALIB
(nianasoH 13-133 micsuj). MNMoBHe BigHOBNEHHS AedekKTiB M’ AKMX
TKaHWH i KiCTKM Oyno OOCArHyTo y BCix Bunagkax. CepepHini yac
KOHconigauii (A) ctaHoBMB 6 micauiB (gianadoH 3—12 micauis) Ta 11
MicaLiB (aiana3oH 6-23 micaui) y rpyni B, 3i 3Ha4HOO Pi3HMLLEID MiX
nsoma rpynamu (Z = -4,11, P = 0,001). CepeaHiin yac nepebyBaH-
HS1 B NlikapHi cTaHOBMB 28 OHiB (Oiana3oH 14—67 gHiB) y rpyni A, Wo
Oyno 3HA4YHO AOBLUE, HiXX cepefHii yac nepebyBaHHa 18 aHiB (aja-
na3oH 10-43 agHi) y rpyni B (Z =-2,608, P = 0,009). He 6yno BusiB-
JIEHO CYTTEBUX BiAMIHHOCTEN y piBHI iHdekuii M rpynoto A (17,1 %)
Tarpynoto B (26,7 %) (x*= 0,867, P =0,352). 3aranbHi nokasHukn ¢i-
314HOro 3a0poB’s ctaHoBMAM 81,51 + 6,86 (mianaszoH 67-90) y rpyni
A T1a 75,83 + 16,14 (mianasoH 44-98) y rpyni B, 6e3 cyTTeEBOI Pi3HU-
ui mMixx ggoma rpynamm (t = 1,894, P = 0,063). 3arasbHi NOKasHMKM
MCUXIYHOr O 340PO0B’A ByNM 3HAYHO BULLMMUK B rpyni A (90,49 * 6,37;
nianasoH 78-98), Hix y rpyni B (84,70 + 13,72; piana3doH 60-98)
(t=2,232, P =0,029). MopieHsaHO 3 KT IM € kpawmm MeToaom niky-
BaHHS BiOKPUTUX AedEKTIB BEJIMKOrOMIIKOBOI KICTKM Ta M’ SKUX TKa-
HUH 3 nepenomamMun 3a knacudikauieto Gustilo llIB/C. KT € kpawimm
BapiaHTOM, KON AedeKT BENMKOrOMINKOBOI KiICTKM BinbLue 3a 7 CM

Grin W.
i cniBaBT., 2023,
Norway [16]

17

MepiaHa AOBXWHW OedeKTy CTerHoBOi Ta BENKOroMinkKoBOi KiCT-
kn ctaHoBuna 9 (3-15) cm. Y 58,8 % nauieHTiB NnpoBOANNNCE O0-
[ATKOBI onepaTmBHi BTpyYaHHs nicns gpyroro etany IM. MegiaHa
LEFS ctaHoBuna 59 (15-80), a cymapHuii nokasHuk isnyHOro
KomnoHeHTa (PCS) Ta cymapHmin NOKa3HMK NCUXIYHOIO KOMMOHEH-
Ta (MCS) 3a wkanoto SF-36 ctaHoBunn 41,3 (24,0-56,1) Ta 56,3
(13,5-66,2) BionosigHo. Y 64,7 % naujieHTiB 3poLLeHHs Oyno oocsr-
HyTO 6e3nocepenHbo nicnsg apyroro etany. B 11,7 % cnoctepira-
nacb pesopobuis KicTKn.

Taki pe3ynbTaty BKasyloTb HA BUCOKY 4acTOTy yCKNaaHeHb nicasa 2-i
ctagaii IM npn cermeHTapHnx aedekTax CTerHOBOI Ta BE/IMKOrOMINIKO-
BOI KiCTOK, L0 NOTPebyoTb 4,04aTKOBUX ONepaTUBHUX BTPyYaHb. Of-
Hak nig Yac No4anbLLIOro CMOCTEPEXEHHS BiA3HAaYaNNCs 3a40BifbHi
GYHKLIOHANbHI pe3ynbTaTi, a TakoX XOPOLUNA PiBEHb 3POLLLEHHS

Mathieu L.
i cnigaBT., 2020,
France [17]

15

CepepHin Bik naujieHTiB 39 pokis, TpaBmMu 3a knacudikauieto Gustilo
Il (2 Bunapkun) abo Gustilo 1B (13 Bunagakie). CepenHs KinbkiCTb
0b6poboK paH nepepn nepwmm eTtanom crtaHoBuna 2,9. CepenHii
rnepion, cnocTepexeHHss ctaHoBMB 33 Micsili. 3POLLEHHA KiCTOK
Oyno pocarHyto 'y 87 % B cepenHbomy 3a 10,1 micaus. OgHak 3Ha-
nobunocs 7 4oAaTtkoBMX NpoLenyp 3aroeHHs KiCTOK, BKJIIOYHO 3 6
MOBTOPHUMM TpaHCcaHTaTtamMmu. lNMepBuHHE iHDiIKyBaHHS € Ceprnos-
HOO0 NPoBeMoto Npu aedekTax BeNnMKOroMinkoBoi KicTkr, ocobnm-
BO MNPV BUCOKOEHEPreTUYHMX TpaBmax 6araTbOx TKaHWUH

96
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MpopoBxxeHHs Tabn. 2

4

Fung B.
i cnigaBT., 2019,
Canada [18]

48

CepepnHii Bik nauieHTiB ctaHoBus 40,7 poky (Bia 4 no 88), a cepea-
Hil po3Mmip nedekTy cTtaHoBmB 5,9 cm (Big 0,5 0o 26). 3aranom y
82,3 % BunaakiB 4OCArHYTO 3POLLEHHS NiCNa APYroro eTany 3a Me-
TopnoMm IM. CepepHiit 4ac [0 3POLLEHHS CTaHOBMB 6,6 Micaus (Big,
1,4 no 58,7) nmicna gpyroro etany. MNauieHTn 3 gedekTammn BenU-
KOroMinKoBOi KICTKM/ Ta Ti, XTO MaB GinbLui aedekTn, Manm 3Ha4yHO
BULLLY MMOBIPHICTb PO3BUTKY NicnisonepauinHoi iHdexuii. AHania Ta-
KOX NPOAEMOHCTPYBaB TEHAEHLLiIO 10 BKJIIOYEHHS aHTUBIOTKKIB 10
LLlEMEHTHOrO cnericepa, Wo Mae 3axMCHU edekT Bif, HEOOXiAHOCTI
[O0[aTKOBUX NpoLeayp

Hsu C.A.
i cniBasT., 2020,
Taiwan [19]

115

CepepHin Bik nauieHTiB ctaHoBMB 43,6 poky (mianasoH: 18-84
poKun), a cepenHsa OOBXMHA OedeKTy BEANKOrOMINIKOBOI KiICTKN —
5,5 c™m (pianazoH: 0-20 cm). baratoBuMIipHWIA NOFICTUYHWIA perpe-
CiHMI aHani3 nokasas, L0 YNHHMKAMW PU3KVKY NicnsonepauinHoi
iHbekuii nicna IM 6ynu iHdikoBaHe He3polleHHs (p = 0,0160) Ta
DoBXUWHa aedekty > 7 cm (p = 0,0291). Y nauieHTiB 3 iHdeKLUjeO
nicnga IM cnocTtepiraBcs HUX4YMIA piBeHb 3poLLeHHs (p = 0,0003).
KpiMm TOro, BMKOPUCTaHHSA aHTUOIOTUYHOrO noniMeTUIMeTakpu-
NaTHOrO LLEMEHTHOro crnericepa 3MeHLno notTpeby B XipypridHii
pesisii (p = 0,0127). MHOXMHHA noricT4Ha perpecia He Bkasana
Ha NPSMUI 3B’30K MK PIBHEM 3POLLEHHS Ta AOBXUHOW aedekTy
KicTkn. IM € HagirH1UM Ta BiATBOPIOBAHVM METOAOM NiKyBaHHSA Cer-
MeHTapHux aedekTiB BENMKOrOMINKOBOI KicTkM. OgHak no4yaTtkose
iHpiKOBaHe He3aroeHHs aedekTy Ta AOBXMHA AedekTy noHan 7 cMm
€ YAHHUKaMMN PUSNKY

Yoon Y.C.
i cnigaBT., 2022,
Korea [20]

32

Y 32 nauieHTiB cepedHs OOBXWHA aedekTy KiCTKM CTaHoBMNa
43,9 MM, M’KUX TKaHUH — 79,3 cm?. Ha nepluomy eTani 6yno BcTa-
HOBJIEHO crekcep Ta npoBeaeHa 06pobka paHu 3 ipurajeto, siKy
TM4YacoBo 3adikcyBanm 30BHIiWHIM dikcaTopoM. [ig yac HacTyn-
HOi onepadii 6yno BCTAHOBNEHO BHYTPILLHIN dikcaTop i NpoBeaeHO
KanTeBE 3aMilLlEHHSA M’SKMX TKaHWH Ta 3aMiHy LLEMEHTHOro cnem-
cepa. MNig yac TpeTboi onepauii 6ys0 BCTAHOBIEHO aBTOrMEHHUIA
KiCTKOBUWIA TpaHcnaHTaT. 3POLLEHHS KICTKM ByN1I0 AOCATHYTO Y BCiX
BUNagkax, okpiM ogHoro, i B cepegHboMy 3Hagobunocs 9,4 micsa-
us. YcknagHeHHs BUHUKNn Yy 31,2 %. Xopoli abo HarkpaLwi KiHivHi
edeKTUn, 3 TOYKM 30pYy pafionorivHnx Ta GyHkUioHanbHUX 6anis 3a
ASAMI, cnocTtepiranucs y 29 Ta 24 Bunagkax BignoBigHo. Ycknaa-
HEHHS 1 4OAATKOBI XipypridHi BTpyYaHHs 6y NOWMPEHUMN YUHHA-
Kamu, Lo BNAMBanm Ha obunasa nokasHukm 3a ASAMI

Chloros G.D.

i cniaBT., 2022,
United Kingdom
[21]

17

CepenHiit po3mip KicTkoBoro aedekty 6 cMm (gianasoH 4-8 cm), 3po-
LEHHS JoCcarHyTo y 88,2 % nauieHTiB, cepeaHin TepMiH 8 micsauis
(nianasoH 5-18 micsuis). Metoauka Masquelet € npocToto, edek-
TWUBHOIO Ta MA€E BMCOKUI PiBEHb YCIiXY B JliKyBaHHI Pi3HMX BUNAOKIB,
BKJTIOYHO 3 FOCTPOLO BTPATO KICTKOBOI TKaHMHW abo iHpikoBaHUMK
HE3POLLLEHHSIMMU, | MOB’A3aHa 3 HM3bKOKO YaCTOTO YCKIaAHEHb

Kotodziejczyk K.
i cnigaBT., 2024,
Poland [22]

45

CepenHsa noBxuHa aedekty ctaHoBuna 7,9 cM ans BEPXHbOI KiH-
uiBku (3,5-18) Tta 5,3 cm ang HMXKHLOI KiHLiBKM (3—11). CepenHin
Yac OOCSIFHEHHST KiICTKOBOrO 3pPOLUEHHS Ta PEMOAENIOBAHHS CTa-
HOBUB 6,0 micsaua (3—12) Ta 9 micaui (3—13) onga BEPXHIX i HMXHIX
KiHLIBOK BignoBigHo. KniHiyHa ouiHka HanpuKiHLi NikyBaHHS (gocsar-
HEHHS KICTKOBOIr0O 3POLLEHHS) rnokasasa CTaTUCTUYHO 3HauvyLLe no-
ninweHHs 3a wkanamm DASH, SF-36 Ta LLFI wopno no- ta nicngone-
pauinHnx peadynbratie. [peactaBneHnin PEKOHCTPYKTUBHUIA Nigxig,
[0 NiKyBaHHA AedeKTiB KiCTOK i MOpyLUeHb 3arOEHHS AEMOHCTPYE
edEeKTUBHICTb TEXHIKM iHOYKOBaAHUX MeMbpaH 3a KOPOTKWUIA nepios,
CMOCTEPEXEHHS, 3 BIAHOCHO BMCOKUM PIBHEM KOMMOPTY MaLieHTIB
Ta O6BPUMU KNIHIYHMMK pe3ynbTaTaMm B NiKyBaHHI TSXKUX Aedek-
TiB KiCTOK, 0C00/MBO iHpEKLiNHOI eTionorii

Tsang S.J.
i cnigaBT., 2020,
India [23]

96

Binbwictb aedekTiB KiCTOK Bynu pe3ynsTaTtoM BiAKPUTUX Nepeno-
MiB (75/96), npnyomy 67 % 6ynmn noe’a3aHi 3 TpaBMamu 3a Kinacu-
dikaujeto Gustilo-Anderson IlIB. CnocTepiranacsa ctatmcTuyHa pis-
HULS B IMOBIPHOCTI 3POLLEHHS MiX CTPATEriiMN NiKyBaHHS: y NOHAA,
90 % BMNaKiB rOCTPOro BKOPOYEHHS Ta TPAHCMOPTYBAHHS KiCTKM
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BiI3HAYEHe 3POLLUEHHS, i e y 72 % BMNAAKIB, Y KX 3aCTOCO-
ByBaJsiacsl TexHika iHaykoBaHOi MembpaHu, Bindynacs koHconiga-
uig (p = 0,049). Cepen nedekTiB, WO KOHCONiayBanmcsl, He Oyno
piBHMLI B 4aci 40 3POLLEHHS KiCTOK Mix cTpateriamum (p = 0,308)
i3 3aranbHOO MeaiaHo Yacy Ao 3pouleHHs 8,33 micausa (95% Al
7,4-9,2 micaug). TexHika iHoykoBaHoi MembpaHu 6yna nos’s3aHa 3
40% pU3NKOM MOBTOPHOIO HArHOEHHS

Shen J.
i cnisasT., 2023,
Iraqi [24]

44

CepenHin po3mip aedekty ctaHoBumB 6,8 cm (Big 0,5 oo 30). Micnsa
iHoeKcHoI npoueaypu apyroro etany 85 % (797/942) cerMmeHTiB 0o-
CAMNY 3pOLLEHHSN, a 92 % (999/1083) cerMeHTiB A0CAMNN OCTaTOY-
HOro 3aroeHHs. baratoBMMipHUIA aHani3 naHnx 296 naujieHTiB noka-
3aB, WO CTapLunii Bik NOB’A3aHNIM 3 BULLIUM PU3UKOM HE3POLLEHHS.
MawuieHTm i3 30BHILLHBOIO dikcaLieo Ha ApyromMy eTani Manu 3Ha4HO
BULLMIA PU3NK PO3BUTKY HE3ArOEHHS, LWO 36inbluyBano notpedy B
[00aTKOBUX npoueaypax. ABTOTpaHCnIaHTaTh, OTPMMaHi 3 po3-
LMploBaya ipuratopa-acnipartopa CTerHoBOi KicTkM, 30inbLuyBanm
4aCcTOTY HE3ArOEHHS, peunamBis iHdeKLii Ta 4OAATKOBUX Npoueayp

Wang P.
i cnisasT., 2020,
China [25]

45

CepepnHii Bik nauieHTiB ctaHoBUB 38,5 poky (22-55 poki). Cepea-
HA JOBXMHA oedekTy KicTkn ctaHoBuna 6,3 cm. Y 6 nauieHTis Bu-
HUKNW YCKNaaHEHHS, WO NPU3BENO A0 4acToTW yeknagHeHb 14,3 %.
3B’A30K MiX O0BXUHOK AedekTy KicTku Ta 06’eMOM KiCTKOBMX
TpaHcnnaHTatiB ctaHoBuB Y = 7,210 + 6,954 x X y nauieHTiB, sKi
oTpumyBanu ctanesi nnactmHu; Y = 10,962 + 5,029 x X y nauieHTis,
AKi OTPUMYBanM iHTpaMmenynsapHi wtngTn, TaY = 11,498 + 5,474 x X
He3asexHOo BiJ MEeTOAIB BHYTPILHBLOT dikcaLil

Ozpolat N.
i cniaBT., 2022,
Tirkiye [26]

12

CepenHsa [OBXMHA KICTKOBUX AedeKTiB Nicns pagnkanbHOi caHaLii
ctaHoBmna 51 mm (25-98). 3aroeHHs nepenomy cnocTepirano-
cay 81 % nauieHTiB. CepenHiit 4yac, HeOOXiAHUA NSt OOCATHEHHS
KICTKOBOro 3poLleHHsl, cTaHoBuB 8,1 (8—12) TmxxHA nicna gpyroro
eTany onepadii. MeToguka iHAyKOBaHOro MEMOPAHHOIO 3POLLLEHHS
€ HaLinHM MEeTO4O0M JliKyBaHHS HE3POLLEHMX NEePEsIOMIB BEUKO-
rOMIfIKOBOi KiCTKM. OfgHaK AOCArHEHHS KiCTKOBOrO 3POLLEHHSA Ta
KOHTPOJIb iHdEKLi NPy NEPBUHHO iHDIKOBAHMX HE3POLLEHUX Nepe-
NIoMax 3 BENUKMM aedekToM KicTKM € HenepeadavyBaHMU

Lu Y. icnisaBT.,
2023, China [27]

50

MauieHTn cnocTepiranucs npotarom 24-52 micsiyis. He 6yno cyT-
TEBOI Pi3HML B Yaci onepadii, KpOBOBTpaTi, 4aci B pamui, EFl Ta 6a-
nax 3a wkanot HSS mix gsoma rpynamm (p > 0,05). OgHak rpyna
PBT npomemMoHcTpyBana Kpauli KiiHivyHi edekTtun, Hixx rpyna DBT,
BKJIIOYaloum BuLL 6anu 3a wkanot AOFAS, Huxdi 6anu 3a Lwkanoto
VAS Ta yacToTy ycknagHeHb (p < 0,05). 3okpema, yactoTta iHpekLji
wWTndTOBOro TpakTy Il CTyneHa, TMMyacoBOi BTpaTM PyxXJIMBOCTI rO-
MiJIKOBOCTOMHOro cyrno6a Ta onyLeHHs cTonu 6yna 3Ha4YHO HUXK-
yoto B rpyni PBT, Hix y rpyni DBT (p < 0,05). Xo4ya o6uaea metoam
MOXHa 6e3MneyHo BMKOPUCTOBYBATU OAS NiKyBaHHSI BEJIMKUX Cer-
MeHTapHUX OedekTiB BENKOrOMINIKOBOI KiCTKM, NMPOKCUManbHUA
KICTKOBUIA TPAHCMNOPT MOXe 3abe3neuntn Ginblly 3a40BOJEHICTb
nauieHTiB 3aBASKN KpaLwoMy OYHKLIOHYBAHHIO FOMiSIKOBOCTOMHOIO
cyrno6a Ta MeHLUIi KiNbKOCTi yCKNaaHeHb

Qian Wang
i cniBaBT., 2024,
China [28]

23

CepepHi 3anunwkoBi gedektn KicTkmu ctaHosuim 2,9 = 1,9 cm. Ce-
penHin vyac gikcauii ctaHoBus 9,5 + 3,4 micaus. Y 8,7 % Biamiyanocb
HE3POLLEHHSA. BigMiHHMIA Ta XOpOoLWNIi piBEHb 3aroeHHs aedekTiB
KicTku ctaHoBmB 91,3 %. TpaHCNOpTyBaHHSA KiCTKM B NOEAHAHHI 3
TEXHIKOIO NOCNIAOBHOMO PiKCyBaHHS LIBSIXaMU MOXeE CKOPOTUTK Yac
30BHILWHbBOI dikcaLii, nogonaTy He3pPY4YHOCTI 30BHILLHBLOIO Kapkaca
D05 NauieHTiB, YCYHYTU XPOHIYHMIA Binb Ta 3pobuTn Nnpouenypy fer-
Lo An1a naujieHTiB. MauieHTn, y akux BUKOPUCTOBYBanacs LUsa Mo-
andikoBaHa TEXHIKa, 4OCAMN BUCOKOIro PiBHS 3340BONIEHHS

Liu Y. i cnigaBrT.,
2020, China [29]

282

CepepnHin npedekT cTtaHoBMB 6,56 + 2,15 cM, TOAj 9K 0QHOpPIBHEBE
TpaHCcnopTyBaHHA Oyno BUKOHaHO y 221 BMnagky, a ABOpiBHEBE
TpaHCnopTyBaHHA — y 61 Bunaaky. byno 189 npobnem, 166 ne-
pewkon Ta 406 ycknagHeHb (257 He3HauyHux Ta 149 ceprio3Hux
yCKnagHeHb), a CepeaHs YacToTa YCKafHEHb HAa OAHOro NalieHTa
ctaHoBuna 0,91 HeaHayHoro Ta 0,53 cepino3HOro yCknaaHEeHHS.

98
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M’aTbma HaNOLLMPEHILUMMW YCKNAAHEHHAMN Bynu iHdeKLis MicLs
3akpinneHHs wrmndTa (65,96 %), akcianbHe BiaxuneHHs (40,78 %),
CcKyTiCTb cyrnoba (23,76 %), CTUCKaHHSA M’IKUX TKaHWUH (22,34 %)
Ta 3aTpuMkKa 3POLLEHHS Micusa cTukyBaHHA (13,48 %). KicTkoBuin
pesynetat 3a ASAMI 6yB BigMiHHUM Yy 82,6 % naujieHTiB, 006pUM Y
11,3 %, 3apoBinbHUM Yy 1,8 % Ta noraHumy 4,3 %. OyHKLiOHaNLHUIA
pesynbtat 3a ASAMI 6yB BigMiHHUM Yy 48,2 % naujieHTiB, Bo6pum y
31,2 %, 3apoBinbHUM y 16,7 % Ta He3aaoBiNbHUM Y 3,9 %

Kinik H.
i cniBaBT., 2021,
Turkey [30]

30

3polueHHs Ta nikeBigauis iHdekuii 6ynn OCArHyTi Y BCiX NaLEHTIB.
CepenHin pedekt kictkn 8,1 cm. 3aranbHa O0BXUHA OANCTPaKLji
ona BigHoBneHHs aedexTy ctaHoBuna 9,5 cm. CepeaHii TepMmiH 30-
BHIiLWHbOI (ikcauii cTaHoBMB 13,7 Micsus; cepenHin iHOeKC 30BHiL-
HbOI dikcauii ctaHoBuMB 1,49 mic/cMm. 3rigHo 3 kpuTepismn Paley &
Maar Tta Katsenis, pe3ynstatu nikyBaHHs KiCTOK Oynun BigMiHHUMMN
Ta pobpumn y 80 %, pyHKUiOHaNbHI NOKa3HUKKM Bynn BigMIHHUMN
Ta nobpumn y 93,3 %. HeaHauHi ycknagHeHHsa ctaHoBunun 1,36 Ha
naujieHTa, cepnosHi ycknagHeHHs — 0,4 Ha naujieHTa, a NOoCTilHi
ycknagHeHHs — 0,2 Ha nauieHTa B 4OCNIAXKYBaHin rpyni

Liu K. i cniBaBT.,
2023, China [31]

62

KT 3abe3nedvyBaBcst 04HOCTOPOHHIM 30BHILLIHIM anapaToMm, cepen-
Hil Yac KicTKoBOro 3potueHHs 7,30 = 1,71 micsaus. OuiHka pesyrb-
TaTiB npoBoamnach 3a kputepigsmu ASAMI. BigMiHHMIA Ta xOpoLwumia
piBEHb KICTKOBOro pe3ysibTaTy B MPOMIiXHIl rpyni 6yB BULLMM, HixX
B iHWuX (P npotu | npotn D: 73,6 npoTtu 84 npotn 66,7 %), a Bia-
MIHHWI Ta XOpOoLWWiA piBeHb OYHKLiIOHANBHONO pes3ynbLTaTy B Npo-
KCuManbHi rpyni 6ys HarBuwmm (P npotu | npotn D: 84,2 npoTtu
80 npotun 73,3 %). YcknagHeHHs cnocTtepiranvcs 'y 46,7 % naujieH-
TiB, cepep skux: iHpekuisa wrmndToBoro Tpakty — 14,8 %, akcianbHe
BioxuneHHs — 14,8 %, koHTpakTypn — 12,7 %. IHWi ycKknagHeHHs:
3aTpMMKa 3poLeHHsa — 6,3 %, BiACYTHICTb 3poLLeHHs — 4,2 %, He-
BPOJIOrivyHEe ypaxkeHHs — 8,5 %

Xie J. i cniBaBrT.,
2021, China [32]

189

3rigHo 3 kpuTepiamu Nenni ans 3aroeHHs KiCTOK Ta GYHKLIOHANbHOT
OLiHKM, pe3yNibTaTh 3aroeHHs KiCTOK 0ynu BigMiHHI y 61 % nauieH-
TiB, 406pi y 16 %, 3a40BinbHi B 11 % Ta He3an0BiNbHi y 12 %. OyHK-
LioHanbHi pe3dynbTaTi BignosiaHo: BiaAMiHHI y 40 % nauieHTiB, 406pi
y 34 %, 3a00BinbHI B 11 %, He3an0BiNbHi y 14 %. IHdikoBaHe HE3PO-
LLEHHS OOBrMx KicTOK MOXHa edekTMBHO Ta 6e3neyHo nikyBaTu 3a
[ONOMOrOI0 KiCTKOBOIO TPaHCNopPTY (3a MeToaoM Inisaposa)

Shi B. i cnigaBr.,
2024, China [33]

62

MpoBeneHo nopiBHANbHWUI aHani3 KT 3 BMKOPUCTAaHHAM MPOCTO-
poBoi pamun Tennopa Ta kpyroBoro ¢ikcatopa Inizaposa Cepen-
HS TPUBANICTb XipyprivHOro BTPy4aHHsA B rpyni TSF craHoBuna
93,8 = 7,3 xB, wo 6yno kopoTiwe, Hix y rpyni ICF (109,8 = 1,4 xB)
(p < 0,05). NopieHaHo 3 rpynoto ICF (10,2 + 2,0 micauga) rpyna TSF
(9,7 £ 1,8 micaugd) mana KOPOTLUNIA CePeaHi 4ac 30BHILLHBOI dikca-
uii (p > 0,05). Ingekc 30BHIWHBLOI dikcauii ctaHoBMB 1,4 + 0,2 mic/cMm
Ta 1,5 = 0,1 mic/cm y gBox rpynax. MegjaneHuii Ta 3agHin npo-
KCUMaNbHWI KYT BEJIMKOrOMINIKOBOI KicTkM y rpyni TSF ctaHoBWAn
88,1+ 12,1°1a 80,9 £ 1,3’ BignoBigHo. HacTtoTa ycknagHeHb y rpyni
TSF ctaHoBmna 50 % i 75 % — y rpyni ICF. TSF € kopoTwoto Ta npo-
CTILLOIO MpoLeaypoto, ska BUKIIMKAE MEHLLE YCKIaAHEeHb Ta nosin-
LLIYE BUPIBHIOBAHHSA KiHLIBOK

Huang Q.
i cnigaBT., 2021,
China [34]

85

MeTol0 LbOro OOChiAXeHHs 6yno MOPIBHAHHSA KiHIYHUX edekTiB
riopnaoHOro TPaHCMOpPTY, 3aBaHTAXEHOro aHTUBIOTMKOM cynbdaTy
kanbuito (ACSLHT), Ta TpaamuinHOro KiCTKOBOrO TPaHCMopTy 3a
anapatoMm Inizaposa (TIBT) npwu nikyBaHHI Benukux nedexTiB Be-
JINKOrOMINIKOBOI KiCTKW nNicns TpaBmun. [iana3oH gedekTiB BeINKO-
rOMINKOBOI KiCTKM cTaHOBMB 6—-22 cM. He Oyno BUSIBNEHO CYTTEBOI
pi3HMLI B 3aranbHMX goonepaulinHnx gaHmx mik rpynamm ACSLHT
Ta TIBT. Ban EFly rpynax ACSLHT ta TIBT ctaHosus 0,6 £ 0,1 cm/mi-
caub Ta 1,7 £ 0,3 cm/micaup BignosiaHo (P < 0,05). MNMokasHuk 3a
wkanot EHHekiHra y rpynax ACSLHT Tta TIBT ctaHoBuB 86,5 Ta
75,1 % (P < 0,05). Ban SAS y rpyni ACSLHT 6yB 3Ha4HO HMXYUM,
Hix y rpyni TIBT (P < 0,05). YacTtoTa ycknagHeHb y rpyni ACSLHT
Oyna 3Ha4yHO HMx4ot0, Hix y rpyni TIBT (P < 0,05)
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Feng D. 199 3aranom ctanocs 310 ycknagHeHb, y cepeaHboMy 1,04 He3Ha4HO-
i cnieaBT., 2023, ro ycknagHeHHs Ta 0,48 cepio3HOro ycknafiHEHHS Ha OAHOro Navi-
China [35] €eHTa. TpbOMa HaANMOLIMPEHILLMMWN YCKNaAHEHHAMMN Oynn iHDeEKLs

wTndToBoro Tpakty — 61,3 %, akcianbHe BioxuneHHa — 43,2 % Ta
3aTpuMKa 3poLleHHs — 25,13 %. baratoBuUMipHUIA aHani3 nokasas,
o posxumHa KictkoBoro gedekty (P = 0,02, OR = 5,489), kinbkicTb
nonepeHix onepadii (P = 0,003, OR = 2,204) Ta iHAEKC 30BHilLLI-
HbOI dikcauii (P =0,01, OR = 1,202) cyTTEBO KOpenoBanu 3 iHdek-
uietlo wrtngTosoro TpakTy. KicTkoBi gedektn cepefHboi TPETUHN
(P<0,001, 0R=23,769), noxuHa KictkoBoro gedekty (P < 0,001,
OR = 2,776) Ta inaekc 30BHiLWHbOI dikcauii (P < 0,001, OR=1,154)
CYTTEBO KOpeNtoBanu 3 akciaslbHUM BiaxuneHHsaMm. [JOoBXunHa KicT-
koBoro gedekty (P = 0,003, OR = 1,242), nedektn M’ aKnx TKaHUH
(P =0,013, OR = 0,312) Ta KicTKOBI AedeKTn ancTanbHOi TPETUHN
(P =0,023, OR = 4,257) cyTTEBO KOpPENOBaNu i3 3aTPMMKOIO 3aro-
€HHs. 3a wkanoto ASAMI: piBeHb BigMiHHMX Ta ,OOPUX pe3ynbTaTiB
onakictok 95,48 % i piBeHb BigMiHHUX QYHKLiOHANbHUX pe3yibTaTiB

87,94 %

Pe3yAbTaTN AOCAIAIKEHHS
TA IX OGroBOpPEHHs

Pesynbratu nociiikeHHST Ta BUCHOBKM HaBeJeHi B
Tabm. 2.

HaiinomupeHimumMu HemgoJikaMM Ta YyCKJIaIHEH-
Hamu npu KT € moBrorpuBajie BUKOPUCTAHHSI 30-
BHIIIHbOT KOHCTPYKIii, iH(eKIis Miclsl 3akpinieHHs
mwrudTa (65,96 %), akcianpHe BigxuneHHs (40,78 %),
CKyTicTh cyrnoba (23,76 %), cTUCKaHHS M’SKHUX TKa-
HUH (22,34 %) Ta 3aTpuMKa 3pOIICHHS MiCIsT CTHKY-
BauHs (13,48 %) [29].

Tomy mna 3meHmeHHs ix KimbkocTi meton KT Ha
CydyacHOMY eTalli XapaKTepU3YETbCS Pi3HOIIAaHOBUMU
yIOCKOHaJIEeHHsIMU. 30KpeMa, HaOupae MOIYJISIpHOCTI
TpudokanbHuil criocid KT, skuit npuBOIUTH A0 IIBUI-
11101 pereHepallii KicTK/ Ta CKOpOYEHHs Yacy JiKyBaHHs
MOPiBHSHO 3 OihoKaIbHUM, 0CO0IMBO NpU BeJukux KJI
[36, 37].

3apa3 crocTtepiraeTbcsl 3pocTaroya TEHIEHILsl 10 3a-
crocyBaHHsI MoaudikoBaHux metoniB KT (Hampuxian,
3aCTOCYBaHHS OMHOCTOPOHHIX 30BHIIIHIX (hiKcaTopiB abo
3 TKAHUMHHUM KJIallTeM) Ta KOMOIHOBaHMX METOMIIB (Ha-
npuKIIam, MeTon limizapoBa 3 aHTUOIOTUYHUM CIECEpOM
abo BHyTpimHsA ¢ikcauis) misa jgikyBaHHsa K. Yacto-
Ta 3poiieHHs 3a MeTonoMm KT 3i crieficepoM 3 aHTUOiO-
TUKOM Ta iHTpaMeAyJIsipHUM IITU(GTOM npu aedekrax
BEJTMKOTOMIJIKOBOT KicTKM ctaHoBuaa 99,58 % (95% 1:
98,05~100,00 %) Ta 95,02 % (95% Al: 87,28~100,00 %)
BigmoBigHo. [1pu 3acrocyBanHi MeTonmy KT 3 inTpameny-
JIIPHUM 1IBSIXOM CIIOCTEpPIiraBcsl HUXXKYWM piBeHb ITUD-
TOBOI iH(eKIIii, BUIINKA piBeHb PeHUAUBHOI iH(EKIIii Ta
amryTauii [38].

Oxpim uporo, npu jgikyBanHi KJI HaOyBae mormymisip-
Hocti cnocid6 KT 3a momomororo iHTpaMemyiasipHOI Ka-
0esIbHOI TpaHCTIOPTHOI cucTemu [39].

InHoBauiitHolo TexHosorieto KT mpu nedekrax no-
BI'MX KiCTOK € TpaHCHOPTYBaHHSI KiCTKHU 3a JIOMIOMOTOI0
MarHiTHUX iHTpaMeayJIsipHUX CTpUKHIB [40].

Meton IM — 1ie BiTHOCHO HOBa JIBOXETaIlHA Xipyp-
riyHa mpoueaypa JUisl peKOHCTPYKIIii cerMeHTapHUX Jie-
deKTiB KicTOK, Ky 3anpornoHyBaB Masquelet B cepenuHi
1980-x pokiB. Cepen HeaosiKiB: morpedba B MOBTOPHUX
OTepaTUBHUX BTPYYaHHSX, PELUANB THITHO-HEKPOTHUY-
HUX TPOILIeCiB, PO3CMOKTYBaHHSI TpaHCIUIAHTATiB, IO-
BiJIbHE KiCTKOBe 3polleHHs. [103uTHUBHI pe3yabTaTu Ipu
3acTocyBaHHi MmeToay IM cTaHOBIATDL 61M3BKO 86 % mpo-
™ 95 % nipu KT [41].

Tak, cepenHbO3BaXKeHi MOKA3HUKU YCKJIAAHEHb CTa-
HOBIISATH 25 % nJist feheKTiB MIe4oBoi KicTku, 23 % — me-
penrutivust Ta 41 % — nuis nedexTiB KucTi [42, 43].

3a pesyabTaTaMM iHIIUX OOCIIIKEeHb, MeToauKa IM
JIEMOHCTPYE TlepeBaru y HUXYiil BapTOCTi TocrmiTaniza-
11ii, KOPOTIIOMY Yaci OCTaTOYHOTO 3POIIEHHS 10 TTOBHOTO
HaBaHTaXXE€HHS, HIDKYiM 4acTOTi yCKJIaAHEHb Ta Kpallliil
ImicysornepauiiiHiil IKOCTi XXUTTS MOPiBHSIHO 3 METOIOM
KT [44].

BUCHOBOK

MeTon KicTKOBOTO TpaHcmopTy Ta Masquelet € cy-
YaCHUMHU HaOiMbII BXMBAHWMU TEXHOJOTISIMU TPU Ji-
KyBaHHI TallieHTiB 3 nedeKTaMu KiCTKOBOI TKaHWHMU.
[Mo3uTuBHI pe3yabraTé MPU 3aCTOCYBAHHI LIMX METOJUK
CTaHOBIATH OU3bKO 86—95 %, 110 3 ypaXyBaHHSIM ITOJTi-
CTPYKTYPHUX YPaXXeHb € JOBOJi 3HAYYLIUM MTOKa3HUKOM.
KoxeHn meTon xapakKTepu3y€eETbCsl CBOIMM ITO3UTHMBHUMU
CTOpOHAMHU Ta HemoJiKaMM, sIKi 3yMOBJIEHi 0COOJIMBOC-
TIMU MOro peasizalii Ta TSKKiCTIO MOIIKOMXKEHHS, 1110
notpedye iX 3aCTOCYBaHHS 3a YiTKO BU3HAYEHUMMU MOKa-
3aHHSIMU.

KoHduikT iHTepeciB. ABTOpu 3asiBISIOTh MPO BifACYT-
HiCTh KOH(DIIIKTY iHTEpeCiB Ta BiIacHOI (iHAaHCOBOI 3alli-
KaBJICHOCTI IIPH ITiATOTOBIIi JAHOI CTATTi.

Indopmania npo dinancyBannsa. ABropu 3asiBISIIOTH
PO BiACYTHICTb CTOPOHHBOI (HiHAHCOBOI IMiATPUMKU Aa-
HOTO TOCTIIXKEHHSI.
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Buecok aBtopiB. Byp’ssHoB O.A. — KOHIICTILST 1 qu-
3aiiH gocaimkeHHs; KBama B.I1. — anHani3 mxepen jgiTe-
parypu; Spmoniok FO.O. — BinGip mxepen JiTepaTypu,
HanucaHHs Tekcty; Ilacenko M.C. — cucremarusaris
JKEpest JIiTepaTypu, HalMCaHHST TEKCTY.
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Modern technologies for replacing bone tissue defects (bone transport, Masquelet):
literature review and meta-analysis

Abstract. Background. Bone defects are a pathological condi-
tion characterized by a loss of bone tissue volume that cannot be
restored independently even with adequate measures and surgi-
cal stabilization. In the literature, this condition is described as
a critical defect: length over 2 cm and bone mass loss over 50 %.
Bone defects are divided into primary or secondary ones and are
the result of a fairly wide range of factors: tumors of the muscu-
loskeletal system, infections, high-energy injuries, osteofibrous
dysplasias, or congenital defects (Adams-Oliver syndrome). With
the beginning of full-scale aggression, combat injuries (fire and
mine-explosive), which arise as a result of high-energy combined
effects and lead to polystructural damage, became the main factor
in both primary and secondary bone defects. Objective: to com-
pare the clinical outcomes of using the Masquelet technique and
bone transport in the treatment of patients with segmental defects
of the long bones of the extremities. Materials and methods. In
two databases (PubMed, Embase), the current literature was ana-
lyzed on the treatment of defects of long tubular bones from 2016
to 2025 with the help of the Ilizarov method (bone transport) and
Masquelet technique (induced membrane) using the keywords:
bone defect, nonunion, bone transport, Masquelet method, com-
plications. Results. The most common disadvantages and com-

plications of bone transport are long-term use of the external
fixation device, infection of the pin site (65.96 %), axial devia-
tion (40.78 %), joint stiffness (23.76 %), soft tissue compression
(22.34 %), and delayed fusion of the junction (13.48 %). To re-
duce their number, various improvements have been proposed. In
particular, the trifocal method, the use of unilateral external de-
vices with intramedullary fixators, intramedullary cable transport,
and bone transport using magnetic intramedullary rods are gain-
ing popularity. Positive results when using the Masquelet method
are about 86 versus 95 % with bone transport, but it demonstrates
advantages in lower hospitalization costs, shorter time from fi-
nal union to full load, lower complication rates, and better post-
operative quality of life. Conclusions. Bone transport and Mas-
quelet method are the most widely used modern techniques in the
treatment of patients with bone defects. Positive results with the
use of these techniques are about 86—95 %, which is quite signifi-
cant considering polystructural lesions. Each method is charac-
terized by advantages and disadvantages, which are determined by
the specifics of its implementation and the severity of the injury,
which requires the use according to clearly defined indications.
Keywords: bone defect; nonunion; bone transport; Masquelet me-
thod; complications
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