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Original Researches
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Na6ax A.ll., TypymH O.A., lNarkoscbku B.M., Xap4umk B.C., €EBAQHTEEBA T.A.
AY «HcTuTyT ToaBmaToAorii Ta oproneaii HAMH Yikpainu», m. Kuis, YkpaiHa

MOpPiBHAABHMIN AHAAI3 PEe3YALTATIB 30CTOCYBOHHS
onepauii Canma 1a TPAHCTUBIAABHOT aAMMyTALLi|
Y NALIEHTIB i3 BOTHENAABHUMM YLLUKOAXKEHHAMMU
HW)XHbOI KIHLiBKU

Pestome. AktyanbHicte. Onepatiis CariMa y NALiiEHTIB 3 BOrHENAAbHMMU MOPAHEHHSIMU CTOMM MAE HU3KY Me-
peBar, OAHQAK ii BUKOHYIOTb AyxKe PiAKO. MeTta: rMpoBeCTV MOPIBHIAbHUI QHAAI3 @YHKLIOHAABHOI CMPOMOXXHOCTI
TQ SIKOCTI KNTTS1 Y MALIEHTIB i3 BOTHEMAABHOKO TPABMOK HUMKHBOI KiHLiBKM nicAs onepauii CaviMa 1a ToQHCTUOI-
anbHoi amnyTtauii (TTA). Marepiaan Ta metoamn. 46 naujeHTis Bikom 20-63 poKu i3 BOrHEMAABHUMI YILKOAXKEHHSIMI
HWWKHBOI KIHLBKM TQ IX HOCAIAKOMM, SIKUM BUKOHAOAM oniepadito Cavma (I rpyrna, 10 nauieHTiB) TQ TOQHCTUOIAAbHY
amnytauito (I royna, 36 NauieHTIB). TSKKICTb YLLKOAXKEHHST KIHLBKM BU3HQYAAM 3Q Hannover Fracture Score 98,
YHKUIOHOABHUM PE3YALTAT OUiHIOBAAM 3a Short Musculoskeletal Function Assessment (SMFA), SIKICTb XKNTTST —
30 EQoL-5D-5L. Pesyabratn. He GyAO CyTTEBUX BIAMIHHOCTEW Y 3HQYEHHSIX CEPEAHIX, LLO XQPAKTEPU3YBAAU BIK,
TSDKKICTb YLLKOAXKEHHST KiHLBKU TQ KIABKICTb OrepaLivi AO roCritaAizaLii, Pe3yAbTQT AiKyBAHHST OYAM OLIHEHI Y BCIX
naujeHTiB y cTooku Bia 1 A0 10 poxkis. [ALieHTH, SIKUM BUKOHAAM onepalito Carma, MQAM BiPOrAHO KPQLLi MOKA3-
HUKN CEPEAHIX 3Q 3QCTOCOBAHUMIMN CUCTEMAMM OLIHKM MOPIBHSIHO i3 naLjieHTaMu, siki nepeHecam TTA. CepeaHe
3HQYEHHST HOPMOBQHOIO IHAEKCY HeCrpOMOXXHOCTI (SMFA) y nauieHTis | rpyrv ctaHosuAo 0,13 nporm 0,22 y naui-
eHTiB Il rpyriv (o = 0,006, ABOBUGIOKOBUT T-TECT). SIKICTb XXUTTSI MOPQAHEHMX, LLIO BXOAUAM AO | rpyriv, 3a EQoL-5D-51
(VAS) 6yna kpalLLoro, HX y navieHTis Il rpyriv (83,6 Ta 75,4 BianosiaHO, p = 0,04; ABOBMGIDKOBMI T-TECT), 30 PAXYHOK
CErMeHTiB «MOBIAbHICTb», «QKTUBHICTb», «TPUBOXXHICTb/AEMpecCis» (BianosiaHoO p = 0,02, 0,04; 0,01; ABOB1GIpKOBMI
t-rect). BucHoBkmn. Oriepauis Carima 3abe3rneydye KpQLLmi @ YHKLIOHAAbBHUM PE3YALTAT AiKyBAHHST 30 SMIFA TQ Kpa-
Ly SIKICTb XKTTS1 30 EQOL-6D-5L, HiK TIA. Lle 06YMOBAKOE MOXAMBICTL GIAbLL LUMPOKOrO 3QCTOCYBQAHHST OrnepaLil
CaviMQ y NALEHTIB i3 BOTHEMAALHOK TDQABMOK HVDKHBOI KIHLIBKM Y MOKQ3QHMX BUMOAKQX.

KAIOHYOBiI CAOBQ: BOrHemnaAbHQ TOABMQ, HVKHSI KiHLBKQ, onepauis CarMa, ToAQHCTUGIQALHA QMIIyTALlis;,

SIKICTb XKUTTSI

Bctyn

CyTTeBMMMU €JIeMEeHTaMM Cy4YaCcHOI BifHM € Kpallla BU-
JKMBAHICTh MOPAHEHUX Ta 3pOCTAHHS YaCTKU YIIKOIXEHb
HUXHBOI KiHIiBKHU. 3rigHo 3 nanHumu M.T. Mazurek Ta
iH. [1], BUXMBaHICTh TOPAaHEHUX B aMEPUKAHCHKIN ap-
Mii 3 yaciB II CaiToBoi BiiiHu 3pocia 3 69,7 no 88,6 %
min yac BilicbKoBoi omnepaiii B Ipaky. IlapanenbHo 3 Bu-
JKMBAHICTIO y CTPYKTYPi BOTHENaJIbHOI TPaBMHU 3pocJa i
YyacTKa YIIKOMXeHb HUXXHBOI KiHIiBKU — 10 87 % mipu
3acToCcyBaHHiI BuOyxoBux mipuctpoiB [2]. Cepen ycix
nopaHeHb YacTKa aMITyTallilf KiHIiBOK, 3a Pi3HUMU Ha-

HUMU, KOJIUBa€eThed Bim 2,3 mo 5,2 % [3, 4], nepeBax-
HY OiJIBIIICTh CTAHOBJSITH aMIyTallii HUKHBOI KiHIIiBKI
(AHK). ¥ cTpyktypi AHK npu BorHenajJibHUX MOpaHEH-
Hsax TpaHcTubOianpHa amnyTallis (TTA) 3aiimae Oinbiie
40 % i € HailyacTille BUKOHYBAHOIO aMITyTalli€l0 MpU
BOTHEIaJIbHIN TpaBMi HWXHBOI KiHIiBKM [5]. Ex3ap-
TUKYJIsILio cTonu (onepaiito CaiiMa) B TpaBMaTUUHUX
BUIAJKaxX 3arajoM i NMpu BOTHEMaJbHill TpaBMi CTOTIU
30KpemMa MpaKTUKYIOTh HedacTo — 10 1,5 % Binm ycix am-
nyTalill HUXKHBOI KiHIiBKY [5]. LIs omepamiss mae Haba-
raTo OUTBIINI YKUTOK B XipypTii m1iaOeTUYHOI CTOIHN Ta y

© «TpaBma» / «Trauma («Travmay), 2025
© Bupaseub 3acnascokmit 0.10. / Publisher Zaslavsky 0.Yu., 2025
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JTeW MpU BPOJKEHUX BaaX PO3BUTKY HUXXHBOI KiHIIiB-
ku [6]. OgHak omnepaiiis CaiiMa Ma€ HU3KY CYTTEBUX Tie-
peBar, cepejl IKUX MOXJIMBICTh TOBHOTO HAaBAHTAXXEHHSI
Ha Topelb KyKCH Ta 30epeXXeHHS IPpOoNpioleii poOUTh
ii peanmpHOIO anbTepHaTUBOIO TTA y moKka3zaHMX BUMAI-
Kax [7, 8].

[Hani momo 3actocyBaHHs onepaliii CaiiMa y mali€eHTiB
i3 BOrHemnaabHOIO TPAaBMOIO CTOMU Ta ii HacJiZKaMu oOMe-
JKEHi KiJIbKiCTIO BUIAJIKiB Ta YaCTOTOIO B OKPeMMUX ITy0JTiKa-
wisix. Boanock 3HaiiTH Jidilie OAMH CUCTEMaTUYHWIA OTJIS,
npucBsueHuii ornepatii CaliMa y mamieHTiB pi3HMX HO30-
JIoriyHMX rpym, omnyosikoBaHuii y 2018 poui R. Braaksma
Ta iH. [9]. Y HbOMY MokaszaHa (pparMeHTapHICTb Ta HU3b-
Ka JOKa30BiCTh MyOJTiKalliil, 1110 BUCBITIIOIOTh Pe3yabTaTh
onepauii CaiiMa y Iali€HTiB i3 TPaBMOIO Ta il HaCIiAKaMM.
OfHMUM i3 BUCHOBKIB IXHBOTO CUCTEMATUYHOIO OIJISIAY €
peKOMeHIallisl 1100 MOPiBHSJILHOTO aHajli3y pe3yJbTaTiB
onepauii Caiima Ta 1i JjoriuHoi anbrepHatuBu — TTA.

HaMm He Bnanoch BUSIBUTH IOCTIIKEHb, MTPUCBIYEHUX
ornepauii Caiima, y cydyacHiil yKpaiHCBKili HayKOBii1 JiTe-
patypi. Hama HelmrogaBHs my6Jtikaitisi Iog0 3aCTOCYBaHHSI
onepauii CaiiMa y BUNagKaX BOTHENAJIbHUX YIIKOIKEHD
cromnu [10] Ta mocraTHiit nocBin y BukoHaHHi TTA 3poou-
JIU MOXJIMBUM TIPOBEACHHS TTOPiBHSUIBHOTO JOCiKeHHS
CTOCOBHO TI€peBar Ta HEMOJIKiB O3HAUYCHUX XipypridyHUX
BTpYy4YaHb y MAlLli€EHTIB i3 BOTHEMAJIbHUMM YIITKOKEHHSIMU
HUXHbBOI KiHIIiBKU.

Meta poOOTH: POBECTH MMOPIBHSIBHUI aHAI3 GYHK-
LiOHAJIbHOI CITIPOMOXKHOCTI Ta SIKOCTi KUTTS Y MALLiE€HTIB i3
BOTHEIAJIbHOIO TPAaBMOIO HUXKHBO1 KiHIIIBKM ITiCJIsI oTlepa-
uii Caiima Ta TpaHCTUOiIaJIbHOT aMITyTallii.

Marepiaam Ta meToamn

ITig HaAIIMM CrioCTepesKeHHAM TiepeOyBanu 46 maiieH-
TiB i3 BOrHeNaJbHUMM YIIKOMKEHHIMM HUXKHBOI KiHIIiB-
KM Ta 1X Hacjligkamu, SKMM BUKOHau orepaiiito Caiima
(I rpyna, 10 mauieHTiB) Ta TpaHCTUOiaJIbHY aMITyTallilo
(IT rpyma, 36 mauieHTiB). Yci MalieHTH OTpUMAaJI BOTHE-
MajibHi TOPAaHEHHSI MiJl Yac pOCiicbKO-yKPaiHChKOI BiliHU,
nounHaiouu 3 2014 poxy. JlocmimkeHHs cxBajeHe BICHOIO
pamoto iHcTUTYTY (TipoTokon Ne 8 Bim 2023 p.), iioro npo-
BeIeHHS BinmoBimano 3acamaM [eabciHCHhKOI AeKmapallii 3

TpaB JIIOAWHU Ta BUMOTaM JIOKAJTbHOTO KOMITeTy 3 0ioeTH -
ku. [HopMoBaHa 3rojia oTpuMaHa Bij ycix nauieHTiB. -
3aliH OC/IXKEHHS: PETPOCIEKTUBHE, TapayieJibHi TPYIIU.
VYci nmanientu 6ynu yojaoBikamu BikoM 20—63 poku (y ce-
peanbomy 37,9 + 2.9 poky); BilicbkkoBocyx00B1iB 3CY Ta
HTI'Y 6yno BinnmoBinHo 42 Ta 1, HUBiUILHUX TOpaHEHUX — 3.
IMamienTn Oyau posmineHi Ha nBi rpynu: | — omepalis
Caiima, II — TTA.

Kputepii BKIIOYEHHS 10 TOCTIIXKEHHS: OAHOOIYHI Bif-
KPUTi MEPETOMHU KiCTOK CTOMHU Ta TOMIJIKA BHACiIOK BOT-
HeTaJIbHOI TPaBMHU, OLliHKA (DYHKIIOHAJIBHOTO pe3yJIbTaTy
JIIKyBaHHSI He paHile HiX 1 pik miciist ornepariii.

V OUIBIIOCTI TMAIli€EHTIB MepeBaXkaB MiHHO-BUOYXOBUIA
MEXaHOTeHe3 BOTHEeTNaIbHOIO YIIKOKEHHS (MTPOTUITIXOT-
Hi MiHM, IMIIPOBi30BaHUI BUOYXOBUI MPUCTPil, MAPUB Y
MalllMHi), Y iHIIIMX — OCKOJIKOBi ITOpaHEeHHs 3 Ji€l0 BUOY-
XOBOI1 XBIJIi 200 6€3 Takoi. TSKKICTh BIIKPUTOTO MepeIoMy
BU3Havaiu 3a Kiacudikanieto Gustilo-Anderson, 3rimHo
3 SIKOIO TMepeBakHa OLMbIIICTh YIIKOIKEHb MiAnagaan i
II1 cryninbe. Po3nonisl mami€eHTiB 3a MeXaHi3MOM BOTHE-
MaJIbHOTO YIIKO/KEHHS Ta TSKKICTIO BiIKPUTOTO TEpesio-
My HaBeleHuii B TaoI. 1.

KopekTHicTh mOpiBHSUIBHOTIO aHAITi3y OLIHIOBAIM 3 ypa-
XyBaHHSIM BiKy, 4acy 3 MOMEHTY ITOpaHEHHs, KiIbKOCTi
MPOBEACHMUX XipyPriYHUX BTPYYaHb, TSXKKOCTI YIIKOIKEH -
Hs KiHuiBku. Ilamientam I rpynu Oyna mpoBeneHa ore-
pauist Caiima y Moaudikauii 3 TOTpMMaHHSIM IIPOTOKOJY
micasionepauiiiHol MiATOTOBKM A0 MPOTEe3yBaHHS, MPUIi-
HSITOTO Y BijiiJieHHi maToJjorii ctornu [10].

Meronuka TTA y nauienti Il rpynu nependayvana Bu-
JajieHHs1 KaMOaomnonioHoro ta M’s13iB 3alHLOTO TJMOO-
Koro (Qymisipa, Miofie3 JUTKOBOTO M’si3a. Y TMepeBakHOI
OinpIrocTi mamieHTiB (27 BUnaakis) OyB cpopmMoBaHMit 10-
BIIIMI 3aIHIN KJIANIOTh, Y 4 — cariTajJbHi Tay 5 — cUTyalliii-
Hi IIKipHi KJIaITi.

TsoKKicTh  YIIKOMKEHHSI KIiHIIBKM BU3HAYalIu 3a
Hannover Fracture Score 98 (HFS-98) [11] y 6anax, kpu-
TUYHA cyMa sIKUX (= 11) € moporoBoo Mjisl BCTAHOBJIEHHS
MoKa3aHb A0 aMIyTallil.

Jns oliHKM pe3ynbTaTiB JIIKyBaHHSI OyJM 3acTOCOBa-
Hi Short Musculoskeletal Function Assessment (SMFA)
[12], EQoL-5D-5L. SMFA 06yna 3actocoBaHa sl OLliH-

Tabnuus 1. Po3noain nayieHTiB 3a MexaHi3MOM BOrHenasibHoro YLUKOAXEeHHS
Ta TSOKKICTIO BiAKPUTOro nepesiomy

Moka3Huk Onepauia Caima TTA

MexaHi3m BorHenasibHOro yLiKoOAXXeHHs

[MpoTunixoTHa MiHa 4 20

IMnpoBi3oBaHuii BUOYXOBUIA MPUCTPIN 1 -

MigpvB y MaLLnHi 1 3

OckonKoBe NOPaHEHHS 4 13
TsokkicTb BigkputToro nepenomy 3a Gustilo-Anderson

1l 4

1A 2 4

B 4 3

lIC 4 25
Ycboro: 46 10 36
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KM (bYyHKIIIOHAJIbHOTO CTaHy TAIliEeHTIB 10 oIlepallii Ta B
OuHaMiLi crioctepekeHHsds. SMFA — onuTyBajlbHUK, IO
MiCTUTh 46 TIYHKTIB, SIKi BimoOpaxaroTh (hi3MIHUI CTaH,
(YHKIIIOHATIbHY CIIPOMOXKHICTh Malli€HTa Ta MCUXOJIOTiu-
Huii KomnoHeHT. Cyma 6aiB BU3Hava€e (PyHKIIIOHAIbHUI
nediuur — Oinblile 3HaYeHHsT BimoOpaxae Oinblly BTpa-
Ty GyHKLil. OTprMaHe YKNCIOBe 3HAYECHHS IIePEeBOIIN Y
HOPMOBAHU iHIEKC HECTIPOMOKHOCTI.

Incrpyment EQoL-5D-5L [13] OyB BuKOpUCTaHMIA
JUISL OLIHKM SIKOCTi XMTTS Y JBOX PEKOMEHIOBaHUX J0-
MeHax — VAS i 3a BiIlOBiIHMMU cerMeHTaMu (i3udIHOro
Ta TICUXiYHOTO (DYHKIIOHYBaHHSI: MOOITBHICTh, CaMOO0-
CJIYTOBYBaHHSI, aKTUBHICTb, O0iJlb/caM000CIyroByBaHHsI,
TPUBOXHICTh/nenpecisi. BukopuctaHHsI onuTyBaJbHUKA
3apEECTPOBAHO aBTOPAMM CTATTi JUIST HEKOMEPIIIIMHOTO 3a-
crocyBaHHs y EQol Research Foundation (https://euroqol.
org/) 18.12.2023 p., HoMep peecTpaitii 60833.

OtpuMaHi JaHi 3aHOCUJIN B €JIGKTPOHHI TaOJIUIli, po3-
paxoByBaJM OINKCOBY CTAaTUCTUKY (CepeiaHE, CTaHAapTHa
NOMMJIKA, OOBipui iHTepBaau). CyTTEBICTh BiIMiHHOCTEM
MiX cepeaHiMM BU3HAyalud 3a JOIOMOIOI0 ITBOBUOIpKO-
BOTrO t-TecTy mpH piBHi 3HaUMMocTi 95 % (p < 0,05). Pos-
paxyHKu nipoBoauiu B cepenopuiili Microsoft Office Excel
2013 3 BUKOpUCTaHHSIM HagaHOTO MaKeTa IIporpam.

PesyAbTaTH

[TauieHTH 060X IrpyI HE MAJIM CYTTEBUX BiAIMiHHOCTEI y
3HAUYEHHSIX CePelHiX, 110 XapaKTepU3yBalu BiK, TSDKKiCTh
VIIKOIKEeHHST KiHIIBKM Ta KiUTbKICTh orepalliil 1o ToCITi-

Tajizalii. HaTtoMicTb cepeaHsi TpUBaJiCTh JIiKyBaHHS 10
rocmiTaizalii B KJIiHiKy CyTTEBO Bifpi3Hsuiack: 74,3 + 27,8
JTHS Y TIALliEHTIB, IKUM BUKOHaJIU orepaiiito CaiiMa, TpoTu
229,4 + 32,5 nHa y tux, komy nposeau TTA. TTokazHuku
neTanizoBaHiy Tab:. 2. BincyTHicTb cyTTEBOI pi3HMILI 3a Bi-
KOM Ta TSDKKICTIO YIIKOIKEHHS KiHIIIBKA POOUTH KOPEK-
THUM TONAJIBIINI NOPiBHSUIBHUI aHAaIIi3.

Buxigumnii cran mauieHTiB I rpynu 3a SMFA OyB Biporin-
HO TipIIUM, CepeIHE 3HAaUeHHs iHAEKCY HECITPOMOXKHOCTI
cranoBwio 0,58 nmpotu 0,51 y mauientis 11 rpyru (p = 0,01;
nBoBubOipkoBuii t-tect). 3a EQoL-5D-5L (VAS) BuxigHuit
ctaH naiieHTiB [ ta II rpyn cyrTeBo He BinpisHsBcs (49,3
ta 43,9 BinnosinHo; p = 0,3; 1BOBUOipKOBMii t-TeCT), Mpo-
Te 3a IpodijieM SIKOCTi KUTTS B YCiX CETMEHTaxX OLIIHKM
craH nauieHTiB | rpynu OyB ripmimMm, Hix y nauieHTiB I1
rpynu (tabma. 3, puc. 1). CTaTUCTUYHO BipoTifiHA Pi3HULIS
MiX CepeIHiMU BCTaHOBJIEHA 32 CETMEHTAMU «CaMOOOCITy-
TOBYBaHHsI» Ta «aKTUBHICTh» (BimmosimHo p < 0,001; 0,01;
JNIBOBUOIPKOBUIA t-TECT); Pi3HULS MiX CepeaHIMU B iHIIIMX
cerMeHTax Oyj1a HeBipOTiTHOIO.

PesynbraTu JikyBaHHS OyJM OLIiHEHi Y BCiX MalLli€HTIB
y ctpoku Bia 1 no 10 pokiB, BOHU BimoOpaxeHi B Tab. 4.
[TamieHT” 000X rpyn Majlu CYTTEBE MOJIMIICHHS (DYHK-
LioHaIbHOI cripoMoxXHOCTi (SMFA) Ta 3arajbHOTO CTa-
Hy 310poB’s (EQoL-5D-5L (VAS)) (p < 0,001; mapHuii
t-rect). OnHAK NalLiEHTH, IKUM BUKOHAIU orepatito Caii-
Ma, MaJIi BipOTiZHO Kpallli IIOKa3HUKM CEePeaHIX 3a 3aCTO-
COBaHMMM CUCTEMaMU OL[IHKU MOPIiBHSHO 3 MallieHTaMHu,
ki nepeHecan TTA. Tak, cepenHe 3HaU€HHSI HOpMOBa-

Tabnuus 2. BuxigHi aaHi nayieHTiB HA MOMEHT rocniTanisayii

DocnimpxeHnii Fpynu nauiexTiB; M = o, min—max p*,
LG LGRS Onepauis Caiima TTA npua=0,05
Bik, pokun 37,7+4,1;,23-54 38,1+ 1,8; 20-63 0,9
KinbkicTb onepadin 6,7+1,2;3-12 6,4 +0,8; 2-21 0,85
TpuBanicTb NiKyBaHHSA, OHi 74,3 +27,8;3-180 229,4 +32,5; 1-720 0,001
EKKioTs yuikomkenns 3a HFS-98, 19,9+2,7; 12-31 23,6+ 1,1;12-34 0,1
lMpumitka: * — aBOBMOGIPKOBUI t-TecCT.
Tabnuusa 3. Pe3ynbTatu slikyBaHHsa nauieHTiB 3a SMFA ta EQoL-5D-5L
A pt,
MokasHuk Onepauia Carima TTA npua= 0,05
SMFA
[Jo nikyBaHHSs 0,58 +£0,02 (0,54-0,68) 0,51+0,02(0,24-0,72) 0,01
[195% 0,55; 0,61 [195% 0,47; 0,55
Micnsa nikyBaHHA 0,13+0,02(0,07-0,21) 0,22 +0,01 (0,07-0,38) 0,006
[195% 0,09; 0,17 0195% 0,2; 0,24
p*, npua=0,05 < 0,001 < 0,001
EQoL-5D-5L
[lo nikyBaHHs 49,3 +4,1(30-60) 43,9+2,1(20-70) 0,3
[195% 42,5; 56,1 01 95% 39,7; 48,1
Micns nikyBaHHA 83,6 + 3,0 (75-95) 75,4+1,5(48-85) 0,04
[195% 78,6; 88,6 [195% 72,5; 78,3
p*, npua=0,05 < 0,001 < 0,001

Mpumitkn: * — napHwnii t-tect, ' — aBOBNGIPKOBWMII t-TECT.
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PucyHok 1. lnHamika npoginio sKoCTi XUTTA y Naui€eHTIB, W0 nepeHecsu onepadiio Cavima 1a TTA

HOTIO iHIEKCY HEeCIIPOMOXHOCTI y IMauieHTiB I rpymnu cra-
Hoswito 0,13 mpotu 0,22 y nauientis 11 rpyru (p = 0,006;
JIBOBUOIpKOBMIA t-TECT).

AKiCTb XMUTTSI TOpaHEHUX, 10 Bxoauau ao | rpymnu, 3a
EQoL-5D-5L (VAS) 6yna kpaiioto, Hixx y nauieHTiB Il
rpymu (83,6 Ta 75,4 BimmosinHo, p = 0,04; 1BOBUOipKOBMit
t-Tecr).

AHajiz  pe3ynabTaTiB  JIiKyBaHHSI 32  CerMEHTaMu
EQoL-5D-5L mo3BoimB MOPIiBHATH AWHAMIKY IpodiIio
SIKOCTi XMTTS y MalieHTiB 000X rpym. Ludposi nani Ha-
BeleHi B Ta0JI. 4, a iX rpacdiyHa iHTepIpeTalliss — Ha puc. 1.

JuHamika cepenHix 3a Bcima cermeHTaMu EQolL-5D-51L
y MauieHTiB 000X IrpyI CBIAUMUTh MPO CYTTEBUI eeKT Jii-

kyBaHHs (p < 0,001; mapHMii t-TecT), OgHAK MOPiBHSIHHS
CepelHiX MiX IpyrnaMu MO3BOJISIE BUSIBUTU TepeBaru Ta
HenoJikn onepauii Caitma tTa TTA. Cepen mauieHTiB, 110
nepeHecay onepaiio CaiiMa, MOOIJTBHICTh Ta aKTUBHICTh
Oy/u BipOTiMHO KpallluMu, a PiBeHb TPUBOXHOCTI/nerpe-
cii OyB BipOTiZHO HMKYMM, HIX Y MALIiEHTIB, IO IIepeHe-
ciu TTA (BimmosigHo p = 0,02; 0,04; 0,01; nBoBUOipKOBUIA
t-TecT).

Auckycis

[IpoGiema TiKyBaHHS TSKKOI TpaBMU HIDKHBOI KiHIIiB-
KM, 30KpeMa BOrHemaJbHOI, HEPO3PUBHO MOB’sI3aHa 3 He-
00XiZHICTIO BUKOHAHHS amITyTaliii. OcoOuBIiCTIO cydac-

Tabnuus 4. AuHamika npoginto sskocTi xuntrsa 3a EQoL-5D-5L 3a cermeHTamu ¢pisndHoro

Ta NCUXiYHOro PyHKLiOHYBaHHSI

MokasHuk Onepauia Caiima TTA p*, npua=0,05
Mo6inbHicTe
[0 nikyBaHHS 46+0,2 4,1+0,2 0,1
Micnsa nikyBaHHs 1,4+£0,2 2,00 £0,05 0,02
Camoo6cnyroByBaHHs
[o nikyBaHHS 4,3+0,2 3,1+0,1 < 0,001
Micns nikyBaHHA 1,4+£0,2 1,4+0,1 0,95
AKTUBHICTb
[o nikyBaHHs 46+0,2 3,80+0,15 0,01
Micnsa nikyBaHHSA 2,7%0,1 2,1+0,1 0,04
binb/guckomeopTt
[lo nikyBaHHs 4,1+0,3 3,9+0,2 0,4
Micnsa nikyBaHHs 1,7£0,2 1,9+0,1 0,5
TpuBoOXXHICTb/Aenpecisi
Jlo nikyBaHHSA 3,1£0,3 3,0£0,2 0,7
Micns nikyBaHHA 1,1+0,1 1,6 +0,1 0,01

Mpumitka: * — aBOBNGIPKOBWMII t-TEcCT.
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HOI BiliHU € 3HAaYHA KiJbKiCTh BOTHEMAJbHUX YIIKOIKEHb
HYDKHBOI KiHIIIBKU, SKi Y CTPYKTYpi BCi€i BOrHemajabHOI
TpaBMU CKeJieTa CTAHOBIISATH Ginbine HiX 50 % [14].

CyyacHi MeIW4Hi TeXHOJIOTii 3HAYHO PO3IIUPIOITh
MOXJIMBOCTI 30€peXEeHHSI TSKKO TPaBMOBAHOT HUXHBOT
KiHIIiBKM Ta TIOBEPHEHHS il OMOPO3JaTHOCTI, OMHAK Y
MEeBHUX BUITAAKAaX HASIBHUI aHATOMIYHUI AeQeKT, Moi-
CTPYKTYPHICTh YIIKO/JXKEHHSI, IPOTHO30BaHa TPUBAJICTh
JIIKyBaHHS Ta A€sKi iHIII (haKTOpu € BarOMUMM yMOBa-
MU Ha KOpUCTb ammyTalii [15]. 30epexeHHsT oImopHOi
MOBEPXHi IM’ITKOBOI AUISTHKM y HU3ILi BUMNAAKiB poOUTH
MOXJIMBUM TpoBeneHHs onepalii Caiima, sika Ma€ Bino-
mi nepeBaru nepen TTA: nosra pe3uayajibHa KiHLIIBKa,
MOXJIMBICTh TOBHOI ornopu 0e3 mpoTe3a, MeHIla Bap-
TicTth mipore3yBaHHs [7, 8]. CtocoBHO omnepauii Caiima
y BUIaJKax BOTHETAJbHOI TpaBMU B JOCTYIHUX JiTe-
paTypHUX JKepenaax MOXJIUBO 3HAWTHU JaHi JUIIe 111010
KUTBKOCTI IIUX OIlepalliii y CTpyKTypi BCi€l BOTHeMaabHO1
TpaBMM HMKHBOI KiHIIiBKH.

IIpoBeneHuii HaMKu MOPIBHSIBHUIA aHaJli3 pe3yjbTa-
TiB onepauii Caiima Ta TTA y nalieHTiB i3 BorHemnajib-
HUMHU YUIKOAXEHHSIMU HUXXHBOI KiHIIBKM € MEpPLIUM B
nmitepatypi. Cig cka3aTu, 1110 JOCTiIKeHb SIKOCTi KUTTS
Ta (QYHKIIIOHAJILHOTO CTaHy TMAaIli€HTIB i3 TpaBMOIO, 110
nepeHecian omnepaunito Calima, y iTepaTypi Hebarato.
IIpo 1e CBITUMTH CUCTEMAaTUYHUI OTJISI, TIPOBEACHUIA
R. Braaksma Ta in. [9] y 2018 p. Ixne nocnimxenns nani-
yye 1056 mauienTiB: 238 miteit Ta 818 mopocaux. 213 mo-
pOCIMX Mali€eHTiB nmepeHecau omepaniro Caiima 3 TIpu-
BOJly TPaBM HMXXHbOI KiHIIIBKM Ta 1i HACIAKIB, iHIII — 3
npuBoay TpodiuyHMX poO3JaaiB CTONM Pi3HOI eTioJjorii,
nepeBaXKHO 1LyKPOBOTO AiabeTy. ABTOpU 3BEpPTalOTh yBa-
ry 4ydTaya Ha TE€TEePOreHHiCTh KJiHIYHOTO MaTepiany,
3HAYHY KiJbKiCTh ONMWCAaHb KJIIIHIYHMUX BUMAIKiB Ta Bil-
CYTHICTb 3aCTOCYBaHHSI CHUCTEM OIIHKH, IO Yy LiJIOMYy
YHEMOXXJIMBUJIO MPOBECHHST MeTaaHai3y.

CepenHs TpUBAJLCTh JIiKyBaHHS y mauieHTiB 1l rpynu
(TTA) Oyna cyTTeBO OUTBIIOIO, HiXXK y MauieHTiB | rpynu
(onepatis Caitma) — 229 nuiB npotu 74 nHiB (p = 0,001).
Lle BimoOpakae TpUBaliCTh PEKOHCTPYKTUBHOIO JIiKyBaHHSI
MpYU HaMaraHHsIX 30€perTu OIropo3AaTHY HMXKHIO KiHILiB-
Ky Y BUMAaIKax TSKKOI BOTHENAJIbHOI TPAaBMU TOMUIKU MPU
30epeskeHiil abo BimHOCHO 30epexeHiit crormi. B.F. Pluck-
nette Ta iH. [16] TOpiBHSUIM (DYHKIIIOHATbHI PE3yJIbTaTH
nicist TTA 3a metonukamu E.M. Burgess Ta J. Ertle (Ba-
piaHT MiXTOMIiTKOBOTrO CMHOCTO3yBaHHsI). Cepen iHIIOTO
BOHM IIO0Ka3aJIM, 110 TPUBAJICTh JIIKyBaHHS Bil MOMEHTY
TpaBMHM 110 (piHaIBHOI oIepallii CTaHOBWIA B CEPEIHBOMY
58 ta 297 nxiB BianosigHo. Taka cyrrena (p = 0,0001) pi3-
HuUI Oyna obymoBieHa TUM, 110 onepaliito J. Ertle 3Bu-
YyaifHO MPOBOJIMIIM SIK peaMIlyTallilo 3 METOIO IOJIIMIIUTA
aHaTOMO-(PYHKIIIOHAIbHI XapaKTEPUCTUKU pPe3UayalbHOT
KIiHLIiBKU.

TTopiBHSIHHSI BUXiIHOTO CTaHy MAalli€EHTIB 000X TPYyIl 3a
TSDKKICTIO TPAaBMM € HE 30BCiM KOPEKTHUM, OCKiJIBKM TO-
PIBHSHHIO ITIJIATAIOTh OBi Pi3HI aHATOMIYHI MiISHKU —
crona (omepanis CaiiMa) Ta TOMiJIKa, MOXKJIMBO Pa3oM i3
cronoio (TTA). TsokkicTs yikomkeHHs: B 6amax 3a HFS-
98 Mix mauieHTamMu 000X Ipyn He Majia CyTTEBOI Pi3HULI

Mix cepeniMu (p = 0,1), 3HaYeHHs SIKUX OyJu OiJbllie
KPUTUYHOTO MOoKa3HuKa (> 11).

AJle TIOpiBHSIHHSI (DYHKIIOHAJbHOTO CTaHy Ta SIKOCTI
KUATTS A€ MOXKJIMBICTh 3HEXTYBAaTH HEKOPEKTHICTIO aHa-
TOMIYHOTO TIOPiBHSIHHS, OCKIJIbKM OOMIIBI CUCTEMU OIIiH-
ku — SMFA 1a EQoL-5D-5L € ommryBasibHUKaMHM, SIKi
BimoOpakaloTh BUKJIIOUHO OLIIHKY CBOTO CTaHY MalliEHTOM.
OOMABI CUCTEeMHU OLIIHKM € MalliEHTOOPiEHTOBAHUMU, Ma-
I0Th JOOPU ICUXOMETPUYHUI MPodiab Ta IOCTATHI pi-
BEHb BaJIiIHOCTI, 1110 Y CYKYITHOCTi J03BOJISIE MiHiIMi3yBaTu
MOXJIUBICTbh PU3UKY YIIEPEIKEHOCTI.

3rinHo 3 OTpUMAaHUMMU JAHUMMU, PE3YIbTAT JiKyBaHHS
y nauieHTiB | rpynu 0yB Kpaliyum 3a o0oMa cucTeMaMu
OLIiHKM, Xo4a (PYHKIIIOHAJIBbHUI CTaH A0 ormepalii 3a
SMFA 06yB ripmiuMm y mauieHTiB I rpynu. Ouinka sKocTi
XKUTTS o0 omepalrii 3a ycima cermeHTamMmu EQoL-5D-5L
TaKOXK CBiIUMTH PO TipIINi BUXiTHUI CTaH IMalLli€HTiB I
TPyIM, X04a BiporigHa pi3HUIST MiX CEpeIHiMU BUSIBU-
Jlach TUIBKU 3a CETMEHTaMU «CaMOOOCIYyroBYBaHHS» Ta
«aKTUBHICTb». OLliHKA SIKOCTi XKUTTS MicJs1 omepallii mo-
Ka3ajla CTATUCTUYHO 3HAYMMY Pi3HUILII0 MiX CepeaHiMU
B CErMEHTaX «MOOITBbHICTb», «AKTUBHICTb» Ta «TPUBOXK-
HicTh/nenpecisi»; mamieHTy | rpynu mManm Kpaumuii pi-
BeHb MOOUJIBHOCTI Ta aKTUBHOCTI, OyJIM MEHIIIE CXUJIbHI
IO TPUBOKHOCTI Ta JIeTIpecii.

IlepeBarm Ta HemoJdiKu aociimKkeHHA. [IpoBeneHe
IOCHIIKEeHHS € IepIIuM B JiTepaTypi, IoKa3ye Kpailli
(GYHKIIOHAJIBbHY CIIPOMOXHICTh Ta SIKiCTh XKUTTS ITalli-
€HTIB i3 BOTHETIAJIbHOIO TPAaBMOIO, SIKUM BUKOHAJIU OIle-
pauito Caiima, MOPiBHSHO i3 IMallieHTaMM, 11O IepeHe-
ciu TTA.

VY 3B’513Ky 3 HEBEJIMKOIO KiJIbKICTIO TMALiEHTIB, 1110 BBili-
M g0 | rpynu, Ta AOCTaTHHOK aHATOMIYHOIO TeTepo-
TeHHICTIO KJIIHIYHOTO MaTepiajly BACHOBKM 3 pe3yJIbTaTiB
MOPIBHSIJIBHOTO aHaJli3y MaloTh OyTU JOCTaTHBO 00epexk-
HUMU.

BUCHOBOK

Y nmaui€eHTiB i3 BOrHenaabHUMU MOPaHEHHSIMUA HUXKHBOT
KiHIiBKY orepatiist CaitMa rpu nopiBHsHHI i3 TTA 3a6e3-
revyye Kpaiuii (yHKIIOHAJbHUN pe3ybTaT JiKyBaHHS
3a SMFA Ta xpamy sKictb kuttst 3a EQoL-5D-5L. Le
00YMOBJTIOE MOKJIMBICTb OiIBIII IIIMPOKOTO 3aCTOCYBAHHS
omnepauii CaliMa y TaIi€HTIB i3 BOrHENaJbHOIO TPAaBMOIO
HIDKHBOI KiHIIIBKM Y TOKa3aHUX BUMAAKaX.

KoHnduikT inTepeciB. ABropu 3asIBIsIIOTH PO BiACYT-
HiCTb KOH(MJIKTY iHTepeciB Ta BIacHOI (piHAHCOBOI 3alli-
KaBJICHOCTI ITPM MiArOTOBIIi JaHOI CTATTi.

Indopmania npo dinancyBanns. JonatkoBe dhiHaHCy-
BaHHSI BiICYTHE.

CxBayieHHs 10 myOaikamii. Yci aBropu npounranu ¢i-
HaJIbHUM TEKCT PYKOITUCY i CXBAJIUJIN MOTO.

Bnecok aBTopiB. JIst6ax A.I1. — inest mocimkeHHs, hop-
MYyJTIIOBaHHS BUCHOBKY; TypuuH O.A. — jiTepaTtypHuii mo-
LYK Ta aHaJIi3 JiTepaTypHux mxepen; [IarkoBebkuii B.M.,
Xapuuk B.C. — yyactb y ¢popMyBaHHi €J1€eKTPOHHOI 0a3u
JIAHUX, CTATUCTUYHUI aHasli3; €BnaHTheBa T.A. — aHKeTy-
BaHHSI Malli€EHTIB, y4aCTh Y CTAaTUCTUYHOMY aHaJTi3i.
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Comparative analysis of the results of the Syme’s operation and transtibial amputation
in patients with gunshot injuries of the lower limb

Abstract. Background. Syme’s operation in patients with gunshot
injuries of the foot has a number of advantages, but it is performed
very rarely. The aim was to conduct a comparative analysis of func-

tional capacity and quality of life in patients with gunshot injuries
of the lower limb after Syme’s operation and transtibial amputation
(TTA). Materials and methods. Forty-six patients aged 20—63 years
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with gunshot injuries of the lower limb and their consequences who
underwent Syme’s operation (group I, 10 patients) and TTA (group
II, 36 patients). The severity of limb injury was determined by the
Hannover Fracture Scale-98, functional outcome was assessed by
the Short Musculoskeletal Function Assessment (SMFA), and qual-
ity of life was assessed by the EQoL-5D-5L. Results. There were no
significant differences in the mean values characterizing age, severity
of limb injury and number of surgeries prior to hospitalization. Out-
comes were assessed in all patients in terms from 1 to 10 years. Patients
who underwent Syme’s operation had significantly better mean scores
on the applied scoring systems compared to patients who underwent
TTA. The mean value of standardized disability index (SMFA) in pa-

tients of group I was 0.13 vs 0.22 in patients of group II (p = 0.006;
two-sample t-test). The quality of life of the injured in group I, ac-
cording to EQoL-5D-5L (VAS), was better than that in patients of
group II (83.6 and 75.4 respectively, p = 0.04; two-sample t-test) due
to the mobility, activity, anxiety/depression segments (p = 0.02; 0.04;
0.01, respectively; two-sample t-test). Conclusions. Syme’s operation
provides a better functional outcome according to SMFA and a bet-
ter quality of life according to EQoL-5D-5L than TTA. This makes it
possible to use Syme’s operation more widely in patients with gunshot
injuries of the lower limb in indicated cases.

Keywords: gunshot injury; lower limb; Syme’s operation; trans-
tibial amputation; quality of life
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Aonrorionos O.B.", bespydyeHko C.O.", 3aHbko I.C.7, Cysopos B.A.", KapniHcbka O.A.%,
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TAY «lHCcTUTYT TPABMATOAOTIT TQ opTOneaii HAMH Ykpainu», m. Knis, YkpaiHa

2AY «IHCTUTYT NaQToAorii xpebTa 1a cymobis imeHi npogpecopa M.l CuteHka HAMH YkpaiHn»,

M. XapkiB, YkpaiHa

MoAEeAIOBAHHS PO60TU M’A3iB AONATKU NPU 3TMHAHHI
BepPXHbOI KiHLiBKU B MTA@4YOBOMY CYrAOODi

Pestome. AKTyanbHICTb. AOMQTKA | KAKOYMLIST BIAIMDQIOTE KAKOYOBY POAb Y CTAGIAIZALIT TQ NepeAQyi HOBAHTAXKEHb
BiA BEPXHBOI KiHUIBKWN AO TyAyOQ. [TIAHSITTS PYKU nepeAbQyae pyx siIK Yy MEHONAeYoBOMY CYMobi, TaK i B Aonar-
KOBO-TPYAHOMY 34YAEHYBQAHHI. [1ov MOEAHQHOMY MOLLUKOAXKEHHI CTRYKTYP LinX CYIMOOBIB MOPYLLYETHCSI SIK LIAICHICTb
KICTKOBOIO KiAbLIST HQAMAIYYSI, TAK | M’SI30BO-3B‘513K0BUM 6AAQHC. MeTa: BU3HQYUT BEAUYUHY CUAM TQ KPYTHUX MO-
MEHTIB, SIKi CTBOPIOKOTb M S13M, BIAMOBIAQABHI 3Q CTABIAIBALLIKO AOMATKN TQ KAKOYML MW 3ruHAHHI pyky. Marepiaau
TQ MeToAmn. 5A30Ba MOAEAL — TOUBUMIDHQ MOAEAL MAEYQA TQ BEPXHBLOI KiHLIIBKU ANST MOAEAKBAHHS AMHQAMIK DYKIN
B PEQAABHOMY YQCI, BKAKOHQKOYM HE3QAEXKHNN M S1I30BUA KOHTPOAb AOMQTKU TQ KAKOYMLL. AHQAIZYBAAU CUAY TQ KPYT-
HW MOMEHT, SIKi CTBOPIOKOTb M 513U, BIAMOBIAQABHI 30 CTABGIAIZQLIKO AOMIQTKM MPu 3riHAHHI (MIAVMOMI PYKU) BIEPEA
Ha 90°. lMpoBoAUAM QHAAIZ POBOTY TAKKMX M 53iB: mm. rhomboideus, trapezius scapularis Ta clavicularis, serratus
anterior (upper), levator scapulae. Pesyabratu. [lia yac paexcii nneda A0 90° AONQTKA BUKOHYE AQTEPOPOTALIO,
MIAAQLLTOBYHOYM CBOKO MO3ULLIKO AO PYXY NAEHOBOI KICTKM. Lle KPUTUMHHO BAXKAMBO ANAST 30E0EXKEHHST MiAQKPOMIOAL-
HOro rpoCTopY, 3arobirQHHST IMMIHAKMEHTY 11 3a6e3rneyYeHHs TAQBHOro pyxy. Serratus anterior (lower) — ronoBHuA
iHiLiaTOP AQTEepPOPOTALYl AOIATKM PV PASKCIT IASYQ. MIOro KpyTHNEI MOMEHT HaUBMLLIY y riepLumx 20-30°, L0 Kpu-
TUYHO AAST «PO3rOHY» Pyxy. Ao 60° paekcii akTuBHICTb serratus anterior (lower) € MQKCUMQABHOK, CAMe TyT popMmy-
ETbCST HANBIABLLINK KPYTHUA MOMEHT, SIK MOKA3Yye rpadik. [licas 60°: ¢yHKLis CTabIABALIl nepexoanTs A0 TpaneLir,
serratus npALKE MEHLL QKTVBHO (I3oMeTpmnYHO). OCHOBHQ CUAOBQ NApPA AASI CTABIABHOIO PYXy AOMQTKM MoV GAEK-
cii cknaaQeTbcst 3 serratus anterior (lower) 1a trapezius (upper/lower), siki 3a6e3rneyytoTs KOHTPOALOBAHY AQTEPO-
porauito. Came Ui M’s131 pO3BUBAKOTE HANBIABLLI MOMEHTV MM PYCI PYKku Biepea — 3 serratus anterior (lower) Ha
noyarky pyxy, trapezius (upper/lower) — npu KyTi, 6GAn3bKoMY A0 90°. IHLLI M 31 (rhomboideus, levator scapulae)
MOAYAKOIOTb | OBMEXKYHOTb HOAMIDHI PYXU, YTPUMYKOYM AOMQTKY CTABGIABHOK. BUCHOBKU. 3Q AQHMN MOAEAKOBAHHS
BU3HQYEHO, O OCHOBHUMM M SI3aMU-CTABIAIZATOPAMIM AOMATKM Mpuv GAEKCIi aeda € serratus anterior (lower) i
trapezius. Came Lji M3 CTBOPIKOKOTb MAKCUMQOAbHI KPYTHI MOMEHTU ripun PYCI PyKM Briepes. Yepes aHaromiyHe
MOAOXKEHHST LMX M 513iB — 6E3rM0CepeAHE KPIMAEHHST A0 HAVBIABLL PYXOMUX AIASTHOK AOMQATKN — NPV MepeAoMi Lii
M ’s1311 BTDQYQKOTb OrOPY ANST CTBOPEHHSI MOMEHTY, LLIO MPU3BOANTE AO 3HQYHOIO OOMEIKEHHST PYXIB BEPXHbOI KiHLIB-
KV TQ MOPYLLEHHST CTABIABHOCTI AOMATKM.

KAIO4OBiI CAOBQL: nAeyvoBuri Cymob, AOMQATKA, 3rMHAHHST, M 5131, I30METDUYHQ CUAQ, MOMEHT CUAM

Bctyn

[ToenHaHi mepeoMu JIOMATKKU Ta KJIIOUUIL € PiIKiCHOIO
TPaBMOIO, sIKa 3a3BMYaii BUHWKAE BHACJIIOK BUCOKO-
€HEepreTMYHOTr0 MeXaHi3My, 30KpeMa BOTHEMNaJIbHOTO abo
MIiHHO-BHOYXOBOIO ITOpaHEHHsS Y MAli€HTIB i3 00i10BOIO
TpaBMOIO, i CTaHOBUTBL 3—5 % ycCiX TepesioMiB TIEYOBOTO
nosica Ta 1 % Bim 3arajibHOI KiJIbKOCTi TEpesioMiB y 1I-

BUIbHMX MauieHTiB [1]. Bnepiie Taka KomOiHallis repesio-
MiB Oyia ormmcana Ganz ta Noesberger y 1975 poiii, i s
il Mo3Ha4YeHHs OyJI0 3aIIPOIIOHOBAHO TEePMiH «(DIIOTyIOUE
riede» (floating shoulder) [2]. Y 1993 poiii Goss Ta iH. 3a-
TIPOBAIWIN TEPMiH «BEepXHii IUIEUOBUM MiABICHUIT KOMII-
Jekc» (superior suspensory shoulder complex (SSSC)),
SIKUI BKJII0Ya€ B ce0e KiCTKOBi Ta M’SIKOTKAHMHHI CTPyK-
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TypHu, 1110 3a0e3MeuyIoTh 6ioMeXaHiKy IIe4OoBOro Cyrjaooa,
30KpeMa: TJIEHOI JOMaTKM, N3b00OIMOMAIOHMIA BiIpOCTOK
JIONATKM, A3b000NOMIOHO-KITIOUNYHI 3B’ SI3KM, HaIIUIedO-
BO-KJIIOUMYHMI CYIJ100, HAAIJICYOBUU KiHEIb KIIIOYMIL
Ta HaAIUICEYOBUIA BipocToK jonaTku [3]. 3romom moHsST-
TS «a0TyIoue Iede» OyJI0 BiZOKpPeMJICHO i CTalio Ha3M-
BAaTUCh «ITOJIBifiHE TMOIIKOMKEHHSI BEPXHBOTO ILJIEYOBOTO
nigBicHOoro Komruiekcy» (double disruption of the SSSC)
[4]. OOunBa 11i aHaTOMiIYHI YTBOPEHHS (JI0IAaTKa i KII0Yn-
1151) BimirparoTh KJIIOYOBY poOJib y cTabijizallii Ta mepegadi
HaBaHTaXX€Hb BiJl BEPXHbOI KiHIIiBKM 10 Tyayoa. Kiouuniis
3abe3mneyye 3B’S130K MK TPyJHUM CKEJETOM i JIOMaTKolo,
MiATPUMYIOUM TIPpaBUJIbHE MOJOXEHHSI OCTAHHBOI, TOMI SIK
JIOTaTKa € OCHOBOIO JUISI IPUKPITUIEHHS YUCIIEHHUX M SI3iB,
o 3a0e3MedyloTh PyXd IUIedyoBoro cyriaoba. IlimHaTTs
pYKH Tiepenbavae pyx K y TJICHOIJIEYOBOMY CyIJIO0i, Tak
i B JIONaTKOBO-TPYyIHOMY 3ujieHyBaHHi. [Ipu moenHaHOMY
MOILKO/XKEHHI CTPYKTYP LUX CYIJIO0iB MOPYUIYETHCS K
LiJTiCHICTh KiCTKOBOTO KiIBLIST HAATUIiYYs, TaK i M’SI30BO-
3B’s13K0BUI OanaHc. Lle Mmoxke mpuU3BOAUTU OO CEPMO3HUX
0oOMeXeHb Yy pyCi BEpXHbOI KiHIiBKHM, BKJIOYAalOYW 3HHU-
JKEHHS MOXJIMBOCTI BiZIBE€ICHHS, 3TUHAHHS, OOEPTaHHS Y
TUIEYOBOMY CYIJIO0i, @ TAKOX J0 aCUMETPIi MJIEYOBOTO T0-
sicy. MexaHi3Mu KoMIleHcallii 3 00Ky M’sI3iB-aHTaroHicTiB
i cTabimi3aTopiB cTalOTh Hee(PEKTUBHUMMU, 110 YCKIIATHIOE
¢dyHKIioHaTbHE BimHOBIEHHs. OCOOIMBO BUPAXKEHUMU €
MOPYIIEHHSI KOOPAMHAIIIL MiXK pyXaMH JIOITATKH Ta IUIeY0-
BOI KicTKM (Tak 3BaHmMii scapulohumeral rhythm), 1o mo-
JaTKOBO IMOCUJIIOE TUC(MYHKIIiIO, a JIIKyBaHHS TPaBM TaKO-
ro TUITy BXe 0araTo poKiB € MpeaMeTOM AUCKYCiii, i Hapa3i
HE iCHY€ €IMHOI AYMKM 1100 ONTUMAaJbHOIO MiAXOay IO
JIIKyBaHHSI.

Merta: BU3HAYUTHU BEIUYUHY CHJIM Ta KPYTHUX MOMEH-
TiB, SIKi CTBOPIOIOTh M’513U, BilMOBiNaMbHI 3a cTabinizallito
JIOTIaTKY Ta KJIIOYULIi TTPY 3TUHAHHI PYKU.

Marepiaam Ta meToamn

MopentoBaHHs poBoauan B maketi OpenSim [5] —
BinkpuTiit maTdopwmi, sika po3podseHa B LleHTpi Giome-
nnaHnx obumnciaeHb NIH CreHdopacbkoro yHiBepcuTeTy
IUIST M’SI30BO-CKEJIETHOTO MOJIEJIIOBAHHS, SIKa ITO3BOJISIE
OymyBaTu IMMPOBI MO JIIOICHKOTO TijIa, BITTBOPIOBATHA
PYXY Ta OLIIHIOBATH BHYTPIIIHiI OioMeXaHIYHI mapaMeTpH,
SIK-OT M ’SI30Bi CUJIM, peaKTUBHI HaBaHTaXKeHHS B CyTiI00ax
TOLIO.

bazoBa monensy misg DAS3 — e TpuBMMipHa Moneib
rjieya Ta BEPXHbOI KiHIIIBKU JUJII MOJEIIOBAHHS [HMHA-
MiKM pYKM B peajJbHOMY 4Yaci, BKJIIOUYAIOUM He3aJeXKHUM
M’SI30BHi1 KOHTPOJIb JIOMTATKU Ta KITIOUHUII [6].

AHaizyBaau CWIy Ta KPyTHUIA MOMEHT, SIKi CTBOPIOIOTh
M’sI3U, BIAIIOBimaJIbHI 3a cTaOiITi3aMio JIOmaTKU IIPU 3TH-
HaHHi (TTigitomi pyku) Briepen Ha 90° [7].

IIpoBomunm aHami3 poOOTH TaKUX M SI3iB:

— mm. rhomboideus. I'pyna rmmOoKMxX BIacCHUX M sI3iB
mieJa, SKi pa3oM 3 I'PYTHUHO-KIIOUYMYHO-COCKOIIOIi0-
HUM, TpamelienomiOHuUM, TPyIHUM M’SI3aMM, HaAWIIUp-
IIMM M’SI30M CIIMHU i IepeIHiM 3y04acTUM M’S130M yTBO-
PIOIOTH TUIEYOBUI MMosic. M’sI3U BiIBOASATH, IMiAHIMAIOTh
i o0epTalTh JIOMATKy, PO3TMHAIOTH MeAialbHUI Kpai

JIOTTATKU, YTPUMYIOUH 11 B TIOJIOKEHHI Ha 3alHil TpyaHiit
CTiHIIi;

— trapezius scapularis Ta clavicularis. Tpaneuiernonio-
HUI M’S13 Ma€ TpU YacTUHU. BepxHs miaTpumye pyky, ce-
peHs BTATYE JIONATKY, HUXHS Oepe y4acTb y MelliaTbHOMY
IMOBOPOTi i MPUTHUCKAHHI JIONATKU;

— serratus anterior (upper). Beaukuii miockuii 3youac-
TH M’$513, po3TallloBaHUiA Ha OiUHil CTiHII TPYAHOI KJIITKH,
nia Jonatko. OCHOBHI (DYHKIIii: BUTSATYE JIOMATKy BIie-
pen, Bim xpebTa, 110 HEOOXiMHO IJII TaKWUX PYyXiB, SIK Bill-
>KMUMaHHSI, KWIAHHS i MIHIMaHHST PyK; JoroMarae ooep-
TaTH JIOTIATKy Bropy, 1110 JO3BOJISIE MiIHIMATH PYKY BUIIE
90°, Ta yTpUMY€E JIOTIATKY MPUTUCHYTOIO J0 TPYIHOI KITITKH,
3arobiraioun ii BimllapyBaHHIO (TaK 3BaHa KPUJIOIOMiOHA
JIomaTKa);

— levator scapulae. @yHKIIis1 migiiiMaya JIOMAaTKX I10-
JISITa€ B IMIAHSTTI JIONATKY i HaXWJIi TOPOXHUHM TJIEHOITY
JIOHU3Y HUISIXOM 00€pTaHHS JIOMATKU JOHU3Y.

Ha rpadikax KpyTHUX MOMEHTIB BPaXOBYEMO MOIYJIb-
Hi 3HauyeHHs. KpyTHi MOMEHTH BpaxoBYIOTh HAMPSIMOK JIii
CWJIH, i TIPU 3pOCTaHHI Bill’EMHUX 3HAUYEHbD 11€ HE 3HWXKCH-
HSI MOMEHTY, a 3MiHa HanpsMKy 1ii [8, 9].

PesyAbTaTH

ITpu ninitomi pyku Briepen ao 90° 6iomexaHika rieyo-
BOTO MOsICa BKJIIOYAE CKIIAJHY B3a€EMOIII0 MiX TJIEHOBUM
(rneHorymepajiibHUM), JIONATKOBO-TPYIHUM (CKaIlyJIOTO-
pakaJbHMM) Ta iHIIMMM CYrjjo0aMu 3 aklEHTOM Ha pyX
JIONATKU, SIKUA € KIIOYOBUM [UISI 320€3MeUYeHHsI TOBHOTO
niarmazony pyxy [10].

[Ipu migitomi pyku Briepen mo 90° BigOyBa€eTbCsS KOM-
OiHallisl pyXiB y KIiJIBKOX CyIj100ax: IUIEYOBUI CYIJI00
(rmeHoim) 3abesmneuye (IEKCil0 IJIEYOBOI KiCTKM; KITIO-
YUYHO-TPYAUHHUI KOMIUIEKC AO3BOJISIE PYXM JIOMATKU
BiTHOCHO TPYAHOI KJIiTKM; IPYIHUHO-KJIIOUYNYHUN Ta Ha-
MJIEYOBO-KJIIOUMYHUIA CyTra100U 3a0€3MeUyioTh pyX KIIOUM-
11i, II0 CIpUSIE TO3UILIIOHYBaHHIO JionaTku. st 3abe3ne-
YEHHSI TIJIABHOTO PYXY ILjieva CITiBBIIHOIIEHHST MiXK PyXoMm
[JIEHOTYMEpaJIbHOTO Ccyriioba Ta JIONaTKu CTAHOBUTD TPU-
o6sm3Ho 2 : 1 (ckamynorymopanbHuUii put™m). Hampuknan,
Ha KOXHi 2° ¢yiekcii B INIeHOryMepaJbHOMY CyTJI00i mpu-
manae 1° pyxy qomatkum [11].

ITpu duexcii pyku 1o 90° jonaTka BUKOHYE KijibKa TU-
IMiB pyXiB Yy CKaIlyJOTOpaKaJbHOMY KOMILIEKCi. BepxHs
poTallisl: HUXKHIM KYT JIOMAaTKU 3MIIYEThCS JIaTepajabHO
Ta Bropy, a BEpXHiil KyT — MeiaJIbHO Ta BHU3 IIPUOJIU3HO
Ha KyT 20—30° (3a1eXXHO Bifl iHAUBiTyaJIbHUX 0COOIMBOC-
Teit). Lle ocHOBHMIT pyX, SIKMiI TO3BOJISIE aKpOMiaJlbHO-
MY BiIpOCTKY JIOMATKM MiJHSITUCS Ta YHUKHYTH iMITiH-
IKMEHTY (3aTMCKaHHSI) CTPYKTYp B cyOakpomiaabHOMY
MIpOCTOPi. 3amHii HAXWJI: HUKHIN KYT JIOMATKM IeII0 Bil-
XUJISIEThCS Ha3an (TmocTepiopHo) Ha KyT go 10—15°, 1o
JIOTIOMAara€e MiATPUMYBaTU CyOaKpOMiaJIbHUM IIPOCTIp.
JlatepanbHe 3MillleHHS: JJOTAaTKa 3JIeTKa 3MilllyETbCS BIle-
pen i 1aTepalibHO HAaBKOJIO TPYAHOI KJIITKU, afalTylouucCh
o pyxy pyku Brepend. Lli He3HauHi pyxu 3a0e3MedyloTh
ONTUMAaJIbHE MO3ULIIOHYBAaHHS TJIEHOINAIbHOI MTOPOXKHM-
HU JJ1 TATPUMKHU TJIEYOBO1 KiCTKM Ta MaKCUMi3allii gia-
Ma30HY pyXy.
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Pyxu nmonmaTku KOHTPOIIOIOTHCS KiJIbKOMa KJIIOUOBUMU
M’si3amu. BepxHiit mydok TparnelienoaioHoro M’s3a cupu-
si€ BEpXHili poTalii Ta migiioMy JionaTku. HukHiil mydyok
TparelienoaioHoro M’si3a cTabiizye HUXKHIN KyT Jomnar-
KU Ta cripusie BepxHiii potauii. [lepenHiit 3ybuactuii m’s13
(serratus anterior) — OCHOBHMI M’SI3 JUIsl BEPXHBOI poTa-
1Iii Ta JaTepaJbHOTO 3MIilllEeHHS JIONATKW, YTPUMYE 11 Ois
rpyaHoi KiniTku. PomOomnonioHi M’s13u Ta cepeHiil MmydyoK
TparieiienoaioHoro M’s13a cTabiIi3yIOTh JIONATKY, 3amobi-
raloyu HajaMipHOMY JaTepaibHOMY 3MillleHHI0. ['pymHuMit
Mainuii M’s13 (pectoralis minor) MoxXe CHpUSITA 3aTHbOMY
HaXWIy Ta cTabimizaltii.

Kirrouniist Takox Bimirpa€e BaxkJIuBY posib. Y TPyIHUHO-
KJTIIOUMIHOMY CYIJIOOi BimOyBa€eThes mimiiom (elevation) i
3a7Hs poTallis KJIIOYMIIi, 1110 JO3BOJISIE JIOMATLI PyXaTUCs
Bropy. B Hanmie4oBo-KIIOUMYHOMY CYI/100i BiZOyBa€eThCs
HEe3HayHa poTallisd, 110 COpHUsE amanTallii akpoMioHa 10
pyXy JIOMATKU.

Posrinsinemo poGoTy M’s13iB, BillOBiTaJIbHUX 3a PyX JIO-
MaTKY Ta KJIFOYUIIi IPY 3TUHAHHI pyku 10 90°.

Trapezius clavicular (BepxHiil Mmy4ok Tparmenienomnio-
HOTo M’s13a) Oepe MOYaTOK Bil 30BHIIIHHOTO IMOTWJIMIHO-
ro rop0ka, MemiaJbHOI TPETUHU BEPXHBOI IIMIHOI JIiHil
MOTUJIMYHOI KIiCTKM Ta 3B’3KM nuchae, MpUKpiILIO0-
YUCh IO 3aJHBOTO Kpalo JjaTepaabHOI TPETUHU KIIIOUMIIL.
M. trapezius clavicular Bimirpae BaXxJIMBY poJib Y (hJaeKcii
PYKH, CIIpUsIIOUM pyXy JomnaTku. BiH 3abe3neuye BepxHIO
poTalliito, migitom Ta ctabinizauito jornatku. Puexcist pyku,
ocobauBo 10 90°, mepeadavae migiioM PyKM BIiepend, IO
BUMAara€e CKOOPJMHOBAHOTO PYXY TUIEUOBOTO (TJIEHOTYMe-
pajbHOro) cyriaoba Ta JIONMaTKOBO-TPYIHOTO (CKamyJaoTo-
pakaJbHOTO) KOMIUIEKCY. M’SI13 CIIpUsIE PUTMY TUIEYOJI0-
MaTKOBOIO CyIyio0a yepe3 MPUKPIIUIEHHS OO0 KJIIOUMIIi Ta
JIOTIATKH.

YV pesynbTaTi MOMAENIOBaHHSI aKTUBHOCTI BEPXHBOTO
MyyKa TparnelienoaioHoro M’si3a mia yac (iekcii BepXxHboi

KiHIIiBKM BCTAaHOBJIEHO, 1110 10 KyTa 30—35° M’s130Ba cuiia
(puc. la) 3aIMIIA€THCS MPAKTUYHO HE3MIHHOIO B MeXKax
10,75—11,0 H, 1o cBiguuTh mpo ii mepeBaxHy cTabiizy-
BaJIbHY (DYHKIIiIO Ha ITOYATKOBUMX eTallax IiaiioMy KiHIIiB-
ku. [TpoTe 3i 30iIbIIIEHHSM KyTa 3TUHAHHS BiI3HAYAETHCS
CTpiMKe 3pocTaHHsI HeoOXimHoro 3ycuis — go 12,75 H
rpu nocsaraeHHi 90°. OcHOBHUIT OioMexaHIYHUI BIIUB Ha
M’sI3 3yMOBJICHUI PYXOM KJTIOUMIIi, OMHAK Mig 9ac drekcii
il amIutityma oOMexXeHa, TOMY i1 3MiHa M’ S30BOTO 3YCHILISI
3QJIMIIAETHCST HE3HAYHOIO.

Kpyrauit momeHT (puc. 10), 110 CTBOPIOETHCS BEpPX-
HiM ITy4yKOM TparieuienonioHoro m’s3a (m. trapezius, pars
clavicularis), 3MiHIOETbCSI Y BiTHOCHO BY3bKOMY JiaIia3o-
Hi — Bix 0,05 no 0,3 H-Mm, npuyomy iioro auHamika Oijiblie
3aJIeXXUTh Bill HATIPSIMKY PYXY, HiXX BiZl aOCOJIIOTHOI CHJIH.

M. trapezius scapularis (cepenHiii mydyok Tpamerie-
rnoaioHoro M’si3a) (puc. 2B) BUKOHYE cTaldinizalliiiHy Ta
KOHTpPOJIbHY (pyHKIIi10 T1im yac duekcii pyku no 90°. Ce-
peIHi BOJIOKHA M’si3a MIyTh O MeIiaJIbHOIO Kpalo aKpoMi-
aJIbHOTO BiIpPOCTKa Ta BEpXHbOTO Kparo OCTi jonatku. [1pu
(nexcii meya no 90° cepenHiil Myvyok TpamneuienoaioHo-
ro M’s13a He € OCHOBHMM DYIIIEM PyXy, ajle € KPUTUUYHO
BaXJIMBUM cTalinizaTopoM. BiH 3a0e3neuye KiHeMaTUUHY
CHHXPOHI3allil0 MK PyXOM IJIeYOBOI KiCTKHM Ta JIOMATKU.
Y daszi Big 60° 1o 90° dekcii cepeaHiit My4oK CIpUsE pe-
Tpakiii JioraTtky, 30epirarouu ii B ONTUMaJIbHOMY TOJIO-
JKEeHHI TIpY pycCi pyKH B cariTajbHiii IJIONIMHI.

OTxe, 3a pe3yJabTaTaMu MOJETIOBAHHS TIPU HYJIbOBO-
My TIOJIOXKEHHi pyKH (pyKa B3IOBX Tijlia) JOIIaTKa Hama-
Ta€ThCS BIIXWJIMTHUCS Bil 3aIHBOI IOBEPXHi pedep, ToMy
m. trapezius scapularis po3suBae cuny y Mexkax 600 H misa
yTpUMaHHS JIONAaTKU Ha Miclii. Ajie mpu migioMi pyKu 10
KyTa 60° jjoratka MpUPOIHO MPUTITAETLCS 10 pebep. [Tpu
nojasbliii uekcii BinOyBaeTbcss MPOTpaKilisi JOMaTKu,
TOoMy IUIs i cTabOimizamii 30iIbIIYETHCS cuila M’si3a, 110
i BimoOpaxkeHo Ha giarpami (puc. 2a). Uepes Te, 1o m’si3
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PucyHok 1. Cuna (a) Ta kpyTHuii MOMeHT (6), siki cTBopiloe m. trapezius clavicular npun ¢pnekcii BepxHboi
KiHuiBkmu Ha 90° (B)
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BIIPOJIOBX BChOTO LIMKITY 3TUHAHHS PYKU MPALIOE€ B OJHO-
MY HamnpsIMKy Ha CKOPOUEHHSI, KpyTHUIT MOMEHT (puc. 20)
Ma€ BUIJIS TJIABHO CI1aar04yoi KpUBOI.

M’s3 rhomboideus (pomGoronioHuii M’a3) (puc. 3B).
Moro ocHOBHi (yHKLi MOATAIOTh y MPUBEIEHH] JIoMNaT-
KM 10 xpebTa, MigHiMaHHI MeIiaJbHOTO Kpalo JIOMaTKH,
ikcarii JonaTku 10 rpyaHoi ctiHku. [Ipu minitomi mpsi-
Moi pyku Brepen a0 90° jonaTka o0epTaEThCs JaTepasib-
HO (Bropy), IIpM IIbOMY aKTHUBYIOTBCS M. trapezius Ta m.
serratus anterior. [y craodimizaiii Jomatkn rhomboideus
TSTHE ii MeaiaJbHO Ta BHU3, TOOTO CIIPUSIE MeMiaIbHiil po-
tauii. CtabijizaTop JomaTKu yITpUMYE ii OiJist XpedTa, 0co-
OJIMBO MPU CTATUYHOMY HaBaHTaXKEHHI.

3a JaHUMU MOJIEIOBaHHSI, TPU 3TMHAHHI IJlevya 0 KyTa
50—60° (puc. 3a) cuita poMOOMOAIGHOTO M’s13a JIMIIAETHCS

Maitke Ha OJHOMY PiBHi, TOOTO MOMipHO 3MiHIOEThCS Bil
0 H nmpu onymieniit xinuiBui no 70 H. Ha upomy iHTepBami
(brekcii KiHIIBKY pyX JIOMAaTKW HE3HAYHUIA, 1110 i MOKa3ye
rpadixk. Ajle mpu MoJANbIIOMY 3TMHaHHI micis 60° cro-
CTepiraeTbCcsi HapoOCTaHHSI CWIM poMOoIiofiOHOTO M’si3a
3 makcumymoMm y 350 H mpu kyti 90°. Came nipu dexcii
KiHIIiBKM Oiiblre 3a 60°, sIK OyJI0 CKa3aHO BUIIE, MOYU-
HAaIOTbCs aKTUBHI PYXU JIOMIATKU Ta, BiIIOBIIHO, 3pOCTa€e
cuJia M’sI3iB, BiIMOBiIaIbHUX 3a 11 cTabinizauito. KpyrHuii
MOMEHT, KMt cTBopioe m. rhomboideus (puc. 30) mouu-
HAa€e CTPIMKO 3pocTaTu caMe Iicis uiekcii 60°.

M. serratus anterior (mepenHiii 3yOGuacTuit M’s3).
Serratus anterior (upper) (puc. 4B) MOUMHAETHCS Bill BepX-
Hix pebep (1—2) i TArHeTbCs 10 BEPXHBHOTO KyTa JOIATKMU.
dikcye BepxHiil KyT JIONMATKM Ha MOYATKY PyXy, TOOTO
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PucyHok 3. Cuna (a) Ta kpyTHuii MomeHT (6) m. rhomboideus (B)
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3/1iliCHIOE MOYATKOBY cTabitizaliio. Serratus anterior (lower)
(puic. 5B) MOYMHAETHCS Bill HIDKHIX pebep (6—9) i TrHeThes
JI0 HUXKHBOTO KyTa JionaTtku. M. serratus anterior ikcye J1o-
MaTKy 10 TPYIHOI KJIITKH, BTSITYE JIOTNATKY JlaTepajbHO (JlaTe-
POTpaxilisi) Ta MOBepTaE JOMATKy JOropy (JIaTepopoTallisi),
10 KPUTUYIHO BAXKJIMBO JIJIS THIHSATTS pyKH Ha TioHas 60°.
30iIbIIEHHS] CWJIM BEPXHBOI YACTUHM MEePEIHbOTO 3y0-
YacTOro M’s13a, HeOOXiTHOI IS IMiATpUMaHHs CTaOlIbHOCTI
JIONIAaTKU, IOYMHAETHCS 3 KyTa (iiekcii oinbiie 50° (puc. 4a).
3ybOuacTtuii XxapakTep 30iJIbIIIEHHS CUJIM OB’ SI3aHUI 3 T10-
CTYIIOBUM 3aJIy4eHHSIM ITyUKiB 3i 30UIbIIIEHHSIM KyTa 3TH-
HaHH4. Illo cTocyeTbes 3MiHM KpYyTHOIO MOMEHTY, TO M.
serratus anterior (upper) 10 Kyta 30° CTBOpIO€ MiHiMaJTbHUIA
MOMEHT, SIKUI 3aJIeKUTh BUKJIIOUHO Bill 3MiHM KOOpIMHA-
TiB CKOpPOYEHHSI, Jaji 10 60° crocTepira€Thcsl BKIIOUEHHS

M’si3a B po0OTY i3 cTabinizallii, i MOMEHT 3pocTae, Ipu 110~
JajblIiii yiekcii akTMBHA poTallisi 3pocTae, aje KpyTHUit
MOMEHT 3aJIUIIAEThCI Maiike He3MiHHMM. Ha 1mbomy Binm-
Pi3Ky KOHTpPOJIb CTabiIizallii mepenaeTbes trapezius.

Upper serratus anterior He CTBOPIOE 3HAYHOTO KPYTHOTO
MOMEHTY caMocTiitHO rpu duekcii mieua. Moro dyHkuist
IIOJISITA€E B YTPUMAaHHI JOMATKM CTA0LIbHOIO, 1100 HE BU-
HUKAaJIO TTapa3uTHUX pOTalliii. ¥ peaqbHOCTi OCHOBHE JIKe-
pesio KpyTHOTO MOMEHTY ISl JIaTepOopOoTallil J0MaTKU Mpu
MiIiioMi pyKr — HIKHSI YaCcTUHA serratus anterior (puc. SB)
y MO€JHAHHI 3 BEPXHbOIO Ta HUXKHBOIO TpareLi€lo.

Ha nmouaTky pyxy KiHLiBKM cuia serratus anterior (lower)
CIpsIMOBaHa Ha yTPUMaHHSI HUDKHBOTO KiH1ISI JIOTTIATKH, ajie
ripu ¢excii KiHIiBKY JIOTIATKY 10MTOMaraloTh yTpUMYBaTh
iHIIIl M’5131, TOMY HEOOXiTHa crJia 3MEHIIYEThCS (puUC. S5a).
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PucyHok 5. Cuna (a) Ta kpyTHuii MoMmeHT (6) m. serratus anterior (lower) (B)
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PucyHok 6. Cuna (a) Ta kpyTHuii MomeHT (6) m. serratus anterior (lower) (B)

AHAJIOTIYHO PO3BUBAETHCS i KPYTHUII MOMEHT, TOO-
TO BiH MaKCUMaJIbHUU IIPU OMYIIEHIN KiHIIIBIII i Mailke
OJIM3bKUIA 10 HYJIBOBOTO NpU 3TMHaHHI Ha 90° (puc. 50).
Ha nouatky ¢aexcii (0—30°) HuXHSI yacTMHaA serratus
anterior nyxe akTuBHa. BoHa 3a6e3mneuye 1aTepopoTailito
JIONMATKU, TOTYE CYII00 A0 MOAAIbIIOro MigiioMy pyKu. Y
TaKOMY TOJIOXKEHHI KPYTHUI A MOMEHT HalOUIbIINiA yepe3
3HauYHEe HaBaHTaxkeHHs Ha M’s3. [1pu mopanbiiii dek-
cii (Bix 30° mo 60°) yacTKa MOMEHTY 3HUKYETBCS, 10 PYXY

OinbIlIe JOJy4YaroThCS iHIII M’SI3U (Tpallelis, JeJbTOIO-
nioHwmit). M. serratus anterior (lower) Bce 11 mpailioe, aje
BXe He € OCHOBHMM pyurieM. Ilicasg 70° m’sa3 crabinisye,
ajie Maiixe He CTBOPIOE KPYTHOTO MOMEHTY, JIOIaTKa Bxke
JIOCTAaTHbO MOBEPHYTa JOTOPU, M’SI3 YTPUMYE ii MO3M-
11i10, CIIOCTEPIraeThCs i30METPUUHE HATIPYXKEHHST, MEHILIC
CUJIU.

PosrnsgHemMo pobGoty levator scapulae — M’siza, sKuit
MigiiMae JIOMaTKy Bropy Ta MeliaabHO (ejeBaTop i Meli-

Tabnuus 1. Benn4nHa cuan M’a3iB 3a71€XXHO Bif KyTa 3ruHaHHs ryie4qa

Cuna, H
M’a3n KyT 3ruHaHHs

0’ 15° 30° 45° 60° 75° 90°
Rhomboideus 8,7 13,4 36,0 45,8 86,0 239,7 373,0
Trapezius scapularis 600,0 290,0 208,8 193,5 215,4 286,4 359,0
Trapius clavicularis 12,9 12,8 12,9 13,0 13,2 13,5 13,7
Serratus anterior (upper) 19,6 19,4 19,6 19,7 20,0 20,3 21,2
Serratus anterior (lower) 215,0 75,0 50,0 27,0 20,0 12,0 12,0
Levator scapulae 7,9 16,8 19,0 20,2 32,5 53,8 75,5

Tabnuus 2. Benn4nHa KPYTHUX MOMEHTIB 3aJ1€)XHO Bif KyTa 3ruHaHHs njie4ya
Cuna, H
M’a3n KyT 3ruHaHHs

0’ 15° 30° 45° 60° 75° 90°
Rhomboideus -0,5 -1,1 -3,5 -4,4 -7,3 -17,7 -26,0
Trapezius scapularis 33,6 10,9 3,1 -0,9 -4.1 -8,4 -12,0
Trapius clavicularis 0,1 0,0 -0,1 -0,2 -0,2 -0,3 -0,3
Serratus anterior (upper) 0,0 0,0 -0,1 -0,2 -0,2 -0,2 -0,3
Serratus anterior (lower) 25 8,5 6,2 5,3 0,5 -0,5 -0,1
Levator scapulae -0,6 -1,4 -1,6 -1,6 -2,3 -3,4 -4,3
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aJIbHUM poTaliliHMiT M’s13), a TaKOX HaXWJISIE€ IIUI0 TIPU
dikcosaniit nomnarui. Ha mouarky migiitomy pyku levator
scapulae qoromarae yrpuMaru JomnaTKy crabiibHO0. M’s13
noyrHaeThes Bia BiapocTkiB C1—C4 Ta iine 10 BepXHbOTO
MeIiaJIbHOTO Kparo JIoMmaTKu (puc. 6B).

Mo 30—40° 3ruHaHHs KiHIIiBKY JIOTIaTKa Maiike He po-
TyeThes, levator scapulae cTabirizye BepxHili KyT JIOIIaTKH,
iioro cuia MiHimManbHa. Aje micis 50—60° ¢uekcii mouu-
HAEThCS aKTUBHA JIaTEPOPOTAllisl JIOMATKU, A0 SIKOi levator
scapulae aHTaroHiCTUYHUM. [ yTpyUMaHHS ITOJOXEHHS
BEPXHbLOTO KyTa M’$5I3 CTBOPIOE 3pOCTalOUMii MOMEHT (pUC.
606), a OTXXe, 3pOCTAE CUJIa HATATY CYXOXWIIS (puc. 6a).
[Tpu KyTi 3ruHaHHs 10 85—90° m. levator He poTye JonaT-
Ky CaMOCTIiMHO, a aKTUBYETHCS 1151 OajaHCyBaHHS TSTHU BiJl
serratus anterior (lower) i HIKHBOI Tparewnii. Moro mis —
11e i30MeTpuYHa cTabijizalis, 11100 He JOTYCTUTH HaaAMip-
HOTO HaXMJTy a00 KPYTiHHS JTOTIATKH.

JlaHi TIpo BeTMYMHM CUJIN M SI3iB 3aJI€3KHO Bill KyTa 3T1-
HaHHS TJIeya HaBelleHi B TaoJ. 1.

V 1abi. 2 HaBeAeHi AaHi BeJIMYMHU KPYTHUX MOMEHTIB
3aJIeXKHO Bifl KyTa 3TMHAHHS TIeya.

O6roBopeHHs

ITin yac daekcii mireya g0 90° 1onaTka BUKOHYE JaTepo-
poTallilo, MiIJallITOBYIOUM CBOIO MO3UILII0 10 PyXY IUIeY0-
BOI KicTKU. Lle KpUTUYHO BaxXJIUBO JJIs1 30€peXKeHHST IMi-
AaKpOMIaJIbHOTO MPOCTOPY, 3aMO0iraHHs IMIIHIKMEHTY i
3a0e3MeyeHHs! TUIaBHOTro pyxy. Mu onucaiu podoTy OCHO-
BHMX CTa01Ii3aTOPIB JIOMTATKY IIPY 3TUMHAHHI pyKu 10 90°.

Serratus anterior (lower) — ToOJOBHUI iHilliaTOp J1aTe-
poportarii sonaTku npu diekcii mieya. Moro KpyTHuit
MOMEHT HauBummii y mepmux 20—30°, 1m0 KpuTUYHO
IUTST «pO3TOHY» pyxy. Jlo 60° dekcii akTMBHICTD serratus
anterior (lower) € MakCMMaJbHOIO, caMe TYT (POPMYETHCSI
HaMOUIBIINKM KPYTHUN MOMEHT, SIK IoKa3ye Irpadik (puc.
Sa, 56). ITicas 60°: ¢yHKLia cTabimizalii mepexoanTb 10
Tpariellii, serratus rpaliroe MeHII aKTUBHO (i30MeTPUYHO).

OcHOBHa cwjioBa mnapa Juisl CTabiIbHOrO pyXy JionaT-
K1 1ipu Jiekcii ckiagaeTbest 3 serratus anterior (lower) Ta
trapezius (upper/lower), siKi 3a06e31e4y0Th KOHTPOJIbOBA-
Hy naTtepoportamnito. Came 11i M’31 pO3BUBAIOTh HAMOLIb-
1IIi MOMEHTH TIpY PYCi pyKu BIiepen — 3 serratus anterior
(lower) Ha moyaTKy pyxy, trapezius (upper/lower) — mpu
KyTi, 6J1u3bkoMy 110 90°.

Inur M’sa3u (rhomboideus, levator scapulae) Momyo-
IOTb i OOMEXYIOTb HaAMipHi PyXW, YTPUMYIOUM JIOIATKy
CTabIbHOIO.

[MoxBilitHMiT mepenoM KIIOYMWIlI i JIOMMATKU TPHU3BO-
JIUTH 10 TIOPYIIEHHS KiIHEMaTUYHOTO JIaHIIora TJe40BO-
o rmosica.

[TopymieHHs cTabiLILHOCTI IIeYOBOTO TTosIca. Kimoumins
Yyepe3 TPYIHUHO-KITIOUYNIHUM CYTJIO0 € EAMHUM KiCTKOBUM
3B’SI3KOM BepXHbOI KiHIIiBKHU 3 Tyayoom. [Ipu ii mepenomi
pyKa «BiJl’€IHYETbCS» BiJl aKCiaJIbBHOTO CKEJIeTa.

K110 T0Aa€ThCS MEPESIOM JIOMATKU, TO MOPYIIYETHCS
(ikcauiss pyku 10 TPyAHOI KJIITKU yepe3 M’si3M, 1O MpU-
3BOJUTH A0 3POCTAHHSI HECTAOLTBHOCTI.

Brpara kKoopauHailiii 101MaTKOBO-TyMepaJbHOTO PUTMY.
Sk OyJ10 ckazaHo BUIIlE, HAa KOXHI 2° pyXy Tuieda rpuriajaae

1° porauii tonarku. [1pu nmopyieHHi 1iiCHOCTI KJIIOUMILi/
JIOTIATKKA BTPAYa€ThCsT 00epTaTbHUIM KOHTPOJIb, TOMI pyKa
He Moxe MigHiMaTucs Buile ~60—90°, 3’ IBISIEThCS JUCKI-
He3ist JonaTky (cKamyJ/sspHa HecTaOiIbHIiCTh) [12].

BinnoginHo, mepesoM KIIOUHUIL i JONAaTKU MPU3BOAUTD
no obMexeHHs1 ¢iekcii. Rhomboideus, levator scapulae,
serratus anterior, trapezius BTpadaroTh OIOPY JJISI TSITH,
ajpKe Jioratka abo/Ta KIHOUMIS HecTaOinbHi. BuHukae
KOMIIEHCATOPHE TIepEHANpPYXEeHHsI IUIUHUX M’s3iB Ta
KOHTpaJsIaTepajibHOTO TJIEYOBOTO TosIca.

Dekcig 3HMKYEThCs 10 ~60—70° BUKIIIOUHO 3a paxy-
HOK M’$13iB 00epTajbHOI MaHXETU, PyXd TyJyda IIpOBO-
KYyIOTb 3MileHHs jonatku [13]. Jlo uboro noga€erncst 6isib
pu OyIb-sSIKUX pyxax.

BUCHOBKMU

3a JaHMMU MOJETIOBaHHS BU3ZHAYEHO, 1110 OCHOBHUMU
M’s13aMU-CTabiTi3aTopaMy JIONMATKA TIpU (IIeKCil Tuieua €
serratus anterior (lower) i trapezius. Came 11i M’sI31 CTBOPIO-
I0Th MAaKCUMaJIbHi KPYTHIi MOMEHTH TIPU pycCi YK BIIepe.
Yepe3 aHaTOMIUHE ITOJIOKEHHS IIMX M’ I3iB — Oe3mocepen-
HE KPIiIUIEHHS 10 HalOLIbII PYXOMUX TiIITHOK JIOMAaTKU —
IpU MepeoMi 11i M’sI31 BTpadyaloTh OIOPY JIsi CTBOPEHHS
MOMEHTY, 110 MPU3BOJUTH 1O 3HAYHOTO OOMEXKEHHS PYXiB
BEPXHBOI KiHI[IBKU Ta MOPYILIEHHS CTa0IbHOCTI JIONMATKHU.

Konduikr inTepeciB. ABTopu 3asBISIOTH TIPO BiICYT-
HiCTh KOH(IIIKTY iHTepeciB Ta BjlacHOI (iHaHCOBOI 3alli-
KaBJIEHOCTI TIPY TiATOTOBIIi JAHOI CTATTi.

Buecok aBropiB. [Jonromonos O.B. — ocratoune 3a-
TBepIXeHHs cTaTTi; be3spyuyenko C.O. — KoOHIEMIsS Ta
nu3aitH po6otu; 3aHbKo 1.C. — xputuunuii orsia; Cy-

BopoB B.JI. — 30ip ta anani3z manux; Kapminceka O./1.,
Kapnincekuit M.F). — 36ip Ta aHaii3 qaHuX, HAlTMCaHHS
CTaTTi.
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Modeling the work of the shoulder muscles during upper limb flexion in the shoulder joint

Abstract. Background. The scapula and clavicle play a key role
in stabilizing and transferring loads from the upper limb to the
trunk. Raising the arm involves movement in the glenohumeral
and scapulothoracic joints. With combined damage to the struc-
tures of these joints, both the integrity of the bony ring of the shoul-
der girdle and the muscle-ligamentous balance are disrupted. The
purpose was to determine the magnitude of the force and torques
created by the muscles responsible for stabilizing the scapula and
clavicle during arm flexion. Materials and methods. The base
model is a three-dimensional model of the shoulder and upper limb
for simulating arm dynamics in real time, including independent
muscle control of the scapula and clavicle. We have analyzed the
force and torque created by the muscles responsible for stabilizing
the scapula during flexion (raising the arm) forward by 90°. The
work of the following muscles was evaluated: mm. rhomboideus,
trapezius scapularis and clavicularis, serratus anterior (upper), le-
vator scapulae. Results. During shoulder flexion to 90°, the scapula
performs lateral rotation, adjusting its position to the movement
of the humerus. This is critical to preserve the subacromial space,
prevent impingement, and ensure smooth movement. Serratus an-
terior (lower) is the main initiator of scapular lateral rotation du-
ring shoulder flexion. Its torque is highest in the first 20—30°, which

is critical for “acceleration” of the movement. Up to 60° of flexion,
the activity of serratus anterior (lower) is maximal, this is where the
greatest torque is generated, as shown in the graph. After 60°: the
stabilization function passes to the trapezius, the serratus works less
actively (isometrically). The main force pair for stable movement of
the scapula during flexion consists of serratus anterior (lower) and
trapezius (upper/lower), which provide controlled lateral rotation.
It is these muscles that develop the greatest torques when the arm
moves forward — with serratus anterior (lower) at the beginning
of the movement, trapezius (upper/lower) at an angle close to 90°.
Other muscles (rhomboideus, levator scapulae) modulate and limit
excessive movements, keeping the scapula stable. Conclusions.
According to the modeling data, it was determined that the main
muscles that stabilize the scapula during shoulder flexion are ser-
ratus anterior (lower) and trapezius. They create maximum torques
when the arm moves forward. Based on the anatomical position of
these muscles — direct attachment to the most mobile areas of the
scapula, with a fracture, they lose support for creating a moment,
which leads to a significant limitation of upper limb movements
and disruption of scapular stability.

Keywords: shoulder joint; scapula; flexion; muscles; isometric
force; moment of force
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Effect of traditional bracing vs. modern techniques
on healing time in pediatric forearm fractures

Abstract. Background. Musculoskeletal injuries are quite common among children, with forearm fractures
being the most common type, which accounts for approximately 40 % of all long bone fractures in the pediatric
population. Meanwhile, the use of modern techniques, including functional bracing, elastic intframedullary nails,
or other methods has become available in the management of these fractures. These treatments are intended
to decrease and minimize immobilization time, encourage early mobilization, and ultimately, accelerate recov-
ery. The purpose: fo examine the eficacy of conventional bracing compared to modern methods in terms of
healing time, functional recovery and pain management in pediatric patients with forearm fractures. Materials
and methods. A prospective, comparative study was performed on 40 pediatric patients aged 4 fo 14 years at a
single medical center. They were then divided info two groups and stratified as such, they were randomly as-
signed to the group of fraditional bracing (n = 20), who wear cast in plaster, or fiberglass casts, or traditional infra-
medullary nails, and the modern techniques group (n = 20), where the functional braces or the elastic inframed-
ullary nailing were used. Healing time (in weeks), grip strength (in kilograms), range motion of joints (in degrees),
pain score (in 0-10 scale), ability to perform daily activities (scored as a percentage of normal activities) were the
main oufcome measures. Results. The patients in the modern techniques group had significantly shorter mean
healing time than those in the fraditional bracing group: 4.73 vs. 5.93 weeks (p < 0.001). In addifion, grip strength
and range of motion were significantly greater in the modern techniques group: 7.51 vs. 5.07 kg (o = 0.003) and
135.05 vs. 118.20 degrees, respectively (o < 0.001). The results of this study imply that modern techniques speed
healing and even have a beneficial effect on functional recovery, in the sense of strength and mobility. In terms
of pain, the modern techniques group scored significantly less pain (2.15 vs. 3.30, p < 0.001). We also found
that patients in the modern techniques group had a better ability to perform daily activities (86.85 vs. 67.10 %,
p < 0.001). The results of the regression analysis confirmed the significance of fixation type as a predictor of all
oufcomes, including healing time, grip strength, and range of motion, all favoring the modern techniques group
(p < 0.001 for all indicators). Conclusions. The results of this study show primarily that nowadays techniques like
functional bracing and elastic inframedullary nailing have several advantages over classical bracing in mana-
ging pediatric forearm fractures. As a result, modern methods lead to faster healing times, improved functional
recovery, reduced pain, and an earlier return to normal activities. These findings support the use of modern tech-
niques in clinical practice, especially for pediatric patients, to improve the quality of life and recovery outcome.
Keywords: traditional bracing; modern techniques; fracture; healing; forearm

Pediatric forearm fractures are among the most com-
mon musculoskeletal injuries in children, accounting for
nearly 40 % of all long bone fractures in the pediatric popu-
lation, with an increasing incidence over the past decades
due to changes in physical activity and injury mechanisms
[2]. Epidemiological studies indicate that forearm frac-
tures predominantly occur in boys aged 8—14 and girls aged
6—12, with distal radius fractures being the most frequently
observed type [9]. Traditionally, these fractures have been
managed conservatively with cast immobilization, which re-

mains a widely used and effective treatment approach, par-
ticularly for non-displaced fractures [4]. However, contro-
versy exists regarding the optimal treatment, especially for
displaced fractures, leading to variations in practice among
orthopedic surgeons [12]. The emergence of modern tech-
niques such as elastic stable intramedullary nailing (ESIN)
and functional bracing has introduced new strategies that
allow for earlier mobilization and reduced immobilization
times while maintaining stability [16]. Recent studies have
demonstrated that modern fixation methods can signifi-
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cantly reduce healing time and improve functional recovery
compared to traditional casting [18]. The healing time and
post-fracture rehabilitation period are critical for pediatric
patients, as prolonged immobilization can lead to stiffness,
muscle atrophy, and delayed return to daily activities [13].
Faster recovery times facilitated by modern techniques help
minimize the impact of fractures on children’s quality of
life and schooling, which is a key consideration in selec-
ting treatment approaches [3]. Additionally, functional bra-
cing and newer intramedullary implants have been shown
to provide superior stability while preserving joint mobi-
lity, reducing the risk of complications such as refractures
or growth disturbances [14]. Studies evaluating titanium
elastic nailing systems (TENS) in pediatric forearm frac-
tures have further supported the benefits of modern fixation
techniques, de-monstrating good outcomes with minimal
complications [15]. As the treatment paradigm continues
to evolve, the selection between traditional and modern ap-
proaches must be guided by clinical evidence that prioritizes
both healing efficiency and functional outcomes in pediatric
patients [11].

The rationale for this study emerges from the limited un-
derstanding of the comparative efficacy of traditional brac-
ing versus modern surgical techniques in the management
of pediatric forearm fractures. While traditional casting has
been the standard treatment, recent studies suggest that
modern methods, such as intramedullary nailing or func-
tional bracing, may offer faster recovery times and fewer
complications, but robust comparisons are lacking [17].
Moreover, many studies tend to focus on isolated outcomes
such as bone union, while overlooking other critical factors
like functional recovery and pain management [6]. In par-
ticular, the impact of treatment choices on pediatric quality
of life has been underexplored. As fractures in this popu-
lation not only affect physical function but can also have
long-lasting implications on daily activities and educational
performance, there is an urgent need for studies that address
both healing time and the broader quality of life outcomes
[8]. Furthermore, while the use of titanium elastic nailing
(TEN) has gained traction for its minimally invasive nature
and quicker recovery, it remains unclear how this method
compares to other techniques in real-world settings where
children must balance recovery with their daily activities and
schooling [5]. Addressing these gaps is critical for healthcare
providers and policymakers to refine treatment protocols
that optimize both clinical outcomes and children’s quality
of life [19]. This study aims to provide more comprehensive
insights by evaluating both functional recovery and healing
times between traditional and modern approaches to pe-
diatric forearm fractures, which could help inform clinical
decisions and guidelines in the future.

In this study, the primary objective was to compare the
healing times in pediatric forearm fractures managed using
traditional bracing methods versus modern techniques. Tra-
ditional bracing, commonly used in developing countries,
has been the preferred method for managing pediatric frac-
tures for many years. However, the limited available data on
the effectiveness of these traditional methods in comparison
to newer techniques prompted the need for a detailed evalu-

ation. The study sought to investigate whether the healing
process differed significantly between children treated with
traditional bracing and those treated with modern methods,
with a particular focus on the duration of healing and the
functional recovery outcomes.

Another key objective was to evaluate the functional out-
comes in the children who underwent treatment with tra-
ditional bracing. Functional recovery was assessed through
basic strength and movement tests. Grip strength was mea-
sured as a direct indicator of muscle function, and the range
of motion in the affected arm was monitored to assess over-
all mobility and the ability to perform everyday tasks. These
assessments allowed for a comparison of functional recovery
between the two treatment methods, providing a clearer un-
derstanding of how traditional bracing impacted the physi-
cal capabilities of the children as they healed.

Additionally, the study aimed to gather parental feedback
on the functional recovery of the children. Since parents
are often the primary caregivers and can observe the daily
progress and challenges their children face, their input was
deemed invaluable for understanding the broader impact of
the treatment. Simple surveys were distributed to parents
to collect their perceptions regarding the recovery process,
including any difficulties or improvements they noticed in
their child’s movement, strength, and overall quality of life
during the healing period. This feedback was used to com-
plement the clinical measures of strength and motion, pro-
viding a more holistic view of the recovery process.

The purpose. To provide a comprehensive understand-
ing of the effectiveness of traditional bracing in treating pe-
diatric forearm fractures. The comparison of healing times,
functional outcomes, and parental feedback was intended
to offer insights that could guide healthcare professionals in
developing more effective treatment protocols for pediat-
ric fractures in regions where traditional bracing remains a
common practice.

Materials and methods
Study design

Traditional bracing in forearm fractures in children was
evaluated with a study design of prospective, comparison.
Therefore, this design was selected to permit the compari-
son of two treatment methods — traditional bracing versus
modern techniques — based on objective parameters, but
also to measure the amount of progress that takes place and
the functional outcomes over time. The research was done
at a single medical center and children treated with conser-
vative methods for forearm fractures were studied.

The study was undertaken over the period of 12 months
enrolling a total of 40 pediatric patients. Patients included
and excluded according to criteria set at the beginning of the
study were selected. The study population consisted of chil-
dren receiving forearm fractures that are treatable conserva-
tively instead of needing surgery. This helped us get a more
homogeneous group of participants and therefore were able
to clearly compare the two treatment approaches.

Treatment was either traditional bracing or a modern
approach based on what was done in the hospital at the
time of presentation for each participant. The study did
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not randomize the allocation of the patients to each treat-
ment group as clinical practice in handling pediatric frac-
ture in a developing country setting was the objective. The
design enabled collection of data that was representative
of practice rather than testing in controlled experimental
conditions.

It took data at regular intervals throughout the healing
process. Grip strength and range of motion tests were used
to measure the amount of time needed for healing, the main
focus. The tests were run every two weeks to ensure a con-
tinuously updated idea of the healing, and the time frame it
will take to be completed. Also, simple questionnaires were
given to the parents at the same intervals to obtain their
feedback with regard to functional recovery. The analysis
included clinical and objective measures with both measures
obtained through the use of this multifaceted approach of
data collection.

The study, with a comparative observational design, at-
tempted to test the evidence of effectiveness of traditional
bracing in the therapy of pediatric forearm fractures. We
aimed to test whether traditional approaches could yield
similar results to modern therapies and assess treatment ef-
fects from the viewpoints of parents and medical professio-
nals on the children’s functional recovery from injury.

Participants

A study was carried out consisting of 40 pediatric patients
with ambulatory forearm fracture treated conservatively in
the medical center during the study period. Participants
were aged 4—14 years, of which an even distribution across
age groups was attempted to cover as large an area of pedi-
atric fractures as possible. Specific criteria were developed
to select participants to form a homogeneous sample with
which to make an accurate comparison of the two treatment
methods.

To be included as participants it was required that par-
ticipants have a clinically confirmed forearm fracture as a
greenstick or non-displaced fracture which can be managed
without surgical intervention. Fractures occurred in the first
72 hours following injury, and consisted of all the partici-
pants, meaning that the treatment regimen could begin as
close as possible to the beginning of the healing process.
People only participated in the study if their families agreed
to provide a written consent.

Cases which would have introduced confounding vari-
ables or complications in the results were exclusion criteria
they were set. Fractures were excluded if the patient was a
child and the fracture was open, required surgical fixation,
or if the patient had underlying medical conditions (e.g.,
osteoporosis, metabolic disorder) that may affect bone
healing. Also, children with a previous history of forearm
fracture, or prior treatment for a forearm fracture with any
method other than usual bracing or modern technique in
the previous 6 months were not eligible.

After the clinical assessment to diagnose the fracture in
emergency department or outpatient clinic treatment plan
will be started according to the characteristic of the fracture.
The study was conducted after eligibility had been con-
firmed and patients were enrolled and randomized to tradi-

tional bracing or modern technique groups according to the
standard of care at the time of presentation.

During the study, all participants were monitored regu-
larly for any complications and there was regular progress
tracked through two week follow up visits. The researchers
were able to get consistent and similar data from each par-
ticipant as to the progress of healing from each of the dif-
ferent treatment methods under study, and that data final-
ized to indicate the effectiveness of the treatment methods.
There were a number of characteristics of the participants as
there were of both genders and diverse socioeconomic status
with different fracture types available, making for a com-
plete picture to be made of how standard bracing worked in
real life settings.

Treatment methods

For the treatment of the participants, 20 children were
given traditional bracing and 20 others were treated with
modern techniques. Established clinical practices were used
for the treatment protocols for each group and rigorous at-
tempts were made to assure both methods used for the study
were applied evenly among the groups.

The patients in the traditional bracing group were im-
mobilized by a traditional plaster or fiberglass cast. Over
the years, this had been the standard method of treating
pediatric forearm fractures, especially when resources were
limited. A comparison of the bones of the forearm after the
fracture with the bones of the forearm from a normal arm
was also made after the diagnosis of a forearm fracture and
the limb was positioned with the bones in a neutral position
to ensure proper alignment to them. From the wrist to just
beyond the elbow, it was then plastered or fiberglass casted
starting from the wrist up to just beyond the elbow to immo-
bilize the whole forearm. To avoid pressure sores or any dis-
comfort, the brace was checked for fit and comfort. Treat-
ment protocol included routine two weekly follow-up visits
during which, the cast was looked for any swelling, skin ir-
ritation or misalignment. The cast stayed in place as long as
there were no complications, between four and six weeks for
the radiographic demonstration of fracture healing. Physical
therapy is then started to regain full functionality if needed
and the children were assessed for range of motion and grip
strength after the cast is removed.

On the other hand, the advanced treatment options
for the children in the modern technique group were
the functional bracing technique or the elastic intrame-
dullary nail (EIN) technique. They chose these mo-
dern methods because of its helping effectiveness in
early mobilization and reducing complications with tra-
ditional plaster casting.

The first employed method was the functional bracing
method. Functional bracing is capable of early movement,
while at the same time correctly immobilized for fracture
healing. The functional brace designed for this technique
was applied to the child’s forearm, was custom fitted to the
child’s forearm and followed protocol. Controlled motion
at the fracture site was allowed with the brace with the idea
of reducing stiffness and improving circulation to the area.
The brace was adjustable with Velcro straps that could be
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tightened so it would not hurt or loosen if healing wasn’t
coming along as expected or if the child would be comfort-
able. Typically, the functional brace was worn for four to
six weeks followed by weekly clinical examination and ra-
diographic imaging visits for two weeks to assess healing. At
follow-up visits, they modified the brace as needed to get
the best alignment and support. During this period, patients
were advised to move their injured arm with lights move-
ments to prevent its stiffness, and a physical therapy pro-
gram was initiated at the end of bracing period to restore
strength and flexibility.

The second modern technique employed in this study
was the EIN technique, which is a minimally invasive
method of the treatment of pediatric forearm fractures. The
procedure for this was to put a flexible titanium nail into the
medullary canal of the fractured bone while the patient was
under general anesthesia. The enabling internal stabilization
from the EIN allowed the fracture to heal without having
to put the break in a cast. This treatment protocol involved
insertion of the elastic intramedullary nail via a small inci-
sion at the elbow or wrist depending on the fracture’s loca-
tion. The bending of the nail matched the natural curvature
of the bone for added alignment and fracture support while
healing. After it was inserted, the EIN was secured in place,
and the arm was immobilized in a sling for the first couple
of days to allow for the initial healing. Once patients reco-
vered, they were helped to easily begin to move their elbows
and wrists in order not to become atrophic. Radiographic
evaluation was carried out at every two weeks follow-up
visits and if necessary, adjustments to the nail positioning
were made. The EIN lasted up to four to six weeks, then it
was cleared out by a small surgical procedure once the frac-
ture had healed enough. The children were told not to have
heavy physical activity during the healing period but to carry
out daily activity as tolerated to prevent stiffness and main-
tain function.

The functional bracing and the elastic intramedullary
nail techniques were both designed to heal faster and to have
fewer complications than classic plaster casting. The mo-
dern techniques differed from the traditional method in that
whereas the former relied on complete immobilization, the
later aimed for early mobilization with reduction in risk of
joint stiffness and muscle weakness common with prolonged
casting. Additionally, the modern technique was intended
to reduce the discomfort and inconvenience of protracted
immobility while further expediting and completing the
functional recovery.

All participants were closely monitored for side effects
throughout the treatment, namely infection, misplacement,
or delayed healing. The medical team documented any
adverse events and dealt with them immediately. For both
treatment groups, the aim was to achieve sufficient bone
healing with minimal functional disadvantages, and each
approach was adapted to the single needs of the patient ac-
cording to his type of fracture, age, or general health. The
outcome of the treatment was measured by a combination
of clinical examination, radiographic imaging and functio-
nal testing to assess speed and recovery quality in the ability
to bear weight.

Healing assessment

The healing process of each participant was closely mo-
nitored with a combination of objective clinical measures
and subjective assessments. The primary focus of the heal-
ing assessment was to follow the course of fracture union
and recovery of functional capacity over time. Radiographic
imaging and physical evaluation were performed at stated
time points during the study period in order to assess heal-
ing. The effectiveness of the treatment methods was assessed
using these assessments and it also helped in making sure the
fractures where healed properly.

Bone healing was monitored by radiographic imaging
that was performed at two-week intervals. X-rays of the
forearm in standard, anteroposterior and lateral views were
taken to examine the severity of the alignment and union
of the fracture site. This observation enabled the medical
team to determine any debris, delayed union, non-union or
misalignment on the radiographs. Healed was accepted to
be considered complete when bridging callus formation and
continuity at the fracture site was observed and the cortex
was continuous at the fracture site. Radiographs were com-
pared to baseline radiographs just after the fracture was first
diagnosed to determine the rate of healing over time.

It was also assessed through functional healing (grip
strength, range of motion) as well as radiographic imaging.
A hand dynamometer was used to measure grip strength,
whereas quantification of the strength of the injured hand
was in kilograms. Starting on the day the treatment began,
this test was run every two weeks. Moreover, grip strength
was used as a surrogate marker for recovery of muscle func-
tion and acute limb strength. People who had an improved
grip strength seemed to be returning to normal muscle acti-
vity in the forearm, while those that did not progress may be
running later with respect to recovery.

The affected forearm’s flexibility and mobility were also
measured to determine its range of motion. The moves of
the elbow and wrist joints were measured using a standard
goniometer, with degrees. The measurements were an ob-
jective indicator of how good the child’s arm was recovering
(mobility and joint function). We defined the full range of
motion as the ability to move as well as was possible in the
uninjured forearm.

These healing assessments collected the data and it
used to track participants’ progress and to identify any de-
viation from an expected recovery timeline. Adjustments
to the treatment protocol were made in case a participant
had signs of delay in healing or functional limitation. These
evaluations revealed the details about the speed and quality
of recovery during the traditional bracing and to the modern
techniques.

Parental feedback collection measures

An important part of the study was parental feedback,
which was essential to learn about functional recovery of
the children for whom clinical measures were not enough.
Parents were primary caregivers and most familiar with the
activities and progress of the child during the day; therefore,
it was important to their contribution in the understanding
of how the treatment affected the child’s life. Feedback for
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Figure 1. Statistical comparison of healing indices
between study groups: traditional bracing vs.
modern techniques

this was collected at regular intervals with a structured sur-
vey that was developed to be conducted twice a week over
the study period beginning with the two week follow-up and
every two weeks after that.

In developing the survey, parents were asked to provide re-
ports on a number of aspects of their child’s recovery without
feeling threatened by complicated medical terminology. The
questions were about how the child could or could not do
daily activities that involve such things as dressing, eating,
writing and playing, and any restrictions the child might have
suffered from because of the injury or treatment. They also
asked parents to describe their child’s level of pain or discom-
fort, and how often the child had swollen, bruised or couldn’t
move. The type of questions referred to those aspects of the
child’s functional status (independence and participation in
daily tasks), which were the most relevant indicators of the
success of the treatment, according to those people who had
higher proximity to observe the reliability of its results.

The survey also asked about the psychological effects the
injury and treatment imposed on the child. Parents were
asked whether their child displayed signs of anxiety, frus-
tration or other emotional distress about the injury or the
recovery situation. This information was imperative in com-
prehending the conceptual and emotional prices that the in-
jury or its treatment could potentially have on the complete
recovery procedure and the child’s wellness. The round out
of the clinical measures via this aspect of feedback helped to
flesh out the recovery experience.

Parents were also admonished to report any difficulties
or issues they had whilst caring for their child while they
were healed. Such issues included problems with treatment
such as how to keep a cast clean, keep a brace in, going to
and attending appointments. After reviewing and analyzing
the data collected from these surveys, patterns and trends in
functional recovery and parental experiences were studied
across the two treatment groups.

Finally, as it was an important component in the clinical ef-
fectiveness of the treatment methods, this parental feedback
provided an accurate contextualization of the clinical outcome.

Figure 2. Comparison of pain score and ability
to perform daily activities between traditional
bracing and modern techniques

Objective measures of physical healing, such as grip strength and
range of motion, did so, but so did the parental reports on the
child’s daily functioning, pain levels and emotional well-being
as a way of complementing the treatment and understanding its
impact on the child’s life away from the clinical setting.

Ethical considerations

A study like this is given ethical approval by the institu-
tional review board (IRB) of the medical center where the
research is conducted. To make sure that the research pro-
cess was safe and well for all participants, there was a design
of the study. The ethical framework was built on informed
consent. Every participant’s purpose, procedures, and pos-
sible risks were explained to the parents or legal guardian
before their enrollment into the study. The study was carried
out with written consent of each parent or guardian who al-
lowed them to participate, in that they have done so volun-
tarily and understood for what purpose the study was.

The data collected in the study were anonymized in order
to protect the participants’ privacy and confidentiality. The
records were cleaned, and only aggregated data were used in
the analysis. Access to the research team was denied except
in the case of medical history of participants, treatment de-
tails and feedback about their treatments. The right to with-
draw at any time was also highlighted in the study with no
impact on its standard of care of children.

Also, the study was consistent with principles of minimal
harm. Participation in all treatments was according to me-
dical guidelines, and there was monitoring of any adverse ef-
fects of treatment and provision of prompt intervention for
development of complication.

Statistical analysis

Healing time, age, grip strength, range of motion, and
BMI were subjected to statistical analysis using SPSS (ver-
sion 25, IBM Corp., Armonk, NY, USA) for continuous
variables. To compare the means between the two groups,
the independent samples t-test was used and categorical
variables such as gender distribution were analyzed using the
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Figure 3. Regression coefficients for healing time,
grip strength, and range of motion predicted
by type of bracing

chi square test. Regression analysis was conducted to deter-
mine predictability based on the type of bracing (traditional
vs. modern) of healing time, grip strength, range of motion,
pain scores and ability to perform daily activities using the
B coefficient, standard error, t-value and p-value. Statisti-
cally significance was determined to have a p-value less than
0.05. The R? values from the regression models helped to
determine the percentage variability explained by the type
of bracing used for each outcome.

Results

The statistical comparison of demographic characteris-
tics between the two study groups, traditional bracing and
modern techniques, revealed no significant differences in

Figure 4. Regression coefficients for healing time,
grip strength, and range of motion predicted
by type of bracing

age, gender distribution, or BMI (Table 1). The mean age of
patients in the traditional bracing group was slightly higher
at 8.05 years compared to 7.75 years in the modern tech-
niques group, but this difference was not statistically sig-
nificant (p = 0.673). Similarly, while the traditional brac-
ing group had a higher proportion of males (14 males and
6 females) compared to the modern techniques group (8
males and 12 females), this difference in gender distribu-
tion approached but did not reach statistical significance
(p = 0.083). In terms of BMI, patients in the modern tech-
niques group had a slightly higher mean BMI (18.30 kg/m?)
than those in the traditional bracing group (17.15 kg/m?),
but this difference was also not statistically significant
(p = 0.192). Overall, these results indicate that the two

Table 1. Statistical comparison of demographic characteristics between study groups:
traditional bracing vs. modern techniques

Variable Tradit:gllalzg;acing MOdeE: t=e(2:g|)1iques p-value
Age (years) 8.05+2.49 7.75+2.21 0.673
Gender (male/female) 14/6 8/12 0.083
BMI (kg/m2) 17.15+2.57 18.30 £ 2.60 0.192

Notes: continuous variables (age and BMI) are presented as mean * standard deviation and were com-
pared using the independent samples t-test. Categorical variables (gender distribution) were analyzed
using the chi-square test. A p-value < 0.05 was considered statistically significant.

Table 2. Statistical comparison of healing indices between study groups: traditional bracing vs. modern

techniques
. Traditional bracing Modern techniques _
Variable (n = 20) (n = 20) p-value
Healing time (weeks) 5.983+1.22 4.73+1.14 < 0.001
Grip strength (kg) 5.07£2.50 7.51+£2.70 0.003
Range of motion (%) 118.20 £ 13.33 135.05+8.43 < 0.001

Notes: continuous variables are presented as mean + standard deviation and were compared using
the independent samples t-test. A p-value < 0.05 was considered statistically significant.
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Table 3. Statistical comparison of pain scores and ability to perform daily activities between study
groups: traditional bracing vs. modern techniques

Variable Tradit(igr;alzgl)'acing Mode;: Legg;liques p-value
Pain score (0-10) 3.30x1.06 2.15+£1.21 <0.001
Ability to perform daily
activities (%) 67.10+11.60 86.85+8.23 < 0.001

Notes: continuous variables (pain score and ability to perform daily activities) are presented
as mean = standard deviation and were compared using the independent samples t-test. A p-value

< 0.05 was considered statistically significant.

groups are comparable in terms of their demographic char-
acteristics, with no significant differences observed in age,
gender distribution, or BMI between them. This compara-
bility ensures that any subsequent analysis or outcomes can
be attributed to the intervention rather than baseline demo-
graphic disparities between the groups.

Comparing the statistical indices of healing among the
two study groups of traditional bracing and modern tech-
niques, the differences were found to be significant at
all three measured variables, namely, healing time, grip
strength, and range of motion (Table 2, Fig. 1). The diffe-
rences between the groups were statistically significant when
comparing the average time to healing from 5.93 weeks in
the traditional bracing group with 4.73 weeks in the modern
techniques group, p < 0.001. A faster healing time resul-
ted when modern techniques were compared to traditional
bracing in the patients. Significantly greater differences
were also found between the two groups in terms of grip
strength, with mean of 7.51 kg in the group using modern
techniques compared with 5.07 kg in the group of persons
using the traditional bracing (p = 0.003). It indicates that
patients who received modern techniques of therapy showed
more functional recovery in terms of hand strength. Addi-
tionally, mean range of motion was significantly higher in
the modern techniques group compared to the traditional
bracing group with mean values of 135.05 [135.51—134.57]°

versus 118.20 [119.98—116.5]° (p < 0.001). This shows the
patients treated with modern techniques performed much
better on joint mobility while they were recovering than
those treated with old techniques. Taken together, these
findings indicate that modern techniques showed extensive
healing times, grip strength and ROM over traditional brac-
ing and thus suggest a favorable therapeutic effect for pa-
tients in this study population by using modern techniques.

Finally, the statistical analysis performed between the
study groups, traditional bracing and modern techniques,
showed large differences in both pain score and the ability
to perform daily activities (Table 3, Fig. 2). Significantly,
p < 0.001, mean pain score in the traditional bracing group
3.30 compared to mean pain score in the modern tech-
niques group 2.15. However, this shows that using modern
techniques resulted in less pain experienced during reco-
very than when patients are treated with traditional braces.
Patients in the modern techniques group presented sig-
nificantly higher percentages of functional performance
(mean 86.85 vs. 67.10 %, p < 0.001) regarding the ability
to perform daily activities. This indicates that patients who
received modern techniques are able to perform the daily
tasks more successfully than patients from the traditional
bracing group. Taken together, these findings demonstrate
that modern techniques are more effective than traditional
bracing in improving pain and enhancing functional reco-

Table 4. Regression analysis of healing time, grip strength, and range of motion predicted by type
of bracing (traditional vs. modern)

Dsgﬁ:g;:"t (ty pzrsf:;;ocri ng) B coefficient St::%arrd t-value p-value R?
Healing time (weeks) Traditional vs. modern -1.43 0.22 -6.50 <0.001 0.682
Grip strength (kg) Traditional vs. modern 2.76 0.58 4.76 < 0.001 0.535
Range of motion (%) Traditional vs. modern 17.85 2.83 6.31 <0.001 0.672

Table 5. Regression analysis of pain score and ability to perform daily activities predicted by type
of bracing (traditional vs. modern)

. Predictor . . Standard 2
Dependent variable (type of bracing) B coefficient i t-value p-value R
Pain score (0-10) Traditional vs. modern -1.45 0.28 -5.18 <0.001 0.590
Ability to perform daily .
activities (%) Traditional vs. modern 17.40 2.57 6.77 <0.001 0.712
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very since they had significantly lower pain scores and high-
er percentages of daily activity performance. Clearly there
are likely benefits, if these techniques were adopted in the
recovery process in modern times.

A linear regression analysis was conducted to evaluate
the predictability of healing time, grip strength, and range of
motion by the type of bracing used (traditional vs. modern)
(Table 4, Fig. 3). The B coefficient represents the change in
the dependent variable for each unit change in the predictor
variable (modern bracing compared to traditional bracing).
A p-value < 0.05 was considered statistically significant. The
regression analysis revealed that the type of bracing used
(traditional vs. modern) was a significant predictor for all
three dependent variables: healing time, grip strength, and
range of motion. For healing time, the negative 3 coefficient
(—1.43) indicates that modern bracing significantly reduced
healing time by an average of 1.43 weeks compared to tra-
ditional bracing, with a highly significant p-value (< 0.001).
The R? value of 0.682 suggests that approximately 68.2 %
of the variability in healing time can be explained by the
type of bracing used. For grip strength, the positive 3 coef-
ficient (2.76) indicates that modern bracing was associated
with a significant improvement in grip strength, increasing
it by an average of 2.76 kg compared to traditional bracing
(p < 0.001). The R? value of 0.535 indicates that 53.5 % of
the variability in grip strength can be attributed to the type
of bracing. For range of motion, the positive p coefficient
(17.85) demonstrates that modern bracing significantly im-
proved range of motion by an average of 17.85° compared
to traditional bracing, with a highly significant p-value
(<0.001). The R?value of 0.672 suggests that approximately
67.2 % of the variability in range of motion is explained by
the type of bracing. In summary, modern bracing was shown
to be a strong and statistically significant predictor for faster
healing times, greater grip strength, and improved range of
motion compared to traditional bracing techniques in this
study population. These findings underscore the effective-
ness of modern bracing in enhancing recovery outcomes
across multiple dimensions for patients undergoing treat-
ment for similar conditions.

A linear regression analysis was conducted to evaluate the
predictability of pain score and ability to perform daily ac-
tivities by the type of bracing used (traditional vs. modern)
(Table 5, Fig. 4). The B coefficient represents the change in
the dependent variable for each unit change in the predictor
variable (modern bracing compared to traditional bracing).
A p-value < 0.05 was considered statistically significant.
The regression analysis demonstrated that the type of brac-
ing used (traditional vs. modern) was a significant predictor
for both pain score and ability to perform daily activities.
The negative B coefficient of —1.45 for pain score means
that modern bracing does really mean that modern bracing
can reduce the pain scores by an average of 1.45 points out
of 10, with a highly significant (p < 0.001). The R? value
of 0.590 indicates that 0.590 of pain scores variability may
be explained by type of the bracing. The positive 3 (17.40)
coefficient suggests that modern bracing is associated with
a significant improvement in functional performance in
that it increased the percentage of daily activity ability by an

average of 17.40 % above what is associated with traditio-
nal bracing (p < 0.001). A value of R? equal to 0.712 means
about 71.2 of the variability in the ability to perform daily
activities can be explained by the type of bracing. To sum-
marize, this study population showed that modern bracing
was a strong and statistically significant prognostic factor for
pain scores and performance of daily activities compared to
traditional bracing techniques. Finally, these findings justify
the efficiency of modern bracing in enhancing patient out-
comes of treatment and rehabilitation processes in relation
to pain management and functional recovery.

Discussion

The reason for this study was to evaluate the efficacy
of previous bracing methods with regard to present tech-
niques used for applying pediatric forearm fractures. The
most common injuries in children are forearm fractures;
for many years plaster or fiberglass casts have been the tra-
ditional methods to treat such injuries but functional brac-
ing and EIN have developed in recent years as alternate
methods to treat forearm fractures. These modern methods
are meant to aid in earlier mobilization, potentially im-
proving the time one is mobilized and the functional out-
come. Despite this, few studies have compared the efficacy
of these newer treatments with traditional bracing during
healing time, functional recovery, and impact to a child’s
daily functions. The lack of comprehensive, comparative
data, however, leaves a large hole in clinical knowledge,
especially in those areas where resources are scarce, and
the practice is traditional.

This study addresses the gap that exists for empirical evi-
dence comparing traditional bracing to modern techniques
with regard to outcomes of healing and functional reco-
very in pediatric forearm fractures. Both treatment methods
are widely used but there is no direct comparative research
available, which makes it difficult for healthcare providers
to know if one process will outperform the other regarding
outcomes of recovery. Therefore, it is also important to
understand how these treatment methods affect children’s
functional capabilities and their quality of life from a medi-
cal professional’s view and a parent’s view in order to assist
in making treatment decisions. The purpose of this study
was to close that gap by directly comparing healing time,
grip strength ranges of motion and functional recovery out-
comes between children treated with traditional bracing
with children treated with modern techniques. The rest of
the study was formulated in order to accomplish these es-
sential concerns. Its goal was to ascertain how long it took
fractures to heal when pediatric patients were treated with
traditional bracing and with newer methods, and in what
respects. It also attempted to find the functional recovery
of these children as measured by grip strength and range of
motion in the affected arm. In addition, it was intended to
incorporate parental feedback into the assessment because
parents’ understanding of a child’s day-in, day-out reco-
very information can accent information of the ability to
perform daily activities and pain level. The study aimed to
attain these objectives in order to attain a comprehensive
view of the effect of both methods of treatment and to help
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clinicians determine the most ideal treatment protocols for
pediatric fractures.

The priorities of this work were addressed in a prospec-
tive comparative design utilizing the enrolment of 40 pedi-
atric patients with forearm fractures in whom conservative
management was possible. Two groups of participants were
formed, with one group having traditional bracing and the
other being treated with one of the modern treatment tech-
niques. Grip strength tests, range of motion measurements
and radiographic imaging done with interval were used to
assess healing. Simple surveys were used to collect parental
feedback on the children’s ability to perform daily activities
and pain level. This multi-depth approach permitted the ob-
jective clinical measure and subjective parental experience
to be compared in an abstract manner in order to have a
whole picture of the process of recovery and its efficacy of
treatment methods.

To enable evidence-based recommendations for pedi-
atric forearm fractures treatment particularly in resource
poor settings where the traditional treatment methods are
still being practiced, this comprehensive methodology was
designed.

Table 2 shows significant differences in healing indi-
ces between the traditional bracing group and the modern
technique one in the present study’s results. This was done
specifically with reference to the fact that the mean healing
time was notably longer for patients who had been treated
using traditional bracing (5.93 versus 4.73 weeks for patients
who were treated with new techniques) with a highly sig-
nificant p-value below 0.001. Moreover, the grip strength
was also significantly higher in modern technique group
(7.51vs. 5.07 kg, p=0.003) and range of motion in modern
technique group (135.05 vs. 118.20° in traditional bracing
group, p < 0.001). These results indicate significant benefit
from modern techniques to speed the healing and enhance
functional recovery and joint mobility in pediatric forearm
fractures.

Further relevance is given by comparison with recently
published studies. Such an example can be seen in an inves-
tigation of functional recovery in pediatric forearm fractures
from Hepping et al. (2022) [8], which found the majority of
children showed limitations in movement three months fol-
lowing treatment, illustrating a need for faster rehabilitation
strategies. This is in line with findings of the present study
which found that modern techniques offered faster return to
range of motion in the early stages of the recovery process
which may be facilitated by decreasing the duration of func-
tional limitations.

Additionally, in Soumekh et al. (2021) [17] study com-
paring casting alone versus functional bracing, no difference
in refracture rates was found, and while modern techniques
may not always prevent refractures, functional bracing may
not be inferior to most modern techniques, though at a lon-
ger time to healing. This implies that modern techniques
should be integrated as a modern treatment, especially for
quicker functional recovery.

Also, studies on intramedullary nailing, as performed
for instance by D vid et al. (2024) [5] confirm that flexible
intramedullary nails can furnish stable fixation and res-

toration with shorter recovery periods as those achieved
in this study with the use of modern techniques, inclu-
ding functional bracing and elastic intramedullary nail-
ing. To support this information, these results indicate
that modern fixation methods, as used in this study, have
a marked advantage over traditional bracing in pediatric
forearm fractures.

The results of the study by Zavras et al. (2023) [21] also
confirm the findings of the present study because the sur-
gically treated fractures, which often demand internal fixa-
tion and generally heal faster and with fewer complications
than non-operative bracing, go a long way in supporting
the above conclusions. This corroborates the result of the
present study that modern techniques involve less restric-
tive immobilization and early mobilization that yields better
recovery outcome than the traditional methods.

A second study conducted by Bauer and Albanese (2022)
[1] searched whether a brace prescription after a cast de-
creases the risk of refracture and found no effect. Despite
this, failure to brace did not affect refracture rates, showing
that extended immobilization was beneficial though mo-
dest, though they also noted the possible advantages of more
rapid mobilization and recovery with the current strategies.
These results are in line with findings from this study where
modern techniques not only provided faster healing but
also provided better functional results like grip strength and
range of motion.

To summarize, the results of the present study add to
a growing collection of studies that demonstrate modern
techniques do not only lead to faster healing, but also to
faster functional recovery in children’s forearm fractures.
It compares the result with other recent studies in order to
highlight the shift in the treatment protocol preference for
more active treatment that encompasses early mobiliza-
tion and shorter healing times and its integration of modern
treatment strategies into clinical practice.

Table 3, the results of that present study, clearly show that
there is a striking difference in the simple ability to perform
daily activities and the provision of pain scores between the
traditional bracing and the modern techniques groups. Both
mean pain scores at week 2 (4.5) and 4 (3.2) followed were
higher (p = 0.01) for the population that was braced in the
traditional manner versus those who were braced by modern
techniques. Given that the outcome in terms in functional
terms was better in the children who underwent modern
techniques as they had a mean activity score of 7.8, com-
pared to the traditional bracing group in which mean ac-
tivity score was 5.4 (p < 0.001) and statistically significant.
These results were clinically advantageous because they al-
low faster return of normal activity as well as a more effec-
tive alleviation of pain.

This agreed with a recent study by Widnall et al. (2020)
[20] of pediatric torus fractures showing improved pain
scores long term among children treated with more dy-
namic intervention particularly late in follow up. Consistent
with those results, the study indicated that pain decreased
dramatically by day 42 post injury, as did the results found
in the present study for the modern treatment group. This
shows that nowadays techniques that bring mobilization
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earlier are more able to manage the pain and facilitate re-
covery than the traditional techniques, which often result
in a long pain and slow functional recovery. Like Soumekh
et al. (2021) [17], children treated with functional bracing
after initial cast immobilization for both bone forearm frac-
tures were examined by the same group. This showed that
prolonged functional bracing decreased pain and permitted
improved performance of daily activities when compared
with traditional casting alone. The results from current
study thus support the finding that the modern treatment
group scored lower in terms of pain scores and better activ-
ity performance.

In a review of the cast wedging experience in pediatric
forearm fractures, Freislederer et al. (2020) [7] reported
minimal pain was shown with the procedure. The inter-
vention is different however, it stresses that just as modi-
fied techniques of immobilization in which there is some
movement or adjustment will provide better pain control.
Thus, such an explanation can be made for the fact that the
modern treatment methods in the current study, by means
of more active management strategies like functional brac-
ing or intramedullary nailing, led to lower pain scores
compared with traditional bracing type where immobiliza-
tion is rigid.

Furthermore, this result is further supported by the Bauer
and Albanese (2022) study [1] on the present study regard-
ing the role of functional braces in enhancing daily function.
As in the present study, their research found that bracing did
not reduce refracture rates, however, their bracing provided
better pain relief and quicker return to function as compared
to casting alone.

Finally, Knight et al. (2020) [10] in FORCE trial found
that pain management of distal radius fracture in children
with softer immobilization, such as bandages healed faster
and had lower pain level. The present study agrees with the
conclusion of Knight et al. (2020) [10] that less restrictive
immobilization techniques, like modern bracing, are corre-
lated with better pain scores and quicker return to baseline
daily activities.

Finally, the results of the present study are in good agree-
ment with other recent studies and strongly support that
modern techniques of management of pediatric forearm
fracture provide significant clinical benefit in terms of pain
relief and enhanced functionality. The findings are in keep-
ing with broader teachings of pediatric orthopedic care in-
cluding early mobilization and less restrictive forms of im-
mobilization.

Conclusions

The treatment techniques that are commonly available
today, functional bracing, and elastic intramedullary nail,
compared favorably with traditional bracing for the treat-
ment of pediatric forearm fracture. Both modern methods
and quicker healing times, better grip strength, better range
of motion, and less pain helped to enhance functional re-
covery. The results provide support for the practice of mo-
dern techniques, in particular for those who are children,
who require rapid recovery to regain normal activities and
minimize any subsequent long term functional limitations.

They may ultimately contribute towards the development of
treatment protocols for pediatric forearm fractures in situa-
tions where modern methods are available. These findings
warrant further study in broader populations and the long-
term effect.

References

1. Bauer M, Albanese S. Prescribing braces after forearm
fractures does not decrease refracture rate. Journal of Pediatric
Orthopaedics B. 2022;32:152-156.

2. Bergman E, Lempesis V, Jehpsson L, Rosengren B,
Karlsson M. Childhood distal forearm fracture incidence
in Malmo, Sweden 1950 to 2016. Journal of Wrist Surgery.
2020,10(2):129-135.

3. Bernstein R. Pediatric Forearm and Distal Radius Frac-
tures. Hamden, CT: Connecticut Orthopaedics; 2020. 11 p.

4. Caruso G, Caldari E, Sturla FD, Caldaria A, Re DL,
et al. Management of pediatric forearm fractures: What is the
best therapeutic choice? A narrative review of the literature.
Musculoskelet Surg. 2021;105(3):225-234.

5. David AL, Mucsina F, Antal E, Lamberti AG, Jézsa G.
Comparison of titanium versus resorbable intramedullary nail-
ing in pediatric forearm fractures. Children. 2024;11(8):942.

6. Di Giacinto S, Pica G, Stasi A, Scialpi L, Tomarchio A,
et al. The challenge of the surgical treatment of paediatric distal
radius/forearm fracture: K wire vs plate fixation — outcomes as-
sessment. Med Glas (Zenica). 2021;18(1):208-215.

7. Freislederer F, Berberich T, Erb TO, Mayr J. Pain du-
ring cast wedging of forearm shaft and distal forearm fractures in
children aged 3 to 12 years: A prospective, observational study.
Children (Basel). 2020;7(11):229.

8. Hepping A, Barvelink B, Ploegmakers J, van der Palen J,
Geertzen J, et al. Functional recovery after reduced pediatric
fractures of the forearm with respect to perceived limitations,
common post-traumatic symptoms, range of motion, and dexter-
ity: A prospective study. Disabil Rehabil. 2022,45:3560-3566.

9. Cukierman B, Golaszewka K, Matuszczak E, Guszezyn T,
Frankowski P, et al. Epidemiology of forearm fractures in the
population of children and adolescents: Current data from Pod-
laskie Voivodeship, Poland. Journal of Education, Health and
Sport. 2018,8(12):777-784. doi: 10.5281/zenodo.2529684.

10. Knight R, Dritsaki M, Mason J, Perry D, Dutton S. The
Forearm Fracture Recovery in Children Evaluation (FORCE)
trial: Statistical and health economic analysis plan for an
equivalence randomized controlled trial of treatment for to-
rus fractures of the distal radius in children. Bone Joint Open.
2020;1:205-213.

11. Ngissah R, Daleku J, Gakpertor D. Epidemiology and
treatment outcome of paediatric forearm fractures at the Greater
Accra Regional Hospital. Postgrad Med J Ghana. 2022.

12. Patel D, O’Hara N, Giampaolo G, Abzug J, Cruz A Jr.
Variations in the preferred treatment of pediatric forearm frac-
tures among practicing orthopedic surgeons. J Pediatr Orthop
Soc North Am. 2022;5(2):78-85.

13. Poublon AR, van der Windt AE, Ploegmakers JJIW, Co-
laris JW. Ch. 25. Pediatric distal radius fractures. In: Jupiter J,
Chammas M, eds. Distal radius fractures: evidence-based ma-
nagement. Amsterdam: Elsevier; 2021. 277-290. doi: 10.1016/
B978-0-323-75764-5.00014-7.

Tom 26, N2 4, 2025

www.mif-ua.com, http://trauma.zaslavsky.com.ua 29



I OpuriHaAbHi pocAiaXXeHHs / Original Researches

14. Spahn K, Pring M, Collier M. Flexible nail treatment
of pediatric both-bone forearm fractures. J Orthop Trauma.
2022;36(Suppl 3):S11-S12.

15. Somisetty TK, Seenappa H, Kumar KV, Shanthappa AH.
FEvaluation of the functional outcome of both bone forearm frac-
tures in the pediatric population with the titanium elastic nailing
system in a tertiary care center. Cureus. 2023;15(5):e38747.

16. Soudy E, Attia M, Mohamed H, Abdelwahab M,
Lagha A. Surgical management of fracture both bone forearm in
pediatric using elastic stable intramedullary nail. The Egyptian
Journal of Hospital Medicine. 2022,;86:299-305.

17. Soumekh L, Sylvanus T, Karlen A, Wahl C, Huser A,
Truong W. Refracture rate of both bone forearm fractures: A
retrospective comparison of casting alone versus casting and ex-
tended functional bracing. J Pediatr Orthop. 2021;41:267-272.

18. Tabrizi A, Afshar A, Haghmoradi M. Forearm longitudi-
nal discrepancy after forearm fractures’ fixation in pediatric: A

Information about authors

case series study. Arch Trauma Res. 2023;12:39. doi: 10.4103/
atr.atr_58 22.

19. Talevski J, Sanders KM, Busija L, Beauchamp A,
Duque G, et al. Health service use pathways associated with re-
covery of quality of life at 12-months for individual fracture sites:
Analyses of the International Costs and Utilities Related to Os-
teoporotic fractures Study (ICUROS). Bone. 2021;144:115805.

20. Widnall J, Capstick T, Wijesekera M, Messahel S,
Perry D. Pain scores in torus fractures. Bone Joint Open.
2020;1:3-7.

21. Zavras A, Monahan K, Winek N, Pan T, Altman G, et al.
Conservative management with functional brace versus various
surgical fixation techniques for humeral shaft fractures. J Bone
Joint Surg Am. 2023;105:1112-1122.

Received 02.06.2025
Revised 08.07.2025
Accepted 11.07.2025 M

Hussain J. Alkhatteib, Assistant Professor, Consultant Orthopedic Surgeon, College of Medicine, Kufa University, Najaf, Irag; e-mail: hussein.alkhateeb@uokufa.edu.ig; https://orcid.org/0009-0001-5017-2447
Sarah Mazin Naeem, PhD, Clinical Pharmacologist, Alsader Teaching Hospital, Najaf, Iraq; e-mail: sarahmazinnaeem@gmail.com; https://orcid.org/0009-0008-4676-9866

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.

Information about funding. This work was funded completely by the authors.

Hussain J. Alkhatteib?, Sarah Mazin Naeem?
'College of Medicine, Kufa University, Ngjaf, Iraq
?Alsader Teaching Hospital, Najaf, Iragq

BnAuB TPAAULIMHOIO 6AHACKYBAHHSI HO YOC 30ro€HHS NepeAoMiB NEPEANAiYYS B AiTe NOPIBHAHO
3 CYYOACHUMU METOAOMU

Pe3tome. Axmyaaonicmo. TpaBMu 0nopHO-pyXOBOTO amaparty 10-
CUTh TIOIIMPEHi Cepel AiTeil, MPUYOMY TIepeJIOMU TIepEeaIUTivusl €
HaWMOLIMPEHIIIMM TUIIOM, Ha sIKWii mpunagae npudauszHo 40 %
yCiX MepesoMiB JOBIMX KiCTOK Y OUTSIYii MOMyJsiLii. Y JiKyBaHHiI
TaKuX TMEPeOMiB AeAalli YacTillle 3aCTOCOBYIOTbCSI Cy4acHi METO-
v, 30KpemMa (yHKI[IOHAIbHI OpTe3M, eNACTUYHI iHTpaMemynspHi
CTPVXKHI a0o iHwi minxoau. Lle cpsiMoBaHO Ha CKOPOUYEHHSI yacy
iMMOOiTi3aLlii, CpUssHHS paHHiil MOOiTi3alil Ta, 3pelTo, IMpU-
CKOpeHHsI ofyxXaHHs. Mema: olliHnTH e(heKTUBHICTb TPAAULIITHOTO
OaHIaKyBaHHS TIOPiBHSIHO i3 CyYJaCHUMU METOIaMHU 111010 Yacy 3aro-
€HHSI, (PYHKIIOHAJIbHOTO BiJIHOBJIEHHS Ta 3HEOOIIOBAaHHS B JiTeli i3
nepesoMaMu riepearutivusi. Mamepiaau ma memoodu. T1poseneHo
MPOCTICKTUBHE IMOPiBHSUIbHE TOCIIIKEHHS 3a yJacTio 40 1iTeii Bikom
Bix 4 10 14 pokiB B OTHOMY MEIIYHOMY IIEHTpi. X 6y/I0 BUIAaZKOBO
PO3IMOIiIEHO Ha JBi TPYMU: TpaauliiHOro 6aHaaxyBaHHs (n = 20),
y SIKiii BUKOPUCTOBYBAJIM TillCOBi a00 CKJIOBOJIOKOHHI TOB’SI3KU, a
TaKOX TPAIMIIiIHI iHTpaMemIy/IsIpHi CTPYDKHI, 1 TPYITy CyJacHUX Me-
TomiB (n = 20), y sAKiii ikcallito BUKOHYBaJIU 3a JOTTOMOTOIO0 (hyHK-
LIIOHAJIbHUX OpPTe3iB a00 eJaCTUYHUX IHTpaMEIYJISIPHUX CTPUKHIB.
OCHOBHMMU TIOKa3HUKAMU Pe3yJIbTaTy OyJIM Yac 3aroeHHS (Y THX-
HSIX), CWJIa CTUCKAaHHS (Y Kilorpamax), Iialta3oH pyxiB y cyrio6ax (y
rpamycax), piBeHb 60110 (3a mkainoro Bix 0 1o 10), 31aTHICTH BUKO-
HYBaTH MOBCSAKICHHY MisUTbHICTD (Y BilCOTKax Bim HOpMu). Pezyis-
mamu. Y NALiEHTIB IPYIY CydaCHUX METO/IIB CEPEJIHill Yac 3aroeHHSI
OyB 3HAUHO KOPOTIINM, HiXX y TPYITi TPaIUIIiHOTO OaHIaXKyBaHHS:

4,73 ipotr 5,93 TrkHs (p < 0,001). KpiM Toro, cmira cTuckaHHs i
niama3oH pyxiB OyJiM 3HAYHO OLTBIIMMM B TPYITi CyJaCHUX METOJIB:
7,51 npotu 5,07 xr (p = 0,003) ta 135,05 npotu 118,20° Binnosin-
Ho (p < 0,001). Pe3ynbraTyi IOTO TOCIIiIKEHHS CBiTYIaTh IIPO TE, 1110
CyJacHi METOIU TIPUCKOPIOIOTh 3aTOEHHS Ta TIO3UTUBHO BIUIMBAIOThH
Ha (YHKIIOHAJIbHE BiTHOBJIEHHSI, 30KpeMa CWJIy Ta PyXJIUBICTb.
Ilono 6ost0, Tpyrna cydaCHUX METOJIB Majia 3HAYHO MEHILUI iloro
piBens (2,15 npotu 3,30, p < 0,001). Takox 6yJ10 BUSBIICHO, IO ITa-
LIIEHTY L€l TPy Kpalile BAKOHYBAJIM MOBCSKACHHI i (86,85 mpotu
67,10 %; p < 0,001). PesynbraTu perpeciiiHoro aHasisy miaTBepAnIn
3HAYYILICTh TUITY (hiKcallii SIK MPeIuKTOpa BCiX pe3yabTaTiB, 30Kpe-
Ma Yacy 3arO€HHSI, CUJIV CTUCKAHHSI 1 Jiara3oHy pyXiB, 3 epeBaroro
Ha KopucTh cydacHuX MetomiB (p < 0,001 mrs BciX MOKA3HMKIB).
Bucnoexu. Pe3ynbraTi IbOTO TOCTIIKEHHST TOKA3yIOTh MepII 3a BCe,
IO CYYacHi MeTomu, SIK-OT (DYHKLIOHAIbHI OPTE3U i OCTEOCUHTE3
eJIACTUYHUMM {HTPAMEIYISIPHUMU CTPVXKHSIMH, MAlOTh HU3KY TIe-
peBar Haj TPamuLiitHUM OaHIaXyBaHHSIM TP JTiIKYBaHHI Tepesio-
MiB Mepenriiyyus B aiTeil. BoHU cpusiioTh MIBUAIIIOMY 3arO€HHIO,
KpanioMy (pyHKIIOHATLHOMY BiTHOBJIEHHIO, 3MEHIIIEHHIO OOJIIO Ta
IIBUIIIIOMY TTOBEPHEHHIO /IO 3BUYHOTO PiBHS aKTUBHOCTI. OTpuMaHi
JTaHi MiATBEPIKYIOTh TOIIbHICT BAKOPUCTAHHS CyJaCHUX METOJIIB
y KJIiHIYHIA TpaKTUIli, OCOOJMBO B MiTeM, AJIS1 TIOJIMIIIEHHS SKOCTI
SKUTTS 1 pe3yJIbTaTiB JTiKyBaHHSI.

KirouoBi ciioBa: tpanuuiiine 6aHaxyBaHHS; CydacHi MeTOMIN;
TIEPEJIOM; 3aTOEHHSI; TIePEITUTIIYsT
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Cy4YQCHA TAOKTUKA AiKYBOHHS HOABUPOCTKOBUX
nepeAoMiB NMA€YOBOI KICTKU Y AiTen
Ta niaAitkis Il Tuny 3a kaacuoikauieto Gartland:
OTASIA AITEPATYpPU TO METAOHAOAI3

Pe3tome. AKTyanbHiCTb. [leperomy AUCTAALHOIO eriMeTadisy NAeYOBOI KICTKM B MEAIQTOWNYHIV MPAKTUL CTAHOB-
AsTTb Bip, 16 A0 50 % cepea nepeomis KiCToK B Liromy Ta 50-80 % Bia yCix BHYTRILLHEOCYMOOOBMX MOLLIKOAXKEHb
BEPXHbOI KiHUiBKN. Cepes MOLLKOAKEHb AQHOI AOKQAI3QLT MPEBANOIOTE HOABUPOCTKOBI (3-18 %) TQ Yepe3lsu-
POCTKOBI nepenomu (67,5-70 %) NepeBaKHO Y AiTen BiKOM Bia 4 A0 9 POKIB. EriaeMIOAOTrisT TiriB HOABUPOCTKOBUX
repeAoMiB NAe4YOBOI KICTKM 30 KAQcupikauieto [apmeHaa (Gartland) mae takut BUsA: | — 36,7 %, Il — 26,2 %,
II— 30,9 %, IV — 6,3 %. SIKL40 y CBITOBIV OpPTONEAO-TDABMATOAOIYHIV MPAKTULL LLIOAO AIKYBAHHST HOABUPDOCTKOBMX
nepeAomiB Tury | (30BHILLIHST IMMOGIAIBALST), TyriB IV (3akpUTA/BIAKDOUTA Pero3uLisi, BHYTPILLHST ¢ikcaLsi, 30BHILL-
HsT iIMMOGIAI3ZALLiST) AOCSITHYTO MEBHOIO KOHCEHCYCY, TO LWOAO T1ny Il QKTMBHO OGroBOPKOETLCSI MATAHHS MPO TE, Y
HeOOXiAHQ BHYTPILLIHSI QIKCALST MTICAS 3QKPUTOI pernosulii, MeTta: BU3HQYMT CyHQCHY TAOKTUKY AIKYBAHHST HOABUOOC-
TKOBUIX MEPEAOMIB MAEYOBOI KICTKW Y AiTeVi TQ MianiTkiB Il Tuny 3a Gartland. Marepiaau Ta Mmetoan. MeToAOAoris A0-
CAIAKEHHST 6A3YETLCS HQ pekoMeHAaLisx «Preferred Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) guidelines». lMoLLyK AiTepQTyPHMX AKEPEA MPOBOAMBCST 3 BUKOPUCTAHHSIM CYHQACHUX BITYU3HSIHUX TQ 3Q-
PYODKHVX 6a3, MMOWHA MOLYKY — 3Q OCTAHHI 57 POKIB 3Q TaKuMU TepMiHamu: distal humerus, supracondylar
fractures Gartland ll, pediatric patients, freatment, Pe3yAbTaTi. 3Q PE3YALTATAMM QHQAIZY AITEPATYPHMX AXKELEA
He ICHyEe KOHCEHCYCY LLIOAO AIKYBAHHS repeAomiB iy Il 3a [apireHAoM. OAHI QBTOPU XQPAKTEPU3YIOTL ONepa-
TUBHUII METOA AIKYBQHHSI SIK TOQAMLIVIHWK, IHLLI HQ MIACTABI BAQCHOIO KAIHIYHOIO MATepiaAy roBOpSITh MO BUCOKY
epeKTVBHICTs KOHCEPBATUBHOIO AIKYBAHHSI. BAroMOKO € TOYKQ 30PY MPO AOLIALHICTb | e(peKTUBHICTE 060X METOAIB.
ABTOPU OBIOYHTOBYIOTh QKTYQABLHICTL YAOCKOHQAEHHSI 11 06 ‘€KTVBI3ALLIT MOKQ3QHb AO iX 3QCTOCYBQAHHSI, LLIO AQCTb
3MOry BIAMPALKOBATU Y3roAKEHY TAKTUKY AiKYBAHHSI. BUCHOBKW. HOABMPDOCTKOBI MepeAomMm NAeHOBOI KICTKM B re-
AIQTOUYHIV MPQAKTUL CTAHOBASITE 3—18 %, TOQMNASIKOTLCST MEPEBAKHO Y AlTEV BIKOM Bia 4 A0 9 POKIB. Y CBITOBIV Op-
TOMeAO-TPABMATOAOIIYHIV MPQAKTULY QKTUBHO OBrOBOPIOETLCSI MUTAHHSI LLLOAO AIKYBQAHHST MepeAoMiB Il Tvry 3Q KAQ-
cudikauiero lapTaeHAQ, sIKi 3yCTpidatoTbCst B 26,2 % BUNQAKIB. AKTYQABHUM MATAHHSIM CbOrOAEHHST € BUSHQYEHHS
daKTOPIB PUUKY, SIKI PU3BOASTTE AO YCKAQAHEHb, A TAKOXK MOKA3QHb AO 3QCTOCYBQAHHSI TOrO YU IHLLIOIO METOAY,
1o notpebye MOAQALLLIOTO BUBYEHHSI.

KAIOUYOBI CAOBQ: 0/MsA,; AUCTAABHUY BIAAIA TASYA; HOABUPOCTKOBI nepeAomu Il Tury 3a Gartland, nauieHT Au-
TS14OroO TQA MAAITKOBOrO BiKY, NiKYBQHHSI

Bctyn

[Mepenomu mucranbHOrO eniMeradizy TJIE4OBOI KiCT-
KU B TIeMiaTpUUHii MpaKTHUIli CTaHOBJIATH Bix 16 mo 50 %
cepell TiepeloMiB KicTok B 1imomy Ta 50—80 % Binm ycix
BHYTPIIITHBOCYTJIO00BUX MOIIKOMIKEHb BEPXHbBOI KiHIIIBKI
[1]. Cepen momkomKeHb IaHOI JIOKaJi3allil IIpeBaIio0Th
HangBUPOCTKOBI (3—18 %) Ta yepe3BMPOCTKOBI MEPeIOMU

(57,5-70 %) nepeBaxHo y miTeir BikoM Bix 4 10 9 pokiB. 3
BiKOM YacTKa TaKUX MepeoMiB 3MEHIIIYEThCS, a TUITHU Tie-
peIOMiB 3MiHIOIOTHCS. ICHYIOTh TIPOTUPIYYS OO0 YaCTKH
ypaXkeHHS JOMiHAHTHOI pyKu [2].

HanBupocTKoBi Ta 4epe3BUPOCTKOBI IIepeIOMU YaCTi-
1IIe TPAIUISIOThCS Y XJIOMYMKIB i yac rpu Hamgsopi (47 %),
Broma (31 %) ta B HaBuanbHuX 3akiuanax (7 %). [pesamoe
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HeTNpSIMUIT MEXaHi3M TTOIIKO/KEHHSI — TIafiHHSI Ha PYKY
%94 %) [3].

Icnye xinpka Knacudikaliiil 11t OImMcy mepeaIoMiB TaHOL
IUISTHKY, ajie HalOUIbII BXMBAHOIO B IOACHHIN KIIiHIU-
Hill mpakTuii € Kinacudikauisa apraenga (J.J. Gartland)
[4], sika B mogaiblIoMy Oyia MmonuikoBaHa i Ha CbOrOIHI
MpeacTaBjieHa YOTUpMa TUITaMH [ 5, 6].

JIonaTKOBOIO  XapaKTePUCTUKOIO  HAJABUPOCTKOBUX
nepeiomiB ieyoBoi Kictku (HITIIK) € ix posmonin Ha
3rUHaIBHI (95—98 % BUManKiB) Ta po3ruHaNbHI (5—2 %
BUIIAMIKIiB), sIKi BUBHAYAIOTHCS 32 KyTOM B CariTajbHiil 110~
LIWHI, IKUI YTBOPEHWI MPOKCUMAJIbHUM Ta AMCTATBHUM
BillTaMKaMU: KYT, BiIKpUTUI JOTEpeny, XapaKTepU3ye
3TMHAJIBHUI TUII, 103aAy — PO3TUHAIbHUIA [7].

Eninemionoris TumiB HagBUPOCTKOBUX IIEpEJIOMIB 3a
kinacudikauieio laptienaa Mae takuit urtan: I — 36,7 %;
11 — 26,2 %; 111 — 30,9 %; IV — 6,3 % [8].

Y CBIiTOBilf OpTOMEAO-TPAaBMATOJOTIUHIN MpaKTULIi
11010 JIiIKYBaHHSI HAIBUPOCTKOBUX TiepesioMiB tumy I (30-
BHillIHS iMMoOGinizauist), Tunis 1111V (3akputa/Binkputa
pero3ullisi, BHYTpilllHs ikcallisi, 30BHIllIHA iMMOOiJTi-
3allisi) TOCSTHYTO MEeBHOTO KOHCEHCYCY, a IOA0 Mepeso-
MiB Ty Il aKkTMBHO OOTOBOPIOETHCS MUTAHHS IIPO TE, YN
HeoOXimHa BHYTPIIIH (iKcallis Iic/Ist 3aKPUTOL pero3uLIii.

MeTa: BUBHAYUTU CyYaCHY TAKTUKY JIKYBaHHsI HaIBU-
POCTKOBHX II€peIOMiB IJIEUOBOI KiCTKM y OiTe€i Ta MimIiT-
kiB II Tumy 3a Gartland.

Marepiaau Ta metoamn

MeTomosorist JOCimKeHHsI 0a3y€eThcsl Ha pPeKOMEHIa-
misix «Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) guidelines» [9]. ITomyk Jii-
TEpaTypHUX DKEpesl MPOBOIMBCI 3 BUKOPHUCTAHHSIM CY-
YaCHUX BITUM3HSHMX Ta 3apyOixkHMX 0a3, IIMOMHA MOIITy-
Ky CTaHOBMUJIA OCTaHHi 5—7 POKiB 3a TaKMMU TePMiHAMU:
review, distal humerus, supracondylar fractures Gartland I1,
pediatric patients, treatment (puc. 1; Ta6um. 1).

Kpurepii BKJItoYeHHs: 1) MalieHTH AUTSIYOro Ta MiiIiT-
KOBOTO BiKYy 3 HaABUPOCTKOBUMU repesoMamu 11 Tumy 3a
laptnennom; 2) niTepaTypHi JoKepesa 3 JOCTaTHIM piBHEM
nmokasoBocTi (I-1V), y skux rmogaHa cTaTUCTUYHO JOCTATHS
rpymna IMami€HTIB 3a KiJIbKICTIO Ta TEPMiHOM CIIOCTEPEKEHHSI.

Kputepii BuxmoueHHs: 1) HagBUPOCTKOBI mepenoMu 1,
HI-IV TuniB 3a FaptiennoMm; 2) myoikanii (peLeHsii, Te3u
a0o cTarTi), sIKi He MalOTh JOCTaTHHOI iH(hOPMATUBHOI T0Ka30-
BOI 0a3u Ta MpeACTaBIeHI OKPEMUMHU KJTIHIYHUMU BUMAJIKAMMU.

OdopmiIeHHS pe3yIbTaTiB MOIIYKY BKJIHOYAJIO: TepIIo-
ro aBTOpa, pik MmyoJiikallii, piBeHb JOKa30BOCTI, AU3alH 10-
CJIiIKEHHST, TUTI IepeJIoMY, KUIbKICTh i BiK IMalli€HTiB.

V nawiii po6oTi OyJ10 BUKOpUCTaHE MporpaMHe 3abe3rie-
yeHnHs1 RStudio (https://www.rstudio.com/).

PesyAbTaTH
OTpuMaHi pe3yabTaTu aHaJli3y BimiOpaHuX JiTeparyp-
HUX JKepeJl HaBeleHi B Ta0I. 2.

CratTi, BuaaneHi nepeg

> nepeBipKoto:
pybnikatu ctaten (n = 26)

A 4
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Tab6nuusa 1. XapakTepucTuka BigiopaHnx nitepatypHux g)xepesn g8 rnoganabLuoro aHanizy

. An3anH
AB:OEI.’H':K’ 06’em pocnipKeHHsa B[OCNiAXXEeHHs, piBeHb
p A,0Ka30BOCTi
Y pocnigxeHHsa 6yno BknovyeHo 54 nauieHTn. CepenHii 3a-
C.C. McCartne ranbHWin Bik cTaHOBMB 5,2 + 2,5 poky. [Micns 3akputoi penosn-
.t y uii y BioaineHHi HesigknagHoi ponomoru 38 (70 %) nauieHTis PeTpocnektnsHe

i cnigaBT., 2022, USA
[10]

Oynu ycnilHOo NPOosikoBaHi LUISXOM 3aKpUTOi penosunuii +
rincoa noe’aska, 16 (30 %) naujeHTam 3Hagobunocs onepa-
TUBHE BTPYYaHHSA

nopisHsANbHE, Il

P. Ojeaga i cnigasT.,
2020, USA[11]

Jlo kniHiYHOI rpynn yBINLWINM 77 nauieHTiB, akmm Oyna npose-
[eHa 3akpuTa peno3uLisa Ta rincosa iMmmobinizauis. Y 76,62 %
nauieHTiB 6yno 36epexeHo NOIOXKEHHS perno3nuii, BOHN He
noTpedyBanu XipypridyHoro fikyBaHHs 3 NepKyTaHHO dikca-
uieto

MpocnekTusHe, Il

J.Z. Amaral i cniaBrT.,
2024, USA [12]

JocnigHy rpyny ctaHoBunm 85 naujieHTis, ki Oynm knacudiko-
BaHi 9k Taki, wo matoTb HMMK Truny IA. CepepHin Bik Koroptmn
cTaHoBuMB 4,2 poky (gianadoH: 1,1-10,2 poky), 52 % naujieHTiB
cTaHoBWUNM xJionymkn. MNoTpeba B onepaTMBHOMY JliKyBaHHi
o6ynay 7,1 % Bunagkis

MpocnektunsHe, IV

T. Liu i cnigaBT., 2024,
China [13]

CumynsuiriHe [OCNIAXEHHS 3 BAKOPUCTAHHSIM HOPMabHUX
peHTreHorpam 3a gonomoroto Adobe Photoshop 14.0 3 no-
Oanbluoto BepudikaLieto 3a 4ONOMOrol KAiHIYHUX BUNAAKiB.
CranpapTHi 6i4Hi 306paxeHHs 6ynu 3ibpaHi 3 ciyHa 2008 poky
no notoro 2020 poky. Adobe Photoshop BukopuctoByBascs
O19 MOOEN0BAHHA HAABMPOCTKOBUX nepenomis IIA Tuny 3a
Gartland 3 pi3H1UM CTyneHeM KyTa Haxuiy B caritasbHin nno-
LMHI

EkcnepumeHTanbHe
LOCNioKeHHs

Y. Tomori i cniBasT.,

HaBepeHri pesynsraTtu nikyBaHHsa 102 giter 3 HAQABMPOCTKO-
BUMU nepenomamu tuny Il 3a NapTheHaom, 9Kkum NpoBeaeHO

2023, Japan [14] NiKYBaHHS LWIAXOM 3aKPUTOI perno3unuii Ta YepesLukipHoi dik- [MpocnektunsHe, Il
»Jap cauii. Bik Ha MOMeHT TpaBmMu cTaHOBMB 7—13 pokiB, a TpmBa-
NicTb NicnsonepauinHoro crnoctTepexeHHs — 12—16 micsauis
J.S. Sanders i cnis- 105 nauieHTiB BikoM Big, 2 0 12 pokiB 3 nepenomamu tuny A
a;aT. 2023, USA [15] Oynu po3noaineHi Ha ABi rpynu, SKMM NPOBOAMIIOCH KOHCEP- [MpocnekTnsHe, Il
v ’ BaTMBHE Ta XipyprivyHe fikyBaHHS
MpoaHanidoBaHi KniHivHi AaHi Ta peHTreHorpamu 1107 nauieHTiB
M. Silva i cnieaBrT., 3 HaaBMPOCTKOBMMU nepenomamu Il Tuny. 799 (72,2 %) nepe- PeTpocnektnsHe
2020, USA [16] JIOMIB NPONIKOBAHO HeXipypriYHnM wnsxom, a 308 (27,8 %) — ogHoueHTpose, llI
onepaTtvBHO
L MeToto naHoi po60oTK 6yNI0 NPOBEAEHHS KOMMEKCHOro aHani-
M. Booker i cniBasrT., . - PeTtpocnekTusHe,
2025, USA [17] 3y HeornepaTuBHOro NikyBaHHA rnepenomis Il Tuny 3a MaptneH koroptHe, Il

OOM Y aiTen

Jie Er Janice Soo
i cnigaBT., 2024,
Singapore [18]

ABTOpPU NpoaHanisyBanu pedynstaTu NikyBaHHs 142 aiten 3
nepenomamu Il Tuny 3a knacudikauieto faptnenaa, cepen,
akux 34 (23,9 %) nauieHTn NnepeHecnu XipypridyHy gikcaiio,
Tohi a9k 108 (76,1 %) nauieHTiB OTpUMyBanM KOHCEPBATUBHE
NiKyBaHHs. Y ceMu nauieHTiB CnoYaTky naaHyBanocs KoHcep-
BaTUBHE NiKyBaHHS, ane nisHilwe ix 6yno rocnitanisoBaHo ans
XipypriYyHOro BTpy4aHHs

PeTtpocnekTnBHe 0bcepBaa-
uiiHe koropTtHe, I

C. lorio i cniBaBT.,
2018, ltaly [19]

Byno npoananizosaHo rpyny i3 41 nauieHta, SKum npoBoLNIN
peno3uLito Ta iMmobinizad;io rincoBoto NOB’A3K00 Ta PENO3K-
LLito 3 NepKyTaHHOO dikcaLielo 3 npueoay nepenomis Tuny |l 3a
fapTneHgom

PeTpocnexktnsHe
nopiBHsANbHE, Il

V. Pavone i cniBasrT.,

MeToto Luboro gocniaXkeHHs 6yna oujiHka CydacHUX TeHAEHLIN
y nikyBaHHi HMMMK, a Takox 6axaHoro npoToKoy nicnsione-

2022, Italy [20] PaLiNHOro CNOCTEPEXEHHS Cepe, HneHiB EBpONeriCbKoro OnuTyBanHs, I
ONTSY0ro opToneanyHoro ToBapucTea
MeToto Lboro focniaxXeHHs 6yno BCTAHOBEHHS ONTUMaNb-

A. Surd i cnisasr,, Hoi cTparterii nikysaHHsA HITK Il Ta [l TNy 3a knacuoikauieto PeTpOCreKTUBHE

2025, Romania [21]

lapTneHga y gitel 3 akueHToM Ha epeKTUBHOCTI Ta 6e3ned;
MasioiHBa3nBHUX MeTOoAiB, 0COBMBO PI3HUX METOAIB MNiHiHrY
3a gonomoroto cnuui KipwHepa

nopiBHsNbHE, |l
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Tabnuusa 2. Pe3ynbTaTtvi 4OCNIO)XEHHS NiTepaTypHuUxX g)xepen

ABTOp, piK, Pe3ynbtatn BucHoBkun
KpaiHa AOCNIAXEHHS Ta pekoMmeHaauir
1 2 3

C.C. McCartney
i cnigaBT., 2022,
USA[10]

KyT naowmHn nepenomy Ha peHTreHorpami cra-
HoBMB 13,2 * 8,4° cepen NaujeHTiB, sKi NikyBanncb
KoHcepBaTuBHo, 19,8 + 7,5° cepen oneposa-
Hux (P = 0,008), nicna penoauuii — 3,0 = 3,4° Ta
10,0 £ 7,2° BignosigHo (P < 0,0001). CepenHii iH-
LeKC nepenHbOi MiHii N1e4yoBOi KiICTKN HA peHTre-
Horpami ctaHoBMB 0,34 B HEOMepOBaHi rpyni Ta
0,13 cepep oneposaHux (P = 0,104). Bik nauieH-
TiB, KyT BaymaHa [0 Ta nicna penosuuii, a Takox
KYT 3rMHaHHS LWWHW Nicna penosuuii CyTTEBO He
BiAPI3HANNCA MiX rpynamm

3akpuTta penosuuia nig, cesauielo € XUTre-
30aTHUM BapiaHToM JlikyBaHHA HIMK tvny IIA
3a knacudikaujeto MaptneHpa. 36inbLIEHHS
MOLLMPEHHST MepenioMy Ha PeHTreHorpamax
MOXe O0MoMOorT! nependaqnTy HeepekTms-
HICTb KOHCEPBATUBHOIO flikyBaHHS Micns 3a-
KpUTOI peno3uuji

P. Ojeaga
i cnigaBsT., 2020,
USA[11]

3akpuTa peno3uuis, ska 6yna npoeeneHay 76,62 %
nauieHTiB, 6yna 6e3 BTpaTu 3icTaBieHHs, NaLieHTn
He noTpebyBanu XipypriyHoro nikyeaHHs. Y 23,38 %
BMNaakis Gyna nposeaeHa NOBTOPHA pPeno3uuis Ta
nepkyTaHHa dikcauis

Y Uit cepii noninweHi Ta NPUAHATHI PEHT-
reHoJIoOriYHi napamMeTpu OynuM O0CArHyTi
LNSXOM 3aKpUTOi peno3uuii y BinbLuocTi
MiHiManbHO 3MilweHnx nepenomis Tuny llA,
NIKOBAHNX 3aKPUTOKO PENO3ULEI0 Ta iMMO-
Oinizauieto. Lle nocnioxeHHsa cBigunTb Npo
edeKTMBHICTb HeonepaTuBHOI  3aKPUTOI
peno3uuii nig, cepauieto 3 iMMobinizauieto
okpemux HIMMK Tuny A

J.Z. Amaral i cniB-
aBT., 2024, USA
[12]

BTopuHHe 3miweHHsa Big3Hadanoca y 7,1 % Bu-
nagkie (n = 6). 3 yux WecTr BUNaaKiB Aga Oynu
OUiHEHI Xipypramu sk Taki, Wo mMaloTb 4ONYyCTUME
3HayeHHs. B yoTnpbox BUNnaakax 6yna nposeaeHa
NOBTOPHA 3aKpmuTa penosuuis Ta nepkyTaHHa oik-
cauisi. HacTtoTta nepexony Ha XipypriyHe NikyBaHHA
HMMK Tuny 1A ctaHoBuna 4,7 %

JaHe pocnigxeHHs nokazano, wo y 4,7 %
BUMNAOKIB MauieHTU NOTpebyloTb Xipypriy-
HOro nikyBaHHsl. HeobxigHi noganblii Oo-
CNIIKEHHS ONA BU3HAYEHHS crneumn@iyHnx
dakTopiB pu3nky BTpaTH peno3uuii npu ne-
penomax tuny lIA

T. Liu i cniBaBT.,
2024, China [13]

Y Tux BMNagkax, KOAW JiHia NepeaHboro Kpato
Mae4oBOi KiCTKK BGyna AOTUYHOI A0 FoiBKM, Cro-
cTepiranacs BTpaTa 3ruHaHHa Ha 19° (11-30°),
ska 36inblyBanacs 3 TEPMIHOM nicns TpaBMu
(r = 0,731, P = 0,000). Pi3Hnusa B KyTi Haxuny B
caritTanbHi NNOLLMHI TaKoX BrMBaia Ha CTyniHb
BTPATU 3rviHaHHSA NikTboBOro cyrnobda (r = -0,739,
P =0,000). Ym BinbLU ropu3oHTasnbHa NiHis nepe-
JIOMY B natepanbHiin Npoekuji, Tum Binblua BTpaTa
3rMHaHHSA NiKTbOBOro cyrnoba

MwTTEBa BTpaTa 3rHaHHA NikTa nicnsa Haa-
BMPOCTKOBUX nepenomis tuny IIA 3a lapt-
NeHgoM 306inblUyeETbCA 3 TEPMIHOM Micns
TpaBMU Ta 3MEHLUYETLCS 3 KYTOM Haxuiy B
caritanbHin nnowwmHi. Konn nepegHin kpamn
MJE4YOBOI KICTKM pO3TallOBaHUM OOTUYHO
[0 TONiBKW, CepefHda BTpaTa 3rmHaHHs Nik-
T8 cTaHoBUTL 19°. Lli pesynbTtaTn 3abesne-
YYIOTb KiJIbKICHWN OPIEHTUP 419 NPUAHATTS
KMHIYHUX pilleHb WOA0 NiKyBaHHS AaHUX
nepenomis

Y. Tomori i cniB-
aBT., 2023, Japan
[14]

MauieHTn nikyBannChb LLASXOM 3aKPUTOT peno3u-
uii Ta yepe3wkipHoi dikcauii. He 6yno BigmiveHo
Takux nicnsonepawinHmnx ycknagHeHb, K iH-
dekujis, napaniy Hepea, BapycHa abo BasibrycHa
nedopmauia

Lns 36epexeHHs aHaTOMIYHOi peno3nui
3aKkpuTa penosuLis Ta nepkytaHHa gikca-
Liss € oOrpyHTOBaHO0 Npu fikyBaHHi HMTK
3rMHaNbLHOrO TUNY y Aiten 3 nepenomamum
Tuny 3a lapTneHgom

J.S. Sanders
i cniBaBsT., 2023,
USA[15]

O6c¢TexeHo 99 naujeHTiB, cepen, skux 45 nikyBa-
NINCb KOHCEPBATUBHO, 54 — onepaTueHoO. [pyna
onepoBaHMX NaLieHTIB Mana B cepeiHboMY Ha 6°
OinbLUWI 3aJHIN KYT HaxKNy B Micuj nepenomMy 40
onepauii (P < 0,05). YcknagHeHHs 6ynu noai-
OHVMK MiXX HEOMEepaTMBHOIO Ta ONepaTMBHO
rpynamu: pedpakuis (4,4 npotn 5,6 %), aBacky-
NapHUIA Hekpo3 (2,2 npotn 1,9 %) Ta iHdekuia (0
npotn 1,9 %) (P > 0,05)

Bcynepey pekomeHpauism AMepukaHCbKoi
akagemii xipypris-opTonesis, 611M3bKo

90 % navujeHTiB 3 HAABUPOCTKOBUMU Nepe-
nomamu tmny [IA Mo>xHa nikyBaTu KOHCep-
BaTMBHO Ta AOCAITU XOPOLUMX PEHTIeHO-
NOrivYHMX Ta PYHKLIOHANbHUX PE3Y/bTaTiB.
MaujieHTn, aKi NikyloTbCs KOHCEPBATMUBHO,
NOBWHHI NepebyBaTu Nig peTenbHUM Harns-
LOM OJ151 OLiHKM PaHHbOI BTPATWU peno3unji
Ta HeoOXiAHOCTI XipYpPriYHOro BTPYYaHHS

M. Silva i cniBaBr.,
2020, USA [16]

3Baranom 799 (72,2 %) nepenomis 6yno npoJiiko-
BaHO KoHcepBaTmBHO, a 308 (27,8 %) — xipypriy-
HUM WNAXOM. XKOLEH 3 NepesioMiB, ki nikysanu
onepaTmMBHO, HE MPOAEMOHCTPYBAB 3a/INLLKOBOI
nedopmalii, npy KOHCepPBaTUBHOMY BOHA CTaHO-
Buna 14,1 %

HesBaxaloum Ha NOMIpHY 3a/MLLIKOBY Ae-
dopmaLiio Npmn KOHCEPBATUBHOMY JliKy-
BaHHI, KiHLEBI PyHKLIOHaNbHI pe3ynbratn
He Manun CyTTEBUX BiAMIHHOCTEN B 060X
rpynax
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3akiHyeHHs1 Tabn. 2

1 2 3
M. Booker [MokasaHHAMN 00 KOHCEPBATMBHOIO JTiKyBaHHSA Mepenomu Tuny |l 3a NaptneHgom Tpagu-
i cnigaBT., 2025, nepenomis Tmny Il 6ynn: amilleHHs Ha 2—15 Mm LLIMHO NiKYIOTbCA ONepaTuBHUM LLUISIXOM,
USA [17] abo po3rmHaHHAa Ha 15-20° y natepanbHili Npoek- | ogHak aeski nepenomu Tmny 1A MoXyTb

LT Ta YaCTKOBO IHTAKTHWUI 3aHiN KOPTUKANbHUI
wap, SK1in Moxe nigTpuMyBaTn penoauiio 6e3
dikcaLii, a TakoX nepenomm 3 MiHiManbHUMIN
poTauinHumm gedopmMauisimu, BioCYTHICTIO KO-
POHANbHOrO 3MILLEHHS Ta BiACYTHICTIO 3HAYHOIrO
PO3rvHaHHSA AMCTaNbHOro pparmeHTa

NiKyBaTUCHA 3aKPUTOIO PENO3KLEI0 Ta 30-
BHiLLHbOIO iIMMOGini3aujeto. IcHye puank
NOBTOPHOI0 3MILLLEHHS Ta HeBAA4i Npu He-
onepaTtnBHOMY JliKyBaHHi, a dakTopu pusn-
Ky BK/I0YAIOTb 3HAYHY NOYaTKOBY POTALLiHY
nedopmaliio, 3aMileHHs > 15 MM, OinbLu
3HaYyHe PO3rMHaHHA AnctanbHoro gpar-
MeHTa Nae4yoBoi KiCTKW. MauieHTiB Ta ixHi
POAVIHW Clif, HANIEXHO MPOKOHCYJLTYBaTU
LOoA0 pU3KKiB Ta nepesar 060X Nigxoais, a
PiLLEHHS LWOA0 NiKyBaHHSA Chifg npuaMaTm
iHOMBIgyanbHO

Jie Er Janice Soo
i cnigaBT., 2024,
Singapore [18]

KniHiyHa rpyna Bkntoyana 142 nauieHtu, ce-
penHin Bik ikux cTaHOBUB 5,7 poky (SD + 2,5).
3HavyLWmmMm napameTpamm 6ynn: NopyLLEHHS
nepenHbOoi KOpW, HAasBHICTb MejiafibHOro po3Lue-
MAEHHS Ta NOPYLLEHHS KOHDIrypauii «nico4HOro
roanHHuka» (p = 0,001, P < 0,001 ta P =0,004
BiAnoBiaHo). He 6yno BUSIBNEHO pPi3HUL Npu
KOHCepBaTUBHOMY Ta ONepaTUBHOMY JiKyBaHHI,
sKa BU3Havyanacy 3a L0NOMOrol aHOMasbHOI ne-
penHboi niHii nnevooi kictkn (11/34, a6o 32,4 %
npoTtn 45/108, abo 41,7 %, P = 0,422) abo kyTa
BaymaHa (cepepHin kyT 75,2° npotu 73,9°,

P =0,244)

AHanis gutayoro HMMK Tuny |l 3a FapTnex-
[OM 3 BUKOPUCTaAHHAM 0OAATKOBUX Xapak-
TEPUCTUK NOPYLUEHHS NepeaHbOoi KOPTU-
KanbHOT PE4OBUHU, HASIBHOCTI MeAiaflbHOro
PO3LLENNIEHHS Ta MOPYLUEHHS «NiCOYHOrO
rOOVHHVKA» JO3BONSE TOYHILLE OLiHUTY
CTabiNbHICTb MEPEIOMY, & TAKOX YHUKHYTU
HenoTPiBHOro XipypriyHOro BTpyyYaHHs abo
MiHIMi3yBaTWN NOro

i cniaBT., 2025,
Romania [21]

C. lorio Y ABOX NaujieHTiB y rpyni A (KOHCepBaTUBHE fiky- | LLinkoM 06rpyHTOBaHO MOXHa O4iKyBaTu

i cnisasT., 2018, BaHH$) po3BuMHynacs gedopmadis kybiTycy Ba- 3a[0BiNIbHNX PE3YNLTATIB AK MICNA KOH-

Italy [19] pyc, a B 0QHOro nauieHta B rpyni B (onepatneHe | cepBaTWUBHOrO, Tak i NiCAa XipypriYyHOro
NiKyBaHHS) cnocTepiranacsa noBepxHesa iHdekLUisa | ikyBaHHA nepesnomis Il Tvny, AKLLo 3acTo-
B MicLi NpoBeaeHHs dikcyro4oi KOHCTPYKLii. KyT | coByBaTV OCHOBHI NPUHLUMNK 060X METOAIB
BaymaHa (BA) 6yB no3a Mexamu HOpMU y IBOX NnikyBaHH4. IMOBIpHO, cnig, 3ocepeamTmnca
BMNagKax KOHCEPBATUBHOI rpynu, a nepeaHa Ha ABOX NapamMeTpax — YCKIaAHEHHAX Ta
nneyosa ninia (AHL) posainuna ronosky KiCTku KpaLLii TeHAEHLIT B XipypriyHin rpyni woao
HaBniny 42,1 % naujeHTiBy rpyniAtay 73,2 %y | BTpaTu 3rHaHHS Ta rinepekcTeHsii ypaxe-
rpyni B (P < 0,05) HOrO NiKTS

V. Pavone MpoBeaeHo onuTyBaHHA cepen, 184 akTUBHMX YneHn EBpoNencbKoro ouTA4oro oprone-

i cnigaBT., 2022, YNeHiB EBPONENCbKOro ANTAYOro opToneany- ONYHOro TOBapMCTBa BBAXAlOTh, LLIO OOCBIA,

Italy [20] Horo ToBapucTsa. Cepep pecnoHaeHTiB 64,1 % Xipypra, MeTop, NlikyBaHHA Ta KoHdIrypauis
Manu focBifg nikyeaHHaA noHag, 10, a 55,4 % — WTN@TIB € OCHOBHMMUN akTopamMu, AKi
noHapg 20 sunaakis HMMK. 3akputa penosnuis, NOTEHLINHO BMIMBAKOTb HA PE3YNbLTaT JliKy-
nepkyTaHHa dikcauis 6ynum kpalmmm BapiaHTamu | BaHHs nepenomis Tuny |l ta lll 3a knacudi-
nikyBaHHs nepenomis Tuny Il Ta lll 3a knacu- Kauieto laptneHga
dikaujeto NlaptneHga ona 79,9; 95,5 1a 84,8 %
PECMOHAEHTIB BiANOBIAHO

A. Surd MeToau nikyBaHHs HITK pidHaTbca 3anexHo Big, | JocnigKeHHs NokasdykoTb, WO A1Lle nate-

TUny nepenomy (knacudoikauia apTneHpa). BoHn
MOXYTb OYTU KOHCEepPBATMBHUMM abo Xipypriy-
HUMK. Hemae 4iTKoro KoHceHcycy abo peko-
MeHAauin wono nikysaHHa cknagHmx HAMK (11,

Il Tnn 3a Nfaptnengom). Mepenomu Il Ta lll Trnis
HayacTile NiKyloTbCS 3aKPUTOO PENO3ULEI0 Ta
Yyepe3sLkipHoto dikcauieto apoTom KipiHepa abo
BiOKPUTOIO Perno3unLieto 3 dikcaLieto 3anexHo Bif,
CTyNeHs 3MiLLeHHs Ta ynopobaHb xipypra-opTo-
nena

panbHa dikcalis € 6e3neyHoto Ta edek-
TUBHOIO, ane A0BeAEHO, L0 NnepexpecHa
dikcauis 3abe3neyye HinbLuy CTabiNbHICTb.
CyyacHe nikyBaHHS aHUX Nepenomis no-
BWHHO 30CepeXyBaTUCH Ha MiHIManbHO
iHBa3MBHUX METOAAX Ta YHMKATW BioKpU-
TOi penosuuii, Konu ue MoXxnmBeo, Wwob
3a6e3neunTn HakpaLmii peaynstaT ans
nawuieHTiB
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HIIIK B nemiaTpuyHiii mMpakTUIli € OMHUMU 3 HAKUIIO-
IIMPEHIIIMX TpaBMaTUYHUX TMOLIKOMXeHb. [lorisiau Ha
JlikyBaHHS niepesiomiB 11 Tumy 3a apTiaeHnom xapakrepu-
3YIOThCSI TIPOTUPIUYSIMU 111010 3aCTOCYBaHHS IIJISIXiB pea-
JI3alrii: 3aKpuTa perno3ullis Ta TillcoBa MOB’sI3Ka; 3aKpuTa
peno3ulisi, mepKyTaHHa (ikcallis Ta rircoBa iMMo0imiza-
uig. OnTumanbHe JIiKyBaHHS JTaHUX MOIIKOMXEHb 1IE He
MOBHICTIO 3’sicoBaHe [17].

JlocmimkeHHs, sIKi MPUCBSYEHI aHallidy pe3yJbTaTiB
HeoneparuBHoro jgikyBaHHs1 HITITK Il Tuny, Bkasytots Ha
BUCOKMI piBeHb HEBAAJIUX DPE3YyJIbTaTiB, SIKi CTAHOBJISATh
6m3bK0 20—25 % Ta MPOSIBIISIIOTHCS BTPATOIO PETIO3ULIi,
nedopmanissmu, siKi TOTpeOYIOTh KOPUTYBAIBHUX OCTEOTO-
Miit, imemMiuyHOI0 KOHTpakTypoio PonbkMmaHa [22, 23].

OpHak y 6aratbox JOCJiIKEHHSIX JOBEIEHO TOITbHICTh
i epeKTUBHICTb KOHCEPBATUBHOTIO JiKyBaHHS [24, 25].

HesBaxarouu Ha AUCKYCil0, HAWOUIbII pealiCTUYHOIO
€ TOYKa 30pYy, 1110 O0MUIBa CITIOCOOM JTiKyBaHHS (KOHCEepBa-
TUBHMI Ta XipypriyHuil) € NPUAATHUMU JUIST 3aCTOCYBaH-
Ha npu HIITIK II Tumy 3a I'aptiaeHnom Ta 3a0e3mevyyioTh
xopolii ¢hyHKIIOHaJbHI Ta pamiosoriuni pe3ynbratu. He-
Mag€ I0CTaTHbO HAYKOBHUX JIOKa3iB, 11100 CTBEPKYBaTH, 1110
OJIVH i3 1IMX METO/IB JIiKyBaHHs € KpallyiM 3a iHIIWI 1pu
JIIKYBaHHI JaHUX MepeoMiB [26].

ToMy akTyaslbHUM MUTAHHSIM CbOTOJIEHHS € BU3HAYEHHS
(akTOpiB pU3MKY, SIKi IPU3BOIAITH A0 YCKIAAHEHb, a TAKOX
noKa3aHb J0 3aCTOCYBaHHs TOTO YU iHIlIOro Metomy [27].

JocnimkeHHs (akTopiB PpU3UKY, $Ki 3YMOBJIIOIOTH
301JIbILIEHHS YaCTOTW HEBIATWX BUMAAKIB MPU KOHCEpBa-
TUBHOMY JIiKyBaHHi, MOIOMAaraloTh CTpaTU(iKyBaTu Ia-
LIIEHTIB 1IOAO0 BUOOPY ONTUMAJIBLHOTO METOAY JiKYBaHHSI.
Cepen TOJIOBHUX HETaTWUBHUX YMHHMKIB BUIUISIIOTH. Ha-
SIBHICTh IIOYATKOBOI poTalliifHOi Aedopmallii, CyTTeBe 3Mi-
LIEHHS, MaJUi KyT TJIEYOBOTO BUPOCTKA TPU TEPIIOMY
3BEpHEHHI, HEe3MaTHICTh BiTHOBUTHU IMCTAIbHUN «ITiCOY-
HUIA TOOMHHUK» TJIEYOBOI KIiCTKM Ta MEPHEHAUKYISPHY
BiICTaHb BiJ MIepeaHbO] JiHil MIeYOBOI KiCTKM 10 TOJOBKH.
3a3HauyeHi (akToOpMu MOB’sI3aHi 31 30iJIbILIEHHSIM YacTOTU
HEBIAJIOT0 KOHCEPBATUBHOIO JIIKyBaHHSI i OOIPYHTOBY-
I0Th JIOLIJIBHICTh BHYTPIlTHBOI (hiKcallii. Takox naiieHTu,
SIKi MOXYTh MaTH TMPOOJIeMU 3 iMMOOiJTi3alli€lo TilCOBOIO
OB SI3KOI0 Ta JOTPUMAaHHSIM OOMeXeHb (IpobJieMH 3 TI0-
BEIiHKOIO a00 3aTpMMKa PO3BUTKY), MOXYTh MaTU PU3UK
HEBIAJI0T0 KOHCEepBAaTUBHOTO JIiKyBaHHS [28—30].

BUCHOBKMU

1. HanBHpOCTKOBI TepeoMu IIEYOBOI KiCTKM B Tefdia-
TPUYHIN IPaKTULI CTAHOBJIATH 3—18 %, TpaIIsioThes nepe-
BaXKHO Y JIiTeil BikoM Bin 4 10 9 pokiB. Y CBiTOBii1 opTore-
JIO-TPaBMATOJIOTIUHii TMPaKTUIli aKTUBHO OOrOBOPIOETHCS
MUTaHHS 100 JiiKyBaHHS niepeiomiB I Tumy 3a kinacudi-
Kauieto [aptienna, ki 3ycTpivaroThes B 26,2 % BUMNAIKIB.

2. VY 3B’13Ky 3 BIICYTHICTIO 00’€KTUBHOI JOKa30BOi 0a3u
Mpo repeBaru KOHCePBATUBHOTO YW OMEPATUBHOTO METOIY
JIIKyBaHHSI OOMIBa CHOCOOM € TPUAATHUMU IJIsI 3aCTOCY-
BaHHS MPY JAHOMY TUIMi MOLIKO/KEHb. TOMY aKTyaJlbHUM
MUTAHHSIM CbOTOIEHHSI € BU3HAUeHHST (haKTOPiB PUBUKY, SIKi
TPU3BOJSITH 10 YCKJIATHEHb, TOKa3aHb 10 3aCTOCYBAHHS TOTO
YU iHIIIOTO METOY, 1110 TTOTPEOYE MOAAIBIIIOTO BUBUECHHS.

Konduaikr inTepeciB. ABTopu 3asBISIOTH PO BiACYT-
HICTh KOHQJIKTY iHTepeciB Ta BJIacHOI (phiHAHCOBOI 3alli-
KaBJICHOCTI IIpM MiATOTOBLI JaHOI CTATTi.

Indopmania nmpo dinaHcyBaHHS. ABTOpPHM 3asIBJISIIOTH
PO BiACYTHICTh CTOPOHHBOI (PiHAHCOBOI MIATPUMKM Ha-
HOTO AOCJIIXEHHS.

Buecok aBtopiB. JIeBuibkuii A.d. — po3pobKa Ta -
3aitH; CobosieBcbkuii FO.JI. — aHani3 Ta Kopekilis mare-
pianiB mocmimkenHs; Jnxonmiit B.B., KoBampbuyk 1.}O. —
aHaJli3 JITepaTypHUX J[DKepesl, HalucaHHsI (parMeHTiB
poboTu.
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A.F. Levytskyi, Yu.L. Sobolevskyi, V.V. lLykhodli, D.Yu. Kovalchuk

Bogomolets National Medical University, Kyiv, Ukraine

Modern tactics of freatment for Gartland Il supracondylar fractures of the humerus in children
and adolescents: a literature review and meta-analysis

Abstract. Background. Fractures of the distal epimetaphysis
of the humerus account for 16 to 50 % of all bone fractures and
50—80 % of all intra-articular injuries of the upper limb in pedi-
atric practice. Among the injuries of this location, supracondylar
(3—18 %) and transcondylar fractures (57.5—70 %) predominate,
mainly in children aged 4 to 9 years. The epidemiology of supra-
condylar fracture types according to the Gartland classification is
as follows: I — 36.7 %; 11 — 26.2 %; 111 — 30.9 %; IV — 6.3 %. In
the global orthopedic and traumatology practice, a certain con-
sensus has been reached regarding the treatment of supracondylar
fractures type I (external immobilization), type I11-1V (closed/
open reduction, internal fixation, external immobilization), but
regarding type II, the question is actively discussed: is internal
fixation necessary after closed reduction? The purpose was to de-
termine the current treatment for Gartland II supracondylar frac-
tures of the humerus in children and adolescents. Material and
methods. The research methodology is based on the recommen-
dations of the Preferred Reporting Items for Systematic reviews
and Meta-Analysis guidelines. The search for literature sources
was carried out using modern domestic and foreign databases,

the depth of the search was the last 5—7 years using the follo-
wing terms: distal humerus, supracondylar fractures Gartland II,
pediatric patients, treatment. Results. According to the results
of the analysis of literary sources, there is no consensus on the
treatment of Gartland II fractures. Some authors characterize the
surgical method of treatment as traditional; others claim the high
effectiveness of conservative treatment based on their own clini-
cal material. The point of view on the feasibility and effectiveness
of both methods is significant. The authors justify the relevance
of improving and objectifying the indications for their use, which
will allow for the development of a coordinated treatment stra-
tegy. Conclusions. Supracondylar fractures of the humerus in pe-
diatric practice account for 3—18 %, mainly in children aged 4 to
9 years. In the global orthopedic and traumatology practice, the
issue of treating Gartland II fractures, which occur in 26.2 % of
cases, is actively discussed. A pressing issue today is the identifi-
cation of risk factors that lead to complications, and indications
for the use of a particular method, which requires further study.
Keywords: review; distal humerus; Gartland 11 supracondylar frac-
tures; pediatric and adolescent patients; treatment
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2AY «IHCTUTYT NaQToAorii xpebTa 1a cymobis imeHi npopecopa M.I. CuteHka HAMH YkpaiHn»,
M. XapkiB, YkpaiHa

EdeKTUBHICTb | PU3MKKM 30BHILLUHBOIT dikcauil
npuv nepeAoMax BeAUKOroMiAKOBOI KICTKMU:
MEeTOAHOAI3 MeTOoAiB IAi3apoBa i TenAaopa

Pestome. AKTyanbHiCTb. [TeperomMy BEAMKOTOMIAKOBOI KICTKI 3QAMLLIQKOTECST OAHIEIO 3 HQUMOLLIMPEHILLINX | BOA-
HOYQC HAVICKAQAHILLIMX TOQBM OMOPHO-PYXOBOro Qrapary. Ix AikyBAHHS 4OCTO YCKAQAHIOETLCST 3HAYHMM MOLLIKO-
AXKEHHSIM M SIKUX TKAHWH, BIAKOUTMU PAHAMM, HECTABIALHICTIO BIAAQMKIB TQ PUUKOM IHOEKLIVHNX YCKAQAHEHb. Y
TAKUX BUNOAKQX METOAM 30BHILLHLOI QIKCALl € BAXKAMBUM IHCTRYMEHTOM CTABIAIBALLT, LLIO AO3BOASIE 3Q6E3M1EYUT
KOHTPOAb HQA MOAOXKEHHSIM BIAAQMKIB MoV MIHIMQABHIVI iHBA3UBHOCTI, Cepes OCHOBHUX METOAIB 30BHILLHBbOI (ik-
cauii npwu AikyBQHHI mepeAoMiB BEAMKOrOMIAKOBOI KICTK HAMOGIABLL LUIMPOKE 3QCTOCYBQAHHSI OTPUMAAN KAQCUYHE
Qrapar IAIBQpPOBA TQ CYYACHI reKCAroAHi CUCTEMM, SIK-OT MPOCTOPOBA pamka Tevinopa (Taylor Spatial Frame,
TSF). MeTta: npoBeCTV CUCTEMATUYHE MOPIBHSIHHST €PEKTUBHOCTI TQ 6€3MeYHOCTI METOAY INIBQPOBA TAQ MPOCTOPO-
BOI paMKu TeriAopQ Yy AiKyBAHHI NEpEeAOMIB BEAVMKOTOMIAKOBOI KICTKM 3 YD AXYBAHHSIM HACY KOHCOAIAQLT TepeAomy,
4aCTOTH YCKAQAHEHb, YOCY 3DOLLEHHST TA CTYrNeHs1 KopeKUii aoepopmaLiv. Marepiaan Ta MeToAu. [TOLLYK AKEPEA
MpoBoAMBCS B 6A3ax AQHMX PubMed, Semantic Scholar ta Scopus 3a nepioa 3 2014 40 2025 poky. 3a BCciMa 6a3a-
M1 6GYAO BUsIBAEHO 105 POBIT. YCi BKAKOYEHI AOCAIAKEHHST MAAM PETOOCMHEKTUBHE KOFOPTHUA AM3QVH. POHAOMI3O-
BAHUX KOHTPOALOBAHUX AOCAIAXKEHB, LLIO BIAMOBIAQAU KpuTepism PICO, BusSIBAEHO He 6yAO. Pe3yAbTaTn. 3aranbHA
KIABKICTb CIOCTEPEXEHb CTAHOBUAQ 723 nauieHT (338 oci6 — meTtoa Inizaposa, 385 — TevinopQ). He Bu3Ha4Ye-
HO AOKQ3IB CYTTEBOI PI3HULL B KIABKOCTI BIAKDUTUX | 3QKPUTUX MEpEAOMIB. HE3BAXKQKOYM HO BUCOKY reTepOreHHICTb
(P =92 %) AOCAIAKEHB, HE BUSHAYEHO 3HAYYLLIOI PIZHNLY MK CUCTEMAMM LLIOAO TEPMIHIB KOHCOAIAQLT NEpenomis.
TepMiHv 3Qro€HHS1 CUAbHO BQPIKOBAAMCS 3AAEXKHO BiA MICLISI TEPEAOMY, MOro CKAQAHOCTI, NEPBUHHOIO CTaHY. [py-
na IAIBaPOBA MAAQ TROXU BULLMM, QAE HE 3HAYYLUMW IHAEKC @ikcaLuii. PiBHWLST B PU3UKY iHEKUIV MK METOAQMM
He € CTATUCTUYHO 3HAYYLLOO. [P0 BEAMYMHY 3AAMLLKOBOI AeOPMALii MOBIAOMAEHO Y ABOX AOCAIAKEHHSIX. KyT
3QAULLKOBOT AepOopMALii BEAMKOrOMIAKOBOI KICTK B rpynii Inisaposa 6yB HA O,7° GinbLumM, HXK Yy rpyri TSF, pisHMULS
CTATUCTUYHO 3HQYYLLQ. BUCHOBKW. 30 AQHVIMU MPOBEAEHOIO METAQHQAIZY, MU MOPIBHSIHHI €EKTUBHOCTI TQl 6E3-
MeyYyHOCTI METOAY INIBQPOBA TQ MPOCTOPOBOI PAMKIM TeNAOPQA Y AIKYBAHHI MEPEAOMIB BEAMKOrOMIAKOBOI KICTKM HE
6YAO BUSIBAEHO CTATUCTUYHO 3HQYYLLIOI PIBHUL MK LMW CUCTEMQAMM QHI 3Q TEPMIHAMM 3POLLIEHHST MELEAOMY,
QHI 30 KIAbKICTIO YCKAQAHEHB., BOAHOHYAC PAMKQ TerAopQ NMOKQ3AAQ BiPOrAHO KPALL PE3YABTATU LLIOAO OCTATOY-
HOI Aepopmatii KiHLBKM. CAiA BIABHQYUTU, 11O HOKOMMYEHUA KAIHIYHA AOCBIA | BAOCKOHQAEHHST PEKOMEHAQLLIV
LLIOAO 3QCTOCYBAHHSI 060X METOAIB QIKCALIi 3AAEXKHO BiA TUIY, AOKQAIZALIT TQ CKAQAHOCTI MepeAoMy MAViKe 3Hi-
BEAOBAAM BIAMIHHOCTI B YOCTOTI YCKAQAHEHb. BOPTO 3QYBAXKUTY, LLIO XO4A AESIKI QBTOPM HABOAWAM AQHI MO TUMN
TQ CKAQAHICTb MepeAoMiB BEAUKOrOMIAKOBOI KICTKM, Y3QrAAbHIOKOYI PE3YALTATU MyOAIKYBAAUCE 6e3 KOHKPETHO!
MPVB SI3KM AO LIMX XQPAKTEPUCTUK. TOMY HEMOXXAMBO 3006UT OCTATOYHI BUCHOBKIM MO NEPEBAry TiEl Y iHLLOT
CUCTEMU B OKPEMUX KAIHIYHNX BUNCAKQX. 3 OIMSIAY HQ 3HQYHY IHAMBIAYQALHY BAPIQTUBHICTE MEPEAOMIB MATAHHS
epeKTMBHOCTI Ta 6e3rMe4YHOCTI METOAIB AIKYBAHHST MOXXYTb By T OCTATOYHO BUPILLEHI AULLIE 30 YMOB HQSIBHOCTI AO-
CTATHbO BEAMKOIO OOCSITY KAIHIYHUX AQHUIX.

KAroyoBi cAoBQ: nepeAom BEAUKOTOMIAKOBOI KICTKM, MOOCTOPOBA PAMKQA Terinopa, CUCTeMA IA3QpPOBA; MeTa-
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Bctyn

[lepenomu BeIMKOrOMiJKOBOI KiCTKM 3aJMILAIOThCS
OIHI€I0 3 HAWMOIIMPEHIIINX i BOAHOYAC HAWCKIATHIIINX
TPaBM OIOPHO-PYXOBOTO arapaty. IX JiKyBaHHSI 4acTo
YCKJIATHIOETHCSI 3HAYHUM TOIIKOKEHHSIM M’ SIKUX TKa-
HUH, BiIKpUTUMU paHaMU, HECTAOIIbHICTIO BiUIaMKiB Ta
PU3MKOM iH(MEKIIMHNX YCKIamHeHb. Y TaKMX BUIIagKax
METOIM 30BHIIIHBOI (piKcallil € BaxkKJIMBUM iHCTPYMEHTOM
crabinizallii, 110 MO03BOJSE 3a0€3MEeYUTH KOHTPOJb Ha
MOJIOXKEHHSIM BilJIaMKiB IMPU MiHiMaJIbHi iHBa3MBHOCTI.
Cepen OCHOBHHMX METOJiB 30BHIllIHBOI (pikcallii mpu Ji-
KyBaHHi IepeJIoMiB BETMKOTOMIJIKOBOI KiCTKM HaMOiIbII
LIMPOKE 3aCTOCYBAHHSI OTPUMAJIM KJIACUYHUIA arapat [ii-
3apoBa Ta CyJacHi reKcamojHi CUCTEMU, TakKi SIK MPOCTO-
poBa pamka Teiinopa (Taylor Spatial Frame, TSF). Oouasi
TEXHOJIOTi1 JO3BOJISIOThH MPOBOAUTH TTOCTYITOBY KOPEKILitO
TOJIOXKEHHS KiCTKOBUX BiUTAaMKiB, PETYJIOBATU TOBXUHY
Ta BiCh KiHIIiBKM, a TaKOX YCIIIITHO JIKyBaT! YCKJIagHEHi
Ta 6araTOOCKOJIKOBi IIEPEIOMHU.

Tlonpu Te, 1110 KOXEH 3 METO/iB Ma€ CBOI MepeBaru Ta
oOMexXeHHsI, BUOip cuctemMu (ikcallil y KIiHiYHilA mpak-
TULI YaCTO 3aJIEXKUTh BiJl TUITY MEPEJIOMY, CTYTEHS YIIKO-
JKEHHST M’SIKUX TKaHWH, JOCBiIy Xipypra Ta JOCTYITHOCTI
obsagHaHHg. CuctemMaTMyHe BUBYEHHSI €(hEeKTUBHOCTI
i1 Ge3MeYHOCTi pi3HUX MiIXOAiB M0 30BHIlIHBOI (ikcarlil
€ BaXJMBUM KPOKOM [0 BIOCKOHAJIEHHS JIIKyBaHHSI Ta
3MEHILIeHHS PU3UKY YCKIaTHEHD Y i€l CKJIaMHOI KaTeropii
MAalli€HTIB.

Meton muctpakiiiiiHoro octeoreHe3y IlimizapoBa BUHUK
y cepearHi MMHYJIOTO CTOJIITTS Ta BKJIIOUYA€ HU3KY METO/IiB
PEKOHCTPYKIIil KiCTOK, 1110 BUKOHYIOThCS 3a JIOMOMOIOIO
KiJIbIIEBOTO anaparta 30BHillIHboi (hikcaitii. Lleit meton 6yB
pospoo6senuii I'.A. [nizapoBum y 1951 poui. Ille 3amoBro
1o LirizapoBa 0yJ10 po3yMiHHS 6ioJIOTii KiCTKOBOI TKAHWHH,
onHak came 'aBpuiio AGpaMoBUY TOCTiINB Ta (hyHIaMEH -
TaJbHO OINKCAB MPUHUUIMN AUCTPAKIIHHOTO TiCTeOreHe3y
Ta 3aCTOCYBaB 1li MPUHLIMIIM AJIsI JIIKYBaHHS IIMPOKOTO
CIIeKTpa MaTOJIOTIYHMX CTaHIB KiCTOK Ta CYIJI00iB (IK-OT
mepeioMyd Ta iX HEe3pOIIeHHS, HACIiAKU OCTEOMIENITY,
BPOIKEHi Ta HaOyTi nedopmMallii, HOBOYTBOPEHHS Ta Je-
(eKTH KiCTOK).

CyyacHi TNpUHLMIIM KOpekKilii aedopMaliiii JA0Brux
KiCTOK 3a JOIoMoror amnapara liizapoBa BUILIMBAIOThH i3
3arajJibHOro OiOJIOTIYHOTO 3aKOHY HATSTY-Hampy>KEHHS.
IMocTynoBa Tpaxilisi X)XMBUX TKAHWH CTBOPIOE HAMPYKEH-
H$I, 110 CTUMYJIIOE Ta TATPUMYE aKTUBHUI PICT MEBHUX
TKaHUH. 32 YMOBM aJIeKBaTHOTO KPOBOIIOCTAYaHHSI Ta CTa-
OipHOI (pikcallii mOCTymoBa TpakKilis KiCTKOBOI TKAHUHU
TaKOX IIPU3BOIMTL 10 ii mpomidepanii. Ilin yac mepiomy
JUCTpPaKIii HOBi KPOBOHOCHI CYAMHU PO3BUBAIOTHCS B I1O-
nepeyHoMy abo MO3MOBXHbOMY HAMpPSIMKY BiANOBiIHO 10
BEKTOpa HATATY; TAKMM YUHOM, BaXJIMBUM € TEMIl JAUC-
TpaKilii, ONTUMAJIbHUM BBaXKa€ThCsI TEMM OJIM3bKO 1 MM Ha
nmo0y. Taka HeoBacKyJsIpr3allis BifOyBa€ThCsT HE TiITbKU B
KIiCTIIi, ajie ¥ y M’ SIKX TKaHWHax [1].

[Mounnatoun 3 80-X pOKiB MUHYJIOTO CTOJITTS METOI
InizapoBa BUKOPUCTOBYBaBCS B PIi3HUX €BPOIMENCHKUX
KpaiHax. BomHodac i3 opuriHaJbHOIO METOOMKOIO IIPO-
BOIWJINCH pi3Hi BapiaHTU Moaudikalliii Ta yIoCKOHaJIeHb

(ikcyrourx mpucTpoiB Ta METOAIB iX 3acTocyBaHHS [2].
IMporsarom ocranHix 30 pOKiB IMIMPOKOI TOIYJISIPHOCTI
HaOyM TrekcanojaibHi KOMIT IOTepU30BaHi KPyroBi pam-
KM, Taki sk rpoctopoBa pamka Teitmopa. TSF Oyna pos-
pobnena y cepeauni 1990-x pokis. Ii apropamu € goxTop
Ixxek Teitnop ta nokrop JIxepom Kpynuak — amepukaH-
cbKi xipypru-opromenn. Cucrema TSF mae meBHi mepe-
Barv Haj KJIacMYHO ONMMCAaHMM amapaToMm lmizapoBa, 110 i
MPU3BEJIO [0 ii IIUPOKOro 3actocyBaHHs. OCHOBHOIO Ie-
peBaroio TSF e xomm’ioTep-acucToBaHa OLIiHKA CTYIIEHS
nedopmallii Ta aBTOMaTUYHUNM PO3paxyHOK KOPEeKIlii i€l
nedopmallii 3 ypaxyBaHHSIM TepMiHy JiKyBaHHs Ta JiOKa-
Ji3anii M’SIKOTKAHUHHUX CTPYKTYp, SKi € B 30HiI PU3UKY
Mig yac HaaMipHO IIBMAKOI mucTtpakiii. Tomi sIK amapat
[nizapoBa BUKOpHCTOBYE (hi3UyHI 1IApHIPYU Ta ITAHTH JIST
MOCJIiZIOBHOT KOPEKIIii 6araToruiomuHHuX aedopmatltiii, B
ocHoBy TSF moknameHo MareMaTUuHy MOJeb reKcaro-
Jla — IIECTUHOTOTO MEeXaHi3My, SKUif BUKOPUCTOBYETHCS B
iHXeHepii 111 TOYHOro MO3UIIiOHyBaHHS. TakuM YMHOM,
npu 3actocyBaHHi TSF Hemae HeoOXiTHOCTi B pydHOMY 3a-
CTOCYBaHHI 1IapHipiB Ha BepxiBLli AedopmMallii; mporpaMmHe
3a0e3MeyeHHs pO3Mi3HaEe BipTyaJIbHUI LIAPHIP, HABKOJO
SIKOTO i BiOyBa€eThCs 00’€MHE TPUBUMIpHE KOPUTYBaHHSI
nedopMalriii.

Ha cporoani obuasi cucrtemu (kjiacuyHi anapatu Lii-
3apoBa Ta MPOCTOpOBi pamku Teitopa) MIMPOKO 3aCTOCO-
BYIOTBCS y JIiIKyBaHHI TpaBM Ta Pi3HOMAaHITHUX MATOJIOTIiN
KiHIiBoK. OnHaK, MONpu iXHE aKTMBHE BUKOPUCTAaHHS Ta
3HAYHY KiIbKiCTh MyOJiKalliii, MPUCBSYEHUX KOXHOMY 3
METO/IiB OKPEMO, MOPiBHSUIbHUX AOCIiIKeHb BKpaii MaJo.
OcHOBHI po0OTH, $SIKi TMOpPIiBHIOBAIM 1Ii METOIM, BiIHO-
catbes Ao nepioay aktuHoro TSF, To6To 10 2010 poky.
[TimcyMKOM MOPiBHSIHHSI METOMIB MOXHA BBaXKaTU pOOOTY
D. Dammerer 3 koneramu [3], B $sIKiii OLIIHIOBAJIUCh pe-
3yJIbTATU JIIKyBaHHS 135 MallieHTIB 3 mepeioMaMy BEJIUKO-
roMiJIKoBoi Kictku cuctemMamu Imizaposa, TSF Ta Opto-
¢ikc. BucHoBKOM po0OTH CTaIM TaKi peKOMEHIALlil IIoa0
BUKOPHMCTAHHSI IIUX METOMiB: 3aCTOCOBYBaTU amapar lii-
3apoBa /sl 130JIbOBAHOTO MOJOBXEHHS JOBIMX KiCTOK Ta
JIIKyBaHHSI He3pollleHb; 3acTocoByBat TSF mis kopekiii
cKJagHuX nepopMaiiii. [IpruHIIMMOBOI pi3HUIL MiX 3a3Ha-
YEeHUMMU CUCTEMaMU BCTAHOBJIEHO He OYJI0.

Takox BimoMoO, 1110 BUCOKOEHEPreTUYHi MepeoMu Be-
JIMKOTOMIJIKOBOI KiCTKM CTaHOBJISATH ONHY 3 HaMWCKIamI-
HIIIMX KaTeropiil TpaBMaTUYHUX YIIKOKEHb OIOPHO-
PYXOBOTO amapary, 4acTO CYIMPOBOKYIOTbCS TSKKUMU
YpaXXeHHIMU M SIKMX TKaHWH Ta iH(PEKUiiTHUMMI yCKIam-
HeHHsIMU. Bce 11e poOUTh 3aCTOCYBaHHSI pi3HUX amapaTiB
30BHIIIHBOI (hiKcallii ONTUMAIbHOIO OMLI€I0 IS JiKyBaH-
HSI TaKUX TiepesioMiB. OCKIJIbKY OLIBIIICTh TAKUX MEPeJo-
MiB € 6araToyJaMKOBHMMHU, BiTHOBJIEHHSI aHATOMIYHOI OCi
BEJIMKOTOMIJIKOBOI KiCTKM CTa€ HAPIXKHUM KaMEHEM YCITiXy
JIIKyBaHHS TaKUX MepeaoMiB. TakuM YMHOM, JUIsT TpaBMa-
TOJIOTa-OPTOIEla BAXJIMBUM € HE JIMIIE 3arO€HHsl mepe-
JIOMy, a 1 0JHOYaCHEe YCyHEHHSI OCbOBUX Hedopmalliiii Ta
BKOpPOYEHHSI MOIIKOIKEHOI KicTKH. Lle BucyBae ocobmmBi
BUMOTHY 10 BUOOpPY MeTOmiB ¢hikcallii Ta iHmMBimyasi3alrii
JIIKyBaJIbHOI TaKTUKU. BiamoBigHO, BaXJIMBUM € pPO3y-
MiHHSI TOTO, sIKa 3 CUCTEM arlapartiB 30BHIlIHbOI (hiKcallii,
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BubpaHo ans nogansluoro

Budanero dybnikamu

aHanisy — 12 i dxepena 6e3 NogHO20
mekcmy
BubpaHo ans BudaneHo sk

HeegidnosiOHi ymosam
aHanmisy — 5

meTaaHanisy — 7

PucyHok 1. Bniok-cxema Bigbopy axepen

110 IIMPOKO 3aCTOCOBYIOTHCSI Y CBiTi, MOXe 3a0e3MeUnTH
ONTUMAaJIbHI pe3yJIbTaTH JIIKyBaHHS TIEPEJIOMiB KiCTOK TO-
MIJIKM i3 MEHIIOI KiJIbKIiCTIO YCKJIaJHEHb Ta HE3a/l10BiIb-
HUX Pe3yIbTaTiB.

MerTa: poBecTH CUCTEMaTUYHE MTOPIBHSIHHS e(eKTUB-
HOCTi Ta Oe3meyHoCTi MeTomy liizapoBa Ta MpPOCTOPOBOI
pamku Teiiyiopa y JiKyBaHHi IepeoMiB BEJIMKOTOMiJIKO-
BOI KiCTKM 3 ypaxyBaHHSIM 4acy KOHCOJigallii mepeaomy,
YACTOTH YCKJIaJHEHb, YaCy 3pOLIEHHS Ta CTYIEHs KOPEKIIil
nedopmartiii.

MaTepiaAn Ta MeToAmn

[Tomryk jkepen mpoBoauBcsl B 6a3ax nmaHux PubMed,
Semantic Scholar Ta Scopus 3a mepion 3 2014 mo 2025
poky. JIJisT MOIMpeHHs TTOLIYKY 0yJ10 BAKOPUCTAHO MaKeT
ResearchRabbit Ha 0CHOBI IITyYHOTO iHTEJIEKTY, SIKUIA I0-
3BOJISIE TPOBOAUTH TTOTITMOIEHU I KPOC-TTOIIYK JIiTepaTypu
B MaJIONOIIMPEHUX 0a3ax CBITY.

YV Mexax nJaHOro MeTaaHasli3y 3aCTOCOBAHO CTPYKTYpPY
PICO nnst hopmanizaiiii KpurepiiB 1000py AOCTiIKEHb:

— P (Population): namiieHTn Bikom rnoHa 18 pokiB 3 ne-
peJioMaMM BEJIMKOTOMIJIKOBOI KiCTKU;

— I (Intervention): nikyBaHHS i3 3acTocyBaHHsIM TSF;

— C (Comparison): JiKyBaHHS i3 3aCTOCYBaHHSIM KJIa-
cuyHoro anapara lnizaposa;

— O (Outcomes): OCHOBHI pe3y/IbTaTH BKJIIOYAIOTh Yac
3POIIEHHS, YaCTOTY iH(MEKIIMHNX YCKIaAHEeHb, 3aJIUIIKO-
BY nedopMallito, QYHKIIIOHAIbHI pe3yabTaTu.

3a BciMma 6azamu Oys10 BUsiBIIeHO 105 poOiT.

[Mouryk nmpoBoAMBCS 3a TAKMMU KJIFOUOBUMU CJIOBAMU:
Taylor Spatial Frame, TSF, Ilizarov fixator, tibia deformed,
fractures.

AJTOpUTM TIOLIYKY i BimOOpy MKeper Il aHali3y HaBe-
IIeHOo Ha puc. 1.

Vci BKIIOYEHI OOCTIMKEHHSI Malu PEeTPOCIEKTUBHUIM
KOTOpTHUM auzaiiH. PaHmomi3zoBaHUX KOHTPOJIbOBAHUX
JOCJTiIXEeHb, 1110 Bianosiganu Kputepisim PICO, BusiBieHo
He Oyuio. Lle 3yMOB/IO€ TIEBHI 0OMEXKEHHSI 11010 PiBHSI 10-
Ka30BOCTi OTPUMAHUX Pe3yJbTaTiB, ajie J03BOJISIE MPOBEC-
TH y3araJbHeHW aHaJli3 KJIiHIYHOI MPaKTUKHN Y TIOPiBHSIH-
Hi MeTomiB (ikcalrii.

3i0paHi maHi BKIIOYaIM 00CsAT BUOIpKI, XapaKTePUCTH -
KU TIALiEHTIB, T BTpyYaHHs, TOKa3HUKK 3POIIEHHS Tie-
peioMy, KiJbKiCTh YCKJIaIHEHb TOIIO. ¥ BUIIaAKaxX, KOJIU
B IOCJIIXKEHHSIX pe3yJbTaTu IOJaBalMCs SIK MediaHa Ta
MixkBapTuiabHuil po3max (IQR), 3amicTh cepegHboro Ta
cTaHIApTHOro BigxuiaeHHs1 (SD) MM BHUKOPUCTOBYBaJIU
Taky (opmyy s oiiHku SD:

SD~——.
1,35

Lle#t migxig npumnmyckae npubIM3HO CUMETPUYHUIA PO3-
MOILT i peKOMEHIOBAaHUI1 IJI1 MeTaaHaIi3iB, 110 BKJIIOYa-
I0Th HelTapaMeTpUYHi maHi [4].

Tepminu B IHSIX i THZKHSIX OyJId IIEPeBEASHI B MiCSIIIi.

MetaaHaniz 0y710 BUKOHAHO B cepemoBulli R (Bepcist
2025.05.0 Build 496) i3 3acTocyBaHHsM Iaketa Meta mjist
PO3paxyHKy MOKa3HUKIB MeTaaHali3y (pi3HMIII CEpeaHiX i3
BunagkoBuMu edexkramu, REML) ta dynkuii forest mns
To0yIOBH JIicOBUX Aiarpam y ctuiii RevMan 5. Monenb Bu-
naakoBux edekTiB ooupanu yepe3 comb.random = TRUE
i3 oninkot 12 MeTogoM REML, a reTeporeHHiCTh OLIiHIO-
BaJIv 3a JOTIOMOTOIO CTaTUCTUK Q-TecTy, 12 Ta 12

PesyAbTaTH

Bubpani 1 MeTaaHaiizy poOOTH Ta JaHi, sIKi B HUX Ha-
BeJIeHi, moaaHi B Tabu. 1.

OuiHka AoemorpadiyHUX NOKA3HUKIB

3arajibHa KiJIbKiCTb BUOIpKM cTaHOBUWJIA 723 Talli€HTH,
cepen Hux OyJ1o 338 oci0, sikux JTikyBanu metogom lizapo-
Ba, 385 — Teitnopa (puc. 2).

llizarov TSF Mean Difference Mean Difference

Study Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI

Menakaya C 44.00 19.3000 85 48.00 126000 37 153% -4.0[-9.8; 1.8 —

Albuomira | 44.50 14.6000 25 39.00 20.4000 30 10.0% 55[-3.8; 14.8] B e —

Corona P 49.30 16.9000 13 42.80 16.2000 18 7.4% 6.5 [-5.3; 18.3]

Watts A 49.00 20.7000 81 49.00 20.7000 112 15.0% 0.0[-5.9; 5.9] —_—

Sheridan G 38.60 13.2000 90 44.90 13.5000 137 19.3% -6.3[-9.8;-2.8] ——

ShiB 33.70 66000 32 3460 6.7000 30 19.7% -0.9[4.2; 2.4] o

Zhao Q 4980 86000 12 4250 11.6000 21 133% 7.3[0.4;14.2] ——

Total (95% CI) 338 385 100.0%  -0.0 [-3.9; 3.9] —

Heterogeneity: Tau” = 17.3240; Chi° = 18.22, df = 6 (P = 0.0057); I = 67.1% For rr
1510 5 0 5 10 15

PucyHok 2. JlicoBa giarpama po3snoginy Biky
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Owinka pizHuli cepeaHix (MD) cTaHOBUTH
@ .
@, o s @ 8|& 0,0 mpu 95% CI [-3.,9; +3,9]. IntepBan mic-
E %.E_ o | o (%[ =) TATh 0, 10 CBIIYMTH MPO BiICYTHICTb CTATHUC-
s 'g' g :3' ;'o' c ,t' :c') TUYHOI 3HAUYYLIOCTi Pi3HULI BiKy MixX IpyraMu,
e = : :l. - 2 2 TOOTO cepelHiil BiK MALIEHTIB y ABOX IpyIax
—
® MPaKTUIHO OTHOPIMHMIA. ['eTeporeHHICTh MiX
;§_ nocimimkenusmu 12 = 67,1 % (95% CI [26,7%;
& Mol <l el o o o 85,2%]), 1110 CBiTUUTB ITPO CEPENHIO Bapiabesb-
© o) . . .
S - A - HICTh MiXK ZOCTiMKeHHIMH. Q-TECT Ha TeTepo-
= reHHicTs (2 = 18,22, p = 0,0057) minTse €,
X
w!| 1110 PO30iXKHOCTI MixX pe3yJIbTaTaMM TOCTiIKEeHb
1 . . .
= E g e MEePeBUILYIOTh BUMAAKOBI pizHuLi. Hes3Baxka-
g g 5 — ™A IOYM Ha TMOMIpHO BHUCOKY T'€TepOreHHICTbh MixX
E g | OKpeMUMU pOOOTaAMU, B CEPEAHLOMY Pi3HUII
BiKy MiX rpyriaMu He BUSIBUJIACS 3HAYYLLIOIO.
% Y 5 < o~ ~la = o V nocmimxkenasx G.A. Sheridan i B. Shi ma-
B 8 = g 8 =} 3 —|—|o|o LiEHTX OYJTU MOMITHO MoJIojIIIe (B CEpeTHbOMY
‘:‘; 3 go ,+_' N ct', ;'. :.') :,'. 38,6 i 33,7 poKy), Ha BigMiHYy BiJ Mali€HTIB B
g E mE 2 o | = oo —|— IHIINX TOCIIMKEHHSX, Y IKUX BiK B CEPEIHBO-
oE.) My OyB nmoHan 40 pokiB.
= < | c© < ™ o © | N
& '5 —IN T FlN S N e F o S Rl o]« . . -
E ) ] g | Y| jrfl : a| G| : < ‘+\|‘ - ‘i? ‘jr‘l’ OLiHKQ KiAbKOCTI BIiAKPUTUX
2 | H|+H H H | +H + H ; :
X 0 23 |4 2|olals|dald|o| || d|c|n| isakputux neperomis
% T 8 ToN Yo N il BSCR Yo N Ikl INTo S VON =t I SN I ) 93 KinpKicTh Maui€HTiB 3 BiIKpUTUMU Ta 3a-
\g. KPUTUMM MEPEIOMU TMOBIAOMIEHO B 5 MOCIi-
D N .
Ef “lolel 4 0‘; N alwlolmlolo TDKEHHSIX. BCLoro 00CTeXeHO '441 HaHIEHTa', y
@ oldlTIslelelg IR = Akux 117 BIIKpUTUX NEPETOMIB BEJIMKOTOMIJI-
- ~— ~— ~— — — ~— ~— = . . . .
>(§ = E + ‘_; + ‘+‘I‘ | +H ‘J;' H | H 'tl :rol ; + KOBOI KiCTKM JiKyBaJim MeTomoM limizapoBa i
o To) — | oo™ Rn
'6 5 12 <8~ 2 Slglg| || 109 — TSF (puc. 3).
\g '5 < < g IR IR RN 3a JaHUMU aHaJli3y He BUSIBJIEHO CYTTEBOI
Q= pI3HUII y CHiBBIZHOIIEHHI BiIKPUTUX i 3a-
-; — oln|elglelels o S RN gl g KPUTUX TEPEOMiB, TPOJTIKOBAaHUX 000Ma Me-
e ® | - =@ - TOIAMHU K Y MeXKaX JOCIiKeHb (CTaHIapTHe
g BiIXWJIEHHS BiIHOIIIEHHS IIIAHCIB y BCiX rpymax
t:u: g 2 2 2 2 2 2 2 B 2 = 2 = 2 = MIiCTUTb 1, TOMY Pi3HUIIS CTATUCTUYHO HE 3HA-
S g AR R R qymia), TaK i MK DOCTIIKEHHAME (3arajibHe
(2] (2] m m (s2] (s2] (s2] : . —
: 5 HEEEEEEEEEEEEE BITHOIICHHSI LIaHCIB OR = 0,74 o3nHauvae, 1m0
z BipOTiIHICTh BiIKPUTOTO TIepesioMy Oyna rnpu-
6,13HO Ha 26 % HUXKYa, HiX 3aKPUTOTO, BUXO-
= o) o) o) o) o)
- 3 I~ z I Il~|e I nsam 3 95% CI [0,48; 1,14], BiporinHoi pisHULI
® ° S O || o | L8 M| | > o] ; i Tete-
% & = IZ|QOSIIZ|TZ|TZ |5 TF MiX MeTOIaMM JIiKyBaHHsI He BUsiBIeHO. ['eTe
§ = % o % % 27T ] POTeHHICTh MiX IOCIIIKEHHSIMM HEe BUSIBIIEHA,
\g 2=0% (95% CI [0; 79,2]), yci BimMiHHOCTI
> MiX pe3yjbTaTaMU TIOSICHIOIOTBCS JIUIIE BH-
3 3 E § o 2 | o o« o
3 e S g 0% |o|lw|9|2|ed |Z(z|e|Z Ma/IKOBMMH KOTMBAHHAMH.
E z9 RS ) oy T g [N|9o|lo|= HesBaxaioun Ha TEHAEHIII0 A0 3HWXKEHHS
- -] = -
m® d=> @ o maHcy Binkpuroro nepenomMy (OR < 1), pizHutis
He € BiporinmHoto (p > 0,05). Takox gocaimKeHHs
= | | | | | BUSIBUIM HAI3BUYAHO HU3BKY F€TepOreHHICTb,
'S w2 w8 =2 x| ©f TOOTO Pe3yJIBTaTH OKPEMHX POBIT JOCUTH OTHO-
Eg‘ N |« |« Qa | &« pinni. OTXe, HeMae JIOKasiB CYTTEBOI Pi3HULL B
PYBUKY BITKPUTUX TPOTU 3aKPUTUX TEPEIOMiB
= — 3a y3araJIJbHeHUMU JAHUMMU 1IHX 5 TOCITiIKEHb.
™ .
T 3 | B T I G . -
) s= 2= |49 |& O | = TepMiH KOHCOAIAQLT TepeAomMy
ﬁ L | EQ % = < S2 |« 8 e [MopiBHIOBaIM Yac 3pOIICHHST TTEPEIOMY TIPH
— X o~ —_ —_ — ~ — . . . .
& s § © é 8 £ % [ |d_ | oF JikyBaHHi armapaToM Lmizaposa ta TSF Ha ocHOBI
& 2 I 2 I 8 I g 5|5 I = © % I JaHKX i3 ceMU JOC/ILKeHb (BCboro 723 crocre-
= = = - = - = pexxeHHs: 338 — Liizapos, 385 — TSF) (puc. 4).
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3a JaHUMU aHai3y HE BUSIBJIEHO CYTTEBOI PI3HMII MiX
TepMiHamMu 3aroeHHs niepenomis: MD = 1,0; 95% CI [—1,9;
4,0], MiCTUTb HyJIb, TOMY Pi3HMILIS Mi3K METOAaMU CTATUCTUY-
HO He 3HauylIa. [ eTeporeHHiCTh MixK TOCJTiIKEHHSIMM iCTOTHA:
2 =13,96 (95% CI [4,88; 95,53]). 1>=92,0 % (95 % CI [86,0;
95,4]) — HaI3BUYAHO BUCOKA IeTEPOreHHICTh, TOOTO 92 %
BCi€l BapiabeIbHOCTI pe3yJIbTaTiB TOSICHIOETCSI BiIMiHHOCTSI-
MU MiX TOCTI/IKEHHSIMU, a HE BUTIAIKOBOIO TIOXMOKOIO.

Otxe, He3BaXKalouM Ha HeBeIUKY (1-IeHHY) TEHAEHIIiO
IO JIOBILIOTO Yacy 3pOIIeHHS IPpY BUKOPUCTaHHi armapaTa Lii-
3apoBa, 1S pi3HULISI He € cTaTUCTUYHO 3Hauyior (CI oxo-
noe HyJb, p ~ 0,5). IIpore ayke BUCOKA TeTepPOreHHICTh
(I> = 92 %) cBimYUTH IPO Te, IO PE3yJIbTATU Pi3HUX TOCTi-
JDKEHb CYTTEBO BiIPI3ZHSIOTBHCS, MOXJIMBO, Yepe3 Pi3Hi Mpo-
TOKOJIM JIIKYBaHHS$1, KpUTEPil BKIIIOYEHHS Malli€HTIB a00 pi3Hi
XapaKTepUCTUKHU TIEPEIOMiB.

V nyo6mikamisx A. Watts ta P.S. Corona mokimagHo po3-
[JISIHYTO TEPMiHM JIIKyBaHHSI TIEPEJIOMIB Pi3HOTO CTYIIEHSI
CKJIAIHOCTI, 30KpeMa IepeIOMH, SIKi ITOTpeOyBaIi KOPEKIIil
TpaBMaTUIHOTO BKOpodeHHs. CKJIaIHi IepeIoMu 3i 3MillleH-
HSIM 1 BTPATOIO KiCTKOBOI MacH JIiKyBaJIM MepeBasKHO paMKa-
mu Teitnopa, 1110 MPU3BOAUIIO OO OLIBII TPUBAIOIO TEPMiHY
JIIKyBaHHSI IIOPIiBHSIHO 3 MepesIoMaMU, SIKi JIiKyBaIu (pikcaTo-
pamu InizapoBa. ¥ nocnimkenHsax G.A. Sheridan i Q.J. Zhao
OMNUCAHO JIIKyBaHHsI MOCTTpaBMAaTUUHUX JAedopMalliii i BKo-
poYeHb, TOOTO MicCJIs TUTAHOBUX ocTeoToMmiil. Taki yckimam-
HEHHS JIIKYBaJIM TIepeBaskHO MeTOIOM LitizapoBa, TpUBaJIiCTh
JECTpaKllii B IESIKMX BUTIAIKax csraja 3 i Oinblie pokiB. Ak
BimMivaroTh G.A. Sheridan 3i criBaBT., po3Mip aedeKTy y ma-

LieHTIB rpynu LiizapoBa OyB OLIBIIMM, 1O i 3yMOBUJIO OiJTb-
LI TepMiH 3poineHHs1. CaMe TepMiHU 3aTOEHHST TIEPEIoMY
LIMX JOCHIIIKeHb B MeTaaHali3i 1aiu BiTHOCHE 30iIbIIICHHS
TepMiHy JIIKyBaHHSI IUTs armapata [izapoBa.

3a 3aralbHUMHU CIIOCTEPEXKEHHSAMM, TEPMiHU 3arOEHHS
MepeioMy CUJIbHO BapiloBalIMCs 3aJIeXKHO Bim MicClisd mepe-
JIOMY, 10r0 CKJIaIHOCTI, IEPBUHHOIO CTaHy — BiIKPUTUIM Y1
3aKpUTUI TIepesioM, a TaKOX iHAWBiZyaJbHUX ITOKa3HUKIB
MalieHTa — IKiIJIMBUX 3BUYOK, CYMYTHIX 3aXBOPIOBaHb, BiKYy
TOILIO.

VY Bcix OOCHiIKEHHSIX TOBHE BUIAJEHHSI KapKaciB Bil-
oyBayiocst yepe3 1—1,5 Micsms micisa 3porieHHs. OCKiTbKI
BUIAJICHHsI KapKaca BilOyBa€ThCs TTOCTYIIOBO, TEPMiHU PO3-
OOpKY KOHCTPYKIIilA 3aJIe3KaTh Bill peHTTEHOJIOTIYHOL SIKOCTi
KiCTKOBOTO M030Jis1. He Bci aBTOpH TTOBIIOMIISTIOTH caMe TIPO
TepMiHM BUIAJICHHS KapKaciB, i TEpMiHM BapilOIOThCS SIK Bif
MoyaTKy HaKJIagaHHs, Tak i Bil yacy MepBUMHHOI KOHCOIiAa-
wii. Ileit moka3HUK MU aHaJTi3yBaJIU.

inAekc 30BHiWHBbOT Pikcau;i

Ingexkc 3oBHimHBOI (ikcarii (I3®D; External Fixation
Index, EFI) — 11e moka3HUK, SIKMiI BUMIPIOE KiJIbKICTh Yacy
(y mHsIX abo MicAIIsIX), HEOOXiTHOro IS MOMOBXEHHS abo
3polleHHsT 1 ¢M KiCTKM TIpu 30BHIillIHIN ¢ikcallii. ¥ moci-
JKeHHI 1aHi HaBeJCHI B MiCSILISIX/CM.

[Tpo ol11iHKY iHIeKCY 30BHillIHbOI (hiKcallii MOBiTOMIEHO B
3 poborax (puc. 5).

Ha ocHoBi naHux i3 TpboX d0CTiKeHb (ychoro 344 ma-
uientu: 147 — Inizapos, 197 — TSF) Oyno Bu3HaueHo, 110

lliszarov TSF Odds Ratio 0Odds Ratio
Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
Menakaya C 65 85 30 37 204% 0.76[0.29; 1.99] —
Corona P 10 13 15 18 59% 0.67[0.11; 3.99]
Watts A 19 81 37 112 452% 0.62[0.33;1.19] — R
ShiB 17 32 16 30 19.0% 0.99 [0.37; 2.69] —
Zhao Q 6 12 11 21 94% 0.91[0.22; 3.76) —e
Total (95% Cl) 223 218 100.0% 0.74 [0.48; 1.14] e
Heterogeneity: Tau® = 0; Chi® = 0.71, df = 4 (P = 0.9505); I> = 0.0% ' ' ' '

02 05 1 2 5

PucyHok 3. JlicoBa giarpama BigHOLEHHS LUaHCIB BiAKPUTUX/3aKPUTUX NepesioMiB [0 JliKyBaHHS

llizarov TSF Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Menakaya C 5.40 4.1000 85 5.10 2.7000 37 15.7% 0.3[-0.9; 1.5] -
Abuomira | 11.90 44000 25 13.90 4.8000 30 145% -2.0[-4.4; 0.4] ——
Corona P 550 2.2000 13 9.30 6.1000 18 13.7% -3.8[-6.9;-0.7] —
Watta A 5.80 3.2000 81 6.40 3.5000 112 159% -0.6[-1.6; 0.4] -
Sheridan G 15.00 7.3000 90 8.40 4.1000 137 15.4% 6.6[4.9; 8.3] —-—
Shi B 10.20 2.0000 32 9.70 1.8000 30 15.9% 0.5[-0.4; 1.4] -
Zhao Q 42.00 9.8000 12 33.30 8.2000 21 9.0% 8.7][2.1;15.3] —_—
Total (95% CI) 338 385 100.0% 1.0[-1.9; 4.0]
Heterogeneity: Tau” = 13.9573; Chi® = 74.88, df = 6 (P < 0.0001); I° = 92.0% o ro
15 10 5 0 5 10 15
PucyHok 4. JlicoBa giarpama TepMiHiB 3aro€HHs1 NepesioMis
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pizHuus 13 y rpymi Lnizaposa Oyna Ha 0,3 micstiist/cMm Gib-
oo, Hixx B rpyni TSF: MD = 0,3 Micsitist/cM, ajie 3HaUYeHHS
95% CI [-0,1; +0,8] BKITIOYA€E HYJIb, IO CBITYMUTH PO Te, LIO
pi3HULI He 3HauyIa. ['eTeporeHHiCTh MK JOCIiIKEHHSIMU
12=281,9 % (95% CI [44,2; 94,2]) BrcOKa, pO30iKHICTb y pe-
3yJIbTaTaxX TOSICHIOETBCSI CIPABXHIMU BiIMIHHOCTSIMU MiX
JOCITiHKEHHSIMU.

He3Baxatoum Ha TEHAEHIiIO 10 TPOXU BUILOTO iHIEK-
cy ¢ikcairii mpu 3acTocyBaHHiI amapara [imizaposa, 11 pi3-
HUIIL He € cTaTUCTUYHO 3Hauymon (Cl oxoruioe Hylb,
p = 0,147). BonHoyac BUCOKA Te€TE€POreHHICTb CBIIYUTH
Mpo Te, 10 YMOBU JOCTIKEHb (IPOTOKOJIM KOPEKIIii, Me-
TONMKA PO3PAXYHKY iHAEKCY, XapaKTepUCTUKHU MAI[iEHTIB)
3HAYHO BiPi3HSIUCS.

Bucoky reteporeHHiCTh 3yMOBJTIOIOTh PE3YJIbTaTU B AOCITi-
mxeHHi G.A. Sheridan, siki Maiie yaBidi IepeBUIIYIOTh aHi
iHIIMX JochimkeHb. CaMi HAyKOBII BiIMi4atOTh, 1110 B JOCITi-
JDKeHHI 30UTBIIeHUI iHAEKC 30BHIIIHBOI (hiKcallil 3yMOBIe-
HUI 3HAYHOIO KUIBKICTIO BiIKPUTHX Ta iH(IKOBAaHMX IIEpe-
JIOMIB, §IKi TIOTpeOyBaId JOAATKOBUX MaHIImy/siiii. OmHak
y JOCJKEHHI He BKa3aHO KiJbKICTh BIIKPUTHX/3aKPUTHX i
iH(iKOBaHMX IEPEJIOMIB.

NMoBepxHesi iHpeKLUii

I1po po3BUTOK MOBepXHEBUX iH(DEKIIiA Y 30Hi TPOBEAECHHS
CTPVKHIB TOBIIOMJISIIM BCi aBTOPU JTOCJIKEHb, ajle KiJlb-
KicTh BKa3aHa B 5 TOCTiIKeHHsIX (puc. 6).

Ha ocHoOBi m’siT1 1OCTiKeHb OLiHIOBAIM PU3UK iH(DEK-
LIMHUX YCKJIaIHEHb TIPU JIIKyBaHHI amapatoM l[mizaposa Ta
TSF. 3aramom 6yso 86 momiii iHdeKIIiit.

Ouinka criBBigHoiieHHs maHciB OR = 0,89 Bkasye Ha
He3HauHe 3HIDKEHHSI iMOBIpHOCTI iH(eKIii B rpymi LtizapoBa
nopiBHsiHO 3 TSF (—11 %); 95% CI [0,52; 1,51] roka3sye Bin-
CYTHICTb CTATUCTUYHO 3HAYYIIIOI pi3HULIL. ['eTeporeHHicTh MixX
nocrimkennsimu 12 = 0,0 % (95% C1[0,0; 79,2]). He3paxkaroun
Ha 1e, 110 OR Tpoxu MeHIlIe 3a 1, pi3HULIS B pU3MKY iH(pEKIIii
MDK METOAAMU HE € CTATUCTUYHO 3Hauy1lIo10. [ eTeporeHHicTh
Ham3BrJaitHo Hu3bka (12 = 0 %), oTKe, pe3yjabTaTd IOCTi-
JKEHb BUSIBUIMCS TOCUTh OTHOPITHUMU. TakuMm 4MHOM, 3a
HassBHUMM JaHUMU HEMa€ I0Ka3iB Toro, 1o arnapat lizapoBa
3MEHIIye a00 30iIbIITye pu3MK iH(eKIii mopiBHsIHO 3 TSF.

OLiHKa 30AMLLKOBOT Aedopmalii
[Ipo BemmumHy 3aJMIIKOBOI IedopMallii MOBiZOMIIEHO Y
nBox gocimkeHHsX (puc. 7). llle B omHomy (B. Shi) BkazaHo,

llizarov TSF Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Albuomira | 2.10 0.8000 25 1.97 0.7000 30 29.2% 0.1[-0.3; 0.6
Sheridan G 3.20 1.7000 90 240 1.2000 137 30.3% 08[04;1.2] —_——
ShiB 1.50 0.1000 32 1.40 0.2000 30 40.6% 0.1[0.0;0.2] -
Total (95% Cl) 147 197 100.0% 0.3[-0.1; 0.8]

Heterogeneity: Tau’ = 0.1186; Chi” = 11.07, df =2 (P = 0.0039); I = 81.9% ! ! ! !

PucyHok 5. JlicoBa giarpama po3anopginy I3®

lliszarov TSF Odds Ratio Odds Ratio
Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
Menakaya C 17 85 9 37 33.3% 0.78[0.31; 1.95] —
Alboumira | 4 25 7 30 152% 0.63[0.16; 2.45] =
Corona P 6 13 6 18 13.1% 1.71[0.40; 7.43] L
ShiB 11 32 9 30 247% 1.22[0.42;3.56] =
Zhao Q 5 12 12 21 137% 0.54[0.13; 2.25] =
Total (95% Cl) 167 136 100.0%  0.89[0.52; 1.51] e

Heterogeneity: Tau” = 0: Chi° = 1.92, df = 4 (P = 0.7496): I” = 0.0% ' L '

02 05 1 2 5

PucyHok 6. JlicoBa giarpama ouiHku iMOBipHOCTI noBepxHeBoi iHpekyii

llizarov TSF Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Corona P 2.85 2.3100 13 2.48 2.4500 18 136%  0.4[-1.3:2.1]
Zhao Q 2.37 1.0000 12 1.58 0.8400 21 86.4%  0.8[0.1; 1.5] ——
Total (95% Cl) 25 39 100.0%  0.7[0.1;1.4] —
Heterogeneity: Tau’ = 0; Chi° = 0.20, df = 1 (P = 0.6508); I = 0.0% ' ' '
2 -1 0 1 2

PucyHok 7. JlicoBa giarpama sennyuHun 3ainwKkoBoi gegpopmadii
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1110 y 5 Malli€HTIB BiAMiu€HO HE3HAUHY 3aJIUIIKOBY nedopMa-
11if0 TIPM JIiIKYBaHHI araparoMm liizapoBa 6e3 MoBinoMJIeHHS il
BEJIMUMHMU.

3a gaHnMu aHaiizy 64 Bunazakis (25 B rpymi Lmizaposa i
39 — TSF) BusiBIieHO, 1110 KYT 3aJIMIIIKOBOI AehopMalltii Beu-
KOTOMIJIKOBOI KicTKM B Tpymi Limizaposa Ha 0,7° Giblie, HiX
B pymi TSF. 95% CI [0,1; 1,4], pi3HUIIS CTATUCTUIHO 3HA-
yymia. [oMoreHHicTh Mixx gocmimkeHusmu 12 = 0,0 %, 1o
CBiTYMTH ITPO OTHOPIAHICTD JOCTIIKEHb.

O6roBopeHHs

3a JaHUMM IIPOBEIEHOI0 MeTaaHali3y He OyJI0 BUSBICHO
CTATUCTUYHOI Pi3HUII MK JBOMa METOIaMM JiKyBaHHS I1e-
pPEeIOMiB BEJIMKOTOMIIKOBOI KiCTKM, KpiM KyTa OCTaTOYHOIL
nedopMatiii.

3arajibHa OILiHKAa ITPOaHaJli30BaHMX HOCTIIKEHb CBil-
YUTH TIPO Te, 110 OIIHIOBATU y3arajbHEHi OLIHKA BUKOPUC-
TaHHS O3HAYeHWX cucTeM dikcallii TepesioMiB He 30BCiM
npaBwIbHO. CKIIATHICTh TIepeIoMiB (IIPOCTHUIA, YIAMKOBUIA,
BIOKPUTHIA, 3aKpUTHUH, iH(GIKOBAaHMI UM Hi, CTYIIiHb BTpaTu
KiCTKOBOI TKAHMHM TOIIIO) TTOMITHO BIUIMBAE SIK Ha TEPMiHU
JIIKyBaHHSI, TaK i Ha pe3yJIbTar.

¥ po6ori C.U. Menakaya et al. [5] npoaHastizoBaHo Tiepe-
Jiomu iadiza, mijloHa i Tu1aTo, ajie He MOBiIOMJICHO PO TSK-
KiCTb TIEPEIOMiB, OLIIHIOBAJIM JIMIIIE YaC 3aTOEHHSI [IEPEIOMIB,
SIKMi1 BUSIBUBCSI CTATUCTUYHO HE 3HAYYIIIUM.

V nocnimkenHi P.S. Corona et al. [7] po3risiHyTO Ta mpo-
aHaJIi30BaHO TEPMiHM 3arOEHHS TiepesioMiB TUIIiB 41, 42, 43
Ta ix Bumu (A, B, C). Ane He3HaYHa KiJIbKIiCTh ITAIliEHTIB B
O3HAYEHUX KaTeropisix He Jaja MOXJIMBOCTI 3pOOUTU TO-
BHOILIIHHUI TOPIiBHSUIbHUM aHAJIi3 11040 TePMiHiB 3arOEHHSI
MepesoMy Ta OLIIHOK SIKOCTIi 3pOILeHHsI. ABTOpY poOJIsITh y3a-
rajibHeHY OLiHKY MiX rpyrnamu lnizaposa i Teiinopa, 1o i Ha-
BEJCHO B METaaHai3i.

binblr momuvpeHWid aHali3 pe3yabTaTiB JiKyBaHHS
nepeysioMiB rominku nae A. Watts et al. [8]. locTaTHs
KiIBKiCTh criocTepexeHb (n = 193) nmana MOXIUBICTH
MpoaHali3yBaTU Pi3HMIII B TepMiHaX 3pOILEHHS Tepe-
noMiB 3a ix TurmoM (AO41, AO42, AO43, AO44, Binkpu-
Ti Ta 3aKkpuTi). CTaTUCTUYHOI Pi3HUIII Y Yaci BUOAIEH-
HS CUCTeM He BUSBIIEHO (KpiMm mepesoMiB Tumy AO44).
IIpo TepMmiHU 3pOIIEeHHS MOBIZOMJIEHO OKpPeMO i y3a-
raapHeHo ais rpyn Inizaposa i TSF. IMonpu mupoke
IOCJiIXKEHHS, KpiM aHali3y TepMiHiB, iHIIMX JaHUX HE
MOBITOMJIEHO.

Y nocnimxenni G. Sheridan et al. [9] HamaHO pe3yib-
Tatu 227 TallieHTiB. AHaJli3yBajlu TEPMiHU 3POIIEHHS
Ta BUJAJIEHHS KOHCTPYKIIiif, a TaKOX PEHTTeHOJIOTIUHI
SIKOCTi KiCTKOBOTO MO30Jis1. ABTOpHM HE PO3IUISIN TTalli-
€HTIB 3a TUIIAMU Ta CKJIAAHICTIO IIePEJIOMiB, TOMY OLliHKM
Majid BeJUKYy BapiaOelbHicThb. Pi3HUIII MiX TUmamMu pa-
MOK He BUSIBJIEHO.

Y nyonikauii B. Shi et al. [10] npoaHanizoBaHO pe3ysib-
TaT JIiKyBaHHs 62 manieHTiB. KpiM TepMiHiB 3aroeHHS ITe-
pesoMy, TpOaHai30BaHO BEJIWYMHY iHIEKCY 30BHILIIHBOI
¢ikcarlii Ta yckiaamgHeHHsI. ABTOpPU He OIHIOBaIU CKJIajl-
HicTh TIepesiomiB. He Oysio BUSIBIIEHO CTAaTMCTUYHO 3Hauy-
11101 Pi3HULII B KJIIHIYHUX pe3y/ibTaTaX MiXKk BUKOPUCTaHHSIM
npocTopoBoi pamku Teinopa Ta KpyroBoro ¢ikcatopa Lmi-

3apoBa JUISl JIIKyBaHHSI BEJIMKUX CErMEHTApHUX Ne(eKTiB
BEJIMKOIOMIiJIKOBOI KiCTKM, Xoua pamka Teiiaopa mokasana
TIelo Kpallli pe3yabTaTH.

VY po6oti Q.J. Zhao [11] npoaHaiizoBaHa BiTHOCHO Ma-
JIEHbKa rpyTia namieHTiB — 33 ocodu 3i CKJIaIHUMU BUCOKO-
EHEepPreTMYHUMU TiepesoMaMu. JlocimkeHHsT Oiblie mpu-
CBslYEHE iHAMBIMyaTbHOMY TTiI0OPY KOHCTPYKIIl 3 JOKJIa/I-
HUM OITMCOM KOXKHOTO BMITAZIKy. BusiBieHO 3HauyIle MeHIII
TepMiHU 3POILIEHHS TIepeioMy i BUIAJCHHSI CUCTEMH Ta 3a-
JMIIKOBY nedopMaliito B rpymi Teitmopa. Tpeba Bimmitu-
TH, IO 1Ie OcTaHHs poboTta 2024 poKy, OTXKe, Taka IOMiTHA
Pi3HULI B pe3y/bTaTax MOXe CBITUYUTH MPO YAOCKOHATEHHS
TexHosoril pamku Teinopa.

BUCHOBKMU

3a JaHMMM TIPOBEAICHOTO MeTaaHasi3y, MpHU MOPiBHSIHHI
edeKTUBHOCTI Ta Oe3rmeyHoCTi MeTony limizapoBsa i ipocTopo-
Bo1 pamKu Teiiopa y JIiKyBaHHi MepesioMiB BEJTMKOTOMIJTKO-
BOI1 KiCTKHM He OYJ10 BUSIBJIEHO CTATUCTUYHO 3HAYYIIIO1 PI3HUIL
MiX MMM CUCTEMaMM aHi 3a TepMiHAMU 3POIIEHHSI TIepesio-
My, aHi 3a KUTbKiCTIO YCKIIanHeHb. BogHouac pamka Teitnopa
oKasaja BiporTiJJHO Kpallli pe3yJIbTaTH 111010 OCTaTOYHOI Jie-
¢opmallii KiHIIiBKH.

Cinig BiZ3HAYMTH, 110 HAKOIMMYEHWI KIIIHIYHMM TOCBIL i
BIOCKOHAJICHHSI PEKOMEHALIN 11010 3aCTOCYBaHHS 000X
MeTOMiB (hikcallii 3a7eXHO BiJ TUITY, JIOKaJli3allii Ta cKIa-
HOCTI TIepe/IoMy MalixKe 3HiBeII0BaIM BiAMiHHOCTI B 4aCTOTi
yCKJIaHeHb. BapTo 3ayBaxkuTu, 1110, X04a JiesiKi aBTOpU Ha-
BOJIWJIM JIaHi TIPO TUTIU Ta CKJIaIHICTh MEePEIOMiB BEJIMKOTO-
MIJIKOBOI KiCTKH, y3araJibHIOIOUi pe3y/IbTaTy ITyOJIiKyBaIiCh
0e3 KOHKPETHOI IPUB’SI3KU IO LIMX XapaKTepuCTUK. Tomy
HEMOXJIMBO 3pOOMTH OCTAaTOUYHI BHCHOBKU MPO IepeBary
Ti€l UM iHIIOI CUCTeMM B OKPEeMUX KJIiHIYHUX BUIIaaKax. 3
OIJISIY Ha 3HAUHY iHAMBiMYyadbHY BapiaTUBHICTh MepeOMiB
NMUTaHHS eEeKTUBHOCTI Ta 6E3MEYHOCTI METO/iB JIiKyBaHHS
MOXXYTb OyTM OCTaTOYHO BMPIllIeHi JIMILIE 32 YMOBU HasiB-
HOCTI JIOCTaTHBO BEJIMKOTO 0OCSTY KJIIHIYHUX TaHUX.

KonduikT inTepeciB. ABTOpH 3asIBJISIIOTD PO BiICYTHICTh
KOH(ITIKTY iHTepecCiB Ta BJIacHOI (hiHAHCOBOI 3aLiKaBJICHOCTL
IIPH TiATOTOBIII JAHOI CTATTi.

Buecok aBTopiB. CyBopoB B.JI. — KOHIEIILIS Ta TU3aiiH
poootu; Kymuk FO.A. — ocrtarouHe 3aTBepIKeHHs CTaT-
1i; dem’ssH FO.}O. — Hanucanus cratri; [oaymsix .M. —
KpuTUyHUii ornsia, €snanteeBa T.A., JlapkeBuu O.T.,
Ko3ik €.B. — 36ip Ta anani3 nannx; Kapmninceka O.J1. — cra-
TUCTUYHWM aHATTi3.
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Effectiveness and risks of external fixation in fractures of the tibia:
a meta-analysis of the llizarov and Taylor methods

Abstract. Background. Fractures of the tibia remain one of the
most common and at the same time most complex injuries of the
musculoskeletal system. Their treatment is often complicated by sig-
nificant soft tissue damage, open wounds, instability of fragments,
and the risk of infectious complications. In such cases, external fixa-
tion methods are an important stabilizing tool that allows control
over the position of fragments with minimal invasiveness. Among the
main methods for external fixation in the treatment of tibial fractures,

the classic Ilizarov apparatus and modern hexapod systems, such as
the Taylor spatial frame (TSF), are most widely used. The purpose
was to conduct a systematic comparison of the efficacy and safety of
the Ilizarov method and the TSF in the treatment of tibial fractures,
taking into account the time of fracture consolidation, the frequency
of complications, the time of union, and the degree of deformity
correction. Materials and methods. The search was conducted in
the PubMed, Semantic Scholar, and Scopus databases from 2014
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to 2025. A total of 105 studies were identified in all databases. All
included studies had a retrospective cohort design. No randomized
controlled trials meeting the PICO criteria were found. Results. The
total number of observations was 723 patients (338 individuals using
the Ilizarov method, 385 using the Taylor method). There was no
evidence of a significant difference in the number of open and closed
fractures. Despite the high heterogeneity (I> = 92 %) of the studies,
no significant difference was found between the systems in terms of
fracture consolidation times. Healing times varied greatly depending
on the location of the fracture, its complexity, and the initial condi-
tion. The Ilizarov group had a slightly higher, but not significant,
fixation index. The difference in the risk of infection between the
methods is not statistically significant. The magnitude of residual de-
formity was reported in two studies. The angle of residual deformity
of the tibia in the Ilizarov group was 0.7° greater than in the TSF
group, the difference is statistically significant. Conclusions. Accord-
ing to the meta-analysis, when comparing the efficacy and safety of
the Ilizarov method and the TSF in the treatment of tibial fractures,

no statistically significant differences were found between these sys-
tems in terms of fracture healing time or the number of complica-
tions. At the same time, the Taylor frame showed significantly better
results in terms of final limb deformity. It should be noted that the
accumulated clinical experience and improvement of recommenda-
tions for the use of both fixation methods, depending on the type,
location, and complexity of the fracture, have almost eliminated the
differences in the frequency of complications. It should be noted that
although some authors provided data on the types and complexity of
tibial fractures, the summary results were published without specific
reference to these characteristics. Therefore, it is impossible to draw
definitive conclusions about the superiority of one system or another
in individual clinical cases. Given the significant variability of frac-
tures, the effectiveness and safety of treatment methods can only be
reliably determined if a sufficiently large amount of clinical data is
available.

Keywords: tibial fracture; Taylor spatial frame; Ilizarov system;
meta-analysis
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Study of the modulating factors combined action
on reparative osteogenesis

Abstract. Background. At the present stage, experimental studies and clinical observations are continuing to de-
velop new freatment methods for improvement of bone fracture healing. In the era of increasing incidence of pri-
mary malignant and meftastatic bone tumors, as well as in times of fraumatic epidemics during the war, studying
the possibilities of influencing the course of bone repair in order to accelerate or improve it is a justified direction of
experimental research. Objective: fo study the influence of modulating factors — infrared laser radiation, calcito-
nin and probiotic based on Bifidobacterium animalis — on the healing of a bone defect in an in vivo experiment.
Materials and methods. Reparative osteogenesis was studied in 32 animals (Wistar rats) whose tibia were injured with
a dental drill using ketamine anesthesia. The influence of modulating factors on the formation of bone callus was
assessed by studying the injured limbs of animals using the Toshiba Radrex X-ray diagnostic system, with a power of
80 kW, a radiation dose during digital radiography of 0.03 mSv, ventrodorsal positioning (on the stomach, back up),
as well as right lateral (side views). Results. The study showed that the formation of bone callus under the influence of
the laser is active, but nonlinear and not always symmetrical, which is in line with the results obtained in other studies.
Instead, this work for the first time paid attention fo the study of the combined effect of several modulating factors on
reparative osteogenesis, namely laser irradiation, calcitonin and probiofic. It should be noted that we observed the
maximum stimulating effect on the formation of bone callus in experimental animals in the laser + calcitonin group,
which can even be characterized as excessive reparative activity of bone tissue. On the other hand, in the groups
where a probiotic was present, reparative osteogenesis in rats proceeded more harmoniously, demonstrating bet-
ter radiological results, such as in the calcitonin + probiotic group and especially in the group where the B.animalis
preparation was combined with laser and calcitonin administration. It can be reasonably assumed that the inhe-
rent ability of B.animalis to normalize calcium metfabolism creates conditions for reparative osteogenesis, as close
as possible fo the physiological scenario. Conclusions. The combination of calcitonin with a probiotic, as well as la-
ser irradiation with calcitonin and a probiotic promoted harmonious reparative osteogenesis, which is confirmed by
the corresponding radiological picture. The ability of B.animalis to reduce the infensity of systemic inflammation, to
modqQulate calcium absorption from the intestine and influence its metabolic pathways may be a prerequisite for
achieving complete bone repair.

Keywords: traumatic and oncolytic bone injuries; fractures; reparative osteogenesis; bone callus; infrared laser
radiatfion; calcitonin; Bifidobacterium animalis; calcium, radiograph

Introduction

Current challenges of modern oncology and onco-ortho-
pedics — bone damage due to the development of primary
malignant and metastatic tumors — are the focus of atten-
tion of researchers and clinicians from different countries
[1, 2, 6, 7]. Bone neoplasms inevitably reduce the quality

of life. Unfortunately, this occurs not only when the under-
lying disease manifests itself, but also at different stages of
the treatment process [1, 2, 7]. Analysis of the experience
of domestic and foreign clinics shows that primary malig-
nant and metastatic bone tumors are one of the least studied
groups of human neoplasms, in the diagnosis and treatment
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of which significant difficulties arise and a large number of
errors are made [3—5].

Since bone defects caused by tumors, as well as injuries,
surgical interventions, congenital diseases and other pathologi-
cal factors disrupt both the structure and function of the ske-
leton, seriously affecting the quality of life, physical and mental
health of patients, studying the possibilities of improving the
processes of reparative osteogenesis is a reasonable task from
the theoretical, experimental and clinical points of view.

Fracture healing is a complex process and includes the fol-
lowing stages: the appearance of hematoma, the formation of
granulation tissue, the formation of bone callus and bone re-
modeling [8, 11, 12]. During fracture, the integrity of the blood
vessels that nourish the bone and periosteum is disrupted; as a
result of it, hematoma forms at the fracture site, which slowly
clots and forms a temporary framework for further healing.

Hematoma appears immediately after the fracture and is a key
stage in the beginning of healing [9, 10, 12].

Macrophages, neutrophils, and platelets release proin-
flammatory cytokines such as tumor necrosis factor alpha,
bone morphogenetic proteins (BMPs), platelet-derived
growth factors (PDGFs), transforming growth factor beta
(TGF-p), vascular endothelial growth factor (VEGF), and
interleukins (1, 6, 10, 11, 12, 23). These cytokines further
stimulate important cell biology at the fracture site [11—13].

Low-energy laser therapy (LELT), also known as pho-
tobiomodulation, has been shown to be effective in initiat-
ing and maintaining bone repair in many experimental and
clinical studies [14, 15, 16, 18]. LELT has a positive effect
on stem cell recruitment and osteoblast differentiation,
which occurs with the participation of regulatory peptides
[17, 19, 20, 22] (Fig. 1). Various studies, both in vivo and

LELT

runx-2 coll

V
Osteogenic genes activation

Bone formation

opn ocn ibsp

Figure 1. Schematic representation of molecular pathways activated by low-energy laser therapy [22]

Notes: FGF — fibroblast growth factors; AKT — AKT serine/threonine kinase 1; PIBK — phosphatidylinosi-
tol-4,5-bisphosphate 3-kinase catalytic subunit delta; MAPK — mitogen-activated protein kinase;

ERK — extracellular signal-regulated kinase 1/2; SMAD — small mothers against decapentaplegic;
runx-2 — runt-related transcription factor 2 gene; col1 — collagen type 1 gene; ocn — osteocalcin gene;
opn — ostepontin gene; ibsp — bone sialoprotein gene.
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in vitro, have shown that the effect of laser treatment en-
hanced the bone regeneration only in the first weeks after
the fracture (2—4 weeks), while after approximately 60 days,
no advantage over the control was observed [21], indicating
that the LELT method is effective only in the early stages of
the process.

It is known that hormones play a key role in the regu-
lation of bone tissue repair, and one of them is calcitonin
[22—24]. In vivo studies have shown that if calcitonin is ad-
ministered at the initial stages of the formation of the repair
locus, then, due to the stimulation of cartilage proliferation
and bone precursor cells, reparative osteogenesis proceeds
more harmoniously and fully [24]. Bone tissue repair was
better in animals administered the hormone at the stages of
cell proliferation and differentiation, that is, before the for-
mation of tissue structures began. And already on the 28"
day, lamellar bone tissue with a higher density of cellular
components compared to the control group was observed in
the traumatic zone [25].

Some research works [26, 27, 29] have shown the abi-
lity of probiotics to influence calcium metabolism and cre-
ate conditions for harmonious healing of bone injuries. For
example, various species of Lactobacillus and Bifidobac-
terium are the main strains studied that significantly affect
bone health by regulating calcium absorption, enriching the
diversity of the gut microbiota, and activating various meta-
bolic pathways related to osteoblast activity and bone for-
mation [28]. Probiotic supplements can both increase bone
density in healthy individuals and protect against primary
(estrogen deficiency) and secondary osteoporosis [30]; their
inclusion in the diet of postmenopausal women can increase
bone mineral density and prevent osteopenia [31]. In addi-
tion, probiotics have been shown to induce M2 polarization
of macrophages and promote osteogenic differentiation in
bone marrow mesenchymal stem cells, thereby improving
the dynamics of bone regeneration [32, 33].

In an era of increasing incidence of primary malignant
and metastatic bone tumors, as well as in times of traumatic
epidemics during war, studying the possibilities of influenc-
ing the course of bone repair in order to accelerate or im-
prove it is a justified direction of experimental research.

Aim. To study the effect of modulating factors — infrared
laser radiation, calcitonin, and a probiotic based on Bifido-
bacterium animalis — on bone defect healing in an in vivo
experiment.

Materials and methods

In an in vivo experiment, reparative osteogenesis was
studied in 32 animals (Wistar rats) whose tibia was injured
with a dental drill using ketamine anesthesia. They were di-
vided into 8 groups of 4 rats: group 1 — control; in group 2,
the site of bone damage was irradiated with an infrared laser
(Lika-Therapevt M, manufacturer Fotonika Plus, Ukraine,
wavelength 810 nm, power density 50 mW/cm?) for 3 mi-
nutes immediately after the injury; in group 3, the animals
were injected with calcitonin (60 mg/0.1 ml subcutane-
ously, 2 days after the injury); in group 4, the animals were
orally administered probiotic B.animalis (1 drop per day,
corresponding to at least 0.25 - 10° live lyophilized bacteria

Bifidobacterium animalis subsp. lactis BB-12®, for 2 weeks);
in group 5, probiotic B.animalis was orally administered and
the injury site was irradiated with a laser; in group 6, rats
were orally administered probiotic B.animalis and calcito-
nin; in group 7, rats were administered calcitonin and the
injury site was irradiated with a laser; in group 8, animals
were irradiated with a laser, they received calcitonin, and
probiotic was administered orally. Animals were removed
from the experiment under general ketamine anesthesia.

All manipulations on animals were performed in ac-
cordance with the requirements of bioethics and interna-
tional principles of humane treatment of laboratory animals
(Strasbourg, 1986), as well as the Law of Ukraine No. 3447-
IV of February 21, 2006 “On the protection of animals from
cruelty”.

The study of animal limbs was performed on day 28 after
tibia injury using a Toshiba Radrex X-ray diagnostic sys-
tem, with a power of 80 kW, a radiation dose during digital
radiography of 0.03 mSv, ventrodorsal positioning (on the
stomach, back up), as well as right lateral (side views).

Results

In the control group, as well as in the second and third
groups, the results of the tibia regeneration were very simi-
lar: there was a transverse fracture of the right tibia diaphysis
in the stage of reparative healing; the formation of a bone
callus with smooth, clear external contours was determined
without signs of angular deformation. The fracture line at
the time of examination is not clearly marked. The contours
of the bone are clear, smooth; the axis of the bone is pre-
served; no signs of infection or pathological periostitis were
detected (Fig. 2—4).

In group 4, we observed transverse fractures in the middle
third of the right tibia diaphysis, mainly with displacement
of fragments and the formation of an immature bone callus
around the injury zone (Fig. 5). The bone callus was pro-
nounced and had a rough, massive structure, with uneven
and indistinct contours, which indicates the phase of imma-
ture osteogenesis. There is a change in the anatomical axis
of the bone due to angular deformation (the angle is open
dorsally), the contours of the bone fragments were only par-
tially visualized due to the dense layering of newly formed
tissue. The callus covers both the medial and lateral surfaces
of the tibia with partial fusion with the fibula. The articular
surfaces are preserved, no pathological changes in the foot
and knee joint have been detected, the process of fracture
consolidation is ongoing.

In study group 5, there was a transverse fracture of the
right tibia with the entry of fragments at an angle, displace-
ment (in width and length) and formation of a bone callus.
The contours of the callus are clear, with an even density,
corresponding to the phase of mature bone formation. No
signs of infection or pathological periostitis were detected
(Fig. 6).

Animals in group 6 demonstrated reparative osteogenesis
with the formation of a bone callus, the contours of which
are unclear, with an uneven density, corresponding to the
phase of immature bone formation (partly fibrous, partly
osteoid tissue) (Fig. 7).
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Figure 2. Transverse fracture of the right tibia dia-
physis without displacement of fragments, the stage
of reparative healing (group 1). The formation of a
bone callus with smooth, clear external contours is
determined, without signs of angular deformation.
The axis of the bone is preserved. Partial fusion of
fragments in the fracture area is visualized, but the
fracture lines are preserved. No signs of infection or
pathological periostitis were detected. The process
of consolidation of the fracture continues

Figure 4. Consolidated fracture of the right tibia dia-
physis (group 3). The radiograph visualizes a con-
solidated fracture without the formation of an ex-
cessive bone callus. The fracture line is not clearly
contoured at the time of examination. The contours
of the bone are clear and even. The axis of the bone
is preserved, no signs of infection or pathological
periostitis were detected

Figure 3. Consolidated fracture of the right tibia
diaphysis (group 2). The radiograph visualizes a
consolidated fracture without the formation of
an excessive bone callus. The fracture line is not
clearly contoured at the time of examination. The
contours of the bone are clear and even, the axis
of the bone is preserved. No signs of infection or
pathological periostitis were detected. The frac-
ture line is not clearly contoured at the time of
examination

Figure 5. Transverse fracture of the right tibia
diaphysis with displacement of fragments,
formation of an immature bone callus in the repair
phase (group 4)
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In study group 7, we identified transverse fractures
of the middle third of the right tibia diaphysis with dis-
placement of fragments. In the fracture zone, the initial
formation of a bone callus was visualized, which had a
heterogeneous structure with unclear boundaries. It is
noteworthy that in these rats, the contours of the bone
fragments were clearly differentiated, but complete fu-
sion was not detected (Fig. 8).

The course of reparative osteogenesis in study group 8
can be characterized as interesting and promising. After
all, in these animals, the formation of a bone callus with
smooth, clear external contours was noted without signs
of angular deformation, with preservation of the anato-
mical axis of the bone. Partial fusion of fragments in the
fracture area was visualized, with no signs of infection or
pathological periostitis (Fig. 9).

Discussion

Currently, experimental studies and clinical observations
are ongoing to develop new treatments for improvement of
bone fracture healing [10, 12, 34, 36].

The fracture healing process begins after vascular dis-
ruption, which causes hematoma and activates throm-
botic factors in the blood coagulation cascade. This
leads to an inflammatory response, during which cy-
tokines and growth factors recruit osteoprogenitor and
mesenchymal cells, which generate granulation tissue at
the edges of the fractured bone [34, 35, 37]. Granula-
tion tissue is then replaced by matrix-based bone tissue,
formed either by intramembranous (direct) bone forma-
tion [36, 37] or initially by hyaline cartilage, which sub-

Figure 6. Transverse fracture of the right tibia
diaphysis with displacement of fragments,
formation of a mature bone callus (group 5)

sequently mineralizes into bone tissue by endochondral
(indirect) formation [35—37]. In in vivo bone fracture
models, after 4 weeks of recovery in rats, the final phase
of fracture healing is initiated — the transformation
of hard callus/woven bone into cortical bone [37, 38].
The formation of hard callus indicates the final phase
of fracture healing, and then the bone will undergo a re-
modeling phase [39, 40].

The positive effect of infrared laser radiation on repara-
tive osteogenesis is due to the reduction in the severity of

A

B

Figure 7. Transverse fracture of the right tibia diaphysis with displacement of fragments, formation of an

immature bone callus in the repair phase (group 6). A transverse fracture with the entry of fragments at

an angle is determined (A). In the area of the diaphysis of the right tibia, the formation of a bone callus

is noted. The contours of the callus are unclear, with uneven density, which corresponds to the phase of

immature bone tissue formation (partly fibrous, partly osteoid) (B). No signs of infection or pathological
periostitis were detected; the process of fracture consolidation continues
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A

Figure 8. Transverse fracture of the right tibia diaphysis with displacement of fragments, formation of an
immature bone callus in the early repair phase (group 7). The initial formation of a bone callus is visualized
in the fracture zone, which has a heterogeneous structure with unclear boundaries (A). There is a defor-
mation of the bone anatomical axis due to angular deformation (the angle is open dorsally). The contours
of the fragments are clearly differentiated (B), complete fusion is not detected. No signs of infection or
pathological periostitis are detected, the process of consolidation of the fracture is ongoing

B

Figure 9. Transverse fracture of the right tibia diaphysis without displacement of fragments, the stage of
reparative healing (group 8). The formation of a bone callus with smooth, clear external contours is deter-
mined, without signs of angular deformation (A). The axis of the bone is preserved. Partial fusion of frag-
ments in the fracture area is visualized (B), but the fracture lines are preserved. No signs of infection or
pathological periostitis were detected, the process of the fracture consolidation continues
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hemodynamic disturbances, the activation of angiogenesis
in granulation tissue, which is one of the components of the
regenerate that filled the bone defect, matured and turned
into connective tissue; stimulation of the proliferative po-
tential of fibroblastic cells and cells with osteoblastic acti-
vity in granulation tissue; increased proliferative potential of
osteoblastic elements of bone tissue, as well as stimulation of
macrophage cells [21, 41, 42].

Such effects of the laser probably led to satisfactory re-
sults of osteogenesis modulation in study groups 2 and 5,
in which laser in monomode and laser with probiotic were
used. In these groups, osteogenesis proceeded more harmo-
niously than in the control group and the probiotic group.
Also, our study showed that the formation of bone callus
under the influence of the laser is active, but nonlinear and
not always symmetrical, which is in line with the results ob-
tained in other studies [43—45].

Instead, this work for the first time paid attention to the
study of the combined effect of several modulating factors
on reparative osteogenesis, namely laser irradiation, calci-
tonin and probiotic. It should be noted that the maximum
stimulating effect on the formation of bone callus in experi-
mental animals was observed in the laser + calcitonin group,
which can even be characterized as excessive reparative ac-
tivity of bone tissue.

On the other hand, in the groups where a probiotic was
present, reparative osteogenesis in rats proceeded more har-
moniously, demonstrating better radiological results, such
as in the calcitonin + probiotic group and especially in the
group where the B.animalis preparation was combined with
laser and calcitonin administration. It can be reasonably as-
sumed that the inherent ability of B.animalis to normalize
calcium metabolism [32, 46, 47] creates conditions for re-
parative osteogenesis, as close as possible to the physiologi-
cal scenario.

Conclusions

In vivo studies have shown that different modulating fac-
tors create different radiological patterns of healing of dam-
aged bones. In this case, the combination of laser with cal-
citonin leads to the most pronounced radiological signs of
bone callus formation in experimental animals. However,
this effect is not optimal due to the involvement of an exces-
sive amount of granulation tissue in the regeneration zone,
asymmetry and heterogeneity in the structures of the rege-
nerating bone tissue.

It is important to note that the combination of calcitonin
with a probiotic, as well as laser irradiation with calcitonin
and a probiotic promoted harmonious reparative osteoge-
nesis, which is confirmed by the corresponding radiological
pattern. The ability of B.animalis to reduce the intensity of
systemic inflammation, to modulate the absorption of calci-
um from the intestine and influence its metabolic pathways
may be a prerequisite for achieving full bone repair.

Prospects for further research. In the future, research
on the influence of modulating factors on the cellular and
molecular mechanisms of reparative osteogenesis is of in-
terest.
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BuBYEHHS KOMGIHOBAHOI AiTl MOAYAIOIOUMX PAKTOPIB HO PENAPATUBHUIA OCTEOreHes

Pestome. Akmyaavnicms. Ha cyuyacHoMy eTami MpOTOBXKYIOThCS
eKCITepPUMEHTAIbHI MTOCITIIKEHHSI Ta KIIiHIYHI CIIOCTEPEXEeHHS 3
METOI0 PO3POOKM HOBUX METOMIB JiKyBaHHSI JUIsI TTIOKPAIEHHS 3a-
TFOEHHSI TIEPeIOMiB KiCTOK. B ernoxy 3pocTaHHsI 3aXBOPHOBAHOCTI
Ha TIEPBUHHI 3JI0SIKICHI 1 METaCTaTUYHI MyXJIMHU KiCTOK, a TaKOX
Yy Yacu TpaBMAaTUYHOI erigeMii Mmif yac BiiHU BUBUEHHSI MOXJIM-
BOCTEU BIUIMBY Ha IepeOir KiCTKOBOI perapailii 3 MeTo ii nmpu-
CKOpEeHHs ab0 MOKpAIIeHHST € OOTPYHTOBAaHUM HAIIPSIMOM €KCITe-
PUMEHTAIbHUX O0CTiKeHb. Mema: BUBUUTHU BIUTMB MOIYJTIOIYMX
(hakTopiB — iH(PPaUYEePBOHOTO JTA3€PHOTO BUIIPOMIHIOBAHHSI, Kallb-
LIMTOHIHY Ta MPo0ioTKa Ha OCHOBI Bifidobacterium animalis — Ha
3aro€HHsI KiCTKOBOTO IeheKTy B eKCIIEPUMEHTI in vivo. Mamepiaau
ma memoou. B eKcriepuMeHTi in vivo BABUEHO perapaTUBHUIA OCTe-
oreHe3 y 32 tBapuH (1rypu Wistar), BeTMKOTOMIJIKOBY KiCTKY SIKMX
TpaBMYyBaJlM CTOMATOJIOTiYHUM OypOM, BUKOPUCTOBYIOUM KETaMi-
HOBUI Hapko3. Brumms Momynoounx dakTopiB Ha (GhoOpMyBaHHS
KICTKOBOI MO30JIi OLIIHIOBAJIM 3a JOTIOMOTOIO TOCTIKEHHS YIITKO-
JDKEHUX KiHIIBOK TBapUH 3 BMKOPUCTAaHHSM PEHTIeH-AiarHoc-
tuHoi cuctemu Toshiba Radrex motyxHicTio 80 KBT i3 103010 BU-
MMpOMiHIOBaHHS TTpHU 1M poBiit peHTreHorpadii 0,03 M3B; ykiIagka
BEHTpOJOpcaIbHa (Ha XXMUBOTI, CIIMHOIO HaBEePX), a TAKOX MpaBa Ja-
TepasibHa (00KOBi 3iioMKuM). Pesyabmamu. J1oCiTxKeHHS TOKA3ao,
110 (hopMyBaHHS KiCTKOBOI MO30JTi i/l BIUTMBOM JIa3epa iie aKTUB-
HO, aJIe HeJTiHiITHO i He 3aBXIU CUMETPUYHO, 1110 MEPEKINKAETHCS 3
pe3yJbTaTaMK, OTPUMAaHUMMU B iHIIUX AOCHIIKEHHSIX. Y Liif poOoTi
BIIEpIlIe TIPUIIJIEHO yBary BUBYEHHIO TTOETHAHOTO BIUIMBY Ofipasy

NEKITbKOX MOIYJTIOI0UYNX (PAaKTOPiB Ha pernapaTUBHUI OCTEOTeHE3,
a caMme J1a3epHOTO BUIIPOMIHIOBAaHHS, TOPMOHY KaJbIIUTOHIHY I
npobiotuka. Ciif 3a3HaYNTH, U0 MAKCUMaIbHUN CTUMYTIOIOYNI
BIUIMB Ha (pOPMYBAHHSI KiCTKOBOI MO30J1i B €KCIepUMEHTAIbHUX
TBapUH CIIOCTEPIraBcs B IPyIli «J1a3ep + KaJbIIUTOHIH», 1110 MOXHA
oXapakTepHu3yBaTH HaBiTh SIK HaAMIpHY perapaTUBHY aKTMBHICTb
KicTKOBOi TKaHMHU. HaToMicTh y rpynax, je OyB MpUCYTHiii mpobio-
THK, perapaTUBHUII OCTEOreHe3 Yy LIyPiB MPOXOAUB OiIbII rapMo-
HilTHO, IEMOHCTPYIOUi Kpallli pEHTI€HOJIOTIUHI pe3yabTaTH, SIK, Ha-
MPUKJIAL, Y TPYIi «KaJIbLUTOHIH + TPOGIOTHK» i 0COOIMBO B IpyIIi,
nie riperiapat B.animalis 6yB TIO€AHAHUI i3 JJa3epOM Ta BBEICHHSIM
KaJbIIUTOHIHY. MOXHa 0OTPYHTOBAHO MPUITYCTUTH, 1110 30aTHICTh
B.animalis HopmastizyBaTu Kajblli€BUi1 METa00J1i3M CTBOPIOE YMOBU
IUTSI PeTiapaTUBHOTO OCTEOTeHE3y, MAaKCUMAaJIbHO HAOIMXKEHOTO /10
(dizionoriuHoro cueHapiio. Bucnosku. IloeaHaHHs KalIbLIUTOHIHY 3
MpoOiIOTUKOM, a TAKOX JIAa3e€PHOTO BUMTPOMiHIOBAHHS 3 KaJbLIUTO-
HiHOM i MPOOIOTUKOM CIIPUSJIO TApMOHIITHOMY perapaTuBHOMY OC-
TEOTeHe3y, L0 MiATBEPIXKYETHCS BiAMIOBIAHOIO PEHTTEHOIOTIYHOIO
KapTUHOI0. 30aTHICTh B.animalis 3MeHIITyBaTU iHTEHCUBHICTb CUC-
TEMHOTO 3aTaJIeHHsI, 2 TAKOX MOJIYJTIOBATA BCMOKTYBaHHSI KaJIbIIit0
3 KMIIEYHWKA 1 BIUIMBATU Ha MOro MeTa0OiuHi IIJISIXH MOXe OyTH
MepeIyMOBOIO TOCSITHEHHS TTOBHOLIIHHOT KiCTKOBOI pernapartii.
KiouoBi cioBa: tpaBmaTMuHi Ta OHKOMITMYHI YIIKOMKEHHS
KiCTOK; MepeIoOMU; pernapaTUBHUII OCTeoreHe3; KiCTKOBa MO30JIb;
iH(payepBOHE J1a3epHe BUIIPOMIiHIOBAHHS; KaJIbLIUTOHIH; Bifido-
bacterium animalis; KaJbllili; peHTTeHOTpaMa
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Assessment of the effectiveness
and risks of using tourniquets
in the Armed Forces of Ukraine during hostilities
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Abstract. Background. Massive bleeding remains one of the leading causes of death among military person-
nel in armed conflicts, which leads to a constant need fo improve the means of temporary bleeding control.
The combat application tourniquet continues to be the standard in tactical medicine due to its proven clinical
effectiveness, high speed of application and reliability during hostilities. Its use significantly reduces mortality in
injuries with critical bleeding from the extremities, especially at the pre-hospital stage of medical care. The pur-
pose was fo analyze the impact of using fourniquets by military personnel in cases of massive/critical bleed-
ings, traumatic amputations of limbs, and to assess the timeliness of the conversion in the world and in Ukraine.
Particular attention is paid to the rationale for the expediency and inexpediency of using tourniquets, the du-
ration of application, as well as the study of possible complications associated with their excessive or unfimely
use during intense hostilities and delays in evacuating the wounded. Materials and methods. The work was
carried out through a systematic review, meta-analysis, content analysis of articles in the scientomeftric da-
tabases Scopus, PubMed, ResearchGate. The literature search was carried out using the following keywords:
“tourniquet”, "stop the bleeding”. The study included descriptions of clinical cases of applying tourniquets by
the servicemen of the Armed Forces of Ukraine, refrospective analyses and literature reviews. After reviewing
the articles and reading their full texts, 8 sources were selected. The search covered the period from 2012 to
2025. The study was conducted based on one surgical hospital (Role 2) in April-May 2024 and April-May 2025.
The use of means to temporary stop critical bleeding, its appropriateness, duration and risks of complications
were analyzed in 135 servicemen who were in the combat zone. Results and conclusions. The duration of
hemostasis in most cases (60.0 in 2025 %, an increase by 10 % vs. 2024) exceeds 2 hours, and the duration of
tourniquet use exceeding 3 hours (compared to 2024, the frequency has increased by 5.0 % in 2025) indicates
a prolonged evacuation of the wounded as a result of intense hostilities, which, in turn, increases the risk of
ischemic complications and requires careful clinical monitoring. In 70.0 % of cases, one fourniquet is enough
to stop the bleeding, while in 30.0 %, two or more tourniquets are required, which indicates the more severe
nature of the wounds caused by the modernization and increased desfructive power of modern weapons.
Ischemic complications are recorded in almost half of the cases, the main reason for which is the prolonged
application of a tourniquet.

Keywords: tourniquet; massive/critical bleeding; ischemic complications,; military personnel of the Armed
Forces of Ukraine
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Introduction

Bleeding is one of the most noticeable and dangerous
manifestations of trauma, which can lead to rapid critical
blood loss and death if timely assistance is not provided.
Methods of stopping bleeding have been known to mankind
since ancient times. One of the first written sources descri-
bing methods to control bleeding is the surgical papyri of
Ancient Egypt. In particular, the Edwin Smith Papyrus,
dated approximately 1600 BC, contains detailed descrip-
tions of wounds and methods of treating them, including
direct pressure on the wound, applying ligatures (bandages),
and sutures to close damaged tissues [1].

These early techniques laid the foundation for the further
development of surgery and medicine in general. Over time,
humanity has improved methods to control bleeding, ad-
ding new tools and techniques, such as tourniquets, hemo-
static agents, and modern surgical technologies. However,
the basic principles established in ancient times remain re-
levant today: timely detection of the source of bleeding and
its effective cessation during combat operations are key to
saving the life of a soldier [2, 3].

These methods have become particularly relevant in the
context of military conflicts, disasters, and full-scale war in
Ukraine, where the speed and accuracy of applying bleeding
control measures can determine the fate of both civilians
and military personnel [4].

The loss of personnel due to massive bleeding in mili-
tary conflicts has always called for major improvements. A
revolutionary breakthrough in this area was the creation in
2004 of the combat application tourniquet (CAT) for the
US Special Operations Forces, designed by Ted Westmo-
reland. By 2005, this tourniquet had been adapted for the
needs of regular armed forces units. Since its introduction,
the CAT has undergone a number of design modifications
reflecting the evolution of requirements for its functionality,
ergonomics, and safety of use. Today, the eighth generation
of the device (Generation 8) is in use, which meets modern
tactical and medical standards [5].

Between 2001 and 2010, J.F. Kragh Jr conducted research
on the use of tourniquets in the US Armed Forces. The au-
thor found that during this period, its frequency increased
from 4.0 to 40.0 %, which was due to the modernization of
weapons and changes in the nature of combat operations [6].

During military operations, the IDF Medical Corps ap-
plied tourniquets in cases of critical bleeding, resulting in a
survival rate of 87.8 % due to the rapid use of tourniquets
for any injury and type of weapon used, provided that the
soldier has the skills to apply a tourniquet to the wounded
limb to stop critical bleeding in combat conditions. During
evacuation, 25.7 % of military personnel underwent conver-
sion, of which 2.2 % failed to stop massive bleeding and a
new tourniquet/tourniquet was applied, and 8.8 % of mili-
tary personnel underwent fasciotomy. The overall compli-
cation rate (neurological, with or without vascular damage)
was 11.7 % of all wounded soldiers [7].

One of the key factors contributing to improved survival
rates was a significant reduction in the average evacuation
time from combat zones — from 4.6 hours in 2014 to 2.6
hours in 2023 [8].

The timely and correct use of tourniquets, timely evacua-
tion, and conversion of tourniquets are relevant and directly
affect the survival rate among the Armed Forces of Ukraine
personnel due to Russia’s long-term war against Ukraine.

The purpose was to analyze the effectiveness of the use of
tourniquets by military personnel in cases of massive/criti-
cal bleeding, traumatic limb amputations, and to assess the
timeliness of conversion in the world and Ukraine. Particu-
lar attention is paid to justifying the advisability and inad-
visability of using a tourniquet, the duration of its applica-
tion, and studying possible complications associated with its
excessive or untimely use during intense combat operations
and delays in the evacuation of the wounded.

Materials and methods

The work was performed by systematic review, meta-
analysis, and content analysis of articles from the sciento-
metric databases Scopus, PubMed, and ResearchGate. The
literature search was conducted using the keywords: “tour-
niquet”, “stop the bleeding”. The work included descrip-
tions of clinical cases of tourniquet application by the Armed
Forces of Ukraine personnel, retrospective analyses, and
literature reviews. This review included eight articles. The
search covered the period from 2012 to 2025. The study was
conducted at a single surgical hospital (Role 2) during April-
May 2024 and April-May 2025. The total number of mili-
tary personnel included in the study was 135. The following
methods were used in the work: bibliosemantic method and
content analysis, comparative analysis, systematization of
the researched material, and statistical analysis.

Results

In April-May 2024 and April-May 2025, the study was
conducted on the use of temporary hemostatic agents in 135
military personnel who were in the combat zone. It analyzed
the effectiveness of tourniquets, taking into account the dura-
tion of their application, the anatomical location of gunshot
wounds, the methods of applying hemostatic agents, and the
frequency of conversion. Particular attention was paid to as-
sessing the risk of developing ischemic complications, which
made it possible to comprehensively evaluate not only the ef-
fectiveness but also the safety of modern approaches to tem-
porarily stopping massive bleeding. Separately, cases of un-
justified use of tourniquets or untimely conversion in combat
conditions and tactical medicine were analyzed.

The results of the study indicate the predominant use of
the CAT as the primary means of temporarily stopping criti-
cal bleeding, which was used in 92.0 % of cases (90.0 % in
2024). Such a high frequency is due to the clinically proven
effectiveness of this device in massive bleeding, especially in
conditions of limited time, resources, and high stress. The
design features of the CAT ensure its quick and effective ap-
plication in the field, with reliable fixation and the ability
to accurately dose the compression pressure on the affected
area. This allows not only to achieve hemostasis in a timely
manner, but also to maintain it until qualified medical care
is provided, which significantly reduces the risk of develo-
ping severe forms of hemorrhagic shock and increases the
overall survival rate of victims.
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Figure 1. Distribution of temporary bleeding
control measures among military personnel
in the combat zone during April-May 2024,/2025, %

The Israel tourniquet was used in 8.0 % of cases (10.0 %
in 2024), mainly for wounds with moderate bleeding that did
not pose an immediate threat of severe hemorrhagic shock.
In such cases, the compression pressure of the bandage was
sufficient to reliably stop the bleeding (Fig. 1).

An analysis of the duration of using temporary measures to
stop massive bleeding showed that in 40.0 % of cases (50.0 % in
2024), they were used for 1—2 hours; in 45.0 % of cases (40.0 %
in 2024), for 2 to 3 hours; in 15.0 % of cases (10.0 % in 2024),
the duration exceeded 3 hours. Concurrent compression times,
especially those exceeding three hours, are associated with an in-
creased risk of ischemic complications and require careful moni-
toring of the affected limb at all stages of medical evacuation.

Regarding the conditions for applying tourniquets, in
45.0 % of cases (40.0 % in 2024), fixation was performed
as part of self-help, indicating a sufficient level of training
of personnel to independently provide tactical pre-hospital
care in combat conditions. In the remaining 55.0 % of cases
(60.0 % in 2024), tourniquets were applied by comrades or
combat medics, which emphasizes the importance of team-
work and quality medical care on the battlefield.

The research showed that most bleedings were localized
in the lower extremities — 70.0 % of cases (75.0 % in 2024),
while upper extremity injuries were treated in 30.0 % of
cases (25.0 % in 2024). The technique for applying tourni-
quets varied depending on the clinical situation: in 55.0 %
of cases (40.0 % in 2024), it was fixed as close as possible to
the source of bleeding with complete compression, while in
45.0 % of cases (60.0 % in 2024), the hemostatic device was
placed 5—8 cm above the injury site.
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Figure 2. Distribution of conversions among
military personnel who were in the combat zone
during April-May 2024,/2025, %

The choice of application technique was essential for as-
sessing the risk of vascular and neurological complications
and directly influenced further treatment, both conservative
and surgical. In 35.0 % of cases (30.0 % in 2024), the tourni-
quet was converted — replaced with tamponade (alternative
methods) to partially or completely restore peripheral blood
flow. This approach helped reduce the risk of ischemic
complications, in particular tissue necrosis or prolonged
compression syndrome. At the same time, in 65.0 % of cases
(70.0 % in 2024), conversion was not performed, which was
probably due to the severity of the traumatic injury, the risk
of recurrent bleeding, or the instability of the general condi-
tion of patients, or tactical conditions did not allow it to be
performed (Fig. 2).

An analysis of the tourniquet effectiveness for tempora-
rily stopping massive bleeding showed that in the vast ma-
jority of clinical cases — 70.0 % (65.0 % in 2024) — applying
a single tourniquet was sufficient to achieve adequate hemo-
stasis. In 25.0 % (30.0 % in 2024) of cases, two tourniquets
were required, which may indicate a larger area of injury or
insufficient effectiveness of a single bleeding control device.
In 5.0 % (similar to 5.0 % in 2024) of cases, three tourni-
quets were required, indicating the exceptional severity of
the blast injury and the extremely critical condition of the
patients (Fig. 3).

Irreversible limb ischemia caused by critical regio-
nal blood supply disruption, the development of necrotic
changes in soft tissues, and the need for subsequent amputa-
tion are among the most serious complications associated
with the use of tourniquets. The main factors associated
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Figure 3. Distribution of the number of tourniquets
applied among military personnel who were
in the combat zone during April-May 2024,/2025, %

Figure 4. Distribution of complications associated
with the use of tourniquets among military personnel
in the combat zone during April-May 2024,/2025, %
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with their development were duration of ischemia and ex-
cessive compression pressure caused by incorrect applica-
tion of the tourniquet.

Ischemic complications were found in 48.0 % of cases
(45.0 % in 2024), indicating a high risk of irreversible chan-
ges if tourniquet application protocols are not followed. At
the same time, in 52.0 % (55.0 % in 2024) of cases, such
complications weren’t observed in the victims, which indi-
cates the potential effectiveness of the chosen application
technique, rational choice of temporary hemostasis tactics,
and proper clinical monitoring of the condition of the isch-
emic limb (Fig. 4).

One of the pressing issues in modern pre-hospital tactical
care is the inappropriate use of tourniquets, which was record-
ed in 35.0 % of cases (30.0 % in 2024). Applying a tourniquet
without clear clinical indications can lead to serious complica-
tions, including ischemic damage to limb tissues, and compli-
cate further treatment of the victim.

The data obtained underscore the relevance of improv-
ing the system of training military personnel in the field of
tactical pre-hospital care. In particular, deepening theoreti-
cal knowledge and regularly practicing skills regarding the
indications, techniques, and rationale for using tourniquets
are necessary measures to reduce the frequency of their un-
justified use, which, in turn, will help reduce the frequency
of complications (Table 1).

The research analyzed clinical cases of tactical pre-hos-
pital care provided to military personnel in combat condi-
tions, including self-help, mutual assistance among com-
rades, and the actions of combat medics. The effectiveness
of stopping critical bleeding was assessed taking into account
the ope-rational situation, the nature of combat injuries,
and the compliance of the measures taken and the measures

implemented with modern tactical medicine protocols (in
particular, TCCC — Tactical Combat Casualty Care). Par-
ticular attention was paid to the quality of tourniquet ap-
plication, the time to achieve hemostasis, and the frequency
of complications associated with the use of bleeding control
measures.

Clinical case 1

A 40-year-old male soldier of the Ukrainian Army suf-
fered a mine-blast injury to the lower limb as a result of
detonation on an anti-personnel mine (Fig. 5). At the stage
of self-help/mutual assistance directly on the battlefield, a
tourniquet was quickly applied in accordance with TCCC
protocols to temporarily stop critical arterial bleeding.
Thanks to the rapid evacuation of the victim, the tourniquet
was removed 60 minutes after application, which reduced
the risk of ischemic complications.

During the Role 2 medical evacuation stage, a set of mea-
sures was implemented to stabilize the general condition of
the wounded. Infusion therapy was performed to restore and
maintain adequate hemodynamics, as well as detoxification
therapy to reduce endogenous intoxication. Analgesia was
administered to effectively control pain, and antibacterial
and anti-inflammatory drugs were prescribed to prevent in-
fectious and inflammatory complications.

In the context of massive blood loss, fresh frozen plasma
was transfused as component support for the hemostasis
system. Due to severe traumatic injuries to the right lower
limb, primary surgical treatment was performed in the form
of amputation at the level of the lower third of the tibia. The
therapeutic and diagnostic measures taken stabilized vital
signs, allowing for further evacuation of the wounded under
medical triage conditions.

Table 1. Comparative characteristics of the use of temporary bleeding control measures by military
personnel in the combat zone (April-May 2024/2025), %

Parameter 2024 2025
Means of temporarily stopping bleeding, % Israel%g-:—]dage ?8 982
1-2 50.0 40.0
Time to stop bleeding, hours 2-3 40.0 45.0
>3 10.0 15.0
. Self-help 40.0 45.0
Who imposed Mutual aid 60.0 55.0
N Lower limbs 75.0 70.0
Localization of damage Upper limbs 250 300
. . High/tight 40.0 55.0
Height of tourniquet placement 5-8 cm above the wound 60.0 45.0
. Not conducted 70.0 65.0
Conversion Conducted 30.0 35.0
1 65.0 70.0
Number of tourniquets 2 30.0 25.0
3 5.0 5.0
s Irreversible ischemia 45.0 48.0
Complications No complications 55.0 52.0
Inappropriate use 30.0 35.0
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of the right lower limb from the lower third
of the tibia. Multiple gunshot shrapnel blind
wounds of both tibias. Grade Il hemorrhagic
shock

Clinical case 2

A 29-year-old male soldier of the Ukrainian Army suf-
fered a severe injury as a result of artillery fire (Fig. 6). In
the field, the victim temporarily stopped critical bleeding
by applying a tourniquet as a self-help measure. The first
tourniquet was applied to the lower third of the thigh, which
provided partial hemostasis. To strengthen control over
bleeding, a second tourniquet was applied to the upper third
of the thigh. The total time of tourniquet application was 40
minutes, which corresponded to a safe time interval in order
to minimize the risk of developing ischemic complications.

Atthe Role 2 stage, a set of intensive care measures was car-
ried out to stabilize the general condition of the wounded and
prevent the development of complications. In order to correct
hypovolemia and maintain systemic hemodynamics, infusion
therapy with crystalloids was initiated. Effective analgesia was
used to adequately control pain. Antibiotic prophylaxis was
administered to reduce the risk of infectious complications,
and anti-inflammatory therapy was prescribed. In addition,
a transfusion of fresh frozen plasma was performed. Subse-
quently, surgical treatment was conducted for amputation of
the left lower limb at the level of the middle third of the tibia,
as well as for multiple gunshot and shrapnel wounds. Thanks
to timely surgical intervention and adequate stabilization, the
patient was prepared for further medical evacuation and suc-
cessfully transferred to the next stage.

Clinical case 3

A 32-year-old male soldier of the Ukrainian Army suffered a
gunshot wound to his right upper limb as a result of artillery fire.
A tourniquet was applied to temporarily stop critical bleeding

Figure 6. Explosive trauma with avulsion of the
left lower limb from the middile third of the tibia.
Multiple gunshot shrapnel blind wounds of the right
popliteal region and thigh with massive soft tissue

defect. Grade Il hemorrhagic shock

Figure 7. Firearm shrapnel blind wound of the right
forearm in the middle third with a firearm fracture
of the ulna. Tourniquet syndrome (12 hours).
Irreversible ischemia of the right upper limb

in a mutual aid situation. Due to a delay in medical evacuation,
the tourniquet remained on the limb for 12 hours, which signifi-
cantly exceeded the recommended maximum period of use. Asa
result of prolonged ischemia, irreversible ischemic damage to the
soft tissues of the right upper limb developed (Fig. 7).
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At the Role 2 stage, a set of measures was taken to sta-
bilize the patient’s hemodynamic status and prepare him
for further surgical treatment. Infusion therapy with crys-
talloid solutions was performed to correct hypovolemia and
maintain systemic hemodynamics. Adequate analgesia was
used to control severe pain. A course of antibiotic therapy
was started to prevent infectious and inflammatory com-
plications. Due to the presence of clinical signs of critical
ischemia of the upper limb, fasciotomy was performed to
assess the viability of muscle tissue. Subsequently, primary
surgical treatment was conducted in the form of amputation
of the right upper limb at the level of the upper third of the
shoulder. Thanks to the timely implementation of therapeu-
tic measures, the patient’s general condition was stabilized,
which made it possible to transfer him to the next stage of
medical evacuation.

Clinical case 4

A 40-year-old male soldier of the Ukrainian Ground
Forces was wounded as a result of artillery fire (Fig. 8). To
temporarily stop massive bleeding, a tourniquet was applied
within the limits of mutual assistance for 30 minutes, which
ensured effective control of bleeding until evacuation with-
out the development of ischemic complications.

At the Role 2 medical evacuation, intensive care was
provided to stabilize the general condition of the wounded
soldier. Infusion therapy was performed to correct hemo-
dynamic disturbances, detoxification measures were carried
out, and adequate analgesia was provided for effective pain
control. Prevention of infectious complications was imple-
mented through early administration of antibacterial and
anti-inflammatory therapy. Subsequently, surgical treat-
ment was performed for amputation. The therapeutic mea-
sures taken stabilized the patient’s condition and ensured
his further evacuation to the next level of medical care.

Conclusions

1. The CAT remains the primary means of temporarily
stopping critical bleeding in military personnel due to its
high effectiveness, speed of application, and reliability in
combat/field conditions.

2. In most cases (60.0 % in 2025, a 10% increase vs.
2024), the duration of hemostasis exceeds 2 hours; apply-
ing tourniquets for more than 3 hours (the frequency has in-
creased by 5.0 % vs. 2024) indicates a prolonged evacuation
of the wounded as a result of intense combat operations,
which, in turn, increases the risk of ischemic complications
and requires careful clinical monitoring.

3. Compared to 2024, the number of cases of tourniquet
self-application by military personnel increased by 5.0 % in
2025, indicating an improvement in their first aid training.
However, in most cases (55.0 in 2025 vs. 60.0 % in 2024),
tourniquets were applied by comrades or combat medics,
which also confirms the importance of coordinated team-
work during injuries.

4. Most bleedings are localized in the lower extremities
(70.0in 2025 vs. 75.0 % in 2024). To stop them, tourniquets
are most often applied as high as possible on the limb and at
a distance of 5—8 cm above the injury site, which affects the

Figure 8. Explosive trauma with avulsion
of the right lower limb from the lower third
of the thigh. Multiple gunshot shrapnel blind

wounds of the left lower limb

risk of developing vascular-neurological complications and
amputations.

5. Tourniquet conversion is performed in only one third
of cases, indicating the need for a balanced approach to re-
duce the risk of ischemic complications, including necrosis
and prolonged compression syndrome.

6. In most cases (70.0 in 2025 vs. 65.0 % in 2024), one
tourniquet was sufficient to stop bleeding. At the same time,
in 30.0 % (2025) compared to 35.0 % of cases (2024), two or
more tourniquets were used, indicating more severe injuries.

7. In almost half of the cases (48.0 in 2025 vs. 45.0 % in
2024), ischemic complications developed, the main cause of
which remain excessive duration of tourniquet application.

8. A significant proportion of cases of unjustified tour-
niquet use (35.0 % in 2025 compared to 30.0 % in 2024)
highlights the need to improve the level of training of mili-
tary personnel in tactical medicine, especially with regard to
indications and application techniques.

Prospects for further research. To continue research
into the safety of tourniquet use depending on the correct
choice of device, application technique, and regular clinical
monitoring, which should become a priority in the training
of combat medics and personnel.
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OuiHKa edpEeKTUBHOCTI TA PU3UKIB 3ACTOCYBOHHS TYpPHikeTiB y 3CY
nia 4ac 60MoBUX At B YKPAIiHI

Pe3tome. Akmyaavnicms. MacuBHi KpoBOTedi 3aIMIIAIOTHLCS OfI-
Hi€l0 3 TPOBITHUX MPUYMH CMEPTHOCTI BiliCbKOBOCIYXOOBIIIB Y
30pOHMX KOH(DJTIKTAaX, 10 3yMOBJIIOE ITOCTIlTHY TOTPeOy Y BIOCKO-
HaJIeHHi 3ac00iB TMMYacoOBOi 3yMMHKU KpoBoTeyi. TypHiKeT TUuIy
CAT (combat application tourniquet) MTPOJOBXY€E 3aULIATUCS
CTaHJAApPTOM TAaKTUYHOI MEIVLMHU 3aBISIKM AOBEACHIM KIiHIYHiM
e(eKTUBHOCTi, BUCOKIli IBUIKOCTI HaKJIaTaHHS Ta HamTiifHOCTi B
yMOBax 60i0BUX Jiil. 1oro BAKOPUCTAHHSI CYTTEBO 3HIKYE JIETAb-
HICTb IpU TpaBMax i3 KpUTUYHUMU KPOBOTEYaMM 3 KiHIIIBOK, OCO-
OJIMBO Ha JOTOCHITAJIbHOMY €Tarli HaJaHHSI MEIUYHOI JOTIOMOIHM.
Mema: npoaHanizyBaTi BIUIMB 3aCTOCYBAaHHSI TYPHIKETIB (IKTYTiB)
BilICHKOBOCITY>KOO0BLISIMU Y BUTIAJIKAX MAaCUBHOI/KPUTUYHOT KPOBO-
Teui, TpaBMaTUUHUX aMITyTalliii KiHIiBOK, a TAKOX OLIHUTU CBO-
€4aCHICTb MPOBeIeHHsST KOHBepCii y cBiTi Ta YKpaini. Mamepiaau
ma memoodu. PoGoTy BUKOHAHO IIUISIXOM CUCTEMATHYHOTO OTJISIY,
MeTaaHasi3y, KOHTEHT-aHali3y cTaTeil y HayKOMETpUUHMX 0azax
Scopus, PubMed, ResearchGate. Ilomyk JniTepaTtypu 3ailicHIO-
BaBCsI 3 BUKOPUCTaHHSIM KITIOUOBUX CIIiB «tourniquet», «stop the
bleeding». ¥ mocmimkeHHsT Oy/lM BKJIIOUEHI ONMMCHU KIIHIYHUX BU-
MaaKiB HAKJIaAaHHSI TYPHIiKeTiB (IKTYTiB) BiliCbKOBOCTYKOOBILISIMU
3CY, peTpOCHeKTUBHI aHaIi3u Ta orsiau Jitepatypu. Ilicis mpo-
BEICHHS OTJISIAY CTaTeil Ta O3HAHOMIIEHHS 3 X TOBHUMU TEKCTaMU

BimiopaHo 8 mxkepesn. [lolryk maHuX BMKOHaHO 3a mepiom 2012—
2025 pp. JdocuimkeHHs MPOBOIMUIN Ha 0a3i OMHOTO XipyprivHOTO
rocmitanst (Role 2) y kBiTHI — TpaBHi 2024 poKy Ta KBiTHi — TpaBHi
2025 poky. IlpoaHasizoBaHO 3aCTOCYBaHHsI 3aCO0iB THUMYacOBOi
3YMUHKU KPUTUYHUX KPOBOTEY, iX JOUIBbHICTh, TPUBAJIICTh Ta pU-
3UKU YCKJIAagHEHb Y 135 BiliCbKOBOCITYXKOOBILIB, sIKi TTepeOyBain B
30Hi GoiioBuX niit. Pe3yabmamu ma eucnosku. TpuBaicTb HaKIa-
JaHHsI 3ac00iB reMocTasy B OinbiocTi Bunazakis (60,0 % y 2025 p.,
3poctanHs Ha 10 % nopiBHsiHO 3 2024 p.) mMepeBuUlIy€e 2 TOAUHU,
a 3aCTOCYBaHHSI TYPHIKETiB MOHA 3 TOAMHM (30LIbIICHHS YaCTOTH
Ha 5,0 % y 2025 p. mpotu 2024 p.) CBIiTUMTH PO TPUBAIY €BAKYALIil0
MOPaHEeHUX YHACTIIOK iHTEHCUBHUX O0MOBUX [Iild, 1110, Y CBOIO Yep-
Ty, MiIBUIILYE PU3MK ilIEMIYHUX YCKIaTHEHb Ta BUMArae perelib-
HOTO KJIiHiYHOrO MOHiTopuHry. ¥ 70,0 % BUMaaKiB 1Isi 3yIMUHKA
KpPOBOTeYi JOCTaTHHO OJHOTO TypHiKeTa, Tofi 5K y 30,0 % BuHUKae
noTpeda y 3aCTOCYBaHHi ABOX i OiNblile, 1110 CBITYUTb PO TSLKUMI
XapakTep MopaHeHb, 3yMOBJICHUI MOJIEPHi3alli€l0 Ta MiIBUIIEHOIO
BpaXkaroyolo 3MaTHICTIO CydyacHOTro 030poeHHsI. lmemivHi yckian-
HeHHsI (DiKCyIOThCsl Malixke B MOJIOBMHI BUITAIKiB, TOJOBHOIO TIPH-
YUHOIO € TPUBaJie HaKJIalaHHs TypHiKeTa.

KirouoBi cioBa: Typuiker (1XryT); MacHBHA/KPUTHUHA KPOBO-
Teya; ileMivHi YCKIaTHeHHSI; BilicbkoBocyk00BIi 3CY
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Do we really need cement in elderly patient?
Efficacy of hydroxyapatite cementless femoral stem

in primary hip arthroplasty in elderly patients

Abstract. Background. Bone cement implantation syndrome remains a serious complication in elderly pa-
tients undergoing cemented total hip arthroplasty. Cementless femoral stems with hydroxyapatite (HA) coating
have been proposed as a viable alternative, offering potential improvements in osteointegration and reduc-
tion in bone cement implantation syndrome incidence. This study aimed to evaluate the efficacy and stability
of HA-coated cementless femoral stems in elderly patients undergoing primary hip arthroplasty. Materials and
methods. A prospective case series was conducted on 34 patients aged > 65 years who underwent cement-
less hip arthroplasty between November 2021 and February 2022. Of these, 30 completed follow-up and were
included in the final analysis. Radiographic stem subsidence was measured using Engh and Massin’s method at
6 months, 1, and 2 years. Functional outcomes were assessed via the Harris Hip Score (HHS), Hip Disability and
Osteoarthritis Outcome Score (HOOS), and Visual Analog Scale (VAS). Subgroup analyses explored associations
with anti-osteoporofic therapy and smoking status. Results. Mean stem subsidence progressively increased over
time, reaching 1.92 + 0.34 mm at 2 years (p < 0.001). Functional outcomes significantly improved across all time
points: HHS increased from 54.7 to 87.3 (p < 0.001), HOOS from 48.1 to 85.9 (o < 0.001), and VAS decreased from
7.210 2.1 (p <0.001). Patients receiving anti-osteoporofic therapy had significantly lower subsidence (p < 0.007),
while smokers demonstrated higher subsidence at all intervals (o = 0.007). Conclusions. HA-coated cement-
less femoral stems are a reliable option in elderly patients, demonstrating low subsidence, favorable functional
recovery, and minimal complications. Anti-osteoporofic therapy may enhance implant stability, while smoking

poses a significant risk to fixation integrity.

Keywords: hip arthroplasty; cementless femoral stem; hydroxyapatite coating, subsidence, elderly patients

Introduction

Total hip arthroplasty (THA) is a highly successful sur-
gical intervention that has significantly improved mobility,
pain relief, and quality of life for patients with end-stage hip
pathology [1]. With advances in implant technology and
surgical technique, THA has achieved impressive long-term
survival rates, particularly in younger populations. Howe-
ver, its growing use among elderly patients introduces
unique challenges related to bone quality, comorbidities,
and perioperative risk [1, 2].

In this demographic, the use of cemented femoral stems
has traditionally been favored for achieving immediate fixa-
tion. However, this approach carries the risk of bone cement
implantation syndrome (BCIS), a potentially fatal compli-

cation characterized by hypoxia, hypotension, and cardiac
instability [3, 4]. Reported incidence rates of BCIS vary
from 0.8 to 9 % in cemented hip arthroplasty, particularly
in frail, elderly individuals. As a result, attention has shifted
toward cementless stem designs that avoid cement use while
still offering durable fixation [3, 6].

Hydroxyapatite (HA)-coated cementless femoral stems
are designed to promote early osteointegration and long-
term biological fixation. Their application in elderly pa-
tients remains debated due to concerns regarding poor
bone stock and potential for early stem migration or peri-
prosthetic fracture. Nonetheless, recent improvements in
implant design, tapered geometry, and HA surface coating
have shown promise in achieving stable fixation, even in
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osteoporotic bone, while mitigating risks associated with
cement use [7, 8].

The purpose of this study was to evaluate the clinical efficacy
and radiographic stability of hydroxyapatite-coated cementless
femoral stems in elderly patients undergoing primary THA, with
specific attention to stem subsidence, functional outcomes, and
the influence of anti-osteoporotic therapy and smoking.

Materials and methods
Study design and setting

This single-center, prospective case series was conducted at
Ain Shams University, Faculty of Medicine, involving elderly
patients who underwent primary hip arthroplasty using HA-
coated cementless femoral stems. The study was carried out
over a four-month period, from November 2021 to February
2022. Ethical approval was obtained from the Institutional Re-
view Board (IRB) prior to study initiation. Written informed
consent was obtained from all participants before enrollment.

Eligibility criteria

Patients aged 65 years and older of both sexes were eligi-
ble if they required primary hip arthroplasty for indications
including femoral neck fractures, intertrochanteric frac-
tures, or osteoarthritis. Exclusion criteria included patients
with chronic kidney disease, prior pelvic bone irradiation,
or a history of revision hip arthroplasty. Only HA-coated
cementless femoral stems were utilized in all cases.

Surgical technique and implantation

All procedures were performed under spinal or general
anesthesia, with the posterolateral approach being the stan-
dard surgical technique. Intraoperative implant selection

and positioning were guided by preoperative templating and
intraoperative assessment. Calcar fractures, when encoun-
tered, were managed using cerclage cables to preserve im-
plant stability.

Radiographic assessment of subsidence

Femoral stem subsidence was evaluated using the method
described by Engh and Massin. Measurements were taken
immediately postoperatively and repeated at the one-year
mark, recording the distance between the tip of the greater
trochanter and the shoulder of the femoral stem.

Functional outcome evaluation

Patient functional outcomes were assessed using the
Harris Hip Score (HHS) [9], Hip Disability and Osteoar-
thritis Outcome Score (HOOS) [10], and the Visual Analog
Scale (VAS) [11] for pain. These scores were recorded at
6 months, 1 year, and 2 years postoperatively. Functional
recovery trends were evaluated longitudinally across these
time points.

Subgroup analyses

Subgroup analyses were conducted to evaluate the effect
of anti-osteoporotic therapy (including bisphosphonates,
denosumab, or teriparatide) and smoking status on stem
subsidence and functional outcomes. Patients were strati-
fied based on treatment status and smoking history, and out-
comes were compared accordingly.

Statistical methods
All data were analyzed using SPSS software version 28
(IBM Corp., Armonk, NY). Quantitative variables were

Estimaled marginal means

& months 1year 2years
Subsidence
Eirer bars: 5% CI

Estimaled marginal means

& months 1year 2 years

et bars: 95% GI

Eslimated marginal means

8 months 1 year 2 years
HOOS
Emor bars: 5% CI

Estimated marginal means

& months 1 year
VAS_rep

Esror bars: 95% CI

2 years

Figure 1. Estimated marginal means of: A) femoral stem subsidence, B) HOOS, C) HHS,
and D) VAS pain scores at different follow-up intervals
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assessed for normality using the Shapiro-Wilk test and vi-
sual inspection. Normally distributed data were reported as
means =+ standard deviations and compared using repeated-
measures ANOVA and mixed-design ANOVA where ap-
propriate. Non-normally distributed data were summarized
as medians with ranges. Categorical data were presented as
frequencies and percentages and compared using chi-square
or Fisher’s exact test. A p-value of < 0.05 was considered
statistically significant.

Results

Out of the collectivity of 34 patients primarily enrolled in
the study, 4 were subsequently excluded from the final analy-
sis. The exclusion comprised 2 patients who required conver-
sion to cemented stems due to inadequate fixation, 1 patient
who needed revision surgery for dislocation, and 1 pati-
ent who developed periprosthetic infection necessitating im-
plant removal. The final cohort comprised 30 patients with a
mean age of 74.00 + 7.36 years (20 females, 14 males). 14 of
them were diagnosed with osteoporosis, with 13 of them re-
ceiving anti-osteoporotic treatment (bisphosphonates, deno-
sumab, or teriparatide). Moreover, 50 % of the study popula-
tion were active smokers.

Osteoarthritis was the predominant indicator that was
determinant of surgical intervention, followed by peri-tro-
chanteric femoral fractures. One patient underwent conver-

sion from a failed dynamic hip screw (DHS) to a cement-
less long-stem arthroplasty. Periprosthetic fractures in the
calcar region occurred in 2 patients (5.88 %), which were
managed using cables to maintain implant stability.

During the 2-year follow-up period, one patient reported
thigh pain, despite no radiographic indications of implant
loosening.

Statistics done using repeated-measures ANOVA de-
monstrated progressive increase in subsidence (p < 0.001),
HOOS (p < 0.001), HHS (p < 0.001), and VAS scores
(p <0.001) (Fig. 1).

Mixed-design ANOVA demonstrated a significant main
effect of time on subsidence (p < 0.001). However, patients
receiving anti-osteoporotic treatment exhibited lower sub-
sidence rates (p < 0.001), although no significant interac-
tion effect was observed (p = 0.088). Similarly, analyses for
HOOS, HHS, and VAS scores demonstrated marked im-
provement over time (p < 0.001), but no significant primary
effect was observed for anti-osteoporotic treatment (Fig. 2).

There was no significant variation in subsidence among
Dorr index groups (A, B, C) at any evaluation time point.
However, smokers exhibited significantly higher subsidence
than non-smokers at all intervals (p = 0.007). No notable
correlations were identified between Dorr index classifi-
cations and medical complications such as “spot weld” or
“stress shielding”.
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Figure 2. Estimated marginal means comparing patients with and without anti-osteoporotic treatment
across: A) femoral stem subsidence, B) HOOS, C) HHS, and D) VAS pain scores over time
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Discussion

THA remains one of the most successful orthopedic in-
terventions, particularly in the elderly population. How-
ever, the use of cemented stems carries risks such as BCIS,
prompting increasing interest in cementless solutions [12].
HA-coated cementless stems have been developed to pro-
mote biological fixation and reduce complications, but con-
cerns persist regarding early stem migration and its effect on
long-term outcomes [13]. To contextualize our findings, we
compare our results with established literature addressing
stem subsidence, functional outcomes, and the influence of
bone quality and anti-osteoporotic therapy.

Our study demonstrated a progressive increase in stem
subsidence, with a final mean of 1.92 £ 0.34 mm at two
years. Functional outcomes improved significantly, with
HHS rising from 54.7 to 87.3, HOOS from 48.1 to 85.9, and
VAS scores decreasing from 7.2 to 2.1. Subsidence did not
vary significantly among Dorr index groups, but was notably
lower in patients receiving anti-osteoporotic medications
and significantly higher in smokers. Despite reduced migra-
tion with bone therapy, no differences in functional scores
were observed between treated and untreated groups.

Regarding stem subsidence, supporting our findings,
Kabelitz et al. [14] reported a higher mean subsidence of
3.9 + 2.0 mm using HA-coated cementless stems, while
Al-Najjim et al. [15] found an average of 2.9 & 2.7 mm over
two years. Both studies indicate that subsidence is a com-
mon phenomenon with cementless stems but suggest that
values under 3 mm are generally well tolerated. Our results
fall well below these reported values, suggesting improved
control of early migration.

Regarding femoral morphology (Dorr classification), in
contrast to our results, Song et al. [16] found that patients
with Dorr type C femora had significantly greater stem sub-
sidence (mean 3.6 = 1.4 mm), suggesting that wide canals
may reduce initial stability. However, we observed no sta-
tistically significant differences among Dorr types A, B, or
C, indicating that, with appropriate technique and sizing,
HA-coated stems can achieve stable fixation regardless of
proximal femoral geometry.

Regarding functional outcomes, consistent with our data,
functional outcomes improved progressively over time.
Gema et al. [17], however, reported that patients with stem
migration exceeding 3 mm showed lower HHS values, typi-
cally falling below 70, suggesting a decline in performance
with excessive subsidence. Likewise, Al-Najjim et al. [15]
and Song et al. [16] observed deterioration in hip function
when subsidence surpassed 3 mm. Our lower subsidence
levels may explain why such declines were not observed in
our cohort.

Regarding anti-osteoporotic therapy, in line with our
findings, Huang et al. [18] demonstrated that patients re-
ceiving teriparatide had significantly reduced stem migra-
tion compared to untreated controls (mean subsidence 1.2
vs. 2.3 mm). However, similar to our results, Huang found
no significant improvements in HHS or VAS scores between
groups. These findings suggest that anti-osteoporotic agents
may enhance mechanical stability without directly influenc-
ing subjective functional recovery.

Regarding smoking and stem stability, although not
quantified in previous cited studies, smoking is a known risk
factor for impaired bone healing and osseointegration. Our
study demonstrated that smokers had significantly higher
subsidence across all time intervals, reinforcing the need to
consider smoking cessation as part of preoperative optimi-
zation in elderly patients undergoing cementless THA.

Regarding periprosthetic complications, periprosthetic
calcar fractures occurred in two patients in our series and
were managed successfully with cerclage cables. This rate is
consistent with that reported by Song et al. [16], who noted
a 7% incidence of calcar fractures, primarily in Dorr type
C cases. Importantly, these fractures in our cohort did not
lead to adverse outcomes or increased stem migration, sug-
gesting that intraoperative complications can be effectively
mitigated with prompt stabilization.

Limitations. This study has several limitations. First,
its single-center design and relatively small sample size
may limit the generalizability of the findings. Second, the
absence of a control group using cemented stems prevents
direct comparison of outcomes between fixation methods.
Third, the inclusion of patients with varied preoperative
diagnoses (e.g., osteoarthritis, femoral neck fractures)
may have introduced heterogeneity in baseline functional
status. Lastly, although subsidence was radiographically
measured and functional scores were assessed, bone mine-
ral density was not quantitatively evaluated, and longer-
term follow-up is required to assess implant survival be-
yond two years.

Conclusions

HA-coated cementless femoral stems are a reliable op-
tion in elderly patients, demonstrating low subsidence, fa-
vorable functional recovery, and minimal complications.
Anti-osteoporotic therapy may enhance implant stability,
while smoking poses a significant risk to fixation integrity.
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Y1 noTPiGHO BUKOPUCTOBYBATU LLEMEHT Y NALIEHTIB NOXUAOIO BiKy?
EdeKTUBHICTb 6€3LeMEHTHOI HiXKKMU 3 FAPOKCUANATUTOBUM NOKPUTTSM
Yy NEPBUHHOMY €HAOMNPOTE3YBAHHI KYAbLUOBOrO CYrA06a
B AiTHiX OCi6

Pe3tome. Akmyaavnicms. Cunapom iMnaaHTawii KicTKOBOTo Lie-
MEHTY 3aJIUIIAEThCSI CEPHO3HUM YCKIIAJHEHHSIM y TAIli€EHTIB TO-
XWJIOTO BiKY, SIKi TEPEHECTN TOTaJIbHE €HIOTPOTE3yBaHHS KYJIbLIO-
BOTO Cyrjo0a 3 LIeMeHTHOIo dikcallieto. be3aneMeHTHI HixKKM 3 Tia-
pokcuanatutoBuM (I'A) MOKPUTTSM OYJIM 3alIPONIOHOBAHI SIK KUT-
Te3MaTHA AJIbTEPHATUBA, 110 MOXE IMOJIIMIIUTA OCTEOIHTErparlito
Ta 3HU3UTHU YaCTOTy CHMHIPOMY iMIUIAHTAIlil KiCTKOBOTO IIEMEHTY.

Mema: ouinutu epeKTUBHICTH Ta CTAOUIbHICTL OE3LIEMEHTHUX
HiXOK 3 [A-TOKPUTTSM Y JIITHIX 0Ci0 Mpu MEPBUHHOMY €HJIONPO-
Te3yBaHHI KyJbLIOBOTO cyrmoba. Mamepiaau ma memodu. byno
MIPOBE/IEHO TMPOCIMEKTUBHE KOTOPTHE MOCTIIKEHHS 3a yyacTio 34
TALliEHTIB BIKOM > 65 pOKiB, IKUM Yy Tiepion 3 auctomnana 2021 poky
o motuii 2022 poKy BUKOHAHO Oe3leMEeHTHE €HIOIPOTE3yBaHHS
KYJIBIIIOBOTO cyriioba. 13 Hux 30 oci6 3aBepIImiii CIIOCTepeXKeHHS
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Ta Oy/Iv BKJIIOUEHI y (hiHaJIbHUIT aHalTi3. PeHTreHooTiuHe OCcimaHHs
CTETHOBOI HIxKKM OLliHIOBaIu 3a MeTogoM Engh i Massin uepe3 6 mi-
csuiB, 1 Ta 2 poku. OYHKLIOHATBHI pe3yIbTaTd BU3HAYAIM 33 Ha-
crynHumu mikanamu: Harris Hip Score (HHS), Hip Disability and
Osteoarthritis Outcome Score (HOOS) i Bi3yaJbHOIO aHAJIOTOBOIO
mkanoio (VAS). Y miarpynoBomy aHastizi ZOCTIIKyBaIu 3B’SI30K
MiX aHTMOCTEOMOPOTUYHOIO Teparie Ta KypiHHsM. Pesyisma-
mu. CepeaHe ocigaHHs HixXKKU 301IbIIYBAIOCS 3 YACOM i CTAHOBUIIO
1,92 £ 0,34 mm uepe3 2 poku (p < 0,001). DyHKIIOHATBHI PE3YIb-
TaTU CYTTEBO MOJIMIIMIMCS B YCiX 4aCOBMX TOUKAX: MOKa3HUKH
HHS 36inbmunuca 3 54,7 no 87,3 (p < 0,001), HOOS — 3 48,1
10 85,9 (p < 0,001), a VAS — 3auswmcs 3 7,2 1o 2,1 (p < 0,001).

V narieHTiB, siKi OTpUMYBaJId aHTUOCTEOITOPOTUIHY Teparlilo, CIo-
cTepiraiocs BiporinHo meHIne ocimants Hixxku (p < 0,001), Tomi sik
y KypliB — 6inbiie Ha Bcix etanax (p = 0,007). Bucnoexu. beslie-
MEHTHI CTErHOBI HiXKKM 3 [A-TIOKPUTTSIM € HailiHUM BapiaHTOM B
0cib MOXWJIOro BiKY, IEMOHCTPYIOUM HU3bKE OCiTaHHsI iMIUIaHTaTa,
CIIpUSTINBE (DYHKIIIOHATIbHE BiTHOBJICHHS Ta MiHIMaJbHi yCKIIaI-
HEHHS1. AHTUOCTEOIOPOTUYHA Teparlisi MOXe MOJIMIIUTH CTabilb-
HICTb iIMIUIaHTaTAa, TOMI SIK KYPiHHS CTAHOBUTh 3HAUHUI PU3UK IS
IiTiCHOCTI (hikcarrii.

Kir0490Bi cl10Ba: engonporesyBanHs KylblIIOBOTO Cyroba; 6e3-
LIEMEHTHA HiXKa; TiIpoKcUanaTUTOBe MOKPUTTS; OCiIaHHs; JiTHi
Mali€eHTU
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Use of tibialis anterior muscle VDMT flip flap
in transtibial amputation to prevent superficial
peroneal nerve neuroma formation:

a surgical technique description

Abstract. Background. The formation of symptomatic stump neuromas is one of the most common complica-
tions affer amputation. Symptomatic neuromas cause pain, which, in turn, reduces the quality of life and makes
prothesis use complicated or even impossible. Neuroma development is a result of disorganized axonal growth
due to the lack of a target for reinnervation. After transtibial amputation, neuromas most often growth from the
superficial peroneal nerve (SPN), due to its anatomical location and function. The purpose was fo substantiate
and describe the novel surgical technique for prevention of SPN neuroma formation by creation a physiological
target for reinnervation in the form of a vascularized denervated muscle target (VDMT) derived from the an-
terior tibial muscle during franstibial amputation. Materials and methods. The fechnique involves isolatfion of a
vascularized denervated segment from the tibialis anterior muscle, taken from below the level of the planned
transtibial amputation, further mobilization of the flap on the anterior tibial vessels, followed by proximal rotation
and wrapping of tfransected SPN. Results. This technique creates a farget for organized axonal regeneration of
SPN and prevents symptomatic neuromas development. Our own clinical experience with this fechnique indi-
cates aslightincrease in the duration of the surgical intervention and the absence of specific complications. The
proposed method allows for targeted prevention of the formation of symptomatic neuromas during transtibial
amputation, especially for high-risk nerves, such as the SPN. Conclusions. The tibialis anterior VDMT flip flap tech-
nique during transtibial amputation is a promising method for preventing symptomatic superficial peroneal neu-
romas. If necessary, this method can be qpplied fo other or mulfiple nerves. Further clinical studies are needed
to evaluate long-term results.

Keywords: vascularized denervated muscle target; symptomatic neuroma; transtibial amputation; peripheral

nerve surgery; limb trauma

Introduction

According to the data published in The Wall Street Jour-
nal (2024), 20,000—50,000 of Ukrainians have lost their
limbs as a result of war-related trauma. Taking into account
lack of official reports and time delays in recording clini-
cal cases, the actual number of amputations is likely to be
higher [1-3].

Recent systematic reviews and clinical studies indicate,
that one of the main causes of residual limb pain (RLP) and
phantom limb pain (PLP) in patients after amputation is

the formation of symptomatic neuromas. The affected peri-
pheral nerve after amputation begins to regenerate chaoti-
cally, forming disorganized neural tissue without interaction
with effector structures. This process leads to the emergence
of spontaneous ectopic neuronal activity, which is the basis
for chronic neuropathic pain development. According to
meta-analyses, symptomatic neuromas may be present in
15—30 % of patients after lower limb amputation (LLA). In
particular, according to the study of Oriicii Atar et al. (2022),
in patients with RLP, neuroma is detected in almost 47 % of
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cases in both upper and LLA, which confirms its significant
role in the pathogenesis of residual pain [4, 5, 10].

PLP, although it has a complex mechanism of forma-
tion, is also often associated with the presence of sympto-
matic neuroma. Ectopic activity from the neuroma can trig-
ger pathological activation of the somatosensory cortex and
other CNS structures, leading to the phantom perception of
pain in a limb that no longer physically exists [11].

In accordance with the meta-analysis performed by
Huang et al. (2022), the prevalence of symptomatic neuro-
mas after LLA is about 19 %, and during 3 years follow-up
period it increases up to 30 % [9]. Similar results were ob-
tained by List et al. (2021), who found symptomatic neuro-
mas in 15 % of patients after LLA, and RLP in more than
59 % [5].

The available scientific data indicates that the most often
involved nerve in symptomatic neuromas formation is SPN
after below-the-knee amputation. In a study of Chang et al.
(2022), which included 198 patients with below-the-knee
amputation, symptomatic neuromas were found in 14.6 %
of patients, of which 89.7 % were associated with SPN.
These data confirm the predominant involvement of SPN in
the pathogenesis of post-amputation neuropathic pain [12].

Similar results are demonstrated by the study of Nigam
et al. (2019), where the SPN was also identified as the main
source of painful neuromas in patients with lower leg am-
putation. The authors indicate that 76 % of all reported
symptomatic neuromas were associated with this nerve,
which significantly exceeds the incidence of neuromas due
to damage of other nerve structures: sural (59 %), saphenous
(48 %), deep peroneal (41 %) [13].

The superficial anatomical location of the SPN, mini-
mal muscle protection, and sensory function results in a
high incidence of symptomatic neuromas formation in the
postoperative period. The use of a prosthesis often serves as
a mechanical irritant that provokes symptoms of neuroma,
which clinically manifests as localized neuropathic pain, al-
lodynia, dysesthesia, or even phantom pain.

The above statistics demonstrate not only the high preva-
lence but also the clinical significance of symptomatic neu-
romas, especially in cases where the intensity of pain dis-
rupts sleep, functioning with a prosthesis, and the capacity
for self-care. Given that conservative therapy in most cases
does not provide a high-quality and sustainable effect, surgi-
cal strategies should be considered as important tools in the
management of this complex pathology.

The results of scientific research indicate that reinnerva-
tion methods can be effectively used to prevent late post-
amputation complications, such as symptomatic neuromas,
PLP, and RLP [4].

Surgical technique

General or regional anesthesia is used. The patient is
placed in a supine position on the operating table. A tourni-
quet is applied to the mid-thigh during the procedure. Am-
putation is performed at the level of the middle third of the
lower leg. To design skin flaps, marks are made on skin using
a medical marker. The skin, subcutaneous fat, and fascia are
incised with mobilizing soft tissue flaps for further stump
formation. The SPN is identified. The muscles of the ante-
rior compartment are separated from the lateral surface of
the tibia, exposing the neurovascular bundle — the anterior
tibial artery, accompanying veins, and the deep peroneal
nerve, which runs laterally within the bundle. The branches
of the anterior tibial vessels supplying the tibia are identified
and ligated or coagulated. The distal segment of the lower
leg is incised longitudinally for easier handling. Tendons of
the anterior compartment muscles are transected (Fig. 1).
The anterior tibial vessels are ligated 8—10 cm distal to the
site of the planned osteotomy. The deep peroneal nerve at
this level may be transected or ligated together with the ves-
sels. Anterior compartment muscles are separated from the
interosseous membrane, fibula, and intermuscular septum
with coagulation or ligation of small vessels. Segmental vas-
cular branches from the anterior tibial vessels to the tibialis
anterior muscle are identified. Depending on anatomical

Figure 1. Mobilized muscle flap from the tibialis
anterior muscle

Figure 2. Segmental vessels of the flap from the
anterior tibial vessels
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variability and required flap size, 1—3 segmental vascular
bundles may be included in the flap (Fig. 2). After identi-
fying these segmental vessels, the tibialis anterior muscle is
transversely transected above the level of the vessels. Ideally,
the flap should measure approximately 35 mm in length,
20 mm in width, and 5 mm in thickness. It is recommended
to initially mobilize a flap larger than required for VDMT.
Segmental vessels supplying other anterior compartment
muscles are ligated or coagulated. Proximally, the deep
peroneal nerve is identified in the neurovascular bundle
(Fig. 3), and a 1—2 cm nerve segment is resected at this level

Figure 3. Identification of the deep peroneal
nerve

Y 1 »
Figure 5. Restoration of blood supply
to the flap

or the distal part of the nerve is removed (Fig. 4). Remo-
ving the distal segment of the nerve is not advisable. The
muscle flap on its vascular pedicle is brought outside the
operative field and placed on a moist gauze. The tourniquet
is removed, and flap perfusion and pulsation of the ante-
rior tibial artery are assessed (Fig. 5). The flap is wrapped
in a moist gauze while the distal segment of the lower leg is
amputated. The SPN is transected 1—2 cm proximal to the
tibial cut. The tendon portion is removed from the muscle
flap, and the flap is reduced to the required size (Fig. 6).
When reducing the flap, preference is given to the best-per-

i K
Figure 4. Resection of the distal part of the deep
peroneal nerve — complete denervation of the flap

Figure 6. Flap after removal of the tendon part and
reduction. On the left in the photo is the SPN
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Figure 7. High mobility of VDMT with vessels

fused area (actively bleeding, bright red). The flap is rotated
proximally toward the end of the transected SPN, avoid-
ing kinking of the vascular pedicle. The nerve end is fixed
in the flap using two epineural stitches with non-absorbable
monofilament 6/0 suture. The nerve should be inserted into
the flap for a third or half of its length. The muscle flap is
then wrapped around the nerve to secure the muscle graft in
a cylindrical structure using 2 to 4 more sutures. The created
muscle target is mobile (Fig. 7) and later placed deep within
the stump on a non-weight-bearing surface. No additional
fixation is required, as the flap is covered by other muscles
during stump formation (Fig. 8). If necessary, other muscles
supplied by the anterior tibial vascular system can be used,
or several flaps of the same vascular system or different ones
can be mobilized to manage multiple nerves.

Discussion

One of the newest surgical approaches to address the
problem of symptomatic neuroma formation is VDMT.
This technique, similar to targeted muscle reinnervation
(TMR) and regenerative peripheral nerve interface (RPNI),
aims to redirect the growing axons of a damaged nerve into
a specially prepared target to prevent pathological regenera-
tion as a neuroma. Surgery using VDMT has a number of
theoretical advantages over TMR and RPNI [6].

One of the disadvantages of TMR is the frequent mis-
match of nerve diameters — when a large proximal nerve
anastomoses with a small motor branch, which creates a
risk of axonal “escape” and neuroma formation at the site
of coaptation. It became a prerequisite for certain modi-
fications of the classical TMR technique, in particular —
additional wrapping of the nerve coaptation zone with a
free muscle graft.

Figure 8. The VDMT is covered with muscles

The VDMT method overcomes this problem by directly
neurotizing the muscle, which completely covers the dis-
tal end of the nerve. In addition, unlike TMR, the use of
VDMT does not depend on the presence of a local motor
branch, which may be especially important in conditions
where it is absent or damaged [7].

VDMT has much in common with RPNI, as both in-
volve direct neurotization of a muscle target attached to the
distal end of the injured nerve. However, a critical aspect of
RPNI is the effect of muscle graft size on its viability.
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Since the RPNI has no blood supply of its own, its vi-
ability in the initial stages is ensured only by the diffusion of
nutrients from the surrounding tissues. During engraftment,
the graft undergoes a certain degree of ischemia-induced fi-
brosis and resorption until neovascularization occurs. Grafts
that are too large are at risk of central necrosis [8].

Conclusions

The VDMT method is one of the newest surgical ap-
proaches to the prevention and treatment of symptomatic
neuromas after amputations. This technique is based on the
concept of controlled regeneration of nerve fibers by implant-
ing the proximal end of the damaged nerve into vascularized
muscle tissue without innervation, which creates favorable
conditions for neurotization without neuroma formation.

Unlike TMR and RPNI, the VDMT method has certain
advantages: it does not require a recipient motor branch, has
no restrictions related to the size of the graft, and can be
performed for amputations at different levels.

Our own clinical experience with this technique indicates
a slight increase in the duration of the surgical intervention
and the absence of specific complications. The proposed
method allows for targeted prevention of the symptomatic
neuromas formation during transtibial amputation, espe-
cially for high-risk nerves, such as the SPN.

The proposed method of VDMT for the SPN uses the tis-
sues of the limb to be amputated without additional trauma
to the remaining tissues.

Despite positive clinical results, VDMT has a limited evi-
dence base. Large-scale prospective studies, using standar-
dized scales of pain, functional recovery, and quality of life,
are needed to definitively confirm the effectiveness of this
approach.
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Byp‘aHos O.A.", Cmuik O.0.2

"HawioHAAbHW MeanyH yHiBepcuteT imeHi O.O. boroMonbLsi, M. Kuis, YkpaiHa
’BiiCbKOBO-MEAMYHNM KAIHIYHAA AiKYBAABHO-PEQBIAITQLIVIHWY LIEHTP, M. lPniHb, YkpaiHa

BUKOPUCTAHHS KACNTS NepeAHbOro BEAUKOroMiAKOBOro M’s1301 AASl CTBOPEeHHS BAMM
nNpu TPAHCTUGIAABHIN aMnyTALii AAS 3ANOGIrAHHS YTBOPEHHIO HEBPOMM NOBEPXHEBOIO
MOAOTOMIAKOBOrO HEpPBA: ONMUC XiPYPriYHOT TEXHIKN

Pe3siome. Axmyaavnicmo. ®opmyBaHHA CUMITOMATUYHUX He-
BPOM KYKCH € OJHUM i3 HAUTMOIIMPEHIIINX YCKJIATHEHb MiCs aM-
nyTauii. CUMIITOMaTUYHiI HEBPOMU BUKJIMKAIOTD OiJib, 1110, Y CBOIO
4yepry, 3HUXKYE SKiCTb XUTTS Ta YCKJIaaHIOE 200 HABITh YHEMOX-
JINBJIIOE BUKOPUCTAHHS MpoTe3a. PO3BUTOK HEBPOMU 3yMOBJIE-
HUIi 1e30praHi30BaHUM POCTOM aKCOHIB Yepe3 BiJICYTHICTb Millie-
Hi 1151 peinHepBaltii. [licis TpaHcTUOiaNbHOI aMITyTallii HEBPOMU
HallyacTilie yTBOPIOIOTbCS 3 TMOBEPXHEBOTO MaJIOTOMIJIKOBOTO
HepBa (ITMH) uepes iforo aHaTomiuHe po3TallyBaHHS Ta (PyHK-
uito. Mema: oGrpyHTYBATH Ta OMKUCATH HOBY XipypriuHy TEXHIKY
3ano0iraHHs yTBopeHHI0 HeBpoMu [IMH 1muisixom crBOpeHHS
iziosoriuHOI CTPYKTYPH IJIsT peiHHEepBallii y BUTJISIII BACKYISIpU-
30BaHoOi JeHepBOBaHOI M’s130B0i MilleHi (BAMM), oTpumaHoi 3
MepeaHbOTO BEJIMKOTOMIJIKOBOIO M’si3a TiJl Yac TpaHCTUOiaaIbHOI
ammyrtatii. Mamepiaau ma memodu. Metonuka BKIIOYa€ BUJi-
JIEHHSI BaCKYJISIPU30BaHOTO JCHEPBOBAHOTO CETMEHTA TIEPETHBOTO
BEJIMKOTOMIJIKOBOTO M’s13a HMXXYE PiBHS 3allJJAHOBAHOI TPAHCTU-
OiaJIbHOI aMITyTallil, MOOLTi3allit0 KJIAITs Ha MEPEaHIX BEJIUKOTO-
MIJTKOBUX CYIMHAX 3 TMOAAJBIIUM IMPOKCUMAIBHUM 00EpTaHHSIM

Ta ooropraHHsaMm nepepizaHoro [IMH. Pesyabmamu. Lleit cniocio
TTO3BOJISIE CTBOPUTU MillleHb IS OPraHi30BaHOI aKCOHAIBHOI pe-
reHepaittii [IMH i 3amo6irae po3BUTKY CUMIITOMAaTUYHUX HEBPOM.
BnacHuii KIIiHIYHTI TOCBiI 3aCTOCYBaHHS TaKO1 TEXHIKM CBITINTh
PO HEe3HauyHe 30iMbLIEHHS] TPUBAJIOCTI Oomepallii Ta BiACYTHIiCTb
crietiYHUX YCKJIaTHEHb. 3arpOTOHOBAHUII METOI JI03BOJISIE
IJIECTIPSIMOBAHO 3aro0iraTi YTBOPEHHIO CUMITOMAaTUYHUX He-
BPOM ITiJl Yyac TPaHCTUOiadbHOI aMITyTallii, 0OCOOJIMBO IIe CTOCY-
€ThCSI HEPBIB «BUCOKOTO pU3UKY», sik-0T [IMH. Bucnoexu. Me-
tonuka flip flap mpu ctBopenni BAMM, oTpumaHOi 3 TepeTHHOr0
BEJIMKOTOMIJIKOBOTO M’si3a ITiJl Yac TPAaHCTHOiaJbHOI aMITyTallii,
€ TIEPCTIEKTUBHUM METOIOM 3aro0iraHHs CUMITOMATUYHUM He-
BpomaM [IMH. 3a notpe6u 1ieit MmeTon Moxe OyTH 3aCTOCOBAHUI
110 iHIIMX HEpBiB a00 JEKiIbKOX HEPBiB ogHOYacHO. st OLiHKK
JIOBrOCTPOKOBHUX PE3yJIbTaTiB HEOOXiAHI Mojaiblli KIiHIYHI 10-
CITiIKEeHHS.

KiouoBi cjoBa: sackynspusobaHa JeHepBOBaHAa M’S30Ba Mi-
LIEHb; CUMIITOMATUYHA HEBPOMA; TpaHCTUOIaTbHA aMITyTallisl; Xi-
pypris nepudepruyHNX HEPBiB; TPaBMa KiHIIIBKU
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ABH3 «Y>XropoaCbknt HQUIOHQABHUW YHIBEPCUTET», M. Y)Kropoa, YkpaiHa

MoTeHLUitoBAOAbBHUN BMAMB TPOHCKYTOHHOIO BBEAEHHS
BYITAKUCAOIO rasy HA NPOTU3ANAAbHUN e eKT
ANKAODEHAKY HATPIIO TO XOHAPOITUHY CYAbDATY
B €KCMepMMEHTAAbHIN MOAEAI OCTEOAPTPUTY

Pestome. AktyanbHicTs. OCTEOQPRTPUT € XPOHIHHIM ASTeHEePATUBHO-3QNAAbHMM 3AXBOPIOBAHHSIM CYIA0OIB, SIKe
3rAHO 3 CYHYQCHVIMU YSIBAEHHSIMW MOXKE CYrPOBOAXKYBATUCS] QKTUBALYIEIO HU3bKOPIBHEBOIO 3QMAAEHHST 3Q YHQACTIO
MPO3AMNAALHUX LIMTOKIHIB, 30KpeMQa iHTepAerkiHy-6 (IL-6). Y LbOMy KOHTEKCTI 300CTAE iHTepecC AO QA FOBAHTHUX
TEPANEBTUHHMX CTPATETIN, 30KPEMA AO 3QCTOCYBAHHS TOAQHCKYTAHHOIO BYIAEKMCAOIO rasy (Kapb6oKcuTeparii) sik
MOTEHLIMIHOrO MOAYASITOPQ 3QrMAAbHOI BIAMOBIAI, 3 OAHOYQCHMM 3HKEHHSIM GAPMAKOAOTIYHOrO HABAHTAKEHHSI.
Mera: oLiHTV BIAMB TPQHCKYTQHHOIO BYIAEKUCAOIO rasy B KOMOIHALT 3 AMKAOYEHQAKOM HATRIKO Q6O XOHAPOITUHY
CyAbOQTOM HQ piBeHb IL-6 Y MOAEAI OCTEOQPTPUTY, IHAYKOBAHOIO MOHOMOAOLITOBOIO KMCAOTOKD. Marepiaan ta
meToAun. B ekcriepumeHTi BukopmncTaHo 80 CTateBo3pinnx Ginmx 6€3rnopOAHMX LLYPIB-CAMLLB, Y SIKMX MOAEAKOBAAM
OCTEOQPTPUT BHYTPILLHBEOCYIMOBOBMM BBEAEHHSIM MOHOMOAOLITOBOI KMCAOTH. TBAPUIH OTPUMYBAAM AUKAODEHAK
(8 a6o 4 mr/kr), xoHAPOITMHY CyAbgar (3 mr/kr), CO, (0,5 MA MiaLLKIPHO) Q60 ix KoMGIHALT, KOHLeHTpaLo IL-6y cu-
POBQATL BUSHAYAAM HQ 14-11 i 28-11 A€Hb 3Q AOMOMOroko ELISA. CTATUCTUYHMM QHQAI3 MPOBEAEHO 3 BUKOPUCTAHHSIM
OAHOGAKTOPHOIO AUCIIEPCINIHOrO AHAAIZY 3 POst-hoc TecTom Tbioki. Pesyasrarn. KombiHauis CO, i3 MOAOBUHHOKO
AO300 AMKAODEHQAKY 3HM3UAQ PiBEHB IL-6 HQ 6,77 rir/MA (46,4 %, p < 0,001) Ha 14-vi AeHb | HQ 8,22 rir/mna (67,5 %,
p < 0,001) HQ 28-11 A€Hb, LLO BIPOrAHO MepeBULLYBANO epeKT NoBHOI A03U AnKknopeHaky (o < 0,001). NoaibHa
TEHAEHLiSI, XO4QA Y MEHLL BUDQXKeHQ, CIOCTEPIraAQaCs AAs KOMOIHALi xoHApoiTiHy 3 CO,. MoHotepania CO, 6yaa
MOPIBHSIHHOKO 30 €PEKTOM i3 XOHAPOITUHY CyAbdATOM (D = 0,479). BACHOBKW. TOQHCKYTAHHUM BYIAEKUCAUK ra3 MO-
TEHLIMIHO MOCUAKOE MPOTU3AMAAbHUA €HEKT AMKAODEHQKY TQ XOHAROITUHY CYALGATY, CPUSIKOHN 3HKEHHIO PIBHST
IL-6 'y AvHamiL, Takuv riaxia MoXKe 6y T KOPUCHUM ANST SMEHLLEHHST A03M HII3IT y AikyBAHHI OCTEOQPTOUTY.
KAIO4OBI CAOBQ: 0CcTeoQpTOUT, IHTEPAEVIKIH-6; AMKAODEHAK HATPIK, XOHAPOITUHY CYAbGQT, BYIAEKUCAUIA A3,
TPQHCKYTAHHQ Tepariisi;, eKCNepUMEHTAABHQ MOAEAL, 3AMQAEHHS]

Bctyn

OcteoapTtput (OA) € OMHUM i3 HANMOIIMPEHIIINX Jere-
HepaTUBHUX 3aXBOPIOBAHb CYIJI00iB, SIKe XapaKTepU3yETb-
Csl IPOrPeCyoYrM pYHHYBAHHSIM CYIJI000BOTO Xpsiilia, pe-
MOJICJIFOBAHHSIM CYOXOHIpabHOI KiCTKU, (DOpMyBaHHSIM
ocTeodiTiB Ta pO3BUTKOM XpoHiyHOTro 60110 [1]. Lleit cran
CYTTEBO 3HUXKYE SIKIiCTb KUTTS TALIIEHTIB, 0OMEXYE PyXJIH-
BICTB i € TIPOBITHOIO MPUIMHOIO iHBAIIIHOCTI cepen ocio
JIITHBOTO BiKY.

Xoua OA TpaguLiliHO PO3IJISIAANU SIK HACIiZOK MeXa-
HIYHOTO 3HOIIYBaHHS, Cy4acHi JOCiIKeHHS ITiITBePIKY-

I0Th Y4acTb iMyHO3aMaJIbHUX MeXaHi3MiB, BKIIOUAIOUM aK-
TUBAILiI0 TTpo3anaibHuX IUTOKiHIB (IL-1B, IL-6, TNF-a),
3aJlydeHHsI KJITUH BPOKEHOro i HaOyTOro iMyHiTeTy,
OKCHUIATUBHUIA CTPEC, a TAKOX CEHECLICHIIIF0 XOHIPOLIUTIB
[2—4].

Oco06uBe 3HaYeHHS Ma€ iHTepeiikin-6 (IL-6) — rute-
WOTPOTMTHMI LIUTOKIH, 1110 Oepe y9acTh y peryJsilil iMyHHOT
BimmoBini, mudepenmialii T-1iMbOINTIB, aKTUBALIiI OCTEO-
KJIACTIB Ta CTUMYJISILIT TPOIYKYBaHHS TOCTpoda30BUX Oifi-
KiB [5, 6]. PiBeHb IL-6 y cHOBiaJIbHii1 pigyHi Ta CUpOBAT-
i KpoBi naiieHTiB 3 OA Koperoe i3 BUpaXeHicTio 0010,
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TSDKKICTIO CMHOBITY Ta IIBUAKICTIO MPOrpecyBaHHs Jere-
HepatuBHUX 3MiH [7, 8]. KpiM Toro, akTuBallisi CUTHaJIb-
Horo nuisixy JAK/STAT nin BrutmuBom 1L-6 mpu3BoaMTh 10
MOCUJIEHOI eKCIpecii MAaTpPUKCHUX METaJoIpoTeiHa3, 1110
3yMOBJIIOE Ierpanaiiro xpsa [9]. CydacHi reHeTUKO-€eITi-
JIeMIOJIOTiUHI TOCimKeHHsI (MeHISIiBChbKa paHIOMi3allisl)
TaKOX MiATBEPANIN MPUINHHO-HACTIIKOBUI 3B’ I30K MixX
migBuieHuM piBHeM IL-6 Ta po3sutkom OA [10].

V 38’a3Kky 3 uuM IL-6 po3risimaeTses He Julle K 6io-
MapKep aKTUBHOCTI 3alajeHHs, aje i sK MepcreKTUBHA
TepaneBTUYHA MillleHb. TapreTHa 6;10Kaaa 1bOTO IIUTOKi-
Hy abo ioro curHaiabHux KackaniB (JAK/STAT, MAPK,
NF-kB) € HanpsiMOM iHTEHCUBHUX JOKIiHIYHUX Ta KJIiHiY-
Hux gociimkeHb [11]. BonHouac nmotpedye yBaru mouryk
HOBMX 200 KOMOIHOBaHUX ITiAXOMIiB, 3AaTHUX BIUTMBATU Ha
CUCTeMHMI iMyHo3anaabHui ¢hoH rpu OA.

Hecrepoinni npotuzananbHi nipenapatu (HIT3IT), 30-
Kpema TukiodeHak HaTpilo, IIMPOKO 3aCTOCOBYIOTHCS LISt
CUMIITOMAaTUIHOTO KOHTPOJIIO 00110 11 3amaneHHs Ipu OA.
IIpote ix BuKopucTaHHSI OOMekeHe MOOIiYHMMU edeKTa-
MU, 0COOJIMBO MPU TPUBAJIIOMY 3aCTOCYBaHHi [11].

V 3B’43Ky 3 LIUM 3pOCTa€ iHTepec A0 KOMOiHOBaHUX
a00 aj’loBaHTHMX CTpaTeriil Tepamii, 3M1aTHUX MiABUIIATA
e(eKTUBHICTb JIIKyBaHHS TIPY 3MEHILIEHHI (hapMaKoJIoriv-
HOTO HaBaHTaXKEHHSI.

OHUM i3 IepCMEKTUBHUX HATIPSMIB € BUKOPUCTAHHS
$i310JIOTIYHO aKTUBHUX CIOJIYK, 30KpeMa BYTJIEKHMCJIOTO
razy (CO,), axkuil y NOKJIHIYHMX MOAENAX MPOLEMOH-
CTpyBaB 3MATHICTb TIOKpallyBaTH MiKpPOLUMPKYJISIIiIO,
3HUXXYBATH JIOKaJIbHE 3arajJieHHs] Ta aKTUBYBaTU periapa-
TUBHI mipouiecu [12]. BimoMo TakoxX, 1110 TpaHCKyTaHHE
BeefeHHss CO, MOXe BIUIMBATH Ha JIOKaJIbHY TiIOKCIiIO,
CTUMYJIIOIOYM aHTIOTE€HE3, 110 € KPUTUYHO BAXKIJIUBUM Yy
TKaHMHaX i3 00MeXEeHUM KPOBOIOCTAaYaHHSIM, 30KpeMa y
xpsi [13].

IHIIMM HampsIMOM cydacHOI Teparlii € BUKOPUCTaHHS
HYTPUIIEBTUKIB Ta 0i0AaKTUBHUX XOHAPOIPOTEKTOPiB, 30-
KpeMa XOHJIPOITUHY cybdaTy, IKUii Ma€ 31aTHICTb 3MEH-
LIyBaTHU JeTpanallito xpsiiia, MoJIiyBaTyu Woro rijpara-
1ito Ta yroisbHIOBaTH TiporpecyBaHHs OA [14]. OnHak
e(beKTUBHICTh TaKUX TIperapatiB y MOHOTepaIrlii 3a1uiia-
€ThCS OOMEXEHOIO, 110 OOTPYHTOBYE HEOOXiMHICTh TOCITi-
JKEHHSI CHMHEPTiYHIX KOMOiHALIiH.

3 omisiy Ha BUKIIA[EHE TMEepPCNEeKTUBHUM € BUBUYEHHS
KoMOiHOBaHOro 3acrocyBanHst CO, 3 (papMakoJIOriYHUMU
a00 XOHAPOINPOTEKTOPHUMU CIIOJYKaAMU 3 METOIO TMOCH-
JIGHHSI iX TIpOTU3anaabHOI Ta pereHepaTuBHOI Ail mpu OA.

Merta AOCJIIKEHHS: OLiHUTH BIUTUB TPAHCKYTAHHOTO
BYIJIEKMCJIOTO Ta3y B KOMOiHallii 3 TMKJI0(heHaKOM HaTpilo
a00 XOHIPOITHHY CyJIbhaToOM Ha PiBeHb iHTEPJCHKIHY-6 ¥
MOJIeJli OCTEOAPTPUTY, iHAYKOBAHOIO MOHONOAOLTOBOIO
kucinoroo (MHUOK).

MaTepiaAn Ta MeToAmn

V nocaimkenHi Oyno BuUKopucTaHo 80 cTaTeBO3piTUX
Oinmmx Oe3rmopogHMX IIypiB-caMiiB (Maca tima 180—220 1),
SIKUX YTPUMYBAJIM B CTAHIAPTHUX YMOBAX BiBapilo: TeMIIe-
patypa noBitpsg — 21—23 °C, BimHOcHa BojoTicTh — 50—
60 %, cBiTioBuii pexkum — 12 rox cBitia/12 roa TeMpsiBu.

TBapuHM Maiu BiIbHUI TOCTYI 10 BOAY Ta CTAHAAPTHOTO
JlabopatopHoro kopMmy. Ilepen nmoyaTkom eKCIIEPUMEHTY
BCi LIypY MPOXOAWJIM 7-A€HHY akJliMaTu3allilo. Yc¢i MaHi-
MyJIALIT Hal TBApUHAMM 3iHICHIOBAJIN BiIITOBiZHO 10 MixX-
HApOJHOI TUPEKTUBU 3 €TUYHOTO BUKOPUCTAHHS Jlabopa-
topaux tBapuH (Directive 2010/63/EU of the European
Parliament and of the Council of 22 September 2010 on the
protection of animals used for scientific purposes).

3B’A30K Ny6AiKALii 3 TAOGHOBUMU
HOYKOBO-AOCAIAHUMU pOBOTAMU

Lleii hparMeHT BXOAUTD B iHilliaTUBHY HAYKOBO-IOCIid-
Hy TeMy Kadeapu ¢hapMaKkoIorii, KIiHiYHO1 (papMaKoJorii
Ta ¢papmalii IloaTaBCbKOro aepkaBHOI0 MEAUYHOTO YHi-
BepcuteTy «JlocmimkeHHs (papMaKoJIOTiYHUX BIaCTUBOC-
Teii 610JI0TIYHO aKTUBHUMX PEUYOBUH, JTiIKapChKMX 3aCO0iB Ta
iX KoMOiHalii1 U1 po3poOKM HOBMX IMOKa3aHb JI0 iX MpH-
3HaYeHHsT» (HoMep JepxaBHoi peectpariii 0125U002468),
a TaKoX HayKOBO-IOCIIIHY TeMy Kadempu 3arajbHOi Xi-
pyprii Jlep:kaBHOro BUIIIOTO HABYAIHLHOTO 3aKIady «Y3KIro-
POACHKMII HaIliOHAJIbHMI YHiBepcuTeT» «MOHITOPUHT
TpaBMaTUYHOI XBOPOOM Ha (hOHiI XPOHIUHOIO cTpecy» (HO-
Mep aepxkaBHoI peectpauii 0124U002167).

MoAeAIOBAHHS eKCcnepmMmeHTaAbHOro
OCTeodpTpOo3y

OA MozenoBaiu BHYTPILIHbOCYTIIOOOBUM BBEICHHSIM
0,05 M1 3% pozunny MUOK (MIA; Sigma-Aldrich, Hi-
MEUYYMHA) B MPaBUil KOJIHHUI CYIJIOO IIypiB Mil JETKUM
edipHUM HapKO30M, 3a aIaNTOBAHUMU MPOTOKOJaMu [15,
16]. Po3uuH roryBanu ex tempore Ha ocHoBi 0,9% NaCl.
IIypam xkoHTpoabHOI rpynu BBoauan 0,05 M ¢iziomoriv-
HOTO PO3YMHY.

Yepe3 24 roauHMU IIicJs iHAYKINI MaTOJOTii TBapUHU
Oy paHAOMi30BaHi y 8 rpym (n = 5 TBapuH y MiArpyIi)
JUIsT OLLiHKM eeKTiB Ha 14-11 Ta 28-ii AeHb:

— inTakTHi (I) — 6e3 BTpyuaHb;

— inrakTHi + NaCl (II) — BHyTpiLIHBOOYEPEBUHHE
BBenenHs 0,9% NaCl,;

— MIOK (III) — rpyma marouorii (ocreoaprpo3 6e3
JIIKyBaHHS);

— MHOK + muknodenak 8 mr/kr (IV) — BHyTpimm-
HbOOYEPEBUHHO;

— MWOK + xonzapoituny cynbgat 3 mr/kr (V) — BHY-
TPILIHHOOYEPEBUHHO;

— MMOK + CO, 0,5 ma (VI) — minmkipro, nepiap-
TUKYJISIPHO;

— MMOK + amknodenak 4 mr/kr + CO, 0,5 ma
(VII) — xombiHOBaHa Teparris;

— MMUOK + xounpoitua 3 mr/kr + CO, 0,5 ma
(VIII) — xoMGiHOBaHa Teparis.

JluknodeHak HATPilo Ta XOHAPOITUHY CYIb(hAT BBOAWIN
BHYTPIIITHbOOYEPEBUHHO OIWH pa3 Ha TPU JOOU MPOTSITOM
YCBOTO TIepiofy crioctepeskeHHs (14 abo 28 mib 3amexHo
Bill €KCIIEPUMEHTAIbHOI cepii). Byrmekucanmit ras (CO,)
3aCTOCOBYBAJIM IUISIXOM TTIIIKiPHOTO BBEACHHS Y TiTTHKY
HaJ ypaxkeHUM CyTio0om y mo3i 0,5 MJ 3 TaKoIo XK Iepio-
IUYHICTIO — OIMH pa3 Ha TpU JO0OM IPOTSITOM BiIIIOBiI-
Horo TepMiny (14 a6o 28 mi6).
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Ha 14-i1 a6o 28-i1 neHb eKCIIepUMEHTY TBaPUHM ITiUIsITa-
JIM eBTaHa3il i/l TIoNeHTaI0BUM Hapko3oM (50 Mr/Kr) 3rij-
HO 3 mpoTokojamu. [licas nocsirHeHHs TIMOOKOI aHecTe3il
MPOBOAWIN KapAiONMyHKIIit0 1J1s 3a00py KpoBi. CupoBaTKy
oTpuMyBaiu LeHTpudyryBaHHsM npu 3000 06/XB mpoTs-
rom 10 xB mpu +4 °C ta 36epiranu nmpu —20 °C 10 MOMEHTY
aHaJizy.

Konuentpariito 1L-6 y cupoBariii KpoBi JJabopaTOpHUX
TBapUH BM3HAYalyd METOAOM CEHBIU-iMyHO(DEPMEHTHO-
ro aHajizy (Sandwich ELISA) i3 BuKopuctaHHIM KOMep-
mitHoro Haoopy Elabscience® Rat IL-6 ELISA Kit (kat.
No E-EL-R0015; Bupo6Huk Elabscience Biotechnology Inc.,
CIIIA/Kwurtait). JocmimkeHHS MPOBOAWIM 3TiMHO 3 iH-
CTPYKIIi€I0 BUPOOHMKA.

3pa3ku CUPOBATKM BHOCWUJIM Y JIYHKM TUIAHILIETa Y
TPUKPATHOMY MOBTOpi Ta iHKYOyBaJM TIpU TeMIlepa-
typi 37 °C. Insg Bidyanizallii 3acTOCOBYBaIM CHUCTEMY
HRP-ctpenrtaginun + TMB. OnTuuHy IABHICTH 34Hd-
TYBaJIu 3a JIOMOMOTOI0 MiKpOIUIaHIIETHOro (oToMeTpa
(LabLine-026, ABcTpist) ipy JOBXWHi XBUITi 450 HM.

KonueHntpariito IL-6 po3paxoByBaiu 3a KaliOpyBaib-
HOIO KPUBOIO, TTOOYIOBAHOIO Ha OCHOBI CTAHIAPTHUX PO3-
YUHIB, i3 BUKOPUCTAaHHSIM IPOTPAMHOTO 3a0e3IeYeHHs
CurveExpert 1.4.

CraTtucTuyHy OOpOOKY JaHMX IIPOBOIMIM 3 BUKO-
PUCTaHHSIM IIporpaMHOro 3abesnedyeHHs Jamovi (Bepcist
2.3.21; www.jamovi.org). Pe3yiabTati mogaHo K cepeaHe
3HaueHHs1 * craHaapTHe BiaxwieHHsi (M = SD). Hop-
MaJIbHIiCTh PO3MOAIIY IEPEeBipsUIM 3a JONOMOTOK KpH-
tepito Lllamipo — Yinka. Y pa3i HOpMaJbHOTO PO3IOMiTY
MIiXTPYIOBi MOPIiBHSIHHS BUKOHYBAJIM 3 BUKOPUCTAHHSIM

t-kputepito Bemua abo ogHO(aKTOPHOro AucCIepciiiHoOro
aHamizy (ANOVA) 3 HacTynmHuM post-hoc TectoM ThiOKi.
3a HassBHOCTI BiIXWJICHHS BiJl HOPMaJIbHOTO PO3ITOALTY 3a-
CcTOoCOBYBaJIM Kputepiit Kpyckana — Bosutica 3 monpaBkoro
BoHdepponi. PizHuIII0 BBaXaJI CTATUCTUYHO 3HAYYIIOIO
npu p < 0,05.

Pe3yAbTaTH T IX OGroBOpPEHHS

PiBenn I1L-6 y cupoBatii KpoBi BU3HavYaau Ha 14-i Ta
28-i1 neHb micas iHayKuii octeoaptputy MUOK. V rpy-
mi matonorii (MMOK) croctepiranocst BiporizHe min-
BullleHHSI IL-6 MOpIiBHSHO 3 IPyNol0 iHTAKTHUX TBAapUH
(14,60 + 0,27 rir/mn ipotr 1,33 £ 0,09 rir/mir; p < 0,001),
1110 CBiTYMTH PO aKTUBAIIi0 3aaJIbHOTO Kackamy (Taour. 1).

Ha 14-it nmenp ananmiz ANOVA (F(7,32) = 5117,
p < 0,001) minTBepAMB 3HAUYIli MIKIPYIOBi BiAMiHHOC-
Ti, JaHi BiIMOBimaaM HOpMaJbHOMY PO3MOAiLTY (KpUTepiit
anipo — VYinka p > 0,2). MoHoTeparnisi AMKJI0(heHaKOM
(8 Mr/kr) 3HMKyBana piseHb 1L-6 Ha 2,85 rir/mi (19,5 %;
95% CI: 2,32—3,37; p < 0,001); XoHOpOITUHY cyJabdar
(3 mr/kr) — Ha 1,48 nr/ma (10,1 %; 95% CI: 0,99—1,96;
p < 0,001), a rpanckyranne seeaenna CO, (0,5 mn) (rpy-
ma VI) — na 1,996 nr/ma (13,7 %; 95% CI: 1,49-2,50;
p <0,001).

Kombinauia xonapoiruny cyibgary 3 CO, cripuumnHsiia
3HUXeHHs piBHA IL-6 Ha 2,79 nr/ma (19,1 %; p < 0,001),
OIHAK HalBUpaXXeHIlnil epeKT criocTepiraBcs y rpyili au-
kinodenaky (4 mr/kr) + CO,: sHmxkenns 1L-6 cranosuio
6,77 tir/mi (46,4 %; 95% CI: 6,19—7,35; p < 0,001), 1110 OyJ10
BipOTigHO OUIBIIMM, HiX IPU MOHOTeparlil IUKJI0(hEeHAKOM
(pizamiis 3,91 nir/mi; p < 0,001, post-hoc Tect Thioki).

Tabnuus 1. Bnnne anknopeHaky HaTpilo, XoHAPOITUHy cynsdarty i rpaHckytaHHoi CO ,-Tepanii
Ha piBeHb IL-6 (nr/m) y cupoBartLi KpOBi LWypiB 3 ekcriepuMeHTaslbHUM OCTe0apTPUTOM,
iHaAyKoBaHUM MUOK (14-ii i 28-ii neHb)

Mpyna 14 pHis 28 pHiB
| — iHTaKTHI TBAPUHN 1,33+ 0,09 1,33+0,09
Il — iHTaKTHI + PI3PO34MH 1,29 £ 0,07 1,29 £ 0,07
Il — naTtonoris (MMNOK) 14,58 £ 0,27 14,29 + 0,34

IV — MMOK + [IH 8 mr/kr

11,73 £0,26*** 10,98 +0,25***

V — MIMNOK + XC 3 mr/kr

13,10 £ 0,28*** 12,47 £0,16™**

VI — MMOK + CO, 0,5 mn

12,58 £0,18*** 12,06 +0,28***

VIl — MAOK + 1H 4 mr/kr + CO,

7,81+0,37*** 6,08 £ 0,60***

VIl — MIOK + XC 3 mr/kr + CO,

11,79 +0,27*** 10,50 £ 0,35***

F=5117 F =4347
CraTuCTnyHa 3HAYYLLICTb MiXIPYNOBOi BiAMIHHOCTI df1=7,df2=13,2 df1=7,df2=13,2

p < 0,001 p < 0,001
TecT Wanipo — Yinka W =0,976 W = 0,964

p =0,552 p=0,225

TMpumiTkn: gaHi nogaHo sik cepenHe * craHpaapTHe BigxuneHHs (M = SD); n = 5 y KOXxHivi nigrpyni; yci 3MiHHi
BignoBigann HopMasibHOMy po3roginy 3a kpurepiem LLanipo — Yinka (p > 0,05), wo 4o380sms0 3acTocy-
BaTu ogHogakTopHuii aucrnepciiHui aHania (ANOVA) 3 post-hoc tectom Teioki; *** — p < 0,001 — Biporig-
Ha BiAMIHHICTB MOpiBHAHO 3 rpynoio natonorii (MAOK); MMOK — moHovsiogouTosa kucnota; AH — auknoge-
Hak HaTpito; XC — xouapoiTuHy cynbgar; CO, — TpaHCKyTaHHE BB€AEHHS BYrJIeKUC/IOro rasy.
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Ha 28-it neHb MixXTrpymoBa IKUCIIepCis 3auIlaiacs cTa-
tuctuaHo 3Hauyiow (F(7,32) = 4347; p < 0,001) i TeH-
JeHIIiT e()eKTUBHOCTI BTpy4aHb 30epiranuck. JJukiopeHak
(8 mr/kr) 3HmkyBaB piBeHb IL-6 Ha 3,31 nir/mn (23,2 %;
95% CI: 2,71-3,91; p < 0,001), xoHIpOITHHY CYyIbdar
+ CO, — na 3,80 nr/mn (26,6%; 95% CI. 3,25—4,34;
p <0,001), CO, — na 2,23 nr/mx (15,6 %; p < 0,001), a
KoMOiHauia nukinogpenaky (4 mr/kr) ta CO, 3abe3neyu-
Jla HaiOLIbIe 3HmKeHHsT — 8,22 rir/mit (57,5 %; 95% ClI:
7,64—8,80; p <0,001), 3 BiporiaHOO I1IepeBaroio Haa MOHO-
Teparielo (pisHuL ctaHoBwia 4,91 nir/mu; p < 0,001).

Y rpyni CO, suuxkenHs piBHa IL-6 He BinpizHsioch
CTaTMCTUYHO Bill €(EeKTy XOHAPOiTUHY Ccyibdaty 6e3 CO,
(p = 0,479), 110 CBITYUTH MPO OOMEXKEHY MOHOTEparneB-
TUYHY e(dEeKTUBHICTb 000X BTpYYaHb Yy BiIpUBI OJIHE Bil
OJTHOTO.

Yci edexkTn miarBepmKkeHi post-hoc tectom ThioKi, 3a-
JIMIIKM MOJEJIel BiANoOBigaiu HOPMaJIbHOMY PO3TOILTY
(3a xputepiem Llamipo — Yinka p > 0,2), mpormyiieHi abo
aHOMaJIbHI 3HAYEHHS BiICYTHI, 110 3aCBigUy€e CTAOLIbHICTh
i BIITBOPIOBAHICTh PE3y/IbTaTiB Y IMHAMIILII.

Takum ymMHOM, OTpUMMaHi pe3yJbTaTU IiATBEPIKYIOTh
3HaAYyIIy poJib IL-6-0omocepeKOBAaHUX MEXaHi3MiB Y TTaTO-
reHesi OA, 1110 Y3roJKY€EThCs 3 MOMEPeIHiMU JaHUMM PO
3aJIydeHHsI 1[bOTO LIUTOKIHY J0 MiATPUMAaHHS XPOHIUHOTO
3amnajeHHs1, akTuBalii ekcripecii MMP-1 ta MMP-13,
MPUTHIUYEHHsI cuHTe3y KojareHy Il Tumy Ta mopyiieHHs
romeocTtasy XoHapouurtis [17, 18].

Kom6inoBane 3actocyBanHs TpaHcKyraHHoi CO,-te-
pamii 3 TuKII0(peHaKOM HaTpito a00 XOHAPOITUHY CyIbda-
TOM CYNPOBOKYBAIOCS BipOTiITHUM 3HWKEHHSM DPiBHS
IL-6, 1m0 CBigYMTH MPO MHOTEHLIMHUI IMYHOMOIYJIIO-
ounii edekT 1uboro migxomy. JaHi iTepaTypu BKa3yloTh,
mo CO, 3nateH MOLYJIIOBATU 3allajibHi CUTHAJIbHI Kac-
Kanu yepe3 npurHiyeHHs aktuBalii NF-kB ta MAPK,
a TakoxX 3HMKyBatu excrpecito TNF-o, IL-6, COX-2 ta
iNOS [19, 20]. Takuit MexaHi3M i 103BOJISIE PO3TISAAATH
CO, ne e K QizionoriyHuii BazoauIaTaTop, aie i K
CUTHAJIbHY MOJIEKYY, L0 CIIPUSIE PEryJsiiii HU3bKOPiB-
HEBOTO 3allaJieHHSI.

V Hawiii pobori BcTaHoBIEHO, o KoMOinauia CO, i3
MOJIOBUHHOIO 103010 TUKJI0(heHaKy (4 MI/Kr) 1eMOHCTPYE
e(eKTUBHICTh, sIKa TMepeBUIIYE MOHOTEpAIilo CTaHIapT-
HOI0 103010 (8 MTI/KT), 3 OUIbLI BUPAXEHUM 3HUKEHHSIM
piBHs IL-6. Ile Moxe OyTU 3yMOBJICHO TOJIMIIEHHSIM Mi-
KPOLIMPKYJIALIi Ta TKAHUHHOI mepdy3ii, 1110 MOTeHLIiHO
CIIpUsIE KpallloMy MPOHUKHEHHIO Tpernapary A0 ATSTHKU
3anajeHHs [21]. Taka KkoMOiHallis J03BOJISIE JOCSTTH MPO-
TU3ANaJIbHOTO ePeKTy MPU MEHIIOMY (hapMaKOJIOTiYHOMY
HaBaHTaxeHHi. Lle 0co6imBO BaXJIMBO 3 OMJISIAY Ha BiIOMI
PU3MKU TUKITO(DEeHaKy y BUCOKUX 033X, 30KpeMa racTpo-
iHTeCTUHAIbHI YpaXXeHHs, TilepTeH3il0 Ta CepleBO-Cy-
NWHHI YCKIamTHeHHs [22—24].

IIo cTocyeTbess XOHOPOITUHY CynIbdaTy, TO MOTO XOH-
JIPOIPOTEKTOPHI BJIACTUBOCTI ITATBEPIKEHO SIK Y TOKIIi-
HIYHMX, TaK i y KIIIHIYHUX TOCIIIKEHHSIX: BiH 3HIXKYE €KC-
npecito MMP Ta [L- 1, 3MeHI11y€e aronTo3 XOHAPOLUTIB Ta
OiATPUMY€E CTaOLIBHICTh IMMO3aKJIITUHHOTO MaTpukcy [14,
25]. BusiBneHuii y HOCHiIKE€HHI MOCUIEHUN e(peKT XOH-

apoituny y komb6inauii 3 CO,, #MOBIPHO, IOSCHIOETHCA
CYKYITHOIO Ji€l0 Ha TpaHCKPMIILilHI (pakTopu (Hampu-
knan, NF-xB) ta noxinieHHAM TpodikKu TKAHUH.

Kpim nporusanansHoro edexry, CO,-Teparmis Takox
ACOIIIIOEThCSI 3 AHTIOTEHHUMM i pernapaTMBHUMU BJac-
THUBOCTSIMM, BKJodatoun aktuBamito VEGF, Runx2 Ta
Osterix, 1110 CrIpUsie pereHepartii Xxpsiia it cyoXoHapaaTbHOL
Kictku [26, 27].

Ile minkpirmoe MoxnuBicTb BukopucranHsa CO, sk
aJi’ToBaHTa He JIMIIIe ISl POTU3aIabHOl, aje i T pera-
paTMBHOI Teparlii B KOHTEKCTi OCTE0apTPUTY.

OtTpumaHi pe3yabTaTd HaOJIMKAIOTh JOCIiIXKYyBaHY
KOMOiHOBaHy Tepariilo 10 iHIIMX Oi0aKTMBHHUX CTpaTe-
riii, 30KpemMa 3acTocyBaHHsI eKcTpakTiB Boswellia serrata,
Cissus quadrangularis abo steunoi mkapanynu (ESM), siki
MPOAEMOHCTPYBaIM 3AATHICTh 3HWXKyBaTH piBHI IL-6 i
TNF-a, npurniuyBatu MMP-13 Ta akTHBYBaTH eKCIpecito
COL2ALl i arpekany [28—30].

Takum ynHOM, KOMOIHOBaHE BUKOPUCTAHHS TPAaHCKY-
tanHoi CO,-Tepanii 3 MpoTU3anajlbHUMKU a00 XOHAPOIIPO-
TEKTOPHUMHU 3aC00aMU CTAHOBUTD TIEPCTIEKTUBHUI TTAXIiT
10 KOMIUTEKCHOI Momudikallii mpo3anaaibHOTO CEPeaOBU-
ma npu OA. Ilomanplni HOCHiIKEHHS, 30KpeMa i3 3aiy-
YEeHHSIM KJIiHIYHUX Mojejei, HeoOXiaHi Is1 onTUMi3allii
pexumis 3actocyBanHsa CO, K CKJIamOBOI YaCTUHU IEep-
COHaJIi30BaHOI Tepallii 0CTe0apTpuUTYy.

BUCHOBKMU

1. PesynbraTi eKCriepruMeHTaJIbHOTO TOCTiIKEHHS TTi/T-
TBEPIUJIU KITIOUOBY poiib IL-6 K Mapkepa XpOHiYHOTO
3amasieHHs TIpU O0CTe0apTpuTi, iHayKoBaHomy MMOK. Y
rpymi marosorii piBeHs 1L-6 y cupoBaTili KpoBi BiporimHO
TepeBUIIyBaB aHAJIOTiYHI TMOKA3HUKU y iHTAaKTHUX TBa-
pMH, 1110 BimoOpaxkae aKTUBAllil0 MPO3anaJbHOTO KacKamy
B YMOBAaX YIIKOIKEHHST XpsIIIia.

2. MoHotepanisa nukiopeHakoM HaTpito (8 Mr/Kr)
CIIpUsiyia TIOMipHOMY 3HMKEHHIO piBHs IL-6, Tomi SIK XOH-
JpoiTUHY cyiabdar (3 Mr/Kr) Ta TpaHCKyTaHHE BBEICHHS
CO, manu MeH1I BUpaxeHuii epekt. BogHouac HaibiabII
cyTTeBe 3HIKeHHs IL-6 crocTepiraiocst Mpu 3acTOCYBaH-
Hi KoMOiHoBaHOi Tepamnii CO, 3 MOJOBUHHOIO 103010 11-
kinodeHaky (4 Mr/Kr), 110 MPOAEMOHCTPYBAJIO BipOTiTHY
repeBary Hall MOHOTEpAITi€l0 HaBiTh y MOBHiil m03i. Lle
BKa3ye Ha MOXIIMBICTb 3MEHIIEHHS (hapMaKoJIOTiTHOTO
HaBaHTaxKeHHs IIpU 30epeKeHHi a00 HaBiTh IiABUIIEHHI
TepaneBTUYHOI epeKTUBHOCTI. [lomgiOHa TeHmeHIlisa cIio-
crepirasace i it KomOiHawil xonapoituny 3 CO,, sgxa 3a-
Oesreunia rmocuaeHe 3HkeHHs 1L-6 mopiBHSIHO 3 MOHO-
Tepari€ro.

3. Bcranosnenuii edexr CO,, IMOBIpHO, peaisyeThes
3a PaxXyHOK TMOJIITIIEHHS MiKPOLMPKYJISLii, 3HWXKEHHS
JIOKQJIBHOI TiMOKCii Ta MOMYJISILiI CUTHAJIBHUX IUISIXiB 3a-
najseHHs (3okpema, NF-kB, MAPK), 110 n1o3BoJjisie po3-
[JIIIaTh WOro SIK MEepCTreKTUBHUIA ali’toBaHT Y JIIKyBaHHI
OCTE0apTPUTY.

4. TpanckyranHe BBeaeHHsa CO, y KoMOiHawii 3 AMKII0-
¢eHakoM ab0 XOHIPOITUHY CYJIb(HATOM IEMOHCTPYE IIO-
TeHLIaNI SIK epeKTUBHA i Oe3IeuHilla aJbTepHAaTUBa Tpa-
IULIMHIA MpoTU3anaibHiil Tepamii. 3 oIsiAy Ha OTpUMaHi
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JIaHi 1151 CTpaTerisl 3aCyroBy€E Ha MOMAJIbIIE TOCTiIKEHHS,
30KpeMa B HAMNpsIMKY il KJIiHIYHOI ampobailii, BUBYEHHS
JMOBrOTPUBAJIMX BIUIMBIB, AHTIOTEHHOTO IIOTEHIlialy Ta
BIUIMBY Ha CTPYKTYPHO-(YHKIIIOHAJIbHI XapaKTepUCTUKKN
cyroba.

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

Indopmania npo dinancysanns. Lle mocmimkeHHST He
OTPUMAaJIO 30BHIIIHBOTO (hiHAHCYBAHHSI.
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Potentiating effect of transcutaneous carbon dioxide administration on the anti-inflasnmatory
properties of sodium diclofenac and chondroitin sulfate in a rat model of osteoarthritis

Abstract. Background. Osteoarthritis is a chronic degenerative-
inflammatory joint disease that, according to current concepts,
may be accompanied by the activation of low-grade inflammation
involving pro-inflammatory cytokines, particularly interleukin-6
(IL-6). In this context, there is growing interest in adjuvant thera-
peutic strategies, especially the use of transcutaneous carbon dioxide
(carboxytherapy) as a potential modulator of the inflammatory re-
sponse while simultaneously reducing the pharmacological burden.
The purpose was to evaluate the effect of transcutaneous carbon di-
oxide in combination with sodium diclofenac or chondroitin sulfate
on IL-6 level in a monoiodoacetate-induced model of osteoarthritis.
Materials and methods. The experiment involved 80 sexually ma-
ture outbred male white rats in which osteoarthritis was induced by
intra-articular injection of monoiodoacetic acid. The animals re-
ceived diclofenac (8 or 4 mg/kg), chondroitin sulfate (3 mg/kg), CO,
(0.5 ml subcutaneously), or their combinations. The serum concen-
tration of IL-6 was measured on days 14 and 28 using enzyme-linked

immunosorbent assay. Statistical analysis was performed with one-
way analysis of variance followed by Tukey post hoc test. Results.
The combination of CO, with a half-dose of diclofenac reduced IL-6
levels by 6.77 pg/ml (46.4 %; p < 0.001) on day 14 and by 8.22 pg/ml
(57.5 %; p < 0.001) on day 28, which significantly exceeded the ef-
fect of the full diclofenac dose (p < 0.001). A similar but less pro-
nounced trend was observed for the combination of chondroitin with
CO,. CO, alone produced an effect comparable to that of chondroi-
tin sulfate (p = 0.479). Conclusions. Transcutaneous carbon dioxide
potentially enhances the anti-inflammatory effects of diclofenac and
chondroitin sulfate by contributing to the reduction in 1L-6 levels
over time. This approach may be beneficial for decreasing the re-
quired dose of nonsteroidal anti-inflammatory drugs in the treat-
ment of osteoarthritis.

Keywords: osteoarthritis; interleukin-6; sodium diclofenac; chon-
droitin sulfate; carbon dioxide; transcutaneous therapy; experimen-
tal model; inflammation
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