Ne 4, 2026

Tom 27,

Tpasma

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

CNEUIAAI3OBAHUW PELLEH3OBAHMI HAYKOBO-MPAKTUYHUI XXYPHAA

dBMd

www.mif-ua.com

Tom 27, Ne 4, 2026

28 ©
ZASIAVSKY

Publishing house



LIEHTP JIIKYBAHHS
CRONIO3Y

N AKCIMEFED (©44) 390 0055
kniika cvaacroi vesponori. AKSIMED.UA

Jlivensin MO3 Yrpaikn: cepin AF Ne 599054 sig 21:11.2011 p.

|




MiHiCTepCTBO OXOPOHU 3A0POB’S YKPATHU
AOHeUbKUN HALIOHOABHUA Me AUYHUN YHiBEepCcUTeT
HaykoBo-AOCAIAHUM iIHCTUTYT TPABMOTOAOTiT TA OpTONeA;i
Acouiauis opToneAiB-TPABMATOAOriB YKPATHU

Ministry of Health Service of Ukraine
Donetsk National Medical University

Research and Development Institute of Traumatology and Orthopedics

Association of Traumatologist and Orthopedists of Ukraine

I paBma
TRAUMA

CneuiaAisoBaHMU peLeH30BAHMU HOYKOBO-MPAKTUYHUN XXYPHAA
3ACHOBOHUM Y CiyHi 2000 poky
MNepioANYHICTbL BUXOAY 6 PA3iB HO PiK

Tom 27, N2 4, 2026

Specialized reviewed practical scientific journal
Founded in January 2000
Periodicity 6 numbers per year

Volume 27, N2 4, 2026

BKAOYEHMI B HOYKOMETPWYHI | CMELLIAAI3OBAHI 6A31 AQHUX

Scopus,
HBY im. B.l. BepHOACHKOrO, «YKPAIHIKQ HOYKOBQO», «HAYKOBA NEPIOAMKA YKPAIHM»,

Ulrichsweb Global Serials Directory, CrossRef, WorldCat, Google Scholar, ICMJE, SHERPA/ROMEQ, BASE,

NLM-catalog, NLM-Locator Plus, EBSCO, OUCI

[=] 4T =] O 0]
: fiﬂg TASLAVSKY e

Publishing house

-

i
[N
mif-ua.com
[=]:
o

e

T
EL g

Open Journal System



TpaBma

Trauma

CnevLiaAi30BOHUN peL,eH30BOHUN
HOYKOBO-MPAKTUYHUN XXYPHOA

Tom 27, N2 4, 2026

ISSN 1608-1706 (print), ISSN 2307-1397 (online)
DOI: 10.22141/1608-1706 YAK: 616-001

e ®
ZASLAVSRY

Publishing house

3acnoenuk ncypuaay:
JloHenbKuii HAiOHAJIbHUIA MeIMIHUIA

yHiBepcuTeT

Anpeca peaakiuii:
E-mail: editor@trauma-journal.com
(Tema: Jlo pedakuii acyprany « Tpasma»)

https://trauma-journal.com

KypHan énecero 0o nepeniky Haykogux (haxoeux uoamb

Vipainu, 6 axux moxcymo nyonikyeamucs pesysomamu

ducepmauitinux pobim Ha 3000ymms HAYKO8UX Cmyne-

Hi6 dokmopa i kanoudama Hayk. Haxaz MOH Ykpainu
6i0 26.11.2020 Ne 1471. Kameeopis b.

Pexomerndosaro do dpyky ma do nowiupents uepes mepexcy
Iumeprem euenoro pador JloHeybk020 HAYIOHAAbHO20

MmeduuHoeo yHisepcumemy, npomokon Ne 4 eio 27.08.2026 p.

Peecmpauin: ioenmugpixamop media R30-05649. Piwenns
Hauionanvnoi padu Ykpainu 3 numans mensebaueHHs
ma padiomoenennss No 3279 6id 05.12.2024. Aopeca,
30 AK0I0 30IUCHIOEMbCS PeOaKUiiHUi KOHMpoas: Ykpaina,

m. Kponuenuupkuii, éya. FO. Kosanenka, 6yo. 4a
YKpaiHCbhKOIO Ta aHTJiICbKOI0 MOBaMU

®opmar: 60x84/8. YM. mpyk. apk. 17,21.
Tupax 8000 mpum. 3am. 2026-trauma-133.

Bunmasews 3aciascekuii O.10.
oleksandrzaslavsky@gmail.com
CBinouTBo cy0’e€KTa BUJAABHUYOI CIIPaBU
JIK Ne 2128 Bin 13.05.2005

Hpyk: TOB «Jlannmpecc»

[oAOBHUI peAaKTOP

Kaumosuuvxuii Dedip Boaodumuposuu
(JIuman, Ykpaina)

3ACTYNHUK FOAOBHOIO peACaKTOpa

Yopruii Boaodumup Cepeitioguy
(KwuiB, YkpaiHa)

BiANOBiAGABHUM CekpeTap

I'y3oBcbka ML.JI. (Kpamatopchk, YkpaiHa)

PeAOKLiNHO KOAerist
Bbonnmapenko C.€. (Xapkis, Ykpaina),
Byp’sanoB O.A. (KuiB, Ykpaina),
T'onosau I.1O. (Kuis, Ykpaina),
3azipnuii I.M. (Kuis, Ykpaina),
Crpadyn C.C. (Kuis, YkpaiHa),
TskenoB O.A. (XapkiB, YkpaiHa),
®ininenko B.A. (XapkiB, Ykpaina),
Yepuumona O.€. (KpamaTopcehk, Ykpaina),
Hagen Schmal (®paiiGypr-im-bpaiicray,

HimeuunHa),

Robert Smigielski (Bapiasa, [Tosnbiia),
Francesco Benazzo (I1aBis, ITamist)

PeAdkuinHa paaa
Ankin MLJI. (KuiB, Ykpaina),
T'onoBaxa M.JI. (3anopixcks, Ykpaina),
I'yp’es C.O. (Kuis, Ykpaina),
Kopouas C.O. (Kuis, Ykpaina),
Jlesunpkmii A.®D. (Kuis, YkpaiHa),
ITionTkoBcbkmii B.K. (PiBHe, YkpaiHa),
Cymnma B.C. (IBano-®pankiBcbK, YKpaiHa),
Cyxin 0.B. (Oneca, Ykpaina),
®iab A.JO. (JIbBiB, YKpaiHa),
Apmommok F0.0. (Kuis, YkpaiHa)

Penakiiis He 3aBX M MOiIsIE IyMKY aBTopa Imyostikaitii. BinnmoinanbHicTh 3a BiporinHicTh (hakTiB, BIaCHMX iMEH Ta iHILI01 iHopMallii, BAKOPUCTAHOT

B myOstikartii, Hece aBTop. [lepenpyk Ta iHIe BinTBOpeHHSs B sIKili-HeOyab (hopMmi B 11i71IoMy a00 YaCTKOBO CTaTei, iTrocTpalliit abo iHIIUX MaTepialiB
JTO3BOJICHI TiJIbKM TIPH MOTIEPEIHI TMCbMOBI 3rofii peaaxilii Ta 3 000B’SI3KOBUM MOCHJIAHHSIM Ha JIKepesio. YCi rpaBa 3axXMILeHi.

© JlonenpKuii HALIOHAILHUIT MeMYHMIi yHiBepcuTeT, 2026

© H/II TpaBmaTonorii Ta opronesaii /loHebKOro HAIOHAILHOTO MeJUYHOTO YHiBepcUTETY, 2026

© 3acnascbkuii O.10., 2026

2 TpaBMma, ISSN 1608-1706 (print), ISSN 2307-1397 (online) Tom 27, N2 4, 2026



TpaBma

Trauma

Specialized reviewed
practical scientific journal

Volume 27, N2 4, 2026

ISSN 1608-1706 (print), ISSN 2307-1397 (online)
DOI: 10.22141/1608-1706 UDC: 616-001

P\ )
ZASLAVSRY

Publishing house

Founder:
Donetsk National Medical

University

Editorial office address:
E-mail: editor@trauma-journal.com
(Subject: Editorial board of the « Trauma» Journal)

https://trauma-journal.com

The journal is included in the list of scientific periodicals of

Ukraine, which can publish the results of dissertations on

competition of the scientific degrees of doctor and candidate

of sciences. Order of the MES of Ukraine dated 26.11.2020
No. 1471. Category B

Recommended for publication and distribution over the
Internet by the scientific council of the Donetsk National
Medical University, protocol No. 4 dated 27.08.2026

Registration: Media identifier R30-05649. Decision of
the National Council of Ukraine on Television and Radio
Broadcasting No. 3279 dated December 5, 2024. The
address at which the editorial control is carried out:

Ukraine, Kropyvnitskiy, Yu.Kovalenka st., 4a

In Ukrainian and English

Folio: 60x84/8. Printer’s sheet 17,21.
Circulation 8000. Order 2026-trauma-133.

Publisher Zaslavsky O.Yu.
oleksandrzaslavsky@gmail.com
Publishing entity certificate
JK Ne 2128 dated 13.05.2005

Print: Landpress Ltd.

Editor-in-Chief
Klymovytsky Fedir
(Lyman, Ukraine)

Deputy Editor-in-Chief
Chornyi Volodymyr
(Kyiv, Ukraine)

Executive Secretary
Huzovska Maria (Kramatorsk, Ukraine)

Editorial Board

Bondarenko S.Y. (Kharkiv, Ukraine),
Burianov O.A. (Kyiv, Ukraine),

Golovach I.Yu. (Kyiv, Ukraine),

Zazirny I.M. (Kyiv, Ukraine),

Strafun S.S. (Kyiv, Ukraine),

Tyazhelov Olexiy (Kharkiv, Ukraine),
Filipenko V.A. (Kharkiv, Ukraine),
Chernyshova O.Y. (Kramatorsk, Ukraine),
Hagen Schmal (Freiburg im Breisgau, Germany),
Robert Smigielski (Warszawa, Poland),
Francesco Benazzo (Pavia, Italia)

Editorial Council
Ankin M.L. (Kyiv, Ukraine),
Golovaha M.L. (Zaporizhzhia, Ukraine),
Guryev S.O. (Kyiv, Ukraine),
Korol S.O. (Kyiv, Ukraine),
Levitsky A.F. (Kyiv, Ukraine),
Piontkovsky V.K. (Rivne, Ukraine),
Sulyma V.S. (Ivano-Frankivsk, Ukraine),
Sukhin Y.V. (Odesa, Ukraine),
Fil A.Y. (Lviv, Ukraine),
Yarmoliuk Y.O. (Kyiv, Ukraine)

The editorial board not always shares the author’s opinion. The author is responsible for the significance of the facts, proper names and other in-

formation used in the paper. No part of this publication, pictures or other materials may be reproduced or transmitted in any form or by any means
without permission in writing form with reference to the original. All rights reserved.

© Donetsk National Medical University, 2026

© Research and Development Institute of Traumatology and Orthopedics of Donetsk National Medical University, 2026

© Zaslavsky O.Yu., 2026

Tom 27, N2 4, 2026 www.mif-ua.com, https://tfrauma-journal.com 3



I 3mict / Contents

3MiCT

OpPUriHOABbHI AOCAIAXEHHS

NockytoB O.€., OniiHuk O.€., CuHeryéos A.A.

KoMBIHOBOHO XOHAPOMPOTEKTOPHA Tepanid
B AIKYBAHHI AErE€HEPATUBHO-ANCTOODIHHNX
30XBOPKOBAHD CYTAODIB ....vvveiiiiiieieiiiiieiiireeeiineeenn 9

KysbmoB P.A., AyuviumH B.I., BpaHiuskm O.FO.,
Cobko B.C., Maviko B.M., LLlepemera P.O.

OCcoBAMBOCTI KOMM' FOTEPHO-TOMOTPADIMHIX
MOKQA3HMKIB Y MALIEHTIB i3 MAOCUBHUMU A€PEKTAMM
KIHLLIBOK MICAS1 MiIHHO-BNBYXOBUX YPOXKEHb

30 PI3HUX TUNIB PEKOHCTPYKTUBHOI MAQCTUKM..... 15

KawmiHceka M.O., Airtap B.A., Speckiko O.B.

biomexaHiyHe OBrpyHTYBAHHS MiCLLSI

MPOBEAEHHS MAQCTUHM MPW XIPYPrivHIN

KOpeEKLi AIMKOMOAIGHOT AedopmalLlji

TROYAHOT KAITIKM v 24

ToygdaHosB LI,

IMCUAQTEPAABLHI MEePEAOMU KICTOK TA3O

TA CTEMHOBOI KICTKM (HAOTYHOYE CTETHO)

MPEY 6GOMOBIN TPABMI: KAIHIYHN AOCBIA

AIKYBAHHSI Y BINCbKOBOMY FTOCTHTAAI .vvvvviiieiin, 31

KosiH O.A., HectepeHko M.M., lNaeaeHko C.M.

Komn’toTepHe MOAEAIOBAHHS
HAMNPYy>XeHOo-AedOPMOBAHOTO CTAHY

cucTemMn dikcaii nepeAomy

NPOKCUMOABHOTO BIAAIAY CTETHOBOI KICTKMU....... 37

TumotrueHko C.B.

Pe3yAbTaTH XipYRTiYHOTO AiKyBAHHS
PUBAPTOBY tviiiviiiieessiiiiireeeassrriaae s siiiinneae s 47

Ibrahim Barsoum Anis, Wael Samir Abd El Mageed,
Sherif Mostafa El Sayed, Zeiad Mohamed Zakariq,
Mohamed El Sayed Awad

BnAMB HOAAMLLKOBOI TO HEAOCTATHBOI

TOBLLMHW 6OPO3HM BAOKA CTEMHOBOI KiICTKM

HO GYHKLIOHOABHI PE3YABTATU MICAS TOTOABHOTO
EHAOMPOTEIYBAHHSI KOAIHHOTO CYrAOBA ........... 52

CrmpagpyH C.C., boraaH C.B., CtpagyH O.C.,
CeprieHko P.O.

Pe3yAbTaTH LLIBA CYXOXKMAKIB POTATORHOI
MQHXXETV NAEYHA Y XBOPUX 3 PI3HVMM CTOAISIMM
POTATOPHOI APTPONATIi IAE4YOBOro CYyrAo6a
(PEeTPOCNEKTUBHE AOCAIAKEHHST) ..vvviieiiiiiiiiae 59

lowHb B.I., Makcumerko O.C., bposapHuk 51.0.,
Apaboscbki B.C., AasuaeHko C.B., MinworiH A.B.,
TapaceHko S1.A., YcteHKo PA., [pyHbs M.B.,
loayaase IH., Yin €.E., KoHoHeHko C.B.,

Paulsen F.

APXITEKTOHIKA r'yG4YOCTOl PEYOBUHMU M gTKOBOI
KICTKM: MAOTHE AOCAIAKEHHST ..evivviieiiiiieeiiieen 65

Contents

Original Researches

O.Ye. Loskutov, O.Ye. Oliynyk, D.A. Syniehubov

Combined chondroprotective therapy
in the treatment of degenerative-dystrophic
JOINT ISEASES. ... vvvviiiiii i 9

R.A. Kuzmov, V.H. Lutsyshyn, O.Yu. Branitskyi,
V.S. Sobko, V.M. Maiko, R.O. Sheremeta

Features of computed tomography

indicators in patients with massive limb defects
after mine-blast injuries with different types

of reconstructive plastic surgery...........ccccevenee. 15

M.O. Kaminska, V.A. Dihtiar, O.V, Yaresko

Biomechanical analysis

of bar placement level during

surgical correction

of pectus excavatum.......ccoe, 24

1.l Trufanov

Ipsilateral pelvic and femoral fractures

(floating hip) in combat tfrauma:

clinical experience from a military

NOSPITAL . .vvvviicc 31

O.A. Kozin, M.M. Nesterenko, S.M. Pavienko

Computer modeling

of the stress-strain state

of the proximal femoral fracture

fixatioN SYSTEM ... 37

S.V. lymoshenko

Outcomes of rhizarthrosis surgical
TreatMEeNnt ... 47

Ibrahim Barsoum Anis, Wael Samir Abd El Mageed,
Sherif Mostafa El Sayed, Zeiad Mohamed Zakaria,
Mohamed El Sayed Awad

Effect of trochlear overstuffing

and understuffing

on functional outcomes

after total knee arthroplasty ........cccocviiiiinnn, 52

S.S. Strafun, S.V. Bohdan, O.S. Strafun,
R.O. Sergienko

Results of rotator cuff fendon repair

in patients with different stages

of rotator cuff arthropathy

(refrospective study).....ooovviiii, 59

V.H. Hryn, O.S. Maksymenko, Ya.O. Brovarnyk,
V.S. Drabovskiy, S.V. Davydenko A.V. Piliuhin,
Ya.A. Tarasenko, R.L. Ustenko, M. V. Hryn,

H.N. Hoduadze, Ye.E. Chip, S.V. Kononenko,
F. Paulsen

Trabecular architectonic of the calcaneus:
A PIOT STUAY .o 65

4 TpaBma, ISSN 1608-1706 (print), ISSN 2307-1397 (online)

Tom 27, N2 4, 2026



“Axcimed”
3a8x#co0u
nonepedy!

HA BA3I KJIIHIKA "ARCIMEL" OYHKLUIOHYE

LEHTP
NMPOBJIEM CHY

EOEKTUBHA LJIATHOCTUKA TA NNIKYBAHHA:

* NOPYLUEHb ANXAHHA YBI CHI (HIYHE anHoe);
* YCIX BUA1IB 6@3COHHSA;
e CMHPOMY HECMOKIMHUX HIT.

POBO/IMO HATICYYACHILLY
[10JIICOMHOIPADIH0 = ..|

AKSIMED.UA « 044 390 00 55 J



0. CITIENKOBCHKI

OPHIIHSHA
TITIEHA

KITIHIKA CYYACHOT HEBPOROR] “AKCIMED"

[lociOHMK MicTUTL BKpan HeobxigHy IHdopMalilo N
KOMHOr0 MedMYHOro NpauiBHUKa He3aneHo Bif HanpaMKy
noro pianeHocTi. KHura byae HafiitHUM NOMIYHUKOM Y pasi
BUHVKHEHHA KOH(ONIKTHUX abo HenepenbayyBaHux cuTyauin
Y LWOABHHIN NPaKTUYHIN JiANBHOCTI.

T
it 0
% -

AKSIMED.UA |+ (D44) 390-0055




3mict / Contents I

QiweHko B.O., [ymeHrok O.0., @iwjerHrko O.B.,
lymeHrok P.C.

[MpOCNEeKTMBHAO KAIHIYHO BOAIAQLLST

QATOPUTMY BUOOPY METOAY KOMMNAEKCHOrO
dizioTepaneBTMYHOIO AiKYBOHHSI

MPEU OCTEOCAPTPUTI MAEYOBOIO CYrAOBA ............ 73

bopoatrok A.B., 3asiprHuit .M., AHKIH MLA.,
Aaanka B.O.

XipypriyHe AiKyBAHHS
BOIHEMOABHMX MEPEAOMIB CTEMHOBOT KICTKM:
POAb MAPKEPIB 3AMOAEHHST .....vvvvvieeeiiiiiiineeeanns 80

MaxHuk B.B., XKapikos C.O., KnimaHcekui P.I1.,
CobuyeHko A.A.

AJQrHOCTVKA 3QKPUTOI TDABMU SKMBOTA
MPEU MOAITOABMI: MOPIBHSIHHS METOAIB «.vvvvveeeeeis 89

HexnonoumH O.C., Bepbos B.B., Yeluyk €.B.,
®opryHeHKo B.I.
MopdodYHKLIOHOABHA CTPATUGIKALLS
YLWKOAXKEHb UMY A rpyACNONEPEKOBOro
nepexoay: KT-mopdomeTpuyHi MopdoTmnn
TA AATOPUTM BUBOPY TAKTUKM AIKYBAHHST ........... 99

lyp’es C.O., [apisH C.B., KyiuHip B.A.,
Linéynbcbkim O.C.

AedeKTt AOBIMX KICTOK Y MOCTPANKACANX

i3 CYHOCHOK 6OMOBOIO TPOBMOIO.
PU3MKOPIEHTOBHE BM3HOYEHHS NOTPEON

B MAQCTULL M’ SKMX TKOHWH 30AEXHO Bia, PO3MIpY
TA AOKQAI3ALLi KICTKOBOTO AEPEKTY .....cccvvveenn. 113

[etpyLueHko B.B., YopHa B.B., Opaarivi H.M.,
Opaarivi A.B.

YepenHOo-MO3KOBA TPOBMA B YMOBAOX

CYHYACHMUX BUKAWKIB: €MiAEMIOAOTIS],

MEXQAHI3MM YLLKOAXKEHHSI, FTeHAEPHI BIAMIHHOCTI
TA AOBFOCTPOKOBI HOCAIAKM

(CUCTEMOTUYHUM OTATIA) . vvviveeeieeiiiriinreeeeesinnns 122

Kyripivi B.O., byp ‘sHoB O.A., [IOHSITOBChKUK B.A.,
Ayb60ok B.A., Kycsk A.l1., Haceka O.M.,
YopHwm B.C.

BionAIBKOBA iHPEKL,is1 OpTONEANYHNX IMMACHTATIB:
AIQrHOCTUKA, AIKYBOHHS TQ MPODIACKTUKA ...... 134
Xeucrok M.I., Xeucrok O.M.

ButoKkM yKpQiHCBKOT BepTeBPROAOTI
(XQPKIBCBKA LLUKOAQ) .. eeeiiiiiaeesaseiiiirraae e 145

V.O. Fishchenko, O.O. Humeniuk, O.V. Fishchenko,
R.S. Humeniuk

Prospective clinical validation of an algorithm
for selecting a comprehensive
physiotherapeutic treatment modality

in patients with shoulder osteoarthritis............... 73

D.V. Borodiuk, .M. Zazirnyi, M.L. Ankin,
V.O. Ladyka

Surgical treatment
of gunshot femoral fractures:
the role of inflasnmation markers..................o... 80

V.V. Makhnyk, S.O. Zharikov, R.P. Klimanskyi,
D.A. Sobchenko

Diagnosis of closed abdominal trauma
in polytrauma: comparison of methods........... 89

O.S. Nekhlopochyn, V.V. Verbov, le.V. Cheshuk,
V.I. Fortunenko

Morphofunctional strafification of type A

injuries of the thoracolumibar junction: CT
morphometric morphotypes and an algorithm

for freatment decision-making...........c.ccoovvenn. 99

S.O. Guryev, S.V. Hariyan, V.A. Kushnir,
O.S. Tsybulsky

Long bone defects in victims with modern
combat frauma.

Risk-based determination of the need

for soft tissue plastic surgery depending

on the size and location of the bone defect ..... 113

V.V. Petrushenko, V.V. Chorna, N.M. Ordatii,
A.V. Ordatii

Traumatic brain injury in the context

of contemporary challenges: epidemiology,
mechanisms of injury, gender differences,

and long-term consequences (a systematic
TEVIEW).. ittt 122

V.O. Kuprii, O.A. Burianov, V.A. Ponyatovskyi,
V.A. Dubok, A.P. Kusyak, lu.M. Nasieka,
V.S. Chornyi

Biofilm infection of orthopedic implants:
diagnosis, treatment, and prevention ............ 134
M.I. Khvysyuk, O.M. Khvysyuk

Origins of Ukrainian vertebrology
(Kharkiv sChOooD ... 145

Tom 27, N2 4, 2026

www.mif-ua.com, https://tfrauma-journal.com 7



@ MoviHealth

Ev MnBEIn:

AKTUB

TAGNETOK.
BEORTHE
DOONOHKND

1 Tafieria Mty

et 1T RIS - chif
; omsdary 500-mr {magl,
[re—— S00M mgl XOHAPGITHIHY CnBgTY
a0 400 wr (fag).

| HpoiTIy <
500 ur (g wanpin 400 wr {ma |
NOHgpiy CRRAaTY .

”mw;:’[m”wlm @Movitealth AP uesteath g o:l;wiﬂrellh @Movitealth
rnoKo3aminy cynbdary 500 mr Kaniwo guknodenaky 50 mr
XOHAPOITUHY cynbdaTy HaTpito 400 mr rnKo3aminy cynbdary 500 mr

1726. 3 p/poby - 3 Tuxsi, aani no XOHAPOITUHY cynbdaTy HaTpito 400 mr

17ab. 2 p/noby, nporarom 3 micauis 171a6. 3 p/po6y

PEMICIA’ 3ATOCTPEHHA®

Kom6inauis rnioko3aminy cynbgary 3Heb6oneHHs
| XOHAPOITUHY cynbdaTy HaTpilo' 3 XOHApONpoTeKui€io’

I'IPERPJ\T I'IPEAPJ\T MPENAPAT MNPENAPAT NPENAPAT NPENAPAT NPEMAPAT I"IPEJIPAT
POKY2017 POKY2018 POKY2019 POKY2020 POKY 2021 POKY 2023 POKY2024 POKY2025

Mogekc® KompopTt'/ MoBekc® AKTUB’

« YNOBiNbHIOE NPOLECU NOLWKOAKEHHA XPALLOBOI TKAHMHU
« YuHuTb NpoTM3ananbHy, aHanresyiouy (3Hebonioiouy) ailo
 CTUMynI0€ pereHepauiio XpAL0BOi TKAHUHU
- C(npuse BigHOBNEeHHI0 QYHKLiI cyrnobiB

PIN. MO3 Ykpaiku N° UA/98 01; N° UA/10205/01/01. 1. IHCTpYKUiA ANA MEAKYHOMO 33CTOCYBAHHA NIKAPCLKOTD 3acal
ro aa(om Mosm Mma 3a nipcyMKamn KoHKypey 'roprosm Mapok «DaeopuTH

erHaun I'tpumpdw poKys, M
euenqpmm npenapar pokys, MoBekc AKTUB Nepemoelb KOHK
mhap. bEWX 33 anaceja.ua/. lnbopmauin Hanawa B ckopouedomy eurnagi. [osHa indopm
ME/IHYHOr0 33CTOCYBaHHA NikapceKoro 3acoby. IHhopmaLin AnA MeAWYHHX T2 GapMALIBBTHYHUX NPALIBHUKIB. [LnA pO3NOBCIOAXKEHHA Ha Cneyiani3oBaHuk ceMiHapax, mwi!epeuu,mx CHMTIO31YMaX 3 MeJM4HOT TEMATHKH,
TOB «Mogi Xenc» Byn. Mpomucnoea, 3A, O6yxiecbKuil p-H, KuiecbKka o6n., . XoTis, YKkpaiHa, 08171, Ten.: (044) 500-71-40

www.movi-health.com.ua




OpUriHaOAbHiI AOCAIAXKEHHS

Original Researches

YAK 616.72-002.16-007.2:615.015.2:615.27.615.35

TpaBma

Nockytos O.€., OaiviHuKk O.€., CuHery6oB A.A.

AHIMPOBCHKN ACPIKABHUM MEANYHNV YHIBEPCUTET, M. AHINPo, YkpaiHa

KOMGIHOBOHO XOHAPONPOTEKTOPHA Tepdanis
B AIKYBOHHI A€reHepaTUBHO-AUCTPODIYHUX
30XBOPIOBOHb CYrAOOIB

Pestome. Ocreoaprput XxapakTepmsyeTsCs 6OAEM Y CYIM0BQAX | CKYTICTIO, LLO MPU3BOANTL AO QYHKLIOHAABHMX
MOPYLLEHb, BTPATU QKTUBHOCTI U1 3HUXKEHHSI SIKOCTI XKUTTSI. NiIKYBAHHST OCTEOQPRTPUTY MOBUHHO BYTH CrpSIMOBAHE
HQ 3Qr06iraHHS CTRYKTYPHOMY PYVHYBAHHIO CYIO60BOro Xpstud. CUMATOMATUYHI MPENQPATU YIOBIAbBHEHOI All
(SYSADOA), AO SIKMX HOAEXXATb XOHAPOITUHY CYyAbGQAT TA MKOKO3AMIHY CYyAbGQT, CrPSIMOBAHI HQ YIOBIABHEHHST
nepebiry octeoQpTpuTty, CTABGIAI3ALIO | PerpecyBaHHS HASIBHUX 3MiH Y CYIOB0BUX TKAHMHAX. AQHUMM MDKHQ-
POAHUX AOCAIAKEHD MIATBEPLAKEHO €PEKTUBHICTb 3QCTOCYBAHHST KOMOIHALL XOHAPROITUHY CYyAbGQTY | INFOKO3Q-
MiHY CyAbGQATY rpu AikyBAQHHI OCTEOQPTRUTY, LLIO 3a6e3redye TPUBAAE MOAETLLEHHSI GOAK TQ MOAIMLLEHHS QYHK-

uivi cymo6a.
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Ha cworogni ocreoaptputu (OA) pi3HOI JoKamizalii
CTAHOBJISITH OJIHY 3 HAWMOIIMPEHIIINX TPYIT 3aXBOPIOBAaHb
Yy HaceJIeHHSI Ta XapaKTepu3yloThcsl OosieM Yy cyrjiodax i
CKYTICTIO, IO IIPU3BOAUTH 10 (PYHKIIOHATLHUX IIOPY-
IIeHb, BTPATU aKTUBHOCTI i 3HIDKEHHS SIKOCTi XKMUTTS |1,
24]. 3a manumu gireparypu, Ha OA xBopitoth 10 10—12 %
KuUTeniB maHeTu. OcTeoapTpUT pO3BUBAETHCS BHACTIIOK
JIETeHEPaTUBHUX 3MiH CyrJI000BOTO Xpsillia Ta MPUJIETJINX
TKaHUWH, 1110 HallyacTillie 3yMOBJIEHO BiKOBUMH Ipolieca-
MU, TpPaBMaTUYHUMU YIIKOIKEHHSIMU, HAAMIpHUM MeXa-
HIYHMM HaBaHTaXXeHHSIM Ha CYIJIOOM Ta OXUpiHHIM [31,
32]. CyuacHi norsisinu Ha etiosiorito OA BpaxoBYyIOTb, KpiM
MEXaHIYHMX, Pi3Hi OioXiMivuHi i TeHeTUYHi (haKTopH, a Ta-
KOXX MOJICKYJISIpHi i (bepMEHTaTUBHI CUTHAJbHI KacKaau
3BOPOTHOTO 3B’SI3KYy, IO BPEIUTi-pellT MPU3BOAUTH 10
PO3BUTKY i MpoTrpecyBaHHsI 3aXBOpIoBaHHS [3].

JlikyBaHHST OCTE0apTPUTY 3aJIEKUTh Bill KJIiHIYHOIO Te-
peoiry Ta (pyHKIIiOHAJIbHUX TMOPYIIEHb, SIKi BIUIMBAIOTh Ha
SIKICTb JKUTTS Ta 3yMOBJIIOIOTh BUCOKHIA PiBEHb iHBaJTiTHOCTI
cepel mauieHTiB. Tak, HanpuKiIaa, OCTeOAPTPUT KYJIbILIO-
BOTO i1 KOJIIHHOTO CYIJIOOiB pa3oM € OIMHAAISITAM 3a 3Ha-
YyIIicTIO (haKTOPOM, 110 CHPUSIE iIHBATIIHOCTI Y CBITi: KiJlb-
KiCTh POKIiB XKUTTsI, IIPOXKUTHUX 3 IHBATIIHICTIO, TIOB’SI3aHOIO

3 OA, 3pocia Ha 64 % 3 1990 no 2010 pik, mocsirHyBun 17
MinpiioHiB [15]. KoHcepBaTuBHe JiKyBaHHSI Ia€ BHCOKY
YacTKy MO3UTUBHUX PE3yJIbTaTiB HA MOYATKOBOMY Ta Cepe/I-
HbOMY piBHi po3BUTKY OA. TakoxX Ha IIUX cTamisax e(heKTUB-
HUMU € METOM MaJIOIHBA3UBHOTO XipypriYHOTO JIiKyBaHHSI.
Tsoxxuii mepedir OA 3yMOBITIOE BU3HAYEHHSI OCHOBHUX T10-
KaszaHb JI0 €HIONpPOTe3yBaHHs cyrio0iB. [1py 11bOMy KOH-
CcepBaTUBHE JIIKYBaHHS TSDKKOTO OCTEOapTPUTY YacTO Mae
MajliaTUBHUI XapaKTep 3 METOI0 3HUXKEHHSI 00ThbOBOTO CUH-
JIPOMY Ta 3aMaJIbHUX MPOSIBIiB 3arOCTPEHHSI.

CyyacHi oIy Ha KoHcepBaTUBHE JikyBaHHsI OA Bi-
I0OPaKaloTh KOMITJIEKCHE BUKOPUCTAHHS MEIMKAMEHTO3-
HUX Ta HEMEJIMKAMEHTO3HUX METO/IiB 3 METOIO0 3MEHILIEHHS
CUMIITOMIB Ta YIOBUIBHEHHSI MPOTrPECYBaHHS 3aXBOPIO-
BaHHSI, 1110 MOXe 3MEHIIUTHU BIUIMB OA Ha (yHKITiOHATb-
Hi MOXJIMBOCTI TAalli€HTa, a TAKOX Ha SIKIiCTb XUTTA [1, 7,
8, 24]. I axuo panimre metoro JikyBaHHs OA Oyno Tia-
TpUMaTh ab0 30UTBIIUTU PYXOMICTh CYIJI00iB, 3MEHILIUTH
(yHKIIIOHATBHI 00MeXeHHsI Ta OuTb y Cyryio0ax, ITiIBH-
IIUATU SKIiCTh XUTTS, TO HAa CbOTOMIHI CTpaTeTist JiKyBaHHS
crpsIMOBaHa Ha 3aIro0iraHHs CTPYKTYpHOMY PYHHYBaHHIO
cyrioboBoro xpsima [9]. Ilpu uboMy BUKOPUCTOBYETHCS
MYJIbTUMOJAJbHUM Ta MalliEHT-OPiEHTOBAHUIA MiIXiM.
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Jlo cxeMM KOMIUIEKCHOTO JIiKyBaHHSI OCTE€OapTpPUTY,
CIIPSIMOBAHOTO Ha YIOBiJIbHEHHS ITepe0iry 3aXBOpIOBaHHS,
cTabiji3alliio i perpecyBaHHs HassBHUX 3MiH Y CyTII000BUX
TKaHWHAX, MOMAIThCS XOHIPOMPOTEKTOPU, SIKi BXOMASITH
JIO0 TPy CUMIOTOMATHYHUX MPENApaTiB yNOBLIbHEHOI il
(SYSADOA, Big anrn. Symptomatic Slow Acting Drugs
for Osteoarthritis). ¥ HuX MpakTUYHO BiOCYyTHi IMOOiYHi
eeKTH, Ipy LIbOMY CUMITOMATUYHMI e(PEKT MOXHA I10-
PiBHSITU 3 HECTEPOITHUMM IPOTU3aNaIbHUMU Mpernapara-
mu (HIT3IT), 1o mo3BoJisie HaBiTh 3HU3UTH iX 103y, e(PEKT
30epiraeTbcs Micis 3aKiHYeHHS JiKyBaHHs. [1puilom XoH-
JIPOTIPOTEKTOPHUX MperapaTiB MOXe MOETHYBATUCS 3 TTPU-
iomom anHanretukiB i HIT3IT [13, 33, 34]. [1penapatu wiei
rpynu OyJu BKJIIOUYEHI B aJITOPUTM JIiKyBaHHS 00JItO i Bif-
HOBJICHHSI (PYHKIIIOHATbHOI aKTUBHOCTI YPaskeHOTO CYTJIO-
0a, BOHM MO3UTUBHO BILIUBAIOTh HA META0OJIiYHI MTpoLeCH
B XPSIIIOBii TKAHWHU i MOTEHIIIAHO 31aTHI yIIOBLJIbHIOBATU
nporpecyBanHs OA [3, 21, 25].

Ho rpynu SYSADOA BxoasiTh npenapaTu, siKi MiCTSITb
XOHAPOITUHY CybdhaT, IoKo3aMiHy cyabdar. Y MixHa-
ponHux pekomeHaauisx EULAR, ESCEO, OARSI touio
[6,8,9, 11, 12, 19, 25] Bu3Ha4YeHO, 110 JUIS JTIKyBaHHS OC-
TEOApTPUTY BUKOPUCTOBYIOTH SIK MOHOIIpenaparu, Tak i
KOMOiHaIli10 XOHJIPOITUHY CY/Ib(aTy i IJII0KO3aMiHy CYJIb-
¢ary. 3acTocyBaHHsI KOMOiHAIIil XOHAPOITUHY Ta III0KO3a-
MiHy onucaHe Ha rovatky 90-x pp. XX cronitrs. B ocHOBY
1€l imei OyIo MOKJIAaAeHO YSIBASHHS, 110 MEXaHi3MM MPH-
THiYe€HHS KaTa0OoiYHMX i aKTHUBaLIil aHaOOJIYHUX MPOIIECIiB
y Xpsllli, a TAKOX iX BIUIMB Ha 3allaJIieHHST Bilpi3HSIIOTHCS
JUTSI TJIIOKO3aMiHY Ta XOHAPOITUHY CyJIbdaTty, TOMY iX KOM-
OiHOBaHE 3aCTOCYBaHHSI € TIEPCIIEKTUBHUM HAIIPSIMKOM.

B anropurmi ESCEO pekomMeHIyeTbcsl 3aCTOCOBYBaTH
came cyJib(daTHI CITOJIyKM IIFOKO3aMiHY Ta XOHIPOITUHY Ta
ix KomOiHauii [8, 25]. AKTyaJIbHUIT aITOPUTM JIiKYBaHHSI
OA, zatBepmxennit ESCEQO, naBeneHo Ha puc. 1.

B excnieprMeHTaIbHUX Ta KIiHIYHUX JOCIIIKEHHSIX TT0-
KazaHo, 110 IPU MMOETHAHOMY 3aCTOCYBaHHiI XOHIPOITUHY
cyabdaTy Ta INII0KO3aMiHy CyJbdaTy, siKi BXOISTh 10 CKIaILy
KOMOIHOBaHUX MpenapaTiB-XOHIPOIPOTEKTOPiB, CIOCTe-
piraerbcst HaiGinbImii edekr [18, 20, 35, 27]. daHi paH-
JIOMi30BaHMX KOHTpOJboBaHUX gocuimkerb (GAIT, 2006;
MOVES, 2016 To1110) TiATBEPIKYIOTh BUCOKY €(DEKTUBHICTD
Ta CUHEPTilo caMe JIIKyBaHHS 3 BAKOPUCTaHHSIM KOMOiIHaIIi1
XOHJIPOITUHY Ta TJIIOKO3aMiHy CyJibdhaTy B TUIaHi 3MEHIIEH-
Hs OOJII0 ITOPIBHSIHO 3 MOHOTEPAITi€I0 XOHIPOITUHOM abo
rmoko3aMiHoMm [30]. Hocaimkenns MOVES (Multicentre
Osteoarthritis interVEntion trial with SYSADOA) GyJ10 1ipo-
BEIEHO B IT'SITU KpaiHax €BpoIM; KOMOiHOBaHY Teparliio
[JIIOKO3aMiHY CyJIb(aToM Ta XOHIPOITUHY CYJIb(haTOM OTpU-
MyBaii 264 manieHTn (229 KiHOK) TPUBATICTIO 6 MiCSIIiB.
JocninHuKA OoBeM, 10 KOMOiHallis XOHAPOITUHY CYJib-
daTy Ta nmoKo3aMiHy cysIb(haTy Ma€ MOBUTLHMI ITOYATOK il
Ta 3a0e3Ieuy€e TpUBajie MOJIETIICHHS O0JIIO Ta TTOJIITIICHHS
¢ynxuii cyrnoda npu OA. JlocTimKeHHST TPOAEMOHCTPY-
BaJIO MPOTHU3AMATIBHY [Iil0 SIK TJII0KO3aMiHy Cyibdarty, Tak
i xoHapoitTuHy cyiabdaty [20]. BaxkimBi BUCHOBKU IIOI0
e(eKTUBHOCTI KOMOIiHOBAaHOTO 3aCTOCYBAHHSI XOHIPOITUHY
cyabdaTy Ta III0Ko3aMiHy cyJibghaty O0y/u 3po0JieHi i y xoai
MaciTabHoro MeTaaHainizy [4, 10].

KoMb6iHOBaHe 3acTOCYBaHHS INIIOKO3aMiHY Ta XOHIPO-
iTMHY acCOILIIOEThCA 3 MO3UTUBHOIO JMHAMIKOK ITOKa3-
HUKIB SIKOCTi XUTTS, 30KpeMa (pi3suyHOro ii KOMMOHEH-
Ta. Lle mMosSICHIOETbCS HE Jullle 3MEHILIEeHHSIM 000, a i
crabimizauieo GyHKIiOHATbHUX MOXJIMBOCTEI cyrioda
npu TpuBajiiomy 3actocyBaHHi [10, 23]. OcKinbKu TIJo-
KO3aMiH i XOHIPOITUH € CTPYKTYPHUMU KOMIIOHEHTaMU
MO3aKJITUHHOIO MAaTPUKCY TiaJiHOBOTO Xpsilia, TOCUTh
3aKOHOMIipHUM € iX BUKOPUCTAHHS Y KJIiHIYHilA MpaKTHUIIi
NI JTIKYBaHHSI 3arajlbHO-/IereHepaTUBHUX 3aXBOPIOBAaHb
cyrio6iB. CydacHi ysIBIeHHST IIIOAO OCOOJMBOCTEl dap-
MaKOJIMHaMIiKU TepeadavaroTh, 1110 iXHill TeparneBTUYHUI
BrIuB 3a OA peali3yeThCsl Yepe3 KOMILIEKC MeXaHi3MiB,
IO BKJIIOYAIOTh MOMIYJISIIIO 3aIlajbHOI BiOITOBiMi, iHTi-
OyBaHHSI KaTaOONIYHMX IIPOILECiB merpamailii xpsima Ta
CTUMYJISILIII0 aHA0OMIYHOI aKTUBHOCTI XoHApouuTiB [30].
Taxk, B po6oTi E.D. Kantor et al. (2021) noBeaeHa mpoTu-
3anajbHa Jisl KoMOiHallil I1IoKo3aMiHy cyabdaTy i XOH-
NIPOITUHY cyJbdaTy, Mpu LIbOMY piBeHb C-peakTUBHOTO
Oinka 3HMKaBCst Ha 23 % [21].

[IpoBeneHHsT IHCTPYMEHTAJbHUX TOCIIKeHb Yy Talli-
eHTiB 3 OA, sKi mpuiiMasn KoMOiHallil0 IIIOKO3aMiHy Ta
XOHZIPOITUHY MIPOTSTOM TPUBAJIOTO Yacy, BUSBUJIO 3HAUHE
3MEHIIEHHS BTpaTy 00’€My XpsIla B KOJIHHOMY CyIJI100i
[26]. In1a rpymna aBTopiB oKasaja, 1110 IIpUitoM KoMOiHa-
1Ii1 IJII0K03aMiHy Cyab(daTy Ta XOHIPOITUHY CYIbgaTy Ipo-
TSrom 24 Mics1iB BipOTiIHO YIOBIJIBHIOE BTpaTy 00’€My
cyriaoboBoro xpsina 3a ganumyu MPT-pocmimkeHHsT KO-
JiHHUX cyriao0iB. i gaHi miaATBepIXYIOTh TOBIOCTPOKOBI
3aXMCHI CTPYKTYpHO-MOAM(DiKyroUi eheKTH KOMOiHOBaHOT
XOHJIPOTIPOTEKTOPHOI Teparii [22].

I'moko3aMiH, eHIOreHHMIT aMiHOcaxapu, 10 CHHTe-
3YETBHCS XOHAPOLIUTAMU, € OCHOBHUM MOTIEPETHUKOM TJIi-
KO3aMiHOIJIIKAHIB Ta iHIIMX IPOTEONNTiKaHiB, HAIBHUX Y
XPSIIIIi, i € YACTUHOIO 10T MO3aKIITUHHOTO MaTpukCy [17].
BcranoBiieHo, 1110 aHa0OJIiUHI Ta aHTUMKATaOOMiYHi Biac-
TMBOCTI INIIOKO3aMiHy CyJbgaTy € pe3yJbTaToOM aKTHBallil
(akTopa TpaHckpuniii NF-«B i, sk Hacmigok, 610KyBaH-
Hs1 [JI-1-3anexHoil ekcripecii MaTpUKCHUX METaJIONPOTEi-
Ha3, iHayumbenbHoi cuHTetasu NO (iNOS), LHOT-2, mo
MATPUMYIOTh 3allajieHHsI Ta JeCTPYKIIiI0 B CYrJ1000BOMY
XpSIIIIi Ta CMHOBiaIbHil 000s0H1Ii [1]. ['mroko3amiH iHTiOy€e
IHIYKOBaHY €KCIIPEeCilo reHa iHTepielKiHy-1, sIKa cyrnpo-
BOJIKYEThCSI iHTIOYBAaHHSM TPaHCKPUIILLAHOIO hakTopa
NF-kB XoHapouuTiB Ta CHMHOBIOLMUTIB, 1110 MPU3BOIUTH
IO OJJHOYACHOTO 3HUKEHHSI CUHTE3y IMKJIOOKCUTEeHAa3U-2,
npocrarnaHauHy E2, okcuny azoty [2]. Takum umHOM,
[JIIOKO3aMiH Ma€ BUpaKeHY aHTUEKCYIATUBHY, TPOTU-
3anajbHy, aHTUOKCUIAHTHY, AHTUIIPOTEOITUYHY IilO.
I'moko3amiH TTpoIeMOHCTPYBAB 3[AaTHICTh BiHOBIIOBATH
MIXKJTITUHHUNA MaTpUKC XPSIIIOBOI TKAaHWHU, 3axXUIlAr0-
YW XpSII Bill TIOIIKOIKEHb, TTOB’SI3aHUX 3 TTOPYIICHHSIMU
MeTaboJ1i3My MiIXKKIIITUHHOTO MaTpuKCy [16], i BUSBIsIIOUM
JIETKY MPOTHU3araibHy aKTUBHICTb [29].

XOHIPOITHH € OCHOBHUM KOMIIOHEHTOM MiKXKJIITHHHO-
rO0 MaTPUKCY, JIe BiH CTAHOBUTb CYTTEBY CKJIAOBY MPOTE-
ornikaHiB. BiH cTuMystoe aHa0OJIiuHI TTPOLIECH B XPSIIIO-
Bill TKaHWHI, 6epe yJyacTb y CUHTE3I I1iKO3aMiHOMIiKaHiB,
CIIpAaBJISIE CTUMYJIIOIOUMI BIUIMB HA XOHIPOLIUTU, CTUMY-
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Ba3oBi Ta OCHOBHI NpMHLMNN

HacrTiitHo pekoMeHayeTbCs NOeAHaHHS METOAIB NiKyBaHHS, BKMIOYHO 3 HedapMaKomorivH1MKM Ta (hapMakomnoriyHMK METOAaMM NiKyBaHHS.
OCHOBHi MpUHLMNK:

— iHchopmyBaHHs/0CBITa;

— Yy BUNajKy 3ailBOi Baru — ii 3HWKEHHS;

— chisnyHi Bnpasy (To6T0 aepobHi, 3MiLiHIOBanNbHi abo Bpasw 3 0onopom)

Kpok 1. Basose nikyBaHHs HanpaeneHHs 8o gisnyHoro TepanesTa

HasiBHa cumnTomaTtmka y pasi notpebu
(nopywweHHs NPaBUNBLHOTO NONIOXKEHHS)

TpuBane 3acToCyBaHHS Npenapartis yNoBinbHEHO!

il Ans cUMNTOMaTUYHOI Tepanii 0cTeoapTpuTy — Oprean, —
(SYSADOA — Symptomatic Slow Acting Drugs — OPTOMEAVHHI yCTInkNA
for Osteoarthritis). Mpu3sHayeHHs npenapartis ¢

roKo3amiHy cynbaTy Ta/abo XOHAPOITUHY
cynbghaty + 3a HeobXigHOCTI napaveTamon

v

AKIWO CMMNTOMM 3anMWarTbes

.

Micuesi HM3MM

SAKWwo foAaTbCs iHWi CUMNTOMU

l

— [lonomixHi 3acobu s xoabbu (TPOCTUHN, XOLYHKM, MUMNL);

— MiCL{eBW TEPMIYHMIA NiKyBanbHWIA BNAKB (Tenno abo Xonoa);

— MexaHoTepanis abo MaHyarnbHa Tepanis (po3TAryBaHHs,
Mobini3aLlisi, PO3BUTOK HYYKOCTI);

— opreaw;

— rippoTepanis Ta akBaaepobika;

— BrpaBy Tai-i

Kpok 2. Po3wupeHe chapmakosnorivyHe fikyBaHHA naui€eHTiB 3i CTIMKMMW CUMIITOMaMu
ﬂKI.I.I,O CUMMNTOMM He 3HUKaKTh ab0 NOCUNIOTLCSA

)
—/

[ IHTepBanbHi abo gosrotpusani kypew npuitomy HM3M ]

.

Axwo YTPUMYETLCA CUMNTOMATHKa

.

— BHyTpiluHbOCYrno60Bo rianypoHoBa K1CnoTa;
— BHYTPILUHLOCYTN060BO KOPTUKOCTEPOIAM

Kpok 3. OctaHHa cnpo6a hapmMakonoriyHoi Kopekuit

— KopoTkoTpuBani kypcu nerkux onioifis;
— AYMNOKCETUH

Kpok 4. NikyBaHHA OA Ha pisHUX cTagiax i XxipypriuHe BTpy4YaHHSA

Akiwo 36epiraloTbCA BUPaXKEHi CAMNTOMM 1 iCTOTHO NopyLueHa AKICTb XKUTTS

.

[ — [NoBHa 3amiHa cyrnoba j

!

fkwo onepadis npoTMnokasaHa

[ — OnioipHi aHanreTuku ]

PucyHok 1. Anroputm ESCEO nikyBaHHs OA koniHHOro cyrnio6a (B aBTopcbkomy rnepeknagi) [8]
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JIIOE CUHTE3 TiaJlypOHOBOI KMCJIOTHM Ta TMEpPelIKOIXae il
PYHHYBaHHIO, 30iJIBIIYE TTPOMYKIIiI0 BHYTPILIHBOCYTI000-
BOI piIWHMU, 3MEHIIYE iHTEHCUBHICTh 3aIlaJieHHs. 3acTo-
CYBaHHSI XOHIPOITUHY MOJIMIIY€E (DYHKILiI0O XOHAPOLIUTIB
i CUHOBIOLIMTIB Ta aCOLIIIOETHCS 31 3HUXKEHHSIM 00JbOBOTO
cuHapomy [28].

3HebosoBaIbHA Ta MPOTU3anajibHa [isl XOHAPOITUHY
cybdary i roko3aMiHy cyibbhaTy peani3yeThesl He 3a pa-
XYHOK MPUTHIYEHHSI CUHTE3Y MPOCTaTJaHINHIB, a IIJISIXOM
MPUTHIYEHHST aKTUBHOCTI JIi30COMAaJbHUX (DepMEHTIB Ta
iHTiIOYBaHHSI CynepoKCUIHUX paaukaniB. [lepeBaroro kom-
OiHalIii TJII0KO3aMiHy Cylb(paTy Ta XOHAPOITUHY CyJIbdaTy
€ CUHEPTiYHUM MexaHi3M Mii, SKWiil ITepeBUIlye e(peKT Mo-
HOTeparllii KOXXHUM KOMIOHEHTOM OKpeMo [2, 14].

Mo rpynu npemnapatiB SYSADOA HanexuTh mnpemna-
par MoBekc® Komdopr, koxHa TabieTka IKOro MiCTUTh
500 mr raoko3aMiHy cysbhaTy Ta XOHIPOITUHY CYIbgaTty
B 1031 400 mr. Lleit mpenapaT BUKOPUCTOBYETHCS [IJISI TPU -
BaJjioro mpuitomy. J1o3yBaHHs MPU3HAYAETHCS 32 PEKOMEH -
JIOBAHOIO CXEMOI0: Tiepiii 3 TUXKHI — 110 1 TabneTui 3 pa3u
Ha 100y, roTtiM — 110 1 TabaeTui 2 pa3u Ha 100y (Taodu. 1).
Kypc tpuBae 3 micsiii, miciist nepepsu 1 micsipb Kype mo-
BTOPIOIOTh.

Tabnuusa 1. [lo3yBaHHs npenapary
Mosekc® Kome¢opT npu nikyBaHHi ocTeoapTputy

Yac npuiiomy | Eﬁ;ﬁnm”;"i 4—; p2v;;| J.:;(Hi
PaHok 1 Tabnetka 1 Tabnetka
O6in 1 Tabnetka -

Beuip 1 TabneTka 1 TabneTka

Crin BpaxoByBaTH TO# (hakT, 1110, 32 JaHUMU JliTepa-
TypY, CUMIITOMAaTUYHUI eheKT Bill 3aCTOCYBaHHS TIpe-
napatiB SYSADOA peanizyeTbcst yepe3 8—12 MicsmiB
npuitoMy, ToJi K peaizauisi CTpyKTypHO-MOIUDiKyt0-
YOI Iil MOYMHAETHCSI HE MEHIIIE HiX uyepe3 2 POKHU JIiKy-
BaHHA [5].

JocaimkeHHsT mokasanu, 1o rnoegHaHHd SYSADOA
ta HII3I1 3a6e3neuye cuHepreTMYHUM ehekT i Moxe OyTu
OCHOBHUM BapiaHTOM JIiKyBaHHS [/ MALiEHTIB 3 MOMip-
HUM Ta CWJIbHUM OojieM abo TiJ 4ac 3arocTpeHb OCTEO-
aptputy [21, 28]. ¥V Takux cuTyallisix MOXXHa MpU3HAYaTH

npenapar MoBekc® AKTHB, akuii Mictuth 500 Mr rio-
Ko3aMiHy cyibdary Ta 400 MI XOHIPOITUHY CyiIbdary, a
TakoxX nukiodeHak Kamito 50 mr. KamieBa cinb nukinoge-
HaKy Ja€ MBUIKUI 3He0010BaIbHUM edeKT. [1puiimaloTh
npenapar 3 pa3u Ha IeHb poTsaroM 10 AHiB, MOTiM IPOI0-
BXXYIOTb JIiKyBaHHS rpernapatroM Mosekc® Komboprt. s
3HIKEHHS J103yBaHHS NUKI0o(GEeHaKy Kalilo i MOCUIEHHS
CTPYKTYpHO-MOAM(DiKyouoi aii MoXHa MPU3HAYUTU pa-
30M MoBekc® AktuB Ta MoBekc® KoMbopTt. 3aexkHo Bif
MPUYUH BUHUKHEHHs OOJIO, TIPU PaHKOBIiii CKYyTOCTI —
paHilHii mpuitom MoBekc® AKTUB, B 00iI Ta yBedepi —
Mogekc® Komdopr. Skio 6iyib BAHUKAE Ticas Qi3uaHOo-
TO HaBaHTaXXeHHsT, MoBeKC® AKTHB ITPUIAMAIOTh YBEUYEDi, a
3paHKy Ta B 00i1 — Mosekc® Komdopr.

K110 TIPUYMHOIO 3arOCTPEHHSI € 3amajeHHs i OiTb BU-
HUKA€ 3paHKy 1 CYNMpPOBOIKYETHCS PAHKOBOIO CKYTICTIO,
MPpU3HAYAIOTh MpenapaT¥ TAKUM YMHOM: BpaHIli MoBekc®
AxTtuB 1o 1 Tabnerui; B 06ix — Mosekc® Komdopr 1 Ta-
OyeTKy; yBedepi mpuiiMaiorh 1 Tabnetky Mosekc® Kom-
dopT.

SAxio mae micue 6ioMexaHiYHUI OiJib, SIKMiA BUHUKAE
rmiciist Gi3MYHMX HaBaHTaXKEHb Y IPYTUil TTIOJIOBUHI THSI, TO
Mpernapar npu3HavarTh Tak: BpaHLi | TabiaeTrky MoBekc®
Komdoprt; B 06im — 1 Tabrnetky Mosekc® Kombopr; BBe-
yepi — 1 TabmeTky MoBekc® AKTUB (Taour. 2).

Takum ymHOM, UIST Tepallii OCTEOapTPUTy HeOoOXimHe
noegHaHHSI HegapMaKoJOTiYHMX Ta (apMaKOJOTIYHUX
MeTOMiB JiKyBaHHs. OCKiIbKHM MOXEe OyTH HEIOCTaTHHO
OCHOBHHUX He(hapMaKOJOTiYHUX METOMIB JUISl JiKyBaHHS
CHUMIITOMIB OCTEOAPTPUTY i YaCTO CITOCTEPIra€ThCs MOTaHE
JMIOTPUMAHHS PEXUMY JIiIKyBaHHSI, HEOOXiTHe BUKOPUCTaH-
HS1 6araTOKOMIIOHEHTHOTO, MYJbTUMOAAIBHOTO MiIX0ay i
rpu (papMakoJIOTiYHUX METOIAX.

KoM06iHOBaHI XOHIPOTIPOTEKTOPH, SIKi MICTATH XOH-
NPOITUHY cyJbdaT Ta TIOKO3aMiHy cyibdar, I0BeJIn
e(eKTUBHE 3MEHIIEeHHS IHTEHCHMBHOCTI OOJIIO, ITOJIM-
IIeHHs (YHKIII cyriio0iB, 1o0OpYy MepeHOCUMICTh Ta Mi-
HiMalbHi T1OOiIuHiI edekTu. Takox gOoBedeHa BHCOKA
e(eKTUBHICTb MOEAHAHHS TJIIOKO3aMiHy, XOHAPOITUHY Ta
nukiaodeHaKy Kaiito JUisl IBUAKOTO 3MEHIIEHHST 00b0-
BOTO CHUHAPOMY, 110 BaXKJMBO IPH JIiIKYBaHHi 3arOCTpeH-
HSI OCTE0apTPO3Yy TSI MOTITIIEHHS SKOCTi XXUTTS i€l Ka-
Teropii nmalieHTiB.

Tabnuusa 2. Cxema noegHaHoro 3acrtocyBsaHHss Mosekc® Aktue Ta Mosekc® Komgopt
npu 3arocTpeHHi ocTeoapTpuTty

Yac npuiiomy

Mpenapat

Jlo3yBaHHS

MpunynHa: 3ananeHHs, 6inb, SKNi BUHUKAE 3PaHKy, MOXxe OyTy paHKOBa CKYTiCTb

PaHok Mogsekc® AKTVB 1 TabneTtka

06in, MoBekc® KomdopT 1 TabneTtka

Beuip Mogekc® KomdopT 1 Tabnetka
TMpuynHa: 6iomexaHiyHWii Ginb, Sknii BUHUKAE nicas Pi3anYHNX HaBaHTaXkeHb y APYrvuii Nnos1I0BUHI AHS

PaHok Mogekc® KompopT 1 TabneTtka

06in, MoBekc® KomdopT 1 TabneTtka

Beuip Mogekc® AkTuB 1 TabneTtka
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Combined chondroprotective therapy in the treatment of degenerative-dystrophic joint diseases

Abstract. Osteoarthritis is characterized by joint pain and stiffness,
which leads to functional impairment, loss of activity and participation,
and reduced quality of life. Treatment for osteoarthritis should be aimed
at preventing structural destruction of articular cartilage. Symptomatic
slow-acting drugs, which include chondroitin sulfate and glucosamine
sulfate, are aimed at slowing the progression of osteoarthritis, stabilizing

and regressing of existing changes in joint tissues. International studies
have confirmed the effectiveness of the combination of chondroitin sul-
fate and glucosamine sulfate in the treatment of osteoarthritis, which
provides long-term pain relief and improved joint function.
Keywords: osteoarthritis; joint pain; symptomatic slow-acting
drugs; chondroitin sulfate; glucosamine sulfate; review
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Features of computed tomography indicators
in patients with massive limb defects after mine-blast
injuries with different types of reconstructive
plastic surgery

Abstract. Background. Extensive limb injuries after mine-blast trauma require not only successful reconstructive
plastic surgery but also objective instrumental monitoring of postoperative tissue remodeling. One such tool that
allows this to be performed is computed tomography (CT), which provides information on the condition of the
flap. surrounding tissues, and the vascular component of the reconstfructed segment. The purpose was to investi-
gate the features of CT indicators of the postoperative flap in patients with massive limb defects after mine-blast
injuries during 6 months of follow-up when using different types of reconstructive plastic surgery. Materials and
methods. The study included 110 patients with massive mine-blast frauma of the limb. They underwent 5 diffe-
rent types of reconstructive plastic surgery. In the postoperative period, immediately after surgery, after 3 and 6
months, the patients underwent CT examination using an Aquilion Prime SP TSX-303B/5C scanner, with analysis of
indicators, such as density of the flap and surrounding tissues, lumen of the artery and vein, confrast enhance-
ment, length and lumen of the vein graft. Results. Mixed model analysis showed that the observation time sig-
nificantly affected practically all studied indicators, except for the arterial lumen. The type of plastic surgery
was significant for the indicators of flap density, maximum density of surrounding tissues, venous lumen, confrast
enhancement, and vein graft lumen. At the same time, the interaction between the type of plastic surgery
and fime was noft stafistically significant for any indicator. When analyzing femporal changes in the indicators, it
was found that, regardless of the type of plastic surgery, after 6 months the minimum flap density increased by
9.470 Hounsfield units (HU), the maximum flap density by 7.961 HU, the minimum density of surrounding tissues by
8.391 HU, and contrast enhancement by 11.637 %. The arterial lumen did not change significantly, whereas the
lumen of the vein and vein graft decreased. The strongest association with the type of plastic surgery was estab-
lished for contrast enhancement: n? = 0.455 immediately affer surgery, n? = 0.405 affer 3 months, and n? = 0.339
after 6 months. All correlations of the studied indicators with segment functionality were weak. The highest ab-
solute value was observed for contrast enhancement at the 3-month follow-up period (r =-0.211). Conclusions.
Changes in the studied CT indicators mainly reflect morphological and vascular-tissue remodeling affer recon-
structive plastic surgery; among them, tissue density and confrast enhancement are the most informative ones.

Keywords: reconstructive plastic surgery; computed tomography,; massive limb defects; mine-blast injuries;

surgery

Introduction

Armed conflicts of recent years are accompanied not
only by an increase in the number of direct combat in-
juries, but also by the formation of a considerable long-
term medical burden associated with the treatment of
severe trauma, tissue reconstruction, restoration of limb

function, and the consequences of disability. According
to recent reviews, limb injuries account for about 50 % of
the injury pattern among civilians during armed conflicts,
whereas head injuries account for 26 %, chest injuries for
18 %, and children constitute nearly 23 % of the woun-
ded. Blast injuries represent a separate clinical problem,
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as they are characterized by a combination of mechani-
cal, fragmentation, vascular, and soft-tissue components
of trauma, which is confirmed by current data on injuries
in zones of active hostilities, particularly under condi-
tions of mass admission of patients with multiple trau-
matic injuries [1—4].

For patients with combat-related limb trauma, the choice
between limb-sparing reconstruction, staged surgical treat-
ment, and amputation is particularly relevant. Recent data
from Ukrainian physicians indicate that among the woun-
ded with limb injuries, mine-blast injuries accounted for
29 %, shrapnel wounds for 47 %, with upper limbs injured
in 22 % of patients, lower limbs in 32 %, two limbs in 15 %,
and combined combat trauma recorded in 31 % of cases. A
similar tendency is observed in other studies of war-related
trauma: in a retrospective analysis of the consequences of
the Lebanon conflict, limb injuries were found in 49.0 %
of patients, exceeding the proportion of other anatomical
localizations, whereas musculoskeletal injuries accounted
for 31.1 % [5-7].

Massive limb defects after mine-blast injuries require not
only wound surface closure, but also restoration of tissue
volume, vascular perfusion, and weight-bearing capacity,
which may create favorable conditions for subsequent func-
tional rehabilitation. Reconstructive plastic surgery in war
trauma is one of the key elements of specialized care [§—10].
Data from one study involving a cohort of 300 patients with
injuries caused by military actions who required reconstruc-
tive interventions showed that limb injuries predominated
among them, with a complication rate of 13 %, including
wound infection in 8.5 % [9], which demonstrates both the
urgency and complexity of the problem under study.

Computed tomography (CT) in this context is an impor-
tant tool for the objective assessment of the reconstructed
segment. This method allows analysis of bone structures,
soft tissues, vascular injuries, signs of occlusion, or impaired
vascular patency. Considering this tool not only as a mean
of primary trauma diagnosis but also for treatment planning
and follow-up after reconstructive interventions is essential
[11,12].

It is important to understand that tissue recovery is not
always directly related to the functional outcome, since the
consequences of severe limb trauma and amputation involve
various aspects, including physical, psychological, social,
and rehabilitation-related components. Modern reviews
emphasize that after traumatic lower limb amputation, it is
not sufficient to assess only surgical complications, as the
key indicators for the patient remain those that directly af-
fect quality of life, namely function, pain, psychoemotional
adaptation, and the possibility of returning to activity [13—
15]. In this regard, there is a need for studies that combine
objective instrumental indicators after reconstructive treat-
ment with clinical interpretation of the recovery course in
patients.

The purpose. To investigate the features of computed
tomography indicators of the flap area in patients with mas-
sive limb defects after mine-blast injuries during 6 months
of follow-up when using different types of reconstructive
plastic surgery.

Materials and methods

The study was conducted at the Department of Endo-
scopic and Cardiovascular Surgery of National Pirogov Me-
morial Medical University, Vinnytsia, on the basis of the
Clinical Highly Specialized Surgical Center with Minimally
Invasive Technologies, the Center of Highly Specialized
Endoscopic Diagnosis and Treatment, the Highly Specia-
lized Center of Orthopedics, Endoprosthetics and Recon-
structive Traumatology, Interventional Cardiology and
Reperfusion Therapy of the Municipal Non-Commercial
Enterprise “Vinnytsia Regional Clinical Hospital named af-
ter M.I. Pirogov of Vinnytsia Regional Council”.

The study included 110 patients with massive limb de-
fects resulting from mine-blast injuries. Five variants of re-
constructive plastic surgery were performed: 1) with bone
grafting and the use of a vein graft; 2) with bone grafting
without the use of a vein graft; 3) without bone grafting, but
with the use of a vein graft; 4) without bone grafting and
without a vein graft; 5) by autodermoplasty.

All patients underwent CT immediately after surgery and
also 3 and 6 months after it. Computed tomography was per-
formed using a 160-slice Aquilion Prime SP scanner, model
TSX-303B/5C, manufactured by Canon Medical Systems
Corporation, Japan. During the examination, the following
indicators were determined: minimum (min) and maximum
(max) flap density (Hounsfield unit, HU), minimum and
maximum density of surrounding tissues (HU), arterial and
venous lumen (mm), contrast enhancement (%), vein graft
length and lumen (mm).

The Bioethics Committee of National Pirogov Memo-
rial Medical University, Vinnytsia, established that the con-
ducted study complies with the basic bioethical provisions
of the Declaration of Helsinki, the Council of Europe Con-
vention on Human Rights and Biomedicine (1977), current
WHO recommendations, and the legislation of Ukraine, as
confirmed by protocol No. 2 dated February 10, 2025.

The study was carried out within the framework of the
research project “Development and implementation of in-
novative technologies for the treatment and prevention of
disorders of the integrity and patency of blood vessels in
wartime conditions” (0123U100204).

Statistical processing of the obtained data and cre-
ation of graphical representation of the data were per-
formed in the RStudio 2026.01.2+418 “Apple Blossom”
Release software environment (1d903d3bd61a40d-
82bf71aad8471a5a388cc1f73, 2026-03-25) for Win-
dows Mozilla/5.0 (Windows NT 10.0; Win64; x64)
AppleWebKit/537.36 (KHTML, like Gecko) RStu-
dio/2026.01.2+418  Chrome/140.0.7339.249  Elec-
tron/38.7.2 Safari/537.36, Quarto 1.8.25. Statistical
analysis included ANOVA for mixed models with assess-
ment of the effect of the type of plastic surgery, follow-up
time, and their interaction; pairwise post-hoc compari-
sons with Bonferroni correction; estimation of associa-
tion strength using n?; one-vs-rest analysis of individual
types of plastic surgery; the nonparametric Kruskal-Wal-
lis test; and Spearman correlation analysis to determine
the relationship between CT indicators and segment
functionality.
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Results

According to the results of mixed models, follow-up time
was the most stable factor and significantly affected almost
all CT indicators, except for the arterial lumen; the type
of plastic surgery had a significant effect on minimum and
maximum flap density, maximum density of surrounding
tissues, venous lumen, contrast enhancement, and vein graft
lumen, whereas the interaction between the type of plastic
surgery and time did not reach statistical significance for any
indicator (Table 1).

When comparing the overall dynamics of CT indica-
tors regardless of the type of plastic surgery, a significant
increase was found in minimum flap density by 5.203 HU
after 3 months and by 9.470 HU after 6 months, maximum
flap density by 4.855 and 7.961i HU, respectively, minimum
density of surrounding tissues by 4.958 and 8.391 HU, as
well as contrast enhancement by 7.468 and 11.537 %. At the
same time, the arterial lumen did not change significantly,

the venous lumen significantly decreased, and the vein graft
lumen after 6 months was lower by 0.207 mm compared
with the early postoperative period (Table 2).

The most consistent increase was observed for mini-
mum flap density: this indicator significantly increased
from immediately after intervention to 6 months in all types
of plastic surgery, with the greatest increase in group 4 —
12.750 HU. Maximum flap density also increased in all
groups by 6 months, but an increase between 3 and 6 months
was significant only for plastic surgery types 2 and 4. For
contrast enhancement, a significant increase by 6 months
was noted in all groups, whereas for arterial and venous lu-
men, temporal changes were less stable and mostly did not
reach significance (Fig. 1).

The strongest association of the type of plastic surgery
was found for contrast enhancement: n? was 0.455 imme-
diately after surgery, 0.405 after 3 months, and 0.339 after 6
months. A strong association was also established for maxi-

Table 1. Results of ANOVA for mixed models of CT indicators

Indicator Effect F criterion p value Significance
Type of plastic surgery 2.990 0.022 *
Min flap density, HU Follow-up time 105.150 < 0.001 e
Type of plastic surgery x time 0.838 0.570
Type of plastic surgery 5.160 <0.001 FHEH
Max flap density, HU Follow-up time 52.662 < 0.001 e
Type of plastic surgery x time 1.170 0.318
Type of plastic surgery 2.054 0.092
{\I"S';‘u‘ii”ﬂg’ ofsurrounding ey 5w-up time 67.380 <0.001
Type of plastic surgery x time 0.426 0.905
Type of plastic surgery 7.799 < 0.001 e
miﬁgg,”jty of surrounding  I'ey10w-up time 21.044 <0.001
Type of plastic surgery x time 1.317 0.236
Type of plastic surgery 1.046 0.387
Arterial lumen, mm Follow-up time 0.942 0.391
Type of plastic surgery x time 1.163 0.323
Type of plastic surgery 8.745 <0.001 FHEH
Venous lumen, mm Follow-up time 7.027 0.001 *x
Type of plastic surgery x time 0.862 0.549
Type of plastic surgery 27.300 <0.001 ol
Contrast enhancement, % Follow-up time 49.002 <0.001 FEH
Type of plastic surgery x time 1.451 0.177
Type of plastic surgery 0.401 0.808
Vein graft length, cm Follow-up time 4.452 0.013 *
Type of plastic surgery x time 1.221 0.288
Type of plastic surgery 11.117 <0.001 FHEH
Vein graft lumen, mm Follow-up time 5.317 0.006 o
Type of plastic surgery x time 0.453 0.887

Notes (here and in Table 2, Fig. 1-3): *— p<0.05; **—p<0.01; ***—p <0.001.
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mum density of surrounding tissues, venous lumen after 3
and 6 months, and vein graft lumen. In contrast, arterial lu-
men and vein graft length had a weak association with the
type of plastic surgery, while the minimum density of sur-
rounding tissues did not demonstrate a statistically signifi-
cant association (Fig. 2).

After correction in the one-vs-rest analysis, differences
in contrast enhancement remained the most informative:
plastic surgery types 1 and 2 had lower values compared
with the other types of plastic surgery, whereas type 3 and
especially type 4 had higher values. For plastic surgery type
4, the higher level of contrast enhancement was significant
at all time points: immediately after surgery, the difference
was 17.656 %, after 3 months — 15.016 %, and after 6
months — 12.580 %. Plastic surgery type 3 was also char-
acterized by a lower venous lumen after 3 and 6 months,
while type 1 was characterized by a larger vein graft lumen
after 3 and 6 months (Fig. 3).

All correlations between CT indicators and segment func-
tionality were weak; the highest absolute value was observed
for contrast enhancement after 3 months (r = —0.211), but
after correction, it did not remain statistically significant.
Thus, according to the available data, CT indicators cha-
racterize morphological and vascular-tissue remodeling af-
ter plastic surgery, but do not demonstrate an independent
strong relationship with segment functionality (Fig. 4).

Discussion

Our results demonstrate the feasibility of using com-
puted tomography to assess postoperative tissue remodeling
in patients with massive limb defects. Current publications
already consider CT to be a leading method for assessing
peripheral vascular injuries, especially in cases of complex
limb trauma. It is noteworthy that in our study, the most
differentiating parameter between types of reconstructive
plastic surgery was contrast enhancement rather than arte-

Table 2. Overall dynamics of CT indicators regardless of the type of plastic surgery

Indicator Time comparison difuer:: ce St::'.%‘:rd t criterion | p value | Significance
3 months vs immediately 5.203 0.654 7.954 < 0.001 R
Min flap density, HU 6 months vs immediately 9.470 0.654 14.478 <0.001 e
6 months vs 3 months 4.267 0.654 6.524 < 0.001 e
3 months vs immediately 4.855 0.782 6.209 < 0.001 e
Max flap density, HU 6 months vs immediately 7.961 0.782 10.181 < 0.001 e
6 months vs 3 months 3.106 0.782 3.972 < 0.001 R
3 months vs immediately 4.958 0.727 6.822 <0.001 e
Min density of surroun- . . xx
ding tissues, HU 6 months vs immediately 8.391 0.727 11.545 < 0.001
6 months vs 3 months 3.433 0.727 4.723 < 0.001 e
3 months vs immediately 7.308 1.458 5.013 <0.001 el
Max density of . . xx
surrounding tissues, HU 6 months vs immediately 8.852 1.458 6.073 <0.001
6 months vs 3 months 1.544 1.458 1.059 0.872
3 months vs immediately 0.871 0.667 1.307 0.578
Arterial lumen, mm 6 months vs immediately 0.194 0.667 0.291 1.000
6 months vs 3 months -0.678 0.667 -1.016 0.932
3 months vs immediately -0.150 0.043 -3.458 0.002 *x
Venous lumen, mm 6 months vs immediately -0.129 0.043 -2.983 0.010 *x
6 months vs 3 months 0.021 0.043 0.475 1.000
3 months vs immediately 7.468 1.182 6.317 <0.001 il
gontrastenhancement, | 6 months vs immediately | 11.537 1.182 9.760 | <0.001
6 months vs 3 months 4.069 1.182 3.442 0.002 o
3 months vs immediately 0.038 0.097 0.396 1.000
Vein graft length, cm 6 months vs immediately -0.229 0.097 -2.363 0.057
6 months vs 3 months -0.267 0.097 -2.759 0.019 *
3 months vs immediately -0.156 0.066 -2.357 0.058
Vein graft lumen, mm 6 months vs immediately -0.207 0.066 -3.130 0.006 >
6 months vs 3 months -0.051 0.066 -0.773 1.000
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Figure 2. Association of the type of plastic surgery with CT indicators
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Figure 3. One-vs-rest association of each type of plastic surgery with CT indicators
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Figure 4. Correlations of CT indicators with segment functionality
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rial lumen. This is consistent with the approach described in
the international literature, according to which assessment
of an injured limb should include not only the fact of main
vascular patency, but also the analysis of tissue perfusion in-
dicators and indirect signs of viability of the reconstructed
segment [16—19].

The absence of a significant relationship between the
type of plastic surgery and follow-up time in the models
suggests that different reconstructive approaches did not
change the general direction of postoperative dynamics. At
the same time, this did not exclude the formation of diffe-
rent features of CT indicators. This is a clinically expected
result, because combined trauma, such as mine-blast inju-
1y, is not simply a defect but a set of different factors. Mo-
dern approaches to surgical interventions for lower limb
reconstruction after trauma emphasize that the outcome
depends on the sequential combination of debridement,
stabilization, soft-tissue coverage, and reconstruction of
small vessels [20—24]. This explains why, in our study, the
most stable positive dynamics concerned the density of the
flap and surrounding tissues, rather than linear vascular
indicators.

The increases in minimum flap density and contrast en-
hancement observed in our study after 6 months may re-
flect the gradual structural organization of reconstructed
tissues. Specifically, edema decreases, the connective tis-
sue component forms, and local blood supply stabilizes.
It is important to note that the arterial lumen remained
practically unchanged over time, indicating that arterial
diameter alone is not a sufficiently sensitive marker of the
recovery course. In this respect, our data partially coincide
with studies emphasizing the need to combine instrumen-
tal vascular assessment with characterization of the soft-
tissue defect and the selected method of reconstruction
[25-28].

It is noteworthy that venous system parameters and vein
graft lumen better reflected intergroup differences than arte-
rial lumen. This may be related to the fact that after massive
trauma, venous outflow and the condition of reconstructed
vessels are more variable and more dependent on the type of
plastic surgery than arterial patency. From the standpoint
of practical surgery, this is important because insufficiency
of the venous component may influence various complica-
tions of the postoperative period. Scientific sources study-
ing flap failures in lower limb trauma also emphasize that an
unfavorable outcome often develops not in isolation, but as
a result of a combination of vascular, infectious, and other
factors [29].

The weak correlations between CT indicators and seg-
ment functionality found in our study demonstrate that
morphological tissue recovery cannot be directly equated
with the functional outcome. The strongest association
in absolute value was found for contrast enhancement
after 3 months (r = —0.211), but even this association
was weak. This, in turn, means that CT well characte-
rizes the condition of reconstructed tissues; however,
limb functionality after severe trauma is likely to depend
on other factors, such as the level of injury, preservation
of weight-bearing function, the neuromuscular compo-

nent, pain syndrome, the extent of rehabilitation, and
others. International literature on patients with severe
lower limb injuries also supports our data, indicating
that functional scales after reconstruction reflect a much
broader range of factors than only anatomical closure of
the defect or vascular patency [30].

Conclusions

1. Patients with massive limb injuries after mine-blast
trauma show a significant increase in CT parameters, such
as flap density, density of surrounding tissues, and contrast
enhancement, during 6 months after reconstructive plastic
surgery, indicating postoperative tissue remodeling in the
flap area.

2. The type of reconstructive plastic surgery has a grea-
ter effect on the expression of most, but not all, CT data.
Among the studied CT indicators, the greatest difference
between different types of plastic surgery was established for
contrast enhancement, the strength of association of which
with the type of intervention remained high at all follow-up
time points.

3. Indicators of tissue density and contrast enhancement
were more informative for assessing postoperative dynamics
than linear vascular indicators. Venous indicators and vein
graft lumen better reflected differences between types of re-
constructive intervention.

4. Practically no significant associations were established
between CT parameters and segment functionality, which
indicates the advisability of interpreting the obtained CT
results in combination with clinical and functional criteria.
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Kysbmos P.A., AyumiumH B.I, bpariusku O.KO., Cobko B.C., Maviko B.M., LLlepemerta P.O.
BiHHULbK HQLIIOHQABHUA MEANYHWA YHIBepcuTeT iM. ML.I. [nporosa, M. BiHHMUSI, YkpQiHa

OCO6AMBOCTI KOMIT'IOTEPHO-TOMOTPAdIYHUX MOKA3HUKIB Y NALIEHTIB
i3 MACUBHUMU AeDEKTAMM KiHLLIBOK MiCAS MiHHO-BUGYXOBUX YPO)KEHb
30 PiSHUX TUMIB PEKOHCTPYKTUBHOT MACQCTUKU

Pestome. Axmyaavnicme. 3nauni 3a 06cAToM YIIKOIKEHHS KiH-
IIiBOK TIiC/IsI MiHHO-BUOYXOBOI TPaBMM TTOTPEOYIOTh HE JIMIIIE BIa-
JIOI PEKOHCTPYKTUBHOI TJIACTUKU, ajle 1 00’€KTUBHOIO iHCTPY-
MEHTAJIbHOTO KOHTPOJIIO Mepediry micisionepaniiiHoi TKaHMHHOI
nepeOynoBu. OMHUM i3 Takux 3aco0iB, IO TO3BOJISIE BUKOHATU
e, € KoM 'totepHa Tomorpadist (KT), ska Hamae iHbopmaiiito
PO CTaH KJIAITSI, HABKOJIMIIHIX TKAHUH i CyIMHHOTO KOMITOHEH-
Ta PeKOHCTpyiioBaHOTO cermeHTta. Mema: BUBYUTH OCOBIMBOCTI
KT-moka3HuKIB Tic/IsIONepalliifHOro KJIanTs B IMAIliEHTIB i3 Ma-
CUBHMMU Je(eKTaMM KiHIIiBOK ITic/Isi MiHHO-BUOYXOBMX ypaXkeHb
MPOTSTOM 6 MICSILIIB CIIOCTEPEXKEHHS MPU 3aCTOCYBaHHI Pi3HUX TH-
IMiB PEKOHCTPYKTUBHOI I1acTUKU. Mamepiaau ma memoou. Y no-
cItimkeHi B3s ydacth 110 oci6 i3 MacMBHOIO MiHHO-BHOYXOBOIO
TPaBMOIO KiHIIiBKY, SKMM BUKOHYBaJIU 5 BUIiB PEKOHCTPYKTUBHOL
MJIACTUKU. Y TicysionepauiitHoMy Tepiofli ofpa3sy Micist onepailii,
yepe3 3 ta 6 MicauiB nauieaTam nposomw KT-mocmimkeHHs Ha
ToMorpadi Aquilion Prime SP TSX-303B/5C 3 aHaJ1i30M TaKMX I10-
Ka3HUKIB, SIK IIIIbHICTh KIANTs i HABKOJIUIITHIX TKAHWH, MPOCBIT
apTepii i BeHU, KOHTpACTHE HAKOMUYEHHsI, TOBXWHA Ta MPOCBIT
BeHrpadra. Pezyabmamu. AHani3 3MilllaHUX MoJeEJIel TOKa3aB,
110 Yac CIIOCTEePEKEHHs BipOTiHO BIUIMBAB MPAKTUYHO Ha BCi J0-
CJTiKYBaHi MOKa3HUKHU, OKPIM IMPOCBITY apTepii. TUI MmaacTuku
OyB 3HAUYIIMM IS TOKA3HUKIB LIIJIBHOCTI KJIAITs, MAaKCUMAaJIbHOT

UIITBHOCTI HaBKOJIMIITHIX TKAHWH, TPOCBITY BEHU, KOHTPACTHOTO
HaKOMMWYEHHS i MPOCBiTYy BeHrpadTa. BomHouyac B3aemomiss Ty
TUTACTUKM 3 YaCOM He OyJia CTaTUCTUYHO 3HAYYIIOK IS KOIHOTO
nokaszHuka. [Ipu aHami3i yacoBUX 3MiH MOKa3HUKIB BCTAHOBJIEHO,
10 HEe3aJIeXHO BiJl BUAY IUIACTMKM 4Yepe3 6 MicsiiB MiHiMaibHa
UITBHICTB KanTs 3pocTtana Ha 9,470 ogunuui [ayHedinga (HU),
MakCcUMajbHa HIUbHICTh KiaanTss — Ha 7,961 HU, wminimanbHa
IIUTBHICTh HABKOJIMINHIX TKaHUH — Ha 8,391 HU, a xoHTpacTHe
HakonuueHHs1 — Ha 11,537 %. [1pocBit apTepii icTOTHO He 3MiHIO-
BaBCsl, TOJi SIK ITPOCBIT BeHU i BeHTrpadTa 3MeHIyBaBcst. Halicuib-
HIlIM 3B’S130K 3 TUIOM IJIACTUKM BCTAHOBJICHO JIJISi KOHTPACTHO-
ro HakonuueHHs: 1> = 0,455 onmpasy micist onepartii, n2 = 0,405
yepe3 3 micsii Ta n? = 0,339 yepes 6 MicsuiB. Yci Kopessiiii qocti-
JKYBaHMX IMOKA3HUKIB i3 (PYHKITIOHAJIbHICTIO CEeTMeHTa OyJIr ciad-
KuMuU. HaiiGinbie 3a MomysieM 3HaUeHHsI MaJIo KOHTPACTHE HaKO-
nuYeHHs yepe3 3 Micsui criocrepexerns (r = —0,211). Bucnosxu.
3Minn B nocmimkyBaHux KT-moka3Hukax BimoOpaxaroTh epeBax-
HO MOP(MOJIOTIUHY 1f CyTUHHO-TKaHUHHY MepeOyIoBY MicIs PeKOH-
CTPYKTUBHOI TJIACTUKU, HAOIIbIIT iH(POPMATUBHUMHU Cepell HUX €
LITBHICTh TKAHUH i KOHTPACTHE HAKOMMUYEHHSI.

Kir0uoBi c0Ba: pexoHcTpykTHBHA TIacTHKA; KOMIT'IOTEpHA
ToMorpadisi; MaCUBHi AeheKTH KiHIiBOK; MiHHO-BUOYXOBi yIIIKO-
TKEHHST; Xipyprist
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KamiHceka M.O.", Airtap B.A.?, Sioecbko O.B.?
TAHIMPOBCHKN AEPIKABHUM MEANYHNM YHIBEPCUTET, M. AHINPO, YkpaiHa
2AY «IHCTUTYT NnaToAorii xpebra Ta cymobis im. npog. M.I. CuteHka HAMH Ykpainum», m. Xapkis, YkpaiHa

bioMmexdaHiYyHe OBrPYHTYBOHHS MIiCLU4A
NPOBEeAEHHS MAQCTUHU NP XiPpYPrivYHin KopeKLuii
AIMKOMNOAIOHOT AedpopmMalii FPYAHOT KAITKHU

Pesiome. AkTyanbHicTb. MIHIMOABHO IHBA3MBHA TOPAKOMNAQCTMKA 3Q METOAOM D. NUSS € CTQHAQPTOM AiKy-
BQHHST AIMKOMOAIGHOI AepopMaLil royAHOI KAITKW, rpoTe B3AEMOAIST IMMIAQHTATY 3 KQPKACOM YACTO BUKAMKQE
YCKAQAHEHHST (3MILLLEHHST MAQCTUHU, XPOHIYHWM GiAb). BIAbLLICTE CYYQCHMX AOCAIAXKEHb HAMPY)KEHO-AEPOP-
MOBQHOIO CTAHY OKYCYETLCS AULLE HQ KOMIAEKCI «rpYyAMHQ — pebpa», HE BPAXOBYIOYM XPebeTHUV CTOBM Ta
MOOGIAbHICTE pebepHO-xpebLesmx Ccymobis. Mera: npoBeCTV MOPIBHIAbHUA QHAAIZ OCOBAMBOCTEN PO3MNOAINY
HAMpYy>KeHO-AE(POPMOBAHOIro CTaHY B GIOMEXQHIYHIVI CUCTEMI «rPYAMHA — Pebpa — XpebeT» Mpu XipypridHiv
KopeKkuii AiiIkoroaiGHOI AedopMaLii royAHOI KAITK 3QAEXKHO Bis QHATOMIYHOIO PIBHST MPOOBEAEHHST MAQCTUHM.
Marepianm ta meroan. CTBOPEHO MATEMATUYHY CKIHYEHHO-EAEMEHTHY MOAEAL IPYAHOI KAITKA 3 YPQXYBAHHSIM
XpebeTHOro CToBna 1Q Qi3ioNOrHHOI PYXAMBOCTI pebepHO-xpebLeBmx 3 e AHQHb. [TPOBEAEHO MOPIBHSIHHST ABOX
BAPIQHTIB TOPAKOMAQCTUKN: TPAANLIVIHOTO MPOBEAEHHST KOPOTKOI MAQCTUHU Yeped IV-V Mibkpebep ‘s T BUKO-
PUCTAHHST TAQCTUHW BAQCHOI KOHCTRYKLiT, BCTAHOBAEHOI Yepes VI-VII mibxpebep ‘s1. MoAEAKOBAHHST BUKOHYBAAM
B cepeaosmiax SolidWorks Ta ANSYS. OLiHKOBAHHST HAMPYXKEHOro CTaHY MPOBOAMAM 3Q KOUTEPIEM €KBIBAOAEHT-
HUX HaMPY>KeHb 3a Mizecom. Pe3yabraru. [1pv TOQANLIIHOMY MPOBEAEHHI MAQCTUHW Yepes V-V mikpebep ‘s
MQKCUMQABHI HOMPYXKEHHST B OrNOPHUX pebpax aAocsirarm 22,4 MIla, a B CTpykTypax xpebra — 9,9 Mrla. Noun
BUKOPUCTAHHI MAQCTUHW BAQCHOI KOHCTPYKLUIT Ha piBHI VI-VII Mibkpebep st MOKCUMAAbHI HQMP Y KeHHS B pebpax
3HWKyBAAMCS A0 14,0 Mla, a B xpebusix — A0 2,4 MIa. BCTAQHOBAEHO GiAbLL PIBHOMIPHUV PO3MOAIA HOBAHTA-
DKEHHS1 B CUCTeMI «rpyAnHA — pebpa — xpeber» TQ 3MEHLLEHHST NepeBAHTAXKEHHS pebepHO-XpebLieBmx CyIno-
6iB. [NoMipHe MIABULLIEHHSI HAMPYXKEHb Y 30HI KOHTAKTY «[TAQCTUHQA — rPYAUHA» HE MAAO KPUTUYHOIO BIIAVBY HO
KICTKOBI CTOYKTYPU. BUCHOBKWN. [I0OBEAEHHST KOPUIyBAABHOI NAQCTUHW Yepesd VI-VII mixpebep ‘s 3ab6e3sredye
GinbLL CrPUSITAVBI GIOMEXQAHIYHI MOKA3HMKU MOPIBHSIHO 3 TOQAMLIMHOKO METOAMKOK. BUKOPUCTAHHST NMAQCTUHM
BAQCHOI KOHCTPYKLI AO3BOASIE 3HU3NTU HAMP Y KEHHS B PE6PAX TQ CTRYKTYPAX XPebTA, MOAIMLLNTA PO3MOAIA HO-
BAQHTQDKEHHST V1 MOTEHLIMHO 3MEHLLINTA PU3UK MICASIONEPALIVMHUX YCKAQAHEHb MPU XipYPridHivi KOpeKLUii Aiikorno-
AIBHOT pAepopmaLii royAHOI KAITKU.

KAIOYOBiI CAOBQ: AiLIKOMOAIGHO AEDOPMALLS TPYAHOI KAITKU; TOPAKONAQCTUKQ, METOA CKIHYEHHMX @AEMEHTIB; Ha-
MPY>KEHO-AEHOPMOBAHUY CTAH; XPebET,; MAQCTMHA

Bctyn

TUBHICTh, ME€XaHi4YHa B3a€EMOJisI MiX iMIUIaHTaTOM

JlitikononioHa nedopmaris rpynHoi kiaitku (JIAT'K)
€ HAWTOIIMPEHIIIO BPOAXEHO BaJ0l0 PO3BUTKY Iie-
penHbO1 CTiHKM TpyaHoi KaiTku [1]. [TpoTsirom ocTaH-
HIX AECATUJIITh CTAHAAPTOM i1 JIKYBaHHS 3aJUIIAETHCS
MiHiMaJlbHO iHBa3WMBHA TOPAKOILUIACTUKA 3a METOIOM
D. Nuss (MIRPE) [2]. [Tonpu BuCOKY KIIiHiYHY edeK-

Ta KiCTKOBO-XPSIIOBMM KapKacoMm IalliEHTa Hepiako
MPU3BOAUTH J0 TAKUX YCKJIaJHEHb, SIK HECTAOIMbHICTh
i 3MillleHHS TJIaCTUHU, XPOHIUHUI OOJIbOBUI CUHIPOM
Ta mpopizyBaHHs pebdep [3, 4]. Lle 3ymoBIIoe HeoOXin-
HICTh O€TaJIbHOro 0ioMeXaHiYHOTO IJIaHYBaHHS BTPY-
YaHHS.
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Cy4gacHi IOCJIIXEHHS HaIlpyKeHO-I1e(hOpPMOBAHOTO
crany (H/C) 3a momomororo MeTOoy CKiHYEHHUX eje-
MmeHTiB (MCE) 3me6inbmoro okycyioTbess Ha i30J1b0-
BaHOMY aHalli3i KOMIUIEKCY «TpyanHa — pebpa» [5, 6].
IIpu upoMy posib XpebeTHOro CTOBIIAa Ta MOOIIBHOCTI
pedepHO-XpelblieBUX CYIJIo0iB y 3arajJlbHOMY PO3IMOIiii
HaBaHTaXeHb IMiCJas TOPAKOIUIACTUKM BUBYAjacs He-
nocTaTHBO. Jloci 3anuinaeTbcsd AUCKYCIHHUM MUTAHHA,
SIK caMe piBeHb MiXpeOepHOro MpOMiXKKY, uyepe3 KUt
MPOBOIUTHCS TIJIacTUHA, BrinBae Ha 3miny HJC rpyn-
HOI KJIITKM Ta XpeOTa Ta SKUM YMHOM peai3y€eThCsl iXHs
B3a€EMOJIis.

MeTa: mpoBecTH MOPIBHSIBHUI aHai3 OCOOIMBOC-
Tel PO3MOIiTy HaIpyXeHo-IeOpMOBAHOIO CTaHy B 0io-
MEXaHiuHiil cucTemi «rpyauHa — pebpa — xpebeT» Ipu
XipypriuHiii Kopekllii JilikonoaioHoi nedopmaliii rpyaHoi
KJIITKMA 3ajJIeKHO Bil aHATOMIYHOTO PiBHSI MPOBEACHHS
TUIACTUHU.

Marepiaam Ta meToamn

st moOy10BM pO3paxXyHKOBOI MaTeMaTUYHOI MOJIe-
JIi 32 OCHOBY OYJI0 B3SITO T€OMETpit0 XpebTa, po3poodJie-
HY B TabopaTopii 6iomexanikm 1Y «IHcTuTyT maTtomorii
xpebra Ta cyryno6iB iM. pod. M.I. Curenka HAMH
Ykpainu». CTBOpPEHO pPO3PaxyHKOBY JAWHaAMiuHy Ma-
TEeMaTUUYHY MOMAEIb T'PYAHOI KJIITKM 3 JIMKOIIOMiOHOIO

nedopMalli€ro, o BpaxoBye XpeOSTHUM CTOBII Ta (i3i-
OJIOTiYHY PYXJUBICTh Yy CYri1000BUX 3’€MHAHHAX pebdep
i3 xpebusamu [7].

V nocnimxeHHi po3MJISIHYTO Ta IMOpPIiBHSIHO IBa KIiHiY-
Hi BapiaHTU TOPaKOILIACTUKM: BapiaHT I — BUKOpUCTaH-
HSI CTAHAAPTHOI KOPOTKOI MYyTM-IUIAaCTUHU, MPOBEAEHOI
TpaauliiiHo Ha piBHi [IV—V Mixpebep’st (puc. 1); BapiaHT
Il — BuKOpUCTaHHS TJIACTUHU BJIACHOI KOHCTPYKTUBHOIL
(opmu, rpoBesiIcHOT Ha HUXKYOMY PiBHi, a came uepe3 VI—
VII mixkpebep’st (puc. 2).

AHaTOMIiYHI MapaMeTpu Ta 3aKOHOMIPHOCTI (PYHKIIi-
OHAJILHOTO pyXy pedep BepudiKOBaHO 3a JaHUMU 3aKOpP-
noHHuX nochimkenb R. Schwend ta Z. Li [8]. Matepianu
BBaxkaJyd OJHOPIAHMMM Ta i30TOMHMMM. MexaHiuHi Xa-
paktepuctuku (E — monmynb nipyxxHocti FOHra, v — xoe-
¢imient Ilyaccona) Oyno BimiOpaHO 3 mKepes JiTepaTypH.
Mopenb 6ynyBanu y niporpami SolidWorks. OcHOBHi po3-
paxyHKU 3po0JieHi 3 BUKOpUCTaHHSIM mnporpamu ANSYS.
7151 OUiHIOBaHHS HAMPYXXEHOTO CTaHY BUKOPUCTOBYBAJIU
€KBIBAJIEHTHI HampyXeHHs 3a Mi3ecoM sIK HaWOiIbLI iH-
(opmaTUBHUIT KPUTEPIil MilTHOCTI.

PesyAbTaTH

3a 10MoMOTOI MPOBEAEHOr0 MOjEIOBaHHS (Bapi-
anT |) BU3HAYeHO, 10 B pa3i BUKOPUCTAaHHS KOPOTKOI
IJIACTUHMU IJIsI KOpeKIii JifikomonioHoi nedopmairii Ha

PucyHok 1. PospaxyHkoBa MoAesib 3i CTaHA4apTHOI KOPOTKOIO MJIaCTUHOIO Ha piBHI IV-V mixpebep’a:
a — surnsag cnepeay; 6 — Burnsg y caritasbHiii NJIOWMHI; B) Ayra-naacTuHa

PucyHok 2. Po3paxyHkOoBa MOA4eJib 3 HOTUPbOXOMOPHOIO MJ1aCTUHOIO, NMPOBeAEeHOoI0 Ha piBHi VI-VII
Mixpebep’s: a — surnag cnepeny; 6 — BuUrasg y caritasbHivi NIOLWHI; B) N1acTUHA BaCHOT
KOHCTPYKTUBHOI popmu
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piBHi V-V Mixpebep’s HaiOiabIIOTO0 HampyKeHHS
BimuyBae m’sita mapa pebep. MakcuMaibHi 3a BeJu-
YUHOIO HAIpPYXEHHs csraloTh no3Hauku 22,4 MIlla i
CITOCTEpIraloThCcs Ha IXHill JlaTepalbHii Ta MemialbHil
30BHIlIHIH TTOoBepXHi. Lle mosICHIOETBCSI TUM, 1110 KOpU-
ryBajibHa MJjacTWHA CBOIMU KiHIISIMU CITUPAETHCS caMme
Ha i peOpa. ¥ OiIMHIII KOHTAKTy MJIACTUHU 3 TPYIU-
HOIO TaKOX BUHUKAE MiABUILIEHUN piBEHb HATIPYXEHb,
ixHs BenuuuHa gopiBHioe 8,1 MIla (puc. 3). OTpumMaHni
pe3yJbTaTH CBidTYaTh PO HEPIBHOMIPHUI PO3MOIia Me-
XaHiYHOr0 HaBaHTaXKE€HHS ITiCJsI XipypriuHoi KOpekKIiii
Ta MiATBEPIXYIOTh OCHOBHY pPOJIb pedep y CIPUNHSATTI
KOPUTYBaJIbHUX 3YCUJIb.

Ha HacTymHoMy eTari BUBYQJM PO3MOJIiJ HAIpy-
JKEeHb y XpeOeTHOMY CTOBII Npu BapiaHTi I. AHai3 mo-
Ka3aB, 110 MiABUIIEHU HATIPYKEHUI CTaH CocTepira-
e€Tbcs B Xxpebusax T1-T5, ge moka3HUKU HAIIpy:KeHb 3a
MiszecoMm 3MmiHIOIOTHCS B miama3oHi Bix 1,8 10 9,9 MIla.
30HM KOHIIEHTpAallii HalpyXeHb pO3TalllOoBaHi y BepX-
Hili peOpoBiil IMIIi Ta B KOpeHsIX AyT xpeouiB. Haiibinb-
IlIi 3a BEJIMYMHOIO HAINPYyXEHHS B XpeOETHOMY CTOBIIi
cTaHoBIATH 9,9 MIla i BUHUKAIOTH Y BepXHill peOpoBiit
smui xpeous TS (puc. 4). Cain 3a3Ha4YUTH, 1O MiABU-
IIeHWI HanpyXeHu# ctaH xpedist T1 TakoxX csrae BU-
COKHMX 3HaueHb, ajie Ha 1ieil MOKa3HUK He CJIiJl 3BepTa-
TU yBary, 00 BiH 3yMOBJIEHU# XXOPCTKUM KpIiMJIeHHSIM

BEPXHbOI MOBEPXHIi Tija LIbOTO Xpeblisi, TOOTO Oe3roce-
pelHbO YMOBaAMHU MOJIEJIOBAHHS s 3aMo0iraHHs me-
pPeKMOAHHIO MOJENi, a He CaMOI0 METOOMKOIO KOPEeKIIii
nedopmairii.

I[Ipu mogmemoBaHHI 3 BUMKOPUCTAaHHSAM ILIACTUHU
BJIaCHOI KOHCTPYKTUBHOI (pOpMU, MPOBEAEHOI Ha PiB-
Hi VI-VII mixpe6ep’s (Bapiant II), BU3HauUMIM, 110
HaiOiIbII HAIIPYXKEHOIO € IIOoCTa i choMa mapa peoep,
y IKMX MaKCUMaJlbHi 3HaUeHHS HaTpyxXeHb 3a Mizecom
nocsiratoth piBHs 13,4 ta 14,0 MIla BignosinHo. 30HuU
3 MaKCUMaJbHUM 3HAaUY€HHSIM HaTlpyXeHb po3TalloBaHi
Ha iX JaTepajibHili Ta MedialbHill 30BHIIIHIN TTOBEPXHI
(puc. 5).

V rpyauHi HalOUIbII HAIIPY>KEHOIO € 30Ha KOHTAaKTY
IUTACTUMHU 3 TPYAUHOIO, 1€ BeJIMYMHA HaIllpy>XeHb 3a Mize-
com nopiBHIoe 12,0 MIla.

YV xpebGeTHOMY CTOBII MiIBUILEHUI HAIPyXeHUIN CTaH
crioctepiraerbess B xpebusx T6—T7. 30HUM KOHLEHTpa-
il Hampy>XeHb pO3TalllOBaHi y BEpXHiil peOpoBiil siMIIi Ta
B KOpPEHsIX IyT XpeOILliB i 3MiHIOIOThCS B miarma3oHi 2,1—
2,4 MIla. 3oHa 3 MaKCUMaJIbHUM 3HAYeHHSIM HampyKeHb
3a Misecom 2,4 MIla B xpeGeTHOMY CTOBIII pO3TallloBaHa
y BepxHiii peOpoBiit smui xpebus T7. Cruim 3a3Ha4uTH,
1110 MiABUIIEHUI piBeHb HampyxkeHb y xpeowi T1 (2 MIla)
3yMOBJICHUI (piKcalli€lo BepXHbOI MOBEPXHi Tija XpeOlLis B
pO3paxyHKOBiit Mozeni (puc. 6.)

a (4]

PucyHok 3. Po3anopgin Hanpy>eHb 3a Mizecom B po3paxyHKOBIVi MoAeJsli 3 KOPOTKOIO M1acTUHOIO
Ha piBHi IV-V mixpe6ep’sa npu kopekuii nilikonogioHoi gegpopmadii: a — surnsag cnepeagy;
6 — y caritanbHiv nnowunHi; B — 33any

s
Wy

a
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PucyHok 4. Po3nopgin HanpyxeHb 3a Misecom y xpe6eTHOMY CTOBIi y po3paxyHKOBI moaeni
3 KOPOTKOIO N1aCTUHOIO Ha PiBHI IV-V mixxpebep’s npu kopekuii niikonogi6Hoi gegopmauii:
a — BuUrnsa[ y caritanbHiv naowmHi; 6 — surnsg 33agy
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[NopiBHsUIBHUIA aHaJIi3 HAIMpYXEHOro CTaHy B pebpax
000x Mojeeit rogaHuii Ha puc. 7. BapiaHT npoBeaeHHS
rtactiHu Ha piBHI VI—VII Mixpebep’st 3 onopoto Ha rapu
pebep VI-VII no3Bossie oTpuMard MEHI HaTpyXeHUit
cTaH B onopHuX pedpax 14,0 MIla (22,4 MIla y BapiaHTi
3 omopoio Ha V mapy pebep). B inmmx mapax pedep HIC
Maiixe He 3MiHIOEThCSI.

[TopiBHANBHUIA aHAJIi3 HAIPYKEHOTO CTaHy y Xpeo-
msgx 000X Mopdeneit momaHuit Ha puc. 8. K i miIsa pe-
6ep rpyaHoi kiaitku, HJC xpebGToBOro crtoBIia mnpu
npoBeneHHi miactuHu Ha piBHi VI-VII mixpebep’s
3MiHUBCSI. MakcuMmanbHe 3HAYeHHSI HampyXeH-
Hs 3a Mi3ecoMm y MicIi KOHTaKTy pebep 3 XpeOLsaMu
3MEHIIMJIOCh OibII HiX yTpuui i mopiBHIOE 2,4 MIla

a 6

PucyHok 5. Po3nopgin Hanpy>xeHb 3a Mizecom y po3paxyHKOBIV MoAeJii 3 N1IaCTUHOIO BJIAaCHOT
KOHCTPYKTUBHOI popmu Ha piBHi VI-VII mixxpe6ep’s npu kopekuii nivikonogioHoi gegopmadii:
a — Burnsag crnepeay; 6 — y caritanbHivi niowuHi; B — 33agy
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PucyHok 6. Po3nopgin HanpyxeHb 3a Mizecom y xpe6eTHOMY CTOBIi y po3paxyHKOBiIi mogeni
3 KOPOTKOIO MJ1IaCTUHOIO BJIACHOI KOHCTPYKTUBHOT popmu Ha pisHi VI-VII mixpeb6ep’s npu kopekuii
nivikonogiéHoi negpopmauii: a — Burnan y caritanbHiii naowmHi; 6 — BUrnsap 33any

MMa 25
20
15

10

5]

[ | I
2 3 4

0 - -
1

5 6 7 8

MNapu pebep

PucyHok 7. [liarpama nopiBHA/IbHUX MaKCUMaJlbHUX 3Ha4eHb HanpyxeHb 3a Mizecom B pebpax
Y PO3paxyHKOBUX MOAEJISIX FTPYAHOI KIiTKN
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PucyHok 8. [liarpama nopiBHANIbHUX MaKCUMasibHUX 3Ha4eHb HarnpyXxeHb 3a Mizecom y xpebusax
Yy PO3paxyHKOBUX MOLAEJISIX FTPYAHOI KIITKN

(9,9 MIla y BapiaHTi 3 ormopoto Ha V napy pebep). Ta-
KOX IJis1 TiiacTuHU 3 onopoio Ha VI—VII mapu pedep
pPO3MOIia HAaNlPpyKeHb Y XpeOETHOMY CTOBIIi OiJIbII PiB-
HOMIipHUI1, a IS TUIaCTUHU 3 OIOpolo Ha V mapy pe-
Oep OinblII HAMpyXKeHUMU € XpeOlli, sIKi po3TallloBaHi
BHUIIE OTTOPHOI Mapu pedep.

BpaxoBylouu HaBedeHi AaHi, BU3HAYMJIU IepeBa-
r'M BUKOPUCTAHHS TJIACTMHU BJIACHOI KOHCTPYKTUB-
Hoi ¢opmu, nposeneHoi Ha piBHI VI—VII mixpebep’st
(BapianT II): mo-nepiie, MakcuManbHe HATPYKEHHS B
pebpax 3Hu3uI0Ch 3 22,4 1o 14,0 MIla (37 %), a iioro
PO3IIOAIN MixX pedpaMu cTaB OIJIbII PiIBHOMipHUM; MO~
Ipyre, CIOCTEpIira€ThbCsd KapIWHAJIbHE MOJIIIIEeHHS
OioMexaHIYHUX MOKa3HUKIB (30HU miaBuineHoro HAC
0OMEXYIOThCSI BUKIIIOUHO cerMeHTOM T6—T7, a ekBi-
BaJICHTHI HAMpPYXEHHSI 3HUXYIOThCS Oinblle HiX y 3
pasu — a0 aianazony 2,1—-2,4 MIla, makcuMaibHe 3Ha-
YEeHHsI HaIlPY>XEHHSI y BEPXHiil peOpoBiii ssMIIi xpeOis
T7 ctanoBuTh yuiie 2,4 MIla (3MeHIeHHst Ha 75,8 %),
110 BKa3y€ Ha BUpaxeHe OioMeXxaHiuHe pO3BaHTaXeH-
Hs XpeOTa Ta pebepHO-XpeOIeBUX CYriI00iB); MO-TpeTe
HaIIpyXXeHHsI B 30Hi KOHTAKTy «IJIAaCTMHA — TPyIWHAa»
3pocTae i ctranoBuTh 12,0 MIla, ane He BUKIMKAE pyii-
HYBaHHS TKaHWH.

Takum 4ymHOM, aHali3 pO3MOMAiTY €KBiBaJeHTHMX Ha-
MpyXeHb 32 MizecoM MPOJEMOHCTPYBAB BUPAXEHY 3aJI€XK-
HiCTb y OiOMeXaHiuHiil cucTeMi «rpynuHa — pebpa — xpe-
0eT» MpH XipyprivyHiii Kopekii JIiiiKornoaioHoi aedopmarrii
TPYIHOI KJIITKW Bill PiBHSI pO3TalllyBaHHSI i KOHCTPYKIIil
TUTACTUHU.

O6roBopeHHs

[TopiBHSIIBHMI aHali3 ABOX MOJENEH CBiMYWUTh, IO
3MIIlEHHSI PiBHSI TPOBEACHHS TUIACTUHU B TUCTATbHOMY
HanpsiMky (10 VI=VII wmixpebep’st) 3a0e3reuye CyTTeEBi
OiomMexaHiuHi mepeBarv. 3HUXEHHSI MaKCUMaJbHUX Ha-
IpyXeHb B ONOpHUX pedpax 3 22,4 mo 14,0 MIla miHimi-
3y€ PU3UK MEXaHiYHOI AeCTPYKIIil KiCTKOBOI TKaHMHU Ta
npopizyBaHHs iMILIaHTaTy. OCOOIMBO MOKA30BUM € 3MEH-
IIEHHSI MAaKCUMaJbHUX HAIMPYXeHb Y MiCIISIX KOHTaKTy pe-
Oep i3 xpeblsiMM Oibliie Hix yTpudi — 3 9,9 no 2,4 MIla,
1110 CYITPOBOIXKYETHCS 3HAYHO OTHOPIAHILIIMM PO3MOAIIOM

HJIC y Bcbomy rpyaHoMy cermMeHTi xpeoTa. [1pu Bummomy
MpoBeneHHi dikcaTopa (BapiaHT 1) 30HU ITepeBaHTAXKEHHS
3MIIIYIOThCSI Ha XpeOlli, po3TallloBaHi BUIIE OMIOPHOI ITapu
pebep, CTBOPIOIOYM MEPEIyMOBU [JIs1 CTIMKOTo 60J1b0BOr0O
CUHAPOMY B MIXJIOTTATKOBIM AUTSIHIILI.

OTtpuMaHi HAaMH1 JaHi YaCTKOBO KOPEJIOIOTh i3 pe3yibTa-
TaMu Bimomoro gociimkeHHs L. Xie Ta cniiBaBT. [9]. ABTO-
pu Ha ocHoBi gaHux KT moOyayBaau TpuBUMipHY MOIETb
rpynHoi kiitku nauieHTa 3 JIAT'K Ta 3a nonomoroto MCE
CUMYJTIOBAJIN ITiAOM IpyInHM Ha 15—35 MM mmpu po3Tanry-
BaHHI IUIACTUHU Y 2, 3, 4 Ta 5-My MixXpedep’six. 3a KpuTepi-
smu inaekcy I'annepa ta 3araabHoro po3noaiay H/AC BoHu
BU3HAYWIN 4-Te MixkpeOep’s SIK ONTUMaIbHE ISt KOPEKIIii.
[Ipote po3pobiaeHa L. Xie Moaesab Maja CyTTeBe 0OMeKeH-
HS — BOHA B3arajii He BpaxoByBajia XpeOeTHMI CTOBII, 1110
HiBEJII0BAJIO MOXKJIMBICTh OLIIHKY PEaKTUBHUX CUJT Y pebep-
HO-XpeOI1IeBUX Cyryio0ax.

[MutaHHs po3Mnofisly HaBaHTaXKEHHSI TTPU BUKOPUCTaH-
Hi KiJTbKOX TOUYOK OTIOPU TAKOX JIETAJTbHO JTOCIiIKYBaJIOCS
B po6oTi B.Y. Lim Ta cmiBaBt. [10]. 3a mormoMorom ckiH-
YEeHHO-eJIEMEHTHOTO MOIEIIOBAHHS POTALIiiiHIX Ta piBHO-
BaXXKHMX 3MillleHb aBTOPY BCTAHOBWIM, IO 30LIbIIEHHS
KiJIbKOCTI IUIACTUH a00 3alydeHHsI JOJAaTKOBUX 30H KOH-
TakTy 3a0e3Meuye CyTTEBI IepeBaru 1oa0 PO3MOIiTy TUC-
Ky Ha KiCTKOBMI Kapkac rpyaHol kiitku. [Ipote nocimin-
HUKHU aKLEHTYIOTh Ha TOMY, IO TIPU BUKOPUCTaHHI JBOX
IJIACTUH BUHUMKAE PU3UK (POKYCHOTO TepeBaHTaKEHHS
BEPXHiX €JIEeMEHTiB KOHCTPYKILii, 1110 TOTPeOy€e peTeIbHOTO
KOHTPOJIIO MIiITHOCTI. Y HaIIoMy IOCTIiIKEeHHI 3aCTOCYBaH-
HSI OpUTiHAJIBbHOI TeoMeTpil dopmu miacturu (BapianT 1I)
JIO3BOJIMJIO €(PEKTUBHO HE JIUIIE PO3BAHTAXKUTU pedepHi
Iyru (BHUXKEHHST HanpyxeHHs Ha 37,5 %), a i1 3anmo6irtu
MepeBaHTaXXEHHIO BEpXHbOTPYIHUX CETMEHTIB XpeOTa, 3a-
Oe3neuMBIIN TUIABHUI GioMeXaHiuHUI Tpodib pO3MOaiTy
CuJI.

Ortpumani Hamu nmadi momo mnepepo3smnonizy HAC Ta
BaXJIMBOCTI KOHCTPYKTUBHMX IMapaMeTpiB IJIACTUHU Ma-
I0Th YiTKY KOPEJIALi0 i3 CydJaCHUMU AOCHiIKEHHIMU. Y
po6ori D. Pérez ta cmiBaBrt. [11] Ha OCHOBI MaTeMaTUYHO-
ro MOJeMIOBaHHSA NpuKiaanaHHs cuau B 250 H mo rpynHoi
CTiHKHU OyJIO J0BedeHO, 1110 (¢opMa i JOBXKMHA TIACTUHU
€ KJIIOYOBUMMM JIeTepMiHaHTaMU ii IicJsionepalliiiHoi cTa-
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OITbHOCTI. ABTOPM IIPOAEMOHCTPYBaJIM, IO TpaaulliiiHi
noBri U-momiOHi IJIacCTUHU TeHepyIOTh BeIUKi He30amlaH-
COBaHi KpyTHi MOMEHTM B Toukax cikcallii, TpOBOKYIOUU
JlaTepaJibHe 3MIillleHHS Ta poTallilo, TOMi SIK ONTHUMIi3allis
GopMH IIJIACTMHM JTO3BOJIIE YCYHYTH IeCTabili3yrodi 3y-
cwist. OTpuMaHi pe3ysibTaTd MOBHICTIO MiATBEPIKYIOThH
JMOLITBHICTh 3aCTOCYBaHHSI PO3pO0JEHOI HAMM TIJIACTUHU
OpUTiHAJIBLHOI KOHCTPYKIIil, OCKiJIbKM BOHAa 3a0e3Ieuye
3HAYHE 3MEHIIIEHHS POTALliiHOTO MOMEHTY Ta PU3UKY 3Mi-
ILIEHHSI 3aBISKU 3aIy4eHHIO MiXkpeoep’sl IK aHaTOMiYHOTO
eJeMeHTa (pikcallii, IiJIbHe MPWISITaHHS 10 TPYAMHU I Mi-
HiMi3allilo JOKaJIbHUX HAMPYy>KeHb Y 30HaX KOHTAKTY.

BUCHOBKM

IMpu npoBenenHi iactuHu yepes VI—VII mixpebep’st
MOKA3HUKU HaIpyXeHo-nedOopMOBAHOTO CTaHy MareMa-
TUYHOI MOJIeJTi TiHKOToNiOHOI nehopmallii rpyaHO1 KITITKU
€ 3HAYHO HWXXYMMM, HiXK MPU TPaauIliiiHiIil Kopeklii ye-
pe3 IV—V mixpebep’s. [1pu 6inbll HU3bKOMY IIPOBEICHHI
IUTACTUHU HEeOoOXimHa KOpeKiis medopmallii JoCATaEThCSI
3 MepeBakHO KpallMMM ITOKa3HMKaMM HarpyxkeHOo-1e-
(GOpMOBaHOTO CTaHy OiOMEXaHiYHOI CUCTeMU <«TpyIdu-
Ha — pebOpa — xpebeT», a caMe 3HMXKEHHSI MaKCHMallb-
HUX HamnpyXeHb B OMOpHUX pebpax Ha 37,5 % (3 22,4 no
14,0 MITa) Ta B cTpyKTypax xpe0Ta Oijblie HiX yTpudi (3
9,9 no 2,4 MIla). Lle n03BosIE 3MEHIIIUTU HABAHTAXKEHHSI
B TPY/IHOMY Bi/1iJii XpeOTa, 3ano0irTi BUHUKHEHHIO CTili-
KOTO TIiCIsIoTepalifHoro 60JbOBOTO CUHAPOMY Ta PUUKY
aTporeHHUx aedopmariii xpeodrta. [loMipHe MigBUIEHHS
Hampy>XeHHs B 30Hi KOHTaKTy TUIACTUHU 3 TPYAMHOIO TIPU
HU3bKOMY BCTaHOBJIEHHi mutactuHu no 12 MIla € ¢isi-
OJIOTIYHO Oe3MeYHUM [Jis KiCTKOBUX CTPYKTYP HUKHBOI
TPETUHU TPYAHOI CTIHKU i IMTOBHICTIO KOMIIEHCYEThCSI BU-
KOPUCTAaHHSIM TIJIAaCTUHU BJACHOI KOHCTPYKTHUBHOI ¢hop-
MM, SIKa PIBHOMIPHO PO3MOJiIS€ 3yCUJUIS Ha JIBi CYMiXHi
pebepHi ayru.

3acTocyBaHHSI KOPUTYBaJIbHOI TUIACTMHM BJIACHOI KOH-
cTpykTuBHOI ¢opmu Ha piBHi VI-VII wMixpebepHOTO
MPOMIKKY € OOTPYHTOBAHUM PillleHHSIM IIpHU XipypriqHiit
kopekuii JIIT'K, 1110 no3Boisie orpumatu ctabiibHy (ikca-
1ito y (ppoHTaNIbHIl IUIOLIMHI B 3arpyIMHHOMY IIPOCTOPI,
JIOCSITU HEOOXiTIHOTO OPTONEANYHOrO e(EeKTY BiTHOBIECH-
Hs1 opMU TPYAHOI KIIITKM, MiHiMi3yBaTW 4acCTOTY ITiCJsI-
omnepaliiHuX yCKJIaaHEeHb, IOB’SI3aHUX 3 NETOPCIHHUM
3MILIEHHSAM TUJIAaCTUHM, TIPU CYTTEBOMY 3HUXXEHHI Oiome-
XaHIYHOI HAMpPY>KEHOCTi Y CUCTEMi «rpyauHa — pebpa —
XpeoeT».

Kondaikt inTepeciB. ABTopu 3asiBISIIOTH MPO BiACYT-
HiCTh KOHQJIKTY iHTepeciB Ta BjacHOI (hiHAaHCOBOI 3alli-
KaBJICHOCTI ITPY MiATOTOBI JaHOI CTATTi.

Indopmania npo dinancyBanns. dxepeno diHaHCy-
BaHHs $IK HAyKOBOI poOOTH, TaK i mpoluecy mnyOJsikalrii
CTaTTi — KOIITU aBTOPiB.
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Biomechanical analysis of bar placement level during surgical correction
of pectus excavatum

Abstract. Background. Minimally invasive thoracoplasty using the
D. Nuss technique remains the standard treatment for pectus exca-
vatum. However, interaction between the implant and the thoracic
framework is frequently associated with complications, including bar
displacement and chronic pain syndrome. Most contemporary studies
investigating the stress-strain state focus primarily on the “sternum-
ribs” complex without considering the spinal column and the mobil-
ity of the costovertebral joints. Objective: to perform a comparative
analysis of stress-strain distribution patterns in the biomechanical
“sternum-ribs-spine” system during surgical correction of pectus ex-
cavatum depending on the anatomical level of bar placement. Mate-
rials and methods. A finite element mathematical model of the chest
wall was developed, incorporating the spinal column and physiological
mobility of the costovertebral articulations. Two thoracoplasty tech-
niques were compared: conventional placement of a short bar through
the IV-V intercostal spaces and placement of a custom-designed bar
through the VI—VII intercostal spaces. Modeling was performed using
SolidWorks and ANSYS software. Stress distribution was evaluated

according to the von Mises equivalent stress criterion. Results. With
conventional bar placement through the IV—V intercostal spaces,
maximum stresses in the supporting ribs reached 22.4 MPa, while
stresses in the spinal structures reached 9.9 MPa. In contrast, place-
ment of the custom-designed bar at the VI-VII intercostal level re-
duced maximum stresses to 14.0 MPa in the ribs and 2.4 MPa in the
vertebrae. A more uniform load distribution within the “sternum-ribs-
spine” system and reduced overload of the costovertebral joints were
observed. Moderate stress elevation in the “bar-sternum” contact
zone did not produce a critical effect on osseous structures. Conclu-
sions. Placement of the corrective bar through the VI-VII intercostal
spaces provides more favorable biomechanical characteristics com-
pared with the conventional technique. The use of a custom-designed
bar reduces stress levels in the ribs and spinal structures, improves load
distribution, and may potentially decrease the risk of postoperative
complications following surgical correction of pectus excavatum.
Keywords: pectus excavatum; thoracoplasty; finite element me-
thod; stress-strain state; spine; bar
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ToygpaHoB I.1.
3Qropi3bkuil AEPXKABHUN MEANKO-PAPMALEBTUYHM YHIBEPCUTET, 3Qn0OpIi3bK BIMCbKOBUK FOCMITAAb,
M. 3anopiioksl, YkpaiHa

IncuAaTepaAbHi NepeAoOMU KICTOK Ta3d
TO CTErHoBOI KiCTKU (PAOTYIOYE CTETHO)
npu 60MOBIN TPABMI: KAIHIYHUN AOCBIA AiIKYBOHHS
Y BiINCbKOBOMY FrOCHITOAI

PestoMe. AKTyaAbHICTb. INCUAQTEPAAbHI IEPEAOMM KICTOK TA3Q TQ CTErHOBOI KICTKU, BIAOMI SIK AOTYHOHE CTEMHO
(floating hip), HaAeXXATb A0 HANBIAbLL TSHKKUX BAPIQHTIB MOEAHQHOI TPABMU OMOPHO-PYXOBOro Arnapary, BOHU
4YACTO CYrPOBOAXXYIOTLCS MOAITODABMOIO, 3HAYHOK KPOBOBTPATOK TQ MOB SI3QHI 3 BUCOKUM PU3NKOM PO3BUTKY
YCKAQAHEHB. Y CYyHQCHMX YMOBAX GOMOBUX Al HOCTOTA CKAQAHUX BUCOKOEHEePretnyHUX YLUKOAXKEHb, Crpu-
YUHEHUX BUOYXOBUMU I BOTHEMNQAALHUMM GAKTOPAMM, 3DOCTAE, LLO 3YMOBAKE MOSIBY HOBUX KAIHIYHMX BAPIQHTIB
MOEAHQHUX MEePEAOMIB HOBKOAO KYAbLLOBOro Cymobqa. Meta AOCAIAXKEHHS: MPOQAHQAAIZYBATU KAIHIYHI OCOBAM-
BOCTI 11 PE3YALTATU AIKYBAHHS MALIEHTIB 3 INCUAQTELAALHUMM MEPEAOMAMYM TA3A TAQ CTErHOBOI KICTKU (pAOTyrOYe
CTerHo) rpuv 6010BIV i BUICOKOEHepreTnyHivi Toasmi. MarepiaAn Ta MetoaUn. AOCAIAKEHHSI BUKOHQHO HQ 6a3i
TPABMQTOAOTYHOIO BIAAINEHHS BiNCbKOBOI HacTvHM A3309 (M. 3aropikkst). Y nepios 2024-2025 pokis nposese-
HO QHQAI3 AIKYBQHHS 7 MNALIEHTIB 3 iNCUAQTELAABHUMM NEPEAOMAMM TA3A TQ CTErHOBOI KiCTkM. Cepes naLieHTis
6YAO 6 HOAOBIKIB (85,7 %) TQ 1 KiHKQ (14,3 %). Y BCiX BUMQAKQX TPABMA GYAQ CIPUYNHEHO BUCOKOEHEPIETUYHNM
MEXQHI3MOM, BKAKOYHO 3 GOMOBUMM BOTHENAALHUMU YLLUKOAXKEHHSIMU. Y AIKYBAQHHI 3QCTOCOBYBAAQCST MOETANHA
XipypriYyHQ TAKTMKQ, LLO nepeAbQYaAQ NepBUHHNE OCTEOCUHTE3 CTEMHOBOI KICTKW 3 MOAQALLLIOK CTABIAIZALIEO
TA30BOro KinbLSI Q6O KyAbLLOBOI 3QMAAMHW. Pe@3yAbTATH. [TOBHE 3P OLLIEHHS NEPEAOMIB OYAO AOCSITHYTO B yCiX MQ-
LEHTIB. IHEKUiVIHI YCKAQAHEHHS] TQ BUMNQAKN HE3PDOLLEHHS HE CINOCTePIraAnCsl. HeBPOAOTIHHU A€ DILMT | BKOPO-
YEeHHS$T KiHLIBKY — 1o 0O AHOMY BUMNAAKY (14,3 %). OToUMAHI Pe3yAbTATU BIAMOBIAQKOTH AQHVM CBITOBOI AiTepaTtypu
LLIOAO YACTOTU YCKAQAHEHbB Mpuv GAOTYIOHYOMY CTErHi. BACHOBKMU. INCUAQTEDAABHI MEpEeAOMM TQ3Q TQ CTErHOBOT
KICTKM 1oyt GOMNOBIV TOABMI € PIAKICHUM, QAE TSDKKUM BAPRIQHTOM MOEAHQHMX YLLKOAXKEHB OMOPHO-PYXOBOIro Ara-
pary. loeranHa cTabinizaLisi NepeAoMiIB 3 NePBUHHVM OCTEOCUHTE30M CTErHOBOI KICTKW € epeKTUBHOK TAKTU-
KOO AIKYBQHHSI TQKMX MQALEHTIB.

KAKOU4OBi CAOBQ: pAoTyIOYE CTErHO, MEepPeAoOMM TA3Q,; MEPEAOM CTEMHOBOI KICTKM, 6GOMOBA TPABMA, MOAITOABMQA;
OCTEOCUHHTE3

Bctyn

hip) — moenHaHHSI incuaaTepaJbHUX MePEIOMiB Ta30BOTO

[ToegHaHi mepeoMu KiCTOK Ta3a Ta CTETHOBOI KiCTKU
HaJIexXaTh J10 HaMOUIbII TSKKUX YIIKOIKEHb OIOPHO-
PYXOBOI'O amapary, BOHM 4YacTO CYIPOBOJKYIOTHCS T10-
JIITpaBMOIO, 3HAUHOIO KPOBOBTPATOIO i MOB’sI3aHi 3 BUCO-
KAM PU3UKOM PO3BUTKY ycKJagHeHb. OJHUM 3 BapiaHTiB
TaKUX yIIKOIKEHb € TaK 3BaHe doTyiode cTerHo (floating

Kiblig a00 KyJIBIIOBOI 3alajuHU 3 TEePeIOMOM CTETHO-
BOi KiCTKM, 1110 TPU3BOAUTH M0 (DYHKIIOHAJTBHOTO Bij-
OKPEeMJIEHHSI CeTMEHTa HUXXHbBOI KiHIIBKM Bil OCHOBHOTO
ckenera [1—3]. Tepmin floating hip O0yB 3amponoHoBaHUIA
Liebergall Ta ciiBaBropamu y 1992 poui s onucy Komoi-
Hallil mepeIoMiB Ta30BOTO KiIbLIsl a00 KYJIbIIOBOI 3amaau-
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HU 3 TIepeIOMOM CTErHOBOI KiCTKM Ha Till camili CTOpOHi
[3]. V¥ GinbiiocTi BUMAAKiB Taki YIIKOIXKEHHS] BAHUKAIOTh
YHACJIiIOK BUCOKOCHEPreTUYHOI TpaBMU, 30KpeMa JIOPOXK-
HBO-TPAHCIOPTHUX MPUTOJ a00 MaaiHHS 3 BUCOTH, i 4aCTO
CYMPOBOIXKYIOTHCS MHOKWHHUMU YIITKOJKEHHSIMU THIIIMX
aHATOMIUHUX IIISTHOK [1, 2, 4].

V cyyacHuxX ymMoBax 00MOBUX Iiif XapaKTep TpaBMa-
TUYHUX YIIKOAXEHb 3a3HA€E CYTTEBUX 3MiH. 3pocTae
YacToTa CKJIAOAHMX KOMOIHOBAaHMX II€pPEJIOMiB, CIpH-
YUHEHUX BUOYXOBUMHU U BOTHEMaJIbHUMU (haKTOpamu.
IToniOHI YIIKOIKEHHS MOXYTb BiIIIOBigaTU KPpUTEPisIM
daoTyouoro crerHa, onHakK MalTb HU3KY KJIiHIYHMUX
0cOo0JMBOCTEM, 30KpeMa 3HAUYHE YIIKOIKEHHST M’ SIKUX
TKAHWH, BUCOKMI PU3UK iHOEKIiINHUX yCKIaJHEHb i
CKJIQIHICTh PEKOHCTPYKTUBHOTO JIiKyBaHHs1. He3Baxa-
I0UM Ha 3HAYHYy KiJbKiCTh JAOCHIIXEHb, TTPUCBIYEHUX
rnepeyioMaM Ta3a Ta CTeTHOBOI KiCTKM, MUTAHHS OTITH-
MaJIbHOI TaKTUKU JIiIKyBaHHS IALli€HTIB i3 (PJOTYIOUUM
CTEeTHOM 3aJIMIIAEThCS OIUCKYCIHHUM. ¥ JiTepaTypi 00-
TOBOPIOIOTHCS Pi3HIi MiAXOAM 10 MOCIiZOBHOCTI omepa-
TUBHOTO JIiKyBaHHS, 30KpeMa IlepBUHHA cTabinizallis
CTErHOBOI KiCTKM a00 Ta30BOTro KiJbls, 110 3HAYHOIO
MipO0 3aJIeXXUTh Bill TSKKOCTiI TpaBMU, CTaHY M’ SIKHUX
TKaHWH 1 3araJbHOrO CTaHy ITocTpaxmaiaoro [4—7].
Oco61rBOi yBaru mnoTpedyloTh BUIMAAKUA (JIOTYIOUO-
ro cTerHa, mMoB’si3aHi 3 OOWOBMMMU YIIKOIKEHHSIMMU,
OCKiJIbKM TaKi TpaBMHU 4YacTO MalOTh CKJIQJAHIIIUN Xa-
paKkTep i CynmpOBOAXYIOTHCS TSXKUMMU MOLIKOIXKEHHS -
MU M’SIKUX TKAaHUH.

Mera: npoaHami3yBaTH KIiHI4HI OCOOJMBOCTI ¥ pe-
3yJIbTaTU JiKyBaHHS MMAlli€HTIB 3 iMcuUlaTepaJbHUMU ITepe-
JIoMaMU Ta3a Ta CTErHOBOI KiCTKU ((hIoTytoue CTerHo) npu
0OliOBilf i BUCOKOEHEPTETUYHIl TpaBMi.

MartepiaAn Ta meToamn

JocnigKeHHs BUKOHAHO Ha 0a3i TpaBMaTOJOTiYHOTO
BinaineHHs BificbkoBoi yacTUHU A3309 (M. 3amopixks).
VY nepion 2024—2025 pokiB MpoBeaeHO aHai3 JiKyBaH-
Hs 7 TALi€HTIB 3 iMcUJIaTepalbHUMU MEPETOMaMU Ta3a

Ta CTErHOBOI KiCTKM, SIKMUM HaaaBajacs XipypriuyHa go-
ImoMora: 9o0J1oBiku — 6 marieHTiB (85,7 %), XiHku — 1
(14,3 %). KputepieM BKIIIOUeHHS OYJIO MTOEIHAHHS TTe-
pejomy Taza abo KyJbIIOBOI 3aMauHU 3 TEPEIOMOM
CTETHOBOI KiCTKM Ha OJHIi# cTopoHi. JlocmimKeHHST Ma€e
PETPOCTIEKTUBHUI XapakTep. JLOoCTiIKeHHsST MPOBeaeHO
BiAMMOBimHO OO TpuHOUINIB [elbCciHCHKOI meKIIaparii.
[lepconanbHi maHi malieHTiB OyaIu OerepcoHalli30BaHi,
a Bcs iHdopMalliss BUKOPUCTOBYBaJacsl BUKIIOYHO 3 Ha-
YKOBOIO METOIO.

Y CcTpyKTypi yIIKOIKeHb HAWOUIbII YacTo 3ycTpiva-
JIUCS MiXBEPTJIIOTOBI MEPEJIOMU CTETHOBOI KiCTKHU B I0O-
€IHAaHHiI 3 JBOKOJOHHUMU TIepeioMaMHu BEPTIOTOBOI
3amaguHu — 2 Bumanku (28,6 %), nepesoMu jJaTepaib-
HOI Macu KpuXa B TO€EJIHaHHI 3 MEPeIOMOM CTETHOBOI
Kictku — 2 Bumanku (28,6 %), a TakoxX BOTHeTaJbHi
TepesJoMM Ta3a 3 TepeOMOM MPOKCUMAIBHOTO BilmiTy
CTErHoBOi KicTKM — 2 Bumnanku (28,6 %). OnuH BUITagoK
(14,3 %) cTaHOBWJIO TIOENHAHHS BUBMXY CTETHOBOI KiCT-
KM 3 pO3PUBOM JIOOKOBOIO CUM(i3y Ta KPUKOBO-KIIy0O-
BOTO 34JIEHYBaHHSI.

Y JikyBaHHI 3aCTOCOBYBAJIM MOETAINHY XipypriyHy Tak-
TuKy. Ha nepiromMy etari BUKOHYBaJIM OCTEOCUHTE3 CTET-
HOBOI KiCTKM, Ha HACTYITHOMY eTalli TpOBOJMJIACS CTa-
Oiyizaliisi Ta30BOrO Kiiblisg a0 KyJbIIOBOI 3araauHu. Y
TSDKKUX BUTIAIKaX 3aCTOCOBYBajlacsl TMMYacoBa cTabiiza-
1IisT armrapaToOM 30BHIIIHBOI (pikcartii (puc. 1).

st dikcalii 3agHixX CTPYKTYp Ta3a BUKOPUCTOBYBABCS
noctyn Koxepa — Jlanrenoeka (puc. 2).

Ha xanp, y 60i10BUX yMOBaX TPaIIsSIOThCS YIIIKOAXKEH-
H$, IKi MOXJIMBO BiJHECTU HO TaKHX, 11O HEMOXJIMBO
peKOHCTpyoBaTU. HaBomuMMo npukiaa Takoro TSIKKO-
ro YIIKOIKEHHS BHACIIIOK BUOYXY Ha TiJli BilChKOBOTO
min yac 60w (iMOBipHO, CKMI BMOYXOBOTO MPUCTPOIO 3
npoHa). Taki MacMBHi YIIKOIXEHHSI M’ SIKUX TKAaHUH 110
3aIHLOBHYTPIIITHIN TTOBEPXHi MpPaBOTO CTerHa TPOIUK-
TYBaJIM HaM 11 €(EKTMBHOTO TIPOIeCy JiKyBaHHS Ta
neOpuAMEHTY OOIIMPHOI paHU HaKJIaJdaHHS KOJOCTOMU,
110 11 OyJI0 BUKOHAHO Ha 2-Ty 100y micJisl TopaHeHHs Ta

Tabnuys 1. XapaktepucTuka KniHiYyHux sunagkis

Ne Tyn NOLWKOOKEHHSA

MeTopn ocTeocuHTE3y

KNy6OBOro 34/IeHYBAHHS

1 BuBux cterHa + po3pus cumdisdy + po3puB KPUXOBO-

MeTanoocTeoCcmHTES NNAacTUHOO Ta NBUHTAMM

BEPT/IOroBOi 3anagnHun

2 MixBepToroBmin NepesiomM + ABOKOSIOHHNN NepesioMm

PFNA + meTanooCcTteoCuHTE3 naacTuHamm

auetabynyma

3 MixBepToroBmin Nepesiom + nepesioMm 3a4Hboi CTIHKM

PFNA + MeTanooCTeOCMHTES MNACTUHO

[Mepenom natepanbHOT Macu Kpuxa + nepesioMm CTerHa

IHTpamMenynsapHUn OCTEOCUHTES

5 [Mepenom natepanbHOi Macu Kpuxa + nepesiom CTerHa

IHTpameaynsapHUn OCTEOCUHTES

6 BornenanbHWin nepenom tasa + nepesiom
NPOKCMMaIbHOro CTerHa

A3® + ocTeocuHTE3

7 BorHenanbHuii nepenom Tasa + nepenom
MPOKCUMasbHOIro CTerHa

A3®d

Mpumitkn: PFNA — npokcumanbHuWii cTerHoBuii aHTUpPoOTaLiliHni cTpykeHb; AS® — anapat 30BHILLUHbOT

dikcauii.
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MEPBUHHOTO ASOPUIMEHTY paHU XipypriyHOIO OpUTaaoio.
ITicns crabinizaliii 3araTbHOTO CTaHy MOPaHEHUI OYB Te-
peBeicHUI Ha HACTYIHUI piBeHb MEIMYHOro 3abe3re-
yeHHs (puc. 3).

PesyAbTaTH

VY Bcix mailieHTiB TpaBMa Oyjla BUCOKOEHEPTeTUUHOIO,
BKJIIOYHO 3 OOMOBUMM BOTHEMAJIBHUMU TTOPAHEHHSIMHU il
TpaBMYBaHHSM Mif yac aii ¢pakropis BiitHu. [loeramHa Xi-
pypriuHa TakTuKa JO03BOJIMIA CTA0iIi3yBaTU MOIIKOIKEH
CerMeHTH i 3a0e3MeYnTH paHHIO MOOiTi3allilo NallieHTiB
(Ha 3-TI0 — 4-Ty 100Y). OCHOBHI yCKJIaIHEHHSI OpTOIIe-
JMUYHOTO JIIKyBaHHSI y3arajbHeHi B TabJ1. 2.

B omHOMy BuUIanKy BUKOHAHO PAaHHIO PEBI3il0 Micisi-
onepariiiHol paHu 3 AeOpUIMEHTOM, TTiCJIsI YOTO paHa 3a-
roijzacs mepBMHHO. Yacrora micisionepalliifHuX yCKJIaa-
HEeHb Yy Hallliii cepii crioctepekeHb He TepeBUIIlyBaja
MOKAa3HUKM, OTIMCaHI y CBITOBIi1 JiTepaTtypi (Tabd. 3).

AHai3 CTpYKTYpHU YIIKOMXEHb ITOKAa3aB, 110 HAOLIbIII
MHOIIMPEHUMHU OyJIM MiKBEPTJIIOTOBi TIepeIOMU CTETHOBOI
KiCTKM B IOE€IHAHHI 3 IBOKOJOHHUMM IepeioMaMM BepT-
JIIOTOBOI 3aMaJuHu, MepeoMU JaTepaabHOI Macu Kprxa B
MO€EHAHHI 3 MEPEIOMOM CTErHOBOI KiCTKM Ta BOTHEMAJb-
Hi TepesioMM Ta3a 3 MepeJIOMOM MPOKCUMATBHOTO BilAiTy
CTEeTHOBOI KicTKM — 110 2 Butianku (28,6 %). B omHOMY BU-
manky (14,3 %) Bin3HaueHO TTOETHAHHS BUBUXY CTETHOBOT
KiCTKHM 3 PO3PUBOM JIOOKOBOTO cUM i3y Ta KpHUKOBO-KITY-
0OBOTO 3WIeHYBaHHS. Y Malli€HTIB 3 TSXKKUMU BOTHETAJb-
HUMM YIIKOJIXEHHSIMU TOJAJIbIIE CIOCTEPEXEeHHS OyJio
oOMexXeHe Yy 3B 13Ky 3 IePeBEeICHHIM 10 MEIUYHMX 3aKJIa-
NIiB HACTYIHOTO PiBHSI MEAUYHOTO 3a0€3MeueHHsI BiliChK.

O6roBopeHHs

IncunarepanbHi mepeoMy KiCTOK Ta3a Ta CTETHOBOL
KiCTKM, BimoMi K (JIOTyro4Ye CTerHO, HajexaTb OO0 pim-
KiCHMX, ajle Haa3BMYalHO TSDKKMX BapiaHTiB MOEIHAHOI

TpaBMM OIOPHO-pyXoBoro anapaty. Lli yikomkeHHs Maii-
K€ 3aBXIM BUHUKAIOTh YHACTITOK BHCOKOEHEPreTUYHUX
MeXaHi3MiB TpaBMYBaHHSI i YaCTO CYITPOBOJIXKYIOThCS MOJTi-
TPaBMOIO, 110 CYTTEBO YCKJIAIHIOE JIIKyBaHHSI TAKUX Talli-

PucyHok 1. NMepBuHHa opToneaunyHa gornomMora
nopaHeHUM 3 incunarepaabHUMU rnepesioMmamm —
HakJslagaHHs anaparta 30BHILUHbOT ¢ikcauii,
CermMeHT «Ta3 — CTerHo»

PucyHok 2. lf[poBeneHHs1 eTanHoro oriepaTuBHOro BTpy4YaHHs 3 @ikcadii KicTok Ta3a nicssi onepatuBHOro
BTPYyYaHHS 3 npuBoAY riepesioMmy ripoKCUmMasibHOro BigAiny CTerHoBOi KiCTKN: MeTaslooCTeOCUHTE3 3a4HbOI
KOJIOHM Ta3a ABOMa roriepeaHbo BUrHyTUMMU Ta30BUMM MJIACTUHAMM Mig rBUHT 3,5 MM i NpOKCUMasibHOro
BigAainy crerHoBoi KiCTKN — NPOKCUMasibHUM CTErHOBUM aHTUPOTAaLiiHUM G/I0KOBaHUM CTPVDKHEM
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PucyHok 3. BubyxoBe po3TpoLLeHHsI NpaBoi NosI0BUHM Ta3a Ta NPOKCUMasibHOIo Biaainy
CTEerHoBoOi KicTku

Tabnuus 2. OCHOBHI yCKNagHEeHHsI OpToneANYHOro JlikyBaHHs

Moka3Huk KinbkicTb, n Yacrora, %

BucokoeHepreTnyHa Tpasma 7 100
BorHenanbHa TpaBmMa 2 28,6
OnepaTtumBHE NikyBaHHS 7 100
HesponoriyHnii gediunt 1 14,3
IHDEeKUiNHI ycknaaHeHHs 0 0

He3poLleHHs 0 0

YKOPOUYEHHS KiHLIBKIN 1 14,3

Ta6nuusa 3. MopiBHANbHA XapaKTepUCTUKa pe3y/bTaTiB likyBaHHS p/IOTYI040ro cTerHa
3a gaHumu nlitepatypu (AaHi y3aranbHeHi 3a pe3ynbratamm ony06/1ikoBaHUX KJIiHIYHUX cepiii)

HeBpo-
L Bucoko- OnepaTtuB- . L=
ABTOp Pik K'"b':c“’ €eHepreTudyHa | He JlikyBaH- Icheo/Kum, He:;r:lo%}leu- "c?(';::""_
TpaBma, % He, % ° ’ 70 I-Yel-u-mn:%
H
Liebergall 1992 17 100 82 6 12 18
etal.
Brioschi
ctal. 2008 32 94 90 8 9 15
Gansslen
otal 2010 54 96 88 7 10 14
Giannoudis
otal. 2013 41 93 91 10 8 17
Wong et al. 2023 42 90,5 100 9,5 7 16
. 100 (6oroBa
rlawie A0oni- | 2025 7 + BUCOKO- 100 0 0 14,3
X eHepreTuyHa)
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eHTiB [1, 2]. KoMbGiHalis nepeaoMiB Ta30BOro Kijblisl abo
BEPTJIIOrOBOI 3amaiuHU 3 iMcujiaTepaJibHUM IepeOMOM
CTErHOBOI KiCTKM CTBOPIOE CKJIAAHY OioMeXaHiuHy CHUTY-
allito, sika MoTpeOye PeTebHOTO TIJIaHyBaHHS XipypriuyHO1
TaKTUKU ¥ TTOETaITHOI cTabiri3amii yIIKOMIKEHNX CeTMEeH-
TiB. ¥ xiacmuyHomy gociimkeHHi A. Medina-Castellanos
Ta CIiBaBT. 3a3HAYEHO, 1110 (bJIOTYIOUE CTETHO € HACIIIIKOM
TpaBM BHCOKOI €Heprii Ta HaliuacTillle BAHMKAE B Malli€H-
TiB MOJIOIOrO Mpale3daTHOro BiKy, MPUYOMY IepeBaxka-
10Tb yoJioBiku [3]. [ToniOHa TeHIEeHIIis criocTepiranach i B
HaIlIOMY JOCJiIXEeHHI, Ae OiMbILIiCTh MALIIEHTIB CTAHOBUIN
YOJIOBIKM, a MEXaHi3M TpaBMU OyB MOB’s3aHUIl 3 BHCO-
KOEHEepPreTUYHUMM YIIKOJKeHHsIMU. Lle y3romxyerbes i3
CYYaCHUMM eTiJIeMiOJIOTIYHUMHU JaHUMU, BiIMOBIIHO 10
SIKWX TIOETHAHI MepesIOMU Ta3a Ta CTETHOBOI KiCTKHU mepe-
BaXKHO BUHUKAIOTh Y Pe3y/IbTaTi TOPOKHbO-TPAHCIIOPTHUX
npuroa ado maaiHHS 3 BUCOTH [2].

OcobnuBy yBary B JiTepaTypi NpUIUISIOTH BUOOPY
ONTUMAJILHOI XipypTiYHOI TAKTUKHU JIiIKyBaHHS (hJIOTYIOUO-
ro crerHa. bijblIicTh aBTOpiB BBaXKalOTh, 1110 TIEPLIOYEPIO-
BUM €TaIloM JIIKyBaHHSI Ma€ OyTHM cTalimizallis repesoMy
CTETHOBOI KiCTKM, OCKiJIbKU 1€ TO3BOJISIE BITHOBUTHU J10-
BXMHY 1 BiCb KiHIIiBKM, MOJIETIIIYE TOAAJIbIIY PEMO3UIIiI0
MepesioMiB Ta30BOrO KiJiblisi @00 BEPTIIIOrOBOI 3amajuHU
Ta cropuse cTabimizaiii 3araJbHOTO CTaHy maiieHTta [1].
TlomiOGHwmit mimxim 3acCTOCOBYBABCS i B HAILIOMY AOCIIiIKEH -
Hi: B yCiX BUMaAKaxX IPOBOAWIN MEPBUHHY CTalbiiizalliio
CTETHOBOI KiCTKM 3 MOAAJIBIIMM XipypriYHUM JIiIKyBaHHSIM
VIIKOIK€Hb Ta30BOIO Kijblisl a00 KYJbIIOBOI 3allaJlvHM.
CyyacHi JIOCHIIKEHHSI CBiuaTh, 110 TALEHTU 3 dJIOo-
TYIOUMM CTETHOM XapaKTePU3YIOThCSI OUTBIIOK TSXKKiC-
TIO TPaBMU, TPUBATIIIUM TlepeOyBaHHAM y CTallioHapi Ta
OiTBIIIOK YACTOTOK YCKJIaAHEHb MOPIBHSHO 3 TAlliEHTAMU
3 130JIbOBAHUMU TIEpeJioMaMu Ta3za abo BEPTJIIOTOBOI 3a-
naguuu [1]. 3a manumm X. Zhou Ta CITiBaBT., y TaKUX Ia-
LIEHTIB YacTillle CIIOCTEPIraloThCsl CYMyTHI YIIKOMKEHHS,
30KpeMa TpaBMM I'PYIHOI KJIiTKU, YepeITHO-MO3KOBi TpaB-
MU 11 HEBPOJIOTiUHi mopylueHHs [2]. Y Haliiii cepii criocte-
PEXeHb TSIXKKi YCKIIAAHEHHSI 3yCTPiYaIMCh BiTHOCHO pim-
KO, 1110 MOXe OYTH MOB’S3aHO SIK 3 HEBEJIMKOIO KiIbKiCTIO
MAali€HTIB, TaK i 3 3aCTOCYBAaHHSIM MOETAITHOI XipypriuHo1
TaKTUKMU JTiIKyBaHHS.

BiTumsHsaHI JOoCTimKeHHsI TaKOX ITiATBEPIKYIOTh, IO
¢roTyoue CTerHoO 3a3BUYali BUHWKAE B MALIEHTIB 3 MOJIi-
TPaBMOIO Ta XapaKTePU3YETHCSI 3HAUHOIO Pi3HOMAHITHICTIO
KJIiHIYHMX (opM i MexaHi3MiB TpaBMyBaHH: [4—7]. 3a ma-
Humu I1.B. TaHnacienka Ta cmiBaBT., y OiLIbIIOCTI BUITAIKiB
MEXaHi3MOM TpaBMU € MPSIMUI yaap NMpU BUCOKOEHEpTe-
TUYHOMY BIUIMBI, @ HAUYACTIIIMMU TPUYMHAMU € JOPOXK-
HbO-TPAHCIIOPTHI MPUTOAU 1 MaaiHHs 3 BUCOTH [5]. OTpu-
MaHi HaMHW pe3yJibTaTh 3arajoM Y3TOIKYIOTbCS i3 LIUMM
CIOCTePEKEHHSIMMU.

3a nepion 2024—2025 pokiB y TpaBMaTOJIOTiYHOMY Bill-
IiJIeHHI 3amopi3bKOTo BilICEKOBOTO TOCITITAIIO OYJIO IIPO-
JIIKOBaHO 7 MALIi€HTIB 3 ilcUaaTepaJIbHUMU TepeIoOMaMu
Ta3a Ta CTETHOBOI KiCTKH, 1110 BiIIOBiAa€ CEPeIHil YaCTOTI
npu6an3Ho 3—4 BUMAAKKU Ha piK. 3a JTaHUMMU CBITOBOI JIi-
TepaTypu, 4acTOTa TAaKMX YUIKOJXKEHb 3HAYHOIO MipOIO 3a-
JIEXXUTD Bill piBHSI TPaBMAaTOJOTiYHOTO LIEHTPY Ta KiJIbKOCTI

Mali€HTIB 3 MOJITPaBMOIO. Y OUIBIIOCTI KJIiHIYHUX Cepii
BOHA CTaHOBUTH Bin 1 10 8 BumankiB Ha pik [1, 2], Tomi sk
Yy BEJIMKUX Creliali3oBaHUX TPaBMATOJOTIYHUX IIEHTpax
Moxe nepeBuinyBati 10 BumaakiB Ha pik. OTpuMaHi pe-
3yJIbTaTU Y3TOKYIOThCS 3 IaHWMMU JIiTepaTypy i MmiaTBep-
IKYIOTh PiIKiCHUI XapaKTep IIbOro BUAY TPaBMU.

Oco0UBICTIO CyJaCHUX BiliCbKOBUX KOH(IIIKTIB € 3Ha-
yHe 30iIbIIEeHHST KiJIbKOCTI BUOYXOBMX i BOTHeMaJbHUX
VIIKOMIXEHb, 110 (DOPMYIOTh CKJIaJHI BapiaHTH ircuiare-
paJbHUX MEPeOMiB HAaBKOJO KyJbLIOBOro cyriob6a. Ha
BiIMiHYy Bill LIMBIJIBHOI TPABMHU, TaKi YIIIKOJIKEHHS XapakK-
TEPU3YIOTbCS 3HAYHUM PYHHYBaHHSIM M’SIKUX TKaHWH,
BUCOKUM PU3MKOM iH(EKIIMHUX yCKIaaHEeHb i CKIIamHic-
TIO peKOHCTPYKTHUBHOTO JIiKyBaHHs [2]. ¥ Hamomy mociti-
IDKeHHI YacTMHA BUITAIKiB Oyla ITOB’s3aHa 3 0OMOBUMU
BOTHEIMAJIbHUMU ITOPaHEHHSIMMU, 1110 Bimoopaxkae crierudi-
Ky HaJlaHHSI TPaBMaTOJIOTiYHOI IOTMIOMOTY B YMOBax cyJac-
HOTO 30pOIiHOTrO KOHMJIIKTY.

VY nitepaTypi HeMa€e €AMHOI AYMKU 1010 ONTHUMAaIbHOI
MOCJIiIOBHOCTi OTIEpaTUBHOTO JIIKyBaHHS MIPU (PJIOTYIOUO-
My cTerTHi. HacTuHa aBTOpiB peKOMEHIy€ MEPBUHHY CTa0i-
JIi3aI1i10 Ta30BOTO KiJblls, iHIIII — OCTEOCHHTE3 CTETHOBOL
Kictku [4—7]. 3a gaHUMU DPI3HUX IOCHTIIKEHb, YaCcTOTa
iH(eKLIAHNX yCKIagHEeHb CTaHOBUTDL 7—10 %, He3polleH-
Hs — 7—12 %, a HEBPOJOTIYHUX YIIKOIKEHb — OJIM3BbKO
15—18 %. Y nopaHiii cepii mauieHTiB iHdeKUiiHI ycKIaa-
HEHHsI i1 He3pOIEeHHS TIepeIOMiB He CITOCTePiraauch, TOIi
SIK HEBPOJIOTIYHMI AeiuuT BinzHayeHo nuie B 14,3 % Bu-
MajKiB, 110 3arajJoM BiAIIOBiTa€ TaHUM JIiTepaTypH.

OT1xe, ha0Tyl0Ue CTETHO 3IMINIAETHCS CKIAAHOIO KITi-
HIYHOIO ITpo0JIeMoIo cydacHoi TpaBmaToiorii. [ToeqHaHHsT
IepeJIOMiB Ta3a Ta CTETHOBOI KiCTKM IOTpeOy€e iHIMBIMy-
aJT1i30BaHOTO MiIXOMy J0 JIiKyBaHHS i PETeJIbHOTO TUIaHy-
BaHHs XipypriuHoi Taktuku. Iloeramna crabimizamisa me-
peoMiB 3 MEPBUMHHUM OCTEOCHMHTE30M CTErHOBOI KiCTKU
MOXe OyTU e(EeKTUBHOIO CTpaTeri€lo JiKyBaHHS, IO I0-
3BOJISIE TOCSTTH 3aA0BUIbHUX KJIiHIYHUX pe3ysbTaTiB. O0-
MEXEHHSIM JIaHOTO [OCHIIIKEHHSI € HEeBeJMKa KiJIbKiCTh
KJIIHIYHUX CIIOCTEPEXKEHD, 1110 3yMOBJIEHO PiIKICHICTIO M-
cujaTepalbHUX MEPEIOMiB Ta3a Ta CTErHOBOI KicTKU. Kpim
TOTO, PETPOCTIEKTUBHUI XapaKTep MOCITiKEHHS i1 oOMe-
JKeHE TpUBaJie CIIOCTePEKEHHSI 3a YaCTUHOIO MAlliEHTIB He
JTO3BOJISIIOTH TTOBHOIO MipOI0 OLIHUTH BifganaeHi (pyHKIlio-
HaJIbHI pe3yIbTaTU JiKyBaHHSI.

BUCHOBKMU

IncunatepainbHi nepesoMU KiCTOK Ta3a Ta CTETHOBOI KiCT-
KU ((pJ10TyrOUE CTETHO) € PiIKiICHNM, aJie TSKKUM BapiaHTOM
TpaBMU MOsICa HUZKHBOI KiHIIBKH, 1110 HAYaCTillle BAHUKAE
B MALiEHTIB MOJIOIOrO Mpale3aaTHOTO BiKy Ta 4acTO CyIpo-
BOJIKYETBCSI TTOJIITPABMOIO. Y OUIBIIOCTI BUTIAIKIB MEeXaHi3-
MOM BUHUKHEHHsI (DJIOTYIOUOTO CTeTHAa € BUCOKOEHEepre-
TAYHA TpaBMa, 30KpeMa JOPOKHbO-TPAHCIIOPTHI MTPUTOIH,
MagiHHS 3 BUCOTU, OOBaJl KOHCTPYKIiii a00 OOMOBI yIIIKO-
JDKEHHSI, 10 3YMOBJIIOE BMCOKY YacTOTY CYITYTHIX TpaBM
Ta YCKJIAIHIOE JIiKyBaJbHy TaKTUKy. IloetamHa XipypriuHa
TaKTHKa, 1110 Nependavyae MepBUHHY CTadili3allilo IepeomMy
CTETHOBOI KICTKM 3 MOAAJIBLIONI0 (hiKcalli€Ero NepeoMiB Ta-
30BOTO KiJIblisl 400 BEPT/IIOrOBOI 3anaaHu, € e(heKTUBHUM
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MiIXOA0M JI0 JIIKyBaHHSI MALli€EHTIB i3 (PJIOTYIOUMM CTETHOM.
PaHHe onepaTuBHE JIiKyBaHHS Ta MYJbTUAMCUMTUTIHAPHUI
MiaXin 10 BeACHHSI MOCTPaXKAaauX 3 MOJIITPaBMOIO TI03BOJISI -
[OTh 3MEHIIUTHM YacTOTy ITiC/sIONepaliiHuX YCKJIaaHEHDb i
MOKpAaIINTH (PYHKIIOHAIBHI pe3y/IbTaTh JIiKyBaHHI. OTpu-
MaHi pe3y/IbTaTh MOXYTh OYTM BUKOPUCTAaHI ISl BIOCKOHA-
JIEHHSI aJITOPUTMIB TiarHOCTUKM U XipypriYHOTO JIiKyBaHHS
MNalie€HTIB 3 incuaaTepaJbHUMU TepeioMaMy Ta3a Ta CTer-
HOBOI KiCTKH, 30KpeMa B YMOBax Cy4acHoOi 601OBOi TpaBMU.

Konduikr inTepeciB. ABTOp 3asiBJIsIE TIPO BiICYTHICTh
KOHGJIIKTY iHTepeciB i B1acHOI (hiHaHCOBOI 3alliKaBJIeHOC-
Ti TIPY TiATOTOBII JaHOI CTATTi.
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I.I. Trufanov

Zaporizhzhia Medical and Pharmaceutical University, Zaporizhzhia Military Hospital, Zaporizhzhia, Ukraine

Ipsilateral pelvic and femoral fractures (floating hip) in combat tfrauma:
clinical experience from a military hospital

Abstract. Background. lpsilateral pelvic and femoral fractures,
known as floating hip, represent one of the most severe forms of
combined musculoskeletal injury and are frequently associated with
polytrauma, massive blood loss, and a high risk of complications. In
modern warfare, the incidence of high-energy trauma caused by ex-
plosive and firearm mechanisms has increased, leading to new clinical
patterns of combined injuries around the hip joint. The purpose was to
analyze the clinical characteristics and treatment outcomes of patients
with ipsilateral pelvic and femoral fractures (floating hip) in combat
and high-energy trauma. Materials and methods. The study was
conducted at the trauma department of Military Unit A3309 (Zapor-
izhzhia, Ukraine). Between 2024 and 2025, seven patients with ipsi-
lateral pelvic and femoral fractures were treated surgically. The cohort
included six men (85.7 %) and one woman (14.3 %). All injuries were

caused by high-energy mechanisms, including combat-related firearm
trauma. A staged surgical approach was used, consisting of primary
fixation of the femoral fracture followed by stabilization of the pelvic
ring or acetabulum. Results. Complete fracture union was achieved in
all patients. No cases of infection or nonunion were observed. Neuro-
logical deficit and limb shortening occurred in one case each (14.3 %).
The findings were comparable to those reported in the international
literature on the frequency of complications in floating hip. Conclu-
sions. Ipsilateral pelvic and femoral fractures in combat trauma rep-
resent a rare but severe form of combined musculoskeletal trauma. A
staged stabilization of fractures with primary femoral fixation appears
to be an effective treatment approach in these patients.

Keywords: floating hip; pelvic fractures; femoral fractures; combat
trauma; polytrauma; osteosynthesis
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KosiH O.A.", HecrepeHko M.M.?, lNasareHko C.M."
"TIOATQBCbKU AEPXKABHUM MEANYHUA YHIBEPpCUTET, M. [TOATABA, YkpaiHa
’HavuioHaAbHW yHiBepcuTeT «[TOATAQBChKA MOAITEXHIKA iMeHI KOpist KoHapaTioka», M. [ToaTasa, YkpaiHa

KomMmn’totTepHe MOAEAIOBOHHS
HaNpy>XeHo-AePOPMOBAHOIO CTAHY
cucremu dikcauii nepeAomMy NPOKCUMAAbBHOTO
BIAAIAY CTErHOBOI KIiCTKHU

Pe3lomMe. AKTyanbHICTb. AOCAIAKEHHST BIOMEXAHIYHNX BAQCTUBOCTEN MOOKCUMQAALHOTO BIAAIAY CTErHOBOT
KICTKWN € BAXKAVMBUM €TAroM y pOo3pobLi epeKTUBHUX METOAMK XiPYPriYHOIO AiKYBQHHST MEPEeAOMIB AQHOI Ai-
ASIHKW ckeneTa. Y GiAbLLIOCTI POBIT 3 KOMI IOTEPHOrO MOAEAKBAHHS IBUHTOBOIO OCTEOCUHTE3Y LUMMKOBO-AIQ-
GizQpHUI KyT Q60 MPUMQAETLCS SIK YCEePEAHEHQ reOMEeTPUYHA KOHCTAHTA, Q60 B3Arani He PO3MSAQETLCS
SIK CAMOCTIVIHWE pQKTOP, XO4Q CAME BiH BU3HQYQE HAXUA LUMVKU, AOBXKUHY MAEYQ HABAHTQXKEHHSI, HAMPSIM
nepeAQyi cuA yepes 30Hy nepesomy. Mera: npoBeCTy KOMI IOTEPHE MOAEAKOBAHHS HAMP Y)KeHO-AePOPMO-
BQHOro CTAHy CUcCTemMu Gikcaljii nepeAomMy npoKCUMQAAbHOIO BIAAINY CTEMHOBOI KICTKU 3 YO AXYBAHHSIM PI3HUX
LUMMIKOBO-AIQQI3QPHMX KYTiB TQ KOHCTPYKTUBHMX CXEM OCTeoCuHTe3y. Marepiaamn Ta Metoan. AHQOAI3 Cy4acC-
HUX HQYKOBUX AXKepen BYB CrpsSIMOBAHUI HQ BU3HQYEHHSI OCHOBHUX BUMOI AO KOMIT IOTEPHOI MOAEAI Mpo-
KCUMQABHOIO BIAAIAY CTEMHOBOI KICTKM, 30KPEMQ LWOAO IHAMBIAYQALHUX FreOMETPUYHIX MAPAMETPIB KICTKW TA
ii" WinbHOCTI, BOPIQHTIB BUKOHQHHSI BIPDTYQALHOI OCTEOTOMII | pO3TALLYBAHHST GIKCATOPIB, O TAKOXK HAMPSIMKIB |
BEAUYUH MPUKAQAEHNX HOBAHTAXKEHbL, Moaenb nepenomy GOpMYBAAU LLASIXOM BiPTYQAbHOI OCTEOTOMIT LLmn-
Ky CTErHOBOI KICTK B MEXXQAX BHYTPILLUHLOCYINOBOOBOIO YLUKOAXKEHHS 3 HECIPUSITAMBOIKO AO 3CYBY OpPIEHTAL-
€10 MAOLLMHM riepenomy try Pauwels lI-lIl. [TicAst 3aBepPLLUEHHS reOMETPUYHOIO MOAEAKOBAHHSI TQ CKAQAQHHST
BY3AQ BUKOHYBAAM MIATOTOBKY PO3PAXYHKOBOI MoaeAi B SolidWorks Simulation. AAst UbOro AAS1 KOXXHOI AETOAI
BU3HQYAAM MATEPIANLHI XQPAKTEPUCTUKU, O MDK EAEMEHTAMM 3QAQBAAM KOHTAKTHI B3AEMOAII, Pe3yAbTarTu.
BCTaQHOBAEHI OCHOBHI HEAOAIKM TQ MEPEBAr MOLLUNPEHMX KOMIT IOTEPHUX MOAEAEN MPOKCUMAALHOIO BIAAINY
CTErHOBOI KICTKW 3Q YMOBU i CUTYQUIMHOIO YLLUKOAXEHHSI. [1ov MOpPIBHSIHHI pOBOOTH KQHIOAbLOBAHUX MBUHTIB 30
PI3HUX WNMKOBO-AIQQ)IZ3QPHMX KYTIB CIIOYATKY METOAMNYHO BUMPABAQHUM BGYAO BUKOPUCTAHHST CTAHAQPTU30-
BAQHUX MQATEPRIAABHUX BAQCTMBOCTEN KOPTUKAABHOI TQ ry64QCTOI KICTKWM. HQ HQCTYMHOMY eTarni MOAEAb MOXKHA
6YAO YCKAQAHUTY, repentuoBwmn A0 CT-based material mapping, SIKLLO GYAO MOTPIGHO OLIHUTA L€ Vi BNAWB
ocreoreHii abo iIHAMBIAYAAbHOI HEOAHOPIAHOCTI KICTKOBOI TKAHWHW. AAST MOAEAKOBAHHST CUCTEMM Gikcauii ne-
PEeAOMY LUK CTETHQ KQHIOALOBAHUMU TBUHTAMM 3 YPQAXYBAHHSIM PI3HUX LLUMMKOBO-AIQQI3QPHMX KYTIB rnepe-
BAry HaAQAU BUKOPUCTAHHIO ABOPIBHEBOI CXeMu HOBAHTAXKEHHSI. Ha nepLuomy erarni AOLiAbHO 3QCTOCYBATU
2100 H sik 6a30B€ HAQBAHTAXKEHHST OAHOOMOPHOIO CTOSIHHSI, LLIO AO3BOASIE KOPEKTHO MOPIBHKOBATU PE3YABTATI
3 AITeparypHUMU AQHUMU. Ha Apyromy etani AAST MTOMNOAEHOIrO AHAAIZY AOLIABHO BBOAUTY Q60 Ga3u XOAM 3
PIBHUMMN KODQATHOCTSIMU MACH TIAQ, Q60 BiAbLL CKAQAHY M SI30BO-CYINOBOBY CXeMy HABAHTAXKEHHS. BACHOBKMN.
CyyacHe nAQHYBQHHSI XiPYPrYHOro AiKyBAHHST MEPEAOMIB MNP OKCUMAAbBHOIO BIAAIAY CTErHOBOI KICTK MOBUHHO
6Qa3yBAQTUCST HQ AQHMX KOMIT IOTEPHOIO AOCAIAXKEHHST 3 MOAQABLLVM BUOOPOM IHAMBIAYQABHOI TOKTUK ONepa-
TMBHOIO BTRYYQHHSI TQ e(peKkTMBHOI gpikcaLir.

KAIO4OBI CAOBQ: KOMMT OTEPHE MOAEAOBAHHSI; [POKCUMAABHNIA BIAAIA CTErHOBOI KICTKI, LLUMIAKOBO-AIQQDIZQPHMI
KyT; MepeAoMM, OCTEOCHHTES
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Bctyn

EdexTuBHe JiKyBaHHS IepeoMiB MPOKCUMAIbHOTO
BiJUTily CTErHOBOI KiCTKM (OCOOJMBO IUIKM) 3ajuilia-
€ThCSI OJHIEIO 3 HAMCKIAAHIIIMX MTPOOJIeM CydacHOI TpaB-
MaTOJIOTii Ta OpTOITeii, OCKiIIbKMA HaBiTh 32 aHATOMIYHOI
pero3ullii Ta BHYTPIlTHBOI (hikcallii BOHU 4acTo CYIpOBO-
JKYIOTBCSI HE3POILEHHSIM, BTPaTOO CTaOiIbHOCTI, Bapyc-
HUM KOJIATICOM i aBacKyJsIpHUM HEKPO30M TOJIOBKU CTeT-
HOBOI KicTkH [1, 2].

Haii6inpi ckaagHUMU € BHYTPIiIIHbOCYIJIO0OBi Ta
BEPTUKAIbHO OpPiEHTOBAHI MEpPeJIoOMU, IS SIKMX XapaK-
TepHE MOEJAHAHHS CTUCKAJIbHUX, 3CYBHUX 1 3rUHAJIBHUX
HaBaHTaXXeHb y 30Hi MepeoMy, a OTXe, MiABUIIEHI BU-
MOTM OO KOPCTKOCTi Ta MpPOCTOPOBOI €(heKTUBHOCTI
cucteMu octeocuHTesy. [lonpu mKMpoke 3acTOCyBaHHS
KaHIOJIbOBAaHUX I'BUHTIB 3aBASIKM 1X MaJOTPaBMaTUYHOC-
Ti, TEXHOJIOTIUHI# TPOCTOTI Ta 3AaTHOCTI 3a0e3IIeuyBaT
IUHAMIiYHy KOMIIpECilo, 4acToTa MEXaHIiYHUX YCKJIal-
HEeHb MicJIsl Takoi dikcallii 3aJUIIAaEThCI CYTTEBOIO, a
onTUMajbHa KOHGirypaliis TBUHTIB i 10Ci € MPeaAMETOM
IOCIiIKeHb [3, 4].

OfHi€0 3 MPUYMH CyNepeUuInBOCTI HASIBHUX MiIX0-
NiB € Te, 0 eheKTUBHICTh dikcallii mepeJoMy MURKU
CTerHa BU3HAYAETHCS HE JIMIIE TUIOM iMIIJIaHTa, a i
iHAMBIIyaJbHOIO F€OMETPIEI0 TPOKCUMAILHOTO BiLIiTy
CTEeTHOBOI KiCTKM, HacaMIIepeI IMNHKOBO-aiadizapHUM
kyrom (LIIJAK). ¥V cyyacHMX HOCHIIKEHHSIX ITOKa3a-
HO, 110 IIell KyT € ONHI€I0 3 HaWBaXXJIMBIIINX MOpdo-
METPUYHUX XapaKTEPUCTUK MPOKCUMAIbHOIO BiIIiTy
CTEeTHOBOI KiCTKM, OJHAK O0TO BUMipIOBaHHS 3aJI€KUTh
Bil. METOAMKHU, ITOJOXKEHHS KiHIIBKM Ta MPOCTOPOBOI
opieHTanii KicTku; npu 2D-BUMiprOBaHHSIX BigXWJIeH-
HS Bill «<iCTUHHOTO» 3D-3HaueHHSI MOXYTb OyTH KJTiHiu-
HO 3HauyIIuMu [5, 6].

BonHouac y Gibliocti podiT 3 KOMI'IOTEPHOTO MOJIE-
JIIoBaHHSI TBUHTOBOTO ocTeocuHTe3y LLIJIK abo mpuitma-
€TbCS SIK yCcepeaHeHa FeOMeTpUYHa KOHCTaHTa, a0o B3arai
He PO3IJISIIAETHCS SIK CaMOCTiiiHUI (pakTop, Xoua caMe BiH
BU3HAYa€ HAXWI IIUIAKU, TOBXUHY TJle4a HaBaHTaXXEHHS,
HarnpsiM rnepeaBaHHs CUJI Uepe3 30HY NepesioMy. 3a Takux
YMOB 3aJIMILIAETHCS HEIOCTaTHbO BMBYEHUM, SIK Bapiallil
IMIKOBO-AiaizapHOro Kyra — Bil BapyCHUX 10 Bajib-
TYCHMX 3HaueHb — BIUIMBAIOTh Ha HAMPYXeHO-AedOopMo-
BaHUI1 CTaH CUCTEMM «KicTKa — (hikcaTop», MiXKparMeH-
TapHi MepeMillleHHs Ta pallioHAJIbHY CXeMY pO3TalllyBaHHSI
KaHIOJIbOBAaHMX IBUHTIB. Came TOMy aKTyaJIbHUM € TIpOBe-
IEeHHS KOMIT I0TepHOTO MOJeII0BaHHs (hikcallii mepeaomy
IIMUKY CTETHOBOI KiCTKM 3 ypaXyBaHHSIM Pi3HUX IIMI-
KOBO-miadizapHUX KyTiB IS OOTPYHTYBaHHSI HaAMOiNbIIT
€(eKTUBHOI CUCTEMU OCTEOCUHTE3Y.

IuniikoBo-aiagizapHuii KyT, b0 KyT iHKJIiHALI1 IIWA-
KM CTETHOBOI KiCTKHU, € OJIHi€I0 3 6a30BUX MOp(pOMeTpUY-
HUX XapaKTepUCTUK MPOKCUMAIbHOTO BiIiJly CTErHOBOI
KiCTKH, siKa Ma€ Oe3rnocepeHe 3HAUCHHS ISl 1iarHOCTH -
K1 nedopmalliii TUITy coxa vara Ta coxa valga, OlliHIOBaH-
HSI PU3MKY TepeioMiB, TJIaHyBaHHSI OCTEOTOMIii i BUOOPY
CcIIoco0y BHYTPIILIHBOI (hikcallii. ¥ cydacHiii iteparypi ueit
MOKa3HMK TAKOX IT03HAYaloTh K neck-shaft angle (NSA)
abo caput-collum-diaphyseal angle (CCD). [1pu oMy aB-

TOPU HAroJIOLIYIOTh, 110, MONPHY IIUPOKY KJIiHIYHY IpaK-
TUKy BukopuctanHs LK, MeTonuka iioro BU3HaAYEHHS
JIOCi He € TTOBHICTIO YHi(hiKOBaHOM, OCKIJIbBKY Ha pe3yJibTaT
BIUTMBAIOTh CMOCI0 TOOYIOBM OCi IIMIKK, BUOIp oci miadi-
3a Ta MPOCTOPOBE TMOJIOXEHHsI KiHIIBKHM TTi/1 Yac Bizyasti3a-
wii [ 7].

Oco06auBy yBary B OOCIiIXKEHHSIX IMPUIIIIEHO ITOXU0-
kam BuMiptoBanHs IIAK y mBoBuMipHUX 300pakeH-
Hax. Y po6oti A.T. Schlégl Ta cmiBaBT. MOKa3aHO, IO
cepentsa pisHuus Mix 2D- ta 3D-BusHauenHsam 1K
y miteit craHoBuia 5,11—5,58°, a 6inbw HiX y 31 % Bu-
MajkiB BiIXujieHHs mnepeBuiryBaso 10°, 1mo 3mycuio
aBTOpiB pekomeHmyBatu 3D-Bisyanizaiito mist Xipyp-
riYHOro TJIaHYBaHHSI Ta B YCiX CYMHIBHMX BUIaJKax.
C.K. Boese Ta cmiBaBT. TaKOX MigKpPeCIMIN, IO IIPO-
€KIiiiHI TTOXMOKM, 3YMOBJIEHi pOTAIli€l0 KYJbIIOBOTO
cyri00a, MOXYTb MPU3BOAUTHU IO TIOMUJIKOBOTO 30iJib-
1eHHs1 abo 3MeHIIeHHs poekiliiiHoro NSA, ToMy s
KOPEKTHOI OLIIHKH! MPOKCUMAaJIbHOI TeOMETpPil CTErHOBOI
KiCTKM HeoOXximHi abo cTaHmapTU30BaHi peHTreHorpa-
Mu, a00 METOAMKM, CTIMKIillli 10 pOTAalliliHUX BiAXUJIEHbD.
OTxe, BxXe Ha eTali BM3HAUYEHHS BUXiIHOI reoMeTpii
crae oueBuaHuM, mo HIJIK He MoxHa po3riasaaTu siK
IPYTOpSIAHUM MmapaMeTp, OCKIiJbKM HaBiTh HEBEIUKI
iioro 3MiHM a00 MOXMOKM BUMipIOBaHHS BIUIMBAIOTh Ha
MMPOCTOPOBY OPi€HTAIliIO IIMIKHU, MOJOXEHHS iMILIaHTa
Ta HAIIpsIM TIepeJaBaHHsI HaBaHTaXXKeHHH |8, 9].

Kimixiuaa 3Hagymicts K minTBepmKyeThcsa it po-
0oTaMU, y SIKMX L€l TTOKa3HUK aHali3y€eEThCs SIK (aKTop
PUM3UKY IEepeIoMiB MPOKCUMAIBLHOTO BiIdidy CTErHOBOI
Kictku. 3okpema, D.A. Gumuchdjian Ta cmiBaBT. BCTa-
HOBWJIM, 11O Y MALi€HTIB BiKoM moHaa 80 poKiB OiabLINiA
CCD acoritoBaBcsl 3 MiABUIIEHUM PU3UKOM Mepesio-
MY IIMHAKKA CTErHOBOI KiCTKM, IO CBiIYUTH MPO TiCHUIA
3B’130K MiX MOpPGQOJOTIEI0 TMPOKCUMAIBHOTO BiIIily
CTerHa Ta XapakTepoM TpaBMaTUYHOTO YIIKOMXKeHHs. Lle
TOJIOXKEHHSI € BAXJIMBUM JIJISI TTOJAJIBIIOTO OioMeXaHIuHO-
TO aHalli3y, OCKUIbKM BOHO MiATBEPIKYE, 11O TEOMETPis
CTETHOBOI KIiCTKM HE JHIIe BimoOpaxkae iHAWBIZyaJIbHi
aHATOMiYHi 0COOJIMUBOCTI, a i1 GOpMy€E YMOBU BUHUKHEH-
HSI IIepeJioMy Ta IMOJaJIbIIOl POOOTU CUCTEMU «KiCTKa —
dixkcartop» [10].

Y KOHTEKCTi JIiKyBaHHS MEPeJOMiB IMUIUKU CTETHOBOI
KiCTKM 0COOJIMBe 3HAYECHHSI Ma€ He JIMIe TUM ¢ikcaTo-
pa, a i SIKicTb peno3ullil Ta MPOCTOPOBE B3aEMHE MOJIO-
JKEeHHs yJiaMKiB. Y. Wang Ta criBaBT. mokasajiu, 1110 Ha-
BiTh y BUITIaJIKaX, KOJIU ITicJsomepaliiiHa perno3uilisi 3a
peHTTeHOTpaMaMU OIIiHIOBajIacs SIK m00pa, 30iIbIIeHHS
MMPOCTOPOBOTO 3MillleHHSI TOJIOBKM CTETHOBOI KiCTKH CY-
MPOBOAXKYBAJIOCS 3pOCTAHHSIM HATIPYXXeHb, NTepeMillleHb
Ta eKBiBaJICHTHUX AedopMalliil y IpoKCUMaIbHOMY Bill-
IIiJIi CTETHOBOT KiCTKM, a TAaKOX KOPEJIOBAJIO 3 PU3UKOM
OCTEOHEKpo3y roysioBku. Lli pe3yabraTh MarOTh MPUH-
IATIOBE 3HAYECHHS JISI KOMII' FIOTEPHOTO MOAEIIOBAaHHS,
OCKiJIbKM BOHU [JOBOASATH, IO MEXaHiYHAa MOBEIdiHKA
CUCTEMHU OCTEOCUHTE3Y 3aJIeXKUTh HE JIMIIE BiJ camoro
iMILJIaHTa, a ¥ BiJl TEOMETPUYHUX TTapaMeTPiB MPOKCU-
MaJIbHOTO Binminy crerHa, cepen akux LK € ogaum i3
Ko4yoBux [11].
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HesBaxaioun Ha mosiBy HOBUX cucTeM dikcallii, Ka-
HIOJIbOBAHI T'BUHTU 3aJMIIAIOTBCS OAHUM i3 HAKOLIbII
MOIIMPEHUX CIIOCO0IB OCTEOCHHTE3y IepeIOMiB IIMUKU
CTETHOBOI KiCTKM 3aBHSIKM MaJIOTPaBMATUYHOCTI, TeXHiu-
Hili TPOCTOTI Ta MOXJIMBOCTI 3a0e3IMeyeHHs AMHAMiYHO1
komripecii. BomHouac eekTUBHICTh Takoi ikcallii 3Ha-
YHOIO MipOl0 BU3HAYAETHCS KOHGQIrypaili€wo TI'BUHTIB. Y
KJIIHIYHOMY JocCTiKeHHi J.-J. Yang Ta criiiBaBT. BCTAaHOB-
JIEHO, 1110 MPU BUKOPUCTAaHHI TPhOX MapaJieTbHUX KaHI0-
JIbOBAaHUX TBUHTIB PU3UK HE3POIIEHHsI OyB MPU TPUKYTHil
KOHGirypailii BULIIUM, HiX IMPU iHBEPTOBAHO-TPUKYTHIi1, a
NOIATKOBUMU HETaTUBHUMU (akTopamMu Oyu 3MillleHU I
TEePEJIOM i HesIKicHA peTo3ullist. TakuM YrmHOM, I1Ie Ha KJTi-
HIYHOMY piBHi OyJIO IiATBEPIKEHO, III0 IIPOCTOPOBE PO3-
MillleHHSI TBUHTIB iCTOTHO BIUIMBA€ Ha CTAOUIBbHICTh (hiK-
cailii, a oTke, Oyab-sIKe JOCTIIKeHHS CUCTEMM KPIiTIeHHS
0e3 ypaxyBaHHS TeoMeTpil IIMIKM Ta Aiadiza crerHa oyme
HernoBHUM [12].

[Monanbiie BUBUEHHS LIMX MPpoOaeM BigdyBaaocs mnepe-
BaXHO Yy po0oTax i3 3aCTOCYBaHHSM METONY CKiHUEHHMX
eneMeHTiB. D. Jiang Ta cniBaBT. HA OCHOBI iHAMBiTyaTi30-
BaHux KT-mMopeneii mopiBHsIIM I’ ATh CTpaTeriit TBMHTOBOT
(ikcalii BepTUKaJIbHUX MTePEIOMiB ITUITKU CTETHOBOI KiCT-
KM i TTI0Ka3ajin, 10 o-KOHQirypailis 3ade3neuye HaliMeHIII
MixdparMeHTapHi nepeMillleHHsT Ta HallHMKYi MTiKOBi Ha-
MNpYXeHHs B iIMILJIaHTaX, TO/i SIK buttress-KOHCTPYKIIisl Mae
HaMOLIbIIY XOPCTKICTb, aje CYNPOBOMXKYETHCS BUILIMMU
HanpyXeHHsIMU. BaxinuBo, 110 y 1iil poboTi aBTOpU Bpa-
XOBYBAJIM iHIMBiAyaJbHy aHATOMiIYHY MiHJIMBICTh, a HABE-
neHi 3HaueHHsT NSA y BocbMU MOJIEJISIX BapiloBaiu y Me-
xax Big 121,76° mo 137,55°, ToO6TO OXOILTIOBAIM BapiaHTH,
OJIM3bBKi A0 BapyCHOI, YMOBHO HOPMAJIBHOI Ta BaJbIyCHOI
reometpii. Ognak cam IIJIK He OyB BumiaeHMI K He3a-
JIEXXHUM (HaKTOp AOCITIIKEHHS; BiH 3aJMILABCS JIMIIE O~
Hi€lo 3 GOHOBUX aHATOMIUHUX XapaKTePUCTUK, Ha TJIi IKHUX
MOPiBHIOBAIMCS CXeMU po3TalllyBaHHSI rBUHTIB. Came 1ie
CBiIUYMTH MPO HASIBHICTb HAYKOBOI MPOraJIMHU: X04ya Bapi-
abenpHicTh LUK y Monensx icHye, ii BJaCHUI BIUIMB Ha
HarnpyxeHo-a1e(OpMOBaHUI CTaH CUCTEMU OCTEOCHHTE3Y
BCe 1IIe HeAOCTAaTHLO BUBUEeHMIA [13].

BaxiuBi pesyabratv 1040 BIOCKOHAJEHHS came
TBUHTOBHUX cxeM dikcalii orpumaHo B pooori L. Tianye
Ta CITiBaBT., y gKiit mis nepenomiB Pauwels 111 mopiBHIO-
BaJM TpamMliiiHy TPUIBUHTOBY @ikcalilo, F-momiony
KOHirypauiio KaHIOJbOBAaHMUX IBUHTIB, a TaAKOX iX I0-
€IHAHHS 3 Me[iaJbHOIO IJACTUHOI. ABTOPU BCTaHO-
BWIM, 1o F-moniOHe po3TalyBaHHSI TBUHTIB 3MEHIIYE
3CYBHIi Ta KpYTHi CKJIaJ0Bi HaBaHTaXKE€HHSI, a JOJAaBaHHS
MeliaJlbHOI MJIACTUHMU 11e OiJiblle 3HUXYE MepeMillleH-
HSI TOJIOBKM CTETHOBOI KiCTKM Ta HANIPY>XEeHHS B IUISTHIL
calcar femorale, dopmyrUn CIPUSTIUBIIINNG MeXaHid-
HUI cTaH mJis 3poieHHs. 1{i BLICHOBKM € 0COOIMBO IiH-
HUMU 11 MaitOyTHBOTO MOJICJIIOBAHHS 3 ypaXyBaHHSIM
piznux LK, ockinbku came BapycHa abo0 BajJbryCHa
reoMeTpiss Moxe 3MiHIOBAaTU HampsM CUJIOBOIO IMOTOKY
yepe3 calcar, BiAcTaHb A0 JiaTepaJbHOI KOPTUKAIbHOIL
CTIHKM Ta KYT BXOJX€HHS HUXHBOIO OMOPHOIO T'BUH-
Ta. TyT cJlil HArOJOCUTH, 110 OCTAHHE MOJOXEHHS BU-
NJMBA€E 3 y3arajJbHEHHSI HaBeJCHMX Yy JiTepaTypi Oio-

MEXaHIYHUX 3aKOHOMIpHOCTE! i moTpedye crieuiajibHOl
IepeBipKU Ha OKpeMUX MoIesix i3 BapiitoBanum 1K
[13, 14].

OkpeMuii HampsiM Cy4yacHUX JAOCHIIKEHb CTOCYETh-
cs He Jmile KoHdirypallii B KOpoHaJbHil IUIOIIMHI, a
i aKciaJbHOTO TIOJOXEHHS KaHIOJbOBAHUX TI'BUHTIB.
D.-K. Kwak Ta cmiBaBT. y CKiHU€HHO-€JIeMEHTHOMY aHa-
ni3i mopeneit nmepenomiB Pauwels 11 mokazanu, mo npu
(ikcarii TppoMa KaHIJILOBAHMMM T'BUHTAMM IlepeMi-
IIEHHSI TBUHTIB Y OiJIbII TIEPEIHE TTOJOXEHHS B aKciaib-
Hill TUIOIIMHI, 30UIbIIIEHHST KyTa X HaXWUJy Ta MaKCHUMi-
3allis MIKTBUHTOBOI BiICTaHi 3HMXYIOTh KOHIIEHTpallii
HaIIpykKeHb SIK Yy TBUHTAX, TaK i B HAaBKOJIMUIIHIA KiCTIIi.
[MokazoBo, 110 1151 Monmenb OymayBaiacs IJiss CTErHOBOL
kictku 3 HIJIK 125°, ToO6TO 17151 yMOBHO CepeaHbOI aHATO-
MiuHOi KoHQirypaliii. OTXxe, HaBeAeHi aBTOpaMu Pe3yJib-
TaTU MAalOTh BaXKJMBE MPAKTUYHE 3HAYEHHS, MPOTe He
JIO3BOJISIIOTh OLIHUTH, YU 30€piraTUMYThCS BCTAHOBJIEHI
3aKOHOMIPHOCTI 3a pi3HUX BapiaHTiB TeoMeTpil MPOKCHU-
MaJIbHOTO BiJI/IiJly CTETHOBOI KiCTKU (BapycHOI ab0 Basib-
T'YCHOT), KOJIM 3MiHIOIOThCS BiCh IIMAKM, TIJIeUe HaBaHTA-
JKEHHSI Ta MIPOCTOPOBi YMOBU TpoBeneHHs rBUHTIB. Came
1151 00CTaBMHA TOJATKOBO OOIPYHTOBYE HEOOXiMHICTh J0-
CIIIIKeHHST BIUIMBY Pi3HUX IIMKUKOBO-AiadhizapHUX KYTiB
Ha e(peKTUBHICTbh TBUHTOBOI'O OCTeOCHHTE3Y [15].

IToxazoBuM € i Te, 110 HaBiTh y poOOTax, MPUCBSI-
YEeHUX iHIMM cucteMaM (ikcalii, aBTOpu 3a3BUYAl
BUKOPUCTOBYIOTh OJIHY «YCE€pPEIHEHY» T€OMETpil0 Mpo-
KCUMaJIbHOIO Bifdilly cTerHoBoi KicTku. Hampuknan,
y nociimkeHnHi C.-H. Jung Ta cmiBaBT. CKiHUYeHHO-¢eJIe-
MEHTHa Mojesb Oyia modymoBaHa JJisi CTETHOBOT KiCT-
Ku 3 caput-collum-diaphysis angle 128,5°, sxuit aBTopu
BBaXaJiM OJU3bKUM JO CEPEIHBOTO TMOKa3HUKA TMOITy-
JISIIil; BOHM aHalli3yBajM BIJIMB YK€ HE caMOTO KyTa,
a IMOJIOXKEHHsI iMIlJIaHTa Ta MOTro HaOJMXKEHHs 10 Cyo-
XoHApadabHOI KicTku. Lle 1me pa3 neMOHCTpye 3arajib-
HY TEHIEHILI0 Cy4YaCHUX OCIHIIXEHb: T€OMETpisl CTer-
HOBOI KiCTKM MPUHMAEThCS K BUXiHA yMOBAa MOJEII,
ajie IPakTUYHO He JAOCIIIXKYEThCS SIK He3ajexXHa 3MiH-
Ha, Xo4ya caMe BOHAa BM3HAya€e MPOCTOPOBY Opi€HTALLilO
IIUHAKY, BEJIMYUHY TJIeda 3TUHY Ta XapakTep po3IMoaily
HaBaHTaXeHb y cucTeMi dikcauii [15, 16].

O1xe, aHaITi3 OMyOIiKOBaHUX POOIT ITOKa3ye, 110 cydac-
Ha HayKa BXe HaKOMUYWIa 3HAYHUI 0OCIT MaHuX 1100
MopGhOMeTpil MPOKCUMAJIBHOIO BifIiJly CTErHOBOI KiCTKH,
MOXMOOK BU3HAYEHHS Ta KJiHiyHOI 3Hauymocti LIIK, a
TaKoX GioMexaHiYHOI e(heKTUBHOCTI pi3HUX KOH(DIrypaliiit
KaHIOJIbOBAaHMX TBUHTIB. BomHoyac OiMbIIICTE HasBHUX
nociimkeHb abo posrisiaae LK nuie sik giarHOCTUY-
HUI Y1 TONYJISILIIHUEI TapaMeTp, a0 BUKOPUCTOBYE OTO
SIK (pOHOBY T€OMETPUYHY XapaKTEPUCTUKY TPU MOOYIOBi
MOJIETIEN.

[Turanns x 1mpo Te, K came pi3Hi 3HavyeHHsa IAK —
BapyCHi, YMOBHO HOpMaJIbHi Ta BaJIbI'yCHI — BIJIMBAIOTh Ha
HanpyXeHo-1e(OPMOBaHUI1 CTaH CUCTEMU OCTEOCUHTE3Y,
MiX(pparMeHTapHi MepeMillleHHsI, KOHLIEHTpallilo Hampy-
KeHb y TBUHTAX i KiCTIli, a TAKOX Ha BUOip pallioHAIbHOL
MPOCTOPOBOI KOH(Dirypallii KaHI0JIbOBAHUX TBUHTIB, 3aJI1-
IIA€THCS HEOCTaTHLO BUBUEHUM. CaMe TOMY JOCIiIKEeH-
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H$1, TIPUCBSYEHI KOMIT'IOTEPHOMY MOJIEIOBAHHIO CUCTEMU
dikcartii nepesomy MMAKY cTerHa KaHIOJIbOBAHUMU I'BUH-
TaMU 3 ypaxyBaHHSIM Pi3HUX IIMHKOBO-IiadizapHuX KyTiB,
€ aKTyaJJbHUMM, HayKOBO OOIPYHTOBAaHMMM Ta MalOTh SIK
TEOPETUYHE, TaK i MPUKJIAJAHE 3HAYEHHS ISl TPABMATOJI0-
rii Ta opTonemii.

MeTa n0CaiKeHHS ITOJISITa€ y CTBOPEHHI KOMIT IOTepHOT
MoJeJli HampyKeHO-Ie(OpMOBAaHOTO CTaHy CUCTEMHU (hiK-
cailii rmepeyioMy IIMKKN CTETHOBOI KiCTKM 3 ypaxyBaHHSIM
Pi3HUX IINIKOBO-AiadizapHUX KYTiB Ta KOHCTPYKTUBHMX
CXEM OCTEOCUHTE3Y.

Marepiaam Ta meToamn

AHaJi3 cyyacHMX HayKOBUX JKepesa OyB CIpsIMOBaHUM
Ha BU3HAYEHHSI OCHOBHUX BUMOT JI0 KOMIT IOTEPHOI MO-
JleJli MPOKCUMAaTLHOTO BiJIily CTETHOBOI KiCTKH, 30Kpema
11010 IHAMBINYyaJIbHUX T€OMETPUYHMX TapaMeTpiB KiCTKHU
Ta ii IIJTbHOCTI, BapiaHTiB BUKOHAHHSI BipTyaJlbHOI OCTEO-
TOMil i po3TalryBaHHs (piKcaTOpiB, a TaKOX HAIIPSMKIB i
BEJIMYUH MPUKIAIEHUX HABAHTAXKEHD.

Hns pocaimkenns BBy HIJIK Ha cTabinpHICTH oc-
TEOCUHTE3y IepesioMy IIMHAKM CTeTHOBOI KiCTKM B OCHO-
BY POOOTM MOKJIAJeHO KOMIIT'IOTepHE TPUBHMIipHE MOJIe-
JIIOBaHHSI CUCTEMU <«IIPOKCUMAJIIbHUI BifJiJl CTErHOBOI
KICTKM — TIEpeJIOM — KAaHIOJbOBaHi 'BUHTU». s T0-
Oy/IOBM TEOMETPUYHO KOPEKTHOI MOjei BUKOPUCTO-
ByBasm KT-pmani 3 mnopanbmoio 3D-peKoHCTpyKIiero
MPOKCUMAJIBHOTO BillIily CTETHOBOI KiCTKM. MyJbTHUCITI-
pajibHYy KOMIT' I0TepHY ToMOrpadito cCerMeHTa BUKOHYBaIU
Ha 64-3pizoBoMy ToMorpadi Revolution EVO ¢ipmu GE
Healthcare Japan Corporation (flmoHis1) Ta 3a 1OIIOMOTOI0
armapata NeUViz16 Essence Multislice CT scanner ¢ipmu
Neusoft Medical Systems (Kurait).

Ha nepimomy erani ¢opmyBanach 6a3oBa TpUBUMipHa
MOJIeJIb TPOKCUMAJIBHOTO BiTiTy CTETHOBOT KiCTKH, Y SIKii1
BiCh MKMW BU3HAYAETHCS SIK JIiHis, 110 CHOJyYa€E LEHTP
TOJIOBKY Ta LIEHTP IIUIKHU, a Bich Hiadiza — sSIK O3T0BXKHS
BiCbh cTerHoBOi KicTku. Ha 11iii OCHOBI 3amaBajivCh KilbKa
BapiaHTiB reoMeTpii, 10 BiZoOpakaroTh BapyCHUI, yMOBHO
HOPMAaJIbHU I Ta BAJIbTYCHUI TUTT OYI0BU TPOKCUMAJIBHOTO
Bimminy crerta. Takuii migxim q03BOJISIB JOCTIAUTU HE yCe-
penHeHy, a 3MiHHY aHaTOMiuHy KOH(irypailito, 3Baxkaiouu
Ha iCTOTHI KOJIMBaHHsI MOKa3HMKIB INMIAKOBO-AiadizapHo-
ro kyta B peanibHuX KT-Mozaensax nauieHTiB. BukopucraH-
HsI cepii Mojiesield i3 pisHUM HIMKHKOBO-IiadizapHUM KyTOM
JIaBaJio 3MOTY OLIHUTH, SIK 3MiHa HaXWJIy IIMIKY BILUTMBAE
Ha ruieye HaBaHTaXKEHHSI, HalpsiM CUJIOBOTO TTIOTOKY Yepe3
30HY TIEpeJIOMY Ta yMOBU pOOOTH TBUHTOBOI cUCTeMU (hiK-
cartii.

Mogens mepenomy ¢GopMyBadd IUISIXOM BipTyaJlbHOI
OCTE€OTOMil IIMUKKM CTErHOBOI KiCTKM B MeXKaxX BHYTPIIII-
HBOCYIJI000BOTO YIIKOXKEHHS 3 HECITPUSITIIMBOIO JI0 3CY-
BY Opi€HTALIi€I0 TUIOLIMHU MepeoMy. Y CKiHUeHHO-ele-
MEHTHMX JOCTIIKEHHSIX HECTA0UIbHUX MEPEIOMiB IIUIKKU
CcTerHa HaiyacTillle BAKOPUCTOBYIOThCS MOJIEITi TIepeJIOMiB
tuny Pauwels [1—III, ockinbky came 1St HUX XapaKTepHi
MiIBUIIEHI 3CYBHI HaBaHTaXXEHHS, BUCOKUII pU3UK BTpa-
TH PEIO3Ullii Ta MeXaHiYHOI HEeCIIPOMOXKHOCTI (ikcallii.
Taxwuii minxim 4O3BOJISIB OLIIHUTY He TUTBKM 3arajbHY XKOp-

CTKiCTh KOHCTPYKIIii, a ¥ MixK(hparMeHTapHUIA 3CyB, pPO3-
KPUTTS 30HU MEepeIoMy Ta JIOKaJbHi KOHLIEHTpAallil Hampy-
JKEHb.

s ocreocuHTe3y B MOJie/li BAKOPUCTOBYBalach CHUC-
TeMa KaHIJIbOBAHMX TBUHTIB, PO3TAlllOBAaHMX BilMOBIi/I-
HO 10 OCi UKW CTErHOBOI KicTKU. K 6a30BUii BapiaHT
rpuitManach TUIOBA CXeMa — TPM IapajesibHi TBUHTU B
IHBEPTOBAHO-TPUKYTHIl KOHIrypailii, OCKUJIbKA came
Taka cxema IIMPOKO 3aCTOCOBYETHCS B KITIHIUHIT MpaKTULLD
i pO3MISIAETHCS SIK CTAaHIAPT TS TTOpiBHSIHHS. BogHouac
HasIBHI TOCJIIXKEHHs CBiIYaTh, 110 cama JIMILe CTaHaapT-
Ha TPUTBMHTOBA CXeMa HE 3aBXIU 3a0e3Ieuye HaJIeXHY
CTaOIIbHICTh, OCOOJMBO IIPU BEePTUKAJIbHUX IlepeoMax.
3a ganumu D. Jiang Ta cmiBaBT., cepel IM’SITU MOPiBHIO-
BaHUX cTpareriii dikcanii HaliMeHIi MixdparmeHTapHi
MepeMillleHHsI Ta HaWHWX4Yi HaINpyXeHHS B iMIUIaHTax
MPOJEMOHCTpPYBaJa a-KoH(irypartisi, Toai K TpaauiiiiHi
TPUKYTHI CXEMM BUSIBUJIUCS MEHII e(heKTUBHUMU. Tomy
B pOOOTi Topsif i3 6a30BOI0 CXEMOIO TiependayaBcs MOIM -
¢ikoBaHMII BapiaHT TBUHTOBOI (piKcalii 3 aHTUBUKPYUY-
BaJIbHUM €JIEMEHTOM, SIKH1 OOMEXY€E 3BOPOTHE 3MIllIEHHS
IBUHTIB, 3MEHIIIYE PU3UK iX poTalliiiHOI HeCTaOiIbHOCTI Ta
Mepepo3MOIias€e HaBAHTAXKEHHSI B 30Hi BXOIY T'OJIOBOK Yy
Kictky [13].

HeoOxigHicTh y TakMX KOHCTPYKTMBHHUX €JE€MEHTax
MiITBEPIKYEThCSI CYJaCHUMU POOOTaMU, MPUCBIYCHUMU
MiABUILIEHHIO POTALlifHOT Ta 3CYBHOI CTiMKOCTI CUCTEMU
(dikcanii. ¥ kIiHiYHO-eKCIIEpUMEHTAIBHUX POOOTaX T0-
Ka3aHo, 10 MOEAHAHHS TPbOX KaHIOJIbOBAHMUX TBUHTIB i3
MeialbHUM OTIOPHUM TBUHTOM TOJIIIIIIYE OTIiP KPYUYEHHIO
Ta ACOLIIOETHCS 3 HUXKUMMU 4YaCTOTAMU MTOBTOPHOTO BTPY-
YaHHS i HEKPO3y TOJOBKM CTETHOBOI KiCTKM ITOPiBHSIHO 3i
CTaHAAPTHOIO TPUTBMHTOBOIO cxeMolo. [1onioHy iHxXeHep-
HY JIOTiKYy I€MOHCTPYIOTh CydyacHi cucteMu Tuily Femoral
Neck System, y SIKUX 3aCTOCOBYETbCS OKpeMMil anti-
rotation screw. 3a nanumu Y. Cha Ta criBaBT., TogaBaHHSI
YETBEPTOro TBUHTA 10 6a30BOi KOHCTPYKIIii (hikcallii cripu-
S0 3MEHILIEHHIO IUPUHU MixK(pparMeHTapHOTO PO3KPUT-
Tsl, BEJIMYMHU KOB3aHHS yJaMKiB i TiKOBOI MiXdparmeH-
TapHOI KOMIIpecii, BOMHOYAC 30iLIbLIYIOYM YAaCTKY TUIOIII
30HU IIepeioMy, sIKa IepeOyBajia IIif Mi€l0 CTUCKAIbHUX
HarpyxeHb [17]. OTxxe, BBeAeHHs B MOIEIb IT0AAaTKOBO-
o aHTMBUKPYYYyBaJbHOIo ab0 0J0KYBaJIbHOIO €JIieMeHTa
OyJ10 GioMeXaHiuHO BUIIPABAAHUM i pO3IJIIIAIOCh SIK OAUH
i3 HampsIMiB yOOCKOHA&JIEHHS TPaauLiiHOTO BUHTOBOTO
OCTEOCUHTERY.

CKiHUEHHO-eJIeMEHTHa MoJieJib (hOpMyBaach Ha OCHO-
Bi MEOWYHUX 300pakeHb i3 BUKOPMCTAHHSIM CIIeIialli-
30BaHOTO MPOTPAMHOIO 3a0e3MeueHHs JIs CerMeHTallii,
MoOYIOBY TeOMETpii Ta MOJAJIBIIOTO YMCEIHLHOIO aHali3y.
[loniObHa MOCIiIOBHICTh YK€ BUKOPMCTaHA B HU3IIL cydac-
HUX OCTIIKEHb, Y IKUX PEKOHCTPYKIisi BUKOHYBajIacs 3a
KT-manumu B cepenoBuiax Mimics, 3-Matic, SolidWorks
ta ABAQUS.

['paHUYHI YMOBU 3a[1aBaJIv BiJMIOBiTHO 10 OMHOOITOPHOI
azu xoxpOM abo iHIIKMX (Pi3i0JOTIYHUX PEXKUMIB HaABaHTA-
xkeHHs. Sk i B poboTi D.-K. Kwak Ta criBaBT., 10 roJIOBKI
CTErHOBOI KiCTKM MPUKJIAJaIu CUJTY peakilii KyJbIIIOBOTO
cyrino6a BenmmanHoto 2100 H, a mo miiTHKY BETMKOTO BEepT-
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JIIora — CuIy BiaBimHux M’s3iB BeanuuHowno 700 H. Ipu
1IbOMY OUCTAJIbHUI KiHEIlb CTErHOBOI KiCTKU 3KOPCTKO
¢ikcyBanu y nmpocrtopi [15].

OCHOBHMMM KPUTEPISIMU OLiHIOBaHHS €(MEeKTUBHOCTL
cucteMu (ikcallii MaloTh OyTU €KBiBaJ€HTHI HAIPYKEHHSI
3a Mi3ecoM y KiCTLi Ta FBUHTaX, CyMapHi MepeMillleHHs
MPOKCUMaJIbHOTO (pparMeHTa, Mix@parMeHTapHe po3-
KPUTTSI, 3CYB i JIOKaJIbHi HATIPY>KEHHSI B ILJISTHIII TOJIOBOK Ta
KiHUMKiB rBUHTIB. CaMme 11i TapaMeTpy B Cy4aCHUX JOCTi-
JDKeHHSTX HalgacTillle BUKOPUCTOBYIOThCS JIJIST TTIOPiBHSTH-
HS pi3HUX c1oco0iB ¢ikcairii. ToMy B MeXax LIbOTO TOCITi-
IKEHHST 0COOJIMBY yBary MpUAUISIIA caMe TOMY, SIK 3MiHa
1K BriiMBa€e Ha HaBeIEHI KpUTepii Ta 41 Oyne BOHA 3Mi-
HIOBaTHU pallioHaJIbHE MOJI0XEHHSI TBUHTIB Y KiCTIIi.

PesyAbTaTH

ITin yac KOMIT'IOTEpPHOTO MOJENIOBaHHs cucTeMu (Hik-
cauii mepeaoMy IIMAKM CTETHOBOI KiCTKM KaHIOJIbOBa-
HUMU TBUHTAMU TIPUHIIMIIOBUM OYyB TpaBUJIbHUI BUOIp
30BHIIIIHBOTO HABAHTAXKEHHSI, OCKIJIbKM caMe BOHO BU3Ha-
Yyae XapakTep po3IOfilly HalpyXeHb Y NMPOKCUMaTIbHOMY
BiIIiji CTETHOBOI KiCTKM, BEIMIMHY MiK(parMeHTapHUX

repeMillleHb Ta pU3UK IMepeBaHTAXKEHHS IMILJIaHTIB. AHa-
JIi3 HaJaHUX MyOIiKalliil moKa3as, 1110 B JOCIiIKEHHSIX Te-
peJIOMiB IIMIKKU CTerHa HaillyacTillle 3aCTOCOBYIOTb CXEMY
OTHOOITIOPHOTIO CTOSIHHS a00 a3y oropu Iia yac Xoap0u,
KOJIM IUCTAIbHUI KiHellb CTETHOBOI KiCTKM XOPCTKO (hik-
CYIOTh, 8 HABAHTAXKEHHSI MPUKJIAAAI0Th 10 LIEHTPY rOJIOBKU
CTErHoBoOI1 KicTku. Haii0inpur nommpeHnm Oy10 3HaAYEHHST
2100 H, wmo Bignosigae npubansHo 300 % macu Tina, i3
HaXUJIOM B KOPOHAJIbHIl Ta caritaibHiil momuHax. Came
TaKWU Miaxin BUKopucTanu S. Lin Ta cImiBaBT., SIKi TpUKJIa-
namu cuy 2100 H mig kyrom 13° natepaiibHO y pOHTANIb-
Hill TUTOIIMHI Ta 8° Ha3ax y cariTaJbHiil IIOIIWHI. AHa-
JIOTiYHE 3a BEJIMYMHOIO HaBaHTaXKeHHs 3acTocyBanu J. Li
Ta CIMiBaBT., IKi MOJEIIOBAJIA OJHOOIOPHE CTOSTHHSI MPU
BinBeneHHi 10° Ta Haxwii Ha3an 9°. [MoaiOHY cxemy BUKO-
puctanu i X. Kuang Ta cmiBaBrt., npukianarouu 2100 H no
LIEHTPY T'OJIOBKM CTETHOBOI KiCTKHU 3 opieHTalieo 10° Ha-
30BHi y OpOHTaIbHIN MIoKHI Ta 9° Ha3az y caritajabHii
wionuHi. TakuM yMHOM, came Aiana3oH 6au3bko 2100 H
MOXHA pO3MISAaTH SIK 0a30BUIA CTAaHAAPT AJISI TTOPiBHSIb-
HOTO aHaJjli3y Pi3HUX KOHCTPYKIiii OCTEOCUHTE3Y IIUHKUA
crerHa [18—20].

Tabnuus 1. [NopiBHAHHSA HaBaHTaXkeHb Ha rOJIOBKY CTErHOBOT KiCTKU B ony6JlikoBaHUX po6oTax

. HaBaHTaxeHHSs Hanpam/cxema KomeHTap
AECT upivoncal Ha roJiIoBKy NnpUKJagaHHAa AN BAKOPUCTaHHSA
” PCS/F-technique/ 2100H 3aj Yy caritanbHin; cuna pe Al P
2021 DHS + DS NOVKNAneHa [0 LeHT dikcaTopis Nnpu BepTn-
F(E)J'IOBKI/'?' AO UeHTPy KasbHUX nepenomax
Jo6pe nigxoantb ons
. . BinsegeHHsa 10°, Haxun MOLEeNen, y KnxX OLiHIO-
+ A ) 3
Ié|0T1a90n|BaBT., CC%’C%CE M pjég TR, 2100H Hasaz 9°, BepTuKanbHa I0Tb 3CYB Y340BX N0~
cuna oo LUEeHTPY rofloBKM | HU nepenomMy Ta epekT
MegianbHoi onopu
10° Ha30BHi y ppoHTanb- | MNMowmnpeHa cxema ons
Kuang Ta cnisaBrT., FNS, FNS-low, FNS 2100 H Hili nnowmHi, 9° Ha3an, MOAENOBAHHA O4HO-
2023 +CS y caritanbHili; cuna B OMOPHOro CTOAHHS/HOP-
LLEHTP rOJIOBKM MaJibHOT X0ab61
HouinbHe onsa nonepe-
KBasictaTnyHe Ha- OHix abo crpoLLeHnx
Lu Ta cnieaBT., BaHTaXXEHHS 3BEPXY Ha MOpPIBHSHb, aNne He §K
2020 DhCCS/0CCS 600 H roJIOBKY; HU3 MOZENi E€OVNHUIA PeXUM ans
3adikcoBaHmin ®YHKLiOHANBHOro NMpo-
rHO3Yy
YoTupu bazm xoau: Hari6inbLw iHbopmaTnBHO
Wang Ta cnisasrT., MaujeHT-cneundiyHi | 1/3 BW; 2,4 BW; | 1BOXONOPHE CTOSIHHS, égg;'(:‘ggﬁfggn::?'
2019 Mogeni nicns gikcau,ji 4 BW; 7 BW f{)(,;:,eH_%?fnopHe, heel-off, MaKCHMYMM AOCSaloTb-
csa npwu toe-off
HaBaHTaxxeHHs Ha niB- . - . o
HanbinbL gizionoriyHnii
Cha Ta cniBaBrT., FNS *= npopaTtkoBuin X c|>-| Ob%'\ginabs? B ?&%F)BT(;H% n?(Begl)\;HA'f%e i nigxia,; OouinbHUA ons
2025 rBUHT on A A KyTOM diHanbHOI NepeBipKn
oM cxogamMn | peTpoBepcieto 25°, 3 ypa- 6i -
XyBaHHSIM M’S30BUX CIN CTabiNbHOCTI KOHCTPYKLLi
HaBaHTaXeHHS B LLEHTP K%mgpnog%%i)gﬁongl?;ono
Sohn Ta cniBaBT., FNS pons pisHux Tunis 1950 H rOJIOBKU; BiaBEOEHHSA 7°; giemamm NPUAATHII
2025 rnepesomis ?goKsz;: natepanbHo i 119 MOLENEH HA CUHTE-
A TUYHIN KiCcTUj
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BonHouac y yacTuHi pobiT 3aCTOCOBYIOTH CIpOIIe-
Hi abo crienianizoBaHi peXXMMM HaBaHTaxeHHs. Tak,
H. Lu Ta cmiBaBT. nMpu MOIeTOBaHHI IBOX THUIIIB Ka-
HIOJIbOBAaHUX TBUHTIB 11 nepejsomy Pauwels 111 Bu-
KOPHUCTOBYBaJlM KBasicTaTuuHe HaBaHTaxkeHHs 600 H,
MpUKIaZeHe 10 BEPXiBKM TOJOBKMU CTETHOBOI KiCTKW,
mo Oinblle BiAITOBiZae ITOIEpPeIHLOMY ITOPiIBHSIILHO-
My aHali3y KOPCTKOCTi KOHCTPYKIIii, HiXX ITOBHOMY
BIITBOPEHHIO (hi3i0JOriYHOTO HaBaHTAXXEHHS Mil 4ac
xonpou. Tomy Take HaBaHTaXkKe€HHS AOLIJIbHIIIIE 3aCTO-
COBYBATH sIK ITOYAaTKOBUI eTal YMCeNbHOI Bajinallii abo
JUJTSI CTIPOIIIEHUX TECTiB Ha BiAIHOCHY CTa0OUIbHICTh, a HE
SIK €IMHY PO3PaXyHKOBY CXeMY JIJIsl OCTATOYHOI0 BUOO-
py cuctemu dikcanii [21].

IHmmit minxin mogano B po6oti Y. Wang Ta crmiBaBT., y
SIKili HABaHTaXKEHHSI PO3TJISIIANocs He sIK olHe (iKcoBaHe
3HAUYEHHSI, a SIK TTOCTiIOBHICTh (a3 Xoau: TBOXOMOPHE CTO-
sTHHS — 1/3 Macw Tina, oJHOOMOpHE CTOSTHHS — 2,4 Macu
Tila, BiipuB I’sITM — 4 Macu Tila, BiApuB MajblliB — 7
Mac Tija. ABTOpY MOKa3ajiu, 1110 HaiOIbII HAIIPYXKEeHH:I,
MnepeMillleHHsI Ta eKBiBajJeHTHi Aedopmallili BUHUKAIOTh
y ¢a3i toe-off, ToOTO Npu HaAOINBIIOMY HaBaHTaXKEHHI.

Taxuit migxig € ocoOAMBO IIHHUM, SIKIIO AOCIIIKEHHS
Ma€ Ha MeTi He JIMIle TOPiBHSIHHS KOHCTPYKIIiii, a i BU-
SIBJIEHHSI KPUTUYHOTO PEXUMY, 3a SIKOTO MOXE BUHUKATH
BUKpPYUYyBaHHS TBUHTIB, BapyCHUI1 Kojarc abo JoKajbHe
MPOJABIIOBAHHS KiCTKOBOI TKaHMHU [11].

Binbi ¢izionoriuHo AeTanizoBaHi IMOCTAaHOBKM 3aa-
Yi BUKOPHUCTOBYIOTh Y po0OTax, y SIKUX IO MOJIEJi BBO-
NSATh HE JIMILEe CUIy, IPUKIIAJeHY 10 TOJOBKU CTETHOBOI
KiCTKHM, a i1 M’s130Bi KOMMOHeHTH. Y nociimkeHHi Y. Cha
Ta CHiBaBT. MOJEJi HaBaHTaXyBaJW BiAIOBITHO OO pe-
KUMIB 3BUYAiHOI XOABOM Ta IMimilomy cxomamu, Tpu-
YOMYy HaBaHTaXEHHs TiepenaBajiocsl Ha TiBchepuyHy
TIOBEPXHIO TOJIOBKM CTETHOBOI KiCTKM Tif HaxwmioMm 45°
Ta peTpoBepcieio 25°, a TaKOXK BpaxOBYBaJIM CUJIN BiBim-
HUX M’s13iB, tensor fascia latae, tractus iliotibialis, vastus
medialis i vastus lateralis. Came Takuii miaxia HauOIMXK-
YUl 10 peajbHOI OioMexaHiK1 KyJbIIIOBOrO Cyrjioda, of-
HakK BiH 3HAYHO YCKJIAIHIOE MOJEJb i MOTpedye OinbIIol
KUTBbKOCTI BUXimHUX gaHux [17].

Otxe, IJ1sI MOJIENIOBAaHHS cCUCTeMU (ikcallii repeino-
My HIMIKW CTerHa KaHIJIbOBAHUMM IBUHTAMU 3 ypaxy-
BaHHSIM PI3HUX MIMKAKOBO-AiadizapHUX KyTiB HOLITBHO

Tabnuus 2. MopiBHAHHSA NPUAHATUX Y JliTepaTypi B1aCTUBOCTEN KicTkn

3UTHY MOLENb KiCTKM

.. KopTukanbHa ly6uacrta
ABTOpPM Tun mopaeni KicTku e e KomeHTap
OauiH i3 Hannowmpe-
Lin Ta cniBaBT., OpHopigHa, i3oTpornHa, E =16 800 MMMa; E =840 MMMa; | Hiwmx HabopiB napa-
2021 NiHINHO-NPY>XHa v=0,3 v=0,2 meTpiB y FE-moaensax
LUMMKK CTerHa
[MpakTnyHO TOM camuni
. . . _ . _ . | Habip, wo ny Lin
ggggg Ta cniBaeT., oan?Silg:gil%(;T)Er?:Ha, E 133%03Mﬂa, E ‘?i%l\gl'la, Ta CMIBABT. 3DY4HO
’ ’ L7151 NPSAMOro nopis-
HAHHA Moaenen
. . BinbL KOHTpacTHe
OpHopigHa, i3oTponHa, _ . _ - .
Li Ta cniBaBsT., 2019 | piBHOMipHA NiHIAHO-NPYX- E= 1V6=35>%g/|ﬂa, E _\/1 i?ol\gl'la, g?l?oﬂ'(lzj;?sg;ﬁggnmo-
Ha ro i ryéyacToro wapis
MapameTpu BiANO-
. Y MogentoBaHHi BUKOPUC- _ . _ BiJal0Tb HE NPUPOHIN
Sohn Ta cniBasrT., E=7200 MMNa; E =135 MIlla; i
5025 TaHO CUHTETUYHY KOMIMO- V=035 v=0225 KicTUj, 2 HeTBepTOMYy

MOKOMIHHIO KOMMO3UT-
HOi moaeni

Wang Ta cnisasT.,

MaTepianbHi Bhactu-
BOCTI KiCTKOBOiI TKaQHUHW

MartepianbHi Bnactmn-
BOCTi KiCTKOBOi TKaQHU-
HM 3a4aBanivi HA OCHOBI

KT-paHux: ryCtuHy
obyncnoBany 3a cnie-

Te came cniB-
BiAHOLLUEHHS

lMepconanizoBaHuin

nigxig; y 4OCTYnHOMY
dparMeHTi 3Ha4YeHHS
v ONs KicTku Bigo6pa-

— moaynb KOHra

2019 BM3HaYanu 3a 4aHMn BiJHOLLEHHSAM 3a cipum piB-

Komn’toTepHoi Tomorpadii | p=131+1,067- HU, HeM KT 2KEHO HEMNOBHO, TOMy

: 1oro cnig HaBooUTU
a MOoAynb NPYXHOCTI 0BEPEXHO
lOHra — 3a opmynoto
E=-331+4,56-p
MaTtepianbHi BAacTMBOCTI
KiCTKOBOI TKQHVUHW BU- 1800 rpyn Harbinbw petanizo-
Cha Ta CriBasT. 3HaYasnm 3a NaHLI0XKOM 1800 rpyn MaTepiaJJb- MaTepiaanvQ( BaHW Nigxig, i3 npo-
2025 ’ nepeTBOPEHb: 3HAYEHHS HVX BNaCTUBOCTeN; BNIACTUBOCTEN; | CTOPOBO HEOOHOPIA-
HU — rycTuHa 301bHOro v =0,3 gnsa KicTkn v=0,3 ana HUMW BNACTUBOCTSIMM
3aIMLLIKy — ysIBHA N'YCTUHA KiCTKM KiCTKM
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BUKOPHUCTOBYBAaTH JIBOPIBHEBY CXeMy HaBaHTaKEHHs.
Ha nepiomy erami 3actocyBanu 2100 H six 6a3oBe Ha-
BaHTaXXeHHSI OMHOOIIOPHOTO CTOSIHHSI, OCKIJIbKM came 1Ist
cXxeMa HalyacTilie BUMKOPMCTOBYEThCS Y MOPiBHIOBAaHUX
CKIHYEHHO-EJIEMEHTHUX POOOTaX i J03BOJISIE KOPEKTHO
3iCTaBISTA pE3yJbTaTU 3 JiTepaTypHUMU naHumu. Ha
JIpyroMy eTari 151 OrJan0IeHOro aHali3y A0LiJIBHO BBO-
IATH ab0 a3y Xoau 3 pisHUMU KPaTHOCTSIMU MacH Tia,
a00 OUTBII CKIAgHY M SI30BO-CYIJIO00BY CXeMy HaBaHTa-
JKEHHsI, SIKIIIO TIOTPiOHO OLIHUTU MOBEIiHKY KOHCTPYKIIii
B YMOBaX, HaOMMXKEHUX IO peajlbHOl (PyHKIIii HUXKHBOI
KiHIiBKH.

BAQCTMBOCTI KiCTKW, SKi NPUAMAIOTb
CBTOPU NMPU MOAEAIOBOHHI

AHaJti3 HagaHuX poOiT IOKa3ye, 110 B JIiTepaTypi BUKO-
PUCTOBYIOTBCS 1Ba OCHOBHI MiIXOIM IO 3alaHHS BJIacTU-
BOCTEI KiCTKOBO1 TKaHWHU. [lepImii — cripoleHuit, KoJau
KOPTUKAJIBHY 1 TyOUacTy KiCTKY OMHUCYIOTh SIK OQHOPIIHI,
i30TpOMHI Ta JiHIHO-TIPYXHiI MaTepiaiu 3 (pikcoBaHUMU
MOJYJISIMM TIPYXXHOCTI Ta Koediuientamu [lyaccona. [Apy-
Tl — TIEPCOHATI30BaHMI, KOJIM BIACTUBOCTI KiCTKU BU-
3HavatoTh 3a KT-utisbHicTIO.

[ MomentoBaHHSI CUTYyalliliHOI 3agayi I10J0 IOpiB-
HSTHHST poOOTH KaHIOJIbOBAHUX TBUHTIB 3a Pi3HUX IIMHAKO-
BO-HiadizapHUX KyTiB CITOYaTKy METOIMYHO BUMPaBIaHUM
OyJI0 BUKOPMCTaHHSI CTAHIAPTU30BAaHUX MaTepialbHUX
BJIACTUBOCTE KOPTUKAJIbHOI Ta ryoyactoi Kictku. Lle mo-
3BOJIWJIO 30CEPENUTH aHajli3 caMe€ Ha BIUIMBI TeoMeTpil
MPOKCUMAJIBHOTO BiliTy CTeTHA i KOHIrypailil TBUHTIB,
He 3Millyouu 1ei eexr i3 BapiallisiMu MiHepabHOI 11iJTb-
HOCTI KiCTKM. YKe Ha HacTYIIHOMY €Talli MOJIe/Ib MOXKHa
oyno ycknamHutu, mnepeimoniiu 1o CT-based material
mapping, Ko OyJo IMOTPiOHO OLIIHUTU IIe i BIUIMB OC-
TeomneHil abo iHAMBiAyaJabHOI HEOMHOPIMHOCTI KiCTKOBOI
TKaHuuwm [11, 17-22].

NMNo6yAOBO reOMeTPUYHOI
TA PO3PAXYHKOBOI MOAEAI 30 AOGHUMU
KOMM’tIoTepHOi Tomorpadii

[ToGynoBy Moei 1151 AoCHiAXeHHsI cucTeMu (ikca-
i1 TepeJIoMy IIMINKKU CTETHOBOI KiCTKM BUKOHYBaJIU Ha
OCHOBI KoMmIT'toTepHOI ToMorpadii, ockinbku came KT
Jla€ 3MOTY OTPUMATH TTPOCTOPOBO KOPEKTHY I€OMETPit0
NPOKCUMAJILHOTO BiIIily CTETHOBOI KiCTKM Ta Bpaxy-
BaTU iHAMWBiAyaJabHi aHATOMIYHiI OCOOJMBOCTI, 30KpeMa
K. ¥V cyyacHux poborax, NMPUCBIYEHUX CKiHUEH-
HO-€JIEeMEeHTHOMY aHaJli3y mepejoMiB IIMHKHU CTErHa,
BUXimHiI ToMorpacdiyHi faHi HaliyacTillle BUKOPUCTOBY-
IOTh SIK OCHOBY JIsI (DOPMYBaHHSI TPUBUMIPHOI MOJEi
KicTku, micis yoro ii nepeHocsath y CAD-cepenoBuiiie
IJIsT TTOOY/0BU TIepeIoMYy, iMIUIAHTIB Ta IOJaJbIIOTO
po3paxyHky [16, 19, 23]. 3 ypaxyBaHHSIM MOCTaBJIEHOI
METU B TAHOMY HOCJiIXEHHI IPUWHSTO, 110 BCi OCHO-
BHi eTanu reoMeTpUYHOTrOo MOJEJIOBaHHS, TOOYI0BU
iMIUIAHTIB, CKJIaJIlaHHS By3Jla Ta PO3paxXyHKY Hampyxe-
HO-I1e(pOopMOBaHOIO CTaHY BUKOHYIOTHCSI B CEPEaOBMII
SolidWorks.

Ha nepmomy etamni orpumyBanu KT-3pizu mpokcu-
MaJIbHOTO Bifiily cTerHoBOi KicTKU y dhopmati DICOM.
VY niTepatypi 1Sl TaKuX 3a/1a4 BUKOPUCTOBYBAJIU TOHKO-
IApOBi CKAHU 3 BUCOKOIO PO3/IJILHOIO 31aTHICTIO, 1110 3a-
Oe3rnevyyBaio JOCTATHIO TOUYHICTh BiATBOPEHHS KOHTYPIB
TOJOBKM, IINHKM Ta IPOKCHUMAaJIbHOI YacTMHU miadiza
[14, 23]. Ha ocHOBI cipux 3Ha4eHb TOMOTrpadiyHOrO 30-
OpaxxeHHsI (OPMYETLCS IIPOCTOPOBE BUIUICHHS KiCT-
KOBOI TKAaHMHM, IIiCJISI YOTO CTBOPIOETHCSI MOBEPXHEBA
STL-Mozenb MPOKCUMAaJIbHOTO BilAily CTETHOBOT KiCTKU.
VY nonepenHix NOCHIKEHHSX el eTan 3a3BU4ail BUKO-
HYBaJIM B CIEliajli3oBaHOMY MEIUYHOMY IPOrpaMHO-
My 3abe3IedyeHHi, a gajii moaeiab nepeHocwin B CAD-
cepeloBUIIE [IJIS MONAJbIIOrO OMpalloBaHH. Y Hallii
nocraHoBli BuxinHa KT-reomeTpist miciast peKOHCTPYKIIil
immoptyeThest B SolidWorks K mmoyaTkoBa IIpoCTOPOBO-
MOBEepXHEBAa MOJENb ISl TOMAIBIIOTO TBEPAOTIIBHOTO
MOJIeJIIOBaHHSI.

ITicna imnopty reomeTpii B SolidWorks BUKOHYBa1oCh
OYMUIEHHS MOJIeJi Bil IpiOHUX apTedaKTiB, 3TIaJKyBaHHS
JIOKaJIbHUX HEPiBHOCTEI MOBEpXHi Ta MEpeTBOPEHHS iM-
MOPTOBAaHOI 000JIOHKM Ha TBEpAOTIbHY opmy. [TonioHmit
MiaXig BiAMoOBiga€ 3arajibHili METOAMLIi, 3aCTOCOBAHIIi y po-
6orax, y skux micast KT-pekoHCTpyKIlii Moaenb 3riamxKy-
BaJId, aliPOKCUMYBaJIM TTIOBEPXHSIMM Ta BUKOPUCTOBYBAJIU
1711 TOOYyIOBU TBEPAOTUIBHOI TeoMeTpii. ¥ SolidWorks Ha
it cranii opmyBanm 6a30By ITapaMeTPUIHY MO CTET-
HOBOI KiCTKM, $IKa TIpMIaTHa 151 MOAAJBIINX OIlepalliii
po3cikaHHS, MOOYI0BU JOMOMIXHMX TUIOIIMH, BU3HAYEH-
HS1 OCeii Ta CKJIaJaHHs 3 eJeMeHTaMU (pikcallii. Baxiuso,
10 caMme TBEpAOTiIbHA MoOJeab Oyja HEOOXiZHOKW YMO-
BOIO JIJISI KOPEKTHOTO 3acTocyBaHHs Monyist SolidWorks
Simulation.

Haimi y SolidWorks BU3Ha4YaMch OCHOBHI aHATOMIidHi
oci mozeJi. Bich mmiitku CTerHOBOI KiCTKY TTPOBOIMIIN Ye-
pe3 LeHTP FOJIOBKM Ta XapaKTePHY CEPETHIO TOUKY IUIKH,
a Bich miagiza — SIK MO3M0BXKHIO BiCh IPOKCUMAIbHOTO Bifl-
NIy CTerHOBOI KicTKu. Ha migcraBi 1iux oceil BU3HaYaBCs
IAK, skuit y Mexax 1IbOT0 JOCiIKEHHS IMPpUAMAaBCs SIK
OJIMH i3 TOJOBHUX 3MiHHMX TapaMmeTpiB. Lle naBajo Mox-
JnuBicTh y SolidWorks He j1ulie BiTTBOPUTH BUXiTHY aHATO-
Mito, a it mapamerpuuHo 3MiHoBatu LK mist hopmyBaH-
HS cepii Monesieil i3 BapycHOI0, YMOBHO HOPMAaJIbHOIO Ta
BaJIbI'yCHOIO T€OMETPIEIO.

Ha nactynmHomy ertami y SolidWorks ¢opmyBanacs Mo-
IIeJIb CaMOr0 TEepeIoMy IIMHAKM CTETHOBOI KicTKH. JIst
LIOTO Yepe3 IIMIKY MPOBOAUIACH AOTTOMIXKHA TUTOIIMHA,
MOJIOKEHHSI SIKOi 3aJaBajioCh BIiAMOBIAHO A0 IMPUKHSATOI
CXeMHU YILIKOIXKEHHs. Y poboTax 3 aHalli3y HeCTaOiIbHUX
MepesioMiB HailyacTille BUKOPUCTOBYBAIM BipTyaJbHYy OC-
teoTomito Turty Pauwels 111, ge niHist mepesomy mae Besu-
KW HaXu i CTBOPIOE HECTIPUSITJIMBUI 3CYBHUIT XapaKTep
HaBaHTaxkeHHs. [licist modymosu riomHu B SolidWorks
BUKOHYBaJIach oTiepallis po3CiKaHHs Tijla KiCTKU, BHACITi-
JIOK YOTO OJIEPKYIOTh IBa (hparMEHTH — MPOKCUMAaIbHUI
Ta OUCTAIBHUIA. 3a MOTPeOr MiXX HUMU MOXe OyTH 3ama-
HUI TTI0YaTKOBUI MixK(pparMeHTapHUI IPOMIKOK, IIIO 10-
3BOJISIJIO OLIIHIOBATH HE JIMIIE HAMPY>XEHHS, a 1 BETUYUHY
30JIM3KEHHSI, 3CYBY Ta PO3KPUTTS Y 30Hi IIepeiomy.
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[IoOynoBa e1eMEHTIB OCTEOCHMHTE3y TaKOX 3HilCHIO-
Baiach B cepenoBulli SolidWorks. KaHionboBaHi TBUHTU
MOJIEJTIOBATTUCH 32 IXHIMU HOMiHAJIbHUMU TEOMETPUYHUMU
napaMeTpaMu: 30BHIIIIHIM JiaMeTpoOM, diaMeTPpOM CTPIK-
Hs1, JOBXWHOIO, TUISTHKOIO Pi3bOu, po3MipaMu TOJOBKU Ta
KaHIOJIbOBAHOTO KaHay. Y HU3ILI OIyOJiKoBaHMX pOOIT
pi3bOOBY YaCTMHY TBMHTIB ISl CIIPOILEHHSI PO3paxXyHKY
3aMiHIOBAJIM TIAAKUM LWIIHIPOM i3 CepemHiM diaMeTpOM
pi3b0M, OCKITbKM OCHOBHHMM IIPEIMETOM aHali3y Oyia
He JIOKaJbHa MiKpOreoMeTpis pi3p0u, a 3arajbHa poboTa
cucTeMm «Kictka — ¢ikcarop» [14, 23]. Takuii mioxio OyB
OPUMHITUN JOLIIBHUM i B IbOMY HOCTiIKE€HHi, OCKITbKMI
BiH iCTOTHO CIIpOllyBaB MOOYIOBY CiTKW Ta ITiIBHUIIYBaB
CTiliKiCTh pO3paxyHKy 0€3 BTpaTu MOXJIMBOCTI MOPiBHIO-
BaTW pi3Hi KOoH(irypailii po3ramryBaHHs TBUHTIB. 3a He-
OOXiTHOCTi TOJATKOBI aHTMBUKPYUYBaJbHi €IEMEHTU abo
CTOTMOPHI KOMIIOHEHTH TaKOX MOJENIOBAIUCH Y BUIJISII
okpemux merajieil SolidWorks i BKiIro9anamch 10 3arajabHO1
30ipKu.

[Ticna ctBopeHHs reomeTpii TBUHTIB y SolidWorks dop-
MyBaJIach 30ipKa CUCTEMM OCTeOCHHTe3y. [ BUHTHU OpieHTY-
BaJIM BiTHOCHO OCi IIMIKM CTErHOBOI KiCTKU Ta PO3MIilIly-
BaJIM BiAMOBiOZHO M0 0OpaHOi cxeMu (ikcalii. ¥ podorax
i3 MOJE/NIOBaHHS TMEpPeoMiB IIMAKKM CTerHa KaHIOJIbOBa-
Hi TBUHTHM 3a3BUYaii PO3TAIllOBYBaM TapajesibHO J0 OcCi
LIXIAKW, HaMaraloymchb MaKCMMaJbHO BUKOPUCTATH TIOTIE-
peYHUil mepepi3 MUIAKK Ta MiaABeCTU KiHYUKU IBUHTIB 10
CyOXOHIpaIbHOT AUISTHKY TOJIOBKU, HE TIOPYIIYIOUU CYTJIO-
00By TTOBepxHIO. Y Mexkax Hamroi Mmozgeni B SolidWorks 11e
MOJIOXEHHS TIPUNMAETHCS SIK KOHCTPYKTUBHUI OpPIEHTUD
IJI1 KOPEKTHOTO IO3UIliloBaHHS TI'BUHTIB. OKpemMo Moxke
OyTU peasi3oBaHO KiJlbKa BapiaHTIB iXHbOI'O PO3TalllyBaH-
HSl — CTaHJApTHA iHBEPTOBAHO-TPUKYTHA CXeMa, MOIM-
¢ikoBaHa cxema 3 HUXHIM OMOPHUM TBMHTOM, a TaKOX
BapiaHTH 3 0IaTKOBUMU aHTUPOTALIIMHUMMU eJIeMEHTaAMMU.

[Ticns 3aBepllleHHsSI TEOMETPUYHOTO MOJIEJIIOBAaHHSI Ta
CKJIaJIaHHS BY3Jla BUKOHYBAJIM TiITOTOBKY PO3paXyHKO-
Boi mozeni B SolidWorks Simulation. /11t 11boTO KOXKHi
IeTajli IMpU3HavYaIy MaTepiajbHi XapaKTepUCTUKU, a MiX
eJIeMEHTaMU 3a/1aBaJIM KOHTAKTHI B3a€MO/ii. 3aIexHO Bif
MPUIHITOI TTOCTAHOBKM 3aJaydi KOpTUKajJlbHa Ta TyO4ac-
Ta KiCTKa MOIJIM MOJMAEIIOBATUCS SIK i30TPOIMHI JiHiltHO-
MOpyXkHi MaTepiaau abo, y pasi yCKIagHEHHS MOJei, sSK
HEOJHOpIHEe CepeAoBUIlle, MapaMeTpu SIKOro MOB’s3aHi
3 KT-mineHictio. ITicas mporo B SolidWorks Simulation
¢dopmyBaach KiHIIEBO-€JIEMEHTHA CiTKa, MPUYOMY B 30-
Hax TepesioMy, KOHTaKTy IBUHTIB i3 KiCTKOIO Ta MOOIU3y
CyOXOHIPaIBHOT TiISTHKY JIOLIJTbHO BUKOPHUCTOBYBATH JIO-
KaJIbHE 3TYIIEHHSI CITKU.

I'paHMuYHiI yMOBM Ta HaBaHTAXXEHHS TaKOX 3a1aBaJUCh
B cepenouili SolidWorks Simulation. JluctanbHuit Bigain
CTETHOBOI KiCTKU (DiKCyBasiu, a 10 TTOBEPXHi TOJOBKU MpHU-
KJ1afgajau Cujy, 110 iMiTye OJHOOMOpPHE CTOSIHHS abo dazy
OIOpH TijI Yac Xoab0u. 3a pe3yabTaTaMu pPO3paxyHKY BU-
3HAYAJIM PO3IOIiJ eKBIBAJICHTHUX HAMPYKEHb Yy KiCTLI Ta
TBUHTAX, CyMapHi MepeMillleHHsI TTPOKCUMaibHOro (par-
MEHTA, BEJIMYMHY MiX(pparMeHTapHOTO 3CYBY, PO3KPUTTSI
TepeomMy, a TaKOX JIOKAJIbHI 30HU TIepeBaHTAXKEHHS Y [li-
JISTHIII BXOJY TBUHTIB i ITif ixHiMu rojioBKamu. Came 1Ii ITo-

Ka3HUKU € HAUOiIbII iHPOPMATUBHUMM JUISI OLLIHIOBAHHS
PM3UKY BUKPYYYBaHHSI TBUHTIB, BTpATU PeMO3ullil Ta Mpo-
JIaBJIIOBAaHHS KiCTKOBOI TKAHWHU TOJIOBKM CTETHOBOI KiCT-
KU i Ai€X0 HABaHTaXXEHHS.

Takum 4MHOM, 3alpONOHOBAaHA METOAMKA A€ MOX-
JIUBICTb Y €IWHI po3paxyHKOBIiil MOCTaHOBIII MpoaHa-
JIi3yBaTu B3a€EMO3B’SI30K MiX T€OMETPIi€0 MPOKCUMab-
HOI'O BiImiJly CTErHOBOI KiCTKM Ta POOOTOIO0 CUCTEMU
IBUHTOBOTO ocTeocuHTe3y. [IpakTuuHe 3HaYeHHS TaKO-
ro MiIXOAy IOJISITaJIO Y BU3HAYEHHI pallioHaJIbHOI CXeMU
po3TalllyBaHHSI KaHIOJbOBAaHMX TBUHTIB i JOLIIBHOCTI
BUKOPUCTAHHS JOJaTKOBUX aHTUBUKPYUYBAJIbHUX e€Jie-
MeHTiB st pisHux BapiaHTiB LIIJIK. OuikyeTbcst, 1110
1l JO3BOJUTb 3HU3UTU PU3UK BUKPYUYYBAHHS T'BUHTIB,
MPOAABIIOBAHHS KiCTKOBOI TKAHWHM B AiJSIHII TOJTOBKU
CTeTHOBOI KiCTKM, BTpaTH PEIO3MIIil Ta BTOPUHHOI He-
CTabIIbHOCTI OCTEOCHUHTE3Y.

BUCHOBKMU

CyuacHe TUIaHyBaHHSI XipypriuHOTo JIiKyBaHHSI TiepeJsio-
MiB TIPOKCUMAaJIbHOTO Bi/UliJTy CTETHOBOI KiCTKM TTOBUHHO
OasyBaTHUCS Ha TaHWX KOMIT'IOTEPHOTO JTOCTiIKEHHS 3 T10-
JAJIBIIIMM BMOOPOM iHAMBIMyaTbHOI TAKTUKY OTIEPaTUBHO-
ro BTpy4YaHH: i epeKTUBHOI (hikcallii.

Kowmir’torepHe MozaemoBaHHs HampykKeHo-ae(opMoBa-
HOTO CTaHy cucTeMu (pikcallii mepeaomMy MpoKCUMalIbHOIO
BiliTy CTErHOBOI KiCTKM 3 YpaxyBaHHSIM Pi3HUX IIMHAKO-
BO-niadi3apHUX KYTiB Ta KOHCTPYKTMBHMX CXEM OCTEO-
CUHTE3Y € e(heKTUBHUM 32CO00M MTPOrHO3YBAHHS MOXJIHU -
BUX MEXaHOT€HHMX YCKJIaJHEHb.

KondJikT inTepeciB. ABTopu 3asBISIOTH PO BiICYT-
HICTh KOH(MJIKTY iHTepeciB Ta BiIacHOI (phiHAHCOBOI 3alli-
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Computer modeling of the stress-strain state of the proximal femoral fracture fixation system

Abstract. Background. The study on the biomechanical properties
of the proximal femur is an important stage in developing effective
methods of surgical treatment for fractures of this part of the skeleton.
Most works on computer modeling of screw osteosynthesis consider
the caput-collum-diaphyseal (CCD) angle as an averaged geometric
constant or not consider it as an independent factor at all, although
it determines the inclination of the neck, the length of the load arm,
and the direction of force transmission through the fracture zone. The
purpose was to perform the computer modeling of the stress-strain
state of the proximal femoral fracture fixation system taking into ac-
count different CCD angles and structural schemes of osteosynthe-
sis. Materials and methods. Analysis of data from modern scientific
sources was aimed at identifying the main requirements to the com-
puter model of the proximal femur, namely individual geometric pa-
rameters of the bone and its density, variability of virtual osteotomy
and location of fixators, as well as directions and values of loads. The
fracture model was formed by virtual osteotomy of the femoral neck
within the intra-articular injury with an unfavorable fracture plane
orientation of Pauwels type I1—III fracture predisposing to displace-
ment. After completing geometric modeling and assembly of the
unit, the computational model was prepared in SolidWorks Simula-
tion. To do this, material characteristics were assigned to each part,

and contact interactions between the elements were defined. Results.
The main disadvantages and advantages of common computer models
of the proximal femur under the condition of its situational damage
were established. When comparing the performance of cannulated
screws at different CCD angles, it was methodologically justified to
use standardized material properties of cortical and cancellous bone at
first. At the next stage, the model could be complicated by moving to
CT-based material mapping, if it was also necessary to assess the in-
fluence of osteopenia or individual bone heterogeneity. To model the
femoral neck fracture fixation system with cannulated screws, taking
into account different CCD angles, preference was given to a two-level
loading scheme. At the first stage, it is advisable to apply 2100 H as
the basic load of single-support standing, which will allow for correct
comparison of the results with the literature data. At the second stage,
for in-depth analysis, it is advisable to introduce either gait phases with
different multiplicity of body weight, or a more complex muscle-joint
loading scheme. Conclusions. Modern planning of surgical treatment
for proximal femoral fractures should be based on computerized ima-
ging data with subsequent selection of individual surgical tactics and
selection of effective fixation.

Keywords: computer modeling; proximal femur; caput-collum-
diaphyseal angle; fractures; osteosynthesis
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Pe3yAbTATU XiPYPTIYHOroO AIKYBAOHHS PU3APTPO3Y

Pestome. AKTyaAbHICTb. BeAvKQ KIAbKICTb 3QMPOMOHOBAHMX CIIOCOBIB XiDYPIHYHOrO AiKYBAHHS PU3QPTOO3Y MO-
TPEBYE OKPECAEHHST €PEKTUBHOCTI 6A30BUX METOAMK TA IX ANDEPLEHLINOBAHOIrO 3QCTOCYBAHHSI. MeTa: KiAbKICHO
OLIHNTN €QEKTUBHICTb PI3HMNX METOAMK XiPYPIHHYHOIrO AIKYBAHHST QPTPO3Y 3Qr SICTHO-M SICTKOBOIro CYIMo6a BEAUKOro
raAbLst kucTi. Marepiaau Ta metoaun. [IoOBEAEHO OAHOLIEHTPOBE PETPOCTEKTUBHE AOCAIAKEHHST PE3YALTATIB Xi-
PYPrYHOO AiKyBAHHSI p13QPTPO3Y y 55 NaLiEHTIB 3Q TObOMA 6A30BMMU METOAMKAMMU. [TepLud MeToAmka — Tpare-
3EKTOMIS1 3 IAQCTUKOKO 3B SI3KOBOIro QriQpary Cymob6a 3 BUKOPUCTAHHSIM CMYT CYXOXXMAKQ MPOMEHEBOIro 3rmHa4Ya
(LRTI-npoueaypa — 34 nauieHTn), APYra — TPQrne3eKToMisl i3 3QCTOCYBAHHSIM CMNELiQAIBOBAHOI CUCTEMU ABOX
rYA3MKOBUMX QIKCATOPIB TQ HOAMILHOI HUTK — 14 NAUEHTIB, TPETSI — QPTPOAE3 3Qr SICTHO-MSICTKOBOrO Cymoba
BEAVKOroO MNAAbLSI — 7 MNALIEHTIB. PE3yAbTATY OLiHIOBAAM Yepes 12 micsuiB i GinbLue. CTyriHb BIAHOBAEHHST Oro3uLlii
BEAMKOIO MAAbLST BUSHQYOAM Y 6AAQX 3Q LLKAAOKO KAMAHAXI, Q @YHKLUIOHAAbHWM CTAH KiHLIBKW — 3Q OMUTYBAAb-
Hukom DASH A0 i micAs XipypridHOro BTRYHQHHSI. Pe3yabrarn. XipypridHe AikyBAHHSI pU3QPTPO3Y € ePEeKTUBHUM |
306e3reyye 3MEHLLEHHS HEAIE3AQTHOCTI BEPXHbOI KiHLBKM HQ 29,5 (13,6—-39,0) 6QAQ 3Q OrmMTyBAAbHMKOM DASH
(mepiaHa; IQR 9,1). 3a NOKA3HMKAMM €PEKTUBHOCTI LLIOAO AMHAMIKM 3MEHLLEHHST HEAIE3AQTHOCTI KiHLIiBKM BCI TOM
METOAUKIM CTATUCTUNHHO HE BIARISHIAMCH MK COHB0H0. KAIHIKO-PEHTrEHOAOTIHYHY QHKIAO3 MICAST QRTPOAE3Y LIbOro
cymoba 3abesriedye CTabIAbHUN | CUABHWE 3QXBAT, MPOTE MOKQA3HWKW OMNO3ULT BEAVKOIO MAAbLISI 3HVDKYHIOTECSI:
MeAIQHQ 3MiHW 3Q LWKAAOK Kararaxi cTaHosuaQ 0,5 6aaa (MeaiaHQ: Bia =3 A0 —2; IQR 1,5). ObuaBi MeToAMKM 3
TPANe3eKkToOMIEID 3Q6e3reYyoTh MOAIMNLLEHHST ONO3ULIT BEAMKOIrO MNAAbLSI: MEAIQHQ MOKQA3HMKA 3Q LLIKAAOKO KarnaH-
AXKI CTQHOBUAQ @ 6aniB (MeaiaHa: 7-10; IQR 1). CTATUCTNHHO 3HQYYLLMX BIAMIHHOCTEN MK LM METOAMKAMM HE
BUSIBAEHO, TOAI SIK MOPIBHSIHO 3 QPTPOAE30M 3QI1 SICTHO-M'SICTKOBOrO CYmo6a BEAMKOrO MAAbLISI PE3YABTATY 060X
MEeToAUK GYAM BiPOriAHO KpaLmmm (P < 0,002). BACHOBKW. YCi AOCAIAXKEHI METOANKN € €PEKTUBHUMM LLIOAO 3MEH-
LUEHHST QYHKLIOHAABHOI HEAIE3AQTHOCTI. TparnesekTomisi (3 LRTI abo ryasnkosoro ¢ikcauieto) 3abeanedye KpaLli
MOKQ3HMKM OMNO3uLii, TOAI SIK QPTPOAE3 POPMYE CTABINAbHU CUAOBMK 3AXBAT LIIHOKO OOMEXKEHHST PYXIB.

KAIOHOBI CAOBQ: Aepopmyroumii QpTPO3, KUCTbOBMLT CYIA06; PU3APTPO3; TPQNE3EeKTOMIS; QPTPOAE3, QPTPO-

NAQCTHKQ

Bctyn

Hedopmyrounii apTpo3 3a’ SICTHO-IT’SICTKOBOTO CYTJIO-
0a BEJMKOTO Majblisg KUCTI (pU3apTpo3) — IMOLIMPEHE 3a-
XBOPIOBaHHS, sIKe OXOILTIOE Bim 6 mo 40 % momchbKoi mo-
nynsiuii Bikom Bim 50 mo 80 poxiB [1]. INonpu BimHOCHO
BUCOKY €(eKTMBHICTh KOMIUIEKCHOTO KOHCEPBATMBHOTO
JIIKyBaHHS, SKe BKIIOYa€ Momm(ikaiilo HaBaHTaXKEHHS,
opTe3yBaHHsI, 3aCTOCYBaHHSI HECTEPOITHUX MPOTH3ATIAb-
HUX IpernapariB, (izioTeparniio, XOHAPOIIPOTEKTOPHY Te-
pariifo Ta JiKyBanbHY (Pi3KyabTypy, 10 19 % malieHTiB He
JOCSITalOTh CYTTEBOIO KJIiHIYHOIO MOJIIMILIEHHS i MoTpedy-
IOTh XipypridyHOTrO JIiKyBaHHS [2].

Pe3ybTaTi eHIONPOTE3yBaHHS 3a1’ SICTHO-IT SICTKOBOT'O
cyroba Bce Iie MICTSTh 3HaYHy KiJIbKicTh (2,6—19,9 %)

paHHIX Ta BiIgaaeHUX XipypriyHUX YCKJIAIHEHb Y BUTJISIAL
HecTabiIbHOCTI, iH(eKIii, a B 3—5 % BunaakiB HeOOXiaHi
peBi3iliHi XipypriuHi BTpy4yaHHs [3, 4].

YV cyyacHOMY XipypTidHOMY apceHaJi 0a30B0I0, Haii-
OUIBII MOIIMPEHOI0 METOAMKOIO € Tpame3eKToMis 3i
cTabini3aliero OCHOBM MEePIIOi IT’ICTKOBOI KiCTKHM CMY-
rol0 CYyXOXKMJIKa MPOMEHEBOIro 3rMHaya KMCTi Ta iHTep-
MO3UIII€I0 IILOTO CYXOXMJIKA B JJOXe BUAAJIEHOI KiCTKU
Tpanewii. Came 10 MeTOAUKY ob6panu 93 % omuTaHux
Xipypris [35].

HabyBae momnynsipHocti Moaudikaliis 1€l onepartii i3
BUKOPUCTAHHSIM ITiCJIsl Tpare3eKToMii /uisi cTabiizaltii cy-
1002 HaZMIITHOI HUTKM Ta JIBOX MaJIUX I'YI3UKOBUX (hiK-
caropis [6].
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a

PucyHnok 1. DoToBigbuTkmn peHTreHorpam y npsiMivi NPoeKLUii y nayieHTiB, onepoBaHUX 3 NPUBOAY
punU3apTpo3y: a — 3a MEeTO4MKOIO TParne3eKToOMIi 3 N1acTUKOI 3B’A3KOBOIro anapary cyrioba
3 BUKOPUCTAHHSIM CMYI¥Y CyXOXXWUJIKa MpPOMeHeBoro armHa4ya; 6 — 3 BukopuctaHHam Arthrex CMC
minithight rope system

Y cyuyacHux mnyOJiKalisXx OKpeCIIEThCS POJib i Mic-
11e U1 BUKOHAHHSI apTpoe3y 1IbOTo Cyrjioda, 0coOJInBO
MIpY pU3apTPO3i y NMALliEHTIB 3 HAIBUCOKMMU BUMOTraMU 10
CWJIM 3aXBaTy Y 3B’SI3KY i3 mpodeciiHUMU HaBaHTaXKeHHSI-
MU (MyJISIpY, KaMeHsIpi Tomio) [7].

Hwuzka ny6sikaniii mopiBHIOE onucaHi METOAUKHM 3 3a-
3HAUYEHHSIM THUX UM IHIIKX TepeBar i 3acBiquye, 110 KiabKic-
Hi TTOKa3HUKH iX e(eKTUBHOCTI HEOTHOPIIHI, ITOTPEOYIOTh
OKpPECJIEHHSI Ta YTOUHEHHSI pe3yJibTaTiB, a €IMHOI Iapa-
JIATMU iX 3aCTOCYBaHHS OCTaTOYHO HE BU3HAYEHO [3, 6, 8].
Lle 3yMOBJTIO€ METY HAIIIOTO MOCTiIKEHHSI.

MeTa: KiTbKiCHO OLIHUTH €(hEeKTUBHICTh PI3HMX Me-
TOOUK XipypridHOro JIKyBaHHSI apTpo3y 3all’ ICTHO-
II’SICTKOBOTO Cyriio0a BEJIUKOro IMajbls KUCTi, YTOUHUTU
iX mepeBaru Ta HEAOJiKMU, OKPECIUTU OCOOJMBOCTI iX 3a-
CTOCYBaHHSI.

MarTepiaAn Ta MeToAmn

IIpoBeneHO OMHOLIEHTPOBE PETPOCIIEKTUBHE KJIiHiU-
He pgochikeHHs. KiJbKiCHO BIiICTEXXEHO pe3yabTaTh
XipypriyHOro JIiKyBaHHSI 55 Malli€HTIB 3 PU3apTPO30M.

Kputepii BKIIIOUeHHS: HOpPOCIi IAIIEHTA 3 CHUMIITOMA-
TUIHUM pu3apTpo3oMm 2—4-ro cr. 3a Eaton-Littler, He-
e(eKTUBHE IIONEepeaHE KOHCepBaTHMBHE JIiKyBaHHS. [le-
MorpadiyHU pO3MOAia IMAaliEHTIB 3a I'pylaMu IMOJaHUMI
y Tab. 1.

PesynbTaTy olliHIOBaJIM Yepe3 piK i OibIle IMicast BTPY-
YaHHS IIJISIXOM BU3HAY€HHS OasliB OIO3WILii BEJUKOTO
naJiblisl KUCTi 3a mkanor Kanmanmxki [9] Ta cy0’eKTUBHUX
IMOKA3HUKIB HEMi€E3NAaTHOCTI BEpXHBOI KiHIIIBKM 3a Oajib-
HuM onutyBaaibHUKOM DASH [10] y npsimomy ykpaiH-
ChKOMY TIepeKJIai.

OwiHroBanack e(peKTUBHICTh TPhOX Pi3HUX METOOUK Xi-
pypriyHoro JiKyBaHHsSI pu3apTposy. Ilepiia meroguka —
Tpamne3eKToMis 3 IJIACTUKOIO 3B SI3KOBOTO0 anapaTy cyrjaooa
3 BUKOPMCTaHHSM CMYTH CyXOXKUJIKa TPOMEHEBOTO 3TMHA-
ya (LRTI-nipouenypa, puc. la) — 34 nauienTu; 14 naiieH-
TiB orepoBaHi 3 BuKoprctanHsam Arthrex CMC minithight
rope system (HaOip 3 HaJMIIIHO HUTKOIO i IBOMa I'yI3UKO-
BUMU (pikcaTopamu) (puc. 10).

Ille y cemu mali€eHTiB BUKOHAHO apTpoOJe3 3all’ ICTHO-
II’SICTKOBOTO CyTIJ100a BEJIMKOTIO IMaIbllsd KUCTI (puc. 2).

Ta6auusa 1. KinbkicTb, Bik Ta cTaTh nauieHTiB, onepoBaHuX 3a Pi3HUMU XipypriyHMMu metToankamm

. . KinbkicTb Bik, pokiB; meaiaHa Crartb,
e e nauieHTiB (mianasoH); IQR YOJI0OBIKU/XKIHKU

Tpane3ekToMis 3 TEHAOMIACTUKO 3B’ 30K 34 67 (39-77); 11 4/30
Tpane3ekToMmis 3 3aCTOCYBAHHAM I'yA3MKO- _7ay.
BUX ikCaTOPIB Ta HAAMILHOI HUTKN 14 65 (44-73); 13 0/14
ApTpoaes 3an’aCTHO-N’ACTKOBOro cyrnoba A1y
BEINKOrO NManbLs KNCTI 7 54 (39-61); 10 7/0
Ycboro 55 64 (39-77); 13 11/44
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B r

PucyHok 2. @oToBigbuTku peHTreHorpam nawjieHTa: a — 3 apTpoAe30M 3an’aCTHO-M’ICTKOBOIro cyrioba
BEeJIMKOro nasbLs KUCTI; 6 — aHKiJI030M LbOro cyrnoba; B, r — ¢pororpagii kucti yboro nauieHta
yepes pik nicnsa onepawyii

VY nicnsonepauiiHoMy niepiozi iMmMoOiTi3aLisl BEJIMKOro
MaJIbLIsl KMCTI 3a MepIIo METOAMKOIO TpuBaia 4 TUXKHI, 3a
NIPYroto — 2 TUXKHI, TIpu apTpoaesi — 8 TvkHiB. [Ticas mpo-
ro TIpM3HAvYaIoCh BiMOBiHE peadiiTalliliHe JTiKyBaHHS.

PesynbraTil O1liHIOBAJIMCH 32 PEECTPALli€I0 TTOKA3HUKIB
y TepMmiHHU 1 piK i OijbIe, HA KOHTPOJBHOMY OLJISIAL a60
LIJISIXOM OHJIAMH-ONUTYBaHHS 3 (POTOBimOMTKAMU, SIKi
3aCBiIYYIOTh CTYIIiHb BiIHOBJIEHHSI OITO3MIIil BEJIMKOTrO
Tasblis.

PesyAbTaTH

VY BciX NallieHTIB cIOCTepirajgoch CTilike KJiHiYHE i
Ccy0’eKTMBHE 3MEHILIEHHS TMpOsIBiB pu3apTpo3y. IHdek-
LITHUX YCKJIaAHEHb, TPyOMX 3MillleHb, BTpaT (ikcalii He
Oyio. Y pasi apTpone3y KiIiHiKO-peHTTeHOJIOTiYHiI O3Ha-
KM aHKiJI03y IIbOTo cyriobda dikcyBanucs y Tepminu 8—10
TYDKHIB MICJIST OIIepallii.

[NToka3HMKY OLIIHKM HeOi€30aTHOCTI BEPXHBOI KiHIIiBKI
3a onuTyBaJbHUKOM DASH Ta ix nmHamika 3a pe3yabrara-
MU XipypriqYHOro JIiKyBaHHSI pU3apTpo3y 3a TphOMa pPi3HU-
MU XipypriuHMMU METOAMKAMU IOJaHi B Ta0JI. 2.

3riIHO 3 OTPMMAaHUMU JAaHUMU, BUXiJIHI Ta KiHIIEeBi 11O-
Ka3HUKM HEIi€31aTHOCTI BEPXHbOI KiHIIIBKM 3a pPe3yJibTa-
TaMU TPbOX XipYpPriyHUX METOAUK CYTTEBO HE Bilpi3HSI-
Jmck. CTaTUCTUYHOI Pi3HUIL MiXK €(DeKTUBHICTIO METOIUK
3TiZIHO 3 TMOKAa3HUKAMU TWHAMIKW 3MEHIIEHHST HeJlie3naT-
HOCTi BEpXHbOI KiHIIiBKY TaKOX He OYJ10 BUSIBJIEHO.

OCHOBHUM MO3UTUBHUM €(EKTOM ITiC/ISI XipypridHOTO
JIIKyBaHHSI OyJIO Te, 1110 MAlLliEHTH BiIMidYalu CyTTEBE 3MEH-
LLIEHHS a00 3HUKHEHHST 00JIbOBOI'O CUHAPOMY B 3aIl’SICTKY,
30i1bIIeHHS (DYHKILIOHATBHOCTI KMCTi. OMHAK MpPU IiCasi-
orepaluiifHoMy 00CTeKeHHi Ta ONMUTYBaHHI AesIKi Mali€HTU
TicJIg Tpare3ekToMil 3a MepLIod METOAMKONIO BiaMivaiu
MEeBHY €1a0KiCTb OCHOBHUX 3aXBaTiB 3a Y4aCTIO BEJIMKOTO
najplisl. BoHU He MOTJIM TOBEPHYTUCH O TOTO PiBHS TO-
OyTOBOI UM BUPOOHMYOI aKTUBHOCTI, siKa OyJ1a 10 1ovYaTKy
3axBOproBaHHs. Ha peHTreHorpamax BimMivamach IIoMiTHa
MiTpalist mepIoi I’ ICTKOBOI KiCTKY IMIPOKCUMAIbHO, OyJIn

KJIiHi9Hi 03HAKM1 HECTaOIbHOCTI B 3aIT’ ICTHO-IT SICTKOBOMY
CyT100i BEJIMKOTIO IMaIbIIsl KUCTI.

IIpy BUKOpMCTaHHI METONMKW 3 HAAMIIIHOIO HMT-
KOIO i ABOMA I'YA3MKOBUMHU (hiKcaTopaMu CYTTEBOI Mirpa-
1Ii1 IT’SICTKOBOI KiCTKM Ta O3HaK HECTabiIbHOCTI He Oy,
MpoTe MAlliEHTH BiAMivyaau JesiKy CKYTICTb Y 3am’sSICTHO-
IT’SICTKOBOMY CyIJIo0i, OCOOJIMBO TpPHU BiJBEACHHI Ta pe-
TPOIO3UIii BEJIMKOIO Majblisl. Y TMepeBakHO1 OUIbIIOCTI
Malie€HTIB MMOKA3HUKU TTPOTUCTABICHHS BEJIMKOTO TMabIIs
MPU PE3eKIIIHHUX apTPOTUIACTUKAX 1IbOTO CYIJIo0a CYyTTEBO
3pocTanu (Taou. 3).

3rigHO 3 OTpUMAaHUMM HAaHWUMHU y TPYII apTpome3y
3aI’ SICTHO-II’SICTKOBOI'O CyTJio0a BEJIMKOTIO IalbIs KHC-
Ti MOKa3HUKM OMO3MIIii 3MEHIIWINCH, IOIPHU IiJIKOM
MOMiTHE 3MEHILIEHHSI Hedi€31aTHOCTi BEpXHbOI KiHIIiB-
ku. [IpoTe HaBiTh NpU MPOBEAEHHI apTpoae3y (GyHKIIis
OMO3UIIil B OKPEMUX ITalli€HTIB BigHOBUIAch 10 10 6amiB
(puc. 2B, 1).

O6rosopeHHs

Hwuska gocaigHukis [5, 6] Hamonsrae Ha TIEBHUX TEpe-
Barax Ti€l 4u iHIIIOi METOAMKM apTPOILIACTUKY 3 TpaIe3eK-
ToMi€ro. OCKiJIbKU 3HA4ylIoi pi3HUILI 3a e(peKTUBHICTIO
3HUXXKEHHS Hei€3IaTHOCTI KiHIiBKM MiXX METOAUKAMU HE
BiIMivaJoCh, TO, OYEBUAHO, Y BUOOPI CITOCOOY XipypridyHO-
To JIIKyBaHHS CJIiJl OMMPATUCh Ha JEIIO iHIIi MapamMeTpHu,
a camMme 3arajibHi TepMiHU JIiKyBaHHs (SIKi TIpU apTpoje-
3i TMoMiTHO Oijblii), Tepion iMmMoOiTizalii (y MeToauili 3
HAIMIITHOI0 HUTKOIO Ta I'YA3MKOBUMHU (ikcaropaMu BiH
HaliMeHIIM (2 TUKHI)), i y3romKyBaTH 1Ie B KOXHOMY
OKPEMOMY BUIIAJIKY.

IlikaBo, 110 3a pe3yJbTaTaM{ aHali3y BUSBISETHCS
MEeBHUI MapagoKC MiX IMO3UTHBHOIO AMHAMIKOIO 3MEH-
LIEHHSI HEI€3MaTHOCTI BEPXHbOI KiHIIiBKY IIPU apTpoae3i
Ta OYEBUIHUM 3MEHIIEHHSIM (DYHKIIIT OMO3UILii BETMKOTO
Maiblis.

Lle 3MeHIIEHHS CTATUCTUYHO 3HAUYIIIE LTSI TTAlli€EHTIB 3
apTpoIe30M MOPiBHSIHO 3 TOJIIIIIEHHSIM OTIO3UIIil B 000X
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rpynax 3 pesekiliiHuMu apTporiacTukamMu. lle moxkHa
MOSICHAUTU 3HAYHUM 3MEHILEHHSIM 00JIbOBOTO CUHIPOMY
Ta CYTTEBUM 30iJIBIIICHHSIM CUJIM BEJIMKOIO Tajblisl, 110
JIa€ 3MOTY MalliEHTaM ITOBEPHYTUCS 10 3BUYHUX DiZMIHUX
HaBaHTaXeHb, BiTHOBUTHU Tpalle3daTHICTh i, BilMOBITHO,
MOJIIMIIATA COLiaJIbHO-TPYIOBI MOKA3HUKHU, SIKi OLIIHIOE
onuryBanbHUK DASH. To0Ot0 Bubip omepailrii apTpomesy
3aIl’ICTHO-TI SICTKOBOTO CYIJIo0a BEIUKOTO Masblis IIiJI-
KOM BUIMpaBIaHWI y TAlli€HTIB, SKi MarOTh IiABUIICHI
BUMOTH IIOJIO CUJIM 3aXBaTiB 3a y4yacTi BEIUKOTO Majbls
(kaMmeHsIpi, ciarocapi, MyJsIpyd, MOHTaXXHUKU TOIIO), IO
Y3TOIKYETHCS 3 PEKOMEHIAIiSIMU TOCIiTHUKIB 1€l Tpo-
onemu [2, 7].

Yepes HasiBHICTb MeTaiodhikcaTopiB Apyra i TpeTst MeTO-
IWUKU, 3TiTHO 3 JTaHUMU JiitepaTypu [5—7], Manu 6 xapak-
TepU3yBaTUCS BUILIOI YACTOTOIO YCKJIaAHEeHb (BTpaTa ik-
cailii, HeCTaOLIbHICTD, TTOAPAa3HEHHSI OTOUYIOUMX TKAHWH
¢ikcaTopoM TOIIIO), OOHAK y HAIMX MAIL€HTIB yCKIam-
HEHb, TTOB’SI3aHMX i3 HAsIBHICTIO iMIIJIAHTATIB, HE CIIOCTE-
pirauocs.

OTxe, xoua 3a pe3yJbTaTaMU METOJIUKU CYTTEBO HE
BiZIpiI3HAIOTHCS, KOXKHA 3 HUX Ma€ TMeBHI 0COOJIMBOCTI,
sKi MOXYTh OpaTHUCh 3a OCHOBY AM@epeHIilioBaHOIO
IMiaxody IpH JiKyBaHHIi. Tak, y momei OibIn cTapiio-
ro BiKy, 3 HEBUCOKMMHU BUMOTaMu 10 (YyHKIIil 3aXBaTiB
KMCTi, MOXHa PEeKOMEHIyBaTH OLIbII TEXHIiYHO IIPO-
CTy, HE pecypcHy 11010 ¢ikcaTopiB meplly METOIUKY;
y Mali€eHTiB, SKi HE MalOTh 3HAUHUX BUPOOHMYMX Ha-
BaHTaXEHb Ha KUCTh Ta MParHyTh Oijbll KOMMDOPTHOTO
LIBUAKOIO ONyXXaHHs, — APYTY METONUKY; y JIOJEH, SAKi
MapTh TpaloBaTu (Qi3UYHO, — TPETIO, 3 apTPOAE30M
cyrioba.

O0MexkeHHs JOCTIKeHH. 3aCTOCOBAHO He BCi BimoMi
MeTOIU 00CTeXXeHHsI (PYHKIIII KUCTi (criia 3axBaTy, JIHiiTHI
1 KyTOBi ITOKa3HUKHU OITO3MUIIii), IPOTe TaKWil XapaKTep dia-
THOCTUKU JIO3BOJISIB BUBHAUUTHU €(DEKTUBHICTb JiKyBaHHS
MUCTAaHIIMHO IUISIXOM OIMTYBAHHS Ta OLIIHKM HaaiclIaHOoi
NMCTaHLiiiHO oTorpadii onepoBaHOI KUCTi y MOJOXEHHI
MaKCUMaJIbHO MOXJIMBOI OIMO3ULLiT BEJIMKOTO MaJblisl BiJ-
MOBiAHO 10 MeToaukM KarmaHmxi.

Tabnuus 2. NMoka3HUkn HeRie3[4aTHOCTI BePXHbOT KiHLBKM Ta ix AUHaMika npu XipypriyHomMy nikyBaHHi
pu3apTpo3y 3a TPbOMa XipypriyHuMmM MeToankamu, megiaHa (gianasoH); IQR

Banu Banu AwvHamika 6anie
XipypriyHa meToauka 3a ONUTYBaJIbHUKOM 3a ONUTYBaJIbHUKOM 3a oNUTYBaJIbHUKOM
DASH po onepauir DASH nicnsa onepauir DASH*

Tpane3ekToMmis 3 NNacTUKo
3B’A30K CMYTroOt0 CyXOoXuka

44,4 (34,1-54,5);6,8

17,1 (6,8-29,5); 6,9

29,5 (15,9-38,7); 9,1

Tpane3ekTomisa 3 3aCTOCYBaHHSAM
r'yo3nkoBux dikcaTopiB Ta HaaMiLL-
HOT HUTKW

42,1 (38,6-52,3); 9,1

15,9 (6,8-29,5); 11,4

28,4 (13,6-38,7); 9,1

ApTpoaes 3an’acTHO-N’ACTKOBOro
cyrno6a BeMKoro nanbls KACTI

47,7 (38,6-52,3); 11,4

15,9(9,1-25,0); 7,2

31,8 (20,4-39,0); 14,2

Ycboro

43,2 (34,1-54,5); 6,8

15,9 (6,8-29,5); 6,9

29;5 (13!6_3910); 911

lMpumitka: * — 3a BUKOPUCTaHHA HernapamMmeTpuYHux kputepiis Kpackena — Yonnica He BUSIBJIEHO CTaTUC-
TUYHO 3HaYyLUOT Pi3HULI MiDK NOKa3HUKaMnN ANHaMIKY 3MEeHLLUEeHHS] Heie3[aTHOCTIi 3a OnUTyBasibHUKOM
DASH npu 3acTocyBaHHi pi3Hux xipyprisuux metoauk (p > 0,05).

Tabnuus 3. Moka3Hukn ono3unyii BesIMkoro nanbuysi KUCTIi A0 i nicnsa onepauii 3a Tpboma XipypriyHuMm
mMmeTogukamu, megiaHa (giana3oH); IQR

Bann Bann . .
AunHamika 6anie
e 3a ONUTYBaJIbHUKOM | 32 ONUTYBaJIbHUKOM
MeToauku onepauii Kananpxi no one- Kananpxi nicna 3a onlzn;:::nb?rkom
pauii onepauir K
Tpane3ekToMmis 3 NIaCTUKO 3B’A30K . . .
CMYTOI0 CyXOXMNKA 8 (6-10); 2 9 (7-10); 1 2(0-3); 1
Tpane3ekToMis 3 3aCTOCYBaHHAM
rynsnkoBux dikcaTopis Ta HagMILHOI 8(6-10); 3 9(7-10); 1 1(0-3); 1
HUTKN
ApTpoaes 3an’aACTHO-N’ACTKOBOro ) ) )
cyrnoba BeNMKOro nanbLs KUCTI 8(7-9);0,5 7(6-10); 1 -0,5(-3...-2); 1,5
Ycboro 8 (6-10); 2 9 (6-10); 1 1(-8...3); 2

TMpumitkn: * — BUSIBJIEHO CTaTUCTUYHO 3HAYYLLY Pi3HULIO 30iNbLIeHHS 6aiB ono3ulii Besimkoro nanbuys

3a onutyBasibHUkoMm KanaHpgxi Mi>x TpoboMa meTogukamu nikyBaHHs (kputepii Kpackena — Yonnica);
rnonapHwuii aHasi3 Noka3aB HYDKYi pe3ynibTaTu y rpyni MmeToanku 3 nopisHsaHo 3 metogukamu 1 (p = 0,0018)
Ta 2 (p = 0,0039), Toai sik mi>x meTogunkamum 1 i 2 pisHuus He BusiBneHa (p = 0,92).
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BuCHOBKM

1. XipypriuHe JiKyBaHHSI pU3apTpo3y € e(DEKTUBHUM i
3a0e3revye 3MEHIIEHHSI HEAI€30aTHOCTI BEPXHbOI KiHIiB-
K1 Ha 29,5 6ana 3a onutyBasbHUKOM DASH (Meniana; mia-
ma3oH 13,6—39,0; IQR 9,1).

2. 3a moka3HuUKaMu e(eKTUBHOCTI 3MEHIIIEHHS Helli€-
3MaTHOCTI KiHIIBKA BCi TP METOANKHN — TPAIle3eKTOMis 3
TUIACTUKOIO 3B’SI30K CMYTOIO0 CYXOXXWJIKA, TPATIe3eKTOMisl 3
3aCTOCYBaHHSM T'yI3MKOBUX (DiKcaTOpPiB i HAIMIIIHOI HUT-
KM Ta apTpojie3 3all’ SICTHO-II’ICTKOBOTO CYIJ100a BEJIMKOro
Nayblisl KUCTI — CTATUCTUYHO HE BiIPi3aloThCs MixK cO0010.

3. MeToauka aptpoesy, nonpu eeKTUBHE 3MEHILIEH-
HsI HeIi€E3AAaTHOCTI BEPXHbOI KiHIIIBKU, MOXE CYITPOBOJIKY-
BaTUCS MOTipIIeHHSIM (DYHKIIiT OMO3U1ii BEJIMKOI0 Majblst
3a mKano Karmanmxi, 110 mposiBISIETbCSI HETaTUBHOIO 1 -
HaMiKOI0 MMOKa3HMKa: MemiaHa ctaHoBuia —0,5 6aja (mia-
na3zoH —3...—2; IQR 1,5).

4. OOMIBI METOIMKH 3 TPAITE3eKTOMIEIO 3a0€3MeUyIOTh I0-
JITIIIEHHS MOKA3HUKIB OMO3HLIiT BEJIMKOTO MaIbLIS 32 HIKAIO0
Kananmki: MeiaHa MO3UTUBHOI IMHAMIKY CTAaHOBWIIA 9 OatiB
(miammazon 7—10; IQR 1). CTatrcTUYHO 3HAYYIIMX BiTMiHHOC-
Tell MK LIMMU METOAMKAMM HE BUSIBIIEHO, OJTHAK pe3y/ibTa-
TU BIpOTiTHO BilpPi3HSTUCS Bil Pe3yJIbTATIiB ITCIsT apTpOae3y
3aI1’ICTHO-11’SICTKOBOTO cyr100a Besimkoro naibiist (p < 0,002).

Kondaikr inTepeciB. ABTOp 3asBJsIE TIPO BiICYTHICTh
KOHGMJIKTY iHTepeciB Ta BJIacHOi ()iHaHCOBOI 3allikaBiie-
HOCTI IIpH ITiATOTOBIII JAHOI CTATTi.
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S.V. lymoshenko

Institute of Traumatology and Orthopedics of NAMSU, Kyiv, Ukraine
Outcomes of rhizarthrosis surgical tfreatment

Abstract. Background. The wide variety of surgical methods pro-
posed for the treatment of rhizarthrosis necessitates a comparative
evaluation of the effectiveness of basic techniques and their differen-
tiated use. Objective: to quantitatively assess the effectiveness of dif-
ferent surgical techniques for osteoarthritis of the thumb carpometa-
carpal (CMC) joint. Materials and methods. A single-center retro-
spective study included 55 patients with rhizarthrosis who underwent
surgical treatment using three basic techniques: trapeziectomy with
ligament reconstruction and tendon interposition (LRTI procedure)
using a strip of the flexor carpi radialis tendon — 34 patients; trapezi-
ectomy using a suspension system with two mini endo-button fixators
and high-strength suture material — 14 patients; arthrodesis of the
thumb CMC joint — 7 patients. Outcomes were evaluated 12 months
postoperatively or later. Thumb opposition was assessed using the Ka-
pandji score, and upper limb function using the DASH questionnaire
before and after surgery. Results. Surgical treatment of rhizarthro-

sis was effective, reducing upper limb disability by 29.5 (13.6—39.0)
points on the DASH score (median; interquartile range (IQR) 9.1).
No statistically significant differences were found among the three
techniques regarding improvement in limb disability. Clinical and ra-
diographic fusion after arthrodesis provided a stable and strong grip;
however, thumb opposition decreased: median of change was —0.5
(=3 to —2; IQR 1.5) Kapandji points. Both trapeziectomy techniques
significantly improved opposition of the thumb: median was 9 (7—10;
IQR 1), with no statistically significant difference between them, but
with a significant advantage over arthrodesis of the CMC joint of the
thumb (p < 0.002). Conclusions. All studied surgical techniques ef-
fectively reduce functional disability. Trapeziectomy (LRTI or with
endo-button fixators) provides superior thumb opposition, whereas
arthrodesis ensures a stable power grip at the cost of reduced mobility.
Keywords: osteoarthritis; carpometacarpal joint; rhizarthrosis; tra-
peziectomy; arthrodesis; arthroplasty
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Effect of trochlear overstuffing and understuffing
on functional outcomes after total knee arthroplasty

Abstract. Background. Total knee arthroplasty (TKA) remains the gold standard treatment for advanced knee
osteoarthritis. However, patellofemoral complications contfinue to affect postoperative outcomes. Alterations
in anterior condylar and trochlear thickness during bone resection and prosthesis implantation may influence
patellofemoral joint biomechanics and functional resulfs. This study aimed fo quantifatively assess changes in
trochlear thickness using computed ftomography (CT) and evaluate their relationship with short-term functional
outcomes following TKA. Materials and methods. This prospective cohort study included 87 patients (aged 40-80
years) with advanced knee osteoarthritis undergoing primary TKA. All participants underwent clinical evaluation
using Knee Society Score (KSS), patellofemoral score (PFS), and range of motion, along with CT-based measure-
ment of frochlear thickness preoperatively and postoperatively. Results. Significant improvements were observed
in all clinical and functional outcomes following TKA. PFS improved from 13.00 = 1.60 to 24.89 = 1.73 (P < 0.001).
knee flexion increased from 90.57 = 11.19° to 106.67 + 5.89° (P < 0.001), and KSS improved from 50.17 + 5,65 to
88.24 + 3.19 (P < 0.001). A significant negative correlation was identified between postoperative frochlear thick-
ness and knee flexion (r = -0.33, P = 0.002), indicating that increased thickness was associated with reduced
flexion. Patients with decreased frochlear thickness demonstrated significantly greater postoperative flexion
compared fo those with increased thickness (P < 0.001). A borderline difference in PFS was observed between
groups (P = 0.05), while no significant association was found between trochlear thickness and KSS. These fin-
dings suggest that changes in tfrochlear thickness selectively influence knee flexion rather than overall functional
scores. Conclusions. Trochlear thickness was not associated with global functional outcomes but demonstrated
a modest relationship with postoperative knee flexion. Careful restoration of anterior femoral anatomy may in-
fluence specific functional outcomes after TKA. Further studies are required to determine the long-term clinical

relevance of these findings.

Keywords: fotal knee arthroplasty; Knee Society Score; trochlear thickness; patellofemoral score

Introduction

Total knee arthroplasty (TKA) is the gold standard treat-
ment for advanced knee osteoarthritis, providing significant
pain relief and functional improvement. However, up to
15—25 % of patients remain dissatisfied, with patellofemo-
ral complications accounting for a substantial proportion of
suboptimal outcomes. These complications are often mul-
tifactorial, involving implant positioning, component siz-
ing, soft tissue balance, and restoration of anterior femoral
anatomy [1, 2].

Among these factors, alterations in trochlear (TT) and
anterior condylar thickness during femoral preparation
have gained increasing attention. Both patellofemoral over-
stuffing (increased thickness) and understuffing (decreased

thickness) may disrupt patellofemoral biomechanics, poten-
tially affecting quadriceps efficiency, joint contact forces,
and knee flexion. Despite biomechanical and experimental
evidence suggesting the importance of patellofemoral thick-
ness, clinical studies evaluating its impact on functional
outcomes remain limited and inconclusive [3, 4].

Most previous studies have focused on patellar thick-
ness or composite patellofemoral thickness, with relatively
few investigations specifically assessing TT using objective
imaging modalities. Furthermore, the relationship between
radiologically measured TT and short-term functional out-
comes after TKA has not been clearly established [5—7].

The purpose of the present study was to quantitatively
evaluate changes in trochlear thickness using computed
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tomography (CT) and to investigate their association with
postoperative functional outcomes, including Knee Society
Score (KSS), patellofemoral score (PFS), and knee range of
motion (ROM).

This study provides novel clinical insight by correlating
CT-based measurements of TT with functional outcomes in
a prospective cohort, thereby contributing to a better under-
standing of patellofemoral mechanics in TKA.

Materials and methods

This prospective cohort study was carried out at Ain
Shams University hospitals over a period of 2 years, starting
in September 2022 and ended in September 2024. Eighty-
seven patients were recruited, aged 40 to 80 years, both
sexes, with advanced knee osteoarthritis in which TKA is
indicated.

All patients provided written informed consent prior to
participation. The study was approved by the Ethical Com-
mittee of Ain Shams University hospitals (approval code:
MD 205/2022).

Patients with revision TKA, a history of osteotomy
around the knee, post-traumatic knee arthritis, or inflam-
matory knee arthritis were excluded.

Each patient underwent a comprehensive preoperative
assessment, including detailed history taking, general and
local clinical examination, preoperative KSS and PFS eva-
luation, as well as radiological examination using standard
imaging protocols.

Preoperative pain management

It aims to reduce the severity of postoperative pain
by addressing it before surgery. This approach may in-
clude the preoperative administration of acetaminophen
(paracetamol) to reduce postoperative pain; nonsteroidal
anti-inflammatory drugs, such as ibuprofen or celecoxib, to
decrease inflammation and pain; gabapentin or pregabalin
to reduce neuropathic pain and enhance the effects of other
pain medications; and regional anesthesia, such as a nerve
block, to numb the surgical site.

Surgical technique

Orthopedic surgeons with extensive experience con-
ducted each operation. The medial parapatellar approach
was employed to perform the knee arthroplasties, which
involved the cementing prostheses. All patients received
posterior stabilized prostheses with implant casts (ACS®
MB system). This prosthesis enabled anterior referencing to
facilitate the most extensive anterior resection as near to the
cortex as possible without causing notching. The coronal
alignment was established at a 90-degree angle to the me-
chanical axis of the femur. In order to prevent the femur
from being notched, the sagittal alignment was designed to
be parallel to the anatomical axis of the distal femur. Rota-
tion was established according to the surgical trans-epicon-
dylar axis, with secondary reference to the anteroposterior
(Whiteside’s line) axis when it was present. The appropriate
implant size was subsequently determined.

We adjusted the size of the femoral component to be
as close as possible to the lateral posterior condyles in

varus osteoarthritis, and the medial posterior condyles in
valgus osteoarthritis. Subsequently, anterior referencing
was implemented to ascertain the appropriate implant
size. Next, an angel wing was employed to check that
there is no notching at the anterior cortex of the femur.
The sizing objective is to guarantee that the prosthesis is
aligned flush with the anterior femoral cortex, thereby
ensuring a seamless fit. This entails the selection of the
optimal prosthesis to accomplish maximal anterior re-
section near the cortex without notching. In order to
prevent the clunk syndrome, parapatellar synovectomy
was conducted on all non-resurfacing patellae. A case
was subjected to systematic cauterization. TT was as-
sessed intraoperatively and verified using an angel wing
to prevent notching.

Intraoperative pain management, including regional
anesthesia, continuation of nerve blocks, or epidural anes-
thesia, local anesthetics directly injected into the knee joint,
and intravenous medications such as opioids (e.g., fentanyl,
morphine) for immediate pain control, was used to control
pain during surgery and reduce postoperative pain.

Postoperative management

Postoperative CT scans assessed trochlear thickness of
the patellofemoral joint (PFJ) as the distance between the
deepest point of the femoral component trochlea and a
line tangential to the anterior femoral cortex on sagittal
cuts. Pain management followed ASA guidelines, start-
ing with intravenous opioids, acetaminophen, non-ste-
roidal anti-inflammatory drugs, and cryotherapy in the
immediate phase, progressing to oral medications, phys-
iotherapy, and adjuncts such as TENS and heat therapy
through recovery phases to reduce opioid use and support
rehabilitation.

All patients received 2 g of cefazolin within 60 minutes of
incision and continued antibiotics for 48 hours for infection
prophylaxis. Apixaban was given for two weeks postopera-
tively for VTE prevention per NICE and AAOS guidelines.
Physiotherapy and rehabilitation followed AAOS and NICE
evidence-based postoperative care protocols.

Follow-up

Functional status was assessed preoperatively, and treat-
ment outcomes were evaluated at six months follow-up
using KSS, PFS and ROM.

Sample size calculation

Assuming a medium effect size difference (dz = 0.5), the
estimated sample size will be 76 patients with TKA to detect
a statistically significant difference between the preoperative
and postoperative KSS at 6 months, using the G power pro-
gram for sample size calculation. The power is set at 99 %,
and the a error is set at 5 %. We required a minimum of
88 TKA procedures, assuming a drop-out rate of approxi-
mately 15 %.

Statistical analysis
Statistical analysis was performed using SPSS version 26
(IBM Corp., Armonk, NY, USA). Continuous variables
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were expressed as mean * standard deviation (SD), while
categorical variables were presented as frequencies and per-
centages.

The normality of data distribution was assessed using the
Shapiro-Wilk test. For comparisons between preoperative
and postoperative measurements (KSS, PFS, ROM, and
TT), a paired Student’s t-test was used, as these variables
were measured in the same group of patients.

For comparisons between independent groups (patients
with increased versus decreased trochlear thickness), an in-
dependent Student’s t-test was applied.

Correlations between continuous variables (e.g., posto-
perative TT and functional outcomes) were evaluated using
the Pearson correlation coefficient (r).

In addition to p-values, 95% confidence intervals (CIs)
were calculated for key outcome differences to provide an
estimate of the precision of the results.

A two-tailed P value of < 0.05 was considered statistically
significant.

Results

The study included 87 patients with a mean age of
60.59 £ 5.21 years. Most of the patients were females
(71.3 %), while males represented 28.7 %. The mean
body weight was 88.67 £ 9.13 kg and the mean height was
160.67 + 8.63 cm, giving an average body mass index of
34.40 + 3.13 kg/m? (Table 1).

Table 1. Characteristics the studied patients

(n=87)
Parameters Numeric data
Age (years) 60.59 +5.21
Sex Male 25 (28.7 %)
Female 62 (71.3 %)
Weight (kg) 88.67 £9.13
Height (cm) 160.67 = 8.63
BMI (kg/m?) 34.40+3.13

There was a significant improvement in all clinical
and functional outcomes after surgery. PFS showed a
marked increase postoperatively (P < 0.001). The knee
flexion range improved from 90.57 + 11.19° before sur-
gery to 106.67 + 5.89° after it (P < 0.001). Also, KSS in-
creased significantly from 50.17 £ 5.65 to 88.24 £ 3.19
(P <0.001).

On the other hand, there was no significant change in TT
after surgery (P > 0.05) (Table 2). No significant correla-
tion was found between postoperative TT and either KSS or
PES (P > 0.05). However, a significant negative correlation
was noted between postoperative TT and the knee flexion
range (r=—0.33, P=0.002), meaning that patients with less
trochlear thickness had more flexion range.

Table 2. Comparison between preoperative and postoperative PFS, flexion range, KSS, and TT, mean + SD

Parameters Preoperatively Postoperatively P value
PFS score 13.00£1.60 24.89+1.73 <0.001*
Flexion range 90.57+11.19 106.67 +£5.89 <0.001~
KSS 50.17 £5.65 88.24+3.19 <0.001*
TT 8.67+1.84 8.82+1.08 0.46

Note: * — highly significant P value (P < 0.001)

Table 3. Correlation between postoperative TT and outcomes, relation between change in TT
and postoperative KSS, flexion range, PFS

r -0.01
KSS after 6 months
P value 0.92
r -0.33
Flexion range
P value 0.002
r -0.01
PFS
P value 0.96
Change in TT
Decreased Increased
KSS after 6 months
87.65*3.55 88.90+2.62
P value 0.06
Flexion range 109.24 £ 4.71 108.78 £5.79
P value <0.001
PFS 24.54+1.79 25.27£1.60
P value 0.05
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When dividing the patients into two groups according to
the change in TT, those with decreased TT had higher mean
flexion (109.24 + 4.71°) compared to those with increased
TT (103.78 £ 5.79°, P <0.001). There was a slight difference
in PFS between the two groups (24.54 + 1.79 vs. 25.27 +
+ 1.60, P =0.05), but KSS showed no significant difference
(87.65 £ 3.55vs. 88.90 £ 2.62, P > 0.05) (Table 3).

Discussion

Insufficient restoration of anterior condylar anatomy
may have implications for the functional outcomes of pa-
tients undergoing TKA [8]. In particular, the precise resto-
ration of patellofemoral anatomy with fixed prosthesis de-
signs can be difficult, as both anterior femoral resection and
patellar resurfacing can contribute to a disparity between the
host and the prosthesis [9, 10].

The present study evaluated the relationship between
changes in TT and functional outcomes following total
knee arthroplasty using CT-based measurements. The
principal findings were that trochlear thickness was not
significantly associated with KSS or PFS, but showed a
modest negative correlation with postoperative knee flex-
ion. Specifically, increased TT was associated with re-
duced flexion, while decreased thickness was associated
with slightly lower PFS.

These findings are clinically relevant, as they suggest that
small variations in TT may selectively influence knee flexion
rather than overall functional scores. This highlights the im-
portance of anterior femoral reconstruction in optimizing
postoperative ROM, which is a key determinant of patient
satisfaction after TKA.

In this study, the main focus was on the influence of
changes in trochlear thickness and its impact on the func-
tional outcome after TKA. Our findings indicated that there
was no significant correlation between alterations in TT and
postoperative KSS. However, after surgery, an increase in
trochlear thickness was associated with a decrease in flexion
ROM, while a decrease in TT was associated with a mild
decrease in PFS. The mean TT was 8.67 mm preoperatively
and 8.82 mm postoperatively, showing no significant change
overall. Although flexion ROM and PFS after surgery were
not clinically significant, a weak correlation was observed
between changes in trochlear thickness and patient satisfac-
tion scores.

Our results are consistent with previous biomechanical
and clinical studies that have demonstrated the adverse ef-
fects of patellofemoral overstuffing.

Previous studies have highlighted a tendency towards
increased trochlear thickness [11—14], which can result in
overstuffing in the PFJ. The latter can occur due to minimal
anterior femoral bone resection compared to prosthesis re-
placement, possibly leading to adverse outcomes. Concerns
about ROM impact have discouraged surgeons from over-
stuffing the PFJ [14, 15].

Conversely, understuffing of the PFJ, where more anteri-
or femoral bone is resected than substituted by the prosthesis
[16], can lead to decreased TT and potential complications
such as quadriceps weakness, patellar maltracking, and an-
terior knee pain [13, 14].
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Figure 1: a — preoperative CT scan sagittal cut with
the measure of the TT; b — postoperative CT scan
sagittal cut with the measure of the TT; ¢ — intra-
operative check by angel wing to avoid notching;
d. Intraoperative picture after definite prosthesis.
Line A expresses the anatomical axis of femur, line
B is tangential to the anterior cortex of femur and
parallel to line A, line C represents the deepest part
of the trochlea

In our study, 41 cases experienced an increase in troch-
lear thickness. This group showed a statistically significant
decrease in postoperative flexion ROM but no significant
changes in KSS or PFS. Kawahara et al. [17] emphasized
the necessity of upsizing the femoral component in speci-
fic cases and the importance of avoiding flexion instability
with PCL-substituted designs. However, increasing femoral
component size may increase PF forces, leading to PF com-
plications or limited flexion. The trochlear canal is often
displaced anteriorly in overstuffing [18], which may result
in tension, soft tissue restriction, limited knee flexion, and
anterior knee pain [19].

The remaining 46 patients who had a decrease in trochlear
thickness showed a slight but statistically significant decrease in
postoperative PFS, probably due to the effect on the quadriceps
lever arm, with no significant change in KSS or ROM. D’Lima
[20] and Patel [21] also reported that excessive anterior femoral
resection can lead to PFJ understuffing, reducing the quadri-
ceps lever arm and contributing to patellofemoral pain.

Overall, there was no significant change in mean TT,
with only a 0.2 mm difference between preoperative and
postoperative measurements. Thus, in our study, native
trochlear thickness was preserved within normal ranges.

Shalhoub et al. [22] noted that trochlear resection thick-
ness depends on femoral implant size and positioning. They
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Figure 2: a — relation between TT and postoperative ROM (flexion); b — relation between TT
and postoperative PFS; c — correlation between TT after surgery and postoperative outcomes

recommended a “posterior up” technique to maintain
flexion space while adjusting trochlear resection by femo-
ral size. They found that maintaining TT within = 2 mm of
the native value minimally affects the extensor mechanism,
while deviations of + 4 mm significantly alter function and
soft tissue tension. Therefore, surgeons should aim to re-
move an amount of natural bone equal to the thickness of
the prosthetic trochlea.

It is clear that the PFJ has not received enough atten-
tion until recent years. Greater focus on soft tissue tension,
anterior offset, and extensor mechanism function may help
avoid postoperative pain or dysfunction caused by overstuf-
fing or understuffing.

Our study also confirmed that adjusting trochlear resec-
tion thickness by femoral sizing affects outcomes. Main-
taining flexion space while preserving extensor apparatus
balance is essential.

Although our follow-up period was limited to six months,
this interval was chosen to allow for early functional and ra-
diological evaluation while avoiding bias from late postop-
erative factors such as muscle weakness, component wear,
or patient comorbidities. Longer follow-up studies are rec-
ommended to confirm the persistence of these findings and
to determine if small variations in TT might have delayed
effects on PFJ function and patient satisfaction.

Clinical relevance

The findings of this study have direct implications for
surgical practice in total knee arthroplasty. Although overall
functional scores such as KSS and PFS were not significant-
ly affected by changes in trochlear thickness, the observed
association with knee flexion suggests that even small varia-
tions in anterior femoral reconstruction may influence post-
operative ROM.

From a clinical perspective, this highlights the impor-
tance of avoiding excessive patellofemoral overstuffing,
which may limit flexion due to increased anterior offset and
soft tissue tension, as well as understuffing, which may com-
promise extensor mechanism efficiency. Therefore, careful
intraoperative assessment of anterior femoral resection and
implant sizing is essential to maintain TT within a physio-
logical range.

These findings support the concept that restoration of
native anterior femoral anatomy should be considered an
important technical goal during TKA, particularly when
postoperative flexion is a priority for functional recovery.
However, given the modest strength of the observed asso-
ciations, TT should be interpreted as one of several factors
influencing outcomes rather than an isolated determinant.

Limitations of this study include the relatively short
follow-up period, the use of CT scans rather than mag-
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netic resonance imaging (which could better assess carti-
lage thickness), and reliance on a single prosthesis design.
Additionally, patient-reported outcome scores may have
ceiling effects. Future studies with longer follow-up and
larger sample sizes are recommended to validate these
findings.

Conclusions

In this study, changes in trochlear thickness were not
significantly associated with postoperative KSS or PFS.
However, a modest negative correlation was observed
between postoperative TT and knee flexion range, sug-
gesting that increased thickness may be associated with
reduced flexion.

Patients with decreased TT demonstrated greater post-
operative flexion, while those with increased thickness had
lower flexion values. A slight difference in PFS was observed
between groups, although it was of borderline statistical sig-
nificance.

These findings suggest that variations in TT may influ-
ence certain functional outcomes, particularly knee flexion.
However, given the observational design and short-term fol-
low-up, no definitive causal relationship can be established.

Prospects for further research. Further studies with
larger sample sizes and longer follow-up are needed to
confirm the long-term clinical impact of TT on functional
outcomes after TKA. Future research should also evalu-
ate the influence of different implant designs and surgical
techniques on patellofemoral biomechanics. In addition,
advanced imaging and biomechanical analyses may provide
deeper insight into the dynamic relationship between TT
and knee function. Finally, comparative studies are required
to determine whether targeted intraoperative optimization
of trochlear thickness can improve clinical outcomes.
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BrAVB HOAAULLKOBOT TO HEAOCTATHLOT TOBLLMHU 60PO3HU BAOKA CTErHOBOT KiCTKM HO PYHKLIOHAAbHI
PE3yAbTATU MICASI TOTAABHOIO €@HAOMNPOTE3YBAHHS KOAIHHOIO CYrAo6a

Pesiome. Axmyaavnicmo. TortanbHe eHIONPOTE3yBaHHSA KOJIiH-
Horo cyrjoba (TEKC) 3anuinaeTbest 30JI0TUM CTaHAAPTOM JIiKY-
BaHHS MPOTPECYIOYOTr0 OCTE0APTPUTY KOJIIHHOTO cyriioba. OmHak
yYCKJIaIHEeHHS 3 00Ky marenodeMopanbHOI TIISTHKY TTPOAOBXKYIOTh
BIJIMBATH Ha TicasionepauiifHi pe3yabTaTi. 3MiHa TOBILIMHU Tie-
PEIHBOro BUPOCTKA i 60po3HU 60Ka cTterHoBoi KicTku (BBCK)
MiJ yac pe3exuii KicTKM Ta iMIutaHTalii poTre3a MoXe BILUIMBATH
Ha 6ioMexaHiKy mareaodeMopalIbHOTO Cyri00a it (hyHKIiOHAIbHI
pesynbtat. Mema: KinbKicHO OLiHUTU 3MiHU ToBIIMHU BBCK
3a JOMOMOTOI0 KOMIT I0TepHOi ToMorpadii Ta iX 3B’S130K i3 KOpOT-
KOCTPOKOBUMHU (PyHKIioHATbHUMHU pesyiabrataMu mmiciast TEKC.
Mamepiaiau ma memodu. 1le TPOCTIEKTUBHE KOTOPTHE TOCIIi-
IDKeHHST BKIoYano 87 maitieHTiB BikoM 40—80 pokiB i3 mporpe-
CYIOUMM OCTE0apTPUTOM KOJIIHHOTO CyT100a, SIKi TIepeHec I mep-
BunHe TEKC. Ycim xBopuM 10 Ta Tic/is oniepallii TpoBOIMIIN KJTi-
HiTHe 00CTeXKEeHHS 3 BAKOPUCTAaHHIM IITKajiu ToBapucTBa Xipyprii
kosiHHOTO cyrio6a (KSS), natenodemopansuoi mkanu (PFES) Ta
OLIIHKOIO aMIUTITYAU PyXiB, a TakoX BU3Havyaiu ToBIMHY BBCK
3a JaHUMU KOMIT'toTepHOi ToMorpadii. Pesyavmamu. Criocte-
pirajgocst CTAaTUCTUYHO 3HAYYIIE MOJIMIIEHHS BCiX KIIHIYHUX Ta
¢yHkuioHanbHux pesyaptariB micast TEKC. ITokasnuku PFS
3pociu 3 13,00 + 1,60 10 24,89 £ 1,73 (P <0,001), amriiTyaa 3ru-
HaHHS B KOJiHHOMY cyriio6i — 3 90,57 + 11,19° no 106,67 + 5,89°

(P <0,001), a 3Hauenus KSS — 3 50,17 £ 5,65 no 88,24 + 3,19
(P < 0,001). BusiBieHO CTaTUCTUYHO 3HAYYIy HETaTUBHY KOpe-
JIsio micnsgonepauiitHoi ToBmuHM BBCK 3i 3ruHaHHSIM y KO-
JiHHOMY cyriobi (r = —0,33, P = 0,002). Lle cBimuuTh 11po Te, 110
301JIbLIEHHS TOBILIMHY OYJI0 MOB’sI3aHe 31 3MEHIIEHHIM aMILTITy 11
3rUHAHHA. Y nauieHTiB 31 3MeHeHo ToBiunHow BBCK micis-
omepaliiiHe 3ruHaHHS OyJI0 CTATUCTUYHO 3HAYYIIE BUILMM, HiX B
oci6 3i 36inpmenoto ToBmuHo (P < 0,001). Mix rpynamu BusiB-
JIGHO TPAaHMYHO 3HAvyIILy pi3HUIlo 3a mokazHukoMm PFS (P = 0,05),
TOJI SIK CTATUCTUYHO 3HAYYIIOr0 3B’s13Ky ToBIIMHM BBCK i manux
KSS He BusiBneHo. OTpumani pe3yibraTii BKa3yloTh Ha Te, 1110 3Mi-
Ha ToBmMHN BBCK BHGipKOBO BIIMBa€ Ha 3rMHAHHS B KOJIIHHOMY
cyr1o6i, a He Ha 3arajibHi (DYHKLIOHAIbHI MOKa3HUKU. BucrHoeru.
ToBmuHa BBCK He Oya rmoB’si3aHa i3 3aralbHUMU (QYHKIIOHATb-
HUMM pe3yIbTaTaMM, OIHAK IPOJEMOHCTPYBajia TIOMipHY KOpeJsi-
Lil0 3 MmicasionepauiiHUM 3rMHaHHSAM Yy KOJTiHHOMY cyrio6i. Tou-
HE BiJHOBJIEHHSI aHAaTOMii MEepPeAHbOro BiJily CTErHOBOI KiCTKH
MOXe BIUIMBATU Ha crieundivyHi (pyHKIIIOHATbHI pe3yJIbTaTH Iic/st
TEKC. [lng BU3HAUYEHHSI JOBTOCTPOKOBOI KJIIHIYHOI 3HAYYIIOCTI
LIMX PE3y/IbTaTiB HEOOXiTHI TTOMABIIN TOCTiIKSHHS.

Ki11040Bi cj10Ba: TotanbHe eHA0NPOTE3yBAHHS KOJIHHOIO CYIJIO-
0a; mkasa ToBapucTBa Xipyprii KOJIiHHOTO cyrio0a; ToBLIMHA 00-
po3HU GJI0Ka CTETHOBOI KiCTKU; MareioheMopaibHa IIKaia
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Pe3yAbTATU LLUBA CYXOXXUAKIB POTATOPHOI
MOH)XEeTU NAeYAd Y XBOPUX 3 PiISHUMU CTAAIIMU
POTATOPHOI ApTPOoNATii TA@4OBOro Cyraooa
(peTpocneKkTBHe AOCAIAXKEHHS)

Pestome. AKTyanbHICTb. ICHyE BEAVKQ KIAbKICTb XBOPUX, Y SIKUX MU CIIOCTEDIrAIEMO HE3QAOBIABHI PE3YALTATU LLIBQ
CYXOXXUAKIB POTATOPHOI MAHXKeTV niAeda (PMI), He3BQXKQKOYM HQ MPOABUALHO MPOBEAEHE XIDYPriYHE AiKYBAHHSI,
QAEKBATHY PeabIAITALO TA BIACYTHICTb NOBTOPHOI TOABMY B AHAMHE3]. MeTa po60oTu: AOCAIANTY PE3YALTATU LLBA
CYXOXXUAKIB DOTATOPHOI MAHXXETU MAEYQA Y XBOPUX 3 POTATOPHOKO apPTPOMATIEID MAEHOBOro Cymoba pi3HuX CTa-
Aii. Marepiaan ta meroan. Y 174 (100 %) xBopux 3 POTQTOPHOK QPTPOMNQATIEKD PIZHOrO CTYrNeHs BUKOHQHO LLIOB
cyxoxxmnkis PMI sik Biakputiim criocobom — 67 (38,6 %) xBopux, TAK | 30 AOMOMOror ApPTPOCKOMIHHOI TeXHIKN —
107 (61,5 %) xBOpuX. Y HOLLOMY AOCAIAXKEHHI BCIX XBOPMX BYAO PO3AIAEHO HQ Py 3AAEXKHO Bi, CTAQAIT poTaTOP-
Hoi aptponarii 3a Xamaaa. OuiHKy @yHKLII TAe4oBOro cymoba mu npoBOAUAM 3 wkaramy Constant Shoulder
Score 1a BALLI A0 onepatvBHOro BTPYYAHHSI, Yepes 6 Ta 12 Mic. nicAs onepadii. Pesyabraty. Havikpalli cepeaHi
pesyabramm 3a Constant Shoulder Score yepes 6 Mic. NicAst onepauii cepes ycix XBopux 6yAO OTOUMAHO B rpyri 3
1-t0 cTaaietro poraropHOI apTponaTtii— 36,9 + 19,1 6QAQ, ASLLO MiPLLI CEPEAHI PEIYALTATI OTPUMQHO B rpYrii 3 2-10
CTaAlEr POTATOPHOI apTponarTii— 41,4 + 12,1. Y rpynax 3 3-10 1a 4-k0 CTAAISIMM POTATOPHOI QPTPOMNATIi PEe3yALTATH
MaVKe He BIAPISBHSIAUCS BiA MepeAonepALiviHiX. BACHOBKW. M He peKOMEeHAYEMO BUKOHYBQATU LLIOB CYXOXUAKIB
POTATOPHOI MAHXKETU Y XBOPUX 3 2-4-10 CTAAISIMI POTATOPHOI apTpOonarii.

KAIOUYOBi CAOBQ: pOTQTOPHA MAHXKETA NAEYQ, POTATOPHA QPTPOMNQATIS; CYXOXMMAOK HOAOCTLOBOIO M 5130, IAEYO-

BUY Cymob

Bctyn

MoOXIMBOCTI Cy4acHOI apTPOCKOIIil CYTTEBO 3MiHWIU
MiAXOOM 10 JIIKyBaHHSI PO3PUBIB CYXOXUJIKIB POTaTOPHOI
MaHxeTu 1ieda (PMIT) ta 1o3BoIMIIM OTpUMYBaATH Kpallili
pe3yJabTaTh XipypriyHOTo JIiKyBaHHS i€l TPYNU XBOPUX;
OKpiM TOT0, BOHY 3MIiCTUJIM aKLIEHTH B Xipyprii IJ1Ie40BOTO
cyrno6a (I1C) [1, 7].

IIpote icHye BenmKa KiJIbKiCTh XBOPUX, Y SIKUX MU CIIO-
CTepiraeMo He3adOBLIbHI Pe3yJbTaTH XipypridyHOIo JIKy-
BaHHS JaHOI HO30JI0Tii, He3BaXKar4n Ha MPaBUIbHO MIPO-
BeleHe XipypriuyHe JiKyBaHHSI, afeKBaTHY peabisiTallito Ta
Bi/ICYTHiCTh TTOBTOPHOI TpaBMU B aHamHe3i. Lle Tak 3BaHi
HEBITHOBHi po3puBU CyXOoXuakiB PMII, KibKiCTb SKUX,
3a NeIKUMM IaHuMu, csrae 30 % y 3arajibHiil CTPyKTypi

po3puBiB cyxoxuiikiB PMIT [1—4]. V wiei rpynu xBopux
Mae€ Mmiciie abo 3HaYHa peTpaklilisl CyXOXWJIKiB, a0 KUpPO-
Ba JiereHepailisi M’s130BOro uepesiis. Takox BaxJIUBe Mic-
11€ Y TIPOTHO3YBAaHHI pe3yJIbTaTy XipypriYHOTO BillHOBJICH-
Hs1 cyxoxuiikiB PMII 3aiimatoTs BenurHaA po3puBY (YUM
OLTBIINIT PO3PUB, TUM IIBUIIEC HACTYMAE i peTpaKIIisd Cy-
XOXWJIKa, i XKMpOoBa IereHepallis M’s3a) Ta 4ac 3 MOMEHTY
TpaBmu [1, 5-7].

Jly>Xe 4acTo IiJ yac BUKOHAHHS 1IBa CyX0XuakiB PMII
OpTOIENN HEXTYIOTh CYIyTHIMU 3aXBOPIOBAHHSIMU Y Malli-
€HTa Ta HasBHICTIO iHIIMX ykomkeHb [1C (Bigpus cyrio-
0OBOi TyOM JIONAaTKW, BTOPMHHUI aAre3uBHUN KaIlCyJIiT,
omaptpo3 Tolo). He octranHe Miclie cepell CyMmyTHHOT Ma-
tosorii [1C, sika CyTTEBO BILUIMBAE Ha pe3yJbTaT Xipypriu-
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HOTroO BimHOBJIeHHs cyxoxuikiB PMII, 3aiimae poratopHa
aptponartis I[1C [1, 5, 8].

MeTa poOOTH: TOCITIANTH PE3yIbTaTH LIBA CYXOXUJIKIB
pPOTAaTOPHOI MaHXETH Tuleua y XBOPUX 3 POTATOPHOIO ap-
TPOTIATIE€I0 IVIEYOBOTO CYIJI00a Pi3HUX CTaIiid.

MaTepiaAn Ta MeToAmn

3 2008 mo 2025 pik Ha 6a3i KIIiHIKA peKOHCTPYKTUBHO-
BiTHOBHOI Xipypril BepXHbOI KiHIiBKM J/lep:kaBHOI ycTaHO-
Bu «IHCcTUTYT TpaBmarosorii Ta opronenii HAMH VYkpai-
Hu» (M. KuiB) Oysio mpoBeneHo jikyBaHHs 391 xBoporo 3
potaTopHoto aptpomnarieto I1C pisHux cragiit. 3 Hux y 174
(100 %) Bumankax 0yJ10 BAKOHAHO IIOB CYXOXWIKiB PMIIT
SIK BiIKpUTUM criocoooMm — 67 (38,5 %) xBopux, Tak i 3a
JOTIOMOTOI0 apTpocKomiuHoi TexHiku — 107 (61,5 %) xBo-
pux. [HIIMM XBOopuM OyJ10 BUKOHAHO Pi3HOMAaHITHI BTpY-
yaHHs (BimMHOBIEHHS BepXHboi Karcynu [1C, pisHoMaHITHI
TPAHCTIO3UIIiT CYXOXUJIKIB Ta peBEepCUBHE MPOTE3yBaHHS ),
3aJICKHO Bil CTafil poTaTOPHOI apTPOIIATii.

V HalloMy JOCIiIKEeHHi BCiX XBOPUX OYJ10 PO3IiIEHO Ha
TPYIIM 3aJIe3KHO Bill cTafii poTaTOpHOI apTpoIiarii 3a Xama-
na [1, 9]. XBopux 3 4-10 cTanieio Ha APy MU HE PO3i-
JISLIW Y 3B’SI3KY 3 HEBEJIMKOIO KiJIbKICTIO XBOPUX Ta Maiixe
OIHAKOBHUMMU pe3yJIbTaTaMM B YCiX HUX. XBOPUM 3 5-10 cTa-
ni€ro poratopHoi apTpomnartii moB PMII He BUKOHYBaIu.
3arajibHi XapaKTEepUCTUKHU I'PYIT HABEIEHO B Ta0JI. 1.

Yci xBopi min yac rocmiTtanizatii Oyau BcebiuHO obcTe-
JK€Hi, BKITIOYHO 3 TPOBEIEHHSM CITeIliaTbHUX TECTiB, PEHT-
reHorpagieo tTa MPT I1C, 30kpema OLIiHIOBaJIM KUPOBY
nereHepaitito M’s13iB PMII B T1-pexxumi.

Takox B T1-pexumi KiTbKiCHO OLIiHIOBaJIU IJI00ATbHUMA
innexc xxuposoi gereHepaitii (GFDI). GFDI pospaxoByBa-
JIK SIK CepelHE 3HauYeHHs OaiB 3a mikajiaor ['yranbe (Bim
0 10 4), 1110 TIPUCBOIOIOTHCS HAJTOCTHOMY, IiZOCTHOMY Ta
MiJIONIaTKOBOMY M’s13aM, SIKi BUSIBJISTFOTBCSI 32 JIOTIOMOTOI0
MPT. Bumnit GFDI Bka3ye Ha GiibIll TSIKKY XKUPOBY iH-
dinbTpallito Ta MOB’sI3aHU 3 TiPIIMM ITPOTHO30M, BKJTIOU-
HO 3 TIBUIIEHUM PU3UKOM ITOBTOPHOTO PO3PUBY Ta 3HU-

JKeHHSIM (DyHKIIOHAJIbHUX Pe3yJIbTaTiB Iic/sl omepallii Ha
poraropHii mamxeTi [1, 10].

Ouinky ¢yukuii I1C Oyno mpoBemeHo 3a IIKajJaMu
Constant Shoulder Score Ta BAILLI 10 onmepaTuBHOIrO BTpPY-
yaHHsI, yepe3 6 Ta 12 Mmic. micas onepariii.

Kputepisimu BKIIOUEHHS 10 AOCIIiI>KEHHS MU BBaKajlu:
HasIBHiCTb poTtaTopHoi apTpomnarii [1C, BiicyTHiCTh KiCTKO-
BUX YIIKO/KEHb MPOKCUMAJIBHOTO eriMeTadiza rmie4oBoi
KIiCTKM YU JIOMATKU, SIKy MW BU3HAYAIM SIK KJIiHIYHO, TaK
i 3a JIOMOMOTOI0 10IATKOBUX METO/iB TOCTIIKEHHS (PEHT-
reHorpadisi, MPT), BukoHaHHsI CTaHIAPTHOTO TTPOTOKOJTY
OTIEpPaTUBHOTO BTPYYaHHS Ta MPOTPAMM ITics0TepariitHoT
peabiiTalii, orIsIau IalieHTa ITiC/Is OIepaTUBHOTO BTPY-
yaHHs yepes 6 Ta 12 Mic.

VYciM XBOpUM oOmepaTHMBHE BTPYYaHHS IPOBOIMIOCH
CTaHIAPTHUM CIIOCOOOM OIHHUM Xipyprom: IOJIOKEHHS
«IUISDKHOTO Kpicjia», MpU apTPOCKOITIYHOMY BapiaHTi orle-
pallii 3aCTOCOBYBAJIM CTAaHAAPTHI apTPOCKOIMIYHI JOCTYIIN 10
[1C. InTpaonepaiiiiiHa 1iarHOCTHKa TTPOBOAMIACH 3a IOTIO-
MOTOIO apTPOCKOMa JiaMeTpoM 4,5 MM 3 HaXUJIOM OINTUKU
30°. [Mpu BinKpUTUX ONIEPATUBHUX BTPYYAHHSIX BUKOHYBaJIU
MIHICIUTIT-IOCTYII 10 cyXoxXwikiB PMIT (puc. 1).

VYcim xBopuM BukoHyBaiucs: nedpunmeHt I1C, teHo-
TOMislI 4YM TEHO/AE3 CYXOXWJIKa JOBroi royiBKu Oillerica,
NBOPSIAHUI 4YM Yepe3KiCTKOBUM I110B CyxoxuikiB PMII
(puc. 2).

Ycim XxBopuM B omepalliiiHiii HakJ1agagacss M’sika (mpu
apTPOCKOIIYHOMY 1IBi) abo rirncosa (MpU BiTKPUTOMY 1IBi)
iMMOOiTizalliiiHa ITOB’sI3Ka 3 TIPUCTPOEM BilBeIeHHsI 25 Tpa-
IyciB Ha 6 THKHIB. Y TiCIsonepaliiH1il Tiepio Mpu3Ha-
yayincsl 3HeOOIOBANIbHI 3 pa3u Ha 00y Ta MpoTU3amnaibHi
npenapaTtyl 1 pa3 Ha 100y B cepeTHbOTEPANIeBTUIHUX 103aX.

XBopuli CaMOCTIAHO 3aIlOBHIOBAaB (hOpMY 3i IIKAJIOIO
Constant Shoulder Score ta BAI. Tect 3 nuHamome-
TPOM XBOPHUI BMKOHYBaB JO MOSIBU OOJHLOBUX BiTUyTTiB.
KoHTpoub npaBuibHOCTI BUKOHAaHHS Beix TecTiB Constant
Shoulder Score mokianaBcsi Ha OJHOTO JiKapsi, SKUil OyB
ACHCTEHTOM ITiJl Yac ONepaTUBHOTO BTPYYaHHSI.

Tabnuus 1. OCHOBHI XxapaKTepUCTUKN rpyn 4OCHiAXEeHHS

1-wa cTagia 2-racragiq 3-T9 cTagia 4-ta cTagia

XapakTepuctuka (n=79) (n=61) (n=16) (n=18)
Binkputuia cnoci6, n (%) 25(14,4) 20(11,5) 14 (8) 10 (5,8)
ApTpockoniyHwuia, n (%) 54 (31) 41 (23,6) 2(1,1) 8(4,6)
Cratb: 4/x (%) 23(13,2)/56 (32,2) | 25 (14,4)/36 (20,1) | 5(2,9)/11 (6,3) | 10(5,8)/8 (4,6)
Bik, pokiB 54,1+12,1 57,7+11,3 51,1+14,9 60,7 + 10,9
CepenHs KinbKiCTb YLLIKOAXEHMUX CYXO-
Sunkie PMI 2,119 24+0,5 22+0,7 2,104
MMoGasbHW iIHOEKC XNPOBOI AereHe- 21205 23411 2413 20118
an,” b - b 3 - b - 3 3 - )
TepMmiH Big NoYaTky 3axXBOPIOBAHHSA 40
onepadii (mic.) 5,2+3,9 57+4,4 6,9+4,9 8,7+1,4
gep_e,u,Hﬂ ouiHka 3a BALL oo onepauii, 57431 56428 50422 6.1+2

aniB =Y O — &, U = &y , I =

CepepHs oujHka 3a Constant
Shoulder Score oo onepadii, 6anis 49,7+234 47,8+20,1 46,3£19,7 47,4£23,1
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Craructuunuii  aHamiz.  CratuctuyHa  00OpoO-
Ka JaHMX TpPOBOAMJIACS 33  JIOTIOMOrOI0  IaKe-
ta Statistica 12.0 by StatSoft, Inc. of USA (niueHsis
Noe ALXR712D833252FAN3). [1ns1 BinoOpaskeHHsI 3arajib-
HOI XapaKTePUCTUKY BUXITHUX MTapaMeTpiB 3aCTOCOBYBa-
JIUCSI METOJM OIMUCOBOI CTATUCTUKU i3 3a3HAYCHHSIM Ce-
PEIHBOTO 3HAUEHHS i CTAHIAPTHOTO BiIXUICHHSI.

PesyAbTaTH

V Tabn. 2 moka3aHo cepemHi pe3yIbTaTH IIBa CyXOXKIJI-
kiB PMI1 y xBopux 3 potaTopHoI0 apTpomnaTieto 3a Constant
Shoulder Score yepe3 6 Ta 12 wmic. micis onepariii.

Ak 6aunmo 3 Tabi. 2, HallKpallli cepelHi pe3yabTaTu
3a Constant Shoulder Score yepe3 6 mic. micast onepariii
cepes ycix XBopux OyJIo OTpMMaHO B IpyIli 3 1-10 cTamiero
poTaTtopHoi aptpomnatii — 36,9 * 19,1 6ana, memro Tipiiri
CepeIHi pe3yIbTaTh OTPUMAHO B TPYIIi 3 2-10 CTAIi€I0 pO-
TaTopHOi aprponatii — 41,4 + 12,1. ¥ rpynax 3 3-10 Ta
4-10 CTamisIMU pOTaTOPHOI apTPOIIaTii pe3yIbTaTh MaliKe
He BiIpi3HAIKCH Big nepenomnepauiiitnux. [1pu cratuctuy-
Hiii 00poO11i JaHMX mopiBHAHHA Tpyn 1 Tta 2: p = 0,024;
rpyn 1 ta 3: p=0,057, rpyn 1 ta 4: p = 0,03. AHanoriyHa
CcuUTyalisl OyJia i pM OLiHLI pe3yJbTaTiB JiKyBaHHS XBO-
pux yepe3 12 mic. micis oneparii. Halikpaiii pe3yibra-
TU OTPUMAHO B Ipymi 3 1-10 CTazi€l0 poTaTOPHOI apTpo-
narii — 20,2 £ 11,3 6ana, 1i pe3yabTaTé OLIHIOIOTHCS
K 1oOpi. Y rpymi 3 2-10 cTafielo poTaTOpHOI apTpomnarii
pe3yJIbTaTH JIIKyBaHHS MaJIM TEHISHIIIIO 10 MOJITIIIeHHST,
asie OyJaM CYTTEBO Tipmmmu, HiX y Tpymi 1 (p = 0,058), i
OLIIHIOBAJIUCS SIK 3aIOBLIbHI. Y Ipylax XBOpUX 3 3-10 Ta
4-10 CTamiIMM POTATOPHOI apTpOIaTii pe3yabTaTu B Oilb-
IIOCTi BUMNAAKIB BiAMOBiZaJIu AOOIepalliiHUM MMOKa3HU-
KaM i po31iHIOBaJIUCS SIK He3aI0BiIbHI.

3a BALLI 6y10 oTprMaHO HACTYITHI pe3yibTaTh (Tad. 3).

Cx0Xy KapTUHY CIOCTepiraju i Mpu OLiHIII XBOPUX 3a
BAIIl. HaitMeHmmii piBeHb OOJILOBOTO CHHIPOMY OYJIO0
oTpuMaHo B rpymi 1. XBopi 3 2—4-10 cTafisiMu Majiu BUCO-
KWii piBeHb OOJLOBOTO CUHAPOMY sIK Yepe3 6, Tak i yepe3
12 Mic. micns omepariii.

O6roeopeHHs

OTpuMaBIlIM BUIIEO3HAYEHi pe3yJbTaTU IIBA CYXO-
kuikiB PMIT y xBopux 3 pOTaTopHOIO apTpoOIaTielo,
MO>Ha JiiTH BUCHOBKY, L0 TaKe OlNepaTUBHE BTPyYaH-
HSI HE 3aBXIMW IIPUBOIMUTH A0 mojimmeHHs ¢yHkuii [1C.
Ha 3-ii ta 4-i1 cramisx 3a Xamama cepeiHi pe3yabTaTh
OTEepPaTUBHOTO BTPYYAHHS JIMIIAIOTHCS 03 3MiH, HaBiTh
yepes pik peabimiTamiiiHOTO JIiKyBaHHS. Pe3ynbpraTy miBa
cyxoxuikiB PMII nipu 2-ii cTamii poraTopHOi apTpoImnarii,
Xoua i Mpu3BOIITh A0 noiniueHHs @yHkiii [1C, ane cyt-
TEBO MOCTYNAIOThCS pe3yabTaTaM IBa CyXoxXuiakiB PMII,
BUKOHAHMM Mpu 1-# cTamii poraTopHoi apTpomarii. ¥
3B 513Ky 3 LIUM TIpaBUJIbHE BCTAHOBJICHHS AiarHO3Y € AyXKe
BaKJIMBUM.

BpaxoBytoun Toii (akT, 110 IS MPaBWILHOI OI[IHKHU
BEJUUYMHU CyO0aKpOMiaTbHOTO TTPOCTOPY HEOOXiqHE BUKO-
HaHHS peHTreHorpadii I1C B mpoekii, sika Oysa ommcaHa
Xamaja, a caMe PeHTreHiBCbKUil TPOMiHb MTOBUHEH MPO-
XOIUTHU NEPIIEHANKYISIPHO 10 (DPOHTATBHOI TUIOLIMHU JIO-
MaTKU Ta 3BepXy BHU3 mix KyToM 20° (puc. 3), MoxXHa TiATH
BUCHOBKY, 1110 MMPAaKTUYHO BCi peHTreHorpaMu (OKpiM Tux,
JIe Y4iTKO BUJIHO aleTalyaspu3allilo akpoMioHa Ta KoJjarc
TOJIIBKM) HE MiAXOASITH JUISI BU3HAYEHHsS CTalii poTaTop-
Hoi aptpomnatii [2, 11]. ¥ uux BUMagKax MU PEKOMEHIY-
emo BuKopuctoByBaTu MPT-kiacudikaiiito poraTopHOi
apTporIarii, SIKa Ja€ MOXJIMBICTb MTPAKTUKYIOUOMY JIiKapio
MPaBUJIBLHO 30PIEHTYBATUCS Yy BCTAHOBJICHHI MiarHO3Y W,
BiIMOBigHO, Y BUOOpPI TAKTUKH JIIKyBaHHSI XBOPUX KOXKHOI
cTamii.

dakTyHO Hama kKiaacudikalis € MoeIHAHHSIM KJia-
cugikanii Xamanga Ta kiacudikamii I'yraaee [15] i Bpa-
xoBye suiie rpy6i 3aminu B IIC, 110 cyTTeBO 3MeHIIye
WMOBipHicTh ToxuOKu. Tak, Hampukiaza, Tpu OLIHII
akpoMiasbHO-TIIe4oBOorO iHaekey (AITl) — BigcraHi mMix
HUXXHBOIO TIOBEPXHEI0 aKpOMiOHa Ta TOJIiBKOIO TJIEUOBOT
KiCTKU — BiICTaHb Y 5 MM MU PO3LIHIOEMO SIK pOTaTOPHY
apTpomnariio 2-i cT. 3a Xamazaa, a 6 MM — SIK pOTaTOPHY ap-
Tpomnarito 1-i ct. [1pu mpomy moxubka B 1 MM myxke iMMO-
BipHa i 3aJIeXXUTh Bill HOCBIMYEHOCTi OTOCIiAHUKA, SIKOCTi

Ta6nuusa 2. CepenHi peaynbratu wiBa cyxoxunkis PMI1 3a Constant Shoulder Score y xBopux Bcix rpyn
Y Pi3Hi TepMiHmn cnocTepexxeHHs, 6ain

TepMmiHu Mpyna 1 Mpyna 2 Mpyna 3 Mpyna 4
006CTEeXeHHSI XBOpUX (n=79) (n=61) (n=16) (n=18)
Jo onepadii 49,7 +£23,4 47,8 + 20,1 46,3+ 19,7 47,4 + 23,1
Yepes 6 mic. nicnsa onepadii 36,9+ 19,1 41,4+£12,1 44 9+14,3 46,8 £9,2
Yepes 12 mic. nicnsa onepadii 20,2+ 11,3 30,1+10,4 446+11,4 44,8 +5,2

Ta6nunus 3. CepenHi nokasHnku 3a BALLl y xBopux 3 poTaTopHOIO apTPONaTieEto Nnics WBa CYyXOXUIKIiB
PMI y pi3Hi TepmiHu ciocTepexeHHs, 6anan

TepmiHn Mpyna 1 Mpyna 2 Mpyna 3 MNpyna 4
006CTEeXEeHHS XBOPUX (n=79) (n=61) (n=16) (n=18)

Jo onepadii 5,7+ 3,1 5,6+2,8 5,0+2,2 6,12
Yepes 6 mic. nicnsa onepadtii 2,7+1,9 4,4 +3,1 51+29 52+1,8
Yepes 12 mic. nicnga onepadii 1,7+1,3 45+1,3 49+19 44+24
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PucyHok 3. HanpsiMok npoxoa>keHHsI PeHTreHiBCbKOro rpoMeHs B Pi3Hux niowmuHax [1]

Ta MPaBUJIbHOCTI BUKOHAHHSI peHTreHOrpaMu. Y Halliit
kinacudikaiiii BeauuuHa AIll irHOpyeThbCcsl, a OCHOBHUM
¢akTOpOM € HasIBHIiCTh alleTady/sipu3allii akpoMioHa, 3a
SIKOT XBOPOTO BiTHOCSITB 10 4-1 CT. pOTAaTOPHOI apTporarii
3 BiJIMTOBITHOIO TaKTUKOIO XipypriyHoro JiikyBaHHs. [lo-
NBifiHa OlliHKa CTYTIEHSI XXUPOBOI JAereHepaitlii 3a ['yranbe
CToYaTKy ISl HaAOCTHOBOTO M’513a, a TIOTIM 1 ISl iHIINX
M’s3iB 3 Bu3HadeHHsM iHaekcy GFDI Takox cyrTeBO
3MEHIIIYE pU3UK MOXUOKM [15].

AHaJtizylouy aHIJIOMOBHY JIiTepaTypy, MU IiMIIUTU BU-
CHOBKY, 1110 Hallli 3aXiIHi KOJIeTM Majio 3BepTaloTh yBary
Ha AIIl Ta XUpOBY JAercHepallilo HaZOCTLOBOTO M’si3a Ta
CYTTEBO PO3LIMPWIM TMOKA3aHHS 0 PEBEPCUBHOIO IMPO-
te3yBaHHd [1, 8, 11]. | nuine y Moyiogux Mali€HTiB BOHU
HaMararoThCsl BiTHOBIIOBaTH cyxoxuiaku PMII abo Bu-
KOHYBaTH TIPOIIEAYPY BiTHOBJIEHHS BEPXHbOI KarlCyau 4Yu
Pi3HOMAHITHI TPaHCIO3MIIil M’SI3iB Y IOJIOKEHHSI M’sI3iB
PMII. Taxi xipypriudi BTpy4aHHSI CYTTEBO 3MEHIIYIOTh
00IbOBUII CMHAPOM a0b0 KYIipyIOTh HOro Ta IOJIMIIYIOTh
¢ynkiito I1C.

Jlesski aBTOpM BKa3ylOTh Ha HEOOXiIHICTh crmpodu
BiIHOBJIEHHS cyxoxwuikiB PMII HaBiTh mpu 3aznane-
Tib BiTOMOMY He3al10BUJIbHOMY pe3yibTaTi. BoHu BKa-
3y10Th, 110 X04a O YaCTKOBE BiTHOBJIEHHS CYXOXMJIKiB
PMII noninmye ¢yskuito [1C ta 3MeHIye 601b0BUIA
CUHAPOM, a (PyHKIIOHAJIbHUN pe3yabTaT MO3UTUBHO
KOPEJIOE 3 BEJIMUYMHOIO TMOKPUTTS BEJIMKOro ropOka
[12—14]. Take TBepIXKEHHsS CyHepeYUTh HAIIUM YSIB-
JIEHHSM 1po BigHoBiaeHHs ¢yHKLii [1C, ockinbku npu
YaCTKOBOMY BiIHOBJIEHHiI cyxoxujkiB PMII dyHkuisa
I1C 3pocTae He3HAYHO, a OOJILOBUIT CUHAPOM 3MEHIITY-
€TbCSI HECYTTEBO.

CHUJIBHUMM CTOPOHAMU HAIIOrO JOCJIIKEHHS € Be-
JIMKa KiJbKiCTh XBOPHUX 3 POTATOPHOIO apTpoIlaTi€lo,
SIKUM BUKOHYBaBcs 1moB PMII, maiixke oqHOpiaHI Tpy-
MY XBOPHUX, 110 JaJI0 MOXJIMBICTh IPOBECTU afeKBaTHY
CTAaTUCTUYHY 00poOKy maHux. ClrabKMMHM CTOpPOHAMM
HaIIOTO OOCTIIXEHHS € OIliHKa pe3yJbTaTiB B TePMi-

HU 10 12 mic. micas omepairii, TOOTO KOPOTKOCTPOKOBI
pe3yJIbTaTHh, a TaKOX BiACYTHICTb 00’€KTUBHUX OaHUX
(to6To MPT-nmocnimxkeHHsI) IIOA0 3POIIEHHS CYXO-
xkunkiB PMII 3 xicTkoio B TepMminu O6inpine 12 mic. Li
cJ1a0Ki CTOPOHM i € MepPCHeKTUBHUMM HallpsIMKaMU Ha-
WX MOAANBIINX HOCTIIKEHb.

BUCHOBKMU

1. Hatikpami cepenHi pe3ynbTaTu 3a mKanomo Constant
Shoulder Score uepe3 6 Mic. micast orepalii cepen BCix
XBOpUX OyJI0 OTpMMaHO B Ipymi 3 1-10 cTami€elo poTaTop-
Hoi aprpomarii — 36,9 + 19,1 Gana, mewio ripui cepenHi
pe3yJbTaTh OTPMMAHO B TPYIIi 3 2-10 CTaAi€l0 POTATOPHOI
aprpornarii — 41,4 + 12,1.

2. Y rpymnax XBopMX 3 3-10 Ta 4-10 CTalisiIMA pOTaTOPHOL
apTpoIIaTii pe3yJabTaTh B OUTLIIOCTI BUITAIKIB BiAITOBiIaI
JlooriepalliiHUM TTOKa3HUKaM i pO3LIHIOBAIUCS SIK He3a-
TTOBIJIbHI.

3. Haitmenmmii piBeHb 601b0B0r0 crHapomy 3a BAILI
OyJ10 OTPUMAHO B IPYIIi 3 POTATOPHOIO apTpOIIaTie€lo 1-i CT.
XBopi 3 2—4-10 cTamisIMU POTaTOPHOI apTPOMaTii MaJiu BU-
COKMIi1 piBEHb OOJILOBOTO CMHAPOMY SIK Yepe3 6, Tak i yepes
12 wmic. micnst onepatiii.

IlepcneKTHBU MOJANBIIMX JOCTIIKeHb. [TepcrieKTHB-
HMM HampsIMKOM HAIlIOro TOCTiKEHHSI MU BBaXKAEMO BU-
BUEHHSI iHIIMX BIUIMBOBUX TMATOJIOTIYHUX 3MiH IJICYOBOTO
cyrioba Jisl TOTIOBHEHHST Halloi kiacugikallii, xoua B
1IbOMY BUTIAJIKy BOHAa MOXE CTaTU OLbII TPOMI3AKOI0 Ta
HEe3pO3yMiJIOI0 TSI TPAaKTUKYIOYMX OPTOIIE/IiB.

Konduikr inTepeciB. ABropu 3asIBISIIOTH PO BiOCYT-
HiCTbh KOH(JIIKTY iHTepeciB Ta BIacHOI (piHAHCOBOI 3alli-
KaBJICHOCTI IIpM MiArOTOBLIi JaHOI CTATTi.

Buecok aBTopiB. Ctpadyn C.C. — KOHIETILLS i u3aiiH
nociimkeHHs; bornan C.B. — 30upaHHs it 06pobOKa ma-
TepiaiB, aHaJli3 OTPUMAaHUX JaHWX, HAIMMCAHHS TEKCTY,
Crpapyn O.C., Ceprieako P.O. — cucremHmii aHami3
OTPUMAaHUX JaHUX.
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Results of rotator cuff tendon repair in patients with different stages of rotator cuff arthropathy
(retrospective study)

Abstract. Background. There are a large number of patients with
unsatisfactory results of rotator cuff tendon repair (RCTR), despite
the correctly performed surgical treatment, adequate rehabilitation
and the absence of repeated trauma in past medical history. The pur-
pose of the work is to investigate the results of RCTR in patients with
rotator cuff arthropathy of various degrees. Materials and methods.
In 174 (100 %) patients with rotator cuff arthropathy of varying se-
verity, RCTR was performed both by the open method — 67 (38.5
%) patients and using arthroscopic technique — 107 (61.5 %) cases.
In our study, all participants were divided into groups depending
on the stage of rotator cuff arthropathy according to Hamada. The
function of the shoulder was assessed using the Constant Shoulder

Score and visual analog scale before surgery, 6 and 12 months after
it. Results. The best average results on the Constant Shoulder Score
6 months after surgery among all patients were obtained in the group
with the first stage of rotator cuff arthropathy — 36.9 + 19.1 points,
findings were slightly worse in the group with the second stage of
rotator cuff arthropathy — 41.4 £ 12.1 points. In the groups with the
third and fourth stages of rotator cuff arthropathy, the results were
almost the same as the preoperative ones. Conclusions. It is not rec-
ommended to perform RCTR in patients with stages 2—4 of rotator
cuff arthropathy.

Keywords: rotator cuff; rotator cuff arthropathy; supraspinatus
muscle tendon; shoulder joint
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Trabecular architectonic of the calcaneus:
a pilot study

Abstract. Background. The calcaneus is a key structural component of the foot that plays a crucial role in
weight bearing and load fransmission. Its frabecular bone forms a complex three-dimensional architecture that
ensures efficient distribution of mechanical stresses. Of particular interest is the neutral zone (Ward'’s triangle), an
area of reduced frabecular density whose functional significance remains incompletely understood. Modern
three-dimensional imaging techniques provide new opportunities for detailed analysis of the structural orga-
nization and morphometric characteristics of the frabecular bone of the calcaneus. Therefore, the aim is fo
investigate structural organization and morphometric features of the frabecular architecture of the calcaneus.
Materials and methods. The study used anatomical specimens of calcanei from adult humans (n = 5) obtained
from the Department of Human Anatomy of Poltava State Medical University. The bones showed no signs of
pathological changes or fraumatic damage. Results. Two principal frabecular systems — compressive and ten-
sile — were identified in the frabecular bone of the calcaneus, forming a biomechanically efficient framework
for optimal load distribution. Between these systems, a central neutral zone (Ward’s triangle) was observed as
an area of reduced frabecular density with moderate variability in its geometric parameters. At the same fime,
the main morphometric characteristics of the most prominent frabeculae remained relatively stable among
the examined specimens. Three-dimensional reconstruction performed using the Arfec 3D Artec Micro scanner
confirmed the adaptive orientation of frabeculae in accordance with functional loading patterns: dense, short
frabeculae predominated in the calcaneal tuberosity, a more sparse trabecular arrangement was observed in
the cenfral region, and the anterior part exhibited a plate-like linear architecture. Conclusions. The frabecular
architectonics of the calcaneus is represented by a complex system of compression and tensile frabeculae,
oriented according fo the directions of mechanical forces. The neutral zone (Ward’s zone) is a three-dimensional
morphological structure that plays a key role in load redistribution.

Keywords: bone; foot: calcaneus; Ward'’s triangle; Wolff's law; trabecular architectonics, cancellous bone, but-
fresses

Introduction

The morphological and structural complexity of the cal-
caneus is determined by the combination of a dense cortical
shell and cancellous bone, which forms a complex trabecu-
lar architecture that defines the biomechanical properties of
the bone [1—4].

The concept of the trabecular architecture of cancellous
bone as a system of mechanical buttresses originated in the
mid-nineteenth century [5, 6]. Among the first to formulate

this idea were Hermann von Meyer and Karl Culmann, who
recognized the similarity between the orientation of trabecu-
lae in the proximal femur and the stress trajectories observed
in engineering structures. The analogy between bone archi-
tecture and architectural supporting elements, such as arches
and buttresses, laid the foundation for the biomechanical in-
terpretation of the internal organization of bone [5, 6].

This concept was further developed by Julius Wollff,
who established the principle of functional adaptation

© «TpaBma» / «Trauma («Travmay), 2026
© Bupaseub 3acnascobkmit 0.10. / Publisher Zaslavsky 0.Yu., 2026

[ina kopecnoHaeHuii: Makcumerko 0.C., K.M.H., kadeapa aHatomii nioguHu, MoNTaBCbKMIl AepxaBHUil MeanuHuii yHiBepcuTer, ByN. LeBuetka, 23, M. Montaea, 36011, YkpaiHa; e-mail:

dr.aleksmaksymenko@gmail.com

For correspondence: Oleksandr Maksymenko, PhD, Department of Human Anatomy, Poltava State Medical University, Shevchenko st., 23, Poltava, 36011, Ukraine; e-mail: dr.aleksmaksymenko@gmail.com

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

Tom 27, N2 4, 2026

www.mif-ua.com, https://tfrauma-journal.com 65



I OpuriHaAbHi pocAiaXXeHHs / Original Researches

of bone tissue in response to mechanical loading, now
known as Wolff’s law. Within this framework, trabecular
architecture was regarded as the result of adaptive bone
remodeling according to the directions of compressive
and tensile forces. These concepts were subsequently ex-
tended to the calcaneus, where intersecting compressive
and tensile trabecular systems were described as form-
ing a distinctive three-dimensional structural framework
[7-9].

However, these classical models were based primarily on
two-dimensional anatomical sections and macroscopic ob-
servations. The spatial continuity of trabecular bundles and
their three-dimensional configuration were reconstructed
only indirectly, without the possibility of comprehensive
three-dimensional visualization.

Of particular scientific and clinical importance is the
so-called neutral zone, or Ward’s triangle, a region charac-
terized by relatively low trabecular density. According to
the literature, this area corresponds to the site where most
fracture lines develop under axial loading. Despite the sub-
stantial mechanical loads transmitted through the posterior
aspect of the calcaneus, the neutral zone exhibits reduced
mineralization, which is essential for understanding its bio-
mechanical behavior and predicting fracture patterns. At
first glance, this phenomenon appears to contradict Wolff’s
law [8—12].

The investigation of the morphometric characteristics
and internal trabecular architecture of the calcaneus re-
mains highly relevant in contemporary anatomy, ortho-
pedics, traumatology, and forensic medicine [13—15].
A comprehensive characterization of its morphology,
dimensions, and trabecular organization contributes to
more accurate assessment of anatomical variation, fa-
cilitates the development of effective fracture prevention
strategies, improves orthopedic treatment approaches,
and supports the creation of biomechanically accurate
models of the foot.

The problem of elucidating the microarchitecture of the
calcaneus remains unresolved. Despite numerous descrip-
tive studies, the functional significance of Ward’s triangle
(neutral zone) has not yet been fully established. It remains
unclear whether this region represents the result of adaptive
remodeling in response to mechanical loading or merely an
anatomical feature without a distinct functional role. To
date, no definitive answer to this question has been provi-
ded. This uncertainty constituted the rationale for the pre-
sent study, which was designed to provide a comprehensive
analysis of the structural organization of the cancellous bone
of the calcaneus.

Thus, the investigation of the morphology and trabecu-
lar architecture of the calcaneus represents a relevant and
promising area of contemporary research. Such studies are
essential for improving the diagnosis, treatment, and pre-
vention of foot injuries, as well as for advancing our under-
standing of the evolutionary mechanisms underlying the
development of the human foot.

The purpose was to conduct a pilot study on the struc-
tural organization and morphometric characteristics of the
cancellous bone of the calcaneus.

Materials and methods

The study was performed on anatomical specimens of
adult human calcanei (n = 5) obtained from the anatomical
collection of the Department of Human Anatomy, Poltava
State Medical University. Only specimens without evidence
of pathological changes or traumatic injury were included.

To examine the internal bone structure, sagittal sections
with a thickness of up to 3 mm were prepared. Morphomet-
ric analysis of the cancellous trabeculae was performed, and
the dimensions of the neutral zone, including its height,
width, and area, were measured. The area was calculated
using the formula: S = (a xh)/2. All measurements were ob-
tained using a digital caliper.

Three-dimensional reconstruction was performed using
the Artec Micro scanner and Artec Studio 17 software, while
three-dimensional model processing and visualization were
carried out in Blender 4.5 LTS.

Statistical analysis was performed using GraphPad Prism
8.0. Data normality was assessed with the D’Agostino-
Pearson normality test. Descriptive data are presented as
the median and interquartile range. Differences between
variables were evaluated using the Friedman test, whereas
correlations were assessed using Spearman’s rank correla-
tion coefficient. Principal component analysis was applied
as an exploratory method to identify trends in the internal
relationships among the measured parameters.

The main limitation of this study is the small sample size
(n = 5), which restricts statistical power and precludes po-
pulation-level generalization of the findings. Therefore, this
investigation should be regarded as a pilot study providing a
methodological foundation for future large-scale morpho-
logical and biomechanical research.

Results
Morphological characteristics of the trabecular
architecture of the human calcaneus

The organization of cancellous bone trabeculae resem-
bles the structural principles of engineering lattice systems,
in which the interconnected arrangement of individual ele-
ments provides high mechanical strength while maintaining
relatively low mass. Similarly, in bone tissue, trabeculae are
oriented according to the directions of mechanical loading,
thereby providing optimal resistance to compressive and
tensile forces.

This principle is particularly evident in the calcaneus,
where the point of force application is spatially separated
from the point of support (Fig. 1).

Analysis of the sagittal sections revealed a well-organized
trabecular architecture composed of intersecting trabecu-
lar systems that form load-transmission pathways during
weight-bearing and locomotion. This structural organiza-
tion is consistent with the classical concept that the internal
architecture of bone is shaped according to the directions of
mechanical stress, as described by Wolff’s law [8, 9].

According to the literature, the trabecular architec-
ture of the calcaneus consists of five principal trabecular
groups — two compressive and three tensile systems —
which together constitute an integrated load-transmission
network [16—19].
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Morphological analysis confirmed that two major trabe-
cular systems originate from the superior surface of the cal-
caneus. One extends toward the posteroinferior region (the
calcaneal tuberosity), whereas the other is directed toward
the anteroinferior region, through which mechanical loads
are transmitted to the adjacent bones of the foot. Between
these two systems, the central portion of the calcaneus con-
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Figure 1. Trabecular architecture of the human
calcaneus on a sagittal section
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Figure 2. Schematic representation of the
distribution of the principal trabecular systems
of the human calcaneus (adapted from: Bajraliu M,
Walley KC, Kwon JY. Rationale for the Hypodense
Calcaneal Region of Ward’s Neutral Triangle.
Orthop J Harvard Med Sch. 2016;17:1-5)

tains an area of reduced trabecular density, referred to as the
neutral zone, or Ward’s triangle [15, 20, 21] (Fig. 2).

This phenomenon was first described by F.O. Ward in
1838 in the proximal femur [22]. It should be emphasized
that the so-called Ward’s triangle, or neutral zone, is es-
sentially a projectional phenomenon. Its characteristic
triangular appearance is observed only in sagittal sections
of the calcaneus or on two-dimensional images. Examina-
tion of the intact three-dimensional trabecular architecture
demonstrates that this region represents a complex irregular
volumetric structure that cannot be adequately reduced to a
simple geometric figure.

These observations call into question the appropriateness
of the term "triangle" in its literal geometric sense and suggest
that this region should instead be regarded as a three-dimen-
sional morphological entity. Accordingly, in the remainder of
this study, we recommend using the term “Ward’s zone”, as
it avoids geometric associations while preserving the histori-
cal context of the term. Nevertheless, in certain specimens,
the term “Ward’s triangle” may still be more appropriate, as,
in specific sections, this region of the cancellous bone clearly
resembles a triangular configuration.

The trabecular system of the calcaneus may be inter-
preted within the framework of the buttress concept,
whereby individual trabecular bundles function as internal
supporting struts that transmit mechanical loads from the
articular surfaces of the talus to the calcaneal tuberosity.
This concept originated in the nineteenth century with
the work of Hermann von Meyer and Karl Culmann, who
compared the trabecular organization of bone with engi-
neering structures. Subsequent studies by F. Pauwels and
Sir John Charnley further substantiated the functional role
of these trabecular struts in the transmission of mechanical
loads [5, 7, 23, 24].

Applying the buttress concept to the analysis of the tra-
becular architecture of the calcaneus provides a new per-
spective on the distribution of fracture lines and offers a
biomechanical interpretation of trabecular orientation. This
concept has direct clinical relevance for preoperative plan-
ning of osteosynthesis, optimization of screw placement,
and positioning of supporting plates to preserve the princi-
pal trabecular buttresses and ensure efficient load transfer
through the implant.

Our findings indicate that the compressive trabecular
systems function as the primary load-bearing buttresses,
transmitting vertical loads from the talus to the calcaneal
tuberosity, whereas the tensile trabecular systems form sta-
bilizing anchoring structures that resist tensile and bending
forces. Between these systems lies a region of reduced tra-
becular density, referred to as Ward’s triangle, which corre-
sponds to the area where the directions of compressive and
tensile force transmission intersect (Fig. 3).

For the morphometric analysis of the cancellous bone
within the neutral zone, the geometric parameters of Ward’s
triangle (height, base width, and area) were measured, to-
gether with the length and thickness of the four most promi-
nent trabeculae. The obtained measurements were averaged
for each specimen, allowing characterization of the trabecu-
lar architecture within this region.
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Analysis of the morphometric parameters of the cancel-
lous bone of the calcaneus (n = 5) demonstrated a certain
degree of variability in the trabecular architecture among
the examined specimens (Table 1).

No statistically significant differences in trabecular length
were observed among the examined specimens (Friedman
¥ = 5.6; p = 0.25). Similarly, no significant differences
were found in trabecular thickness (Friedman y? = 2.97;
p = 0.60), indicating the relative stability of these param-
eters within the investigated sample. In contrast, the geo-
metric characteristics of the neutral zone exhibited moder-
ate variability, reflecting individual differences in the spatial
organization of the trabecular network.

Overall, the trabecular architecture of the cancellous
bone of the calcaneus is characterized by a combination of
stable morphometric parameters and variable spatial fea-
tures. The compressive and tensile trabecular systems form
an efficient biomechanical framework that ensures optimal
load distribution while maintaining a relatively low bone
mass. These findings should be regarded as preliminary
morphometric data derived from a pilot study, providing a
foundation for future investigations involving larger sample
sizes.

Three-dimensional digital reconstruction
of sagittal sections of the human calcaneus

In addition to the morphological analysis of anatomical
specimens, a three-dimensional digital reconstruction of
sagittal sections of the calcaneus was performed using 3D
scanning (Artec Micro) with subsequent processing in Artec
Studio 17 and Blender 4.5 LTS. This approach enabled the
generation of a high-resolution three-dimensional model
for morphometric analysis and detailed assessment of the
spatial organization of the trabecular architecture.

The 3D scanning procedure allowed accurate reconstruc-
tion of the bone surface morphology and facilitated the iden-
tification of the principal functional regions of the calcaneus,
including the posterior region, the neutral zone, and the ante-
rior region. This provided an anatomical basis for comparison
with the buttress concept of trabecular organization (Fig. 4).

Visual analysis of the reconstructed three-dimensional
model revealed pronounced regional heterogeneity of the
trabecular surface morphology. In the posterior region (the
calcaneal tuberosity), the trabeculae were short, thick, and
densely arranged, forming a robust structural framework cor-
responding to the principal weight-bearing region of the foot.
In the middle region, corresponding to the neutral zone, the

Figure 3. Trabecular architecture of the cancellous bone of the human calcaneus in different regions
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trabeculae were sparse and predominantly oriented in oblique
and vertical directions, with prominent intertrabecular spaces.
This structural organization reflects its load-distribution and
shock-absorbing functions and is consistent with adaptation to
regions experiencing relatively low mechanical stress [25, 26].

In the anterior region, the trabeculae were elongated
along the principal loading axes, forming a plate-like linear
architecture characterized by alternating areas of higher and
lower trabecular density.

The findings support the presence of an adaptive trabecular
architecture within the calcaneus, characterized by robust tra-

beculae in the primary weight-bearing region, a well-defined
neutral zone in the central portion, and preferentially oriented
trabeculae extending toward the anterior region. Two princi-
pal trabecular systems were identified: one directed toward the
calcaneal tuberosity and the other toward the anteroinferior
region of the calcaneus. Between them, the central portion
formed a region of reduced trabecular density, referred to as
Ward’s triangle, consistent with classical anatomical observa-
tions and contemporary three-dimensional models.

Thus, three-dimensional digital scanning enables quanti-
tative assessment of the spatial organization of the trabecu-

Table 1. Morphometric parameters of the cancellous bone of the human calcaneus in the region
of the neutral zone (Ward’s triangle) (n = 5)

Height of the | Width of the Area of the
. Trabecular Trabecular
Specimen No. length, mm thickness, mm neutl;:::one, neutl;ﬁ::one, neut:’:rlnzzone,
1 12.06 1.30
9.29 0.92
7.67 0.59 14.69 32.85 241.28
10.81 0.46
Me (Q1-Q3 [CI]) | 10.05 (8.075-11.75 | 0.76 (0.49-1.21
[6.94-12.98]) [0.22-1.42])
2 15.36 1.30
10.96 0.42
8.50 1.38 14.22 23.29 165.59
15.95 1.90
Me (Q1-Q3[Cl]) | 13.16(9.12-15.8 | 1.340(0.64-1.77
[7.0-18.38]) [0.27-2.23])
3 13.48 1.15
11.05 0.38
10.29 1.51 15.95 30.44 24276
10.27 0.42
Me (Q1-Q3 [CI]) | 10.67 (10.28-12.87 | 0.7850 (0.39-0.79
[8.86—13.68]) [0.02-1.75])
4 10.96 1.24
0.98 2.19
11.18 0.95 13.18 17.10 112.69
8.50 1.40
Me (Q1-Q3[CI]) | 10.47 (8.87-11.13 | 1.320 (1.02-1.99
[8.21-12.1]) [0.6-2.29])
5 13.04 4.39
9.85 0.35
10.12 1.51 14.96 21.89 163.74
8.98 2.35
Me (Q1-Q3[Cl]) | 9.985(9.2-12.31 | 1.930 (0.64-3.88
[7.69-13.3]) [0.56-4.86])
M+ m 9.42+0.49 - - - -
Me (Q1-Q3 [CI]) - 14.69 23.29 165.6
_ 1'[207é$'—4197411j?1 (13.7-15.46 | (19.5-31.65 | (138.2-242.0
-87-1. [13.34-15.85]) | [1.11-33.12]) | [115.6-254.8])
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lar architecture and its role in mechanical load transmission.
This approach provides modern validation of the classical
Culmann-Wolff concept of trabecular trajectories and fur-
ther supports the buttress concept of the trabecular architec-
ture of the calcaneus.

Discussion

The findings of the present study provide further insight
into the morphology and morphometric characteristics of
the human calcaneus, contributing to a better understan-
ding of the structural and functional organization of its in-
ternal architecture and reinforcing the pivotal role of this
bone in maintaining the mechanical stability of the foot.

Particular attention was paid to the trabecular architec-
ture of the cancellous bone of the calcaneus. The spatial ar-
rangement of the trabeculae demonstrates a high degree of
adaptation to the compressive and tensile forces generated
during standing, walking, and running. Identification of
the neutral zone and characterization of its geometric para-
meters enabled detailed evaluation of a region with relative-
ly low trabecular density that appears to play an important
role in the redistribution of mechanical loads.

The reduced trabecular density within Ward’s triangle
(neutral zone) has previously been regarded as a paradoxi-
cal feature that seemingly contradicts Wolff’s law. However,
classical biomechanical studies have demonstrated that
reducing bone mass in regions subjected to minimal me-
chanical loading represents an evolutionarily advantageous
adaptation, allowing optimization of skeletal weight without
compromising structural integrity [25, 26].

Three-dimensional reconstruction clearly visualizes this
region of reduced trabecular density as an integral compo-
nent of the trabecular architecture of the calcaneus, con-
tributing to efficient load distribution while minimizing the
amount of bone tissue required.

The present findings are consistent with the classical de-
scriptions of the compressive and tensile trabecular systems
[27—30] and support their interpretation as trabecular but-
tresses [31], which optimize mechanical load transmission and
contribute to the overall structural integrity of the calcaneus.

Application of the buttress concept allows the trabecular
architecture of the calcaneus to be interpreted as a system
of interconnected supporting elements, in which the com-
pressive trabecular systems bear the primary vertical loads,
whereas the tensile trabecular systems resist deformation
and contribute to structural stabilization. This framework
provides a functional explanation for the presence of Ward’s
zone and has direct clinical implications for osteosynthesis
planning. In particular, the placement of implants and sup-
porting plates may be optimized to preserve the principal
trabecular buttresses and thereby maintain the physiological
pathways of mechanical load transmission.

Three-dimensional scanning confirmed the morpho-
metric and radiographic findings by providing volumetric
reconstructions that enabled clear delineation of the poste-
rior, middle, and anterior regions of the calcaneus. Analy-
sis of the digital models revealed characteristic patterns of
trabecular organization, including a dense and robust struc-
ture within the calcaneal tuberosity, a region of reduced tra-

Figure 4. Three-dimensional digital model
of a sagittal section of the human calcaneus with
delineation of the principal functional regions:
1 — anterior region; 2 — middle region; 3 —
posterior region

becular density corresponding to Ward’s zone, and a well-
organized trabecular architecture in the anterior region.
These observations integrate morphometric and structural
evidence into a unified concept of functional adaptation of
the calcaneus to cyclic mechanical loading.

Previous studies by Meyer, Culmann, Wolff, Charnley,
and Pauwels described the internal architecture of bone as a
system of trabecular buttresses, or supporting struts, that opti-
mally distribute mechanical loads. The findings of the present
study are consistent with the classical Culmann-Wolff con-
cept, demonstrating that the trabeculae of the calcaneus form
a three-dimensional structural framework that effectively re-
sists the mechanical forces generated during locomotion.

Conclusions

1. The trabecular architecture of the cancellous bone of
the calcaneus is characterized by two principal trabecular
systems — compressive and tensile — which together form
a functional biomechanical framework that ensures efficient
load distribution while maintaining a relatively low bone
mass.

2. The central Ward’s zone (traditionally referred to as
Ward’s triangle) is characterized by a reduced trabecular
density located between the principal trabecular systems. Its
geometric parameters (height, base width, and area) exhi-
bited moderate variability among the examined specimens,
whereas the length (Friedman ¢ = 5.6; p = 0.25) and thick-
ness (Friedman 2 = 2.97; p = 0.60) of the most prominent
trabeculae remained relatively stable.

3. Three-dimensional digital reconstruction using Artec
Micro confirmed the adaptive orientation of the trabecular
architecture. Short, robust trabeculae within the calcaneal
tuberosity corresponded to the principal weight-bearing re-
gion, whereas the sparse trabeculae of the central portion re-
flected its load-distribution and shock-absorbing functions.
In contrast, the anterior region exhibited a characteristic
plate-like linear trabecular architecture.

4. The findings of this pilot study provide a morpho-
metric foundation for future investigations involving larger
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sample sizes and high-resolution three-dimensional analyti-
cal techniques, thereby facilitating a more comprehensive
understanding of the adaptive trabecular architecture of the
calcaneus and its morphological variability.
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APXITEKTOHIKCA ry64acToi pe4yoBUHU I’ ATKOBOT KiCTKU: MIAOTHE AOCAIAXKEHHS

Pesiome. Axkmyaavnicme. T1’1TKOBa KicTKa € KITIOUYOBUM CTPYK-
TypHUM KOMITOHEHTOM CTOIIM, SIKWl Billirpa€ KIIFOUYOBY POJb Y
3a6e3MevyeHHi OMOPH Tila Ta Tlepefadi HaBaHTaXeHHs. 11 ry6yac-
Ta peyoBrHa (OpMye CKJIaIHY TPUBUMIPHY TpaOEKyJIsIpHY apxi-
TEKTOHIKY, 1110 3a0e3neuye e(eKTUBHUIN PO3MOMIT MEXaHIYHOTO
HaBaHTaxXeHHS. OcoOMMBUI iHTEpeC CTaHOBUTH HEUTpalibHA
30Ha (TpUKYTHUK Bopma) — mimgHKa 3i 3HMKEHOIO IMIJTBHICTIO
Tpabekyn, (yHKLiOHaJbHE 3HAYEHHS $IKOI1 3aJULIAETbCS HENO-
CcTaTHBO 3’sicoBaHUM. Cy4yacHi MeTOIM TPUBMMIPHOI Bizyasizallii
BiZIKPMBAIOTh HOBI MOXJIMBOCTI JUISI I€TAJIbHOTO aHasli3y CTPYK-
TypHOI Ooprasizailii TyoyacToi pe4YoBUHHU IT'SITKOBOI KiCTKHM Ta ii
MOP(hOMETPUYHUX XapaKTepucTuK. Mema: BUBYUTU CTPYKTYPHY
opraHizauiro i MOphOMETpUYHI 0COOJMBOCTI IyOUacTOl peuyoBU-
HM T’SITKOBOI KicTku. Mamepiaiu ma memoou. Y noCHiIKeHHI
BUKOPUCTAHO aHATOMIiuHi mpemapaTd IT'SITKOBUX KiCTOK JOPOC-
JuX Jofaei (n = 5), oTpuMaHuX Ha Kadeapi aHaToMii JIOAUHU
[TonTaBchbKOro JIepXKaBHOTO MEIMYHOTO YHIBEpCHUTETY. 3pasKu
HE MaJii TIATOJIOTIYHUX O3HAK ab0 TpaBMATUYHUX TOIIKOIXKEHb.
Pezyavmamu. Y ryGuacTiii peuoBUHI 11’ ITKOBOT KiCTKU BUSIBIECHO
NIBi OCHOBHIi TpaOeKy/IsIpHi cucTeMU — KOMIIPECiiHy i TeH3iliHy,
SKi popMyrOTh OioMexaHiYHO e(heKTUBHY KOHCTPYKIIitO JJIs1 OTITH-

MaJIbHOTO PO3MOJiTYy MEXaHiYHOTO HaBaHTaXeHHsS. MiX HUMU
BU3HAYAETHCS LIEHTPAIbHA HEUTpaJibHA 30HA (TPUKYTHUK Boprna),
110 XapaKTepU3YEThCS 3HMKEHOIO MIUTbHICTIO TpaOeKysn Ta Io-
MipHOIO BapiabeJbHICTIO TeOMETPUYHUX MapaMeTpiB. [1pu nbomy
OCHOBHI MOpP(OMETPUYHI XapaKTepPUCTUKU HAKOLJIbIII BUPAKEHUX
TpabeKyJ1 3aIUIIAThCs BiTHOCHO cTadiibHUMU. TpuBUMipHa pe-
KOHCTPYKIIisl, BAKOHaHA 3a JOTIOMOTOoI0 ckaHepa Artec 3D Artec
Micro, migTBepauIa aganTUBHY Opi€HTaIlil0 TpabeKyJ BiAMOBim-
HO 10 (PYHKILIOHAJILHOIO HAaBaHTAXEHHS: y AUISIHLI T’ SITKOBOTO
ropba mepeBaxaloTb MAacCUBHiI KOPOTKi TpaOeKyyu, y LEHTpajb-
Hill YaCTUHI CITOCTEpiraeThcsl OLTBIN PO3pPimKeHe po3TallyBaHHS
TpabeKys, a MepeaHiil Bilil XxapakKTepu3yeThCs MJIACTUHYACTO-
JIiHIAHOIO apXiTeKTOHiKOoW. Bucnoexu. TpabekyisipHa apXiTek-
TOHiKa IT’SITKOBOI KIiCTKM TIpENCTaBIeHa CKIIAIHOI CUCTEMOIO
KOMIIPECITHMX 1 TeH3IHHUX TpabeKys, OpiEHTOBAHUX BiATIOBITHO
10 HanpsIMKiB 1ii MexaHiuHux cui. HeiiTpanbHa 30Ha (TPUKYTHUK
Bopna) € TpuBuMipHOI0 MOP(}OJIOTiUHOK CTPYKTYPOIO, 1O Bimi-
rpa€ KIOYOBY POJIb y TIEPEPO3IO/iJi HAaBAHTAXKEHHSI.

KiouoBi cioBa: xictka; croma; m’sTKoBa KiCTKa; TPUKYTHHUK
Bopna; 3akoH Bonbda; TpabekymsipHa apXiTeKTOHiKa; ryovacrta pe-
YOBMHA KiCTKW; KOHTpGOpCcHU
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Prospective clinical validation of an algorithm
for selecting a comprehensive physiotherapeutic
treatment modality in patients with shoulder
osteoarthritis

Abstract. Background. Despite the widespread use of conservative treatment for shoulder osteoarthritis, stan-
dardized algorithms for selecting physiotherapeutic modality remain insufficiently developed. The purpose of
the study was to perform a prospective clinical validation of an algorithm for selecting a comprehensive phy-
siotherapeutic treatment in patients with shoulder osteoarthritis. Materials and methods. Forty-five patients with
Kellgren-Lawrence grade |-l shoulder osteoarthritis were enrolled. According to the proposed algorithm, 31 pa-
tients received extracorporeal shock wave therapy combined with physical rehabilitation (ESWT + PR), whereas
14 patients underwent nuclear magnetic resonance therapy and physical rehabilitation (NMRT + PR). Oufcomes
were assessed using the Oxford Shoulder Score (OSS) before freatment and é months after its completion. Sta-
tistical analysis was performed using the Wilcoxon signed-rank test. Statistical significance was set at p < 0.05.
Results. Both treatment groups demonstrated significant improvement across all components of the OSS. In the
ESWT + PR group, the mean OSS increased from 27.52 + 2.62 to 42.71 + 2.69 points (p < 0.00001), with a mean
improvement of 15.19 points. Excellent freatment outcomes were achieved in 25 (80.65 %) patients, while good
oufcomes were observed in 6 (19.35 %). In the NMRT + PR group, the mean OSS increased from 27.64 + 1.86 to
44.86 + 2.66 points (p = 0.000004), with a mean improvement of 17.22 points. Excellent freatment outcomes were
achievedin 12 (85.71 %) patients and good outcomesin 2 (14.29 %). No satisfactory or poor treatment outcomes
were recorded in either group. Conclusions. Prospective clinical validation confirmed the high clinical ufility of
the proposed algorithm for selecting a comprehensive physiotherapeutic tfreatment in patients with shoulder
osteoarthritis.

Keywords: osteoarthritis; degenerative joint disease; physiotherapeutic treatment; personalized medicine;

algorithm

Introduction

Shoulder osteoarthritis is a common degenerative joint
disease characterized by progressive degeneration of the ar-
ticular cartilage, chronic pain, restricted range of motion,
and gradual deterioration of upper limb function. With in-
creasing life expectancy and population aging, the preva-
lence of shoulder osteoarthritis continues to rise, imposing a
substantial socioeconomic burden, reducing patients’ qua-
lity of life, and increasing healthcare expenditures [1—4].

Conservative treatment remains the preferred therapeu-
tic approach for patients with early to moderate stages of

shoulder osteoarthritis. Current clinical guidelines advocate
a multimodal management strategy that includes physical
therapy, therapeutic exercise, patient education, and other
non-operative interventions [5, 6]. In recent years, growing
interest has been directed toward physiotherapeutic modali-
ties, particularly extracorporeal shock wave therapy (ESWT)
and nuclear magnetic resonance therapy (NMRT), both of
which have demonstrated promising results in reducing pain
and improving shoulder function [7-9].

Despite the expanding evidence supporting individual
physiotherapeutic modalities, selecting the optimal treat-
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ment strategy for a particular patient remains challenging.
Various approaches to physiotherapeutic management have
been proposed; however, their implementation in routine
clinical practice largely depends on the clinician’s experi-
ence and local treatment protocols [10, 11].

In our previous study, independent clinical and demo-
graphic predictors of treatment effectiveness for ESWT and
NMRT were identified using multivariable statistical analy-
sis. Based on these predictors, an algorithm for selecting a
comprehensive physiotherapeutic treatment in patients with
shoulder osteoarthritis was developed. However, its clinical
utility and practical applicability require prospective valida-
tion.

The purpose of this study was to prospectively validate an
algorithm for selecting a comprehensive physiotherapeutic
treatment in patients with shoulder osteoarthritis.

Materials and methods

For the prospective phase of the study, 45 patients with
Kellgren-Lawrence grade I—II shoulder osteoarthritis who
underwent treatment at the VinProfiMed Medical Rehabili-
tation Center (Vinnytsia, Ukraine) were enrolled.

According to the proposed algorithm for selecting phy-
siotherapeutic treatment, 31 (68.89 %) patients received
extracorporeal shock wave therapy combined with physi-
cal rehabilitation (ESWT + PR) (mean age 50.00 + 13.74
years; 14 (45.16 %) men), whereas 14 (31.11 %) participants
received NMRT + PR (mean age 57.36 = 13.11 years; 8
(57.14 %) men).

Inclusion criteria: radiographically confirmed Kellgren-
Lawrence grade I—II shoulder osteoarthritis; shoulder
osteoarthritis associated with soft tissue pathology of the
shoulder complex, including lesions of the glenoid labrum
and rotator cuff tendons; post-traumatic shoulder osteoar-
thritis following fractures of the proximal humerus; shoul-
der osteoarthritis associated with recurrent anterior shoul-
der instability; primary (idiopathic) shoulder osteoarthritis;
avascular necrosis of the humeral head without radiographic
evidence of collapse or severe articular deformity.

Exclusion criteria: shoulder pathology (proximal hume-
ral fractures or soft tissue injuries) without radiographic
evidence of osteoarthritis; isolated soft tissue disorders of
the shoulder without radiographic signs of degenerative
joint disease; proximal humeral fractures and their sequelae
without established shoulder osteoarthritis; Kellgren-Law-
rence grade [TI—IV shoulder osteoarthritis with severe joint
deformity, marked joint space narrowing, or ankylosis; rota-
tor cuff arthropathy.

The clinical decision-support algorithm for selecting a
comprehensive physiotherapeutic treatment was developed
based on independent statistically significant predictors of
therapeutic effectiveness identified in our previous study.
The methodology used to determine these predictors has
been described in detail elsewhere [12, 13]. A schematic
representation of the algorithm is given in Fig. 1.

Patients in the prospective cohort received the re-
commended comprehensive physiotherapeutic treatment
according to the proposed clinical decision-support al-
gorithm.

Shoulder
osteoarthritis

Kellgren—
Lawrence grade
I-II

no
[ ]

physiotherapeutic
treatment

surgical treatment |

Type of
osteoarthritis

[ ]

. .. secondary
primary osteoarthritis osteoarthnitis
Vs I ; dominantdy )
predomirslgﬂy male p;igggm;e.‘
) unilateral
pre%oénll‘laﬂeféy involvement
m e-Aag lower comorbidity
1o severe burden
cardiovascular
discase absence of
L ) L overweight )
NMRT + PR ESWT +PR

Figure 1. Algorithm for selecting a comprehensive
physiotherapeutic treatment in patients with
shoulder osteoarthritis

The ESWT + PR protocol consisted of extracorporeal
shock wave therapy combined with a McKenzie-based
physical rehabilitation program. ESWT was administered
using low- and medium-energy radial shock waves (0.1—
0.2 mJ/mm?). Depending on the individual clinical con-
dition, pain severity, and functional impairment, patients
underwent 4—7 treatment sessions at 5—7-day intervals.
Treatment sites were determined according to the location
of trigger points, clinical examination findings, and func-
tional assessment.

The NMRT + PR protocol consisted of seven NMRT
sessions, each lasting 1 hour and performed daily, combined
with the same McKenzie-based physical rehabilitation pro-
gram.

Physical rehabilitation according to the McKenzie
method was adapted for patients with chronic pain associ-
ated with shoulder osteoarthritis. The program included an
initial self-assessment to identify movements that provoked
or relieved pain, individualized exercise prescription aimed
at restoring normal movement patterns, gradual improve-
ment of the range of motion, strengthening the shoulder
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girdle musculature, and restoration of shoulder function.
Throughout the rehabilitation course, patients regularly
monitored symptom progression, and the exercise program
was modified under therapist supervision according to the
clinical response. An essential component of the program
was the development of self-management skills and inde-
pendent performance of therapeutic exercises in accordance
with the McKenzie concept [14].

Clinical outcomes were assessed using the Oxford Shoul-
der Score (OSS) questionnaire [15]. Patients were evaluated
at baseline and 6 months after completion of physiothera-
peutic treatment. In addition, the change in the total OSS
score (AOSS) was calculated.

Statistical analysis. Statistical analysis was performed
using StatSoft Statistica 13 software. Quantitative and
score-based variables are presented as mean * standard de-
viation to facilitate interpretation of the magnitude of clini-
cal change. Paired baseline and 6-month values were com-
pared using the Wilcoxon signed-rank test, considering the
ordinal nature of the individual OSS items and the limited
sample size. A two-sided p value of < 0.05 was considered
statistically significant.

Ethics. The study was conducted in accordance with the
ethical principles of the Declaration of Helsinki of the World
Medical Association (7" revision, 2013), the Convention on
Human Rights and Biomedicine of the Council of Europe
(1997), and applicable national and institutional ethical stan-
dards [16—18]. Written informed consent was obtained from
all participants prior to their enrollment in the study.

Results

Following completion of the comprehensive physiothe-
rapeutic treatment, both groups demonstrated statistically
significant improvements in shoulder function compared to
baseline. The results of the prospective clinical validation of
the proposed algorithm are presented in Tables 1 and 2 for
patients treated with ESWT + PR and NMRT + PR ac-
cording to the algorithm recommendations.

In the ESWT + PR group, excellent clinical outcomes
were achieved in 25 (80.65 %) patients and good outcomes
in 6 (19.35 %), whereas no satisfactory or poor outcomes
were recorded. The mean total OSS increased significantly
from the satisfactory range at baseline to the excellent range
at follow-up (Fig. 2), with a mean improvement of 15.19
points.

The greatest improvements in mean OSS item scores
following treatment were observed for items 1 (+1.42
points), 3 (+1.33 points), 5 (+1.33 points), and 7 (+1.33
points). The smallest improvements were recorded for
items 9 (+1.13 points) and 12 (+1.13 points); however,
all changes remained statistically significant compared
to baseline values. Intermediate improvements were ob-
served for items 2 (+1.26 points), 4 (+1.29 points), 6
(+1.23 points), 8 (+1.23 points), 10 (+1.29 points), and
11 (+1.26 points).

In the NMRT + PR group, excellent clinical outcomes
were achieved in 12 (85.71 %) patients and good outcomes
in 2 (14.29 %), whereas no satisfactory or poor outcomes
were recorded. The mean total OSS increased significantly

Table 1. Comparison of baseline and 6-month clinical outcomes in patients treated with ESWT + PR

. L Clinical outcomes
0SS questionnaire item - P

Baseline Follow-up

1. How would you rate the level of pain in your shoulder during the

past month? 2.083+0.48 3.45+0.51

2. Have you had any difficulty dressing because of your shoulder

condition? 2.19+0.48 3.45+0.51

3. Have you had any difficulty getting into or out of a car or using

public transport because of your shoulder condition? 2.320.65 3.65+0.49

4. Have you had any difficulty using a knife and fork simultaneously

while eating? 2.26£0.58 3.55+0.51

5. Are you able to do household shopping independently? 2.35+0.55 3.68+0.48

6. Are you able to carry a tray with a plate of food across a room? 2.29+0.59 3.52+0.51

7. Are you able to comb your hair using the affected arm? 2.19+£0.54 3.52+0.51 | <0.00001*

8. How would you describe the pain you usually experience in your

shoulder? 2.35+0.49 3.58 +£0.50

9. Are you able to hang your clothes in a wardrobe using the

affected arm? 2.32+0.48 3.45+0.51

10. Are you able to wash and dry yourself using both hands? 2.39+0.62 3.68+0.48

11. Does shoulder pain interfere with your usual work, including

housework? 2.32+0.65 3.58 +£0.50

12. Has shoulder pain disturbed you at night during the past

month? 2.48 £0.57 3.61+0.50

Total score 27.52 +£2.62 42.71+2.69

Note: here and in Table 2: * — statistically significant difference compared to baseline (p < 0.05).
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from the satisfactory range at baseline to the excellent range
at follow-up (Fig. 3), with a mean improvement of 17.22
points.

The greatest improvements in individual OSS item
scores were observed for item 5 (+1.79 points), followed
byitems 1 (+1.65 points), 6 (+1.57 points), and 11 (+1.57
points). The smallest improvement was recorded for item
7 (+1.07 points); however, the difference remained sta-
tistically significant compared to baseline. Intermediate
improvements were observed for items 2 (+1.42 points),
3 (+1.42 points), 4 (+1.28 points), 8 (+1.35 points), 9
(+1.50 points), 10 (+1.28 points), and 12 (+1.28 points).

Discussion

The present study prospectively validated an algorithm
for selecting a comprehensive physiotherapeutic treatment
in patients with shoulder osteoarthritis. The algorithm-
guided approach resulted in statistically significant im-
provements in shoulder function in both treatment groups.
Improvements were observed not only in the total OSS but
also across all individual questionnaire items, indicating a
comprehensive positive effect of treatment on pain, activi-
ties of daily living, and overall shoulder function.

These findings are consistent with current concepts of
conservative management of shoulder osteoarthritis, which
emphasize that treatment selection should be based on in-
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Figure 2. Box plots of baseline and 6-month total
OSS in patients treated with ESWT + PR

Figure 3. Box plots of baseline and 6-month total
OSS in patients treated with NMRT + PR

Table 2. Comparison of baseline and 6-month clinical outcomes in patients treated with NMRT + PR

. L Clinical outcomes
0SS questionnaire item . p

Baseline Follow-up

1. How would you rate the level of pain in your shoulder during the *

past month? 214 +0.77 3.79+0.43 0.00001

2. Have you had any difficulty dressing because of your shoulder

condition? 2.29+0.61 3.71+£0.47

3. Have you had any difficulty getting into or out of a car or using *

public transport because of your shoulder condition? 2.29+0.61 3.71£0.47 0.000006

4. Have you had any difficulty using a knife and fork simultaneously

while eating? 2.43+0.65 3.71+£0.47

5. Are you able to do household shopping independently? 2.07+£0.62 3.86 +0.36 0.000008*

6. Are you able to carry a tray with a plate of food across a room? 2.29+0.61 3.86 +0.36 0.000006*

7. Are you able to comb your hair using the affected arm? 2.36 £0.63 3.43+0.51 '

8. How would you describe the pain you usually experience in your 229+ 0.61 3644063 0.000008*

shoulder? e T ’

9. Are you able to hang your clothes in a wardrobe using the affected *

ama ) 9y 9 229+0.61 | 3.79+043 | 0.000006

10. Are you able to wash and dry yourself using both hands? 2.36 £0.63 3.64+0.63 0.000008*

11. Does shoulder pain interfere with your usual work, including

housewark? 2.43+0.65 4.00+0.00 0.000006*

12. Has shoulder pain disturbed you at night during the past month? 2.43+£0.65 3.71x£0.47

Total score 27.64+1.86 | 44.86+2.66 0.000004*
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dividual patient characteristics, functional demands, symp-
tom severity, and treatment expectations [5, 6]. Current
clinical practice guidelines identify physical therapy as one
of the fundamental components of non-operative manage-
ment for shoulder osteoarthritis and highlight the impor-
tance of individualized rehabilitation programs for achie-
ving optimal functional outcomes [5].

At the same time, a systematic review of contempo-
rary clinical practice guidelines demonstrated that, despite
broad agreement on the role of conservative management,
recommendations regarding specific physiotherapeutic in-
terventions remain heterogeneous [10]. Similarly, a recent
survey of physiotherapists in the United Kingdom showed
that treatment selection in routine clinical practice is largely
determined by individual patient characteristics, including
symptom severity, comorbidities, and functional require-
ments, whereas standardized decision-support algorithms
are rarely used [11].

The concept of personalized treatment selection for os-
teoarthritis based on individual clinical and morphological
characteristics has gained increasing attention in orthopedic
practice in recent years [5, 6, 11, 19, 20]. In this context, the
statistically significant improvement in shoulder function ob-
served in both treatment groups, together with the absence of
satisfactory or poor clinical outcomes, supports the clinical
applicability of the proposed algorithm-guided approach.

The findings regarding ESWT are consistent with cur-
rent evidence demonstrating its potential effectiveness in
the management of various musculoskeletal disorders. Ac-
cording to a recent narrative review, ESWT contributes to
pain reduction, functional improvement, and stimulation of
tissue repair through mechanisms including mechanotrans-
duction, neoangiogenesis, and modulation of the inflam-
matory response [7].

Similarly, the results obtained with NMRT combined
with PR are consistent with current evidence supporting the
potential role of this technology in the management of os-
teoarthritis. As reported in the scoping review by Schmidt
et al. and the narrative review by Znidari¢ et al., molecular
biophysical stimulation therapy (MBST/NMRT) is associ-
ated with pain relief, improved functional outcomes, and
potential stimulation of cartilage regenerative processes.
However, both reviews emphasize that the available evi-
dence remains limited because of the small number of high-
quality prospective clinical studies [8, 9].

Overall, our findings are in agreement with current evi-
dence highlighting the important role of rehabilitation in
the conservative management of shoulder osteoarthritis. As
noted by Vocelle et al., physical rehabilitation represents an
essential component of conservative treatment; however,
high-quality evidence supporting the optimal selection of
specific rehabilitation strategies remains limited [21]. The
proposed algorithm not only integrates independent clini-
cal predictors of treatment effectiveness but also provides a
practical decision-support tool for personalized selection of
physiotherapeutic treatment according to individual patient
characteristics.

Nevertheless, the present study has several limitations.
The prospective cohort was relatively small, which may limit

the generalizability of the findings to a broader population
of patients with shoulder osteoarthritis. Future multicenter
prospective studies involving larger patient cohorts and lon-
ger follow-up periods are warranted to further validate the
clinical effectiveness of the proposed algorithm.

The practical value of this algorithm lies in its ability
to standardize the selection of physiotherapeutic treat-
ment while preserving an individualized approach to
patient management. Its implementation may improve
the reproducibility of clinical decision-making, facilitate
selection of the optimal therapeutic strategy, and contri-
bute to better functional outcomes following conserva-
tive treatment. The present findings should be regarded as
the first clinical evidence supporting the feasibility of an
algorithm-guided approach to selecting comprehensive
physiotherapeutic treatment for patients with shoulder
osteoarthritis.

Conclusions

1. Prospective validation confirmed the clinical effective-
ness of the proposed algorithm for selecting a comprehen-
sive physiotherapeutic treatment in patients with shoulder
osteoarthritis. The algorithm-guided approach was associ-
ated with statistically significant improvements in shoulder
function regardless of the recommended treatment.

2. Application of the algorithm resulted in statistically
significant improvements in both the total Oxford Shoul-
der Score and all individual questionnaire items following
extracorporeal shock wave therapy combined with physical
rehabilitation as well as nuclear magnetic resonance therapy
combined with physical rehabilitation. All patients in the
prospective cohort achieved either excellent or good clinical
outcomes.

3. The proposed algorithm may serve as a practical clini-
cal decision-support tool for selecting a comprehensive
physiotherapeutic treatment in patients with shoulder os-
teoarthritis and represents a promising approach for further
multicenter clinical validation.
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QiweHko B.O.", lymeHtok O.O.", QiwjeqHko O.B.", [ymeHwok P.C.2
TBIHHULIbKIW HQLIIOHQABHU MEAMYHWV YHIBEPCUTET iM. M1, [nporoBa, m. BiHHWLS, YkpQiHO
’MiHicTepCcTBO MOAOAI TQ criopTy YikpaiHW, M. Kuie, YkpaiHa

MNpocneKkTMBHA KAIHIYHHO BAAIAALSI AATOPUTMY BUGOPY METOAY KOMMAEKCHOro @isioTepaneBTMYHOro
AIKYBOHHS MPU OCTEOAPTPUTI MA€YOBOro CYrao6a

Pesiome. Axmyaavnicms. Hespaxaroun Ha IIMPOKeE 3aCTOCYBaH-
HSl KOHCEPBAaTUBHOTO JIiIKYBaHHSI MPU OCTEOAPTPUTI IJIEUOBOTO
cyrjioba, cTaHAapTU30BaHi aJropuTMu BUOOpY (izioTepareBTUY-

HOT TAKTHKM 3aJIMIIAIOTHCS HEAOCTATHLO po3pobienumu. Mema:
MPOBECTU MPOCHEKTUBHY KJIiHIYHY Bajliallilo airopuT™My BUOODY
METOJly KOMILIEKCHOro (izioTepareBTUUYHOrO JIiKyBaHHSI B OCiO
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3 0CTE0apTPUTOM TLICUOBOrO cyrioba. Mamepiaiu ma memoou.
O6cTexeHo 45 TMallieHTiB 3 0CTE0apTPUTOM TIEYOBOTO CYIJIo0a
I-II craniii 3a Kellgren — Lawrence. BixnoBigHo no po3po6.e-
HOTO ajroput™my, 31 MalieHTy NMpU3HAYaId EKCTPAKOPIIOPAIbHY
YIapHO-XBWJIbOBY TEpAITilo B MOETHAHHI 3 (hi3UYHOI0 peadimiTari-
€0 (EYXT + ®OP), 14 — sapepHO-MardiTHO-pe30HaHCHY Teparlio
Ta (izuuny peabinitauiro (AIMPT + ®P). KniHiuHi nokazHuku
ouiHoBasin 3a onutyBaibHUKOM Oxford Shoulder Score (OSS)
JI0 TTOYATKY JIIKYBaHHSI Ta 4epe3 6 MiCsILiB TiCJIst HOTO 3aBeplleH-
Hd. 1 CTaTUCTUYHOTO aHalily BUKOPUCTOBYBAIM KPUTEPiid
BinkokcoHa. 3Hauymumu BBaxanau BigMiHHocTi nipu p < 0,05.
Pezyavmamu. Y naiieHTiB 000X Pyl BCTAHOBJIEHO 3HAYYIIE 11O~
JIMIIeHHS (YHKIIOHAJIBHOTO CTaHYy IJIEYOBOTO Cyriioba 3a BciMa
kommnoHeHTamu 1kaiau OSS. Y rpyni EYXT + ®P cymapHwmii mo-
Ka3HuK OSS 36inbimmBes 3 27,52 + 2,62 6ana 1o 42,71 = 2,69 6ana

(p <0,00001), cepenniii mpupict craHoBuB 15,19 6ana. Pesynbra-
TH JIiIKyBaHHs Oyau BinminHuMU y 25 (80,65 %) nauieHTiB, XOpo-
M — y 6 (19,35 %). Y rpyni AMPT + ®P cymapHuMii mokasHuk
OSS 3pic 327,64 £ 1,86 6ana 1o 44,86 + 2,66 6ana (p = 0,000004),
cepemHili TpupicT ctaHOBUB 17,22 Oana. BimmiHHI pe3ynbTaTn
JlikyBaHHST Bu3HaueHo y 12 (85,71 %) nauientis, xopoui — y 2
(14,29 %). 3an0BiNbHUX Ta HE3aIOBUIBHUX PE3YJIbTATIB JIIKYBaHHSI
B 000X rpymnax He dikcyBanu. Bucnosxu. TakuM 4MHOM, HLISIXOM
TMPOCTICKTUBHOI KJIiHIYHOI Bayigallii alropuT™My BHOOPY METOLY
KOMIUIEKCHOTO (hi3ioTeparneBTUIHOIO JIIKyBaHHSI MiATBEPIKEHO
1oro BUCOKY e(eKTUBHICTb y MAIli€EHTIB 3 OCTEOAPTPUTOM IJIeHO-
BOTrO cyrjooa.

Kir040Bi ¢10Ba: ocreoapTpurt; aereHepatMBHO-AUCTPOdiuHi 3a-
XBOPIOBaHHSI CYTJI00iB; (hizioTepaneBTUUHE JIIKyBaHHS; IEPCOHAI-
30BaHa MEIMLIMHA; AJITOPUTM
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XipypriyHe AiKyBOHHS
BOrHENAAbHUX NepPeAOMIB CTErHOBOI KICTKMW:
POAb MAPKepPIB 3ANAAEHHS

Pestome. AKTyaAbHICTb. BOrHernanbHi nepeAoMy CTErHOBOI KICTKU HAAEXKATb AO HAMCKAQAHILLIMX MPOOAEM Bili-
CbKOBOI TQ LIMBIAbHOI TDABMQTOAOTIT HEPE3 BUCOKOEHEPLIETUYHIN XAPAKTEP YILKOAXKEHHSI, POPMYBAHHST OOLLINP-
HUX AepeKTiB KICTKOBOI TA M “SIKOTKAHUHHOI CKAQAOBUX, 3HQYHY KOHTAMIHALIKO PAHOBOIO KAHAAY TQ MOPYLLEHHS
BACKYASIPM3ALi TKQHWH. YQCTKQ TAKMX YILUKOAXKEHb Y CTRYKTYPI 6OMOBUX MOPAHEHDL KIHLIBOK csirae 15-22 %, rnpu-
4YOMY CrOCTEPIrQETHCSI TEHASHLST AO 3OCTAHHS KIABKOCTI BUCOKOEHEPIETUYHUX TOABM i3 6QraroyAQMKOBUMU
nepeAoMamu Ta KPUTUYHUMU AepekTamu. CKAQAHICTb AiKYBAHHS! BUBHAYAETLCST HEOOXIAHICTIO OQAQHCYBAHHSI
MK DOQAMKAABHICTIO NEPBUHHOI XipYPriYHOT 060 06KM TA 36EPEXKEHHSIM XXUTTESAQTHUX TKAHMH AAST TOAQALLLOI pe-
KOHCTPYKUII. MeTta: npoBecCTy CUCTEMATUYHUK OIMSIA CYYACHUX CTPATEIV XipYPIiYHOro AiKYyBAHHSI BOTHEMQAALHUX
rnepeAoMiB CTerHOBOI KICTKM TQ' Y3QraAbHUTU AOCTYIHI AQHI LLLOAO POAI MOPKepIB CUCTEMHOI 3AMAAbLHOI BIAMOBIA,
30KpemMa MPOKanbUMTOHIHY (TKT), iHTepaevikiHy-6 (IN-6) Ta C-peakTnsHoro 6inka (CPB), y NnAQHYBAHHI XipypridHOT
TAKTUIKA TQ OLIHLI pU3UKY YCKAGAHEHb. MarepiaAu Ta MeToAU. BUKOHQHO CUCTEMQTUYHMI OIASIA i3 AOTPUMQHHSIM
noroxkeHb PRISMA 2020. lNoLwyk saivicHioBaBCs1 y 6asax PubMed, Scopus, Web of Science ra Cochrane Library
3a nepios 2018-2025 pp. i3 BUKOPUCTAHHSIM MOLLYKOBUX KOMOIHALIVI HO OCHOBI TepMiHiB «gunshot fractures»,
«femoral fractures», «damage control orthopedics», «external fixation», «inframedullary nailing», «interleukin-6»,
«C-reactive protein», «procalcitoniny. Kputepii BKRAKOYEHHST: OPUIHAAbHI KOFOPTHI Vi PETPOCHEKTUBHI AOCAIAXKEH-
HSI, CUCTEMQTUYHI OIASIAM, METAAHQAI3M TA KAIHIYHI HOCTAQHOBMU, MPUCBSIHEHI XipYPTHHOMY AiKYBAHHIKO BOTHEMAALHMX
4 BIAKPUTX MEPEAOMIB CTEIHOBOI KICTKM Q60 AMHAMIL GIOMQPKEePIB rpu TSKKIV TOABMI. MeTOAOAOMHYHA SIKICTb
oujHroBaAAChk 3a iHCTPyMeHTOM ROBINS-I Ta MINORS. [poBeAEHO SIKICHUM HAPQTUBHMN CUHTE3 6€3 METAAHAAI-
3y. Pe3yabraru. /A\O OCTQTOYHOIO QHAAIZY BKAKOYEHO 24 rybaikauii, CMCTeMQTM30BAHO MOKA3AHHST TQ OOMEXKEHHS]
OCHOBHWX METOAIB MepBUHHOI CTABIAI3ALI: 30BHILLHLOI pikCaLil, IHTOAMEAYASIDHOIO TQ HAKICTKOBOIO OCTEOCUHTE-
3y. B0BHILLHST QIKCALLST 3AAMLLQETECSI METOAOM BMOOPY P MOAITPABMI, HECTABIABbHIV FreMOAMHAMILY, MQCUBHOMY
YLLUKOAXKEHHI M SIKUX TKQHWH TQ NoTpe6i y CYAVHHIV PEKOHCTRYKLUII. TAKTUKA KOHTPOAKD YLUKOAXKEHbL B OPTOMeAil
nepeabQyae nepBuHHY MIHIMAAbHO IHBA3MBHY CTABGIAI3ALIIO 3 MOAQABLLOK KOHBEPCIED HQ OCTATOYHUM OCTEO-
CUHTE3 MICASI perpecyBAHHSI CUCTEMHOI 3QraAbHOI BiAMOBIAl. HaBeaeHi AQHI 1Woa0 AnHamMiki CPb, IN-6 ta KT
TOYHTYIOTLECSI HQ MIACYMKY BKAKOYEHUX MEPLLOAXKEPEA | BIAOBDQXKAIOTh OPIEHTOBHI KAIHIYHI AIQMQ30HM, SIKi P OMo-
HYIOTbCSI ABTOPAMU OKPEMUX AOCAIAXKEHD SIK AOMOMIKHI MQPKEPUW MOUHSITTSI DILLEHHS, O HE SIK GOPMAAIBOBAHUN
ropir i3 AOBEAEHOK AIQrHOCTUHHOK LIIHHICTIO HO PiBHI METAAHAAI3Y. BUCHOBKN. OTOUMQHI AQHI MIATBEPAXKYIOTH
AOLIABHICTb MepCOHAAIBOBAHOIO MAXOAY AO XiPYPIHHOIO AiKYBQHHS BOTHEMAABHUX MepEeAOMIB CTErHOBOI KICTKM
3 YPQAXYBAHHSIM TUITY NEePEAOMY, CTAHY M SIKUX TKAHWH TQ IHAMBIAYQABHOI AMHAMIK MQPKEPIB CUCTEMHOIO 3Qra-
AEHHS1. [TOEAHQHHST CyHYQCHUX XipypridHuX cTparterivi i3 MoHiTopuHrom (KT, IN-6 Ta CPb Mmoxxe 6yTn AOAQTKOBUM
IHCTPYMEHTOM KAIHIHHOIO CYAXKEHHSI LLLOAO TePMIHIB KOHBEPCII TQ PUMKY IHOEKUIMHUX YCKAQAHEHb, OAHAK OCTQ-
TOYHEe OPMAAIZOBAHE BIMPOBAAXKEHHSI MOONMOHOBAHUX AIQNA30HIB MOTPEBYE MPOCNEKTUBHMX MOPIBHSIABHUX AO-
CAIAKEHb 3 KIAbKICHUM CUHTE30M AQHWMIX.
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Bctyn

BorHenanbHi mepeioMM CTETHOBOI KiCTKW 3ajuilia-
IOTbCSl OJTHIEI0 3 HAUCKJIAIHIILIMX KATEeropiil yIIKOMXEHb
OIMOPHO-PYXOBOI'0 amnapary, 1110 3yMOBJIEHO BHCOKOEHep-
TeTUYHUM MEXaHi3MOM YIIIKOJIKEHHSI, MACUBHUMM JieheK-
TaMU KiCTOK Ta M’SIKUX TKaHWH, KOHTaMiHaIli€l0 paHOBOTO
KaHaJIy Ta MOPYIIEHHSIM KpOBOIIOCTaYaHHS TKaHUH [1, 2].
3a JaHMMU CIeliali3oBaHMX LIEHTPIB, 3alHATHX HamaH-
HSIM IOTIOMOT'M TTOCTPakKAaJIMM i/ Yac MMOBHOMACIITa0OHO1
BiliHU B YKpaiHi, BorHenajabHi epeIoMU CYIIPOBOIKYIOTh
6113bKO 45 % MopaHeHb KiHIiBOK, a MepeJIOMU CTETHOBOT
KIiCTKU CTaHOBJSATh 10 22 % y CTPYKTypi 60i10BOT TpaBMU
HWXHIX KiHIiBoK [3, 4]. Bucoky uyacTtoTy MHOXWHHMX
YJIAMKOBUX YIIKO/KCHb 31 3HAYHUMU TIEPBUHHUMU JIe-
dexTaMM KiCTKOBOI TKAHWHU Big3HaualoTh Maiitke y 80 %
MOpPaHEeHUX i3 BOTHEMAJIbHUMU TIepeJioMaMu JOBIMX Kic-
TOK [2].

CucreMHa 3arnajibHa BiIMOBiAb TPU BOTHEMATBHOMY
mepeIoMi Mae KacKagHMI XapaKTep i CYIPOBOIXKYETHCS
3HAUHUM BUKUAOM IIpo3amnajbHUX MeniatopiB. Ilepcuc-
TEHIIis1 BUCOKMX PiBHIB LIUTOKiHIiB KOPEJIOE 3 PO3BUTKOM
CUHJIPOMY CUCTEMHOI 3allaJIbHOI BilMOBiAi, MOJiOpraHHO1
nuchyHKIi Ta iHpekuiiHux yckiaaHeHs [5]. CyyacHa ma-
paaurma XipypriuHoro JIiKyBaHHSI TSIKKO1 00MOBOI TpaBMU
OIOPHO-PYXOBOTO arapaTy 0a3yeThbcsl Ha KOHIIEIIil TaK-
TUKU KOHTPOJIIO VIIIKOMKeHb B opToneii (damage control
orthopedics, DCO), sgka nependadae eTarrHiCTh Xipyprida-
HUX BTpy4YaHb i3 IIEPBMHHOIO MiHIMaJbHO iHBa3MBHOIO
crabijmizalli€elo Ta BiITepMiHOBaAaHMM OCTAaTOYHUM OCTEO-
CUHTE30M ITicJIs1 cTabitizalii 3araibHOro cCTaHy IopaHeHO-
ro [6-9].

MOHITOpHMHI OMHAMiKU MapKepiB 3amajeHHs po3-
[JISINAEThCS  IK  MOMKJIMBME  JTOTTIOMIKHUIA iHCTPYMEHT
00’€eKTHUBI3alIil TSKKOCTI CTaHy MOpPAHEHOro, MPOTHO3Y-
BaHHS Mepebiry TpaBMaTUYHOI XBOPOOM Ta IUIaHYBaHHS
TePMiHiB XipypriuHux BTpydyaHb. BomHouac HasiBHa JjiTe-
patypa XapaKTepu3yeTbCsl 3HAYHOIO TeTePOTeHHICTIO Me-
TOAOJOTIYHUX MiAXOAiB, IUPOKUMHU [ialla30HaMu TOPO-
TOBUX 3HAYeHb i OOMEXEHOIO KiJIbKiCTIO paHAOMi30BaHUX
MOPiBHSIHD, 1110 3YMOBIIIOE TTOTPEOY B cMCTeMaTH3allii Ha-
KOINUUYeHux nanux [5, 10].

Meta po0OTH: cUCTeMaTU3yBaTH CYYacHi IMIXOmW 1O
XipypriyHOro JIiKyBaHHSI BOTHEIMAJbHUX TEPETOMiB CTEr-
HOBOI KiCTKH Ta y3araJbHUTH HasIBHi JaHi IIOJO0 AiarHOC-
TUYHOI Ta TIPOTHOCTUYHOI I[IHHOCTI MapKepiB CUCTEMHOT
3anajapHoi Binmosini (mpokansuutoHiny (ITKT), iHTep-
neiikiny-6 (I1JI-6) ta C-peaktuBHoro 6inka (CPB)) y mia-
HYBaHHI €TaITHOCTI XipypriuHol TAKTUKU.

Marepiaam Ta meToamn

CucteMaTUYHUI OIS BUKOHAHO 3 TOTPUMAHHSIM T0-
noxeHb Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA 2020). Ilporokon mocii-
mxkeHHs1 He peectpyBaBcsi y PROSPERO, 1o 3a3HaueHo
B oOMexeHHsx. [lolryk peiaeBaHTHUX JpKepes 3IiiCHIO-
BaBCs Y MiXKHapOJHMX HayKoMmeTpuuHux 6azax PubMed/
MedLine, Scopus, Web of Science ta Cochrane Library
3a nepioa 3 1 ciung 2018 poky mo 31 rpyans 2025 poky, a
TaKoX y (paxoBMX YKPaiHOMOBHMX BMIAaHHSX («OpTore-

Llisl, TpaBMATOJIOTis Ta MpoTe3yBaHHsA», «'paBMa», «Terra
Orthopaedica», «Pain, Joints, Spine»).

[TomykoBa cTparterisi IpyHTyBajacsl Ha 3acTOCYBaHHi
KOHTpPOJIbOBaHMX TepMiHiB MeSH Ta BiJIbHUX TEKCTOBUX
3aMUTiB, TIOENHAHUX OyJeBUMU orepaTopamu. baszosa
dopmyna mama Buman: («gunshot fractures» OR «ballistic
fractures» OR «combat-related fractures») AND («femur»
OR «femoral shaft» OR «lower extremity») AND («external
fixation» OR «intramedullary nailing» OR «damage control
orthopedics» OR «induced membrane» OR «llizarov»)
AND («interleukin-6» OR «C-reactive protein» OR
«procalcitonin» OR «systemic inflammatory response»).
Pyunuii mouryk nepenbavyaB niepersisia CIUCKIB JiTepaTypu
BKJTIOUEHMX MyOJTiKalliii.

Kputepii BxmoueHHs mnepembadanm: MOyOmiKaiii aH-
[JIiiichKOI0 ab0 yKpaiHchKoro MoBamu 3a 2018—2025 pp.;
KOTOPTHi, BUIAAO0K — KOHTPOJb, PETPOCIEKTUBHI, CHUC-
TeMaTU4Hi OIJISIAM, MeTaaHali3M Ta KJIiHIYHI HAaCTaHOBH;
TOCJIIKEHHS, 110 OXOIUTIOIOTh TOPOCIMX Malli€HTIB (> 18
POKiB) i3 BOrHEMaJlbHUMM ab0 BiAKPUTUMU IepeioMaMU
crerHoBoi Kictku Gustilo-Anderson II1 a6o mochimkeHHs
IMHaMiKy 6ioMapKepiB Ipu noJjtitpaBmi. Kpurtepii Bukio-
YEHHSI: JOCJIKeHHsI Ha JiTsIX, TBApUHHI Mojesi 6e3 KIli-
HiYHOI TpaHCcALii, my0iKalii pociiicbkolo MOBOIO, Te3U
0e3 TTOBHOTEKCTOBOI Bepcii, AyOmikaTi, poOOTH 3 HEIOo-
CTaTHIM METOJ/IOJIOTIYHMUM OIKICOM, a TAKOX JiKepesa, 110
0e3nocepeHbO HE CTOCYIOThCS TEMU.

IIpouec Binbopy 3aificHIOBABCS Yy ABa €TaIlM: MePIINil —
CKPMHIHI 32 3ar0JI0BKaMU Ta aHOTALlISIMU ; IPYTUI — OLIiHKa
MOBHOTEKCTOBUX MyOJIiKalliil 3a KpUTEPisIMU MPUIATHOCTI.
BunoGyBaHHS TaHWX MPOBOAWIOCS 32 CTAHIAPTU30BAHOIO
dopmoro, 1110 BKiItOUaa 6idmiorpadiuHi XxapaKTepUCTUKU,
NU3aiH, pO3Mip BUOIPKM, TUIT YIIKOMXEHHS, 3aCTOCOBaHY
XipypriuHy TakKTHKY, HOCHiIXyBaHi Oiomapkepu, 4acoBi
TOYKM BUMIipIOBaHHS Ta OCHOBHI pe3yiabTaTtu. OmiHKa pu-
3UKY CUCTEMAaTUYHOI MOMWJIKM JIJISI KOTOPTHUX Ta PETPO-
CMEKTUBHUX AOCJIIXKEHb MPOBOAMIACS 32 iIHCTPYMEHTOM
ROBINS-I, 111 HEKOHTPOJILOBAaHUX CEpiii BUIIAAKIB — 3a
mkano MINORS. 3 oy Ha 3HaUHY KJIiHIYHY i1 METO-
JIOJIOTIYHY Te€TEePOreHHICTh BKIIOUEHUX POOIT KiJbKiCHUI
CHHTE3 (MeTaaHasli3) He BUKOHYBABCSI; TTPOBEIEHO SIKiC-
HUII HApaTUBHUI CUHTE3 i3 IPYMyBaHHSAM Pe3yJIbTaTiB 3a
TEeMaTUYHUMHU OJIOKAMM.

[Ipouec Bimbopy BimoOpaxkeHo Ha miarpami PRISMA
(puc. 1).

PesyAbTaTH

J1o ocTaTOYHOTO aHai3y BKIoUYeHo 24 myoikanii. Cuc-
TeMmaTu3allisl JaHMX BKJIIOYEHHUX ITyOJiKalliii Jo3BoJuiIa
BUOKPEMMTH TPU OCHOBHI XipypriuHi cTpaTerii crabimizaltii
BOTHEIAJIbHUX I€PEIOMiB CTETHOBOI KiCTKM: 30BHIIITHIO
(ikcauito, iHTpaMeIyJISIpHUI OCTEOCUMHTE3 Ta HaKiCTKO-
Buit ocreocuHTe3 [11]. 30BHilHA ikcaliisi 30epirae cra-
TyC METO/ly BUOOPY TpU TOEAHAHI TpaBMi, HECTaOLIbHIi
reMoanHaMilli, MACUBHOMY YIIKOJXXEHHI M’IKMX TKAaHWUH,
morpedi y CYOMHHII peKOHCTPYKIIl Ta IIpU IIPOBEICH-
Hi eTamHOro JiKyBaHHS B MOJbOBUX ymoBax [4, 7, 12].
M. Laigle 3i cmiBaBTOpamu y cepii 3 85 mailieHTiB mokasaiu,
10 MPU BIIKPUTHX TMEPEOMaX FOMIJIKUA Mepexi Bil TUM-
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4aCcoBOI 30BHIIIIHBOI (hiKcalliil 10 iHTpaMeayIsIpHOIO OCTe-
OCHHTe3y 3a0e3rneyye KOHCOIJALio B CEPEAHbOMY Yepe3
16 THKHIB i3 YacTOTOIO TIMOOKOT iHdekii 4,7 % [13].
[HTpamMeny/IsipHMii OCTEOCHMHTE3 32 YMOB IPaBUJIBHOTO
BiOOpY JIEMOHCTPYE HaiKpallli (hyHKIIOHAJIbHI pe3yIbTaTh
cepell METO/IB BHYTPIIIHBOI (hiKcallii BOTHEMaTbHUX Tepe-
JoMiB miadiza crerHoBoi Kictku. G. Polat Ta crmiBaBTOpH Y
PETPOCIIEKTUBHOMY ITOPiBHSUIBHOMY AociimkeHHi 107 Bor-
HeMaJbHUX TepeioMiB CTErHOBOI KicTKU (99 mnalieHTiB) He
BUSIBUWIM CTAaTUCTUYHO 3HAUYIIMX BiIMiHHOCTEH YacTOTH
micasonepauiitHuX yCKJIagHeHb MiX TpylaMU 30BHIllIHBOI
¢ikcallii Ta 6JJ0KOBAaHOTO iHTpaMeIyISIPHOIO OCTEOCHHTE3Y,
o/HaK (DYHKIIIOHAJIbHI PEe3YJIbTATH 3a IKaJaMU OLIIHKU Cer-
MeHTa OyJI1 KpalllMMH Y TpyMi iHTpameayJisipHoi dikcattii [9].
OnHovacHo M. Abghari 3i cmiBaBTOpamMu 1pu JIiKyBaHHi
HU3BKOCHEPTETUYHUX BOTHETMATbHUX YIIKOIKEHb HUXHIX
KiHIIIBOK Y LIMBUIBHOMY TPaBMAaTOJOTIYHOMY IIEHTpi Bim-
3HAYWJIM HU3BKY YacTOTYy YCKJIAIHEHb 32 YMOBU CTaHOAp-

TU30BAHOTO MPOTOKOJY MEPBUHHOI XipypriyHoi oOpoOKu
[14—16].

HaxkicTkoBuii ocTteocuHTe3 TJIaCTUHAMU Yy JIiKYyBaHHI
BOTHEIAJbHUX MEPEIOMiB CTETHOBOI KiCTKU 3aCTOCOBYETh-
csl oOMeXeHO uepe3 MOJaTKOBY TpaBMaTM3allilo TKaHWH,
BUCOKMI pU3UK PO3BUTKY INIMOOKOI iH(eKIlii Ta TOpyIIeH-
HSI KPOBOIIOCTauYaHHSI KiCTKOBUX (parmMeHTiB. OCHOBHU-
MU MOKa3aHHSIMU 10 Or0 BUKOPUCTAHHS € BHYTPILIHbO-
CyIJ1000Bi TiepesioMu Ta CKJIaaHi MeTadi3apHi nepesomu,
3a SIKMX HEMOXXJIMBO 3a0€3IMeYNTH HAJIEKHY PETO3HUIIilo Ta
CTabiIBHICTD IHIMMU criocobaMu dikcariii [7, 17].

KOHLLenLis TOKTUKU KOHTPOALO YLLKOAXXEHb
B OpTONeAii

DCO nepenbavae nepBUHHY MiHiMaJIbHO iHBa3UBHY
crabiizaliio anmapaToM 30BHIIIHBOI (ikcallii 3 moganb-
1100 KOHBEPCi€I0 Ha OCTATOYHUI OCTEOCHHTE3 TIiCIIsT
crabimizallii 3araJbHOr0 cTaHy mopaHeHoro [1, 18]. Ax-

3anucu, BUKIKOYEHI

nicna nepernaay
3aro/I0BKIB Ta aHOTaLii
(n =520)

MNoBHOTEKCTOBI CTaTTi,
BUKNIOUEHI 3 aHaniay
(n = 135)

R 3anucu, ineHTHdiKoBaHI Nig yac NOLWyKY B MiXKHapPOAHUX
IaeHTUdiKaLa HayKOMeTpUuUHMX 6a3ax gaHux (n = 950)
CKPUHIHT . .
3anucwu nicna ycyHeHHa aybnikarie (n = 680)
. 3anucuy, sipibpani ana
OujiHKa _
5 . : nepBuHHOro nepernaay (n = 680)
BiAnoBigHoCTI
MOBHOTEKCTOBI CTaTTi, OUiHEHI |—,
Ha BIANOBIAHICTL KpUTEpiaM
BKNOUYEHHA (n = 160)
BKAtOYEHHA l

« He mictnm poctatHbOI
KNiHiYHOI iHdbopmauii ana

(n=24)

BrAoueHi gocnigeHHA

aHanisy (n = 22)
« He mictan okpemoi

rpPynu NaujeHTIB 3
BOTHEenanbHUMM
nepenomamu (n = 33)

« Manu HepocTaTHiIl obcar
BuGipKK (n = 36)

+ He mictnm panmx wopgo
pesynbTaTie NikyBaHHA
(n=30)

« Manu BUCOKMIA PU3NK
CUCTEMATHUYHOT NOMMIIKK
(n=15)

PucyHok 1. Qiarpama PRISMA
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TOPUTM Tiepeadavyae MOHITOPUHT CUCTEMHOI 3amajibHOI
BIATIOBIZi Ta BU3HAYEHHS ONTUMAJbHUX TEPMiHIB BUKO-
HaHHSI OCTaTOYHOTO OCTEOCHUHTE3Y, OCKUJIbKM Tepeadac-
He XipypriyHe BTpyYaHHS MOXe IMPU3BECTU 10 TOCUJIEHHSI
CHCTEMHOI 3aIlaJIbHOI peakKlIil Ta MOTipIIeHHs 3araJJbHOro
crany mauieHTa [5]. ¥V cepii A. KanamrHukoBa i criBaB-
TOpiB, IO OXOILIIOE 128 mocTpaxkmanux i3 JOMiHYIOUYOIO
00I{0BOIO TPAaBMOIO TOMiJIKM, 3aIIPOIIOHOBAHO AUMeEpeH-
wiioBaHuii minxin go KoHBepcii A3® Ha iHTpamenynsip-
HUIl OCTEOCHMHTE3 i3 ypaxyBaHHSM TUIIy TEepesioMy 3a
knacudikaiieto Gustilo-Anderson Ta 03HaK JOKaJbHOTO
3amnajabHoro npoiecy [19].

V3arajibHeHi MoKa3aHHS 10 3aCTOCYBaHHSI MEPBUHHUX
MeToiB (ikcallii, sIKi oTpuMaHi 3 BKIIFOUEHUX TyOsTiKalliit,
HaBeJIeHO B TabJ1. 1.

MapkKepu CUCTEMHOT 3ANAAbHOT BIANOBIA|
Npw BOrHENAAbHIN TPABMI

AHaji3 BKJIIOUEHUX OOCIHiIXEHb BUSBUB XapaKTepHi
nmaTepHU 3MiHU KOHIIEHTpalliii GioMapKepiB MiC/sl TSKKOI
00110BOi TpaBMU. [HTEpIEIKiH-6 IEMOHCTPYE HAMIIIBUIIILY
KIiHETUKY cepel JOCIIiKyBaHUX MapKepiB i3 JOCIATHEHHSIM
MiKOBOi KOHIIEHTpallii yepe3 12—24 roguHu micisi TpaBMU;

y MaIi€HTIB 3i CIPUSTIMBUM ITepebiroM piBeHb 1J1-6 3a3Bu-
Yail 3HIKYEThCS Ha 4—5-Ty OOy, TOmi SIK IePCUCTEHIIS
BUCOKMX 3HauYeHb ITic/Ist 3-1 100U y HU3II CIIOCTePEKHUX
IOCIIIKEHb acOLIOBaIach i3 PO3BUTKOM iH(MEKIIITHIX
yckinanHeHb [5]. C-peakTuBHUII OiIOK XapaKTepU3YETHCS
MOBIJBHIIIIO IMHAMIKOIO 3 ITi3HIM ITiKOoM 4epe3 48—72
TrOJMHU; BTOPUHHE MinBulleHHs piBHiB CPb micis nouar-
KOBOTO 3HWXXEHHS Y KJIIHIYHUX CIIOCTEPEKEHHSIX PO3IJIsi-
AEThCS K PaHHIM CUTrHal iH(EeKIiHOro yCKIagHEeHHS
[5]. IIpoxanbLUMTOHIH cepen MpoaHalli30BaHUX MapKepiB
€ HalOLIbII crietnpiYHUM 1OA0 GaKTepiabHOT iHEKLii:
M. Li 3i cniBaBTOpamMu y MpPOCHEKTUBHOMY TOCHiIKEHHI
100 marieHTiB i3 TsDKKOIO TpaBMoro (ISS > 16) BusiBuH,
mo komb6iHauiss CPB, ITKT Ta cupoBatkoBoro aminoiny A
(6iockop) TIepeBepIIyE MiaTHOCTUYHY IIHHICTh KOXHOTO
OKpeMoro Mapkepa [5].

OpieHTOBHI mialta30HY 3Ha4eHb OioMapKepiB, SKi MPo-
MMOHYIOTbCSI OKPEeMHUMHU aBTOpaMM SIK OOIOMIXHI MpU
OLIiHLI mepebdiry TpaBMaTUYHOI XBOPOOM, HaBEIEHO B
Tabm. 2.

I'padiuHe BimoOpaKeHHST TUITOBUX IaTePHIB AWUHAMIKU
CPBb, JI-6 Ta KT mipu cripusiTIMBOMY Ta HECITPUSITIIV-
BOMY Iepe0iry TpaBMaTUYHOI XBOPOOU TOIaHO Ha puc. 2.

Tabnuus 1. Moka3aHHS 4O OCHOBHUX METOAiB nepBUHHOI Qikcayii BorHenaabHUx nepesiomis

CTEerHoBOI KicTku

MeTtop,

KniniyHa cutyauia

OOMeXeHHs

30BHiILWHA dikcauis

[MoniTpaBma; remoamHamivyHa HecTa-
BiNbHICTb; MAaCMBHE YLLIKOOXKEHHS M’ AKX
TKaHWH; CyOMHHA PEKOHCTPYKLiS; eTan
eBakyauji

IHdekuisa cnuub; TPMBaNMn TEPMIH
peabinitauii; obmexeHe QyHKLioHaNbHe
HABaHTAXEHHS

IHTpamenynapHuin
OCTEeOCUHTE3

CTabinbHuin 3aranbHUN CTaH; BiACYTHICTb
KJiHIYHO 3HAYYyL0i KOHTaMiHauji; perpec
CUCTEMHOIO 3anaseHHs; aiadizapHuin
nepesiom

Mo nmBICTb iH)IKyBaHHA KICTKOBO-MO3-
KOBOrO KaHasny; obMexeHHs1 npu 6ararto-
YNaMKOBUX i BHYTPILLUHbOCYrNOO0BMX
YLIKOOKEHHSX

HakicTKOBUI OCTEOCUHTES

BHyTpilWHbOCYrNno6oBi nepenoMu auc-
TasbHOro 260 NPOKCKMaNbHOrO BiaAiNiB;
KPUTUYHI pedekTn npu dikcauii opoma
nnactTMHamu

LLInpokuin ooCcTyn; BUCOKNI PUBMK
nepiiMnaaHTHoOro iHpikyBaHHs; obmexe-
He 3aCTOCYBaHHSA NPU KOHTaMiHOBaHMX
paHax

lMpumirtka: gaHi oTpuMaHi Ha OCHOBI SIKiCHOIro cuHTe3y BkJloYeHnx axepen [4, 7,9, 11-13, 17].

Ta6nuusa 2. OpieHTOBHI KNiHIYHI giana3oHn MapkepiB cucTeMHOI 3ananbHOT Bignosigi
3a gaHUMU BKJTIOYEHUX AOCig)XeHb

Yac niky nicns Aiana3oH q -
Adiana3oH KniniuHa
Mapkep :%ZBI:::';’ npw cr';' g: :'Gr?rcaomy npuv pu3unkKy yckiagHeHb iHTepnpeTauia
) 3 . r . K PaHHIM iHaMKaTop iHTeH-
11-6 12-24 < 100 nr/mn nicna 4-i gobwn | > 200 nr/mn nicna 3-i nobu cuBHOoGTI SIRS
CPB 48-72 <50 Mr/nHa5-ty — 7-My > 100 mr/n nicna 5-i po6wu; CKpPWHIHT 3aranbHOro
noo6y 6iMofanbHUN NaTepH piBHSA 3ananeHHs
. L . Harbinbw cneumdiyHmin
MKT 24-48 < 0,5Hr/mMn >0,5 HF/>M2ﬂ(I)'II|:3;1/F’|\Ai F no6w; wono 6akTepianbHOI
’ iHDekuji

Mpumitkn: IJ1-6 — inTepnerikiH-6; CPBb — C-peaktuBHuii 6inok; NMKT — npokanbuntoHiH; SIRS — cuHgpom
cucTeMHoiI 3ananbHoOi BignoBigi. HaBeneHi giana3oHu € y3arasibHeHHSIM OKPeMMUX CITOCTePEeXXHUX AO0CITi-

A)KeHb i He € popmanisoBaHuMu giarHocTu4yHuMu noporamu [5, 10].
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AATrOPUTM KOHBEPCIii HO OCTATOYHUN
OCTeOoCHuHTe3

V3arasibHEHHSI BKIIOYEHUX POOIT 103BOJIMIIO 3aMPOIIO-
HYBaTHU CXeMy €TaITHOTO XipypriYHOro JIIKyBaHHS i3 ypaxy-
BaHHSIM JIMHAMIKM 3aIlaJlbHUX MapKepiB K JOMOMIXKHOTO
KJIiHIYHOTO OpieHTHpa. TUMOBUI YacOBUl iHTepBas IS
BUKOHAHHS KOHBEpPCii 3 TUMYaCcOBOI 30BHIIIHbOI (hikcallil
Ha OCTaTOYHMI IHTpaMeayJsipHUI OCTEOCHMHTE3, OIuca-

HUI y OLIBIIOCTI BKJIIOYEHUX MyOidiKalliii, mpumnagae Ha
5—10-ty 100y micisg TpaBMU 3a YMOBM HOpMaJtizallii Kiti-
HiyHMX 1 JaboparopHux nokasHukis [13, 19]. Konsepcis
paHinie 5-1 100U aCOLIIOETHCS 3 IMiABUILCHUM PU3UKOM
BTOPUHHOTO 3aMaJIbHOTO YPaXXeHHsI, TOJI SIK 3aTPUMKa MO-
Hana 14 nib yckiagHIOeThCsl (hopMyBaHHSIM pyO1IeBOT TKa-
HUHU Ta TeXHIYHUMU IIpobiaeMamu pero3uilii. Cripoie-
HUI aITOPUTM €TaIHOrO JIiKyBaHHS HaBeIeHO Ha puc. 3.

A. [unamica CPE E.

T ™ r
— CnpwATTIRBIR Nepes |
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C-peakTvBHWil Ginok (mr/n)
InTepnenkin-6 (nrimn)
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PucyHok 2. Y3aranbHeHa gunHamika CPB, IJ1-6 ta INKT npu cnpuatinBomMy Ta HeCripusTimeomMmy rnepeoiry
TpPaBMaTU4YHOT XBOPOOU y NaLi€HTIB i3 BOrHenasibHUMU NnepesioMamMy CTerHoBoi KicTkn
(3a AgaHUMU BKJTIOYEHUX AOCif)XEHb)
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PucyHok 3. CnpowyeHa cxema eTarnHoro xipypri4Horo JlikyBaHHs BOrHenasibHuX rnepesiomis
CTEerHoBOi KICTKU 3 IHTerpauiero MOHITOPUHIy MapKepiB CUCTEeMHOro 3arnasaeHHs
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PeKkoOHCTPYKUis KicTKOBUX AedeKTiB

st 3aMillieHHSI KiCTKOBUX Je(eKTiB CTerHOBOI KiCTKU
Y BKJTIIOUEHMX JOCIIIKEHHSIX 3aCTOCOBYBaiucs Meron Lmi-
3apoBa, TexHika iHaykoBaHoi memOpaHu (Masquelet) Ta
BacKyJIsIpu3oBaHa KicTkoBa rutactuka [20, 21]. L. Mathieu
3i criBaBTOpaMu y cepii BiliCbKOBUX MOCTpaXKIaanx Mpo-
JIEeMOHCTPYBaAJIN YCIIIIHY PEKOHCTPYKIIiIO Te(EeKTiB CTeT-
HOBOI KiCTKM JOBXMHOIO 10 11 cM 3a JOTIOMOTOIO TEXHIKM1
iHIYKOBaHOI MeMOpaHu B IOEIHAHHI 3 OMHOMOMEHTHOIO
KOHBEpCi€l0 Ha iHTpaMeny/JIsIpHUI OCTEOCUHTE3 3a IPUH-
munamMu DCO [22]. A. Shastov Ta cmiBaBTOpU y HeIllO-
NaBHbOMY OTJISII IMiATBEPAMIU, 110 TEXHiKa iHAYKOBaHOIL
MeMOpaHu ePeKTUBHA SIK MPU aCeNTUYHUX, TaK i MpU iH-
dikoBaHUX AedeKTax, OgHAK piBeHb 3POIICHHS 3aJIEXUTh
Bil peTeIBLHOCTI MEPBUHHOTO NeOPUIMEHTY i KOHTPOJIIO
indexuii [23]. C. Fischer i cniBaBTopu y po6oti 2025 poky
MpeICcTaBIIN MOIU(MIKOBaHY TEXHIKY i3 BUKOPUCTAHHIM
TepMoe3iH(piKOBaHNX KOPTUKAIBHUX (hparMeHTIB IS 3a-
MOBHEHHS TPUBAJIMX CETMEHTapHUX Ae(dEeKTiB, 1110 JEMOH-
CTPY€E NEPCIEKTUBHICTh MOJAIBIINX YIOCKOHAIEHbD [24].

[TopiBHsUIBHI y3arajJbHEHi MOKAa3HMKW KIiHIYHUX Ha-
CJIiIKiB OCHOBHMX CTpaTeriii ¢hikcallii, oTpuMaHi 3 BKJIIO-
YyeHUX MyOsTiKalliii, HaBeneHi y TaoJ. 3.

CJ1i TaKpEeCanuTH, 10 HaBeAeHi BiZICOTKOBI MOKA3HUKI
€ y3araJibHeHHSIM Jliana30HiB, TOBIIOMJIEHUX Yy TIEPBUHHUX
TMOCIIIKEHHSIX i3 pi3HUM JAM3aiiHOM, i He TPYHTYIOTbCSI Ha
MeTaaHAITUIHOMY OOYHCIICHHI.

O6roBopeHHs

3icmaeaenns 3 ananrozivnumu docaioncennsamu. Otpu-
MaHi JaHi y3rOIKYIOTbCSl 3 TCHIEHIISIMUA, ONMUCAHUMU B
MiXHApOTHUX CUCTEMATMYHMX OIJISAaX, TPUCBIYCHUX
JIIKyBaHHIO BiIKpUTHUX IIepeIoMiB Aiadiza CTETHOBOI KiCT-
ku. Ornsin M. Laigle Ta criBaBTOpiB, SIKMIT OXOMNUB 85 BU-
MNaaKiB BiIKPUTUX MEPEJIOMiB TOMIJIKM, TAKOX TOKYMEHTYE
3HMKEHHSI YaCTOTU iH(EKIiMHUX YCKIaAHeHb IIpU eTall-
Hill TaKTHULi 3 TUIAHOBOK KOHBEPCIEID Ha iHTpaMeryJsip-
HUI OCTEOCHHTE3 TMOPIBHSIHO 3 TEPBUHHUM OCTaTOYHUM
BTpY4YaHHSIM Y TIalLlieHTIB 3 moJtitpaBMoto [13]. PesyabTatn

po6otu L. Mathieu Ta criBaBTOpiB 1€MOHCTPYIOTh e(heK-
TUBHICTb 3aCTOCYBaHHSI TexHiKM Masquelet came B yMoBax
00MEXEeHHUX pecypciB MOJbOBOI Xipyprii Ta MiATBEPIXKYIOTh
npunatHictb DCO st 60iioBoi TpaBmu [22].

Cynepeunocmi aimepamypu. BogHouac TOpPiBHSIIbHI
TIOCTIIKEHHST HEe BUSIBJISIIOTH OJTHO3HAYHOI TepeBaru Tak-
TUKU KOHTPOJIIO YIIIKOXKEeHb HaJl TEPBUHHUM OCTATOYHUM
OCTEOCHHTE30M Yy TeMOIMHAMIYHO CTaOUIbHUX TAIli€HTIB,
1110 TiAKPECIOE 3aJIeXKHICTh BUOOPY Bil KOHKPETHOIO KJTi-
HiYHOTO KOHTEKCTY [9, 10]. CyTTEBO BiIpi3HSIOTHCS TAKOXK
MPOMOHOBAHI MOPOroBi 3HAYEHHsI OiOMapKepiB: y Pi3HUX
Koroprax MexoBi 3HaueHHs1 1JI-6 komuBaroTbes Bim 150
1o 500 mr/mu, 110 BimoOpaXkae METOMOIOTIYHY TeTepOTreH-
HICTh BUMIipIOBaHb i 4aCOBUX TOYOK 3a0opy Kposi [5, 10].
BigminnauwM € it minxin mo inteprperamnii [TKT: y cepii M. Li
Ta CITiBaBTOPiB 0iOCKOP i3 TPHOX MapKepiB IepeBaXae Ko-
JKEH TMOKa3HUK OKPEMO, OJHAK IS MOJEJb MOTpedye 30-
BHIIIIHBOI BaJtigalii [5].

Cuaa doxazoeoi 6azu. OLiHKa METOMIOJOTIYHOI SIKOCTI
BktoueHuX podit 33 ROBINS-I Ta MINORS 3acBiguunia
MepPeBaXXHO TOMIpHUI PU3MK CHUCTEMAaTHMYHOI MOMMJIKU.
BibIIicTh TKepesl CTAaHOBISITh PETPOCTIEKTUBHI KOTOPTHi
U crocTepexXHi JOCTIIKeHHST; paHI0Mi30BaHi KOHTPOJIbO-
BaHi BUMPOOYBaHHSI, TPUCBSYEHI caMe BOTHETIaJIbHUM Tie-
pesioMaM CTerHOBOI KiCTKU, B 6a3ax He TpejcTaBiieHi. Taka
criengika 3yMOBJIeHa €ETUYHUMU Ta JIOTiICTUYHUMU 0OMe-
XKEHHSIMU TIPOBENCHHS KIiHIYHMUX BUIIPOOYBaHb B YMOBaX
30poitHoro KoHikTy. lle 3HMXKYye piBeHb HOKA30BOCTi
HasIBHUX peKOMEHIallili Ta 00MeXy€E MOXJIUBICTh (DOPMY-
JIIOBaHHSI YHiBepCAJIbHUX KJIiHIYHUX aJITOPUTMIB.

Ob6mencenns oeasady. HeoOXimHO BpaxoByBaTh HU3-
Ky OOMEXEeHb: BIICYTHICTb peEecTpallii MPOTOKOJIY B
PROSPERO; BUKOHaHHS SIKiCHOTO CMHTe3y 0e3 KiIbKic-
HOTO MeTaaHaJli3y yepes3 KJIiHIUHY reTepOreHHICTh IKepelt;
3HAYHa YacTKa poOiT i3 HU3bKOEHEPTeTUMHUMMU 1IUBITbHU -
MM YIIKOJIKEHHSIMU, Y3araibHEHHSI SIKUX 3 00OBOIO TpaB-
MOIO TTOTpeOy€e 00epesKHOCTi; MOBHI OOMEXEHHS MOIIYKY
(BKJIIOUEHHSI 10 aHAJTi3y JIule MyOJIiKalliil aHITiChKOIO Ta
yKpaiHchbKolo MoBamu). HaBeneHi B Ta0j1. 2 i 3 miama3zoHu

Tabnuusa 3. Y3aranbHeHi KJliHiYHI pe3ynbTaTu cTparTerii ¢ikcauii BorHenasbHuUX nepesiomMiB CTerHoBoi
KiCTKV 3a faHUMU BKJTIOYEHNX [OCiAXEeHb

MokasHuK MepBUHHUI OCTAaTO4YHUN DCO 3 nnaHoBoOIO DCO 6e3 cucremMaTU4HOro
OCTEOCUHTES KOHBepCi€lo MOHITOPUHIy MapKepiB

'-Ig}cgow rMBOKOI iHpek- 18-25 812 15-20
uji, %
YacToTta He3poLeHHs, % 12-18 6-9 10-15
CepenHii yac 3poLLeHHS, _ B B
TKHI 18-24 14-18 16-22
MoTtpeba y NOBTOPHMX 3 _ B
onepausix, % 35-42 18-25 28-35
MDyHKUiOHaNbHWI
pesynbrat 55-65 72-82 60-70
(no6pwuii/BioMiHHMIA), %

lMpumitka: DCO — TakTuka KOHTPOJIIO yWKOAKeHb B opToneaii (damage control orthopedics). HaBeaeHi
BigCcoOTKkM BigobpaXkaloTh y3arasibHeHi giana3oHu, NoBigoMJ/IeHi y BKloYeHux nybnikayisx [9, 13, 14, 19,
22, 23], i MmaloTb iHTEPNPETYBAaTUCS 3 ypaxyBaHHSIM reTeporeHHOCTi NepBUHHUX AaHUX.
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BinmoOpakaloThb 3BeIeHi TaHi MepBUHHUX TOCTiIKEeHb i Ma-
IOTh TPAKTYBaTUCS SIK OPi€EHTOBHI KJIiHiYHi ITaTepHU, a He
K (popMaiti3oBaHi MOPOTM 3 JAOBEIEHOIO AiarHOCTUYHOIO
LiHHICTIO.

Ilpakxmuuni mexci euchHoekie. Y KIiHIYHIN MpaKTHIL
moHitopuHT TTKT, 1JI-6 Ta CPB mominbHO po3risiaatu ik
JONATKOBUI IHCTPYMEHT IATPUMKHU PIillICHHS B KOMII-
JIEKCi 3i cTaHOApPTHOIO KJIiHiKO-71a00OPaTOPHOIO OLIIHKOIO,
JaHUMU Bi3yaizallii Ta iHTpaoIepaliiHUM CIIOCTePeXeH-
HsaM. OcTaTouHe BOPOBAIXKEHHS KiJIbKICHUX aJrOpUTMiB
noTpedye MPOCIEKTUBHUX 0araTolEHTPOBUX IOCIiIKEHb
3 YHihiKOBaHMMU TOUKAMU BUMipIOBaHHSI Ta MEPBUHHUMM
KiHLIEBUMHU TMOKA3HWKAMU y BUIJISINI YaCTOTU TJIMOOKOTO
iH(iKyBaHHSI, HE3pOIleHHS Ta (PYHKIIOHATBHOTO BiJIHOB-
JICHHSI.

BUCHOBKMU

CyyacHa KOHIIETILisl XipypriYHOTO JIiKyBaHHSI BOTHE-
MaJIbHUX TIepEIOMiB CTETHOBOI KIiCTKM TIPYHTYEThCS Ha
MPUHIIMIIAX TAKTUKA KOHTPOJIIO YIIKO/KEHb, IO TIepe/-
0ayae mNEpBMHHY MiHIMaJbHO iHBa3MBHY CTa0iTi3aliio
amapaToM 30BHIIIHBOI (piKcallil 3 MOJaabIIOK BiaATEpPMi-
HOBaHOIO KOHBEPCi€I0 HAa OCTATOUYHUM OCTEOCHHTE3 IiCIsI
cTabiizallii 3araJibHOro CTaHy MopaHeHoro.

IHTpamMenyasipHUL OCTEOCHHTE3 Y BiliOpaHUX MaLliEHTIB
3a0e3rneuye Kpalli (yHKIIIOHaJIbHI pe3yJbTaTu TMOpPiBHSI-
HO 3 TPMBAJIOIO 30BHIIIHBOIO (iKcalliero, MpoTe MUTaHHS
ONTUMAILHUX TEPMiHiB KOHBEPCIi 3aMIIIAEThCS TUCKYTa-
0esbHUM. PEKOHCTPYKIIisi KpUTUUHUX KiCTKOBUX Ae(EKTiB
MOXe 3/IifICHIOBAaTHUCS METOJOM JAMCTPAKIiIHHOTO OCTeO-
reHe3y, TeXHIKOIO iHIyKOBaHOI MeMOpaHM Ta BaCKYJISIpH-
30BaHOIO KiCTKOBOIO IUIACTHUKOIO 3aJIEXKHO Bifl pO3Mipy ne-
(eKTy i cTaHy M SIKMX TKaHUH.

MoHiTopuHT MapKepiB CUCTEMHOI 3aMaabHOI BiAMOBIIi,
3okpema ITKT, 1JI-6 Ta CPB, Moxe po3risimaTucs sIK J0-
MOMIXHUI iIHCTPYMEHT KJIiIHIYHOTO CYIKEHHS MPU TUIaHy-
BaHHI TepMiHiB KOHBEPCIil Ta OLiHII pU3UKY iHGEKIITHUX
yCcKJIagHeHb. HasBHI naHi cBiguyath Mpo repeBary KOMII-
JIEKCHOI OIIiIHKM TPhOX MapKepiB y AMHAMIlli HaJ i30JIbOBa-
HUM BU3HAUYEHHSIM OJITHOTO TTOKa3HUKa.

BomHouac orsin minTBepaXye, 1110 Ha CbOTOIHI BiICyTHI
(opMaizoBaHi MOPOroBi 3HAYEHHS 3 TOBEIEHOIO diarHOC-
TUYHOIO IIIHHICTIO Ha piBHI MeTaaHali3y; HaBelIeHi y mep-
BUHHMX JTOCJIIKEHHSIX dialla30HU CJIil TPAaKTYBaTH SIK KJTi-
HiyHi opieHTUpHU. 151 (popMasizoBaHOrO BOPOBAIKEHHS
cTparerii BU3HAYE€HHST TEPMiHiB KOHBEPCii HA OCHOBi MO-
HITOpUHTY GioMapKepiB HEOOXiTHi MPOCIEeKTUBHI, Oarato-
LIEHTPOBI OCTiIXKEHHS 3 YHi(hiKOBaHUMU METOIOJIOTIUHM -
MU KpuTepisimu. [lepcrieKTHBHUM HAMPSIMOM TTOAIBIINX
NOCHIIXEeHb € pO3po0Ka IHTEerpajilbHUX TPOTHOCTUYHUX
MoJeJieid, sIKi IToeTHYBaTUMYTh J1a00paTOPHi MMOKA3HUKM 3
KJIIHIYHMMH iHAEKCaMM TSKKOCTI Ta JaHMMU Bi3yallizallii.

Konduikr inTepeciB. ABTopu 3asIBJISIIOTH PO BiACYT-
HiCTb KOH(UIIKTY iHTEepeciB Ta BiacHOI (piHaHCOBOI 3alli-
KaBJICHOCTI IPU MiATOTOBII JaHOI CTATTi.

Indopmania npo dinancyBanns. [ocimimkeHHS BUKO-
HaHO B paMKaXx IUIaHy HayKOBO-IOCJiZHOI poOoTu Kade-
Jpu opTornenii Ta TpaBMarosorii HamioHanbHOTO YHiBEep-

CUTETY OXOpOHHU 310poB’st YKpainu imeni [1.JI. Illynuka.
OKpeMoro rpaHTy 4YM JOAATKOBOro (piHaHCYBaHHS IOCJIi-
JKEHHSI HE OTPUMYBAJIO.

Buecok aBtopiB. bopomiok [1.B. — KoHIemist Ta au-
3aiiH JOCJIIKEHHSI, TTOLIYK i aHaJTi3 JIiTepaTypu, HalmucaH-
HsT TekcTy cratTi; 3azipHuii .M. — HayKoBO-MeTOIMYHE
KEepiBHULITBO, KpUTUYHUI TTeperisi 3micTy; AHKiH M.JI. —
KOHIICTILisI TOCTTi/IKEHHST, OCTAaTOYHE 3aTBEP/IKEHHS Bapi-
aHTa cTaTTi A nyosikauii; Jlanuka B.O. — aHani3 Ta cuc-
TeMaTu3allisi JaHUX, pelaryBaHHSI TEKCTY.
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Surgical treatment of gunshot femoral fractures: the role of inflammation markers

Abstract. Background. Gunshot femoral fractures represent one of
the most challenging conditions in military and civilian traumato-
logy due to high-energy mechanism, extensive bone and soft-tissue
destruction, significant wound-tract contamination and impaired
tissue vascularization. These injuries account for 15—22 % of com-
bat-related limb trauma with a rising proportion of high-energy in-
jury with comminuted fractures and critical defects. The complexity

of treatment is determined by the need to balance the radicality of
the initial surgical treatment and the preservation of viable tissues for
subsequent reconstruction. The purpose was to systematically review
contemporary surgical strategies for the management of gunshot
femoral fractures and to summarize available evidence on the role
of systemic inflammatory response markers, namely procalcitonin
(PCT), interleukin-6 (IL-6) and C-reactive protein (CRP), in gui-
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ding surgical decision-making and risk stratification. Materials and
methods. A systematic review was performed following the PRISMA
2020 statement. We searched PubMed, Scopus, Web of Science and
Cochrane Library for publications from 2018 to 2025 using Boolean
combinations of “gunshot fractures”, “femoral fractures”, “damage
control orthopedics”, “external fixation”, “intramedullary nailing”,
“interleukin-6”, “C-reactive protein”, and “procalcitonin”. Eli-
gible publications included original cohort and retrospective studies,
systematic reviews, meta-analyses and clinical guidelines addressing
surgical treatment for gunshot or open femoral fracture or biomarker
dynamics in severe trauma. Methodological quality was evaluated us-
ing the ROBINS-I and MINORS tools. A qualitative narrative syn-
thesis was performed without meta-analysis. Results. Twenty-four
publications were included in the final analysis. We systematized the
indications and limitations of the main methods for primary stabiliza-
tion such as external fixation, intramedullary nailing and plate osteo-
synthesis. External fixation remains the method of choice in cases of
multiple trauma, unstable hemodynamics, massive soft tissue injury,

and the need for vascular reconstruction. The damage control con-
cept in orthopedics presumes initial minimally invasive stabilization
followed by conversion to definitive osteosynthesis once the systemic
inflammatory response subsides. The reported dynamics of PCT, IL-6
and CRP are based on a summary of the included primary sources and
reflect approximate clinical ranges proposed by the authors of indi-
vidual studies as auxiliary markers for decision-making rather than
formally validated diagnostic thresholds at the meta-analysis level.
Conclusions. The findings support the feasibility of an individualized
approach to surgical treatment for gunshot femoral fracture based on
fracture pattern, soft tissue condition and the dynamics of systemic
inflammation markers. Integration of contemporary surgical strate-
gies with PCT, IL-6 and CRP monitoring may serve as an adjunc-
tive tool for clinical judgement regarding the timing of conversion and
infection risk; however, final formal validation of the proposed ranges
requires prospective comparative studies with quantitative synthesis.
Keywords: gunshot fractures; femur; systemic inflammation mar-
kers; damage control orthopedics; review
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AOHEeUbK HALIOHAABHMA MEANYHWI YHIBEOCUTET, M. AUMQH, YKpQiHO

AIOrHOCTUKA 3AKPUTOI TPABMU XXUBOTA
NMPU NOAITPABMI: MOPIBHAHHA METOAIB

Pestome. AKTyaAbHICTb. 3aKPUTA TOABMA XKMBOTA Y MALIEHTIB i3 MOAITDABMOK 3QAMLLIQETLCS CKAQAHOK AIQrHOC-
TUYHOK MPOBAEMOIO. [i CKAQAHICTS 3YMOBAGHQA reMOAMHAMIYHOKO HECTABGIALHICTIO, MPOUIHIYEHHSIM CBIAOMOCTI TQ
MOEAHQHUMU YLLKOAXKEHHSIMU. AOAQTKOBUV PU3MK MOB SI3QHUV i3 BIATEPMIHOBAHUM PO3MI3HABAHHSIM KULLKOBO-
ME3EHTEePIANBHUX YLLKOAKEHb. MeTa — MopIBHSITVN AIQrHOCTUYHY €(bEKTUBHICTb KAIHIYHOTO OIASIAY, MePBUHHOM
HOKYCOBAHOIO YALTPQ3BYKOBOIO AOCAIAKEHHS npu TpaBmi (Focused Assessment with Sonography for Trauma —
FAST), cepiviHoro FAST, KOHTDQCTHOI MyABTUAETEKTOPHOI KOMIM toTepHOI Tomorpadii (KT) Ta KOMGIHOBAHOIO QAro-
PUTMY Y BUSIBAEHHI KAIHIYHO 3HQYYLLIOT 3QKPUTOI TOQBMIM XXMBOTQA Y AOPOCAMX MALIEHTIB i3 MOAiToABMOKO. Marepiaamn
Ta MeToAu. [POBEAEHO PETPOCEKTUBHE AIQrHOCTUYHE AOCAIAKEHHSI, AO SIKOTO BKAKOYEHO 184 naujieHT BikoMm
18-79 pokis 3 Injury Severity Score > 16 i Tyrivim MexaHisMOoM TPABMU. PedepeHTHUM CTAHAQPTOM BBAXKQAAM IHTPQ-
onepaLiviHy BepmdikaLito Q60 Y3roAXKEHNM KAIHIKO-PQAIOAOTIYHWA AIQrHO3 MICAST 72-rOAMHHOIO CrIOCTEPEXXEHHS],
noBTOPHOI KT, QHriorpagiyHOro BTpy4aHHs QB0 XipypriYHOro AikyBAHHSI. PO30AXOBAHO YyTAMBICTb, CHELM@IYHICTS,
MPOrHOCTUYHI 3HQYEHHSI, TOYHICTb | 95% AOBIPYI IHTEPBAAM, MPEANKTOPU BIATEPMIHOBAHOIO AIQrHO3Y OLIHEHO 3Q
AOMOMOror 6araropakTOpHOI AOrICTUHHOI perpecii, Pe3yAbTaTn. KAIHIYHO 3HQYYLLY BHYTPILLHBOYEPEBHY TPABMY
BCTQHOBAEHO Y 72 i3 184 nauieHTis (39,1 %). TepareBTMYHO 3HQYYLLI YLLIKOAXKEHHS BUsiBAeHO y 38 nauieHtis (20,7 %).
lepBuHHe FAST MQAO YyTAUBICTb 69,4 % i crieumngidHicTs 91,1 %. CepiviHe FAST mano dytausicts 80,6 % i crieumiy-
HicTb 89,3 %. KoHtpacTHa KT MaAaQ YyTauBICTb 94,4 % i cneumgidHicTs 95,5 %. KOMGIHOBAHM QAFOPUTM MQB Yy TAU-
BICTb 97,2 % i crieumidHicTs 92,9 %. PaHHS kKoHTPACTHA KT/ToTanbHA KT CKOpOYYBAAQ MEAIQHY YACY AO OCTATOY-
Horo aiarHo3y 3 88 A0 49 xs (p < 0,001). Yacrora nponyLeHmx a0 BIATELMIHOBAHO AIQrHOCTOBAHUX YLLKOAXKEHb
3meHLmaacs 3 10,6 40 2,0 % (p = 0,018). HeratvBHu nepBuHHMM Pe3YALTAT FAST HQ TAI AQKTATY > 2,6 MMOAL/A
6yB HE3AAEXKHUM MPEANKTOPOM AIQrHOCTUYHOI 3atpumMim (OR = 3,90; 95% Al 1,44-10,66; p = 0,008). BUCHOBKM.
FAST € IHpOpPMQATUBHUM METOAOM MNEPBUHHOIO COPTYBAHHS. MeTos He MOoXe BUKOPUCTOBYBATUCS SIK CAMOCTIM-
HUY IHCTRYMEHT BUKAKOHYEHHSI 3QKPUTOI TDABMIM XKMBOTA. HAMBULLA AIQrHOCTUYHA eEKTUBHICTb AOCSIFTQETLCS MU
PAHHLOMY 3QCTOCYBQAHHI KOHTPACTHOI KT y cTQBiAbHMX Q60 CTABIAIBOBAHMX MNALIEHTIB. AOAQTKOBY LIHHICTE MOE
KOMGIHOBAHUU QATOPUTM, SIKUK MOEAHYE KAIHIYHI, AQBOPQATOPHI V1 yALTPQA3BYKOBI O3HAKU. [TepCrieKTyuBHM HAMPSI-
MOM € MPOCNEKTMBHQA BAAIAQLLiSI AAFOPUTMY B 6QraroLeHTPOBUX TRABMQTOAOTIYHMX BUGipKAX. OKPEMOro BUBHEHHS
rnotpebye rpyra NaLieHTB 3 HeratHUM FAST i AQGODATOPHMMU MAPKEPAMU rinonep@yasii.

KAIO4OBiI CAOBQ: MOAITDABMQ; 3QKPUTA TOABMA XKMBOTQ, FAST; KOMI IOTEPHQ TOMOrPAQIst; AIQrHOCTUYHQ TOYHICTb,
BHYTPILLUHbOYEPEBHA TDABMA

Bcrtyn

VY rnob6anbHOMYy MaciiTabi TpaBMa 3aMIIAEThCS 3HA-
YHOIO MPOOJIEMOI0 TPOMAICHKOTO 3I0POB’Sl Ta CIIPUUMHSIE
Oomm3pko 4,4 MIH cMmepTell IIOpOKy. JlopoxKHBO-TpaH-
CMOPTHI TPaBMU CTaHOBJISATH Mpubau3HoO 1,19 MiaH cMep-
Tell Ha piK i 3aJUIIAIOThCSl OOHIEI0 3 MPOBITHUX MPUIMH
CMEPTi cepen AiTell Ta MOJOAUX JOPOCIMX. 3a JaHUMU
CYJaCHMX €eIiIeMiOJIOTiYHUX OOCTiMKeHb, abJoMiHaIbHa

TpaBMa BUSIBJISIETBCS Y KJIIHIYHO 3HAYYIIOT YACTKU TOCITi-
TaJIi30BaHMX MAIIiEHTIB i3 TPAaBMOIO Ta aCOLIIOETHCS 31 3HA-
YHOIO JIeTaJIbHICTIO [1—3].

3akpuTa TpaBMa XKMBOTA € OTHI€IO0 3 KJIIHIYHO 3HAYYIIHIX
MIPUYKMH JETaIbHOCTI, IKMM MOXHa 3al00irTH, y Mali€HTiB
3 BUCOKOEHEPIeTUYHOIO TPaBMOIO. ¥ CTPYKTYpi MOJIiTpaB-
MM IaTHOCTUYHUUN PU3UK (HOPMYETHCS MOEAHAHHIM BHY-
TPIITHBOYEPEBHOTO YIIKOIKEHHSI, IIIOKY Ta KOHKYPYIOUUX
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TpaBM [1—3]. YepenHo-Mo3KoBa, TopakajibHa, Ta3oBa Ta
CKeJIeTHa TpaBMU MOXYTb 3MiHIOBaTU KJIiHiUHY KapTHUHY.
3a TakuX yMOB MOMMJIKA TOJISITAE HE TiIbKU Y MPOMYCKY
TpaBMU X1BOTa. BoHa TakoX MOB’si3aHa 3 HEMPaBUWILHUM
BU3HAUYEHHSIM KIJIIHIYHOI Baryl YIIIKO>KEHHSI.

CyyacHa JiarHocTuka aboMiHaIbHOI TPaBMU TIPU T10-
JliTpaBMi 0a3yeThCcsl Ha MoeaHaHHI bedside-o1inku, Goky-
COBAHOTO yJIBTPa3BYKOBOIO TOCIIIKeHHs Ipu TpaBMi (Fo-
cused Assessment with Sonography for Trauma — FAST)
abo ioro posmmupeHoro BapiaHTa (extended Focused As-
sessment with Sonography for Trauma, eFAST), Bu3Ha-
YeHHsI JabopaTOpHUX MapKepiB rimomnepdysii Ta paHHbOI
KOHTpacTHOI KoMIT'totepHoi Tomorpadii (KT) [2, 7, 10].
FAST mMae Hali0OibIIy MpakTUYHY LiHHICTh Ha eTarli rnep-
BUHHOTO COPTYBaHHS. MeTO/ 103BOJISIE IIBUAKO BUSBUTU
BUIbHY PilHY B YepeBHill TOPOKHUHI, TTepuKapaiaibHU
BUIIIT 200 TUIeBpaJibHi ycKaaHeHHs [7, 8].

Oomexenns FAST mosB’s3aHi 3 TuM, 110 METO[ IIepe-
BaXKHO BUSIBJISIE HACTIIOK YIIKOMKEeHH:. BiH dikcye Biib-
HY piouHy, aje He 3aBXIM BU3HAua€ opraHHe abo KMIII-
KOBO-Me3eHTepiajabHe ypaxkeHHs. HeratuBHUII pe3yabTat
HEe BUKJIIOYAE IapeHXiMaTO3HOI TpaBMM 03 MaCHBHOIO
reMOIIepUTOHEYMY ab0 peTpONepUTOHEaTbHOI KPOBOTEUi
[5, 6]. TakoX BiH HE BUKJIIOUAE YIIKOMXKEHHS ITOPOXKHUC-
THUX OPraHiB y paHHi roguHu Ticist TpaBmu [8, 9]. CepiliHe
nosropeHHs1 FAST migsuiitye uytnusicts. [1poTe BoHO He
ycyBae notpedbu y KT 3a HasgBHOCTI MapKepiB BHCOKOTO
pu3uky [8—10].

Kontpactha mynprugerekropHa KT crana xiroyoBum
METO/IOM OLIIHKM CTaOiTIbHUX i CTA011i30BaHUX MALIIEHTIB 3
MiZ03poro Ha a6IOMiHaIbHY TpaBMYy. 11 AiarHOCTUYHA 1IiH-
HICTb IOJISITAa€ y BU3HAYE€HHI OpraHHOI JIoKaji3allii, CTy-
MeHs YIIKOKEHHS Ta 03HAaK aKTMBHOI KpoBoteui [5, 11,
15]. KT Takox H03BOJISIE BUSIBUTH PETPOIEPUTOHEATbHY
KpOBOTEUY, CyIMHHI YCKJIaJHEHHSI Ta BipOTiHi KUIITKOBO-
Me3eHTepiaibHi O3HAKW TPaBMHU, SIKi BIUIMBAIOTh Ha BUOIp
MiX HeoIlepaTUBHUM BeIeHHIM, aHTioeMOOTi3alli€ro Ta Xi-
pypriunum BTpydyaHHsam [14—16].

JI1s1 TIalieHTIB i3 MOIITPaBMOIO OKpeMe 3HAUYCHHST Ma€
totanbHa KT (whole-body computed tomography, WBCT).
BoHa nae MOXJIUBICTh CHHXPOHHO OLIIHUTU T'OJIOBY, 11O,
TPYAHY KJIITKY, XXUBIT, Ta3 i xpeoder [2, 3, 11]. BonHoyac He-
kputuuHe 3actocyBanHsi WBCT miaBuiye mpoMeHeBe Ha-
BaHTaXXeHH:I Ta 30i1b1Iye BUTpaTu. HanMmipHe ckaHyBaHHSI
MOXe TIepeBaHTAXyBATH MiarHOCTUYHUI MapIIpyT y Maili-
€HTIB 03 KJIiHIYHUX KpUTEPiiB TsKKocTi [12, 13].

Haii6inpim mpoOieMHOI0 TPYIIOI 3aJUINAIOThCST KUIII-
KOBO-Me3eHTepialibHi YIIKOMKEeHHs. BoHU TparstoThes
pimiie, HixXK TpaBMU IediHKu abo cene3inku. [Iporte came
i YIIKOIKEHHS YacTillle MPOMYyCKaOThC Mil Yyac MepBUH-
HOI oLiHKH [5, 6, 16]. [IpuunHoIo € HecrenudiyHicTs KT-
O3HaK i ciabka KJIiHiYHa MaHidecTallis B Mepiili ToOAUHU
micist TpaBMU. MiXIieTaboBa pinrHa, OprKoBa reMaToMa
a0o0 JIOKaJTbHE MOTOBILEHHS KUIIIKOBOI CTIHKM TTOTPEOYIOTh
akKTUBHOTO Harsny [14—16]. 3a KIiHIYHOT TUHAMIKY J10-
LIJTbBHUMU € TTIOBTOpHUIA oryisia i mosropHa KT [17, 18].

HeBupilleHuM 3aMIIAETHCA TMUTAHHS ONTUMAIbHOTO
MaplIpyTy Ui TALIEHTIB 3 HETATUBHUM TEPBUHHUM pe-
syabratoM FAST. OcoGauBuii pu3MK MaloTh MAalliEHTU 3

JIaKTaTeMi€lo, TPUTHIYEHHSIM CBiZOMOCTI, seat-belt sign
abo Bucokumu Ganamu 3a Injury Severity Score (ISS). ¥V
TaKMUX BUIIaIKaX iaTHOCTUYHE PIillIcCHHS HEe MOBUHHO 3a-
JIexXaTu Bim ogHoro tecty. BoHO Mae rpyHTyBaTucsl Ha iH-
Terpatlii KJIiHiYHMX, JJAOOpAaTOPHUX i BidyaslizaliifHUX I10-
Ka3HUKiB [4, 17, 19].

Mertor nociimKkeHHsT OyJIo MOPIBHSIHHS TiarHOCTHY-
HOI e(eKTUBHOCTI KIIIHIYHOTO OISOy, IIePBMHHOTO Ta
cepiitnoro FAST, koHtpacTHOi MynbTuaeTekTopHOi KT
Ta KOMOiHOBAHOTO aJrOpUTMY Y BUSIBJICHHI KJIiHIiYHO 3HA-
YyIIOi 3aKPUTOI TPaBMM XKMBOTA y JOPOCIMX MALEHTIB i3
MOJiTpaBMO10. 3aBIaHHs JOCTiMIKEeHHs: 1) OLLIHUTH Yy TIu-
BiCTb, CITELIU(DIYHICTD i MPOTHOCTUYHI 3HAYEHHS KJIIHIYHO-
TO OIJIsILy, MepBUHHOTO Ta cepiitHoro FAST, koHTpacTHOT
KT Ta xOMGiHOBaHOTO ajJTOPUTMY; 2) TMOPIBHATU YacOBi
MOKa3HUKU JIBOX MEPBUHHUX JiarHOCTMYHUX MaplIpYTiB;
3) BU3HAUUTHU IIPESOIUKTOPU IMPONMYIIEHMX a00 BimrepMi-
HOBaHO MiarHOCTOBAaHMX YIIKOMIXEHb; 4) copmyaoBaTi
MpaKTU4IHiI YMOBH, 3a SIKUX HeraTuBHe repBuHHe FAST He
3aBepUIYE iarHOCTUYHUM MOILIIYK.

MartepiaAm Ta MmeToamU

JInzaiin gociimkeHns. [TpoBegeHO OIHOLIEHTPOBE pe-
TPOCHEKTUBHE MiarHOCTUYHE OCTiMKeHHs. [IxkeperaMu
NaHuX Oyau eJeKTPOHHA MeAWYHA TOKYMEHTallisl, MpOTO-
konmu FAST/eFAST, pesynbratn KoHtpactHoi KT, ome-
pauiiiHi MPOTOKOJIM, 3amMucy aHTiorpaciyHUX BTpyYaHb i
IaHi 72-TOOWHHOTIO KJIiHIYHOro crnoctepexkeHHs. I[lepion
CIOCTEPEXXEHHS OXOILIOBaB ciueHb 2022 poKy — rpylaeHb
2025 poky. [locnikeHHs BUKOHYBaIU noetarmHo. Ha mep-
IIOMY eTami igeHTU(IKyBaJiM MAI€HTIB y TpaBMAaTOJIO-
riunoMy peectpi. Ha mpyromy erami mepeBipstiii Kputepii
BKJIIOUEHHS Ta BUKJIIOYeHHs. Ha Tperbomy ertari 3icTaB-
JIsUIM pe3ynbTati KiiHiyHoro ormisiny, FAST/eFAST i KT
3 pepepeHTHUM cTaHAapToM. Ha dyeTBepTOMYy erari BUKO-
HYBQJIM CTaTUCTUYHMI aHali3 i KJIiHIYHY iHTephnpeTaliio
pesyabTariB. STARD 2015 € MiXHapomHUM CTaHIAPTOM
3BITHOCTI JJIS1 AOCTIIK€Hb HiarHOCTMYHOI TOYHOCTI. BiH
MoTpedy€e YiTKOTO OINMUCYy BUOIpKU, iHIEKC-TeCTiB, pede-
PEHTHOTO CTaHIAPTY, BiICYTHIX TaHUX i CITOCOOIB cTaTUC-
TUYHOTO aHami3y [19].

Kpurepii BKiIIOUeHHS Ta BUKIIOYeHHSA. Jlo aHaii-
3y BKJIOUeHo 184 nopocnux mnauieHTH Bikom 18—79 po-
KiB. Yci mauieHTy Maayd TyIUil MeXaHi3M TpaBMM, Oai 3a
ISS > 16, mimo3py Ha 3aKpUTy TpaBMy KMBOTa Ta MiHi-
MaJIbHUI AiarHOCTUYHUIA Habip. Jlo HbOro BXOAWIN Tep-
BUHHUI KiiHiyHuMit orysin, FAST/eFAST, kontpactHa KT
abo uiTkmii pedpepeHTHUI cTangapT. [1anieHTiB Binoupamin
3 TpaBMartoJjoriyHoro peectpy KoMmyHanbHOro Hekomep-
mifiHoro mimnmpuemcTBa «lleHTpanabHa MichKa JIiKapHS»
laiiBopoHCBKOI MichkoOi pagu. Lo yctaHOBY 0OpaHO SIK
KJIiHIYHY 0a3y MOCIiIKEHHs, OCKIJIbKM BOHA 3a0e3Ieuye
1iJI0om000Be HamaHHS JTOIOMOTH ITalliEHTaM i3 MOJiTpaB-
moto, Mae goctyn no KT, ypreHTHoi Xipyprii Ta iHTep-
BeHIIiliHOI paziosorii. [lepBUHHY OLIIHKY CTaHy Ialli€HTiB
BUKOHYBaJla YeproBa TpaBMarojoriyHa KomaHzaa. lo Hel
BXOJIWJIM JIiKap €KCTPEeHOI MEAUIIMHU, Xipypr, aHecTe3io-
Jior Ta pamiosior. Po3Mip BUOipKM BHU3HAYaBCsl CYLITBHUM
BKJIIOUEHHSIM YCiX TALi€EHTIB, SIKi BiIMOBiTaIN KPUTEPisIM,
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npotsrom 2022—2025 pokis. Bubipka BBaxkangacs mocTar-
HBOIO JIJIs1 TIOPiBHSHHS AialrHOCTUYHUX METOMIIB, OCKIIbKM
BOHa MicTuiia 72 MiATBEepIKEeHI BUMAAKKU KJIiHIYHO 3HAUYy-
moi TpaBmu. Lle 3ab6e3nevysaino noxHan 10 moxiit Ha ogHY
3MiHHY UIsT 6aratodakTopHOI ioricThaHOoi Momei. Kpure-
pisIMU BUKJIIOUEHHsI OyJin TTPOHMKHA TpaBMa, i30JbOBaHE
abioMiHaIbHE YIIKOKEHHs 0e3 MoIiTpaBMu, BiICYyTHICTh
KOHTPOJIBHOTO CITOCTEPEKEHHSI, TepeBeleHHsT M0 iHIIOT
YCTAHOBM JI0 3aBEepPILIEHHS 1iarHOCTUYHOTO IIUKITY, BaTiT-
HICTbh, HEIOCTATHS SIKiCTh 300paxkeHb a00 HeIOBHUI HA0ip
MEePBUHHOI TOKYMEHTALlii.

JiarHocTyni meromu. KitiHiuyHMIA OrIsgn BK/IIOYaB
OLIIHKY TeMOIMHaMiKM, a0JOMiHaJIbHOTO 00110, 3aXUCHOTO
HanpyXeHHST M’sI3iB, 30YyTTS XXMBOTA, CUMIITOMIB IOApA3-
HEHHSI oUYepeBUHU, abJOMiHAIbHOI TeMaToOMM Ta seat-belt
sign. FAST/eFAST BukoHyBanu y CTaHAapTHUX TTO3UILISIX:
MpaBuii BEPXHiil KBAaApaHT, JIBUI BEpXHiil KBaJpaHT, Ta3,
cyoxkcudoigaabHa Mo3uilis, IJIeBpaibHi Ipoctopu. Cepili-
He FAST noBropioBanu uepe3 60—180 xB abo paHiliie npu
MOTipILIeHH] reMOAMHAMIKH.

IIporokoa KT. KourpactHy KT opraHiB rpymHoi KJIiT-
KU, XMBOTA 1 Ta3a BUKOHYBJIU Ha MYJbTUAETEKTOPHOMY
CKaHepi 3 BHYTPIIHLOBEHHUM KOHTPACTyBaHHSIM. Y Te-
MOJMHAaMIYHO CTa0iIbHUX a00 CTabiui30BaHMX MALlIEHTIB
3aCTOCOBYBAJIM apTepiajbHy Ta MOPTaJIbHO-BEHO3HY a3y,
3a MoTpedu — BinTepMiHOBaHY a3y NSl OLliIHKU CEYOBU-
NibHOI cucTeMu abo akTuBHOI ekcrpaBasatii. WBCT Bu-
3HavaM K nepBuHHY KT-o1iHKy romoBu, mui, TpyaHoOl
KJIITKM, XKMBOTA, Ta3a i XxpeOTa B MeXax OJHOTO HiarHOC-
TUYHOTO MapuIpyTy.

Pedepentnuii crangapr. KiiHiuHO 3Ha4yIlIOIO BHY-
TPIllIHBOYEPEBHOIO TPaBMOIO BBaXKajiu MiATBEPIKEHE
YIIKOKEHHS MapeHXiMaTO3HOTO OpraHa, MOPOXHUCTOIO
opraHa, Opuvi, BeJIMKOI CYIUHU, PETPOIIEPUTOHEATBHOTO
npocTopy abo miadpparmu. Bepupikaiito mmpoBommim iH-
TpaorepaliitHo, aHriorpadiuHo, 3a mosropHoio KT abo
KJTiHIKO-paaioJ0oTiYHMM KOHCEHCYCOM IIiciisd 72 TOm CITO-
crepekeHHs. TepaleBTUIHO 3HAUYITUMHU BBaXKaIW YIITKO-
JDKEHHSI, 110 TOTpeOyBalM JarapoTOMil, JIalapOCKOITil,
aHrioemoOoutizaiii, TpaHCy3iliHOI MiATPUMKU a00 iHTEH-
CHBHOTO MOHITOPUHTY Yepe3 PU3UK ITPOrpeCcyBaHHSI.

CratucTuunuii anagi3. OnucoBy CTaTUCTUKY IMOAaBa-
JIM SIK CepeliHE * CcTaHAapTHE BiAXWJIEHHS a00 MeliaHy 3
MiXKBapTWIBHUM iHTepBaJioM. Bubip crioco0y momaHHs
3ajieXkaB Bil xapakTepy posnominy. KareropiambHi 3MiHHI
HaBeneHO K n (%). JIJIst MiXTpYITOBUX MTOPiBHSTHb BUKO-
PUCTOBYBAIU y2 200 TOUHMI KpuTepiii Dimepa, t-kputepiit
CrrloneHTa abo kputepiit ManHa — YirHi. JliarHOCTUYHY
e(eKTUBHICTh OLIiHIOBAJIM 3a YYTJIMBICTIO, CIelupiyHic-
Tio, PPV, NPV, tounictio, AUC Ta 95% noBipuumu iH-
tepBasiamu (A1) Bincona. PPV o3Hauae mo3utuBHe npo-
rHOCTMYHEe 3HayeHHs, NPV — HeraTuBHEe NMpPOTrHOCTUYHE
3HaueHHs1. AUC o3Hauae miony 1ig ROC-kpuBoro Ta Bi-
noOpaxae iHTerpajgbHy 3MaTHICTh TECTY PO3Pi3HATH Talli-
€HTIB 3 YIIKOIKeHHIM i 6¢3 Hphoro. OR 03Hauae odds ratio,
TOOTO BimHomeHHs maHciB. [lapHi BimMiHHOCTI MixX mia-
THOCTMYHMMM METOJaMMU OILIiHIOBAIM 3a KpuTepieM Mak-
HeMapa. s nopiBHsiHHS AUC BUKOPHUCTOBYBAJIM METOJ,
Henonra. [IpenukTopu BiAT€pMiHOBAHOI'O BCTAHOBJEHHS

NiarHO3y BM3HAYaJu 3a JI0TMOMOrolo 6araroakTopHOi Jo-
rictruuHoi perpecii. CTaTUCTUYHO 3HAUYIIMMU BBaXKaJll
BigMiHHOCTI nipu p < 0,05. CTaTucTUYHUI aHaTi3 TPOBO-
v 3 BUKopuctaHHsM riporpam IBM SPSS Statistics 29.0
ta MedCalc Statistical Software 22.0.

Eruuni acnmekTu. oCiiIKeHHS MajaO PeTPOCIICKTHB-
HUI XapaKTep Ta IPYHTYBAJIOCS Ha aHaji3i JaHUX TpaBMa-
TOJIOTiYHOTO peecTpy 3a 2022—2025 poku. [1o nocIimKeHHs
BKJIIOYAJIMCS JIAIIIe 3HEOCOOIeHi MEIUYHI Ta padiosoriyHi
naHi nauieHTiB. [lin yac nmpoBeaeHHsT aHaTi3y 3a0e3nedy-
Bajucsl KOHO®IAEHUIHHICTh Ta 3aXUCT MEePCOHATbHUX Na-
HUX. Y pyKOIIHCi He HaBeldeHO iH(popMallii, 110 Ja€ 3MOTy
Oe3rocepeIHLO iIeHTU(IKYBaTH OKpeMUX MalieHTiB. [o-
CJTIKEHHST TIPOBOIMJIOCS 3 NOTPUMAHHSM 3arajJbHOBU-
3HAHUX MPUHIUMIB 6i0€TUKU, TIOBArv 10 MPUBATHOCTI Ta
KOH(iIeHIIHHOCTI Malli€HTIB.

PesyAbTaTH

3 247 nauieHTiB, NMepBUHHO iIeHTU(HIKOBAHUX Y TpaB-
MaToJIOTIYHOMY DPEECTPi, KPUTEPisM BKIIOUYEHHS BiIo-
Bimamu 184. [lo aHamizy He BKJIIOYAIM OCi0 3 HEIIOBHUM
MIarHOCTUYHUM MapIIpyToM abo HeIOCTaTHHOIO SIKiCTIO
Bisyaumizarii. ITocnigoBHicTh (hopMyBaHHSI BUOIpKU HaBe-
neHo y Taba. 1.

Ta6auuysa 1. Cxema popmyBaHHSI BUGIpPKU

AOCNig)KeHHS

ETan ¢popmyBaHHA BUGipKn n
[MepBUHHO ineHTNdIKOBAHO Y TPABMATONOr Y- 247
HOMY peecTpi
BuknioyeHo 3a kputepiamMm HEBIANOBIAHOCTI 63
200 HENOBHOIO MapLLPYTy
BkntoueHo o diHanbHOro aHanisy 184
Be3 KiHIYHO 3HauyLLOi BHYTPILUHLOYEPEBHOT 112
TpaBsMu
3 KJIiHIYHO 3HAYYLLOO BHYTPILLHLOYEPEBHOI 72
TPaBMOIo

bazoBi KiIiHiYHI XapaKTepUCTUKHU TTOAaHO B Tab. 2. st
nojajblioi iHtepnperauii oynu kmovyosumu ISS, GCS,
CUCTOJIIYHMIA apTepiaibHUI TUCK, JJaKTaT i abJoMiHaabHi
o3Haku. CaMe 1Ii TTOKa3HMKKM MOIJIM BIUIMBATH Ha iH(Op-
MaTUBHICTb KJIiHiYHOTO omisiny Ta motpedy B panHiit KT.
AHai3 gaHuX TaOJUIi JO3BOJISIE BUAUTUTA KJIIHIYHO 3HA-
YyIIi BiIMiHHOCTI MiX TpyIaMM.

INamieHTH 3 KIIIHIYHO 3HAYYIIIOI0 a0AOMiHAIBLHOIO TPaB-
MOIO MaJjii BMIIy TpaBMAaTUUHY TSXKKicTb. BoHu yacriiie
HaIXOOWIM 3 TiMOTEH3i€l0, JaKTaTeMi€lo Ta abJoMiHaab-
HUMU O3HAaKaMM YIIKOJXEHHs. BogHoyac crath i HasB-
HICTh MepesoMy Taza He MoKa3aay CTaTUCTUYHO 3HAUYYIIO1
BimMiHHOCTI Mix rpynamu. [licias mepBUHHOTO MOAiTY Ha
IpyNu 3a HasIBHICTIO KJIIHIYHO 3HAYYIIIO1 TPAaBMU J101aTKO-
BO aHaJli3yBaJld CTPYKTYPY BHYTPIlIHbOUEPEBHUX YIIKO-
mkeHb. CTpyKTypy YIIKOIKEHb i MPOBIAHY JiKyBaJbHY
TaKTUKY HaBeACHO B TaoOI. 3.

YV 1abin. 3 momaHO PO3MOIiJ 3a TUITAMU TPAaBMHU, OCKiJIb-
KM 4YacTMHA MAalliEHTIB Maja KOMOiHOBaHi YIIKOIXKEHHS.
IlepeBaxkanu yIIKOIKEHHS CeIe3iHKM Ta mediHku. Kwui-
KOBO-M€3eHTepiaJbHa TpaBMa Oyja OKpPeMOIO KJiHiYHO
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Ta6nunusa 2. Kniviko-gemorpagiyHa xapakTepucTmuka nawieHTiB

MokasHmk I i S
Bik, poku, Me [IQR] 38 [27-54] 36 [26-51] 42 [29-58] 0,041
Yonogiku, n (%) 129 (70,1) 76 (67,9) 53 (73,6) 0,403
ISS, 6anu, Me [IQR] 27 [21-34] 24 [19-30] 31[25-39] < 0,001
GCS <12 6anig, n (%) 62 (33,7) 31(27,7) 31(43,1) 0,030
CAT < 90 MM pT.CT., n (%) 39 (21,2) 6(14,3) 3(31,9) 0,004
NakTat > 2,5 mmonb/n, n (%) 83 (45,1) 40 (35,7) 43 (59,7) 0,001
Ab6p0oMiHanbHWIA Binb/3axncT, n (%) 1(49,5) 46 (41,1) 5(62,5) 0,005
Seat-belt sign/rematoma, n (%) 34 (18,5) 12(10,7) 2(30,6) 0,001
Mepenom Tasa, n (%) 47 (25,5) 25 (22,3) 22 (30,6) 0,210

TMpumitkn: GCS — Glasgow Coma Scale; IQR — mixxkBapTunbHni iHtepsasn; ISS — Injury Severity Score;
CAT — cucronidyHni aptepianbHuUii TUCK; AJ151 KiZlbKICHUX 3MIHHUX BUKOPUCTaHO kputepin ManHa — YiTHi;
AN kaTeropianbHux — X? abo To4YHuii kpuTepii Piwepa.

Tab6anua 3. CTpYyKTypa BHYTPILIHbOYEPEBHUX YLIKOAXXEHb i NPOBigHAa TaKTUKa JliKyBaHHS

Tun ylwKoaKEeHHS n cepen 723: ;:;Hﬁs, % MpoBigHa TakTnKa
CenesiHka 24 33,3 NOM ;;g:'gggm;i'siug —5;
Meuitka 21 29,2 NOM — c] .?e SQALS;?JLB%M — 4
ra/opma 0 22,2 e nooTepoerm 1
Hupka/peTponepuToHeym 9 12,5 NOM — 6; gs%g%ri;qaﬁﬂm_pygqanm —2;
Hiadparma 3 4,2 OnepaTuBHE BiHOBNEHHA — 3
E:;:ELCMMHM/&KTMB% ekcrpa- 11 15,3 Em6onizauis — 8; nanapoTtomis — 3

Mpumitkn: NOM — non-operative management; yacTuHa nawieHTiB Mana KOMOIHOBaHI YLUKOAXXEHHS, TOMY
cyma Kkareropivi nepeBuLyye 72.

Tabnuus 4. fliarHocTn4yHa e peKTUBHICTb MeTOAIB y BUSIBJI€HHI KJIiHIYHO 3Ha4YyLYOi BHYTPILLHbOYEPEBHOT
Tpasmu, % (95% Al)

MeTop, YyT1nueicTb CneuudiyHicTb PPV NPV Tou4HiCcTb
Kniniunuii ornsin, | 62,5 (51,0-72,8) | 76,8 (68,2-83,6) | 63,4 (51,8-73,6) | 76,1 (67,5-83,0) | 71,2 (64,3-77,3)
MepeuhHe FAST | 69,4 (58,0-78,9) | 91,1(84,3-95,1) | 83,3 (72,0-90,7) | 82,3 (74,6-88,0) | 82,6 (76,5-87,4)
Cepiiite FAST 80,6 (70,0-88,0) | 89,3 (82,2-93,8) | 82,9 (72,4-89,9) | 87,7 (80,4-92,5) | 85,9 (80,1-90,2)
Kowtpactha KT | 94,4 (86,6-97,8) | 95,5 (90,0-98,1) | 93,2 (84,9-97,0) | 96,4 (91,1-98,6) | 95,1 (91,0-97,4)
gﬁx)%‘zfsa“”“ 97,2 (90,4-99,2) | 92,9 (86,5-96,3) | 89,7 (81,0-94,7) | 98,1 (93,4-99,5) | 94,6 (90,3-97,0)

Mpumirku: 4l — poBip4ywnii intepsasn; NPV — HeratusHe nporHocTu4yHe 3HayeHHs1; PPV — no3utusHe npo-
rHOCTUYHE 3Ha4YeHHSI; AOBipYi iHTepBasn po3paxoBaHoO 3a MeToAom BincoHa.

Tabnuus 5. CratucTuyHe nopiBHAHHS AiarHOCTUYHOT e PeKTUBHOCTI MeTo4iB

MopiBHAHHS Kputepin KniouyoBa BigMiHHICTb P
CepiriHe FAST vs nepBuHHe FAST MakHemapa Buwa uytnmeictb: 80,6 npotn 69,4 % 0,041
KoHtpacTtHa KT vs nepBuHHe FAST MakHemapa Bua wytnumeicTtb: 94,4 npotn 69,4 % < 0,001
Komb6iHoBaHwmin anroput™m vs nepesuHHe FAST MakHemapa Buwa yytnueicTtb: 97,2 npotn 69,4 % < 0,001
KoHTpacTtHa KT vs kombiHOBaHWI anroputm HenoHra/AUC | CyTtTeBoi pidHuui AUC He BCTaHOBNEHO 0,782

Mpumitkn: kpuTepirn MakHemapa 3acTOCOBaHO A4J1s1 NapHUX MOPIBHSAHb YaCTOK NMPaBUJIbHOrO BUSIBJIEHHS
yLIKog)KeHb; meToa [esioHra BUkopuctTaHo A5 nopisHsaHHs AUC.
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PucyHok 1. NMopiBHaHHs AUC giarHOCTU4YHNX MeToaiB

BaXJIMBOIO TPYIIOI 4epe3 BHUCOKY YacTKy OINepaTUBHMX
BTpy4aHb. [1OpiBHSIHHS AiarHOCTUYHUX METO/IiB HABEICHO
B Ta0J1. 4. Y Hill N0OJaHO OCHOBHI KJIIHIYHO iHTepIpeTOBaHi
MOKa3HUKM 3a TeCTaMMU.

IlepBunne FAST Mano nmpuitHATHY cIieu(idHICTD, ae
HEIOCTaTHIO YYTJIMBICTD 7151 O€3IIEYHOr0 BUKIIOYEHHS a0-
noMiHaiabHOro ymkomkeHHs. CepiitHe FAST nigBuiiryBaio
YyTIUBICTh TopiBHsHO 3 nepBuHHUM FAST. KoHTpacTHa
KT i xoMGiHOBaHUI anropuT™M 3abe3rnedyBaiyd HalBUIILY
MiarHOCTUYHY HamiliHicTh. IS MepeBipKU CTaTUCTUYHOL
3HAYYIIOCTI IUX BiIMiHHOCTEN BUKOHAHO MMapHi MOPiBHSIH-
HSI TIarHOCTUYIHMX IMiaxomiB. CTaTUCTUYHE MOPiBHSIHHS MK
MeTodaMH IToAaHo OKpeMo B Tabu1. 5 i Ha puc. 1.

AUC BimoOpaxae HMOBIpHICTb TOTO, III0 METOH IIpa-
BUJIbHO BIiIPi3HUTH IMAlli€HTA 3 YIIKOMIKEHHSIM BiI ITalli-
eHTa 0e3 ymkomkeHHs1. Haitoinpmi 3Hauennss AUC manu
koHTtpactHa KT i komGiHoBaHuii anroput™. lle cBimuuth
Mpo iXHI0O HAWBUIIY iHTerpajbHy 3AaTHICTb 10 Kiacudi-
Kanii rauieHTiB. KomMGiHOBaHMI alrOpyUTM BKJIIOYAB KJTi-
HiuHWi orysin, yakrat, nepBuHHe FAST, cepiitHe FAST
i panHio KT/WBCT y nauieHTiB BUCOKOTO pU3MKy. Ya-
COBi TTOKa3HWKM Ta OCHOBHIi KJIiHIYHI HACTiIKW 3aJIeXKHO
BiJl TIEPBUHHOTO JiarHOCTMYHOTO MapIlIpyTy HaBEIEHO B
Tabs. 6. Pannsa xontpactna KT/WBCT 6yna mos’sizana 3i
CKOPOUYEHHSIM 4acy J0 OCTaTOYHOTO AiarHo3y Ta 4acy 10
JIarapoTOMii cepell OTlepOBaHMX MAIiEHTIB.

BinminHocTi 3a TpaHcdysiitHoo motpedoto, ICU LOS i
30-1eHHOI0 JIETAIBHICTIO HE JOCSATAIM CTATUCTUYHOI 3Ha-
gyrocti. UMOBipHO, L1l MTOKa3HUKH 3aJIeXai He JIULIE Bif
JIiarHOCTUYHOTO MapIIpyTy, HA HUX TAKOXK BIUTMBAJIN TSIK-
KiCTb 11032a0JOMiHAIbLHUX YIIKOIXKEHb, 00CSIT KPOBOBTpa-
TH Ta IOYATKOBUMIA (hi3i0I0TIYHMIA pe3epB Ialli€HTa.

YacroTty npornyiieHux abo BinTepMiHOBaHO JiarHOCTO-
BaHUX YIIKO/IKEHb 32 MapIlIPyTOM Bi3yasli3oBaHO B Ta0JI. 7.
Lleit moka3sHUK Ge3mocepeIHbO BiZoOpaXKae pU3NK HEIO0-
IiarHOCTUKU. BiH € OBl YyTIMBUM IS OLIHKY Oe3IeKu
MapuIpyTy, HiX 3arajibHa JIeTaJIbHiCTh. JIeTaIbHICTD y I10-
JIiTpaBMi 4acTO 3aJ€XUThb BiJl MHOXMHHUX I103aa0a0oMi-
HaJIbHUX YMHHUKIB.

Haijtyacriiie BinTepMiHOBaHO pO3Mi3HABAIUCS KUIIKO-
BO-Me3eHTepiaibHi YIIKOIKEHHSI 0€3 MacCUBHOTO TeMO-

MePUTOHEYMY Ta PETPOIepUTOHEabHi KpoBoBuauBU. Lle
MiATBEPAKYE OOMEKEHHSI MapIIpyTy, SIKWI 3aBEPIIYETHCS
HeraTuBHUM NepBUHHUM FAST. Takuit MapiipyT € He10-
CTaTHIM, SIKIIIO HE BPaxOBYIOThCS JlakTar, seat-belt sign,
GCS i mexani3m TpaBmMu. Came 11i MTOKa3HUKU OYJIU BKITIO-
YeHi 10 TTOAAIbIIIOT0 PErpeciiiHOTO aHalTi3y.

Jns BU3HAYEHHST He3aJeXXHWX YMHHUKIB MiarHOCTUY-
HOI 3aTPUMKU IIPOBeAeHO 0araToakKTOPHUMA JTOTiCTUIHII
perpeciiinuii aHanmi3 (tabiu. 8). ¥ TekcTi iHTepIpeToBaHO
HampsIM, CTAaTUCTUYHY 3HAYYILIiCThb i KJIiHIYHY Bary BUSIB-
JIGHUX acolliallii.

HeratuHuii nepBunHuMii pesynbrat FAST y moeaHaHHi
3 JaKraTemielo, seat-belt sign i MpUrHiYeHHSIM CBiTOMOCTI
acolliloOBaBCsl 3 BUILOI WMOBIPHICTIO BiITEPMiHOBAHOIO
BCTaHOBJIEHHs aiarHo3y. PanHst koHTpactHa KT/WBCT
MaJjia 3aXucHy acouianito. Lle minTpumye i1 BUKOpUCTaHHS
y TIAIIiEHTIB BUCOKOTO PU3UKY. Y3araJlbHEHO Pe3yIbTaTh
IMOKa3yIoTh, 1110 HeratuBHe NepBuHHe FAST € 6e3neuynum
JIMIIIE B HU3bKOPU3UKOBOMY KIJIIHIYHOMY KOHTEKCTi. 3a Ha-
SIBHOCTI JIaKTaTeMii, MpUTrHiYeHHS CBiZOMOCTi abo seat-belt
sign MOTpiOHE MPOIOBXEHHS AiarHOCTUYHOIO MapILIPYTY.

O6roeopeHHs

OTpuMaHi pe3yjabTaTh AEMOHCTPYIOTh KJIiHIYHO 00-
I'PYHTOBaHY iepapxito aiarHoctuyHux MetoaiB. FAST mano
BUCOKY CITeIM(iuHICTh, ajie¢ HeIOCTaTHIO YyTJIMBICTh IJIsI
CaMOCTIfHOTO BUKJIIOYEHHSI BHYTPIIITHHOYEPEBHOI TpaB-
mu. e y3romkyerbes 3 omisimom Bella ta criiBaBT., y sKOMy
eFAST po3srmsmaeTbest IK METO[, IIBUAKOTO COPTYBaHH!,
a He noBHa 3amiHa KT [7]. [lomiOHy TeHOeHIIi0 ITOKa3aaInu
Daniel Ta Kakran, ski migkpeciioBaJlu KOPUCTb ITOBTOP-
HOTO YJIbTPa3ByKOBOTO KOHTpoJo [8, 9]. [ToTouHi pe3yib-
TaTU JOIOBHIOIOTH LI AaHi TUM, IO MPSIMO 3iCTaBISIOTh
neppuHHe FAST, cepiitHe FAST, KT i komGiHOBaHMIt
MapuipyT. KiliHiYHe 3HauYeHHST TAKOTO MOPiBHSIHHS MTOCH-
JIIOETHCSI BUCOKUM TSITApEM TpaBMaTU3MYy Ta TOJIiITPAaBMU B
piZHUX cucTeMax oXopoHu 310poB’s [31, 32]. [ToniOHi naHi
OTPUMAHO i B perioHaIbHUX JOCIIIXKEHHSIX TPaBMaTUYHUX
abpgoMiHaIbHUX YIIKOMXeHb [33—35].

HiarnoctuuHa nepeBara KT Oyia HailOiIbIl MOMITHOIO
y TALEHTIB i3 MHOXWHHUMM YIIKOMIXEHHSIMU. Y TaKMUX
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Nali€eHTiB Qi3MKaIbHUI OIJISIA MAa€ OOMEeXXeHY HalilHiCTb.
YepernHo-Mo03KoBa TpaBMa, iHTyOallisl Ta aHaJrocemarlis
3MEHIIYIOTh iHMOPMATUBHICTh a0MOMiHAIBHUX CHUMIITO-
MmiB. Lleit BUCHOBOK Bimnosigae maHnuM Fabig Ta criBaBT.,
SIKi TIOKa3ajid 3HAaYeHHsI PaHHIX MPEeIUKTOPiB KIIiHIYHO
peneBaHTHOI abaomiHaibHOI TpaBMu [4]. Ha BiamiHy Bing
miei poOOTH, maHe TOCIiIKEHHS JOTaTKOBO OLIIHIOE BIUIUB
panHboi KT Ha yacToTy BinTepMiHOBaHOTO miarHO3y. 3Ha-
yeHHs KT Takox minTBepIXyroTh AaHi Mpo ii 3AaTHICTh
BUSIBJISITU YIIKOIKEHHSI, SIKi MOTPeOyIOTh ONepaTUBHOTO
abo iHTepBeHLiHOTO JiKyBaHHd [25, 26]. Okpemi poboTH
MiIKPEeCII0I0Th, 1110 AiarHocTuYHa epekTuBHicTh KT 3poc-
Ta€ MpY NOEJAHAHHI 3 KJIiHIYHUM MapILIPYTOM i TOBTOPHOIO
olliHKO0 natieHTa [27].

FAST 3anuiiiaerbcst mpakTUYHO HE3aMiHHUM TIpU He-
cTabibHIN reMomuHaMilli. [To3nuTMBHE BUSBJICHHS Bijlb-
HOI PiIMHM y HEeCTaOUIbHOIO ITalliEHTa CKOPOYYE IIIISIX
0 KOHTpoio KpoBoTedi [1, 7]. BomHouac orpumaHi maHi
HiATBEPIXYIOTh, 1110 HeraTuBHuit pe3yabratr FAST He Bu-

KJII0Ya€e TpaBMy XuBoTa. Lle 0co0inBO cTOCYEThCSI PETPO-
MepUTOHEATbHOT KPOBOTEUi Ta YIIKOMXKEHb MOPOXHUCTUX
opraHiB [5, 6]. Tomy pesyiabrati FAST moTpi6HO iHTep-
npeTyBatu pa3oM 3 makratoMm, GCS i MexaHi3MOM TpaBMH.
Takuii migxio BigmoBima€ cydacHHMM crIpoOaM ITOE€THATH
yJIBTPa3BYKOBI, KJIiHIYHI Ta pamioioriuHi KpUTepii B €01~
HUI 1iarHOCTUYHMIA MapiipyT [22, 27].

OkpeMe KIIiHiYHe 3HAYeHHS MaloThb KUIIKOBO-ME3€H-
TepiaJibHi YIIKOMXKEHHS. Y JOCHiIXyBaHiii BUOIpLi BOHU
OyJIM OJTHI€I0 3 OCHOBHUX MPUUYMH J1iarHOCTUYHOI 3aTPUM-
ku. Kaewlai Ta crmiBaBT. TakKOX TiJAKpPECTOBAIN, IO st
rpyna yuko/keHb yacto Mae juiie HerpsiMi KT-o3Haku
[5]. WSES guidelines Bka3ytoThb, 1110 Soft signs morpedyoTh
IUHAMIYHOTO KIiHIYHOTO Ta PamioJIOTIYHOrO0 KOHTPOJIIO
[6]. TToTouHI maHi y3roIXKylOThCS 3 LIMMU PEKOMEHAALi-
smu. BoHu mokasyioTh, 1110 3aTpMMKa 4YacTillle BUHUKAaJa
caMe 3a BiICYyTHOCTIi MacHMBHOIO reMomneputoHeymy. Ilo-
NiOHi TpymHOIIi onucaHi B poboTtax, rpucBsyeHux Bowel
Injury Prediction Score Ta KT-o03Hakam ilieMiyHOro

Tabnuus 6. Yacosi Ta kniHiYHi NTOKa3HUKY 3a71€XXHO Big NepBUHHOI0 [iarHOCTUYHOIO MapLUPYTy

KniHiko-FAST + PaHHga
Moka3Huk cenektuBHa KT, KOHTpacTHa KT/WBCT, p

n=86 n=98
Yac no octato4Horo giarHoay, xs, Me [IQR] 88 [64-130] 49 [35-72] < 0,001
‘I;I/Iaec[)lzl.é);]anapommi'i cepepn onepoBaHux, XB, 158 [124-211] 102 [82-149] 0,012
HeraTtuBHa nanapoTtomisi, n/onepadi (%) 5/20 (25,0) 1/21 (4,8) 0,084
TpaHcdysia > 4 no3 epuTpoumTis, n (%) 19 (22,1) 17 (17,3) 0,414
ICU LOS, no6u, Me [IQR] 5[3-9] 4[2-8] 0,094
30-aeHHa netanbHicTb, n (%) 17 (19,8) 15(15,3) 0,427

Mpumitkn: ICU LOS — TpuBanicte nepebyBaHHS y BigAineHHi inTeHcuBHoi Tepanii; IQR — MiXxkBapTUAbHNI
IHTepBaJi; Ans KiibKiCHUX NOKa3HUKIB BUKOPUCTAaHO Kputepii MaHHa —YiTHi; ans kateropiasiibHUX —
X? abo ToyHunii KpuTepi Piwepa.

Ta6nunusa 7. Yactka nponyweHnx abo BigTepMiHOBaHO [iarHOCTOBaHMNX YLIKOAXXEHb 3aJIe)KHO
Big NepBUHHOro [iarHOCTU4YHOro MapLUpyTy

MepBUHHUIA AiarHOCTUYHUIA
MapLipyT

KniniyHe FAST + cenektmBHa KT
PaHHa koHTpacTHa KT/WBCT

MponyuweHi/BiaTepMiHOBaHi
YLIKOOPKEHHS

9/86 (10,5 %)
2/98 (2,0 %)

Tabnuus 8. BaratogakTopHUii 1oricTuYHWI perpeciviHnii aHania npeankTopis
BigTE@pPMIiHOBaHOro giarHosy

dakTop OR 95% [l p
HeratmueHe nepBuHHe FAST + naktat > 2,5 MMoOnb/n 3,90 1,44-10,56 0,008
Seat-belt sign/remaTtoma xmneoTa 3,12 1,10-8,84 0,033
GCS < 12 6anis abo aHanrocepnadia 2,83 1,01-7,94 0,047
ISS > 30 6anis 2,21 0,86-5,69 0,101
PaHHs koHTpacTHa KT/WBCT < 60 xB 0,24 0,08-0,71 0,010

Mpumitkn: Ol — gosip4ynii inTepBan; OR — odds ratio; mogesib BKtOYana kniHivyHi, nabopaTopHi Ta Bi3yaJii-
3auiriHi 3MiHHIi, AOCTYMHI Nig 4ac paHHbOro AiarHOCTUYHOIO MapLUPYTY.
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VIIKOKeHHS KUIIKM [22, 23]. [logaTKOBY LIiHHICTb MalOTh
TOCHTIIKEHHS, Y IKUX OLIIHIOBAJIW MPOTHOCTUYHI IIIKAJIUA Ta
JOCBIJl pajiiojiora Mpy Majux KUIIKOBO-ME3eHTepiaTbHUX
yikomkeHHsx [33, 34]. Lle minTBepmkye motpedy y mo-
enHaHHi KT-o3Hak, KIiHIYHOI AMHAMIKU Ta TTOBTOPHOTO
orysny [35].

YV upoMy mocImimKeHHI HasgBHICTD seat-belt sign acoiriro-
BaJlacsl 3 TABUILEHOI HACTOPOXKEHICTIO 11010 MOXIUBOI
MPUXOBAHOI KMIIIKOBO-Me3eHTepiaabHOI TpaBmMu. Bom-
Houac Delaplain Ta cmiBaBT. moka3aiu, 110 HETaTUBHUM
pe3yabTar sIKiCHO BUKOHaHOiI KoHTpacTHOI KT 3HmXKye
MMOBIpHICTb YIIKOMKEHHS MOPOXHUCTUX opraHiB (hollow
viscus injury) y Takux mnauieHTiB [17]. BoqHouac neii Bu-
CHOBOK HE€ CKAaCOBYE TMOTpeOM y KIiHIYHOMY HaIJISIAiI 3a
HasIBHOCTI J1abopaTopHOi a00 CUMMTOMHOI JMHAMiKHU.
Hani Paran ta criiBaBT. TaKOX CBiluaTh, 1110 O3HAKHN YIITKO-
MkeHHs 9yepeBHOI cTiHky Ha KT MoxyTh OyTH ITOB’s13aHi 3
BHYTpIIlIHbOUEpPEBHOIO TpaBMoIo [24]. Tomy seat-belt sign
JOLIJIBHO PO3MISIAATH SIK MapKep MiIBUILEHOI HACTOPOXKe-
HOCTI, a He SIK i30IbOBaHUI 1iarHOCTUYHMIA KPUTEPIid.

Pannst kontpactHa KT/WBCT y LboMy DOCHTiIKEH-
Hi acollitoBajlacs 31 CKOPOYEHHSIM 4Yacy JO OCTaTOYHOTO
niarHo3y. BoHa TakoxX 3MeHIIIyBajia YaCTOTY TTPOMYIIEHUX
abo BinTepMiHOBaHUX YIIKOMXeHb. Lleit pesynabTaT Bin-
noBinae MeraaHani3y Fathi Ta criBaBT., sKuii MiATBEPANB
niarHoctTuuHy HiHHicTh WBCT mnipu tpaBmi [2]. Bin Takox
Y3TOIKYETHCS 3 po0O0TOI0 Yamamoto Ta CITiBaBT., y SIKiit
panssa KT Oyma mos’s13aHa 3 Kpalllolo OpraHi3alli€lo J0Imo-
MOTH TSIKKO TpaBMOBaHUM TainieHTaM [3]. BogHouac nani
Naccache ta Alahmad cBimuath, o WBCT mnotpe0ye ce-
JIEKTUBHOTO 3actocyBaHHs [12, 13]. Lle minTBepmKyeThes i
nocrimkeHHs M Hanzalova Ta criBaBT., y SKOMY aHaJli3yBa-
s BukoprctaHHss WBCT y TSKKO TpaBMOBaHUX Talli€H-
TiB i3 IMPKyJIssTOpHUM 1110KOM [30]. Tomy moTouHi meToau
He Tiepea0davyaloTh YHiBepCcaJbHOIO CKaHyBAaHHS BCiX ITalli-
€HTIB.

IlpakTuHe 3HAYEHHSI OTPUMAHMX PE3YJIbTATiB MOJISI-
ra€ y miaTBepIKeHHi HOTpeOr B KOMOiHOBaHOMY aJITOPUT-
Mi. I HecTabibHOTO MalliEHTa MTO3UTUBHUM pe3yabTaT
FAST mae cripsiMoBYBaTH KOMaHJy 0 YPT€HTHOTO KOHT-
poJito KpoBoTedi. 1 ctabinbHOro abo crabdinizoBaHO-
ro namienTa 3 ISS > 16 6aniB, 1akratomM > 2,5 MMOJIb/JI,
GCS < 12 6aniB a6o seat-belt sign panHst KT € obrpyH-
ToBaHOMW. Lle cTocyeThest HaBiTh CUTYallill 3 HETaTUBHUM
nepBuHHUM pesyiabratoM FAST. [lns maiieHTiB i3 He-
ratuBHoto KT, aye 30epexeHnM abpoMiHaIBHUM OoJieM
a00 soft signs moTpiOHI MOBTOPHMIA OTJISIA i TaOOpaTOPHMIA
KoHTpoJb. [loBropHa KT Mae BUKOHyBaTHCS 3a KIIiHiU-
HOIO TMHaMiKOl0, a He K PyTMHHE 0O0CTeXXEeHHS IJISI BCiX
nauieHTiB [20, 21, 29]. Takuit miaXia TAKOX Y3TOIXYETbCS
3 TaHUMMU TIPO POJib MOBTOPHOI Bi3yaslizallii Ta MPOTHOC-
TUYHUX 1K MPU MiA03pi HA KUIIIKOBO-ME3EHTEpiaibHi
YIIKOIKeHHS [22, 34].

OOMeKeHHST JOCIIIKEeHHS TIOB’sI3aHi 3 PETPOCIEKTUB-
HUM nus3aitHoM. Takwuii nu3aifH He H03BOJISIE TTOBHICTIO
YCYHYTHU PU3HK CEJICKIIITHOTO 3MillleHHs. BiH Takoxk 30epi-
ra€ 3aJIEKHICTh JIarHOCTUYHOTO MapIUIPYTy Bill KJIIHIYHOTO
crany mnanieHta. OTHOLIEHTPOBUII XapakTep MOCIimKeH-
HsI MOXe 00MexKyBaTH 30BHIIIIHIO BaJilHICTh pe3y/bTaTiB

IJ1 3aKiaaniB i3 iHmolo poctynHicTio KT, iHTepBeHIiiiHOL
pamiosiorii Ta iHIOIO OpraHizali€lo podOTH MyJbTUAUC-
LIMIJTIHAPHOI TpaBMAaTOJIOTiYHOI KoMaHau. JlogaTKoBUM
OOMEXEeHHSIM € TIOTEeHIIiliHa HEeOJHOPiTHICTh BUKOHAH-
Hs1 FAST Ta inreprniperauii KT. Lle ocobiuBo BaxjinBo
IIJIS1 TIALIIEHTIB i3 MOETHAHOIO TOPaKaAJIbHOO, Ta30BOIO 200
YepemHo-MOo3KoBowo TpaBMoio [25, 30]. Hnaa 3MeHIIeH-
HS TaKOTO BIUIMBY B MaMOYTHIX IOCTIIKEHHSIX OOLLIBHO
craHgapTusyBatu iHTepmnpeTalito KT-o3Hak i BUKopucro-
BYBaTH BaJliIOBaHi MPOrHOCTUYHI 1Kanu [33, 34].

[Momanbii gocaimKeHHSI MalOTh OYTH MPOCTIEKTUBHUMU
i1 OaraTolleHTpoBMMU. BOHM MOBUHHI BKJIIOYATH MOMeEpe-
IHIlA pO3paxyHOK pO3Mipy BUOIpKU Ta 3acCJiIUIEHYy OIiH-
Ky BisyanizaiiiiHux gaHux. [1im 30BHIilIHBOIO Bajtigalli€to
KOMOIHOBAHOTO aJTOPUTMY CJIill pO3yMIiTH HOTO TepeBip-
KY B iHIIMX TPAaBMAaTOJIOTIYHUX LIEHTPaX. ¥ TaKUX LIEHTpax
MalOTh BiApPi3HATUCS MOTIK Iami€HTiB, AOCcTymHicTh KT,
nocBin nmposeneHHs FAST i HasgBHICTD iHTepBEeHLIIHOI pa-
niojiorii. Lle m03BOJUTD OLIIHUTH, UM 30€pira€ airOPUTM JIi-
arHOCTUYHY TOYHICTh M03a MeXaMu OJHiel yctaHoBU. Ta-
KW Miaxia BiAMOBigae CydacHOMY HamnpsiMy TOCTIIKEHb, Y
SKUX TiarHOCTUYHI IIKaJd Ta MapLIPYTH TIEPEeBipsIIOTh Ha
He3aJIeXXHUX KJTiHIYHMX BUOipkax [33—35].

BUCHOBKMU

JliarHOCTHKa 3aKpUTOI TPaBMM XKMBOTA MPU IMOJiTpaBMi
3aIMIIAETHCS AKTYAJIbHOKO KJIIHIYHOIO MPOOJIEMOIO Yepe3
PUM3UK XMOHOHETATMBHOI MEPBUHHOI OLIiHKU. OcobyinBe
3HAYEHHSI 1Ie¢ Ma€ y TMAali€HTIB i3 MPUTHIYEHHSM CBiIO-
MOCTI, aHaJTOCeNaIli€l0 Ta TOENHAHUMU YIIIKOIKEHHSIMU.
TlepBunne nposenecHHst FAST mano uyrmiusicts 69,4 % i
crietndivHicTs 91,1 %. e miaTBepmIKy€e HOTo MIHHICTD SIK
METO/y PAaHHBOTO COPTYBaHHS, ajieé He SIK CaMOCTIHOTO
IHCTPYMEHTY BUKJIIOUEeHHSI abmoMiHaabHOI TpaBMu. Ce-
piitne FAST nigsuniysano yymmsicts 10 80,6 %, omnHak
noctynajgocs KoHTpacTHiii KT. MynbsruanerekropHa KT
3a0e3neynsia HalKpaule CIiBBIZHOUIEHHS YYTJIMBOCTI Ta
crienndivHOCTI cepesl OKpeMuX MeToiB. [i yyTnuBicTh cTa-
Hosuaa 94,4 %, cneundiynicts — 95,5 %. KomGiHoBaHMIt
aJITOPUTM MaB HaMBUIY 4yTIuBicT — 97,2 %, a TakKoX
HalBUIIle HETaTMBHE MPOTHOCTUYHE 3HaUYeHHST — 98,1 %.
Panus xourpactna KT/WBCT ckopouyBasia mesiiaHy uacy
JI0 octaToyHoro aiarHosy 3 88 no 49 x8 (p < 0,001). Yac-
TOTa MPOIyIIeHUX ab0 BiATEpPMiHOBAHO HiarHOCTOBAHMX
VIIKOIXKeHb 3MeHInyBanaca 3 10,5 no 2,0 % (p = 0,018).
HeratupHuii neppuHHuMii pe3yiabtaTr FAST Ha Ti1i nakrary
> 2,5 MMOJIb/J1 OYB HE3aJIEKHUM TMPETUKTOPOM iarHOCTUY -
Hoi 3atpuMku (OR = 3,90; 95% 1 1,44—10,56; p = 0,008).

OtpuMaHi pe3ysbTaTd MOXYTb OyTM BUKOPHUCTaHi y
TPAaBMATOJIOTIYHUX IIEHTpaxX I ONTUMi3alii Maplipy-
Ty MAli€HTIB 3 IIOJIiTpaBMOIO. HeratwBHMII mepBUHHUIA
pe3ynbrar FAST He moBmHEH 3aBepllyBaTH HiarHOCTUY-
HUI TIOIIIYK Y MalieHTiB i3 Jaktaremiero, GCS < 12 Gamnis,
seat-belt sign a00 BUCOKOIO €HEPTi€lo TpaBMU. Y TaKUX BU-
najakKax JIOLUIbHUM € paHHE BUKOHAaHHSI KOHTpacTHOiI KT
a00 MPOJOBXKEHHSI AMHAMIYHOIO KJIiHiKO-JIabopaTOpHOro
crioctepexkeHHs. [lepcreKTUBM MOJANBIIUX TOCTiIKEHb
MOB’sI3aHi 3 TPOCIEKTUBHOK 0araTOlEHTPOBOIO Baslifa-
11i€10 3aITPOMIOHOBAHOTO ANropuTMy. OKPEMOTro BUBYEHHS
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noTpedye Tpyna MAL€HTIB i3 HEraTUBHUM pe3yJbTaTOM
FAST, ane 30epexkeHUMM KIIiHIYHUMM a00 J1abopaTOpHM -
MM MapKepaMy BUCOKOTO PU3UKY.

Konduikr iHTepeciB. ABTopu 3asiBJIsIIOTH MPO BiACYT-
HicTb KOH(JIIKTY iHTepeciB Ta BjaacHOi diHaHCOBOI 3alli-
KaBJICHOCTI IPU MiATOTOBII JaHOI CTATTi.

Indopmania npo dinancyBanns. [ocimimkeHHS BUKO-
HaHO 0e3 3aJlydeHHs 30BHIIIHbOTO (hiHAHCYBaHHSI.

Bnecok aBTopiB. MaxHuk B.B. — KoHIIemIis Ta An3aitH
NMOCTIIKEHHSI, TArOTOBKA PYKOMUCY, KPUTUYHE penary-
BaHHs; 2KapikoB C.O. — 30ip maHuX, aHaIi3 pe3y/IbTaTiB
BizyasmizalliliHMX OOCTiIKeHb Ta KJIiHiYHA iHTepIIpeTallis;
Knimanceknmii P.I1. — cTtatmcTMyHuMii aHaji3, MiAroToBKa
TabauLb 1 PUCYHKIB, penaryBaHHsi pykonucy; CoOueH-
ko JI.A. — 30ip maHux, CTaTUCTUYHUIA aHaJli3, KPUTUUHE
penaryBaHHsl. Yci aBTOpM O3HAMOMMIIMCS 3 OCTATOYHOIO
BEpCi€r0 pyKOIUCY Ta CXBAJIWJIM 1i 10 TyOmiKartii.

BukopucTtanng iHCTPYMEHTIB INTYYHOTO iHTENEKTy. [H-
CTPYMEHTH IITYYHOTO iHTEJEKTY BUKOPHCTOBYBAJIMCS BU-
KJIIOUHO 711 MOBHOTO peflaryBaHHsI, CTPYKTYPHOI OpraHiza-
il TEKCTY Ta TEXHIYHOI MiATPUMKHU 0(POPMICHHSI PYKOITHCY.
ABTOpHY CaMOCTIiTHO IIePEeBipMIN BCi KIIiHIYHI JaHi, pe3yib-
TaTU CTATUCTUYHOIO aHali3y, 6ibmiorpadiuyHi IMocUIaHHS,
IHTEpIpeTaLlilo Pe3y/IbTaTiB i BUCHOBKM Ta HECYTh IOBHY
BiIMOBITAIbHICTh 32 3MIiCT IMOJAHOTO PYKOIIUCY.
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Diagnosis of closed abdominal trauma in polytrauma: comparison of methods

Abstract. Background. Blunt abdominal trauma in polytrauma
patients remains diagnostically challenging due to hemodynamic
instability, depressed consciousness and combined injuries. An
additional risk is associated with delayed recognition of bowel,
mesenteric or retroperitoneal injuries. The purpose was to com-
pare the diagnostic performance of clinical examination, initial
Focused Assessment with Sonography for Trauma (FAST), serial

FAST, contrast-enhanced multidetector computed tomography
(CT) and an integrated algorithm for detecting clinically signifi-
cant blunt abdominal injury in adult polytrauma patients. Mate-
rials and methods. A retrospective diagnostic study included 184
adults aged 18—79 years with blunt trauma and Injury Severity
Score > 16. The reference standard was operative verification or a
concordant clinical-radiological diagnosis after 72-hour observa-
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tion, repeat CT, angiographic intervention or surgery. Sensitivity,
specificity, predictive values, accuracy and 95% confidence in-
tervals (CI) were calculated. Predictors of delayed diagnosis were
assessed using multivariable logistic regression. Results. Clinically
significant intra-abdominal injury was identified in 72 of 184 pa-
tients (39.1 %). Therapeutically significant injury was found in
38 patients (20.7 %). Initial FAST showed 69.4 % sensitivity and
91.1 % specificity. Serial FAST demonstrated 80.6 % sensitivity and
89.3 % specificity. Contrast-enhanced CT showed 94.4 % sensitiv-
ity and 95.5 % specificity. The combined algorithm had 97.2 % sen-
sitivity and 92.9 % specificity. Early contrast-enhanced CT/whole-
body CT reduced the median time to definitive diagnosis from 88 to
49 min (p < 0.001). Missed or delayed diagnosed injuries decreased

from 10.5t0 2.0 % (p = 0.018). Negative initial FAST with lactate
> 2.5 mmol/L independently predicted diagnostic delay (odds ra-
tio = 3.90; 95% CI 1.44—10.56; p = 0.008). Conclusions. FAST is
useful for early triage but is insufficient as a stand-alone exclusion
test in blunt abdominal trauma. Early contrast-enhanced CT pro-
vides the highest diagnostic yield in stable or stabilized patients.
An integrated algorithm had additional value, it combines clinical,
laboratory and ultrasound signs. Future studies should prospective-
ly validate the proposed algorithm in multicenter trauma cohorts.
A group of patients with negative FAST and laboratory markers of
hypoperfusion requires a separate study.

Keywords: polytrauma; blunt abdominal trauma; FAST; compu-
ted tomography; diagnostic accuracy; intra-abdominal injury
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HexnonoumH O.C., Bep6os B.B., Yeluyk €.B., QopTyHeHkKo B.I.
IHCTUTYT Hevpoxipyprii iMeHi akaa,. A.l1. PomoaaHosa HAMH Ykpainum, m. Kuis, YkpaiHa

Mop$dOoPYHKLIOHAABHA CTPATUPDIKALISA YIWWKOAXKEHb
TMNYy A rpyaAononepeKkoBoro nepexoAy:
KT-mopdpomeTtpuyHi MmopPpoTtunm Ta AAropuUTM
BUOOPY TOKTUKU AIKYBOHHS

Pestome. AKTyaAbHICTb. BUGID TAKTVKI AIKYBAHHS MOU YILIKOAXKEHHSIX Ty A royAononepexkoBoro rnepexoay (IMirl,
Th11-L2) 3aAMIQETLCST AMCKYCiiHM. Knacugikauis AO Spine ormcye MOPQOAQTito TQ CAYrye MidKHQPOAHOK MO-
BOKO CriAKYBQHHSI, MPOTe i HEAOCTATHLO ANST IHAMBIAYQABHOIO BMOORY BTRYYQHHS, OCOOAMBO Y CKAQAHMX PEKOH-
CTRYKTUBHUX CUTYQLsIX. Lle OBIDYHTOBYE BUAINEHHST BHYTPILLIHEOTUMOBUX KIABKICHMX MOPQOTUIIB | MOBYAOBY IHAMBIAY-
QAIBOBAHOIO aAroputmy. Mera: BuUKOHQTH MOPGODYHKLIOHAABHY CTOQTUGIKALIO YILKOAXKEHb Tvry A [TI: BUuaiAmT
KT-MoppomeTonyHi MoOpGOTUMv, LLO BIAOODQXKAKOTH CrBBIAHOLLEHHST AOKQABHOI MOPGOACTI nepeAomy v AePopma-
LIVIHOI BIAMOBIAI cermeHTa, | MOBYAYBAT QATOPUTM, Y SIKOMY MOP@OTUIM POPMANIZyE GA30BUV TAKTUYHML CLIEHOPIV, O
KIAbKICHI MOPOroBi 3HQYEHHsT — Moro Moamgikavito. Marepianm Ta meroan. 3a AaHMm KT-mopgometpii (CA, GA, A/P
ratio, AVH ratio, AED, PED, HU) meTtoaamu k-means | Gaussian mixture model BuaineHo mopgoturiv, HU 3aCcTocoBaHO
SIK MOAMDIKQTOP SIKOCTI KICTKM. KnQcTepmaaLito oLiHoBaAM 3a silhouette, BIC i KAIHIHHOK HTEpRPETOBAHICTIO, BiAMIH-
HOCT — 3a Kputepismu Kpackeaa — Yoanica/MaHHa — YiTHI TQ X2 AMCKPUMIHALIIHY 3AQTHICTs — ROC-QHQAAIZOM,
3B’130K i3 [pE3YALTATOM — BIAHOLLIEHHSIM LLIQHCIB. AAFOpPTM NoBYAOBAHO 3Q MpuHLMIoM «tir AO Spine — Mop@oTin —
6Q30BQ TAKTUKA — KIAbKICHI MOAMDIKQTOPW», P@3YAbTAT. YCepeaHi A1-A2 BUAINEHO Tou MOPGOTUMN — KOMMNEHCOBA-
Hui, CyOKOMNEHCOBAHW | AKOMMEHCOBAHMM (OQAIEHT BTPATM NEPEAHLOI Oropu); ycepeamHi A3-A4d— ABQ: KipoTu-
KO-AE®)OPMALIVIHA | KOMIMPECIMHO-PETPOMYALCIVIHIK. MOop@OTIAM TICHO MOB S13QHM i3 PEAAIBOBAHOK TAKTUIKOKO:! MU
A1-A2 — riepexia Bip, CIIOCTEPEXXEHHST AO LIEMEHTONAQCTVKM TA KOPOTKOI TOQHCTIeAVKYAsIPHOI gikcawi (TTH®), rpwv
A3-A4 — Bubip Mk AoBroto TP i aekomMrpecieto 3 pikcauieto. MNMoporosi 3Ha4YeHHs1 (CA > 14°/GA > 25° AN AOBKUHMN
KOHCTPYKUI; PIBEHB-3QAEXKH OPIEHTUD CTeHO3Y 35/45/55 % Anst BiaKkpuToi vs Herpsimoi aexkomrpecii; HU < 150 3a
QYrMeHTALito) YTOYHKOBOAM PiLLeHHS!. KipoTmko-aepopmMaLiviHig Mop@otir A3-A4 B yCix 40 CrIOCTELEKEHHSIX AiKyBQA-
A AoBroto TN, KOMMPECIHO-PETPOMNYALCIVHM — BAPIQTVBHO. BUCHOBKWU. MOop@OTUIN AOLIABHO BUKOPWCTOBYBATM
SIK KIABKICHE KAIHIKO-TQKTUYHE YTOYHEHHST riaTvy AO Spine: AO Spine 3aAQ€ MOP@OOAOrIYHY BiCb, MOPGOTVM — PiBEHB
YXBAAEHHST 6A30BOro pileHHs1, A ASIA, 3QAHIV AIrQMEHTO3HMV KOMIAEKC i SIKICTb KICTK 3QAMLLIQKOTHCST OG0B ‘SI3KOBUMM
MOANDIKATOPAMIM. AATOPUTM € AEPUBALIVIHOKO MOAEAAKD TA MOTPEBYE MPOCHEKTVUBHOI BOAAQLIT,

KAKOU4OBi CAOBQ: rpysononepekosmii nepexia,; yikoaxkeHHs vy A; AO Spine; KT-mMopgomeTpis,; Mop@oTu, an-
ropuUT™ BUGOPY TAKTUKN

Bctyn

I'pymononepexonuii mepexin (Th11-L2) — HaitgacTimma
JIOKaJIi3allisl mepeoMiB xpedTa, 110 3yMOBJIEHO Oiomexa-
HIYHUM TIepeX00M Bill BITHOCHO PUTiTHOTO TPYAHOTO Bil-
ITy 10 PYXJIMBIIIOrO MOIEPEKOBOr0 Ta KOHIEHTpAIli€lo
OCbOBUX, (DIEKCIAHUX i poTaliliHUMX HaBaHTaXKeHb Y IIii
30Hi; MOUIMPEHICTh TAKUX YIIKOIXKEHb 3pOCTA€ 3i 30i1b-
IIEHHSIM TPUBAJIOCTi XXUTTsI HACEJEHHS Ta YaCTOTH OCTEO-
nopo3y [1, 2].

s omucy UMX YIIKOMKEHb 3alpOIIOHOBAHO HU3-
Ky KiaacudikaliiHUX cucTteM. TpHUKOJIOHHA KOHIIETILIis
F. Denis [3] i ximacudikauia F. Magerl [4] ictropuyHo 3a-
KJ1aau MopdooriyHuii miaxia, a kaacudgikaiis AO Spine
[5] cTana MixkHapoaAHO BU3HAHUM CTaHAapTOM. s olli-
HIOBAHHSI TSKKOCTI Ta MMOTPeOU B XipyprivHOMY JIiIKyBaHHi
3actocoByloTh mKkamy TLICS [6], a mis oLiHIOBaHHS Ha-
BaHTaXXyBaJbHOT CIIPOMOXHOCTI Tijla XpeO1sa — Kiacudi-
kaiito McCormack [7]. Lli cuctemMu natoTh 3py4Hy MOBY
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onucy MopdoJIorii Ta 3araJibHOI HEeCTaOiIbHOCTI YIIKO-
JKEHHS.

BomHouac BuOip KOHKPETHOTO METOMY JIiKyBaHHS IIpU
VIIKOXKEHHSIX TUITY A 3aJIUIIAETHCS MPEIMETOM JAUCKYCIi.
Mopdonoriunuii Koa onucye opMy YIIKOIKEHHS, ajie He
OXOILTIOE BCOTO 00CATY iH(opMallii, HOTPiOHOI IJIsT iHAW-
BilyaJIbHOTO DIillIEHHS: CTYMiHb PYWHYBaHHS TMEPEIHBOTO
OITOPHOTO KOMITIIEKCY, KOHirypallito ¢pparmeHTallii, IKicTb
KiCTKOBOI TKAHWHU, CTaH 3aJIHbOTO JIIrAMEHTO3HOTO KOMII-
JIEKCY Ta HeBposioriyHuii craryc. [Tokazano, mo nani KT i
MPT cyrreBo BrumBamTh Ha KiIacHiKallilo Ta Xipypriuae
PpillIeHHsI i He TOBHICTIO BigoOpaxkaioThes (DOpMaIbHUM ITiI-
TumnoM [8—10]; mist 0OCTeONnOPOTUYHMX Ta IHIIMX CKJIATHUX
YIIKOIXKEHD 3aIIpOIIOHOBAHO OKpeMi pekomeHaaii [11, 12].
Lle chopmyBasio HampsIM KiJIbKiCHOI MOP(POMETPUYHOI iH-
JWBidyaltizallii, y Mexax sIKoro Kiacudikallito po3risaaTh
SIK TIEGPBUHHMIT MOPMOJIOTiUHUI OpiEHTHP, TOMTOBHIOBAHUI
KiJTbKiCHUMU TIpeauKTopamu [13—15].

VYcepenuni ¢dopmanpHoro tumy A migtunu Al-A4
00’€HYIOTh pi3HI 3a (YHKUIOHAJTbHUMU HaCTiIKaMU
YIIKOIKEeHHST — Bill MiHiMaJIbHOI KJIMHOIIOAIOHOI KOMIIpe-
cii 1o BUOYXOBOTO IIepEJIOMY 3 PETPOIIYIbCi€lo (pparMeHTa
Yy XpeOTOBUIi KaHaJ, YHACIiAOK YOrO ITiATUI BUSIBISIETHCS
HEIOCTaTHIM OPIEHTUPOM JUISI BUOOPY OOCSTY BTpyJYaHHSI.

IIpyHUMIIOBO, IO TaKTUYHE 3HAYEHHS YUIKOIKEHHS
BU3HAYAETLCS HE JIMILE CTYNEHEM JIOKAJIbHOTO PYHHYBaH-
H¢I Tija XpeOls. 3a 3icTaBHOI BTpaTy NepeaHbol BUCOTH abo
ommsbkoro A/P ratio caritanbHa nedopmaitiiiHa BinmoBiab
XpeOTOBOrO CEerMeHTa MOXE CYTTEBO PiZHUTUCS: B OJHUX
MAlliEHTIB YIIKOIKEHHS 3aJTUIIAETHCS KOMIIEHCOBAHUM i3
MiHIMaJIbHOIO KYTOBOIO Ie(pOpMAIli€l0, B IHIINX (POPMYETHCSI
BUPaKEHNI Ki(hOTUIHUI KOMITIOHEHT i PU3MK IPOrpecyBaH-
He1. OTxe, TOTpiOHA OLIiHKA He JIUile MOp(OJIOrii IIepeioMy,
a 1 Mopho(yHKIIIOHATBHOI peaJtizallii IIKOIKeHHS — CITiB-
BiTHOLIEHHST MiK JIOKQJIbHOIO BTPAaTOlO OMopu Ta nedopma-
HiitHotO Biamosimmto cermeHTa. I1in MmopdodyHKITioHATBEHOIO
peatizalli€lo yIIKOIKEeHHSI B 1iii poOOTi po3yMiim MexaHi-
Ko-nedopmarliiiHuit TIposiB JIOKAJILHOTO MepesioMy Ha piBHi
XpeOTOBOrO CEerMEHTa: CIIiBBITHOIIEHHSI MiX JIOKAJIbHOIO
BTPATOIO BUCOTH/OTIOPU Tijla XpeOI1lsl Ta iHTETpaJbHOIO cari-
TaJbHOIO Bimmosinmio cermenTa 3a CA i GA, 63 mpsiMOro BU-
miproBaxHs ¢yHKii (ODI, nuHaMiuHi mpoou).

Merta podotu: Buninut KT-mopdbomerpuuHi Mopdo-
TUMHX YIIKOJKEHb TUITY A TPyAONONEPEeKOBOro Mepexouy,
1110 BimoOpakaroTh He JIMIIE JOKaabHy MOp(dOJIoTiio Tlepe-
JloMy, a i MOphOodYHKIIIOHAJIbHY peati3allifo YIIKOIKEH-
Hs1, Ta TOOYNyBaTH iIHAUBIMyali30BaHUI aJITOPUTM BUOODPY
JIIKYBaJIbHOI TaKTUKU, Yy SIKOMY Mopdotun dopmaiizye
0a30BUII TAKTUYHUI ClIEHApIii, a KiJIbKICHI TTOPOTOBi 3Ha-
YeHHS I0T0 MOINDIKYIOTb.

MaTepiaAn Ta MeToAmn
AN3ANH AOCAIAXKEHHS Ta Kputepii
BiAOOpPY NnaAuieHTiB

[MpoBeneHO  PeTPOCTIEKTUBHO-MPOCIEKTUBHE — OTHO-
LIEHTPOBE AOCIIIKEHHS TMAalli€eHTIB i3 TpaBMaTUYHUMMU
VIIKOIKEHHSIMU TpyfonornepekoBoro rnepexony Thll-L2,
1o crocrepiragvcss B IHcTuTyTi Helpoxipyprii iM. akaj.
A.I1. Pomomanosa HAMH Vxkpainu y 2011-2026 pp. 13 3a-

TaJIbHOI KOTOPTY BigOMpalii MAIi€HTIB 3 YIIKOMKEHHSIMU
tuny A 3a AO Spine. /1o MopdOMETpUYHOTO i TAKTUYHOTO
aHaJli3y BKJIIOYAJIM TALIIEHTIB 3a BECh IIEePioJl CIIOCTEPEXKEH -
HSI; aHaJli3 12-MicSYHUX pe3y/IbTaTiB BUKOHYBAIM JIMIIIE 3a
HasIBHOCTi MOBHOTO 12-MicSIYHOTO KaTaMHe3y Ha MOMEHT
3aKpUTTsI 6a3u (cigeHb 2026 p.), TOMY 3HAMECHHUKHU PE3YJTb-
TaTiB MEHIII 3a KiJIbKICTb MAlli€EHTIB Y KOXKHOMY MOP(OTHITI.
Bxumouanu nopocnux naiieHTiB (18 pokiB i cTapiuumx) i3
TpaBMaTUIHUM yIIKomKkeHHsIM Th11-L2 tumy A 3a AO Spine
3a HasgsBHOCTI BuxXigHOI cripanbHoi KT i3 MyIbTuIniaHapHu-
MM PEKOHCTPYKIISIMU Ta JOCTYITHOCTI KJIIOUYOBUX MOphoMe-
TPUYHUX TapaMeTpiB. Bukimouanyu marosoriydi (IyxJIMHHI,
iH(eKI1IiliHi) mepesIoMHu, paHillle OriepOBaHUil PiBeHb, YIIIKO-
mxkeHHs1 TMIiB B i C, a TakoX CIOCTEepexKeHHSsI 3 HelI0CTaT-
Hbo10 siKicTio KT abo BiacyTHICTIO naHUX U1t MOpdoMeTpii.

KT-mopdomeTpis Ta KAiHIYHI 3MiHHI

3a manumu cripanbHoi KT i3 MylIbTUILIAHADHUMU pe-
koHcTpyKuissMu ouiHoBaiu: CA — kyT Ko66a; GA — KyT
[apaHepa; A/P ratio — cniBBimHOIIEHHS TMEpeaHbOI Ta
3aIHbOI BUCOTH Tijla Xpebiist; AVH ratio — BimHOCHY Tie-
penxto Bucoty; AED i PED — niepenHe Ta 3aHe KpaiioBe
3miteHHs1 pparmenTiB; HU — miinbHicTh ryGuacToi Kict-
KM Tija xpeous. HeBpomoriunmii ctaTyc KiracudikyBaiu 3a
mkanow ASIA. CraH 3a1HBOTO JIiIraMEHTO3HOTO KOMILJIEK-
cy (3JIK) owinroBanu 3a cykymnHicTio KT-o3Hak (po3xo-
JDKeHHST OCTUCTHMX BiIPOCTKiB, IiacTa3 AYyrOBiIpOCTKOBUX
cym1o6iB) i3 3anyuyeHHsasM MPT 3a ii HagBHOCTI; 601bOBUIA
CUHAPOM — 32 YMCJIOBOIO PEUTUHIOBOIO IIKAJIOK OOJIIO
(NRS) npu HagxomxkenHi; HU BumiproBanu B ryouacriit
KiCTLi Tijla XpeOllsd Ha akcialibHUX 3pizax. BumiproBaHHs
BUKOHYBaJIM i3 3aCTOCYBaHHSIM TPOTPAaMHOTO KOMILJIEK-
cy RadiAnt DICOM Viewer (Medixant, [Tosbiia; Bepcis
2023.1, minensis Ne 1860F047).

MopdomMeTprudHi BUMipIOBaHHS BUKOHYBAJId He3aIeX-
HO; TOXMOKa KJIIOYOBUX IapaMeTpiB Oyl1a HU3BbKOWO (ce-
penHs abcomoTHa nmoxubka/BigHocHa: CA — 0,40°/3,0 %;
GA — 0,65°/4,0 %; A/P ratio — 0,016/2,7 %; AVH ratio —
0,014/2,2 %). ®opmanbHe OLIHIOBAHHS MiXKEKCIEPTHOT
yaromkeHocTi (ICC) mist moBHOro Habopy IapameTpiB,
BkitouyHOo 3 PED, 3anuiaeTscsi rpeamMeToM MoaabIIol
poboTu.

BuaineHHs mopdoTunie

MopdoTum BUIIJISUIM BUKIIIOYHO 3a KiJibKicHuMu KT-
MopdOoMETpUUHUMM O3HaKamMu, 0e3 ypaxyBaHHSI METOIY
JIIKyBaHHSI Ta pe3y/ibTaTiB. 3HAYEHHS MapaMeTpiB Iore-
PEIHbO CTAaHAAPTU3YBAIU (Z-TIEPETBOPEHHS), & CTPYKTYPY
JIAHUX OILIiHIOBAJIM METOAOM ToJIoBHUX KOMITOHEHT (PCA).
Knacrepu3zaiiiio BUKOHYBaJIM ABOMAa HE3AJIEXKHUMU Me-
togamu — k-means i Gaussian mixture model (GMM);
OINTUMAJIbHY KiJIbKICTh KJacTepiB 00Mpaiu 3a CYKYITHICTIO
KpuTepiiB: KoediuieHTom silhouette, G6aecoBumM iHpOp-
MariiHuM kputepiem (BIC) mnss GMM i kjiHiuHOW0O iH-
TepripeToBaHicTio pimeHHs. s Al-A2 kiactepusaliiio
Besu 3a TpboMa napamerpamu — CA, GA, A/P ratio; nis
A3-A4 — 3a posmupenum HabopoMm (CA, GA, A/P ratio,
AVH ratio, AED, PED), mo mamo 3mory BpaxyBaTH pe-
TPOITYJIbCIHO-(DparMeHTalliiHUIT KOMIIOHEHT. Y TaOInIi
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KpUTEPiiB HaBeIEeHO IIPOBiOHI pPO3Pi3HIOBAJIbHI ITapame-
Tpu. MiXKIacTepHi MeXi Ta IIpaBUJIO BiTIHECEHHS HOBO-
TO CIIOCTePEXKEeHHS BU3HAYAIM 32 CYKYIHICTIO MapaMeTpiB
(HaOMMKIMI LIEHTPOIN Y CTaHAAPTU30BAHOMY ITPOCTOPI),
a He 3a OJIHi€l0 03HaKo10. JJIsI MPaKTUYHOIO 3aCTOCYBaH-
HSI HOBE CITOCTEPEXEHHSI CIiepIy BitHOCSTh 10 A1-A2 abo
A3-A4 3a AO Spine; TOTiM BiIIOBiIHI TapaMeTpPU CTaH-
JMApTU3YIOTh 32 HaBYaJbHOIO BUOipKoIo (z = (x — M)/SD)
i 00UMCITIOIOTh €BKIIIIOBY BiICTaHb A0 LIEHTPOINiB MOpdo-
TUTIIB 32 (hopmyJioO:

dk = \/z:i (zi - cki)z’

J€ 7,— CTaHIapPTU30BaHe 3HAYEHHH i-ro napaMeTpa y maLi-
€HTa, ¢,, — KOOpAMHATa LeHTPoina k-ro mopdoruy 3a i-m
napameTpoM, d, — BIICTaHb A0 K-I0 LEHTPOIa; CIIOCTepPe-
JKEHHSI BITHOCATH 10 MOP(OTUITY 3 MiHIMaJIbHOIO BiICTaH-
HI0. 3a OJIM3bKUX BiACTaHEl 10 IBOX LIEHTPOIAiB BUIAT0K
BBaXalOTb MEXOBHMM, a OCTATOYHE TAKTUYHE PillleHHS
yxBaoloTh 3 ypaxyBaHHsiM ASIA, 3JIK, HU, 6o1boBoro
CUHAPOMY Ta TeXHi4HOI1 3ailicHeHHOCTi. [1oBHi 3HaYeHHS
cepenHix, SD i IeHTPOImiB HaBeIeHO B JOAATKY A.

No6yAOBA AATOPUTMY TOKTUKU

AJITOPUTM BUOOPY TAKTUKHU TTOOYTOBAHO 32 TPUHIIUIIOM
«tun AO Spine — MopdoTun — 6a30Be pillleHHS — Kilb-
KicHi moaudikatopu»: 6a30Be pillleHHs 3amaBaB MOpP(O-
TUII, a KUTbKICHI ITOPOroBi 3HaYeHHS 110ro MoaudiKyBaIn.
KinbkicHi opieHTUpU cOpMOBaHO Ha OCHOBiI BHYTpill-
Hboro ROC-anani3y, moaen HenpsiMoi aekomipecii A®
(3a BUXiITHUM CTEHO30M XpeOTOBOTO KaHaly Ta IMiATUIIOM
Magerl 06YUCTIOETHCS 3ATUIIIKOBUI CTEHO3 1 TOPiBHIOETh-
¢Sl 3 piBeHb-3aJIC)KHUM OPIEHTUPOM), JIITEPATYPHUX JaHUX
i KIIIHIYHUX KPUTEPiiB; IXHili cTaTyC HaBEeACHO HUXKYE.

CTATUCTUYHMIA OHOAI3

besnepepBHi 3MiHHI TogaBaiu sk M = SD (s kniHiv-
HOI iHTepIIpeTallii); CTAaTUCTUYHY IePeBipKy BiIMiHHOCTEM
BUKOHYBaJIM HeMapaMeTPUYHO 3 OIJISiAy Ha Maji Miarpy-
nu — 3a kputepisimu Kpackena — Youica (> 3 rpymn) i
Manna — VYitHi (2 rpynu), a 3B’130K MOP(MOTUILY 3 METO-
JIOM JIIKYBaHHSI — 3a KPUTEPIeM ¥? (3a MAJIUX OUiKyBaHUX
yacToT — TouyHUM Kpurtepiem Fisher-Freeman-Halton).
CTpYKTYpy AaHUX OLIHIOBIM METOAOM TOJOBHUX KOM-
noHeHT (PCA); KinbKicTh KiactepiB — KoedillieHToM
silhouette (k = 2—4), OyrcTpen-crabiabHicTIO (iHIEKC
XKakkapa) i KJIiHIYHOI0O IHTEPNPETOBAHICTIO (3HAYEHHS
BIC — y momatky A). JAuckpuMmiHaliiiHy 30aTHICTh Ha-

pameTpiB 1momo mopdotumy ouiHoBaau ROC-anamizom
(AUC). AnanizyBanu ABi IMOB’s13aHi, ajie He BKJIaAeHi KiH-
1IeBi TOUKM 12-MiCSUYHOIO CIIOCTEPEXEHHS, SIKi MOXYTh
po3xoauTtucs: 1) HecnpUITIMBUU MexaHiKo-aedopMma-
LAHWI pe3yabTaT — CKJAAeHY KJIiHIYHY TOYKY (KJIiHi-
Ko-aedopMalliliHa HelOCTaTHICTb; iMIUIaHT-acolliiioBaHa
MOJisl — KIIHIYHO 3Hadyllla Mirpailis, IToJOMKa 91 pO3-
XUTYBaHHSI KOHCTPYKIIii 3 00JieM, BTpaTOl KOpeKllii abo
morpeboIo B peBi3ii; BTpaTa Kopekuii moHan 10°; peBisis);
2) (opManbHY CTPYKTYpHY HECHPOMOXKHICTb — PEHTTe-
HOJIOTIYHMIT KPUTepili HECIPOMOXHOCTI KOHCTPYKIIii/
OITOPHOI0 KOMILIEKCY, 1110 Mir OyTU HasiBHUI i 6€3 KIiHiv-
Horo noripuieHHs1. HeBposoriyHy nuHaMiky (3MiHa Kjacy
ASIA) no mexaHiko-aedopMalliifHOI TOUKM HE BKJTIOYAIN
i aHamizyBanu okpemo. Yactotu HaBemeHo 3 95% noBi-
puuMH iHTepBaiamu (Metoa Wilson), 3B’130K MOpGhOTHUITY
3 pe3yabTaToM — BinHomeHHsIM 1aHciB (OR) i3 TouHum
kputepieM Fisher Ta monpaskoto XonneliHa — AHckoMOa
3a Majux yucen noaiil. CTaTUCTUYHMIA aHasi3 BUKOHAHO
B cepemoBuii R (Bepcis 4.5.0, 2025-04-11; mmardopma
x86_64-w64-mingw32). Piens 3HauymocTi p < 0,05.

PesyAbTaTH

XApPAKTEPUCTUKA AOCAIAYKEHOT KOropTn

V mocnimkeHHs BKII0OUeHO 157 TamieHTiB 3 YIIKOMKeH-
HSIMU TUIIY A TPYyIOIOIIepeKOBOro mepexomy: Al-A2 —
57, A3-A4 — 100 (Al — 45, A2 — 12, A3 — 56, A4 — 44).
Cepenniit Bik — 51,0 £ 19,3 poky (MemiaHa 56; 18—92),
4oJI0BiKiB 74, xiHok 83. Iliarpynu BimpizHsuincs 3a ne-
Morpadieio: A1-A2 6yau crapmumu (61,7 = 14,5 poky),
3 MepeBaXkaHHSIM XiHOK (43 i3 57), 1110 Binmoimae ocreo-
MOPOTUYHOMY TIpodito, Tomi sIK A3-A4 — MoJIOAIIMMU
(45,0 = 19,2 poky), 3 mepeBakaHHSIM 4YoJOBiKiB (60 3i
100), xapakTepHUM 1T BUCOKOCHEPIeTUIHOI TpaBMU. 3a
piBHeM ymikomkeHHs nepeBaxkanu L1 (71), Th12 (39)i L2
(31). Po3mopin 3a HEBPOJOTIYHUM CTaTyCOM IIpM HAIXO-
mxkeHHi (ASIA): E — 54, D — 35, C— 18, B— 19, A —
31. IMpoBigHMii MexaHi3M TpaBMU: TMAaiHHSI 3 BUCOTH/Ka-
tarpaBMa — 110, 1OpOXHBO-TpaHCIOPTHA TpaBMa — 47.
3HUXKeHy iIbHicTh TyouacToi Kictku (HU < 150) Big3Ha-
yeHo y 44 % nauienTiB (meniana HU 158). 3BeneHy xapak-
TEPUCTUKY KOTOPTU HaBelIeHO B TabJI. 1.

®dopMyBaHHS MopdOoTUNiB TUNY A

Kiacrepusawisi  koMmmpeciiiHux mnepenomiB  Al-A2
(n = 57) 3a CA, GA i A/P ratio nana crilike TpuKacTep-
He pileHHs, y3romkeHe Mix k-means i GMM. KinbKicth

Tabnunusa 1. XapakTepucTuka 4oCnigXXeHoi KoropTv

Moka3Huk Ycsa koropta A1-A2 A3-A4
KinekicTb nauieHTiB, n 157 57 100
Bik, pokie (M = SD) 51,0+ 19,3 61,7+14,5 450%19,2
YonoBiku/XiHKN 74/83 14/43 60/40
ASIA A-D/E 103/54 12/45 91/9
HU < 150 62/142 (44 %) 22/49 (45 %) 40/93 (43 %)
MapjHHa 3 Bucotn/ATN 110/47 48/9 62/38
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KJacTepiB 00paHo 3a KoedilieHToM silhouette (0,574 npu
k = 3) i kKJIiHiYHOO IHTEPIIPETOBAHICTIO, a OrO CTIlKICTh
MiATBEPAXEHO OyTCcTpen-aHanizoM (cepenHiii ingekc Kak-
kapa 0,91); indopmauiitnuii kpurepiiit BIC MoHOTOHHO
cnanaB 10 k =4 (cxunbHicTb GMM 10 1po6iieHHsI) i BUpi-
majgbHUM He 0yB. Tpu Ki1acTepu yTBOPWIM He SIKiCHO Pi3Hi
TUTIH, a BIIOPSIIKOBAHWI IPAJIi€HT BTPATH MePeIHBOI OTI0-
PU: Bil TTEPIIIOTO 0 TPETHOTO MOCTIIOBHO 3pOcTaia KyToBa
nedopmanist (CA Bix 6,5° 1o 15,4°; GA Bin 10,6° mo 25,7°)
MpY 3HUKEHHI onopHoi reomeTpii (A/P ratio Bix 0,80 mo
0,44). BignoBimHO KJIacTepu IMO3HAYEHO K KOMIIEHCO-
BaHuUii (n = 19), cyokoMneHcoBaHuii (n = 23) i 1eKoM-
neHcoBanuit (n = 15) mopdortunu (puc. 1, Tada. 2). L
MopdOTUTIHY BinoOpakalu He JIUIEe CTYIiHb KIIMHOMOIi0-
HOT KOMIIpecii, a i1 pi3Hy cariTajbHy BiIlOBiIb Ha BTpaTy
MepenIHboi OTIOPU, TOMY iX TOLIJIBHO PO3TJSIaTH SIK T0-
clIimoBHI MopdodyHKIIIOHATBHI CTAaHU — BiI 30epeXXeHO1
onopHOI ¢GyHKIII Tija XpeOusa Ao ii KIiHIYHO 3HAYyIIOol
HECIIPOMOXHOCTI 3 AedopMaliiHUM pU3MKOM. BimmiH-
HOCTi MixX MOp¢OTUIIaMHU 3a BCiMa TpbOMa MapamMeTpaMu
Bucoko3sHauyii (Kpacken — Yomnic: CA H = 48,6; GA
H =47.,8; A/P ratio H = 49,3; p < 0,001 m1st KOXXHOTO).
[Tepmia rooBHAa KOMIIOHEHTa mosicHioBana 91,7 % muc-
nepcii (PC1-PC2 — 98,6 %), a koedilieHT silhouette cs-
raB makcumymy nipu k = 3 (0,574), mo niaTpumye Tpu-
KJIaCTepHE pillleHHSI.

Kiracrepu3aist BubyxoBux mepenomiB A3-A4 (n = 100)
3a posmmpeHnM Habopom mapametpiB (CA, GA, A/P,
AVH, AED, PED) nana nBoxiactepHe pimeHHs (silhouette
npu k = 2 — 0,41; nag BuxinHoro mapkyBaHHs — 0,37;
OyTcTpen-crabiibHicTh — iHaekc XKakkapa 1,00), 1110 po3-
JIUIO CTIOCTEPEKeHHSI He 3a CTyMeHeM TSIXKKOCTi, a 3a
MPOBITHUM MEXaHi3MOM peaJizallii yIIKOIKXeHHs (puc. 2).
KidoTtuko-aedopmartiiitnuit Mopdorun (n = 40) BUpi3HSIB-
Csl BUPAXEHOIO KYTOBOIO JiehopMalli€lo Ta BTPaTOl0 BUCO-
T Tina xpe6us (CA 16,2°; GA 19,2°; A/P 0,63; AVH 0,60)
npu toMipHiit perponyibcii (PED 3,9 mm). KommnpeciitHo-
peTpornyibciitnmii Mmopdorurr (n = 60) 3a 30epexxeHOi B~
cotu i reometpii Tinma (CA 4,6°; GA 6,2°; A/P 0,93; AVH
0,81) maB BupaxeHilly perponyibcito dparmenra (PED
5,4 MmM). BinmiHHOCTI Oy/iM 3HAYyILIMMU 3a BCiMa mapame-
tpamu; it CA, GA, A/Pta AVH — p <0,001, mnst PED —
cnabue, ajne tTakox 3Hauynie (p = 0,02); PC1-PC2 nosic-
HioBamm 75,2 % mucniepcii. [TomipHe 3HaueHHs silhouette
i YaCTKOBE TMEePEKPUTTS CIIOCTePeXeHb (pUC. 2) BKa3ylOTh,
mo Mopdorunu A3-A4 BimoOpaxkaloTh HepPeBaKHUIT Me-
XaHi3M peajiallii YIIKOIKEHHs, a He ILIJIKOM OUCKPeTHIi
kareropii. I[lapamerp AED (mepenHe kpaiioBe 3MillICHHSI)
BuMipHuit tuie npu A3-A4 i cranosus 0,70 MM mpu Kido-
TUKO-IedopMaliiiHoMy Ta 1,18 MM — mpu KoMIpeciitHo-
peTpomnyiabcitHoMy MOPMOTUITI.

BHyTpilIHS AMCKpUMiHAHTHA XapaKTepUCTUKA KJlacTe-
piB (Tabj. 3) mokasye, sKi rMapaMeTpy BeAyTh PO3IiIEHHS
Mop(dOTUIIIB; 1Ie CTPYKTypa KJacTepiB, a He He3aJeXHa
MPOTHOCTUYHA TIEpPeBipKa, OCKIIbKU Ti cami mapameTpu
Opasin yyacThb y ix hopmyBaHHi. [1pu A1-A2 npoBigHUMY €
A/P ratio i kyr Ko66a (AUC 1,000 i 0,999 mist neKoMIteH-
COBaHOTO MOP(OTUITY TPOTH iHIINX; OpieHTOBHA Mexka CA
ommsbko 11,9°), mpu A3-A4 — A/P ratio, CA i GA (AUC
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PucyHok 2. Mopgotunu A3-A4 y npocTopi «KyToBa
aegopmauis (GA) — petponynbcis (PED)»:
dakTnyHe po3ginieHHs1 ABOX KnacTepiB
(Touykn — nauieHTn, X — yeHTpoiaun)

0,98—0,99). Hatomicte PED sik mooanHOKMI mapaMeTp
posninsie MmopdoTtunu A3-A4 crabko (AUC 0,635), Tomy
KOMIIPECIHO-PETPONYNbCiiHUI MOPGOTUTT BUPIZHSIETh-
cs He i301p0BaHNM 3HaueHHIM PED, a moenHaHHSIM Bi-
HOCHO 30epexXKeHOI BUCOTH Tijla XpeOIlsd, Majioi KyTOBOI Jie-
(opmaliii Ta KJIiHIYHO 3HAYYIIOT PETPOITYJIbCii (pparmMeHTa.
BinHecenHs malieHTa BUKOHYETHCS 3a CYKYITHICTIO ITapa-
METpiB (HAOMVKIMIA LIEHTPOIN; AWB. JOJATOK A), a He 3a
OJIHI€I0 O3HAKOIO.

Mopdortun yrounioe i mintun Al/A2 (tabi. 4): migTun
Al posnoainsiBcst MixX yciMa TpboMa MopdotunaMu (KoM-
rneHcoBaHuit — 19, cyokoMneHcoBaHU — 22, NEKOMIEeH-
coBaHuil — 4), Toni K A2 OyB NepeBaxKHO JIEKOMIIEHCO-
BaHuM (11 i3 12). OTXe, OCHOBHUIT MacuB MOP(HOTUTIOBOT
Bapiallii 3ocepe/keHO BcepeauHi Al, skuii dopmanbHa
Kimacugikaris He qudepeHLIiioe.

Mopdotummn A3-A4 He nyomoroTh marun AQO Spine
(Tabm. 5): migTum A3 po3noniisiBcs Mixk oboma MopgOoTHUIIa-
mu (37 kidotuko-nedopmaltiiiHux i 19 kommnpeciiiHo-peTpo-
MyJIbCIHMX), TOMI SIK A4 OyB IepeBaxkHO KOMIIPECiitHO-pe-
TpoIyabCiiHUM (41 i3 44). 3B’430K CUJIbHMIA, ajic HEMOBHUIA
(V Kpamepa 0,58), T06T0 MOPOTHUIT HECE TAKTUUHO 3HAYYIILY
iH(opMallito, 1110 He 3BOAUTHCS 10 (hOPMATbHOTO MiATHITY.
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KAiHiYHi iAtoCTpaLUii mopdoTunis

Mopdorunu BiaTBoproBaHo posnizHatoThesd Ha KT. Ha
puc. 3 i 4 HaBeIeHO perpe3eHTaTUBHI MPUKIIAIU 38 KOX-
HUM MOpP(OTUNOM i3 3a3HAYEHHSIM MOPGHOMETPUIHUX
napaMmeTpiB, 110 BiANMOBIAAIOTH KJIACTEPHUM KPUTEPIsSIM
(Tabn. 2). ¥ wiit Bepcii mo3uilii 300pakeHb MO3HAYEHO SIK
micis myisg 3HeocobeHnx KT-caritarbHUX peKOHCTPYKITii
i3 po3mitkoro CA, GA i (st A3-A4) PED.

MopdoTun i peaAizoBAHA TAKTUKA

dakTruHa JliKyBaJlbHa TAKTUKA Oyjia TICHO MOB’si3aHa 3
mopdotunom (y% A1-A2 — 35,8; A3-A4 — 37,5; p < 0,001
Ut 000x) (Tabma. 6). Ipu A1-A2 criocTepiraBcs o4ikyBa-
HUI 3a TpagieHTOM MepeXil: KOMIIEHCOBaHUU MopdoTum
JIIKyBaJIM KOHCEPBAaTUBHO 200 1ieMeHToriactTuko (19 i3
19), cyOkoMIIeHCOBaHUII — MaiiKe MOBHICTIO IIEMEHTO-

miactukoro (21 i3 23), a aeKoMmIieHCOBaHMiT MOTpeOyBaB
aKTUBHOI ctabinizaiii — kopotkoi TII® (10 i3 15). IMpu
A3-A4 MopdOoTUIM BiATBOPIOBAJIM JiBa TaKTUYHi ClieHA-
pii: KioTuko-gedopmaiiiitnuit MmopgoTurn y Bcix 40 crio-
CTEPEXEHHSIX JIIKYBaJIM [JIOBTOK TPAaHCIEAUKYISIPHOIO
dikcamiero (yrpUMaHHS cariTaabHOI KOPEeKIIii), TOHi SIK
KOMITPECiifHO-peTPOTyIbCiiHUI MaB BapiaTUBHY TaKTH-
Ky — kopotka TTI® (25), nosra TIID (24), KoprieKToMist
(7) Ta mooOAMHOKA ILIEMEHTOIIACTHKA, BimoOpaxKalouu Mo-
TpeOy B iHAUBIAYaJIbHOMY OLIiHIOBaHHI KaHaJTy, 1eKOMIIpe-
cii Ta OMOPO3AAaTHOCTI Tija.

Mopdotun i pes3yAbTtaTtn

Mopdotun O6yB acoliiioBaHUI HE JuIle 3 TaKTUKOIO,
a i1 i3 MexaHiko-nedopmaniiHuM pesyabratom (Tabdn. 7;
YacTOTH PO3paxOBaHO Bill KiJBKOCTI MAli€HTIB i3 12-Mi-

Ta6nuus 2. KinbkicHi kputepii MopgoTunis Tuny A (M = SD)

Tun/mopdoTun n CA,° GA,° A/P AVH PED, mm
A1-A2, koMneHcoBaHUM 19 6,5+0,9 | 10,6 1,7 | 0,80+0,05 - -
A1-A2, cy6bKOMMNEHCOBAHNIA 23 96+1,1 | 20,7+1,9 | 0,60+ 0,06 - -
A1-A2, nekoMneHcoBaHUi 15 15,4+3,6 | 25,7+2,5 | 0,44 +0,04 - -
A3-A4, KiboTrko-pgedopmaLiiHmii 40 16,2+3,2| 19,2+4,2 | 0,63+0,09 | 0,60+0,08 | 3,9+1,6
A3-A4, KOMNPECINHO-PETPONYNbCIHNA 60 46+41 6,2+4,1 | 0,93+0,08|0,81+0,17 | 54+2,8

Tabnuus 3. BHYTPILWWHA ANCKPUMIHAHTHA XxapakTepucTuka MopgoTunis: 3a4aTHiCTb OKpeMux napamMmeTpis
po3ginartu knacrtepu (ROC; 95% [l — 6yrctpen, 500 noBTOpIB; 32 NOBHOI cenapadii iHTepBan cTaryerbcs
Ao 1,00). Bigobpaxkae CTPYKTYpY k/iacTepiB, a He He3aeXHWU NPorHo3

Po3zpineHHsa mopdoTtunie MapameTp AUC [95% Al] Se Sp
A/P ratio (mexa ~ 0,49) 1,000 [1,00-1,00] 1,00 1,00
A1-A2: 1eKOMMNEHC. VS iHLLi CA (mexa=~ 11,9°) 0,999 1[0,99-1,00] 1,00 0,98
GA (Mexa ~ 23°) 0,983 [0,95-1,00] 0,98 0,93
A/P ratio (mexa ~ 0,76) 0,991 [0,98-1,00] 0,97 0,93
A3-A4: KiboTVKO-0eDOPM. VS CA (mMexa=~ 11,2°) 0,9821[0,96-1,00] 0,93 0,95
peTponynbLC. GA (Mexa~ 12,4°) 0,977 [0,95-1,00] 1,00 0,92
PED (nooamnHokunii) 0,6351[0,53-0,74] - -
Tabnuus 4. Posnogin nigtunie A1/A2 3a mopgoTunamm
. . o CyGKOMMNEeHCco- JekomMneHco-
MiaTnn AO Spine KomneHcoBaHui BaHWIA BaHWIA Ycboro
A1 19 22 4 45
A2 0 1 11 12
Ycboro 19 23 15 57
Tabnuusa 5. Poznogin nigtunie A3/A4 3a mopgorunamm (x> = 33,6; p < 0,001; V Kpamepa = 0,58)
. . KidpoTunko- KomnpecinHo-
MiaTun AO Spine AedopmauiiHnin peTponysbCiiHNA e
A3 37 19 56
A4 3 41 44
Ycboro 40 60 100
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PucyHok 3. MopgogyHKkuioHanbHIi BapiaHTh koMnpecinHoi gegopmauii Ta cermeHTapHOI caritasbHoOi
BignoBipi npy nepenomax tunis A1-A2 (ywkopxxeHHs Tuny A1 xpebus L1): A — komneHcoBaHuii BapiaHT
(CA=6,3, GA=11,3, A/Pratio = 0,80); B — cybkomneHcoBaHwuii BapiauT (CA= 10,9, GA= 19,7,
A/Pratio = 0,61); B — nekomneHcoBaHwnii BapiaHT (CA = 25,4, GA=31,8, A/P ratio = 0,43)

PucyHok 4. KninivyHi npuknagu mopgotunie A3-A4 (CKT, caritanbHa peKOHCTPYKUis1):
A — kigpoTuko-gepopmauiinnii (CA 24,5°, GA 24,4°, A/P ratio 0,49, AVH ratio 0,65, PED 5,2 mm),
b — komnpecinHo-peTponynsciviini (CA 14,6°, GA 12,1°, A/P ratio 0,72, AVH ratio 0,42, PED 9,8 mm)
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CSYHUM KaTaMHe3oM, 3 95% J11 3a metogom Wilson). He-
COPUSITJIMBUI pe3ysbTaT (KJIiHIYHA CKjaneHa Todka) i
dopmasibHa CTPYKTYpHa HECIIPOMOXHICTh (PEHTI€HOJIO-
riYHUI KpUTEpiil) — MOB’sI3aHi, aje pi3Hi KiHIEBi TOYKU,
TOMY ixHi yactoTu He BkJaneHi. [Ipu A1-A2 yacTtora He-
CTIPUSITJIMBOTO pe3ybTaTy 3pocTasa 3a rpamieHTom: 0/19
(0 %; 95% 11 0—17), 1/19 (5,3 %; 95% M1 1-25) i 4/15
(26,7 %; 95% J11 11—52); BinHOILIEHHS IIAHCIB IJIs1 JEKOM-
MEHCOBAHOTO MOPMOTUITY ITPOTH KOMIIEHCOBAHOTIO Ta Cy0-
KOMIIEHCOBAHOTO CTaHOBUJIO 9,8 (3 mornpaBkoto XoJiaei-
Ha — AHCKoMOa 3 OIJISIAY Ha MaJli 4YMciia; HECKOPUTOBaHUM
OR 13,5; 95% 11 1,4—70; Fisher p = 0,019). I1pu A3-A4
Kioruko-nedopmaniiiHuit MmopdoTtun nepedirap 6e3 He-
CIPUSITIIMBUX MeXaHiko-aedopmaniiHux moaiit  (0/40;
BepxHs Mexxa 95% J11 6iu3bpko 9 %), Tomi SIK KOMITpeciiiHO-
PETPOMYJIbCIiTHUIT MaB HECTIPUSTIIMBUMN pe3yabTaTy 15/48
(31,2 %; 95% N1 20—45) i cTpyKTypHY HECTIPOMOXKHICTD Y
16/48 (33,3 %; 95% 11 22—47). Oxpemo cepen KoHbirypa-
il (pikcalii KopoTka 4-TBUHTOBA KOHCTPYKIIisl BUSIBUIACS
HECITPOMOXHOIO B 4 i3 14 (28,6 %). 1li naHi MarOTh OIKCO-
BU XapakTep: TSK4i MOPMOTUIIM OTPUMYBAJIM CKJIagHiIlIe

JIIKyBaHHSI, TOMY Pe3yJbTaTH BiIoOpaXKaloTh peasi30BaHy
MPaKTUKY, a HEe TIpsSIME MOPIiBHSIHHS €(PEeKTUBHOCTI METO-
IIiB; HYJIbOBi YaCTOTU 32 OOMEXEHOTO KaTaMHe3y (IIUPOKi
BepxHi MexXi JI]) He OBOASATH BiICYyTHOCTI PU3KUKY.

HecnpomoxHicTh 3anexkana Big KoH(irypauii 3amHboi
¢ikcariii (Tad. 8): KopoTKa 4-rBUHTOBA KOHCTPYKIIisl Oysia
HecripoMoxkHa y 28,6 %, Tomi sIK J10Bra 8-rBUHTOBa — Y
9,6 %, a KOpoTKa 6-TBUHTOBa 3 MPOMIKHUMHU TBUHTA-
Mu — B 11,1 %; 11e BinnoBizae BUOOPY MPOTSDKHIIINX a060
MiACUJIEHUX KOHCTPYKILiK Mpu MopdoTUmax i3 BUCOKUM
nedopmaniinum pusukoM. [lopiBHSHHSI KoH(irypaitriit
Ma€ ONMUCOBMI Xapakrep i mimmaerbesi confounding by
indication: TOBXWHY KOHCTPYKIIil OOMpain 3a BUXiTHOIO
MOPGOJIOTI€I0 YIIKOMKEHHS.

[IIo6 owinuTy, Y1 He € MOP(OTUI JHILE OMOCepem-
KOBaHMM BimoOpaXkeHHSIM HEBPOJIOTIYHOI TSXKKOCTI, TIpo-
aHaJi30BaHO PO3MOIi KIiHIYHUX MOAM(iKaTOpiB 3a MOp-
orunamu (tabn. 9). Ycepenuni Al-A2 HeBpOJOTiYHUI
nediluT TparuisiBesl icTOTHO pianie, Hix npu A3-A4, are
KOHIIEHTPYBaBCsI B IEKOMITEHCOBAaHOMY MOP(OTHII; OTXKE,
rpamieHT Al-A2 BigoOpaxae mepemyciM BTpaTy IepeaHbOl

Tab6anus 6. dakTnyHUi po3noain metoais nikyBaHHs 3a MopgoTunamm (KinbkicTe nayieHTie; gosra TrH®
BKJIIOYa€E BapiaHTU 3 BiAKPUTOIO Ta HENPsIMOIO 4EeKOMIIPECIEI0)

MopdoTun KoHceps. LlemeHnTonn. | Kopotka TMNd | Adosra TNd Kopnekr. n
ﬁlj”;lAZ KOMMNEHCcOoBa- 6 13 0 0 0 19
,:;Hﬁg cyOKOMMeHCco- 1 21 1 0 0 o3
,:;Hﬁg NEKOMMNEHCO- 1 4 10 0 0 15
s | o | o o | o [ o [a
Bt oupeco | : 2 24 T | e

Tabnuusa 7. Pe3ynbtatu 12-mMics4HOro crioctepexeHHs 3a mopgortunamm (4actoru 3 95% [jl 3a Wilson)

Hecnpuatn.
CTpPYKT. HECNpPOM. Brparta
MopdoTun KartamHes mex.-pedopm. c. o
peaynurat (95% Al) (95% Al) Kopekuii > 10

A1-A2, KOMNEHCOBaHNM 19 0/19;0 % (0-17) 0/19; 0% (0-17) 0/19; 0%
A1-A2, cybKOMNEHCOBaHMUI 19 1/19; 5,3 % (1-25) 0/19; 0% (0-17) 0/19;0%
A1-A2, nekomMneHcoBaHui 15 4/15; 26,7 % (11-52) | 3/15; 20,0 % (7-45) 1/15; 6,7 %
A3-Ad, KiGOTUKO-REPOPMALIA- 40 0/40; 0 % (0-9) 0/40; 0 % (0-9) 0/40; 0 %
A3-A4, KOMNPECIAHO-PETPO- ) _ 16/48; 33,3 % .
NYABCIFAHMIA 48 15/48; 31,2 % (20-45) (22-47) 4/48;8,3%

Tabnuus 8. CTpyKkTypHa HECIMPOMOXKHICTb 3a KOH@Irypauieto 3agHboi ikcauii (A3-A4, 12 mic.)

Kondirypauia dikcauir n CTpPYKT. HECNPOM.
KopoTtka 4-reuHToBa (1 Buwe + 1 Hux4e) 14 4/14 (28,6 %)
KopoTka 6-rBMHTOBA 3 MPOMIXHUMM 9 1/9 (11,1 %)
Josra 8-remHToBa (2 BuLLE + 2 HUXYE) 52 5/52 (9,6 %)
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OIOpH, XO0ua B YaCTMHU JIEKOMIIEHCOBAHUX YIIKOIXEHb
MOEIHYETHCSI 3 HEBPOJOTIYHUM jAedilluToM. YcepeanHi
A3-A4 obuasa MOpMOTUTIM MaJIM OJJHAKOBO BUCOKY Yac-
toTy nediuuty (98 i 87 %), ToMy BiIMiHHICTb Ki(pOTHKO-
neopMalliifHOro Ta KOMIIPECiiTHO-PETPOIYIbCiHHOTO
MOpPGOTHUITIB He MOSICHIOEThCS Ki1acoM ASIA i BimoOpakae
came MexaHi3M peatizallil ymkomKkeHHs. Lle miarBepmkye,
1o Mop¢oTun Hece iH(opMallilo, sika He 3BOAUTHCS IO
HEBPOJIOTIYHOTO CTaTyCy.

Ockinbku obuasa mopgoTtunu A3-A4 maiu BHCOKY
YacTOTy HEBPOJIOTiYHOro AedilluTy, OKpPeMO MpoaHali-
30BaHO 00CAT gekoMmpecii Ta 12-MicsluHY ITMHaMIKy 3a
ASIA (ta6n. 10). Kidoruko-nedopmaniitHuit mopdorun
yacrile OTpUMYBaB MpsiMy (BiIKPUTY) TEKOMIIpECi0 B
noegHaHHi 3 qoBroio ¢ikcamiero (32 i3 40), KoMmpeciitHo-
pPeTPONyY/IbCIHMIA PO3MOALIABCS MixX BinkpuToio (26) i He-
npsMoio (22) nekomripecielo. BaximBo, 1110 HeBpooTiyHa
IMHaMika Oyla CIpUSTIMBOIO: MOJiMiIeHHs Kiacy ASIA
BinzHaueHo y 15 i3 40 npu Kidotuko-nedopmaliiiHoMy Ta
y 22 i3 48 malieHTiB MPY KOMIMPECiHHO-PETPONYIbCiitHOMY
MOp(OTHTI, MOTIpILIEHHS — JIUIIE B OJHOMY CIIOCTEPEXKEH -
Hi. OTXe, cKiIaleHa KiHIleBa TOYKa B poOOTi € MeXaHiKo-
nedopMalliifHoo (iMIIaHT-acoliiioBaHi Ta qedopMariiiHi
Mofii), TOMi SIK HEBPOJIOTIYHE BiTHOBJIEHHS aHaTi3yBaJn
OKpEeMO i BOHO OyJIO IIepeBaKHO IMMO3UTUBHUM; (DOPMYITIO-
BaHHS «0e3 HeCIPUSITIMBUX TOJiif» CTOCYEThCSI caMe Me-
XaHiKo-aedopMaliiiHOI TOUKH, a HE HeBPOJIOTil.

AAroputm Bu6opy TaKTUKU: MopdoTUn
K 6a30Be pilleHHSs

Mopdotun ciayryBaB OCHOBOIO BHOOpPY ©0a30BOTo
TaKTUYHOTO CIIEHapilo, a KiJIbKiCHI TOpOroBi 3Ha4YeH-
Hs1 Mioro MoaugikyBanu (puc. 5, tabn. 12). Ipu Al1-A2
rpagieHT MOpQOTUIIIB TPSIMO BIIOBiZaB 3pPOCTaHHIO
00csiTy BTpYYaHHSI: KOMIIEHCOBaHUI — 30Ha CrocTepe-

JKeHHSI Ta KOHCEPBAaTMBHOIO BEIEHHSI; CyOKOMIIEHCOBa-
HUII — OCHOBHA c(epa ITyHKIIHHOI IIEMEHTOIUIACTUKM
SIK aHaJITeTUYHO-CTaOUTi3yBaIbHOTO MeTomy (3a O0JIbO-
Boro cuHapoMmy NRS > 6 i BTpatu BUCOTH Tia XpeOiis
20—50 %); neKOMIIEHCOBaHMII — aKTMBHA CTabiii3aiis,
yacTillle KOpOTKa TpaHCIeIUKYyAsipHa (ikcallis 3 TpoMix-
HumuU rBUHTaMM. Husbka minbHicTb Kictku (HU < 150) Ha
Oynb-IKOMY piBHi 3MilllyBajia pilleHHS y OiK ayrMeHTallil
rBUHTIB. Ham yciM aaroputMoMm aitoTh OOOB’SI3KOBi KJTi-
HiuHi Mommdikaropu — HeBpoJoriyHuii cratyc (ASIA),
CTaH 3aIHbOTO JIIraAMEHTO3HOTO KOMILIEKCY, BUPAKEHICTh
00JIbOBOTO CUHIPOMY, BiK i KOMOPOiIHICTh, TEXHIYHA 3111~
CHEHHICTb, SIKi MOp(OTHUII HE CKACOBYE, a JOIIOBHIOE.

IIpu A3-A4 mopdoTun 3amaBaB IIPOBiIHE TAKTUYHE
mutaHHg. g KipoTuko-mepopMauiiitHoro MopdoTUILy
OCHOBHHMM 3aBIaHHSIM OyJIO YyTpMMaHHS cariTaJbHOI KO-
PpeKlii: 6a30BMM pillIeHHSIM CJIyryBajia 1oBra (8-rBUHTOBA)
TPaHCIEAMKY/ISIPHA KOHCTPYKLLisl, a MOPOroBi 3HAYEHHS
CA > 14° ta/abo GA > 25° ciyryBajiu JOJATKOBUMMU Killb-
KiCHUMU apryMeHTaMUu Ha KOPUCTb 30iLTbIIICHHS JOBXUHU
KOHCTPYKIIii, 0COOJMBO B MEKOBUX BUIAAKaX (ycepeauHi
camMoro Mop@oTHIly cepeaHi 3HaueHHs medopMallii Mo-
KyTb OYyTU HIDKIMMM 3a 11i IToporu). s KoMIipeciiiHo-pe-
TPOITYJIbCITHOTO MOP(MOTUITY IIPOBITHMM CTaBaJIO IIMTAHHSI
JIEKOMIIpECii: 3a MOIE/UII0 HEeIpsIMOI TeKOMIIpecii o0uuc-
JIIOBAJIM 3aJIMIIKOBUI CTEHO3 i ITOPiBHIOBAIU 3 PiBEHb-3a-
JISXKHUM opieHTUpoM (6au3bko 35 % mist Th11-Thl12, 45 %
s L1, 55 % nnst L2), 1110 po3MeXXoBYBaJIo BiIKPUTY Ta He-
MpsIMY IEKOMIIPECito; BiIbHUIT a00 MirpoBaHuil (hparMeHT
3a/1aBaB TMPiOPUTET BinKpuUTOI nekomIipecii. Kopriekromito
pO3IISIIAIA JIMIIE 32 BY3bKUMM TIOKa3aHHSIMM — TpyoOa
MyJibTU(parMeHTapHa IeCTPyKIlis Tijia 800 HEMOXJIMBICTh
30eperTy IepemHIo OIopY ITiC/Is BUIaJIeHHS (pparMeHTiB.

3acToCOBaHi TAKTUYHI OPIEHTUPU Ta IXHi IKepesia 3Be-
neHo B Tabj. 11. Mopdorun-posaintoBanbHi Mexi CA/GA

Tabnuus 9. Po3anoain kniniyHnx mogungikaTopis 3a MopgdoTunamm (YncenbHUK/KinbKicTb NaLi€eHTIB
i3 goctynHumum ganumu; ansa ASIA — A-D/E)

MopdoTun n ASIA A-D/E HU< 150 NRS > 6
A1-A2, komMneHcoBaHWM 19 0/19 7/15 0/19
A1-A2, cyGKOMMNEHCOBaHU 23 4/19 7/21 2/23
A1-A2, neKoMNeHCoBaHMM 15 8/7 8/13 7/11
A3-A4, KiboTnko-gedopmauinHmn 40 39/1 19/38 40/40
A3-A4, KOMNPECINHO-PETPONYJSb-
civiHmiA 60 52/8 21/55 41/60

Ta6nuusa 10. fekomnpecis Ta 12-micssyHa guHamika 3a ASIA B MopgoTunax A3-A4 (kinbKicTb nauieHTiIB).
Hexkomnpecito HaBegeHo ans Beiei rpynu A3-A4 (40 i 60); auHamiky 3a ASIA — ans nayieHTiB
i3 12-mica4Hnm katamHe3omM (40i 48)

MopdoTun A3- Bipkp. ne- Henp. pe- be3s pe- ASIA no- . .
A4 KOMIp. KOMIIp. KOMMp. KpaLi. Bes 3miH Moripw.
KidpoTnko-pgedop-
MaviiHni 32 4 4 15 25 0
KomnpecinHo-pe-
TPONYALCIVHWI 26 22 12 22 25 1
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MaloTh BHYTPIlLIHilA IMCKPUMiHAHTHUM xapakTep (Tao. 3);
TaKTUYHi Toporosi 3HaueHHss CA > 14°/GA > 25° i piBeHb-
3aJIeXKHUI OPIEHTUP CTEHO3Y € POOOYMMHU Ta MOAETbHUMU
OpiEHTUPAMHM, a He BaJlilOBAHMMU MPOTrHOCTUYHUMM TO-
poramu.

O6roBopeHHs

OTpuMaHi 1aHi 1al0Th 3MOTY PO3IJISIIATU MOP(OTUIT SIK
Oe3rocepenHill KiIbKiCHUI piBeHb YXBaJICHHS pIillICHHST B
Mexax MopdoJoriunoi paMku AO Spine, Tomi K caM TUII
AO Spine 30epirae 3HaueHHs BUXiAHOI KiacudiKaliitHoi
oci. YcepeauHi Tamy A yIIKOIXXEHHS (YyHKIIIOHAJIbHO
HEOMHOPiAHI, i KilbKicHa Mop@oMeTpis BiZTBOpPIOBAaHO
po306uBae ix Ha MOpPGOTUIIM, IO BiAINOBIAAIOTH Pi3HUM
TaKTUYHUM 30HaM: rpamieHT Al-A2 — 3pocTaHHIO 00CsITY
BTpy4YaHHSI, a ABa Mopdotunu A3-A4 — 1BOM pi3HUM IPO-
BiTHUM TIUTaHHSIM (YTPUMaHHS KOPEKIlii TPOTH JEKOMII-
pecii). Haitnaounimre e npu A3-A4: kidbotuko-aedopma-
LiHWIT MOPMOTUII B YCiX CITOCTEPEXKEHHSIX OTPUMAB JIOBTY
dikcalio, Tomi K PeTPOMyIbCiiiHII PO3IMOMIIMBCS MiX
KOPOTKOIO, TOBrolo (ikcalli€lo Ta KOPIEKTOMIEIO.

Oco061MBe 3HAaUEHHS MA€ HEBIMOBIIHICTh MiX JOKaJb-
HUMU BUCOTHMMMU MapaMeTpaMu Ta KyTOBOIO aedopMalli-
€10. A/P ratio xapakTepusye mnepeBaxKHO reoOMeTpiro Tija

yikomkeHoro xpebus, Toai sk CA i GA BizoOpaxaroTb
iHTerpaJibHy nedopmMaliifHy BiIIOBiIb XpeOTOBOrO cer-
MeHTa. Tomy 3a 1oiOHOTO CTYIEHST KOMIIpecii Tijia Xpeo1is
BinminHocTi CA/GA BKa3yioTh Ha pi3Hi MopdodyHKITio-
HaJIbHi CTaHW: KOMIIEHCOBAHMIA, 3a IKOTO JIOKaJIbHa BTpaTa
BUCOTHM He IPU3BOIUTH A0 BUpPaKeHOi KidoTu3arlii, i me-
KOMIIEHCOBAaHUM, 3a SIKOTO IMOAi0OHEe YIIKOIKEHHS peasi3y-
€ThCS Y 3HAUYIIY cariTajbHy Aedopmaliio. ¥ 1IboMY CeHCi
Mopdotun € He npocto KT-mopdosoriuHoro rpyrmolo, a
MophohyHKIIIOHATbHUM (DEHOTUIIOM YIIKOIXKEHHS, 110
BimoOpakae CHiBBIIHOLIEHHS MiX JIOKAaJbHUM CTYIIEHEM
pyiitHYBaHHS Tila XpeOlist Ta GiomexaHiuHOw,/ nedopmarltiii-
HOIO BiJIMOBIII0 XpeOTOBOTO CErMEHTA.

XapakTep 1IbOTO 3B’ 13Ky MOTPeOy€E OKPEMOTO TTOSICHEH-
Hs1. MopdoTu opMyeThCs 3 TUX CAMUX KiTbKICHIX O3HAK
(medopmaliisi, BTpata BUCOTH, PETPOIYJIbCisl, SIKICTh KiCT-
KU), Ha SIKi OPiEHTYETHCS Xipypr, TOMY BHMCOKA acolliallist
MOpGhOTHUITY 3 peasli3oBaHOI0 TAKTUKOIO OUiKyBaHa i 03Ha-
yae, 1110 MophOoTUT BiNTBOpIoBaHO hopMaiszye Bxe HasiB-
HY KJIiHIYHY JIOTiKY, a He TOBOIUThL He3aJexKHY IepeBary
anaroputmy. JIJist TATBEPIKEHHST TOTO, 1110 3aCTOCYBaHHS
aJITOPUTMY caMoO I10 CO0i MOJIIIIIIY€E pe3yIbTaTH, ITOTPiOHA
MpOCIeKTUBHA a00 30BHIIIIHS Batigallisl (Harpukiam, mo-
PIBHSIHHSI pe3YJIbTATiB IO Ta IMiCJIsl BIPOBAIKEHHST).

(HauieHT: ywkomxeHHA Th11-L2 type A)

AQ Spine
Al-A2: koMnpecinHi AI'AZ_’/ \\*AS—,M A3-A4: Bubyxosi
i Cranpaptuaysatu CA, GA, A/P,
Crangaptuayeatn CA, GA, A/P AVH, AED, PED
BiacraHb d, Ao uenTpoigis A1-A2 [ BincTaHb d, Ao UueHTpoinis A3-A4
: ) )
Mopdpotun A1-A2 Mopdotun A3-A4
K \,q\ Kidp : 0 K .
oM. eKomn. id.-ged. OMMP.-pP.
o Cyﬁiomn. e p, \
Cnocrepe- LlemeHTo- Kopotka TTd [oera TMd Tr® + pekomnpecis
KEeHHA nnacTuka (+ kopnekTomisi)

O6oB'A3KoBi MogudikaTopu (Haa yciM anroputmMom):
ASIA - 31K - HU - cTeHos 35/45/55 % - Gine | guHamika gedopmallii - TexHIiYHa 30iRCHEeHHICT

C ®iHanbHa iHAMBIAyanizoBaHa TakTuKa )

PucyHok 5. InamuBinyanizoBaHuii anroputm BUGOPY TaKTUKU MPU YLLIKOAXKEHHSX TUMy A:
T™"MN — MopgoTun — 6a3oBa TakTUKa — KiflbKicHi MmogugikaTopu
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OtpuMaHi pe3ynbTaTH BiIIIOBiZAlOTh YCTAJIEHOMY B JIi-
TepaTypi po3yMiHHIO TOro, 1110 MopdosioriuHa Kiacudi-
Kallig HeoOXimHa, ajie HeOOCTaTHS IS iHAWBIiIyaJbHOTO
Bubopy Taktuku. A.F. Joaquim i A A. Patel [16] Haroso-
LIYIOTh, 1110 KJIacudikallis 3agae paMKy, aje pillieHHs I10-
TpeOye iHTerpallii 107aTKOBUX YNHHUKIB; CaMe TOMY aBTO-
pu Thoracolumbar AOSpine Injury Score [17] nornoBHWIN
MOp(}OJIOTiF0 HEBPOJOTIYHUM CTaTycoOM i MoaudikaTopa-
mu, a S. Rajasekaran i criiBaBT. [8, 18] mokasanu, 110 gaHi
KT i MPT cyTTeBO 3MiHIOIOTH KJTacudiKallilo Ta Xipypriuae
pitieHHs1. MopdoTtun onepaitioHanizye 10 et KiJbKic-
Ho, nepeBoasiun Habip KT-mapaMmerpiB y KOHKpEeTHY Tak-
TUYHY 30HY BCepearHi (opMalbHOTIO TUITY A.

HaiizmicToBHile 3icTaBiIeHHS — 3a BUOOPOM TOBXKHU-
HU KOHCTPYKIii, LEHTPaJIbHUM IIPEAMETOM IMCKYCii B
nitepatypi. Kiacugikalliss HaBaHTaXKyBaJbHOIO PO3II0-
niny McCormack [7] nepiuoro noB’si3aja yJaMKOBICTh i3
PU3MKOM HECHPOMOXKHOCTI KOPOTKOCEIMEHTHOI (hikcarlil
(3a cymoro moHan 6 6aniB). M. Altay i criiaBT. [19] Ha BH-
OYXOBHUX TepesioMax IPyA0NoNnepeKoBOro nepexoay Tumy A

3a Magerl moxasanu, 110 i30JIbOBaHa KOPOTKOCETMEHTHA
¢ikcalliss CyIpoBOMXKYETHCS BUCOKOIO YaCTOTOIO HECIIPO-
MOXHOCTI iMILJIaHTa Ta BTpaTX KOPEKIlii, i 3aponoHyBaIu
0o0MpaTH JOBXMHY KOHCTPYKILii 3a load-sharing i minTumnom
Magerl. H. Aono i criiBaBT. [20] moBizoMuiIu mpo HeCIpo-
MOXHICTh KOpOTKOI (hikcalii y 28,6 % crnoctepexkeHb, Te-
pendauyBany cymoro load-sharing moHaz 6, BUOYXOBUM Xa-
paxkTepoM i TpaHcsALieto; 6iomexaniuni gani R.F. McLain
[21, 22] TakoX cBig4aTh Ha KOPUCTh MPOTSKHIIINX KOH-
CTPYKIIil IIpY BUPaKeHil HECTaOLIbHOCTI.

Hamri maHi BinTBOPIOIOTH i YTOUHIOIOTH 1110 3aKOHOMIp-
HicTh. KidoTtuko-gedopmariiinuii mopportun A3-A4 —
KiJIbKiCHUI aHAJIOT YIIIKOIKEHHS 3 BUCOKOIO HaBaHTaXYy-
BaJIbHOIO HecrnpoMoxkHicTio (BupaxkeHi CA, GA, BTpara
BUCOTH Tijla) — B ycix 40 CIIOCTepeKEHHSIX CYIPOBOIXKY-
BaBCsI JOBrolo dikcalliero Ta repediraB 6e3 HECITPUSTIMBUX
MeXaHiKo-Ie(OopMalliifHUX pe3yJIbTaTiB, TOMI SIK KOPOTKa
4-rBuHTOBA (hiKcallisl B HalIil cepil BUSBISIIACS HECTPO-
MOXHOI0 Yy 28,6 % — 3Ha4eHHsI, 1110 TPAKTUYHO 30ira€Thes
3 manumu H. Aono i ciBaBr. [20, 23]. Tum camum Mopdo-

Ta6nuus 11. KinbkicHi TakTM4Hi opieHTUPY Ta ixHi gxepena

OpieHTup dxepeno

Mpu3aHayeHHsa Crartyc

CA>14°/GA > 25° Kniniyna mopens/ROC

Pob6ounii opieHTUp
(MexoBi BUNaaku)

AprymeHT 3a JOBry
KOHCTPYKL,O

CteHo3 35/45/55 % Mopaenb A® Henpsamoi BiokpwuTa vs Henpsama . .
(3a piBHEM) ZeKoMnpecii [eKOMMpPECis MogaenbHuiA nopir
HU < 150 JlitepaTtypa/moaenb AKiCTb KiCTKM, ayrMeHTauis MoaundikaTop (nokansHo

AUC 0,55)

NRS > 6; BTparta BucoTn

20-50 % KniHivHmin kpuTepin

MokasaHHsa 00 LeMeHTO-

NNaGTUKY KniHiYHW opieHTUP

Ta6nuusa 12. BignoBigHicTb «MopgdoTun — MopgdodyHKLioHanbHUA ceHCc — 6a30Ba TaKTUKa — KiNlbKiCHI
mMmoaungikaTopu» NPy yLUKOAXXEHHSIX Tuny A

MopdodyHKUiOHaNbHUM

MopdoTun p—

Bas3oBa TakTuka

KinbkicHi MmogudikaTopu

A1-A2, koMneHcoBaHUM JNokanbHa koMnpecis 6e3
3Ha4yLol nedopmaLinHoi

peanidauii

CnocTtepexeHHs1/KoHcep-
BaTMBHE BEEHHS

Binb, anHamika pedopmadii

A1-A2, cybKkOMMNEeHco-
BaHWM

YacTkoBa BTpara onopu 3
6onboBUM/CcTabINiI3awin-
HUM 3HAYEHHAM

LlemeHTonnacTuka (aHa-
NreTnyHo-cTabinisysanbHa)

NRS > 6; BTparta Bnucotun
20-50 %; HU < 150 — ayr-
MEeHTaLiq

A1-A2, nekomneHcoBa-
HUN

BTtparta onopu peanidyetb-
cs B KihpoTnyHy gedopma-
Lito

KopoTtka TMN® i3 npomixxH®-
MU FBUHTaMu

HU < 150 — ayrmeHTau,is;
3J1K 9k 060B’A3KOBUIN MOAMN-
dikaTop

A3-A4, KiboTnko-nedpop-
MauinHum

BunbyxoBe yLLIKOOXEHHS pe-
ani3yeTbCs Yepes caritasnb-
Hy nedopmaLiito

Josra (8-reunHtosa) TNd

CA > 14° ta/abo GA

> 25° — poaaTKoBi apryMeH-
T 3a JOBry KOHCTPYyKLUito; HU
< 150 — ayrmeHTauis

A3-A4, kKoMnpeciHo-pe-
TPOMYNbCIAHWIN

BunbyxoBe yLKOOXKEHHS pe-
anisyeTbCs Yepes Komnpe-
cito kaHany

TMNd + npekomnpecis

CteHo3 vs nopir 35/45/55 %
(piBEHB) — BigkpuTa/He-
npsiMa; BiNbHWIA pparMeHT —
BigKpUTa

A3-A4, ocobnuBa cuTy-
aujsa: rpyba oecTpykuis
Tina

HemoxnueicTb 36epertu
nepeaHio onopy

+ KOPNeKToMis (By3bKi No-
Ka3aHHS)

pyba pecTpykuis; Tino
HenpuaaTHe K ONOPHUN
enemMeHT
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Tur noctae K KT-noxigHe po3impeHHs npuHLuIty load-
sharing: 3aMicTb 6aJTbHOI OLIIHKM YJIaMKOBOCTI BUKOPUCTO-
BYETbCS OaraToBUMipHUiA KinbkicHuit npodias (CA, GA,
A/P, PED), sikuit 1onaTkoBO po3pi3Hsie aedopMatiiitHuii i
PETPOITYJILCIHNI MeXaHi3MM.

Hnst xomnpeciitHux nepeaomiB Al-A2 rpamieHT Mopdo-
THITIB BilTIOBiZAa€ CIIEKTPY pillleHb, 110 OOTOBOPIOIOTHCS B
nmitepatypi. OOIpyHTOBaHICTh KOHCEPBATUBHOIO BEACHHS
KOMITEHCOBAaHOTO MOP(MOTHILY 3a BiICYTHOCTiI HEBPOJIOTiu-
HOro aediluTy NiATBepIKeHa PAaHIOMI30BaHUMU JaHUMU
K.B. Wood i cniBaBr. [24]; cybkoMmIieHCOBaHUIT MOpdO-
TUIT — OCHOBHA cepa MyHKUIHHOT IEMEHTOIUIACTUKH, 1110
Y3TOJKYETBCS 3 PEKOMEHAALLISIMU 111010 OCTEOTTOPOTUYHUX
i KOMIIpeciitHuX yikomkeHs [11, 12, 25]; nekomrieHcoBa-
HUI1 — 30HA aKTMBHOI cTabiji3allii, 110 BialIoBigae MminBu-
1LIEHOMY PU3UKY TPOTrpecyBaHHS KihOTUUHOI Aedopmarilil
npu yikomkeHHsax Tumy Al [26]. KoHLieHTpallist Hecripu-
SITIIMBUX Pe3yJIbTaTiB caMe B IEKOMIIEHCOBaAaHOMY MOpdo-
tumi (26,7 %) mokasye, 1110 MexKa MixX LIeMeHTOIJIaCTUKOIO
Ta ¢ikcalliero KJIiHiYHO 3HavyIIIa.

J1J1s1 KOMITpeCiliHO-peTPOITyIbCiliHOrO MOP(OTUITY ITPO-
BiTHUM CTa€ MUTaHHS AeKOMIpecii. 3acTocoBaHa Mojeb
HEMpSIMOi TeKOMIIPECii 3 piBeHb-3IEXKHUM OPIEHTUPOM
3JIUIIKOBOTO CTEHO3Y PO3BMBAE HAlll paHille OMmyoJiKo-
BaHWUi1 aHaJi3 11 e(heKTUBHOCTI MPU BUOYXOBUX TepeoMax
[27] i y3rOmXKyeThCcsl 3 KOHIICTIIEI JIiraMeHTOTaKCUCY:
HeIpsMa JeKoMIIpecis epeKTUBHA 3a 30epeKeHUX 3aTHiX
OMOPHUX CTPYKTYpP, TOHi K BUIbHMII ab0 MirpoBaHUA
(dparMeHT noTpedye MPSIMOI TeKOMIIPECii.

OTXe, 3ampONOHOBAHUI AJITOPUTM <«TUI — MOPQO-
TUIT — 0a30Ba TaKTWKa — KiJIbKiCHI Moaudikatopu» He
MPOTUCTABIISIEThCS HASIBHUM CHCTeMaM, a iHrerpye ix: AO
Spine 3amuIIaeTbcss MOPQOJIOTIYHOIO BiCCIO, HPUHLIMII
load-sharing [7] Ta imes iHaMBimyami3ailii TOBXWHU KOH-
crpykuii [19, 20] oTpumyloTh KijbKicHe MOPGhOTUIIOBE
BUpaxkeHHs (MiATBepIKeHe HalluMU OioMeXaHiYHMMMU Ta
KJIIHIYHUMU poOOTaMU 3 KOPOTKO- Ta JOBrOCETMEHTHOI
crabimizarii [28, 29]), a HEBPOJIOTiYHUIA CTaTyC i CTaH 3a-
JIHBOTO JIIFAMEHTO3HOTO KOMIUIEKCY BXOISITh SIK MOIMU(i-
katopu — sik y TLICS [6, 30] i Thoracolumbar AOSpine
Injury Score [17].

IToporosi 3HaueHHSI IMMOTPEOYIOTH OKPEMOIO PO3MEXKY-
BaHHs. Mopdotunosi mexi (CA 6im3bko 7,6° 1 11,9° ipu
A1-A2) i TakTuHi moporosi 3HaueHHs (CA > 14°/GA > 25°
IJI OOBXKWHU KOHCTPYKIIil; piBeHb-3aJeXHUI OPiEHTUP
creHoay 1 nekommnpecii; HU < 150 mist ayrmeHTaltii) — 1ie
poboui opieHTHpHU cTpaTUdikallii, a He JKOPCTKi MoKa3aH-
HsI: OCTaTOYHE PillIeHHST YXBAIIOIOTh 3 ypaxyBaHHsIM ASIA,
CTaHy 3aHbOTO JIIraMEHTO3HOIO KOMILIEKCY, 00JIbOBOTO
CUHAPOMY, BiKYy Ta TeXHiIUHOI 3ailicHeHHOCTi. BaxkinBo Ta-
KoxX, mo migTunu Magerl A3.1-A3.3 He ekBiBasieHTHI A3/
A4 3a AO Spine, i B Mometi JeKOMITIpecii BOHM BUKOPHUCTO-
BYIOTBCSI caMe sIK OKpeMa MOp(dOIoriyHa XapaKTepruCcThKa.

O6MeXXeHHS AOCAIAXKEeHHS

HocnimkeHHs] Mae peTpPOCTEKTUBHO-TIPOCIIEKTUBHUIA,
HEpaHIOMi30BaHUI OU3ailH i CTAaHOBUTH ACPUBALIITHUIA
eTarn aJirOpuTMy, TOMY ITOTPeOYE 30BHIIIHBOI IPOCIIEKTUB-
HoI Basinailii. 38’5130k MOPMOTUILY 3 peasli3oBaHOIO TaKTH-

KOIO YaCTKOBO BimoOpaxkae hopmaitizallito Bxke yXBaJeHUX
XipypriyHux pillleHb, TOMy HOro He MOXHa TPaKTyBaTU
SIK I0Ka3 CaMOCTITHOI TiepeBaru ajJroputMy abo MpsMoro
TMOPIiBHAHHST €()EKTUBHOCTI METOIIB JIiKyBaHHS. OKpewmi
MiArpynu Oy HEYUCICHHUMHU, 110 OOMEXYE CTiiKiCTh
OILIIHOK YacCTOT i BiTHOILIEHHSI 1IAHCiB; po31ieHHSI MOpGhO-
tuiiB A3-A4 OGy10 TOMipHHM i BimoOpakajio ImepeBaKHIIA
MeXaHi3M peaJli3allil YIIKOMIKEeHHS, a He a0COJIIOTHO IHC-
KpeTHi Kareropii. BinTBopioBaHiCTb BUMipIOBaHb OIliHIO-
BaJId 3a CEPeHbOI a0COIIOTHOIO/BITHOCHOIO TTOXUOKOIO,
ToMi SIK (hbopMasibHA MixKeKCIIepTHA y3roIKEHICThb IS 10~
BHOI'O HAOOPY MapaMeTpiB MOTpedye OKPEMOT0O JOCTiIKEeH -
Hs1. TakTuyHi moporosi 3HaueHHs1 CA > 14°/GA > 25°, pi-
BEeHb-3aJIEXKHUI OpieHTUp cTeHo3y 35/45/55 % i HU < 150
CJIiT po3mIsiIaTH SIK podoYi KIIiHIKO-MOJIeJIbHI OpiEHTUPH,
a He BaJliloBaHi MPOTHOCTUYHI MOPOTrU. Y 1IbOMY aHaJi3i
HEe BUKOHYBaJIM OKpeMoi 6araToakToOpHOI OLIHKN BILIH-
BY BiKy, CTaTi, piBHSI YIIKOIKEHHSI Ta MEXaHi3My TpaBMU,
TaKOX He TIPOBOAMIN (hOPMAIbHOIO ITOPiBHIHHS MOeIei
«AO Spine» i «AO Spine + mopdoTumn». I[lepeHOCHICTh
LIEHTPOIiB, MOPOroBUX 3HAYE€Hb i AJITOPUTMY Ha iHILL
ycraHoBU, KT-mipoTokosiu Ta XipypriyHi IIKOJIU Ma€ OyTU
repeBipeHa B He3aJeXKHUX KOTOpTax.

BUCHOBKMU

1. YcepenuHi ¢opMaJbHOro TUMY A YIIKOIKEHHS
(bynkuioHanbHO HeomHopinHi, Tomy miaTun AO Spine cam
no cobi HegoCTaTHIl sIK Oe3mocepeHiil opieHTUp BHUOO-
PY KOHKPETHOI TaKTUKM i TOTpedye BHYTPIlTHHOTUIIOBOT
KiJTbKiCHOT MOp(OMETPUYHOI cTpaTudikartii.

2. Ycepenuni tuny A BumiieHo MopgoTunu: mmpu Al-
A2 — KOMIIEHCOBaHMI, CyOKOMIIEHCOBAaHMI i IEKOM-
MeHCOBaHU (Tpami€eHT BTpaTU IEPeAHbOI OMOpH); IpU
A3-A4 — kidotuko-aedopmaliiiHuii i KoMIIpeciiiHO-pe-
TPOITYJIbCIHHUIA.

3. MopdoTurn 06yB TiCHO MOB’A3aHUIi i3 peasli30BaHOIO
takTukKoIo (}2 p < 0,001) i naBaB 3mory dhopmaiizyBaTu BU-
0ip 6a30BOTO JIIKyBaJIbHOTO CIIEHAPil0 BCEpEenrHi TUITY A:
npu Al1-A2 — rpafieHT Bill cioCTepeXXKeHHS1/1IeMEHTOIIaC-
Tk 10 Kopotkoi TTI®; nmpu A3-A4 xibortuko-nedop-
MaliiiHuii MOp(OTUIT B YCiX CIOCTEPEXKEHHSIX JIIKYBaJu
nosroio TIT®, a KoMmpecitHO-peTPOIyIbCiHMI — Bapi-
aTuBHO (KopoTKa/moBra TIIM, koprekToMmist) 3aIesKHO Bif
KOMIIpeCii KaHay.

4. V wiii KoropTi MOp(OTHUIT acoIliloBaBCsA 3 Pi3HOIO
YacTOTOI0 HECIPUSITIMBUX MeXaHiKo-AedopMaliiiHux
pe3yabTatiB (mekoMmeHcoBaHuit Al-A2 — 26,7 %, OR
9,8,95% NI 1,4—70; koMmpeciitHO-peTpoIyIbCiitHmit A3-
A4 — 31,2 %; 3a HUKUYOI YaCTOTH MOMIN B iHIIMX MOpdo-
THUMAax), 10 BKa3ye Ha WOro MOTEHIiAHY MPOTHOCTUYHY
3HAYYIIiCTh.

5. 3amnporoHOBaHO iHAMBIAyandi30BaHUN aJITOPUTM
«tun — MopdoTun — 0a3oBa TaKTMKa — KiJIbKIiCHi
Moaudikaropu», y skomy AO Spine ciyrye mopdo-
JIOTiYHOIO Biccio, MOpGOTUN — KiUIBKICHUM KJIiHiKO-
TakKTUYHUM yTouHeHHsIM, a ASIA, 3JIK i gxicTh KicTKu —
000B’s13K0BUMH MoaudikaTopaMu. AJTOPUTM CTAHOBUTH
JIiepuBalliiiHy Bepcilo Ta MOTPeOY€E 30BHIIIIHBOI ITPOCIIEK-
TUBHOI BaJstijallii.
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Etnyna ekcmeprm3a. JlOCiIXeHHSI CXBaJ€HO KO-
Mici€ero 3 eTuku Ta OioeTuku IHCTUTYTY Helpoxipyprii
im. akaza. A.T1. Pomonanoa HAMH VYkpainu (mpoTokos
Ne 4 Bim 05.09.2018) i BUKOHaHO SIK (hparMeHT ILJIAHO-
BOi HayKOBO-JIOCIIAHOI poOoTH (HOMEp IepKaBHOI pe-
ectpatii 0119U000110). [Jdast mpocreKTUBHOI YaCTUHU
OTpUMaHO iH(GOPMOBaHY 3TOIYy IAIli€HTIB, PETPOCIIEK-

TUBHY YaCTMHY BMKOHAHO Ha 3HEOCOOJEHUX apXiBHUX
JNaHKX.

Konduikr inTepeciB. ABTopu 3asBISIOTH TIPO BiICYT-
HiCThb KOH(IIIKTY iHTepeciB Ta BilacHOI (iHaHCOBOI 3alli-
KaBJICHOCTI ITPH IiATOTOBIIi TaHOI CTaTTi.

Indopmania npo dinancyBannsa. JlocmimkeHHS He
OTPUMYBAJIO CITeIliaJIbHOTO (DiHaHCYBaHHSI.

Homarok A. Ctangapru3sanisi napamMerpiB i ueHTpoiau mopgorumnis

Knacrepusanis (aerasui). Bukopucrano GMM 3 tio-
BHOIO MaTpulielo KoBapianiii. 3HaueHHs BIC (k=1—4): Al-
A2 — 308/271/258/245; A3-A4 — 1389/1361/1406/1178.
Hnst A1-A2 BIC 3HukyBaBcst 1o k = 4, a nins A3-A4 miHi-
MaJibHe 3HaYeHHsI TaKoX OTpuMaHo mpu k = 4 (HeMOHO-
TOHHO), 110 BKa3ye Ha cxubHicTh GMM 110 101aTKOBOTO
JIpOOJIEHHS HEUYUCAEHHUX i MepeKpUuBHUX KiaciB. Tomy
BIC posrisinany siK A0OTIOMiIXHUI KpUTEPiii, a OCTATOYHY
KiJbKiCTh MOpdoTUTIiB 00Upasin 3a cyKymHicTio silhouette,
oytcrpen-crabdinpHocTi (200 ITOBTOPIB, KJIaCTepHUII iHIEKC
Kakkapa 0,91 nnst A1-A21 1,00 nist A3-A4) i KJIiHiYHOT iH-
TepIpPETOBAHOCTI. Y3TrOMXKEHICTh LIEHTPOITHOTO IIpaBuUja

3 BUXiZHUM KJIACTEPHUM MapKyBaHHSM ctaHoBuia 100 %
(A1-A2) i 95 % (A3-A4); ueHTpOInHE PABUIO BUKOPUC-
TaHO SIK TparMaTUYHy alpoOKCUMAIIil0 BUXiTHOTO KJ1acTep-
HOTO PillIeHHS.

IIpaBuio BinHeCeHHSI HOBOTO CHOCTEPEKEHHsd. 3Ha-
YEHHs TapaMeTpiB CTaHAApPTU3YIOTh 3a CEepeaHiMM Ta
CTaHJAPTHUMU BiIXWICHHSIMU HaBYaJbHOI BUOipKM (ce-
penHi Ta SD HaBuanbpHOI BUOIpKM HaBeAeHO B TaOI. A.l,
A.2), micist 94oro OOYMCIIOIOTH ©BKJIZOBY BiICTaHb 10
CTaHIAPTU30BAHUX LIEHTPOImiB MopdoTumiB (Tada. A.3,
A.4), i cmocTepexXeHHs BiTHOCSTh 10 HAlOIMKUOTro LIeH-
Tpoina.

Ta6auusa A. 1. MapameTpu cTaHvgapTu3ayii HaB4aabHoi BUGipkn A1-A2 (M = SD)

MapameTp M SD
CA,”° 10,07 3,96
GA,” 18,64 6,35
A/P ratio 0,62 0,15
Tabnuus A.2. MapameTpu cTaHgapTu3ayii HaB4anbHOi BUGipku A3-A4 (M = SD)
MapameTp M SD
CA,° 9,26 6,79
GA,~° 11,39 7,55
A/P ratio 0,81 0,17
AVH ratio 0,72 0,17
AED, MM 0,99 1,14
PED, mm 4,80 2,46
Tabnuus A.3. CtaHgapTn3oBaHi ueHTpoigu mopgotunis A1-A2 (z-3Ha4YeHHs1)
MopdoTun CA GA A/P
KomneHcoBaHum -0,90 -1,27 +1,18
CybKomMneHcoBaHMi -0,13 +0,33 -0,17
JexkomneHcoBaHn +1,34 +1,11 -1,24

Tabnuus A.4. CtaHgapTu3oBaHi ueHTpoiau mopgortunie A3-A4 (z-3Ha4yeHHS)

MopdoTun CA GA A/P AVH AED PED
Kidpotuko-pgedpopma- _ _ _ _
iU +1,02 +1,03 1,08 0,74 0,25 0,35
KomnpecinHo-peTpo-
MY NbGIRAHMIA -0,68 -0,69 +0,72 +0,49 +0,17 +0,24
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Morphofunctional stratification of type A injuries of the thoracolumbar junction: CT morphometric
morphotypes and an algorithm for freatment decision-making

Abstract. Background. The choice of treatment strategy for type
A injuries of the thoracolumbar junction (T11-L2) remains contro-
versial. The AO Spine classification describes injury morphology and
serves as an international language for communication; however, it
is insufficient for individualized selection of a specific intervention,
especially in complex reconstructive scenarios. This supports the
identification of intratype quantitative morphotypes and the deve-
lopment of an individualized treatment algorithm. The purpose was
to perform morphofunctional stratification of type A thoracolumbar
junction injuries by identifying CT morphometric morphotypes that
reflect the relationship between local fracture morphology and the
deformation response of the spinal segment, as well as to develop
an algorithm in which the morphotype formalizes the baseline tacti-
cal scenario, while quantitative threshold values modify it. Materials
and methods. Morphotypes were identified using CT morphometric
parameters (CA, GA, A/P ratio, AVH ratio, AED, PED, and HU)
with k-means clustering and Gaussian mixture model; HU was used
as a modifier of bone quality. Clustering was assessed using silhouette,
BIC, and clinical interpretability. Differences were evaluated using the
Kruskal-Wallis/Mann-Whitney tests and 2 test; discriminatory ability
was assessed by ROC analysis, and the association with outcome was
evaluated using odds ratios. The algorithm was constructed according
to the principle “AO Spine type — morphotype — baseline treatment

strategy — quantitative modifiers”. Results. Within A1-A2 injuries,
three morphotypes were identified: compensated, subcompensated,
and decompensated, reflecting a gradient of anterior support loss.
Within A3-A4 injuries, two morphotypes were identified: kyphotic-
deformational and compression-retropulsion. The morphotype was
closely associated with the implemented treatment strategy: in Al-
A2 injuries, there was a transition from observation to cementoplasty
and short-segment transpedicular fixation (TPF); in A3-A4 injuries,
the choice was between long-segment TPF and decompression with
fixation. Threshold values, including CA > 14°/GA > 25° for construct
length, level-dependent canal stenosis thresholds of 35/45/55 % for
open versus indirect decompression, and HU < 150 as an argument
for augmentation, refined the baseline decision. The kyphotic-deforma-
tional A3-A4 morphotype was treated with long-segment TPF in all 40
cases, whereas treatment of the compression-retropulsion morphotype
was variable. Conclusions. The morphotype may be used as a quantita-
tive clinical and tactical refinement of the AO Spine subtype: AO Spine
defines the morphological axis, the morphotype provides the level for
baseline decision-making, while ASIA grade, posterior ligamentous
complex, and bone quality remain mandatory modifiers. The proposed
algorithm is a derivation model and requires prospective validation.
Keywords: thoracolumbar junction; type A injuries; AO Spine; CT
morphometry; morphotype; treatment algorithm
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AedeKTn AOBrMX KiCTOK Y MOCTPONKAOAUX
i3 Cy4aCHOI0 60MOBOIO TPABMOIO.
PusnkopieHTOBHE BUSHOYEHHS NoTpebu
B MAQCTULI M’AKUX TKOHUH 3OAEXXHO BiA PO3MIipYy
TA AOKQAAI3AUIT KICTKOBOro AedekTty

Pestome. AktyanbHicte. CyyacHQ 60MOBA TPABMA KiHLBOK XQPAKTEPMU3YETECS 3HAYHMM OBCSITOM YPQXKEHHST SIK
KICTOK, TQK | M SIKLUX TKQHWH. AepeKTi KICTOK € OAHVM 3 HAUTSKYMX TA HAUMOLUMPEHILLMX YCKAQAHEHbL CYyHACHOI 60-
MIOBOI TPABMM KIHLIBOK. TOKI MOLLKOAXKEHHSI CYrPOBOAXKYHOTECSI BHQYHUMN AEDEKTAMM M SIKMX TKAHWH. MeTa AOCAi-
AXXEHHSI: BUBYATY TQ OLIHNTL HEOOXIAHICTb | AOLIABHICTb MAQCTUKM M SIKUX TKAQHUH Y MOCTRPOXKAQAMX 3 A€eKTamMm
AOBIVX KICTOK YHACAIAOK Cy4QCHOI 60roBOI TpaBmuy. Marepiaam Ta mMetoan. AOCAIAKEHHS MAE PETPOCTEKTUB-
HWUVI TQ KOFOPTHUN XQPQAKTEP | 3QCHOBAHO HQA BUBYEHHI TQ QHAAI3I 141 BUNQAKY MOLLUKOAXKEHb KIHLIBOK YHQACAIAOK
Cy4QCHOI 60MOBOI TPABMM 3 HOASIBHICTIO ADEKTIB AOBIVX KICTOK. KputepieM BKAIOYEHHST 6YAQ HASIBHICTb 6OMOBO-
O MOLLKOAXKEHHST KIHLIIBOK 3 A€GDEKTAMU AOBIVX KICTOK TQ M SIKMX TKQHWH. P@3YABTATH. Y PE3YALTATI AOCAIAXKEHHS
BCTQHOBAEHO, LLIO MepEBAXKHA BIABLLICTb MOCTPAXKAQAMX 3 AEPEKTAMM AOBIMX KICTOK YHACAIAOK GOMOBOI TPABMM
noTpebyroTb ONepPATUBHWX BTOYYQAHb 3 MPUBOAY NAQCTUKN M KX TKAHUH — 68,09 %. BCTQHOBAEHO, LLIO HAVGIAbLLIE
MAQCTUKN M “SIKMX TKAHWH MOTPEBYBAAM MOCTPAXKAQAI 3 AEDEKTAMM AOBIMX KICTOK PO3MIPOM 5,00-9,99 cm (42,71 %
MOCTPAKAQAMX 30 MUTOMOKO BArOK AQHOI rpyrv), Q HAVpIALLIE NOTPebyBAAU MAQCTUKN M SIKUX TKAHWH MALIEHTA 3
AepekTamm A0BrxX KICTOK A0 5,00 cMm (6,21 %). BCTAHOBAEHO TEHAEHLIIO AO 3DOCTAHHSI MOTPE6M B IAQCTULL M SIKNX
TKQHWH 3i 3GIABLLIEHHSIM PO3MIPY KICTKOBOro AEPEKTY. [TOYMHQAKOYM 3 PO3MIPY KICTKOBOro AepekTty binbiue 5,00 cm
PUBUK BUHUKHEHHST NOTPE6U B MAQCTUL M SIKUX TKAHWH 3Q SIKICHOKO XQPAKTePUCTUKOK € KQTACTPOGIHHM, A AO
5,00 cm — cyTreBuM. TOKOXK BCTAHOBAEHO, LLO HAMBIAbLLIE MOTPEBY B ONEPATUBHMX BTDYYQHHSIX 3 METOK MAQCTUKM
M SIKMX TKQHWH MQAK MOCTOKAQAI 3 AepeKkTamm KICTOK rominku — 83,87 %, nepearnaiqdsi — 75,00 %, HQMMEHLLY
rnotpeby B MPOBEAEHHI ONepATUBHUX BTDYHYAHb 3 MPUBOAY NAQCTUKN M SIKUX TKAHWMH MQAAU MOCTPOXKAQAI 3 Aedek-
TAMUW CTErHOBOI KICTK BHACAIAOK 6ovoBoi Toasmm — 12,00 %. AOBEAEHO, LLIO PO3MID | AOKQAI3ALLIST KICTKOBOIO
AEDEKTY € YNHHUKAMU PUBVKY, MOB SI3QHUMIM 3 MOTPEBO0K0 B ONEPATUBHUX BTOYHAHHSIX AAST TAQCTUKA M SIKUX TKQ-
HWH. BUCHOBKW. 1. PO3Mipu TQ AOKQAI3QLLiSI KICTKOBOIrO AEQPEKTY € PU3UNKCTBOPKOKOYMMUN GAKTOPAMU BUHNKHEHHS
noTpebu y NAQCTUL M SIKMX TKQHUH Y NMOCTRAXKAQAMX i3 AEDEKTAMU AOBIX KICTOK YHQACAIAOK CYyHQCHMX BOMNOBUX
Aivt. 2. KAIHIYHW pEe3YABTATUBHNK PUUK BUHWMKHEHHST NOTPEe0M B MAQCTUL M SIKUX TKAHWH Y MOCTRQXKAQAUX i3 Ae-
peKxTamm AOBrX KICTOK YHACAIAOK CyHYQCHUMX GOMOBUX AiVi € CYTTEBUM MPUY PO3MIPAX A0 5,00 CM i KATQCTPOGIYHM
npw po3smipax GirbLue Hk 5,00 CM, LLO BU3HAYQE BIAMOBIAHO BIAHOCHI Y QGCOAKOTHI MOKQ3QAHHST AO BUKOHQHHS
OrnepaTUBHMX BTRYHYQAHb 3 MPUBOAY MAQCTUKN M SIKUX TKAHMH. 3. KAIHIYHWM pE3YABTQTUBHUA PU3MK Y BUHUKHEHHI MO-
TP€6M B MAQCTULL M SIKMX TKQHMH € KQTACTPOQIHHUM rpv A€PEKTAX KICTOK NAEYQ, NePEANAIHYS T TOMIAKM | HECYT-
TEBUIM MPU AOKQAIZALLIT A€ EKTY HQ CTErHI, Lle BU3HQYAE TAKOXK QBCOAIOTHI Yi1 BIAMOBIAHI MOKQ3QHHSI AO BUKOHQHHST
onepaTVBHUX BTRYYQHb 3 MPUBOAY MAQCTUKU M SIKUX TKQHUH.

KAIO4OBI CAOBQ: AcpekTir AOBrX KICTOK; A€DEKTU M SIKX TKAHWH, NoTPEe6a;, NAQCTMKA, MOCTPAKAQAI; 60M0BA
TPABMA
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Bctyn

CyyacHa 06olioBa TpaBMa KiHIIIBOK XapaKTePU3YETh-
Csl 3HAUHUM OOCSATOM YpaXKeHHS SIK KiCTOK, TaK i M’SIKMX
TKaHuH [1-3]. [ledeKTn KiCTOK € OOTHMM 3 HAWTSDKYMX i
HaWMOIIUPEHIINX YCKIaIHEHb CydacHOi 00i0BOI TpaBMU
KiHIIBOK [4—6]. Taki MOIIKOMXKEHHS CYIMPOBOIKYIOTh-
csl 3HAUHUMM JedekTamu M’ sIKux TKaHuH [7, 8]. OnHieo
3 HaiOuIbII CKJIaIHUX Ta HEBUPILIEHUX MPoOsIeM Y IMOo-
cTpaxknanux 3 aedeKTaMM JOBIMX KiCTOK YHAaCHilIok 00-
OBOT TpaBMHU € BU3HAYCHHS TTOTPEOU B IUIACTUIL M SIKMX
TKaHUH 3aJIe)KHO Bill 0OCATY TMOILIKOMXEHHST KicTku. Lle
MOB’3aHO 3 TUM, 110 iCHY€E 00’ €KTUBHE MPOTUPIYYS: 3 OJI-
HOTro 00Ky, HEOOXiTHO i30J1I0BaTH Miclle Ie(eKTy, 0CO0IM-
BO TIICJISI OTIEPATUBHOTO BTPYYaHHS 3 TIPUBOY 3aMillleHHSI
nedeKTiB, a 3 iHIIoro OOKY, I 3HaYHO BILUIMBAE Ha YMOBU
penapaTUBHOI pereHepallii KiCTKM i 30iJblye 00Csr ore-
paTuBHOrO BTpyvaHHs [9, 10]. ¥ naHoMy mociiikeHHi He
OyJ10 MMOCTaBJAEHO 3a METY OLIIHKY €()EeKTUBHOCTI 3aCTOCY-
BaHHSI KOHKPETHUX TEXHOJIOTIl TJIACTUKU M’ IKUX TKaHWH,
a JIIIe BU3HAYCHHS MOTPeOM B TaKiii MJacTUIli 3a MPUH-
LIUTIOM YCTIITHOCTI JIIKyBaHHSI MOCTpaxknaaux. Mu He BU-
BUAJIM camMe po3Mip AedekTy M’SIKUX TKaHWH 3 TUX Mip-
KyBaHb, 11O MUTAHHS TUTACTUKU M’SIKUX TKAHWH 3aJIe3KHO
Bim po3Mipy camoro aedekTy, 3 OZHOro OOKYy, JOCTaTHHO
BUBYEHO, a 3 iHIIIOro 0OKY, BOHO MOTpedye OKPEeMOTro pe-
TeJIbHOTO nochimkeHHs. Lle 3yMoBII0€ HEOOXiMHICTD i 10-
LIUJIBHICTb JAHOTO TOCiIKEHHSI.

MeTta n0CiIKeHHs: BUBYUTY 1 OILIIHUTHA HEOOXiTHICTh
i MOLJIBHICTh IJIACTUKM M’SIKMX TKAHUH Y TTOCTPaKIaINX
3 nedeKkramMu JOBIMX KiCTOK YHACHIIOK CydyacHOi 60iloBO1
TpaBMU 3aJIEXKHO Bill pO3Mipy KiCTKOBOTO JIe(heKTy.

MarepiaAn Ta meToamn

HocnimkeHHsI Ma€ peTPOCTIEKTUBHUIA i KOTOPTHUI Xa-
paKkTep i 3acCHOBaHe Ha BMBYEHHI Ta aHaui3i 141 Bumam-
Ky TIOIIKOKEHb KiHIIIBOK YHACJIZOK Cy4acHOI 0O0Ii0BOI
TpaBMU 3 HasBHICTIO AedeKTiB NoBrux Kictok. Kputepi-
€M BKIJTIOUEHHS OyJ1a HassBHICTb OOMOBOTO TTOIIKOMIKEHHS
KiHIIIBOK 3 meeKTaMU JOBIMX KiCTOK i M’SIKMX TKaHWH,
a TaKOX YCIIIIHICTh JIiKyBaHHS. KputepieM BUKIIOUEH-
HSI € HeIOCTaTHS YCIIIHICTh JiKyBaHHs. To0To Oyna 3a-
CTOCOBaHa MeToAMKa ycmilmHocTi. O0ciar mOCiIKeHHs
MepeBUIye MOKa3HUK HEOOXiAHOTO Ta MOCTATHBOTO ISl
MOBHOLIIHHOTO aHaJIi3y, 1110 BU3HAYEHO 3aKOHOM BEJIMKMX
YuCcet 151 TOCTiIKEHb 3 MAKCUMaIbHO MPUITYCTUMOTO MO-
MIIIKOI0 5 %. Byno 3acTocoBaHO METOAM IMTapaMeTPUIHOTO
(paHroBuit aHai3) Ta HenmapaMeTPUYHOIO (BU3HAYEHHS
MOJIIXOPUYHOTO TTOKa3HMKa 3B’I3KY) aHami3y. Pe3ynbratu
HemapaMeTPUYHOTO aHali3y TOPiBHIOBAINCS 3 KPUTUIHU -
MU 3HaYeHHsIMU 3a Tadbsuusgmu Snedecor npu o = 0,01 Ta
p < 0,05 3aiexHo Big MOKa3HMKA CTYIIeHs BilbHOCTI. Ta-
KOX OyJI0 IMPOBEIEHO aHajli3 Ta OLIiHIOBAHHS KJIiIHIYHOTO
pPe3yAbTAaTUBHOTO PU3WKY BUHUKHEHHS TTOTPeOU Y BUKO-
HaHHI ONePaTUBHUX BTPYUYaHb I TUIACTUKU M’ SIKMX TKa-
HuH. OUiHIOBaHHS pe3yJbTaTiB aHalli3y MpOBOAMWIACS i3
3aCTOCYBaHHSIM 3aKOHiB (popMasibHOI Jioriku. Buiesukiia-
JleHe 3a0e3Me4mnIo BipOTiIHICTh Pe3yabTaTiB JOCTiIKEHHS
Ha piBHi Il b Oxford. Takum yrHOM, TIpU MPOBEJCHHI J10-
CJTiIKEHHST OyJIO TOTPUMAaHO KPUTEPIiB i BUMOT 10Ka30BO1

MenuurHU. OOUYMCIIEHHS Pe3yabTaTiB JOCTIIKeHHS 3MIili-
CHEHO 3a JIOTTOMOTOI0 KOMIT IOTEPHUX TEXHOJIOTIH i3 3aCTO-
CyBaHHSM IIporpaMu Statistica.

Lle nocnimxenHs: OyJ0 MPOBEAEHO 3 TOTPUMAHHSIM BU-
Mor ['eJIbCiHCBKOI AeKiIapallii, sika npuitHsaTa B 1964 porti
i1 meperasiHyta 59-10 I'eHepanbHolo acambieero WMA, Ta
CXBaJIeHO KoMmicieto 3 GioeTuku J13 «YKpaiHChbKUIT HAyKO-
BO-TIPAKTUYHMI LIEHTP €KCTPEHOI MEIUYHOI TOTTOMOTH Ta
MenuimHu katactpod MO3 Ykpainu», mpotokosn Ne 4 Bin
22.06.2026 poky.

PesyAbTaTH

Jist BU3HA4YEHHSI 3arajbHOTO 00CATY MOTpeOu B
TUIACTUII M’SIKMX TKaHWH y MocTpaxaaiux 3 nedekra-
MU JOBTMX KiCTOK YHACIiZoK O00f0BOi TpaBMU HaMu
OyB TIpOBeIeHUI PO3IOMiJI MacUBY BUBUYCHHS 32 O3Ha-
KO0 MoTpedu B Takil muiactuui. Pe3ynbraTu HaBemeHO
B Tabu. 1.

Tabnuusa 1. AHania po3noainy MacuBy BUBYEHHS
3a 03HaKoI noTpebu B NnacTuli M’SIKNX TKAHUH

M,:::;::::"H Mutoma Bara PaHr
Tak 68,09

Hi 31,91 2
3aranom 100,00 -

Jlanxi Ta61. 1 BKa3yoTh Ha Te, 110 MepeBakHa OiIbIIICTh
MOCTPAXIAINX 3 HeeKTaMU JOBTMX KiCTOK YHACiA0K 00-
110BO1 TpaBMM MTOTPEOYE ONEepaTUBHUX BTPYYaHb 3 MPUBOIY
MJIACTUKK M’SIKMX TKaHUH — 68,09 % 3a MUTOMOIO Baroio.
Takwuii mokazHUK OiIbII HiXX YABiYi MEPEBUIIYE TOKA3HUK
MUTOMOI Baru IMOCTPaXXaauX, sIKi He TTOTpeOdyBaIu IiIac-
TUKU M’ SIKUX TKAHWH.

s Bepudikaliii ToTpebyn y miIacTUIli M IKUX TKaHUH
y TIOCTpaXaanux i3 aedekramu JOBruX KiCTOK, 1110 BUHU-
KJIM BHACJIiTOK OOOBOI TpaBMU, IIPOBEICHO iHTETpaTbHIIA
aHaJi3 pO3IOAiTY OOCHiIKyBaHOI BMOIpKM 3a pO3MipoM
KiCTKOBOTO AedeKTy 3ajeXXHO Bim HasBHOCTI MOTpeOU B
ONepaTHBHOMY BTpYYaHHi ISl TUIACTUKU M’ SIKUX TKaHWH.
OTpuMaHi pe3yabTaTh HaBeIeHO B Ta0JI. 2.

AHani3 naHux, HaBeAeHUX Yy TabOJ. 2, 3acBimuuB, IO
HalyacTille miacTukKy M’SIKMX TKaHWH MOTpeOyBaju Io-
cTpaxnaiti 3 nedeKTaMu JOBIUX KiCTOK po3MipoM 5,00—
9,99 cm (42,71 % mnocTpaxknmaaux 3a MUTOMOIO Barowo
IIaHOI TPyINM), 10 NMPAKTUYHO BIAIIOBiZAa€ MUTOMIK Basi
IMOCTPpaXIaanX 3 JaHUM po3MipoM OedeKTy B 3arajbHill
BubGipwi (41,13 %). Ha npyroMy paHroBoMy Micliii Oynu
narieHTH 3 podmipom aedekry 10,00—14,99 cm — 32,29 %
3a MUTOMOIO Baroio, 1o Ha 6,76 % B aOCONIOTHOMY 3Ha-
YeHHi iHTEeHCMBHOIO Moka3Huka (abo Ha 26,48 % mokas-
HHKa 0a30BOro piBHs) OibIIEe 3a MOKA3HUK 3arajbHOro
MacuBy. Ha TpeTboMy paHTOBOMY MicClli cepell rpyIu To-
cTpaxaauX, sIKi TOTpeOyBay MIACTUKU M’ IKUX TKAHUH,
3HAXOJMJIMCS TTOCTpaXKaaji 3 po3MipaMu ae(eKTy KiCTOK
15,00-19,99 cm — 16,67 %, 1m0 Ha 3,19 % B abcoMOTHO-
My 3HAY€HHi iHTEHCUBHOIO mokasHuka (abo Ha 23,67 %
IMOKa3HMKa 0a30BOTO PiBHS) OiIbIIIe 3a MTOKA3HUK 3arajib-
Horo MacuBy. LlikaBo, 1110 ManieHTu 3 AeheKTaMu JOBIUX
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KicTok 10 5,00 cM B maHiii rpyni moTpeOyBalu MIaCTUKKU
M’SIKMX TKaHWH B 5,21 % Bumnaznxis, mo Ha 12,52 % B ab-
COJIIOTHOMY 3HaY€HHi IHTEHCUBHOTIO TMOKa3HuKa (abo Ha
70,61 % moka3HUKa 6a30BOTO PiBHS) MEHIIIE 32 TTIOKa3HUK
3arajbHOro MacuBy.

Y3araibHIOIOUM BUILEBUKIIAAEHE, MOXHA 3ayBaKWUTH,
IIO iCHy€e MeBHA 3aKOHOMIpHICTh 3aJIeKHOCTI B IOTpeOi
TJIACTUKYU M’SIKUX TKAaHWH Y TIOCTpaXaiux 3 AeheKTaMu
JIIOBTUX KiCTOK YHACJigOK 00i10Boi TpaBMu. OqHAK 3aJIeX-
HICTb He € JIiHiliHO1O.

J171s1 GiIbII peTeJIbHOIO BU3HAYEHHSI TOTPeOu B IIACTH-
i M’SIKMX TKaHWH Y MOCTpakaanux 3 aedekraMu JOBIUX
KICTOK YHACJIiOK 6010BO1 TpaBMU MU MIPOBEJIU iHTErPaJIb-
HUI pO3MOMAiJI MacuBY BUBUEHHS 32 O3HAKOIO MOTPEOU y
BUKOHAHHI TIJIACTUKU M’SIKUX TKAaHWH y Ipyrnax 3a po3Mi-
pom nedexry. PesynbraTu HaBeaeHoO B Ta0. 3.

AHaji3 TaHUX, HaBeIeHUX Y Ta0J1. 3, CBIMUNTH IIPO HasIB-
HICTP YiTKOI TeHAEHIIil 1O 3pOCTaHHS MOTPeOM y IUIACTHULII
M’SIKVX TKAaHWH 3i 30iIbIIEHHSIM pO3Mipy KiCTKOBOIO 1Ie-
dexTty. BonHouac netaibHMIT aHai3 KJIiHIYHUX BUITaAKiB
BUSIBUB TI€BHE 3HMKEHHS YACTOTM BUKOHAHHS TJIACTUKU
M’SIKUX TKAHUH Y TPYTIi MOCTpaXXaanux i3 AeheKTaMu po3-
mipoM 15,00—19,99 cMm, 1o Oyj0 3yMOBJIEHO 3araJbHUM
CTAaHOM MOCTPAKAATHUX.

HaiiGinbma norpeba y miaacTuili M’SIKUX TKAaHWHU ic-
HyBaJja y rpymni mocTpaxnainx 3 po3MipoM nedeKTy KicTOK
oinpire 3a 20 cM, y sIKili BCi TocTpakaaii moTpedyBaiu Ta-
Koi ruractuku. Ha mpyroMmy paHroBoMy MicCIli 3HaXOISIThCS
rnocrpaxaan 3 aedekrom 10,00—14,99 cm (86,11 %), Ha

TPETHOMY PAHTOBOMY MiCIli — TTOCTpaXKaasli 3 KiCTKOBUMU
nedexkramu 15,00—19,99 cm — 84,21 % 3a mUTOMOIO Baroio
IMOCTPaXIanux maHoi rpynu. IlocTpaxkpani 3 KiCTKOBUMU
nedexramu 10 5,00 cM moTpeOyBaiu IUIACTUKUA M’ SIKMX
tkaHuH juiie y 20,00 % Bunanxis.

J1J1s1 BUBHAUEHHSI BipOTiAHOCTi BIUIMBY PO3Mipy Ae(eKTy
KiCTKM Ha BUHUKHEHHS MOTPeOr B TIACTHUILI M’SIKUX TKa-
HUH OYyB TPOBEACHUI TOJIXOPUYHMI aHaJi3 PO3MOIiTY
JaHuX Taos. 2 i 3. Y pesysnbrari aHali3y BCTAaHOBJICHO, 1110
MiX 03HAKOIO PO3Mipy KiCTKOBOTO Je(eKTy B MOCTPaKaa-
JIUX 3 nepeKTaMu JOBIUX KiCTOK YHACiIOK O0MOBMX il Ta
MoTpe0OoI0 B INIACTUIII M SIKMX TKAHWH iCHYE TTO3UTUBHUL
(¢*>=0,2542), cunbhuii (C = 0,4502) Ta BUCOKOBipOTiTHMIA
3B’s130K (*> = 35,85), a BUILLIEBUKIIAICH] TOJOXKEHHS TIepe-
OyBalOTh y M€Xax MOJIsl BipOTiTHOCTI.

3Baxaloud Ha Te, 110 IOKa3HUKW PaHTOBUX MiCllb
Tabj. 2 i 3 He MOBHICTIO 30iraroThcsl, M BU3HAIM 3a JIO-
LIJIbHE TIPOBECTU PO3PAXYHOK, OLiIHIOBAHHS Ta aHaJi3 KJIi-
HIYHMX pe3yJbTaTUBHUX PU3WKIiB BAUHUKHEHHS TTOTPeOU B
IUIACTULI M SIKMX TKAaHWH Yy IOCTpaXkaanux 3 nedeKraMu
JIOBTMX KiCTOK YHACIiIOK CyJYaCHUX O0MOBMX i, 1110 (pop-
MYIOThCS il BILIMBOM (haKTOpa pU3UKY «PO3Mip KiCTKOBO-
ro aedexty» (Tadi. 4).

Takum 4yMHOM, HaAWOINBIIMK KIiHIYHMIA pe3yabTa-
TUBHUN PUBUK (SIKUI MOXIUBO OYyJIO pO3paxyBaTH)
BUHMKHEHHSI MOTpeOU Yy TUIACTULI M’SIKUX TKaHUH Yy
MocTpaxmanux 3 medekTaMu MTOBIMX KiCTOK yHAacCi-
oK 00MOBOI TpaBMU MalOTh MOCTpaXxaaiai 3 po3Mipom
kictkoBoro nedekty 10,00—14,99 cMm, Ha npyromy

Tabnuus 2. IHTerpanbHuii aHani3 po3noainy nocTpaxaaanx 3a po3mipomM gedeKkTy 4OBrux KicTok
3as1exxHo Big noTpe6m y nnacTuui M’sKux TKaHUH

Poamipu MnacTuka mM’IKNX TKaHUH 3aranbHuii
Hﬁi‘g?::!! Tak Hi Macus
(cm) Mutoma Bara (%) Paur Mutoma Bara (%) PaHr Mutoma Bara (%) PaHr

2,5-4,99 5,21 4 44,44 1 17,73 3
5,0-9,99 42,71 1 37,78 2 41,13 1
10,0-14,99 32,29 2 11,11 3 25,53 2
15,0-19,99 16,67 3 6,67 4 13,48 4
MoHap 20 3,12 5 0 0 2,18 5
3aranom 100,00 - 100,00 - 100,00 -

Ta6nunusa 3. IHTerpanbHNii Po3rnogin MacuBy BUBYEHHS 32 O3HAKOK NMOTPeOU B NNacTULi M’KNX TKAHUH

y rpynax 3asie>xHo Big po3mipy nedekty

Po3amipu MnacTuka M’9KNX TKaHUH
nii‘gf::y Tak Hi 3aranom (%)
(cm) Mutoma Bara (%) PaHr Mutoma Bara (%) Panr

2,50-4,99 20,00 5 80,00 1 100,00
5,00-9,99 70,69 4 29,31 2 100,00
10,00-14,99 86,11 2 13,89 4 100,00
15,00-19,99 84,21 3 15,78 3 100,00
Mownap 20 100 1 0 5 100,00
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paHroBOMY Miclli mepeOyBalOTh IMOCTpaxinaai 3 KiCT-
koBUM nedektom 15,00—19,99 cm. BapTo 3ayBaxuTtu,
110, TOYMHAIOYU 3 PO3Mipy KiCTKOBOTO nedeKkTy Oifb-
me 5,00 cM, pU3MK BUHUKHEHHS ITOTpeOW B IJIACTHUII
M’SIKMX TKaHWH 3a SIKiCHOI0 XapaKTEepUCTUKOIO € KaTa-
crpodiuynum, a 1o 5,00 cM — cyTTeBUM. Takum 4YMHOM,
BiZIMOBIIHO 10 KOHIUEMIii yrnpaBJiHHSI PU3UKAMU, yCi
ImocTpaxnajai 3 medekTaMu MTOBTUX KiCTOK yHAaCIiZoK

TaTHU HaBeACHO B Ta0. 5.

60i1oBO1 TpaBMU Oinbie 5,00 cM MarOTh aOCOJIOTHI MO~
Ka3aHHS 10 BAKOHAHHS TUIACTUKM M’ SIKUX TKaHUH, a J10
5,00 cM — BiTHOCHI ITOKa3aHHS.

s BU3HAUYEHHST BIUIMBY JIOKaJli3allii KiCTKOBOTO [ie-
dekTy K KIiHIKO-aHaTOMIYHOTO YWMHHWKA TPOBEIECHO
aHaJIi3 moTpeOu B OTIepaTUBHOMY BTpYJYaHHi TS TTIACTHKKA
M’SIKMX TKaHWH 3aJIeXKHO BiJl JIoKasizalii nedexry. Pe3ymnn-

Ta6auus 4. AHani3 KniHiYyHUX pe3ysIbTaTUBHUX PU3NKIB NOTPe6u B nnacTuLi M’ skux TKaHUH

Pusukcteopioouuni
dakTop «po3mip KinbkicHM noka3Huk flkicHa xapakTepucTuka Panr
KictkoBOro aedekrty» pun3uky (%) pU3nNKy
(cm)
2,50-4,99 0,25 CyTtTeBun 4
5,00-9,99 2,41 KatactpodiuHuin 3
10,00-14,99 6,20 KatactpodiuHuin 1
15,00-19,99 5,33 KaTactpodivyHnii 2
Monag 20 PospaxyBaTtn HEMOXIMBO KatactpodiuHuin -

Tabnuusa 5. IHTerpanbHnii aHania posnoainy nocTpaxaanux 3a 1okanisauieto geeKkTy AOBrvux Kictok
3aJ1e)XXHo Big NnoTpeobu y nnacTuli M’saKux TKaHUH

MnacTuka M’9KNX TKaHUH
nzz%‘;?(ivi" Tak Hi 3aranom (%)
Mutoma Bara (%) PaHr Mutoma Bara (%) PaHr

Mneye 6,25 3 11,11 3 7,80
Mepennniyys 9,38 2 6,67 4 8,51
CrerHo 3,12 4 48,89 1 17,73
lominka 81,25 1 33,33 2 65,96
3aranom 100,00 - 100,00 - 100,00

Tabnuus 6. IHTerpanbHnii aHania posnoginy NnocTpaxxaanamnx 3a noTpeboro y NaacTuli M’aKux TKaHUH
3as1e>xHo Big nokanisauii gegekry

Jlokanisauisa

MnacTunka M’AKNX TKaHUH

Aedexty Tak Hi 3aranom (%)
Mutoma Bara (%) Mutoma Bara (%)
Mneye 54,55 45,45 100,00
Mepepnnivus 75,00 25,00 100,00
Crerxo 12,00 88,00 100,00
lominka 83,87 16,12 100,00

Tabnuusa 7. AHani3 KniHiYHUX pe3ysibTaTUBHUX PU3NKIB BUHUKHEHHS MOTPeOu y NaacTuli M’SKux TKaHUH,
3YMOBJIEHUX PU3UKCTBOPIOIOYNM (PaKTOPOM «JI0Kasi3aLiss KicTkoBoro gegekry»

df :Kiz';c:ﬁgl‘:; ﬁ:ﬁ?ﬂ KinbkicHuin nc.:,l(asum( SlkicHa xapakTepucTuka Panr
KicTkoBOro pedekrty» PLELLETEY pu3nky

Mneve 1,20 KatactpodiyHnin 3

Mepennnivyus 3,00 KaTactpodiyHnii 2

CrterHo 0,14 HecytTteBuin 4

lominka 5,20 KatactpodiyHnin 1
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PucyHok 1. Haasenukuii
AedektT M’aKux TKaHNH
npasoro niae4ya

PucyHok 2.
PeHTreHorpama
nse4oBoi KicTku

PucyHok 3. MnaHyBaHHS,
MapKyBaHHS KNanTtsi

AHani3 gaHux Tabj. 5 3acBiguye, IO HaMOiIbIIE ITO-
TpeOyBaIy IJIAaCTUKU M’SIKUX TKAaHWH MOCTpaXnmaji 3 Ie-
dexraMn KicToK rominku — 81,25 % 3a MUTOMOIO Baroio
naHoi rpymu, 1o Ha 15,29 % B abCOMIOTHOMY 3HAYeHHI
IHTEHCUMBHOTO MOKa3HKKa (a0o Ha 23,18 % noka3HMKa 6a-
30BOTO piBHSI) OiJibllie 3a MOKA3HUK 3arajJbHOr0 MacuBY.
Ha npyromy paHroBomy Mmiclii mepedyBaroThb MOCTpaXKaai 3
nedekTamu KicTok rmepenrmiiayust — 9,38 %, mo Ha 0,87 % B
a0COJIIOTHOMY 3HaU€HHI iHTEHCUBHOTO TTIOKa3HMKa (abo Ha
10,22 % moka3zHnKa 6a30BOTO PiBHSI) OibIlle 3a MOKa3HUK
po3roainay B 3araabHoMy MacuBi. [TocTpaxknani 3 nedexra-
MU CTETHOBOI KiCTKM YHACJIiZOK 00MI0BOI TpaBMU ITOTPeOy-
BaJIM OTEPATHBHUX BTPYYaHb IS MPOBEACHHS TIACTUKU
M’SIKMX TKaHWH jdiie y 3,21 % obcsry motpedu, 1o Ha
14,61 % B aOCOMIOTHOMY 3HAaYeHHi iIHTEHCUBHOI'O ITOKa3-

HuKa (a6o Ha 82,40 % moka3HHUKa 6a30BOTO PiBHS) MEHIIIE
3a TTIOKa3HWK 3arajlbHOro MacuBy. Y TpyIli MOCTpaXxaaaux,
SIKUM OyJI0 BUKOHAHO TJIACTUKY M’SIKMX TKAaHWH, CIIiBBiJI-
HOIIEHHS MaKCUMAaJbHOTO Ta MiHIMaJbHOTO MOKa3HUKa
BapialiitHOro psiay cTaHOBUTH 24,04, 110 BKa3ye Ha IyXe
BUCOKY OUCHUIIALII0 PO3MOMOUTy Ta OIOCEPEAKOBAHO Ha
OT0 BipOTigHICTb.

TakyuMm yuMHOM, MOXHa CTBEpIXXyBaTH, 110 MOTpeda y
BUKOHAHHi OTMlepaTMBHUX BTpy4YaHb 151 POBEIEHHS TJ1ac-
TUKM M’SIKUX TKAaHWH CYTTEBO 3aJICKUTh Bill JIOKaizallil
KiCTKOBOTO Ae(eKTy.

Jnsa Bepudikalii KJIiHIKO-aHATOMIYHOI O3HAKM «JI0-
Kajizaiiss nedexty» TMpoBeAeHUI iHTerpaJbHUl aHali3
PO3IOIiTy MAacUBY BUBUEHHS 3a IIi€I0 O3HAKOIO y Tpymax
MoTpeOr B ONEepaTUBHOMY JIIKyBaHHI (IUIACTHUII M’SIKHX
TKaHWH), JaHi HaBeIeHO B Ta0I. 6.

SK cBigyath gaHi Ta0. 6, HAWBMILY MTOTPEOyY B orepa-
TUBHUX BTPYYaHHSIX JUISl TUTACTUKU M’SIKUX TKAaHWH Majiu
rmocTpaxkgan 3 medekrtamu Kictok rominku (83,87 %).
Jpyre paHrose Miclie 3a IIMM TTOKa3HUKOM TOCiZaIk MO~
cTpaxkmaii 3 aedekramu Kictok nepenmiivadst (75,00 %).
Haiinuxuy notpeOy B MpOBEIEHHI MJIaCTUKN M’ SIKMX TKa-
HUH BUSBJICHO Y TOCTPaXIAIUX i3 AedeKraMu CTerHOBOI
KiCTKU BHACIiA0K 60iioBoi Tpasmu (12,00 %).

Takum 4ymHOM, KOXHA JIOKaji3alis Oe(peKTy IOBIUX
KiCTOK YHACIiIOK Cy4acHOI 00I10OBOI TpaBMHU MAa€ CBiil ITO-
Ka3HUK MOTpeOU y BUKOHAHHI ONepaTUBHUX BTPYYaHb I
MJIACTUKU M’ SIKMX TKaHUH.

JIs1 BUBHAYE€HHS BipOTiMHOCTI BIUIMBY KJiHiKO-aHa-
TOMIYHOI O3HaKM «JIOKaJli3alisi KiCTKOBOro aedeKkTy»
MM MPOBEIN TONIXOPUYHUI aHami3 maHux Tabi. 5, 6. Y
pe3yabTaTi OyJIO BCTaHOBJIEHO, IO MiX JIOKaJli3alli€ero
nedeKTy MOBTMX KiCTOK YHACHIZOK CydacHOi OOHOBOI
TpaBMU Ta BUHUKHEHHSIM TOTPeOM Yy TUIACTHUII M’ SIKUX
TKaHWH icHye mo3uTuBHU (¢> = 0,3407), cuabHuUi
(C =0,5041) Ta BuCOKOBiporigHuii 38’s130K (3> = 48,05),
a BUIIEBUKIAAEHI IOJOXEHHS MepedyBaloTh Yy Mexkax
MOJIs1 BipOTiTHOCTI.

71 BU3BHaAY€HHS Ta OLiHKU KJIiHIYHUX PU3WKIB BUHUK-
HEHHS ITOKa3aHb JI0 MJIACTUKU M SIKMX TKAHUH, TTOB’ I3aHUX
i3 JIOKai3alli€lo KiCTKOBOTO JIe(eKTy SIK PU3UKCTBOPIO-
I0YMM YMHHUKOM, TIPOBEACHO iX Bepudikallito Ta aHais.
PesynbpraTit HaBeneHo B TabI. 7.

AHami3 naHux, HaBeAeHMX Yy TaOj. 7, 3aCBioguMB, IO Y
MOCTpaXKaaaux i3 neeKTaMu TOBIMX KiCTOK, OTpUMaHUMU
BHACJIIIOK Cy4acHOi 001OBOI TpaBMU, KaTacTpOiyHUi pi-
BEHb PU3UKY BUHUKHEHHS MOTPEOU Y IJIACTHULI M’ SIKMX TKa-
HUH CIOCTEPira€ThCsl MpH JIOKajizallii aedexkTy B JUISTHII
Tieya, nepearuiiyys Ta romMisiki. HaiiBuimii piBeHb pusuKky
BUSIBJICHO TIpM AedeKTax KiCTOK TOMUIKM, Jpyre Miclie 3a
JOro BEJIMYMHOIO TOCiNaloTh JedeKTH KiCTOK Tepeariii-
ys1, TpeTe — AeeKTH TUIeYoBOi KicTKM. Taki KiJbKicHI Ta
SIKICHI XapaKTePUCTUKU KIIHIYHOTO Pe3yJIbTaTUBHOTO pH-
31Ky OOIPYHTOBYIOTH aOCOJIIOTHI ITOKAa3aHHS 0 BUKOHAHHS
oIepaTMBHUX BTpy4YaHb JJIs IUIACTUKU M’ IKUX TKaHUH. Ha-
TOMICTb IIpU AeeKTax CTErHOBOI KiCTKM KIiHIYHUI pe3yib-
TaTUBHUI PU3UK BUHUKHEHHS TIOTPEOU Y MIACTUIL M SIKUX
TKaHUH € HECYTTEBUM, 1110 3yMOBJIIOE BiTHOCHI MOKa3aHHS
IO BUKOHAHHSI TAKMX OTNIEPaTHUBHUX BTPYYaHb.
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PucyHok 4. Micuye aegekty M’aKux TKaHUH
nicns nnactukun

Hns inmroctpailii BUIIEBUKIIANEHUX TTOJOXEHb Ta pe-
3yJbTaTiB JOCIAXEHb MU BBaXXKaJIU 3a JOLJIbHE HABECTU
KJIiHIYHI TpUKiIaan AedeKkTiB M IKUX TKAaHUH i pe3yib-
TaTiB ONEpPAaTUBHUX BTPYYaHb IIOMO TJACTHKU M’ SIKHUX
TKaHVH.

Kainiunuit npuxaao 1. TToctpaxmannii 4010BiK 36 pokiB
OTpHUMaB MiHHO-BHOYXOBE i30JIbOBaHE MOpPAaHEHHs TIjeya.
bararoyiaMKoBuUil TepeoM IUIEYOBOI KiCTKM 3 KiCTKO-
BUM aedekToM 0113bKo 10 cM, 3 HaaBeIUKUM ae(hEeKTOM
M’SIKMX TKaHUH (sIKicHa xapakTepucTtuka). YeTsepTa noda
nicist nopaHeHHst (puc. 1, 2). Ha 8-my 100y micist rocri-
Tajlizallii BUKOHAHO IUIACTUKY AedeKTy M’SIKUX TKaHWH
npaBoro 1ieva (puc. 3, 4) 3 01HOYaCHUM BCTAHOBJIEHHSIM
LIEeMEHTHOTO crieiicepa.

Ha 12-ty 100y micnst miactuku gepekTy M’ IK1UX TKaHUH
BUKOHAHO aBTOAEPMOILIACTUKY (puc. 5). Panu 3aroinmucs
3a 6 THKHIB.

Kninivnuit npuxaad 2. Tloctpaxkaaiuii 4oa0BiK 48 pokiB
OTpUMaB TO€JHAHE MOPaHEHHsI BHACiNOK MiHHO-BUOY-
XOBOi TpaBMU. [IpoHMKHE MOpaHEHHS! TPYIHOI KIITKU 3
TeMOITHEeBMOTOpakcoM. Binkputuit mepesoMoM Ijieda Ta
Kictok rominku. [Tpu HagxomkeHHi (5-Ta 106a) Ha TOMiJI-
i HasIBHUI eeKT M’ SIKMX TKAaHWH Ta KiCTKOBUI AedeKT
3,5 cMm (puc. 7, 8). Iliciasa neOpuaMeHTy paHu Ha 12-Ty o0y
BUKOHAHO TUIACTUKY Ae(heKTy M’ SIKUX TKAHUH CypaJIbHUM

PucyHok 5. ABTogepmo-
nnacrtuka

PucyHok 6. LicTtb
TVDKHIB nicns TpaBmMu

kjanrteM (puc. 9) 3 ofHOYaCHUM BCTAHOBJIEHHSIM 1LIEMEHT-
HOTO cIiericepa.

[Ticngonepariiinuii epiogq — 6e3 ocobauBocTeil. Bu-
IJISIT paHU Yyepe3 2 Micsli Micist OnepaTUBHOTO JIiIKYBaHHS
nokasaHo Ha puc. 10.

O6roBopeHHs

V pesynbTaTi OOCHIIKEHHSI BCTAHOBJIEHO, IO Oilb-
IIIiCTh MOCTpaxaaaux 3 AedeKkTaMu TOBTMX KiCTOK yHa-
cJimoK cydacHoi 60itoBoi TpaBMu (68,09 %) moTpebye BU-
KOHaAHHS TJIaCTUKU AedekTy M IKuX TKaHWH. Taki maHi
MEBHOIO MipOI0 KOPEIIOITh 3 JaHUMU CBITOBUX JIKEpes
HayKoBoi iH(opMallii, aje CyTTEBO YTOUHIOWTH iX [9, 11,
12]. IIpoBemeHnit aHaji3 3acBigYMB, IO MiXX PO3MipOM
nedekTy KiCTKM Ta TOTpedol0 y IUIACTUIl M’SIKHUX TKa-
HUH iCHY€ MO3UTUBHMI, CHUILHUI Ta BUCOKOBipOTiTHUIA
3B’S130K. X04a CIIOCTEePIira€ThCs IeBHE 3POCTAHHS ITOTPe-
O0U B IIACTUIII M’SIKUX TKAHUH 3i 30UIbIIEHHSIM PO3Mipy
KiCTKOBOTO Ae(eKTy, OflHaK Taka TEHJAEHIlisl He Mae Jii-
HiilHOTO XapakTepy. Takum 4MHOM, OYJI0 JOBEIEHO, 110
pPO3Mip KiCTKOBOTO Ne(eKTy € pU3MKCTBOPIOIOYUM (hak-
TOPOM TIpM BUHUKHEHHI MOTpeOu y MpOBEIeHHI omepa-
TUBHUX BTPYYaHb Y MOCTPAXKIAIUX i3 HedheKTaMu TOBTUX
KiCTOK YHACHioK cyvyacHoi 00#ioBoi TpaBMu. OTpumaHi
pe3ybTaTh € YHiIKaJIbHUMHU, OCKIJIbKM B JOCTYITHUX CBi-

PucyHok 7. JegeKkr M’saKkux TkaHuH
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TOBUX HAyKOBUX JI>KepeJsiax 3 LIbOTO MUTAHHS HasiBHi JIulle
MOOAMHOKI TToBimoMJIeHHS [12].

[Tin yac pocnimkKeHHsT MPOBEeIeHO PO3PAXyHOK, Bepudi-
Kallilo Ta aHali3 KJIiHIYHUX pe3yJbTaTUBHUX PU3MKIB BU-
HUKHEHHSI TTOTpeOu Y BUKOHAHHI OllepaTUBHUX BTPYYaHb y
MOCTpaXaanuX 3 nedeKraMu JOBTMX KiCTOK YHACHIIOK Cy-
YacHOI 00110BOI TpaBMU. Y pe3y/IbTaTi pU3NKOPiEHTOBAHOTO
aHaJTi3y BIepllie Y CBiTi BU3HAYEHO MOKA3aHHS 1O BUKOHAH-
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PucyHok 8. PeHTreHorpama KicTtok npaBoi romisikm

H$I OTNepaTUBHUX BTpYyYaHb IS TUIACTUKU M’SIKUX TKAaHUH.
JloBeeHo, 1110 IpU po3Mipi KicTKoBoro aedekTy Bix 5,00 cm
KJTHIYHUI pe3yabTaTUBHUI PU3MK HaOyBae KatacTpodiu-
HOTO piBHS, 1110 OOTPYHTOBYE a0COJIIOTHI ITOKA3aHHS 10 BU-
KOHAHHS IJIACTUKU M’ IKUX TKaHUH. [1pu po3Mipi KicTKoBo-
ro nedekTy MeHIe Hix 5,00 cM KIiHIYHWN pe3yIbTaTUBHUI
PU3UK € CYTTEBUM, 1110 OOTPYHTOBYE BiTHOCHI OKA3aHHS 10
BUKOHAHHS TAKOTO OTNEPATUBHOTO BTPYYaHHSI.

Pesynbrati JaHOTO OOCIIIKEHHS 103BOJUIN BCTAHOBU-
TU BIUIMB JIOKaJTi3allii KiCTKOBOIo Ae(eKTy Ta BAHUKHEHHS
MoTpeOr Y BAKOHAHHI TJIACTUKU M’ SIKUX TKaHUH. BcTaHOB-
JICHO, 1110 PO3ITO/IiJI MACKBY JOCJIIIKEHHSI 32 03HAKOIO JIOKa-
JTi3allii KicTKoBOro jedeKTy Mae 00’ €KTUBHUIA i BiporigHuii
XapakTep, a 3B’130K 3a TAKOI0 03HAKOIO i MOTpe0o0 y BUKO-
HaHHi TUTACTUKK M’SIKUX TKAaHUH € TIO3UTUBHUM, CUJIBHUM
Ta BUCOKOBIpOTiTHUM. BullieBuKIIaneHe 103BOJMIO BU3HA-
YUTH JIOKAJTi3allil0 KiCTKOBOTO Ae(EKTY SIK PU3UKCTBOPIOIO-
Yiii (paKTOp BUHMKHEHHS ITOTPeOU OIepaTUBHUX BTPpydaHb
y TOCTpaXKIaaux 3 IOLIKOMXEHHSIMU KiHIIiBOK YHACiIOK
cydyacHoi 00iioBoi TpaBMu. Taki pe3yibTaTy € YHiKaJbHUMU
BHACJIiIOK TOTO, 1110 BIIEPIIE JOBEIESHO JIOKaTi3allilo KiCTKO-
BOTO 1eheKTY SIK pPU3UKCTBOPIOIOUMIA (DakTOp (SIK HACITIIOK i
(opMyBaHHSI ITOKa3aHb JI0 POBEIEHHSI OTIEPAaTUBHUX BTPY-
yaHb). [0 1aHOTO Yacy Taki J0CTiIKeHHSsI He TIPOBOAVIINCS.

V pe3ynbTati aHami3y KIIiHIYHOTO pe3yIbTATUBHOTO PU3UKY
BUHMKHEHHSI IOTPeOU Y TUIACTHULI M’ SIKMX TKAaHUH 3aJIeXKHO
Bill pU3UKCTBOPIOIOUOro (haKTopa «JIoKaji3allisg KiCTKOBOTO
nedeKkTy» BCTaHOBJIEHO, 1110 MPHU JIOKasi3allii KiCTKOBOTO -
dexTy B IUISHLI TUIeYa, MEePEeAIUIiYysl Ta TOMUIKYA PU3UK MA€E
KaTacTpoiuyHUI XapaKTep, 1110 3yMOBJIIOE a0COJIIOTHI ITOKa-
3aHHS 10 OTEPATMBHOIO BTPYYAaHHS Ul TUIACTMKU M SIKUX
tkaHuH. [1pu JoKaizalii KicTKoBOro ae(eKkTy Ha CTEeTHOBIit
KICTIIi pU3MK € HECYTTEBMM, 1110 BU3BHAYAE BiTHOCHI TTOKa3aH-
H$I 10 BAUKOHAHHSI TIJIACTUKU M’ SIKUX TKAHWH.

V3aranpHIOI0YM HaBeIeHi pe3yiabTaTd, CJiI 3a3Hadu-
TH, IO pO3Mip i JIOKaji3alis KiCTKOBOTro nedeKTy € pu-
3UKCTBOPIOIOYMMU (pakTopaMy BUHUKHEHHSI MOTpeOu B
OMNepaTUBHUX BTPYYAHHSIX ISl TIJIACTUKU M’ SIKUX TKAHWH.
Cawme 11e BU3HAYA€ XapakTep MoKa3aHb A0 BUKOHAHHS Ta-
KHUX BTpYYaHb Y MOCTPaXJaIuX i3 AeheKTaMu TOBIUX Kic-
TOK YHACJIIOK CydacHUX OOMOBUX MOIITKOTKEHbD.

PucyHok 10. Micue nnactuku gegekty M’sakux TkaHuH Yyepe3s 2 micsui
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BucHOBKMK

1. Po3mipu Ta nokaJi3alliss KiCTKOBOTO Je(eKTy € pu-
3UKCTBOPIOIOUMMHU (haKTOpaMM BUHUKHEHHS MOTpeOu y
IUIACTUL M’IKUX TKAHUH Yy TOCTpaXkaaIuXx 3 jaedeKraMmu
JIOBTUX KiCTOK, SIKi BAHUKJIW YHACJIiIOK Cy4acHUX 00ii0-
BUX IilA.

2. KniHidHWN pe3yIbTaTUBHUN PU3UK BUHUKHEHHS
MOoTpeOu B IUTACTUI M’ SIKMX TKAaHUH Yy MTOCTpaXIaaux 3
nedexTaMu TOBIrUX KiCTOK YHACTIIOK CydacHUX 00MOBUX
niii € cyTTeBUM mpu po3Mipax mo 5,00 cM Ta KaTacTpo-
¢iuHuM npu po3Mipax Oinbiie 3a 5,00 cM, 1110 BU3HAYAE
BiIMOBiHO BiHOCHI 4M aOCONIOTHI MOKa3aHHS 10 BU-
KOHAHHS ONEepaTUBHMX BTPYYaHb 3 TMPUBOAY TIACTUKU
M’SIKMX TKaHUWH.

3. KniHiuHM# pe3yabTaTUBHUN PU3UK Y BUHUKHEHHI
MoTpedu B TIACTUILI M’SIKMX TKAHUH € KaTacTpodiuHUM
npu aedeKTax KiCTOK Iuieda, MepeAIllivyds Ta TOMIJIKH
Ta € HeCYTTEBUM MpU JIoKadi3alii gedexry Ha crerHi. Lle
BU3HAUYa€ TaKOX aOCOJIIOTHI UM BiIHOCHI MOKa3aHHS 10
BUKOHAHHS OTIEPAaTUBHUX BTPYYaHb 3 IPUBOIY IJIACTUKU
M’SKUX TKAaHUH.

Konduikr inTepeciB. ABTopu 3asBISIIOTH TIPO BiICYT-
HiCTh KOH(ITIKTY iHTEpeCiB.

Indopmania npo dinancyBanna. CamodiHaHcy-
BaHHS.

Bnecok aBTopiB. I'yp’eB C.O. — KOHIIETIS i AU3aiiH
nociaimkenHs; [apisa C.B — aHami3 oTpuMaHMX IaHUX,
HamcaHHs TekcTy; KymrHip B.A. — o0po0Oka maTepianis;
Lu6ynbcbkuii O.C. — 30upaHHs MaTepiaiB.
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Long bone defects in victims with modern combat trauma.
Risk-based determination of the need for soft tissue plastic surgery depending
on the size and location of the bone defect

Abstract. Background. Modern combat trauma of the extremities is
characterized by a significant amount of damage to both bones and
soft tissues. Bone defects are one of the most severe and common
complications of modern combat trauma of the extremities. Such in-
juries are accompanied by significant soft tissue defects. The purpose
was to evaluate the necessity and feasibility of soft tissue plastic surgery
in victims with long bone defects due to modern combat trauma. Ma-
terials and methods. This retrospective cohort research is based on the
study and analysis of 141 cases of limb injuries due to modern combat
trauma with the presence of long bone defects. The inclusion criterion
was the presence of combat damage to the limbs with defects of long
bones and soft tissues. Results. The study found that the vast majority
of victims (68.09 %) with long bone defects caused by combat trauma
require surgical interventions for soft tissue plastic surgery. It was re-
vealed that the soft tissue plastic surgery was mostly required in victims
with long bone defects measuring 5—9.99 cm (42.71 % of victims by the
specific weight in this group), and the least soft tissue plastic surgery
was required by patients with long bone defects of up to 5 cm (5.21 %).
A trend towards increasing need for soft tissue plastic surgery with in-
creasing bone defect size has been established. Starting from a bone
defect size of more than 5 cm, the risk of the need for soft tissue plastic

surgery is catastrophic in terms of qualitative characteristics, and up
to 5.0 cm, it is significant. It was also found that the greatest need for
surgical interventions for the purpose of soft tissue plastic surgery was
in victims with defects in the tibia (83.87 %) and forearm (75.00 %)
bones, and the least need was in victims with defects in the femur bone
caused by combat trauma (12.00 %). It has been proven that the size
and location of the bone defect are risk factors in terms of the need
for surgical interventions for soft tissue plastic surgery. Conclusions.
1. The size and location of the bone defect are risk factors for the need
for soft tissue plastic surgery in victims with long bone defects as a result
of modern hostilities. 2. The clinical outcome risk of the need for soft
tissue plastic surgery in victims with long bone defects resulting from
modern warfare is significant for sizes up to 5 cm and catastrophic for
sizes over 5 cm, which determines the relative or absolute indications
for soft tissue plastic surgery, respectively. 3. The clinical outcome risk
of the need for soft tissue reconstruction is catastrophic for defects of
the shoulder, forearm, and lower leg and is insignificant for defects of
the hip. This also determines the absolute or relative indications for
soft tissue reconstruction.

Keywords: long bone defects; soft tissue defects; need; plastic sur-
gery; victims; combat trauma
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Traumatic brain injury in the context
of contemporary challenges: epidemiology,
mechanisms of injury, gender differences,
and long-term consequences (a systematic review)

Abstract. Background. Traumatic brain injury is one of the leading causes of disability among military personnel,
with mild forms accounting for over 80 % of cases and offen accompanied by persistent cognitive, emotional,
and behavioral impairments. The purpose was fo summarize current evidence on the epidemiology, mecha-
nisms of injury, gender differences, and long-term consequences of fraumatic brain injury in military person-
nel worldwide, based on a meta-analysis of both international and domestic scientific studies. Materials and
methods. A systematic review was conducted using meta-analysis of international and domestic studies, as well
as content analysis of publications indexed in Scopus and PubMed. The literature search employed keywords:
traumatic brain injury, military personnel, post-concussion syndrome, acubarofrauma, neurobehavioral and
cognitive sequelae, suicidal behavior, epilepsy, dementia, disability, rehabilitation. A total of 51 articles pub-
lished between 2018 and 2026 were included. Results. Blast and combined injuries lead to diffuse axonal da-
mage, microvascular changes, and disruption of brain networks, increasing the risk of seizures, cognitive deficits,
and dementia. Common psychiatric consequences include post-fraumatic stress disorder, depression, anxiety
disorders, and sleep disturbances, which worsen social adaptation, especially when combined with neurobe-
havioral changes. Women are more prone to severe cognifive and emotional symptoms. Conclusions. Long-
term rehabilitation should be based on a biopsychosocial model and include muiltidisciplinary interventions:
medical, cognitive, physical, psychotherapeutic, and social support. The scientific and practical significance of
this study lies in the implementation of evidence-based protocols, national registries, and prevention programs
to reduce disability and improve the quality of life of affected individuals.

Keywords: traumatic brain injury; military personnel; post-concussion syndrome, acubarotrauma; neurobehav-
ioral and cognitive sequelae; post-traumatic stress disorder; suicidal behavior; epilepsy,; dementia; disability; re-
habilitation

Introduction

Traumatic brain injury (TBI) represents a significant
global medical and social challenge, with approximately 2.5
million emergency department visits, 288,000 hospitaliza-

Global data indicate a substantially higher prevalence of
TBI in low- and middle-income countries due to increased
risk of road traffic accidents and limited access to health-
care. Among civilians, the most vulnerable groups are

tions, and 56,000 deaths annually in the United States, and
about 43.0 % of patients experiencing long-term disability.
Mild TBI (mTBI) accounts for the majority of cases and is
associated with high morbidity in children, adolescents, and
older adults, exhibiting a bimodal age distribution.

children under 4 years old (falls: 839 per 100,000), patents
aged 15—24 years (road traffic accidents: 236 per 100,000),
and adults over 75 years old (falls: 599 per 100,000). Males
show a higher incidence of TBI, particularly in contact
sports.
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Among military personnel, TBI occurs more frequently
than in civilian populations due to physically and psychologi-
cally hazardous conditions, including blast-related injuries.
In the United States, from 2000 to 2019, over 413,000 service
members were diagnosed with TBI, of which 83.0 % were mild.
Women are less frequently affected by TBI but report more
pronounced neurobehavioral symptoms following mTBI.

TBI is increasingly recognized as a chronic condition
due to its long-term health consequences, including cogni-
tive, motor, psychiatric, and sleep disturbances, resulting in
impaired social and occupational functioning. In children,
mTBI is associated with an increased risk of attention-defi-
cit/hyperactivity disorder, anxiety disorders, post-traumatic
stress disorder (PTSD), and social-behavioral problems. In
adults, it is linked to depression, anxiety disorders, chronic
pain, reduced social adaptation, and elevated risk of suicidal
behavior.

Military studies indicate significant comorbidity of mTBI
and PTSD, with negative impacts on social functioning, re-
turn to work, and community reintegration. The long-term
outcomes of TBI depend on injury severity, exposure to high-
energy blasts, proximity to the epicenter, age, sex, pre-exis-
ting health status, comorbidities, and lifestyle factors [1, 2].

Currently, it is critically important to study mTBI as a
chronic condition, including vestibular and oculomotor con-
sequences, to predict long-term outcomes, develop effective
monitoring strategies, personalize treatment, and optimize
the scope and focus of rehabilitation interventions [3—6].

Epidemiological data indicate pronounced gender diffe-
rences in the prevalence of TBI: the incidence among men
is approximately twice as high as among women. Although
these figures encompass both military and civilian popula-
tions, they reflect a general trend, largely due to the higher
representation of men in combat units and their more fre-
quent engagement in operations in active combat zones.

Analysis of comorbid TBI and PTSD among veterans
demonstrates complex gender-specific differences. Spe-
cifically, in the group with comorbid TBI + PTSD, no sig-
nificant differences were found between men and women
regarding meeting criteria for current PTSD. In contrast,
among individuals with isolated PTSD, men more frequent-
ly met diagnostic criteria for the disorder.

Male veterans with PTSD exhibited a higher lifetime
prevalence of alcohol and substance use disorders, as well
as a higher prevalence of mild TBI. In the group of patients
with isolated TBI, no gender differences in injury severity
were observed. However, among veterans with comorbid
PTSD and TBI, women had a higher likelihood of develo-
ping moderate to severe traumatic brain injury.

It is also noteworthy that female veterans without TBI or
PTSD more frequently exhibited signs of major depressive
disorder. Overall, the data confirm statistically significant
gender differences in the prevalence of PTSD, alcohol use
disorders, major depressive disorder, as well as in TBI seve-
rity, which should be considered when planning medical
care and rehabilitation interventions [7].

TBI remains one of the leading medical challenges in
modern military conflicts, despite rapid advances in wea-
ponry, improvements in combat tactics, and the increasing

role of unmanned technologies. The reduction in overall
number of injured personnel has not been accompanied by
a proportional decrease in the incidence of TBI among ser-
vice members, highlighting the continued relevance of this
condition.

According to the U.S. Centers for Disease Control and
Prevention, during 2000—2006, there was a significant in-
crease in TBI cases, associated with the return of a large
number of military personnel involved in overseas opera-
tions. Meanwhile, the U.S. Armed Forces Health Surveil-
lance Center reported 375,230 TBI cases among military
personnel between 2000 and 2016.

Mild TBI deserves particular attention, with prevalence
among service members who participated in Operations
Iraqgi Freedom, Enduring Freedom, and New Dawn ranging
from 15.2 to 22.8 %. The primary etiological factor in these
cases was blast exposure, which can have cumulative effects
with prolonged or repeated exposure.

Analysis of U.S. combat theater data from 2001-2012
showed that approximately 75.0 % of all TBI cases were
classified as mild. Comprehensive assessment, considering
injury severity and mechanism, indicated that the propor-
tion of patients with mTBI reached 83.0 %, highlighting its
dominant role in the profile of combat-related injuries [8].

According to surveys, 72.0 % of service members who
participated in combat reported experiencing at least one
mTBI during their lifetime. Vestibular disorders were re-
corded in 69.0 % of participants, with similar prevalence
after blunt (59.0 %) and blast (47.0 %) injuries, while com-
bined blunt and blast injuries were associated with the hig-
hest frequency (83.0 %). Analysis showed that even when
accounting for PTSD, depression, and anxiety symptoms,
vestibular dysfunction remained a direct and independent
predictor of increased post-concussion symptoms and func-
tional disability.

Vestibular dysfunction is a common consequence of com-
bined blunt and blast injuries and constitutes an independent
risk factor for poor long-term mental health. From a clinical
perspective, vestibular rehabilitation can significantly reduce
post-concussion symptoms, including balance disturbances
and dizziness, underscoring its importance as a component
of comprehensive treatment following mTBI [9].

The relevance of research on traumatic brain injuries is
driven by modern military conflicts and the evolution of
high-precision, high-power weaponry, which causes pro-
longed cognitive, psychological, and physical consequen-
ces, often resulting in persistent functional disability.

The purpose of this study was to summarize current evi-
dence on the epidemiology, mechanisms of injury, gender
differences, and long-term consequences of TBI among
military personnel worldwide, based on a meta-analysis of
both international and domestic scientific studies.

Materials and methods

A systematic review was conducted through meta-analy-
sis of international and domestic studies, as well as content
analysis of publications indexed in Scopus and PubMed.
The literature search was performed using the following
keywords: fraumatic brain injury, military personnel, post-
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concussion syndrome, acubarotrauma, neurobehavioral and
cognitive sequelae, suicidal behavior, epilepsy, dementia,
disability, rehabilitation. A total of 51 articles published be-
tween 2018 and 2026 were included in the review.

Results and discussion

The causes of TBI can be classified as follows:

— non-combat blunt head trauma — resulting from mo-
tor vehicle accidents, falls, or crush injuries. This type typi-
cally affects the posterior region of the head, causing local-
ized damage to brain tissue around the impact site, such as
contusions or epidural hematomas, which may extend to
distal regions relative to the point of contact. Rotational ac-
celeration of the skull can lead to diffuse axonal injury;

— combat-related mechanical head trauma — caused
by damage to skull and brain structures due to gunshot or
shrapnel wounds;

— blast-induced injuries — resulting from the propaga-
tion of a supersonic pressure gradient following detonation
of an explosive device, with sequential phases of high posi-
tive pressure followed by longer negative pressure. Secon-
dary injury may occur through reflection of these waves from
surrounding surfaces, such as walls or vehicles. The pressure
wave can accelerate the brain, causing tissue compression
and displacement, with additional trauma from contact with
intracranial structures. Compression of fluid media within
the body, particularly the brain, can lead to bubble forma-
tion and cavitation [10].

Polytrauma involving multiple body regions is common,
which complicates overall clinical status and progression.
Blast injury — also referred to in the international litera-
ture as blast-induced or explosive trauma — is caused by the
pressure wave and energy generated during an explosion,
resulting in injury to multiple organ systems. Animal models
simulating blast exposure have shown that the shock wave
rapidly passes through the skull and brain, causing varying
degrees of damage, including disruption of the blood-brain
barrier and microvascular integrity, increased intracranial
pressure, possible contusions, and axonal injury. These ef-
fects lead to deficits in synaptic excitability due to ultra-
structural neuronal damage, triggering neuroinflammatory
processes in the cortex and hippocampus, microglial activa-
tion, and generalization of inflammation [11].

The mechanism of TBI following blast exposure is di-
vided into four phases:

— primary phase — caused by the physical forces gene-
rated by the explosive substance, with rapid transmission of
the pressure wave through brain tissue;

— secondary phase — results from penetration of the
skull by projectiles or fragments;

— tertiary phase — occurs due to contact or acceleration
of the head and body movement induced by the blast wave;

— quaternary phase — includes any brain injury not co-
vered by the first three phases, such as hemorrhagic shock,
chemical, or thermal burns. The vast majority of blast-rela-
ted TBIs occur during the first three phases [11].

There are five commonly recognized mechanisms of
blast-related injuries; however, this study focuses on the
primary mechanism — the direct effect of the overpressure

from the blast wave. Particular attention is given to the ef-
fects of sub-threshold overpressure, i.e., pressure levels that
do not, by themselves, result in clinically diagnosed injury
after a single blast but may exert a cumulative effect on brain
function.

Studies indicate that even sub-traumatic overpressure
exposure is associated with the emergence of negative symp-
toms and decreased cognitive performance in military per-
sonnel. Specifically, reports describe a syndrome sometimes
referred to in the literature as “breacher’s brain”, which in-
cludes sleep disturbances, cognitive deficits, and headache.
These symptoms may reflect changes in neuronal and vas-
cular function induced by the mechanical forces of the blast
wave, which do not reach the threshold of overt injury.

Factors modulating the severity of these effects include
sleep quality and the duration of military service. Insufficient
sleep and prolonged exposure to high-risk environments are
believed to exacerbate cognitive impairments both in the
acute post-exposure period and over the long term. This
supports the hypothesis that neurocognitive changes follo-
wing sub-threshold overpressure are multifactorial, depen-
ding on the interaction of physiological and environmen-
tal predictors. Sleep disturbances observed among military
personnel — such as deprivation, superficial or fragmented
sleep, and disrupted circadian rhythms — are further com-
pounded by military service conditions. These disturbances
provide a negative substrate for cognitive decline, emotional
instability, development or exacerbation of somatic dis-
orders, and increased resistance to psychotherapeutic and
pharmacological interventions, cumulatively affecting brain
structural integrity and amplifying the consequences of TBI.

Overall, combat situations — due to their unpredic-
tability or chronic exposure — induce states of exhaustion
accompanied by sleep disturbances, irritability, attention
deficits, impaired concentration, and reduced memory per-
formance, caused by prevailing inhibitory processes in the
brain. These factors may increase the risk of injury, inclu-
ding TBI, among service members [12, 13].

Even in the absence of a diagnosed TBI, sub-threshold
exposure to blast overpressure can result in persistent cog-
nitive dysfunction and symptoms, underscoring the need
for further research into underlying mechanisms and the
development of strategies for early detection and prevention
[14]. Longitudinal observation may reveal delayed mani-
festations of blast-related injury, reflecting post-traumatic
changes in brain structures.

Study results indicated that mild TBIs caused by high-
intensity blasts were associated with a significantly higher
number of neurological symptoms upon return from de-
ployment and approximately six months thereafter. While
the overall intensity of symptoms decreased with a similar
trajectory regardless of injury mechanism, marines exposed
to high-intensity blasts continued to report elevated levels
of neurological symptoms. Furthermore, those exposed to
low-intensity blasts during service also exhibited persistent
neurological symptoms post-demobilization.

These findings suggest that blast-induced brain injuries
may differ from impact-related injuries and highlight the
importance of thorough clinical evaluation and individu-
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alized symptomatic management in military personnel ex-
posed to blast trauma [135].

For a long time, the scientific community held the view
that consciousness disturbances caused by TBI impede the
formation of traumatic memories, thereby reducing the
likelihood of developing PTSD. However, recent studies
challenge this notion, demonstrating that PTSD can de-
velop even in the presence of TBI.

This phenomenon can be explained by several mecha-
nisms, including unconscious encoding of the affective and
sensory components of the traumatic experience (visual
images, odors), partial conscious recall of certain fragments
of the event, and reconstruction of traumatic memory based
on secondary information (accounts from witnesses or fa-
mily members). Additionally, the retention of memory re-
garding the circumstances surrounding the traumatic event,
which may themselves be highly distressing, plays an impor-
tant role. In military personnel, this set of factors is more
extensive, and the risk of developing PTSD depends not
only on the severity of TBI but also on the conditions under
which it occurred, the intensity of combat stress, and prior
psycho-emotional experiences.

At the same time, clinical differentiation between the
consequences of TBI and manifestations of acute stress re-
action or PTSD is challenging. Immediate trauma effects,
such as disorientation, confusion, attentional deficits, and
somatosensory disturbances, can mimic symptoms of mild
TBI or acute psychotraumatic reactions. In cases without
loss of consciousness, these states are particularly difficult to
distinguish, as impairments in event recall may result both
from neurophysiological changes caused by TBI and from
emotional and psychophysiological responses to psycho-
logical trauma. The coexistence of organic and psychogenic
mechanisms necessitates a comprehensive clinical approach
to the diagnosis and subsequent rehabilitation of military
personnel with combat-related trauma [16].

Researchers have conducted studies to determine lesion
localization in patients with similar clinical symptoms using
neuroimaging methods, subsequently mapping these lesions
onto a standard brain atlas. Further analysis using the hu-
man connectome revealed that lesions provoking epileptic
seizures are integrated into a specific functional brain net-
work. This network is characterized by negative functional
correlation with cerebellar and basal ganglia regions, high-
lighting the critical role of subcortical structures in the ge-
neralization of focal seizures.

Moreover, alterations in gene expression regulation play
a key role in the pathogenesis and progression of secondary
generalized tonic-clonic seizures (SGTCS). The combined
analysis of neuroimaging and transcriptomic data allows for
the identification of the molecular basis underlying these
functional changes [17, 18].

Brain lesions are one of the leading causes of epilepsy in
adults. The localization and nature of the lesion are closely
associated with subtypes of focal epilepsy, reflecting the
structural etiology of the disorder. Studies indicate that the
lesion site is a key factor in the development of epileptic ac-
tivity. In particular, cortical lesions are more frequently as-
sociated with secondary generalized tonic-clonic seizures,

emphasizing the importance of neuroanatomical localiza-
tion for predicting seizure type [19].

Brain lesions that provoke SGTCS are localized in spe-
cific regions functionally connected with the cerebellum,
thalamus, anterior and midcingulate cortices, as well as the
middle frontal gyrus. These identified areas demonstrate
stability and specificity, underscoring their key role in the
pathogenesis of SGTCS and potentially indicating target re-
gions for therapeutic intervention. The formation of cortical
scar tissue due to traumatic insults also serves as a precipitat-
ing factor for SGTCS.

Through the integration of neuroimaging data and tran-
scriptomic analysis, we identified that local neuronal net-
works associated with SGTCS correspond to the expression
of genes linked to epilepsy. These genes exhibit rich func-
tional characteristics, suggesting the existence of multiscale
molecular interactions in the development of SGTCS. The
findings provide critical insights into the genetic and mo-
lecular mechanisms underlying specific brain regions as-
sociated with generalized seizures and open prospects for
identifying novel therapeutic targets and developing inter-
ventional strategies [20].

Clinical trajectories of comorbidity were highlighted in a
study assessing military personnel (mean age at last follow-
up: 41.5 £ 8.1 years; 91.0 % male). Optimized clustering re-
vealed four main clinical outcome subtypes:

— cluster 1: multidomain, resilient to cognitive dys-
function, neurobehavioral, and psychological symptoms —
43.0 % of participants;

— cluster 2: resilient to cognitive dysfunction but with
elevated neurobehavioral and psychological symptoms —
42.0 %;

— cluster 3: severe cognitive dysfunction with moderate-
ly elevated neurobehavioral and psychological symptoms —
5.0 %;

— cluster 4: moderate cognitive dysfunction with severe
neurobehavioral and psychological symptoms — 10.0 % of
participants.

Among patients in the resilient group, 36.0 % had a his-
tory of mTBI due to blast exposure. Longitudinal analysis
indicated that clusters exhibited significant temporal dif-
ferences, particularly in brain volumes. The smallest brain
volumes were observed in the cluster with severe cognitive
dysfunction and moderately elevated neurobehavioral and
psychological symptoms, especially in the cerebellum and
brainstem. These data emphasize the importance of asses-
sing not only the heterogeneity of brain injuries but also the
diversity of mild TBI outcomes, including cognitive, neu-
robehavioral, and psychological manifestations that evolve
over time [21].

Among 42,000 military personnel with mTBI, 77.6 % had
at least one comorbid condition. The cohort was predomi-
nantly male (81.4 %), aged 18—24 years (46.1 %), and of Eu-
ropean ancestry (64.1 %). Within 180 days prior to mTBI, the
most common conditions were sleep disturbances — 21.7 %
(insomnia in 11.0 %, sleep apnea in 5.1 %), headache —
19.4 %, PTSD — 17.8 %, anxiety disorders — 11.3 %, de-
pression — 6.1 %, and cervical disorders — 10.9 %. Following
mTBI, PTSD prevalence increased to 26.0 % and depres-
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sion to 9.2 %. Post-injury, there was a marked increase in
visual disturbances (+327.2 %), cognitive impairments
(+313.9 %), vestibular disorders (+192.6 %), headache and
related symptoms (+152.2 %), and auditory disturbances
(+72.9 %). Sleep disturbances exhibited moderate posi-
tive correlations with cognitive deficits, anxiety disorders,
PTSD, and headache, highlighting the multidomain nature
of comorbid outcomes following mTBI in military person-
nel [22].

Acute concussion is associated with a broad spectrum of
somatic, cognitive, and behavioral symptoms. However,
these manifestations are not specific to concussion and
may reflect exacerbations of pre-existing somatic or psy-
chiatric conditions. While most symptoms resolve within
days or weeks, persistent manifestations beyond the typi-
cal recovery period may be influenced by comorbid con-
ditions and psychosocial factors. In military personnel,
the risk of developing additional somatic and psychiatric
conditions is heightened by service-specific factors, in-
cluding combat injuries and blast-related trauma, which
are frequently accompanied by musculoskeletal injuries.
Secondary acute stress reactions triggered by traumatic
experiences, lack of adequate rest and nutrition, physi-
cal exertion, environmental constraints, additional noise
exposure, and delayed access to qualified medical care in
operational settings can further contribute to or exacer-
bate existing psychiatric disturbances, affecting overall
clinical outcomes [23, 24].

A retrospective review of medical records from 40 mili-
tary personnel who experienced acute concussion during
deployment revealed that headache was the most common
symptom (98.0 %), followed by insomnia, tinnitus, impaired
attention, nausea, dizziness, anxiety, balance disturbances,
depression, and hearing loss. The most frequent comorbid
conditions were acute injuries, acute stress reactions, and
recent overuse of medications. Chronic comorbidities and
conditions included chronic headache, tinnitus, rapid fa-
tigue and exhaustion, irritability, anxiety, depression, in-
somnia, and post-traumatic stress disorder. Service mem-
bers with three or more comorbidities were more likely to
require evacuation from the combat zone.

Prior to deployment, 63.0 % of personnel reported head-
aches, and 12.5 % had a documented history of migraine.
Among those with pre-deployment headaches, 84.0 % ex-
hibited migraine features or triggers, predominantly as in-
frequent episodes (60.0 %). Post-injury, daily post-trau-
matic headaches were observed in 68.0 % of participants
and often corresponded to typical migraine phenotypes;
42.0 % received triptans, of which 75.0 % demonstrated a
positive therapeutic response. Concussion in combat set-
tings rarely occurs in isolation. Comorbidities are common
and significantly influence clinical progression and reco-
very. Post-traumatic headaches frequently exhibit migraine
phenotypes and may be modified by a prior history of mi-
graine attacks. Comprehensive history-taking and detailed
evaluation of comorbid conditions are essential for accurate
symptom characterization, diagnostic optimization, and
improved clinical management of military personnel fol-
lowing acute concussion [25].

Sleep disturbances are prevalent in military service and
are generally exacerbated during combat due to increased
operational demands, stress factors, and physical injuries.
In particular, sleep disturbances are commonly observed
following combat-related TBI. However, data on the pre-
valence of sleep disorders depending on the injury mecha-
nism — high-intensity blast versus direct head impact — re-
main limited.

The prevalence of sleep disturbances in military person-
nel with probable TBI post-deployment is substantial, es-
pecially among those with PTSD or depressive disorders,
reflecting the presence of insomnia as a symptom of these
conditions. Individuals with blast-related concussion report
sleep problems more frequently compared to those with in-
juries from direct impact. Comorbid psychiatric conditions,
particularly PTSD and depression, as well as gender and
socio-economic factors, significantly influence sleep dis-
turbance manifestations. There is a synergistic interaction
between blast-related TBI and PTSD, highlighting the high
risk of sleep disorders among individuals with such combi-
nation of factors. These findings underscore the importance
of a comprehensive approach to the assessment and ma-
nagement of sleep disturbances following TBI, taking into
account TBI as one of the leading causes of morbidity and
mortality among military personnel in modern conflicts,
with blast injuries remaining the primary mechanism of in-
jury. However, factors that increase the risk of mTBI fol-
lowing high-intensity blasts remain insufficiently studied.
A study analyzed data from over 100,000 U.S. Marines as-
sessed for health status after deployment in 2003 and 2008,
with approximately 13,000 individuals included in the final
analysis who had at least one documented qualifying expo-
sure. The results indicated that blast exposure and high oc-
cupational stress were independent risk factors for mTBI,
with the combination of both representing the strongest
predictor of injury. This finding suggests that occupational
stress may exacerbate the effects of blast trauma. Further
research is focused on evaluating mTBI severity, symp-
tom profiles, and long-term outcomes according to injury
mechanism and occupational risk [27].

TBI studies have shown that the mechanism of injury —
high-intensity blast versus direct head impact — signifi-
cantly influences injury severity, symptom spectrum, and
recovery trajectory. Health assessments of U.S. Marines
(2008—2017) were analyzed, with concussions classified ac-
cording to mechanism and symptom clusters: neurological,
musculoskeletal, and immunological. Logistic regression
indicated that even mild concussion, regardless of mecha-
nism, was associated with a significant increase in symptom
prevalence. Blast injuries were predominantly linked to
neurological manifestations (tinnitus, hearing loss, head-
ache, cognitive impairments), whereas impact injuries were
associated with immunological symptoms (rashes, chest
pain, respiratory difficulties). Independent of PTSD status,
blast injury remained a risk factor for neurological distur-
bances. These findings underscore the critical role of injury
mechanism in shaping physiological brain changes and may
inform refinement of diagnostic criteria and development of
targeted therapeutic strategies [28].
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Research has also examined the impact of injury mecha-
nism — high-powered blast or head impact — on persistent
sleep disturbances in military personnel post-deployment.
Self-reported sleep problems and associated risk factors
were analyzed, including concussion, PTSD, depression,
alcohol use, post-deployment sleep disturbances, and inter-
actions with sex and pay grade. Almost all factors, except
sex, were associated with increased likelihood of persistent
sleep disturbances. The strongest association was observed
between post-deployment sleep problems and persistent
disturbances, with blast-related head injury having the most
significant effect, particularly in combination with PTSD
and depression. High-powered blast exposure was more
strongly associated with persistent sleep disturbances than
impact injuries, highlighting the need for targeted monito-
ring and intervention for affected personnel [29].

Blast exposure is an increasingly prevalent occupational
hazard for military personnel in contemporary conflicts.
Numerous preclinical and clinical studies demonstrate that
blast waves directly affect brain structure and function, even
in the absence of other injury mechanisms, such as impact
or head acceleration/deceleration. Studies of low-level blast
exposure, which does not induce head movement, have
confirmed that the physical properties of the blast wave itself
constitute a critical mechanism of injury. Similarly, studies
of service members who violated safety protocols during ex-
plosive training revealed alterations in brain structure and
function, gene expression, and blood biomarkers, indicating
harmful effects even from low-level exposure. In humans,
blast exposure is associated with changes in brain struc-
ture and function, cognitive impairment, and exacerbation
of psychiatric and medical symptoms. These effects occur
independently of the presence of PTSD or TBI, suggesting
that blast exposure alone may represent an independent
mechanism of neurotrauma, alongside blunt impact or head
acceleration/deceleration [30].

The results demonstrated that exposure to high-intensity
blasts was associated with multiple TBI diagnoses, condi-
tions complicating TBI course, as well as psychiatric disor-
ders. In contrast, low-intensity blast exposure was associated
with only a single TBI diagnosis, several brain injury-related
conditions, and two psychiatric disorders. Furthermore, a
significant interaction between high- and low-intensity ex-
posures was observed for certain TBI-related conditions and
several psychiatric disorders, suggesting a potential cumula-
tive effect [31].

TBI, most frequently resulting from high-intensity blast
exposure, remains one of the leading causes of medical
evacuation among U.S. military personnel during recent
conflicts. Identifying risk factors for TBI is crucial for in-
jury prevention and long-term health maintenance in ser-
vice members. Previous self-report-based studies have sug-
gested that low-level blast exposure may act as a risk factor,
increasing susceptibility to TBI and associated symptoms.

This study conducted a large-scale population analysis
across all military service branches to investigate the asso-
ciation between occupational risk of low-level blast expo-
sure and clinically diagnosed TBI — including mild, mode-
rate, severe, and penetrating injuries — as well as conditions

commonly accompanying concussion. Utilizing archival
medical and occupational records from over two million
service members spanning 2005—2015, the study found that
occupational risk related to blast exposure correlated with
increased likelihood of any TBI, cognitive impairments,
hearing and speech problems, headache, psychiatric dis-
orders (including anxiety, post-traumatic stress disorder,
delirium, and dementia), substance and alcohol use disor-
ders, tinnitus, fatigue, and migraine. The broad spectrum
of blast-related outcomes highlights the need for a compre-
hensive approach to assessment and management. A tho-
rough understanding of blast exposure effects not only im-
proves medical support and preventive measures for military
personnel but also informs evidence-based policy, tailored
clinical protocols, and training programs aimed at main-
taining health and operational readiness [32].

A study analyzing TBI outcomes among service members
found that, among individuals aged 18—24 at the time of
service completion, the majority were male (89.0 %), with
12.6 % having at least one documented TBI in medical re-
cords. The findings demonstrated a significant increase in
the incidence of psychiatric disorders following TBI com-
pared to corresponding time intervals in personnel without
a history of TBI.

Notably, the most pronounced increases were observed
in mood disorders (67.7 vs. 37.5 %) and substance use dis-
orders (100 vs. 14.5 %). Analysis of temporal characteristics
of suicidal behavior revealed that service members with a
history of TBI experienced shorter times to suicidal events,
both directly and indirectly mediated by comorbid psychi-
atric disorders. Specifically, for newly diagnosed adjustment
disorders, time to suicidal event was 16.7 % shorter com-
pared to individuals without TBI. Indirect effect analyses
demonstrated statistically significant mediation, with the
strongest influence observed for substance use disorders,
where time to suicidal event was reduced by 63.8 % in ser-
vice members with a history of TBI. A history of TBI is as-
sociated with increased risk of developing new psychiatric
disorders and suicidal behavior through both direct and in-
direct mechanisms. These findings underscore the impor-
tance of a comprehensive approach to assessing cumulative
risk resulting from multiple combat exposures and imple-
menting evidence-based preventive and rehabilitative inter-
ventions targeting key pathophysiological mechanisms and
comorbid psychiatric conditions [33, 34].

In a cohort of service members, predominantly from the
Army (72.0 %) and Marine Corps (25.0 %), with a mean age
of 25.5 % 6.1 years, the prevalence of moderate-to-severe
TBIwas 31.6 %. The primary mechanism of injury was blast
exposure, accounting for 78 % of cases. Additionally, 71 % of
participants were diagnosed with at least one serious psychi-
atric disorder. Adjusted risk analyses demonstrated that TBI
was associated with an increased likelihood of developing a
range of psychiatric conditions, from a moderate increase in
the incidence of anxiety disorders to a significant elevation
in the risk of cognitive dysfunction. Overall, the presence of
TBI correlated with a higher number of documented psychi-
atric diagnoses. These findings indicate that combat-related
TBI exerts a complex negative impact on the mental health
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of severely injured service members. In this context, timely
identification and treatment of trauma-related psychiatric
disorders are critically important to improve long-term out-
comes during transitions to post-deployment care systems,
including those within the Department of Defense, vete-
rans’ affairs agencies, and civilian healthcare systems [35].

PTSD and depression are among the most prevalent
psychiatric disorders in service members and veterans. Stu-
dies indicate that 14—16 % of U.S. service members who
participated in combat operations in Iraq and Afghanistan
suffer from PTSD or depression. Other significant issues
include suicide, TBI, and substance use disorders, which
have far-reaching consequences for service members and
their families. Active deployment and transition periods
further increase the risk of psychiatric disorders. PTSD, first
codified in DSM-III (1980), manifests as re-experiencing
traumatic events, avoidance of triggers, hyperarousal, sleep
disturbances, and cognitive impairments. In 10—-20 % of
cases, symptoms become persistent and impair function-
ing. Depression accounts for up to 9 % of outpatient mili-
tary visits and includes depressed mood, anhedonia, sleep
disturbances, appetite changes, psychomotor retardation,
cognitive impairment, and suicidal ideation. Following de-
ployment in Iraq and Afghanistan, depression prevalence
increased from 11.4 to 15 %. Veterans are at elevated risk of
suicide, with more than 6,000 deaths annually — 1.5 times
higher than among non-veterans. Risk is particularly high
during the first year post-discharge. Suicide rates in the U.S.
Armed Forces doubled between 2000 and 2012 and have
since stabilized at 19.7 per 100,000 people per year.

Alcohol and other substance misuse is common among
service members and veterans, often driven by mispercep-
tions of stress relief, improved sleep, analgesic effects, or
social facilitation. Psychiatric and behavioral disorders due
to alcohol or substance use are associated with a high risk
of medical, psychiatric, interpersonal, and occupational
consequences. Studies show that approximately 30 % of
completed suicides and 20 % of risk-related deaths among
service members are linked to alcohol or drug consumption.
Dependence, the most severe stage of substance use disor-
ders, is characterized by compulsive seeking and use of sub-
stances despite a desire to quit, resulting in significant social
and physiological impairments. Vulnerability to alcohol
misuse is observed in the context of a history of TBI, which,
on a compromised organic substrate, leads to rapid, per-
sistent, and irreversible changes, increasing disability and
mortality. Overall, mental health among service members
and veterans — including PTSD, depression, and suicide —
is highly prevalent, closely linked to combat experience, and
has long-term impacts. These findings underscore the need
for comprehensive assessment, early diagnosis, and targeted
interventions to mitigate risks for both service members and
their families [36].

Elevated manifestations of hyperarousal and re-experi-
encing symptoms in the context of repetitive or blast-related
mTBI have been associated with decreased cognitive per-
formance, particularly in information processing speed, as
reported by S.M. Jurick (2021). These findings support the
synergistic impact of specific PTSD symptom clusters and

TBI characteristics on long-term cognitive deficits, empha-
sizing the importance of an integrated assessment of both
mental health and neurocognitive status in veterans with
brain injuries [37].

In veterans with mTBI and/or PTSD, cognitive test re-
sults demonstrate weaker correlations with daily functioning
compared to mood indicators and post-concussive symp-
toms. It suggests that, in this population, cognitive deficits
detected through formal neuropsychological assessments
may not fully reflect real-world adaptive capacity. Instead,
emotional state, including symptoms of depression, anxiety,
and post-concussive manifestations, has a more direct influ-
ence on veterans’ ability to perform everyday tasks, main-
tain social interactions, and integrate into civilian life. This
phenomenon may be driven by the comorbidity of PTSD
and mTBI, when psycho-emotional symptoms exacerbate
subjective functional difficulties, even in the presence of
relatively preserved cognitive performance. Therefore, eva-
luating cognitive function alone, without considering psy-
cho-emotional state and post-concussive symptoms, may
underestimate the real-world limitations experienced by
veterans. These results highlight the need for a comprehen-
sive approach to clinical assessment and rehabilitation that
integrates cognitive, psychological, and functional evalua-
tions to develop individualized recovery programs [38].

TBI is associated with an increased risk of cognitive im-
pairment and neurodegenerative diseases, post-traumatic
epilepsy, chronic traumatic encephalopathy, and dementia.
Contemporary epidemiological studies indicate that a his-
tory of TBI is linked to nearly a 70.0 % lifetime increase in
dementia risk. The risk is particularly high among younger
individuals and males, suggesting potential influences of
age, sex, and geographic factors. The consequences of TBI
extend beyond cognitive deficits and include chronic motor,
psychiatric, and social limitations that reduce quality of life.
This underscores the urgent need for preventive measures
aimed not only at reducing the incidence of TBI but also
at minimizing long-term neurocognitive sequelae. To op-
timize early diagnosis and monitoring of TBI at the public
health level, the implementation of systematic registries and
advanced case-tracking methods is crucial. Such approach-
es enhance the quality of epidemiological data, ensure the
generalizability of findings, and provide a foundation for
targeted prevention and early intervention strategies aimed
at reducing dementia risk following TBI [39].

Longitudinal studies on the adaptation of service mem-
bers to civilian life indicate that military discharge rep-
resents a critical period of increased risk for psychiatric,
neurobehavioral, and social functioning difficulties. Results
demonstrate that veterans experience poorer overall dis-
ability outcomes, more pronounced neurobehavioral symp-
toms, and higher psychiatric burden — including PTSD and
depression — compared to active-duty service members.
Veterans with a history of mild TBI, particularly blast-re-
lated injury, are especially vulnerable. In this group, there is
a higher likelihood of discharge within five years and more
pronounced post-traumatic symptoms, suggesting a syner-
gistic effect between injury characteristics and psychiatric
burden. Meanwhile, cognitive performance in discharged
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veterans remains relatively preserved, indicating a disso-
ciation between neurobehavioral and cognitive deficits and
their impact on daily functioning.

Successful adaptation to civilian life after military service
depends on the complex interplay of multiple factors: prior
psychiatric and emotional difficulties, availability of so-
cial (especially family) and community support, individual
characteristics, and specific consequences of combat-rela-
ted injuries, including mTBI. Veterans with a history of blast
injury and persistent neurobehavioral symptoms may face
substantial challenges in transitioning to civilian life due to
changes in social structure, lifestyle, and personal identity.
These findings highlight the need for a comprehensive ap-
proach to veteran support, integrating psychiatric, neurobe-
havioral, and social assessment, along with the development
of individualized rehabilitation programs. Systematic moni-
toring and early intervention can mitigate long-term adverse
effects of TBI and psychiatric disorders, facilitate reintegra-
tion, and improve post-service quality of life [40].

Service members and veterans face unique risk factors for
cognitive impairment and dementia. Traumatic brain injury
and post-traumatic stress disorder are more prevalent in
military contexts, with moderate to severe TBI being associ-
ated with an increased risk of Alzheimer’s disease, whereas
the relationship between PTSD and dementia remains in-
sufficiently explored. Blast injuries, combat exposure, and
chemical exposures may interact with TBI and PTSD,
exacerbating the risk of cognitive decline. Sleep distur-
bances, commonly accompanying TBI, PTSD, or combat
experiences, may also increase the likelihood of dementia.
Understanding the cognitive health of military personnel
requires considering the multifactorial nature of risk and
systematically investigating TBI, PTSD, combat deploy-
ments, and sleep disturbances, enabling the development of
effective prevention and early intervention strategies [41].

Assessment of frontal lobe TBI outcomes in service
members has traditionally focused on neurobehavioral,
cognitive, and psychiatric measures; however, gross and
fine motor function are also critically important for occupa-
tional performance. A longitudinal analysis of 19 cognitive
and motor measures at 1, 5, and 10 years post-frontal TBI
revealed persistent slowing of gross motor function (7-meter
walk test) across all time points. Fine motor skills showed
delayed performance at 1- and 5-year intervals, with par-
tial recovery by 10 years. These subclinical but functionally
significant changes highlight the importance of maintaining
movement speed, coordination, and reaction time. Even
minor motor slowing can increase injury risk and reduce
operational effectiveness. The findings support the need for
early interventions and rehabilitation programs to restore
functional capacity and optimize combat readiness [42].

Brain injuries that provoke focal epileptic activity often
initially localize to a limited cortical region, after which ac-
tivity may spread to other cerebral regions and subcortical
structures, including the thalamus, basal ganglia, and ce-
rebellum. Numerous studies indicate that a key mechanism
for the generalization of focal seizures is disruption of struc-
tural integrity and functional connectivity within thalamo-
cortical circuits and basal ganglia. Such disruptions lead to

synchronization of pathological electrical activity between
cortical and subcortical regions, promoting seizure propa-
gation and the development of secondary generalized sei-
zures [43, 44].

Theoretically, epileptic activity can arise in any brain
region. If lesions maintain sufficient functional connec-
tions with distant regions, almost any epileptogenic neu-
ronal population in the central nervous system may initiate
symptomatic seizures and, under certain conditions, lead
to SGTCS. In practice, however, not all lesions provoke
SGTCS. Factors determining a lesion’s capacity to trigger
generalized seizures remain partially undefined and include
lesion location, network topology, synaptic and neuronal
organization, and interactions with subcortical structures.
Lesions located within the same anatomical region do not
always produce identical clinical symptoms. Specific symp-
toms may be associated with multiple anatomical areas,
highlighting the complexity of mapping brain structure to
clinical manifestations and the necessity of considering in-
dividual variability in functional networks when predicting
lesion outcomes [45].

In a study by A.V. Shvets (2020), participants included
service members engaged in combat operations during the
Anti-Terrorist Operation/Joint Forces Operation (ave-
rage deployment duration 15.5 + 2.0 months, mean age
32.0 £ 1.3 years) who sustained mild closed TBI in 2019
and were treated at a military mobile hospital. Among them,
66.7 % also experienced barotrauma (first group), while the
remainder had isolated TBI (second group). Anamnesti-
cally, 88 % had brief loss of consciousness up to 10 minutes;
in cases combined with barotrauma, 91 % of injuries were
due to mine or blast exposure. Post-treatment outcomes
demonstrated significant improvement: normalization of
cognitive function occurred in 86 % of participants in the
first group. Moderate affective symptoms decreased from
43 to 4 % in the first group and from 36 to 7 % in the se-
cond group. Severe depression in the second group (14 %)
resolved after rehabilitation, and anxiety symptoms were
eliminated in all participants. The duration of treatment
was 10—14 days. The study confirms that combined TBI and
barotrauma lead to more pronounced cognitive and emo-
tional disturbances, while comprehensive rehabilitation ef-
fectively mitigates these effects, improving functional status
in service members [46].

As a result of the increasing frequency of local conflicts,
the number of service members exposed to combat stress
has significantly risen; more than half exhibit symptoms of
PTSD, and one of the common comorbid injuries is TBI.
Moderate to severe disability is observed in approximately
10 % of military personnel, with 62 % of cases related to
physical conditions and 27 % to psychiatric disorders. Al-
though TBI accounts for a smaller proportion of disability,
it has a substantial impact on functional status, particularly
when combined with mental health impairments. Due to
limitations in pharmacotherapy, non-pharmacological in-
terventions, including physiotherapy, play a critical role.
Comprehensive rehabilitation incorporating high-intensity
therapy reduces asthenoneurotic and asthenodepressive
symptoms, decreases anxiety, improves neurological status,
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vascular function, and cerebral perfusion, and normalizes
electrophysiological brain activity. These results empha-
size the importance of implementing comprehensive phy-
siotherapeutic programs to reduce disability and enhance
functional outcomes in service members recovering from
combat-related injuries [47].

The consequences of TBI are multifactorial, determined
by a complex interaction of psychophysiological, somatic,
and neurological factors; the conditions under which the
injury occurs (including combat context and barotrauma);
previous TBIs and psychiatric disorders; and the cumula-
tive effect of repeated injuries. Timeliness and completeness
of medical care, particularly early rehabilitation, are criti-
cal, as are individual psychological characteristics, such as
motivation for recovery and active engagement in the re-
habilitation process. Clinical manifestations of TBI — like
fatigue, cognitive impairments, anxiety and depressive
disorders, sleep disturbances — significantly reduce quality
of life and may trigger maladaptive coping strategies (e.g.,
psychoactive substance use, unsystematic analgesic intake),
further exacerbating structural and functional CNS changes
and increasing the risk of seizures and psychiatric disorders.
Among military personnel, the consequences of TBI should
be considered within a biopsychosocial framework that in-
tegrates organic, psychological, and social factors. Early
identification of high-risk groups, inclusion of psychothera-
peutic approaches in neurorehabilitation, and prevention
of dependency behaviors are promising strategies to reduce
symptom burden and improve long-term functional and so-
cial outcomes [12, 13].

The biopsychosocial model conceptualizes TBI conse-
quences not as purely organic damage but as the result of
interactions among three interrelated domains: biological,
psychological, and social. This approach is particularly
relevant for service members in whom neurological inju-
ries are often accompanied by emotional, cognitive, and
social sequelae of combat exposure. According to the Law
of Ukraine “On rehabilitation in the healthcare sector”,
multidisciplinary rehabilitation teams include specialists
in physical and rehabilitation medicine, physiotherapists,
occupational therapists, speech and language therapists,
prosthetists and orthotists, psychologists, psychotherapists,
rehabilitation nurses, assistants to physiotherapists and oc-
cupational therapists [48].

Rehabilitation of service members after TBI requires a
comprehensive approach that accounts for the interaction
of organic, psychological, and social factors. In this context,
three interrelated components can be distinguished:

1. Biological one, which includes mechanical brain in-
juries, neurophysiological alterations, somatic symptoms,
and secondary consequences (e.g., inflammatory processes,
perfusion deficits, cognitive impairments). This component
forms the primary organic basis of functional deficits fol-
lowing TBI and requires medical and physical interven-
tions, including physiotherapy, occupational therapy, and
pharmacological management [49].

2. Psychological one, which encompasses emotional re-
sponses to trauma, formation of post-traumatic memory,
development of anxiety, depression, and PTSD, as well as

the patient’s psychological adaptive resources. In military
personnel, these processes are often complicated by comor-
bidity of TBI and PTSD, necessitating integrated psycho-
therapeutic interventions and assessment of psycho-emo-
tional status [50].

3. Social one, which concerns the context of reintegra-
tion into life after combat, including family support, social
integration, employment, access to rehabilitation programs,
and community services. The social environment signifi-
cantly influences motivation for recovery, level of social en-
gagement, and overall quality of life in veterans [51].

The biopsychosocial approach relies on a multidisci-
plinary team of specialists working in close coordination:
rehabilitation physicians, physiotherapists, psychologists,
psychotherapists, occupational therapists, social workers,
and other relevant professionals. This approach enables
comprehensive assessment of patient needs and develop-
ment of an individualized treatment plan that addresses not
only restoration of physical function but also psycho-emo-
tional stability and social adaptation.

In the context of military rehabilitation, integration of
the biopsychosocial components contributes to a more ac-
curate diagnosis of functional needs and neurological defi-
cits, early identification and correction of mental health
disorders, support of social adaptation following reintegra-
tion into civilian life, and reduction of the risk of maladap-
tation and development of dependent behaviors.

Conclusions

1. TBI accounts for over 80 % of cases among military
personnel, causing persistent cognitive, emotional, and be-
havioral impairments that may last for years.

2. Blast and combined injuries lead to diffuse axonal
damage, microvascular dysfunction, and alterations in brain
networks, increasing the risk of cognitive and vestibular de-
ficits, seizures, and dementia.

3. PTSD, depression, anxiety disorders, sleep distur-
bances, and substance abuse are frequently observed; female
service members may exhibit more pronounced cognitive
and emotional symptoms, highlighting the need for gender-
specific approaches.

4. The biopsychosocial model and multidisciplinary re-
habilitation — such as medical, cognitive, physical, psycho-
therapeutic, and social support — combined with national
registries and evidence-based protocols contribute to reduc-
ing disability and socio-economic consequences.

Promising directions for future research include the de-
velopment and evaluation of comprehensive biopsycho-
social rehabilitation programs for military personnel with
TBI, consideration of comorbidity with PTSD, cumulative
effects of repeated injuries, and socio-psychological factors
to improve long-term functional and social outcomes.
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YepenHo-MO3KOBA TPABMA B YMOBAX CYYOCHUX BUKAUKIB: €niAeMIOAOriS, MEXCOHI3MU YLUKOAIKEHHS,
reHAepPHi BIAMIHHOCTI TO AOBroOCTPOKOBiI HACAIAKU (CUCTEMATUYHNI OTASIA)

Pe3tome. Axmyaavnicmes. YepenHo-Mo3KoBa TpaBMa € OIHI€IO 3
MPOBIAHUX MPUYMH iHBaJiIHOCTI cepe/l BiliCbKOBOCTYKOOBLIIB, IpU-
yoMy Jierki hopMu cTaHOBIIATH oHaA 80 % BUIAIKIB i 4acToO Cympo-
BOJDKYIOTCSI TPUBATMMK KOTHITUBHUMHU, EMOLIITHUMHM Ta TTOBEIiH-
KOBUMH TMOpYILIEeHHsIMU. Mema: y3aralbHUTH CydyacHi JaHi 11010
eniaeMiosiorii, MexaHi3MiB YILIKOIXEHHS, FeHAepPHUX BiIMiHHOCTE
i TOBrOCTPOKOBUX HACIKIB YepPEeMHO-MO3KOBOI TPAaBMM Y BilICbKO-
BOCITY>KOOBIIiB B YChOMY CBiTi HA OCHOBI MeTaaHaJli3y 3apyOiKHUX Ta
BITYMBHSIHUX HAYKOBUX AOC/iKeHb. Mamepiaiu ma memoou. Cuvic-
TEeMHUI OIJIsII BUKOHAHMI IIIJISIXOM MeTaaHasli3y 3apyOiXKHUX i BiT-
YM3HSHUX POOIT, a TAKOX KOHTEHT-aHaJIi3y ITyOJliKalliii y HayKOBUX
6a3ax Scopus, PubMed. JlitepatypHuii TOIIyK 31iliCHIOBABCS 3a I0-
TIOMOTOI0 KJIIOYOBUX CJIiB (traumatic brain injury, military personnel,
post-concussion syndrome, acubarotrauma, neurobehavioral and
cognitive sequelae, suicidal behavior, epilepsy, dementia, disability,
rehabilitation). 1o 1iboro ormsimy BBifinuia 51 crarrs, omyoaikoBaHa
y 2018—2026 pp. Pe3yavmamu. BubGyxoBi il KOMOiHOBaHi TpaBMU
TPU3BOIATH 10 AU(PY3HOTO aKCOHATBLHOTO YPaskKeHHSI, MiKpPOCYINH-

HMX 3MiH i MOPYILIEHb MO3KOBUX MEPEK, IO IMiIBUIILYE PU3UK CYIOM,
KOTHITMBHOTO IediuuTy Ta eMeHIlii. YacTuMu MCuXivyHMMU HacTi-
KaM¥ € TIOCTTPaBMaTUIHUI CTPECOBUIT pO3Ma, IeTpecisi, TPUBOXHI
pO3Taau i MOPYILIEHHSI CHY, SIKi ITOTipIIyIOTh COLlia/IbHY aiarTarliiio,
0COOJIUBO B TMOEIHAHHI 3 HEUPOMOBEIIHKOBUMM 3MiHAMU; KiHKU
CXWJIbHI 10 OLIbII BUpaXKEHUX KOTHITUBHUX Ta €MOLIIHUX CUMIITO-
MiB. Bucnoeku. JloBroctpokoBa peabiiTaliisi TOBUHHA 0a3yBaTHCS
Ha GioncuxocouianpHiil Mozesi i BKIIoYaT MyJbTUANCUUTUTIHADHY
JIOTIOMOTY: MEIUYHY, KOTHITUBHY, (Di3WUHY, MCUXOTepareBTUUHY I
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Biofilm infection of orthopedic implants:
diagnosis, tfreatment, and prevention

Abstract. Biofiim infection of orthopedic implants is one of the most challenging problems in modern orthopedics
and fraumatology, as it combines microbial persistence, limited efficacy of systemic antibacterial therapy, chronic
inflammation, impaired osseoinfegration, implant instability, and functional consequences of treatment. Microor-
ganisms atftach to the surfaces of endoprostheses, plates, screws, inframedullary rods, spinal systems, and other fixa-
tion devices, forming biofilms that are more tolerant fo antibiotics and immune responses than free-living bacteria.
This review purposed fo summarize current data on the pathogenesis, microbiological spectfrum, clinical forms, diag-
nosis, freatment, prevention, and antibiofilm coating strategies for orthopedic implants. A narrative literature search
was performed in four bibliographic databases — PubMed, Scopus, Web of Science, and Google Scholar— and six
publisher platforms: Elsevier, Springer Nature, Wiley, Oxford Academic, MDPI, and Frontiers. Eleven keyword groups
were used in English and Ukrainian, publications from 2014 to 2026 were pirioritized, and 37 sources were included
affer two-stage screening of titles/absfracts and full texts. The analysis showed that periprosthetic joint infection (RI)
and fracture-related infection (FRI) share the same biofilm mechanism but differ clinically because in FRI, the im-
plant is also required to maintain fracture stability. Key diagnostic elements include deep tissue sampling, sonication
of removed implants, histology, and standardized RII/FRI criteria, whereas superficial swabs are insufficient for final
therapeutic decision-making. Effective freatment requires surgical source control, stable fixation or implant revision,
dead-space management, soft tissue coverage, and systemic and local antimicrobial therapy. The review iden-
fified 12 main groups of antibiofilm or antimicrobial coating strategies, including anfibiotic-releasing systems, anti-
biotic-loaded hydrogels, gentamicin-coated nails, metal-ion coatings, calcium phosphate-/hydroxyapatite-based
systems, antimicrobial peptides, chitosan, nanostructured surfaces, and smart pH- or enzyme-responsive coatings.
Multifunctional coatings based on bioactive glass, calcium phosphate, hydroxyapatite, silver, antibiotics, hydrogels,
or combined systems are especially promising because they can inhibit early bacterial adhesion, reduce biofilm
formation, and support osseointegration. However, most available evidence remains preclinical or clinically limited,
and further validation is required before routine use in orthopedic fraumatology.

Keywords: biofilm,; orthopedic implants; periprosthetic joint infection, fracture-related infection,; antibiofim
coatings; review

Introduction

Orthopedic implants are an important component of mo-
dern musculoskeletal surgery and are used across all its fields.
Endoprostheses, plates, screws, intramedullary rods, spinal
systems, external and internal fixators can be used to restore
limb anatomy, stability, support, and function. Implantation

of a foreign material creates a microenvironment in which the
structure’s surface can serve as a substrate for bacterial adhe-
sion. After implantation, the material’s surface is rapidly co-
vered with plasma proteins, fibrin, extracellular matrix, and
cellular components. This conditioning layer can help micro-
organisms attach to the tissue and begin biofilm formation.
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Unlike acute soft tissue infection, implant-associated
infection can be latent, chronic, or recurrent. This is due
not only to the pathogen’s virulence but also to the biofilm’s
unique features. The biofilm protects bacteria from antibac-
terial agents, phagocytosis, complement, and other immune
responses. Therefore, the typical in vitro susceptibility of a
pathogen to an antibiotic does not always reflect the drug’s
actual efficacy once a biofilm has formed.

In clinical practice, biofilm infection can occur in peri-
prosthetic joint infection (PJI), infection after osteosyn-
thesis, fracture-related infection (FRI), infection of other
implants, or infection around external fixation devices.
Although the general biofilm mechanism is the same, this
is not the case in the clinical context. In periprosthetic in-
fection, the problem is infection of a permanent implant,
whereas a fixator is a temporary but valuable tool for sta-
bilizing a fracture. Therefore, premature removal of the
fixator can lead to loss of stability, nonunion, and the need
for complex reconstruction.

The problem is also important because even with surgi-
cal intervention and antibiotics, implant-associated infec-
tion is not eliminated. When a biofilm forms, treatment
often requires repeated interventions, prolonged antibacte-
rial therapy, revision osteosynthesis or arthroplasty, soft tis-
sue reconstruction, and local antimicrobial measures. For
FRIs, international recommendations focus on debride-
ment of the fracture, its stabilization, and control of bone
and soft tissue defects.

What is the scientific novelty and relevance of this re-
view? Most reviews address either periprosthetic joint infec-
tion or biofilm formation in general. At the same time, for
orthopedic traumatology it is important to analyze biofilm
infection both as a microbiological problem and as a func-
tion of three components: the microorganism, the implant
surface, and osseointegration. This three-component model
demonstrates why, in FRI, treatment cannot be limited to
eliminating pathogens alone.

It is relevant to combine three areas: modern biofilm
infection of orthopedic implants, the features of FRI in
traumatology, and the possibilities of various antibiofilm
coatings. This is especially relevant for the development of
bioactive glass materials and calcium phosphate (CaP) and
hydroxyapatite (HA) coatings with antimicrobial agents, as
these coatings can also be used to modify bacterial attach-
ment, biofilm formation, and osseointegration.

It is important to evaluate them in a broader context:
cytocompatibility, effect on osteoblasts, coating stability,
mechanical properties of the bone-implant system, antibac-
terial properties, potential for clinical application, and level
of evidence.

The purpose. This review article aims to analyze the exi-
sting scientific literature on biofilm infections of orthope-
dic implants in orthopedics and traumatology, regarding
pathogenesis, microbiological spectrum, clinical forms,
diagnostic criteria, treatment options, and prevention. An
additional aim is to analyze antibiofilm coatings for ortho-
pedic implants in terms of their mechanisms of action, ad-
vantages, limitations, level of evidence, and potential appli-
cations in traumatology.

Materials and methods

The research was performed as a narrative literature re-
view of biofilm infection of orthopedic implants. The lite-
rature search was conducted in the PubMed, Scopus, Web
of Science, and Google Scholar databases, as well as in the
scientific collections of the publishers Elsevier, Springer
Nature, Wiley, Oxford Academic, MDPI, and Frontiers.
The following search terms and their combinations (in Eng-
lish and Ukrainian) were used: “biofilm”, “orthopedic im-
plant”, “periprosthetic joint infection”, “fracture-related
infection”, “implant-associated infection”, “sonication”,
“antibacterial coating”, “antibiofilm coating”, “calcium
phosphate coating”, “bioactive glass”, and “osseointegra-
tion”. Publications in English and Ukrainian were inclu-
ded in the analysis. Original clinical studies, experimental
works, systematic reviews, meta-analyses, consensus docu-
ments, and clinical guidelines were considered. Preference
was given to sources from the last 5—10 years (2014—2026);
however, ecarlier fundamental works were also included
when of methodological or conceptual significance. Source
selection was carried out in two stages, based on relevance
and scientific significance: titles and abstracts were assessed
first, followed by full texts, in accordance with the inclusion
and exclusion criteria. As a result of the selection, 37 sources
were included in the review, among them classic works on
biofilms, the Infectious Diseases Society of America (IDSA)
guidelines on periprosthetic infection, the European Bone
& Joint Infection Society (EBJIS) definition of PJI, con-
sensus documents on FRI, and studies on the sonication of
removed implants [1—16].

Inclusion criteria: relevance to orthopedic implant-
associated infection; data on biofilm, diagnosis, treatment,
prevention, or implant coatings; scientific significance of
the source. Exclusion criteria: publications without an ab-
stract, duplicates, sources without a clear methodology,
works unrelated to orthopedic implants, or studies that did
not provide data relevant to the review topic.

Since the article is a narrative rather than a systematic
review, a quantitative meta-analysis was not performed.
The subject matter was used to categorize the sources into
the following areas: biofilm pathogenesis, microbiological
spectrum, clinical types of infection, diagnosis, treatment,
prevention, and antibiofilm coatings.

Results
Biofilm: definition and pathogenesis

A biofilm is a community of microorganisms attached
to a biological or artificial surface within an extracellular
polymeric matrix. The matrix consists of polysaccharides,
proteins, lipids, extracellular DNA, ions, and other com-
ponents that provide mechanical stability, protection, inter-
cellular communication, and attachment to the surface.

Biofilm formation occurs in stages. The first step is the
initial adhesion of bacteria to the implant surface. This pro-
cess depends on the material’s properties: roughness, hy-
drophilicity, electrostatic charge, chemical composition,
and micro- and nanotopography. After implantation, the
surface of the structure is rapidly covered with plasma pro-
teins and extracellular matrix, thereby promoting bacterial
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recruitment. The second stage is irreversible adhesion, dur-
ing which microorganisms begin to produce a matrix and
form microcolonies. The third stage is biofilm maturation
with the formation of a complex 3D structure. At this stage,
some cells may disperse, creating conditions for the spread
or recurrence of infection [1, 2, 13].

It is important to distinguish between antibiotic resis-
tance and antibiotic tolerance in a pathogen. Resistance is
due to genetically fixed mechanisms that allow bacteria to
grow in the presence of an antibiotic. Tolerance in a biofilm
can develop without genetic resistance and may be explained
by low metabolic activity, limited drug diffusion, persister
cells, and the protective role of the matrix. Current research
emphasizes that persister cells can radically alter their meta-
bolic pathways, evading the effects of even the newest anti-
biotics, thereby necessitating the development of innovative
coatings that target these resistant subpopulations [13]. For
example, in a clinical setting, an antibiotic shows activity on
a standard antibiogram but fails to eliminate the infection in
the presence of an implant [2, 17].

In addition to its microbiological aspects, a biofilm also
affects the tissue response. Prolonged inflammation around
the implant interferes with local vascularization, osteoblast
activity, bone remodeling, and the formation of a stable
bone-implant contact. In traumatology, this is especially
important, since the infectious environment can impair
reparative osteogenesis, increase the risk of nonunion, and
cause mechanical damage to the fixator.

In biofilm infections, the interactions among bacteria,
immune cells, and the implant surface become more com-
plex. Neutrophils and macrophages can play important
roles in local inflammation, but microorganisms cannot be
completely removed from the surface. This creates a para-
dox: the inflammatory response persists, yet effective con-
trol of the infection cannot be achieved. This is why biofilm
infection usually has no pronounced symptoms or a wave-
like course.

Microbiological spectrum

The common pathogens of orthopedic implant infec-
tions are staphylococci, especially Staphylococcus aureus,
and coagulase-negative staphylococci (Staphylococcus epi-
dermidis). S.aureus more often presents with a more acute

course, a strong local inflammatory reaction, a purulent
process, and early postoperative infections. Coagulase-
negative staphylococci are responsible for low-symptom,
chronic, and severe infections [13, 17], as well as infections
caused by Enterococcus faecalis, Gram-negative bacteria —
in particular Pseudomonas aeruginosa and members of the
Enterobacterales — and fungal pathogens (Candida spp). In
traumatology, the pathogen spectrum is broader because of
open fractures, primary wound contamination, necrotic tis-
sue, repeated surgery, and external fixation.

Polymicrobial infections require special attention. They
are more common in open fractures, severe soft tissue da-
mage, after repeated revision interventions, or in patients
with a prolonged hospital stay. In such situations, a super-
ficial swab cannot be a reliable basis for choosing therapy.
Care should be taken to obtain several deep-tissue samples
using sterile instruments before starting or changing anti-
bacterial therapy [7].

Not only the type of pathogen is important but also its
ability to form a biofilm. Microorganisms with low virulence
can cause slow infections with minor laboratory changes,
whereas highly virulent pathogens present a more acute
picture of purulent inflammation. Interpretation of micro-
biological results should take into account the clinical situ-
ation, the number of positive samples, histological corre-
spondence, and confirmatory criteria of infection.

Clinical forms of implant-associated infections
The most studied form of biofilm infection is periprosthe-
tic joint infection. It occurs after hip, knee, shoulder, or other
joint replacement surgery. Depending on the time of onset,
the virulence of the pathogen, and the route of infection, PJI
may have an acute postoperative, chronic low-grade, or he-
matogenous course. EBJIS proposed a three-tier diagnostic
system: infection is unlikely — all criteria negative; infection
is likely — two positive criteria; infection is confirmed — at
least one confirmatory criterion present. An important nu-
ance regarding “likely”: clinical signs or elevated C-reactive
protein (CRP) alone are insufficient — they must be com-
bined with another positive test (synovial fluid, microbiology,
histology, or radionuclide examination) [11, 12, 14].
Fracture-related infection is another important form of
infection. It is a response to osteosynthesis and is associated

Table 1. Comparison of periprosthetic joint infection and fracture-related infection

Criterion PJI

FRI

Primary implant Joint endoprosthesis

Plate, screw, rod, nail, fixation device

Implant function Replacement of joint function

Fracture stabilization

Key problem Infected permanent implant

Infected fixator required for healing

Biofilm

On endoprosthesis components

On the fixator, necrotic bone, and in soft tissue
cavities

Surgical strategy

DAIR, one-stage or two-stage revision

Retention, replacement, or removal depending on
healing

Diagnostic criteria EBJIS, IDSA, ICM

FRI consensus criteria

Feature

The implant is usually permanent

The fixator can be removed after healing

Notes: DAIR — debridement, antibiotics, and implant retention; ICM — International Consensus Meeting.
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with fracture fixators. In FRI, unlike PJI, the implant is not
only a substrate for the biofilm but also a device for fracture
healing. Therefore, the decision on its removal or retention
should be made taking into account the stability of fixation,
bone consolidation, the condition of the soft tissues, and the
virulence of the bacteria [6—10, 15].

International recommendations for FRI propose two
main surgical procedures: debridement with implant reten-
tion and implant removal/replacement. If the fracture has
not united but the fixation is stable, debridement can be
performed while retaining the construct. If the fracture has
united, removal of the implant facilitates elimination of the
biofilm. If the fixation is unstable, the construct should be
revised, or the fixation method replaced [8, 15].

Other groups include infections of spinal implants, pins,
and external fixation rods, as well as post-reconstructive
infections of bone defects. In all these cases, the biofilm
complicates elimination of the pathogen. Still, the choice
of treatment depends on the location, the function of the
implant, the possibility of its removal, and the risk of loss
of stability.

Diagnosis

Diagnosis of biofilm infection of orthopedic implants
should be made at multiple levels. No single clinical, labo-
ratory, or instrumental indicator can definitively confirm or
exclude infection. This is especially relevant in low-grade
infections, when fever, marked leukocytosis, or elevated
C-reactive protein may be absent.

For FRI, an international group of experts proposed di-
viding the criteria into confirmatory and suggestive ones.
Confirmatory criteria indicate the presence of infection.
These include a fistula or wound defect communicating with
the bone/implant, pus, isolation of the same pathogen from
at least two deep samples, and histological (or microscopic)

evidence of infection. Suggestive criteria indicate infection
but do not confirm it on their own; further investigation is
required [7].

If a deep tissue sample is taken, microbiological analysis
should be performed. Superficial swabs should not be used
when making the final choice of antibiotic therapy, as they
may reflect colonization of the wound or skin. It is best
to obtain several individual samples from different areas
of the infectious focus using sterile instruments. Sample
collection should be performed before initiating empirical
antibacterial therapy, unless sepsis or another emergency
is present.

Sonication of removed implants is a useful method for
diagnosing biofilm infection. The method involves ultraso-
nic treatment of the implant in a sterile fluid, thereby releas-
ing microorganisms from the biofilm. The classic study by
Trampuz et al. showed that sonication of removed hip and
knee endoprostheses can be useful for detecting infection in
complex cases [4].

Molecular methods, such as polymerase chain reac-
tion (PCR), multiplex PCR, 16S rRNA sequencing, and
metagenomic sequencing, can be useful when culture is
negative. However, they must be interpreted with caution
due to the risk of contamination when identifying DNA
from nonviable bacteria, the difficulty of interpreting poly-
microbial results, and the lack of full standardization in rou-
tine orthopedic practice.

Imaging methods also play an important role. X-ray and
computed tomography can assess fixation stability, as well
as osteolysis, sequestra, nonunion, or implant malposition.
Magnetic resonance imaging (MRI) with metal-artifact re-
duction techniques can be useful for evaluating soft tissues,
abscesses, and osteomyelitis, but this depends on the type of
implant, the imaging protocols, and the level of interpretive
experience.

Table 2. Main diagnostic approaches to biofilm infection in orthopedics

Method Assessment

Advantages Disadvantages

Clinical examination Pain, fistula, discharge,

instability

Available, initial stage Low specificity in chronic

forms

CRP, erythrocyte sedimen-
tation rate, leukocytes

Systemic inflammatory
response

May be normal in low-
grade infection

Simple, dynamic monito-
ring

X-ray/computed tomo-
graphy

Osteolysis, instability,
nonunion

Does not always distinguish
infection from an aseptic
process

Important for mechanical
assessment

Magnetic resonance Soft tissues, abscess,

More suitable for soft tis- Artifacts, availability

croorganisms

imaging with metal-artifact | osteomyelitis sues
reduction
Deep tissue cultures Pathogen and susceptibility | Basis of etiological therapy | False-negative results after
antibiotics
Sonication Microorganisms from the Better able to detect bio- Requires implant removal
biofilm film pathogens
Histology Neutrophil infiltration, mi- Confirmation of deep infec- | Depends on the protocol

tion

PCR/16S/metagenomics Microbial DNA

Contamination, complex
interpretation

Useful in culture-negative
cases
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Treatment

Treatment of biofilm infection of orthopedic implants
must be thorough. Intensive antibacterial therapy without
surgical control of the source of infection is often insuffi-
cient because the biofilm protects microorganisms from the
effects of the drugs. The treatment strategy should include
surgical debridement, removal of necrotic tissue, assess-
ment of implant stability, correction of fixation, manage-
ment of dead space, soft tissue coverage, and systemic and
local antimicrobial therapy [8—10, 16].

In PJI, several main strategies include DAIR, one- and
two-stage revision, resection arthroplasty, suppressive anti-
bacterial therapy in selected cases. The use of these strategies
depends on symptom duration, implant stability, soft tissue
condition, pathogen type, antibiotic susceptibility, and the
patient’s overall condition [5]. In addition, unconventional
therapies are increasingly being considered, particularly the
use of bacteriophages or enzymatic disruptors of the biofilm
matrix as adjuncts for complex and resistant forms of peri-
prosthetic infection [18].

In the case of FRI, the approach depends heavily on the
degree of fracture union. If the fracture has united, removal
of the implant can eliminate the surface on which biofilm
forms. Ifthe fracture has not united but the fixation is stable,
debridement with retention of the construct can be consi-
dered. If the fixation is unstable, revision, replacement of
the fixator, or other stabilization is required [8, 16].

Antibacterial therapy should be etiological. If there is
no immediate need for treatment, empirical microbiologi-
cal examination of deep tissue samples should be initiated.
Once culture results are obtained, treatment should be
adjusted according to the antibiogram. The consensus on
systemic therapy of FRI states that the duration and com-
position of antibacterial treatment are determined by the

surgical strategy, in which the implant is retained, replaced,
or removed [10]. Recent algorithms emphasize the impor-
tance of the earliest possible stabilization and transition to
adaptive therapy, based on standardized preclinical biofilm
assessment models approved by the latest international con-
sensus [15, 16].

Local antimicrobial therapy is important in cases of soft
tissue and bone defects, severe damage to the surrounding
soft tissues, or a high risk of recurrence. It is not intended to
replace systemic therapy and surgical source control but can
be an important part of a comprehensive strategy. The use
of local antibiotic carriers enables high drug concentrations
in the infection zone, which is especially important under
conditions of impaired vascularization [9, 19].

Prevention of biofilm infection

Prevention of biofilm infection of orthopedic implants
should not be considered a separate measure but a multi-
level strategy covering the preoperative, intraoperative, and
postoperative stages. This is especially critical in orthopedic
traumatology, where the likelihood of infection depends not
only on the presence of an implant but also on the nature
of the injury, the degree of soft tissue damage, wound con-
tamination, the stability of fixation, the volume of necrotic
tissue, and the patient’s general condition.

The first stage of prevention is managing the patient’s
condition before surgery, if possible. The risk of infection
increases with diabetes, smoking, anorexia, obesity, immu-
nosuppression, anemia, vascular disorders, prolonged hos-
pital stay, and previous surgeries. In traumatology, this stage
is often limited by the urgency of the intervention, but even
under such conditions it is important to assess the overall
risk of infection, the severity of soft tissue damage, and the
need for staged surgery, temporary external fixation, or ear-

Table 3. Multilevel prevention of biofilm infection of orthopedic implants

Prevention measure

Advantage/goal

Limitations

Preoperative assessment of risk factors, gly-
cemic control, anemia correction, nutritional
support

To reduce systemic susceptibi-
lity to infection

In trauma, there is often no
time for full optimization

Antibiotic prophylaxis: timely administration of

To reduce early bacterial con-

Does not act fully on an estab-

systemic antibiotics before incision tamination lished biofilm
Surgical technique: atraumatic handling, hemo- | Reduction of tissue ischemia Depends on the complexity of
stasis, and minimization of operative time and bacterial adhesion the injury

Debridement: removal of necrotic tissue, reduc-
tion of bacterial load

Necrosis and the presence of
cavities sustain infection

Excessive resection may create
a defect

Stable fixation: adequate osteosynthesis, avoi-
dance of micromotion

Stability promotes union and
infection control

In severe infections, replace-
ment of the construct may be
required

Soft tissue coverage: early wound closure, flap
surgery if necessary

Vascularized tissues improve
delivery of immune cells and
antibiotics

Requires a multidisciplinary ap-
proach

Local antimicrobial agents: hydrogels, cement,
calcium sulfate, antibiotic-coated rods

High local drug concentration

Risk of uneven release or
resistance

Antibiofilm coatings: bioactive glass, silver (Ag),
iodine, CaP/HA, antibiotics, nanostructures,
smart coatings

Inhibition of early adhesion and
biofilm formation

Most evidence is preclinical or
limited clinical
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ly involvement of a plastic surgeon to close soft tissue de-
fects.

The second level is intraoperative prevention. It includes
timely systemic antibiotic prophylaxis, minimization of sur-
gical duration, adherence to asepsis, careful handling of soft
tissues, adequate hemostasis, reduction of devitalized tissue
volume, stable fixation, and anatomically justified wound
closure. For open fractures, early debridement, removal of
nonviable tissue, reduction of bacterial load, appropriate
choice of stabilization method, and closure of soft tissue de-
fects are especially important, and, if necessary, the use of
vacuum-assisted closure systems.

The third level is the local antimicrobial strategy. Its ra-
tionale is to create a high concentration of the antimicrobial
agent directly in the risk zone, where systemic antibiotic
therapy may be insufficient because of ischemia, scar tissue,
necrosis, the presence of cavities, or impaired microcircu-
lation. For this purpose, antibiotic-impregnated cement,
calcium sulfate carriers, bioceramics, hydrogels, rods with
antibacterial coatings, and other local delivery systems are
used [9, 19].

In the context of prevention, it is important to consider
local antibiotic therapy as a supplement to high-quality sur-
gery, not as a replacement. No coating, powder, cement,
or hydrogel can compensate for inadequate debridement,
unstable fixation, or an unclosed soft tissue defect. A modern
approach should combine reduction of bacterial load, a stable
mechanical environment, vascularized soft tissue coverage,
and local antimicrobial protection in high-risk patients.

Antibiotic-releasing hydrogel coatings are of particular
interest. In a multicenter randomized study, Malizos et al.
reported that a fast-resorbable antibiotic-loaded hydrogel
coating applied during internal osteosynthesis of closed
fractures was associated with a reduced rate of postoperative
infections without any detected negative effect on fracture
union [20]. However, these results cannot be automatically
extrapolated to all types of fractures and implants, so addi-
tional studies in high-risk traumatology groups are needed.

Antibiofilm coatings for orthopedic implants

Antibiofilm coatings for orthopedic implants are one of
the best ways to prevent implant-associated infections [21].
They are based on the idea that the first 24 hours after im-
plantation are a critical period during which competition
occurs between bacterial adhesion and the integration of
body cells. If bacteria initially colonize the implant sur-
face, a biofilm forms that is much less accessible to anti-
biotics and the immune response. However, if the surface
promotes osseointegration while simultaneously inhibiting
bacterial adhesion, the risk of infection is theoretically re-
duced [22-25].

The ideal coating for orthopedic traumatology should
have the following functions:

— inhibit bacterial adhesion;

— prevent biofilm maturation;

— be biocompatible;

— not interfere with osteoblast function;

— not impair the mechanical properties of the implant;

— have predictable release of the active agent;

— not contribute to the development of antimicrobial
resistance.

For metal fracture fixators, the coating is also important
to avoid compromising the primary stability of fixation and
to prevent interference with reparative osteogenesis [26—29].

Antibiofilm coatings are currently classified into anti-
adhesive, contact-active, releasing, bioactive, osteointegra-
tive, combined, and stimulus-responsive, each characte-
rized by distinct antimicrobial mechanisms. In a systematic
review, Kaspiris et al. examined contact and releasing-type
antimicrobial coatings for orthopedic implants. Analysis of
the results from in vitro and in vivo studies showed that coa-
ted implants exhibit a broad spectrum of antimicrobial ac-
tivity, manifested as reduced bacterial growth, inhibition of
biofilm formation, and preservation or even enhancement
of osseointegration processes [22, 29, 30].

Anti-adhesive coatings are useful for reducing the ini-
tial attachment of bacteria to the implant surface. They can
work by changing the hydrophilicity, charge, or micro- or
nanotopography of the surface. The advantage is the ab-
sence of direct antibiotic pressure, but the main limitation
is insufficient efficacy at high bacterial loads and in the pre-
sence of significant wound contamination.

Contact-active coatings are bactericidal because bacte-
ria come into direct contact with the surface. These include
surfaces with antimicrobial peptides, quaternary ammo-
nium compounds, cationic polymer groups, or other func-
tional molecules. Their advantage is lower systemic release
of the active substance. Contact-active coatings may be less
effective when proteins, cell debris, or fibrin are present on
the surface.

Releasing coatings contain antibiotics, metal ions, or
other antimicrobial agents that gradually penetrate the sur-
rounding tissues. Their advantage is the ability to create a
high local drug concentration, much higher than the sys-
temic level. Antibiotic hydrogels, gentamicin-coated nails,
antibiotic-containing polymer coatings, silver-containing
coatings, and iodine coatings are examples of this method
[31]. However, the main problem is control of release: too
rapid release can provide a short-term prophylactic effect,
whereas subtherapeutic concentrations at the end can theo-
retically promote the acquisition of resistance by microor-
ganisms [20, 22—24, 29, 32].

Silver-based coatings are among the most studied. Silver
ions exhibit broad-spectrum antimicrobial activity and can
target bacterial membranes, proteins, enzymes, DNA, and
other components. However, silver has a narrow therapeutic
window: its antimicrobial activity must be sufficient to inhibit
bacteria but not cytotoxic to bone tissue cells. A systematic
literature review by Li et al. on the side effects of antibacte-
rial coatings in orthopedics emphasizes that safety is not only
a major issue in the treatment of infection but also a deter-
minant of patient outcomes [33]. To overcome this limita-
tion, current developments focus on creating multilayer silver
coatings that optimize the ion-release profile, providing a sig-
nificant reduction in bacterial colonization without the risk of
cytotoxicity to the surrounding tissues [34].

Iodine-containing coatings are widely used in antiseptics
but are also associated with adverse reactions and the risk
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of allergic reactions. Copper- and zinc-based coatings are
known for their strong antimicrobial activity and osteomo-
dulating effects but are still studied primarily in preclinical
settings due to the risk of dose-dependent toxicity and the
lack of clinical data. In orthopedics and traumatology, cal-
cium phosphate-based coatings are especially useful, as they
can not only deliver antimicrobial agents but also promote
osseointegration. A strong bond between metal and bone
tissue is key for fracture fixators in calcium phosphate-based
coatings and is extremely important [25—28].

However, a calcium phosphate or hydroxyapatite base
alone does not always provide a sufficient antibacterial ef-
fect. Therefore, the most promising systems are modified
ones: HA/Ag, CaP/Ag, CaP/antibiotic, HA/zinc, HA/cop-
per, CaSO,/peptides, or multilayer coatings. This enables
the combination of osteoconductive activity with local anti-
bacterial action [26—28, 34, 35].

Analysis of trends in the development of antimicrobial sur-
faces over the past decade confirms a gradual transition from
monotherapeutic solutions to the creation of so-called “smart”
or stimulus-responsive surfaces that respond to changes in lo-
cal pH or to bacterial enzymes [25, 29]. Therefore, for coatings
of calcium-containing metal fixators, the best approach is to
consider them not only as antibacterial but as bifunctional or
multifunctional; a coating that prevents early bacterial adhe-
sion, prevents biofilm formation, promotes osseointegration,
improves the mechanical stability of the bone-implant system,
and does not harm bone cells.

Discussion

Bioactive glass S53P4 deserves special attention. It is a
synthetic bone-graft substitute that combines osteoconduc-
tive and antibacterial properties. Bioactive glass has its own
antimicrobial action without the use of antibiotics. The pe-
culiarity is that pH and osmotic pressure damage bacterial
cells and inhibit their growth by disrupting their membranes.
Another important aspect is the absence of resistance de-
velopment by microorganisms, confirmed in particular for
S.aureus and S.epidermidis, Pseudomonas aeruginosa, and
Acinetobacter baumannii [36].

There is a need to expand research and the evidence base
with high-quality randomized studies, since the available
data come mainly from in vitro work. An important aspect
of fractures is the combination of the osteostimulating and
antibacterial effects of S53P4 in complex cases, in bone de-
fects during reconstruction, and as a first stage in preventing
biofilm formation [37].

Antibiofilm coatings are a promising direction but should
not be considered a replacement for the principles of high-
quality surgery. Their role is to reduce the risk of bacte-
rial adhesion and biofilm formation, especially in high-risk
patients. The most promising for traumatology are multi-
functional coatings that combine antibacterial and osteoin-
tegrative properties. In such situations, calcium phosphate
antimicrobial agents and bioactive glass have a strong theo-
retical and experimental basis for further study and for several
experimental models, since they have been little studied in

Table 4. Types of antibiofilm coatings: mechanism of action, advantages, limitations,

and level of evidence
q Mechanism P .
Coating type of action Advantages Limitations Level of evidence
Antibiotic release Local release High local Burst release, Moderate
of antibiotics concentration risk of resistance
Antibiotic-loaded Resorbable gel with Versatility Short duration of Moderate
hydrogel antibiotic of application action
Gentamicin-coated Gentamicin polymer . ) N
nail coating Standardized system Fixed antibiotic Moderate
Silver-containing Ag+, membrane and Broad spectrum Cytotoxicity, argyria Moderate
coatings DNA damage ’
Iodin_e-containing Antiseptic oxidative Broad spectrum Allergic reactions Low/moderate
coatings effect
Copper/zinc-contain- | lonic effect, oxidative | Antimicrobial poten- Dose-dependent Low
ing coatings stress tial toxicity
CaP/HA . . . Weak intrinsic Moderate
Osteoconduction Osseointegration antibacterial effect for osseointegration
HA/Ag or CaP/Ag Osteoconduction + L . Balance of Ag and
Ag+ Promising for fixators cytocompatibility Low/moderate
Antimicrobial Potential against .
peptides Membrane damage biofilms Degradation, cost Low
Chitosan Cationic interaction . - . o
with the membrane Biocompatibility Mechanical stability Low/moderate
Nanostructured Change of topogra- Antibiotic-free Complex Low
phy prevention standardization
Smart coatings Release triggered by . .
pH/enzymes Personalized concept Preclinical level Low
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this context. Great attention should be paid to the transla-
tional validity of experimental models. Determining the zone
of inhibition of bacterial growth in vitro is insufficient to as-
sess a coating’s clinical potential. For a reliable assessment
of osseointegration under conditions of biofilm infection,
it is advisable to use standardized in vivo models with prior
sample-size calculation, clearly defined endpoints, and as-
sessment of mechanical stability, histological bone-implant
contact, bacterial load, and local toxicity. For traumatology,
it is also important to study the effect of the coating on bacte-
rial adhesion, mature biofilm formation, osteoblast viability,
histological bone-implant contact, pull-out strength, local
toxicity, and coating stability after mechanical loading.

The practical significance of this review is its emphasis on
the need for early detection of biofilm in implant-associated
infections. For the clinician, it is important to obtain not
only superficial swabs or nonspecific laboratory markers but
also deep tissue samples, histology, and sonication, and to
use standardized PJI/FRI criteria.

For the traumatologist, infection control and fracture stabi-
lity are not the same thing. Osteosynthesis, tissue necrosis,
dead space, and soft tissue coverage defects can lead to persis-
tent infection despite appropriately selected antibiotic therapy.

A relevant direction is the study of coatings not only for
antibacterial activity but also for various other parameters:
biofilm formation, cytocompatibility, osseointegration,
mechanical properties, morphometry, and systemic effect.

Periprosthetic and fracture-related infections share the
same biofilm mechanism but differ in clinical presentation.
The modern understanding of biofilm infection of orthope-

dic implants should shift from the simple bacteria-antibiotic
model to a more complex one, bacteria-biofilm-implant-
tissue environment-mechanical stability. This model better
explains why clinical elimination of infection is often impos-
sible without surgical source control and why the stability of
fixation in FRI has both mechanical and infectious signifi-
cance. This interaction is best regarded as a conceptual model
of biofilm infection of orthopedic implants (Fig. 1).

Study limitations

The review has several limitations. First, it is a narrative
rather than a systematic review; therefore, it does not in-
clude a formal PRISMA scheme, risk-of-bias assessment,
or quantitative meta-analysis. The literature on antibio-
film coatings is heterogeneous; most studies are conducted
in vitro or in animal models, and there is a lack of high-qua-
lity randomized clinical trials. Variations in biofilm models,
microbial strains, implant materials, and endpoints compli-
cate comparison of coatings.

Nevertheless, the limitations of these studies point to the
need for further research to standardize experimental mo-
dels and endpoints and to move from a purely antibacterial
assessment to a full assessment of the implant-biofilm-bone
tissue system.

Research perspectives

Future research should focus on three directions. First, it
is important to improve the diagnosis of biofilm infections
at early stages: sonication should be standardized, molecular
methods should be used in clinical settings, and biomarkers

BACTERIAL BIOFILM

* EPS matrix & protection
* Persister cells, tolerance

* Dispersal = recurrence

# Chronic inflammation
* |mpaired vascularization
* Osseointegration

BIOFILM
INFECTION

IMPLANT SURFACE

* Conditioning film
* Bacterial adhesion
* Antibiofilm coatings

MECHANICAL STABILITY

& Stable fixation
® Fracture union

* Load transfer

The dynamic interaction of these factors determines success or fallure in orthopedic traumatology J

Figure 1. Conceptual model of biofilm infection of orthopedic implants. Biofilm infection is viewed as the
result of the interaction of four interrelated components — the bacterial biofilm, the implant surface,
the tissue environment, and the mechanical stability of fixation. A disturbance in one of the links (biofilm
persistence, implant instability, or tissue devitalization) sustains a vicious circle of infection. In contrast,
multifunctional antibiofilm coatings, stable fixation, and wound control promote biofilm suppression,
osseointegration, and preservation of limb function

Note: EPS — extracellular polymeric substances.
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should be developed to distinguish aseptic inflammation
from low-grade infection. The second direction is the per-
sonalization of treatment. For FRI, it is important to know
whether it is safe to retain the implant or replace it, what the
optimal duration of antibacterial therapy is, and how to ba-
lance infection control with the reconstruction of bone de-
fects. The third direction is the development of next-gene-
ration coatings. The most promising are not only antibac-
terial but also multifunctional coatings that simultaneously
act as anti-adhesives, locally antimicrobially, and biocom-
patibly, while supporting osseointegration and ensuring the
mechanical stability of the bone-implant system.

Conclusions

Biofilm infection of orthopedic implants is a complex
clinical and biological process that determines the chronic
course, recurrence, and treatment of implant-associated
infections. An important pathogenetic feature is the for-
mation of a microbial community on the implant surface,
which confers on microorganisms increased tolerance to
antibacterial therapy and immune responses. Peripros-
thetic and fracture-related infection share the same bio-
film mechanism but differ in clinical logic. Antibiofilm
coatings are a promising approach to prevention, but most
technologies have predominantly preclinical or limited
clinical evidence. Multifunctional coatings are promis-
ing in traumatology, particularly those based on bioactive
glass, calcium phosphate, or hydroxyapatite matrices with
antimicrobial agents; however, their clinical efficacy re-
quires further validation. The proposed conceptual model
emphasizes the need for simultaneous control of the bio-
film, implant condition, tissue environment, and mecha-
nical stability of fixation.

Ethical approval. Not required, as the article is a litera-
ture review and does not involve studies with patients or ex-
perimental animals.

Informed consent. Not applicable.
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BionAiBkoBa iHdeKLis OpTONeAUYHUX IMNACHTATIB:
AIGrHOCTUKA, AiIKYBOHHS TA NPOPIAAKTUKA

Pesrome. BionniBkoBa iH(eKIlig OpTONEINYHUX IMIIIAHTATIB €
OJIHI€I0 3 HAMCKIIAAHIIIMX MPOOJIeM y CyJacHiil OpToIeIii Ta TpaB-
MaToJIOTii, OCKiJIbLKM BOHa IOEIHYE MiKpOOHY IEpPCUCTEHIIIIO,
o0OMeXkeHY e(PeKTUBHICTb CUCTEMHOI aHTHOAKTEpiaIbHOI Tepalrii,
XpOHiIUHe 3allaJieHHs, MOPYIIeHHS OCTeoiHTerpailii, HecTabilb-
HICTb IMIUTAaHTATIB i (PyHKITiOHATBHI HACTIAKY JiKyBaHHs. Mikpo-
OpraHi3Mu MPUKPITUTIOIOTLCS 10 TOBEPXOHb €HIOMPOTE3iB, M1ac-
TUH, TBUHTIB, iHTpaMeayJIsIpHUX CTPUXKHIB, CMiHAJIbLHUX CUCTEM
Ta iHIMX (PiKCYIOUMX IPUCTPOIB, YTBOPIOIOUN OiOTUTIBKH, SKi €
OLTBII CTIMKMMM 10 aHTUOIOTUKIB Ta IMyHHMX peakiliii, HiX BiJlb-
HOXUBYYi 0akTepii. Lleit oryisig Mae Ha MeTi y3araJbHUTU MTOTOYHI
JlaHi Mpo MaToreHes3, MiKpoOioJIOTiYHUI CIIeKTp, KJIiHiYHI (hopMHU,
NiarHOCTHUKY, JIIKyBaHHSI, TPOMIIaKTUKY i CTpaTeTii aHTHOi10TLIiB-
KOBOTO ITOKPUTTSI OPTONEANYHUX iMITJIaHTaTiB. [Tomyk titepaTypu
MPOBEJEHO B YOTUPbOX Oibmiorpadiunux 6azax nanux — PubMed,
Scopus, Web of Science i Google Scholar — Ta 1rectvi BUIaBHUYUX
mrardopmax: Elsevier, Springer Nature, Wiley, Oxford Academic,
MDPI i Frontiers. Bukopucrano oanHanusTh TPyN KIIOYOBUX
CJIiB aHTJIICHKOIO Ta YKpaiHChKOIO MoBaMM, myoOiikauii 3 2014
o 2026 pik Oynu rpiopureTHUMH, a 37 IKepes BKIIYEHO ITic-
JIsI IBOXETAITHOTO CKPMHIHTY Ha3B/aHOTAIliif Ta TTOBHUX TEKCTiB.
AHali3 mokasaB, 110 TepunpoTre3Ha iHdekirist cyrmoda (PJI) ta
iHdexuis, nos’si3aHa 3 nepesiomoM (FRI), xapakTepusytotscs oni-
HAKOBUM MEXaHi3MOM YTBOPEHHS OiOTUIiBKU, ajie Bilpi3HAIOTHCS
KJIiHiuHO, ocKiabku Tpu FRI iMrmaHTaT Takox HeOOXimHWMA ISt
MiATPUMKH cTabinbHOCTI nepenomy. Kimo4oBi niarHOCTUYHI efe-

MEHTHU BKJTIOYAIOTh TTMOOKUIA 3a0ip TKaHWH, YJIbTPa3ByKOBY 00-
pOOKy BUIAJEHUX IMITJIAHTATIB, TICTOJIOTiIO Ta CTaHAAPTU30BaHi
kputepii PJI/FRI, Tomi sik moBepxHeBi Ma3KM HEIOCTATHi IJIsi
OCTaTOYHOTO MPUIHSITTS TeparneBTUYHOrO pimeHHs. EdekTuBHe
JIIKyBaHHSI BUMAra€ XipyprivHoOTo KOHTPOJIIO JKepes, CTabiTbHOT
(hikcaii abo peBi3ii iMIIaHTaTIB, YCYHEHHSI «<MEPTBOTO MPOCTO-
py», MOKPUTTSI M’SIKUX TKAHUH i CUCTEMHOI Ta MiClI€BOi aHTU-
MiKpoOHOiI Teparrii. B ortsimi 6yno Bu3HaueHO 12 OCHOBHMX IpyIl
cTpaTeTiii aHTUOIOTUTIBKOBOTO 200 aHTUMiKpPOOHOTO ITOKPHUTTSI,
BKJIIOYAIOUM CUCTEMU, 1110 BUBITBHIIOTh aHTUOIOTUKH, TiZpoTei
3 aHTUOIOTUKAMMU, LBSIXU, TOKPUTI TEHTAMILIMHOM, TTOKPUTTS Ha
OCHOBI iOHIB MeTaJliB, cucTeMU Ha OCHOBI (ocdarty Kanblilito,/Tin-
poKcHanaTuTy, aHTUMiKPOOHI TIENTUIN, XiTO3aH, HAHOCTPYKTY-
pOBaHi MOBEPXHi, a TAKOX «PO3YMHi» MOKPUTTSI, YyTJIMBi 10 3MiH
pH a6o depmenTiB. baratodbyHKIiOHATbHI TOKPUTTSI HA OCHOBI
6ioakTUBHOTO cKiia, hocdarty Kabllito, TiIpoKCcHUanaTury, cpiona,
AHTUOIOTHKIB, TinporesiB 800 KOMOIHOBaHUX CUCTEM € OCOOJIMBO
MEePCHeKTUBHUMMU, OCKIJIbBKM BOHU MOXYTh MPUTHIYYBaTH PaHHIO
azaresito O6axkrTepiii, 3MEHIIYBaTU YTBOPEHHS OIOTUIIBKY U minTpu-
MyBaTH OCTeoiHTerpauifo. OgHaK OiIbIIICTb JOCTYITHUX JaHUX 3a-
JIMIIAIOTHCS TOKIIHIYHMMU a00 KIIIHIYHO OOMEXEHUMH, i Tiepes
PYTMHHUM BUKOPHUCTaHHSIM B OPTOMNEIMYHill TPaBMAaTOJOTIi MO-
TpiOHa Mofasibllia BaJligalisl.

Kir040Bi cj10Ba: 6ionniska; opToneanyHi iMIIaHTATH; IEPUTIPO-
Te3Ha iHdeKIisT; iH(eKIIis, MoB’sI3aHa 3 ePeJIOMOM; aHTUOIOTUTiB-
KOBi MOKPUTTSI; OTJIS
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Xsuctok M.1., Xeucrok O.M.
HaBYAABHO-HQYKOBUIU IHCTUTYT MICASIAMIAOMHOI OCBITY XQPKIBCbKOro HALIOHAABHOIO MEANYHOIO
yHiBepcuterty, M. XapKiB, YkpaiHa

BUTOKU YKPATHCBbKOI BEepTEeOpPOAOTil
(XAapKIiBCbKA LUKOAQ)

Pestome. GopmysaHHs BepTe6poAorii B YkPQiHI HEPO3PMBHO OB I3QHE 3 AISIABHICTIO XQPKIBCbKOT LLKOAU Op-
TOMEAII T TOABMQATOAOTTI, SIKQ 3QKAQAQ HAYKOBI V1 KAIHIYHI OCHOBU CYHQCHOI AIQrHOCTUKM TQ AiKYBQHHST TATOAO-
rii xpe6ra. Y crarti npOAHAAIBOBAHO ICTOPUYHI BUTOKM, OCHOBHI eTary CTAHOBAEHHS TQ KAKOYOBI HQYKOBI AO-
CSITHEHHSI XQPKIBCbKOI LLKOAM Y GOPMYBAHHI YKPQIHCbKOI BepTebpOAOTIi. [TooBeASHO ICTOPUKO-QHANAITUYHUN
OISIA PO3BUTKY KAIHIYHUVX, €KCNepPUMEHTAAbHUX | HOYKOBUX AOCAIAKEHb Y TAAY3i MATOAOTIT xpebT1a, BUKOHAHMX
cnispobiTHKamm Xapkiscbkoro HAI opToneali i ToaBMATOAOrIT T KQpeapU TOABMATOACTIT 11 opToneaiiy 1960-
1980-x pokax. Y pe3yAbrati CriAbHOI po60oTH ByAn PO3POOAEHI ONepATMBHI AOCTYN AO BCIX BiaAINB xpeb-
TQ, BMPOBAAXKEHI HOBI METOAM AIQrHOCTUKM TQ MATOr€HETUYHO OBIOYHTOBAHI MIAXOAM AO AIKYBQHHST TYOEPKY-
AbO3HOIO CMOHAMAITY, AEreHepQTUBHUX 3AXBOPIOBAHb, HECTABIALHOCTI, TOABMATUYHUX YLLKOAXKEHb, MyXAWH
i aepopmauii xpebta. CTBOPEHO KAQCKPikaLii aereHepaTBHOI MATOAOrIT, 3QrpPONOHOBAHO HOBI METOAMKM
PEKOHCTRYKTUBHUX | CTABIAIZYIOYMX ONepALin, PO3POBAEHO IMAIAQHTATU TA QIKCYIOYi KOHCTPYKUII. OpraHisa-
List Ccreuiani30BAHUX KAIHIYHUX MIAPO3AINIB, BIAKPUTTS MepLuoi B YKPQIHI KAIHIKV Xipyprii xpebTa 1a kageapu
BepTebPOAOril 3a6e3rednAn PO3BUTOK CNELIAAIZ0BAHOI MEANYHOI AOMOMOU Vi MIAFOTOBKY BUCOKOKBQAIDIKO-
BAQHUWX PaxiBLiB. TeOpETUYHI, EKCNEePUMEHTAAbHI TQ KAIHIYHI AOCAIAXKEHHSI, BUKOHQHI XQPKIBCbKOK LLIKOAOK Y
1960-1980-x poOKQX, CTAAU MAFPYHTSIM CTOHOBAEHHST BEPTEOPOAOrIT SIK COMOCTIVIHOIO HAMpSsiMy opTorneAii ta
TPABMATOAOTIT B YKPQIHI.

KAIOHOBiI CAOBQ: BepTeBPOACTIS; MATOAOTIS XPebTA; OMSIA

Beptebpoutorist 3apoauiacst Ha MeXi opTomnenii i TpaB-
MAaToJIOTii 3 HEMPOXipypTi€lo Ta HEBPOJIOTIEIO SIK CTIelialb-
HICTb, 110 BUPIIIIyE HAYKOBO-TIPAKTUYHI IIPOOJIEMH 3aXBO-
pIOBaHb Ta MOIIKOMXKEHb KiHIIIBOK, Ta3a Ta XpeoTa.

Ha mouatky 60-x pokiB XX cToJiTTsi B YKpaiHi Ipak-
TUYHO HE iCHyBaJO HAyKOBO OOIPYHTOBAaHMUX METO/iB
JIIKyBaHHSI YIIKOXKEHb i 3aXBOploBaHb XxpeOTa. OmHiero
3 OCHOBHUX MPUYMH Oyjla HEMOXJIMBICTH BUKOHAHHS Xi-
PYPriuHuX BTpy4YaHb Ha TEpeIHiX 4acTMHAX XpeOTOBOro
CTOBIIA, Y SIKMX TIEPeBaXKHO JIOKAJI3YEThCS MATOJIOTIYHUI
MpolIeC, a TAKOX BiICYTHICTb 00’€KTUBHUX METO/IIB Bi3y-
aJTizallii Ta JiaTHOCTUKM IMAaTOJIOTIYHMX 3MiH y mapaBepTe-
OpaJIbHUX TKaHWHAX.

Bomnouac y €Bpomni Ta IliBHiuHiii AMepwulli BepTe-
OpoJIOrisl aKTUBHO PO3BUBAiacs 3 Modyatky XX CTONITT,
30KpeMa [Jis BUpillleHHS MOpoOjieM IIpU OCTEOXOHIPO3i
XpeodTa, TyOepKy/JIbO3HOMY CIIOHIMIIITI Ta MmyxjauHax. Po3-
poOJISLIMCS HOBI 3acO0M IiarHOCTUKU Ta XipypriyHOrO JIi-
KyBaHHS. 3aCHOBHUKAMM 1IbOTO HArpsiMy Xipyprii Oyaun

Jx.E. Tonaoryairt (CLLA), Ix.C. Mimgaron i Ix.I". Tiuep
(Benuka bpwurtanist), B. Ilyrri (Itamis), T. Amaxyanin i
. Iri-JdroTaiti (OpaHLiist).

VY 1934 p. B.JIxx. Mikcrep i Ix.C. bapp (CIIIA) omny6Ji-
KyBaJIM pe3yabTaTty 19 onepaTMBHUX BTpydaHb Ha Mornepe-
KOBOMY BiJIiJli XpeOTa, BUKOHAHUX Y TMAIli€HTIB i3 Mepe-
orepaliifH1UM IiarHO30M IprKi MixkxpebiieBoro aucka [1].
OCHOBHUM HEIOJIIKOM TaKMX OIlepalliii Oya Imicisionepa-
1ifiHa HecTabiIbHICTh OTIEPOBAHUX XPEOTOBUX CETMEHTIB,
sIKa B OKPeMUX BUTIKaX MPU3BOAMIIA JO 1€ TSXKUMX KITi-
HIYHMX TIPOSIBIB.

Bapro 3a3HaumTy, 110 CHiBpOOITHMKM XapKiBChKOTO
HAyKOBO-AOCIiIHOIO iHCTUTYTYy OpPTONEdii Ta TpaBMaTo-
Jsiorii iM. mpod. M.I. CureHKa BUBYAIM TpaBMU XpeOTa Bif
MepIIUX POKiB icHyBaHHs ycTaHoBH [2]. Y 1936 p. BuxoBa-
Hellb XapKiBChKOI 11KoM opTomnenii, yaueHb K.MD. Bernepa
npodecop B.JI. YakiiH BUKOHAB Tieplly y CBITi ornepartlito
MePEeIHbBOr0 MIiXTIJIOBOTO CIIOHAWIONE3Y ITOIEPEKOBOIO
Biiy XpeoOra.
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Jia BupilmeHHs 1€l mpodiaemu y Xapkosi B 60-x po-
Kax MUHyJIoro crofitts 3a iHitniatuBoto O.0. Kopxa Oyno
00’eqHaHO 3ycuiuist haxiBiiB XapKiBCbKOIO HayKOBO-I0-
CJIITHOTO iHCTUTYTY OPTOIIEil Ta TpaBMAaTOJIOTii iM. TIpod.
M.I1. Cutenka ta Kadepu opTorie/iii Ta TpaBMaToJIorii YKpa-
THCBKOTO iHCTUTYTY YIOCKOHAJIEHHSI JlikapiB. MeToro JaHOoTro
00’emHaHHS OyJI0 TeopeTHMYHe OOIPYHTYBaHHS Ta KJIHIYHA
OLliHKA TTATOTeHETUYHUX aCTIEKTiB iarHOCTUKHU Ta JTIKyBaHHSI
3aXBOPIOBaHb Ta ITOIIKOIKEHb XpeOTa, po3podKa IoKa3aHb
Ta IIPOTUIIOKA3aHb 0 Pi3HUX CIIOCO0IB JTiKyBaHHSI.

OCHOBHMM 3aBIaHHSIM JOCHIIKeHb Oyjaa po3poOKa
OMEpaTUBHUX JOCTYMIB A0 MEPeAHiX YaCTUH XpeOTOBOTO
CTOBIA, y SIKUX HailyacTillle JIOKaTi3yeThCs MaTOJOTiYHUI
npouec, Ta cnocobiB AiarHOCTUKW MATOJIOTIi MiXxpeoiie-
BUX JIUCKIB, nedopmalliii XxpebeTHOTO KaHajly Ta MaToJIoTil
HEPBOBO-CYINHHMX YTBOPEHb.

Po3pobKky onepaTBHMX AOCTYITIB OYI0 TOPYYEHO acCITi-
pantam kagenpu P.P. Tamummucekomy, M.I. XBuCIOKy,
B.M. Kosuupkomy, B.A. Ocumisy, siki B 1961—1968 pokax
OOIPpYHTYBAJIM JOCTYMMU MPaKTUYHO J0 BCiX BiamiliB xpeb-
Ta — Bill BEpXHbOIIUIHHOrO 10 KpuxkoBoro [3—5]. Box-
HOoYac PO3POOJISIUCS Ta €KCIEPUMEHTATbHO BUBYAIHCS
KOHTPACTHI METOIU IOCTiIKEHHST XpeOTa — BEHOCTIOHIM -
norpadist, emigyporpadisi, mHeBMorpadisi, auckorpadis,
¢yHKIiOHAIBLHA peHTreHorpadis [6, 7].

[MapanenbHO 3 UMMM €KCMEPUMEHTAJIbHUMU i Teope-
TUUHUMU JOCITIIKEHHSIMM TMouYnHawoun 3 1965 p. mpod.
0.0. Kopx Ta mou. M.I. XBHUCIOK €Ii30AUYHO ITPOBOOM-
JIM omepallili Ha XpeOTi mpu TyOepKyIbO3HOMY CITOHIIIIITI,
crnioHaunoficresi, myxjiuHax. Jlo 1970 p. Bxe OyB Hakomnu-
YeHM MeBHUI JOCBi XipypridyHOTO JTiKyBaHHSI LIUX TTaTOJIO-
riii. Byno ctBopeHo 6a3uc 1l MOAabILOI IJIAHOBOI pOOOTH.

3 MeTolo KOHIIeHTpalii Ta 00’€qHaHHS Pe3yJbTaTiB
KJTIIHIYHUX Ta TEOPETUIHMX HOCTiIKeHb y 1971 p. Oymno
BUPIIIEHO 3a Yy4YacTi TaJaHOBUTUX OPTOIIEdiB-TpaBMa-
TOJIOTIB, acIipaHTiB, KJiHIYHUX OPAMHATOPIB CTBOPUTHU
TBOPUYMI KOJIEKTUB BEPTEOPOJIOTIB, Y CKJIAli SIKOTO B T0-
manpiri poku mpamioBamu O.0. Kopx, M.I. XBuciook,
I'.I. ®anees, M.O. Kopx, O.I. TIponan, I'.X. I'pyHTOB-
cokuit, O.C. Yukynon, C.JI. llleBuenko, B.O. PagueHxko,
M.I. 3aBensa, €. M. Maxkoso3, €.b. BoikoB, M.®. Ka-
npoi, O.A. bByp’siHoB, O.M. Kosupep, O.M. Me3eH1ieB,
O.M. Xsuciok, I'.I'. 'onka, B.M. [llumoH, a TaKOX CITiB-
pobGiTHUKM HaykoBux Jsabopartopiii O.I1. TumoleHko,
H.B. llenyx, ¥O.I1. lenesckuit, JI.H. JIurys Ta inmi.

[Mounnatoun 3 1971 p. y kiiHiYHOMY BifmieHHi 1151
IOpociaux OyIo BimoKpemyeHO 4 majaTu IUIsl MAL€HTIB 3
3aXBOPIOBAHHSAMM Ta TOIIKOMIKEHHIMU xpedTa. Y 1976 p.
B YKpaiHCbKOMY iHCTUTYTi YAIOCKOHAJICHHS JIiKapiB Oyia
CTBOpEHa Iepilia B YKpaiHi KiIiHika Xipyprii xpedta, a B
1977 p. — xadenpa tpaBmaToJjorii Ta BeptedpoJorii. Li
CTPYKTYPU CTaju BepTeOpaJIbHUM HAayKOBUM LICHTPOM, Y
SIKOMY 3a TiCHOI y4acTi CIiBpOOITHUKIB JJabopaTopii rmarto-
MopdoJtorii Ta TeXHIYHUX CIIYKO TMOCTiIHO 0OroBOprOBa-
JIUCS Ta po3po0osIsiIncs TpobaemMu BepTedposiorii. Briepiie
B YKpaiHi po3Io4ajocs IJIAHOMipHE BUBYEHHSI OCHOBHUX
aCIIeKTiB MATOJIOTIi XpeOTa.

He mepeniuyioun BenuKy KiJIbKiCTh pO3pOOJIEHUX
METO/iB i CIOCO0iB JIiKyBaHHS Ta HialHOCTUKU, HAaBO-

IUMO TiIbKU OCHOBHI HANpsSIMKM, SIKi TOAI Oyau akTy-
aJlbHUMU.

OnHi€r0 3 OCHOBHUX COLIIAJIbHUX Ta MEAUYHUX TTPOOJIeM
y Ti poku B YKpaiHi OyB TyOepKyJIbO3HUN CIOHIWIIT —
HaWmolMpeHima i HalickanHima aedopmaltist 3 XpoHiu-
HUM IIPOTPEeCYOUMM IOBiYHUM IIepediroM. AHTHOAKTe-
piajibHe Ta 3araJbHO3MIIIHIOBAJIbHE JIIKYBaHHSI B YMOBax
KiCTKOBO-TYyOEpKYJIbO3HUX CAHATOPIIB JIMIIIE CTPUMYBAJIO
MpOTpecyBaHHS 3aXBOPIOBAHHSI, HE 3a0e3IMeUyI0un MTOBHO-
LiHHOrO omyXaHHs. IlamiaTMBHiI XipypriuHi BTpy4aHHS
(abcuecekToMisl, HEKPEKTOMisl, EKOMIIpeciss CIUHHOIO
MO3KY) MPOBOAWIMCS JIMIIE MPU iHTOKCHKAILIl, HOPUIISIX
Ta TapaJliTUIHUX (opMax 3aXBOPIOBAHHS IIJISIXOM 3a-
JMIHLOOIYHOI AeKoMIIpecii (reMiJlaMiHEKTOMisI, JIaMiHEKTO-
mist). Dikcariro xpedTa 3AiCHIOBAIN MUISIXOM 3aIHBOTO
aBTOKICTKOBOTO crioHawnonesy. Lli onepaitii npusBonuiu
JIAIIE TO TUMYACOBOTO TTOJTIMIIIEHHST.

3a inimiatusoio O.0. Kopxka ta M.1. XBucioka Brepiie
B YKpaiHi Oy710 po3po0jeHO I YIPOBAIKEHO B KIIIHIYHY
MPaKTUKy METOJ PaJMKaJIbHOTO XipypriuHOIo JiKyBaHHS
TyOEepKYyJIbO3HOTO CIOHAWIITY. MeToa nepenbdayaB BUKO-
HaHHS TIepeJHbOr0 OMNEPaTUBHOTO TOCTYIY 3 pPe3eKIli€l0
TyOepKyJIbO3HUX BOTHMI Y TiJlax XpeOlliB, BUIAIEHHSIM
BUIBHMX KiCTKOBHX CEKBECTpiB, Ka3e03HUX Mac i3 Tybep-
KYJbO3HOTO abcliecy Ta MOPOXKHUHU XpeOEeTHOro KaHaiy.
Takuit minxim OyB MOXJIMBHII 3a YMOBHU ypaxkeHHs 2—3
xpeOuiB [8]. 3milicHIOBaBCsS TEepedHiil CIIOHIWIONE3 aB-
TOTPAHCIUIAHTATOM i3 KpuJja KiIyOooBoi KicTku. [ircoBuii
KOpceT Ta aHTUOaKTepiaJibHA Teparlisl IIPOTSATroM 3 MicCsIIiB
MPU3BOAWIN 10 YTBOPEHHSI KiCTKOBOTO OJIOKY Ta JIiKBifallii
O3HaK TyOepKyJIbO3HOTo 3armajieHHs. Y 95—97 % Bumnaakis
HAacTaBajo OJy>KaHHSI.

[pyroto mpobiiemoro Oyia aucTpodidyHa HIeCTPYKILIis
XpeOeTHOro CerMeHTa.

Ho 60—70-x pokiB MUHYJIOTO CTOJITTSI JaHUX TIPO OC-
TEOXOHAPO3 XpebTa B YKpaiHi He Oysio. XBOpi 3 MiarHO30M
«PaguKYyJIiT» JIIKYBaJIMCS Y HEBPOJIOTIYHMX CTallioHApax Yn
aMOyaTopHoO.

3aBasiKM MTPOBENEHHIO KOMIUIEKCHUX KIiHIYHUX, KOHT-
PacTHUX PEHTIEHOJIOTIYHUX Ta IaTOMOP(OJIOriYHUX J0-
CJIiIKeHb BIIepllle B YKpaiHi i kepiBHULITBOM M.1. XBu-
CIoOKa 0yJ10 BUBYEHO OCOOIMBOCTI TUCTPODIUHO ypaskeHUX
MUCKIB y pi3HUX BikoBuX Tpymnax [9, 10]. BunineHo tpu
OCHOBHI BUM 3aXBOPIOBaHHSI: CIIOHIMJIOAMCKO3 — Tepe-
JTHiX YaCTUH XpeOTOBOTO CTOBMA, CIIOHIMI0APTPO3 — ypa-
JKEHHS 3a/IHiX YaCTUH, CITOHIWIOCETMEHTO3 — TOTaJbHE
ypaXXeHHs cerMeHTa. 3a (popMoIo ypaxkeHHs BUIiJIEHI BOT-
HUILEBI (JIOKaJbHi) Ta PO3JIMUTI (TOTaJbHi) ypaXeHHs. 3a
po3TallyBaHHSIM BOTHMILA AECTPYKIIil B IMCKY BMILICHO
NMCKBepTeOpaabHUM, AucKIapaBepTeOpalbHUIl Ta AUCK-
MEAYJISPHUI TUTM 3aXBOPIOBaHHS. 3aJleXKHO Bill Xxapakre-
Py TIOIIKOIKEHHST BUMIJIEHO KOMIIEHCOBaHY Ta JICKOMIICH-
coBaHy (HecTabiJibHY) (hOpMU 3aXBOPIOBAHHSI.

BuBueHo xapakTtep nMCTpodiuHOI AecTpyKlii Tpu
CIMOHAMJIOAPTPO3i, 0cobaMBOCTI Aedopmaltii cyrioboBoi
IIIMHY, CTYNEHS CKJIepo3y Ta Aedopmaliii Cyrjio00BHX
IMOBEPXOHb, XapaKTep Ta HaIpsMoK ocTeoditi [11—14].
BunineHo BUAM CIIOHOAMJIOCEIMEHTO3Y — IUCKApTPOTeH-
HUM Ta OUCKApTPOOCTEOTeHHMI, OCOOJMBOCTI (DYHKIIiO-
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HaJbHUX MOPYIIEHb Y CErMEHTi (30KpeMa, HeCTaOiIbHICTh
Y BUIJISIII peTpo- a0 aHTEPOJTiCcTe3Y).

byno obrpyHTOBaHO KJIiHIKO-PEHTIE€HOJIOTUHI MPOsSIBU
npu Oyab-sIKil JioKaizauii npoiecy (IIWHINA, TPYyAHIi,
MOTEepPeKOoBiii), BikoBi oco0iMBOCTi xBopoou [13—18].

Po3pobieHO maToreHeTUYHO OOIPYHTOBaHI Ccrocoou
KoHcepBatuBHOTO [19] (MenukaMeHTO3HA Tepartisi, Tpak-
1is, MaHyaJlbHa Teparis, ¢i3ioTepalrisi) Ta onepaTUBHO-
ro JIiKyBaHHS 3 JOTPUMAHHSIM MPUHLIUITY PaAuKaIbHOCTI
(BumalieHHs mepeMillleHuX (parMeHTiB), CTaOiIbHOCTL
(3acTocyBaHHS aBTO- Ta aJIOTPAHCIUIAHTATIB, METaJEBUX Ta
KepaMivyHMX (ikcaTopiB), Npo@iTaKTUUHOCTI — CTBOPEH-
HsI HOpMaJIbHMX OioMexaHiuHUX mapameTpiB xpeoTa [20].

BuBYeHO 0COOIMBOCTI YTBOPEHHS KiCTKOBOrO OJIOKY Ha
MiClli OrepaTMBHOIO BTPYYaHHSI MIPU 3aCTOCYBaHHI KiCTKO-
BUX aBTOTPAHCIUIAHTATIB, aJIOTPAHCIUIAHTATIB Ta iX TOEM-
HaHHSI, BCTAHOBJIEHO 3aKOHOMIpPHICTh YTBOPEHHSI XUOHOTO
cymio0a Ha MicIli TpaHCIUIaHTAallil TPy HeCTaOiTbHOMY CTaHi
XpeOeTHOro CerMeHTa, 30KpeMa IIpy CIIoHAuIomicTe3i. Po3-
pobsieHO HUBKY (hiKcaTOpiB Ta iMILJIAHTIB I XpeoTa.

Bnepuie B YkpaiHi BUSBICHO Ta BUBYEHO TaKy MaTOJI0-
rito xpe0OTa, sIK HecTabinbHIiCTb [21].

CTabiNbHICTh — 116 aHATOMIYHO 3yMOBJIEHa CTaliCTh
CTPYKTYypH Ta (PyHKIIii XpebeTHOTro cerMeHTa. BHacizok
BIIUBY TPaBMU, JECTPYKIIil a00 AUCTpodidHOro mpolecy
3’ SIBJISIIOTHCS] CTPYKTYPHi pyHHYBaHHSI Ta HEBJIACTUBI HOP-
Mi pyXu — IIepeMIillleHHS XpeOllsl Y TOPU30HTAIbHIN IO~
IIHI, AedopMallis IpUIeTINX KiCTKOBUX ITOBEPXOHb, Ie-
dopmMmaliis xpedbeTHOro KaHaiy, 6ioMexaHiuHi IMOPYIIeHHS
y CerMEHTi 3 BAHMKHEHHSIM HECTa0iIbHOCTI Ta MOIpa3HeH-
HSIM YU CTUCHEHHSIM HaBKOJIO- Ta BHYTPillIHbOXPEOTOBUX
CYAWHHO-HEPBOBUX CTPYKTYP.

[TaTosoriyuHa pyXJMBICTb CTAaHOBUTh CYTh HecCTa-
OinbHOCTI. Bynu BUBUeHi oKpemi BMIM HecTaOiIbHOCTI
(muctpodiuHa, muMCIIAaCTUYHA, TOCTTpaBMaTU4YHA), MO-
HOCeTMEHTapHa (IMCKOTeHHa, MUCKapTPOTeHHA, AucKap-
TPOOCTEOreHHa) Ta IIoJlicerMeHTapHa (opma HecTalilb-
HocTi [22, 23].

Po3pobieHo crmocobu KOHCepBaTMBHOI Ta ONepaTUBHOL
crabinizaliii xpedTa Mpu pi3HOMaHITHUX BHUIAX HECTaOiIb-
HOCTi, 30KpeMa cTadiiizallii KicTKOBUMU TpaHCIUIaHTaTaMu,
CMeLiaIbHUMU METAJIEBUMU Ta KEpPaMiYHUMM iMIUIAaHTaMU
Ta TUTACTUHAMMU, SIKi TIEPeIIKOKATh IMTPOrpecyBaHHIO 3Mi-
IIeHb Ta HAilfHO cTabiTi3yI0Th Xpeoii [24—27].

BcraHoBieHO 0COOIMBOCTI  XipypriuHOTO JIiKyBaHHSI
aHOMAaJIbHOI (JIMCIUIACTUYHOI) HecTabinbHOCTI. Jucriac-
TUYHUI CIIOHAWJIONICTE3, ITOYABIIMCh y AUTSIIOMY Billi,
0e3 YCyHEeHHSsI 3a3BMYaii MporpecyBaB 10 CIIOHIWIOINTO3Y.
Crocobu 3aIHBOIO Ta MEPEAHBOTO CIIOHAUIIONE3Y, 3aIPO-
noHoBaHi B.JI. Yakninum i O.0. KopxkeMm, y pa3i HasSBHOCTi
3MillleHHs XpeOl1liB He 3armobiraay oro NoaaJIbIIoOMy Mpo-
rpecyBaHH10. Lle mosicHoBajocsl TUM, 110 C(OOPMOBAHUIT
KiCTKOBHUI1 OJIOK y TaKMX BUIIAJKax 3a3HaBaB MEPEBAXHO
3CYBHUX, @ HE OChOBUX HaBaHTaXXEHb, 1110 TPU3BOAWIO 10
iforo Ji3ucy Ta BTpaT CTabiIbHOCTI.

V 38’a3ky 3 muMm O.0. Kopx ta M.1. XBHCIOK po3podu-
JIM CIIOCIO BiIKPUTOTO BIIpaBeHHs Ta cTabimi3amii xpeoTa 3
0COOIMBOCTSIMU Pe3eKIIil 3aJIEXKHO Bill CTYHEHS 3MillleHHS
Tina, nedpopMallii XxpeOeTHOro KaHally Ha PiBHi 3MillleHHS

Ta MEePeIHbOr0 CMOHAMIOAE3Y KiCTKOBUMHU TpAHCILIAH-
TaramMy abo pi3HUMU iMIUTaHTaMu. [lpu 1IbOMY 3HAYHOIO
Mipolo ycyBajacs nedopmallis BXOAY B Majivii Ta3, HOpP-
MatizyBajacs 6ioMexaHiKa ITOIepeKOBOIO BilIily, 3HAUHO
3MeHIITyBajach aedopmalris Tymayoa [28—31].

VYkomkeHHsT XpeOTa, 0COOJIMBO YCKJIAgHEeHI, 3aBXIN
€ TSKKOIO TIpobiemoro. JIiKyBaHHSI HEyCKJIa@HEHUX IT0-
IIKOIKeHb XpeOTa IMPOBOAMIIOCS XipypraMu y XipypridHUX
BiIOiIEHHSX 3a MiclieM MpoxXuBaHHS. OCHOBHOIO PUCOIO
YCKJIQJHEHOTO TMOILIKO/XKEHHSI BBAXaBCS CMiHAJTIbHUIA IOK
y TOCTpOoMY Tiepiofii — 4—35 THKHIB. Y 11eii yac 6yab-sIKi Ma-
HiMyJIsILil BBaXaaucst HemouinbHUMU. biausbko 70 % xBo-
pUX i3 TOIIKOMXKEHHSIM IMUHHOTO BTy XpeOdTa THHYJIN
MPOTSITOM TIEPIIUX MICSLB Ticas TpaBMU. JleKomripecis
CITMHHOTO MO3KY, 1110 BUKOHYETHCS 3a JOTIOMOTOIO JIaMi-
HEKTOMii, JiMille YaCTKOBO BUpilllyBaja mpo0JiemMy MoIKo-
JKEHHST, 3aJIAIIAI0UU MTaTOTeHETUYHY CYTh TPaBMU — T10-
IIKOIKEHHS TiT XpeOILliB Ta MixKxpeOlLIeBUX TUCKIB, 3B’ 130K,
nedopMallii xpedeTHoro kaHaiay. HaBiTh mpu BiTHOBJIEHHI
(YHKIIiI CIIMHHOIO MO3KY 3a3HayeHi IOIIKOIKEHHS 3Y-
MOBJTIOBJIM TIONAJIbIIIE BUHUKHEHHSI MOCTTPAaBMATUYHOI
HECTa0iIbHOCTI XpeOETHOro CerMeHTa 3 BJIACTUBUMU IS
Hel KJIiHIYHUMU TiposiBamu. Brepie Oyno 3po6JieHO BU-
CHOBOK, IIIO CIiHAJIbHUI IIOK — HE MPUYMHA BCiX PO3-
JafiB, a Hacainok. [IpuunHolo € nedopmaliisi XpeOGEeTHOTO
KaHaJly Ta CTUCHEHHSI CIIMHHOTO MO3KY.

V 3B’s13Ky 3 uuM npod. M.1. XBuciokom po3pobiieHo Me-
TOI OTHOMOMEHTHOTI'O BiIKPUTOI'O BIPABJIEHHS Y MEpPIIi JHi
micist TpaBMu. [lepenHiM TOCTYIIOM 3 BUAAJISHHSM ITOIIKO-
JDKEHUX JUISTHOK Tijla XpeOls Ta AMCKa, JeKOMIIPECielo He-
PBOBUX CTPYKTYpP TIPOBOJMIIACS TPaKllisg Ta BiIKPUTE BIIPaB-
JIEHHSI TIiJT Bi3yaJIbLHUM Ta PEHTI€HOJIOTIUHMM KOHTpPOJIEM Ta
MepenHiil cnonauione3. Y nepiili IHi MicJis orneparlii CTBOPIO-
BaJICSl YMOBM JIJIS1 BITHOBJICHHST CIMHHOTO MO3KY, IIPOTSITOM
1,5—2 mics1iiB hopMyBaBcst KiCTKOBUI OJIOK 3 BiITHOBJIEHHSIM
ortopHoi (yHKiii. Ile m03BosIs10 MpoBOIUTH peaditiTalliiiHe
JIIKYBaHHS 3 TIEPIIMX JHIB ITic/Is orepallii. TepMiH «CIiHaib-
HUIi IIIOK» BTPATUB CBOIO aKTYaJlbHIiCTbh. JIeTaabHICTb Yy TO-
CTpOMY TIepioi IicIst TpaBM pi3ko 3HM3mIacs [32—35].

Po3pob6ieHo nekiabKka croco0iB omepaliil 3aJIeXKHO Bif
JIOKaJTi3allii TpaBMHU, XapaKTepy Ta TEPMiHiB MMOLIKOIKEH-
Hs1. 3arpoIiOHOBAaHO PEKOHCTPYKTUBHO-BiTHOBIIOBAJIbHI
orepallii 3 KiCTKOBOIO IIJIaCTUKOIO, PeKOHCTPYKIIiEIO 6io-
MeXaHiKM Ta OITipHOCTI XpeOTa MpU 3acTapiiux TpaBMax
[36—40].

[TyxmHm xpedTa OyaIM Ta 3aIUIIAIOTHCS OKPEMOIO TIPO-
osemoro. BHacnigok KJiHIKO-aHATOMIYHUX OCOOJIMBOC-
Teil Ta TPYAHOIIIB paaruKaJlIbHOIO XipypridyHOTO JiKyBaHHS
JlaHa rpyla XBOpMX HaluyacTillle Hajexaja J0 KaTeropii
OesHamiiiHMX. 3alli3Hija JiarHOCTHKA, TSLKKICTh mepebiry
SIK 3JIOSIKICHUX, TaK i JOOPOSIKICHUX MyXJIUMH (CTMCHEHHS
CIIMHHOTO MO3KY — Tapasiyi, TpoJIexkHi, posaaa (PyHKIIiT
Ta30BMX OpPraHiB), HEMOXJIMBICTb peaizallii MPUHIUITY
paguKaabHOCTI Yepe3 HeOe3MeKn XipypriYHUX BTpydyaHb —
XapakTepHa puca JIiKyBaJIbHOI IOTIOMOTY TaKUM XBOPUM.

[Ipod. O.0. Kopx Tta M.l. XBuCIOK, MalOuu BeJM-
KW IOCBIiA XipypridHOro JIiKyBaHHS IIPUA Pi3HUX BUIAX
IeCTpyKllii xpeOTa, po3poOMIM Ta YCIIIIHO 3MiliCHIOBA-
JIM pagvKalbHe BUIAJEHHS TOOPOSIKICHUX IMyXJIMH y Me-
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Kax ypaXkeHHs, ITOYMHAaluM 3 TJIMOMHU i 1o mepudepii,
NpU MiHIMaJbHIi TpaBMaTHU3allili OOOJOHKU MyXJIUHU i
MaKCUMaJbHO MOXJIMBOMY TIeMOCTa3i, 3a HeOOXiIHOCTi
3aMilaoun aeeKkT KiCTKOBOI TKAHWMHU Pi3HUMM TpaH-
crutanTatamu. [1pu 3/10KiCHUX TTyXJIMHAX PeKOMEH/IyBa-
JIA JOTPUMYBATUCh TIPUHLIUIY PAIUKAIBHOCTI JIIKYBaHHS
(MOXJTMBE MaKCUMabHE CyOTOTaIbHE BUAAJICHHS TTyXJIU-
HU, JEKOMIIPeCisl CyAMHHO-HEPBOBUX YTBOPEHb, PeTesb-
HUIA TeMocCTa3, cradimizallisl iMIUIaHTAaMM Ta ITI0JaJibIa
OaraTopa3oBa XiMio- Ta IIpoMeHeBa Tepailris). Takox 0yi10
PO3p00JIEeHO 0COOJIMBOCTI XipypriyHOI TAKTUKU Ta TEXHIKU
3aJIe’KHO Bifl TiCTOJOTIYHOTO TUITY I JIOKaTi3allii MyXJIUuHU
(ocTeoin-ocTeoOMHr, OCTEOXOHAPOMU, CAPKOMMU, T€MaHTio-
eHmoTesioMu Toio) [41—43].

[ns ycyHeHHsT aedopwmaliii xpebTa Ta TPyIHOI KITiT-
K{ TPU CKOJi03i po3po0IeHO CrociO 3aIHBOTO CIIOHIM-
Jlofie3y 3 OMHOYACHOM PEKOHCTPYKILE TPYIHOI KITITKU
(0.0. Kopx, C.[. IlleBuenko). Cythb croco0y — 3amHii
CIIOHOWJIONE3 y IIOEAHAHHI 3 KiCTKOBO-HAIKiCTKOBUM
M’SI30BUM KJIaTeM, pe3eKlli€lo pedep; CIIOHIMIONE3 3 YBi-
THYTOro OOKY Ta KOpeKIlis IpyaHoro Binaiay. Po3pobiaeHo
CcreliaIbHUIA KOPUTYIOUMA IPUCTPilt, Habip iIHCTPYMEHTIB
Ta TIipUcTpoiB. LIg omepartisg 3abe3nedyye MOCITHEHHST KO-
pexiii 1o 80 %, 3HMKEHHS TEPMiHiB ITepeOyBaHHST XBOPUX
y CTallioHapi Ta 3HaYHE TOJIIMIIEHHS pe3yJIbTaTiB Xipypriu-
HOTO JliKyBaHHs [44—47].

Mu HaBenu nuie MPUKIIAAM BUPILIEHHS HalBaX-
JIUBIIIMX TIpo0JIeM IaTojorii xpedra, 110 iCHYBalM Ha
Toii yac. KoHKpeTHI HayKOBi Ta MpakTUYHiI PO3POOKU
BUCBITJIEHI B COpoOKa INECTH aBTOPCHKMX CBiZOLITBaX,
I’ SITHAAUSATU MOHOTrpadisx Ta ydyO0oBUX MNOCIOHHMKAX,
JNIBOXCOT CEMU HAayKOBMX MyOJiKalisIX Y MEAUYHUX Kyp-
Hajax, MaTtepiasax 3’i31iB Ta KOH(pepeHliil, a TaKOX y

Information about authors

3aXUIIEHUX COPOKA KAHAUIATChbKUX Ta IBAHAALSITH JOK-
TOPCHKUX IUCEPTALlisiX.

Takum ynHOM, HAyKOBi TEOPETUYHI Ta MPAKTUYHIi I0-
CJIiIXKEHHS Ta BUPIIIEHHsI aKTyaJbHUX IIPO0JIeM IaToJIorii
xpebra y 60—80-Ti poKM MUHYJIOTO CTOJITTS, BiIKPUTTS
crneuianizoBaHux Biaginenb y H/I Ta mikapHsx, miaroroBka
JliKapiB-CreLialicTiB yIsl MPAKTUYHOI OXOPOHU 3I0POB’SI
JTAlOTh MiICTaBU BBaXaTH, 110 B YKpaiHi B paMKaX OpTO-
TeJIii Ta TpaBMaTOJIOTil OYJIO CTBOPEHO HOBY MEIMYHY CIIe-
LiaJIbHICTh — BepTeOposiorito. MoXxHa yreBHEHO CTBep-
IKyBaTHU, 0 PyHIATOpaMU BepTeOposIoTii B YKpaiHi Oy
npodecopu O.0. Kopxk Ta M.1. XBucCiok.

Beprebposnoria po3BuBanacsl 3aBOsK{ BIIPOBAIXKEHHIO
3alpONOHOBAaHUX HAMU ifell Ta po3poOlli HOBUX, 1110 0a-
3yBaJIMCh Ha HOBITHiIX HAYKOBUX Ta TEXHOJOTIYHUX HOCST-
HeHHsX [48—61].

CbOrosiHi BepTeOpOIOry MaloTh Y CBOEMY PO3IMOPSIIKEH-
Hi cyyacHi MeTonu niarHoctuku, 3okpema MPT, KT ta V3/1.
ApceHa XipyprivHUX BTpydyaHb 3HAYHO PO3LIMPUBCS 3aBJIsi-
KU BITPOBAKEHHIO METOAMK TPaHCIIEAUKYISIPHOI (ikcartii,
HaBIiTaliTHIX CUCTEM IUTS iX BUKOHAHHSI, €HIOIPOTEe3yBAHHST
MiXXpeOLIeBUX AMCKIB, a TAKOX IIMPOKOIO CIIEKTpa MaJio-
iHBa3MBHUX OIepaTUBHMX BTpydaHb. BepTeOpoiorist mpomo-
BXY€ IMHAMIYHO PO3BUBATHUCS, BIIKPUBAIOUM HOBI MOXJIM-
BOCTI JUTSI 1iarHOCTUKM Ta JIiKyBaHHSI ITaTOJIOTi1 XpeoTa.

KonduikT inTepeciB. ABTopu 3asBISIIOTH TIPO BiICYT-
HiCTh KOH(IIIKTY iHTepeciB Ta BjlacHOI (iHaHCOBOI 3aili-
KaBJICHOCTI ITpH MiATOTOBLI JaHOI CTATTi.
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M.1. Khvysyuk, O.M. Khvysyuk

Educational and Scientific Institute of Postgraduate Education, Kharkiv National Medical University, Kharkiv, Ukraine

Origins of Ukrainian vertebrology (Kharkiv school)

Abstract. The formation of vertebrology in Ukraine is inextricably
linked with the activities of the Kharkiv school of orthopedics and
traumatology, which laid the scientific and clinical foundations of
modern diagnosis and treatment of spinal pathology. The article ana-
lyzes the historical origins, main stages of formation and key scientific
achievements of the Kharkiv school in the formation of Ukrainian
vertebrology. A historical and analytical review on the development
of clinical, experimental and scientific research in the field of spinal
pathology carried out by employees of the Kharkiv Research Institute
of Orthopedics and Traumatology and the Department of Traumato-
logy and Orthopedics in the 1960s—1980s was conducted. As a result
of joint work, operative accesses to all parts of the spine were deve-
loped, new diagnostic methods and pathogenetically substantiated

approaches to the treatment of tuberculous spondylitis, degenerative
diseases, instability, traumatic injuries, tumors and spinal deformities
were introduced. Classifications of degenerative pathology were cre-
ated, new methods of reconstructive and stabilizing operations were
proposed, implants and fixing structures were developed. The orga-
nization of specialized clinical departments, the opening of the first
spine surgery clinic in Ukraine and the Department of Vertebrology
ensured the development of specialized medical care and the training
of highly qualified specialists. Theoretical, experimental and clinical
studies carried out by the Kharkiv school in the 1960s-1980s became
the basis for the formation of vertebrology as an independent direction
of orthopedics and traumatology in Ukraine.

Keywords: vertebrology; spine pathology; review
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