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MICLUEBI IHOEKLIWHI YCKJIAOHEHHSA
BIAKPUTUX NEPEJIOMIB KICTOK
HMKHIX KIHLUIBOK NP BOMOBIN

I HEBOWOBIN TPABMI

Irop TpyTak?!, Bonognmup XykoBcbkuint, BikTop JloBra?,
Bitanin IBaweHko!, Bacunb TpyHkBanbTep!, Octan Kyana?

1J1bBIBCbKMV HALIOHA/IbHMIA MEANYHNI YHIBEPCUTET

imeHi flannna anavybkoro, JlbBiB, YKpaiHa
’BifiCbKOBO-MEANYHNK KJTIHIYHUK LEHTP 3axigHoOro perioHy,
JIbBiB, YKpaiHa

IHdeKUiHI yCKkNnaAHEeHHS Npu BiAKPUTUX MepesioMax KiCToK
KiHLIBOK Y UMBIIbHOMY XUTTi (HebonoBa TpaBMa) BUHUKAIOTb Y
27-30% nauieHTiB, a npu 6010BIl TpasMi — y 34-75%. LLBnake
NOLIMPEHHS MYyNbTUPE3UCTEHTHUX BaKTepi Ta 3HAUYHE 3HMXKEH-
HA edeKTUBHOCTI aHTMOIOTUKIB CTAHOBNATb CEPMO3HY 3arposy
BTpPaTW KiHUIBKN abo HaBiTb XUTTHA NauieHTa.

Y uboMy AocCnig)XeHHi npoaHanizoBaHi NpuynHKM i MeToaun ni-
KyBaHHS paHOBOI iHdeKLUii y 96 nauieHTiB 3 BiAKPUTMMK Ne-
penoMamMu cTerHa i BiAKPUTUMU MepesrioMaMu roOMiNKu, cepes
AKX 27 OTpUManu TpaBMy Yy UMBISIbHOMY XWUTTi, @ 69 - 6oio-
By TpaBMy. NpMyYMHAMM HarHOEHHS paH Npu HebOolOoBI TpaBMi
6ynn: BUCOKOeHepreTuyHa TpaBMa, LYKpoBWUI aiabeT i aHeMis
AK HACNiAOK CYynyTHIX 3axBOploBaHb. TepMiHU HaAXOOXEHHS
nopaHeHux 3 60MOBMMKM TpaBMaMn Ha piBEHb HaZaHHA cneyi-
ani3oBaHoi i BUCOKoOcCMeuianizoBaHol MeaAnYyHOol A0NMOMOrm B ce-
peaHbOMY CTAHOBWMAM 4 AHi i Y BCiX NaUiEHTIB paHU Bxe 6ynu
iHikoBaHi. YMHHMKaMN pU3NKY iHPEKLINHNX YCKNaAHEeHb Bif-
KPUTUX MNepenoMiB KiCTOK Yy BiICbKOBUX 3a3Bu4yan 6ynm: oco-
611MBOCTI paHOBOrO KaHasy npu BOrHenaabHOMY MOpPaHEHHI BU-

COKOEHepreTUYHOK KyJriel, MiIHHO-BMOYXO0Bi Ta NoeaHaHi 60MOBI NOpaHeHHs, 3ani3Hifnie HagaHHS
KBanidikoBaHOi MeaM4yHOoi AONOMOrM i 3ani3Hina eBakyauis Ha BULWWNA piBeHb HaAaHHS MeaWNYHOI
AO0MOMOru y 3B'A3Ky 3 OMNepaTMBHO-TaKTUYHOIK CUTYyaUi€ro nig Yac 60nMoBumx Ain. JlikyBaHHSA 0XO-
nnoBano: crabinizauito nepesnoMy anapaToM 30BHILWHLOI dikcauii, eTanHi AebpiaMeHTN paHu, Te-
panito HeraTMBHUM TUCKOM, 3aCTOCYBaHHS cnericepis, aHTMbioTuKoTepanito. 3a aHTUbaKTepiliHO
AKTMBHICTIO e(peKTUBHMMN MPOTN rpamM-HeraTmeHOI Mikpodaopu 6yan KonoMiunH i noniMikcnH B, a
NPOTWU rpam-rno3nNTUBHOI — BAHKOMILUMH. 3MEHLIEHHSA PU3UKIB PO3BUTKY i NporpecyBaHHs paHOBOI
iHpekuii 6yno AOCArHYTO 3aBASKWM CBOEYACHIM | ageKkBaTHIN XipyprivHin ob6pobui paHu, dacui-
oTOMii gnsa 3anobiraHHa KOMMNApTMEeHT-CMHAPOMY, cTabinisauii nepenoMy anapaTtoM 30BHilLHbOT
dikcauii, Tepanii HeraTUBHUM TUCKOM, KOpeKLUii aHeMii i 6inkoBoro o6MiHy Ta aHTMbioTuKoTepanii
BiAMOBIAHO A0 YYT/JMBOCTI paHOBOI Mikpodopw.

KnrouyoBi cnoBa: BiAKpUTI nepenomMun KiCTOK, paHoBa iHdekuid, AebpiagMeHT, Tepanis paH Hera-
TUBHUM TUCKOM.

116



Mpaui HTLL. MeanyHi Hayku
2025, Tom 77, N2 1 ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci
ISSN 2708-8642 (online)

WWW.MSPSss.org.ua
2025, Vol. 77, 1

OpwuriHanbHi 4OCAIAXEHHS: KNiIHIYHI HayKWn

LOCAL INFECTIOUS COMPLICATIONS OF THE
LOWER EXTREMITY OPEN FRACTURES IN
COMBAT AND NON-COMBAT TRAUMA

Ihor Trutyak'?, Volodymyr Zhukovskiy?, Victor Lovga?,
Vitaliy Ivashchenko!?, Vasyl Trunkvalter?, Ostap Kudla!

1Danylo Halytsky Lviv National Medical University, Lviv,
Ukraine

’Military Medical Clinical Center of the Western Region, Lviv,
Ukraine

Infectious complications with open limb bone fractures occur in
27-30% in peaceful life and 34-75% in combat trauma. The
rapid spread of multiresistant bacteria and the significant re-
duction in the effectiveness of antibiotics pose a serious risk of
limb loss or even the patient’s life. The causes and treatment
of wound infection in 96 patients with open hip and tibia frac-
tures were analyzed, including 27 injured in peaceful life and
69 combat-injured patients. The causes of wound infections in
non-combat injuries were high-energy trauma, diabetes mel-
litus, and anemia due to concomitant diseases. The terms of
admission of the wounded with combat injuries to the level of
specialized and highly specialized medical care were 4 days
on average, and all of them had infected wounds. Risk factors
for infectious complications of open bone fractures in military
patients were the features of the wound channel in the case
of high-energy bullet, mine-explosive and combined injuries,
delayed qualified medical care, and delay in evacuation to a
higher level of medical care in connection with the tactical sit-
uation during hostilities. Treatment included external fixation
devices for fracture stabilization, staged wound debridement,
negative pressure wound therapy, the use of spacers, and an-
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tibiotic therapy. Colomycin and polymyxin B were effective against gram-negative bacteria, while
vancomycin targeted gram-positive bacteria. Early and adequate surgical debridement, fasciot-
omy to prevent compartment syndrome, fracture stabilization using an external fixation device,
negative pressure wound therapy, correction of anemia and protein metabolism, and antibiotic
therapy according to the sensitivity of wound microflora can reduce the risks of the development
and progression of wound infection.

Keywords: pulmonary sarcoidosis, systemic vasculitis, diagnosis, immunosuppressive therapy.
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BcTtyn

IHdekUirHI ycknagHeHHs nNpu nepenomax Ki-
CTOK KiHUIBOK € CYTTEBUMMW YCK/IaAHEHHSAMMU,
AKi MOXYTb MPU3BECTU A0 MNOCTINHOI BTpa-
T dYHKUiT KiHUiBKK, @ Yy 3% nauieHTiB — A0
ii amnyTauii [1-3]. YacToTta MicueBoi iHdekuii
Nnpuv 3aKpuUTUX MepesioMax KiCTOK, OTpPUMaHuX
Yy UMBINBHOMY XWUTTi, cTaHoBUTbL 1.8%, a npu
BiakpuTtnx — 27-30% [4, 5].

OpoHak npu 60MOBIN TpaBMi KiHUIBOK, YyXe
npuv MNEepBUHHIA rocniTanisauii y crauio-
Hap, 34% nopaHeHuUX Manu paHoBY iHdeK-
uito, i Hanbinbw yactumm i 36yAHMKaMU
6ynn Enterococcus faecium, Pseudomonas
aeruginosa, MDR Acinetobacter spp. i ESBL-
producing Escherichia coli [6]. 3a pe3ynbTta-
TamMun JAocnigXeHHs rpynun daxiBuis, CTBOpeHOi
AN BUBYEHHS iHPEKLINHMX YCKIaAHEHb Y NO-
paHeHUX nia 4ac BiiHM B Ipaky Ta AdraHic-
TaHi (TIDOS), Hanbinbwy KinbKiCTb iHdEKLUIN
(57%) mManu nauieHTM 3 amnyTauisMn KiHui-
BOK, a MNOpaHeHi 3 BiAKPUTUMK rnepesioMamu
- 17% [7]. Y cy4acHin BiMHi FHiINHO-CENTUYHI
YCKNaZAHEHHSA BOrHenasibHUX rnopaHeHb BUHU-
katoTb y 50-75% nopaHeHux [8], wo y 32.1%
BMNAaAKiB CNPUYMHAE HE3a[OoBiNbHI pe3ynbTa-
TN NiKyBaHHA BOrHenanbHMUX nepenomis [9].

TpMBOXHOIO € TaKOX iHdopMauis npo Te, Wo
Aenani vacTiwe paHoBi iH@eKUinHi ycknaa-
HEHHS CNPUYMHEHI NOJipe3nCTEHTHUMKN Ma-
ToreHamn, TakmMmnm sk Pseudomonas aeru-
ginosa, Klebsiella spp., Acinetobacter spp.,
Enterobacter aerogenes i Enterococcus
faecalis, aki € HeuyTAIMBUMUK A0 BINbLWOCTI KNa-
ciB aHTubioTnkie [10-12]. LUBnAaKe nowmpeH-
HA MYNbTUPE3UCTEHTHMUX BakTepilt Ta 3HayHe
3HMXEHHA edeKTUBHOCTI aHTMbioTKKIB 36inb-
WYOTb PU3NK HeaAeKBaTHOI CTapTOBOi aHTUGI-
oTMKOTepanii i CTaHOBNSATb Cepro3HY 3arposy
Ans XuTTa nauienTie [13]. MNMporpecusHa pa-
HoBa iHdeKLUis 3 pO3BUTKOM CENTUYHOIO CTaHy
y 1.5% nopaHeHnx 6yna npnyYnHO0 BTOPUHHOI
amnyTauii KiHUiBKM Ha piBHI cneuianizoBaHol
Mean4yHoi gornomorn [14].

MeTta pgocnig)xeHHA — npoaHanisysaTtu npu-
UMHM  iHDEKUIMHUX YCKNagHeHb BiAKPUTUX
rnepenomiB KiCTOK HUMXHIX KiHuiBok III cTyne-
HA 3a knacugikauiero Gustilo - Anderson npu
6oMoBux i Heb6OMOBMX TpaBMax Ta OKPEC/IUTU
npodinakTMyHi 3axoAu MOLWMPEHHSA pPaHOBOI
iHeKuiT.
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MaTepian i meToamn

Mig HawuM cnoctepexeHHsaM 3 2023 poky no
rpyaeHb 2024 poky nepebyBann 96 nauieHTiB
(87 yonosgikiB i 9 XiHOK) 3 BiAKPUTUMW NEpeno-
MaMW CTerHa i BigKpUTUMK NepesioMamMu romisn-
KW. Y BCiX nauieHTiB nepenom 6yB cnpuumHe-
HUI BUCOKOEHEPreTUYHOI TPaBMOK: y 27 - 3a
Pi3HMX O6CTaBMH Yy UMBINBHOMY XWTi; y 69 -
nig yac 6omosBux Ain. CepefHin BiK NauieHTIB
ctaHoBuB 41+7 pokiB. Cepen MexaHi3MiB He-
60rioBMX TpaBM 6ynun: AOPOXKHbO-TPAHCMOPTHI
npuroan (14 oci6, 51.9%), nagiHHS 3 BUCOTU
(6 oci6, 22.2%), nobytoBa TpaBMma (5 oci6,
18.5%) i BupobHuua Tpasma (2 ocobu, 7.4%).
MexaHi3MOM BOrHenanbHUX MepesioMiB CTerHa
i rominku 6ynmn ockonkoBi NnopaHeHHs (34 oco-
6u, 49.3%), MiHHO-BMOYXOBi nopaHeHHsa (23
ocobu, 33.3%) i KynboBi nopaHeHHs (12 ocib,
17.3%). 17 oci6 (24.6%) Mann MHOXWHHI BOr-
HenanbHi NepesioMn OAHIEl HUMXXHBLOI KiHLIBKM,
y 41 ocobu (59.4%) — MHOXMHHI BOrHenanbHi
nepenommn ABox i 6inbwe KiHUiBoK, a B 11 oci6
(15.9%) - BorHenasnbHi nNepesioMM 3 MOLLKO-
J)XXEHHAM MaricTpasibHUX CyAuH | HepsiB. Bci
nopaHeHi Manu Bigkputi nepenomun III ctyne-
HA 3a knacudikauieto Gustilo-Anderson. Y 49
(71%) noctpaxxganux b6yna BusiBieHa aHeMis,
CrpuyMHeHa KpoOBOBTpaToto, i noTpebysana 3a-
MiHHOT Tepanii. TepMiHN HaaXOOXEeHHS nopaHe-
HUX Ha II piBeHb HagaHHA MeAUYHOI A0NoOMOoru
(kBanidikoBaHa MeanyHa AOMNOMOra) 3anexanu
Bil onepaTMBHO-TAKTMYHOI cuTyauii Ha poH-
Ti. IHTeHCMBHICTb 6OMOBUX 3iTKHEHb 4acTO He
JaBania 3MOrM BYacHO eBaKyloBaTU MOPaHEHOo-
ro Ha BULLMIN piBEHb MEANYHOT OMOMOrn. Tomy
TEPMIHM HAAXOMXEHHS MOpaHeHUX Ha piBeHb
cneuianisoBaHoi i BMCOKOCMeLUiani3oBaHoI Me-
AWYHOi gonomorn 6ynu 3aHaaTo AOBroTuBasi i
B CepeHbOMY CTaHOBWIM YOTUPU AHI.

Pe3synbTatn

YCi nauieHT 3 BIAKPUTUMKU NepenomMamu ro-
MiNK1 BHacnigok HeboloBmnx TpaBM 6ynu B3ATi
Ha cTauioHapHe nikyBaHHSA 3 paHaMmun, 3abpya-
HeHMMKn Mikpobamu. BignosigHO [0 peko-
MeHaauin Apyroi MixHapoaHoi KoHCeHCyCHOi
KOH@epeHLUil o0 iH(eKLin 0ONoOpHO-pPyX0BO-
ro anapaty (ICM, 2018) ansa npodinaktuku
paHoBOI iHdekuii Npn BiAKPUTUX nepenomax
TaknMM XBOPMM NPOQiNakTUYHO MpU3HAYanu
AHTMBIOTUKM 3rigHO 3 IHCTPYKUISAMK iHdeKuin-
HOro KOHTpoto, ctabinisysanu nepesnoM ana-
paToM 30BHiWHbOI dikcauii (A3D), a paHy Ha-
Maranamcb 3aKpuTtu B nepui 3-7 gHis [15].
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Introduction

Infectious complications of bone limb fractures
are significant complications that can lead to per-
manent loss of limb function and amputations in
3% [1-3]. The rate of local infections in closed
bone fractures during peaceful life is 1.8%, com-
pared to 27-30% in open fractures [4; 5].

In cases of combat limb injuries, 34% of the
wounded already had a wound infection during
the initial hospitalization, and the most frequent
pathogens were Enterococcus faecium, Pseudo-
monas aeruginosa, MDR Acinetobacter spp., and
ESBL-producing Escherichia coli [6]. According
to the study of the group created to research the
infectious complications in the wounded during
the wars in Iraqg and Afghanistan (TIDOS), the
highest percentage of infections (57%) occurred
in patients with limb amputations, and patients
with open fractures accounted for 17% [7]. In
modern war, purulent-septic complications of
gunshot wounds occur in 50-75% [8], which in
32.1% causes unsatisfactory outcomes of gun-
shot fracture treatment [9].

There is growing concern about the increasing
prevalence of multi-drug-resistant pathogens
such as Pseudomonas aeruginosa, Klebsiella
spp., Acinetobacter spp., Enterobacter aero-
genes, and Enterococcus faecalis, which are
resistant to most antibiotic classes [10-12].

The rapid spread of multi-drug-resistant bac-
teria and a significant decrease in antibiotic
efficacy heighten the risk of inadequate initial
antibiotic therapy and pose a serious threat to
patient survival [13]. Progressive wound in-
fection with the development of a septic condi-
tion necessitated secondary limb amputations
in 1.5% of patients at the level of specialized
medical care [14].

Objective: To analyze the causes of infec-
tious complications in grade III (Gustilo-An-
derson classification) open fractures of low-
er extremities in combat and non-combat
injuries and outline preventive measures to
control wound infection spread.

Materials and Methods

From 2023 to December 2024, we observed
96 patients with open hip and lower leg frac-
tures. In all cases, the cause of fractures was
high-energy trauma: civilian in 27 instances
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and combat in 69. There were 87 men and 9
women. The average age was 41 * 7 years.
The mechanisms of civilian trauma included
road traffic accidents in 14 cases (51.9%),
falls from a height in 6 cases (22.2%), house-
hold injuries in 5 cases (18.5%), and indus-
trial injuries in 2 cases (7.4%). The mecha-
nisms of combat-related fractures of the hip
and lower leg were shrapnel wounds in 34
patients (49.3%), mine-explosive wounds in
23 patients (33.3%), and bullet wounds in 12
patients (17.3%). In 17 cases (24.6%), there
were multiple gunshot fractures of one lower
limb. In 41 cases (59.4%), there were mul-
tiple gunshot fractures of two or more limbs.
In 11 cases (15.9%), gunshot fractures were
accompanied by damage to major vessels
and nerves. All wounded had Grade III open
fractures according to the Gustilo-Anderson
classification. 49 (71%) victims had anemia
caused by blood loss and required replace-
ment therapy. The timing of admitting the
wounded to the second level of medical care
(qualified medical care) depended on the op-
erational-tactical situation at the front line.
The intensity of the combat clash often did not
allow timely evacuation of the wounded to a
higher level of medical care. As a result, the
terms of admission to the level of specialized
and highly specialized medical care were sig-
nificantly extended and amounted to 4 days
on average.

Results

All patients with open leg fractures caused
by civilian trauma were admitted to inpa-
tient treatment with microbially contaminated
wounds. According to the recommendations
of the Second International Consensus Meet-
ing on Musculoskeletal Infection (ICM, 2018),
prophylactic antibiotics were administered to
prevent wound infections following open frac-
tures, which was in line with infection control
guidelines. Fractures were stabilized using
external fixation devices, and the attempt to
close the wound was made in the first 3 to 7
days [15].

However, 2 (7.4%) of our patients developed
leg wound infection. The causes of wound
suppuration were high-energy trauma from
a traffic accident with significant soft tissue
contusion and increased intrafascial pressure,
which required decompression fasciotomy.
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MpoTte y aBox (7.4%) Hawux Maui€eHTiB BU-
HUKNO iHMIKyBaHHA paH rominku. lMpuynHa-
MW HarHOEHHs paH 6yna BUCOKOeHepreTuyHa
TpaBMa BHACMIAOK [AOPOXHbO-TPAHCMOPTHOI
NPUroAan i3 3Ha4YHOK KOHTY3IE M AKUX TKaHUH
i NigBMLLEHMM BHYTPIWHbLO dacuiasbHUM TUC-
KOM, Wo noTpebyBano AeKoMnpecinHoi dacui-
oToMii. MMicnsa nikeigauii iHpeKuUinHOro npoue-
CYy i 3aro€HHS paHu roMinku im 6yB BUKOHAHUM
BHYTPILLHi OCTEOCMHTE3. Y 04HOro 3 ABOX Na-
uieHTiB (3.4%) nicna HakiCHOro OCTeOCUHTE3Y
NNacTMHOK BUHUKNA rnvboka iHdekuia micus
XipypriyHoro BTpydaHHs. lMpuUyMHa — naTeHT-
Ha nokanbHa iHdekuisa i TpaBMaTUYHICTL Me-
TOAY XipypridyHOro BTpyYaHHSA. Y nauieHTiB 3
iHTpaMeaynapHUM OCTEOCUMHTE30M BiAKPUTOro
nepesioMy BEJIMKOrOMIJIKOBOI KiCTKWM TakKoro
yCKNagHeHHs He 6yrno.

[MocTpaxaanum 3 nepesiomaMmm CTerHa, oTpu-
MaHUMW BHacnigok HebomoBoi TpaBmu, byna
npoeeaeHa nepegonepauinHa niarotoeka i 11
nauieHtam (40.7%) BWKOHaHWI iHTpameny-
NSAPHUI OCTeoCHHTE3, a TpboM (11.1%) - Ha-
KiCHWIA OCTEOCMHTE3 nnacTuUHO. B uint rpyni
iHEeKUiMHI ycknagHeHHS BUHUKNM Yy ABOX Ma-
uieHTiB (7.4%). MpuunHoto nicnsonepauinHo-
ro iHdbekuinHoro ycknagHeHHs 6yB LyKpoOBUi
AiabeT i aHeMis BHACNiAOK CynyTHIX 3axXBOpto-
BaHb.

MopaHeHi 3 60/MOBOIO TPaBMOK HaAiIMLWIN BXe
3 iHdikoBaHMMK paHamu. OCOBNMBO THAXKKO
nepebiraB paHoBuit npouec y 34 nauieHTiB
(49.2%) 3 MHOXWHHUMM | NOEAHAHMMW Mopa-
HEHHSIMW KiHUiBOK. OKpiM THiMHOro npouecy
B M'AKUX TKAHUHaX y HuUX 6yB BOrHenanbHWi
octeomienit. Ui nauieHTn noTtpebyBanu bHara-
TOpPa30BOi eTanHoi BTOPUHHOI XipypriyHoi 06-
pobKkM paHW 3 BUMAANEHHSAM FHIMHO-HEKPOTUY-
HUX TKAHWH | HEXXUTTE3AATHUX YNAMKIB KiCTOK,
Tepanii HeraTUBHUM TUCKOM, aHTUBAKTEpPINHOI,
3arasbHol i IMyHOCTUMYOKOYOI Tepanii.

3acTocyBaHHA Tepanii HeratTMBHUM TUCKOM
3abe3neyyBano MOCTiINHY eBaKyalilo paHo-
BMX BWAiNEHb, 3MeHLWYyBano Habpsk HaBKOO
paHW, CTUMYOBano (opMyBaHHS rpaHynsa-
LiiHOT TKaHMHK, 3anobirano peiHdekuii i no-
nerwysano oorngaa 3a paHoto. YactoTta 3aMiHu
BAK-noB'A3kM 3anexana BiA KiNnbKoOCTi BUAi-
NeHb i gMHaMikn nepebiry paHoBOro npouecy,
ane He nepesuwyBana 3-4 aHi. Tepanito Hera-
TUBHUM TUCKOM He 3aCTOCOBYBasin Mpu HasiB-
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HOCTi HEKPOTUYHUX TKAHMWH, WO noTpebyBanu
NOBTOPHUX XipypriyHMX CaHauil, i Npu pusnky
KpoBOTeui 3 paHu. 3a BiACYTHOCTI edekTy BiA
Tepanii HeraTMBHMM TUCKOM MiX ABOMa nochi-
OOBHMMW 3MiHAMW MOB'A3KU, NiKyBaHHA UMM
METOAO0M MPUMNMUHANM | 3aCTOCOBYBaNMn LWOAEH-
Hi XipypriuHi 06pobkn paHu Ta NOB'A3KMN 3 aH-
TUCENTUKAMMU.

Y yotupbox nauieHTiB (11.7%) ana niksigauii
OCTEOMIENITY BMKOHANIN pe3eKLito CTerHoBoi, a
y cemun (20.5%) - BENMKOroMifIKOBOI i Mano-
rOMINIKOBOI KiCTKM, WO Npu3Beno A0 AedekTy
KICTKM AOBXWHOW 7-12 cM. Ona nikeBigauii iH-
deKuinHOoro npouecy Mix ynamkamu iMnaaHTy-
BaNN LEMEHTHWUI crnencep 3 BaHKOMILWHOM, a
paHy 3akpuam KOM6iHOBaAHOM niacTukoto. MNe-
penoM KicTtok dikcyBanu CTpmxHboBuUM A3D, a
B noganbwoMy 67% XBOPUX BUKOHAIN 3aMiHy
mMeToay dikcauii Ha BHYTPILLHIA OCTEOCUMHTES 3
KiCTKOBOI Mniiactukoro. Loao ABOX NopaHeHnxX
3 fedeKTOM CTerHoBoi KicTku 6inbw gk 10 cMm
3acToCcyBa/iIM METOANKY KiCTKOBOIo TpaHCrop-
Ty B anaparti InisapoBa.

JoTpuMyUMCh  LWWKaMM  OUiHKM  MOXJIMBOCTI
3aMiHn MeTtoay dikcauii A3® Ha BHYTpILLHIlK
ocTteocuHTe3s (3a O.A. bypsaHosuMm i 10.0. Sp-
MOJIIOKOM), MW He OoTpuManu iHdeKuinHnx
yCKNaAHeHb y NauieHTiB 3 6asbHO OLIHKOI
3a uieto wkanoto o 5 6anis. Mpun 6-9 6anax -y
26.4% nauieHTiB BUHUKIN iHDEKLIiNHI yCcknaa-
HEHHA Micug XipypriyHoro BTpy4YaHH4, WO iX
y 11.8% Bunaakis Baanocs nikeigysatn 6e3
BUAANEHHA METanoKOHCTPyKUii, a y 14.7% -
MEeTa/IOKOHCTPYKLitO A4OBENOCh BUAANNTU i ne-
penoM dikcyBaTn noBTopHO A3®. lMauieHTam 3
6anbHoto ouiHkoto 10 i 6inbwe 6aniB BHYTpiLU-
Hill OCTEOCUHTE3 He BUKOHYBasn, OCKINbKY Lie
npm3eeno 6 A0 rHinHOro nNpouecy i HeraTUBHO-
ro pesynbTtaTy onepadil.

MpuHUMNK 3acTocyBaHHA aHTUbioTMKOTepanii
woao nopaHeHux 3 60110BOKO TpaBMow 6ynu
@HanoriYHMMM €K i WoAO0 NauieHTiB 3 Hebo-
MoBOK TpaBMOK. BiaMiHHICTb nonsrana nuwe
B TOMY, WO ANS nocTpaxzaanux 3 HebolnoBow
TPaBMOK NpoBOAMAN aHTUbBioTMKONpodinak-
TUKY, OCKINIbKM iXHi paHn He 6ynun iHdikoBaHi,
a Manu MikpobHe 3abpyAHeHHs, i TibKKM Npu
iHpiKyBaHHI — npu3Havanu aHTMbioTukoTepa-
nito. OAHaK yci nopaHeHi 3 60MOBOIO TpaBMOKO
notpebyBann aHTMbioTMKOTEpanii, OCKiNbku
IXHi paHu Bxe 6ynu iH@iKoBaHi.
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Internal osteosynthesis was performed after
eliminating the infection process and achiev-
ing wound healing. Among these cases, one
patient (3.4%) developed a deep surgical site
infection following plate osteosynthesis. This
was attributed to latent local infection and the
traumatic nature of the surgical procedure.
There were no such complications in patients
who underwent intramedullary osteosynthesis
for open tibial fractures.

In patients with hip fractures caused by ci-
vilian trauma, preoperative preparation was
carried out, and intramedullary osteosynthe-
sis was performed in 11 (40.7%) patients
and plate osteosynthesis in 3 (11.1%). In this
group, infectious complications occurred in 2
(7.4%). The cause of the postoperative infec-
tious complications was diabetes mellitus and
anemia due to comorbidities.

Wounded with combat trauma were admit-
ted with already infected wounds. The wound
healing process was particularly severe in 34
(49.2%) patients with multiple and combined
limb injuries. In addition to the purulent pro-
cess in the soft tissues, they had gunshot os-
teomyelitis.

These patients required multiple staged sec-
ondary surgical debridements to remove ne-
crotic tissues and non-viable bone fragments,
negative pressure wound therapy, antibiotic
treatment, general pharmacotherapy, and im-
munostimulatory therapy.

Negative pressure wound therapy ensured
continuous evacuation of wound secretions,
reduced peri-wound edema, stimulated the
granulation tissue formation, prevented rein-
fection, and simplified wound care. The fre-
quency of VAC dressing changes depended on
the amount of secretions and the dynamics
of the wound healing process, but it did not
exceed 3-4 days. Negative pressure wound
therapy was not used in the presence of ne-
crotic tissues that required repeated surgical
debridement or in cases of potential wound
bleeding. If there was no improvement from
negative pressure wound therapy after two
consecutive dressing changes, the treatment
with this method was discontinued, and daily
surgical debridements with antiseptic wound
dressings were applied.
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Femoral resection was performed in 4 patients
(11.7%), and tibial and fibular resection in 7 pa-
tients (20.5%) to eliminate osteomyelitis, lead-
ing to bone defects measuring 7-12 cm long. To
eliminate the infection process, a cement spac-
er with vancomycin was implanted between the
bone fragments, and the wound was closed with
combined plastic surgery techniques. The bone
fracture was fixed by an external fixation device,
which was later converted to internal osteosyn-
thesis with bone grafting in 67% of patients. In
2 patients with a femoral defect of more than 10
cm, the technique of bone transport was applied
using the Illizarov apparatus.

Using the scale for evaluating the possibil-
ity of converting the external fixation to in-
ternal osteosynthesis (by O.A. Burianov and
Y.O. Yarmolyuk), we did not find infectious
complications in patients with a score of up to
5 points on this scale. In patients with scores
of 6-9 points, 26.4% had infectious compli-
cations at the surgical site. Of these, 11.8%
were managed without plate osteosynthesis
removal, while 14.7% required plate removal
and re-fixation by an external fixation device.
Internal osteosynthesis was not performed for
patients with a score of 10 or more points, as
this would lead to purulent complications and
adverse surgical outcomes.

The principles of antibiotic therapy in wound-
ed with combat trauma were similar to those
in patients with civilian trauma. The difference
was that civilian injured patients received an-
tibiotic prophylaxis since their wounds were
microbially contaminated but not infected,
and antibiotic therapy was prescribed only in
case of infection. All wounded with combat
trauma required antibiotic therapy, as their
wounds were already infected.

The most common pathogens isolated from
the wounds of military patients with lower
limb injuries were Acinetobacter spp., Klebsi-
ella pneumoniae, Enterococcus faecalis, Pseu-
domonas aeruginosa, Staphylococcus aureus,
and Escherichia coli. Colomycin and polymyxin
B were effective against gram-negative bac-
teria, and vancomycin was effective against
gram-positive bacteria.

However, 53.6% of wounded patients with
multiresistant  microorganisms, including
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Hanbinbw vactmmMm 36yaHukamu  iHdekuii,
WO BWUCiBaNMCb i3 paH BINCbKOBMX 3 60MO-
BUMW MOPAHEHHAMM HUXHIX KiHUIBOK, 6ynu
Acinetobacter spp, Klebsiella pneumoniae,
Enterococcusfaecalis, Pseudomonasaeruginosa
i Staphylococcus aureus, Escherichia coli. 3a
aHTMOAKTEPINHOK aKTUBHICTIO edeKTUBHUMMU
NpoTX rpaMm-HeraTuBHOI Mikpodnopu 6ynmn Ko-
NOMiUmMH i noniMikcMH B, a npoTn rpam-nosu-
TUBHOI — BAHKOMILMH.

TaxKko nigaaBanncb aHTMbaKTepinHin Tepa-
nii 53.6% nopaHeHnX 3 MYJNbTUPE3NCTEHT-
Hoto nopoto i npucyTHicTio Acinetobacter
baumannii, MeTMumniH pe3ncTeHTHUX cTadi-
JIOKOKIiB T@ BaHKOMILWH pe3nCTEHTHNX EHTEPO-
KOKiB, Ki 6ynin cTinkuMmn go Tpbox abo binblue
KnaciB aHTUbioTUKIB.

O6roBopeHHA

PaHn, oTpuMaHi B HeCTepwu/ibHUX YyMOBaXx,
3aBXAW MalTb MikpobHe 3abpyaHeHHs | pu-
3nk 6yTn iHdiKkoBaHMMMK, a O0COBNMBOCTI BOr-
HenanbHOi paHu UuUen pusnk pobnatb Mak-
CUManbHUM. HarHO€EHHA paHu 3 MiKpOOHUM
3abpyaHeHHsM BiaOyBa€ETbCS MpPU NOPYLUEHHI
piBHOBarn Mix MicueBUM i 3arajsibHUM aHTUIH-
deKUiMHMM 3aXMCTOM OpraHiaMy - no-nepue,
a no-gpyre — naToreHHICTio i KiNIbKIiCTHO MiKpO-
6iB, AKi NnoTpanuau B paHy.

MicueBnit aHTUIHDEKLINHNIA 3aXUCT OpraHis-
MY 3HWXXYHOTb MacMBHI MOLWIKOAXEHHS LWKIPpHUX
MOKPMBIB | MiAKAAaAHUX TKAHWH, MOPYLUEHHSA
KpOBOMOCTa4YaHHA BHACNAOK rinoTeHs3ii, WokKy,
TPUBANoOro TypHiKeTy, CTOPOHHIX Tin, 3abpya-
HEHHS 3eMNero i T. iH., 3ropTKK KpOoBi i AeBiTa-
Ni30BaHi HEKPOTUYHI TKAHWHU B paHi, Heaaek-
BaTHMM AebpiaMeHT paHu, 3anisHina nepemHHa
amnyTauisa KiHuiBku [16]. BucokoeHepreTnyHe
NnopaHeHHs KiHUIiBKW NPU3BOAUTbL A0 3POCTaH-
Hs nigdacuianbHOro TUCKY B ypaXKeHoMy cer-
MeHTi, 3MeHWYye nepdysito TKaHWH i cnpuyn-
HA€ iX iwemito. Hacnigkom iwemii € 3HUKEHHSA
ONipHOCTI TKaHWH Ao iHdeKuii, a agesiTanisoBa-
Hi TKAQHWHW € XWBWIbHUM CepefoBULLEM ANA
MiKpOOpraHi3mis.

3aranbHU aHTUIHDEKLUIMHWI 3aXUCT OpraHis-
My 3HWXYIOTb KpPOBOBTpaTa, TpPaBMaTU4YHWI
LWOK, MepeBTOMa, NepeoxXOoNofXeHHS i naTo-
NOriyHi npouecu, o CynpoBOAXYIOTbLCA BTpa-
Toto 6inka. BapTo HaronocuTu, WO B yMOBax
rinokcii aHTubioTnkoTepania He 6yae edek-
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TUBHOK. TOMY KOMMeEHcaLlis KpoBOBTpaATH i KO-
pekuisa 6inkoBoro o6MiHy € BaXXJIMBMMW KOM-
NoHeHTaMn NpodiNakTUKN paHOBOI iHMEKLIT.

Mwn Bupinunn 06’eKTMBHI, opraHizauinHo-Tak-
TUYHI | HEeOBrpyHTOBAHI YUMHHUKU PU3UKY iH-
deKuUinHNX yCKnagHeHb BIAKPUTUX NEpesoMiB
KiCTOK HMXHIX KiHLIBOK.

O6’EKTUBHMMW YMHHUKAMW PU3NKY MiCLEBUX
iHpEeKUINHMX yckNnagHeHb 60MOBMX NMOpaHeHb
KiHUIBOK € 0co6mBOCTi 6ya0BM paHOBOro Ka-
Hany 3 HEKPOTUYHUMM TKAHMHAMU NpPU BOrHe-
nasbHOMY MOpaHeHHi BUCOKOEHEPreTUYHO
36po€eto, MiHHO-BMOYXOBi Ta No€aHaHi 60MOBI
MopaHeHHs, MHOXWHHI NOpaHeHHA OAHIEl KiH-
LiBKM 3 MOPYLUEHHAM KPOBOTOKY, YJ1aMKOBWI
rnepesioMm 3 BENIMKOK KiNIbKICTHO MHOXUHHUX
ApibHMX ynaMKiB.

OpraHizauinHo-TaKTUYHUMU YUHHMKAMWN PU3N-
KiB pO3BWUTKY i NOWIMPEHHS paHOBOI iHdeKuii €
3ani3Hine HajaHHg nepwoi MegmnyHol A4oMoMo-
rm (>3 roa), 3ani3Hine HagaHHS KBanidikoBa-
HOI MeanyHoi gonomoru (>12 roa) i 3anisHina
eBaKyalis Ha BULLMA piBEHb HAAaHHA Meand-
HOT OMOMOrn y 3B’A3KYy 3 ONepaTuBHO-TaKTUY-
HOO cuTYyaui€to nig yac 6orMoBux ain.

HeobrpyHTOBaHUMM YMHHMKAMWU iHPEKLiAHUX
yCknagHeHb 60M0BMX NopaHeHb KiHLUIBOK BBa-
XAEMO: HEXTYBaHHS MNEPBUMHHOK MOB'A3KOI0
NpyY MNOpaHEeHHi, HeAOCTaTHIN MNEepBUHHUA Ta
NOBTOpPHWUI AebpiAMEeHT paHu, KpPOBOBTPATY
Npuv NOLWYKY CTOPOHHIX Tifl, NepeBnLLEHHSA No-
KasaHb A0 NepBUHHUX WBIB abo 3aBYacHi WBK
Ha BOrHenasbHy paHy, BiACYTHICTb cTabinbHOI
dikcauii nepenomy, HecBO€YaCHy AiarHOCTU-
KY KOMMNApPTMEHT-CMHAPOMY | HEBUKOHAHHA
AeKoMnpecinHoi  dacuioTomii, HenpaBunbHe
TPpaKTyBaHHS KIHIYHOI KapTUHW i AaHux 06-
CTEeXEHHS, HecKoperoBaHy KpOBOBTpaTy Ta
nicnareMopariyHy aHeMmilo, a TakoX Hepauio-
HanbHYy aHTubioTMKoTepanito 6e3 ypaxyBaHHS
YYTNMBOCTI MiKpodiopu.

OTxe, ong HeycknagHeHoro nepebiry paHoBo-
ro npouecy npuv BiAKPUTUX nepenomax KiHui-
BOK HE0bXiAHO MaKCMMasibHO 3MEHLUUTU Kifb-
KiCTb MiKpOOpraHiamis, WO NOTPanuan B paHy
ni4 Yyac NoOpaHeHHs, YCYHYTU YNHHUKW, WO No-
CcnabnoTb aHTUIHMEKUIMHMA 3aXUCT TKaHWH
HaBKO/1I0 paHU, 3MILUHUTU PE3UCTEHTHICTb Op-
raHiaMmy i 3actocyBaTu ageKkBaTHY aHTubakTe-



Mpaui HTLL. MeanyHi Hayku
2025, Tom 77, N2 1 ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
ISSN 2708-8642 (online) 2025, Vol. 77, 1

OpuriHanbHi 4OCAIAXEHHS: KNIHIYHI HayKWn

Acinetobacter baumannii, methicillin-resistant
Staphylococcus spp., and vancomycin-resis-
tant enterococci (VRE), were challenging to
treat. These pathogens were resistant to three
or more classes of antibiotics.

Discussion

Wounds that are received in non-sterile condi-
tions are always microbially contaminated and
have a risk of infection. The peculiarities of a
gunshot wound create this risk to the maxi-
mum. The suppuration of a microbially con-
taminated wound will occur when the balance
between local and systemic anti-infective pro-
tection of the body is disrupted on the one
hand and the pathogenicity and quantity of
microbes in the wound on the other hand.

Local anti-infective protection is reduced by
massive damage to the skin and underlying
tissues, impaired blood supply due to hypo-
tension, shock, prolonged tourniquet, foreign
bodies, soil contamination, blood clots, and
devitalized necrotic tissues in the wound, in-
adequate wound debridement, and delayed
primary limb amputation [16]. High-energy
limb injuries increase subfascial pressure in
the affected segment, reduce tissue perfu-
sion, and cause ischemia. Ischemia results in
decreased tissue resistance to infection, and
devitalized tissues are favorable for microor-
ganisms.

Systemic anti-infective defense of the body
is reduced by blood loss, traumatic shock, fa-
tigue, hypothermia, and pathological process-
es accompanied by protein loss. It should be
emphasized that antibiotic therapy will not be
effective in conditions of hypoxia. Therefore,
compensation for blood loss and correction
of protein metabolism are important compo-
nents of wound infection prevention.

We identified objective, organizational-tacti-
cal, and unjustified risk factors for infectious
complications in open bone fractures of the
lower limbs.

Objective risk factors of local infectious com-
plications of combat limb injuries include the
specific structure of the wound channel with
necrotic tissues in gunshot wounds caused by
high-energy weapons, mine-explosive and com-
bined combat injuries, multiple injuries to one
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limb with impaired blood flow, and comminuted
fractures with numerous small fragments.

Organizational and tactical risk factors for the
development and spread of wound infection
include delayed first medical aid (>3 hours),
delayed qualified medical care (>12 hours),
and delayed evacuation to a higher level of
medical care due to the operational-tactical
situation during combat.

Unjustified risk factors of infectious complica-
tions in combat limb injuries include neglect-
ing primary wound dressing at the time of in-
jury, insufficient primary and repeated wound
debridement, blood loss during the search for
foreign bodies, exceeding the indications for
primary sutures or applying sutures on gun-
shot wounds too early, lack of stable fracture
fixation, delayed diagnosis of compartment
syndrome and failure to perform decompres-
sive fasciotomy, incorrect interpretation of
clinical and examination data, uncorrected
blood loss and post-hemorrhagic anemia, and
irrational antibiotic therapy without taking into
account microbial sensitivity.

Therefore, for an uncomplicated course of
the wound process in open limb fractures, it
is necessary to minimize the number of mi-
croorganisms entering the wound at the time
of injury, eliminate factors weakening the an-
ti-infective protection of tissues around the
wound, strengthen the body’s resistance, and
apply adequate antibacterial therapy.

Consequently, the basics for preventing
wound infection in gunshot fractures of lower
limbs are thorough debridement with remov-
al of non-viable tissues, careful hemostasis,
wound irrigation with antiseptics (the quantity
of antiseptic matters is more important for re-
ducing microbial contamination of the wound
than the choice of antiseptic), decompressive
fasciotomy, adequate wound drainage, no use
of primary sutures, compensation for blood
loss and elimination of tissue hypoxia, proper
enteral nutrition, and adequate antibacterial
therapy.

Patients with infectious complications of the
wound process require numerous repeated
secondary surgical wound debridements with
staged removal of necrotic tissues, which
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pinHy Tepanito. TOMy ocHOBaMu npodinakTuku
paHOBOI iHdeKLUIT Npy BOrHenasabHUX nepeno-
Max HWMXHIX KiHUIBOK € MOBHOUIHHWI Oebpia-
MEHT 3 BMAANIEHHAM HEXUTTE3AATHUX TKaHWUH,
peTenbHUA remMocTtas, NPOMMBAHHA paHW aH-
TMcentTmkamum (KinbKiCTb aHTMCEeNnTUMKa Mae€
6inblie 3Ha4YeHHS ANs 3MeHLWeHHS MiIKpobHOro
3abpyaoHeHHs paHu, aHix BMBIp aHTMcenTu-
Ka), AekoMmrpeciinHa dacuioToMisa, agekBaTHe
OpeHyBaHHA paHu, BiAMOBA Bi4 HaK/a[aHHA
NepBMHHUX LUBIB, KOMMNEHcaLid KpOBOBTPATH i
YCYHEHHS TinOKCii TKaHWH, NOBHOLIHHE eHTe-
panbHe xap4yyBaHHS i agekBaTHa aHTubakTe-
piinHa Tepanis.

MauieHTn 3 iIHPEKUINHUMN YCKNaAHEHHSAMN pa-
HOBOro npouecy noTpebyioTb YMCeNbHUX MNOo-
BTOPHMX BTOPUHHUX XipypriuHMX 06pobok paH
i3 eTanHWM BUAANIEHHAM YTBOPEHUX HEKPOTUY-
HUX TKaHWH, IKi € NpOrHo30BaHMMK B nepebiry
paHOBOro NpoLecy BUCOKOeHepreTuyHmux i 6o-
NOBMX BOrHenanbHUX paH. TpaBMoOBaHi 3 Bia-
KPpUTUMKU NepesioMaMn rOMiSIkKK, SAKi OTpuMa-
NN TpaBMU B UMBINBHOMY XWUTTi noTpebyBanu
Bi4 OOHOro A0 TPbOX XipypriYHUX BTPy4aHb,
a nopaHeHi 3 60MOBOIO TPaABMOK - Bi4 ABOX
[0 CeMu XipypriyHmMx onepauin. Taka pisHMus
CBiAYNTb, HACKIi/IbKM arpecuBHIWINM € iHdeK-
LiMHWI paHOBWUI npouec y nopaHeHux 3 60-
MOBOK TpaBMO0. Y Maui€eHTiB 3 MybTUpPeE3nc-
TeHTHO dnopot Haratopasosi aebpigMeHTH
FHIMHMX paH, a B AEKOTpMX BUNagKax amny-
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Tauis KiHUiBKM, € OCHOBHWMMM KOMMOHEHTaMM
KOMMJIEKCHOrO JNliKyBaHHA MoOpaHeHoro Ans
noaonaHHs iHdekuiriHoro npouecy Ta 36epe-
YKEHHSA MOro XUTTSH.

Buxoasaum 3 HaBeaeHuX QakTiB, OCHOBHMU-
MW MPpUYMHAMKU  MICUEBUX THINHUX YyCKNaa-
HEeHb BIAKPUTUX MepesioMiB FOMISIKW | CTerHa
6ynn: BUCOKOeHepreTMyHa TpaBMa 3 MOLUKO-
OXKeHHSAM | gedeKToM M'KMX TKaHWH, KOM-
NapTMEHT-CMHAPOM | nopyweHHs nepdys3ii
TPaBMOBAHOIO CErMeHTy. 3MEHLWUTU PUIUKHK
pO3BUTKY | MporpecyBaHHs paHoOBOi iHdeKuii
[A€ 3MOry CBO€YACHa i aJeKkBaTHa XipypriyHa
obpobka paHu, dacuioTomia ana 3anobiraHHs
KOMNapTMeHT-CMHAPOMY, cTabinisauia nepe-
NOMYy anapaToM 30BHiWHbOI dikcauii, Tepanisa
HeraTMBHMM TUCKOM, KOpekLuis aHeMil i 6inko-
BOoro obMiHy Ta aHTMbioTMKOTepanis BiAMoOBIA-
HO A0 YYyTAMBOCTI paHOBOI Mikpodnopwu.

BUCHOBKMU

BiakpuTi nepenoMu HUXHIX KiHUIBOK MaloTb
BUCOKMIN pPU3NK IHPEKLINHUX YCKIaAHEHb,
ocobnmBo BHacnigok 6onosoi TpaBMn. IHDiKy-
BaHHS BiAKPUTUX NepesioMiB i NOWUPEHHS pa-
HOBOI iHMEeKLUIT NPAMONPONOpPLINHO 3anexXuTb
Bi MeXaHi3My TpaBMU, BiA4 AorocniTanbHOI Me-
OWNYHOT AOMNOMOrn i Big TepMiHIB Ta AKOCTI Ha-
AaHHSA KkBanidikoBaHoOi i cneuianisoBaHoi Me-
OWYHOI 4OMNOMOrn.
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are predictable during the wound process of
high-energy and combat gunshot wounds. Pa-
tients with open lower leg fractures sustained
in civilian life required from 1 to 3 surgical in-
terventions, while those with combat injuries
needed from 2 to 7 surgical procedures. This
difference indicates how much more aggres-
sive the infectious wound process is in the
wounded with combat trauma.

For patients with multiresistant bacteria, mul-
tiple debridements of purulent wounds and, in
some cases, limb amputation, are the main
components of a comprehensive treatment of
the wounded to overcome the infectious pro-
cess and save the patient’s life.

Thus, the main causes of local purulent compli-
cations in open fractures of the tibia and femur
were high-energy trauma with damage and de-

Original research: Clinical sciences

fects in soft tissues, compartment syndrome,
and impaired perfusion of the injured segment.
Timely and adequate surgical debridement of
the wound, fasciotomy to prevent compart-
ment syndrome, stabilization of the bone frac-
ture with an external fixation device, negative
pressure wound therapy, correction of anemia
and protein metabolism, and antibiotic therapy
following the sensitivity of wound microbiota
can reduce the risk of development and pro-
gression of wound infection.

In Conclusions: Open fractures of lower limbs
have a high risk of infectious complications,
especially as a result of combat trauma. The
infection of open fractures and the spread of
wound infection are directly proportional to the
mechanism of injury, the quality of pre-hospi-
tal medical care, and the timing and quality of
qualified and specialized medical care.
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