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OpwuriHaAbHI AOCAIAXKEHHS

MporHo3yBaHHA BUpaXxxeHoro ¢pibposy miokapaa

AiBOr0 LAYHOUKA Y NaLIEHTIB i3 rinepTpodiuHoto
KapAiomionaTtielo Ha 0CHOBi MaKCUMAaAbHOI TOBLUUHU CTIHKM,
BU3HaueHOi 3a AaHUMKM MyAbTURapameTpuuHol MPT cepus

M. C. lweHko®ACP K, B. PyaeHko®EF, 0. P. Pomaniok®8P, C. P. Ayuis®PE, . A. AaHueHKo®E

AY «HauioHaAbHWI IHCTUTYT cepueBO-CyAMHHOI Xipyprii imeHi M. M. AmocoBa HAMH Ykpaitu», M. Kuis

A - KoHLenLis Ta AM3alH AOCAIAXEHHS; B - 36ip AaHux; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs cTatTi; E - peaaryBaHHs cTatTi;

F - octatouHe 3aTBEPAXEHHS CTaTTi

lineptpodiuna kapgiomionartis (FTKMIT) — HannoLumMpeHiLla kapgiomionaris, Lo xapaKTepuayeTbCs rinepTpodieto Miokapaa nisoro
winyHouka (J1LU) Ta acowitoeTbes 3 nigBuLLIEHM pU3ikom panToBoi cepuesoi cmepTi (PCC). Kntouosum npeavktopom PCC € ¢ibpos
Miokapga, Lo Bi3yanisyeTbCs nig Yac MarHiTHo-pe3oHaHcHoi Tomorpadii (MPT) sik nisHe nocunerHs ragoniviem (LGE). LGE 215 %
macu JILL nigsuiye puank LwnyHoukoBux aputmiii i PCC. Y 38'a3ky 3 obmexeHHsM MPT akTyanbHAM € MOLLYK iHLIWMX NpOrHOC-
TUYHMX MapkepiB ibpoay, Sk-0T MakcumarbHa ToBLHA CTiHkK JILL, Wwo moxe kopentoBaTit 3 BUpaXeHICTHo ¢ibposy Miokapaa.

Merta po60TH - OLHUTI B3aEMO3B'I30K MK MaKCUMasbHOK TOBLUMHOK CTiHKu J1LLI Ta HasiBHICTHO BUpaxeHoro ¢ibpo3y Miokapaa
(LGE 215 %), Bu3Ha4eHux 3a gaHnmm MPT cepus y nauieHTis i3 TKMT.

Marepiaau i metopu. MpoaHanisoeaHo aaHi 207 nauieHTiB 3 nigTBepaxeHuM 3a gornomoroto MPT cepus giarHosom KM, siki
nepebyBanu Ha nikysaHHi B 1Y «HauioHanbHuid iHCTUTYT cepueBo-cyauHHoi xipyprii imeni M. M. AmocoBa HAMH Ykpaitny» y
nepiog i3 ciuHs 2024 poky o rpyaHs 2024 poky. KinbkicHo o64ncneHo ob'em ¢hibposy JILL, BupaxeHoro y Bigcotkax. MavjieHTiB
noainunu Ha si rpynu BiZNoBIAHO [0 cTyneHs ¢ibpoay: rpyna | — obcTexeHi 6e3 BupaxeHoro ¢ibposy (LGE <15 %); rpyna Il -3
BUpaxeHuM hibpo3om (LGE 215 %).

Pe3yastati. [lo gocnimxeHHs 3anyveHo 207 navieHTis, cepenHin Bik —48,4 £ 12,9 poky, cepeHe 3Ha4YeHHs! MakcyMarnbHOI TOBLUMHN
miokapga J1LL — 24,3 £ 5,5 mm. Y 35 (16,9 %) nauieHTiB BusiBneHo BupaxeHuit ¢idpos miokapaa JLL (LGE >15 %), y 172 (83,1 %)
nauieHTiB ¢hibpo3 He 3achikcoBaHo abo BiH OyB HE3HAYHWM, NOMiIPHUM. Y NawieHTiB i3 rpynu || 3Ha4eHHst MakCUManbHOT TOBLLMH
GinbLue — 29,8 + 5,5 MM NopiBHSAHO 3 nokasHukom rpynu | — 23,2 + 4,8 m, p < 0,001. AHania ROC-kpuBoi 1aB 3Mory BCTAHOBUTH,
LLIO ONTUMasbHa rpaH1YHa To4ka MakcumarbHoI TOBLUMHM Miokapaa J1LL ans BusiBneHHs BupaxeHoro ibposy cTaHoBuna 26 M,
yytnmeicTb — 83 %, cneundivxicts — 69 %, AUC = 0,823.

BucHoBku. BusiBneHo B3aeMO3B’A30K i 3athikCOBAHO CTATUCTUYHO 3HAUYLLLY KOPENSLLito MK MaKCUMarIbHOK TOBLUMHOK CTiHKM JTLLI
i BUpaxeHuM ibposom Miokapaa (LGE 215 %) y naujenTis i3 TKMT. Lii fani MoxHa BMKOpPUCTOBYBaTH 45 cTpaTudikaLlii puanky
PCC y naujieHTiB, y KOTPUX BUKOHAHHS MynsTUnapameTpuiHoi MPT He moxrmee.

KntouoBi cnoBa:
rineptpodis Miokapaa
AIBOTO LUAYHOYKA,
METOAM Bi3yanisaLii,
di6po3 miokapaa,
iMnAaHTaisa
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Prediction of significant left ventricular myocardial fibrosis
in patients with hypertrophic cardiomyopathy based on maximum wall thickness
assessed by multiparametric cardiac MRI

M. S. Ishchenko, K. V. Rudenko, 0. R. Romaniuk, S. R. Lutsiv, P. A. Danchenko

Hypertrophic cardiomyopathy (HCM) is the most common cardiomyopathy, characterized by left ventricular (LV) hypertrophy and
associated with an increased risk of sudden cardiac death (SCD). One of the key morphological predictors of SCD is myocardial
fibrosis, which is visualized on cardiac magnetic resonance (CMR) imaging using late gadolinium enhancement (LGE). An LGE
extent of 215 % of LV mass significantly increases the risk of ventricular arrhythmias and SCD. A potential parameter for predict-
ing this is the maximum LV wall thickness, which may correlate with the extent of myocardial fibrosis. However, this association
remains a subject of scientific investigation, and it is the main focus of this study.

Aim. To assess the relationship and degree of correlation between maximum LV wall thickness and the presence of extensive
myocardial fibrosis (LGE 215 %) detected by multiparametric CMR in patients with HCM.

Materials and methods. Data from 207 patients with confirmed HCM who underwent multiparametric CMR at the National M. Amosov
Institute of Cardiovascular Surgery affiliated to National Academy of Medical Sciences of Ukraine between January and December
2024 were analyzed. Radiologists performed LV myocardial segmentation and quantified fibrosis, reporting LGE as a percentage
of total LV mass. Patients were divided into two groups according to the degree of fibrosis: Group | — patients without extensive
fibrosis (LGE <15 %) and Group Il — patients with extensive fibrosis (LGE 215 %).

Results. The study included 207 patients with a mean age of 48.4 + 12.9 years and a mean maximum LV wall thickness of
24.3 5.5 mm. Extensive LV myocardial fibrosis (LGE >15 %) was detected in 35 patients (16.9 %), whereas 172 patients (83.1 %)
had absent, mild, or moderate fibrosis. Patients with extensive fibrosis (Group I1) had significantly greater maximum wall thickness
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(29.8 £ 5.5 mm) compared to Group | (23.2 + 4.8 mm, p < 0.001). ROC curve analysis identified an optimal cutoff value of maxi-
mum LV wall thickness of 26 mm to detect extensive fibrosis, with a sensitivity of 83 %, specificity of 69 %, and an AUC of 0.823.

Conclusions. This study demonstrates a statistically significant correlation between maximum LV wall thickness and the presence
of extensive myocardial fibrosis (LGE 215 %) in patients with HCM. This finding could be useful for assessing SCD risk when

CMR is unavailable.

lneptpodpiuHa kapgiomionatis (TKMI) — HainoLumpeHi-
LWa kapaiomionaTia Ta ofHe 3 HanyacTiluX CrnagKoBUX
3axBOpIOBaHb CepLs, XapaKTepusyeTbCcs rineptpodieto
Miokapaa NMiBOro LTyHOYKa, LU0 He MoB'f3aHa 3 iHWMMK
npuyrHamm [1].

Enigemionorivni gocnimKkeHHs ganu 3amory BCTaHoBM-
T, Wo Yacrota BusBneHHs TKMI y 3aranbHiin nonynsuii
craHoBuTb 1 BUNagok Ha 500 oci6, npote ii noLMpeHICTb
3poctae go 1 Bunagky Ha 200 ocib, SKLWO BpaxoByBaTy i
KMiHIYHO BCTAHOBMEHI, | FeHETUYHO NIATBEPAKEHI BUNaAKM
[2]. HesBaxatoun Ha BIBHOCHO CMPUATINBUIA NPOTHO3 Y
GinbLUOCTI NaLieHTiB, rinepTpodhivHa kapaiomionartis acoLyi-
HOETBCS 3 MiABMULLEHM PU3MKOM PaNTOBOI CEPLIEBOI CMEpTi
(PCC) — HaicknagHiwuoro ii ycknagHeHHs [3].

Baxnusoto nikyBanbHOW cTparterieto, Wo cnpusie
3HWXKEHHIO piBHSA cmepTHOCTI npu KM, € BnpoBagkeHHs!
cuctem ctpatudikauii pusnky PCC [4,5]. OgHuMm i3 kmtodo-
BVX MOPEONOriYHNX MPEeaVKTOpIB Y L cuctemi € hibpos
Miokapaa, Lo BidyanisyeTbCs Ha MarHiTHO-pPE30HaHCHIN
Tomorpadpii (MPT) sk nisHe nocvneHHs ragonidiem (LGE).
Woro KinbKiCHO OLIHIOKTb y BICOTKOBOMY CrliBBIAHOLLEHH]
[0 300poBOI TkaHuHW. ®ibposHi amikm npu FKMIT nporpe-
CYHOTb, YaCTO € HE3BOPOTHUMM, CIPUUMHSIOT PEMOZENHO-
BaHHS MiokapAa, enekTpuYHy HeOAHOPIAHICTb i PO3BUTOK
CcUCTONIYHOI, AiacTonivHoi AncdyHkLii [6,7]. BctaHoBREHO,
wo LGE 215 % macu niBoro LunyHouka CyTTeBO NiABULLYE
pu3uK wryHoukosux aputmin i PCC. Liei nokasHuk Buko-
PUCTOBYIOTb SIK OAUH i3 NApPaMETPIB Mg Yac yXBaneHHs
PiLUEHHsI WoAo iMnnaHTauii kapaioBepTepiB-aediopuns-
TopiB [8].

[Nonpwu BUCOKY iHCPOPMATUBHICTb, MynbTUNApaMeTpuy-
Ha MPT i3 ni3HiM nocuneHHsm ragosnidiem goci Mae obme-
XKEHHS Y LLOAEHHIN NpaKTuLi, WO CIPUYUHEHI (i3nYHUM
ab0 MCMXIYHMM CTaHOM MaieHTIB, BUCOKOK BapTICTHO Ta
nobiYHNMK edpekTamu Bifj 3aCTOCYBaHHS KOHTPACTHOI pe-
YoBwHM [9]. Kpim TOro, HasiBHICTb OKpEMUX iMMMaHTOBaHUX
npucTpoiB abo MeTanesyx ynamkis € abCoMoTHUM NPOTK-
MOKa3aHHAM [0 BUKOHAHHS JOCTIMKEHHS, IO B yMOBaX
noBHomacLuTabHoi BiiHK B YkpaiHi HabyBae 0cobnmsoro
3HaYeHHS.

ToMmy aKTyarnbH1M € MOLLYK iHLLIMX MPOTHOCTUYHMX Map-
kepie ibpo3y, 30kpema MOpOMNOriYHNX XapakTepPUCTUK
Miokapaa niBoro LwnyHouka (L), siki MoxHa OoLiHWTY, BK-
KOPWCTaBLUM iHLLi METOAM OBCTEXEHHS, SIK-OT KOMIT IOTEPHY
Tomorpadito (KT) cepus [10,11]. OmmH i3 Takyx NOTEHLiHNX
napameTpiB — MakcuMaribHa ToBLmHa cTiHkv JILL, wo, 3a
pesynsTatami JOCTigKeHb, MOXE KOPENoBaTy 3 BUpaxe-
HicTio (hibpOo3y Miokapaa, Xxo4a Liei 3B'S30K 3annwaeThes
npeaMeToM HayKOBUX AUCKYCIN [12].

Y UbOMY KOHTEKCTi JOCMIIKEHHS, WO 3AIACHWN,
CMPSIMOBaHe Ha OLiHIOBAHHS MOXIMBOTO 3B’A3KY MiX
MaKCVMMasbHOK TOBLUMHOK CTiHKM J1LL i HasBHiCTIO BUpa-
xeHoro ibposy miokapaa (LGE 215 %) 3 Bu3Ha4eHHAM
OMNTUMAasbHOTO MOPOrOBOTO 3HAYEHHS, L0 MOXHA BMKO-
pucTaTh y KNiHiYHii npakTvui Ans cTpatudikaii pusuky B
navjeHTis i3 FTKMI.

MeTta po6oTtu

OUiHNTK B3aEMO3B'A30K MiXX MaKCUManbHOK TOBLLMHOW
cTitkm JILL Ta HasBHICTIO BMpaxeHoro ¢ibpo3y Miokapaa
(LGE 215 %), Bu3HaveHux 3a ganumu MPT cepus y na-
LieHTiB i3 FKMIT.

Martepianu i MeToAU AOCAIAXKEHHA

Y nepiog i3 ciuHa 2024 poky po rpyaHs 2024 poky y Biagi-
NEeHHi NpoMeHeBoi AiarHocTukn Y «HauioHansHUi iHCTy-
TYT cepLeBo-CcyauHHoI Xipyprii imeHi M. M. Amocosa HAMH
Ykpaituy» obctexunu 207 nauieHTiB i3 nigTBepmAKEHUM
AjarHo3om rinepTpodiyHoi kapaiomionarii 3a [4ONOMOro
mynsTunapameTpuyiHoi MPT cepus.

Komitet 3 meanuHoi eTvikm 1Y «HawioHanbHWA iHCTUTYT
cepLeBo-cyauHHoi xipyprii imeHi M. M. Amocosa HAMH
YKpaiHu» gaB [03BiN Ha 34iCHEHHS JOCNILXEHHS Ta
ny6nikavjto rioro pesynerarti. MigTBEpLKEHO AOTPUMAHHS
NpUHLMNIB 6I0ETUKKM, MOPanbHO-ETUYHWX HOPM BIAMOBIAHO
[0 npuHumniB enbCiHcbkoi aeknapauii, KoHseHuii Pagu
€Bponu npo npaea nMoanHyn i biomegnuuHy, ICH GCP, a
TaKOX YMHHUX HOPMAaTWBHO-MPABOBUX aKTiB YKpaiHu Mig
yac 3miicHeHHs pocnimxeHHs (npotokon Big 09 BepecHs
2025 poky Ne 28).

3riAHo 3 cy4acHUMM AiarHOCTUMHUMK KpUTEpiamm €Bpo-
nercbkoro ToapucTea kapaionoris (2023), FTKMIM BusHayeHo
K MaKCVMarbHe NoToBLLEHHS CTiHku 1L 215 mm y gopocnmx
6e3 naTonoriYHOro HaBaHTaXeHHS (HanpyKnag, apTepiansHoOI
rinepTeHaii abo BpOZKEHWX Baz KnanaHHoro anapary), Skum
MOXHa Byrno 61 NosicHUTY Taky rinepTpodito.

Yci 06CTeXEHHS 3AINCHUNN HA MarHiTHO-PE30HACHOMY
Tomorpadgi Canon Vantage Orian 1,5T (Canon Medical
Systems, AnoHis), BukopncTaHo ¢asoBaHy 16-kaHanbHy
MaTpUYHy KOTyLKy Ans Tina (Atlas SPEEDER 1.5T Body
Coil) Ta cniHanbHy KoTylKy 3 32 enemeHTamu (Atlas
SPEEDER Spine Coil). ObcTexeHHs 3aiiicHunu 3 peci-
patopHoto Ta EKI-cuHxpoHisauieto.

[ns oujHioBaHHs ibposy miokapaa [ BukopucTa-
N MOCTIAOBHICTb i3 Mi3HIM KOHTPACTHUM MOCWIIEHHAM
raponiHiem (LGE), wo BukoHanu yepes 15 xBunuH nicns
BHYTPILUHbOBEHHOTO BBELEHHS rafoniHil-BMICHOTO KOH-
TpacTHoro npenaparty (laposicT, Bayer, HimewunHa) y 0osi
0,1 MMonb/kr Macu Tina.

BukopuctaHo nocnigosHicTs LGE, wo rpyHTyBanacs
Ha TpvBUMIpHIN (3D) rpagieHT-exo iHBEpCilHO-BiBHOBMIO-
BasbHiN nocnigosHocTi (3D inversion recovery gradient-
echo sequence) 3 pecnipatopHoto Ta EKI-cuxporisaLieto.

[ns BU3Ha4YeHHs! ONTUMANLHOTO Yacy 06HYNEHHs Mio-
kapaa npu MPT (inverstion recovery time) 3actocoBysanu
metoamky Look-Locker.

OCHOBHI napameTpn ckaHyBaHHs: voxel size —
1,5 x 1,5 x 1,5 mm; repetition time, mcek/echo time, Mmcek
-2,5/1,9 mc; inversion time — 300-380 wmc; flip angle — 13°;
bandwidth — 326 I'u/nikcenb; parallel acquisition technique
factor — 2.
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Puc. 1. Metoauka BUMIpioBaHHsi MakcMarbHOi TOBLUMHI Miokapaa (306paxeHHs 1) Ta cTyneHs miokapaiansHoro ¢ibposy (306paxeHHs 2-4). CUHIM KonbopoM Ha 306paxeHHi 4

BMAINEHO 3HaueHHs hibpo3y Miokapaa y navieHTa (22,78 %, wwo Bignosiaae BupaxeHoMy ¢ibposy).

g yac obecTexeHHs NaLieHTiB BUKOPUCTAHO CTaHAap-
TW30BaHWI MynbTUNapameTpuyHui npotokon MPT cepus,
O AaB 3MOry 34iINCHUTK KOMMNAEKCHe mMopdornorivHe,
(pyHKUiOHaNbHE Ta CTPYKTYpHE OLiHIOBaHHS MiokapAaa
nisoro wryHouka [13]:

1. Cine-bSSFP-nocnifgoBHOCTI y CTaHAAPTHNX MPOEK-
LiSIX: ABOKaMEpHil, TPUKAMEPHIW, YOTUPLOXKAMEPHIl Mo
[OBril OCi, Cepisix M0 KOPOTKil OCi Ta y crieLjianiaoBaHiil npo-
€KL Ha BuxigHwui TpakT J1LL. L|i nocnigoBHOCTI BUKOpUCTaHO
[INS OLiHIOBAHHSA MakcMMarnbHOT TOBLLMHM cTiHku J1LL, macu
Miokapaa, 06’emiB nepeacepab i LLNYHOYKIB, (paKLii BUKM-
[y, aHaTOMO-(DyHKLIOHamNbHWX 0COBNMBOCTEN MITPanbHOTo
KranaHa Ta 1oro nigknanaHHoro anapary (0cobnmeo Komnm
npunyckatoTb 0BCTpyKLito BuxigHoro TpakTy JILL);

2. T2-3BaxeHi NocnigoBHOCTI (YOTUPbOXKaMepHa,
KOpOTKa BiCb) — AN BUSBMEHHS 03HaK Habpsiky Miokapaa,
LLI0 MOXe CBIiQUNTU NPO CyNyTHE 3ananeHHs abo iLemivyHe
MOLLKOPKEHHS MioKapaa;

3. T2-mapping BUKOHaNM NS KifbKICHOIO OLLiHIOBaHHS
T2 vacy penakcauii Big Miokapaa J1LL ta ineHTudikavii npo-
ABiB HabpsiKy. BkopurcTaHo B CTaHAAPTHIN KOPOTKOOCHOBIN
NpoeKLii Ha piBHI 6asanbHuX i cepepHix cermeHTiB JILL.
3HaveHHst T2 >55 Mc ouiHIoBanm sk NiaBULLEH;

4. T1-mapping BUKOHaNM Ans KinbKiCHOrO OLHIOBAHHS
T1 vacy penakcadii Big miokapga JIL Ta ineHTudikauii
nposiBiB MiokapaiansHoro ibpo3y. [lo BBeAEHHS KOHTpacTy
OLliHIoBanu HaTVBHe 3HaveHHsa T1. 3HadveHHsa T1 >1000 mc
OLjiHtOBanNY K MiABULLEHi;

5. MP-nepdysito (y CTaHi Cnokow) BUKOHyBanu 3a
CTaHOapToOM Ans OLIHIOBAHHS MIKPOBACKYNAPHOI iLLemil,
LLO € YaCTM CyNyTHUKOM rinepTpodiyHoi kapaiomionarii
HaBITb Y MavieHTiIB Be3 ypaxeHHs KOPOHAPHWX apTepiit;

6. PaHHe KoHTpacTHe nocuneHHst (EGE) BukoHanm
yepes 1-2 XBUNUHY MiCNs BBEAEHHS KOHTPACTY A4S BUSB-
NeEHHS rinepemii, a Takox TPOMGIB y NOPOXHMHAX CepLs;

7. NisHe koHTpacTHe nocunerHs (LGE) ouiHtoBanm
yepe3 15 XBUIMH MiCNA BBEAEHHS KOHTPACTHOI peyo-
BuHM (3D IR GRE a6o PSIR-nocnigoBHicTh), WwWo gano
3Mory BisyanisyBatu LinsHkn ¢ibposy miokapaa. [Ans
BM3HAYEHHS! OMTUMArbLHOTO Yacy iHBepCii 3acTocyBanu
meToauky Look-Locker abo aBTomaTuyHmin scout-nibip Tl.
Hagani agiicHnnu cermenTadito miokapga J1LW i kinbkicHO
o6uvcnmnm 06’em hibposy, BUPaKEHOTO Y BiACOTKAX, LLUMS-
XOM MOPIBHSHHSA 3 CUrHANOM YMOBHO 340POBOI TKAHUHM.
OTpumaHe 3HayeHHs LGE y BigcoTkax BUKOPUCTaHO K
OCHOBHMI KiNbKiCHUI NapameTp CTyneHs MiokapaianbHOro

ibposy (puc. 1).
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Jlikapi-peHTreHONorn NEPErnsaHynn N iHTepNpeTyBanu
pesynbTatit 06CTEXEHb, BUKOPUCTAHO pobodi CTaHUii
«Vitrea™ Advanced Visualization» i3 naketom «Medis®
Suite Cardiovascular MR (CVMR)».

Hapani nauienTis i3 TKMIT noginunu Ha agi rpynu Big-
noBigHo Ao cTyneHs ¢ibpo3sy (% LGE): rpyna | — nauieHTn
3 LGE <15 %, rpyna Il — naujentn 3 LGE 215 %.

KpuTepii BUKIHOYEHHS 3 SOCTImKEHHS:

— HasBHicTb imnnanToBaHnx npucTpoiB (IKA, CRT, iHLwi
MeTarneBi iMnnaHTh). Takux NavieHTIB BUKITIOYEHO, OCKINbKM
BOHW MaroTb abCoMtoTHI abo BigHOCHI NPOTMNOKa3aHHs A0
npoBeaeHHs MPT, a Takox Yepes NoTeHLLIHE BUHUKHEHHS!
apTeaKkTiB, IO CYTTEBO 3HIKYHOTb SIKICTb 300paXKEHHS
YHEMOXIMBIOIOTL TOUHE OLiHIOBaHHS hibpo3y Miokapaa;

— HU3bka AKICTb 306paXeHb — BUKITOYann 06CTEXEHHS,
B AKMX Yepes pyxoBi apTedakTu (OUXaHHS, MUMOBIMbHI
PyXu TOLLO), NOPYLUEHHS CEPLEBOrO pUTMy abo iHLLi Tex-
HiYHi NPUYMHK (HanNpuKNag, Heeaana cuHXpoHisauis 3 EKI)
HEMOXINBO BUKOHATW HafiHe CErMeHTYBaHHS Miokapaa
Ta Bu3Hauutn % LGE;

— HasiBHICTb CyMyTHiX 3aXBOPOBaHb, LU0 BMMBaKTb
Ha CTPYKTYpy Miokapga abo npouec ibpo30yTBOPEHHS,
BKITHO4AKOUYM @OpTanbHUI CTEHO3 abo iHLLi reMoauHaMivHO
3HauyLLi Bagu; aMinoigos cepus; NepeHeceHun iHpapkT
miokapza;

— NepcucTeHTHa apuTmis abo BMCOKa 4vacToTa
cepueBux ckopodeHb (>90 ya./xB), Ky He BAaBanocs
KOHTPOIOBAT MeAMKAMEHTO3HO, L0 YCKNagHKBaNM
EKI-cuHxpoHisaujto;

— knaycTpodobist abo NCUXOEMOL|ifHI MOPYLLEHHS, L0
He [anuv 3MOr1 3aBEPLUMTM JOCHIMKEHHS 32 CTaHAAPTHUM
MPOTOKOMOM.

CTaTUCTUYHMIA aHani3 BUKOHaNW 3a JOMOMOrOK Mpo-
rpamHoro naketa Statistica (Bepcis 12.6). beanepepsHi
3MiHHi HaBeaeHO sk CepedHe 3HAYeHHs + cTaHOapTHe
BiZXMneHHa abo MefiaHa 3 MiXKKBAPTUIbHUM iHTEpBasiom
3anexHo Bif xapakTepy poanoainy. [1ns nopiBHAHHS 4BOX
rpyn 3actocoBaHo t-kputepinn CTbtoaeHTa. [ns ouiHoBaHHS
B3aEMO3B'A3Ky Mix CTyneHem ibposy miokapaa (% LGE),
BiKOM MaLjieHTa Ta MakcMMarbHO TOBLLMHOW CTiHkKM J1LL
BUKOPUCTaHO KoediLieHT kopensuii Mipcona. ROC-aHani3
BUKOHaNM Ansi BU3HAYEHHSI MOPOroBUX 3HA4YEHb TOBLUMHM
cTiHku JILL ans nporHo3yBaHHs BupaxeHoro ibpoay (LGE
215 %). OuintoBanu nnowy nig kpueoto (AUC), yytnu-
BiCTb, cneumndiyHicTb Ta iHgekc KOgeHa anst BUSHAYeHHs
onTumarnbsHoro cut-off. PiBeHb CTAaTUCTUYHOI 3HAYYLLOCTI
-p<0,05.
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Puc. 2. Po3nogin navieHTiB 3a Bikom y rpynax gocnimkeHnHs | ta ll.
Puc. 3. Po3noain MakcumanbsHoi TOBLLMHM Miokapaa y rpynax gocnimkerHs | 1a Il.
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Puc. 4. ROC-kpuBa YyTnMBOCTI Ta CreumdiuHOCT ANsi BUSIBNEHHS BUpaxeHoro ¢ibpo3sy Miokapaa Ha OCHOBI MakcuMarnbHOi TOBLLUMHM Miokapaa. ROC-kpuBa: receiver operating

characteristic, poboya xapaktepuctuka npuiimada; AUC: area under ROC curve, nnowa nig ROC-kpuBoto.

Puc. 5. ROC-kpuBa 4yTnnBOCTi Ta cneLndivHOCTi ANs BUSBNEHHS BUpaxeHoro ibposy Miokapaa Ha OCHOBI BiKY.

Tabauusa 1. CepefHi nokasHUKM Biky Ta MakcUMarbHOT TOBLUMHU Miokapaa y rpynax gocrimkenHs | Ta |l

Moka3HMK, oAUHMLI BUMiprOBaHHSA 3aranbHa koropTa, n = 207 lpynal, n =172 Mpynall, n =35

Bik, poku
MakcumanbHa TosLUmHa J1LL, Mm

48,36+ 12,91 (95 % Cl: 46,58-50,14) 48,83 + 12,91 (95 % Cl: 46,87-50,78)
23,22 + 4,82 (95 % CI: 22,49-23 95)

24,33 + 5,51 (95 % Cl: 23,57-25,09)

46,06 + 12,85 (95 % Cl: 41,64-50,47) 0,248
29,77 5,52 (95 % Cl: 27,87-31,67)  <0,001

HaBeneHo cepeHe 3HaueHHs + CTaHaapTHe BiAxuneHHs Ta 95 % fosipuuii intepsan (Cl). Ins nopiBHAHHS MiX rpynamm BUKOpUCTaHO t-kputepiit CTbiogeHTa. BigMiHHOCTI OLiHEHO sk
CTaTUCTYHO 3HauyLLi npu p < 0,05.
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Pe3yabtati

[o pocnimkeHHs 3anyyeHo 207 navieHTiB i3 NiATBEpMKEHNM
ZiarHo3oMm rinepTpodivHoi kapaiomionartii. CepeaHin Bik
3aranbHoi BUOIpKX naLieHTiB cTaHoBWB 48,4 + 12,9 poky
(95 % [I: 46,6-50,1). Y 35 (16,9 %) obcTexeHnx BusBre-
HO BUpaxeHuit ibpo3 miokapaa MW (LGE >15 %), y 172
(83,1 %) navjexTis ¢hibpo3 He BUsIBNIEHO ab0 BiH HE3HAYHWIA,
MOMIPHUIA.

CepepHiit BiK y rpyni 3 BupaxeHum ¢ibposom (rpyna
1) craHoBwB 46,1 + 12,9 poky (95 % [l: 41,6-50,5), y rpyni
6e3 BupaxeHoro dibpoay (rpyna I)—48,8 £ 12,9 poky (95 %
[I: 46,9-50,8) (puc. 2). PisHuusa mix rpynamu 3a Bikom
CTaTUCTMYHO He 3HadyLua (p = 0,248).

CepenHe 3Ha4eHHs MaKCMMarbHOI TOBLLUMHM MioKapaa
JIW y 3aranbHin koropTi ctaHoBUNO 24,3 + 5,5 Mm (95 %
[l: 23,6-25,1). Y nauieHTiB i3 BupaxeHuM ¢ibpo3om mio-
kapga J1LL (rpyna 1) Ler nokasHuk LOCTOBIPHO GinbLUMIA —

29,8 £5,5Mmm (95 % [I: 27,9-31,7) NOPIBHAHO 3 TUMK, Y KOTO
¢hibpo3 He BUSIBNEHO, BiH MiHiManbHUIA abo nomipHWiA (rpyna
1)-23,2+4,8 mm (95 % [l: 22,5-24,0), p < 0,001 (puc. 3).

[opiBHAHHS cepeHiX 3HaueHb BiKy Ta MaKCUManbHOI
TOBLLMHM Miokapga y rpynax gocnimkeHHs | Ta Il HaBegeHo
B mabnuui 1.

OBCTpYKLUit0 BUXIGHOrO TPaKTy NiBOro LLUMYHOYKa BUSIB-
neHoy 106 (51,2 %) nauienTis, y 101 (48,8 %) obcTexeHoro
TaKy oBCTyKLUito He 3adpikcoBaHo.

KoediuieHT kopensuii MipcoHa Mix MakcymanbHOK
ToBLUMHOH Miokapga J1LL Ta HasiBHICTHO BUpaxeHoro ¢ibposy
[aB 3MOry 3poBbuTh BUCHOBOK MPO CTATUCTUYHO 3HAYYLLMIA
no3uTMBHMI 38'330K (r = 0,45, n = 207; p < 0,001). KoedivieHt
kopensuii MNMipcoHa Mix BikoM i HasiBHICTIO cpibpo3y BKSBIB
cnabKy HeraTBHy KOpensLito, L0 He JOCSMa PiBHS CTaTUC-
TUYHOI 3HauyLocTi (r = -0,08, n = 207; p = 0,248).

3rigHo 3 pesynsratamu aHanisy ROC-kpuBoi (puc. 4),
onTMManbHa rpaHnyHa ToYKa MakCUManbHOI TOBLLMHM
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miokapaa JIL ans BusiBneHHs BupaxeHoro ibposy cra-
HoBWIa 26 MM, YyTImBicTb — 83 %, cneundivHicTb — 69 %,
MO3WTMBHA NPOrHOCTUYHA LiHHiCTb (PPV) — 35,4 %, Hera-
TUBHA NporHocThyHa LiHHicTb (NPV) — 95,2 %, saranbHa
TouHicTb — 71,5 % (AUC = 0,823; 95 % [: 0,750-0,895).

ROC-aHani3 ans Biky (puc. 5) nokasas AUC = 0,431
(95 % Al: 0,36-0,50), a oTxe 3pobunM BUCHOBOK, LLO LieN
NOKa3HWK He MaE NPOrHOCTUYHOI LHHOCTI 41151 BUSIBNEHHS
BUpaxeHoro ¢ibposy B Liili Mogeni.

06roBopeHHA

3Baxatoun Ha Te, Lo BUpaXeHui ¢ibpo3 Miokapaa niBoro
wryHoyka (LGE 215 %) € BaxnuBMM MPOTHOCTUYHUM
KpuTepiem Ans Bu3HaveHHs pusnky PCC npu FKMI [14],
Y UbOMY AOCMiZXEHHI NnpoaHanisyBanu 3B's130K Mix
MaKcuManbHoK ToBLMHOW Miokapga JIW i HasiBHicTo
BUpaxeHoro ¢ibpo3y B nauienTis i3 FTKMI. Kpim Toro,
BMBYMNM 3B'SI30K MiX HasIBHICTIO BupaxeHoro ibposy
JIW i Bikom nauieHTiB. [Ansa Bidyanisauii Ta ouiHIOBaHHS
ibposHmx 3miH JILLI BUKOHYBaNM MynsTMNapamMeTpuyHy
MPT cepus i3 Mi3HiM NOCUNEHHAM ragoniHieM — egUHNA
HEIH3Ba3MBHUI METOA AiarHOCTUKY, LU0 HIHI 3aCTOCOBYHOTh
3 Uieto meToto [15].

PesynkTaTi focnimkeHHs aanu niacrasy 3pobuti Bu-
CHOBOK, LLIO BupaxeHuin iopo3 miokapaa JILL cratnetniHo
3HauyLLo BinbluMiA y Apyrii rpyni nauieHTiB, fe cepeaHin
NOKa3HWK MakcUmanbHoi ToBLLWHW Miokapaa J1LL ctaHosuB
29,8 £5,5mm (95 % [il: 27,9-31,7), Hix y nepLwin rpyni na-
LieHTiB, e MakcumarnbHa ToBLUMHa cTiHku J1LL ctaHoBMna
243 + 55 mm (95 % Al: 23,6-25,1). Omxe, BU3HAYEHO
MPSMUIA NO3UTUBHMIA KOPENSILLIAHWIA 3B'A30K MOMIPHOI CUMK
M MaKCManbHO TOBLUMHOW Miokapaa J1LL i HasBHiCTo
BUpaxeHoro ¢ibposy miokapaa (koedilieHT kopenauii
CnipmaHa p < 0,001).

BcraHoBneHo, Lo Noporose 3HaYeHHst MakCUManbHOI
TOBLLUMHM Miokapga JILL Ha piHi 26 Mm 3abesnevye gocTat-
HbO BWCOKi NMOKa3HUKW YyTAMBOCTI Ta cneumdivHOCTI Ans
BUSIBNEHHS BUpaxeHoro ¢ibposy miokapga [l Ha piBHi
83 % i 69 % BignoB.iaHo. Bucoka HeraTuBHa NPOrHOCTUYHA
LiHHICTb Ha piBHi 95,2 % CBIQ4NTb, LLO B NALEHTIB i3 Mak-
CVMarbHOK TOBLUMHOKW Miokapaa S MeHwe Hix 26 MM
iMOBIpHICTb HasiBHOCTI 3HauyLLOro hibposy HM3bka; ane
HU3bKi 3HAYEHHS1 NO3UTUBHOI MPOTHOCTUYHOI LHHOCTI Ha
piBHi 35,4 % He rapaHTy0Tb HasfBHICTb 3Ha4YLLOrO ibposy
JILL npm nepeBuLLEHHI LibOro nokasHuka. Tomy MoXHa BBa-
XaTu, LLIO 3HAYEHHS MaKCUManbHOI TOBLLWHYM Miokapaa J1LL
Moxe OyTV NOTEHLIIHMM MapKePOM HasiBHOCTi BUPaXXEHOrO
ibpoay, konm BrkoHaT MPT HeMOXrmBo.

Y nogibHomy gocnimkeHHi Y. Hen et al. ouiHioBanu
cTyniHb ¢hibpoay JILL y xuTenis AnoHii; gocnigHWky npoaHa-
ni3yBanu NokasHUKV NaLIEHTIB i3 TPLOX rPyn i BUSBUMW, LLIO
3i 30iNbLUEHHAM TOBLLUMHM Miokapaa JILW cTyniHb ¢ibpo3y
miokapaa I Takox nigsuwyetbes [16]. 3rigHo 3 AaHumu,
wo ogepxamu M. S. Maron et al., MakcumanbHa TOBLUMHA
JILW i maca miokapaa J1LU GinbLui B nawjieHTis i3 ibposom,
Hix B 0bcTexeHux 6es Hboro [17].

Iig Yac Hawworo JocnimpKeHHs He 3adlikcoBaHoO cTaTuc-
TMYHO 3HAYYLLIOTO 3B’A3KY MK BIKOM NaLIEHTIB i HAsSBHICTIO
BUpaxeHoro ¢idpo3y miokapga J1LL (p = 0,248). Y pesynb-
Tari aHanisy ROC-kpuBoi Ans Biky BCTAHOBMNEHO, LIO LieW
MOKa3HWK He € [JOCTOBIPHUM MPEAMKTOPOM BUPAXEHOro

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 1(154), ciueHb - aoTuii 2026 p.

hibpo3y B navjienTiB i3 TKMIM y Mexax JOCTimpKeHHs, ke
aaichnmm (AUC = 0,431; 95 % [I: 0,36-0,50).

BTiM, 3a pesynsTatamMu HeBeNUKOro AOCHImKEHHS
S. M. Haberkorn et al., BusiBneHo nesHy BikOBY 3aNneXHICTb,
Ha nigcTaBi UbOro 3pobunn BUCHOBOK, LIO B AVHAMILI Y
nigniTkis Moxe 36inbwysaTucs maca miokapga JIW, a 'y
ntopeli CTapLLoro BiKy MOXIMBE NiABULLEHHS piBHS ibpo-
3y miokapaa Ta, B OKpeMUX BUMaAKax, 3MEHLLEHHS Macu
miokapaa [18]. 3ayBaxumo, wo B poborti S. Nakamori et
al. nokasaHo, Lo B 0BCTEXEHNX MOMOALLIOT Ta CepeaHbOl
BikoBux rpyn (<60 pokiB) 3achikcoBaHO NMpoOrpecyBaHHs
ibposy 21 % LGE Ha pik [19].

BucHoBKH

1. BcTaHOBNEHO 3B'A30K i CTATUCTUYHO 3HAYYyLLYy
KOpEensLito MK MaKCUManbHOK TOBLUMHOK CTiHKK JILL i
HasIBHICTIO BUpaxeHoro ¢ibpo3y miokapaa (LGE 215 %) y
MavjeHTIB i3 rinepTpodivHOI0 KapgiomionaTieto.

2. Pesynbratv JOCRImMKEHHS MOXHA 3acToCyBaT Mig
yac cTpatudikaLlii pusuky panToBoi cepLeBoi CMepTi, Konu
BUKOHaTW MynbTUNapameTpuyHy MPT HEMOXIUBO.

MepcnekTUBYM NOAAABLLIMX AOCAIAKEHBb MOMSAralThb Y
MPOJOBXEHHi BUB4EHHS (hakTopis puanky PCC, Lo MoxHa
BUSBNATU 3a gonomoroto MPT cepug, y nauieHTis i3 TKMIT.
[ns ysoro moxnuee wmpLue BukopuctaHHs MPT cepus B
0ci6 i3 KM, gouinbHe 3aCTOCYBaHHs CTaHAAPTU30BAHUX
NPOTOKONIB CkaHyBaHHS. Lie cnpusitume cBoe4acHomy Bu-
SBMEHHI0 hakTopiB puanky PCC, TOUHILLOMY OLiHIOBaHHIO
pM3NKy, @ TaKOX AacTb 3MOry MOKpaLLUTX NpodinakTuky
PCC y nauienris i3 TKMIT.
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OpwuriHaAbHI AOCAIAXKEHHS

KniHiko-nabopaTopHi ocobanBoCTi nepebiry roctporo KOpoHapHoro
CUHAPOMY 3 eneBaLi€lo cermeHTa ST 3aneXXHO Bia IHAEKCY MacH Tina

B. A. KoBaneHko®ABCP A A, AQLiKyn®AEF

3anopi3bkni AepxaBHUIA MeAMKO-GapMaLEBTUUHUIA YHIBepCUTET, YKpaiHa

A - KOHLIEMNLLS Ta AM3aNH AOCAIAKEHHS; B - 36ip AaHuX; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs ctatTi; E - peparyBaHHs cTatTi;

F - octatouHe 3aTBEpPAXEHHS CTaTTI

OXMpiHHS! € BaXnvBUM PakTOPOM PU3MKY CEPLIEBO-CYAMHHNX 3aXBOPIOBaHb, 30KPEMa FOCTPOrO KOPOHAPHOTO CUHAPOMY 3 eNneBaLlier
cermeHTa ST (STEMI), Mmoxe BNnMBaTW Ha KniHivHi NposiBu, NabopaTopHi nokasHuky Ta nepedir 3aXxBOPHOBaHHSI.

Merta pobotu - Bu3Hau1T1 ocobnmeocTi nepebiry Ta KniHiko-nabopaTopHi 3MiHW y NALIEHTIB i3 FOCTPUM KOPOHAPHUM CUHAPOMOM
3 ene.aLlieto cermeHTa ST 3anexHo Big iHaekcy macy Tina (IMT).

Marepianu i metoau. [1o HepaHOOMI30BaHOTO BiKPUTOrO MPOCMEKTUBHOMO KOTOPTHOIO CMOCTEPEXeHHs 3anyyeHo 120 navjieHTiB 3i
STEMI, skux noginunn Ha Tpu rpynu 3anexHo eig IMT.

Pesyabratu. Y rpyni nauieHTiB 3 OXVUPIHHAM BCTAHOBIEHO CUMbHY NO3UTUBHY KOPENSALito Mix piBHeM TponoHiHy | Ta IMT (r = 0,632,
t=5,29, p <0,001), y rpyni XBopux i3 HaZNMLIKOBOK MacoH Tina 3adikcoBaHO noMipHuMin 38’30k (r = 0,402, t = 2,86, p < 0,01).
CTaTUCTUYHO 3HaYYLLMIA NO3UTUBHWIA 3B'A30K M IMT Ta LUBMAKICTIO OCig@HHA epUTPOLMTIB BCTAHOBMEHO B rpyni NalieHTiB 3
oXupiHHaM (r = 0,663, t = 5,74, p < 0,001) Ta HagnmwkoBoto Macoto Tina (r = 0,312, t = 2,09, p = 0,042).

BucHoBKuM. BCTaHOBNEHO 3aKOHOMIPHICTb LLOAO TSHKYOrO 1 KIiHIYHO GinbLu BupaxeHoro nepebiry STEMI Ha eTani BCTaHOBMNEHHS!
JiarHo3y Ta rocnitanisauii B nauieHTiB 3 oxupiHHAM. Binblua maca Tina TicHo noB’s3aHa 3 noripweHHsM nepebiry STEMI, wo
NiATBEPAKEHO AOCTOBIPHUM MIABMLLEHHAM PiBHS TPOMOHIHY |, LWBMAKOCTI OCiAAHHS ePUTPOLMTIB, YaCTOTM AWXaHHSA Ta 4acToTh
CepLeBuX CKOPOYEHb Y NALIEHTIB 3 OXUPIHHAM.

KatouoBi cnoBa:
TOCTPUIA KOPOHAPHMI
CUHAPOM 3
eAeBaLleto cerMeHTa
ST, OXMPIiHHA,
{HAEKC MacHu Tina,
aTepOCKAEPO3,
3ananeHHs.
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Clinical and laboratory characteristics of ST-segment-elevation acute coronary syndrome
depending on body mass index

V. A. Kovalenko, D. A. Lashkul

Obesity is a critical risk factor for cardiovascular disease, specifically ST-segment elevation myocardial infarction (STEMI), and
may influence clinical presentation, laboratory findings, and patient outcomes.

Aim. To identify clinical and laboratory features and evaluate the disease course in patients with acute coronary syndrome and ST
segment elevation across different body mass index (BMI) categories.

Materials and methods. A non-randomized, open-label, prospective cohort study was conducted involving 120 patients with STEMI.
Participants were categorized into three groups based on their BMI.

Results. In the obese group, a strong positive correlation was observed between troponin | levels and BMI (r = 0.632, t = 5.29,
p < 0.001). A moderate correlation was found in the overweight group (r = 0.402, t = 2.86, p < 0.01). Furthermore, a statistically
significant positive correlation between BMI and erythrocyte sedimentation rate (ESR) was identified in both the obese group
(r=0.663,t=5.74, p <0.001) and the overweight group (r = 0.312, t = 2.09, p = 0.042).

Conclusions. Obese patients demonstrated a more severe and clinically pronounced course of STEMI at the time of diagnosis
and admission. Increased BMI was significantly associated with poorer STEMI outcomes, as evidenced by marked elevations in
troponin |, ESR, respiratory rate, and heart rate in the obese cohort.

[MpoTsrom ocTaHHix 20 pokiB akTWBHO BUBYaOTb BMSINB OXM-
PiHHA Ta MeTaboniYHOro CMHAPOMY Ha CEpLEBO-CYAUHHY
CUCTEMY, aKe BOHW € [0BEAEHUMM (DaKTOpPaMM PUNKY
ii 3axBoptoBaHb. 3a gaHummn BOOS, cepLeBo-CyauHHi 3a-
XBOPHOBAHHS € OCHOBHOK NMPUYMHOK CMEPTHOCTI B YCHOMY
cBiTi [1], i maitxe 50 % neTanbHUX BUNAOKIB CPUYUHEHI
roctpum kopoHapHum cuHgpomom (MKC) [2]. Bigomo, wwo
O[IHVIM i3 MPOBIZHNX YUHHWKIB PO3BUTKY CEPLIEBO-CYANHHUX
3aXBOPIOBaHb € OKVPIHHS.

BcraHoBneHo, wwo marixe 30 % [opocnoro HaceneHHs
CBITY Ma€ HagMipHy Macy Tina abo oxwmpiHHS, B aBCOMOTHUX
yncnax Le noHad 2 mnpg oci6 [3]. MNaToreHeTyHi MexaHiamu

OXMPIHHS BKITHOYaOTh akTUBALLiK0 Npo3ananbHuX UMTOKIHIB
(dpakTop Hekpoay nyxmmHn-a (TNFa), iHTepnelikiH 6 (IL-6),
iHTepnevikin 18 (IL-18), MCP-1), wo cnpuunHse eHgote-
nianbHy AUCAYHKLitO, ateporeHes i TPoMBoreHHiICTb [4,5],
3YMOBJIOKUM XPOHIYHE CUCTEMHE 3ananeHHsi B OpraHiami
nopnHK. 3a gisionorivHMx yMoB agunoLuT nepesaxHo
CEKPETYHOTb NpOTM3anarbHi aaUMoKIHW: aAYMOHEKTUH, TpaH-
cchopmyBanbHuii haktop pocty-f (TGF-B), inTepnenkiH 10
(IL-10) abo okeup asoty (NO), — ski MatoTb KapgionpoTek-
TOPHY 1 aHTWaTeporerHy Aito. OaHak npu NaTonoriYHnX
CTaHax, Sik-0T NPV OXMPiHHI, AMCEYHKLIOHAMbHI aaunouuTy
30ebinbLUIOro NPOAYKYHOTb | BUBINbHSOTL Npo3anarnbHi agu-
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nokitm (nenTuH, TNFa, IL-6, IL-18 abo peaucTtuH), Lo MaroTb
aTteporeHHy fito [5]. Tineprnikemis Ta rinepiHcyniHeMis
MOCUTIOKOTb OKCWAATUBHWIA CTPEC, aKTUBYHOTH TPOMOOLUTH,
noripLytoTb penepdysito, NiABULLYIOTE CMEPTHICTL Npu
STEMI [6]. OxupiHHA TaKoX CpUYMHSE rinepTpodito ni-
Boro LwnyHouka (J1LU), giactoniuny aAncdyHKLito Ta apuTmii,
30kpema ibpunsuito nepeacepab [7,8], WwWo € dakTopamu
PU3VKy PO3BUTKY FOCTPWX CEPLIEBO-CYANHHIX KaTacTpod.
OXMPiHHA MOXeE CMNPUYUHATI reMOAMHaMIYHI 3MiHM Ta
MOpPYLUEHHs! YHKLii LUMYHOYKIB, CepLeBy HEAOCTATHICTb,
30KpeMa BUCOKWIA CepLEBUI BUKWG, rinepTpodito Ta dia-
cToniyHy aucayHkuito JILL [8].

Monpu foBeneHy porb OXVPIHHS Y PO3BUTKY iLLEMIYHOT
xBopobu cepus (IXC) [9], oro npsimuin BNMB Ha nepebir
STEMI pocnipxeHo HegocTaTHbO. B okpeMux pobotax
MoKasaHo, LLO KOXHE MigBuLLeHHs inaekcy macy Tina (IMT)
Ha 1 kr/m? 36inbLuye puank IXC Ha 10 % [9], a 36inbLueHHs
macy Tina Ha 10 kr nigsuye puauk IXC Ha 12 % Ta apTe-
pianbHui ek [10]. 3rigHo 3 pesynsTatamy meTaaHaniay 21
JOCTIDKEHHs, HaaMipHa Maca Tina nigsuiye puank IXC y
yonosikiB y 1,32 pa3a, y xiHok — B 1,81 pasa [11]. Pasom
i3 TUM, y MDKHapOOHUX peecTpax nokasaHo, wo STEMI
CyNpOBOKYETHCS BULLOK TOCTITANBHOK NeTanbHICTIo,
Hix [KC 6e3 nignomy ST (7,0 % npotu 3,5 %) [12]. Brim,
Y KifbKOX AOCHIIKEHHAX BCTAHOBIIEHO BULLi MOKA3HWKM
cMepTHocTi y nauieHTiB 3 IMT >30 kr/m? Big panToBoi ko-
poHapHoi cmepTi [12].

[JocnimkeHHs BNNMBY HAAMMLLKOBOI Macy Tina Ha nepe-
6ir, KniHiYHi NposiBu Ta nabopatopHi 3amiHm STEMI MoxyTb
CNpYSTW Po3pOBNEHHI0 AOAATKOBUX METOAIB AiarHOCTUKM
Ta (hapMaKosoriYHoi KopekLii.

MeTa po6otu

Bwuanauntn ocobnmsocTi nepebiry Ta kniHiko-nabopatopHi
3MiHV Y MaLjeHTIB i3 rOCTPUM KOPOHApPHUM CUHAPOMOM 3
enesaLlieto cermeHTa ST 3anexHo Bif iHAEKCY Macu Tina.

Martepianu i MeToAH AOCAIAKEHHA

BipnosigHo [O AM3aiHy OOCHIAXEHHS 34INCHUNK
HepaHAoMi30BaHe BiKpUTE MPOCMEKTUBHE KOTOPTHE
CMOCTEPEXEHHS 3a nauieHTamu 3 fiarHoctoBaHum 'KC
i3 enesallieto cermenTa ST. MNauieHTn nepebysanu Ha
nikyBaHHi Ha 6a3i KomyHanbHOro HenpubyTkoBoro nig-
npuemctBa «3anopisbka obnacHa KniHiYHa MikapHs»
3anopisbkoi obnacHoi paay.

[o pocnimxeHHs 3anyumnm 120 nauieHTis, IKUX NOAINK-
v Ha Tpu rpynm 3a IMT. [lo nepLuoi rpynv 3anyyeni 42 na-
LiEHTM 3 HaaMLLKoBo Macoto Tina (IMT 25,0-29,9 kr/m?),
[0 apyroi — 34 xsopux Ha oxupiHHs (IMT >30,0 kr/m2), oo
TPETbOI (KOHTPOMbHOI) — 44 0BCTEXEHNX 3 HOPMANbHAM
IMT (18,5-24,9 kr/m?). [pynu nawjieHTiB 3iCTaBHi 3a CTaTTIO
Ta BIKOM Y4aCHWKIB.

KpuTepii 3anyyeHHs go aocnimkeHHs — Bik Big 18 oo
90 pokis, nigreepmkeHnin STEMI BignosigHO o Hakasy
MO3 Ykpaihm Big 14.09.2021 p. Ne 1936 «YHidpikoBaHui
KMiHIYHWIA NPOTOKON €KCTPEHOI, NEPBUHHOI, BTOPUHHOI
(cneuianisoBaHoi), TPETUHHOI (BMCOKOCMELiani3oBaHol)
MeOMYHOI fonomory Ta kapgiopeabinitauii XBopux Ha ro-
CTPWiA KOPOHAPHUIA CUHAPOM 3 eneBaLlieto cermeHTa STy,
nianucaHa iHgopmMoBaHa 3roga Ha y4acTb.

Kputepii BuKmnio4eHHs — Bik MeHLue Hix 18 pokiB abo
noHag 90 poki, BiacyTHicTb STEMI nig yac rocnitanisauii,
[eKOMMNEHCOBaHi HUpKoBa abo NeYiHKOBa HELOCTaTHICT,
rocTpa XipypriyHa naTornorisi HeCepLEeBoro reHesy, BigMoBsa
Bif, y4acTi y AOCTIIKEHHI.

OuiHtoBany KniHivHi NoKasHUKy (Ckapru, apTepiansHi
TUCK, NYNbC, 3pICT, Maca Tina), pesynsraty 3aranbHoro aHa-
ni3y KpOBi (LUBUAKICTb OCifaHHs epuTpouuTis (LLIOE), neit-
KoumTK, TpOMBoLKTK), BioxiMiyHOro aHaniay (ninigorpama,
FMoKO3a, koaryrorpama, TporoHiH ). Enektpokapgiorpadito
BWKOHYBanu Ans OLiHIOBaHHA pUTMY cepus. 3gificHunm
CTaTUCTUYHWIA aHani3 3 BM3HAYEHHAM kopensuii Mix IMT
Ta kniHiko-nabopatopHumMn nposisamm STEMI.

3aranbHOoKMiHIYHI MOKa3HMKM CTaHy 30OPOB’s aHani3y-
Banu BigNoBIAHO 40 AaHWX i3nKanbHOro OrnsAay, Bpaxo-
BYIOUM @aHaMHE3 | CKapryi MawjieHTiB.

BignosinHo 1o yHidhikoBaHoro npotokony, BCi 06CTEXeHi
manv BepudikoBaHwii fiarHo3 Ha nifcTaBi AaHuX enekTpo-
kapaiorpadii, KoMm'loTepHOI ToMorpadiuHoi aHriorpadii,
€X0oKapaioCKOMiYHOr0 OOCTEXKEHHS, @ TakoX 3a AaHUMU
nabopaTopHMX MapKepiB (BUCOKOUYTIIMBUIA KiNbKICHWIA
TPOMOHiH |). AHTPOMOMETPUYHI NapameTpy Ans obuncneH-
Hs1 IMT (maca Tina Ta 3picT) OTPUMaHO 3 MEAUYHOI KapTKM
naujexta (cbopma 003/0), BU3HaueHi Ha ogHOMY npunagi
— NignoroBKx Barax 3i 3pOCTOMIPOM.

Yci 3aranbHonabopatopHi Ta BioximMiuHi 4OCTIIKEHHS,
BKIKOYAL04M BU3HAYEHHS PIBHS TPOMOHIHY |, BUKOHAHO Ha
6a3i kniHiko-giarHocTuuHoi nabopatopii KHIM «3anopisbka
obnacHa kniHivyHa nikapHsi» 30P.

CTaTuCTUYHMIA aHani3 nepeabayas OLiHIOBaHHS HOP-
manbHOCTI posnoginy 3a kputepiem Lanipo-Binka. Kpim
napameTpuyH1X METOZIB aHanidy AaHux 3a HeobXxigHoCTi
BVKOPUCTOBYBAN HeNapaMeTpUYHi METOAM aHaniay JaHnX.
Yci NOpiBHSHHS 3AINCHUIN 3 BUKOPUCTAHHAM ABOBUOIPKO-
BOTO t-TECTY ANs He3aneXxHNx BMBIpoK (Mpy nigTBEpAKeEHiN
HopmarnbHOCTi po3noginy 3a Tectom Lanipo-Binka Ta romo-
reHHOCTi Aucnepciit 3a Tectom Jlesena). Y pasi nopyLLeHHs
LMX MpunyLieHb BUKopuctaHo U-kputepit MaHHa—BiTHi.
Tect ANOVA 3acTocyBanu Anst oaHOhaKTOpHUX Napame-
TpiB; Tect Kpackena—Bonnica, noCT-xok aHania 3a MeTogom
[aHHa 3 nonpaskoto boHgeppoHi, NOCT-x0K aHanizom Tukey
— ONs OLiHIOBaHHS MIXTPYMOBMX AWUCTEPCI.

O6uncnunu cepefHbOapUMMETUYHI MOKA3HNKY i
CepenHbOKBaAPaTUYHI BiOXWUMEHHS 3 OLiHIOBAHHSIM CTaH-
[apTHOI NOMWITKW PENpe3eHTaTMBHOCTI BUGIPKOBOTO Cepep-
HbOTO 3Ha4eHHs (95 % aoBipuni iHTepaan). Ans BCiX BUAIB
aHanisy sk CTaTUCTUYHO 3HauyLLi BU3HaYamu BigMIHHOCTI
npu p < 0,05, 3a MixXkHAPOAHUM CTaHAAPTOM CTaTUCTUYHOIO
OnpaLoBaHHs AaHUX.

KopensuiiHuii aHanis ans BU3HAYeHHs cunu 3B's3ky
MK Napamy HesanexHuX KinbKiCH1X napaMeTpis BUKOHaNM
3 06uncneHHam koedilieHTa kopensuii MipcoHa (3a Heob-
XigHocTi — paHroBoi CnipmeHa).

CratvcTYHi NpoLenypy 14 anropuTMmn peaniaoBaHo sk
Makpocy y BianoBigHux nporpamax — SPSS 16, Microsoft
Excel 2015 Ta Statistica for Windows 13 (StatSoft Inc.,
Ne JPZ8041382130ARCN10-J).

[ocnimkeHHs cxBaneHo Komicieto 3 nuTaHb BioeTukm
3anopi3bkoro fepxaBHOr0 Meauko-hapmaLleBTUHHOO
yHiBepcuTeTy (npotokon Big 18.09.2025 poky Ne 10). Yci
006CTexeHi NPoiHGhOPMOBaHi LLOAO AOCHILKEHHS Ta NOro
METW, HaZlanu NCbMOBY iHGHOPMOBaHY 3rofly Ha y4acTb.
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Puc. 1. Posnogin IMT y nauieHTiB i3 BUBIpKku SOCTIIKEHHS.

Pe3yabTati

Bwbipky navjieHTiB npoaHanisysanu 3a Bikom i CTaTTio y4ac-
HukiB. 3aranom 3-nomix 120 o6cTexeHnx — 76 YonoBikiB i
44 iHKu: y nepLuin rpyni — 26 Yonosikis i 16 XIiHOK, y Apyrii
— 24 yonogiku i 10 XiHOK, y TPETi (KOHTPONbBHIN) rpyni — 26
YONOBIKiB i 18 XiHOK.

Cepepiit IMT y Bubipui craHosus 27,83 + 6,87 kr/v?;
cepenHiit IMT y yonogikiB — 28,74 + 7,55 kr/m?, y xiHOK —
27,15+ 5,43 kr/m2. PisHnug 3a IMT Mix koropTamm YomnoBikiB
i XIHOK CTaTMCTWYHO 3Havywa — p = 0,038, t = 2,09, 95 %
[l: 0,09-3,09; ue cBiguMTb NPO BULL CEPEnHi MOKa3HMKM
IMT y YonoBikiB NOPIBHAHO 3 XiHKaMW. Hespaxaroum Ha
LLIMPOKMIA Ajana3soH BapiaLlil, OTpUMaHi 4aHi 4akoTb NigcTasw
NPUNYCTATK, LLO ICHYHOTb BIAMIHHOCTI MOKa3HWKiB MacK Tina,
3yMOBIEHi CTaTTiO 06CTEXEHMX. Y NepLLil rpyni cepeaHii
IMT yyacHukiB cTaHoBuB 27,73 + 1,45 kr/m?, y apyrin —
36,14 £ 7,27 kr/M?, y KOHTPOMbHIN rpyni (6e3 HaanMLLKOBOT
macy Tina Ta OXupiHHs) — 22,39 + 1,79 kr/m2. BcTaHoBneHo
CTaTUCTMYHO 3HaYyLLe nigsuleHHs IMT y nepuin i gpyrin
rpynax nopiBHAHO 3 KOHTponbHOK (p < 0,01 3a kpuTepiem
ANOVA 3 noct-xok aHanizom Tukey), o cBiguuTb npo
HaZMULLIKOBY Macy Tina 1 OXMPIHHA y NauieHTiB i3 rpyn
[OCRimKEHHS! NOPIBHSHO 3 HOPMOHO.

MepianHe 3HayenHs IMT y nepuuiit rpyni ctaHoBuIo
27,6 (IQR: 26,9-28,7) kr/m?, y gpyrin — 35,4 (30,2-
40,6) kr/M2, a B KOHTpOIbHIN — 22,1 (20,8-23,3) kr/m2. Y pe-
3ynbrarti Tecty Kpackena—Bonnica BUsSiBNeHO CTaTUCTUYHO
3HauyLLi BigMiHHOCTI Mix rpynamm (H = 19,87, p <0,001), a
NOCT-XOK aHani3 3a MetogoM [JaHHa 3 nonpaskoto boHgep-
POHi nokasas BiporigHe nigsuweHHs IMT y rpynax 1 Ta 2
MOPIBHSIHO 3 KOHTPONBHOM (p < 0,01 y KOXHOMY BUMAZKY).
Posnogain IMT y naujeHTiB HaBegeHo Ha puc. 1.

3aranbHuUi cepepHin Bik nauieHTiB CTaHOBMB
64,90 + 12,86 poky. 3a rpynamu: 65,36 + 12,64 poky y
nepLwin rpyni, 63,85 £ 11,83 poky — y apyrin, 65,27 + 14,03
POKY — Y TPETIN.

[Mpu cTpaTudikaLlii 3a CTaTTHO BUSIBMEHO, LLIO CEPEHiN
BiK YOMOBIKIB JOCTOBIPHO MEHLLUMIA MOPIBHAHO 3 XiHKa-
MU B YCiX TPbOX rpynax. Tak, y nepLiin rpyni cepepHin
Bik cTaHoBMB 58,96 + 10,45 poky y YonoBikiB NpoTu
75,75 £ 8,23 poky B xiHok (A = 16,79 poky, p < 0,01); y
Apyrin—60,08 + 11,62 poky y yonosikis npotu 72,90 £ 6,28
poky B XiHok (A = 12,82 pokis, p < 0,02); y TpeTin —
59,69 + 13,35 poky B yonosikie npotn 73,33 + 10,93 poky
B XiHOK (A= 13,64 poky, p < 0,02). OTpumaHi pesynsratu
CBig4aTh NPO 3HA4YHO MOMOALLIMI BiK NALiEHTIB-4OMOBIKIB

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 1(154), ciueHb - aoTuii 2026 p.

A

B |Hpekc macy Tina

3i STEMI nopiBHsHO 3 xiHkamu. Lli gaHi BignoeigawoTb
enigemMionoriyHMM TeHOEHLUiIM BUHWKHEHHS FOCTPOro
KOPOHAPHOro CUHAPOMY.

3a piBHeM CBiZOMOCTi (OLiHKa 3a LUKanot komu [Masro
(LLIKI) <12 Ganis) y Bkpaii Tshkkomy cTaHi 6ynn 3 (7,14 %)
naujeHTy 3 nepwoi rpynu, 6 (17,64 %) xsopwx — i3 apy-
roi, 3 (6,80 %) obCTexeHnx — i3 KOHTPOMbHOI (TPETHLOI)
rpynu. 3ahikcoBaHO CTATUCTUYHO BULLY YACTOTY TSHKKOTO
CTaHy CBIiJOMOCTi B NaLi€HTIB i3 Apyroi rpyni NOPiBHAHO
3 KOHTpOnbHOH (p < 0,05, ¥2 = 4,13), pisHuLs cTaHoBUNA
10,84 %. Lli naHi MOXyTb CBIZYMTM NPO TSHKYMIA 3aranbHWiA
KMiHIYHWIA CTaH XBOPMX i3 Apyroi rpynu nig vac rocnitani-
3auji.

CepepnHs yactota guxanbhux pyxis (YAP) nig vac
rocnitanisauii craHoBuna 18,43 + 4,48 3a 1 xBunuHy y
nepLwiv rpyni, 23,45 + 5,02/x8 — y apyriit, 17,78 + 3,89/xB y
KOHTpOIbHIN rpyni. HaneuLle 3HayeHHs Y[P sadikcoBaHo
y Yorosika 3 Apyroi rpynu — 32 3a 1 XBunuHy. Y pesyrnb-
TaTi ogHohakTopHoro aucnepcinHoro aHanisy (ANOVA)
BWSIBMEHO CTATUCTUYHO 3HAYYLLi BIAMIHHOCTI MiX rpynamu
(F(2, 126) = 8,57, p < 0,001). MocT-xok aHani3 3a meTo-
oM Tbloki nokasas, wo YAP y gpyrii rpyni 4OCTOBIPHO
BULLA, HiX Yy KOHTpOnbHIN (p < 0,01; A =5,67/x8; 95 % Al
2,09-9,26).

Y nepLwin rpyni yactoTa cepueBmux ckopodeHs (YCC)
craHosuna 88,23 + 20,66 ya./xs, y apyrin — 97,75 + 28,33
YA./XB, y KOHTPONbHIN — 85,44 + 26,22 ya./xB. Y pesynerari
ANOVA BcTaHoBneHo F(2, 126) = 3,27, p = 0,041. Y napHo-
MY MOPIBHSIHHI NOKa3HWKIB, 3adhikcoBaHWX y APYrilt | TpeTin
(KOHTPOMBHIN) rpynax, pisHuus craHosuna 12,31 ya./xs
(95 % 0l: 1,21-23,40; p = 0,019).

HecuHycosuin putM 3adikcosaHo y 6 (14,28 %) naui-
€HTIB i3 nepLuoi rpynu, y 8 (23,53 %) — i3 gpyroi (Bktoua-
l04M OOMH BUMAAOK LLMYHOUKOBOI Taxikapaii 6es nynbey)
Ta 5 (11,36 %) ocib i3 TpeTboi (koHTpOnbHOI) rpynu. 3a
pesynbtatamu x>-TecTy: X4(2) = 6,21, p = 0,045. MNapHe no-
PIBHSHHS MOKa3HWKiB, 3ahiKCOBaHWX y APYTiit | KOHTPOIBHIN
rpynax, nokasano LOCTOBipHy pisHuLto yacToT (p = 0,032,
A=12,17 %).

Y nepLuin rpyni CepeHiii cMCToniYHMI apTepianbHi
Tuck ctaHosuB 151,42 + 48,66 MM pT. CT., y Opyrii —
159,89+ 51,22 Mmm pr. cT., y TpeTin— 152,00 £ 50,26 MM pT. CT.
3a pesynsratamn ANOVA, F(2, 126) = 0,35, p=0,703. Cta-
TUCTUYHO 3HaYYLLi BIAMIHHOCTI He 3adikcoBaHo.

CepeqHi piBHi KMiHIYHMX NOKA3HWKIB NALIEHTIB i3 Pi3HNX
rpyn BOCTiZKEeHHs! HABEAEHO Ha puc. 2.
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Y TpbOX rpynax nopiBHsAHHSA, CTpaTudpikoBaHux 3a IMT
YYaCHWKIB, BUSIBMEHO CTATUCTUYHO 3HAYYLLi BigMIHHOCTI
3a piBHAMU TPOMNOHIHY | nig Yac rocnitaniaavii. MonepeaHe
TECTYBaHHA Ha HOPManbHICTb PO3MOAINY 3a KpUTepiem
LLlanipo-Binka fano 3mory BCTAaHOBUTW BiAXUMEHHS Bif
HopMarbHOro posnoginy y Beix rpynax (p < 0,01), wo 3y-
MOBMITO BUKOPUCTAHHS HEMapaMeTPUYHX METOAIB aHarisy.

Y3aranbHeHe MOpPIBHAHHA TPbOX rpyn, 34iiCHeHe 3a
fgonomoroko kputepito Kpackena—-Bonnica, gano 3mory
BCTAQHOBWTK CTATUCTWUYHO 3HauyLly pisHuuto (H = 7,67,
p = 0,0216), Lo CBIAYMTL NPO HEOAHOPIAHICTL PiBHIB TPO-
MOHiHY | y navjeHTiB i3 pisHum IMT.

Hapgani agincHunm napHuin aHania 3a kputepiem MaH-
Ha-BiTHi, y pesynbrati SKOro BCTAHOBWMW 3HA4YHO BULLMIA
piBeHb TPOMOHIHY | y mauieHTB i3 HAAMMULLIKOBOK Maco
Tina NopiBHSAHO 3 rpynoto 3 HopmansHum IMT (p = 0,0177),
a TaKoX AOCTOBIPHE NEPEBULLEHHS PIBHA TPOMOHIHY Y rpyni
XBOPUX Ha OXWPIHHA MOPIBHSHO 3 rocnitaniaoBaHUMK 3
HopmarnbHum IMT (p = 0,0196).

CepepHiit piBeHb TponoHiHy | nig yac rocnitanizavii
y NavieHTiB i3 nepLuoi rpynu cTaHosuB 3,46 + 2,17 Hr/mn.
[Mpu cTpaTudikaLlii 3a CTaTTio B MeXax Liiei rpyni BUSBNEHO
[OCTOBIPHO BULLi KOHLEHTpaUii TPONoHiHy | y 4onoBikiB
(3,85 + 2,12 Hr/mn) nopiBHSHO 3 xiHkamu (2,82 £ 1,38 Hr/mn);
abcontoTtHa pisHuug craHosuna D, = 1,03 Hrimn (95 %
[l: 0,16-1,89; p = 0,02). Ha nigcTasi unx gaHux 3pobunu
BV ICHOBOK MPO CYTTEBILLIi HEKPOTWUYHI 3MiHW Y YOMOBIKIB.

Y rpyni navienTis 3 oxupiHHam (IMT >30 kr/m2) cepepHiii
piBeHb TPOMOHiHY | ctaHoBMB 4,09 * 4,33 Hr/mn. Y mexax
Liei rpyni 3agpikCoBaHO CTAaTUCTUYHO 3HAYYLLE NepeBaXaH-
HS1 PiBHS TPOMOHiHY y Yonosiki (4,19 + 5,05 Hr/mn) nopie-
HSIHO 3 XiHkamu (3,82 + 1,82 Hr/mn), pisHuUs cTaHoBuna
D, = 0,39 Hr/imn (95 % [I: 0,04-0,74; p = 0,042). Monpw
MeHLLY abCOmMIoTHY Pi3HWLI0, 3HAYEHHS P CBIAYUTL NpO
cTabinbHy pennikawito BiaMiHHOCTEl 3a CTaTTHo.

Y KOHTPONbHiIi rpyni nauieHTiB i3 HopmanbHum IMT
CepenHiit piBeHb TPOMOHiHY | cTaHoBMB 2,54 + 2,19 Hr/mn.
3ayBaxuMo, LLO B Ll rpyni 3achikcOBAHO 3BOPOTHY AWHa-
MiKy: XiHKM Manu JeLo BUALWIA piBeHb TPoMoHiHy | (2,77 +
1,92 Hr/mn), Hix Yyonosiku (2,38 + 2,38 Hr/mn); pisHULS
craHosuna D, = 0,39 Hr/mn (95 % [iI: 0,02-0,76; p = 0,048).

MixrpynoBuit NOPIBHAMNbHWIA aHani3 NOKasHWKIB TPO-
MOHIHY | NOKa3aB CTaTUCTUYHO BipOriAHi BiAMIHHOCTI. Tak,
CepefHin piBeHb TPOMOHIHY B NEPLLIN rpyni nepeBuLLyBaB
MOKa3HUK KOHTPONbHOI rpynu Ha 0,92 Hr/mn (A= +26,59 %;
95 % [l: 0,14-1,70; p = 0,018), a B gpyrin rpyni (3 IMT
>30 Kkr/mM?) uelt noKasHWK e Buwmnii — Ha 1,55 Hr/mn
(A=+37,80 %; 95 % [Al: 0,66-2,43; p = 0,006).

HamsuLunin cepenHin piBeHb CPOBATKOBOI IMIOKO3M Nif,
yac rocnitanisaii BCTAHOBMEHO Y rpyni NaLieHTiB 3 Oxu-
piHHAM — 9,88 + 4,78 Mmonb/n, y KOHTpOMbHIA rpyni (IMT
<25 kr/m?)—8,36 + 3,79 MMONb/M, HAUHXKYWIA — Y NaLieHTIB i3
HaanmMLIKOBO Macoto Tina (IMT 25,0-29,9 kr/m?), fe cepea-
He 3Ha4YeHHst cTaHoBMMo 7,88 + 3,17 mmonb/n. CTaTUcTUYHO
3HaYyLLMX BIGMIHHOCTEN MK rpynamu 3a piBHEM rMHOKO3W He
BusieneHo (H = 4,57; p = 0,102). [lonaTkoBuii KopensiLiiHni
aHani3 3a metogom CnipmeHa Mix piBHeM rmntokoan Ta IMT
He MokasaB CTaTUCTUYHO AOCTOBIPHOI acouiauii (p = 0,161,
p = 0,079), nonpu cnabky NO3WUTUBHY TEHAEHLHO.

CepenaHin piBeHb nenkoumtie ctaHoBMB 9,41 + 3,75 r/n
y nepii rpyni (IMT 25,0-29,9 kr/m?), 10,02 £ 2,96 rin—y
apyrii (IMT 230 kr/m2), 10,03 £ 3,18 r/n — y KOHTPOMbHiIl

rpyni (IMT <25 kr/m2). Ockinbku B ycix rpynax poanogin
MOKa3HWKIB He BiAnoBigaB HopmanbHoMy 3akoHy (p < 0,001
3a TecTom LLanipo—Binka), Ans nopiBHSHHSA 3aCTOCOBAHO
kputepin Kpackena—Bonnica. CTaTUCTUYHO 3HAYYLLNX
BigMiHHOCTE He BusiBneHo (H = 3,25, p = 0,197), a oTxe
HEMa€e JOCTOBIPHUX BiAMIHHOCTEN 3a PIBHSMY NENKOLMTIB
MK rpynamu.

3achikcoBaHO YiTKy TEHAEHLi0 A0 NIABULLEHHS PIBHS
LLIOE y nauieHTiB 3 OXMpPiHHAM. Tak, cepenHi 3Ha4eHHs
LLIOE craHoBumn 13,92 + 8,36 mm/rog y rpyni nauieHTis
i3 HaANMLIKOBOK Macoto Tina, 21,43 + 10,26 mm/rog — 3
OKMpiHHSAM, 11,43 + 8,58 Mm/rog y KOHTponbHiW rpyni. 3a
pesynsTatamu TecTy Kpackena—Bonnica, BUSIBNEHO cTaTuc-
TWUYHO 3HaYYLLY Pi3HNLIO Mix TpboMa rpynamm (H = 72,70,
p < 0,0001). Hagani 3giicHunu napHe NOpiBHsHHA 3a
kputepieM MaHHa—BiTHI nokasHukiB mawjieHTiB i3 rpynun 3
OXMPIHHAM Ta KOHTPOSLHOI, MiATBEPAKEHO AOCTOBIPHICTL
BigmiHHocTel (U = 1496,0, p < 0,0001). A6contoTHa pisHu-
us mix rpynamu ctaHosuna 10,00 mm/roa, LWo BignoBsigae
3pocTaHHto Ha 1073 % y rpyni 3 OKUPIHHAM.

CepepHi piBHi Npo3ananbH1X MapkepiB HaBeLeHo Ha
puc. 3.

CepepHin piseHb TpoMBOLWTIB Y rpyni NawLieHTiB i3
HaJIMLLKOBOK Macolo Tina ctaHosuB 299,56 + 94,34 r/n,
y rpyni 3 oXUpiHHAM — 316,23 + 108,12 r/n, y KOHTPOMbHIN
rpyni — 233,12 + 88,33 r/n. Y pesynbtati HenapameTpuy-
Horo aHanisy Kpackena-Bonnica BUSIBMEHO CTaTUCTUYHO
3HavyLLy pisHmuto Mix rpynamm (H = 7,22, p = 0,027), wo
CBiAUMTbL MPO NiABMLLEHHS PiBHS TPOMBOUMTIB Npy 36inb-
LueHHi IMT. ABcontoTHa pi3HNLS MOKa3HMKIB, 3ad)ikCoBaHMX
y rpyni NaLEHTIB 3 OXMPIHHAM | KOHTPOMbHINA, CTaHOBMNA
83,11 1/n (+26,28 %), y rpyni 0bCTEXEHMX i3 HAASINLLIKOBOHO
Macolo Tina Ta KOHTPOmMbHil — 66,44 r/n (+22,18 %).

[okasHWKM MiDKHApOZHOrO HOpPManiaoBaHoro BigHO-
LIeHHs y cepedHbomy cTaHoBunn 1,02 + 0,22 y nepLuin
rpyni, 1,06 £ 0,31 —y apyrin, 1,04 + 0,27 — y KOHTPONbHIN
rpyni. Kputepin Kpackena—Bonnica He BUSIBUB CTaTUCTUYHO
3HaYyLLMX BigMiHHOCTEN Mix rpynamu (H = 2,96, p = 0,227),
L0 CBiAYNTb NPO BiAHOCHY CTabINbHICTb KoarynsuiinHoro
cratycy. [pynu gocnigxeHHs JOCTOBIPHO HE BiApi3HANMCS
i 33 piBHAMM NPOTPOMGIHOBOTO IHAEKCY.

CepepHilt piBeHb 3aranbHOMO XonecTepuHy CTaHOBWB
5,16 £ 1,30 mmonb/n y nepLuini rpyni, 5,09 £ 1,31 Mmmonb/n
—y Apyri, 4,97 + 1,75 MMonb/N — y KOHTPOMbHIl rpyni.

BusBneHo OoCTOBipHe NiABMLLEHHS PiBHSA Tpurmile-
puaiB y nauieHTiB 3 oxwupiHHam (1,89 + 0,67 mmonb/n)
MOPIBHSIHO 3 KOHTPOMbLHOO rpynoto (1,20 + 0,57 mmonb/n).
PisHuus mixx rpynamm ctaHosuna 0,69 Mmons/n, Wwo signo-
Binae apocTaHHto Ha 49,85 % (ManHa-Bithi, p < 0,00001).
Taka pisHnLS CBIAYNTL NPO 3HaYYLLi NOPYLLUEHHS NiNigHOMO
00MiHy B NaLlieHTiB i3 HAAMIPHOK Macoto Tina.

CepegHi piBHi ninonpoTeiHiB HM3bKOI LWinbHOC-
Ti (JINHL) sicTaBHi B ycix rpynax AOCRiOXeHHS:
3,23 11,24 mmonb/n y nepuuini rpyni, 2,99 + 1,22 Mmonb/n
-y Apyrin, 3,07 = 1,58 MMOnb/n — Yy KOHTPOSbBHIN.

3giicHnnu kopensauinHuin aHania mix IMT i knro4oBUMM
nabopaTopHMMM NapameTpamMm B Mexax TPbOX CTpaTudiko-
BaHWX rpyn NaujieHTiB (HaanMLWKOBa Maca Tina, OKUPIHHS,
KOHTpOIb).

Y rpyni nauieHTiB 3 OXWPIHHAM BCTAHOBMEHO CUMbHY
NO3WUTUBHY KOPEensLUito MixX piBHeM TponoHiHy | Ta IMT
(r=0,632,t=15,29, p <0,001), L0 CBIAYMTL NPO NMOBIPHY
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Puc. 3. CepepHi piBHi nabopaTopHuX NoKa3HWKIB y nauieHTiB 3anexHo i IMT.

acouiaLjto MixX BUPaXeHICTIO YLWKOMKEHHA Miokapaa Ta
HaZMipHOI Macoto Tina. Y rpyni obcTexeHux i3 Hagnmw-
KOBOIO Macoto Tifia BUSIBMEHO MOMIpHUIA 38'a30K (r = 0,402,
t = 2,86, p < 0,01), a B KOHTpONbHIN rpyni 3achikcoBaHo
cnabkui, CTaTUCTUYHO HELOCTOBIpHUIA 3B'30K (r = 0,067,
t=0,41,p=0,684).

Y rpyni XBOPUX Ha OXMPIHHA KOpensuis Mix piBHEM
rnoko3u Ta IMT BusiBUnacs cnabko Ta HeLOCTOBIPHOK
(r=0,252,t=1,65, p =0,107). Y rpynax rocnitaniaoBaHux
i3 HAANWLLKOBOK MACOI0 Tina Ta HopmanbHuM IMT 38’30k
Takox cnabkui (r < 0,1; p > 0,1y BCix BUNagkax).

[1ns1 piBHA NEVKOLWMTIB Y KOZHIN i3 rpyn TaKOX He BUSIBIe-
HO AIOCTOBIPHOTO 3B8'A3KY 3 IMT: 3HauUeHHs kKoediLllieHTiB Konu-
Banucs B Mexax Big -0,06 go +0,09, p > 0,5 y BCix BUNagkax.

CTaTUCTUYHO 3HAYYLMIA NMO3UTUBHUIA 3B'A30K MiX
IMT Ta LLUOE BcTaHoBReHo y rpyni nawieHTiB 3 OXMPIHHAM
(r=0,663,t=>5,74, p < 0,001) Ta 3 HAANMLIKOBOK Maco
Tina (r = 0,312, t = 2,09, p = 0,042). Lie moxe cBiguntu
Mpo MiABULLEHY CUCTEMHY 3anarbHy BignoBsidb Y NaLieHTiB

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 1(154), ciueHb - aoTuii 2026 p.

i3 HaAMIPHOIO Macoto Tina. Y KOHTPOMbHIN rpyni kopenavis
HesHauywa (r = 0,106, p = 0,501).

[ns piBHs TpombBoumTiB 3adhikcoBaHo crnabkuii, ane
CTaTUCTUYHO 3HAYYLLMIA NO3UTUBHUIA 3B'A30K 3 IMT y rpyni
nauieHTiB 3 oxupiHHam (r = 0,335, t = 2,01, p = 0,049). B
iHLWMX rpynax JOCMiMKEHHS kopensLis cnabka Ta Hepo-
cToBipHa (p > 0,1). MNoka3HuKW MiXHapOAHOTO HOpManiao-
BaHOTO BiAHOLLEHHS Ta NPOTPOMBIHOBOrO iHAEKCY He Manu
[OCTOBIpHWX 3B'A3kiB 3 IMT y oaHil i3 rpyn naujieHTis
(r=+0,09, p>0,3).

KoedpiuieHTn kopensuii Mix IMT i piBHAMM 3aranbHOro
xonectepuHy, JINHLL y BCiX rpynax 3anuiianucs HU3bkumn
Ta CTaTUCTUYHO HesHauyLmmu (r< 0,2, p > 0,1). BuHATOK —
cnabka, ane gocrosipHa kopensis Mix IMT i JINMHLL y rpyni
3 oxupiHHaM (r = 0,199, t = 1,24, p = 0,046).

Y rpyni nauieHTiB 3 OXWUPIHHAM TakoX BCTAHOBMEHO
cnabkuii, ane CTaTUCTMYHO JOCTOBIPHMIA 3B'A30K Mix IMT
i piBHem Tpurniuepuais (r = 0,322, t = 1,97, p = 0,048).
Y rpyni XBOpuX i3 HaAMMULIKOBOK Macoio Tifna BUSIBNIEHO
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cnabky kopensuito (r = 0,196, p = 0,050), a B KOHTPOMbHiINA
— CTaTUCTUYHO HesHauyLwy (r = 0,101, p = 0,604).

HaibinbLu cTiiki i [OCTOBIPHI NOKA3HMKK, LLO KOPEnto-
toTb 3 IMT, — TponoHiH |, LLOE, Tpurniuepunam ta, novacty,
TpombouunTu. Lle ninTBEpMXYE 3B'S30K MiX HAAMIPHOW
Macol Tifna Ta NiABALLEHUM PU3UKOM CEPLIEBO-CYANHHIX
MOAji | CUCTEMHOrO 3ananeHHs.

Mpacbikn KOpensLiiHMX 3anexHocTen nabopaTopHUX
nokasHukis Ta IMT HaBeaeHo Ha puc. 4.

06roBopeHHA

Mig Yac cTaTMCTUYHOTO aHanisy faHuX, 3adikCoBaHNX y BU-
GipLi focnimKeHHs!, BCTaHOBMNEHO NpeBantoBaHHs! YOrOBIKiB,
YacTka Yornosikis 3i STEMI miHimanbsHo ctaHoBuna 59,1 %,
i 3i 36inbLeHHaM IMT 36inbLuyBanacs YacTtka YosoBikiB y
rpyni (y rpyni 3 oxwpiHHam — 70,59 %, p < 0,05).

PiBeHb IMT y cepeaHbomy y BMGipLi CTaHOBMB Bif,
25 kr/m? o 30 kr/M?, WO 3arafiom CBigYWTb MPO CXWUTb-
HiCTb nonynsyii 4O HaAnMLIKOBOI Macy Tina, a BinbLumi
cepepHiit nokasHuk IMT y 4onoBikiB BKa3ye Ha iXHto BinbLuy
CXUMbHICTb 40 OXUPIHHA. Lie nigTBepmkeHo pesynsratamu
AocnimkeHHs, wo 3aincHunu B. Tramunt et al. [3], konu
aBTOPU NPSIMO AOBENM, LLO CTaTb € OAHUM i3 NPeaVKTOpIB
meTaboniyHoro cuHapomy. Haronocumo Ha 3HauyLuin
Pi3HULLi 33 BIKOM 3aeXHO Bif CTaTi: BCTAHOBMEHO, LUO Npy
maHicdbecTavii STEMI yonosiku MonogLLi 3a iHOK y cepen-
HbOMY Ha 13-17 pokiB. 3iCTaBHi pesynsrat oaepxanu
O. A. lanyLuKo Ta iH., Siki BCTAaHOBWMM: Y YONOBIKIB i3 MeTa-
6oniyHmmm nopyLueHHsMmu [KC 3HauHo YacTille MaHidecTye
y BiLi 4o 60 pokis [13]. Kpim Toro, 3a faHumm [ocnigHvkie,
cepenHs pisHnusa ctaHosuna 13,4 £ 1,7 poky (p <0,01), wo
BiZNOBiAAa€e pesynsrataM HaLIOro AOCHIMKEHHS.

Mig Yac aHani3y piBHS CBIAOMOCTI BCTAHOBMEHO, LU0
nawieHTiB y TSHKKOMY CTaHi 3 komoto abo iHwwmMK nopy-
LUEHHAMM CBIOMOCTi 3Ha4HO Ginblue y rpyni OXUPIHHS: B
abCOmMIOTHUX Yncnax — BABIYI GinbLUe, HiX B iHLLMX rpynax,
3a BigHOCHWM NOKa3HNKOM — BinbLue Hix Ha 10 % nopiBHsSHO
3 rpynamm 1 T1a 3. Lle MOxXe CBigunTV Npo TSHXKYi NPOsIBY
STEMI i 6inbLu HeraTMBHWIA BNIIMB 3aXBOPOBAHHS Ha nep-
ysito ronosHoro moaky. Lli faHi 36iratotbes 3 pesynsratamu
ZocnimkeHHs, sike 3gincHnnu B. M. Popkin et al.: nigsuie-
Hui IMT acouinoBaHWi i3 BiNbLLOK0 THKKICTIO iLLIEMIYHMX
noAin i riplumm nporHo3om y nauienTis i3 M'KC [14]. 3rigHo 3
ZaHumu, wo otpumani M. Konwerski et al., OXUpIHHSA TakoxK
€ HE3aneXH1M (hakTopOM pU3UKy HECTIPUATIIBOTO Nepebiry
STEMI, Bkntovatoum yacTiwy notpedy B iHTEPBEHLiNHNX
BTPYYaHHSX BHACMIZOK BMAUBY enikapaianbHOi XupoBoi
TKaHWHW Ha 4acToTy BUHUKHEHHS dibpunauii nepeacepab
i cepueBoi HefocTaTHOCTI [15].

lMoka3HWKM YacToTK AuxarnbHUX pyxiB y cepenHboMy
BKa3yH0Tb Ha BUPXXEHICTb CUMMTOMIB 3aMLLIKM Y NALIEHTIB
3 OKMPIHHAM. BCTaHOBNEHO, LU0 cepepHin nokasHuk YAPy
rpyni NaLieHTiB 3 OXXMpiHHAM OyB BULLIM 3a HopMy (>20/XB),
a OTKe Malbke BCi MauieHTW 3 rpynmy Manw rineprnHoe nig,
yac rocnitanisadlii.

3adpikcosaHo BuLy YCC i BinbLuy KinbKicTb BUNALKIB
Taxikapgii B naLieHTiB 3 oxmpiHHaM (Ha 12,31 ya./xB GinbLue,
HiX Y rpyni KoHTponto, p < 0,05); cepepHii pieHb YCC nnwwe
y Uin rpyni nauieHTis nepesuiiysas Hopmy (>90 ya./xB).
YacTka nauieHTiB i3 HECUHYCOBUM PUTMOM Mif Yac roc-
nitaniavii Takox Haibinbla y apyri rpyni (Ha 12,17 %
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6inbLue 3a rpyny koHTporio, p < 0,05). Bunagku aputmii,
O 3arpoXyBana XuTTH, TOBTO LUNYHOYKOBOI Taxikapaii,
3achikCoBaHO Y naLjieHTa 3 OXuUpiHHAM. YCi Ui dakTopu
cBigYaTh Npo BinbLuy CXUMbHICTb NALIEHTIB 3 OXUPIHHAM
[0 Taxikapaii, NoripLweHHs XPOHOTPOMHOI Ta iHOTPOMHOT
yHKUii cepua BHaCNifok GinbLUIOTO NepeaHaBaHTaXEHHS
Ha Miokapg, a Takox GinbLL BUpaXeHOI rinonepdyaii Mio-
Kapaa Yepe3 CTEHO3 KOPOHAPHUX apTepii, i BUHUKHEHHS!
apuTmii icToTHO ycknagHtoe nepebir STEMI. Lii aaHi nig-
TBEPKEHO pe3ynbTatamu JOCHIZKEHHS, WO 3AINCHANN
Y. Yao et al., 3okpema L10A0 GinbLIoro pusnky dartanbHux
APUTMIVi NP OXMPIHHI, a TakoX GinbLUy YacToTy BasanbHoro
puTMy Ha piBHi 92,43/xB. AsTopu BCTaHoBUNM OR = 1,38
(95 % CI 1,12-1,70) gnsa ¢ibpunauii nepeacepap npu
IMT >30 kr/m?[16], Wwo BignoBigae AianasoHy AaHuX, Lo
3achikcoBaHo B HaLloMy AocrimkeHHi (12 % npotn 7-11 %).

PiBHi TponoHiHy | — Giomapkepa Hekpo3y Miokapaa
— 3HAYHO BMLLi B MaUjEHTIB i3 HAASMLLKOBOK Macoto Tina
1 oxmpiHHaM (4,09 £ 4,33 Hr/mMn y rpyni 2), ue maiixe
B 1,6 pasa nepeBuLLy€E NMOKa3HUK KOHTPOMbHOI rpynu
(2,54 £ 2,19 wr/mn). Li pani 3biratotbes 3 pesynsraramu
pocnipkeHHs G. Koureti et al., ski BusiBunm noauntusHy
kopensyito mMix IMT i BennumHoto TponoHiHoBoro nika [17].
CepepHiit nik hs-cTnl y nauiexTie 3 IMT >30 kr/m? cTaHOBKB
0,56 + 0,14 Hr/mn nopisHsiHO 3 0,42 + 0,11 HI/Mn y navieHTiB
i3 HopmansHum IMT (p = 0,03), pisHnus ctaHosuna ~33 %.
3rigHo 3 paHnmu J. Huang et al., cTyniHb TponoHiHeMii ko-
Pentoe 3 LUMPWHOIO iLLIEMIYHOTO YPaxXeHHs Y NaLlieHTiB i3 Bu-
cokum IMT. ABTOpM BUASIBUIN 3HAYYLLIIA MPSIMUIA 3B'SA30K MidK
IMT i ponoHxiHoBuM nityem (r = 0,48, p <0,01) [18]. 3icTaBHi
AaHi 3adhikcoBaHO y Halomy ocnimkeHHi (r2 = 0,632).

BcraHoBneHo 3HauHe 3binbLueHHs pisHs LUOE y rpyni 3
OXWPIHHAM i focToBipHe niaeuLLeHHs LUOE y rpyni nauiex-
TiB i3 HAANWLLIKOBOKO MaCoI0 Tina NOPIBHSHO 3 KOHTPOMBLHOK
rpynoto. Sk HecneumdivHM nokasHuK 3ananeHHs, LOE
BKa3ye Ha BMPaXeEHILLy PeaKTVBHICTb i PO3BUTOK XPOHIy-
HOrO 3anarneHHs y NauieHTiB 3 OKUPIHHAM | HAAMMULLIKOBOO
macoto Tina. lNogibHi BUCHOBKK 3pobneHo 3a gaHuMK i
iHWWX gocnimkeHb. Tak, |. O. AcTpeMcbka BCTaHOBWNA, LLO
nauieHtn 3 IMT noHag 30 kr/m? manu BULL piBHI MapkepiB
3ananeHHs (LLIOE, C-peaktvBHuiA GiNoK) Ta ripLui KniHivHi
JaHi nig yac rocnitanisaii yepes I'KC [19]. Tak camo y
npaui A. b. Macnii nokasaHo, L0 0XMPiHHS acoLitoeTbCA
3 BULLMMM PU3MKaMU PEOKITHO3IT NiCIs YepesLUKIPHOTo BTPY-
YaHHs y nauienTis 3i STEMI [20].

Knto4oBrM NaToqisionoriyHNM eNemMeHTOM € XPOHiYHe
3ananeHHs Npu HaaMLLKOBIN Maci Tina, Lo onocepeaKoBye
nepebir MKC. 3okpema, nigeuLeHHs pisHie LLIOE kopenioe
3 pesynbratamu gocnigxeHHs G. Battineni et al., siki Bu3Ha-
YWNW NigBMLLIEHY EKCTPECito Npo3anarbHuX LuTokiHiB (11-6,
TNF-0) y naujieHTiB 3 oxupiHHam [21]. 3icTaeHi faHi ogepxa-
v H. B. Hnwyk-OninHuk [22], 1. FO. Ky3bmina i cniasr. [23],
SKi BU3HaAYMIV CUCTEMHE NATEHTHE 3anarneHHs npu metabo-
NiYHOMY CUHOPOMI Y NaLiEHTIB 3 CepLEBO-CYANHHUMM MOAist-
M. Y LLYPIB 3 OKMPIHHSAM EKCIEPUMEHTaNbHO BCTAHOBMEHO
MiABULLEHHS PIBHIB iHTEPReWKiHIB i uuTokiHiB CD4+, CD8+
CD36+ IL-1B, IL-4, IL-6, IL-8, IL-10, TNF-0, a npu meTa-
60niYHOMY CMHAPOMI JOCTOBIPHO AOBEAEHO 3POCTaHHS
PiBHIB KOHLEHTpaLlii rMioKo3u, 3aranbHOro XonecTepuHy,
Tpurniuepugis, NMMHLL 6inblw HiX yaivi BXe 3a nepLunii
TWKOEHb PO3BUTKY OXUPIHHA [23]. Li gaHi nigTBepmKeHi
pesynbTaTaMmi HaLOro JOCMIMKEHHS LOAO NOKA3HMKIB
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LLIOE. 3a gaHumu H. B. Huwyk-OniliHuk, cepenHiii nokasHmk
LLIOE craHoBwB 19,6 + 9,8 MM/rof y NaLlieHTiB 3 OXVPIHHAM
i LlykpoBWM pjiabeToM 2 Tuny, a y NauieHTiB i3 HopMarbHOK
macoto Tina— 12,0 + 7,6 mm/rog (p < 0,01). MokasHuk LLUOE
y naujenTis 3 IXC i uykposum giabetom 2 Tuny Ha 40,58 %
BULLMIA NOPIBHSHO 3 KOHTPOMBHOIO IPYMnok), Y MaLlieHTiB 3
IXC - Ha 30,69 % [22].

PiseHb TpomboumTiB, 3adhikcoBaHWiA Y HaLLOMY AOCHi-
[PKEHHI, fiaB MiacTaBm 3pobyT BYCHOBOK NPO rinepkoaryns-
LiiH1i cTaH. Lle nigTBepmkeHo pesynsrataMu JOCTimKeHHS
H. B. Hywwyk-OniiiHuk. ABTOpKa BCTaHOBMNA, LLO B NALLEHTIB 3
IMT >30 kr/m? rinepTpomBoLmTEMist POPMYETHCA SIK HACTTIAOK
XPOHIYHOTO 3ananeHHs, rineprpomboumtos (>400 r/n) 3adpik-
coBaHoy 17,6 % navjenTia 3 IMT >30 kr/m?[22]. Ll pesynraTy
3biratoTbCs 3 JaHMMuK HaLioro crioctepexerHst (17,65 %). Mig
Yac aHanisy arperavinHoi 30aTHOCTi TPOMOOLTIB Y XBOPYX Ha
IXC BCTaHOBMEHO, LU0 iHAEKC arperaLii TpoMBoLmTiB 3Ha4HO
BMLLMIA, HiX Y 300poBUX 0Ci6, cTaHoBMB 56,25 + 1,55 % npotu
30,54 + 1,49 % BignosigHo (p < 0,001) [22].

3ayBaXvMOo, LLIO NOKA3HMKK MiXXHapOAHOTO HopMarni3o-
BaHOTO BifAHOLLUEHHS Ta NPOTPOMBIHOBOTO iHAEKCY ICTOTHO
He 3MiHIoBanucs, i ToMy 3pobunu BUCHOBOK NPO (hyHKL-
OHarbHy, a He KoarynauiiHy npupogy TpoMmboreHesy npu
oXupiHHi. Lli naHi 36iratoTbest 3 pesyrnstatamu 4OCIMKEHHST
0. €. NNabiHcbkoi, sika He BUsIBUMNA 3HAYYLLMX 3MiH MPOTPOM-
6iHOBOIO iHAEKCY B NALiEHTIB 3 OXUPIHHAM [24].

Kpim Toro, y gocnimpkenHi B. K. Tawyka ta P. A. botu
BCTAHOBMEHO 3Hauylle MiABULLEHHSI BUCOKOYYTMUBOIO
C-peaktueHoro binka (hs-CRP) Ta thibpuHoreHy B naLieHTiB
i3 HagnmwkoBot Macoto Tina (IMT 25,0-29,9 kr/m?) [25].
Lli pesynsTatv nigTBEPAXKYIOTL aKTVBALLIH0 CUCTEMHOTO 3a-
nanbHOro Ta NpoKoarynsLHOM CTaHy HaBiTb Y NALIEHTIB i3
CepLeBO-CyAVHHUMY 3aXBOPIOBAHHSAMMU, LLIO NiATBEPIKEHO
BUSIBNIEHVIMY Y HALLIOMY JOCHiMKEHHI Kopensauiamm Mk IMT,
LLOE Ta TpombouuTamu.

Omxe, pesynsraty, ski M1 3adikcyBanm, NigTBepMKEHO
BigomocTaMM thaxoBoi nitepatypu. [JoLinbHO BpaxoByBaTy
MOKa3HWKM 3ananexHs nig yac ouiHoBaHHs nepebiry STEMI
Yy NaLieHTIB i3 HAANWLLKOBOK Macoto Tina.

AHania ninigHoro Npodinto as 3Mory BCTAHOBUTH, LLIO
nvwe piBeHb TpUrMiLepuAaiB 4OCTOBIPHO 3pOCTaB i3 nigsu-
weHHsamM IMT, a pisHi 3araneHoro xonectepuHy Ta JIMHLL
3anvLwanicb y Mexax MoMipHUX 3MiH. Taki Cami BUCHOBKM
onepxanu 0. M. CtenaHoB i cniBagr., KOTpi Nokasanu, Lo
piBeHb TPUIMILEPUAIB HANYYTIUBILLMIA JO 3MIH MacK Tina
3-MOMIX YCiX NiniaHUX napameTpis [26]. Y navjexTis, ski manu
BicLieparibHe OXMPIHHSI, BCTAHOBMEHO GirbLL BUPaXeHi 3MiHN
ninigHOTO 1 BYrneBOAHOr 0BMIHIB, 30KPEMA 3HVKEHHS BMIC-
Ty xonectepuHy JMNBLL (Ha 16,3 %, p < 0,05), nigBHLLEHHS
piBHs Tpurnivepugis (Ha 41,9 %, p < 0,001) [26]. Lii paHi 36i-
ralTbCs 3 PisHULEHO PiBHS TpUMiLepuaiB, LLO 3adikcoBaHa
nig Yac Haworo gocnigdxeHHs (0,69 mmonb/n, 49,85 %), a
TaKOX BKa3ye Ha NepeBakHO aniMeHTapHNA reHe3 OKVPIHHS
Ta PO3BUTOK METAOONIYHVX NOPYLLEHD.

3rigHO 3 pesynbratamu 34IMCHEHOr0 AOCHIMKEHHS,
MiATBEPIKEHO CKNaAHY B3aEMOLi0 Mix MeTabonivyHuMu,
3anasnbHUMK Ta TPOMBOTUYHUMM (haKTOpaMU Y MALEHTIB 3i
STEMI Ha choHi HapgnMLKoBOI MacK Tina. Ha Hally aymky,
IMT € ofHMM i3 NpenuKTOpIB HECTIPUATAMBOTO Nepebiry,
Lo noTpebye NPOAOBKEHHS AOCTIMKEHD Ta 3aCTOCYBaAHHS
MiKAMCLUMNMIHAPHUX NIAXOAIB A0 AiarHOCTWKM Ta NiKyBaHHS
TaKuX NaLieHTIB.

BucHoBKU

1. IMT — BaxnvBuiA hakTop, LLO BNAMBAE Ha KIiHi-
k0-nabopaTopHi nokasHuky nepebiry rocTporo KOPOHapHOTo
cuHapomy 3 eneBallieto cermenTa ST (STEMI) Ta noripLuye
nepebir 3axBOpIOBaHHS BHACMILOK PO3BUTKY XPOHIYHOTO
3anarbHoro nNpoLecy.

2. BraHa4eHo 3aKOHOMIPHICTb LLOAO TSXYOro Ta KniHiy-
HO BUpaxeHiLworo nepebiry STEMI Ha etani maHicecTauii
JiarHody Ta rocnitanisaii B nawieHTiB 3 OXMPIHHAM, LLO
XapaKTepu3yeTbCa YacTiluMMM BUNaZKaMu NOPYLUEHHS
CBiAOMOCTI, BiNbLLOI KiNbKICTIO NaLieHTiB 3 3aAMLLKOI,
rinepToHieto, Taxikapaieto. BuaHayeHo npeBanioBaHHA
KiNbKOCTI apuTMIN, LLO 3arpoXytoTb KUTTHO, Ta BUNaAKiB
HecTabinbHOT remoayHaMIK/ y MaLieHTIB 3 OXMPIHHAM nig
yac rocnitanisadlii.

3. 'Y pesynbrati CTaTUCTUYHOTO aHanisy BCTAHOBIIEHO,
Lo 6GinbLua Maca Tina 3HadyLLo NoB’'si3aHa 3 NoripLUEHHSIM
nepebiry STEMI. Lie nigTBepm«eHo LOCTOBIpHUM 3poC-
TaHHaM piBHA TponoHiHy |, LUOE, YAP i YCC y nauijeHTiB 3
OXVpiHHAM. Busienera npsama kopensuis Mix IMT i piBHsMu
TpomBouuTiB, TpUrNiLepuaiB CBIAYUTL NPO MOCUNEHHS
TPOMBOTUYHOTO NOTEHLiany Ta MeTaborniuHoro ancbanaHcy y
X XBOPUX. CUMbHILLMIA NO3NTVBHIA 3B’A30K YCiX HA3BaHWX
nokasHukis Ta IMT 3adhikcoBaHO y NaLieHTIB 3 OXMPIHHAM.

4. MauieHTn 3 OXMPIHHAM Ta HaAMIPHOK Macoto Tina
Marn JOCTOBIPHO BULLi PiBHi TPOMOHIHY |, LLO CBiAYMTL Npo
6inbluy noLly ypaxeHHs Miokapga Ta ripLuuii NporHos,
0co06r1BO Y YOmMoBikiB. BCTAHOBMNEHO CTAaTUCTUYHO 3HaYY-
LLmM 38'30K Mk IMT i piBHEM TponoHiHy. BusiBneHo cunbHy
no3uTuBHy kopensuito Mix IMT Ta nokasHukom LLOE y
rpyni OXMPIHHA, L0 CBIAYUTL NPO BUPEXKEHICTb XPOHIYHOTO
3ananbHoro NpoLecy Npu HaaMIpHin Maci Tina.

5. BctaHoBMneHo crnabkui, ane CTaTMCTUYHO 3HaYYLLWIA
3B'30K MK IMT i piBHEM TPUMMILEPUAIB, LLIO MOXE CBIOUNTH
Mpo aniMeHTapHUi XxapakTep OXUPIHHSA Ta HAsBHICTb Me-
Taboni4HMX NopyLUEHb.

6. BuaHayeHo [OCTOBIPHY NO3UTUBHY KOPENSLi0 MiX
IMT i KinbkicTto TPOMOOLWTIB, LU0 BKa3ye Ha BinbLuy cXumb-
HIiCTb O TPOMOOYTBOPEHHS! Y NALLIEHTIB i3 HAAMMLLKOBOK
Macoto Tina.

MepcneKTMBY NOAAABLUMX AOCAIAXEHb. [OTeHLiNHO
pesynbTaTi aHanidy KniHiko-nabopaTopHUX NOKa3sHMKIB
y naujenTis 3i STEMI MoxHa nopiBHATK 3 pe3ynsTatamu
iHCTPyMeHTanbHNX AOCHiMXeHb: KopoHapoarHiorpadii,
enekTpokapaiorpadii Ta EXO-kapgiockoniyHoro obcre-
XeHHs. Lie gonomoxe BU3HAUNTU BUPAXKEHICTb CTEHO3Y
KOPOHapHWX apTepint i NpoaHanisyBaTi 3aneXHICTb NPOrHoc-
TUYHO HecnpuaTIMBKX NokasHukiB Big IMT. BpaxoBytoum
[0Ka30BICTb BNMMBY OXMPIHHA Ha 36iNbLUEHHS MapKepiB
XPOHi4HOro 3ananeHHs npu STEMI, y nepcnekTusi MoxHa
[OCMIANTI 3ananbHi cneuudivHi Mapkepu, ski MOXYTb
MigBMLLYBATUCS Y NaLIEHTIB 3 OXMPiIHHAM (kacnasa-9,
NenTWH), Ta BUBYUTU 3aNEXHICTb LMX MOKA3HWKIB Bid 3MiH
KniHiko-nabopaTopHWX Ta IHCTPYMEHTaNbHUX AaHUX Y
nauieHTiB 3i STEMI 4nsa BUBYEHHS AiarHOCTUYHOI LIHHOCTI,
po3pobreHHs MeToaiB 10AaTKOBOr0 MEANKaMEHTO3HOrO
nikyBaHHst STEMI y XBOpUX Ha OXVPIHHS.

®iHaHCcyBaHHA
DOCNAKEHHS 3AICHEHO 6e3 GiHAHCOBOI NIATPUMKM.
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|Hcy1\iH0pe3MCTeHTHiCTb AK CUICTEMHE YCKAAAHEHHA XpOHquOFO
OGCTp)’KTMBHOI'O 3aXBOpPOBaHHA A€reéHb

H. A. CaHiHa

AHINPOBCLKMIA AePXaBHUI MEAUYHWI YHIBEPCHTET, YKpaiHa

KatouoBi cnoBa:
XPOHiYHE
006CTPYKTUBHE
3aXBOPIOBAHHS
NEreHb, iHCYAIHO-
PE3UCTEHTHICT,
TAFOKOKOPTUKO-
CTEepOoiAK,

iHaekc HOMA.

3anopisbkui
MeAWUYHUI XXypHaA.

2026. T. 28, Ne 1(154).

C.20-24

Merta po6ot1 - SOCRiAUTY NPUYMHK POPMYBAHHS IHCYNIHOPE3NCTEHTHOCTI SIK CUCTEMHOTO YCKIAAHEHHS Y NALEHTIB i3 XPOHIYHUM
06CTPYKTUBHUM 3axBOpLOBaHHAM nereHb (XO3J1), ouiHMTM YacToTy ii pO3BUTKY 3amneHO Bif CTYNEHs TSHKKOCTI 3aXBOPIOBAHHS,
KNIHIYHNX XapaKTepUCTUK | CTaHAAPTHOI Tepanii, 30Kpema 3acTOCyBaHHS! iHransLiiHmX rirokokopTukoctepoigis (IMKC).

Marepianu i metopn. ObctexxeHo 151 nauienTa 3 giarHo3om XO3J1 (cepepin Bik — 55,2 + 8,8 poky; 85,4 % yonosikis) Ta 40 ocib
KOHTpONbHOI rpynn 6e3 pecnipaTtopHoi natonorii. BuaHayeHo piBeHb IMHKO3M HaTLLUE, iHCYTiHY, rikoBaHOro reMornobiHy, iHaeke
HOMA-IR. Ycim nauieHTam BUKOHan CnipoMeTpito, BU3HAYMIM CTax KypiHHS, iHaeke Macy Tina (IMT), TpuBanicTb 3axBOptoBaHHS
Ta 3actocyBaHHst ITKC. Ctatuctuunnin aHania nepegbayas BUKOPUCTAHHS KOPENSALIAHWX i NOPIBHSANBHUX METOLIB.

PesyabtaTi. 3a pesynsratamu Haworo gocnigxeHHs, y nauientis i3 XO3J1 BUSBNEHO AOCTOBIPHO BULLi MOKA3HWKM iHCYNiHY
(9,4 £ 1,8 mOg/n npotn 8,3 + 0,3 MmOg/n, p < 0,05), rnikoBaHoro remornobiny (6,1 + 0,3 % npotn 5,0 £ 0,4 %, p < 0,05)
Ta ingekcy HOMA-IR (2,2 + 1,1 npotn 1,4 £ 0,1, p < 0,05) NOPIBHAHO 3 KOHTPOMbHOIK rPyNok. IHCYNIHOPE3UCTEHTHICTb
(HOMA-IR 22,5) BusineHo y 31,8 % xsopux. Ingaekc HOMA-IR ctatuctiyHo foctoipHo kopentosas 3 IMT (R = 0,4, p <0,05)
Ta cnabko, ane focTtoBipHo kopentoBas i3 TpusanicTio XO3J1 (R = 0,1, p < 0,01) Ta ctaxem kypinHs (R = 0,3, p < 0,05). Nia-
BrweHnit HOMA-IR acouiioBaHmit 3i 3Ha4HUM 3pOCTaHHsM piBHiB C-peakTusHoro 6inka (18,4 + 3,9 mr/n npotn 7,6 £ 0,1 mr/n,
p <0,01). Lle nigTBepaxye pornb CUCTEMHOrO 3ananeHHs y popMyBaHHi MeTaboniyHmx nopyLueHs. Kpim Toro, BCTaHOBNEHO
CUMNbHUI [0303anexHWi kopenauiniui 38'a3ok Mixk HOMA-IR i TpuBanicTio, gosoto Tepanii ITKC (R = 0,7, p < 0,05). Tomy
3p0oBKM BUCHOBOK NPO MOXIMBY POIb TPMBANOro Ta/abo BUCOKOA030BOr0 3aCTOCYBaHHS ITHOKOKOPTUKOCTEPOILIB Y PO3BUTKY
MeTaboniyHMX NopyLUEHb.

BucHoBku. Y xBopux Ha XO3[1, HaiTb 6€3 CynyTHLOrO LIyKPOBOTO AiabeTy, BUSIBNEHO O3HaKW AUCTIIIKEMIT Ta iHCYNIHOPE3UCTEHTHOCTI.
HaliBaXxnmBilLMMI1 YMHHUKaMK PUBKKY € OXVPIHHSA, THOTIOHOKYPIHHS, TPUBAriCTb 3aXBOpOBaHHS Ta nikyBaHHs ITKC. PerynsipHuii
MOHITOpYHT nokasHukiB HOMA-IR Ta rmikoBaHoro remorno6iHy AOUINbHWA A1 paHHBOTO BUSIBNIEHHS PU3KKy METabOMIYHMX nopy-
LLEHb | CBOEYACHOI KOpeKLii Tepanii.

Keywords:

chronic obstructive
pulmonary disease,
insulin resistance,
glucocorticosteroids,
HOMA index.

Zaporozhye
Medical Journal.
2026;28(1):20-24

20  ISSN 2306-4145  https://zmj.zsmu.edu.ua

Insulin resistance as a systemic complication
of chronic obstructive pulmonary disease

N. A. Sanina

The aim of this study is to examine the mechanisms of insulin resistance (IR) as a systemic complication in patients with chronic
obstructive pulmonary disease (COPD) and to evaluate its prevalence in relation to disease severity, clinical characteristics, and
standard therapy, specifically the use of inhaled corticosteroids (ICS).

Materials and methods. \We examined 151 patients with COPD (mean age 55.2 + 8.8 years; 85.4 % men) and 40 control subjects
without respiratory pathology. Fasting glucose, insulin, and glycated hemoglobin (HbA1c) levels were determined, and the HOMA-IR
was calculated. All patients underwent spirometry; clinical data including smoking history, body mass index (BMI), disease duration,
and ICS use were documented. Statistical analysis was performed using correlation and comparative methods.

Results. Patients with COPD demonstrated significantly higher levels of insulin (9.4 £ 1.8 mU/L vs. 8.3 £ 0.3 mU/L, p <0.05), HbA1c
(6.1£0.3%vs.5.0%0.4 %, p<0.05), and HOMA-IR (2.2 + 1.1 vs. 1.4 £ 0.1, p < 0.05) compared to the control group. IR (defined
as HOMA-IR 2 2.5) was identified in 31.8 % of patients. HOMA-IR statistically significantly correlated with BMI (R = 0.4, p < 0.05)
and showed a significant, albeit weak, association with COPD duration (R = 0.1, p < 0.01) and smoking history (R = 0.3, p < 0.05).
Elevated HOMA-IR was accompanied by a significant increase in C-reactive protein levels (18.4 + 3.9 mg/L vs. 7.6 + 0.1 mg/L,
p <0.01), indicating the role of systemic inflammation in metabolic disturbances. Furthermore, a strong dose-dependent correlation
was found between HOMA-IR and both the duration and dosage of ICS therapy (R = 0.7, p < 0.05), suggesting that long-term or
high-dose ICS use may contribute to metabolic dysfunction.

Conclusions. Patients with COPD, even in the absence of concomitant diabetes mellitus, exhibit signs of dysglycemia and
insulin resistance. Key risk factors include obesity, smoking, disease duration, and treatment with inhaled corticosteroids.
Regular monitoring of HOMA-IR and HbA1c is recommended for the early detection of metabolic risks and timely adjustment
of therapy.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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OpwuriHaAbHI AOCAIAXKEHHS

XpoHiuHe 0BCTpYKTUBHE 3axBOproBaHHs nereHb (XO3/T)
4acTo MOEOHYETHCS 3 MOPYLUEHHAMMW BYTI€BOAHOTO
06MiHy, AK-0T i3 UykpoBuM Ziabetom 2 Tuny (LA 2)
MOPYLLEHHAM TONEPaHTHOCTI A0 FTK0KO3M Ta iHCyniHope-
3UCTEHTHICTIO [1], Lo 0B6TsKYI0Th Nepebir 3aXxBOPHOBaHHS
nereHb. Baaemopis Mix MeTaboniyHMMK Ta 3ananbHAMK
LunsIxamu Bigirpae knto4oBy pornb y nporpecysanHi XO3/T,
i iHCyniH € OAHMM i3 TONOBHKX MeTaboNIYHMX PErynATopiB
Lboro npouecy [2].

Okpim natogisionoriYHMx MexaHiamis, LLIO NOTEHLiO0Tb
OfVH 0fHOrO, Ha MeTaboniam rntokoau npu XO3J1 MoxyTb
BNMMBaTW NEBHI NikapCbki 3acobu, L0 3aCTOCOBYHOTH Nif
yac TpMBAnoro NnikyBaHHs 3axXBOPIOBaHHS. Tak, oAepXaHo
HEOAHO3HAYHi AaHi LLOAO BNIMBY iHransuinHUX KOPTUKOCTE-
poigis (IF'KC) Ha meTtaboniam rmtokoau npu XO3J1. 3rigHo
3 pesynbTatamu HA3KW JOCTIMKEHD, NIKyBaHHS TOMIYHAMU
CTepoifamu Moxe 3yMOBITIOBATW CUCTEMHI MOBIYHi edhekTn,
BKITHO4a04M PO3BUTOK MOPYLUEHb TONIEPAHTHOCTI 10 FTIHOKO3M
i HaBiTb LykpoBoro fiabeTy [2,3,4,5,6].

OpnHWM i3 HAMOOCTYNHILLMX Y PYTUHHIA KIiHIYHIA npak-
TULi MapKepiB OLHIOBAHHS! IHCYNIHOPE3WUCTEHTHOCTI i PU3NKY
possuTky LI 2 € pospaxyHkoBuii iHgekc HOMA (HOMA-
IR), SIKMI 3aCTOCOBYIOTb Y KMiHIYHUX Ta EMigeMionoriyHnx
pocrnimkeHHsx. OnTumanbHi Noporosi 3HadeHHs (cut-off)
iHoekcy HOMA BapitotoTb y nonynsuisx: Hanpuknag, HOMA
22,5 — BepxHsl Mexa HopMU y 3arasbHin nonynswii, a iHaek-
CY, CKOpPUroBaHi Ha BioXiMiYHi MOKa3HWKW, AA0Tb 3HAYEHHS
Big 1,9 80 2,3 y pisHnx kpaiHax [7,8]. MigBuLeHnin iHaekc
HOMA acouitoeTbest 3 BinbLumm prankom po3sutky LU 2 i
110ro NiaTMNIB, @ TAKOX i3 FipLUMM FMIKEMIYHUM KOHTPOMEM;
MOKa3HWK 3pYYHWIA ANS CKPUHIHTY / cTpaTudikauii pusuky y
npakTuLi, nonpu BapiabenbHi noporu [7,9].

HesBaxatoun Ha neBHy KinbKiCTb HaykoBux my6nika-
Ui, npucBsiyeHnx MetaboniyHum ycknagHeHHsam XO3JT,
[0LiNbHO NPOAOBXKYBATY AOCHMKEHHS BNIIMBY OCHOBHOTO
3axXBOPOBaHHS Ha Ae6I0T NOpYLLEHb BYrNEBOAHOTO 0OMiHY
Ta npobnemu aucrnikeMiyHoro edpekTy Tepanii, Ky oTpu-
MYIOTb XBOPI.

Merta poboTu

[JocnignTv nprynHm PopmyBaHHS iHCYNIHOPE3UCTEHTHOCTI
K CUCTEMHOTO YCKNaaHeHHs! y nauieHTis i3 XO3J1, ouiHnTy
4acToTy il pO3BUTKY 3aneXHO Bif CTYNeHs TSHKKOCTI 3aXBO-
PoBaHHS, KNiHIYHWX XapaKTepUCTUK i CTaHAAPTHOI Tepanii,
30KpeMma 3actocyBaHHs IMKC.

Marepianu i MeToAH AOCAIAKEHHA

Ha kniHiyHin 6asi kacenpu BHYTPILWHBOI MeanuuuHu 1
(AY «YkpaiHcbKuii fepaBHNIN HayKOBO-AOCTIHWNA IHCTUTYT
Meanko-coLlianbHux npobnem ieanigHocti MO Ykpaitiny)
3aiNcHUIK KniHivHe obcTtexeHHst 151 xBoporo Ha XO3J1.
Cepen obcTexeHnx — 129 (85,4 %) vonosikis i 22 (14,6 %)
XiHKu Bikom Big 33 4o 79 pokis (y cepeaHbomy — 55,2 + 8,8
POKy) 3 TPMBANICTHO 3aXBOPIOBaHHS Big 6 MicauiB 4o 30 pokiB
(y cepenHbomy — 11,3 £ 6,9 poky).

Mopin nauieHTiB 3a ctagismu XO3J1 BignosigHo Ao
knacudikauii GOLD: ctagis | — 15 (9,9 %) oci6, Il — 84
(55,6 %), Il — 44 (29,2 %), IV — 8 (5,3 %) obCTexeHux.
Cepep, obcTexeHnx 63 ocobu npogoBxyBanm Kyputy; 64
nauieHTW Kypunu paHitue, iXHii iHAeKe Nayko-pokiB CTaHo-

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 1(154), ciueHb - aoTuii 2026 p.

BuB GinbLue Hix 10; Hikonn He kypunn 24 obcTexeHux. Ctax
KyPiHHS y CepeaHboMy CTaHoBWMB 29,6 + 2,5 poky.

[MaujeHTiB noginunu Ha Nigrpynu 3anexHo Bif iHAeKCy
HOMA: 3 nigeuwernm (22,5) — 48 ocib, i3 HopmansHUM
(<2,5)- 103 ocobwm, a Takox 3anexHo Big ctagii GOLD -1V
ANS OLiHIOBAHHS BNAMBY TSHXKKOCTI 3aXBOPIOBAHHS.

KpuTepii 3anyyYeHHs fo OOCRIMKEHHS — HasBHICTb
cumnTomiB Ta o3Hak XO3J1, Bik noHag 18 pokie. [iarHo3
XO3/1 BcTaHOBNEHO BignoBigHO Ao kpuTtepiis GOLD 2025,
30KpeMa 3BaXaruu Ha HasiBHICTb 3HUKEHOrO MOCTOPOH-
xofunarauinHoro cniesigHowerHa OOB /OXEN <0,7
Ta KniHiyHoi cumnTomatuky [1]. Kputepii BUKMtoYeHHs 3
JocnimKeHHs — fiarHocToBaHi GpoHxianbHa acTma, NHeB-
MOHii, FOCTpi pecnipaTopHi iHeKLii B nepion 06CTeXeHHS,
LykpoBuii fiabet 1 Ta/abo 2 Tuny, Bik noHag 80 pokis,
BiACYTHICTb iH(DOPMOBAHOI 3roau nadieHTa.

Ycix naujeHTiB NPOKOHCYNLTYBaB Mikap-nynbMOHOMOT.
O6CTexeHHs 3aiNCHUNK, 3aCTOCYBAaBLUM 3aranbHOKMIHIYHI
METOAM ANS BUKIKOYEHHS KoMOpGiaHOT natonorii (BUKOHanm
3aranbHWii aHani3 KpoBi, 3ararnbHuWiA aHani3 cedi, GioximiuHe
JOCRIIKEHHS KPOBi, 30KPEMa BU3HAYMUIIN PIBHI TTHOKO3M,
KpeaTuHiHy, rnikoBaHoro remornobiHy (HbA1c), kinbkicHoro
C-peakTnBHOro MpoTeiHy, acnapTataMmiHoTpaHcdepasy,
anaHiHamiHoTpaHcdepaaw). Kpim Toro, BukoHanm cnipome-
Tpu4He JocnimkeHHs 3 npoboto 3 400 Mkr canbbyTamonny.
CnipoMeTpuyHe OOCTIMKEHHS 3MINCHUMK 32 AOMOMOrO
cnipomeTtpa Spirobank Il new 3a ctaHZapTHOK METOAVKOLO,
oTpuMaHi AaHi Bignosiganu ctaHaaptam ATS/ERS.

[1ns BU3HaYeHHS PiBHS iHCYMIHOPE3WUCTEHTHOCTI 3acTo-
coBaHo iHgekc HOMA, o obpaxoByeani 3a hopMyrok:
(rmroko3a HaTLLe (Mmonb/n) X iHeyniH HaTwe (MkOL/n))/ 22,5.
PecbepeHTHe 3HaveHHs inaekcy HOMA ctaHoBuno <2,5.

JlabopaTopHi JoCnifdXeHHs BUKOHANW B MEAUYHIN
na6oparopii «[INIA»; C-peakTuBHMI MPOTETH (KiNbKICHWIA)
BW3HAYEHO Yy CMPOBATLi BEHO3HOI KpOBi iMyHOTYpGigume-
TPUYHUM MeTodoM (pedpepeHTHi 3HayeHHs — <10 mr/n);
HbA1c — MeTogOM BUCOKONPOAYKTUBHOI PiAUHHOT XpoMa-
Torpadii (pedepeHTHi 3HaueHHs — 4,5-5,6 %).

[o KoHTponbHOI rpynu 3anyuunu 40 300poBux ocib.
3a BikoM Ta CTaTTIO LS rpyna He BigpisHanacs Big rpynu
JOCHIMKEHHS.

CTatMcTUYHO pe3ynbTaTi AOCTigKEHHs onpaLoBanu
3 BUKOPUCTaHHAM MeTogiB 6i0CTaTUCTUKN, peanisoBaHnx y
nporpami Microsoft Excel® anst Microsoft 365 MSO, Bepcis
2505 36ipka 16.0.18827.20102, 64-po3psioHa Bepcist. AKLIO
pO3NoAiNn AaHMX BignoBifaB HOPMarnbHOMY 3aKOHY, KinbKICHi
[aHi HaBoQUNM Sk cepefHe apuMETUYHE 3HAYEHHS Ta
CTaHaapTHY noxubky cepegHboro (M £ m), Ans NOPiBHAHHS
[BOX BUBIpOK BUKOpUCTaHO kpuTepit CTblogeHTa. 3acTo-
CyBanu Takox MeTop KopensuiHoro aHaniay. Kputuanmi
piBeHb 3HaYyLLOCTi (p) B3Ha4eHO sik <0,05, Npo TeHAeHLU;o
roopunu, korm p < 0,10. [ai, Wwo signosiganv Hopmans-
HOMy po3noginy, nepesipsnu 3a kputepiem LLianipo-Binka.
FAKWO po3nodin AaHuX BiApi3HABCS Bif HOPMAabHOTO,
BWKOPWCTaHO HenapameTpuyHi METOAW, 30Kpema KpuTepin
MaHHa-BiTHi. [Ina KinbKiCHUX 3MiHHWUX 3acTOCyBanu Koe-
diuieHT kopensuii MNipcoHa, ang skicHux — Cnipmena [10].

[JocnigxeHHst cxBaneHo Komicieto 3 GioeTuku [Hi-
MPOBCLKOrO AEPKaBHOTO MEAWNYHOTO YHIBEPCUTETY (BUTSM
3 npotokony 3acigaHHs Big 19 yepsHsa 2025 poky Ne 29).
YCi y4acHWKM SOCTIDKEHHSA Aanu NMCbMOBY iHCOOPMOBaHY
3roy Ha yJacTb. [JocnimkeHHs 30iCHEHO 3 AOTPUMaHHAM

ISSN 2306-4145

https://zmj.zsmu.edu.ua


https://zmj.zsmu.edu.ua/

Original research

ISSN 2306-4145  https://zmj.zsmu.edu.ua

npuHLMni8 6ioeTukw, Lo BUKNazeHi B MenbCiHebkin aekna-
pauii «ETUYHI NpUHLMNM MEQUYHNX SOCTIDKEHD 3a YHaCTO
ntopeii» Ta «3aranbHiit Aeknapadii npo 6ioeTvky Ta npaea
ntognHu (KOHECKO)».

Pe3yabTati

OCHOBHI fjaHi LLoA0 BYrNeBOAHOMO 0OMiHY B NMaLieHTiB, Ski
3anyyeHi 4o JoCnimKeHHs, HaBeaeHo y mabnuui 1. Beta-
HOBMEHO, LLI0 CEPEaHIli PIBEHb rT1HOKO3M KPOBi B 0OCTEXEHUX
cTaHoBwB 5,4 + 1,3 Mmonb/n, ay 28 % XBOpWX NepeBuLLy-
BaB BEPXHIO Mexy Hopmu (5,5 MMOIb/N) B cepeaHboMy Ha
1,1 mmonb/n. MNoka3HykyW ByrneBoAHOro 06MiHy B NaLlieHTiB
i3 XO3J1 nepeBuLLyBanu kKoHTponbHi Ha 13-20 % (rmtokoaa,
iHcyniH, HbA1c), a inaekc HOMA nepeBuLLyBaB NOKasHWK
KoHTponio B 1,6 pasa.

3aranom piBeHb rMOKO3K NepeBuLLyBaB MOKa3HUK
KOHTPOMBHOI rpynu, NpoTe 6e3 CTaTUCTUYHO LOCTOBIPHOT
Pi3HULI. Y ABOX XBOPMX 3ahikCOBaAHO 3Ha4HE NEPEBULLEHHS
piBHs rmtoko3u (10,5 Mmonb/n Ta 7,7 Mmone/n), ix Hanpas-
NeHO [0 eHZokpuHonora. 3a pesynbratamm 0BCTEXEHHS
LM NavieHTam BCTAHOBEHO AiarHo3 ynepLLe BUSIBIEHOTO
LlyKpOBOro AjabeTy 2 Tuny, iX BUKMKOYEHO 3 AOCTIMKEHHS.

CepenHiit piBeHb iHCyiHY KPOBi B 0OCTEXEHNX 3aranom
BignoBigas pedepeHTHUM 3HadeHHaM (1,9-23,0 mOa/n) i
craHoBuB 9,4 £ 1,8 MOp/n (mabn. 1). Pasom i3 Tum, nepesu-
LLIEHHS! BEPXHBOT MeXi Hopmu BusiBneHo y 3,1 % Bunaakis i
B cepeaHbomMy ctaHosuno 15,3 £ 5,4 mOp/n. 3adikcoBaHo
CTaTUCTUYHO 3HaYyLLie MEPEBMLLEHHS NOKA3HMKIB iHCYMiHY
KpOBi MOPIBHSIHO 3 rpynoto koHTpons, p < 0,05.

PiseHb HbA1cC B 06CTEXEHMX NALEHTIB CTAHOBMB Y
cepeaHbomy 6,1+ 0,3 %, nepeuLLyBaB 6,5 % nuiue y 4BOX
navujeHTiB 3 ynepLue fiarHOCTOBAHUM LlyKpOBUM fiabeTom 2
TUNy. B KOHTPOMBHIN rpyni LIeV MOKa3HUK 3HAYHO HKYNIA —
5,0+ 0,4 %, BiBMIHHOCTI CTaTUCTUYHO JOCTOBIPHI (Mabst. 1).

AHani3 3anexHocTe HaBeAEHNX NOKA3HYIKIB 3a CTaTTO
He rnokasaB 3HaYyLLWX BiMIHHOCTEN.

Y pesynerati ob6paxyHky iHgekcy HOMA BcTaHoB-
NEeHO, WO MOro CepepHin piBeHb cTaHoBwB 2,2 + 1,1; ue
CTaTUCTMYHO JOCTOBIPHO NEPEBULLYE PiBEHb, BUSHAYEHNN
y KoHTponbHin rpyni. ¥ 31,8 % naujenTie i3 XO3J1 iHaekc
nepeBuLLyBaB peepeHTHE 3HAYeHHS, Ha MiACTaBi UMX
[aHuX 3pobuy BUCHOBOK MPO iMOBIPHICTb PO3BUTKY iHCY-
NIHOPE3NCTEHTHOCTI.

Bigomo, wo nigBuLieHHs iHaekcy HOMA, a omxe i
PU3NKY iHCYMIHOPE3UCTEHTHOCTI, BinbyBaeTbCs 3i 36inb-
LeHHaM iHaekcy macu Tina (IMT). 3aysBaxumo, wo B 69 %
obcTexeHux IMT nepeBuLLyBaB HOpMarnbHi 3HaYeHHs (25,0
kr/mM?), y cepegHbOMY CTaHoBMB 28,6 + 5,9 Kkr/M% OXpiHHA
| ct. (IMT 30,0-34,9 kr/m?) giarHocToBaHo y 21,5 % nali-
enrig, Il ct. (IMT 35,0-39,9 kr/m?) — B 10,1 %, Il cT. (IMT
40,0 kr/m? i Ginblue) — y 4,0 % y4acHUKIB JOCTIIKEHHS.

BanexHictb iHaekcy HOMA Big macyu Tina nigTeep-
[DKEHO 3a pesynbratamu kopensuinHoro aHanisy (R = 0,4,
p < 0,05), BCTAHOBNEHO MO3UTMBHUI 3B'S30K CEPEOHBOI
CUMW MiXK LMK NOKa3HUKaMU.

3icTaBHi faHi ogepxaHo B nonepeaHix AOCMIMKEHHSIX,
[ie NMOKa3aHo, LU0 iHCYNIHOPE3WCTEHTHICTb per Se € He3a-
NeXHUM hakTopom puauky po3sutky XO3J1. Y nauieHTis 3
yxe piarHoctoBaHum XO3/1 MmeTaboniuHuii CUHAPOM, OOHUM
3i CKIaHWKIB SIKOTO € iHCYNIHOPE3UCTEHTHICTb, BUSBNSAIOT
y 31,8 % Bunagakis [7].

[MopiBHABLUM NOKA3HMKM TUX, XTO KYpPUB Ha Yac Jochi-
IPkeHHs1 abo NOKMHYB KypuTH 3 iHAEKCOM nayko-pokis 210,
i3 AaHUMW NawieHTiB, SIKi HIKONW He Kypunu, BCTaHOBUH,
LLO KypLi Manu BuLLmMI pieHb iHgekcy HOMA, a omxe 1 iH-
cyniHopeaucteHTHocTi (3,0 + 0,6 mkmonb/n npoTtn 1,3 £0,1
Mkmonb/n, p < 0,05). [ifLnm BUCHOBKY, LLO haKTop KypiHHS
MOX€e CMPUYMHSATI NMOCUNEHHS IHCYTNIHOPE3NCTEHTHOCTI Ta
HaBiTb iHAYKYBaTW ii PO3BUTOK.

BcraHoBNEHO TeHAEHLi0 40 NOCUNEHHS BUPAXKEHOCTI
iHCYNIHOPE3NCTEHTHOCTI 3aNeXHO BiJ TPUBAIOCTi 3aXBOPHO-
BaHHs (puc. 1). Tak, y xBopux i3 Tpusanictio XO3J1 meHLue
Hix 5 pokis iHaekc HOMA craHoswB 2,1 £ 0,6, i3 nepebirom
xBopo6m npotsirom 5-10 pokis — 2,3 £ 0,4, a i3 TpuBanicTo
X031 noHag 10 pokie — 2,8 £ 0,7.

Omxe, 3i 30inbLIEHHSM TpKBanocTi nepebiry 3axBopto-
BaHHSA MOCUMoBanNacs TSXKICTb iHCYNiHOPE3UCTEHTHOCTI.
Brim, 3a pesynsratamu KOpensuiiHoro aHaniay, Mix Lumu
[BOMa NEPEMIHHUMM BU3HAYEHO CMAbKWIN KOPENSILLIiHNIA
38’930k, R =0,1.

He 3adikcoBaHO AOCTOBIPHOMO MIABMLLEHHS iHAEKCY
HOMA 3anexHo Bif, nporpecyBaHHs 3aXBOPOBaHHS!, Xo4a
HavBuwmin cepen ycix inaekc HOMA 3adikcoBaHo Ha
cragii XO3/1 GOLD IV. Tak, y xopux 3i ctagieto XO3/1
GOLD | 1oro cepepnHiit piseHb ctaHosus 1,7 + 0,1, GOLD
1-2,5+0,3,GOLD IlI1-1,72+0,05,a GOLD IV -2,7 £ 0,2.
KopensiuinHui 38’30k MiX LMW OBOMa MOKa3HMKaMmm
HeBiporigHui, R = 0,05.

He sadpikcoaHo 3B'a3ky iHaekcy HOMA i3 rpynamu
XO3/J1 3anexHo Bif 4aCTOTY 3aroCTPEHb | BUPAXXEHOCTi CUMI-
ToMmiB (rpynu A, B, E) — koedbiLieHT kopensuii craHosws 0,04.

Hapani naujeHTiB noginumv Ha ABi rpynu: O nepLoi
3anyyunu nauieHTis, ski manu iHgekc HOMA 2,5 Ta Bue
(To6TO NigBMLLEHWIA), 4O APYroi — 0BCTEXEHMX i3 HopMarnb-
HuM iHoekcom HOMA.

Y nauieHTig i3 niasuweHnm HOMA BcTaHOBMEHO CTa-
TUCTUYHO [OCTOBIPHE MiABULLEHHS piBHS C-peaKkTUBHOMO
6irka nopiBHSHO 3 06CTEXEHNMM GE3 HCYNIHOPE3NCTEHTHO-
cTi— 18,4+ 3,9 mr/nnpotn 7,6 £ 0,1 mr/n, p < 0,01 (puc. 2).
OTxe, IHCYMIHOPE3NCTEHTHICTL acoLiioBaHa 3 NiABMULLEHO0
aKTMBHICTIO CUCTEMHIX 3ananbHKX NPOLIECIB, sIki HeraTMBHO
BnnvBatoTh Ha nepebir XO3J1.

BuaHaumnm cunbHWiA SOCTOBIPHWIA KOPENALINHMIA 38’51
30k Mix iHaekcom HOMA Ta gosamu ITKC, siki otpumysanm
xeopi (R = 0,7, p < 0,05). [iAwnm BMCHOBKY, Lo 30inb-
LUEHHS [O3yBaHHSA iHransLinHUX KOPTUKOCTEpPOIaiB MOXe
6yTn NOB’A3aHe 3 NOTIPLLIEHHAM IHCYMIHOPE3UCTEHTHOCTI Y
navjenTis i3 XO3/1.

Takun KopenauinHuiA 38’930K MOXe MaTy Kinbka
MOSICHEHb: OfHa 3 FiNOTe3 Monsirae y ToMy, Lo TpuBane
3aCTOCYBaHHS BUCOKMX [103 KOPTWUKOCTEPOIfiB 3yMOBMIOE
HaKOMWYEHHS HEeraTMBHUX MeTabonivyHnX edekTiB, AK-0T
3HVDKEHHS YYTNMBOCTI TKAHUH [0 iHCYRiHY, NigBULLEHHS
PIBHSI [T1H0KO3M Ta iHCYniHY B KpoBi [4]. Lie Moxe npu3sogmTy
[0 po3BUTKY abo MOCMMIOBATW iIHCYNIHOPE3NCTEHTHICTb,
Lo BXe € B navujeHTa; nigTBepmxye Lel dakT BusBneHa
kopensuis 3 inaekcom HOMA.

06roBopeHHA

3rigHO 3 pesynbratamu Haloro AOCIMKEHHS, NiATBEpP-
[PKEHO iCTOTHI 3MiHM ByrmeBofHOro 06MiHy B naLieHTiB
i3 XO3J1, 3okpema nigsuLleHi pieHi iHcyniHy, HbA1c Ta
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OpwuriHaAbHI AOCAIAXKEHHS

HOMA-IR, a Takox 3achikcoBaHO BUCOKWI BiACOTOK OCID
i3 HOMA. BupaxeHicTb Lux nopylueHb kopenoe 3 IMT,
TpMBanicTIO XBOPOOM Ta CTaXeM KypiHHS. Kpim Toro, 3MiHu
BYIMEBOAHOMO MeTaboniamMy acouinoBaHi 3 NigBULLEHHAM
MapKepiB CUCTEMHOTO 3ananeHHs, 3okpema C-peak-
TUBHOro Ginka. Taka kombiHauisa MeTtaboniyHoro aucba-
naHcy i 3ananeHHs BignoBiAae Cy4acHUM AaHUM LIOf0
MynbTUchakTopHoi npupoamn komopbigHocTi npu XO3J1 i
3yMOBJIHE AOUINbHICTL BaratonpodinbHOro nigxogy Ao
NiKyBaHHS NaLlieHTiB.

Pesynbrati, Wo ogepxanu B LbOMY AOCHIMKEHHI,
Y3ro[pKytoTbCst 3 AaHUMK iHLUUX aBTOPIB, SiKi BCTAHOBWMW
TiCHUI 3B’A30K Mixk MeTaboniYHMMM thakTopamm (OXUPIHHS,
OKCUAATVBHWIA CTPEC, XPOHIYHa rinepriikemis Ta iHCyniHo-
PE3VNCTEHTHICTb) Ta CUCTEMHUM 3anarneHHsM y nauieHTiB i3
XO3/1, wo MoxyTb nocunoBath nepebir pecnipatopHOro
3axXBOPIOBaHHS i NiABMLLYBATW PU3WK KapaioMeTabonivyHux
ycknagHeHs [11,12]. Lle signosigae koHuenTy «meTabo-
niyHo-3ananbHoroy deHotvny npw XO3/1, Wwo onucaHun y
npaui O. M. Catana et al., B sikiit akLeHTOBaHO Ha poni aau-
MOKiHIB (HaNpVKnag, NenTuHy) Ta iHCyniHy K MOgynsTopiB
iIMYHHWX peakLin Ta pemMOoAerntoBaHHs Nnerexb [2].

Y MeaunyHin nitepatypi nuTanHs wopo snivsy ITKC Ha
TMIKEMIYHWUIA KOHTPOMb 3aNULIAETLCA ANUCKYCIHUM. Tak, y
HU3Li BENMKMX 06CepBaLinHMX OOCTIMKEHb | METaaHani3iB
MoKa3aHo A0303aNeXHUIA PU3VK PO3BUTKY NOPYLLEHb [TIH-
ko3u Ta LI 2 nig yac TprMBanoro 3actocyBaHHS BUCOKUX
003 ITKC. Brim, iHLLi 4OCMiAHMKM He BUSIBUNK O4HO3HAYHOIO
PU3KKy Ans BCiX nauieHTiB [6].

3aranbHWin KOHCEHCYC HWHI Takuii: y NaLieHTiB i3 BU-
cokoto ekcnosuuieto IFTKC Bu3HaueHo MiaBULLEHUIA pU3NK
MopyLUEeHb riKeMil, ane puauk Bapitoe 3anexHo Bif 403,
TPUBaNOCTI NiKyBaHHS Ta CynyTHixX dakTopis puauky [3,13].
Pesynbraty, Lo oTpumani B LibOMY AOCTIIKEHHI, JOAA0Th
eMnipuyYHy NiATPUMKY [0303aNeXHOCTi Ta NiATBEPAXYI0Th
HeobxigHiCTb iHavBipyanisauii npusHayeHHst IFKC y naui-
eHTiB i3 XO3/1.

BogHouac IM'KC pekomeHOoBaHi B HacTaHOBax rpynu
GOLD, wwo oHosneHi B 2025 pouj, y naujexTis i3 XO3/T i
4aCTMMM 3aroCTPEHHSIMMW, BUCOKUM PiBHEM €03MHOINIB
[1], ane ixHi cucTemHi MeTabonivHi edhekTn MOXyTb ByTy
[£0303anexHumu. Brim, npu npusHadenHi IFKC cnig 3saxatu
Ha CynyTHi pu3unku, 30kpema metabonivHi. Lie nigTeepmxye
Te3y Npo HeobXigHICTb peTenbHoro GanaHcy kopucTi Ta
pu3nky y pasi Tpuearnoro 3actocysaHHs IMKC.

Pwauk gebtoty LI 2 i noriplueHHs rmikeMiyHOoro KOHT-
ponto 0cobnnBo NiABMLLYETLCS Y pasi 3acTocyBaHHs ITKC
y BUCOKWX fo3ax (2900-1000 mkr/poby) [14]. Tomy iHaekc
HOMA cTae npocTum i JOCTYMHUM nabopaTtopHUM Mapke-
POM MOHITOPUHIY iHCYNIHOPE3UCTEHTHOCTI, @ OTXE | PU3NKiB
PO3BUTKY MOPYLLEHb BYrNEBOAHOTO OOMIHY.

Y DoCTynHil thaxosil nitepaTypi He BUSIBNIEHO pesynb-
TaTiB MPSAMUX JOCTIDKEHD, LLO MOAentoBanu 6 3anexHicTb
3miH iHoekcy HOMA Big foawn ITKC y nauiexTis i3 XO3/1.
Lis nporanuHa obrpyHTOBYE AOLIMBHICTL MPOCMEKTUBHNX
KOropTHUX abo iHTEPBEHLLINHUX AOCHIMKEHD i3 BUSHAYEHHAM
HOMA-IR i po3 IT'KC y ¢pnyTuka3oH-exsiBaneHTax.

3ayBaxuMo, L0 AoCnimKeHHs Be3nekn 3acTocyBaHHs
came iHransuinHnx dopm KOpPTUKOCTEpOIdiB € 0cobnnBo
aKTyanbHUM Ans KIiHIYHOT NpaKTVKMW, OCKiNbKK Taki npena-
paTV LUMPOKO 3aCTOCOBYHOTL Nif Yac NikyeaHHs XO3J1, i ixHe
[03yBaHHA MOXe ByTV nepernsHyTe iHaVBiayarnsHO AN 3MeH-

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 1(154), ciueHb - aoTuii 2026 p.

Tabauus 1. MNMokasHuky ByrnesoagHoro o6miHy B nauieHTis i3 XO3/1

rpyna . KOHTpoana P ¢
n=151

[Mtokosa, MMonb/n 54+13 51+0,5
IHcyniH, MOg/n 94+18 8,3+0,3*
InikoBaHmit remornobiH, % 6,1+0,3 5,0+04*
IHaekc HOMA 22+11 1,4+0,1*
* CTATUCTUYHO AOCTOBIPHI BigMIHHOCTI, p < 0,05.
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Puc. 1. [lnHamika iHcyniHopeancTeHTHOCTi 3anexHo Big Tpusanocti XO3J1.
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Puc. 2. PiBHi C-peakTiBHoro Ginka 3anexHo Bif HasBHOCTi iHCYNIHOPE3NCTEHTHOCTI.

LLIEHHS! PU3VIKY PO3BUTKY METABOMIYHMX MOPYLLEHb. BUBYEHHS
MexaHi3MiB B3aEMO3B'3Ky MK Tepanieto iHransiLiiHumm Kop-
TUKOCTEpOIfamMu Ta iHCYNIHOPE3VNCTEHTHICTIO BaxmnuBe, abu
peTerbHiLLIE KOHTPOIOBATY PIBHI [TTIOKO3M Y TaKVX NALEHTIB, a
TaKoX 151 po3pobreHHs cTparerii IpoinakTUkY YCKIaaHEHb,
MOB'A3aHMX i3 METabOMIYHMMM NOPYLLIEHHSIMM.

Y pesynbTaTi HaLLoro A0CHiZKEeHHs BCTAHOBMEHO Napa-
LOKCanbHWUI hakT: He3Baxatoum Ha BULLMIA IMT i BUpaeHi
MapKepu 3ananeHHs, y neBHUX nigrpynax 3adikcoBaHo
Kpally (oyHKLioHarbHY BenuuHy O®B, — dieHOMEH, skuiA
iHOZi BM3HAYaKTb AK «Mapagokc OXMpiHHS» npu XO3JJ1.
lMpoTe uen Ha4ebTO NO3MTMBHUIA acmekT He HerTpanisye
MigBULLEHOTO KapaioBaCKyMAPHOTO pu3nky i MeTaboniyHoi
TOKCWMYHOCTi OXMPIHHA. OTXe, KNHIYHNA MEHEMKMEHT Mae
6yTV CNPAMOBaHUIA He NULLE Ha NIATPUMKY PYHKLT nereHb,
arne 1 Ha 3HWKeHHs MeTabonivHoro puauky [13].
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Ha nipcrasi oTpuMaHux AaHnx NPOMOHYEMO BKIKOYaTH
ckpuHiHr HOMA Ta HbA1c y pyTuHHi npoTokonu obcTe-
eHHs nauienTis i3 XO3J1, ocobnunso konu aiarHocToBaHo
OXMPIHHS, XBOPi MaloTb TPUBANWIA CTax KypiHHs abo oT-
pumytoTh Brcoki 4o3m ITKC. [ouinbHo iHaveigyanisysatm
npuaHayeHHs IFKC, YiTKo OLiHIOI04M NoKasaHHs (YactoTa
3arocTpeHb, e03nHOQINis) Ta MiHiMi3ytoun o3y [0 Hail-
MeHLWoi edekTuBHOI. HeobxigHo moegHyBaTh nynbmo-
HOMorivHy peabiniTayito 3 Nporpamamm 3HKEHHs Macu
Tina Ta metaboniyHoi Kopekuii. [ouinbHO 3annaHyBaTy
NPOCNEKTVUBHI LOCNIAXEHHS ONS BUSABNEHHS NPUYMH-
Ho-HacnigkoBux MexaHiamiB B3aemopii [F’KC i HOMA
Ta Ans BU3HaveHHs OeaneyHnx mex aosysaHHs ITKC y
navienTis i3 XO3/1.

BucHoBKHU

1. Y xBopux Ha XO3J1 BUSBNEHO TEHAEHLIiLO A0 no-
pyLUeHb ByrmeBoAHOro 0bMiHy Ta MiABULLEHOI YacToTu
PO3BUTKY iHCYNIHOPE3NCTEHTHOCTI K CUCTEMHOTO yCKnaa-
HeHHst XO3J1, i BUpaxeHiCTb iHCYNIHOPE3NCTEHTHOCTI Npu
LIbOMY MOCUIIOETLCA 3anexHO Bif TpuBanocTi nepebiry
3axBOptoBaHHA: HamBuLLi piBHi iHaekcy HOMA 3adpikcoBaHo
y rpyni nauienTis, B skux XO3J1 giarHocTtoBaHo noHag 10
pOKiB TOMY.

2. ®aKTop KypiHHA iCTOTHO BMMBAE Ha PO3BUTOK iH-
cyniHopeaucTeHTHoCTiI. Tak, nauieHTu i3 XO3J1 3 icTopieto
KypiHHS 210 nayko-pokiB Manu CTaTUCTUYHO AOCTOBIPHO
BULLi piBHi iHaekcy HOMA, Hix Ti, XTO Hikonwn He KypwB.

3. PosButok iHcyniHopesucTeHTHOCTI npu XO3J1 Moxe
6yTV NOB'SI3aHMIA 3 AKTUBHICTIO CUCTEMHOIO 3ananeHHs.
lNpo ue cBiguNTL CTaTUCTUYHO [OCTOBIPHE MiABULLEHHS
piBHa C-peakTuBHOro 6inka y naujieHTis i3 nigBULLEHUM
iHnekcom HOMA.

4. BUABNEHO CUMbHWIA MO3UTUBHUI KOPENSALiNHWA
3B'A30K Mix iHgekcom HOMA Ta 403010 iHransLinHmx kop-
TukocTepoigis (R = 0,7), Wo cBigY1TL NPO MOXINBY POrb
TpuBanoro Ta/abo BUCOKOJ030BOrO 3aCTOCYBaHHS TTHOKO-
KOPTUKOCTEPOIAIB Y PO3BUTKY METabOMIHHUX NOPYLLEHb.

5. [ouinibH1M € MOHITOPYHT FiKEMIYHOrO Npodinto Ta
MOKa3HWKIB iHCYMIHOPE3NCTEHTHOCTI y maujieHTis i3 XO3/1,
0cobrnMBO Konu € Taki DakTopu pU3MKY, Ik OXMPIHHS,
TIOTIOHOKYPIHHS @b0 TpuBane BUKOPUCTAHHS! iHransiLiiH1X
TTIIOKOKOPTHUKOCTEPOIfIB.

MepcneKTMBH NOAAAbLLIMX AOCAIAXKEHb. HeobxiaHo
30iACHUTY NPOCNEKTUBHI KOTOPTHI 1 IHTEPBEHLIINHI JOCHi-
[PKEeHHs! [o3yBaHb iHranaLuinHUX MIOKOKOPTUKOCTEPOIAiB
y (bryTUKa3oH-eKBiBaneHTax 3 OUiHIOBAHHAM AMHAMIKU
iHoekcy HOMA.

06MeXeHHA AOCAIDKEHHA

[DOCNAXEHHS, LLIO 3AIMCHUAM, MAE NEBHI 0OMEXEHHS: KPOC-CEKLIAHMIA
AM3aiiH He AGe 3MOTW POBUTY BUCHOBKM MPO MPUYMHHO-HACAIAKOBI
3B'A3KM, HEBPaXoOBaHi KOHdayHAEpU (XapuoBi GpakTopu, disnuHa
AKTUBHICTb, COMATUYHI MEAMKAMEHTM) MOXYTb BNAMBATU Ha NOKA3HWKM
HOMA, Takox BaxA1Bo 6patit A0 yBaru, Wwo cut-off HOMA 3anexats Bia
NONYASLIAHKX HOpM [7].

®iHaHCyBaHHA

PoboTy BMKOHaHO 3@ paxyHOK BAACHUX KOLUTIB aBTOpa, a Takox 3a
NIATPUMKM HayKOBOI AiIAbHOCTI 3A06yBaya AHINPOBCHKUM AEPXABHUM
MEAUYHUM YHIBEPCHTETOM.
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Clinical and molecular characteristics of MET gene mutations
in Azerbaijani patients with non-small cell lung cancer:
a retrospective analysis

Sabina Ganbar Mehdizadeh*?

!National Oncology Center, Baku, Azerbaijan, ?Azerbaijan Medical University, Baku

Lung cancer is the leading cause of cancer-related mortality globally, with non-small cell lung cancer (NSCLC) accounting for
approximately 85 % of all cases. The MET proto-oncogene has emerged as a critical molecular target due to its involvement in
cellular proliferation, motility, and metastasis. Among MET alterations, exon 14 skipping mutations have gained significant clinical
relevance as actionable biomarkers in NSCLC.

Aim: to determine the frequency and clinical characteristics of MET gene mutations in Azerbaijani patients diagnosed with NSCLC,
and to provide a detailed descriptive analysis of mutation-positive cases.

Materials and methods. This retrospective study included 187 patients with histologically confirmed NSCLC treated at the National
Oncology Center (Baku, Azerbaijan) between 2014 and 2024. MET mutation analysis was performed on formalin-fixed paraffin-
embedded (FFPE) tumor samples using real-time polymerase chain reaction (PCR) with Qiagen and EntroGen reagents. All
detected mutations were subsequently validated using next-generation sequencing (NGS). Descriptive statistics were used due
to the limited number of mutation-positive cases (n = 16).

Results. MET gene mutations were identified in 16 out of 187 patients, representing a prevalence of 8.6 %. The mean age of
MET-positive patients was 66.5 years (range: 53-84), with a male predominance (81 %). Most patients presented with advanced-
stage disease (stage lll-IV: 93.7 %), and adenocarcinoma was the predominant histological subtype (93.7 %). The median overall
survival was 598 days. Tobacco use was reported in 56 % of cases, and alcohol consumption in 19 %. Patients originated from
diverse regions of Azerbaijan, with the majority residing in the Baku metropolitan area.

Conclusions. Despite the relatively low prevalence, the presence of MET mutations in Azerbaijani NSCLC patients underscores
the clinical necessity of routine molecular profiling. Real-time PCR proved to be an efficient screening tool, supported by NGS
validation. These findings highlight the feasibility and importance of integrating MET mutation testing into national oncology
protocols. Larger prospective studies are required to further investigate the prognostic and therapeutic implications of ME T-altered
NSCLC in the South Caucasus population.
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KAiHiuHe Ta MOAEKYApHE 3HaueHHA MyTauii reHa MET
y nauieHTiB i3 HeAPIOGHOKAITUHHHUM pakom AereHb B A3epbanaXaHi:
peTpoCneKTUBHUI aHaAi3

Cabina faH6ap Mexaizaae

HeppibHokniTuHHWIA pak nerexb (HAPIT) € NpoBigHOK NpUYMHOK OHKOMOTiYHOI CMEPTHOCTI Y CBITi. MpoTooHkoreH MET, sikui kogye
peLenTop TMPO3UHKIHA3K, Bigirpae KIk4OoBY porb Y KMITWHHIN Nponidepaii, Mirpavii Ta metacTasysaHHi. MyTauii 3 nponyckom 14
€ek30Ha (exon 14 skipping) HabyBaroTb KniHIYHOTO 3HAYEHHS! SIK MiLLIEHi An1s TapreTHoI Teparil.

Meta po60TH — OLiHUTY YacTOTY Ta KMiHiYHi XxapakTepucTuku MyTauii reHa MET y nauienTis i3 HOPJ1 B AsepbaiimkaHi Ta Hapatut
OMMCOBWIA aHari3 BUSIBIIEHNX BUNAAKIB.

Marepiaau i metoau. [MpoaHanisoBaHo 187 napadiHOBWX 3paskiB MyXMMHHOI TKAHWHW NALIEHTIB i3 MCTONONYHO NATBEPIKEHNM
HAPN, siki nepebyBanu Ha nikyBaHHi B HauioHanbHOMy oHkomoriYHoMy LieHTpi (M. Baky, Asep6aiimkaH) y nepion 2014-2024
pokis. MonekynsipHwit aHania 3giicHunu metogom MNP y peanbHOMy Yaci 3 BukopuctaHHam peareHTis Qiagen i EntroGen. Yci
MO3WTWBHI 3pa3Kkin JOAATKOBO MiATBEPMIKEHO 3a JOMOMOro cekBeHyBaHHs HOBOro nokoniHHs (NGS). Yepes obmexeHy KinbkicTb
MO3WNTVBHMX BUNAAKIB (N = 16) 3aCTOCOBAHO NMLLE OMUCOBY CTaTUCTHKY.

Pesynbratn. MyTauii reHa MET BusienieHo y 16 i3 187 nauienTis (8,6 %). MegiaHa Biky obCTexeHnx cTaHoBuna 66,5 poky (aianasoH
- Bif 53 po 84 pokis), 81 % navuieHTiB — yonosikn. Y 93,7 % BUNaakiB LiarHOCTOBAHO aZleHOKapLWHOMY, BiNbLUICTb NaLieHTiB Manu
nisHio cTagito 3axsoproaHHs (I11-1V). CepenHs 3aranbHa BInkMBaHICTb cTaHOBKNA 598 AHiB. KypiHHS B aHaMHe3i 3achikcoBaHO y
56 % nauieHTis, BX1BaHHS ankoronio —y 19 %. HanbinbLuy KinbkicTb BUNaakis 3adikcoaHo B M. baky Ta npunernux perioHax.

BucHoBkM. HesBaxatoun Ha HEBMCOKY MOLUMPEHICTb, MyTalii reHa MET y nauienTis i3 HOPJ B Asepbaiimkani nigTeepmxyoTb
HEeODXIAHICTb PYTUHHOTO MonekynspHoro TectyBaHHs. Metog MNJ1P y peanbHOMY Yaci — HAZiAHWIA CKPUHIHTOBWI iIHCTPYMEHT, LLO
nigTeepmreHo NGS. [louinbHO 34iIRCHATW NPOCNEKTUBHI AOCTIMKEHHS 4115 NOMMMOINEHHS 3HaHb LOAO MPOrHOCTUYHOTO Ta Tepa-
MEBTUYHOTO 3Ha4EeHHs LX 3MiH y nonynauii MisaeHHoro Kaskaay.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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Lung cancer (LC) continues to be the leading cause of
cancer-related mortality globally, with an estimated 2.0
million new diagnoses and 1.8 million deaths annually [1].
Non-small cell lung cancer (NSCLC) accounts for approx-
imately 85 % of all LC cases and is frequently diagnosed
at advanced stages, contributing to its poor prognosis. In
Azerbaijan, LC constitutes a significant portion of the na-
tional oncological burden, particularly affecting men over
the age of 55 [2]. Established risk factors include active
and passive tobacco exposure, occupational and environ-
mental contact with asbestos, urban air pollution, excessive
alcohol intake, and elevated indoor radon concentrations.
Notably, several regions of Azerbaijan report radon levels
that exceed European thresholds, potentially contributing
to the increasing incidence of LC in the region [3].

In recent years, molecular profiling has become integral
to NSCLC diagnostics and therapeutic decision-making.
The identification of targetable genomic alterations has
enabled the development of personalized treatments
that improve clinical outcomes and reduce unnecessary
toxicity. One of the emerging molecular targets is the MET
(mesenchymal-epithelial transition) proto-oncogene, located
on chromosome 7931, which encodes a receptor tyrosine
kinase (RTK) activated by hepatocyte growth factor (HGF).
Aberrant MET signaling, mediated through exon 14 skipping
mutations, gene amplification, or protein overexpression,
promotes uncontrolled cell proliferation, resistance to
apoptosis, enhanced invasiveness, and metastasis [4,5].

Among these alterations, MET exon 14 skipping muta-
tions have garnered significant attention as oncogenic driv-
ers, specifically in lung adenocarcinoma. These mutations
impair normal ubiquitination and degradation of the MET
receptor, resulting in sustained oncogenic signaling [6].
Importantly, MET exon 14 mutations are known to confer
resistance to epidermal growth factor receptor (EGFR)
tyrosine kinase inhibitors (TKIs), necessitating the use of
alternative therapeutic strategies for affected patients [7].

The clinical relevance of MET amplification in NSCLC is
supported by evidence that targeted MET inhibition, includ-
ing treatment with crizotinib, results in significant antitumor
activity in selected patient populations [8,9]. Moreover,
interactions between MET alterations and immune response
markers, such as PD-L1 expression and tumor mutational
burden (TMB), are being actively investigated to better
understand their potential influence on immunotherapy
outcomes [10].

Despite these advancements, data on MET gene
mutations in geographically underrepresented populations,
including countries in the South Caucasus, remain scarce.
To date, no large-scale, population-specific study has evalu-
ated the prevalence and clinicopathological features of
MET-positive NSCLC in Azerbaijan. Therefore, investigating
the molecular landscape of MET mutations in this regional
context s critical for closing existing data gaps and enhanc-
ing the implementation of precision oncology in Azerbaijan.

Aim
To determine the frequency and clinical characteristics of
MET gene mutations in Azerbaijani patients diagnosed with

NSCLC, and to provide a detailed descriptive analysis of
mutation-positive cases

Materials and methods

This was a retrospective observational study conducted
at the National Oncology Center in Baku, Azerbaijan.
The study assessed MET gene mutations in patients with
histologically confirmed NSCLC who were diagnosed and
treated between 2014 and 2024.

Tumor specimens from 187 patients with NSCLC were
analyzed. All samples were formalin-fixed, paraffin-embed-
ded (FFPE) blocks obtained during diagnostic biopsy or
surgical procedures. MET mutation testing was performed
on all 187 samples; MET gene alterations were detected
in 16 cases (8.6 %).

Genomic DNAwas extracted from FFPE samples using
standard protocols. MET mutation analysis was initially
performed using real-time PCR with commercially available
kits from Qiagen and EntroGen following the manufacturers’
instructions. Real-time PCR was selected due to its high
specificity, cost-effectiveness, rapid turnaround time, and
clinical applicability, especially to FFPE-derived nucleic
acids, where DNA degradation may occur. All MET-positive
results were subsequently validated by next-generation
sequencing (NGS) platforms providing orthogonal confir-
mation and confirming the detected mutations to ensure
methodological robustness.

Relevant demographic and clinical data were retrieved
from institutional electronic medical records, including pa-
tient age, sex, tumor histology, and stage (TNM classification
and overall clinical stage), as well as lifestyle factors such
as tobacco smoking and alcohol consumption, coded as
binary variables (1 = user, 0 = non-user).

Due to the small number of cases harboring MET mu-
tations, the statistical analysis was restricted to descriptive
approaches. Continuous variables, including age and survival
time, were summarized using means, medians, and minimum/
maximum values. Categorical variables, such as sex, disease
stage, and smoking status, were reported as frequencies and
percentages. Consistent with the study design, no inferential
statistical analyses or hypothesis testing were conducted.

Results

Among 187 patients with histologically confirmed NSCLC
analyzed using real-time PCR, MET gene mutations were
identified in 16 individuals, corresponding to a prevalence
rate of 8.6 %. Histopathological analysis revealed a strong
predominance of adenocarcinoma, which accounted for
93.7 % of MET-positive cases (n = 15), while squamous
cell carcinoma was identified in only one patient (6.3 %). In
terms of sex distribution, a significant male predominance
was observed (81.2 %; 13/16), with only 3 patients (18.8 %)
being female. These findings are consistent with prior
epidemiological reports suggesting that MET alterations
occur more frequently in elderly male patients with adeno-
carcinoma histology.

The median age of MET-positive patients was 66.5
years (range 53-84 years), with a mean age of 66.0 years.
The majority of patients (75 %) were between 60 and 80
years of age. Fig. 1 illustrates the age distribution, demon-
strating that MET alterations predominantly occurred in
older adults.

Clinical staging at the time of diagnosis revealed that the
vast majority of MET mutation-positive patients presented
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with advanced disease. Specifically, 15 out of 16 patients
(93.7 %) were diagnosed with Stage 1l or [V NSCLC, with
Stage IV being the most prevalent (n =9, 56.2 %), followed
by Stage Ill (n =6, 37.5 %). Only one patient (6.3 %) was
diagnosed at Stage Il, and no cases were identified at
early stages (Stage 0 or I). Fig. 2 depicts the clinical stage
distribution.

TNM classification further highlighted the advanced
nature of the disease at presentation. T4 tumors were
identified in 50 % of patients (n = 8), while T3 and T2
stages were each observed in 4 (25.0 %) patients. With
respect to nodal involvement, N2 status was the most
common (n =9, 56.2 %), followed by N1 (n = 4, 25.0 %)
and NO (n =3, 18.8 %). Regarding distant metastases, M1
disease was present in 9 (56.2 %) patients, and M0 in 7
(43.8 %) patients, indicating no metastatic involvement in
the latter. These data underscore the characteristic late-

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 1(154), ciueHb - aoTuii 2026 p.

stage presentation of MET-mutant NSCLC, with a high
proportion of patients demonstrating both lymphatic and
distant dissemination.

Tobacco use was reported by 9 out of 16 patients
(56.2 %), while alcohol consumption was documented in 3
patients (18.8 %). Fig. 3 shows the proportions of tobacco
and alcohol use among MET-positive individuals.

The majority of patients resided within or in the proximity
of the Baku metropolitan area. The regional distribution
across the economic zones of Azerbaijan is illustrated in
Fig. 4. The highest prevalence of MET-positive cases was
observed in Baku, followed by the Lankaran—Astara and
Sumgayit regions.

The estimated Kaplan-Meier survival curve for the
cohort of MET mutation-positive NSCLC patients is pre-
sented in Fig. 5. This analysis was based on the interval
from the date of initial diagnosis to the known date of death.

ISSN 2306-4145

https://zmj.zsmu.edu.ua


https://zmj.zsmu.edu.ua/

Original research

28

ISSN 2306-4145  https://zmj.zsmu.edu.ua

The curve demonstrates a progressive decline in survival
probability over the follow-up period. The median overall
survival (mOS) was 434 days, while the mean survival was
598 days. Observed survival times ranged from a minimum
of 131 days to a maximum of 1542 days (approximately 4.2
years). Although the limited sample size precluded formal
inferential survival modeling, this visualization provides
critical descriptive insight into the clinical trajectory of this
genetically defined patient population.

Discussion

In this retrospective cohort of 187 Azerbaijani patients with
histologically confirmed NSCLC, MET gene mutations
were detected in 16 individuals (8.6 %), primarily identified
through real-time PCR. These findings are consistent with
previously reported global prevalence estimates of 3-5 %
for MET exon 14 skipping mutations, particularly among
adenocarcinoma subtypes [4,5]. The slightly higher fre-
quency observed in this cohort may reflect regional genetic
specificities, methodological differences, or potential under-
reporting in neighboring countries due to limited molecular
testing infrastructure.

All ME T-positive tumors in this study were classified as
either adenocarcinoma (93.7 %) or squamous cell carcino-
ma (6.3 %), supporting prior reports that suggest a strong
predominance of MET alterations in non-squamous NSCLC
histology. Additionally, the median age of affected individuals
was 66.5 years, with the majority of patients aged between
60 and 80 years, consistent with prior studies describing
MET mutations primarily in elderly populations [5,10]. Most
mutation-positive cases were diagnosed at advanced clin-
ical stages (stages Il and IV, 93.7 %), indicating a strong
association between MET alterations and late-stage disease
presentation.

Regarding lifestyle factors, tobacco use was reported by
56.2 % of MET-positive patients and alcohol consumption
in 18.8 %, suggesting a potential environmental compo-
nent. However, given the small sample size, no definitive
associations can be inferred regarding risk. Similarly, the
male predominance (81.2 %) observed in our study aligns
with global epidemiological patterns, though larger regional
cohorts are required to confirm this finding.

The clinical significance of MET mutations has been
reinforced by recent approvals of selective MET inhibitors
such as capmatinib and tepotinib, both demonstrating
significant clinical efficacy in patients with MET exon 14
skipping mutations. Nevertheless, challenges such as
therapeutic resistance caused by secondary alterations
(MET D1228V) or concurrent mutations in EGFR or
KRAS continue to limit durable responses [5,6]. Conse-
quently, routine molecular screening for MET alterations
has become a vital component of NSCLC management
algorithms, particularly for patients who are ineligible for
EGFR-targeted therapies.

Importantly, this study presents one of the initial mo-
lecular epidemiological assessments of MET mutations in
NSCLC within the Azerbaijani population. Given that most
available data originate from Western and East Asian coun-
tries, our results provide valuable insights into the under-
represented South Caucasus region, thereby contributing
to the diversification of the global oncogenomic landscape.

However, this study has several limitations. The relative-
ly small number of ME T-positive patients (n = 16) restricted
our ability to perform robust statistical comparisons or
survival modeling. Additionally, only MET-specific testing
was performed; alterations in other clinically actionable
genes (ALK, EGFR, KRAS, PD-L1) were not assessed,
thereby limiting the molecular scope of the cohort. While
all MET mutations were validated using NGS, a broader
panel-based genomic profiling would provide a more com-
prehensive understanding of co-mutation patterns and their
clinical impact.

To address these limitations, future prospective studies
with larger sample sizes and expanded NGS panels are
warranted. Furthermore, integrating immunologic markers
such as PD-L1 expression and TMB could help refine
patient selection for immunotherapy or combination stra-
tegies. Such multi-dimensional profiling will be essential to
advancing precision oncology in Azerbaijan and comparable
healthcare systems in the region.

Conclusions

1. This study provides a pioneering molecular charac-
terization of MET gene alterations in Azerbaijani patients
with non-small cell lung cancer. A mutation prevalence
of 8.6 % was identified, consisting with global data, and
underscoring the role of MET as a clinically actionable
biomarker. The higher prevalence of MET mutations in
patients with adenocarcinoma histological subtypes and
in older age groups reinforces the necessity of molecular
stratification, particularly in geographically underrepre-
sented populations.

2. Despite the limitations associated with a limited
sample size, our findings support the integration of routine
MET testing into national lung cancer diagnostic protocols.
The successful application of real-time PCR in this study
demonstrates its value as a cost-effective and accessible
diagnostic tool, particularly in resource-constrained settings.

3. With the increasing availability of MET-targeted the-
rapies, such as capmatinib and tepotinib, early identification
of eligible patients through molecular testing is critical for
optimizing treatment outcomes. Furthermore, by addressing
the current oncogenomic data gap in the South Caucasus
region, this study contributes to a more comprehensive
understanding of global lung cancer genomics.

Prospects for further research. Future research should
focus on larger, multicenter prospective studies incorporat-
ing broad-panel NGS and comprehensive outcome data.
Such efforts will be pivotal in advancing precision oncology
and improving the clinical management of lung cancer in
Azerbaijan and other similarly underserved regions.
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Chronic venous disease (CVD) of the lower extremities, specifically at the stage of chronic venous insufficiency, is a prevalent
condition among adults characterized by a progressive clinical course and declining quality of life. This necessitates a detailed
assessment of hemodynamic changes within the venous system.

Aim. To identify the clinical and pathophysiological features of hemodynamic changes prior to surgery and determine their asso-
ciation with the clinical class of the disease.

Materials and methods. The study included 139 patients (aged 18-75 years) with CVD classes C3-C6 (CEAP classification).
Patients were divided into three groups with subgroups based on the treatment method. Assessment included clinical examination,
duplex scanning (measuring diameters of the saphenofemoral and saphenopopliteal junctions (SFJ and SPJ), great and small
saphenous veins (GSV and SSV), tributaries, and perforators). Disease severity was evaluated using the Venous Clinical Severity
Score (VCSS), and quality of life using the Chronic Venous Insufficiency Questionnaire (CIVIQ-20). Statistical analysis utilized
Student’s t-test and Pearson correlation coefficient (r).

Results. A statistically significant direct correlation was found between higher CEAP clinical classes and worsening CIVIQ-20
and VCSS scores (p < 0.05). Duplex ultrasound revealed a strong positive correlation between disease progression and
increased diameters of the GSV, SSV, SFJ, and SPJ, as well as a greater number and size of tributaries and perforators
with pathological reflux. The number of affected anatomical segments in the superficial venous system also increased with
disease severity.

Conclusions. Combined analysis of duplex data, CIVIQ-20, and VCSS is critical for optimal surgical decision-making. Future studies
should prioritize elucidating the biochemical mechanisms underlying CVD progression and assessing the long-term outcomes
associated with various surgical approaches.
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KniHiuHi Ta natodisionoriuHi 0co6AMBOCTi reMOAMHAMIYHUX 3MiH
Y NaLi€HTIB i3 BAPUKO3HOIO XBOPO6OIO HWKHIX KIHLIBOK

M. B. ApyXKiH, A. B. KAumeHko

BapukoaHa xBopoba HukHIX KiHLiBOK (BXHK) y cTagii XpoHiYHOi BEHO3HOI HEAOCTATHOCTI — OAHA 3 HAMMOLUMPEHILLMX NaToNOriii
y nopocnoro HaceneHHs. KniHiuhnin nepebir BXHK LBKako nporpecye i CnpuumnHsie 3HmKeHHs skocTi xuTTs. Lie obrpyHToBye
HEeODXiAHICTb AeTanbHOMO BUBYEHHS FeMOAMHAMIYHMX 3MiH BEHO3HOTO pycna.

Merta pobotu - BU3HAUMTM KMiHiYHI Ta naTodisionoriyHi 0cobnMBOCTI LyX 3MiH 4O OMEpaTWBHOIO NikyBaHHS Ta BCTAHOBUTM iX
B3aEMO3B'130K i3 KIiHIYHUM KTacom XBopobu.

Marepianu i meToau. [Jo gocnimxeHHs 3anyumnm 139 nauienTis Bikom Big 18 fo 75 pokis i3 BXHK knacie C3—C6 3a knacudikaLieto
CEAP. O6CTexeHux noginunu Ha Tpy rpynu (3 nigrpynamu) 3anexHo Big cnocoby nikyBaHHs. 3giicHnm 3aranbHoKniHiYHe obcTe-
KEHHSI 3ary4eHnX 40 AOCTMKEHHS NaLeHTIB, BUKOHAM AynieKCHe CKaHyBaHHS 3 OLHIOBaHHSAM fiaMeTpiB cacpeHo-hemMopanbHOro
Ta cacheHo-nonniteanbHoro 3'egHaHb, BENUKOI Ta Maroi MigLKipHUX BEH, MPUTOKOBWX | NepOpPaHTHUX BEH, BU3HAYMUIN KMiHIUHY
TSKKICTb Nepebiry 3axsoptoBaHHs 3a Wwkanoto Venous Clinical Severity Score (VCSS), oLiHUNM SKICTb XWUTTS 3@ ONUTYBaNbHUKOM
Chronic Venous Insufficiency Questionnaire (CIVIQ-20), 3actocyanu ctatuctudHi metoam (t-kputepint CTbtofeHTa, KoedillieHT
kopensuii MipcoHa).

Pesynbtatn. BctanoBneHo, Wwo niasuLLeHHs kniHivHoro knacy BXHK 3a knacudikauieto CEAP mae [OCTOBIpHUIA NpsiMuii Kope-
NAUIRHANA 3B'A30K 3i 3HWKEHHAM sKOCTi xuTTS nauieHTi 3a CIVIQ-20 i nornnbneHHam TsKKOCTI KniHiyHoro nepebiry xsopobu
3a VCSS. [laHi oynnekcHOro ckaHyBaHHs 4anu 3MOry BCTAHOBUTU MPSIMUIA NO3UTUBHWIA KOPENSLINHUIA 3B'S30K MK CTYNeHem
MopyLLEHHs1 KPOBOTOKY Ta MiABMLLEHHAM KriHiyHoro knacy BXHK (p < 0.05). Tak, Bu3Ha4eHo [AOCTOBIpHe 30inblueHHs fiameTpiB
BEMNMKOI Ta Manoi NiaLKipHUX BeH, cadeHo-heMoparnbHoro 3'eHaHHs, cacheHo-MonniTeanbHoro 3'eAHaHHs!, a TakoX KiNbKOCTi
Ta PO3MipiB MPUTOKOBUX, NEPPOPAHTHUX BEH i3 MATONOMYHUM reMOZMHAMIYHUM PEChIIIOKCOM, KINIbKOCTi ypaXeHNX aHaTOMIYHNX
LiNSHOK CUCTEMM MOBEPXHEBUX BEH HUXKHIX KiHLBOK.

BucHoBKHM. KoMnnekcHe OLHI0BaHHS AaHUX LynnekCHOro CkaHyBaHHs, nokasHukiB sikocTi xuTTs 3a CIVIQ-20 i TskkocTi nepebiry
3axBoptoBaHHs 3a VCSS € knio4oBUM Mig Yac BU3HAYEHHS TaKTVKW XipypriYHOro NikyBaHHS. [JouinbHO NPOAOBXWTY LOCAIMKEHHS
HioximMiuHMX MexaHiamie nporpecyBaHHs BXHK i BigganeHux pesynsrartis XipypriYHOro nikyBaHHs.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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OpwuriHaAbHI AOCAIAXKEHHS

Chronic venous disease (CVD) of the lower extremities is
among the most prevalent pathologies affecting the adult
population globally, involving approximately 25 % of women
and 15 % of men. In Ukraine, the prevalence among adults
reaches 30 %, with 25 % of these cases occurring in work-
ing-age individuals [1].

The clinical manifestations of CVD range from asymp-
tomatic cosmetic concerns to severe pain and the develop-
ment of complications such as chronic venous insufficiency
(CVI) or acute superficial venous thrombosis [2]. Depending
on the clinical class of CVD, characteristic visual markers
include telangiectasias, reticular veins, varicose veins,
oedema, skin hyperpigmentation, lipodermatosclerosis,
atrophie blanche, and venous ulceration [3,4,5].

According to the CEAP classification, the combined
prevalence estimates for CVD are as follows: C3 -8 %, C4 —
4%,C5-1%, and C6—0.4 % of the general population [6].

A study by Z. Krasinski & B. Krasinska reported that
C2-class CVD is observed in 25-40 % of adults, whereas
advanced stages (C3-C6) are present in 17-20 % of the
population [7].

Consequently, nearly 20 % of patients exhibit clinical
classes of the disease associated with CVI (C3-C6 accord-
ing to the CEAP classification).

Surgical intervention is generally indicated from clinical
class C2 onwards, with endovenous radiofrequency ablation
(RFA) or endovenous laser ablation (LA) serving as the
primary treatment modalities. These procedures are applied
to the trunks of the great saphenous vein (GSV) and/or
small saphenous vein (SSV), either in isolation or combined
with the treatment of tributaries and perforating veins [8,9].

Despite these advancements, surgical outcomes are
not always optimal. Recurrence is observed in up to 60 %
of patients. Postoperative complications, including deep
vein thrombosis (DVT), wound hematomas, and persistent
ulceration, occur in up to 18 % of cases [10,11], while a
significant impairment in the quality of life is reported by
32.5 % of patients [12].

It is widely recognized that the success in the surgical
management of CVD depends on the accurate identification
of hemodynamic pathophysiology within the superficial,
deep, tributary, perforating, and communicating venous
systems. This requires precise anatomical mapping of the
affected segments and the detection of associated compli-
cations [13,14,15].

Currently, duplex ultrasound (DUS) of the lower limb
veins is the key diagnostic tool for identifying these patho-
logical changes, enabling the selection of the appropriate
surgical technique and extent of correction [16,17]. However,
several areas remain insufficiently addressed, including the
comprehensive evaluation of preoperative DUS findings, the
correlation between uncorrected hemodynamic abnormalities
and disease recurrence, the impact of specific hemodynamic
patterns on long-term clinical outcomes. Further investigation
is required to optimize the selection of surgical methods
based on preoperatively identified hemodynamic profiles.

Aim
To identify the clinical and pathophysiological features of

hemodynamic changes prior to surgery and determine their
association with the clinical class of the disease.
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Materials and methods

The study enrolled patients with CVD at the stage of CVI,
classified as clinical class C3—-C6 according to the CEAP
classification, aged 18 to 75 years. The cohort consisted of
47 (33.8 %) males and 92 (66.2 %) females.

Inclusion criteria: patients with CVD clinical classes C3—
C6 (CEAP), aged 18-75 years. Exclusion criteria: patients
with CVD clinical classes C0-C2; age <18 or >75 years;
presence of oncological, autoimmune, or hepatic diseases;
diabetes mellitus; and refusal to provide informed consent.

A total of 139 (100 %) patients were examined and
categorized into three clinical groups:

— Group 1 (main group, n = 32, 23.0 %): patients
who underwent endovenous RFA of the GSV and/or SSV
trunks, combined with miniphlebectomy of tributary and
perforating veins;

— Group 2 (comparison group, n = 64) was divided into
two subgroups: subgroup 2a (n =31, 22.3 %) — patients who
underwent endovenous RFA combined with miniphlebecto-
my of tributary veins without perforator ligation; subgroup
2b (n =33, 23.7 %) — patients who underwent endovenous
RFA combined with ligation of perforating veins without
tributary miniphlebectomy;

— Group 3 (comparison group, n =43, 30.9 %): patients
who were treated exclusively with endovenous RFA of the
GSV and/or SSV trunks.

The patients underwent comprehensive clinical, instru-
mental, and laboratory examinations at the Department of
Faculty Surgery of Zaporizhzhia State Medical and Phar-
maceutical University.

Clinical status of patients with CVD was evaluated using
the international CEAP classification, which incorporates
clinical signs (C), etiologic factors (E), anatomic distribution
(A), and pathophysiologic mechanisms (P) of CVD [18].

Ultrasound examinations of the lower limb vessels
were performed using an ACUSON NX3 Elite system
(Siemens Medical Solutions USA, Inc.) in accordance with
the American Venous Forum (2023) and European Society
for Vascular Surgery (2022) guidelines.

Examinations were performed in the standing position
(or, if not feasible, in a position simulating venous loading).
Reflux was provoked using the Valsalva manoeuvre for the
saphenofemoral junction (SFJ) and distal compression-re-
lease for more distal segments. Reverse flow was meas-
ured using spectral Doppler, recording both the duration
(seconds) and peak reflux velocity [19].

The assessed parameters included the diameters of
the SFJ, GSV at the distal point of insufficiency (DPI), the
number of segments with pathological reflux in the system
of the anterior accessory saphenous vein (AASV) and in
the Giacomini vein (Gia) region, the diameter of the saphe-
nopopliteal junction (SPJ), SSV at the DPI, and tributary/
perforating veins. Mandatory mapping was performed for
the SFJ and SPJ, the trunks of the GSV/SSV (proximal,
mid, and distal segments), tributary and communicating
veins, as well as perforators with specification of the
fascial level.

The criteria for determining pathological hemodynamic
reflux were as follows: for superficial axial veins (GSV, SSV)
— reflux duration >0.5 seconds; for the common femoral,
femoral, and popliteal veins — >1.0 second; and for tibial,
deep femoral, and perforating veins — >0.5 seconds.
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Table 1. Preoperative CIVIQ-20 (invGIS) and VCSS scores in patients with various
clinical classes of CVD, M £ m

Clinical class (CEAP) CIVIQ-20 (invGlIS), points

C3 (n=66)
Cda (n=40)
Cdb(n=7)
Céc (n=11)
C5(n=6)
C6(n=9)

VCSS, points

75.00  0.49A 8.00£0.17A
61.70 + 0.46B 11.25+0.13B
50.86 +1.13C 13.14 £ 0.48C
50.09+1.29C 13.82 £ 0.29CD
36.50 + 1.19D 15.17 £ 0.57D
20.56 + 1.69E 18.99 + 0.69E

Clinical classes not sharing common superscript letters differ significantly from each other (p < 0.05).
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A perforating vein was defined as “pathological” if its
internal diameter at rest was 23.5 mm in combination with
an outward-directed flow lasting more than 0.5 seconds.

Quality of life was assessed via the Chronic Venous
Insufficiency Questionnaire (CIVIQ-20), which consists of
20 items reflecting four components of quality of life: physi-
cal, psychological, social, and pain-related. Results were
interpreted using the Inverted Global Index Score (invGIS),
where 20 points represent the poorest and 100 points the
best possible quality of life [20,21].

The severity of venous pathology was quantified using
the Venous Clinical Severity Score (VCSS). The assess-
ment included 10 clinical parameters: pain, varicose veins,
venous oedema, skin hyperpigmentation, inflammation,
induration, number of ulcers, duration of ulcers, size of
ulcers, and adherence to compression therapy. Each
parameter was rated from 0 to 3 points depending on se-
verity (absent = 0, mild = 1, moderate = 2, severe = 3). The
maximum score was 30, indicating severe venous disease,
while the minimum score was 0 [22].

The data obtained were statistically analyzed using the
licensed software package Statistica 13,0, TIBCO Software
Inc. (license JPZ8041382130ARCN10-J), and Microsoft
Excel 2013 (license 00331-10000-00001-AA404) [23].
Quantitative data were presented as Mtm (mean + stand-
ard error of the mean). Significance was assessed using
Student’s t-test for independent samples and paired t-test
for intra-group changes. Pearson correlation coefficients
were calculated for normally distributed data [23]. The sig-
nificance of intergroup and intersubgroup differences was
assessed using Student’s t-test for independent samples,
while Student’s paired t-test was applied for evaluating
changes over the treatment course. Correlations between
indicators were measured using correlation analysis with
calculation of Pearson correlation coefficients in cases of
normal distribution.

The study was conducted in accordance with current
bioethical standards [24], including the provisions of Article
8 of the Law of Ukraine No. 123/96-VR “On Medicinal Prod-
ucts” [25]; the Directive 2001/20/EC of the European Parlia-
ment and the Council [26]; the Convention for the Protection
of Human Rights and Dignity of the Human Being with
regard to the Application of Biology and Medicine [27]; the
World Medical Association Declaration of Helsinki — Ethical
Principles for Medical Research Involving Human Subjects
[28]; the World Health Organization’s recommendations
“Global Health Ethics” [29]; the principles of Good Clinical
Practice (GCP) [30]; and Order of the Ministry of Health of
Ukraine No. 690 [31]. All patients provided written informed
consent to participate in the study. The study design was

approved by the Bioethics Commission of Zaporizhzhia
State Medical and Pharmaceutical University (Protocol No.
10, September 18, 2025).

Results

The preoperative assessment of venous disease se-
verity and quality of life in patients across various clinical
classes of CVD, specifically stages C3-C6 (according to the
CEAP classification), is summarized in Table 1.

As shown in Table 1, the mean invGIS scores
(CIVIQ-20) in patients with clinical class C3 were significant-
ly higher than those in classes C4a (t = 19.8, p < 0.05), C4b
(t=19.6, p <0.05), C4c (t=18.1, p<0.05), C5 (t=29.9,
p <0.05), and C6 (t = 31.0, p < 0.05). Similarly, the mean
invGIS values in class C4a patients were significantly higher
compared to classes C4b (t = 8.9, p < 0.05), C4c (t = 8.5,
p<0.05),C5(t=19.8,p<0.05),and C6 (t=23.5, p<0.05).
However, these scores remained significantly lower than
those observed in class C3 patients and healthy individuals.

No statistically significant difference in invGIS scores
was observed between clinical classes C4b and C4c
(t = 0.45, p > 0.05). Nevertheless, mean values in class
C4b were significantly higher than in classes C5 (t = 8.8,
p < 0.05) and C6 (t = 14.9, p < 0.05), while being signifi-
cantly lower than in classes C3 and C4a. When comparing
invGIS scores between classes C4c and C5, significantly
higher quality-of-life indicators were noted in class C4c
(t=7.7,p<0.05).

In the same way, significantly higher invGIS scores
were observed in class C4c compared to class C6 (t = 13.9,
p < 0.05). The mean invGIS scores in class C5 were also
significantly higher than those in class C6 (t=7.7, p <0.05).
The Pearson correlation coefficient between the clinical
class of CVD and the quality of life scores on the CIVIQ-20
scale (invGIS) was very strong and negative (r = -0.979,
p < 0.05). Thus, an increase in the clinical severity of the
disease was associated with a statistically significant de-
crease in mean CIVIQ-20 scores, indicating a progressive
deterioration in patients’ quality of life.

Analysis of the mean VCSS revealed that values were
significantly lower in patients with class C3 compared to
those with class C4a (t = 15.2, p < 0.05), C4b (t = 10.1,
p <0.05), C4c (t=17.3, p < 0.05), C5 (t=12.1, p < 0.05),
and C6 (t = 15.5, p < 0.05). The scores for class C4a were
significantly lower than those for classes C4b (t = 3.8,
p <0.05), C4c (t=8.1,p<0.05),C5(t=6.7, p < 0.05), and
C6 (t = 11.0, p < 0.05) but remained higher than those in
class C3 and the healthy control group. No significant differ-
ence was observed between classes C4b and C4c (t=1.2,
p > 0.05). However, scores in class C4b were significantly
lower than those in classes C5 (t = 2.7, p < 0.05) and C6
(t=7.0, p < 0.05). Similarly, no significant difference was
found between classes C4c and C5 (t = 2.0, p > 0.05). Va-
lues in class C5 were significantly lower than in C6 (t = 4.3,
p <0.05) yet significantly higher than in other CEAP classes.
The Pearson correlation coefficient between the clinical
class of CVD and the VCSS score demonstrated a very
strong positive correlation (r = 0.976, p < 0.05).

These data indicate that a higher clinical class of CVD
directly correlates with increased severity of clinical mani-
festations. The results of the DUS examination of the lower
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Table 2. Preoperative morphometric ultrasound parameters of the venous system across clinical classes of CVD, mm (M + m)

Parameter, units of Clinical class (CEAP) Correlation
measurement coefficient, r
C3 Cda C4b C4c C5 C6

SFJ, mm 9.1+0.7A 10.5+ 0.9ABF 12.0 £ 1.1BGH 13.4+1.2CFG 15.7+1.2CD 15.1+1.3CEH 0.974
DPI of GSV, mm 8.6+ 0.5A 9.4+ 0.6AC 10.2+ 0.7ABE 11.1£0.7BCD 12.9+0.8D 12.2 + 0.9BDE 0.953
SPJ, mm 4.9+0.6A 5.3+ 0.6AB 6.1+ 0.7ACDE 7.0 £ 0.8BDEF 7.7+ 0.9CDF 8.2+1.0D 0.995
DPI of SSV, mm 4.7+0.5A 5.1+ 0.5AB 5.8 £0.6AC 6.5+ 0.7BC 70£0.7C 75+0.8C 0.996
Tributary veins, mm 47+03A 491 0.4AB 52+0.4AB 5.5+ 0.4AB 59104B 5.7+ 0.4AB 0.995
Perforating veins, mm 41+0.3A 4.4 +0.2AB 4.9+0.3AC 5.1+0.3BC 56+0.2C 54+04C 0.953

Clinical classes not sharing a common superscript letter differ significantly (p < 0.05).

Table 3. Preoperative CIVIQ-20 (invGIS), VCSS, and ultrasound parameters of the venous system across study groups, M + m

Parameter, units of Groups

measurement

Group 1 (main), n =32 Group 2 (comparison), n = 64 Group 3 (comparison), n =43
VCSS, points 10.50 +0.18 10.70 £ 0.16 1042 £0.27 10.83+0.19
CIVIQ-20, points 61.68 £ 1.02 61.74 £1.40 62.12 £ 1.58 63.88+0.85
SFJ, mm 11.72£0.26 11.86 £ 0.24 11.70£0.20 11.49+0.23
DPI of GSV, mm 11.03 £0.16 11.31£0.22 11.06 £ 0.16 11.24 £0.22
SPJ, mm 6.71+0.14 6.39+0.15 6.45+0.14 6.79+0.15
DPI of SSV, mm 6.80+0.12 6.89+0.13 6.72+£0.13 7.03+0.16
Tributaries, mm 559+0.13 544 +0.11 5.35+0.10 5.38+0.11
Perforators, mm 5.30+0.11 5.11+0.10 5.15+0.08 5.32+0.10

Groups not sharing common superscripts differ significantly (p < 0.05).

limb venous system in patients with CVD (classes C3-C6)
prior to surgical intervention are summarized in Table 2.

Analysis of the SFJ mean diameter revealed a statistical-
ly significant, progressive increase from class C3 (9.1 £ 0.7
mm) to class C6 (15.1 £ 1.3 mm; t=4.1, p <0.05). Significant
differences were observed between all classes except for C3
vs. C4a (t=1.2,p>0.05)and C5vs. C6 (t= 0.3, p > 0.05).

The mean diameter of the GSV at the DPI also in-
creased significantly with disease progression, rising from
8.6 £ 0.5 mm in class C3 to 12.2 £ 0.9 mm in class C6
(t=3.5, p<0.05). However, no significant differences were
found between classes C4c and C5 (t = 1.7; p > 0.05), C5
and C6 (t=1.0; p>0.05), or C4c and C6 (t= 0.6, p > 0.05).

A consistent upward trend was observed for the SPJ
diameter, which increased from 4.9 + 0.6 mm (C3) to
8.2+1.0mm (C6) (t=2.8, p < 0.05) according to the CEAP
classification. Similarly, the DPI of the SSV expanded from
4.7+0.5mminclass C3t0 7.5+ 0.8 mmin class C6 (t= 3.0,
p < 0.05). For both parameters, the differences between
classes C5 and C6 did not reach statistical significance
(t=0.4,p>0.05and t=0.5, p > 0.05, respectively).

Ultrasonographic evaluation showed a significant
increase in the number of segments of tributary veins and
their diameter with the disease progression: from 4.7 £ 0.3
mm in class C3 to 5.7 + 0.4 mm in class C6 (t = 2.0,
p <0.05). Assessment of the perforating veins also revealed
a statistically significant increase in both their number and
diameter with worsening clinical class of CVD according to
the CEAP classification: from 4.1 £ 0.3 mm in class C3 to
5.4 +0.4mmin class C6 (t= 2.6, p < 0.05).

Pearson correlation analysis demonstrated a very
strong positive correlation between the CEAP clinical class
and all measured ultrasound parameters of hemodynamic
impairment (r > 0.95, p < 0.05).
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The distribution of venous reflux sources was analyzed
across the AASV system and the Gia region. The analysis
demonstrated that an increase in the clinical class of the
disease (according to the CEAP classification) was asso-
ciated with a statistically significant, gradual increase in
the mean number of segments with pathological reflux in
the AASV: from 3.6 + 0.2 mm in patients with class C3 to
5.2+ 0.4 mmin class C6 (t = 4.5, p < 0.05). A similar trend
was observed for the affected segments in the Gia region:
from 3.2+ 0.2 mmin class C3 to 4.4 + 0.3 mm in class C6
(t=3.3,p<0.05).

These data indicate significant structural and patho-
physiological hemodynamic alterations in the lower
extremity veins of patients with CVD. These changes
correlate directly with the progression of CVI as defined by
the CEAP classification. Specifically, higher CEAP classes
were associated with increased severity of clinical manifes-
tations (assessed by the VCSS); significant deterioration in
quality of life (measured by the CIVIQ-20 questionnaire);
progressive increase in venous diameters and a higher
prevalence of reflux in specific venous segments according
to DUS findings.

The ultrasound findings also demonstrated a direct
positive correlation between increasing venous diameter
and the progression of the CEAP clinical class.

According to Table 3, the mean values of venous
segment diameters as well as the CIVIQ-20 and VCSS
scores did not differ significantly between the groups and
subgroups (p > 0.05).

Discussion

CVD of the lower extremities is a progressive condition
characterized by irreversible structural changes not only in
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the superficial, perforating, and deep venous systems but
also in the skin, subcutaneous tissue, muscular, skeletal,
and nervous tissues of the limbs [32]. Under the influence
of various factors, weakness of the muscular-elastic compo-
nents of the venous wall develops, valvular incompetence
arises, and venous blood outflow slows down, leading to
the dilation of subcutaneous veins. This leads to the devel-
opment of sustained venous hypertension — initially in the
main venous trunks, and later in the perforating veins that
connect the deep and superficial venous systems. Most
researchers consider venous hypertension, which disrupts
microcirculation, to be a key factor in the development of
trophic skin changes [33,34]. Shrestha B. & Karmacha-
rya R. M. found that in cases of chronic venous disease
of the lower extremities, the GSV is the most commonly
affected, observed in 77 % of cases [35].

The most widely accepted system for assessing CVD
severity is the CEAP classification, proposed in 1994 and
updated by the International Consensus Committee. The
clinical component (C) reflects symptom severity — ranging
from telangiectasias and reticular veins to active trophic
ulcers. The etiological section (E) indicates the nature of
the disease (congenital, primary, or secondary), while the
anatomical component (A) identifies the involved veins
(superficial, deep, or perforating). The pathophysiological
criterion (P) documents the presence of venous reflux or
obstruction [36]. In a study by O. Y. Atamaniuk et al., clinical
examination revealed that the largest proportion of patients
belonged to class C3, although 19 % exhibited advanced
changes characteristic of classes C4—C6 [37]. Furthermore,
R. S. Lahel et al. confirmed that GSV diameter correlates
significantly with the clinical severity of chronic venous
insufficiency, particularly in the thigh and knee regions [38].

Quality of life (QoL) serves as an integral indicator of
physical, emotional, and social well-being and is closely
linked to CVD severity [39]. QoL is significantly diminished
by physical manifestations such as edema, pruritus, and
skin discoloration, as well as by aesthetic defects that lead
to psychological discomfort, anxiety, and social isolation.
This impact is particularly pronounced in women; however,
men and younger patients (1840 years) also frequently
report a high emotional burden [40]. Our findings indicate
that the impact of CVD on QoL increases proportionally with
the CEAP clinical class.

In patients with class C4, the average decrease in QoL
across all dimensions (physical symptoms, aesthetics,
interpersonal relationships, and emotional burden) was
significantly greater than in those with classes C2-C3
(p < 0.05). A significantly higher proportion of C4 patients
rated their emotional burden and the disease’s impact on
relationships as high or very high (p < 0.05). There was also
anotable trend toward a higher impact of physical symptoms
and aesthetic disturbances in the C4 group (46-69 % vs.
30-48 % in C2-C3) [41]. Both international and national
data align with our findings, identifying a direct negative
correlation between the clinical class of CVD and QoL, as
confirmed by the decline in the CIVIQ-20 index. Additionally,
Q. Yang et al. determined that patients in classes C4-C6
had significantly larger GSV diameters compared to class
C1, with reflux duration being statistically longer in C6
patients [42]. Atamaniuk O. Y. et al. also noted a positive
association between GSV diameter and VCSS scores [37].

Our results corroborate these trends: as venous outflow
disturbances intensify, the clinical class of CVD rises, rein-
forcing the progressive nature of the pathology.

Thus, these results confirm that the progression of CVD
according to the CEAP classification is accompanied by an
increase in GSV diameter, worsening clinical manifestations,
and a marked decline in quality of life. A comprehensive
assessment using the CEAP, VCSS, and CIVIQ-20 scales,
combined with duplex ultrasound parameters, is essential
for effective risk stratification and the selection of optimal
treatment strategies.

Conclusions

1. An increase in the clinical class of chronic venous
disease according to the CEAP classification shows
a statistically significant negative correlation with pa-
tients’ quality of life (as evidenced by a decrease in the
CIVIQ-20 / invGIS index) and a positive correlation with
the severity of clinical manifestations (confirmed by an
increase in VCSS scores).

2. Ultrasound-based anatomical indicators and patho-
physiological hemodynamic changes demonstrate a strong
correlation between the degree of blood flow disturbance
and the clinical class of chronic venous disease. Specifically,
a significant increase was observed in the diameters of
the great saphenous vein, small saphenous vein, and their
respective junctions. Furthermore, there was a measurable
increase in the number and size of tributary and perforat-
ing veins exhibiting pathological reflux, alongside broader
involvement of anatomical segments within the superficial
venous system of the lower extremities.

3. When selecting a surgical strategy for chronic venous
disease, itis essential to integrate the findings of a compre-
hensive preoperative duplex ultrasound assessment, the
specific anatomical location of the affected segments, and
the clinical severity of the disease in the context of identified
hemodynamic patterns.

Prospects for further research. Future studies should
focus on an in-depth investigation of the pathophysiological
and biochemical mechanisms underlying the progression of
chronic venous diseases. Additionally, the development of
innovative surgical approaches and the long-term evaluation
of their impact on postoperative quality of life and clinical
severity remain high priorities.
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BnAuB Haxuay cyra060Boi AiHil Ha Mop¢oAoriuHi napameTpu
KOAIHHMX cyrno6iB npu octeoapTpwuri

P. |. BAOHCbKUHDY2AEF A O, KUAUMHIOK(®3BCD

*AY «lHCTUTYT TpaBMmatoAorii Ta opToneaii HAMH Ykpaitu», M. KuiB, 2MpuBaTHUI BULLMIA HaBUYAAbHUI 3aKAAA «KUIBCbKUI MEAUYHUI YHIBEPCUTET,

YkpaiHa, SMeanuHuit ueHTp «Angels Clinic», M. BiHHWUS, Ykpaita

A - KOHUENLiA Ta AU3arH AOCAIAXEHHS; B - 36ip aaHux; C - aHani3 Ta iHTepnpeTalisn AaHux; D - HanucaHHs cTatTi; E - peparyBaHHa cTaTTi;

F - octatouHe 3aTBEPAXEHHS CTaTTi

Merta po6oTu - oxapakTepu3yBaTi MOPCOMOriyHi NapamMeTpu KOMiHHUX CyrnoBiB Npu 0CTE0ApTPUTI 3 NEPEBAXHUM YPaKEHHSM
MegjanbHOro BiAainy, BpaxoBykouu Haxun cyrnoboBoi NiHii, BU3Ha4eHWii 3a aBTOPCbKO MeToaukoto (mJLO).

Marepiaau i metopu. MpoaHanizosaHo 100 cTaHAApTHUX PEHTreHOrpam KOMiHHUX CyrnobiB, BUKOHAHMX Y NpsMIl Npoekuii npn
OMOPHOMY HaBaHTaxeHHi, 70 navuieHTiB 3 MegianbH1M roHapTpo3oM. CepeaHii Bik — 63,56 £ 8,10 poky. OuiHoBaNM aHaToOMIYHUIA
naTepanbHWiA AUCTanbHNA cTerHoBui KyT (aLDFA), aHaTOMiYHWI MefianbHWiA NpoKCUMarbHiA BENUKOroMinkosui kyT (aMPTA),
CcTerHoBo-rominkoBuii kyT (FTA), KyT kKoHBepreHLii cyrnoboBoi ninii (JLCA), Haxun cyrno6osoi niHii (JLO), a Takox mJLO. 3HaueHHst
mJLO <177° B13Ha4anm sk aucTanbHUiA Haxun cyrno6oBoi niHii (AD), 177-183° — HelitpanbHuii (AN), >183° — npokcumansHi
(AP). 3HauyLLmmu BBaXanw BigMiHHoCTi npu p < 0,05.

Pesyasratn. AD BcTaHoBneHo y 72 (72,00 %) obetexennx, AN —y 25 (25,00 %), AP —y 3 (3,00 %). 3HaueHHst mJLO y oci6 3 AD
craHoBuno 172,13 + 4,15°, AN — 178,92 + 1,53°, AP — 187,33 £ 2,52° (p < 0,00001). MokasHuk FTA y nauieHTis 3 AD cTaHoBKB
175,90 £ 5,08°, AN —179,58 + 5,68°, AP — 185,00 % 3,00° (p = 0,003). 3Ha4eHHst aLDFA B oci6 3 AD craHosurno 83,33 + 2,75°,
AN — 85,82 + 2,37°, AP — 86,33 + 3,06° (p = 0,0003). 3HaueHHss aMPTA y naujeHTiB 3 AD — 82,80 + 3,28°, AN — 87,10 + 2,50°,
AP -95,00 +2,65° (p < 0,00001). MokasHuk JLCA y nauijexTie 3 AD cTaHoBuB 4,41 £ 1,39°, AN — 3,72 £ 0,99°, AP — 3,50 + 1,32°
(p=0,08). 3HayeHHs JLO y naujeHTiB 3 AD craHoeuno 0,83 + 3,52°, AN — 3,50 + 4,15°, AP - 4,00 + 1,00° (p = 0,009). Y naujieHTiB
i3 BULLWMY 3Ha4YeHHaMM mJLO Ta AP BctaHoBReHo BuLwi nokasHuku FTA (1= +0,21, p = 0,002), aLDFA, (1= +0,53, p <0,0000001),
aMPTA (1 = +0,56, p < 0,0000001) Ta MeHLi 3Ha4eHHs JLCA (1 =-0,18, p = 0,007).

Buwi waHcey AD BcTaHoBneHo npu 3HaveHHsx aLDFA 79-83° (OR = 3,86, Cl (1,51-11,10), p = 0,004), aMPTA <84° (OR = 15,35,
Cl (5,05-61,75), p = 0,0000001), JLCA 24,1° (OR = 4,04, Cl (1,52-12,47), p = 0,004), JLO <0° (OR = 3,69, Cl (1,31-12,62),
p =0,01). Buwy AmosipHicTb AN foBeneHo B 0bcTexeHux 3i 3HadeHHsMm aLDFA 284° (OR = 5,56, CI (2,06-17,31), p = 0,0005),
aMPTA 85-90° (OR = 4,13, Cl (1,65-10,90), p = 0,002), aMPTA 291° (OR = 5,30, ClI (1,46-20,93), p = 0,01), JLCA 2,1-4,0°
(OR =3,42, Cl (1,32-9,90), p = 0,01), JLO >0° (OR = 3,03, CI (1,07-10,41), p = 0,04).

BucHoBku. [loBeAeHO 3HauyLLi BigMIHHOCTI MOpPOnOoriYHMX NapameTpiB KOMiHHKX cyrnobis npu octeoapTpuTi 3anexHo sig mJLO.

KatouoBi cnoBa:
KOAHHWIA CyrA0b,
0CTE0apTPHT,
MopdoAoris

KiCTKH, HabyTi
Aedopmalii cyrnoba,
AiarHocTMyHa
Bigyanizaujs.
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Influence of joint line obliquity on morphological parameters of the knee joint in osteoarthritis

R. I. Blonskyi, L. 0. Kylymniuk

Aim. To characterize the morphological parameters of the knee joint in medial osteoarthritis (OA), accounting for joint line obliquity
(JLO) as assessed by a method proposed by the author (mJLO).

Materials and methods. A total of 100 standard weight-bearing anteroposterior knee radiographs from 70 patients with medial
knee OA were analyzed. The following radiographic parameters were evaluated: anatomical lateral distal femoral angle (aLDFA),
anatomical medial proximal tibial angle (aMPTA), femorotibial angle (FTA), joint line convergence angle (JLCA), joint line obliquity
(JLO), and mJLO. Values of mJLO <177° were defined as apex distal (AD), 177-183° as apex neutral (AN), and >183° as apex
proximal (AP). Statistical significance was set at p < 0.05.

Results. AD was identified in 72 cases (72.0 %), AN in 25 (25.0 %), and AP in 3 (3.0 %). The mean mJLO values were: AD
172.13 £4.15°, AN 178.92 £ 1.53°, and AP 187.33 + 2.52° (p < 0.00001). The corresponding values for other parameters were:
FTA: AD - 175.90 + 5.08°, AN — 179.58 + 5.68°, AP — 185.00 + 3.00° (p = 0.003); aLDFA: AD — 83.33 + 2.75°, AN — 85.82 + 2.37°,
AP —86.33 + 3.06° (p = 0.0003); aMPTA: AD — 82.80 + 3.28°, AN — 87.10 + 2.50°, AP — 95.00 + 2.65° (p < 0.00001); JLCA: AD —
441+£1.39°,AN-3.72+0.99°,AP-3.50+1.32° (p=0.08); JLO:AD—-0.83 £ 3.52°, AN-3.50 +4.15°, AP—4.00 + 1.00° (p = 0.009).
Higher mJLO values (characteristic of the AP phenotype) positively correlated with increased FTA (1 = +0.21, p = 0.002), aLDFA
(1=+0.53, p <0.0000001), and aMPTA (1 = +0.56, p < 0.0000001), while negatively correlating with JLCA (1 =-0.18, p = 0.007).
The likelihood of the AD phenotype was significantly increased in patients with aLDFA 79-83° (OR = 3.86; 95 % CI: 1.51-11.10;
p =0.004), aMPTA <84° (OR = 15.35; 95 % ClI: 5.05-61.75; p < 0.001), JLCA24.1° (OR = 4.04; 95 % Cl: 1.52-12.47; p = 0.004),
and JLO <0° (OR = 3.69; 95 % Cl: 1.31-12.62; p = 0.01). Conversely, the AN phenotype was more probable in patients with aLDFA
284° (OR = 5.56, Cl (2.06-17.31), p = 0.0005), aMPTA 85-90° (OR = 4.13, CI (1.65-10.90), p = 0.002), aMPTA 291° (OR = 5.30,
Cl (1.46-20.93), p=0.01), JLCA2,14,0° (OR = 3.42, Cl (1.32-9.90), p = 0.01), JLO >0° (OR = 3.03, Cl (1.07-10.41), p = 0.04).

Conclusions. Morphological parameters of the knee joint in medial osteoarthritis patients significantly differ based on
mJLO values.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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OcTeoapTpuT KOniHHOTO Cyrnoba — Lie XpOoHiuHe MynbTy-
(hakTopHE [AereHepaTMBHO-ANCTPOGIYHE 3aXBOPHOBAHHS
3 BapiabenbHUM 3ananbHAM KOMMOHEHTOM, LU0 Xapak-
TEPU3YETbCS MPOTPECUBHIUM PYNHYBAHHSAM CYrno60Boro
XpsiLLa, peakTUBHIUMU 3MiHamMK cybXoHaparnbHOI KTk Ta
YP&XEHHSM | BHYTPILLHBOCYMOGOBKX, | HABKOMOCYrNoboBMX
CTPYKTYp. FeTEPOreHHICTb eTionaToreHeTUYHNX (HaKTopiB i
KIiHIYHUX NPOSIBIB AereHepaTUBHO-AUCTPOGIYHOMO NpoLiecy
YCKIa[HIOE CTBOPEHHS Y3ararnbHeHoi knacudikalii, a Takox
BU3HAYEHHS LIiNbOBUX CTPATENiN NiKyBaHHS | NpoinakTuku.

3 nornsigy cyyvacHoi mepcoHanisoBaHoi opTonegii
0cobrnm1Bo akTyarnbHo € npobnema MopdornoriyHoi Bapi-
abenbHocTi cyrnobiB. Y 6aratbox AOCHIMKEHHSX NOKa3aHO
BiMIHHOCTi CTPYKTYPHUX 3MiH KOMiHHMX CyrnobiB, Bpaxo-
BYIOUM BIK MaLieHTIB, CTaTb, €THIYHY HanexHicTb [1,2,3].
[oBeneHo mopdbonoriyHi BapiaLlii 3anexHo Big cTagii Ta
€TionaToreHeTMYHOI hopMM 3axBOptoBaHHs [4,5].

OnHuMm i3 cyyacHWx MeToAiB knacudikallii peHoTunis
koniHHoro cyrnoba e Coronal Plane Alignment of the Knee
(CPAK). Cuctema fae 3mory po3pisHsaTi 9 heHoTUMNOBKX
BapiaHTiB Ta 00paT HanbinbL JOLINbHUIA METOA NO3WL-
OHYBaHHS! iMMnaHTara Npu eHJonpoTe3yBaHHi KOMiHHOM
cyrnoba Ans KoxHoro BuAay. 3rifHO 3 opuriHanbHo0
METOAMKO, L0 3anponoHoBaHa S. J. MacDessi et al. y
2021 pouj, Ans BU3Ha4eHHs! heHoTHNy KoniHHOro cyrnoba
obpaxoBytoTb [Ba KIHOYOBI NapamMeTpu — apuMeTUYHNIN
CTErHoBO-KOMiHHO-rominkoBui kyT (aHKA) Ta Haxun niHii
cyrnoba (JLO). 3okpema, aHKA Bu3Ha4atoTb K pisHuK-
L0 3HaYeHb MexXaHiYHOro narepasnbHOro AUCTanbHOro
cterHoBoro kyta (LDFA) Ta mexaHiyHOro megianbHoro
MpoKcMMarnbHoro Benukorominkosoro kyta (MPTA), a JLO
— aK ix cymy. 3Ha4eHHs kyTiB LDFA Ta MPTA oujHIo0Tb Ha
OPTOPEHTIEHOrpamMax HWKHIX KiHLiBOK. Hagani Ha ocHOBI
MaTpULi NOEAHAHHS KMOYOBUX NapaMeTpiB ifeHTUIKYIOTb
OfVH i3 AEB’'ATW (hEHOTMNIB KOMiHHOTO Ccyrnoba [6].

MMpakTuyHy UiHHiCTb knacudikauii CPAK wogo iHau-
Bifyanisavji nigxodiB A0 KOPEKLUil MexaHiYHOT OCi HUKHBOT
KIHLIBKW MiATBEPIKEHO pe3ynbTaTaMi YNCTIEHHWX 4OCHi-
IkeHb [1,7]. Pasom i3 Tum, L cuctema Mae HU3Ky obme-
XeHb: He BpaxoBye MapaMeTpu caritanbHoi Mopconorii,
iHOMBIOyanbHI YUHHUKW NALEHTIB, @ TaKoX HenpuaaTHa y
pasi BUsiBNeHHst nosacyrnobosux aedopmalin [8,9]. He
MEHLL BaXTWBUM (hakTOpOM, LLI0 0BMEXYE ii 3aCTOCYBaHHS
Ha NpaKTULYj, € HEOBXIAHICTb BUKOHAHHS OPTOPEHTIEHOTPaM,
LU0 He 3aBXay MOXIMBO i AOLNBbHO B AiarHOCTULL roHap-
Tpo3dy. OpTopeHTreHorpadis NoB'a3aHa 3 BULLMM NpoMe-
HEBUM HaBaHTAXEHHAM Ta OOMEXEHHsSIMW Y AeTanidavii
CTPYKTYp KOMiHHOTO Cyrnoba MOpiBHAHO 3i CTaHAAPTHO
peHTreHorpadieto.

Mig yac aHanidy kntovoBux napametpie CPAK aHKA
€ KpUTepIeM, WO 3anexuTb Bif NOMOXEHHS MeXaHiYHOi
OCi HWXHBOI KIHLIBKM, | AN MOr0 OLHIOBAHHS BUKOHAHHS!
OpTOpeHTreHorpam e 06oB’s3koBuM. Hatomictb JLO, sk
3a3HayatoTb aBTOPU OPUriHamNbHOI NpaLli, € He3anexHum
iHoukaTopom [6]. 3assuyaii TepmiHom JLO Bu3HaYaoTh
peHTreHorpadivHMiA KyT MiX RiHie0, JOTUYHOK 4O Nnato
BENWKOTOMINKOBOI KiCTKM Ta MiHi€l0, napanenbHow Ao
MOBEPXHi 3eMITi, KU MOXe ByTV OLIHEHMI | Ha OPTOPEHT-
reHorpami, i Ha CTaHZapTHIN PeHTreHorpami KoniHHOro
cyrnoba. Mpu ubomy 3HayeHHs JLO >0° BkasywoTb Ha
naTtepanbHuin Haxun cyrnoboBoi niHii, a nokasHuk JLO
<0° cBiguuTb npo ii MegianbHy opieHTauiio [10]. 3rigHo 3

naHmmm S. J. MacDessi et al., JLO, sikuii BU3Ha4atoThb 1K
«Bapycy, 3a3BMyal € pesynsratom KoMbiHaLji BapyCHOro
MOMOXEHHSA OCi BENWUKOrOMINIKOBOI KICTKM Ta BarnbryCHOrO
BiZXMNEHHS1 OCi CTErHOBOI KICTKU NpU HEWTpanbHOMY Mo-
MOXEHHI OCi HUXHBOI KiHLiBKM. Ha npotvBary usomy, JLO
BW3HAYaKOTb SIK «BapYC» 11 Y pasi NOEAHAHHS AUCTanbHOro
BanbryCy CTErHOBOI KiCTKM Ta HEMTPanbHOrO MOMNOXEHHS
MPOKCUMAnbHOTO BiAAiny BENMKOrOMINIKOBOI KiCTKM npu
BarbryCHOMY NOMOXEHHi OCi HYXXHBOI KiHLiBKW. [JocnigHWku
Haronocuny, WO BUKOPUCTaHHS OAHAKOBWX TEPMIHIB Ans
LMX OBOX He3aneXHUX 3MIHHWX Y KOPOHambHIN NMOLWHI
CMPUYMHSE HEOOHO3HAYHICTb Ta MryTaHuHy. HatoMicTb,
obpaxosanuin 3a metoaukoto CPAK nokasHuk JLO gae amo-
Iy YiTKO OXapakTepuayBaTy Haxwi MiHii KoNiHHMX cyrnobis
LLOZI0 FOPU3OHTAaNbHKX CYrnoboBUX MiHilt | BUSHAYUTH MO-
NOXeHHs CyrnoboBOi BEPXiBKM SK ANCTaNbHE, HelTpansHe
i npokcumanbHe [6]. 3ayBaxumo, Lo obuasa nigxogu o
oujHtoBaHHsA JLO € iHhopMaTUBHUMK, 30KpEMA NOKa3HUK
JLO, obpaxoaruin 3a CPAK, aae amory oxapaktepu3ysatm
aHaToMi4Hy KoHdirypaujto cyrnoboBoi NiHii, a peHTreHo-
noriynmi Kyt JLO — ¢pyHKLiOHanbHWA Haxun cyrno6oBoi
MIOLLMHM MPY OCbOBOMY HAaBAHTaXEHHI.

Omxe, Haxun cyrnoboBoi NiHii € 0HUM i3 KMKYOBKX
YWMHHWKIB Y BiJHOBINEHHI ONTUMArbHOrO 0CLOBOro 6anaHcy
HWKHBOI KiHLiBKM, LLIO 3yMOBITHOE aKTyasbHIiCTb i mepcnek-
TUBHICTb Or0 MoJasnbLUOro JOCHIAXKEHHS SK BaXNUBOI
CKknagoBoi onTUMI3aLii nepcoHichikoBaHoro nigxogdy A0 op-
TOMEANYHOrO NiKyBaHHS OCTE0APTPUTY KOIIHHOTO cyrmoba.

HynboBa rinoTesa AOCMiMKEHHS Nonsrana B TOMY, LU0
HemMae MopdonoriyHMX BiMIHHOCTEN KOMiHHUX Cyrnobis
npy MegianbHOMYy OCTe0apTPUTi, BPaX0oBYKOUM Haxun cyr-
no6oBoi NiHil, LU0 BU3HAYEHWIA 33 aBTOPCHKOK METOAUKO
3 BUKOPUCTAHHAM CTaHAAPTHUX PEHTTEHOrPaM.

MeTta po6oTtu

OxapakTepusyBatit MOPONOriYHi NapameTpy KOMiHHUX
cyrno6is npy 0cTE0ApPTPUTI 3 NEPEBAXHUM YPAXKEHHSM
megjiansHoro BiAAiny, BpaxoByoun Haxwn CyrroboBoi niHii,
BU3HAYEHUI 32 aBTOPCBKOK MeToamkor (mJLO).

Martepianu i MeToAU AOCAIAYKEHHA

Y LiboMy nonepe4HOMY (0IHOMOMEHTHOMY) oBcepBaLliiHoMy
[OCTimKeHHI HaBeOEHO aHani3 pe3yrbTaTiB peHTreHorpadiy-
Horo obcTexxenHst 100 BuNaakiB OCTEOAPTPUTY KOMIHHOMO
cyrnoba 3 nepeBaHUM ypaxeHHsIM MeaianbHoro Biaainy
70 navujenTis, siki nepebyBarnu Ha cTaLioHapHOMY iKyBaHHi
B TpaBmaronoriyHomy BiggineHHi KHIM «BiHHuLbka micbka
KniHiYHa nikapHs LUBMAKOI MEAUYHOI JONOMOrvy 3a nepiog,
2017-2025 pokis. CepenHiii Bik— 63,56 + 8,10 poky. [lo rpynu
JOCHiMKeHHs 3anyyeHo 26 (37,14 %) vonosikis i 44 (62,86 %)
XiHkW. O3HaKy 0gHOBIYHOMO ypaxKeHHs! KomiHHOro cyrnoba
[ereHepaTBHO-AUCTPOMIYHIM NPOLIECOM BUsiBNEHO y 40
(57,14 %) naujenTis, 30 (42,86 %) oci6 manm gBOGIHHMI
XapaKTep 3axXBOprOBaHHs1. AHani3 3ifcCHUNW Ha piBHi cyrnoba
6e3 ypaxyBaHHs BHYTPILLHbOIHAVBIAYaNbHOI KOpEnaLji Mix
koniHamn ogHoro nauieHta. Obuasa KoniHHUX cyrnobu oa-
HOro 06CTEXEHOrO aHani3yBanm sik pisHi CTPYKTYPHi BapiaHT1
Ta HesanexHi oguHnLi cnoctepexerts (n = 100).
KpwuTepii 3anyyeHHs nauieHTiB 4O JOCNIOKEHHS —
[iarHOCTOBaHW NEPBUHHUI OCTE0APTPUT (OCTE0ApPTPO3)
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OpwuriHaAbHI AOCAIAXKEHHS

koniHHoro cyrno6a 2-3 cTagii 3a knacudikaieto Kellgren—
Lawrence 3 nepeBaXxHUM ypaxeHHsAM MeZianibHOro BigAiny;
BTOPVHHUIA OCTE0APTPUT KOMIHHOIO CYrnoba 3 nepeBaxHUM
ypaxeHHdAM MegdianbHOro Bipdiny cyrnoba, 3okpema
BTOPUHHWIA OCTE0APTPUT KOMiHHOrO cyrnoba nicns nepe-
HECEHOro acenTUYHOro HEeKpPo3y MeaianbHOro BMPOCTKA
CTErHOBOI KiCTKY; 3a0BINIbHWIA CTaH NaTepanbHOro Bigdiny
KOMiHHOTO cyrnoba (HeYLIKOMKEHWIA MEHICK | 36epeseHHs
MOBHOI TOBLUMHK CYrno6oBOro XpsLa); LiMiCHICTb 3B'A3-
KOBOTO anapary KOMiHHOro cyrnoba; MOoXMMBICTb MOBHOIO
PO3rMHaHHS KOMiHHOTO cyrnoba abo HasBHICTb 3rMHANbHOT
KOHTpakTypm <10°.

Kputepii BUKMIOYEHHS 3 JOCNIMXEHHS — ToTanbHe
YPaXeHHs MefianbHOro Ta natepanbHoro Bigdinis KosiH-
Horo cyrnoba aereHepaTBHO-AUCTPOMIYHAM NPOLIECOM;
BTOPVHHWIA NOCTTPABMATUYHUIA OCTEOAPTPUT MICAS BHY-
TpilwHbOCYrNo60BOro NEpenoMy AUCTarnbHOro BiAAiny
CTErHoBOI KiCTKM Y1 mepernomy nnarto BEnMKOroMIinKoBOi
KICTKW; nonepeaHi onepaTuBHi BTPYYaHHS, BUKOHaHI B
AiNSHUi AMCTanbHOro BiaAainy CTErHOBOI KICTKM Y NPOKCH-
MarnbHOro BiA4iny BENMKOrOMINKOBOI KIiCTKM, HasiBHICTb
3ruHanbHoi KOHTpakTypy >10°; HecTabinbHICTb 38'S3K0BOMO
anapary KOIiHHOrO cyrroba; BTOPUHHUIA OCTE0APTPMT, 3y-
MOBJIEHUIA MCNNAaCTUYHUMM 3MiHAMK KiICTKOBOI TKaHWHK,
MeTaboniyHNMK Ta IHWKMMKU 3aXBOPHOBAHHAMMU (OXPOHO3,
xBopoba lloLwue, xBopoba Megketa, 0CTEONETPO3); aKTUBHMIA
iH(EKLNHMIA NPOLIEC YK HASIBHICTb NaTEHTHOI iHdeKLii.

OcobnusocTi Mopehonorii KoniHHKX Cyrnobis npy ocTeo-
apTPUTI 3 NEpEBaXHUM YpaXKeHHAM MeZianbHoro Bigginy
BU3HAYanm, aHanisytouu Taki pEHTreHororiYHi napameTpu:

— aHaTOMIYHMI NaTeparnbHA AUCTaNbHAN CTErHOBUN
kyT (aLDFA) — kyT, cchopMoBaHuii Mix ropu3oHTamnbHOK
niHiet0, JOTUYHOI A0 AUCTanbHOI CyrnmoboBOi NOBEPXHi
CTErHoBOI KIiCTKM, Ta aHAaTOMI4HO BiCCHO CTErHOBOI KICTKY,
BUMIPSIHUI NaTepanbHo. PedhepeHTHIMM BBaXanu 3Ha4eH-
Hs1 KyTa B Aiana3oHi 79-83°;

— aHaTOMIYHWI MegianbHWiA NPOKCUManbHUIA BENUKO-
rominkoBui KyT (aMPTA) — kyT, chopMOBaHWiA MiX TiHIEI0,
JOTUYHOHO 10 NPOKCUMATbHOT Cyriob0oBOT MOBEPXHI BEMWKO-
TOMINKOBOI KICTKW, T @HATOMIYHOO BICCHO BENMKOrOMINKOBOI
KICTKW, BUMIPSHUA MefianbHO; 3HAYEHHS KyTa B Mexax
85-90° B13HaYanm sk pepepeHTHi;

— cTerHoBo-rominkoBuin Kyt (FTA) — KyT, yTBOpeHNi
MiXX @aHaTOMIYHUMW OCSIMM CTErHOBOI Ta BENMKOrOMISIKOBOI
KICTOK, BUMIPSIHUIA MeZianbHo;

— KyT KoHBepreHuii cyrno6oBoi niHii (JLCA) — kyT, yTBO-
PEHWIN MiX MiHISMKX, BOTUYHUMM [0 CYrno6OBKX NOBEPXOHb
JVCTanbHOrO BiAAiny CTErHOBOI KICTKM Ta MPOKCUMAIbHOTO
BiZAiNy BENVKOTOMINIKOBOI KICTKU. 3HaYeHHS KyTa B Aiana-
30Hi 0—2° BU3Ha4eHO sk pechepeHTHi [11];

— Haxun cyrno6oBoi NiHii (JLO) — KyT, BUSHAYEHMI Mix
TiHiet0, AOTUYHO 0 NNATO BENUKOrOMINKOBOI KiCTKV Ta ro-
PU30HTasbHO NiHi€0, NapanenbHO A0 3eMi. 3HaueHHs
JLO >0° cBiguunu npo nateparnbHy iHkniHawito cyrnobosoi
ninii, a JLO <0° — npo MegjianbHWn HAXWA NiHii KONiHHOTO
cyrnoba [10].

[ns aHanisy BMKOPUCTOBYBanM CTaHAAPTHI (KOPOTKi)
pEHTreHorpaMu KomiHHUX CyrnobiB, BUKOHaHI B NpsAMIn
NPOEKLii NP OMOPHOMY HaBaHTaXeEHHI HIDKHIX KiHLBOK.

[lonatkoBo OLjiHIOBaNM Haxun niHii koniHHoro cyrnoba
3a aBTOPCHKOK METOAMKOW, WO po3pobrneHa 3 ypaxy-
BaHHAM npuHUmMniB cuctemn CPAK sik KOHLENTyanbHOro
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npototuny. Moaudikosanuin JLO (mJLO) obuncneHo 3a
¢opmynot: mJLO = aMPTA + aLDFA + 6°, ge 6° — no-
MPaBKOBUI KOeILLIEHT, L0 CBIAYMB NPO BanbrycHe BiaXu-
NeHHs aHaTOMIYHOT OCi LWOoAo MexaHivHoi [11]. MokasHuk,
O ofepXaHo, iHTepnpeTyBanu 3a pekoMeHaaLisaMu
aBTOpIB OpuriHanbHOi MeToauki. 3HadeHHs mJLO <177°
BM3HAYanM K AMCTanbHUIA Haxun cyrnobosoi niHii (AD),
nokasHuk mJLO B gianasoni 177-183° — sk HelTpansHWiA
(AN), a sKwo 3HayeHHs mJLO craHoBuno >183°, Haxun
niHi koniHHOro cyrnoba BU3HaYanu sk NpoOKCUMarbHWIA
(AP) [6]. Moporosi iHTepBany 3anN03N4YEHO 3 OPUriHANBHOT
cuctemm CPAK nuwwe ans opieHTOBHOI kaTeropumsalii Ha-
Xuny cyrno6oBoi NiHii 6e3 npeTeHsii Ha eKBiBaNEHTHICTb
pesynbratam BUMIPIOBaHHS MeXaHivyHuX KyTiB. [ins nepe-
BipKM CTilKOCTI knacudikauii Ta ouiHioBaHHS cTabinbHOCTI
pesyneTaTiB 34iINCHUNW aHani3 YyTnuBOCTi Mogeni, ae
nonpaBkoBui koediLlieHT 3MiHIBanu Ha +1° (6e3 amiLLeHHs
noporosux mex ans AD, AN, AP), Hagani noBTOpHO 064wc-
moanu mJLO i nopieHtoBanu y rpynax. Bucokwit ctyniHb
Kopenswii pe3ynbsratiB OLiHIOBaHHS MOpdonoriYH1x napa-
METPIB KOMIHHOTO Cyrnoba, BU3HAYEHUX Ha CTaHOAPTHUX
PEHTreHorpamax, BUKOHaHUX B nepegHb0-3aaHiN NpoekKLii,
3 JaHNMK, L0 BCTAHOBIEHI NiA Yac aHani3y OpTOPEHTreHo-
rpam, nigTBepmkeHo y gocnimkerHi M. Unal et al. [12], wo
cTano nigrpyHTsim ans Bu6opy mogeni CPAK sik npotoTuny.

MopdomeTpnyHi napameTpy ouiHIOBanu ABa Hesa-
NEeXHUX [ocnigHUKK. PiBeHb Y3romxeHOCTi BUMIptoBaHb
MiX cnocTepirayamy BW3Ha4yanu 3 BUKOPUCTAHHAM
BHYTPILLHBbOKNAcoBoro koedilieHTa kopensuii (ICC) 3a
[IBOHANPAaBMEHO0 MOAENII0 3i 3MillaHUMK edhekTamm 3
abcontoTHolo BianoBsiaHicTio. 3HaveHHst ICC cTaHoBMNM
>(,85, LU0 CBIOYMIIO NPO BUCOKY BiATBOPIOBAHICTb Pe3yrib-
TaTiB BUMIpIOBaHb.

Hapaniy rpynax, chopmoBaHmx 3 ypaxyBaHHsSIM Haxuity
CcyrnoboBoi MiHii, aHanisysanu BigMIHHOCTi 32 BU3HAYEHUMM
mopdonoriyHumMmK napameTpamu. [ogatkoBo OLiHIOBanm
MPOTHOCTUYHUI MOTEHUian AOCIMKEHUX KYTiB Yy BU3Ha-
YeHHI Haxuiy cyrno6oBOi NiHii B MaLieHTIB i3 MegianbHUM
roHapTpo3om. [epBuHHa rinoTe3a nonsrana y BU3Ha4eHHi
MOPEOOriYHMX BiAMIHHOCTEN KOMiHHUX CyrnobiB npu
megianbHOMY OCTe0apTpUTi 3 ypaxyBaHHAM MOKa3HuKa
mJLO. BropuHHi napametpu (aLDFA, aMPTA, JLCA, JLO)
aHanisyBanu okpemo sk JONOMiXHi, 6e3 3aCTOCyBaHHS KO-
peKLii Ha MHOXWHHI NOPIBHAHHS, OCKINIbKM SOCTIMKEHHS He
nependayarno BU3HaYeHHs CyMapHoro edhekTy Ym iepapxii
MOKa3HWKIB.

JocnimkeHHs 34iNCHUNN, AOTPUMYIOUMCh ETUYHUX
npuHUMniB MenbCiHCbKOi Aeknapalii BcecBiTHBOI Meany-
HOI acoujauii « ETUYHI NpUHLMNM MeanYHUX SOCHimKeHb
3a yyactio noguHn» (VI nepernsg, 3ateepmxeHo Ha 64
leHepanbHiit acambnei BcecBiTHOI MeauyHOi acouiauii,
®opranesa, bpasunis, xosTeHb 2013 poky) [13], KonseHLii
Papu €sponv npo npasa nioguHu Ta biomeauumHy (M. Os’e-
[0, |cnanis, 4 kBiTHs 1997 poky) [14], YUHHWX HaLiOHAMBHNX
6ioeTnynnx ctanpaprie [15]. Lie nigTeepmxeHo KomiteTom
3 6ioeTukm MeguuHoro ueHTpy «Angels Clinicy, M. BiHHAUS
(npotokon Big 22.09.2025 poky Ne 8). Yci navieHTv noiHdop-
MOBaHi NP0 0COBMMBOCTI y4acTi y AOCTIMKEHHI Ta Haganm
nuceMOoBY iHopmoBaHy 3rogy. [ins 3a6e3neqeHHst KOHDI-
[EHUHOCTi NepcoHarnbHi iaHi 06CTEXEHNX 3HEOCODNEHO.

CTaTucT4HO pesynbTaty JOCHiMKEHHS onpaLioBarni,
BMKOPUCTaBLUW nporpamHe 3abesneveHHst Statistica 13
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(TIBCO Software Inc.) Ta cepenosuiie RStudio (R version
4.3.3; RStudio, PBC). Moka3sHukm OLiHIOBanu, 3aCToCoBy-
04N METOAMN OECKPUNTUBHOI CTaTUCTUKK. KinbKiCHi 3MiHHiI
HaBegeHo y chopmarti M + SD, ne M — cepenHe Bubipkose
3HaueHHs, a SD — cTaHaapTHe BigxuneHHs. KateropianbHi
[JaHi HaBefeHo sk n (%), fe n — abcontoTHa KinbKicTb cno-
cTepexeHb, % — BiANoBiAHE BiACOTKOBE CMiBBIAHOLLEHHS.
[1ns nopiBHAHHA NapaMeTpiB He3anexHUx rpyn, copMoBa-
HWX 3 ypaxyBaHHAM Haxuiy CyrnoboBoi niHii, BUKOPUCTaHO
HenapaMeTpUYHNI CTaTUCTUYHUIA KpuTepin Kpackena—Bo-
nnica. ®yHKUioHaNbHWI 38’A30K MK 3MIHHUMM OLLIHIOBaNN 3
BUKOPUCTaHHAM KoedbiLllieHTa paHroBoi kopensuii T-Kenaa-
na. MpOorHoCTUYHY LiHHICTb NapaMeTpiB LLOAO BU3HAYEHHS
Haxuny cyrnoboBoi NiHii Npu MegiansHOMY roHapTPO3i
OLiHIOBamN Ha OCHOBI CTATUCTWUYHOT MofenNi BiHapHOI oric-
TUYHOI perpecii, 06paxoByto4u BigHoLeHHst waHciB (OR)
T1a 95 % fosipui iHTepsanu (Cl). Ans YHUKHEHHS NOTEHLii-
HOTO 3MiLLiEHHS OLIHOK, MOB’AA3aHOr0 3 AncOanaHcoM rpyn i
HasIBHICTIO PigKICHWX NOAJN Y Mogeni, BUKOPUCTAHO METOA,
®ipra (Firth’s penalized likelihood estimation). CtatuctuyHo
3HauyLLMMK BBaxanu BigmiHHocTi npu p < 0,05.

MocT-xok 064ncneHHst notyxHocTi (post hoc power
analysis) BUKOHaHO ANl 04HOAKTOPHOO ANCNEPCIAHOM
aHanisy 3 ¢ikcosaHumu ecpektamu (fixed effects one-way
ANOVA). MapameTpu obpaxyHky: Kinbkict rpyn k = 3,
RMSSE (root-mean-square standardized effect) = 0,25,
HeLeHTpanbHWiA napameTp A = 1,25, piBeHb 3HaYyLLIOCTi
a = 0,05, uinbosa notyxHictb 1 — = 0,80. 3a HaBegeHUx
napameTpiB 3aranbHuii 06csr BUGipku CTaHOBMB N = 79
(oTpuMmaHa noTyxHICTb ANs Lsoro n ctaHosuna 0,8049). Y
LIbOMY IOCHiMKEHHI (hakTU4HWIA 3aranbHuiA 06CAr CTaHOBKB
n = 100, wo nepesuLLye ob4rcneHy BennumnHy. OcKinbku
[OCTIDKEHHS MONEPEYHOro An3aiiHy, 10 AKOrO BKITHOUYEHO BC
[OCTYMHI ANs aHaniay BUNagkv MegiansHoro 0cTeoapTpuTy
KOMiHHOro cyrnoba, OUiHIBaHHS MOTYXHOCTI 34iACHUNMN
PETPOCNEKTUBHO.

Pe3yAbTati

OuinmBww 3HaveHHs mJLO, y nepeBaxHoi GinblocTi
obcTexeHnx — 72 (72,0 %) sctaHosunn AD, y 25 (25,0 %)
—AN, y 3 (3,0 %) oci6 — AP. CepenHinn nokasnk mJLO y
MawjieHTiB i3 rpynu JocnimkeHHs cTaHoBMB 174,28 +5,20°.
CepenHe 3HaveHHs mJLO B obctexeHux 3 AD cTaHOBMNO
172,13 £4,15°, 3 AN — 178,92 + 1,53°, y nauieHTiB 3 AP —
187,33 £ 2,52°. BigMiHHOCTi NOKa3HWKiB Y COPMOBaHMX
rpynax cTatmcTuyHo 3HadyLwi (p < 0,00001) Ta 36epiranucs
Mpw ycix BapiaHTax nonpaskoBoro koediuiexta (5°, 6°, 7°),
L0 CBiA4NTb NPO CTabinbHICTb Moaeni.

lNpoaHaniayBanu NoMoXXeHHs aHaTOMIYHOT OCi HXKHBOT
KiHLiBKM, BCTAHOBUNM, LIO CepedHin nokasHuk kyta FTA
y nauienTi 3 AD BignoBigas BapyCHOMY BiOXUNEHHIO OCi
HVXXHBOI KIHLLiBKY, y 0Ci6 3 AN — HEATparbHOMY NOMOXEHHIO
0Ci, HaMBULLi 3HA4YeHHs KyTa Ta, BiAnoBigHO, BanbrycHe
BiIXWUITEHHST OCi HWKHBOI KiHLiBKM 3achikcoBaHO y 0cib 3
AP (mabn. 1). MopiBHANM 3HaveHHs kyta FTA y rpynax,
L0 cpOpMOBaHi 3 ypaxyBaHHSM Haxuny CyrnoboBoi MiHii,
[0BEMEHO iXHIO CTAaTUCTUYHO 3HaYYLLY BigMiHHICTb. Cepen-
Hilt nokasHuk KyTa FTA y nauieHTiB i3 rpynu 4ocnimkeHHs
craHoswB 177,09 = 5,57°. [loBeaeHo npsimuin cnabkui ko-
pensuifHui 38’30k (T=+0,21, p = 0,002) Mix nokasHvkamm
kyta FTA 1a mJLO, L0 CBigUMTL NPO BULLi 3HAYEHHS KyTa

FTA Ta, BignoBIAHO, BanbryCHe MOMOXEHHS OCi HUKHBOT
KiHLiBKM y navieHTiB 3 AP (puc. 1).

Cepeppiit nokasHuk kyta aLDFA B obcTexeHux cTaHo-
BuB 84,04 + 2,88°. HaiiBuLLi 3Ha4YeHHs kyTa 3adikcoBaHO
B ocib 3 AP, HaiimeHLLi — B oci6 3 AD, y nauieHTiB 3 AN
BCTAHOBMEHO NPOMiXHI 3HAYEHHSI MOKa3HWKa, BiMIHHOCTI
CTaTUCTUYHO 3HaYyLL.

3HaueHHst kyTa aLDFA <78° 3achikcoBaHo y 6 (6,00 %)
nauieHTiB rpynu, yci 3 Hux manu AD, y rpynax XBopux 3
AN Ta AP Taki 3Ha4yeHHs He 3adhikcoBaHO, BiAMIHHOCTI
YaCTOTHMX MOKa3HWKIB HeLOCTOBIPHi. MMoka3Hukn kyTa
aLDFA 79-83°, wo Bignosiganu pedepeHTHM Mexam,
3acikcoBaHo y 44 (44,00 %) obcTexeHnx, 3okpema y
6inbwocTi naujexTie 3 AD, a Takox y 20,00 % xsopwux 3 AN
i 33,33 % Bunapkis AP, BiMIHHOCTI CTATUCTUYHO 3HAYYLL.
3HaueHHst kyTa aLDFA 284° 3adikcosaHo y 50 (50,00 %)
XBOPUX Tpynu: y nepeBaxHoi GinbluocTi nauieHTis 3 AN
(puc. 2) Ta AP, a Takox 38,89 % oci6 3 AD, BigMiHHOCTI
CTaTUCTUYHO BipOTifaHi.

[loBeneHo, Lo 36inblieHHs 3HaveHb mJLO Ta, Bigno-
BigHO, BinbLL NpokcMManbHa opieHTaLis CyrnoboBoi MiHii
[OCTOBIPHO acoLiinoBaHi 3i 30iNbLUEHHAM MOKa3HWKIB KyTa
aLDFA, Lo niaTBepmKeHo NpSMUM KOPEnsLiHAM 38’ S3KOM
3HauHoi cunm (1 = +0,53, p < 0,0000001).

CepenHe 3Ha4eHHs kyta aMPTA y nauieHTis i3 rpynu
focnimkeHHs — 84,24 + 4,05°, HalBULLi 3HAYEHHS KyTa
3acikcoBaHo y xBopux 3 AP, HaimeHLi — B ocib 3 AD,
B 06cTexeHnx 3 AN BCTAHOBNEHO MPOMDKHI MOKa3HUKN.
MopiBHau 3HaveHHs kKyTa aMPTA y rpynax, cchopmMoBsa-
HWX 3 ypaxyBaHHAM Haxury cyrnoboBoi niHii, BUSBNEHO
CTaTUCTUYHO 3HAYYLLi BiAMIHHOCTI.

3HaueHHs kyTa aMPTA <84° 3achikcoBaHO y nepeBaxHOi
6inbLuocTi obcTexeHux rpynm — 52 (52,00 %), nepeBaxHoi
6inbwocTi naujiexTie 3 AD, a Takox 12,00 % xsopwux 3 AN.
3HaueHHst kyta aMPTA <84° He 3adhikcoBaHO B XOOHOTO 3
navieHTiB 3 AP. MOpiBHANM YaCTOTHI xapakTepucTVku, Bpa-
XOBYO4M HaxuI Cyrno6oBOi NiHii, JOBEAEHO iXHi CTaTUCTUYHO
3HauyLWi BigMiHHOCTI. MokasHuku kyta aMPTA 85-90°, wo
BignoBiganu pedepeHTHOMY Jiana3oHy, 3adikcoaHo y 38
(38,00 %) obcTexeHux, 30kpeMa nepeBaxHoi GinbLIOCTi
nauieHTiB 3 AN Ta 30,55 % Bunagkis 3 AD. Y rpyni navieHTis
3 AP L noKa3HMKM He BUsiBReHO. MNopiBHSANM YacToTi gochi-
[KyBaHOIO MOKa3sHMKa y CHOPMOBaHMX rpynax, JOBEAEHO
CTaTUCTUYHO 3HaYyLLi BigMiHHOCTI. MMiABULLEHi 3HaYeHHs
kyta aMPTA>91° 3achikcosaHo y 10 (10,00 %) obcTexeHnx:
BCix nauieHTiB 3 AP, a Takox 24,00 % ocib 3 AN ta 1,39 %
Bunazkis 3 AD, BiOMIHHOCTi Noka3HWKiB 4OCTOBIpHI (puc. 3).

Kpim TOro, BCTAHOBMNEHO JOCTOBIpHE 3POCTaHHSA
3HayeHb Kyta aMPTA 3i 30inbLuieHHsm nokasHnka mJLO
(t=+0,56, p <0,0000001).

Ha HacTynHomy eTani Ans OLUiHIBaHHS BHYTPILIHbOCYT-
noboBWX NPOCTOPOBMX CMIBBIAHOLUEHb OBYUCAIUAN KYTH
JLCA 1a JLO, npoaHanidyBanu ixHi BiGMiHHOCTI y rpynax,
chOpMOBaHMX 3 ypaxyBaHHSIM Haxuiy cyrno6oBoi niHii
(mabn. 2).

CepepHiit nokasHuk kyta JLCA y nauieHTis i3 rpynu
fgocnimkeHHs ctaHoemB 4,21 + 1,33°. HaiiBuLLi 3Ha4eHHs!
kyta JLCA 3achikcoBaHo y naujieHTiB 3 AD, HaiiMeHLWi — y
rpyni oci6 3 AP, y xBopux 3 AN BCTaHOBMEHO MPOMiXHI
3Ha4YeHHs nokasHuka. MopisHABLLKM 3HaYeHHs kyTa JLCAY
cchopMOBaHWX rpynax, He BU3HaYMMM CTATUCTAYHO 3HaYY-
LLWX BigMIHHOCTEN.
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Puc. 1. [liarpama poacitoBaHHs Noka3HUKIB kyTa FTA 3 ypaxyBaHHsM 3HaueHb mJLO koniHHOro cyrno6a npu ocTeoapTpuTi.

Puc. 2. PenTreHorpama npaBoro koniHHoro cyrnoba xsopoi J1. Bikom 43 pokn. MeaianbHuit ronaptpos 3 ct. AN. FTA—175°, aLDFA-85,1°, aMPTA - 86,9°, JLCA-3,8°, JLO-3,1°,

mJLO = 85,1° +86,9° + 6° = 178°.

Puc. 3. PeHTreHorpama npageoro koniHHoro cyrno6a xsopoi K. Bikom 60 pokis. MegiansHuii roHaptpos 3 ct. AP. FTA - 185°, aLDFA - 86,1°, aMPTA - 95,8°, JLCA-3,4°, JLO - 4°,

mJLO = 86,1° + 95,8° + 6° = 187,9°.

Puc. 4. PenTreHorpama npaBoro koniHHOro cyrnoba xsopoi 3. Bikom 66 pokie. MegianbHuii rorapTpoa 3 ct. AD. FTA- 168°, aLDFA - 83,3°, aMPTA-78,0°, JLCA-4,8°, JLO-6,4°,

mJLO =83,3° +78,0° + 6° = 167,3°.

3HayeHHs kyta JLCA <2,0°, wo Bignosiganu pede-
peHTHOMY [iana3oHy, BCTaHOBMeEHO Y 6 (6,00 %) navujexTis
rpynu, HaTOMICTb y MepeBaxkHOi BinbLIoCTi 0beTexeHNxX
— 94 (94,00 %) — 3acbikcoBaHO MokasHWkK KyTa >2,0°.
BpaxoBytoun Haxun cyrnoboBoi niHii, BigMiHHOCTI Yac-
TOTHUX nokasHukie JLCA <2,0° ta >2,0° ctaTUCTUYHO
HesHauyLLi.

MNoporoBi 3HaueHHs kKyTa JLCA B mianasoni 2,1-4,0°
BCTaHoBMeHO y 54 (54,00 %) xBopwX, 30KpeMa nepeBaxHoI
GinbLwocTi nauieHTiB 3 AN, a Takox 47,22 % 0b6CcTexeHnx
3 AD T1a 33,33 % Bunagkis 3 AP, BigMiHHOCTI NMOKa3HWKiB
CTaTUCTMYHO BiporiaHi. MokasHukm kyta JLCA >4,0° 3adik-
coBaHo y 40 (40,00 %) obcTexeHux: 48,61 % nauieHTiB 3
AD, 33,33 % sunagkis AP, a Takox 16,00 % xBopux 3 AN,
BiAMIHHOCTi MOKa3HWKIB JOCTOBIPHI (puc. 4).

HesBaxaroun Ha Te, WO He BUSIBMEHO CTATUCTUYHO
3HauyLwoi BigMiHHOCTI 3HaYeHb kyTa JLCA y rpynax,
cchopMOBaHWX 3 ypaxyBaHHAM 3HaueHb mJLO, Mix Lymu
noKkasHWKamu BCTAHOBMNEHO 3BOPOTHMIA Criabkuii kopens-

Tabauusa 1. XapaktepucTika NonoXeHHs aHaTOMIYHUX OCEN CTErHOBOI

Ta BEMNUKOrOMINIKOBOI KICTOK Ta OCi HUXHBOI KiHLIBKM 3 ypaxyBaHHSIM Haxuily

cyrnoboBoi MiHii Npy 0cTeoapTpuTi KONiHHOTO cyrnoba

Mapametp

FTA
aLDFA
<78°
79-83°
>84°
aMPTA
<84°
85-90°
291°

175,90 £ 5,08°
8333£2,75°
6 (8,33 %)

38 (52,78 %)
28 (38,89 %)
82,80 +3,28°
49 (68,06 %)
22 (30,55 %)
1(139 %)

179,58 + 5,68°
85,82 +2,37°
0(0,00 %)

5 (20,00 %)
20 (80,00 %)
87,10 £2,50°
3(12,00 %)
16 (64,00 %)
6 (24,00 %)

185,00 £ 3,00°
86,33 £ 3,06°
0(0,00 %)
1(33,33 %)

2 (66,67 %)
95,00 £ 2,65°
0(0,00 %)
0(0,00 %)
3(100,0 %)

0,003*
0,0003*
0,29

0,02
0,002
<0,00001*
<0,00001*
0,005
<0,00001*

*: CTATUCTUYHO 3HaYYLL BigMIHHOCTI MokasHwkis, p < 0,05.
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Tabauua 2. XapaKkTepucTvka BHYTPiLLHbOCYOGOBKX NMPOCTOPOBUX CMiBBiAHOLLEHb
3 ypaxyBaHHsIM Haxurny cyrnoboBoi NiHii npy ocTeoapTpuTi KONiHHOTO cyrnoba

Mapametp Haxun cyrno6oBoi niHii

JLCA 441+1,39 3,72+0,99 3,50 1,32 0,08
0-2° 3 (4,17 %) 2 (8,00 %) 1(33,33 %) 0,10
>2° 69 (95,83 %) 23 (92,00 %) 2 (66,67 %) 0,10
2,1-4,0° 34 (47,22 %) 19 (76,00 %) 1(33,33 %) 0,04*
24,1° 35 (48,61 %) 4(16,00 %) 1(33,33 %) 0,02
JLO 0,83 +3,52 3,50 +4,15 4,00+ 1,00 0,009*
<0° 29 (40,28 %) 4(16,00 %) 0(0,00 %) 0,04
>0° 43 (59,72 %) 21 (84,00 %) 3(100,0 %) 0,04*

*: CTaTUCTUYHO 3HaYyLLi BIAMIHHOCTI nokasHukis, p < 0,05.

Tabaunuga 3. MPOrHOCTUYHA LiHHICTb NOKA3HWKIB NOMOXEHHS aHATOMIYHKX OCeit
CTErHOBOI Ta BEMMKOTOMINKOBOI KiCTOK LLIOAO BU3HAYEHHS Haxuny cyrnoboBoi NiHii
NP1 OCTE0APTPUTI KOMIHHOIO cyrnoba

T—

aLDFA

<78° OR =557 OR =021 OR = 2,01
Cl (0,62-735,65) CI(0,002-1,880) CI (0,01-24,40)
p=0,15 p=0,19 p=068

79-83° OR =386 OR=0,25 OR=0,75
Cl (1,51-11,10) CI(0,08-0,67) CI(0,07-5,86)
p=0,004 p=0,005 p=078

284° OR=0,19 OR =556 OR=170
CI(0,06-0,48) CI(2,06-17,31) Cl(0,22-19,08)
p=0,0003 p =0,0005 p=0,61

aMPTA

<84° OR=15735 OR=0,08 OR=0,12
Cl (5,05-61,75) CI(0,02-0,25) CI (0,0009-1,3300)
p =0,0000001 p =0,000002 p=0,09

85-00° OR=0,34 OR=4,13 OR=0,22
CI1(0,14-0,81) Cl (1,65-10,90) Cl(0,002-2,370)
p=0,02 p=0,002 p=0,24

291° OR = 0,04 OR =530 OR = 84,47
CI (0,004-0,200) CI (1,46-20,93) CI (7,24-11779,35)
p=0,00002 p=001 p=0,0002

Tabauua 4. MNporHoCcTMYHa LiHHICTb BHYTPILLHBOCYTNIO60BUX NPOCTOPOBMX
CMiBBiAHOLLEHb LLOAO BU3HAYEHHS Haxuy cyrnoboBoi MiHii npu ocTeoapTpuTi

KoniHHoro cyrnoba

Mapametp

JLCA

0-2° OR=0,37 OR=1,69 OR=10,09
Cl(0,07-1,83) Cl(0,28-8,18) Cl (0,82-91,20)
p=021 p=0,53 p=0,07

>2° OR=273 OR=0,59 OR=0,10
Cl (0,55-13,66) Cl(0,12-3,57) Cl(0,01-1,22)
p=0.21 p=0,53 p=0,07

2,1-4,0° OR=0,37 OR=342 OR=0,50
Cl (0,14-0,91) Cl (1,32-9,90) Cl (0,04-3,89)
p=0,03 p=0,01 p=045

24,1° OR=4,04 OR=0,23 OR=0,89
Cl (1,52-12,47) C1(0,07-0,64) Cl (0,08-6,94)
p=0,004 p=0,004 p=0,91

JLO

<0° OR=3,69 OR=0,33 OR=0,28
Cl(1,31-12,62) Cl(0,10-0,94) Cl (0,002-2,96)
p=0,01 p=0,04 p=033

>0° OR=0.27 OR=3,03 OR=3,64
Cl (0,08-0,76) Cl (1,07-10,41) Cl (0,34-494,34)
p=0,01 p=0,04 p=0,33
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LiiiHWi 38’s30K. Ha niacTasi Lboro 3po6mnm BUCHOBOK Npo
[OCTOBIpHe 30inbLUeHHs 3HayeHb kyTa JLCA y naujieHTis 3
AD (1=-0,18, p = 0,007).

CepenHin nokasHuk kyta JLO B 06CTEXEHNX CTAHOBMB
1,59 + 3,82°. HaiBuLwji 3HauyeHHs kyTa JLO 3adikcoBaHo B
oci6 3 AP, HalimeHLui — y nauieHTiB 3 AD, y naujexTis 3 AN
BCTaHOBIEHO NMPOMiXHI 3HA4YEHHS, BIAMIHHOCTi CTATUCTUYHO
3HauyLLj.

MegianbHy iHkniHaLito cyrnoboBoi niHii Ta 3HaYeHHs!
kyta JLO <0° 3acpikcoBaHo y 33 (33,00 %) xBopwux rpynu:
40,28 % nauienTis 3 AD Ta 16,00 % ocib 3 AN, y xoaHoro
navjeHTa 3 AP Takuii NoKa3HUK He BCTAHOBNEHO. 3HAYEHHS
kyta JLO >0° Ta, BignoBigHo, natepanbHy iHKMiHaLio Cyr-
noGOBOI NiHii BCTAHOBNEHO Y NepeBaxHOI BinbLLOCTI XBOPUX
ycix rpyn. MopiBHSABLLM YacToTy 3Ha4eHb kyta JLO <0° Ta
>0° y chopMoBaHMX rpynax, BCTAHOBMEHO CTATUCTUYHO
3HauyLLi BigMIHHOCTI.

[0CTOBIPHOTO KOPENALINHOTO 3B'S3Ky MiX NOKa3HWUKaMm
mJLO Ta 3HaueHHsMK kyTa JLO He BusisneHo (1 = +0,07,
p=0,31).

[poananizoBaHo NPOrHOCTWUYHY UiHHICTb MOPO-
METPUYHUX XapaKTepPUCTUK OO BU3HAYEHHSI Haxuny
cyrnoboBoi NiHii Npy 0cTeoapTpuTi KOMIHHOTO Ccyrnoba,
BCTAQHOBIEHO: 3Ha4eHHs kyTa aLDFA, wo Bignosigaotb
peepeHTHOMY [iana3oHy, acoLiioBaHe 3i 3HaJyLlo Bu-
wumm waHcamm AD i Hwkyoto moBipHicTio AN (mabn. 3).
HatomicTb B 06CTEXEHMX 3i 3HA4eHHsMU kyTa aLDFA 284°
[OBEAEHO 3HaYYyLLO Hbkdi WwaHcn AD i JOCTOBIPHO BHLLY
VIMOBIpHICTb dpopmyBaHHs AN.

3HaueHHs kyTa aMPTA <84° acoujinoBaHi 3 BULLOKO NMO-
BipHicTto po3BuTKY AD i Hk4MmK LwiaHcamm AN. HaTtomicTb
3HAYEHHs KyTa, L0 BiANOBigalTb pePepeHTHUM MexaMm,
MOB'AI3aHe 3i 3HaYyLLO HWKYMMM WwaHcamu AD i Buwmum
puaunkom po3suTKy AN. Y nauieHTis 3i 3Ha4eHHsamu aMPTA
291° lwaHeu hopmyBaHHs AD OLjiHEHO ik Hu3bki, @ AN — sk
BMCOKi. BCTaHOBNEHO BipOriaHMI 3B'A30K MiX 3HAYEHHAMM
aMPTA 291° 1a AP, ogHak Lumpokuit gianasoH Cl ceigune
MpOo CTaTUCTUYHY HEBU3HAYEHICTb oLiHk1 OR.

[MpoaHaniayBanu NoKasHWKW BHYTPILLHBOCYTNOBOBKX
NPOCTOPOBMX CMiBBIAHOWEHb, HE BUSIBUMMW BipOrigHOro
BNnmMBY 3HayeHb kyta JLCA, Lo Bignosiganv pedepeHT-
HOMy Aiana3soHy, 5K i MOKa3HWKIB KyTa >2° y NPOrHo3yBaHHi
Haxuny nixii koniHHoro cyrnoba (mabn. 4). MomipHe
36inblweHHs kyta JLCA B gianasoHi 2,1-4,0° nos'ssaHe
3i 3HauyLo BULWMMM WwaHcamy AN i HUXYOKO MMOBIPHICTIO
AD. HatomicTb y nauieHTiB 3i 3Ha4eHHamm kyta JLCA 24,1°
[0BefeHO BULL LWaHcK hopMyBaHHS AD Ta 3HaUyLLO HIDKYY
iMOBIpHiCTb po3BuTKy AN.

He MeHLL BaXmnMBIM KpUTEPIEM NPOrHO3YBaHHS HaxXumy
niHii koniHHoro cyrno6a Beaxaemo KyT JLO. 3HauerHs JLO
<0° noB’si3aHi 3i 3HaYyLLO BWLLO WMOBIPHICTIO hopMy-
BaHHS AD i HxummMu waHcamn AN. Ha npotuBary Lbomy,
nokasHuku JLO >0° acoulinoBaHi 3 BULLOLO iMOBIpHiCTIO AN
i H13bKMMK WaHcamm AD.

06roBopeHHA

Y pesynbraTi LOCMIMKEHHS CxapaKTepy3yBanm napameTpu
¢hpoHTansHoi Mopchonorii kKoniHHWX cyrnobis Npy Meaiarns-
HOMY FOHapTPO3i, BPaxoBYHUM HAaxWm cyrnoboBoi MiHii, Lo
BW3HAYeHWI1 3a OpUTiHANBHOK MEeToANKO. BeTaHoBMnEHO,
wo mJLO sk nokasHKk NpocTopoBoi opieHTaLii cyrnobosoi
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NiHiT Bigirpae Baxnusy porb y opMyBaHHi MOPONOriYHOro
BapiaHTa KOMIHHOTO Cyrnoba npy AereHepaTuBHO-AUCTPO-
(hivHMX 3aXBOPIOBAHHSIX.

Hatvacriwmin BapiaHT Haxvny cyrnobosoi niHii — AD,
wo 3acikcoBaHnit y 72 % Bunagkie, AN 3apeecTpoBaHo
y 25 %, AP —y 3 %. C1abinbHicTb MKIPynoBMX BigMiH-
HocTel mJLO 36epiranacs npu BapiaLii NonpaBKoBOro
koedilieHTa +6° y mMexax +1°, Lo CcBigYMTb NPO BUCOKY
CTIMKICTb 0B4MCTIEHNX MOKA3HMKIB, BHYTPILLHIO Y3rOmKEHICTb
METOAMKN Ta KOPEKTHICTb 3aCTOCOBAHOI (POPMYIN, HaBITb
3a YMOB HeBenukoi noxubku 11 6e3 npsmoi Banigauii Ha
OpPTOPEHTrEHOrpamMax.

HesBaxatoun Ha BiAMIHHOCTI METOAMK 0BpaxyHky,
pesynbraTty, WO ofepxanu nif Yac Haworo JOCHimKeH-
Hsl, 3iCTaBHI 3 JaHWMK, sKi OTpUManu iHWi asTopu. Tak,
y NpocnekTMBHOMY 06CepBaLiiHOMy AOCTiMXeHHi, Lo
3pificHeHe B IHAii, P. Mulpur et al. npoatanisysanu 500
opTopeHTreHorpam 250 nauieHTiB 3 0CTE0APTPUTOM
koniHHoro cyrnoba (3—4 cragii 3a Kellgren—-Lawrence).
BcraHoBunu, Wwo cepenHinn JLO B 06cTexeHnx cTaHoBUB
173,5 £ 4,96°. 3a knacudpikauieto CPAK, AD cikcyBanu
y nepeBaxHin BinbwocTi Bunagkis — 74 % (I — 58,8 %,
I1-13,8 %, lIl—1,4 %), AN -y 22,6 % (IV - 18,2 %, V —
3,4 %, VI-1%), AP -y 3,4 % (VII-2,8 %, VIl - 0,6 %,
IX-0,0 %) [16].

3icTaBHi faHi ogepaHo B pesynbTati peTPOCMEeKTUBHOMO
pocnimkerHs A. Senel et al., siki oxapakTepuayBany CTpyKTy-
py PEHOTUMOBMX BapIaHTIB KOMiHHVX CyrnobiB NpeACTaBHUKIB
TypeLbkoi nonynsiuii Ha ocHoi 408 opTopeHTreHorpam 296
nawieHTiB 3 octeoapTputoM (141 yonosik, 155 xiHok; cepe-
Hin Bik — 54,5 + 7,9 poky). CepepHii kyT JLO, BignosigHo go
metoavku CPAK, ctaHoBuB 174,6 + 3,7°. AD Bu3Ha4eHo y
73,3 % obctexeHnx (I — 28,2 %, Il — 31,6 %, Il - 13,5 %),
AN -y 251 % (IV-10,3 %, V-12,3 %, VI-2,5%), AP -y
1,7 % (VI - 1,0 %, VIl - 0,0 %, IX-0,7 %) [17].

JocnignBLun peHTreHonorivHi napameTpu KOMiHHUX
cyrno6is 335 nauieHTiB 3 octeoapTtputom (135 (40,3 %)
yonosikie Ta 200 (59,7 %) xiHOK; cepenHin Bik — 69,2 + 8,1
poky), Z. Morrisey et al. BctaHoBurim AD y 79 % Bunagkis
(1-22,6 %, 1-47,2 %, 111-9,2 %), AN-21,1 % (IV-4,2 %,
V —13,6 %, VI — 3,3 %), AP — He BUSIBNIEHO B XOQHOMY
sunagky (VII-0,0 %, VIII-0,0 %, IX-0,0 %) [9].

HesBaxatoun Ha BKCOKy BapiabenbHicTb Mopdonorii
KOMiHHMX Cyrno6iB 3anexHo Bif BiKy, CTaTi, ETHIYHOI Ha-
nexHocTi, cTagii Ta Tuny aereHepaTUBHO-AUCTPOMDIYHOMO
npouecy, iCTOTHe nepeBaxaHHs AD MigTBEpAKEHO Y BCIX
pO3rMsiHYTUX poboTax.

B opwuriHanbHOMy 6araToLeHTPOBOMY AOCHIMKEHHI,
wo 3gincHunm S. J. MacDessi et al., npoaHanisoBaHo
opTopeHTreHorpamu 500 nauieHTiB €BPONENCLKOI Ta
aBCTpanincbKoi nonynsuin 3 0CTE0APTPUTOM KOJIHHOMO
cyrnoba. AD BctaHoBneHo y 67 % Bunapkis (I — 19,4 %,
I1-32,2 %, lll - 15,4 %), AN-y 31,8 % (IV-9,8 %, V -
14,6 %, VI-7,4 %), AP -y 2,6 % (VII - 0,6 %, VIl - 1,6 %,
IX-0,4 %) [6].

Mig Yac peTpocnekTMBHOIO aHanisy faHux OPTOPEHT-
reHorpam 134 navjenTis (33 yonosiku, 101 xiHka; cepeaHin
Bik — 70 pokiB) 3 0CTE0APTPUTOM KOMIHHOIO cyrroba Bigno-
BigHo fo CPAK S. Agarwal et al. 3acpikcysanm AD y 66,41 %
(1-20,89 %, Il — 27,61 %, Il - 17,91 %), AN —y 32,08 %
(IV-6,71%, V- 19,4 %, VI - 5,97 %), AP -y 1,48 % (VI
—0,74 %, VIl - 0,74 %, IX - 0,0 %) [18].
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Y poborti S. Toyooka et al. BUB4EHO pe3ynbTaTi peHT-
reHonoriyHoro obctexenHs 500 oci6 3 AnoHCbKOT nonyns-
Lii 3 0CTE0ApPTPUTOM KOMiHHOTO Ccyrnoba. BcraHoBneHo,
wo cepeaHin kyt JLO popisHioBaB 172,4 + 3,8°. AsTopm
BCTAHOBWIM 3HaYyLLy noLumpericTb AD, sika 3adikcoBaHa
y 87,4 % sunagkiB (I — 53,8 %, Il — 25,4 %, Ill - 8,2 %),
AN-y126% (IV-7,2%,V—-4,4%,VI-1,0 %), AP Ta,
signosigHo, Tunwn VI, VIII, IX He 3adbikcoBaHO B x0ogHOMY
Bunaaky [19].

Y pocnimkerHi S. E. Kim et al. 3giiicHeHo peTpocnek-
TUBHWI aHani3 gaHux 164 navieHTiB 3 0CTE0apTPUTOM
KoniHHoro cyrnoba 3 nepeBaxHUM ypaKeHHSM MefianbHOro
Biaainy. JocnigHuku BcTaHoBMAM, WO cepedHin JLO 3a
obpaxyHkamm 3a metopukoro CPAK ctaHosmB 175,8 +2,9°
(167,4-185,7°). AD 3adikcoBaHo y 67,1 % (I — 25,6 %, Il -
36,6%, lIl — 4,9 %) Bunaakis, AN —y 32,4 % (IV — 12,2 %,
V-17,1%, VI-3,1 %), AP -y 0,6 % (VI - 0,0 %, VIII -
0,6 %, IX-0,0 %) [7].

Cepepninn nokasHuk mJLO y xeopux (174,28°), akux
MU 06CTEXMNM NiA Yac JOCTIMKEHHS, BiAnoBifae pesynb-
TaTam BUMIptoBaHb 3a KITAaCUYHOK METOANKOH. 3iCTaBHICTb
OTPUMaHUX Pe3ynbTaTiB i3 JaHUMKU HayKOBOI nitepatypu
CBIiAYNTb NPO ePEKTUBHICTb | AOLINBHICTL BUKOPUCTAHHS
METOAMUKI OBYMCTIEHHS!, SIKY MU NMPOMOHYEMO.

Y pesynbrati 4oCnimKeHHs BCTAHOBINEHO 3HaYyLLi Bif-
MIHHOCTi 3Ha4eHb kyTa F TA 3anexHo Big Haxury cyrnoboBoi
niHii: npn AD 3achikcoBaHO BapyCHe BiAXUIEHHS OCi HUXXHBOT
kiHuiBku (175,90°), npn AN — HeritpanbHe (179,58°), npu
AP — BanbrycHe (185,00°). Kpim Toro, TeHAEHLis [0 Barnb-
TYCHOTO BiAXWUNEHHS OCi HUKHBOI KHLBKM 3i 36iNbLUEHHAM
3HaveHb MJLO nigTBepmKEHa NPSMUM CrabkUM Kopensi-
LiiH1M 3B’A3KOM MiX 3HadeHHsaMu KyTiB FTA Ta mJLO.

BcTaHoBneHo 3miHy KoHGirypauii auctansHoro Bigai-
Ny CTErHoBOI KIiCTKV 3anexHo Big ocobnmsocTelt Haxuny
NiHii koniHHoro cyrnoba. Buwi 3HayeHHs kyTa aLDFA
BCTaHOBNEHO B obcTexeHnx i3 AP (86,33°) Ta AN (85,82°);
KpiM TOrO, Y MaLiEHTIB Ha3BaHWX rpyn 3i 3HAYYLLO BULLIOKO
4acToTOH0 (hikCyBany NoKasHUKK, GinbLLi Bi pedhepeHTHUX
3HaveHb (66,67 % Ta 80,00% BignosigHo). JoBeneHo, Lo
3HayeHHs KyTa 284° acoujiioBaHe 3i 3HauyLLO BULLMMU
waHcamm po3sutky AN. Mpu LbOMY CepeHiin NoKasHUK
kyta aLDFA npu AD BignoBigaB petepeHTHUM 3HayeH-
Ham (83,33°), Wwo 3adikcoBaHi B nepeBaxHOi BinbLLOCTi
obcTexeHnx — 52,78 %. B ocib i3 nokasHukamm kyTa
aLDFA B giana3oHi 79-83° noBefeHO AOCTOBIPHO BULL
LwaHcu popmysaHHs AD. BcTaHOBREHUI CUIbHUIA NPSMWIA
KOpensiLinHuiA 38’30k Mix 3Ha4eHHsMnM mJLO Ta aLDFA
CBiAYMTb NPO BiAXMMEHHS aHATOMIYHOI OCi CTETHOBOI KICTKM
Ha30BHi npu AP.

[oBeaeHo Takox 3HadvyLly BapiabenbHICTb 3Ha4eHb
kyta aMPTA 3anexHo Bif opieHTauii cyrnoboBoi niHii.
Haronocumo Ha 3HauyLlo GinblLuili YacToTi 3HaYeHb kyTa
291° npu AP MOpiBHAHO 3 MOKa3HWKamu 0BCTexXeHuX 3
AN Ta AD. BCTaHOBNEHO CUMBHUI NPSMUIA KOPENSALIIAHMIA
38’330k Mixx mJLO Ta aMPTA, Lo Bka3yBaB Ha narepanbHe
BiOXUIEHHS aHaTOMIYHOT OCi BENMKOTOMISIKOBOI KICTKM Y pasi
AP. 3azHaunmo, o aMPTA 291° dhopmarbHO BU3HAYEHO SK
CTaTUCTUYHO 3HavyLwwmin npeaukTop AP, npoTe, 3Baxatoum
Ha obMexeHy KinbkiCTb BUNaakiB nogiji (n = 3) Ta 03Haku
nepcekTHOI cenapalii, LLIO 3yMOBUIM MaTeMaTu4Hy HeCTil-
KicTb MofEni, OTPUMaHi pe3ynsTaTv BapTo iHTEpnpeTyBaTH
3 06epexXHiCTHO.
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OTxe, HaMEHLLI 3HaYEHHs! JOCMIIKEHMX KyTiB, L0
XapakTepuayBanu KoHirypauito aucranbHoro Bigainy
CTErHoBOI Ta NPOKCUManbHOrO BiAiny BEMMKOroMIifIkoBOT
kicTok, dpikcyBanum npu AD, a Hamsuwi — npu AP. HesBa-
Xakum Ha BiAMIHHOCTi METOONOrYHMX NiAX0AiB, NOAIGHY
TEHAEHL0 3MiHWN JOCRIMHKEHNX KYTiB 3 ypaxyBaHHAM
Haxwuiy cyrno6oBoi NiHii BctaHoBunm L. E. Corban et al.
Y petpocnekTMBHOMY KOrOPTHOMY AOCHIZXEHHI aBTOpK
npoaHanisysanu eHoTUNK KomiHHWxX cyrnobis 3a CPAK
643 nauieHTiB 3 octeoaptputom (n = 700). CepenHin
MPTA craHosuBs 87,3 + 2,8°, LDFA — 87,4 + 4,0°, JLO
- 174,7 + 3,3°. B obctexennx 3 AD (76,3 %) cepeg-
Hin MPTA cTaHoBuB 86,5 + 2,6°, LDFA — 86,8 + 2,2°,
JLO - 173,3 £ 2,4°. Y nauienTiB 3 AN (23,0 %) MPTA
-89,5+19° LDFA-89,3 +1,9°, JLO - 178,9 £+ 1,4°.
HalBuLui 3Ha4eHHs ycix napameTpiB BCTAHOBINEHO Y XBO-
pux 3AP (0,7 %): MPTA-93,3+2,0°, LDFA-91,1+3,0°,
JLO - 184,4 +1,2°[20].

lNpoaHaniayBaBLUM BHYTPIiLUHLOCYTNO6OBI CNiBBIAHO-
LUEHHS!, HE BUSIBMEHO 3HAYYLLMX BiAMIHHOCTEW 3Ha4eHb
JLCAYy rpynax, ane BCTaHOBMEHO AOCTOBIPHY Pi3HNLIO 32
4acTOTOK MEXO0BUX 3Ha4eHb 2,1-4,0° Ta 24,1°.

Y pocnigxenHi T. Tsushima et al. BctaHoBunu ce-
penHe 3HaveHHs kyta JLCA 0,8° (gianasoH — 0,5-1,4°)
B 0OCTEXEHNX 3 1 CTyNeHeM 0CTE0apTPUTY KOMIHHOTO
cyrnoba 3a Kellgren-Lawrence, 1,8° (1,5-2,6°) — B oci6
i3 2 cTyneHem 3axBoptoBaHHs, 3,7° (2,8-5,0°) — npu
3 cTyneHi, 5,4° (4,9-6,5°) — npn 4 cTyneHi roHapTpo-
3y [21]. Ui gani 36iratotbca pesynbtataMmu XBOpUX, sKi
obCTexeHi y Mexax Haloro JOCMiIXEHHS, cepenHin
nokasHuk kyta JLCA y Hux ctaHosus 4,21°. Kpim TOro,
[oCnigHUKM BU3Ha4unm kyT JLCA sK HANTOUHILLMIA peHT-
reHOMOriYHMIN NapameTp OLiHIOBAHHS CTYNEHS TSHKKOCTI
mefianbHOro 0CTe0apTpuTy, Ta BCTAHOBWIY AOTO 3B'30K
i3 MONOXEHHAM OCi HUXHBLOT KiHLiBKK [21]. 3B’A30K MiX
LIMM MapameTpoM i MOMOXEHHAM OCi HUXHBOI KiHLIiBKU
NiATBEPAXKEHO 11 3@ pe3ynsTaTamMuy HaLloro JOCNimKEeH-
HA. [loBeAEHO TakoX BWUCOKY MPOTHOCTUYHY LiHHICTb
3HayeHb kyTa JLCA 2,1-4° Ta 24,1° y nporHo3yBaHHi
AN Ta AD BignosigHo.

Ha BigmiHy Big JLCA, nokasHuku JLO cTatncTuyHo
3HauyLo BigpisHanucs B nauieHTis i3 rpyn AD (0,83°),
AN (3,50°) Ta AP (4,00°). O3Hakwn natepanbHoi iHkniHaLii
cyrno6oBoi NiHii BUsiBNEHo y 6inblIoCTi BUNaakiB ycix
rpyn npu AD — 59,72 %, AN — 84,0 %, npu AP 3Ha4eHHs
JLO >0° BcTaHoBneHo y Bcix obctexeHux. OTpumani
pesynbTaTh XxapakTepuaytoTb PEHTIEHONOriYHI 0cobnu-
BOCTi pPO3noiny HaBaHTaXeHHs Y (OPOHTaIbHil NMOLWMHI
3anexHo Big Haxuny cyrnoboBoi niHii. 3ayBaxumo,
O BifCYTHICTb CTATUCTUYHO 3HAYYLLOrO 3B’A3KY MiX
nokasHukamu kyta JLO Ta mJLO 36iraeTbes 3 gaHUMK
¢axosoi nitepatypu. Huabky yaromxeHictb (<50 %)
MiX 3HayeHHAMU KyTiB JLO, W0 BU3HAYEHi WNSXOM
PEHTTEHOMNOrYHOTO BUMIPIOBAHHS Ta 3a METOAMKOH
CPAK, niatBepaxeHo y gocnigxenHi Y. Sahbat et al.
AHanisytoun OpTOPEHTrEHOrpaMmn HUXKHIX KiHLiBOK 164
300pOBUX NaLiEHTIB, aBTOPW BCTAHOBUIU Y3TOAXKEHICTb
pesynbtaris peHTreHonoriyHoro JLO Ta JL, BU3Ha4eHoro
nig vac ouintoBaHHs 3a CPAK, nuwe B 70 (42,7 %) Bu-
nagkax. MopiBHABLLM METOAMKM, AOCIAHWKA NPaBUNbHO
ineHTndikysanm JLO y 13,6 % Bunagkis AP, 20,4 % —
AN, 90,7 % — AD (p < 0,01) [22].

Ak 06MexXeHHs AOCNIMKEHHs!, WO 34icHUNK, BU-
3HAYaEMO BUKOHAHHS PEHTIEHIBCbKUX 3HIMKIB Y Pi3HNX
MEOWYHWX 3aKnagax, Lo MOrmo BMMHYTW Ha CTaHaap-
TU3aLi0 BUXiOHUX AaHUX. He3Baxatoun Ha JOTPUMaHHS
YUHHUX NPOTOKONIB, YMOBM BUKOHAHHSA peHTreHorpagii
KoniHHOro cyrnoba npu onoOpHOMY HaBaHTaXeHHi
HWXKHIX KiHLIBOK MOrnM BiApi3HATUCA B Pi3HMX ycTa-
HOBax. 3Baxaluu Ha MOTEHLiAHY BapiaTUBHICTb YMOB
peHTreHorpadii, nepesary HagaBanu aHaniay KyToBux
MOP(OMETPUYHUX NapaMeTpiB, O MEHLLIOW Mipoto
3anexarb Bif NPOEKLIAHUX BUKPUBIIEHb i MaCLUTAOHMX
noxmbok. Takui niaxig novyacTu HiBenoBae BMMuB
TEXHIYHUX YMHHWKIB. HeaBaxatoum Ha BUCOKUI CTYNiHb
Kopenauii 3Ha4yeHb aHaTOMIYHUX T MEXaHIYHMX KyTiB,
BCTaHOBMEHWX Ha CTaHAAPTHUX NepeaHbOo-3afHiX PEHT-
reHorpamax KoniHHoro cyrrnoba Ta opTopeHTreHorpamax
[12], BipcyTHICTb BHYTPILIHBLOT NEPEBIPKM HA MOBHOPO3-
MipHUX 3HIMKax TaKoX € OOMEXEHHSIM JOCMIAKEHHS.
Kpim TOrO, NpunyLLeHHs LWoAo BUKOPUCTAHHS nonpas-
kOBOro KoediLieHTa +6° ansa nepepaxyHKy aHaTOMIYHNX
KYTiB y MEeXaHi4Hi € MeToA0oMNoriYHNM obMeEXEeHHAM
Mogeni 3AiNCHEHOro AOCNIAKEHHS | MOXe He MOBHICTIO
XapakTepuayBaTyh iHAuBIAyanbHi aHaTOMIYHI Bapiauii
koniHHoro cyrnoba npu octeoapTpuTi. HeaBaxatoum Ha
niaTBEpIXeHy CTabinbHICTb pe3ynbraTiB 064ncneHmx
MOKa3HWKIB, 3a JaHUMKU aHaniay JytnueocTi (£1°), ue
npunyLieHHs notpebye nogansLuoi npsamoi Banigadii 3
BUKopucTaHHsmM metoamku CPAK; Le nnaHyemo peani-
3yBaTW y HACTYMHUX AOCHILKEHHSX.

Y pesynerati gocnimkeHHs JOBEAEHO 3HayyLli Bif-
MiHHOCTi MOpPONOriYHMX NapameTpiB KOMiHHUX Cyrnobis
npy MeianbHoMy 0CTeoapTpuTi, Bepyyn 4o yBaru Haxun
cyrnoboBOI MiHii, WO BU3HAYEHUIN 33 aBTOPCbKOK Me-
TOAMKOK. BpaxoBytouu Li BUCHOBKM, HYNbOBY TinoTesy
[OCNIAKEHHS BiAXUNEHO.

BucHoBKH

1. Y pesynbraTi 4OCNiIXEeHHS JOBEAEHO 3HAYyLLi
MOpPdONOriYHi BiZMIHHOCTI MapameTpiB KOMiHHOrO cyrnoba
MpuW OCTE0APTPHTI 3 NEPEBXKHNM YPXKEHHAM MegjanbHOro
BiZAINY 3aeXHO Bif Haxuy cyrnoboBoi MiHii, Lo BU3Ha-
YeHuin 3a metoaukoto (MJLO), po3pobneHoto aBTopamut.

2. BcraHoBneHo 3HavyLwi kopensuii mJLO 3 knoqosrMm
KyTOBWMM NapameTpamm NOMNOXEHHS OCi HWXKHBOI KiHLIIBKM
Ta KoHdpirypauii cyrnoboBmx NOBEPXOHb, LLO A€ 3MOry BU-
3HaYMTL Lieii haKkTop K YyTIMBWN IHAMKATOP CTPYKTYPHUX
3MiH KoniHHOro cyrnoba npy 0cTeoapTpuTi 3 NEPEBAXHNM
YpaxeHHsM MefianbHoro Biaainy.

3. Ak xapaKTepHi 03HaKV AMCTanbHOTO Haxusy cyrnobo-
BOI NiHii (AD) BU3HaYeHO BapyCHe NONOXEHHS OCi HKHBLOT
KIHLBKY, HVXYi 3HA4EHHS1 aHAaTOMIYHOTO aTeparibHoro Auc-
TarbHOro CTerHoBoro kyTa (aLDFA), aHaTomiyHoro megiank-
HOrO NPOKCKMAnbLHOTO BENWKOrominkoBoro kyta (aMPTA),
Haxuny cyrno6ogoi ninii (JLO) Ta BuMLi NOKa3HWKM KyTa
koHBepreHuji cyrnobosoi niii (JLCA). 3HayeHHs aLDFA
79-83°, aMPTA <84°, JLCA 24,1°, JLO <0° BM3Ha4EHO SiK
NPOrHOCTUYHI dhakTopy AD.

4. Ak cneumdiyHi NPOsIBM NPOKCUMANBHOMO HaXMAY MiHil
KoniHHoro cyrno6a (AP) BU3Ha4eHO BanbryCHe BigXWIeHHs
0Ci HWKHBOI KiHLIiBKY, BUCOKi 3HaueHHs aLDFA, aMPTA, JLO
Ta Hu3bki nokasHukm JLCA.

Zaporozhye Medical Journal. Volume 28. Issue 1, January - February 2026


https://zmj.zsmu.edu.ua/

OpwuriHaAbHI AOCAIAXKEHHS

5. HentpanbHe nonoxeHHs cyrnobosoi niHii (AN)
acovjioBaHe 3 HENTPanbHUM MONOXEHHAM OCI HUXKHBOT
KIHLiBKM Ta NEPEBaKHO MPOMIKHUMU 3HAYEHHSMW JOCHi-
[DKEHUX MOPCHOMETPUYHIX NapaMeTpiB (nopiBHsSHO 3 AD
Ta AP). 3Hauywio Buly nmoBipHicTb AN 3adikcoBaHO B
obcTexeHunx 3i 3HadeHHsaMn aLDFA 284°, aMPTA 85-90°,
aMPTA 291°, JLCA 2,1-4,0°, JLO >0°.

MepcneKTMBU NOAAABLLMX AOCAIMKEHb. [OUiNbHAM €
aHanis napameTpiB caritanbHoi Mopdonorii KOMiHHNX Cyr-
no6iB npu fereHepaT1BHO-AUCTPOIYHNX 3aXBOPOBAHHSIX,
Bpaxosytoum mJLO. MepCnekTVBHIM € MOPIBHANBbHWIA aHa-
i3 Ta OLHIOBAHHS! Y3rOMKEHOCTi BUMIPIOBaHb NapameTpis
mJLO, Wo BMU3HAYeHWit 3@ aBTOPCLKOK METOAMKON), Ta
nokasHvka JLO, obuncnieHoro 3a CPAK. Pesyniratu gocni-
[PKEHHS MOXYTb BT BUKOpUCTaHI Ans KMiHiYHOi cTpaTudi-
KaLlii navjieHTiB i3 MeaianbHUM roHapTPO30M, LLO CrIpUsSTUMe
YAOCKOHAMNEHHIO nigxody A0 06rpyHTOBAHOMO MiaHyBaHHs
KopuryBanbHOI OCTEOTOMIi Ta eHOONPOTE3YBAHHS KOMIHHOMO
cyrnoba, BpaxoBytouy iHAVBiAYyanbHi aHaTOMiYHi napameTpu
Ta JOTPUMYIOUMCh NPUHLMNIB NEPCOHANi30BaHoi MeauLy-
HW. T1epCnekTUBHUM HanpPsIMOM HaCTYMHWUX JOCTiIKEeHb
BBa)XAEMO MPOCMEKTMBHY BanigaLlito MoAeni OLiHOBaHHS
3aTHoCTi nokasHyka mJLO nporHo3ysaTm kniHiuHUiA nepebir
0CTE0apTPHTY, 30KPEMA IHTEHCUBHICTL GOMBLOBOTO CUHAPO-
My Ta (hyHKLUIOHaMbHI 3MiHK, @ Takox 0cobnmBOCTi BUOOPY
ONTUManbLHOrO MEeTOfYy PEKOHCTPYKTUBHOIO BTPYYaHHS,
6epyun 4o yBaru iHavBiayanbHi CTPYKTYPHI XapakTEPUCTUKN
KoniHHoro cyrrnoba.
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Complex regional pain syndrome
as a complication following total knee arthroplasty:
clinical significance and impact on functional outcomes
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Aim. To evaluate the impact of complex regional pain syndrome (CRPS) on outcomes following primary and revision total knee
arthroplasty (TKA). The study assesses the incidence, clinical manifestations, and functional consequences of CRPS, while
evaluating current diagnostic and treatment approaches and the need for standardization.

Materials and methods. A systematic scientific review was conducted, covering literature from PubMed, Scopus, and Web of
Science published between 2015 and 2025. Inclusion criteria focused on studies of adult patients undergoing TKA who developed
CRPS diagnosed by IASP or Budapest criteria. The analysis targeted incidence, clinical manifestations, risk factors, diagnostic
approaches, treatment efficacy, and impact on rehabilitation outcomes.

Results. CRPS remains a significant complication of TKA, with a reported incidence of approximately 0.2-2.0 % after primary
procedures and 2-5 % following revision surgery. Clinical presentation is characterized by refractory pain, vasomotor dysfunction,
and restricted range of motion, leading to significantly lower WOMAC and SF-36 scores and prolonged rehabilitation compared to
uncomplicated TKA. Diagnosis remains challenging due to the lack of standardized early-detection protocols and symptom overlap
with other complications, and underutilization of international diagnostic criteria. While multimodal management (pharmacotherapy,
physiotherapy, and interventional techniques) is effective, its success is highly dependent on early initiation. High-quality evidence
regarding CRPS in the specific context of revision TKA remains limited.

Conclusions. CRPS adversely affects functional outcomes after TKA, with higher prevalence observed in revision cases. The
absence of standardized preventive measures and optimized therapeutic regimens highlights an urgent need for personalized
rehabilitation strategies and the implementation of international diagnostic criteria in routine clinical practice. Further research
is needed to establish precise diagnostic criteria, effective prevention strategies, and personalized therapeutic and rehabilitation
approaches.
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knee joint.
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CMHAPOM KOMNAEKCHOT0 perioHaAbHOro 60AI0 K YCKAAAHEHHSA
NiCASt TOTaAbHOTO €HAONPOTEe3yBaHHA KOAIHHOTO cyraoba:
KAiHiYHe 3HauYeHHA Ta BNAUB Ha PYHKLIOHaAbHI pe3yAbTaTH

0. M. Cyauma, B. M. YopHuw, 0. €. Opuk, B. B. YopHui, €. M. KyaieHko, I. 0. BakymeHko

Merta po60Ti — NpoaHanisyBaTi BNMB CMHAPOMY KOMMEKCHOO perioHarnbHoro 6onto (CKPB) Ha pesynbtaTi ToTanbHOro eHao-
npoTe3yBaHHs koniHHoro cyrnoba (TEM), Busnauntv Binve CKPB Ha pesynbtaty; BUBYUTY HacTOTY YCKMaAHEHHS, KIiHI4Hi nposisu
Ta (hyHKUiIOHaNbHI HACMiaKK, OLIHATW HasiBHI NiAXoaw [0 AiarHOCTVKW, NikyBaHHs Ta noTpeby B cTaHaapTu3aLlii.

Martepianu i meToau. 3giicHMnM ornsa HaykoBOi NiTepaTypw, WO inekcyeTbest B 6asi faHux PubMed, Ta iHLWINX peLeH30BaHUX axe-
pen 3a nepiog 2015-2025 pp. [lo focnimkeHHs 3anyyeHo npadi, npucasiyeHi BuB4eHHio CKPB nicnsi nepeuHHOro abo peBisiiHoro
TEM y fopocnux nauiexTiB, i3 YiTkumm giarHocTuaHumMu kputepismm (IASP / Byganelutcbki). AHanisyBanm iHUMAEHTHICTb, KIiHIYHI
nposiBu, aKTOPM PU3MKY, AiarHOCTVYHI Miaxoam, eOEKTUBHICTL NikyBaHHS Ta BNIUB Ha peabiniTaviiHi pesynsraTu.

Pesynbratn. CKPB — Baxnuse i 3HauyLue ycknagHeHHs TEM koniHHoro cyrno6a 3 yactototo 0,2—2,0 % nicns nepBuHHNX i 2-5 %
BUNALKIB Micns peBisiHuX onepauiit. Lie ycknaaHeHHs CynpoBOMKYETLCS BUPaXeHUM 6oneM, Ba3OMOTOPHUMM | pyXOBWUMM NOPY-
LUEHHSIMM, CYTTEBO 3HMXKYE nokasHukn WOMAC i SF-36 Ta nogoexye TepMiiv peabinitauii. liarHocTvka 3anuiuaeTbes CKnagHoto,
OCKiNbKM JOCI HEMae CTaHAAPTU30BaHUX NPOTOKOMIB, CUMMNTOMM HecneLmniyHi, CXOXi Ha iHLLI yCKNaaHEeHHS, a MiXKHapOaHi Kpu-
Tepii He#OCTaTHBO BUKOPUCTOBYHOTL HA NpaKTUL. JlikyBaHHs BaraTokoOMNoHeHTHe, nepeabadae dhapmakoTepanito, disiotepanito,
3aCTOCYBaHHS IHTEPBEHLAHNX MeTogB, NOTpebye paHHLOro NoYaTky Ans Kpaloro NporHo3y. BogHoyac bpakye yHicikoBaHmx
pekoMeHzaLlift | faHWX BOCTIMKEHb 3 BUCOKUM PIBHEM [OKA30BOCTi, 0COBNMBO LLoAo peBisiHoro TEM.

BucHoeku. CKPB cyTTeBO noripLuye pesynsratv engonpoTesyBaHHs KoniHHoro cyrno6a, 0cobnmeo nicns pesisiliHux onepadii. [oci
He YKMaZeHo YiTKi NPOTOKOMW AiarHOCTUKK, HE CTaHAAPTM30BaHO NPOMINakTUYHi 3aX0auM Ta He ONTUMI30BAHO CXEMU NiKYBaHHS, i
Lie YCKMafHIE MEHEMKMEHT Takvx navjieHTis. [JouineHo npogoxuTtn gocnigxeHHs CKPB ans B13HaYeHHs TOYHUX GiarHOCTUYHMX
KpuTepiiB, eeKTUBHIX NPOdiNakTUYHUX CTPATETIN i NepcoHasniaoBaHux nigxoaiB 4o Tepanii Ta peabinitauii.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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Total knee arthroplasty (TKA) is considered the “gold stand-
ard” for treating end-stage knee osteoarthritis, providing
significant pain relief and functional restoration for the ma-
jority of patients [1]. However, postoperative complications
occur in 10-20 % of cases, substantially reducing patient
satisfaction [2]. Among these, complex regional pain syn-
drome (CRPS), historically referred to as reflex sympathetic
dystrophy, represents a challenging complication. CRPS is
characterized by severe pain, along with sensory, autonom-
ic, and motor impairments that are typically disproportionate
to the inciting surgical trauma [3,4].

The incidence of CRPS following primary TKA (pTKA)
is estimated at 0.2-2.0 %, but this risk increases to 2-5 %
following revision TKA (rTKA) [5,6]. Revision procedures
are associated with higher complication rates due to exten-
sive soft tissue dissection, repeated surgical trauma, and
potential perioperative nerve damage [7,8]. This systematic
review synthesizes current literature regarding CRPS after
pTKA and rTKA, compares incidence rates, evaluates the
impact on functional outcomes, and identifies diagnostic and
therapeutic gaps to guide future clinical research.

Aim

To evaluate the clinical significance of complex regional
pain syndrome as a complication following TKA, assess
its impact on functional recovery, and identify current evi-
dence-based strategies for early diagnosis and optimized
rehabilitation in affected patients.

Materials and methods

This systematic review was conducted through a targeted
analysis of scientific literature on CRPS in patients following
TKA. A comprehensive literature search was performed
across international electronic databases, including
PubMed / MEDLINE and others, covering the period from
2015 to 2025. The search strategy utilized combinations of
the following terms and keywords: “complex regional pain
syndrome”, “CRPS”, “total knee arthroplasty”, “revision
arthroplasty”, and “postoperative complications”.

Inclusion criteria: clinical studies evaluating CRPS
after pTKA or rTKA; human participant trials; publications
in English or Ukrainian that utilized validated diagnostic
frameworks (the IASP / Budapest criteria).

Exclusion criteria: non-clinical studies; case reports
with limited sample sizes, commentaries, or studies lacking
full-text access; research focusing exclusively on surgical
technique without reporting postoperative follow-up data.

The methodological quality of the included studies
was appraised based on study design, cohort size, and
the validity of the diagnostic tools employed. A total of 24
peer-reviewed sources met the final inclusion criteria and
addressed various aspects of CRPS following pTKA and
rTKA. The analysis focused on the quality of study design,
sample characteristics, assessed parameters, and rele-
vance to the objectives of this review.

Results

The incidence of CRPS following pTKA ranges from 0.2 %
t0 2.0 % [9,10,11]. Astudy by J. D. Kosy et al. reported no

cases of CRPS among 100 patients after pTKA based on
the Budapest criteria, underscoring the rarity of this condition
and the paramount importance of accurate diagnosis [12].
This underscores the condition’s rarity but also suggests
potential underdiagnosis due to significant diagnostic
challenges [9]. Similarly, M. Duenes et al. noted that up to
50 % of patients with unexplained pain following TKA may
present with a neuropathic pain component, necessitating
a careful differential diagnosis; however, their study did not
specifically address revision TKA [6].

The incidence increases to 2-5 % after rTKA, which
is attributed to extensive tissue trauma, scarring, and
prolonged operative time [13,14,15]. The elevated risk
following revision surgery is further associated with more
challenging surgical access and potential perioperative
nerve damage (Fig. 1).

Clinical manifestations. CRPS following TKA is char-
acterized by severe pain, often described as burning or
shooting, accompanied by allodynia (pain from non-noxious
stimuli) and hyperalgesia (an exaggerated pain response).

Additional clinical signs include edema, skin discolora-
tion (erythema, cyanosis, or mottling), temperature asym-
metry, abnormal sweating (sudomotor changes), and motor
impairments such as weakness or tremors [3,6]. Following
revision TKA, symptoms may be more pronounced due to
repeated tissue trauma and heightened inflammatory re-
sponses [14,16]. Differential diagnosis remains challenging
due to the significant overlap of symptoms with other com-
mon postoperative complications, such as periprosthetic
joint infection or prosthetic instability [2,13].

CRPS diagnostic framework. Several diagnostic frame-
works, including the Bruehl (Budapest), Atkins, and Veldman
criteria, are employed to clinically confirm CRPS. Currently,
the Budapest Criteria, endorsed by the International Asso-
ciation for the Study of Pain (IASP), are recognized as the
global gold standard for CRPS diagnosis [17]. These criteria
necessitate the presence of pain that is disproportionate to
the inciting event, accompanied by a specific threshold of
subjective symptoms and objective clinical signs across four
distinct categories, provided that no other diagnosis can
better explain the clinical presentation (Table 1).

Differential diagnosis. The diagnosis of CRPS following
TKAIis challenging due to significant symptom overlap with
other common postoperative complications. A thorough
differential diagnosis is essential to ensure appropriate and
timely intervention (Table 2, Fig. 2).

Risk factors for CRPS following TKA include female
sex (3:1 ratio), younger age (<60 years), psychological
disorders (depression, anxiety, pain catastrophizing), severe
preoperative pain, sleep disturbances, and prolonged tour-
niquet use [7,18]. For rTKA, additional risk factors include a
history of prior knee surgeries, infectious complications of
the primary prosthesis, and extended operative time [13,19].
In rare cases, hypersensitivity to metals (nickel) in the endo-
prosthesis may contribute to CRPS development, although
other etiologies, such as periprosthetic joint infection, must
be rigorously excluded (Table 3) [14,17,20].

Impact on clinical outcomes. CRPS significantly impairs
functional outcomes following TKA. Patients with CRPS ex-
hibit significantly lower WOMAC scores (mean 45 vs. 75 in
the non-CRPS group, p < 0.001) after pTKA and even lower
scores (mean 38 vs. 70, p < 0.001) following rTKA [9,14].
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Table 1. Diagnostic criteria

Diagnostic approach Clinical signs / symptoms Additional comments, treatment

Budapest criteria All 4 conditions must be present: persistent 4 categories: sensory (allodynia, hyperalgesia);  Confirmation of diagnosis only after exclusion of
pain, at least 1 sign in 2+ categories, atleast 1~ vasomotor (change in skin temperature / color);  other conditions. Used in international protocols
symptom in 3+ categories, exclusion of other sudomotor (edema, sweating); motor / trophic

diagnoses (movement restrictions, dystonia, nail / skin /
hair changes)
Atkins criteria Clinical confirmation in the presence of a Neuropathic pain (burning, allodynia); Suitable for initial diagnosis. Focused on the
complex of signs vasomotor / sweating disorders; edema; mobility functional state of the limb
restrictions, degenerative changes
Veldman criteria 24 of 5 core symptoms required + assessment  Pain when moving; difference in The stages of treatment are described in detail:
of additional factors temperature / color / volume of the affected limb; medications, physiotherapy, psychotherapy,
restrictions on movement; spread beyond the neurostimulation, surgery. Emphasis on early
lesion; refractory pain after surgery / injury diagnosis and a comprehensive approach

Table 2. Differential diagnosis of CRPS after TKA

Disinguiting eaures from CRPS ] iagnosti methods

Infection Pain, swelling, redness, local hyperthermia, Systemic manifestations, elevated inflammatory WBC count, C-reactive protein, ESR, joint fluid
systemic signs (fever, increased C-reactive markers, pain localized to the joint aspiration / culture
protein, leukocytosis)
Mechanical instability or Pain, instability during weight-bearing, limited “Start-up” pain, mechanical symptoms, changes  Plain radiography, CT, bone scintigraphy
aseptic loosening range of motion on serial imaging
Deep vein thrombosis Diffuse swelling, calf pain, skin discoloration Absence of vasomotor / trophic changes; Duplex ultrasonography
positive Homan’s sign
Peripheral neuropathy Neuropathic pain, sensory disturbances Symptoms strictly follow a dermatomal or Electromyography, nerve conduction velocity
(numbness / tingling) peripheral nerve distribution; no autonomic studies
dysfunction
Psychosomatic disorders Chronic pain without clear organic cause, Inconsistency between subjective complaints Psychological assessment, multidisciplinary
emotional distress and objective clinical findings evaluation
Metal hypersensitivity Chronic pain, localized swelling, persistent Atypical cutaneous reactions near the Patch tests, blood tests for metal levels, tissue
dermatitis prosthesis, symptoms refractory to standard histology
analgesics

The duration of rehabilitation is typically prolonged by

3-6 months after pTKA and by 6-12 months after revision 1

surgery [6,10]. Quality of life, as assessed by the SF-36 40

scale, is also substantially reduced, with mean scores of 40 35 32
after pTKA and 35 after rTKA (p < 0.01), indicating a higher 30

degree of disability following revision procedures (Fig. 3).

The treatment of CRPS following TKA is multimodal 28
and comprises the following strategies. Pharmacotherapy 20
includes nonsteroidal anti-inflammatory drugs, gabapen- 15
tin, pregabalin, and corticosteroids to mitigate pain and 10 L0
inflammation [17]. Physiotherapy is focused on manual 05
lymphatic drainage, mobility exercises, and graded motor 0o
imagery [9]. Interventional methods: sympathetic nerve ' rimary artroplasty  Revision arfhroplasty
blockade and spinal cord stimulation are reserved for
refractory cases [10].
The efficacy of treatment is highly dependent on the Fig. 1. Comparison of the CRPS incidence after pTKA and rTKA.
timing of intervention. Following pTKA, clinical remission
is achieved in approximately 60-80 % of cases within 2 100 g 9
6-12 months. In contrast, after rTKA, remission rates 80
drop to 50-70 % and require a longer duration of 12-18 80
months [17] (Fig. 4).
Future research directions and therapeutic innovations. 60
In addition to established clinical protocols, emerging ther- w©
apeutic modalities and comprehensive investigations into
the pathophysiology of CRPS offer significant potential for 2
improving patient outcomes.
Objective inflammatory markers: the quantification of 0
local heat flux and inflammatory cytokine profiles (TNF-a) (alod A Edema Change in skin Mobility
lynia/hyperalgesia) temperature restrictions

may serve as objective metrics for assessing vasomotor
dysfunction and facilitating the early identification of CRPS

predisposition [13]. Preliminary data suggest that elevated Fig. 2. Frequency of major clinical symptoms of CRPS following TKA.
preoperative TNF-a levels are associated with a heightened

u Primary TKA Revision TKA
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Table 3. Primary risk factors for CRPS following TKA

Ris facto

Psychological status Depression, anxiety, and catastrophizing increase central pain sensitization
Preoperative pain Intense, widespread pain prior to surgery as a predictor of poor outcomes
Sleep disturbances Impairment of descending pain inhibitory pathways

Metal hypersensitivity Rare etiology, specifically related to nickel-containing components
Systemic factors Female sex, smoking, diabetes mellitus, and autoimmune diseases

Table 4. Summary of literature coverage on CRPS following TKA

Sty ype

Case reports Individual reports of CRPS following TKA Limited generalizability

Retrospective series Analysis of CRPS incidence following revision TKA Small sample sizes, selection bias

Prospective studies J. D. Kosy et al.: 100 patients monitored for CRPS Rarity of the condition, potential for underestimation
Epidemiological forecasts Projections of TKA volume to 2030 General focus; lacking specific data on CRPS complications

Table 5. Directions for future research in CRPS following TKA

Research diecion Cinical example/ Targe

Biomarker development Identification of markers for early CRPS diagnosis Analysis of preoperative inflammatory cytokine levels (TNF-a)

Prevention assessment Evaluating surgical techniques and intraoperative constraints Impact of tourniquet time and minimally invasive approaches on
CRPS risk

Neuromodulation Assessing efficacy of advanced interventions for refractory cases Spinal Cord Stimulation for chronic, treatment-resistant pain

Long-term outcomes Longitudinal analysis of CRPS following rTKA Assessment of quality of life and functional recovery 5 years post-
surgery

Protocol standardization Developing unified diagnostic and therapeutic recommendations Global implementation of the Budapest criteria in orthopedic

oncology and trauma

risk of developing CRPS [7], though these findings neces-

3 . sitate further large-scale validation.
Innovative diagnostic and rehabilitation technologies:
the integration of robotic-assisted systems (LokomatPRO

40 or LokoHelp) allows for the precise quantification of motor
* impairments, including range of motion, muscle strength,
30 and neuromuscular coordination. Such technologies are
2 critical for the objective evaluation of the motor components
20 of CRPS and for the longitudinal monitoring of rehabilitation
15 efficacy.

10 Autonomic cardiovascular assessment: autonomic
. testing provides a valuable adjunct for evaluating patients
. following TKA. These assessments objectively measure the

WOMAC (average score) WOMAC (average score) ~ SF-36 (mean score) SF-36 (mean score) phySi0|OgiCa| response to postoperative stress, Specifically
Primary TKA Revision TKA Primary TKA (SCRB) ReVIsmn TKA (SCRB) regarding OrthOStatiC blOOd pressure regulation and the
sympathovagal balance (the interplay between sympathetic

Fig. 3. Comparison of functional outcomes between pTKA and rTKA in patients with CRPS. and parasympathetic influences).
4 Novel pharmacological agents: the development of
90 targeted therapies focusing on specific nociceptive path-
% 2 80 ways, such as N-methyl-D-aspartate (NMDA) receptor
" . antagonists and purinergic receptor blockers, may provide
60 vital therapeutic alternatives for refractory cases of CRPS.
60 50 Coverage of the problem in the literature. The current
50 literature on CRPS following TKA primarily comprises case
20 reports, retrospective series, and limited prospective stud-
% ies. There is a notable scarcity of high-quality, multicenter
research, particularly regarding rTKA.
% Data on revision TKA are even more limited. Previous
1o studies reported a higher incidence of CRPS (2-5 %) in
0 pr— p— Mo booke revision cases but provided limited epidemiological data
PrimaryTKA  Revision TKA Primary KA Revision TKA  Primary TKA  Revision TKA [7]. This highlights significant gaps in the understanding
of the epidemiology, risk factors, and optimal manage-
Fig. 4. Efficacy of multimodal treatment across pTKA and rTKA cohorts ment of CRPS following revision surgery. The literature

emphasizes the importance of early intervention; some
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studies suggest that timely multimodal treatment, including
early physiotherapy, pharmacotherapy, and interventional
therapies, can improve the prognosis, yielding outcomes
comparable to those in patients without complications [14].
However, comparative studies evaluating the effectiveness
of these approaches specifically between pTKA and rTKA
are currently lacking.

In summary, the evidence base for CRPS following
TKA is weakened by small sample sizes and a reliance on
incidental observations. Larger, prospective, multicenter
studies are essential to enhance our understanding of
this condition, particularly given that the number of rTKA
procedures is projected to increase significantly by 2030
[10,13,22] (Table 4).

The need for further research and standardization of
approaches. CRPS following TKAis a multifaceted condition
warranting further investigation, particularly in the context
of rTKA. In these cases, the risk is significantly elevated
due to cumulative tissue trauma and extensive scarring.
Recent studies emphasize the potential of biomarkers for
early diagnosis; for instance, elevated preoperative TNF-a
levels have been shown to correlate with a higher risk
of developing CRPS [3,10]. Specifically, S. Bruehl et al.
(2022) demonstrated that preoperative TNF-a levels serve
as predictive markers for CRPS emergence six months
post-TKA[10].

Standardization of diagnostic protocols, specifically the
Budapest criteria, is essential to minimize misdiagnosis in
the postoperative period, when CRPS symptoms frequently
overlap with other surgical complications. Similarly, treat-
ment algorithms require rigorous standardization. Current
approaches, including multimodal pharmacotherapy,
specialized physiotherapy, and interventional techniques,
exhibit variable efficacy depending on the timing of initiation.
Establishing consistent, evidence-based guidelines is critical
to enhancing clinical practice and optimizing patient recovery.

Future research should prioritize the evaluation of
preventive strategies, such as the adoption of minimally
invasive surgical techniques and the restriction of tourniquet
application time to less than 120 minutes [10]. Furthermore,
exploring novel therapeutic modalities, such as neuro-
modulation (spinal cord stimulation), is vital for managing
refractory cases. Investigating the long-term outcomes of
CRPS following rTKA, where current data remain scarce, is
essential for the development of personalized, patient-cen-
tric treatment approaches [7] (Table 5).

Discussion

CRPS is a multifaceted condition characterized by neu-
roinflammation, central sensitization, and autonomic
dysfunction [4,5]. Surgical trauma during TKA triggers a
localized inflammatory response, releasing pro-inflamma-
tory cytokines such as TNF-a) and Interleukin-18 (IL-1B),
which significantly heighten pain sensitivity. Prior investi-
gations have found that central sensitization, evidenced by
the increased temporal summation of pain, and persistent
inflammatory processes, particularly elevated TNF-a le-
vels, are pivotal contributors to CRPS pathogenesis [3,20].
Furthermore, the risk of developing CRPS is notably higher
following rTKA due to the more extensive surgical trauma
and repeated tissue injury [13].
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Strategies for the CRPS prevention include the em-
ployment of minimally invasive surgical techniques, limiting
pneumatic tourniquet time to under 120 minutes, and the
initiation of early postoperative rehabilitation [6]. Future
research must prioritize the development of sensitive diag-
nostic biomarkers, the rigorous assessment of preventive
strategy efficacy, and the exploration of novel therapeutic
modalities, such as neuromodulation. Additionally, longitu-
dinal data on the long-term prognosis of CRPS following
rTKA are essential to optimize rehabilitation protocols and
patient-centered care [7,23].

The diagnosis of CRPS following TKA remains chal-
lenging due to the non-specific nature of early symptoms,
which frequently overlap with other postoperative compli-
cations, including periprosthetic joint infection or prosthetic
instability [9]. The Budapest Criteria, which require the
presence of disproportionate pain and specific symptoms
across multiple clinical categories, remain the gold stand-
ard for diagnosis [17]. A thorough exclusion of differential
diagnoses is imperative during the postoperative period to
avoid diagnostic errors.

The prompt initiation of a multimodal therapeutic regimen
is critical for improving clinical outcomes. Evidence suggests
that timely interventions, including specialized physiothera-
py, targeted pharmacotherapy, and neurostimulation when
indicated, can yield functional outcomes comparable to those
observed in patients without CRPS [13,24]. Furthermore,
psychological factors such as anxiety and depression sig-
nificantly influence the clinical course of CRPS, particularly
after rTKA, where patients may have been predisposed by
previous negative surgical outcomes [14].

Conclusions

1. Complex regional pain syndrome is a significant
complication following total knee arthroplasty, with a mark-
edly higher incidence after revision procedures (2-5 %)
compared to primary ones (0.2-2.0 %). Complex regional
pain syndrome negatively impacts surgical outcomes,
leading to lower functional scores (WOMAC, SF-36), pro-
longed rehabilitation (up to 12 months in revision cases),
and diminished quality of life. This underscores the neces-
sity for intensified focus on early prevention and proactive
management strategies.

2. The diagnosis of complex regional pain syndrome
relies on the internationally recognized Budapest Criteria,
which necessitate the presence of disproportionate pain and
multi-categorical symptoms after the exclusion of alternative
etiologies. Given the complexity of postoperative differential
diagnosis, there is an urgent need for standardized screen-
ing protocols and improved methods for early detection.

3. The management of complex regional pain syndrome
must be multimodal and interdisciplinary, encompassing
pharmacotherapy, physical therapy, and interventional
techniques. Early treatment initiation significantly enhances
the probability of clinical remission. Rehabilitation requires
a multidisciplinary approach focused on early mobilization
and individualized physical activity programs tailored to
the specific needs of both primary and revision total knee
arthroplasty patients. These strategies are essential to
mitigate the risk of pain chronification and to optimize the
patient’s postoperative quality of life.
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Orthopedic treatment of dentition defect in frontal division
with compensated form of pathological attrition
by adhesive dental bridge
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In pathological attrition, teeth change the anatomical shape of the crown part of the teeth and the character of the mastication
pressure distribution on the cutting and chewing surfaces. Dentition defects accompany this process and need the use of adhesive
dental bridge (ADB), which is more suited to modern biotechnological requirements.

Aim. To statistically analyze the dimensions of the oral surfaces of the anterior teeth in patients with a compensated form of patho-
logical attrition, and to evaluate the potential applicability of these teeth as abutment elements for ADB.

Materials and methods. We selected 30 patients (18 men and 12 women) aged 35-55 years with first-degree (attrition up to 1/3
of crown height) or second-degree (attrition up to 2/3 of crown height). From these, we formed two groups of 15 patients each. A
third control group comprised 15 patients with intact dentition and physiological occlusion. We used a mathematical model from
prior work for rational planning of ADB abutments in specific patients.

Results. The examination results of 45 patients (270 teeth) conducted on models allowed us to determine the oral surface area of
the anterior teeth, depending on the degree of pathological attrition.

Conclusions. The mean occlusal surface areas of upper and lower jaw teeth have been identified. Based on clinical and labora-
tory experiments, this made it possible to plan the supporting elements of ADB for patients with a horizontal form of pathological
dental attrition.

KatouoBi cnoBa:
orthopedics,
dentition defect,
tooth wear.
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OpToneauuHe AikyBaHHA AedeKTy 3y6HOro paay y GpoHTaAbHOMY BipAiAi
3 KOMNEHCOBaHOK GOPMOIO NATOAOTIUHOI CTEPTOCTi AAT€3UBHUM
3y6HMM MocTONOAIGHMM NpoTe3om

I. B. flHiweH, P. B. Ky3Heuos, H. B. Kpuuka, I. A. AtoaiHa, B. T. TominiH

IMpu naTonoriyHoMy CTUpaHHi 3ybu 3MiHIOKTL aHaTOMiI4YHY (hOpMy KOPOHKOBOI HaCTUHW, 3MIHIOETLCS i XapakTep po3noainy
XyBarnbHOTO TUCKY Ha pisarnbHi Ta XyBanbHi noBepxHi. [lehektn 3yOHUX psaiB CynpoOBOMLKYIOTL Liei MPOLEC i 3yMOBIIOOTH
HeoOXigHICTb BUKOPUCTaHHS aare3anBHUX 3y6HWX mMocTonogibHux npotesis (AMI), wo 6inbLlue Bignosigae cyyacHnm biotex-
HOMOTYHUM BUMOTaMm.

MeTta po6oTH — cTaTUCTUYHE AOCMIMKEHHS PO3MIPIB OpanbHUX NOBEPXOHb 3y6iB (DPOHTANBHOT FPynM Y XBOPUX i3 KOMMEH-
COBaHOK (hOpMOI0 NATONOriYHOI CTEPTOCTi 3 aHani3oM MPUHLMMNOBOI MOXIMBOCTI BUKOPUCTAHHS LMX 3y6iB SIK OMOPHMX
enemeHTiB AMIT.

Marepianu i metopu. O6cTexwnm 30 navienTis (18 yonoikis i 12 xiHok) 3 nepLumM (CTepTicTb [0 1/3 BUCOTY KOPOHKY 3yBa) i ApyrM
(cTepricTb 3y6iB 10 2/3 BUCOTY KOPOHKM 3yBa) CTYNEHeM KOMMEHCOBaHOI NaTonoriYHoI cTepTocTi 3y6iB. Bik 06CTEXeHIX CTaHOBMB
Big 35 po 55 pokie. Cpopmysanu ABi rpynm no 15 nawieHTiB y koxHin. [lo TpeTboi (KOHTPOMBHOI) rpynu 3anyyeHo 15 naujeHTis, y
SIKVX OL{IHKOBanM iHTaKTHi 3y6Hi psigm Ta disionoriuHi choopmu npukycy. Ans pauioHanbHOro niaHyBaHHs onopHux enemenTis AMIT
Yy KOHKPETHOTO NawjieHTa BUKOPUCTAHO MaTeMaTyHy Moaenb poboTu.

Pesyabtatu. Y pesynbrati obcTexeHHs 45 nauieHTis (3aranom gocnigunv 270 3y6iB) Ta JOCTIZKEHHS Ha MOZEnsiX BCTaHOBMNEHO
MOLLy oparibHUX NOBEPXOHb (POHTarbHUX 3y6iB 3aNeXHO Bif CTYNeHs NaTonoriyHoi CTepToCTi.

BucHoBKuU. BrsiBnieHo cepepiHi 3a po3amipoM AinsiHki oparibHUX NOBEPXOHb 3yDiB BEPXHLOI Ta HIKHBOI Luenen. BpaxoBasLum AaHi
KniHiko-nabopaTopHWX [OCTimKEHb, CnaHyBany onopHi enemeHTt AMI ans navieHTiB i3 ropu3oHTanbHO OPMOK NaToNorivYHOT
cTepToCTi 3y6iB.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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Pathological attrition of teeth (PAT) is a severe and wide-
spread condition that, according to various authors, affects
12-18 % of 20-year-olds and nearly 42 % of 60-year-old
adults [1]. It is a progressive process involving the loss of
hard dental tissues, accompanied by a complex of aesthetic,
functional, and morphological changes in dental and perio-
dontal tissues, masticatory muscles, and temporomandibu-
|lar joints. The main clinical manifestation is a reduction in the
height of the tooth crowns, which significantly complicates
orthopedic treatment, even in the early stages of the condi-
tion. PAT disrupts the anatomical shape of the crowns and
alters the distribution of masticatory forces on the incisal
and occlusal surfaces, as well as on the periodontium and
temporomandibular joint components. The progression of
PAT is often accelerated by the presence of even minor den-
tition defects, which act as contributing factors that intensify
the pathological process. Therefore, orthopedic treatment
should aim not only at symptomatic correction but also at
addressing the underlying pathogenesis by restoring the
continuity of the dentition. Currently, in cases of short-span
defects (1-2 teeth), preference is given to fixed solid-cast
metal prostheses with aesthetic coatings.

Despite their advantages, notably high strength and
acceptable aesthetics, such prostheses have significant
drawbacks, including the need for extensive preparation of
hard tissues, which, in some cases (particularly for lower
incisors), may necessitate endodontic treatment. There is
a direct correlation between the feasibility of bridge fabri-
cation and the height of the clinical crown, which is already
reduced in the early stages of PAT. The use of adhesive
dental bridges (ADB) is more consistent with modern bio-
technological and minimally invasive principles. However,
the feasibility of ADB application depends on the available
fixation area, which is also reduced in patients with PAT [2].
Current literature lacks clear recommendations regarding
the use of ADBs in this pathological condition [3].

Aim

The purpose of this study was to statistically analyze the
dimensions of the oral surfaces of the anterior teeth in
patients with a compensated form of pathological attrition,

and to evaluate the potential applicability of these teeth as
abutment elements for adhesive dental bridges.

Materials and methods

Since it is not feasible to restore the reduced vertical
dimension of occlusion using ADBs, patients with the de-
compensated form of PAT were excluded from the study.
As a conservative alternative to traditional fixed pros-
theses requiring extensive tooth preparation, the ADB tech-
nique has its own specific indications and contraindications.
One major contraindication to ADB fabrication is a low
clinical crown height. Therefore, patients with third-degree
PAT (loss of more than two-thirds of the crown height) were
notincluded in this study. Following a preliminary examina-
tion, 30 patients (18 men and 12 women) aged 35-55 years
were selected. They were diagnosed with either first-degree
(attrition up to one-third of crown height) or second-degree
(attrition up to two-thirds of crown height) compensated
pathological attrition. These patients were divided into two

groups of 15 individuals each. The third control group of 15
subjects with intact dentition and physiological occlusion
was also included for comparison.

All patients underwent anatomical impressions using
silicone impression materials, which were used to fabricate
combined gypsum models for analysis. After the gypsum
had set, the oral surfaces of the teeth on both jaws were
coated with a thin layer of petroleum jelly. Subsequently, a
single layer of steel spheres (1 mm in diameter) was applied,
ensuring that the spheres were in tight contact with each
other and with the model surface. Based on this technique,
the surface area of the oral surfaces of the anterior teeth
was measured [4].

To enable rational planning of ADB abutment ele-
ments for individual patients, a mathematical model was
employed [5]. This model relates the maximum load acting
on a tooth to the maximum stress on the adhesive surface
and the corresponding adhesion area. The model was
developed under the assumption that the adhesive inter-
face behaves as a horizontally stretched layer (adhesive
pad). Although the model was validated experimentally
for samples with comparable width and height ratios and
moderate vertical elongation, it was considered applicable
to the current study conditions. The maximum load per
supporting tooth and the maximum available adhesive
surface area for ADB fixation were determined. Using the
proposed mathematical model, the required range of adhe-
sion areas and the corresponding maximum stress values
were calculated (1) [6].

T =rS)=F/2S+2\m x (mFL/s%?) (1)

max

Results

The results obtained from 45 patients (270 teeth), analyzed
using models, allowed us to determine the areas of the
oral surfaces of the anterior teeth according to the degree
of PAT (Table 1).

Subsequently, taking into account the data obtained,
and assuming a maximum predicted masticatory load per
tooth of 60 N with a standard safety factor of 1.5 (risky
-1.25), an analysis was performed to evaluate the ability
to achieve adequate bond strength of ADB abutment
elements. This analysis was conducted for each anterior
tooth group and for the first and second degrees of PAT,
based on the statistics obtained in the present work. Based
on the normal distribution law of random variables [7,8],
it was assumed that values of oral surface areas outside
the range of “mean minus three standard deviations” are
practically improbable; values from “mean minus one
standard deviation” and higher occur in approximately
84 % of cases, whereas values not exceeding the mean
occur in 50 % of cases. In the tensile strength tests, the
critical stress value was determined as the maximum
permissible stress for each adhesive material.

The analytical method is illustrated in Fig. 1, using an
example of an anterior tooth. Fig. 1 shows grafts of the
maximum stress as a function of the adhesion area for
normal (1.5) and moderately risky (1.25) safety factors (cor-
responding to the maximum tooth loads of 90 N and 75 N,
respectively). Horizontal dotted lines represent the critical
stress limits for the three adhesive materials selected for
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Table 1. Mean values of the oral surface areas of upper and lower anterior teeth in various degrees of PAT compared with the control group

Tt Morphological
Central incisor of the upper jaw Mtm
p*
Lateral incisor of the upper jaw M£m
p*
Canine of the upper jaw Mtm
p*
Central incisor of the lower jaw Mtm
p*
Lateral incisor of the lower jaw M£m
p*
Canine of the lower jaw M+m

The area of oral surfaces

38.44£3.97 29.80 £ 3.51 52.15+4.93
p<001 p<0.001 p<001

30.48 +2.98 2200424 44.25 £ 4.66

p <0.01 p <0.001 p<0.01
45.325 + 5.890 31.690 £ 4.820 70.600 + 7.900
p <0.01 p <0.001 p<0.01

25.72 3,01 16.58 +2.45 40.09 £ 3.89

p <0.01 p <0.001 p<0.01
30.08+324 20.86 £ 2.52 4356 £4.12

p <0.01 p<0.001 p<0.01

36.55 +4.21 22.88 + 3,65 58.74 £ 6.17

p <0.001 p <0.001 p<0.01

*: the difference is significant as compared to the control corresponding parameters.

Table 2. Calculated relationship between maximum stress in the adhesive plane and its area at overload factors of 1.5 and 1.25 for adhesive surfaces

with commensurate heights and widths

Stress at a load of 90 H, MPa | Stress at a load of 75 H, MPa Stress at a load of 90 H, MPa | Stress at a load of 75 H, MPa

9.500E-6 9.731 8.152 1.650E-5 5567 4658
1.000E-5 9.238 7.738 1.700E-5 5.402 4519
1.050E-5 8.793 7.364 1.750E-5 5.246 4.389
1.100E-5 8.388 7.025 1.800E-5 5.099 4.265
1.150E-5 8.019 6.715 1.850E-5 4.960 4.149
1.200E-5 7.681 6.431 1.900E-5 4.828 4.038
1.250E-5 7.370 6.170 1.950E-5 4703 3.934
1.300E-5 7.084 5.930 2.000E-5 4.584 3.834
1.350E-5 6.819 5.707 2.050E-5 4471 3.740
1.400E-5 6.572 5501 2.100E-5 4.364 3.650
1.450E-5 6.343 5.309 2.150E-5 4.262 3.564
1.500E-5 6.130 5.130 2.200E-5 4.164 3.482
1.550E-5 5.930 4.962 2.250E-5 4,071 3.404
1.600E-5 5743 4.805 2.300E-5 3.981 3.329

ADB fixation. The vertical lines indicate the boundary values

of the adhesion area corresponding to the previously men- 1 T

tioned probability ranges — practically guaranteed, 84 %,
and 50 %. If the intersection point of the material curve and
the boundary line lies below the stress curve, the material
is considered unsuitable for ADB fixation. Conversely, if the
intersection lies above the curve, the material is deemed
acceptable (though additional limitations may apply in
specific designs, not considered here). Fig. 1 illustrates a
case from the second PAT group.

Unsurprisingly, for some patients, ADB is not indicated
with any modern material (the intersection of the “mean
minus standard” line with the lines of all the examined
materials lies below the curves of the maximum stresses
versus the adhesion area). After excluding approximately
16 % of patients in this group with the most severely worn
crowns, the remaining cases could be considered suitable
for ADB fabrication, but only when using “Stomazit-LC.” If
a reduced safety factor (1.25) were acceptable, the use
of “Bifix” would also be possible, whereas “Latelux” would
remain unsuitable (Fig. 1).

Calculation results of maximum stress for the required
adhesion area range, obtained using the Maximum Stress
Criterion [9], are presented in Table 2, covering practical
values for first anterior tooth surfaces in 5 mm? steps.

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 1(154), ciueHb - aoTuii 2026 p.
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Fig. 1. Graphical analysis of the suitability of adhesive materials for ADB fixation, illustrated using

the mandibular lateral incisor as an example of a supporting tooth.

Tables 3, 4 present results from our calculations and
clinical investigations on adhesive materials for ADB in
patients with compensated PAT.

It should be noted that in patients with first-degree PAT,
appropriate selection of the adhesive material is always
possible. However, in approximately 16 % of cases, this
may be limited, particularly when the mandibular central
incisor serves as a supporting tooth.
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Table 3. Acceptable materials for use in ADB in the first degree of pathological attrition

Groups of the tooth

Upper central incisor
Upper lateral incisor
Upper canine
Lower central incisor
Lower lateral incisor
Lower canine

Acceptable materials

all all
“Bifix”, “Stomazit-LC" all
all all
not mentioned all
“Stomazit-LC” all
all all

all
all
all
all
all
all

Frequently In 84 % of cases In 50 % of cases With risky factor 1.25

all
all
all
all
all
all

Table 4. Acceptable materials for use in ADB in the second degree of pathological attrition

Groups of the tooth Acceptable materials:

Frequently In 84 % of cases In 50 % of cases With risky factor 1.25

Upper central incisor
Upper lateral incisor
Upper canine
Lower central incisor
Lower lateral incisor
Lower canine

“Stomazit-LC" all
Not mentioned “Stomazit-LC”
not mentioned all

not mentioned
“Stomazit-LC”
“Stomazit-LC"

not mentioned
not mentioned
not mentioned

all

all

“Bifix” all

all

not mentioned
“Bifix”, “Stomazit-LC"

all

“Bifix”, “Stomazit-LC”

“Stomazit-LC” in 50 % of cases
“Bifix”, “Stomazit-LC" in 84 % of cases
all

56  ISSN 2306-4145 https://zmj.zsmu.edu.ua

A different situation was observed in patients with
second-degree attrition. In this group, ADB fabrication could
be considered for all patients, regardless of the supporting
tooth, although material choice was limited. For patients
with larger residual crown height and less extensive wear,
ADBs could be successfully fabricated using “Stomazit-LC".
However, this provided only a narrow safety margin in terms
of stress on surrounding teeth.

Discussion

Thus, the photopolymer material “Stomazit-LC”, evaluated
in laboratory and clinical settings, possesses physical,
mechanical, and biological properties that ensure reliable
ADB fixation, prevent demineralization of dental hard tis-
sues, and avoid pulp inflammation in abutment teeth. The
characteristics of “Stomazit-LC” meet modern requirements
(1ISO 4049). Using “Stomazit-LC” with an improved ADB fab-
rication method reduces complications by 26 % (p < 0.05).

Comparing our results with those of other research-
ers [2], we conclude that the advantages of photopolymer
materials (particularly “Stomazit-LC”) combined with
improved ADB fabrication methods are confirmed. It is
necessary to systematize studies on the design parameters
of ADBs, including the volume of preparation, reinforcement,
and compatibility of materials.

In order to assess the significance of our study, we com-
pared its results with the data of other studies. Although the
objects of the study and the localization of dentition defects
differ, both directions have a common goal: increasing the
reliability, durability, and biocompatibility of the ADB and
reducing complications during their use.

Our study focuses on assessing the area of the oral
surfaces of the anterior teeth, the maximum load on one
abutment tooth, and the maximum area for the ADB fixation.
Atthe same time, another study examines the acid resistance
of enamel according to the enamel resistance test, hygiene,
and periodontal condition during the ADB fabrication.

Technical differences between the studies affect the
results obtained. In our case, fixation using the photopo-

lymer material “Stomazit-LC” meets the requirements of
ISO 4049 and promotes pulp safety. According to our study,
this provides reliable fixation and reduces the number of
complications by 26 %, which indicates the high clinical
significance of the selected material and technique.

In studies by other authors, the use of dual-curing
adhesive cement and a combined method of the ADBs
manufacturing demonstrate different dynamics of adhesion
and durability. Such approaches underline different aspects
of dental mechanics and biocompatibility.

Considering the effect on the abrasion and wear resist-
ance of the ADBs, our study highlights that the use of appro-
priate materials and technologies can reduce complications
and increase the durability of fixation. At the same time,
other studies emphasize the need for preventive measures
(a protective nighttime treatment splint), which affect the
stability of the bridge and minimize extrusion displacement.

The methodological significance of our study lies in the
integration of quantitative measurements of anterior tooth
area (using the steel ball method) with the determination
of the maximum load and required fixation area for ADBs.
The availability of comparative data or baseline parame-
ters (with appropriate p-values) strengthens the validity of
conclusions about the effectiveness of the materials and
techniques used.

Both studies support personalized planning and ma-
terial selection; however, they require additional data from
real clinical scenarios. Both studies’ common goals are
increasing the reliability, durability, and biocompatibility of
ADBs and reducing complications. The main emphases
are the high reliability of ADB fixation, the prevention of
demineralization of hard dental tissues, and the absence
of inflammation of the pulp of the abutment teeth. Both
studies are important in the context of orthopedic patient
management. However, our study provides detailed anal-
ysis and measurements, offering substantial clinical value.
At the same time, studies by other authors make available
critical information about the safety and effectiveness of
different materials and techniques, which require further
direct comparative analysis.
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Conclusions

1. Based on clinical and laboratory experiments, we
determined mean occlusal surface areas of upper and lower
jaw teeth. This refers to using the information to plan the
supporting elements of ADB in patients with a horizontal
form of pathological dental attrition. Mean occlusal surface
areas serve as a reference for the design of the ADB abut-
ment design: larger areas indicate greater fixation potential,
while smaller areas necessitate enhanced preparation.

2. The size of the oral surface area serves as a criterion
for the location, shape, and number of ADB abutments, as
well as for determining the need for a revised step in the
preparation of teeth for adhesive bonding. Larger areas
in individual teeth (e. g., upper canine) indicate a larger
potential adhesive surface, which can improve adhesion
and distribute the load.

3. Smaller areas require increased preparation or con-
struction measures (more support abutments, use of strong-
er adhesives, careful surface preparation). Comparison of
the obtained data emphasizes that different morphological
changes and area sizes have clinical significance not only
for the distribution of forces, but also for predicting the
durability and stability of an ADB in the case of horizontal
pathological attrition.

4. Modern adhesive materials are effective for or-
thopedic treatment of minor anterior dentition defects in
first-degree pathological attrition patients and, under certain
conditions, in second-degree pathological attrition patients.
This treatment, if applicable in the case of many conditions,
allows clinicians to base indications practically on patient
examinations. The material “Stomazit-LC” has specific
physical, mechanical, and biological properties, such as
adhesiveness, strength, and biocompatibility, and should
be a priority choice in relevant protocols for the orthopedic
management of patients with horizontal pathological dental
attrition.
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®di3MYHa aKTUBHICTb, AKICTb CHY Ta NCUX0EMOLIMHWK CTaH CTYAEHTIB
Y BOEHHUU Yac: pe3yAbTaTh MeAiaLiMHOro AOCAIAKEHHA

X. fl. AbparamoBuu@*-F, 0. B. beB3©@BCE A, B. fanayk®BE, P. C. IBaciBka®BC,
A. B. HoBocap®8, A. fl. bBasuneBuu®EF

AHM «AbBiBCbKMIt HALliOHAAbHUIM MEAUYHWI YHIBEPCUTET iMeHi AaHKAa faanLbKoro», YkpaiHa

A - KOHLIEMLLIS Ta AU3ANH AOCAIAXEHHS; B - 36ip AaHux; C - aHani3 Ta iHTepnipeTaLis AaHux; D - HanucaHHs cTaTTi; E - peparyBaHHs cTaTTi;
F - ocTatouHe 3aTBEPAXEHHS CTaTTi
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Merta po60TH - OLHUTY (i3U4HY aKTUBHICTb, SIKICTb CHY Ta NCUXOEMOLHWI CTaH CTYLEHTIB Y BOEHHWIA Yac, JOCMIAMTY iXHi B3aEMO-
3B'A13KM Ta NEPEBIPUTW MeAiaLliiHy ponb SKOCTi CHY.

Marepianu i MmeToau. 3aificHMnM 0fHOMOMEHTHE JocnimkeHHs 3a yyacTio 245 ctyaenTis I-lIl kypcis [AHM «J1bBiBCbKMIA HALiOHaNb-
HWUA MeanYHUIA yHiBepcuTeT iMeHi [JaHuna Manuubkoroy Bikom 18-24 poku (cepenHin Bik — 19,15 + 0,95 poky; 25 % Yonosikis, 75 %
XiHoK). BukopucTaHo BanifoBaHi ykpaiHckki Bepcii Wwkan: PSS-14 (ctpec), HADS (tpuBoxHicTb Ta aenpecis), PSQI (akicTb cHy) Ta
IPAQ-LF (chianuHa akTuBHicTb). CTAaTUCTUYHWIA aHani3 BKIOYaB OMMCOBY CTATUCTUKY, t-TecT, ogHodakTopHuii ANOVA, x2-kpuTepin,
KopensiLinHuiA aHania MNipcoHa Ta megiavinHni aHanisa (PROCESS Macro, mogens 4, 5000 GyTcTpen-nosTopis).

Pesyasramu. Y GinbLuocTi cTyAeHTiB (74,3 %) BUsIBNIEHO MOMipHMiA piBeHb CTPeCy, Y 38,8 % — piBeHb TPMBOXHOCTI, Skuid Bifnosifas noporo-
BUM 3Ha4eHHsM 3a HADS, a niBuLLEeHWiA piBeHb AENPECBHUX CUMMTOMIB 3achikcoBaHo y 7,3 %. MopyLuerHs cHy (PSQI >5) mann 64,1 %
Y4aCHWKIB; MPOBIAHI KOMMOHEHTU: ieHHa ANCAYHKLIS, TPYAHOLLi 3aCMHaHHS Ta HE3a[0BONEHICTb SKICTIO CHY. BUCOKUN piBeHb dianyiHOT
aKTUBHOCTI BU3HaueHO Yy 73,9 % CTymeHTiB. FKiCTb CHy TicHO kopentoBana 3 AenpecyBHUMM cumnTomamu (r = 0,473, p < 0,001), nomipHo
— 3 TpuBoxHicTo (r = 0,373; p < 0,001), cnabko — 3i ctpecom (r = 0,230, p < 0,001). PiauyHa aKTUBHICTL He Marna NPAMKX acoLjaLii 3i
CTPECOM Uu TPMBOXHICTHO, ane acoLjjioanacs 3 kpaLloto skicTio cHy (r = -0,253, p < 0,001). MegiauiiHui aHani3 nigTBepams, LLO BNVB
chianuHoi akTuBHOCTI Ha AenpecvsHi cumntomu (B =-0.120; 95 % [JI: -0.177; -0.062) Ta TpuBoxHiICTb (B = -0.097; 95 % [l: -0.147; -0.050)
peaniayeTbCs Yepes MoKpaLLeHHst IKOCTi CHY, a Ans CTPeCy BUSBNEeHo YacTkose nocepeaHmuTeo (B =-0.059; 95 % [I: -0.106; -0.020).

BuHCHOBKU. Y BOEHHWIN YaC y KOropTi CTYAEHTIB BUSBNIEHO BUCOKY MOLLMPEHICTb NCUXOEMOLiHNX NPobrieM y NoeaHaHHi 3 YacTMm
nopyLUEHHSIMY CHY. Monpy BUCOKWIA piBeHb i3NYHOT aKTUBHOCTI, CaMe SKICTb CHY € KMO4OBMM NPEeAVKTOPOM i MOCEPEAHUKOM, L0
BW3HAYaE PiBEHb CTPECY, TPUBOXHOCTI 11 AenpecuBHUX cuMnToMiB. OTpUMaHi pesynkTaTy MigKpecntoTb HeoBXIgHICTb iHTerpo-
BaHVX Nporpam, CpsMOBaHWX HE NULLE Ha NiATPUMKY (Di3NYHOT aKTUBHOCTI, ane 1 Ha oNTUMI3aLito ririeHn CHy Ans 36epexeHHs
MCUXIYHOTO 3A0POB’S CTYAEHTCHKOI MOMO/i Y BOEHHUX YMOBAX.

Keywords:

physical activity,
sleep quality, stress,
anxiety, depressive
symptoms, students,
war, mediation
analysis.
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Physical activity, sleep quality, and mental health
among university students during wartime: findings from a mediation study

Kh. Ya. Abrahamovych, 0. V. Bevz, A. B. Haiduk, R. S. Ivasivka, A. B. Novosad, A. Ya. Bazylevych

Aim. To assess physical activity, sleep quality, and the mental health status of students during wartime, to explore their interrelation-
ships, and to examine the mediating role of sleep quality.

Materials and methods. A cross-sectional study was conducted among 245 first- to third-year students of State Non-Profit Enterprise
“Danylo Halytsky Lviv National Medical University"aged 18-24 years (mean age 19.15+0.95 years; 25 % males, 75 % females). Validated
Ukrainian versions of standardized instruments were used: Perceived Stress Scale-14 (PSS-14, stress), Hospital Anxiety and Depression
Scale (HADS, anxiety and depressive symptoms), Pittsburgh Sleep Quality Index (PSQ, sleep quality), and International Physical Ac-
tivity Questionnaire — Long Form (IPAQ-LF, physical activity). Statistical analysis included descriptive statistics, Student’s t-test, one-way
ANOVA, 2 test, Pearson’s correlation, and mediation analysis (Hayes' PROCESS Macro, model 4, with 5000 bootstrap resamples).

Results. Most students reported moderate stress scores (74.3 %). Elevated anxiety levels (HADS) were found in 38.8 % of participants,
while increased depressive symptoms were observed in 7.3 %. Sleep disturbances (PSQI >5) were found in 64.1 % of students,
with the most affected components being daytime dysfunction, sleep latency, and dissatisfaction with sleep quality. A high level of
physical activity was observed in 73.9 % of students. Sleep quality showed a strong correlation with depressive symptoms (r = 0.473,
p <0.001), a moderate correlation with anxiety (r =0.373, p <0.001), and a weak correlation with stress scores (r = 0.230, p < 0.001).
Physical activity was not directly associated with stress or anxiety but was significantly correlated with better sleep quality (r =-0.253,
p < 0.001). Mediation analysis demonstrated that the effect of physical activity on depressive symptoms (8 =-0.120; 95 % Cl: -0.177
to -0.062) and anxiety (B = -0.097; 95 % CI: -0.147 to -0.050) was fully mediated by sleep quality, whereas for stress only partial
mediation was observed (B =-0.059; 95 % CI: -0.106 to -0.020).

Conclusions. Students during wartime exhibited a high prevalence of mental health issues combined with frequent sleep distur-
bances. Despite a generally high level of physical activity, sleep quality emerged as the key predictor and mediator of stress,
anxiety, and depressive symptoms. These findings highlight the need for integrated programs that address both physical activity
and sleep hygiene to safeguard students’ mental health in wartime conditions.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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OpwuriHaAbHI AOCAIAXKEHHS

[NcrxoeMmOoLiHi NOpyLLEHHS, 30KpeMa CTPEC, TPUBOXKHICTb
i ienpecyBHi CUMNTOMM, JOBOMi YaCTO BU3HAYaOTb Y CTY-
[EHTCbKOT MO0, BOHU CyTTEBO BIIMBAKOTL HA akageMidHy
YCMILWHICTb, couianbHe (yHKLIOHYBaHHS Ta SKICTb XUTTS
[1,2]. Y cyyacHnx ymoBax — coLianbHuX Kpu3, BOEHHUX
oAl i NOCUMEHHS OCBITHIX HABAHTaXEHb — MOMO/b € 0CO-
611BO BPa3nMBOIO rPYMOK0 LLOAO BUHUKHEHHS €MOLYAHUX
poanagis. Lle nigTBepmxye HeoOXiaHICTb ineHTUdikawii
MOANMIKOBAHUX YNHHWKIB, LLIO MOXYTb 3HKYBATU MCUXO-
eMOLiHE HaBaHTaXEHHS.

OpfHuWM i3 TaKNX YUHHWKIB € (i3N4Ha akTVBHICTb. Pery-
NAPHY (Di3NYHY aKTUBHICTb BU3HAYAIOTb SIK BAXIUBUIA 3a-
XWCHWI MeXaHi3M y 3anobiraHHi BUHUKHEHHIO AenpecyBHUX
i TPMBOXHMX cumnToMiB [3]. Y GaraTbox CTyAeHTIB piBeHb
aKTMBHOCTI HEIOCTaTHil Ta acoLiioBaHWIA i3 NiABULLEHUM
piBHEM CTpeCy Ta ripwuMn NoKasH1KaMu MCuxivyHoro
3n0poB’st [4].

LLle ofuH BaXmnMBUIA YMHHUK, LLIO Ge3nocepenHs0 Bru-
Ba€ Ha eMOLiINHWI CTaH, — COH. [opyLLeHHS oro TpuBano-
CTi Ta IKOCTi NOB’AA3aHi 3 NiABULLEHNM PU3UKOM BUHUKHEHHS!
TPUBOXHWX | eNpPeCcuBHIX cumnTomiB [5,6]. ins cTyAeHTiB
XapaKTepHi HefoCTaTHs TpuBanicTb abo HeperynsipHicTb
CHY, LLO NpU3BOAUTb A0 KOTHITUBHUX TPYAHOLLIB, AEHHOT
ANCAYHKUIT Ta eMoLinHOI HecTabinbHoCTi [7]. [JoBeaeHo,
LLO MOPYLUEHHS CHY € HE MNWLLE YacTUM CUMMTOMOM Ae-
MPECMBHUX PO3MagiB, ane N He3anexHUm npeauKTopom
ix nporpecyBaHHs [8]. Tak, y CTyAEeHTCbKOI MONOA HU3bka
AKICTb CHy MOXe YTV OAHUM i3 NPOBIAHMX HaKTOPIB, LLO
aCoL0ETLCA 3 IENPECUBHIMI CUMMTOMaMW.

3rigHo 3 pesyrnsTatamy Cy4acHUX OCTimpKeHb, isnyHa
aKTVBHICTb | COH BNIMBAIOTb HE TNLLIE HA PU3VIK BUHUKHEHHS
TPUBOXHMX i AENPECUBHUX CUMMTOMIB, ane i Ha GinbLu
KOMMMEKCHI acnekTi NCUXOEMOLIIMHOMO (OYHKLIIOHYBaHHS.
3okpema, BOHM MOB’si3aHi 3 MiABULLEHHSIM MCUXOMOriYHOT
PE3UNIEHTHOCTI Ta MOMIMLIEHHAM coujianbHoi aganTauii
crynenTi [9]. Lle ninTBepmxye BaratoBuMipHWii XxapakTep
BMMMBY COCOBY XUTTSH HA NCUXOEMOLLIiHE 300POB'S.

Y HaNHOBILIOMY AOCHiAXeEHHI, Wo onybnikoBaHe B
«BMC Psychiatry», nokasaHo: COH MOXe BigirpaBatt ponb
megjiaTopa y B3aEMO3B'A3KY MiX (Di3N4HOK akTUBHICTIO Ta
MCUXOEMOLLiHUM CTaHOM CTYLEHTIB. ABTOpPY BCTAHOBUIH,
LU0 (hi3nYHa aKTUBHICTb aCOLETCS 3i 3HMKEHUM PIBHEM
[enpecuBHNX CUMMTOMIB, @ YacTuHa Lboro edekTy pea-
nisyeTbCs Yepes NOKpaLLEHHs AKOCTi CHY Ta 3MEHLLEHHS
pymiHaii [10].

Pa3om i3 TM pesynbraTit JoCimkeHb 3annLaoTbes
CynepeynMBuMW: B OOHUX NpausXx MiATBEPOKEHO BUpa-
XEeHWUN MedialiiHuii edekT, B HLWMX — TaKoro BNAWBY He
BUsIBNeHO abo BiH Mae obmMexeHwuit xapaktep [11,12].
Lle cTBoptoe nigrpyHT ANS NPOJOBXEHHS AOCTIMKEHD,
30KpeMa Ha npuKnagi CTYAEHTCbKMX Nonynsuii B YkpaiHi.

B ymoBax BiliHW NWUTaHHS WOAO MCUXOEMOLiHOMo
3[0pOB’Sl CTYAEHTIB HabyBae 0COBMMBOI aKTyanbHOCTI,
OCKiNbK/ NOEAHAHHS HABYanbHUX HaBaHTaXeHb i3 BOEH-
HYMU CTPECOPaMM CTBOPHOE AOAATKOBI PUNKI BUHUKHEHHS]
TPUBOXHMX | AeNPEeCUBHUX CUMNTOMIB. [onpu 3Ha4Hy
KinbKiCTb MDXHaPOAHWX AOCTIMKEHb, KOMNMEKCHi poboTu,
MPUCBSYEHI aHani3y B3aeEMO3B'A3KY (i3N4HOT akTUBHOCTI,
SKOCTi CHY Ta NCMXOEMOLHOrO CTaHy cepes CTyOeHTCbKOT
monogi B YkpaiHi, sanuwwatotbcst obmexeHumn. Lie obrpyH-
TOBYE [OLNBHICTb TaKUX AOCHMKEHb Y Cy4aCHUX yMOBaX
MoBHOMACLUTaBHOro BTOPTHEHHS POCii B YKpaiHy.

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 1(154), ciueHb - aoTuii 2026 p.

MeTa po6oTtu

OUiHUTK i3NYHY aKTUBHICTb, SKICTb CHY Ta MCMXOEMO-
LiNHWIA CTaH CTYOEHTIB Yy BOEHHWI Yac, JOCNiANTY iXHi
B3aEMO3B’A3KV Ta NePEBIPUTY MeiaLliiHy porib SKOCTi CHY.

Martepianu i MeToAU AOCAIAXKEHHA

Ha kadenpi nponegeBTVKN BHYTPILLHBOT MEeANLMHM
OHM «J1bBiBCbKWIA HALOHANBbHUA MEAUYHWIA YHIBEpCUTET
imeHi Januna Manuubkoro» 3QiNCHUNM OAHOMOMEHTHE
pocnipkeHHs (cross-sectional study) 3 BUKOpUCTaHHSM
MeToZy 3py4Hoi BUbipku. [lo yyacTi 3anyyeHo 245 cTyaeH-
TiB |-l kypci Bikom 18-24 poku. Kputepii 3any4eHHs fo
[OCTIMKEHHS — HAsfBHICTb iHPOPMOBaHOI [0BPOBINbHOT
3rogu, ctaryc ctygenta JHIM «J1bBiBCbKUI HALiOHaMNbHN
MeOuYHWiA yHiBepcuTeT iMeHi JaHuna [anuuskoroy, 3aat-
HICTb CaMOCTI/iHO 3aroBHIOBaTU ONWUTyBanbHUK. Kputepii
BUKMIOYEHHS — BiAMOBA Bif y4yacTi, NOBiAOMMEHi TKKi
MCUXIYHI Y1 COMaTUYHI 3aXBOPIOBAHHS.

[JocnimkeHHs 3aiICHAAK 3riGHO 3 eTUYHUMMW NPUHLK-
namu WMA Declaration of Helsinki (2013) Ta nokansHumm
HOPMaTWBHUMM [OKYMEHTamu YKpaiHu, BOHO OTpUmarno
cxBaneHHs ETnyHoi komicii OHIM «J1bBIiBCbKWMIA HaLlioHanb-
HUA MeduyHuUi yHiBepeuTeT iMeHi JaHuna Manuubkoro»
(npotokon Big 21.04.2025 poky Ne 5). Yci yyacHvkv Haganm
MUCbMOBY iHG)OPMOBaHY 3rofly. AHKETYBaHHS 3AiNCHU-
N aHOHIMHO B HaBYarbHWUX ayAWTOPIAX Y MPUCYTHOCTI
AocnigHuka, TpuBanicTb ctaHoBuna 5-15 xB Ha KoxeH
IHCTPYMEHT.

YyacHuKiB He Ainunu Ha okpeMmi rpynu. AHKETyBaH-
HS1 nepenbayano OuiHIOBaHHS CTPECY, TPUBOXHOCTI Ta
[EnpPeCcuBHUX CUMMTOMIB, SIKOCTi CHY Ta PiBHS (i3NyHOI
akTMBHOCTI. Mepen novyaTkoM AOCMIAXEHHS PECMOH-
[eHTaM Hagamu iHchopmaLito Npo MeTy, A0OPOBINbHICTL
Ta aHOHIMHICTb y4acTi, @ Takox npaso BigMoBu. [aHi
BUKOPWCTAHO TiNbky B HaykoBux Linsx. Micns 36opy Bci
QHKETW NepeBipunn Ha NOBHOTY, HEMOBHI YW HEKOPEKTHI
BUKITOYEHO 3 aHaniay.

BukopucTtaHi onuTyBanbHUKM — BanigoBaHi iHCTpy-
MEHTW, afanToBaHi yKpaiHCbKi BEPCii 3aCTOCOBAHO 3a
MiKHAPOZAHMMU NPOTOKONaMM.

CamocTilHO cknapeHa aHketa 6a30Boi iHpopmauii
BKITtOYana AemorpadiyHi AaHi Npo YYacHWKIB, BKIHOYAKUM
cTarhb i Bik (y pokax).

[ns ouiHoBaHHSA Cy6'eKTUBHOTO PiBHS CTPeCy BHKO-
pucTaHo aaanToBaHy ykpaiHCbKy Bepcito Perceived Stress
Scale (PSS-14) [13]. OnuTyBanbHWUK MICTUTL 14 MYHKTIB,
LLO OLjHI0KTb 3a M'ATnbansHo Lwkanot (0—4), hopmyoTb
cymapHui 6an Big 0 go 56: 0-18 — Hu3bkuin, 19-37 — no-
MipHWiA, 38-56 — BUCOKMI piBeHb CTpecy. BuLli 3HaueHHs
cBig4aTh Npo GinbLuKiA piBeHb CTPeCy.

LLkany TpuBoxHOCTI Ta Aenpecii (Hospital Anxiety and
Depression Scale, HADS), po3po6bnena A. S. Zigmond &
R. P. Snaith (1983) [14], BukopnCTaHO ANS OLiHIOBAHHS
CYMNTOMIB TPUBOXKHOCTI Ta AENPECUBHUX CUMMTOMIB.
OnuTtyBanbHWK MICTUTb 14 NYHKTIB: 7 — AN nigwkanu
Tpusorv (HADS-A), 7 — ans penpecii (HADS-D). KoxeH
MyHKT ouiHIoloTb Y 6anax Big 0 go 3, cymapHui 6an ans
KoXHOI migwkamm — 0-21. 3HaveHHs 8-10 — noporosuin
piBEHb CUMNTOMIB, 211 — BUCOKWIA PiBEHB.

Inoekc skocri cHy MittcBypra (Pittsburgh Sleep Quality
Index, PSQI), poapobnenuii D. J. Buysse et al. (1989) [15],
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Tabauus 1. KopensuiitHuit aHanis Mixx piBHsIMM CTpecy, TPUBOXHOCTI Ta Noka3H1kamm
[enpecuBHUX CUMNTOMIB, n = 245

st r L

CTpec — TPUBOXHICTb 0,379 <0,001
CTpec — fenpecuBHi cuMnTomMn 0,071 0,271
TpUBOXHICTb — AENPECUBHI CUMNTOMM 0,454 <0,001

KoediuieHTn kopensuii MipcoHa (r) Mix piBHAMY CTpecy, TPUBOXHOCTI Ta NOKa3HUKaM LenpecuBHUX
CUMNTOMIB; Ik CTAaTUCTUYHO 3HAYyLLi OLIiHIOBANN 3Ha4eHHs npu p < 0,05.

3aCTOCOBAHO NS OLiHIOBAHHSA Cy0 €KTUBHOI SIKOCTI CHY
3a OCTaHHIN Micsaub. OnuTyBanbHWUK MICTUTL 19 NyHKTIB,
o opMyKTb CiM KOMMOHEHTIB: Cy0'eKTUBHA AKICTb,
MaTEHTHICTb i TPUBAnNICTb CHY, e(DeKTUBHICTb, NOPYLUEHHS,
BUKOPUCTaHHS CHOAINHUX | AeHHA ANCAYHKLIS. 3aranbHui
6an craHoBuTb Big 0 oo 21; >5 cBiguMTb NPO HAsBHICTb
nopyLueHb, >10 — Npo BUpaxeHi po3nagu CHY.

[N ouiHoBaHHSA PiBHS (i3NYHOI aKTUBHOCTI BUKOPH-
cTaHo MixHapoaHui onuTyBanbHUK (i3MYHOT akTUBHOCTI
(International Physical Activity Questionnaire — Long
Form, IPAQ-LF) [16]. OnuTyBanbHuk oxonmntoe m'stb chep
aKTUBHOCTI (poboTa, nepecyBaHHs, fOMaLLHi cnpasy,
[03BINS, Yac CUAIHHSA) | BpaxoBye YacTOTy Ta TpMBAsiCTb
iHTEHCMBHOI, MOMIPHOI aKTUBHOCTI 11 XoAbOM 3a OCTaHHi 7
OHiB. PiBeHb akTMBHOCTI obuncniotoTb y MET-xBuUnuHax
Ha TWXAEHb | KnacudikyloTb SK HU3bKWIA, NOMipHUIA abo
BICOKWIA BIANOBIAHO 4O CTAHAAPTHUX KpUTEPIIB.

AHani3 gaHux 3g4incHUNKM 3 BUKOPUCTaHHAM SPSS
v.26.0 (IBM, CLLUA). BesnepepsHi 3MiHHi HaBeAeHO sk
cepeaHe + SD, kaTeropianbHi — ik aGCOMOTHI Ta BiAHOCHI
yactoTu. [ina NOpiBHAHHS rpyn 3acTOCOBaHO t-kpuTepii
CrbtopeHTa (ai rpynu) Ta ogHodakTopHin ANOVA 3 LSD
MOCT-XOK TECTOM (Tpu 14 GinbLue rpyn). KateropiansHi 3MiHHi
aHaniaysanu 3a [OMoMorow x>-kputepito. KopensuinHmi
aHania BMKoHanu metoaom [lipcoHa. [ns ouiHIOBaHHS
mepiauiiHux edekTiB 3actocoBaHo mMakpoc PROCESS
(mogenb 4, Bepcis 4.2; Hayes) 3 byTctpen-aHanizom (5000
nosTopiB) [17]. CTaTUCTUYHY 3HAYYLLICTb BCTAHOBMOBaNM
npm p < 0,05.

Pe3yabtati

Y gocnimxeHHi B3Anu yyactb 245 cTyaeHTiB (CepeHin
Bik — 19,15 £ 0,95 poky), cepeq skux 62 (25 %) Yonosiku
1@ 183 (75 %) XiHKu.

3a wkanot PSS-14 cepepHin piBeHb cTpecy Bia-
nosigas nomipHomy (34,31 £ 4,51 6ana), 3a HADS-A
BU3HAYEHO MOpPOroBuiA piBeHb TpuBOXHOCTI (9,51 + 4,32
6ana), a nokasHuKkK1 fenpecuBHnX cumntomis 3a HADS-D
3anuwanmcs Husbkumy (5,76 + 3,50 6ana). CepepHin
nokasHuk iHgexcy skocTi cHy Mittcbypra (PSQI) cigune
npo MoMipHi nopyLeHHs cHy (6,91 + 3,29 6ana). PieeHb
isnuHoi aktmBHocTi 3a IPAQ-LF Bignosigae BUCOkOMY
(8325,06 + 8707,86 MET-xB/TvkaeHD).

OTxe, BUbGipKa cknaganacsi nepeBaxHOo 3 XiHOK MOmo-
[0r0 BiKY Ta XapakTepuayBarnacs NOMipHUM PIBHEM CTPECY,
MOPOroBKM PiBHEM TPUBOXHOCTI, HU3bKAMM NOKa3HWUKaMm
[ernpecuBHNX CUMMTOMIB, TOMIPHUMM MOPYLLIEHHAMY CHY
BUCOKOIO (Di3UYHOI aKTUBHICTHO.

3a wkanoto PSS-14 y 74,3 % CTyneHTIB BU3HAYEHO
MOMIpHUIA piBeHb cTpecy, Y 25,7 % — Bucokui. 3a HADS-A
NiABULLEHWIA piBEHb TPMBOXHOCTI Manu 38,8 % onuTtaHux,

noporosuit — 26,9 %, HopManbHi NOKa3HWKM BCTAHOBMNEHO
y 34,3 % onuTtanux. MigBALLEHI NOKA3HWKN OENPECUBHUX
cumnTomis 32 HADS-D BusiBneHo nuwe y 7,3 % CTyaeHTiB,
noporosi —y 20,4 %.

Y pesynbraTti aHanidy nNokasHWKiB 3anexHo Bif cTari
BCTAHOBWIN, LLIO XKiHKW Manu BULLMIA piBEHb TPUBOXHOCTI
(9,9+4,3npotn 8,5+ 3,9, p=0,018). Pasom i3 Tum, BigMiH-
HocTi 3a piBHaMu cTpecy (p = 0,074) Ta fenpecvBHUX CUMN-
TomiB (p = 0,313) He gocAranu CTaTUCTUYHOI 3HAYYLLOCTI.

3a faHumn kopensuiHoro aHaniay, BCTaHOBNEHO
MOMIPHUI NO3UTUBHWIA 3B'S30K MK CTPECOM i TPUBOXHI-
cmo (r=0,379, p <0,001), a Takox TiCHILLY acowjiaLito Mix
TPUBOXHICTIO i AenpecuBHUMK cumntoMamu (r = 0,454,
p < 0,001). HatomicTb 3B’A30K Mi CTPECOM i AenpecyB-
HUMW CUMNTOMaMK CrabKuiA, CTaTUCTUYHO He3HaYyLLMIA
(r=0,071,p=0,271) (mabn. 1).

OTXe, y CTYAEHTCbKOI MOMOAi B yMOBaX BillHU nepe-
Ba)xae MOMIpHUIA piBeHb CTPeCy, NOHaA TPETUHA PECMOH-
[EeHTIB Mae NiaBuLLEHNI piBeHb TPUBOXHOCTI, a NiABULLEHI
MOKa3HWKW AENPECUBHIX CUMNTOMIB BUSIBMSANA BiHOCHO
piako (7,3 %). Hanbinbl BupaxeHnn kopensauinHumn
3B'A30K BMSIBMIEHO MiXK TPWUBOXHICTIO Ta AENPECVUBHUMM
CUMNTOMaMK, a acouiiaLiii CTPECy 3 iHLLMMM NOKa3HUKaMm
6ynu cnabwumm.

AHani3 SKoCTi CHy NOKa3aB, L0 NMOPYLLEHHS CHY Manu
157 (64,1 %) cTyneHTiB, HopManbHuii coH (PSQI <5) Bu-
3Ha4eHo nue y 88 (35,9 %) onutanmx.

HanbinbLu BupaxeHi komnoHeHTn PSQI — geHHa auc-
yHkuis (1,90 £0,96), cy6’exTnHa siKicTb cHy (1,48 £0,72)
Ta NaTeHTHICTb 3acuHaHHs (1,20 + 0,98), o cBiguuTbL Npo
TPYAHOLL 3 3aCHAHHAM, HE3aJ0BOMEHICTb CHOM i BiUyTTS
BTOMM MPOTAroM AHs. ToMipHi BiaxuneHHs 3adikcoBaHo
3a TpueanicTio cHy (1,31 £ 0,98) Ta oro nopyLUeHHsAMM
(0,99 £0,67), a echexTusHicTb cHy (0,31 + 0,65) Ta BUKOpU-
CTaHHA cHopiHux npenapartis (0,19 + 0,65) sanuwanucs
HU3BbKUMN.

BcTaHoBMEHO, LLO Y CTYAEHTIB NOLIUPEHI NOPYLIEHHS
CHY (DyHKLIOHarNbHOMO Ta MOBEAIHKOBOrO XapakTepy, sk
BUSIBNSAIOTb 3a HE3aZL0BOMEHICTHO 10T0 SKICTHO, TPYAHOLLaMM
i3 3aCHHaHHsIM Ta IEHHOK BTOMOIO, MpU BiAHOCHO 36epe-
XKEHil ePeKTUBHOCTI CHY # HWU3bKIN YacTOTi BUKOPUCTaHHS
CHOAIHMX 3acobiB.

CepepHii piBeHb (i3u4HOT aKTUBHOCTi CTYLEHTIB CTaHo-
BuB 8325,06 + 8707,86 MET-xB/TvxaeHb. binbLuicTs yyac-
HukiB — 181 (73,9 %) — manu BUCOKWI piBeHb aKTUBHOCTI, 55
(22,4 %) — noMipHUIA, HN3bKWIA piBEHb 3adhikcoBaHO nuLLe
y 9 (3,7 %) cTyneHTiB.

Pesynbratv gocnimkeHHs cBigyatb npo 3aranoMm Bu-
COKWIA piBEHb (i3V4HOT aKTUBHOCTI B CTYAEHTCHKOI MOMofi,
Lo MOXe OyTy 3yMOBNEHWI NEPeBaXaHHAM IHTEHCUBHUX
i MOMIpHMX BMAIB PYXOBOI aKTUBHOCTi Y IXHBOMY MOBCSIK-
[EHHOMY XWTTIi.

Y pesynbrati KOpenauiiHoro aHanisy BCTaHOBMEHO,
Lo NOripLEHHs NCUXOEeMOLHOMo CTaHy MoB’A3aHe 3i
3HWKEHHSAM SKOCTi CHY. HalicumbHiLLMI 38'A30K BU3HAUMNK
MiX 4€NPECYBHUMU CYMMNTOMAaMM Ta 3aranbHUM iHOIEKCOM
PSQI (r=0,473, p < 0,001), a Takox Or0 KOMNOHEHTaMM:
Cy0’EKTUBHOIO SIKICTIO CHY, MOPYLLEHHSMW Ta [EHHOK0 AUC-
yHKuieto. TpMBOXHICTb Mana noaibHi, xo4a MeHLL Bupa-
eHi acouiauii (3aranbHui 6an PSQI, r=0,373, p < 0,001),
a CTpec MaB cnabkuii, ane CTaTUCTUYHO 3HaYYLLNIA 3B'A30K
(r=0,230; p <0,001) (mabn. 2).
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OpwuriHaAbHI AOCAIAXKEHHS

AHani3 B3aEM03B'A3KiB MiX (Di3N4HOK0 aKTUBHICTIO Ta
MCMXOEMOLINHAMK NMOKasHukamm (mabn. 3) He BNSIBMB
CTaTUCTMYHO 3HAYYLLMX acouiauiin 3i CTPecoM i TPUBOX-
HicTt0. BTiM, BCTAHOBMNEHO TEHAEHL0 0O HUKYMX PiBHIB
[EeNpeCyBHIUX CUMMTOMIB Y CTYZEHTIB i3 BULLOK (i3N4HO
akTusHicTio (r =-0,125, p = 0,051).

Hapani y pesynbrari aHaniy BCTaHOBUMM, WO GiidnyHa
aKTMBHICTb Mae CYTTEBWA 3B'A30K i3 SKICTIO CHY. Buwyni
piBEHb aKTVBHOCTi KOPENIOBAB i3 HXKYMM 3araribHuM 6anom
PSQI (r=-0,253, p <0,001), a Takox i3 KpaLLyMK NOKa3HK-
Kamu cy6’eKTUBHOT SIKOCTI CHY, TPMBaNOCTi, edheKTUBHOCTI
Ta HKYMM piBHEM AEHHOI AMCAYHKLIT (mabn. 4).

KateropianbHui aHanis aas 3MOry BCTAHOBWTH, LLO
CTYOEHTU 3 BUCOKUM PIBHEM (DI3U4HOT aKTUBHOCTI 3HAYHO
yacTiLLe Manm HopMasbHy sKicTb cHy (X2 = 11,47, p=0,003)
(mabn. 5).

JonatkoBo aucnepcintuii aHania (ANOVA) BusiBuB
CTaTUCTUYHO 3HaYyLLi BiGMIHHOCTI 3a cepeaHiMmn 6anamu
PSQI mix rpynamu 3 pisHum piBHEM Di3M4HOT aKTUBHOCTI
(F=4,18,p=0,016).

BcTaHoBUNK, WO HKYa SKICTb CHY Y CTYAEHTIB TiCHO
MoB’si3aHa 3 NiABULLEHMI PIBHAMM CTPECY, TPUBOXHOCTI i,
0cobnMBoO, AENPECMBHUX CUMNTOMIB. HaToMiCTb chisnyHa
AKTMBHICTb HE Masa MpsIMKX acoLiaLin i3 ICMXOeMOLLIHMM
rnoKasHVKamu, NpoTe KoperioBana 3 KpaLLot SKICTHo CHy. Lie
MIATBEPAXKYE ii 3HAYEHHS K BAXKIMBOTO YYHHMKA MiATPAMKMA
MCUX0EMOLLIHOTO Grarononyyys.

MeTa HacTynHoro etany AOCRimKEHHS — BCTAHOBUTH,
Yu onocepeaKoBye SKICTb CHY BNMB (i3U4HOI aKTUBHOCTI
Ha NCUXOEMOLINHUIA CTaH CTYAEHTIB.

MNonepegHin KopenauilHWiA aHania nokasas, LIO
(isnyHa aKkTUBHICTb HEraTMBHO MOB'Ai3aHa 3 3aranbHUM
nokasHukom skocTi cHy (r = -0,253, p < 0,001), a ripwa
SKICTb CHY acoLlitoBanacs 3 BULLWIMI PIBHAMY JeNPECUBHUX
cuvnTomis (r = 0,473), TpuBoxHocTi (r = 0,373) Ta cTpecy
(r=0,230), i HACMMbHILLMIA 3B’A30K BCTAHOBIEHO CaMe 3
[enpecuBHUMW cumnToMamn (mabr. 6).

[ins nepeBipky rinoTE3W BMKOHANW MegiaLiiHuin aHa-
ni3 i3 BukopuctaHHsm PROCESS Macro (mogenb 4 3a
A. Hayes). Y mexax aHanisy poarnsHynu Tpu Mogeni 3 pis-
HUMU 3aNEXHAMM 3MIHHUMU: AENPECUBHUMU CUMITOMAaMU,
TPUBOXHICTIO Ta CTpecoM (mabri. 7).

3Baxatoum Ha Te, L0 cepeq TPbOX MpoaHarnioBaHunx
Mofenen HamBupasHiui edekT nocepeaHULTBa SKOCTI
CHY BUSIBMEHO Yy 3B'A3KY 3 AENPECUBHUMI CUMMTOMAaMMU,
came L Mofenb HaBedeHO K NpUKNag perpeciiHoro
aHaniay (mabn. 8).

Y3aranbHIo0uM pesynsTati, MOXHa CTBEPIXKYBaTH,
LLO AKICTb CHY Bifjirpa€ Kno4oBY porb Y TPUKOMIMOHEHTHIN
moZeni «(i3nyHa akTUBHICTb — COH — MCUXOEMOLLINHWA
CTaH». PerynsapHa pyxoBa akTUBHICTb KOPEMNHOE 3 KpaLLmMu
XapaKTepuCTHKaMu CHY, | Came Liel onocepeaKkoBaHuii Me-
XaHi3M CrpUSIE 3HKEHHIO PiBHIB 4ENPECVBHIX CMMTOMIB,
TPUBOXHOCTI Ta cTpecy. OTxe, BNnMB (i3nYHOT aKTUBHOCTI
Ha ncyxoeMoLliiHe Griarononyyys pearniayeTbCs nepeBaxHo
0MnocepeaKoBaHo — Yepes OnTUMI3aLlito CHY.

06roBopeHHsA

Y pesynsrarti AOCAIMKEHHS NiGTBEPAXEHO BUCOKY NoLIMpe-
HICTb NCUXOEMOLLHIX NPOBREM y CTyEHTIB Y BOEHHWIA Yac.
BinbLUICTb y4aCHWKIB Manu NOMIpHUI piBeHb CTPECY, NoHaa

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 1(154), ciueHb - aoTuii 2026 p.

Tabauus 2. Kopensiuii Mix piBHSIMU CTPECY, TPUBOXHOCTI, AENPECUBHUMU
CMMMTOMamMu Ta napameTpamm cHy

Crpec TpUBOXHICTb HenpecuBHi
(PSS-14) (HADS-A) CUMNTOMMU
(HADS-D)

3aranbHuit 6an PSQI 0,230** 0,373* 0,473*
Cy6'ekTVBHa SKICTb CHY 0,227** 0,356** 0,423**
JlaTeHTHICTb 3acuHaHHs 0,110 0,130 0,130
TpuBanicTb cHy 0,082 0,137 0,280**
EdekTuBHiCTb CHY 0,107 0,140 0,166*
[NopyLueHHs cHy 0,124 0,173 0,396**
BuBaHHs CHOAINHUX 0,095 0,127 0,202**
[leHHa AncayHKLis 0,185* 0,320** 0,412

KoediuieHTn kopensuii MipcoHa (r) Mix ncuxoemouitHumu nokasHukamu (PSS-14, HADS) Ta
KOMMOHEeHTaMu iHaekcy sikocTi cHy (PSQI); *: p < 0,05; **: p < 0,001.

Tabanua 3. Kopensiuii Mixx piBHem disnyHOT akTUBHOCTI Ta NCUX0eMOLiAHIMM
rnokasHuKamm (CTpec, TPUBOXHICTb, AENPECHBHI CUMNTOMYU), N = 245

Momoswoniinni notaaun ER PO

Crpec (PSS-14) -0,043 0,501
TpueoxHicTs (HADS-A) -0,054 0,404
[HenpecvHi cumntomn (HADS-D) -0,125 0,051

HasepneHo koediviieHTu kopensuii MipcoHa (r); sik CTaTUCTUYHO 3HaYYLLi OLIHKOBANW 3HAYEHHS NpU
p <0,05.

Tabauua 4. Kopensuii Mix piBHeM (i3nyHOi akTUBHOCTi Ta KOMMOHEHTaMU iHAEKCY
skocTi cHy MiTTcbypra (PSQI)

I N P

BaranbHuit iHaexkc PSQI -0,253 <0,001
Cyb'eKTVBHA SIKICTb CHY -0,151 0,018
J1aTeHTHICTb 3aCUHaHHSA -0,060 0,350
TpuBanicTb cHy -0,164 0,010
EdekTuBHiCTb CHY -0,166 0,009
[MopyLueHHs cHy -0,054 0,404
BukopucTaHHs CHONHMX -0,030 0,644
[leHHa ancyHkuis -0,165 0,010

KoedpiuieHTn kopensii MipcoHa (r) Mix piBHeM i3uyHOT aKTUBHOCTI Ta KOMMOHEHTaMM iHAEKCY SKOCTi
cHy (PSQI); sik CTaTUCTMYHO 3HAYyLLi OLiHIOBaNN 3Ha4eHHs npu p < 0,05.

Tabauua 5. Acoujauist Mix piBHeM (hi3n4HOT aKTUBHOCTI Ta SIKICTHO CHY,
n =245

PiBeHb aKTMBHOCTI MopyweHa HopmanbHa
AIKICTb CHY AKICTb CHY

Bucoka 105 76
MomipHa 44 11
Huabka 8 1

AHania acoujiauji Mix 3MIHHAMM BUKOHaNM 3a [onoMorotko X>-kputepito MipcoHa (x2 = 11,47, p = 0,003).

Tabanua 6. KopensiuinHi 38'a3km Mixk ¢i3M4HOK aKTUBHICTIO, SIKICTIO CHY
Ta NCUXOEMOLIMHUMI MoKasHuKamu, n = 245

AkicTb cHy PiBeHb
¢hianyHOI aKTMBHOCTI

Crpec 0,230* -0,043
TpUBOXHICTb 0,373* -0,054
[enpecvBHi cumnTomn 0,473* -0,125
di3nyHa akTUBHICTb -0,253* -

KopenswiiiHi 38's13k1 Mix (hi34HOIO aKTUBHICTIO, SIKICTIO CHY Ta NCUXOEMOLLIAHIMM NOKa3HUKaMK;
-
1 p<0,001.
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Tabauus 7. MpsMuii, HenpsiMyiA | 3aranbHKA epekTy Gi3YHOT aKTUBHOCTI Ha NCUXOEMOLINHI NOKa3HWKK Yepe3 SIKICTb CHY (MegiaLliiHuii aHania, n = 245)

Saranoi s 0 Mo ey (c) Honpruui e ab)

[lenpecwBHi cumntomm -0,125 (p = 0,052) -0,005 (p = 0,931) -0,120 (95 % [I: -0,177; -0,062) [NoBHe nocepeaHNLITBO
TpuBOXHICTL -0,054 (p = 0,404) 0,044 (p = 0,479) -0,097 (95 % [l: -0,147; -0,050) lNoBHe nocepeaHNLITBO
Crpec -0,043 (p = 0,501) 0,016 (p = 0,802) -0,059 (95 % Al: -0,106; -0,020) YacTkoBe nocepenHULITBO

HaBeneHo craHaapT3oBaHi B; Henpsami echeKTi OLiHIOBaNN AK CTATUCTUYHO 3HauyLL, AKLWO 95 % aosipuui iHTepsan ([I) He MICTUB HyMb.

Tabauusa 8. Perpeciitiuin aHanis: 3anexHa 3amiHHa — genpecvsHi cuMntomu (Y)

o]0 s o [r | Jleunuuw

KoHcTaHTa 2,305 0,552 - 418 <0,001 1,22-3,39
®diznyHa aKTUBHICTb 0,0000 0,0000 -0,005 -0,09 0,931 0,0000-0,0000
SAKiCTb CHY 0,502 0,062 0,472 8,06 <0,001 0,38-0,62

Perpeciiihuit aHanis i3 pisHem aenpecvsHux cumntomis (HADS-D) sik 3anexHoto 3MiHHOI0; aHi HaBefeHo sik koediLieHTu perpecii (B), craHaapTHi noxubku (SE), B, t-ctatucTuky Ta
95 % noBipui iHTepBanM.
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TpeTWHa — nigBuLLEeHn piBeHb TpuBOXHOCTI 3a HADS, a
NiABULLEHI NOKA3HUKM AENPECUBHUX CUMNTOMIB BUSIBAANN
pigwwe. Pa3om i3 TuM, ABi TPETUHW ONUTAHUX MOBIZOMMUMM
npo npobnemu 3i CHOM: AeHHY AUCHYHKLiO, TPYAHOLL
3aCHHaHHA Ta He3a[0BOIEHICTb SKICTIO CHy. Monpwu 3a-
ranom BMCOKUI piBeHb (Di3NYHOI aKTUBHOCTI, LIEN YNHHIK
He 3abe3neunB 3axuCTy Bif NCUXOEMOLINHUX TPYOHOLLIB.
Sk HaMBaXNMBILLMIA NpeayKTOp Bnarononyyys BU3Ha4eHO
SKICTb CHY, LLIO OrocepeaKoByBarna 38’30k Mix ¢ianyHo0
AKTUBHICTIO Ta NCUMXOEMOLNHAM CTaHOM.

BcraHoBneHo, Lo ¢hisuyHa akTUBHICTb He Mana NpsiMuxX
acoujiaLiin i3 TPUBOXHICTHO UM cTpecoM, ane byna nos’sizaHa
3 KICTHO CHY, SIKa BXXe OnocepeaKoByBara BMMB Ha NCUX0-
emoLiiHi nokasHuku. Lli paHi biratoTbes 3 pesynsratamu
AocnimKeHb iHLLMX aBTOPIB, SIKi BCTAHOBUMM, LLO KOPUCTb
PyXOBOI aKTMBHOCTI A1 MCWXIYHOTO 3[0POB’S MOXe pea-
nizoByBaTUCS Yepes noninweHHs cHy [10,11]. 3asHaummo,
BTiM, LLO B iHLLIMX JOCTIDKEHHSX Takoro edekTy He BUSB-
neHo [12]. Ha Hawy aymky, Le niaTBepaxye CKNagHicTb i
6araToakToOpHICTb MeXaHi3my.

NopiBHAHO 3 JaHWMW, WO BCTAHOBMEHI Y MUPHUIA
yac [1,2,7], piBeHb TPUBOXHOCTI Ta YacToTa NOpyLUEHb CHY
y BWGipui Lboro gocnimkeHHs Buwi. Lie nigTBepmkeHo cy-
YaCHUMM YKPaiHCHKMI AOCTIIKEHHAMM BOEHHOTO Nepiogy,
e 3ahikCOBaHO MiaBULLIEHE NCUXOEMOLLIiHE HaBAaHTAXEHHS!
y ctygeHTiB [18,19,20,21]. PesynsraTi LbOro AOCHImKEHHS
[OMOBHIOKOTH Lii CNIOCTEPEXEHHS, NoKasanu, WO HaBiTb
BWCOKWI piBEHb (i3NYHOT aKTUBHOCTI HE KOMMEHCYE Hera-
TUBHOTO BMIMBY HU3bKOI SKOCTI CHY.

Haronocumo, Wwo piBeHb (hi3n4HOI aKTUBHOCTI, BCTa-
HOBMEHWUI y HaLLIOMY JOCAMKEHHI, 3HAYHO BULLIMIA, HIX 3a-
[eKnapoBaHWi y NpaLsix iHLLWX aBTOpIB, Ae AOMIHYE HU3bka
abo nomipHa akTvBHicTb [8,9]. Lle, imoBipHO, noB’s3aHo 3
ocobnmsocTamu iHcTpymeHTy (IPAQ-LF BpaxoBye Bci hopmm
LLIOAEHHOT aKTUBHOCTI, BKITKOYaK04y NepecyBaHHs Ta nobyT),
COLiOKYTBTYPHUMY YMOBaMM (LUMPLLIE BUKOPUCTAHHS MILLOTO
nepecyBaHHs, FPOMaACHKOr0 TPAHCNOPTY, BOMOHTEPCHKOI -
ANBHOCTi) Ta XapaKTepVCTUKaMM BUBIPKY (CTYAEHTU-MEaMKN).
He MOXHa TakoX BUKMOYaTV ePEKT 3aBULLEHOT CAMOOLIHKA,
BMacTUBWIA CamoonuTyBansH1kam. OTxe, Halli pesynkTati
Cnif iHTeprpeTyBaTh 3 06EPEXHICTIO: BUCOKUIA piBEHb isny-
HOI @KTUBHOCTi He rapaHTye afeKBaTHOrO NCMXOEMOLHOIO
CTaHy, KOI1 COH MOpPYLLEHO.

OcobnuBoro 3Ha4eHHs pesynbraTii JOCMILKEHHS,
Lo 3aicHUIK, HabyBatoTb Y BOEHHOMY KOHTEKCTi Ykpa-

THW. [aHi ocTaHHiX pokiB cBigyaTh, LLO BilHa CTBOPOE
[00aTKOBI PU3MKM ANSt NCUXIYHOrO 340pOB’'A Monogi. Tak,
M. Polyvianaia et al. B13Haumnu 36inbLUeHHS NOLWMPEHOCTI
MCUXOEMOL|IIHNX MOPYLUEHb B YKPAIHCBKUX CTYAEHTIB Yy
nepiod noBHomMacLuTabHoi BiiHM [18], a O. Myshakivska et
al. noBigoMWIM NPO NiABMLLEHWI PiBEHb PUUKY BXXMBAHHS
MCUX0aKTUBHUX peyoBuH [19]. 3icTaBHi pesynbratit OTpu-
manu M. Korda et al., siki onrcanu HeraTvBHWiA BNMKB BiliHK
Ha nevxonoriyHe brarononyyys Ta akageMiyHy YCnilHiCTb
CTyaeHTiB-Meaukis [21]. 3rigHo 3 pe3ynbratamm HaLioro
[OCNIIXeHHs, SKICTb CHY MOXe BidirpaBaTi BaxnuBy
ponb Megiatopa y LbOMY NPOLECi, ONOCEPeAKOBYOUM
3B'513KM MiX (DI3NYHOK aKTUBHICTIO Ta NCUXOEMOLINHUMM
NoKa3HUKaMMu.

BanvBuM € TakoX BUSIBNEHUIA HAWCUTBHILLINIA 3B'S30K
MK AenpecMBHUMI CUMNTOMaMM Ta iHGEKCOM SKOCTi CHY,
a cTpec MaB nuwe cnabky kopensuito. Lie Moxe cBigunTy
Mpo Te, LLO COH € YyTIMBILLIMM IHAWKATOPOM i MOTEHLINHUM
NpeavKTOpoM came AenpeCcUBHIX CUMMTOMIB, @ HE CTpecy
K TaKoro. Taki Cami BMCHOBKM OfepXaHo i y nonepepHix
aocnimkerHsx [5,6,7].

Po36ixHocTi 3 faHnmMm haxoBoi nitepatypu, 3okpema
TMW, WO He NITBEPANNM MegiauinHni edekT, MoXHa
MOSICHWTM BiAMIHHOCTSIMM An3aliHy AOCAMKEHb (MOHTiTIOAHI
4 OAHOMOMEHTHI), MeToAB (06’eKTUBHI Biomapkepu um
CaMOOLiHIOBaHHS), KynbTypHUMK ymMoBamu. [ing aHanisy
LMX acnekTiB HeOOXigHi NOHTITIOAHI Ta MyMbTULEHTPOBI
[OCTiKeHHs! 3 aHanizom 6ionorivHux Mapkepis (kopTu3on,
HRV, aktorpadis).

He3Baxatoum Ha 0OMexeHHs (OOHOLEHTPOBWIA An3altH,
BMKOPUCTaHHS CaMOOLHKOBYX METOAIB), HALLE AOCHigKeH-
HS1 Ma€ BaXMMBY NPaKTUYHY 3HAYYLLCTb. 30KpeEMa, BCTAHOB-
NEeHO, Lo Nporpamm NCUXOEMOLLIHOT MiATPUMKM CTYOEHTIB
[OLNbHO AONOBHIOBATH HE NULLIE pekoMeHZaLiMU LLOoAo
isnyHOi akTUBHOCTI, ane i 3axogamu, CnpsSMOBaHNMM Ha
MoninLeHHs ririeHn cHy. Lie 0cobrnvBo akTyanbHO y BOEHHMI
yac, Konm TpaamLiHi pecypey aganTalii Monoai 06MexeHi.

BucHoBKM

1.Y 74,3 % cTyneHTiB 3adikcoBaHO NOMIpHWIA piBEHb
cTpecy, y 38,8 % — nigBuLLEHWIA piBEHb TPUBOXHOCTI 3a
HADS, a y 7,3 % — nigBuLLeHi NOKa3HWKN LENpPeCcuBHIX
cumnTomiB. XKiHKM Manu BULLWIA PiIBEHb TPUBOXHOCTI, HixK
yonosiku (p = 0,018).
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OpwuriHaAbHI AOCAIAXKEHHS

2. MopyweHHs cHy (PSQI >5) BuseneHo y 64,1 %
CTYAEHTIB; HaWyacTille BU3HaYanmu AeHHY AMCDYHKLI0
(1,90 £ 0,96), TpyoHoLi 3acuHaHHs (1,20 £ 0,98) Ta Hesa-
[OBOMEHICTb AKiCTIO CHY (1,48 £0,72).

3. Bucokwit piBeHb (hidnyHOI akTUBHOCTI Manu Ginb-
LiCTb yyacHukiB — 73,9 %, nomipHuin — 22,4 %, a HU3bKUI
piBeHb 3acpikcoBaHo nuwe y 3,7 % CTyaOeHTiB.

4. fAkicTb CHy TiCHO KoperoBana 3 JenpecBHIMM
cumntomamu (r = 0,473, p < 0,001), NOMipHO — 3 TPUBOXHI-
cmio (r=0,373, p<0,001) i cnabko — 3i ctpecom (r = 0,230,
p <0,001).

5. diznyHa aKkTUBHICTb He Mana 3HauyLmux NpsMmxX
acouiauiv 3i ctpecom (r =-0,043, p = 0,501) i TpUBOXHICTIO
(r=-0,054, p = 0,404), a pns fenpecuBHNX CUMMTOMIB
BCTAQHOBNEHO NNLIE TEHAEHLi0 4O 3BOPOTHOMO 3B'sI3KY
(r=-0,125, p = 0,051).

6. Buwa ¢isnyHa akTMBHICTL MOB'sI3aHa 3 KpaLLoko
sKicTio cHy (r = -0,253, p < 0,001); cTymeHTH 3 BUCOKOO
AKTMBHICTIO 3HAYHO YacTille mManu HOpManbHWIA COH
(x*=11,47,p =0,003).

7. MegiauinHnii aHanis nokasas, Lo BMAMB isny-
HOI aKTMBHOCTI Ha NCUXOEMOLINHWA CTaH peanidyeTbes
nepeBaxHO Yepe3 SKICTb CHY: ANs AENPECUBHUX CUMI-
ToMmiB (B Henpsamoro edekty = -0,120; 95 % Al: -0,177;
-0,062) i TpuBoxHocTi (B = -0,097; 95 % Ol: -0,147;
-0,050) nigTBepmKEHO NOBHE MOCepeaHMUTBO, @ Ans
CcTpecy BusBneHo Yactkose (B = -0,059; 95 % Al: -0,106;
-0,020).

MepcneKTMBY NoOAAALLUMX AOCAIAKEHb MOMAralThb Y
3AiNCHEHHI NOHTITIOAHNX | MYNBTULIEHTPOBWX JOCTIIXEHb,
WO JafdyTb 3MOTy BM3HAYUTU MPUYMHHO-HACHILKOBI
3B’A13KM MiX (Di3NYHOI0 aKTUBHICTHO, SIKICTIO CHY Ta NCUXO-
eMoLinHUM cTaHoM Monogi. Ocobnuay LiHHICTbL MaTumMe
aHani3 ob’ekTmBHUX GiomapkepiB (piBEHb KOPTU301Y,
BapiabenbHiCTb cepLeBoro puTMmy, fAaHi aktorpadii)
nopsiA i3 NCUXOMETPUYHUMMU LUKanamu Ans NigBULLEHHS
TOYHOCTI OLiHIOBaHHS. [PaKTUYHUM NPOAOBXEHHSM [0-
CIimKeHHst MOXe cTaTi po3pobka iHTerpoBaHMx nporpam
MiATPUMKM CTYAEHTIB, WO NOEAHYOTh pekoMeHaaLii 3
onTuUMisaLii i3MYHOI aKTUBHOCTI Ta FiriEeHW CHY, @ TaKOX
BMPOBAaZXEHHS LUMAPOBUX iIHCTPYMEHTIB MOHITOPUHIY
€nocoBy XKUTTS. Y KOHTEKCTi BOEHHUX | MOCTBOEHHUX YMOB
Taki NiAX0AM MOXYTb CTaT OCHOBO AN NPOMinakTuku
NCUX0EeMOLHUX Po3nagis i 36epexeHHs akageMiYHoro
noTeHLjiany Monogai.
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Ornsaam

Mo3uTMBHUM | HEeraTUBHUM BNAMB FAyTaMarty HaTpito
Ha MOpPPOPYHKLiOHAAbHI 3MiHM NIALLAYHKOBOI 3aA03U
(aHaniTHUHUM OTASAA AiTEPATYPH)

M. 0. Koumapb®*EF, 1O, B. AuTBak®BCP, T, B. lapanko®EF, 0. . leuko®°E, M. b. 3aBaacbka®?E

AepXaBHUI BULLMI HaBYAAbHWIM 3aKAAA «YXXTOPOACBKMIA HaLiOHAAbHUIA YHIBEPCUTED, YKpaiHa

A - KoHLenLis Ta AM3alH AOCAIAKEHHS; B - 36ip AaHux; C - aHani3 Ta iHTepnpeTauis paHux; D - HanucaHHs cTatTi; E - peaaryBaHHs cTatTi;

F - octatouHe 3aTBEPAXEHHS CTaTTI

[nyTamaTt HaTpil0 LUMPOKO BUKOPUCTOBYHTb Y XapyoBiil MPOMUCIIOBOCTI SK MmigcunioBay cmaky. OmHak Moro BNnuB Ha
MiALLYHKOBY 325103y 3anuWaeTbCsl HELOCTAaTHbO BUBYEHUM. PedynbraTi ekcnepuMeHTanbHuX SOCMimKeHb Ha TBapuUHaX i
KNiHIYHi CNOCTEPEXEHHS LLOAO NOTEHLINHOT TOKCUYHOCTI Lii€T pEYOBWHY BIAPI3HANNCS 3aNeXHO Bif BUBYEHWNX CUCTEM OpraHiB
i 3aCTOCOBaHOI 03M.

Meta po6oth - Ha OCHOBI aHaridy BiBOMOCTEN HayKOBOI NiTepaTypu BU3HA4MTW OCOBNMMBOCTI BNAMBY ryTamaty HaTpilo Ha
MiALWNYHKOBY 3ar103y LLYyPIB Pi3HOTO BIKY.

Marepianu i meToau. [poaHani3oBaHo ¥ y3aranbHeHo pesynbTatyi HaykoBux JocnimpxeHs 3a 2015-2025 poku. [xepena ans aHanisy
0bpaHo 3a pesynbsTatamu iHpopmaLiHOTO NOLLYKY y HaykoMeTpuyHUX Basax faHux PubMed, Google Scholar, Scopus i Web of
Science 3a knto4oBuMM crnoamu: monosodium glutamate, pancreas, white rats, food additive, metabolism (3 ykpaiHomoBHUMM
Bi4NoBigHMKamK). 3a pesynsratamu MoLUyKy 3aiNCHANMM aHani3 peynbTaTiB AOCiQKeHb i JaHVX OrnsgiB.

Pe3yAbtaTn. AHania HaykoBOI NiTepaTypy NiATBEPAVB aKTyanbHICTb BUBYEHHS MOPYLUEHOT Npobnemm, OCKinbki rmyTamar HaTpio
LLIMPOKO BUKOPWCTOBYIOTb Y Xap4OBi MPOMUCIIOBOCTI. Y pesynbTarti ekcriepMeHTanbHUX AOCHiMKEHb JOBEAEHO HEraT1BHWA BNAMB
Pi3HUX [03 ryTamary HaTpito Ha MiALLTYHKOBY 3ano3y y TBAPUH Pi3HWX BIKOBUX rpyrn. KNiHi4Hi cnocTepexeHHs 3a yqacTio nopei
K 00’€eKTIB LOCNIIKEHHS! B YMOBaX CMOXMBAHHS iXi, LLIO MICTUTb ryTamar HaTpito, PisHATLCS.

BucHoBKu. [loUinbHAM € KOMMNEKCHE BUBYEHHS BMVBY ryTamary HaTpilo Ha pisHi CUCTEMM Ta OpraHm, 30KpemMa Ha niaLLnyHKoBY
3an03y, OCKINbK BUSBINIEHHS PELienTopiB | TpaHCMopTepiB rmyTamaty Yy NiALWyHKOBINA 3anosi CBifYMTbL MPo Te, WO Lielt opraH €
MiLLIEHHIO 11010 Aji.

KatouoBi cnoBa:
rAyTamart Hatpito,
NiALIAYHKOBa
3a/03a, Bini LypH,
xapyoBa A0bGaBka,
MeTaboAi3M.

3anopisbkui
MeAUYHUI XXypHaA.
2026. T. 28, Ne 1(154).
C. 65-70

Positive and negative effects of monosodium glutamate
on morphofunctional characteristics of the pancreas
(an analytical literature review)

M. Yu. Kochmar, Y. V. Lytvak, T. V. Harapko, O. |. Hetsko, M. B. Zavadska

Monosodium glutamate (MSG) is widely used as a flavor enhancer in the food industry; however, its effects on the pancreas remain
insufficiently studied. Experimental animal studies and clinical observations regarding the potential toxicity of this substance have
yielded varying results depending on the organ systems involved and the administered dose.

Aim: to highlight the specific effects of monosodium glutamate on the pancreas of rats of different ages, based on the analysis of
relevant scientific literature.

Materials and methods. This review summarizes and analyzes scientific studies published between 2015 and 2025, selected
through systematic searches in established scientific databases, including PubMed, Google Scholar, Scopus, Web of Science. The
following keywords and their combinations were used: monosodium glutamate, pancreas, white rats, food additive, metabolism.

Results. The analyzed literature confirms the significant clinical and research relevance of this topic, given the extensive use of MSG
in the food industry. Experimental studies consistently demonstrate the dose-dependent negative effects of MSG administration
on the pancreas in animals of various age groups. However, clinical findings regarding the effects of dietary MSG exposure in
humans remain inconsistent and inconclusive.

Conclusions. Based on the available literature, there is a distinct need for comprehensive investigations into the systemic effects
of MSG, particularly focusing on the pancreas. The presence of glutamate receptors and transporters in the pancreas suggests
that this organ is a direct target for MSG action.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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myTtamat HaTpito (aHrn. monosodium glutamate,
C,H,NNaQ,) - cirnb rnyTamiHOBOT KNCMIOTH, AKY, NOYNHAK0HM
3 1960 poky, BUKOPUCTOBYHOTb Y XapyoBi MPOMUCIOBOCTI
Ta JoMalLHiX ymoBax, a 3 1995 poky MOro BKMOYEHO A0
CrmMcKy 3aranbHoBK3HaHx 6e3neqnnx npoaykTis (Generally
Recognised As Safe, GRAS) YnpaBniHHsM 3 KOHTPOIKO 3@
npoayktamm Ta nikamu (FDA) [1,2]. Kpim Toro, O6’eiHaHmi
€KCMEePTHUIN KOMITET 3 Xap4oBux [o6aBok MMpogoBonsHol
Ta Cinbcbkorocnopapcbkoi opraHisauii O6'eagHaHux Ha-
uin / BceciTHbOI opraHiauii oxopouu 3gopos’s (FAO/
BOO3) Takox BM3HauuB 3aranbHy besneky rnytamary
Hatpito [3,4]. besneyHicTb rnyTamaty HaTpito Ta iHLWKX
Conew FMTamiHOBOI KUCOTY B CKMagi Xap4oBWX NPOAYKTIB
BMU3HauMNa Takox AMepukaHcbka dedepauisa acouiauin
ekcnepumMeHTanbHoi bionorii (the American Federation of
Experimental Biology Associations, FASEB) [5].

OTxe, 3a BUCHOBKaMM EKCMepTiB, rryTamaT HaTpito €
6€e3MevHOL Xap4OBOK J06ABKOH, LLIO HE CTIPUMMHSIE )KOLHO-
ro puanky ans 3nopoe’s. OgHak y 2017 poui €sponeiicbke
areHTCTBO 3 6e3nekm xap4oBwx npoaykTiB (EFSA) neperns-
Hyno 6e3neyHy KinbKiCTb FmyTamaTy HaTpito SK Xap4oBoi
[00aBK1 Ta BCTAHOBMMO ANA MMHOTaMIHOBOI KUCnoTu Ta ii
cnonyk (E620-E625, rnytamar Hatpito — E621) nonyctumy
fobosy 103y, Wwo ctaHoBuTb 30 Mr/kr Macu Tina. Brim Ha
npakTuLi pospaxyBaTu JO0OOBE CMOXWBaHHS rnyTamary
HaTpilo CKNagHo, ake BiNnbLUICTb XapyoBWX NPOAYKTIB He
MaloTb MapkyBaHHs. PospaxyHkoBuin cepeaHbon060Bui
MPWIAOM rryTamary HaTpito IIOAMHOK B MPOMMUCIOBO PO3-
BUHEHMX KpaiHax HuHi cTaHoBuTb 0,3—1,0 1, ane 3anexuTb
BiJ BMICTY B XapyOBUX NPOAYKTax i cMakoBux ynogobaHb
T0anHM [6,7].

MeTa po6otu

Ha ocHoBi aHanisy BiJoOMOCTe HayKoBOi niTepaTypu
BW3HAYMTX 0COBNMBOCTI BNAWBY rmyTamary HaTpilo Ha
MIGLWITYHKOBY 3a103y LLyPIB Pi3HOTO BIKY.

Martepianu i MeToAM AOCAIAYKEHHA

Mip yac gocnigkeHHs 34iCHEHO ONMCOBO-NOPIBHSAMNBHUIA
aHanis, cnpsiMoBaHUiA Ha BCTAHOBNEHHS 0COBNMBOCTEN
BMNMMBY ryTamaTy HaTpito Ha CTaH NiALLIyHKOBOI 3an03u.
lMoLuykoBy CTpaTerito peaniaoBaHo 3 BUKOPUCTAHHSM Npo-
BigHWX HaykoBux 6a3 paHux (PubMed, Google Scholar,
Scopus, Web of Science). ins ineHTudikaLlii penesaHTHUX
[PKepern 3acTOCOBaHO Taki KMKYoBi cnosa: monosodium
glutamate, pancreas, white rats, food additive, metabolism.
Y3aranbHeHHs AaHuX CyyacHoi haxoBoi nitepatypu
[ano 3Mory BU3HAYMTMW KITHOUOBI HAMPSIMU BUBYEHHS i€
B3aeMofiji Ta il MOTEHLHWIA BNMB Ha (PYHKLOHANbHWIA
CTaH i MopchonorivHy CTPYKTYpPY NiALWAYyHKOBOI 3anoau. [ns
[OCSITHEHHSI NOCTABINEHOI METU BUKOPUCTAHO KOMMIIEKC
MEeTOZiB, 30KpeMa MOLLYKOBWIA, ONMUCOBO-MNOPIBHSANbHN,
y3ararnibHeHHs! Ta CUHTe3 HayKoBOI iH(hopmaLlil.

Pe3yasTati

B YkpaiHi rytamar Hatpito sk xap4oBy [obaBKy nodanu
BukopucToysaty 3 2000 poky nicns NPUIHATTS BignoBIBHOT
noctaHosw (8ig 19 nmtotoro 200 poky Ne 342) KabiHety Mi-
HicTpiB YkpaiHu. BTim, 3rogom Liei HopMaTUBHUIA JOKYMEHT

BTPATWB YMHHICTb, | BUKOPUCTaHHS Xap4oBuX L06aBOK,
30Kpema i rmyTamaty HaTpito, HUHI PeryneTbes iHWMMK
HOPMaTUBHO-NPaBOBMMU JOKyMeHTamu y ccpepi besneu-
HOCTI Ta SKOCTi Xap40oBMUX MPOAYKTIB.

HaiHoBiLLi gocrimKkeHHs Wodo Aji ryTamaty HaTpio
Ha OpraHiam nokasanu, WO rmyTamaTt HaTpito Y HU3bKKX
[03ax 3aranom € 6e3neqHnM, a BUCOKi JO3W Ta MOBTOPHMUIA
BB IyTamary Hatpito NoB's3aHi 3 eMOPIOTOKCUYHICTHO
Ta TepaToreHHICTI0, OKUPIHHAM, KapAiOTOKCUYHICTIO, rena-
TOTOKCMYHICTIO, TOKCUYHICTIO A8 HMPOK, HEMPOTOKCUYHI-
CTI0, EHIOTENianbHOW ANCHYHKLIE, PEenpoAYKTUBHO0
TOKCWYHICTIO, 3MiHOK TinigHoro obmiHy Ta MeTtaboniamy
rmtoKo3u [6,7].

JocnimkeHHs Wogo Aji rmyTamarty HaTpito 3giiicHIoBa-
nu Ha BariTHUX TBapuHax [8]. LLypam npuaHayanm pa3osi
nepopanbHi Ao3n 8000 mr/kr HanpukiHLi BariTHOCTI, BCTa-
HOBMMK, WO B Nra3Mi piBeHb ryTamary HaTpito JocsraB
100-1650 HMonb/Mn, ane 6e3 iCTOTHOro 36iNbleHHs
KOHLIEHTpaLii B nra3mi nnogis. 3icTaBHi peynsrati oaep-
Xanu npu iHy3ii masnam 1 1 rnyTamaty Hatpilo, piBeHb
Akoro 36inbwmecs B 10-20 pasis y nnasmi, ane 6e3 3miH
y nnopis. Ha nigcrtasi uux AaHUX ALY BUCHOBKY, LLO
nnif, He 3a3Hae BNMBY TOKCUYHUX PIBHIB MATEPUHCLKOT
Ji€TV Yepes TpaHcnaleHTapHy nepegady. Pasom i3 Tum,
HayKOBI JOCTIMKEHHS, Nif Yac AKUX OLiHIOBanNM Jito rnyTa-
MaTy HaTpilo Ha OpraHi3m, xapaKTepnsyBanucs 3Ha4yHO
HEOJHOPIAHICTIO Lofo nepiofy BBEAEHHS Ta 403U, ane
BCE OAHO 30e0inbLIOro NATBEPMKEHO TOKCUYHY [ito L€l
n06aBKkM Ha opraHu Ta cuctemu opraHiamy [9,10].

®disionoriuHa poAb rAyTamiHOBOI KMCAOTH B OpraHis-
Mi AOAMHU. HaykoBUI iHTepec A0 rrmyTamaTy HaTpito
3YMOBEHUI TWM, LLO rIyTaMiHOBa KWCIOTa € OfHielo 3
HaMOLMPEHILUMX HE3aMIHHUX aMiHOKMCIOT, Gepe yyacTb
B @30THOMY N eHepreTMdHOMY oOMiHax, HeobxiaHa Ans
nigTpumku 6aratbox acnekTiB MeTaboniamy Ta HopMarb-
HOro hYHKLIOHYBaHHS opraisMy nioguHn. [loseaeHo, Lo
rryTamar HaTpito nepepobnseTbCs OpraHiaMoM NIAKHK 3a
TUMM CaMUMM METABOMIYHAMM LUIISIXaMU, LLO i FMyTaMiHOBa
kucnota. Lie nigTBepmkye CpusTINBIIA BNIIMB Ha OpraHu
Ta cuctemu opranismy [9]. MmyTamar HaTpito Bigirpae Bax-
NBY POnb Y MeTaboniYHMX NpoLecax OpraHiamy, KIiTUHHIA
curHaniaauii, aHTMOKCUAAHTHOMY 3axXWCTi 1 IMYHITETi.

Y metaboniami riyTamary peakLii MoXyTb MaTy aHabo-
niyny abo kataborniuHy NpUpoAY 3anexHOo Bif TUMY TKaHUHW,
rryTamataeriaporeHasu, Lo MiCTUTBCS B MITOXOHAPISX,
TpaHcamiHa3. KnweyHuk, y SikoMy € TpaHcrnopTepu Ta
peLenTopu Ans rnyTamary, € OCHOBHUM MicLeM MeTabo-
nismy Liei pe4yoBuHY, LWO Haginwna 3 ixeto [11]. Yumano
TPaHCMopTepIB i peLenTopiB 3HaX04ATLCA B HEPBOBIN
cucTeMi, NiQWIYHKOBIN 3ano3i Ta iHWKWX TKaHWMHaX opra-
Hiamy. [loBegeHo, WO rnyTaMat HaTpito 36inbLLye M'sI30BY
CUny, NOKpaLLye NPOAYKTUBHICTb Mif Yac CUNOBUX TPEHY-
BaHb, CMpWsie NMPUCKOPEHHIO CMOPTUBHOTO BiJHOBMEHHS
Ta 3MeHLUeHHI0 M’'30Boi BToMM [12]. TnyTamat HaTpilo
BNMMBAE TaKOX Ha CUHANTUYHY nepenavy, NNacTUYHICTb
HEVPOHIB, PO3BUTOK, HaBYaHHS Ta nam’aTb [13]. besneka
rryTamary HaTpito nigTBEepIKeHa pesynbrataMmu paHaoMi-
30BaHOrO MOABINHOIO CMNOro nnaue60-KOHTPONbOBAHOM
focnigpkeHHs [14] Ta okpemmx KniHiYHUX CNOCTEPEXeHb
[4,15]. Tak, 3gincCHMNM ekcnepuMeHT 3a ydyacTio 28 3ao-
POBMX MOMOAMX YONOBIKIB, SIKi CMOXMBANW NuLe BOay
(500 mn) abo mopkasaHuii cyn (500 r) 3 gogaBaHHAM abo
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6e3 gogasaHHs rytamaty Hatpito (51, 1 % mac./mac.), a
TaKOX MOPKBSHWIA Cyn, 36arayeHnii C1poBaTkoBUM Ginkom
(361), 3 sonaBaHHsM abo 6e3 fonaBaHHs ryTamary HaTpito
(51,1 % mac./mac.). OuiHtoBanu cy6’ekTUBHWIA aneTuT, a
TaKOX CMOXWBAHHS iXi (xap4oBy MOBeZiHKY) BU3HAYanm
nig vac ign vepes 120 xB. BctaHoBunw, WO AoaaBaHHS
rryTamary HaTpilo 3MeHLIMNO 6axaHHs iCTV Ta nocununo
BigYyTTS CUTOCTI, @ Konm JofaBarni Lue 1 Ginok, BU3Haumnm
3HDKEHHS PIBHS TTIHOKO3M B KPOBI, MiABMLLEHHS iHCYRiHY, @
Takox C-nenTugy. Ha nincrasi X LaHuX AiLLnv BUCHOBKY,
LLIO rIIyTaMar HaTpito Y KMLLIEYHKY MOXe CUrHami3yBaTu npo
CroxmBaHHst Ginka [15].

HesBaxatoun Ha Te, L0 BXe 3AiINCHEHO YMmano Ao-
CTiIKEHb, AUCKYCIA Woao 6e3neyHoCTi rnyTamaty HaTpito
TpUBaE.

HeraTtuBHi HacAipkH Aii rayTamary HaTpilo Ha opraHiam
(AochiaXKeHHA Ha TBapuHax). Y Garatbox AOKMIHIYHMX
JOCMIIKEHHAX Ha TBapuWHax AoBefeHO HebeaneyHicTb
BXMBaHHS rmyTamary HaTpito [16]. MokasaHo, o GinbLuicTb
posnagis, CIPUYMHEHWX rMyTamaToM HaTpito, NoB's3aHi 3
OKMCHIOBAITbHIM CTPECOM, SKWWA BU3HAYEHO SIK OCHOBHWIA
MexaHiam posnagis [9]. HagmipHa ctumynsuis peLenTopis
rryTamaTtoM HaTpito 3MiHKOE FOMeoCTa3 KanbLito Ta iHiLioe
YTBOPEHHS BiNbHUX pagykanis, MiTOXoHApianbHy ANCEYHK-
Lito Ta anonto3s [16].

3pincH1IM OCNimKEHHS Ha YOTUPBOX rpynax ABOpIY-
HUX LWypiB ninii Wistar, skum npotsarom 90 AHiB BBOAUNM
rnyTamar Hatpito: rpyna | — y gosi 185 mr/kr macu Tina,
Il = 1500 mr/kr macwu Tina, Ill — 3000 mr/kr macu Tina,
IV = 6000 mr/kr macu Tina; 3mMiHW NOpIBHIOBanNM i3 Nokas-
HUKaMn TBapWH, WO He oTpumMyBanm uiei gobasku [9].
3aiicHUNM WYPOKMIA diana3oH BioXiMiYHMX LOCTiKeHb,
30KpemMa BM3HaYeHO PiBHI acnapTaramiHoTpaHcdepasn,
anaHiHamiHoTpaHcepasw, NyxHoi docdarasu, npsmo-
ro Ta 3aranbHoro 6inipy6GiHy, 3aranbHOr0 XonecTepuHy,
TPUIMiLEPUAIB, KpeaTWHIHY Ta CEYOBUHM, @ TaKOX FiCTo-
NaToNoriYyHWN aHania 3paskiB LyHKa, NeYiHKX Ta HAPOK.
Y pesynbTaTi BCTAHOBNEHO, L0 YacTille BU3Ha4anm no-
3UTUBHI HAcnifky CyOXPOHIYHOO CNOXMBAHHS rmyTamary
HaTpito, HiX HeraTuBHi. ABTOpPW BUCYHYNM TiNoTe3y LLOAO
ecbekTy ropmesuncy: HU3bKi O3V FTyTamary HaTpilo MalTb
3aXVUCHUN MO3UTUBHUIA eEeKT, MiABULLYIOUN CTIAKICTb
OpraHiaMy A0 HaCTYMHWX CUMbHILKX BMSMBIB, LU0 aKTK-
BYETLCS CyOXPOHIYHMM CNOXKMBAHHSAM ryTaMaTy HaTpito
y LWypiB, siki cTapitoTb [9]. Ha xanb, y Lbomy JoCnimKeHHi
MiZLLIYHKOBY 3203y He BUBYarmu.

Monpu 3HaYHy KINbKICTb KMiHIYHUX Ta ekcnepumeH-
TanbHWUX JOCHIMKEHb, Mif Yac SKWUX OLHIOBAMN TOKCUYHY
[ito rryTamaty HaTpito Ha OpraHiam, y AOCTYMHIN HayKOBI
niTepaTypi BUSIBNIEHO NULLIE NOOAMHOKI NpaLi, A€ NOKa3aHo
1ioro Besnexky.

Edektu rayramaty Hatpilo Ha MiALIAYHKOBY 3aA03Y.
OnOHWM i3 HaMEeHLL JOCRImKEHUX acnekTiB 3anuLLaeTbCs
BMBYEHHs MeTaboniamy Ta rictonatonorii nigwnyHKoBOi
3aro3un B yMoBax BMnvBY rnytamary Harpito. Bigomo, wo
nigLunyHKoBa 3ano3a 6epe y4acTb y 6araTbox ¢isionorivHmx
npouecax: 3abeanevye afekBaTHUI Nepebir TpaBneHHs,
perynoe BYrneBoAHWIA, GINKOBWIA i XUPOBUIA OOMIHN,
NOYMHAOYM B TPaBMEHHS i 4O npoueciB agantaduii, a
TaKoX Yy MiATPMMAaHHi roMeocTasy opraHiamy. [myTamiH, Lo
HaZXoaWTb Y NiALLNYHKOBY 3aro3y Yepes KpoBOTiK, MeTa-
60ni3yeTbCs B OCTPIBLEBMX KNiTMHAX Ao rnyTtamarty [17].
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[nyTtamat HaTpito Bidirpae BaXnuBy ponb Yy CUHTESI
6inkiB, WO HeobXigHi Ans poboTk KNiTWH NigLWnyHKOBOT
3arno3u, ns MeTaboniamy, a Takox ns curHanisawlii, aono-
marae nigTpyMyBaTi FroMeocTas opraniamy. [1ns BUKOHaHHs
LMX GOYHKL# y MigLLIYHKOBIN 3ano3i € TpaHcnopTepw, i
BMpILLArbHY POMb Y perynioBaHHi piBHIB rmyTamary came
B MiALLTYHKOBI 3an03i Ta IHWKX TKAHWHAX Cepen HWX Bigi-
rparoTb HaTpil-3anexHi TpaHcnopTepy rnyTamary, BigoMmi
Ak 30yanvBi TpaHcnopTepu amiHokvenoT (EAAT) [17]. Tak,
y migwnyHkoBii 3anosi EAAT Gepe y4acTb y MOrMMHaHHI
rmyTamary, 0CobnmBo B KNiTWHaxX OCTPIBLB, LUO MOXe Xa-
paKTepuayBaTu MOro ponb y perynsLii cekpeLii rroKkaroHy
Ta roMeoctasy roKo3u.

[Mpn BW3HAYEHHI iHLWNX TPAHCNOPTHUX CUCTEM Y
KniTWHax ocTpiBLiB iAeHTU(IKOBAHO TpaHcnopTep Tuny L
(LAT1), rytamar-acnaptatHuin TpaHcnoptep (GLAST),
rnytamatHuin TpaHcnoptep 1 (GLT1), Be3ukynspHui
TpaHcnopTep rnytamaty 1 (VGUT1) ta TpaHcnopTep
umucTuH / rmyTtaminosa kucnota (xCT) [18,19]. TpaHcnopTep
XCT BUSIBNEHO TaKOX Y KMiTMHAX MPOTOK MifLLNyHKOBOT
3anoam [20]. Hartpiii-3anexHi TpaHcnoptepn SNAT3 i
SNATS i HaTpiit-He3anexHi TpaHCNOPTEPU HENTPabHUX
amiHokucnot LAT1 i LAT2 ekcnpecyloTbCsl B aLMHapHUX
knitmHax [21]. Y rocTpiit dasi ypaxkeHHs MmigLLIyHKOBOT
3aro3u, Kon BiabyBaeTLCS BTpATa aLMHapHUX KNITUH (Ha-
npvknag, nig yac naxkpeatuty), SNAT3 i SNAT5 3HauHo
3HUXKYtoTbCs. OTXe, TPaHCNOPT aMiHOKUCIIOT y 30POBil
MiALWYHKOBIM 3amo3i Ta Ha eTani kniHiyHoro nepebiry
rOCTPOro NaHKpeaTUTy 3MIHIETLCS [22].

Llono Bu3HayeHHsa WnaxiB BANMBY rnytamaty Ha
MaHKPEOLWTH, TO BUSIBNSKOTb OTO HAAXOMKEHHS B KIITUHY
auuHycy Yepes BiCb OCTpiBeLb — aUuHyC — NpoToku. Kpim
TOrO, KNITUHN aLMHYCIB MOXYTb MOTNIMHATM rMyTaMiH 6e3-
nocepenHbO 3 HABKOMULLHBOIO CEPeaoBULLA Ta BUBOAUTU
y copMmi rryTamaty B naHkpeaTuyHuii Cik [22].

OTxe, AWHaMika rmyTamary B MigLUNYHKOBIN 3anosi
MOTEHLLIIHO MOXe XapaKTepu3yBaTy ii eHOOKPUHHY (OYHKLIiO
Ta BigirpaBaTu BaxumBy Di3ioNoriyHy ponb y romeocTasi
opraniamy. MonekynsipHa fis rnytamary notpebye npogos-
XEHHS LOCIIMKXEHHS1, OCKiNbKM Lo fobaBKy Aeaani vacTille
BWKOPWCTOBYIOTb Y BUCOKWX [03aX.

BnauB rayTamarty HaTpito Ha OXXMPIHHA Ta LYKPOBWM Aja-
6eT. OXMpiHHS Ta LyKpoBWiA fiabeT 2 TNy — HeiHdeKLilHi
3aXBOPIOBAHHS, L0 MaKTh CrifbHi MeXaHi3Mu po3BUTKY
Ta acouiioBaHuin nepebir, a 3a NOLUMPEHICTIO JOCANN
piBHA maHgemii i B gopocnux, i B gitei. Cepen Bigomux
HeraTMBHWX BNWBIB rnyTamarty — iHOyKYBaHHS! OXUPIHHS
Ta piabeTy, Wo noBeaeHe B GaratbOX ekcnepyMeHTarb-
HUX OOCTIMXXEHHSAX, 30INCHEHUX Ha Liypax pi3HOro BIKY
[23,24,25]. Tak, nicns BBEAEHHS ryTamaty Hatpito (2 mr/r)
HOBOHAPOMKEHNM CaMLAM | CamMKaM MULLIEN CriocTepiranu
PO3BUTOK CUMNTOMIB AjiabeTy i OXMPIHHS: NiABULLEHHS
PIBHS ITHOKO3W B KPOBI, iHCYMiHY, TPUIMiLEpUIB i xonecre-
puHy, rinepTpodito ocTpiBLiB JlaHrepraHca [26]. Y muwen
3achikcoBaHo AiabeTnyHIA CTaH, CNPUYYHEHWI ryTamaTom
HaTpito Ta CXOXWIA Ha LLyKpOBWIA AjabeT 2 Tuny y NIOANHN.

BinbLlicTe gocnigxeHb BNAMBY rmyTamaTty HaTpito
30iICHEHO Ha HOBOHAPOMKEHUX MULLAX Ta Lypax. flose-
[EHO, LLO NiALLKIpHI iH'ekwii rmyTamarty HaTpito (2 mMr/r macu
Tina) HOBOHAPOMKEHNM LLypaM CIPUYUHANM MiABULLEHHS
PIBHSI FMT10KO31 B KPOBI Ta BPELLITI NPU3BOANIN 10 PO3BUTKY
LIyKpOBOrO fiabeTy 2 Tvny; 3a pesynsratamit AOCTIIKEHHS,
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B CKNadi OCTPIBLB NiALLIYHKOBOI 32031 BUSIBNANM rinep-
TPOQiYHi 03HaKm [27].

B iHWOMY ekcnepumeHTi Lypam migwkipHo B ob'emi
8 mkn/r (4 wmr/r) Ha 2, 4, 6, 8 Ta 10 pobum xnTTs BROAUIM
rriyTamar HaTpito, MiCrs Lboro YNpoaoBX YOTUPLOX MICSLIB
BOHW nepebyBanu Ha 3BWYANHOMY Xap4oBOMY paLlioHi
BiBapito [28]. Y pesynbrarti B 4OCNIAHWMX TBAPUH BUSIBIEHO
OXUPIHHSA. Ha aHanoriyHiin Mogeni, kpiM 36inbLUeHHs Mack
Tina, y WypiB 3a JaHWMWM MOPGOMOMYHOMO AOCHIMKEHHS
MigLWNYHKOBOT 321031 BUSIBMIEHO PO3BMTOK TOCTPOTO MaH-
KpeatuTy, Lo MiATBEPMKEHO BIOXiMi4HMY 3MiHaMK Ta 3poc-
TaHHAM KOHLEHTpaLii dhepmeHTiB y cuposarLi kposi [29,30].

[oBeneHo Takox, LLO BBEAEHHS rMyTamaty HaTpito
LLypaM HeoHaTanbHoro nepiogy npv3soguno Ao 36inb-
LIeHHs BMICTY iHTepnelkiHy-1 (IL-1), IL-6 i IL-12Bp40, a
Takox haktopa Hekpo3y nyxnuH-a (TNF-a). Ha nigcTasi
LMX JaHuX 3pobunn BUCHOBOK MPO 3anarbHy akTUBHICTb
Ta iHAYKOBaHWUI OKCUAAHTHUIA CTPeC, WO acouiiioBaHi 3
¢hibposom migLLnyHkoBoi 3anoau [31].

BupaxeHi 3MiHW BUSIBNEHO i B pe3ynbTaTi ekcnepumeH-
Ty Ha monoaux Lypax. Lypw sikom 5 TwxHis (150-200 r
XMBOi Macu) BnpopoBx 1, 3, 6 abo 9 micauiB woaHs y
MWTHIN BOAI OTPUMYBaNM 2 Mr/r Macu Tina riyTamar HaTpito
[32]. BusineHo BTpary B-KNiTVH MigLimyHKOBOI 3a5103u, ane
BUXIZHWIA piBEHb iHCYNiHY ab0 TonepaHTHICTb A0 TIKO3M
y AOPOCINX LUYPIB HE 3MiHUNMCSA. ABTOPK NpUNYCTUNK,
Lo cknagHi nobiuHi eheKT MOXYTb BUHWKATU B CY0 eKTIB
i3 TEHETUYHO CXWMBHICTIO A0 AiabeTy abo 3 XpPOHIYHUM
naHkpeatutom. Kpim Toro, HeobxigHO BpaxoByBaTh iHAW-
BifyanbHy reHeTUYHY CMPUAHATAMBICTD Ta iHLWI hakTopm
XapuyBaHHs [32].

3rigHo 3 pesynkTratamu Halmux JOCHiMKEeHb Ha ABOMI-
CAYHVX LLypax-camusix, 4o3a riytamaty Hatpito (70 mr/kr i3
po3paxyHKy X1BOi Macu) Yyepe3 8 TVKHIB MPWU3BOANTL A0
3MEHLUEHHS AiameTpa oCTpiBLiB JlaHrepraHca, B sikuX BU-
3HAY€EHO HW3bKY LLiNBHICTb EHAOKPUHOLMTIB @, B i rpaHyny
LmuTONMa3Mi KNituH. 3MiHoBan1cs Takox po3Mipy Ta hopma
OCTPIBLiB, BUSBEHO NOPYLUEHHA KPOBO3abesneyeHHs
BHACMIZOK Habpsiky Ta po3poCTaHHs CroMy4HOI TKaHWHU
MDK CUHYCOIOHUMM remokaninapamu. B ek30KpuHHIN Ya-
CTVHI NiALLMYHKOBOI 32510311 BUSIBIIEHO AiMSIHKM CMIOMYYHOT
Ta XWUPOBOI TKAHWH, BCTAHOBIIEHO 3MEHLLEHHS PO3MIpiB
aLMHYCIB Ta EK30KPWUHOLMTIB, BHYTPILIHBOYACTOYKOBI Ta
MiXK4aCTOUKOBI MPOTOKYW po3LLMpeHi. B ymoBax ckacyBaHHS
(4epes 8 TWBKHIB) B €HOOKPUHHIN Ta EK3OKPUHHI YacTUHAX
MigLWITyHKOBOI 3an103v 36epiranvcs BUSBNeHi amiim [33,34].

Y nopocnux Lwypis i3 Mmacoto Tina 100-150 r fogaBaHHA
rryTamaty HaTpito ABidi Ha aeHb y gosi 0,10 r/kr, 0,15 r/
kr abo 0,20 r/kr Macu Tina npotarom 14 gHiB CnpuynHS-
N0 NiABULLEHHIO PIBHS TMIOKO3M B CMPOBATL KPOBi [35].
B iHWOMY gocnifgxeHHi BCTaHOBMEHO, WO Nig BriMBOM
rnyTamaty Hatpito (4 r/kr macu Tina Ha foby npotsrom
10 OHIB) Y TPLOXMICSYHMX LLYpPIB-CaMULb MiABMLLYBanacs
aKTUBHICTb rMIOK030-6-(hochaTtasn Ha OOHi 3HKEHHS ak-
TMBHOCTI IMOK030-6-chocchataeriaporeHasu, 3adpikcoBaHO
MiABULLEHHS PIBHS TMHOKO3K B KPOBI. ABTOPU BU3HAYMNN
Ui 3MiHM SIK BNIIMB OKCWMAATMBHOIO CTPECY Ha MeTaboniam
IMOKO3W Y HUpKax [36]. Tpueaniwe LoaeHHe NPUAMaHHS
rryTamarty HaTpito Lypamu, a came NpoTArom 8 TUXKHIB Y
£03i 500 mr/kr, 750 mr/kr, 1000 mr/kr abo 1250 mr/kr macu
Tina) CNPUYMHANO NiABMLLEHHS PIBHS ITHOKO3M B KPOBI B YCIX
rpynax, Kpim Tux, Lo otpumysanu 500 Mr/kr rmyTamary Ha-

Tpito [37]. 3BinbLueHHS PiBHA rMtOKO3Y B KPOBI Mif, BNIVBOM
rryTamary HaTpito € 03HaKOK TOrO, LLO LA CIONyKa MoXe
iHOyKyBaTW LlyKpoBUIA pjabet [37].

B ekcnepumenTi, Wwo 3giicHunu P. Boonnate et al.,
TBapuHam BBOAMMW riyTamar HaTpio y fosi 2 mr/r/poby
NpOoTAroM 2 TWXHiB. Ha BigaaneHux TepmiHax 4oChimKeH-
HS micns ckacyBaHHs (1, 3, 6 i 9 micauiB) Wwypy manm
3HAYHO HWKYY Macy B-KMiTUH y NigLLMyHKOBIA 3anosi, a
MOPYLUEHHS PIBHSA iHCYMiHY B CMPOBATLi KPOBI Ta Tone-
PaHTHOCTI [0 ITHOKO3M MOPIBHSAHO 3 KOHTPOBHOK rPYMOoK
He 3adpikcoBaHo [38].

3rigHo 3 pe3ynbsraTamu iHLOro AOCAIMEHHS, Y TBAapUH
3 Macoto Tina 204,00 £ 0,67 r, ki otpumysanu 20 Mr rnyTa-
MaTy HaTpito, y JOPOCMOMY BiLli AiarHOCTOBAHO OXMPIHHS,
LLIO acoLliioBaHe 3 Npo3anarnbHot0 CPSIMOBAHICTO MeTabo-
Ni3My LIMPKYIOKOYMX FPaHYOLMTIB Ha OHI BUCOKOTO PiBHS
K/CHe3anexHoro MeTabonismy Ta HWU3bKOI MOrMMHANLHOT
AKTUBHOCTI LMX KMiTWH [39].

B iHWOMY ekcnepuMeHTi rmyTamat HaTpito BBOAWMN
TpuBano. BcranoeneHo, wwo 10-, 20-, 30-aeHHe BBEOEHHS
rnyTamary HaTpito B fosax 15 mr/kr i 30 mr/kr (Bignosigae
po3am 1r1i2rans nogunn) monoaum Lwypam (150-180 r)
MPM3BOANIIO 40 YPAXKEHHS LUMYHKa (KPOBOBMMMBY, €pO3ii Ta
BWpa3ky) Ta 36inbLUeHHs Macy Tina [33]. B ymoBax rnyTa-
MaT-iHAYKOBAHOIO OXVPIHHS Y TPUMICSYHKX LLYPIB-CaMLLiB,
SIKi OTPUMYBAM FIyTaMart HaTpito y 103i 70 Mr/kT, BU3Ha4YeHO
MOPONOriYHi 3MiHM NigLLNYHKOBOI 3anoau [34].

OTxe, rmyTamar HaTpito, SKUI NPOTAroM AeCATUNITL Kna-
cvdikyBanm sk 6e3neyHuii XapyoBUiA IHrPeieHT, BUKMUKaE
3aHErNOoKOEHHS LLIOAO BrnMBY TPVUBAOrO BXVWBAHHS Ha 300-
OB’ MoaWHK. B excneprMeHTax Ha TBapuHax nokasaHo, LLo
rmyTamar HaTpito CNPUMMHSIE 4O OXVPIHHS, LiyKpOBIl Aiabet
2 TNy, Ta 3yMOBIIOE iCTOTHI CTPYKTYPHI 3MiHW Y MigLWInyH-
KOBII 3ano3i. XapakTep i mubrHa ux 3MiH 3anexarb Bif
TPWBANOCTi Aii Ta 403W rmyTamaty Hatpito. Pesyneratis
CMOCTEPEKEH, LLIO 3AINCHEH 3a Y4aCTHO NIOANHM 5K 06’eKkTa
JOCTimKeHb, HEAOCTATHLO AN OCTATOMHOTO BUCHOBKY MPO
6€3neyHICTb NOro 3acToCyBaHHS. AKTyanbHUM MUTaHHAM
3anuIuaeTbCst 06r'pyHTYBaHHS BUKOPUCTaHHS ryTamary
HaTpito Ta BiANOBIAHE MapKyBaHHS HA Xap4OBYX NPOLYKTaX.

BucHoBKH

1. Tnytamar HaTpito Mae Baxnuee (PyHKLiOHamNbHe
3HaYeHHs, 30Kpema BnnmBae Ha disionorito nigwsyHKoBOT
3251031, OCKINbKM B Hiil BUSiBNEHI cneumdivHi pewentopu Ta
TPaHCNOpTEepM A0 ryTamarty y KniTuHax ocTpisuiB JlaHrep-
raHca, NpoTOK i auWHYCIB.

2. HesBaxaloun Ha BaxnvBy (isionorivyHy ponb ry-
Tamaty HaTpilo B OpraHiaMi, LUMPOKe BUKOPUCTaHHS LiiEi
PEYOBUHM SIK Xap40BOi J06aBKM 3anuLIaeTbcs AncKyTa-
6enbHUM Yepes HeraTMBHWUI BNNMB Ha (DYHKLIOHYBaHHS
6araTbox OpraHiB i cucTeM.

3. 3a pesynbratamu 4OCHIMKEHb, BBEAEHHS rMyTamary
HaTpil0 acoLIOETLCSA 3 PO3BUTKOM NATOMONYHNX MOpO-
(hyHKLiOHANBHWX 3MiH MigWTYHKOBOI 3ano3u: gibpo3om,
OXMPIHHAM | 3ananbHUMK NpoLecami.

4. Yepes po30iXHOCTI JaHX LLOAO BNIUBY, 03yBaHHS
Ta TPWUBAIIOCTi 3aCTOCYBAHHS rnyTamary HaTpito HeobXiaHO
3AINCHATY HACTYMHI HAYKOBI Ta KMiHIYHi JOCTIMKEHHS ANs
YiTKOro BU3Ha4eHHsl GanaHcy Mix prankom i 6e3nekoto Liei
xap4oBoi JoBaBku.
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lMepcneKTUBK NOAAABLLLKX AOCAIAKEHb NEpeadavaroTh
€eKCriepuMeHTarnbHe Ta KMiHiYHE BUBYEHHS MEXaHi3miB aii
rnyTamary HaTtpito Ha MigLLnyHKOBY 3ano3y, 30Kkpema Ha
MOIeEKYNSPHOMY Ta KIiTMHHOMY piBHsX. HeobxigHo B13Ha-
YTV POMb OKCMAATMBHOIO CTPECY, anonTo3y 11 3ananbHuX
peakuiit y po3BUTKY NaTororiyHuX 3miH, a TakoX OLHUTM
[0303anexHi eheKTH Liei pe4OBUHU. AKTYanbHUM € NOLLYK
MOXIMBUX NPOTEKTOPHIX 3aCOBIB | KOPEKLNHMX CTpaTeril,
LLIO MOXYTb CMIPUSITV 3MEHLLIEHHIO BNIBY ryTaMary HaTpito
Ha (PYHKLIOHaNbHWIA CTaH NiALLNYHKOBOI 3an03u.
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B3aemMo03B’A30K MiXX naToaori€to renarobiniapHoi cuctemu
Ta CTAaHOM OpraHiB NOPO)XHUHU poTa

A. . Ba6’auok®*8C |. P, ®epyH®ABC, M. . InbununH®AEC |, B. KeHapa®CPE,
M. A. MaciuHnk®CPE |, . Top6aHb®PEF, T, 3. Bopuc®PEF

AepxaBHe HeKoMepLiiHe NiANPUEMCTBO «/\bBiBCbKMI HaLLIOHAAbHUI MEAWYHWIA YHIBEPCUTET iMeHi AaHuAa TaAnLbKOror, YKpaiHa

A - KOHLIEMNLLS Ta AM3aNH AOCAIAKEHHS; B - 36ip AaHuX; C - aHani3 Ta iHTepnipeTauis AaHux; D - HanucaHHs ctaTTi; E - peparyBaHHs cTatTi;

F - octatouHe 3atBEpPAXEHHS CTaTTI

Merta poboTtu - Ha niAcTaBi y3aranbHeHHs BigOMOCTel (haxoBoi niTepaTypu BU3HA4MTM B3AEMO3B'A30K Mix natororieto renatobi-
niapHoi cuctemu (F'BC) Ta cTaHOM OpraHiB NOPOXHUHM poTa.

Marepianu i metoau. BukoHanu 6ibniocemaHTuHIiA aHani3 ykpaiHCbKiX i IHO3eMHUX [xepen haxoBoi niTepaTypy, LLO iHAEKCYHTbCS
B HaykomeTpuyHux Gasax gaHux PubMed, Scopus, Web of Sciences Ta Google Scholar. Mowwyk mxepen 3gificHnnm 3a kio4o-
BMMM CrioBamu: renatobiniapHa cucTema, 3axBOproBaHHS NEYiHKM, 3aXBOPHOBAHHS KOBYOBMBIAHVX LLIAXIB, KApieC, NApOAOHTHT,
3aXBOPHOBaHHS! CIM30BOI 0OONOHKY NOPOXHWHM poTa.

Pesyntati. Ha ninctasi aHaniay aaHnx ghaxoBoi nitepatypu SiALLAM BUCHOBKY, LLO NATONOMYHI 3MiHKW y renatobiniapHoMy KoMmrekci
acoLliioBaHi 3 NopyLUEHHAM 6araTboX XUTTEBO BaXITMBMX NPOLIECIB B OpraHiami nioavHu. Tak, OnuMcaHo PO3BUTOK renaTopeHanbsHoro,
renatoeHLedaniyHoro, renatonybMOHaNbLHOTO CUHAPOMIB, AEPMAaTONOrNiYHOI Ta CepLEeBO-CYAMHHOI NaTonorii, WO noegHaHa 3
natonorieto [BC. [loBeneHo Takox BB 3axBoproBaHb BC Ha po3BUTOK XBOPOD OpraHiB i TKaHWH MOPOXHWHM PoTa, 30KpEMa
MaposoHTa, CrM30BOi 0OOMOHKM POTa, CIMHHUX 3aN03, TBEPAMX TKaHWH 3y6a. 3rigHo 3 pesynsTatamu JOCTigKeHb, NAPOJOHTUT
BU3HAYEHO 5k haKTOP PU3KKY, aCOLINOBAHNI i3 BUHWKHEHHSM renatobiniapHoi natonorii. MigTBepamKeHO 3B'S30K Mix naTonorieo
'BC i cTaHOM TKaHWH NOPOXHUHM poTa.

BucHoBKu. [NopyLueHHs meTaboniyHoi (yHKLi NeYiHKW, CUHTE3Y, HAKONMUYEHHS Ta PO3noAiny OinkiB y TKaHWHAX Pi3HWX OpraHiB,
HaKOMWYEHHS TOPMOHIB, BITaMiHiB i MiHEpanbHUX PEYOBWH, akTVBaLis Npo3ananbHUX NPOLECiB BNIMBAKOTb HA PO3BUTOK i MPO-
rpecyBaHHsl 3aXBOPIOBaHb Pi3HIX OpraHiB. BcTaHoBMNEHO, WO NaTonoriyHi 3MiHM Mikpobioma, siki BUSIBNSIOTL NPW NAPOJOHTUTI,
BiZJirpatoTb BaXXNWBY Porib Y NaToreHesi HeanKkoronbHOI X1POBOi XBOPOOYM NEYiHKM Ta HearnkoronbHOro creatorenatuty. Maronoris
opraHiB 'BC Bnn1Bae Ha pO3BMTOK 3aXBOPIOBaHb OpraHiB MOPOXHWHU POTa, @ Came NOPYLUEHHS NPOLIECB pereHepaLlii i crnonyy-
HOTKaHWHHOT OCHOBYW KIiCTKW, | M'SKWX TKaHWH. PesynbTaTtii eKCnepuMeHTanbHNX i KniHiYHUX JOCTimpKeHb nokasanu, Lo BipycHi
renaTuTy CynpoBOMKYIOTLCS NATOMNONYHUMM 3MIHAMM Y CAIMHHUX 3ano3ax.

KatouoBi cnoBa:
renatobiniapHi
3aXBOPIOBAHHS,
Kapiec, NapOAOHTHT,
3aXBOPIOBAHHS
CA30BOi 0BOAOHKM
NOPOXHWHW poTa.
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The association between hepatobiliary system pathology
and oral cavity status

A. . Babiachok, I. R. Fedun, M. P. lichyshyn, I. V. Kendra, M. A. Pasichnyk,
I. I. Horban, H. Z. Borys

Aim: to determine the relationship between hepatobiliary system (HBS) pathology and oral health status based on a synthesis of
professional literature.

Materials and methods. A bibliosemantic analysis was performed on research results from Ukrainian and international professional
literature indexed in PubMed, Scopus, Web of Science, and Google Scholar. The search utilized keywords: hepatobiliary system,
liver diseases, biliary tract diseases, dental caries, periodontitis, and oral mucosal diseases.

Results. The study indicates that pathological changes in the hepatobiliary complex disrupt numerous vital systemic processes.
Existing research has explored the development of hepatorenal, hepatoencephalic, hepatopulmonary, dermatological, and cardi-
ovascular syndromes associated with HBS pathology. The authors have identified a significant influence of hepatobiliary diseases
on the development of oral conditions, specifically affecting the periodontium, oral mucosa, salivary glands, and dental hard tis-
sues. Furthermore, periodontitis is increasingly recognized as a risk factor that may contribute to the progression of hepatobiliary
pathology. Evidence confirms a bidirectional correlation between HBS disorders and oral tissue health.

Conclusions. Impairment of hepatic metabolic functions, including protein synthesis, accumulation, and distribution, as well as
hormone and vitamin regulation and the activation of pro-inflammatory processes, negatively impacts various organ systems. It has
been established that microbiome alterations observed in periodontitis play a significant role in the pathogenesis of non-alcoholic
fatty liver disease and non-alcoholic steatohepatitis. Hepatobiliary pathology impairs the regeneration of both connective tissue
and bone structures within the oral cavity. Clinical and experimental data also confirm that viral hepatitis is frequently accompanied
by pathological changes in the salivary glands.
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3axsoptoBaHHsaM renatobiniapHoi cuctemu (MBC) Hane-
XWTb BaxIMBe MiCLe y CTPYKTYpi 3aranbHOCOMaTUYHOI
natonorii B KniHiLj BHYTPILLHIX xBOpo6. HesBaxatoun Ha
BEMUKY KinNbKiCTb 4OCAIMKEHb Ta 3HAYHI YCMiXM Y NiKyBaHHI
LIMX NaTororii, BOHW AOCi MAKTb TEHAEHLi0 40 TPMBANOro
nepebiry 3 YacTUMK nepiogamu 3arocTpeHHs. Tomy XBo-
pobu opraHiB renatobiniapHoOro KOMMEKCY 3anuLaTbCs
CKNagHOI MEAMYHOK, COLianbHO Ta eKOHOMIYHO
npobnemoto opraHi3aLii 3 NUTaHb OXOPOHW 3[0POB’A Y
CcBiTi [1,2]. Lli 3axBOptOBaHHS BKMOYaOTb Pi3HOMAHITHI
naTosnorii NeYiHKMW Ta XOBYOBMBIAHMX LIMSXIB, €TiONOoriy-
HUMM (HaKTOPaMU BUHUKHEHHS SIKMX € BipYCHi, GaKTepinHi
Ta napasuTapHi iHgekuii, HOBOYTBOPEHHS, Ais XiMIYHUX
CepeaHUKIB, BXXMBAHHS arnkoromnto Ta HapKOTUKIB, HESKIC-
He XapyyBaHHS, NOPYLLEHHs 0OMiHY pPeYoBWH i cepLieBa
HeLoCTaTHICTb, CTPeC.

lenatobiniapHuii koMnnekc — GaraToKOMMOHEHTHA Ta
baraTopiBHeBa CHCTEMA, 3a Y4aCTi KO BigOyBaroTbCS Taki
Ba)KIVBi NPOLIECH, SIK TPABMNEHHS Ta ekckpeLjs. Bpaxosytoum
dpyHKLji, IKi BUKOHYOTb OpraHu 'BC, Hacnigkv naTonorivyHMX
3MiH Yy Hill BNNWBAIOTL | HA NOPYLLEHHS 6araTboX XUTTEBO
BaXIMBMX NPOLLECIB B OpraHi3mi.

MeTa po6otu

Ha nigcrasi y3aranbHeHHs BinoMocTel haxoBoi niteparypu
BW3Ha4MTI B3aEMO3B'30K M naronorieto renatobiniapHoi
CMCTEMM Ta CTaHOM OpraHiB MOPOXHUHW poTa.

Martepianu i MeToAH AOCAIAKEHHA

BukoHanu GibnioceMaHTU4HWiA aHani3 yKpaiHCbKUX i iHO-
3eMHUX Jxepen axoBoi NiTepaTypu, LU0 iHOEKCYOTbCS B
HaykomeTpuuHux 6asax gaHux PubMed, Scopus, Web of
Sciences Ta Google Scholar. Mowyk mKxepen 3giicHUnmn
3a KIK4OoBMMM crioBamu: renarobiniapHa cuctema, 3axeo-
PHOBaHHS! NEYiHKM, 3aXBOPHOBAHHS XOBYOBMBIOHWX LLNSIXIB,
Kapiec, NapoAOHTUT, 3aXBOPIOBAHHS CRM30BOI 0BOMOHKM
MOPOXHWHM poTa.

Pe3yabTati

LleHTpansH1m opraHom y renatobiniapHomy Komnnekci €
neviHka, sika € Takox i HarbiNbLLOKO 3aM03010 B OpraHiami
oK. Ti HanexwTb nposiaHa porb B 0BMIHHMX NpoLie-
cax. [NeviHka npogykye Ta 3abe3nedyye BiATiK 0B, LIO
CTUMYMOE NPOLIEC 3aCBOEHHS XWpiB i BiTamiHiB A, D, E, K.
MeTaboniyHa yHKLIiS LIbOro opraHa nonsrae y CMHTe3i Ta
MiATPUMaHHI CTanoro piBHS IOKO3K B KPOBi Ta 3abeane-
YEHHS HEl0 iHLUMX OpraHiB, CUHTE3i Ta po3LLENNeHHiI Ninigis
Pi3HUX KNaciB (XONeCTePUHY, XMPHUX KACIOT, TpUImiLepu-
JiB, chocdponinizi), a TakoOX PerymnoBaHHi PO3LLENNEHHs
niniAiB iHWMMKU TKaHWHaMK. 3aBASKW CTPYKTypaM MeviHku
BinbyBaeTbCA yTBOPEHHS BinbLUoCTi GinkiB Mnasmn Kposi
Ta NigTPUMaHHS romeocTasy B po3nogini GinkiB y TkaHu-
Hax pi3HMX opraHiB. lNeviHka 3HELLKOMXKYE Ta BUBOAWUTb
YyXKOPIAHI PeYOBUHM (KCEHOBIOTIKY), MiKapCbKi CromyKu,
MpOAYKTW rHUTTS BiNKiB, @ TakoX HopManbHi MeTabonitn
(Binipy6iH Ta amiak), iHaKTUBYE FOPMOHM (FMOKOKOPTUKOIAN,
anbA0CTEPOH, aHOPOrEHM, ECTPOrEHH, MPOreCTEPOH, IHCYIIH
Towwo). Kpim Toro, y Hil BiaOyBaeTbCA HaKONMYEHHS Byrme-
BOAiB y hopmi rnikoreHy, Hinkis, XvpiB, FOPMOHIB, BiTamiHIB

(A, D, K, C, PP, B12) i MiHeparnbHux peqoBwH (3anisa, Mii,
mapraHuto, kobansty, monidaeHy) [1].

Docnignvku, ski Bueyatotb natonorii FBC, ocobnvey
yBary NpuainsoTh BUBYEHHIO (DEPMEHTATUBHOI aKTUBHOCTI
neviHkn. CxemaTiyHO po3pisHstoTb Taki DEPMEHTI NEYIHKM:
CEKPETOPHI (LepynonnasmiH, Npo- Ta aHTUKOarynsHTu),
€KCKPETOpPHI (yxHa hocdoTasa, nakTataerigporeHasa,
y-rnyTamintpaHcdepasa) Ta iHOWKATOPHI (anaHiHami-
HOTpaHcepasa, acnaptataMmiHoTpaHcdepasa, nakrar-
JerigporeHasa, rmytamataerigporeHasa). Kpim toro, 3a
nokanisaieto TakoX YMOBHO PO3PI3HAIOTb YHIBEpCanbHO
MOLLMPEHI Ta NEeYiHKOBO-, KMITUHHO-, OpraHenocneLmndivHi
ropmoHu [3].

Bpaxosytoun Te, Wo MBC Bigirpae ko4oBy ponb B
06MiHHMX NpoLecax, 3aXBOPHOBaHHS, LLO Y Hill BUHUKAIOTb,
Jy)Xe 4acTo € NMPUYMHOK PO3BUTKY NATOMOTIYHMUX 3MiH B
iHLWKX OpraHax Ta cucTeMax opraHiamy abo obTsKyloTb
nepebir xeopob, Lo Bxe bynu. Hanpvknag, HeankoronsbHa
XMpoBa xBopoOa MeviHkM € OQHWUM i3 hakTopiB PO3BUTKY
cepLeBo-CyanHHoi natororii [4,5].

[ocnigHukn BUSBUNM 3B'A30K Mk MEYiHKOK Ta BiC-
LieparnbHO XMPOBOK TKAHMHOIO, L0 Mae npo3anarnbHui
noteHuian [6]. Tak, y pasi po3BuTKy CTeatorenatuty Moxe
MOCWIOBATUCS iHCYNMIHOPE3NUCTEHTHICTD i BigOyBaTtucs
BMKWZ BENUKOI KiNbKOCTi Npo3ananbHuX LIMTOKIHIB, Ba3o-
AKTUBHUX | TPOMOOreHHWX Monekyn [7,8].

3rigHo 3 pesynbTatamut HU3KW JOCHIMKEHb, 3aXBOPIO-
BaHHS! MEYiHK YaCTO CynpOBOKYHOTLCS YCKMAAHEHHSM 3
60Ky nereHeBOi CUCTEMMU, SIKe BUSIBMSIOTb 3a renatonyrb-
MOHasbHUM CUHPOMOM | XapaKTepU3yeTLCS apTepianbHO0
rinokcemieto [9]. B ocHOBI natonorii — HeraTMBHi 3MiHW
B3a€EMHO M0B’A3aHMX NPOLECiB, Siki nepebiraioTb B opraHax
renatobiniapHoi Ta nereHeBoi cuCTeM, WO BiAMOBIAAKTb
3a NopyLUEHHs ra3o00MmiHy 1 rinokcemito [10,11]. HaykoBui
BCTAHOBWIY, LLO HACTIAKOM TSHKKOrO [EKOMMEHCOBAHOr0
LMpo3y neviHkm abo rocTpoi NeyiHKoBOI HeJOCTaTHOCTI
Moxe OyTu rematopeHanbHWA CUHAPOM. BusHavansHUm
AN LbOro CUHAPOMY € Te, LLO NOPYLUEHHS QYHKLi HUPOK,
a came 3HWKEHHS LBKMAKOCTI kyBoukoBOI chinbTpauii,
BUHWKae Be3 opraHiuHux 3miH [12]. BusiBneHo, Lo LmMpo3
MeYiHK1 CPUYMHSE NOPTasbHY riNepTeH3ito, LLO € NPUYNHO
renaTopeHansHoro CMHAPOMY Ta KPOBOTEYi 3 BapyKO3HO
PO3LLMPEHNX BeH LunyHKa [13,14].

OnybnikoBaHO HW3Ky HayKoBUX pobiT, Ae onucaHo
CYTTEBI, ane 3BOPOTHI HEPBOBO-MCUXIYHI MOPYLLEHHS, LLO
BUHUKAOTb NpW TEPMiHANbHIM NEYIHKOBIA HEQOCTaTHOCTI.
Lleit cumnToMOKOMNEKC BU3HAYAKTh SK NEYiHKOBY €H-
Ledanonario, a 1oro CUMNTOMU MOXYTb BapiloBaTV Bif
Nerkux KOTHITUBHUX, MOTOPHWX MOPYLUEHb A0 PO3BUTKY
neviHkoBoi komu [15]. MaToreHeTnyHUMK hakTopamu, Lo
opmMyHTb NeYiHKoBY eHuedanonatito, € NigBULLEHHS
€HO0reHHMX HeMPOTOKCHHIB, aMiHOKUCNOTHUI ancbanaHc
i3 MiABMLLEHHSIM KOHLIEHTPALLiT B Nnia3mi apoMaTuyHKX ami-
HOKWCOT, 3MiHW aKTWBHOCTI PELIeNTOpIB NOCTCUHANTUYHOT
mMembpaHu, NopyLLeHHs (PYHKLIOHYBaHHS remaToeHueda-
niyHoro Bap’epa [16,17,18].

CninbHi NaToOreHeTUYHi MexaHiaMu (CucTeMHe 3ana-
NeHHS, iHCYNiHOPE3NCTEHTHICTb, NOPYLIEHHS NinigHOMo
00MiHy) MatoTb TakOX 3aXBOPIOBAHHS MEYiHKW Ta LUKIpW.
Tak, BCTAHOBMNEHO: NPU XPOHIYHUX 3aXBOPIOBAHHSIX LLKIpK
BI3HAYaloTb NiABMLLEHHS PiBHS Npo3anasibHUX LMTOKIHIB
(TNF-q, IL-6), wo npu3BoauTb A0 PO3BUTKY CUCTEMHOIO
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Ornsaam

3ananeHHs Ta iHCyniHOPE3NCTEHTHOCTI Ta € NiArPYHTAM Ans
MporpecyBaHHa MeTabonivHO acoLiioBaHOI CTEATOTUYHOI
xBopoby neviHkm [19,20,21]. BinoMo Takox, LU0 YpaxeHHs
LLKipW MOXe CTIPUMMHUTY TSXKK (DYHKLIIOHAMNBHI NOPYLUEHHS
MeviHKM (KOBYOYTBOPOBAITLHOI, KOBYOBUZINBHOT (YHKLN)
[22].

[iaTBEPMKEHO, LLIO NPV 3aXBOPIOBaHHI renatobiniapHoi
CUCTEMM MOPYLLYETHCS OKUCHEHHS BiTaMiHy D y neuinui,
LU0 MPK3BOAMTB 10 PO3BMTKY OCTEONOpo3y. Ipu natonorii
neviHKku BinbyBaeTbCA 3HKEHHS aKTUBHOCTI 25-rigpokcu-
nasu, Wo HeraTMBHO BMNMBAE Ha MeTaboniam BiTamiHy
D, cnpuunHsioumn 3HWKeHHs piBHA kanbLito, 25(0H)D Ta
30inbLUEHHs aKTUBHOCTI NyXHOI dhochaTasn y crpoBarLi
KkpoBi. MopyweHHa meTaboniamy BiTamiHy D HeraTuBHO
BNNVBa€ Ha YTBOPEHHS KanbLii-38'sa3yBansHoro 6inka,
3MEHLLYE BCMOKTYBaHHS KarbLiito B KULLEYHWKY Maibke A0
10-15 % [23,24,25,26,27].

Bigomo, Wo HanBaxnueilLmMM SXepenom eHeprii B
OpraHi3mi JII0AUHU € OKUCHI MpoLecu, ski BiabyBatoTbCS
33 y4acTio KUCHIO, 3 YTBOPEHHSIM NEPBUHHUX pajukanis
OKCUreHy Ta NpOAYKTIB BiflbHOPAAMKAbHOMO OKUCHEHHS.
AHTMOKCMA@HTHA cuCTeMa opraHismy 3abesnedye nigTpu-
MaHHS IXHbOI HU3bKOI BHYTPILLIHBLOKIITUHHOT KOHLEHTpaLlii.
OpHak MopyLUEeHHS! Ljiel CUCTEMM YW HaaMIpHe YTBOPEHHS
meTaboniTiB cnpuynHae popmMyBaHHs OKCUAATUBHOTO
CTpecy. Y po3BUTKY XPOHIYHOIO renatuTy BaXIMBY POSib
Bifirpae akTmMBaLis NpoLeciB NEPEKUCHOTO OKUCHEHHS
ninigis i3 HaAMIPHAM YTBOPEHHAM BIflbHUX pagukanis.
OkcmaaTuBHWIA CTPEC NPU3BOANUTL A0 iHiLliaLlii nepekMcHoro
OKMCNEHHS NONIHEHACUYEHNX XUPHUX KUCTIOT, NOPYLUEHHS!
noginy i pocTy renatouuTiB, YLIKOMKEHHS MITOXOHAPIN,
MOLLKOIKEHHS NiNigHMX KOMMOHEHTIB GionoriyHmnx MembpaH,
MOpYLUEHHS! PePMEHTHUX CTPYKTYP KNiTUH [28].

[MopyLUeHHs GoyHKLi NeYiHKu BNNMBaE Ha BUHVKHEHHS
MeTaboniYHNX NOPYLLEHD, CNPUYMHSIOYM 3HAYHE 3POCTaHHS
HaKTepianbHOI KOMoHisaLji crim3oBoi 0B0NOHKY MOPOXKHUHI
poTa i CyTTeBe NiABULLEHHS PiBHS BiOXiMiYHUX MapkepiB
3ananeHHs. Mesuubkuid A. 1. i cniBasT. 06rpyHTYBanm KoH-
LienLjto «renatooparibHOr0 CUHAPOMY», 0 PO3BUTKY SIKOTrO
MPW3BOANTL NOPYLUEHHS! aHTUMIKPOBHOI ChyHKLT NeYiHKu,
BHACMiAOK LbOr0 BMHWKAKOTb 3aXBOPHOBAHHS! MOPOXHWHM
pota. BcTaHoBneHo, Lo y XBOPUX Ha reHepanioBaHui
napoAoHTUT Ha choHi natororii renartobiniapHoi cuctemm
pO3BMBAETLCS TsKKa BaKTepieMis, @ Npu XPOHIYHNX ypa-
KEHHSIX NEYiHKN BUSIBNSAIOTb TAKOX E€HAOTOKCMHEMIto. Mi-
KpOOpraHi3Mv NOPOXHMHY pOTa B NPOLECH XUTTEQISANBHOCTI
NPOAYKYIOTb NaToreHHi (hepMEHTU | TOKCUHW, LLO Mi3yoTb
6inkoBi CTPYKTYpn MembpaH KniTuH neviHkv [29,30].

HWHi y pesynbTaTi HayKoBUX JOCHiLKEHb OTPUMYIOT
Bce Oinblue JoKasiB, WO 3aXBOPIOBaHHS MApPOAOHTa, ki
CyNpOBOKYIOTLCS NATONONYHMMM 3MiHaMK Mikpobioma,
CNPUYMHAITL ANCHi03 KullevHuka Ta BepyTb yyacTb y
naToreHesi HeasnKorornbHOI X1POBOi XBOPOOYU NeYiHKM, He-
arkororneHoro ctearorenatuty. Moaenb Ha TBapyHax in vivo
rnokasana, LLo ninononicaxapug Porphyromonas gingivalis
3YMOBIOE 3ananbHWiA MPOLEC | CMPUYMHSIE HAKOMMYEHHS
BHYTPILUHBOKIITUHHUX NiNi4iB Y renatouuTax, Npu3BoaaUm
[0 iHCYNIHOPE3VNCTEHTHOCTI Ta MOPYLUYKOYM MeTaboniYHNiA
Ta iMyHororiyHui romeoctas [31].

[ocnimxyBany B3aeMO3B 30K | iHLUUX MIKpOOpraHi3mis
MOPOXHMHW POTa 3 HEearnKkororbHOK XMPOBOK XBOPODOH
MeYviHKM Ta HeankorofbHUM cTeatorenatutom [32]. YueHi
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MoBiAOMWIN NPO 3HAYHWUI BNIMB MiABULLEHOrO PIBHS aH-
TvTin go Streptococcus noxia Ta Streptococcus oralis y
CupoBaTLi KPOBi Ha PO3BUTOK CTeaTo3y neviHku [33]. Kpim
TOrO, Y CMPOBATLi KPOBI XBOPWX Ha CTEaTo3 BUSBMEHO
aHTuTina po Aggregatibacter actinomycetemcomitans,
Fusobacterium nucleatum, Porphyromonas gingivalis, a
TaKoX BCTAHOBIIEHO 3HAYHY KOpEMsALito MixX TUTpamm aH-
TnTin IgG go Aggregatibacter actinomycetemcomitans Ta
piBHAIMW acnapTatamiHoTpaHcdepasm [34,35].

OTxe, LOBEOEHO, LLIO NAaPOAOHTUT € PaKTOPOM PU3NKY,
Lo Moxe ByTu acouiioBaHWi i3 renatobiniapHo naTono-
rieto [36,37,38,39,40].

BiaTBopuBLUM xonecTa3 y cobak, B. A. Ckuba Ta
CniBaBT. CMOCTEPIrany BUHUKHEHHSI adpT y NOPOXHWHI poTa
nigaocnigHMX TBapuH, Lo 3a Mopdonorieto Bynu cxoxi
Ha adTo3HMI cTOMaTUT Y Niofeit. BussneHo nopyLueHHs
ni3ocomarnbHKUX CTPYKTYp B eniTeniarnbHuX KIiTuHax crimnso-
BOI 060MOHKI MOPOXHUHN poTa 3 MOCAIA0BHUM BUXOAOM Y
MDKKNITUHHUIA NPOCTIp MiAPpONiTUYHUX PepMEHTIB, SKi MatoTb
3HayHi kaTaboniyHi BnactueocTi [41].

Bepyun go yBarv BCi Ha3BaHi (yHKLii NeYiHKW, MOXHa
CTBEPIKYBATH, LLIO BOHA aKTUBHO PEryrioe NpoLiecy pere-
Hepauii TkaHuH. Tak, Ans CTBOPEHHS konareHy HeobxigHo
aKTUBI3yBaTH BIOCMHTE3 NPOIiHY /i OKCUMPOIiHY, LLO BiabY-
BaETLCS BHACTIAOK GinkoBoro 06miHy Ta hopmyBaHHs cro-
TTy4YHOTKAHWHHOI OCHOBY KICTKM Ta M'SIKMX TKaHUH. Pasom i3
TUM, EHEPrETUYHNIN KOMMOHEHT 0OMiHHIX NPOLIECIB NOB'A13a-
HWIA i3 HaKoNMYeHHsM rnikoreHy [42]. 3rigHo 3 pesynsratamm
eKCnepUMeHTasIbHO-KNIHIYHOIO AOCHIMKEHHS, LLIO 34INCHU-
nn C. C. Moniwwyk i cnisaBT., NATBEPMRKEHO, LLO Y NOPOXHUHI
poTa MavjeHTIB i3 NepenoMamm HKHBLOI LLEenenu Ha oHi
renatobiniapHoi naTonorii 3Ha4HO NOCKMOETLCS AMCHIO3.
[ocnigHnkn BCTaHOBMNK, WO naTtonoris renarobiniapHoi
CYCTEMM CMOBINBbHIOE pereHepaLlito AeEKTY KICTKM HKHBOT
LLeneni, OcKirbky 3atpikCOBaHO 3HVKEHHS LIBWUAKOCTI Bif-
HOBINEHHS MUTOMOTO 06’eMy (PiGPOPETUKYNAPHOI TKAHWUHY
[43,44,45]. Kpim Toro, B4eHi nokasanu, wo natosoris [6C
00TSIKY€E YCKaaHEHHS, L0 MOXYTb BUHUKATM MPY 3arO€HHiI
paH i NepernomiB LLenenHo-n1ueBol AiNsHKX, NOTipLLYyYM
YMOBW pereHepaLlii Ta 3MEHLLYYM MiHeparbHy LUINbHICTb
KicTkw [43,45]. [loBeaeHo, Lo renatobiniapHa naTonoris Mae
HebaxaHWii BNIMB Ha 3aroeHHA MicrsionepawiiHoi paHu npu
3y6Hil iMnnaHTai, NPOMNOHryo4M Noro TpueanicTb [44].

Y naujeHTis, y SKUX 3 AUTUHCTBA B aHaMHE3i € aTpesis
6iniapHuX LUNsXiB, YaCTO BM3HAYaOTb ANCKONOPaLiiio 3y6iB.
MipBuLLEeHMIA piBeHb GinipybiHy Npu xonecTasi MoXe crpu-
YWMHWTM CIpYBAaTO-3ENEHNi KoMip AEHTUHY. Y TakuX nawieHTiB
[0BOMi 4aCTo AiarHOCTYIOTh rinonnasito emani [46,47).

3a pesynsratamu gocnimkeHb, Wwo 3ginchunu I 3. bo-
puc i cniBasT., NapaMeTpu PoOTOBOI PiAWHK, AKi NigTBEp-
[PKYIOTb PO3BUTOK 3amarieHHs y CIIMHHKX 3arnosax Ta
opraHax NoOpOXHWHK poTa B NaLlieHTIB i3 renatobiniapHoto
naTomnorieto (aHTUOKCUAAHTHO-NPOOKCUAAHTHIIA IHAEKC i
CTYNiHb AMCHI03y), CyTTERO ripLLi NOPIBHSHO 3 MOKa3HUKaMK
obcTexeHnx 6e3 comaTnyHMx 3axBoproBaHb. Kpim Toro,
MOKa3HUKW CTaHy NOPOXHMHW poTa (NapOAOHTONONIYHI Ta
ririeHIYHi IHOEKCW) y NaLieHTiB i3 3aXBOPIOBAHHAMM CWH-
HVX 32703 Ta renatobiniapHOK NaToMNorier CYTTEBO TipLLi
nopiBHsiHO 3 ocobamu 6e3 comaTuyHoi natonorii [48,49,50].

KcepocTomis — oanH 3 OCHOBHUX (haKTOPIB PU3NKY
JeMiHepanisauii TBepayx TkaHuH 3yba, Lo CnpuymHse
PO3BUTOK 3aXBOPIOBaHb TKAHUH NAPOAOHTa Ta YPaxeHHs
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CN130BOi 0BONOHKM MOPOXHUHU poTa (KaHAWA03, aHry-
NISIPHWIA XENNIT), YaCTO CYMPOBOMKYETLCS BUHUKHEHHSAM
TPILUMH YK SBULLLAMM FMadKoro aTpodivHoro ssuka. Yci
Ha3BaHi 3aXBOPIOBAHHS AiarHOCTYHOTb MPW XPOHIYHMX 3a-
xBoptoBaHHsax [BC [51].

BcraHoBneHo, Lo Npy MOAEntoBaHHi ekcrepyMeHTanb-
HUX renaTtonartin y NapodoHTi LLYpPIB BUHWKAE 3ananbHWiA
npouec i NocunoeTbCst AMchios, a B KICTKOBIN TKaHMHI
anbBEONSAPHOrO BiAPOCTKA HMXKHBLOI LLenenu nigaocniaHnx
TBapWH BU3HAYEHO 3HWDKEHHS MiHepanisytoyoi akTuB-
HOCTI, L0 NMPM3BOANTL A0 36iMbLUEHHS CTyneHs arpodii
arnbBeONSPHOro BifpoCTKa Lenen. 3riHo 3 pesynsratamu
KniHiYHWX JocnimkeHb, Taky camy TeHAEHLUo 3adikcoBaHO
y NaujeHTiB i3 3aXBOPIOBaHHAMM NapOAOHTa Ha (HOHI rena-
TobiniapHoi natonorii [52].

3a pesynsratamut HayKoBUX AOCTTIIKEHD, YLLKOMKEHHS
TKaHVH NapoLOHTa YMOBHOMATOrEHHOLO Ta NapofoHTONaTo-
reHHOIO (PrIOPOO ICTOTHO NOCUMIOETLCS B OCID i3 XPOHIYHMMM
BIpYCHWUMM renatutamut. PO3BUTOK renaToreHHX OCTeOoneHin
Ta OCTEONOpO3y MPW3BOAUTL A0 BTPATW KICTKOBOI Macw
arnbBeONsAPHUX BiAPOCTKIB Lenen i CPUYKNHSIE arpecuBHi-
Lunii nepebir reHepaniaoBaHoro napoAoHTUTy [53].

Y cyvacHux HaykoBMX Mpavusix AOBOMi AeTanbHO Onu-
caHo BnnmB Bipycy renatuty C Ha CTaH opraHiaMy 3aranom
Ta Ha OpraHu i TKaHUHY MOPOXHUHK PoTa 30kpemMa. Bigomo,
LLIO XPOHiYHe iHdhikyBaHHS BipycoM renatuty C Mae nosane-
YiHKOBI MPOSIBK, LLIO MOXYTb 3yMOBMUTM iHBaMIgHICTb | HABITH
netanbHi Hacnigkw. [lo nosaneviHkoBMX NPOSIBIB Hanexarb
eceHLUjianbHa 3MillaHa KpiornobyniHemis, niMcomm, LKip-
Ha nopdipis, YEPBOHWIA NAOCKMA NKLLIAIA, HEKPONiTUYHA
epuTema, rmoMepynoHedpuT, 3aXBOPIOBAHHS LLMTOBUAHOI
3anoau, xsopoba LLlerpena [54], Lykposuii fiabeT, poanaam
OMOPHO-PYXOBOTO anapary, CEPLEBO-CyaUHHI 3aXBOPIOBaH-
Hs1 [55,56].

Y koropTi nauieHTiB, iHgikoBaHKUX BipycOM renatu-
Ty C, hiKCytOTb BMCOKY YaCTOTY BMHWUKHEHHS OCepep-
KOBOro NiMchoLMTapHOrO cianoafeHiTy, kcepocTomii Ta/
ab0 rinogyHKUii CIIMHHKX 32103, B OKPEMMX BUMAAKax
— hibpo3 crnMHHKUX 3an03. Y CUHI Takux nalieHTiB BUSIB-
NeHO 3BinbLUEHHS BMICTY HATPilo Ta 3MEHLUEHHS BMICTY
MYLIHY, L0 BKa3ye Ha NOTEHLiHI 3MiHW CKNagy CIUHW
Ta (yHKUiT cnnHHKX 3ano3. Mig Yac ynsTpa3sykoBoro 4o-
CTIPKEHHS CIIMHHWX 321103 3HAYHi MOPYLLEHHS Y CTPYKTYPi
napeHxiMu 3acpikcoBaHo came y NipLenenHux CIIMHHUX
3ano03ax, Ha BiAMiHy Big npmByLHMX [57]. Bigomo, wo y
6ionTatax TKaHWH CMMHHKX 3aM03 BWSIBMEHO | FEHOMHI
(no3nTuBHI), i pennikaTUBHI (HEraTWBHI) NaHUoMM Bipycy
renatuty C [58].

3rigHO 3 Cy4acHUMU HayKOBMMU JaHUMK, Mopsig i3
GakTepianbHUMK YMHHUKaMK BIpYC MOXYTb BigirpaBaTty
porb B iHiliaLii Ta nporpecyBaHHi NAapOAOHTUTY, 30KpeMa
yepes MOAynoBaHHS iIMyHHOI BIAMOBIAI Ta acouiauito 3
HaKTepianbHOK KOMOHi3aLieto TkaHWH napogoHTa [59]. 3a
pesynsTatamit MoNepevHoro AOCHIMKEHHS, L0 3aiACHeHe
3 BUKOPUCTaHHAM Ga3n HaLioHanbHoro obcTexeHHs 300-
poB'si Ta xap4yBaHHsi (2009-2014), BCTaHOBNEHO: NaLieHTn
3renatuTom B manv BULLMIA pU3NK PO3BUTKY reHepaniaoBa-
HOro MapoAoHTUTY Ha 38 % NOPIBHAHO 3 HeiHdikoBaHMMM
obcrexxeHnmm [60)].

lenatut D, symoBneHuit iHdeKLieo Bipycom Aernb-
Ta-renatuTy, BAHUKAE NLLIE Y NaLieHTiB, K BXe iHikoBaHi
Bipycom Tuny B ogHouacHo (koiHdbikoBaHi) abo HaknapeHm-

MU (cynepiHdgikoBaHi) wnsxamm [61]. BriM, nigTBepmpxeHo
HasiBHICTb Bipycy renatnty D y TKaHWHI Mammx CrMHHWX
3an03 navuieHTiB i3 xBopoboto LLerpeHa, HaBiTb 6e3 KoiH-
exuii Bipycom renatuty B [62].

BcTaHoBneHo Bucoky nowumpeHicTb (62,2 %) XpoHiy-
HOro reHepaniaoBaHOro NapOAOHTUTY B KOTOPTi NALEHTIB i3
LIMPO30M NeYiHKM. 3riHO 3 BUCHOBKaMM KITiHIYHOTO aHaniay,
naLieHTW 3 LWPO30M NEeYiHKM Manu BiporigHo GinbLumin ce-
PeqHi NOKa3HUK KIiHIYHOT BTPATU NMPUKPINNEHHS, FMU6UHU
30HIyBaHHS Ta BTPATW anbBeOoNsApHOI KiCTKM NOPIBHSHO 3
CoMaTKYHO 300poBMMIM ocobamm [59,63,64]. BTim, pobutn
OQHO3HAYHWIA BUCHOBOK MPO BMMMB LMPO3Y MEYiHKK Ha
PO3BUTOK 3aXBOPIOBaHb NAPOAOHTA HEe MOXHA, OCKINbKM
HaaMipHe BXMBaHHSI ankororko, sike 4acTo € OfHIE 3
OCHOBHUX MPUYMH BUHUKHEHHS LMPO3Y, 3HAYHO 36inbLuye
PU3VK PO3BUTKY reHepaniaoBaHoro NapoLoHTMTY.

BuBuatoun BNNMB 3axBOPOBaHb MapodoHTa Ha
PO3BUTOK renaToLentonsipHoi kapumHomu, T. Ohno et al.
30IACHUNN eKcriepuMEHTanbHe JOCHIMKEHHS HAa MULLaX.
BcTaHoBunu, WO y TBApUH i3 NapodoHTUTOM BigbyBanocs
BUPaXXEHiLLE NPOrpecyBaHHs renaToLentonsapHoi KapLuu-
Homu [65].

Kpim Toro, 3a AaH1MMU iHLLIOrO AOCTIGKEHHS!, Y NaLlieHTiB
i3 renaToLentonsipHO KapLMHOMOIO Ta 3aXBOPHOBAHHAMM
napofoHTa 3adikcoBaHO BULLMI PIBEHb LMPKYMIOKYNX
aKTUBHWUX (POPM KMCHIO Y CMPOBATLi KPOBi, L0 CBIQ4UTb
MPO PO3BUTOK OKWUCHIOBAILHOTO CTpecy [66]. BTiM, OCKinbku
renatoLentonsapHa kapLHoMa 3a3Bryai BUHUKAE Ha POHI
nonepeaHLOro Lnpo3y abo 3aHenbaHoro Gibpo3y neviHku,
BCE )X HEOOXiAHO BCTAHOBUTY: Lii MEXaHI3MM XapaKTepuay-
I0Tb 3B'A30K CaMe 3 renaToLENoNAPHOK KapLYHOMOK YK
LMpOo30oM, hiGPO30M MeviHKu.

Y nauieHTiB i3 XPOHIYHOI TEPMiHANMBbHOK CTagie
3aXBOPIOBaAHHSI NEYIHKY Ta FOCTPOH NEYiHKOBOK HEOCTaTHI-
CTI0, SIKi € NOTEHLiIHUMY KaHAWAATaMU Ha TPaHCMNaHTaLio
opraHa, 3asBuyali AiarHoCTyTb MeYiHKOBY OCTEOAMCTPO-
ito, LLO BKMKOYAE OCTEONMEHiI0, OCTEONOPO3 i OCTEOMA-
nauito [25,67]. 3rigHo 3 pesynsTatamu JOCTIMKEHHS, WO
aninchmnm B. Di Profio et al., B nauieHTiB, sikux BigibpaHo
ANs TpaHcnnaHTawii nediHkv, natonoris napogoHTa byna
MOLUMPEHILLOID Ta Mana Tsx4uin nepedir, HiX y XBOpux
KOHTpOIbHOI rpynu [68].

3rigHO 3 pesynbratamu JOCHIAKEHb, Y NOPOXHUHI
poTa AiTeN, SKUM BWKOHAHO TPAHCMMaHTALito MediHky,
3achikcoBaHO Taki 3MiHU: 3eneHe 3abapBneHHs 3y6iB i iceH
Yepes nigsuLLEHWIA piBeHb Binipy6iHy B cupoBaTLyi KpoBi 40
TpaHcnnaHTaLji, Po3poCcTaHHs SCEH, MOB'A3aHe 3 Teparnieto
LIMKIOCMOPUHOM, Tinonnasito 3y6is Ta 36inbLUEHHS KiNbKOCTi
Kapio3Hux ypaxeHs [69,70].

BucHoBKU

1. MiaTBEPMKEHO KMIOYOBY PONb OpraHiB renatobini-
apHOTO KOMMNMeKCy B MiATPUMAaHHI roMeocTasy opraHiamy
MIOAVHKW, @ OTXXe AOBEAEHO 3B'A30K MiX PO3BUTKOM,
nporpecyBaHHsM 6araTbox 3aXBOPOBaHb Pi3HNX OpraHiB i
NaTomnorietd NeYiHKuM, XOBYOBMBIOHMX WNAXiB. MexaHiamu,
Ha AKX 6asyeTbesl Liel 3B'A30K, BKIMHOYAOTb MOPYLLEHHS
MeTabonivHOI (hyHKLL NEYiHKW, CUHTE3Y, HAKOMMYEHHS Ta
posnoginy 6inkiB y TKAHWHAX Pi3HNX OPraHiB, HAKOMMYEHHS
FOPMOHIB, BiTaMiHIB i MiHepanbHWUX PEeYOBUH, aKTUBALLit0
npo3anasnbHuX NpoLECiB.
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2. MatonoriyHi 3miHM Mikpobioma, Lo BUSIBNSKOTL MpK
MapoAOHTHTI, BifirpaoTb BaXIMBY POrb y NaToOreHesi He-
arnKororbHOI X1POBOi XBOPOOM NEYiHKI Ta HEamnKorosbHOro
cTeatorenarury.

3. Bnnus natonorii opranis 'BC Ha po3srTok naronorin
OpraHiB MOPOXHWHK POTa Monsrae y NOpyLUEHHI NpoLieciB
pereHepaLlii i crnony4HOTKaHUHHOT OCHOBM KIiCTKM, | M'SIKX
TKaHWH. 3riHO 3 pesynbTaTamn eKCnepUMEHTamnbHUX i
KniHiYHWX JocnimKeHb, BipYCHUIA renaTuT acowinoBaHui i3
NaTonoriYHMMN 3MiHAMM Y CIIMHHUX 3ano3ax.

MepcneKTMBH NOAAABLUMX HAYKOBUX AOCAIAXKEHD Ne-
penbayaloTb NPOLOBXKEHHS BUBYEHHSI MEXaHI3MIB BNAMBY
natonorii opraniB N'bC Ha BMHWKHEHHS 3aXBOPOBaHb
MOPOXHWHU POTa, @ TAKOX OLHIOBAHHS HEraTuBHOI i
3MiH Mikpobioma npu natonorii NapoaoHTa Ha PO3BM-
TOK XBOpPO6 neviHkn. Pe3ynbtatu Takux [OCNIOXEHb
CNpUATUMYTb po3pobneHH ePEKTUBHUX Hanpsmis
npodinakTukX N ONTUMI3aLii NikyBaHHS NALLEHTIB i3 LMK
3aXBOPKOBAHHAMM.
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The role of diagnostic and therapeutic laparoscopy in abdominal trauma has expanded over the last decade, but indications, safety,
and comparative effectiveness versus laparotomy remain debated. Recent data, including large multicentre cohorts and updated
meta-analyses, justify a focused synthesis.

Aim. To systematically review contemporary evidence on the effectiveness and safety of laparoscopy for the management of
penetrating and blunt abdominal trauma, including case reports published over the last five years.

Materials and methods. Following PRISMA 2020 guidance, we searched PubMed / MEDLINE, Embase, Scopus, Web of Science,
Cochrane Library, and Google Scholar. We included prospective/retrospective clinical studies and case series evaluating laparo-
scopy in abdominal trauma. Primary outcomes included non-therapeutic laparotomy (NTL) rates, missed injuries, complications,
conversion rates, length of stay (LOS), and mortality. Risk of bias was assessed using ROBINS-| for non-randomized studies and
descriptive appraisal for case reports.

Results. The search has identified two recent systematic reviews / meta-analyses on abdominal trauma (one blunt-specific, one
mixed blunt/penetrating), several cohort/ propensity-matched studies (including large registry analyses), and multiple single-center
series and case reports published during 2020-2025. Laparoscopy in hemodynamically stable trauma patients consistently reduced
NTL (19 % absolute reduction in a large single-center series) and postoperative complications and shortened LOS compared
with laparotomy, without increasing missed injuries or mortality. Multicenter registry data for blunt trauma and recent retrospective
cohorts showed that laparoscopic intervention in selected patients did not increase in-hospital mortality and was associated with
acceptable conversion and complication rates. Case reports and small series document successful laparoscopic management of
complex injuries (diaphragmatic rupture, hollow viscus injuries, colon trauma, post-traumatic hernias) in both blunt and penetrating
mechanisms, with low morbidity in carefully selected patients.

Conclusions. The accumulated evidence strongly supports the role of laparoscopy in the management of penetrating and blunt
abdominal trauma in hemodynamically stable patients. The use of laparoscopy in trauma management significantly reduces the
rate of non-therapeutic laparotomies and postoperative complications and shortens hospital stays. Laparoscopy for abdominal
trauma maintains very low rates of missed injuries and mortality when applied with strict patient selection and surgeon expertise.
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Nanapockonisi mia yac AiKyBaHHSl NPOHUKHOI Ta TYNOi TpaBM XXUBOTA
(cucTemaTUUHUM OTASA)

10. 0. Mixees, . B. Cobko, B. B. bypayka, 0. 0. domin

Ponb giarHocTyHOI Ta nikyBanbHOI nanapockonii npy TpaBMax YepeBHOI MOPOXHUHK 33 OCTaHHI AeCsTb POKIB nocununacs,
are nokasaHHsi, 6e3neka Ta nopiBHANbHA €HEKTVBHICTL LLOAO NanapoToMii 3anuLiaoTbCst NPeaMEToM Anckyciit. OctaHHi aaHi,
BKITHOYa04M PE3ynbTaTh BENMKUX GaraToLeHTPOBYX KOTOPTHUX LOCTIZKEHb Ta HAMHOBILLMX METaaHani3iB, BU3HaYaK0Tb JOLINbHICTL
LibOro ornsy.

Merta po60TH - NepernsHyTM pesynsTaTi CyvacHUX LOCTiMkeHb 3 NpruBogy edpeKkTUBHOCTI Ta 6e3neku nanapockonii nig vac niky-
BaHHS! MPOHUKHWX | TYNUX TPAaBM YepeBHOI NOPOXKHUHM, BKIKOYAKOYM 3BITW MPO KMiHIYHI BUNaaKK, 3@ OCTaHHI 5 pokiB.

Marepianu i metopu. Jotpumytouncek pekomeHaadin PRISMA 2020, sginichmnnm nowyk B PubMed / MEDLINE, Embase, Scopus,
Web of Science, Cochrane Library Ta Google Scholar. [Jo ornsay BKkmtounny npoCneKTUBHI Ta PETPOCMEKTUBHI KIiHIYHI 4OCTIMKEHHS
Ta 3BiTU / Cepii BUNaAKIB, L0 OLHIOWTb NIAanapockonito Npu NPOHUKHKX abo Tynux TpaBMax YepeBHOI MOPOXHWHW. [epBuHHI AaHi
— eKcniopaTyBHa NanapoToMisi, POMNYLLEH TPaBMW, YCKIAAHEHHS!, KOHBEPCISt HA TanapoTOoMito, TpMBasicTb NepebyBaHHs B CTa-
LlioHapi Ta CMepTHICTb. Pu3uk crcTemaTiHOi noMunky ouiHioBanm 3a gonomoroto ROBINS-| ans HepaHaoMi3oBaHWX AOCTIIKEHD.

PesynbraTi. Y pesynbrari noLLyKy BUSIBUMM 4Ba HELLOAABHI CUCTEMATUYHI OrMsAn / MeTaaHariav TpaBM YepeBHOI MOPOXKHIHM (04MH
— cneundivHUiA 4ns TynuX TpaeM, OAUH — 3MILLaHWIA Ans TynnX / NPOHUKHUX TPaBM), Kirlbka KOTOPTHWX JOCIIMKEHb i YNCTIEHHI
O[HOLIEHTPOBI cepii Ta 3BiT NPO KMiHiYHi BUNaaku, onybnikoeaHi npotsrom 2020-2025 pokis. Mlanapockonist y remMoguHamivyHo
CTabinbHWX NaLieHTiB i3 TpaBMaMmM MOCTIGOBHO 3MEHLLYBana ekcrniopaTuBHy nanapoTomito (Hanpuknag, ~19 % abconotHe
3HWKEHHS Y BEMWKIA OQHOLIEHTPOBIW Cepii) Ta nicnsionepaLliiHi yCKnagHeHHs, @ Takox cKopodyBarna TpuBanicTb nepebyBaHHs
B CTaLioHapi NOpIBHAHO 3 nanapoToMieto 6e3 30inbLIeHHs NPonyLLeHNX TpaBM abo MiABMLLEHHS MOKa3HMKIB CMepTHOCTI. [aHi
©araToLeHTPOBOTO PEECTPY A5 TYNUX TPABM i HELLOAABHI PETPOCMEKTUBHI KOrOPTHI JOCHimKEHHS NoKasany, Lo fanapockoniyHe
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Ornsaam

BTPYYaHHs y BigibpaHux navieHTiB He 36irbLUyBasno NokasHyk1M CMEPTHOCTI Ta acoLiioBaHe 3 NPUAHSTHAMM MOKa3HUKaMM KOHBEPCIi
Ta yckrnagHeHb. Y 3BiTax npo KMiHiYHi BUNaAKW Ta HEBEMWKWX Cepisix AOCMIMKEHb 3aL0KyMEHTOBaHO YCMilLHe NanapockoniyHe
niKyBaHHS CKnagHWX TpaBM (Hanpuknag, po3pus diadparMu, TpaBMM NOPOXHUCTUX OPraHiB, TPaBMU TOBCTOI KULLKW, MOCTTpaB-
MaTWYHi rpvei) | NpU TynmX, | NpY NPOHUKHWX MEXaHi3Max, 3 HU3bKOK YaCcTOTO YCKINaAHEHb Y PETENbHO BigibpaHNx NavieHTiB.

BucHoBKuM. HakonuueHi faHi nigTBepaKytoTb porib Nlanapockonii B NikyBaHHI NPOHUKHWX | TYNKX TPaBM XMBOTA Y reMOANHAMIYHO
cTabinbHUX navieHTiB. BukopuctaHHs nanapockonii B NikyBaHHi TpaBM 3HAYHO 3HUXKYE YaCTOTy eKCMIopaTUBHUX NanapoToMint i
nicnsionepavifnHnX ycknagHeHb, a Takox CKopodye TpusanicTb nepebyBaHHs B nikapHi. lanapockonis npu TpaBMax kuBoTa aco-
LiioBaHa 3 Aye HU3bKMM MOKa3HWUKaMM NPOMyLLEHUX TPaBM | CMEPTHOCTi 32 YMOBM PETENbHOTO BiRbOpPY NaLieHTIB Ta HASIBHOCTI

[0CTaTHBOrO JOCBIZY B Xipypra.

Abdominal trauma remains a major cause of preventable
death and disability worldwide, particularly among young
adults [1]. This problem became especially relevant during
Russia’s full-scale invasion of Ukraine [2]. Non-operative
management has become standard for many solid-organ
injuries, whereas exploratory laparotomy has historically
been the default for suspected hollow-viscus or diaphrag-
matic injury [3]. However, laparotomy carries substantial
morbidity, including wound complications, adhesions,
incisional hernias, and prolonged recovery [4].

The first report of using laparoscopy (termed “coelio-
scopy” at the time) specifically for trauma patients was
indeed published in 1925 [5]. Advances in minimally invasive
surgery, imaging, and critical care have driven increasing
use of laparoscopy in trauma. Initially limited to diagnostic
purposes in penetrating anterior abdominal stab wounds,
it is now employed for both diagnostic and therapeutic
management of penetrating and blunt injuries in hemody-
namically stable patients [6].

Early concerns focused on potential missed injuries
and prolonged operative times. However, more recent
observational studies and meta-analyses suggest that, in
selected patients, laparoscopy may reduce non-therapeutic
laparotomy and postoperative morbidity without compro-
mising patient safety [7]. Updated trauma guidelines and
consensus statements now explicitly consider a “laparo-
scopy-first” approach in stable patients [8].

Given rapid evolution of the field and multiple recent
high-quality publications, we undertook a systematic review
of the literature from the last five years focusing on the effec-
tiveness and safety of laparoscopy for both penetrating and
blunt abdominal trauma, incorporating large-scale studies
and illustrative case reports.

Aim

The aim of this study was to systematically review contem-
porary evidence regarding the effectiveness and safety of
laparoscopy in the management of penetrating and blunt

abdominal trauma, including case reports published over
the last five years.

Materials and methods

This review was conducted in accordance with the PRISMA
2020 (Preferred Reporting ltems for Systematic Reviews and
Meta-Analyses) recommendations. All major PRISMA compo-
nents including the structured research question, predefined
eligibility criteria, explicit search strategy, study selection, data
extraction, and risk-of-bias assessment, were addressed.
The inclusion criteria for this study involved patients
presenting with abdominal trauma encompassing both pen-
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etrating and blunt mechanisms across adult and pediatric
populations. A critical eligibility criterion was the patient’s
hemodynamic status, with a primary focus on individuals
who were stable or stabilized. Studies containing mixed
populations were admissible only if the outcomes specific
to the laparoscopic intervention were distinctly reported or
if the cohort was predominantly composed of stable pa-
tients. The required intervention involved the application of
laparoscopy (either diagnostic or therapeutic, conventional
or single-incision) as a component of the initial operative
management.

Comparisons were established against several treat-
ment modalities, including open laparotomy, non-operative
management (NOM), and historical control groups where
feasible. Additionally, single-arm series evaluating the
efficacy of laparoscopy were incorporated to broaden the
analysis.

Study designs included systematic reviews, meta-
analyses (for context), prospective or retrospective cohort
studies, registry analyses, case-control studies, case series,
and individual case reports detailing the laparoscopic man-
agement of traumatic abdominal injuries.

Publications were analyzed for the period from No-
vember 2020 to November 2025. Earlier studies were
considered only when included within recent meta-analyses
or international guidelines.

The primary outcomes were defined as the rate of
non-therapeutic laparotomy (or avoided laparotomy),
missed intra-abdominal injuries, postoperative complica-
tions (overall and major), conversion rate from laparoscopy
to laparotomy, length of hospital stay (LOS), and in-hospital
or 30-day mortality. Secondary outcomes included opera-
tive time, intensive care unit stay, readmission rates, and
cost-effectiveness where data were available.

Exclusion criteria were animal or purely experimental
studies, non-trauma laparoscopy (elective cholecystec-
tomy), purely thoracoscopic or robotic procedures unless
combined with abdominal laparoscopy, commentaries,
letters without original data, and abstracts without avail-
able full text.

Electronic searches were performed in PubMed /
MEDLINE, Embase, Scopus, Web of Science, Cochrane
Library, and Google Scholar. The core PubMed strategy
(adapted for other databases) utilized a combination of
MeSH and free-text terms: (“laparoscopy” [MeSH] OR
laparoscop* OR “minimally invasive”) AND (“abdominal
injuries” [MeSH] OR abdom* OR injur* OR wound* OR
stab* OR shot* OR shoot* OR lacerat* OR trauma*) AND
(penetrat* OR blunt*). Filters for publication date (last five
years), human studies, and English language were applied.
Reference lists of relevant articles and recent reviews were
screened for additional eligible studies.
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Table 1. Characteristics

of the included studies (2021-2025)

Study category Study reference

Systematic
reviews / meta-analyses
(abdominal trauma)

Narrative
guidelines / reviews

Cohort and registry studies
(blunt and mixed trauma)

Case reports / case series

Y. J. Ki et al. (2021) — meta-analysis of laparoscopy for blunt abdominal trauma [7]
J. Wang et al. (2022) — meta-analysis comparing laparoscopy vs laparotomy for blunt and penetrating abdominal

trauma (multiple observational studies) [10]

19 studies, 1,520 patients
64 studies, 2594 patients

Y. Alalawi et al. (2025) — systematic review of penetrating abdominal trauma comparing laparoscopy with laparotomy 5 studies, 211 patients

(11]

Global narrative review on laparoscopy, thoracoscopy and robotics in trauma (J. Victory et al., 2025) [12]

64 studies, 9058 patients

Narrative review on single-incision trauma laparoscopy (S. Jeon, K. K. Choi, 2025) [13] nla

WSES / consensus “laparoscopy-first” guidelines for emergencies and trauma (Cesena guidelines, 2023) [14]
Multicenter Japan Trauma Data Bank study on blunt abdominal trauma laparoscopy (K. Omoto et al., 2024) [15]
Retrospective analysis of laparoscopic surgery in blunt trauma (R. Alyami et al., 2025, BMC Surgery) [16]

Role of laparoscopy in patients with abdominal trauma (N. Alzarouni et al., 2022) [17]

Role of laparoscopic surgery in managing hemodynamically stable abdominal trauma patients: a single level |

323 studies, 9817 patients
1301 patients

32 patients

74 patients

128 patients

trauma center, propensity score matching study (D. H. Kim et al., 2024) [18]

Laparoscopic colon resection with primary anastomosis for combat-related penetrating thoracoabdominal trauma

(lu. O. Mikheiev et al., 2025) [19]

Laparoscopic repair of a traumatic diaphragmatic rupture (C. M. Pesch et al., 2024) [20]
Laparoscopic Repair of lleal Perforation Post Blunt Abdominal Trauma (M. M. Elgeldawy et al., 2025) [21]
Laparoscopic exploration for a thoracoabdominal gunshot wound and retrieval of a wandering bullet (K. Abu Aagla

etal., 2024) [22]

Surgical tactics in fire kidney injury and the first experience in performing laparoscopic nephrectomy in combat

conditions: Case report (K. Gumeniuk et al., 2023) [23]

1 patient

1 patient
1 patient
1 patient

1 patient

80  ISSN 2306-4145

Titles and abstracts were screened for relevance, and
potentially eligible full texts were assessed against the
inclusion criteria. Systematic reviews/meta-analyses were
included for context and effect estimates; primary data
from included trials were not re-extracted individually if fully
captured in a recent meta-analytic synthesis.

For comparative non-randomized studies, the risk of
bias was qualitatively assessed using the ROBINS-| tool
domains (confounding, selection of participants, classifica-
tion of interventions, deviations from intended interventions,
missing data, outcome measurement, and reporting) [9].

Case reports and series were appraised for the clarity
of case description, appropriateness of indication, technical
feasibility, complications, and follow-up data.

Given the heterogeneity in design and reporting, a
narrative synthesis was performed rather than a de novo
meta-analysis.

Results

The body of evidence evaluated for this analysis, spanning
the last five years, is strategically structured to capture the
full spectrum of methodological rigor, consistent with the
accepted hierarchy of evidence. The characteristics of the
included studies are summarized in Table 1.

Across these sources, the vast majority of patients un-
dergoing trauma laparoscopy were hemodynamically stable
or stabilized, often presenting with equivocal CT findings or
suspected hollow-viscus or diaphragmatic injuries.

Regarding the assessment of study quality and risk
of bias: all primary trauma studies were non-randomized,
predominantly retrospective consisting of retrospective
single-center cohorts, while a minority were prospective
observational cohorts or registry-based analyses. Con-
founding by indication and selection bias were prevalent,
as laparoscopy was preferentially offered to stable patients
with fewer associated injuries. Outcome assessments for
complications and mortality were generally robust and de-
rived from verified hospital records. Although the included
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case reports have inherently limited generalizability, they
provided detailed technical descriptions and clinical insights.

Overall, the certainty of evidence, evaluated using a
GRADE-informed approach, ranges from low to moderate
for most comparative outcomes. However, this certainty
is strengthened by the high degree of consistency across
multiple large-scale datasets and meta-analyses.

Effectiveness and safety outcomes

Laparoscopy vs. laparotomy (all abdominal trauma). The
2022 systematic review and meta-analysis by J. Wang et
al. pooled observational data comparing laparoscopy with
laparotomy for both blunt and penetrating abdominal trauma
[10]. Laparoscopy was associated with lower postoperative
complication rates (including wound infections), a shorter
LOS, and lower rates of non-therapeutic laparotomy (NTL),
reflecting its efficacy in ruling out significant injury. No signif-
icant differences were observed in mortality or missed-injury
rates compared with laparotomy.

While operative time tended to be slightly longer for lapa-
roscopy in several series, this was offset by the reduction in
complications and LOS. Subsequent single-center cohorts
and registry analyses published after 2022 have generally
confirmed these findings, indicating no increase in mortality
or catastrophic missed injuries when laparoscopy is applied
to hemodynamically stable, carefully selected patients [15].

Blunt abdominal trauma. The 2021 meta-analysis
by Y. J. Ki et al. [7], which included 19 studies and 1,520
patients, focused specifically on blunt abdominal trauma.
In hemodynamically stable patients, laparoscopy was as-
sociated with reduced NTL rates, lower overall morbidity,
and a shorter hospital stay, while maintaining very low
missed-injury rates and acceptable conversion rates.

Subsequent single-center and multicenter studies from
2022 to 2025 have further extended these findings. Alyami R.
et. al. (2025, BMC Surgery, 74 blunt trauma patients managed
laparoscopically) reported that laparoscopy in stable patients
with blunt abdominal trauma was safe and feasible, with con-
version required mainly for complex injuries and no increase
in mortality [16]. Similarly, J. N. Fu et. al. (2023, Heliyon), con-

Zaporozhye Medical Journal. Volume 28. Issue 1, January - February 2026


https://zmj.zsmu.edu.ua/

Ornsaam

cluded that laparoscopic diagnosis and treatment provided
high diagnostic accuracy and rapid recovery, supporting its
wider adoption in blunt trauma management [24]. Rayan Y.
et. al. (2024), also reported shorter LOS and fewer wound
complications in laparoscopic groups compared to lapa-
rotomy, with comparable safety outcomes, rates of missed
injury and mortality [25]. Furthermore, a Japan Trauma Data
Bank analysis (K. Omoto et al., 2024/2025) showed that in
hemodynamically stable patients, laparoscopic intervention
for blunt injury did not increase in-hospital mortality and was
feasible across multiple centers [15].

Collectively, these data support laparoscopy as a safe
and effective modality for the evaluation and treatment of
blunt trauma in stable patients, particularly when CT findings
are equivocal or hollow-viscus injury is suspected.

Case reports have further expanded the spectrum
of managed conditions, including two recent publications
[21,26] that highlight the technical feasibility of laparoscopy
for complex sequelae such as small bowel perforations and
diaphragmatic injuries, provided there is timely diagnosis
and stable physiology.

Penetrating abdominal trauma. Several studies, par-
ticularly from high-volume trauma centers, have evaluated
the utility of laparoscopy in penetrating abdominal trauma
(PAT). Alzarouni N. et al. (Rashid Hospital, 2022) reported
on a mixed trauma cohort with a significant penetrating
component, demonstrating that diagnostic laparoscopy
reduced NTL rates by approximately 19.4 %. Notably, no
missed injuries were reported in the laparoscopic group, and
both complication rates and LOS were significantly lower
compared to open exploration [17].

A 2025 systematic review by Y. Alalawi et al. [11], which
focused specifically on PAT, found that compared with
laparotomy, laparoscopy in stable patients was associated
with shorter hospital stays, faster recovery, fewer overall
complications, and reduced healthcare costs. Furthermore,
no increase in mortality or missed injuries was observed
when the procedures were performed by experienced
surgical teams.

Contemporary narrative resources and clinical da-
tabases (StatPearls) concur that laparoscopy is feasible
for managing stable patients with penetrating injuries. It is
associated with lower odds of mortality and morbidity com-
pared to laparotomy, with missed-injury rates now reported
at <1 % in expert centers [27].

Case reports regarding combat and penetrating
trauma provide insights into complex, high-risk scenarios.
Ukrainian military surgeons have documented successful
laparoscopic interventions for gunshot wounds to the kidney
[23] and laparoscopic resection of the transverse colon
with intracorporeal stapled anastomosis [19]. Similarly,
laparoscopic repair of penetrating diaphragmatic ruptures
and other thoracoabdominal injuries has been associated
with shorter recovery times compared to traditional open
approaches [20].

Although limited to individual case experiences, these
reports suggest that in well-resourced settings with skilled
surgeons, even complex ballistic injuries can be addressed
via minimally invasive or hybrid techniques, with conversion
to laparotomy performed when necessary.

Single-incision and advanced minimally invasive tech-
niques. A 2025 narrative review by S. Jeon & K. K. Choi
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summarized the evidence for single-incision laparoscopy
in abdominal trauma. The authors concluded that while sin-
gle-incision approaches are technically feasible for selected
stable patients, they should currently be confined to centers
with advanced MIS expertise and are not yet considered
the standard of care [13].

Robotic-assisted surgery has also been reported in iso-
lated cases, such as the repair of traumatic diaphragmatic
hernias. However, it remains experimental in the acute
trauma setting due to significant cost, time constraints, and
logistical challenges [28].

Safety profile: complications, missed injuries, con-
versions. Complication rates in laparoscopic cohorts
were consistently lower than those in laparotomy groups,
particularly regarding wound infections and pulmonary
complications [10].

Missed-injury rates were minimal (frequently reported
as 0 %) in experienced centers; meta-analyses have found
no statistically significant difference in missed injuries
between laparoscopy and laparotomy when standardized
exploration protocols are followed [7].

Conversion rates varied widely, ranging from 10 % to
30 %, reflecting differences in case-mix and institutional
thresholds. Conversions were generally driven by the
discovery of complex injuries, bleeding, or inadequate
visualization rather than technical failures or iatrogenic
complications [17].

Finally, mortality rates did not differ significantly between
laparoscopic and open cohorts after adjusting for baseline
injury severity; registry data suggest that in appropriately
selected stable patients, laparoscopy does notincrease the
risk of in-hospital mortality [15].

Discussion

Over the last five years, evidence from meta-analyses,
multicenter registries, and single-center cohorts has con-
verged on several key points. Laparoscopy is safe and
effective for hemodynamically stable abdominal trauma
patients (both penetrating and blunt) when performed in
specialized centers. It significantly reduces the rate of NTL,
a historical challenge, particularly in penetrating trauma,
thereby decreasing postoperative morbidity and shorten-
ing the LOS [17]. Missed-injury rates are notably low and
comparable to laparotomy, provided that a systematic explo-
ration is performed, and strict indications/contraindications
are observed [7]. Mortality rates have not increased and
appear lower in certain adjusted analyses, although this
likely reflects the selection of less severely injured patients
for minimally invasive approaches [15]. Case reports and
small series further demonstrate that technically demanding
procedures, such as diaphragmatic repair, hollow viscus
resection, colon resection, nephrectomy, and foreign body
(bullet) removal, can be safely performed laparoscopically
in a trauma setting, though these should be reserved for
highly experienced surgical teams [19,20,22,23].
Comparison with existing guidelines and reviews. Nar-
rative reviews and international guidelines [8] increasingly
endorse a “laparoscopy-first” strategy for stable trauma
patients where resources permit. These guidelines highlight
its utility in assessing peritoneal violation in stab and gunshot
wounds; evaluating equivocal CT findings in blunt trauma
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(specifically suspected hollow viscus injury); diagnosing and
treating diaphragmatic injuries; and facilitating minimally
invasive repair while avoiding unnecessary open surgery.

Our findings align closely with these recommendations
and provide additional contemporary data, particularly from
the Japanese registry and recent retrospective cohorts,
that reinforce the safety and utility of laparoscopy in blunt
trauma management.

Clinical implementation summary. Laparoscopic inter-
vention is indicated for hemodynamically stable patients
with suspected penetrating or blunt abdominal trauma when
imaging is inconclusive, or when there is a clinical suspicion
of diaphragmatic injury, hollow viscus perforation, or a need
to confirm peritoneal integrity.

Absolute and relative contraindications include hemody-
namic instability, uncontrolled hemorrhage, significant bowel
distension, or severe concomitant thoracic trauma that
precludes the creation of a pneumoperitoneum. In the latter
case, the risk of tension pneumothorax can be mitigated by
prior chest tube drainage of the pleural cavity [19]. A lack
of specialized equipment or skilled surgical and anesthesia
personnel also remains a primary contraindication.

Critical technical aspects include the requirement for a
systematic four-quadrant exploration of the abdominal cavity
using atraumatic techniques. Surgeons must maintain a low
threshold for conversion to laparotomy in the event of unsati-
sfactory visualization or patient physiological deterioration.
Institutional protocols are essential to ensure the safe and
standardized application of these techniques.

The primary limitations of the current evidence base
include the non-randomized nature of clinical comparative
data, which introduces inherent confounding factors and
selection biases. Furthermore, there is limited general-
izability of results from high-volume specialized centers
to resource-limited settings. Significant heterogeneity in
indications, surgical methods, and outcome definitions
across studies continues to hinder robust quantitative data
synthesis (meta-analysis).

Conclusions

1. Current evidence strongly supports the clinical role
of laparoscopy in the management of both penetrating and
blunt abdominal trauma in hemodynamically stable patients.

2. The implementation of laparoscopy in trauma signif-
icantly reduces the rates of non-therapeutic laparotomies
and postoperative complications while effectively shortening
hospital stays.

3. Laparoscopy is associated with exceptionally low
rates of missed injuries and mortality when performed by
experienced surgical teams and contingent upon rigorous
patient selection.

Prospects for further research. Future research
should prioritize prospective multicenter registries and,
where feasible, pragmatic randomized or stepped-wedge
trials comparing standardized laparoscopy-first algorithms
against conventional pathways, particularly in blunt trauma
and mixed injury patterns.

Gratitude
The authors utilized Al tools (ChatGPT) to enhance the linguistic
quality and readability of the manuscript.

Funding
The authors received no specific funding for this work.

Conflicts of interest: authors have no conflict of interest to declare.
KoHniKT iHTepeciB: BiACyTHIl

Haailiwaa o peaakii / Received: 08.09.2025
MNicas poonpautosaHHs / Revised: 30.10.2025
CxBaneHo A0 ApyKy / Accepted: 05.11.2025

Information about the authors:

Mikheiev lu. 0., MD, PhD, DSc, Professor of the Department of
Disaster Medicine and Military Medicine, Zaporizhzhia State Medical
and Pharmaceutic University; Leading Surgeon of Zaporizhzhia
Military Hospital, Ukraine.

ORCID ID: 0000-0002-0305-1570

Sobko I. V., MD, PhD, Professor of the Department of Military Surgery,
Ukrainian Military Medical Academy, Kyiv, Ukraine.

ORCID ID: 0009-0003-9177-0237

Burluka V. V., MD, PhD, DSc, Professor, Deputy Chief of the
Department of Military Surgery, Ukrainian Military Medical Academy,
Kyiv, Ukraine.

ORCID ID: 0000-0003-0866-4357

Fomin 0. 0., MD, PhD, Associate Professor, Head of the Trauma Clinic,
Military Medical Clinical Center of the Central Region, Vinnytsia,
Ukraine.

ORCID ID: 0000-0002-0420-4655

BipomocTi npo aBTopiB:

Mixees 0. 0., A-p Me. HayK, npodecop Kad. MEANLIMHM KaTacTpod
Ta BiliCbKOBOI MEAMLIMHU, 3aN0Pi3bKNIA AEPXaBHUN MEANKO-
dbapmaLEeBTUYHMI YHIBEPCHUTET; NPOBIAHWI Xipypr, 3anopi3bkii
BilICbKOBMIA rocmitanb, YkpaiHa.

Co6Ko I. B., kaHA. MeA. Hayk, Npodecop kad. BiicbkoBOT Xipyprii,
YKpaiHcbKa BiicbkoBO-MeAUUHa akaaemisi, M. KuiB.

Bypayka B. B., A-p Mea. Hayk, npodecop, 3acTynHWUK HauyaAbHUKa
Kao. BiicbKOBOI Xipyprii, YkpaiHCbka BiiCbKOBO-MeANYHA akaAeMis,
M. Kuis.

®owmin 0. 0., KaHA. MEA. HayK, AOLIEHT, HaUaAbHUK KAIHIKK YLIKOAKEHb,
BillCbKOBO-MEANYHMI KAHIYHWI LeHTP LieHTpaAbHOro perioHy,

M. BiHHWUg, YKpaiHa.

lurii Mikheiev (tOpiit MixeeB)
mikheev.u.a@gmail.com

References

1. Yumoto T, Kosaki Y, Yamakawa Y, lida A, Yamamoto H, Yamada T,
et al. Occult Sources of Bleeding in Blunt Trauma: A Narrative Review.
Acta medica Okayama. 2017;71(5):363-8. doi: 10.18926/AMO/5543

2. Lurin I, Vorovskiy O, Makarov V, Khoroshun E, Nehoduiko V, Ryzhen-
ko A, et al. Management of thoracoabdominal gunshot injuries by
using minimally invasive surgery at role 2 deployed field hospitals in
Ukraine. BMC Surg. 2024;24(1):183. doi: 10.1186/s12893-024-02475-3

3. Kanlerd A, Auksornchart K, Boonyasatid P. Non-operative management
for abdominal solidorgan injuries: Aliterature review. Chin J Traumatol.
2022;25(5):249-56. doi: 10.1016/j.cjtee.2021.09.006

4. Gulack BC, Wong K, Sparks E, Ramijist J, Zhu H, Pierro A. Is the Lapa-
rotomy Here to Stay? A Review of the Disadvantages of Laparoscopy.
Eur J Pediatr Surg. 2020;30(2):181-6. doi: 10.1055/s-0040-1703009

5. Short AR. The uses of coelioscopy. BMJ. 1925;2(3371):254-5. doi:
10.1136/bm;j.2.3371.254

6.  LimKH, Chung BS, Kim JY, Kim SS. Laparoscopic surgery in abdominal
trauma: a single center review of a 7-year experience. World J Emerg
Surg. 2015;10:16. doi: 10.1186/s13017-015-0007-8

7. KiYJ, Jo YG, Park YC, Kang WS. The Efficacy and Safety of Lap-
aroscopy for Blunt Abdominal Trauma: A Systematic Review and
Meta-Analysis. J Clin Med. 2021;10(9):1853. doi: 10.3390/jcm 10091853

8. Glsgen C, Breuing J, Prediger B, Bieler D, Schwab R. Surgical
management of injuries to the abdomen in patients with multiple and/
or severe trauma- a systematic review and clinical practice guideline
update. Eur J Trauma Emerg Surg. 2025;51(1):177. doi: 10.1007/
s00068-025-02841-7

Zaporozhye Medical Journal. Volume 28. Issue 1, January - February 2026


https://zmj.zsmu.edu.ua/
https://orcid.org/0000-0002-0305-1570
https://orcid.org/0009-0003-9177-0237
https://orcid.org/0000-0003-0866-4357
https://orcid.org/0000-0002-0420-4655
mailto:mikheev.u.a%40gmail.com?subject=
https://doi.org/10.18926/AMO/5543
https://doi.org/10.1186/s12893-024-02475-3
https://doi.org/10.1016/j.cjtee.2021.09.006
https://doi.org/10.1055/s-0040-1703009
https://doi.org/10.1136/bmj.2.3371.254
https://doi.org/10.1186/s13017-015-0007-8
https://doi.org/10.3390/jcm10091853
https://doi.org/10.1007/s00068-025-02841-7
https://doi.org/10.1007/s00068-025-02841-7

Ornsaam

20.

21.

22.

23.

24.

25.

26.

27.

28.

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 1(154), ciueHb - aoTuii 2026 p.

Sterne JA, Hernan MA, Reeves BC, Savovi¢ J, Berkman ND,
Viswanathan M, et al. ROBINS-I: a tool for assessing risk of bias in
non-randomised studies of interventions. BMJ. 2016;355:i4919. doi:
10.1136/bm;j.i4919

Wang J, Cheng L, Liu J, Zhang B, Wang W, Zhu W, et al. Laparos-
copy vs. Laparotomy for the Management of Abdominal Trauma: A
Systematic Review and Meta-Analysis. Front Surg. 2022;9:817134.
doi: 10.3389/fsurg.2022.817134

Alalawi Y, Alharthi N, Alamrani SAS. Updates on Laparoscopy Versus
Laparotomy in the Management of Penetrating Abdominal Trauma:
A Systematic Review. Cureus. 2025;17(2):79231. doi: 10.7759/
cureus.79231

Victory J, Golden A, Jaikaran O, Vu AH, Ferzli GS. Emergent trauma
surgery: a narrative review of laparoscopy, thoracoscopy and robotics.
Ann Laparosc Endosc Surg. 2025;10:18. doi: 10.21037/ales-23-23
Jeon S, Choi KK. Single-Incision Laparoscopy in Abdominal Trauma:
Current Evidence, Clinical Applications, and Evolving Role-A Narrative
Review. J Clin Med. 2025;14(10):3610. doi: 10.3390/jcm14103610
Sermonesi G, Tian BW, Vallicelli C, Abu-Zidan FM, Damaskos D,
Kelly MD, et al. Cesena guidelines: WSES consensus statement
on laparoscopic-first approach to general surgery emergencies and
abdominal trauma. World J Emerg Surg. 2023;18(1):57. doi: 10.1186/
$13017-023-00520-9

Omoto K, Tanaka C, Kuno M, Yokobori S. Current status and safety
of laparoscopic surgery for patients with blunt abdominal trauma: A
multicenter study using the Japan Trauma Data Bank. Asian J Endosc
Surg. 2024;17(2). doi: 10.1111/ases. 13287

Alyami R, Alotaibi AE, Aimohayya L, Jawad AA, Almukhayzim R,
Alhoumedan A, et al. Role of laparoscopic surgery in blunt abdominal
trauma; retrospective analysis in a tertiary trauma center. BMC Surg.
2025;25(1):8. doi: 10.1186/512893-024-02744-1

Alzarouni N, Salem A, Nurelhuda NM, Osman R, Eltayyeb Y. Role of
laparoscopy in patients with abdominal trauma: Rashid Hospital Trauma
Center experience. J Emerg Med Trauma Acute Care. 2022;2022(5).
doi: 10.5339/jemtac.2022.30

Kim DH, Kim M, Lee DS, Hong TH, Park H, Cho H. Role of laparo-
scopic surgery in managing hemodynamically stable abdominal trauma
patients: a single level | trauma center, propensity score matching
study. Eur J Trauma Emerg Surg. 2024;50(5):2517-25. doi: 10.1007/
s00068-024-02642-4

Mikheiev 10, Gumeniuk KV, Tielushko YV, Mialkovskyi DS, Savchen-
ko SI. First experience of laparoscopic colon resection with primary
anastomosis for combat-related thoracoabdominal trauma with through-
and-through colon injury. Modern Medical Technology. 2025;17(1):73-8.
doi: 10.14739/mmt.2025.1.320424

Pesch CM, Janki S, Faraj D, Hueting WE. Laparoscopic repair
of a traumatic diaphragmatic rupture. Int J Surg Case Rep. 2024
May;118:109644. doi: 10.1016/).ijscr.2024.109644

Elgeldawy MM, Alfelakawi RF, Alabhoul F, Dokhi AH. Laparoscopic
Repair of lleal Perforation Post Blunt Abdominal Trauma: A Case
Report. Asian Journal of Case Reports in Surgery. 2025;8(1):11-5. doi:
10.9734/ajcrs/2025/v8i1591

Abu Aagla K, Bafadni M. Laparoscopic exploration for a thoracoabdomi-
nal gunshot wound and retrieval of a wandering bullet: a case report. Int
J Surg Open. 2024;62(3):222-5. doi: 10.1097/i09.0000000000000044
Gumeniuk K, Lurin |, Savytskyi O, Nehoduiko V, Makarov V, Smo-
lianyk K. Surgical tactics in fire kidney injury and the first experience
in performing laparoscopic nephrectomy at the Il level of medical
support (role II) in combat conditions: Case report. Int J Surg Case
Rep. 2023;106:108046. doi: 10.1016/j.ijscr.2023.108046

Fu JN, Zhou L, Ma T. The role of laparoscopy in closed abdominal
injury. Heliyon. 2023;9(10):e20705. doi: 10.1016/j.heliyon.2023.e20705
Rayan Y, Albokhary A, Maghraby A. The Outcome of laparoscopy in
blunt abdominal trauma. Aswan University Medical Journal. 2024. doi:
10.21608/aum;}.2024.263812.1101

Higuchi S, Takahashi T, Kurokawa Y, Saito T, Yamamoto K, Momose K,
et al. Laparoscopic repair of a traumatic diaphragmatic hernia with
repeated colon incarcerations 7 years after injury: a case report. Surg
Case Rep. 2023;9(1):212. doi: 10.1186/s40792-023-01791-9
Marietta M, Burns B. Penetrating Abdominal Trauma. [Updated 2025
Feb 15]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing; 2025 Jan-. Available from: https://www.ncbi.nIm.nih.gov/
books/NBK459123/

Faulhaber L, Bockhorn M, Alfarawan F. Robot-assisted laparoscopic
repair of a right-sided traumatic diaphragmatic hernia: A case report. An-
nals of Case Reports. 2025;10(1): 2209. doi: https://doi:10.29011/2574-
7754.102209

ISSN 2306-4145

https://zmj.zsmu.edu.ua

83


https://zmj.zsmu.edu.ua/
https://doi.org/10.1136/bmj.i4919
https://doi.org/10.3389/fsurg.2022.817134
https://doi.org/10.7759/cureus.79231
https://doi.org/10.7759/cureus.79231
https://doi.org/10.21037/ales-23-23
https://doi.org/10.3390/jcm14103610
https://doi.org/10.1186/s13017-023-00520-9
https://doi.org/10.1186/s13017-023-00520-9
https://doi.org/10.1111/ases.13287
https://doi.org/10.1186/s12893-024-02744-1
https://doi.org/10.5339/jemtac.2022.30
https://doi.org/10.1007/s00068-024-02642-4
https://doi.org/10.1007/s00068-024-02642-4
https://doi.org/10.14739/mmt.2025.1.320424
https://doi.org/10.1016/j.ijscr.2024.109644
https://doi.org/10.9734/ajcrs/2025/v8i1591
https://doi.org/10.1097/io9.0000000000000044
https://doi.org/10.1016/j.ijscr.2023.108046
https://doi.org/10.1016/j.heliyon.2023.e20705
https://doi.org/10.21608/aumj.2024.263812.1101
https://doi.org/10.1186/s40792-023-01791-9
https://www.ncbi.nlm.nih.gov/books/NBK459123/
https://www.ncbi.nlm.nih.gov/books/NBK459123/
https://doi:10.29011/2574-7754.102209
https://doi:10.29011/2574-7754.102209

UDC 616.98:578.824.11]-039.3
Case re port DOI: 10.14739/2310-1210.2026.1.340008

A case of an atypical course of rabies
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Keywords: The aim of this study was to perform a clinical analysis of an atypical course of rabies in a 68-year-old female patient.
rabies, atypical
course, post-
exposure prophylaxis.

Materials and methods. A retrospective analysis of the medical records of the 68-year-old woman who died from the paralytic form
of rabies was conducted. The patient was hospitalized at the Municipal Non-Profit Enterprise “Regional Infectious Diseases Clinical
Hospital” of the Zaporizhzhia Regional Council from April 19 to April 29, 2024. The diagnosis of rabies was confirmed post-mortem
by detection of rabies virus RNA in brain tissue using polymerase chain reaction (PCR), as well as by morphological verification

Zaporozhye of Babes—Negri inclusion bodies in the brain tissue.

Medical Journal.

2026;28(1):84-88 Results. This clinical case describes an atypical (paralytic) form of rabies in the 68-year-old patient. The initial clinical presentation
lacked classical manifestations such as agitation, aerophobia, and hydrophobia. The disease onset was characterized by flaccid
paralysis, which progressively evolved into tetraparesis and other neurological signs indicative of encephalitic brain involvement.
This atypical presentation significantly complicated the diagnostic process and resulted in the establishment of only symptomatic
diagnoses during life. Suspicion of rabies arose only after clarification of the epidemiological history, which revealed that 2-3
months before the onset of symptoms the patient had been bitten by a dog of unknown vaccination status that died two days after
the incident. Definitive confirmation of rabies was obtained during the post-mortem pathological examination through detection of
rabies virus RNAin brain tissue using PCR and identification of Babes—Negri inclusion bodies. In our opinion, the most likely cause
of infection and the atypical disease course was the administration of an incomplete course of post-exposure rabies prophylaxis.
This observation highlights the critical importance of strict adherence to the anti-rabies prophylaxis protocols recommended by
the World Health Organization.

Conclusions. This clinical case demonstrates that an atypical (paralytic) course of rabies may mimic other neurological syndromes,
particularly in the absence of a clearly established epidemiological history. Such circumstances pose significant challenges to
timely and accurate diagnosis. Incomplete post-exposure rabies prophylaxis was identified as the cause of the fatal outcome and
is considered the probable reason for the atypical clinical course of the disease.

Kntouosi crosa: Bunapok atunoBoro nepebiry ckasy
CKag, atnnoBun
nepeoir, B. B. Yepkacbkui, 0. B. PabokoHb, 0. 0. KopHieHko, A. A. 3aaupaka,

HOCTK,OHTaKTHa 0. I. AHapieHKo, O. B. AHikiHa
npodinakT1ka.

Merta po60oTy - 3AiiCHATI KNiHIYHWIA aHani3 aTMMoBoro Nepebiry ckasy y naLieHTky BikoM 68 pokiB.

3anopisbkwuit Martepianu i metopu. PeTpocnekTnBHO npoaHaniaoBaHo iCcTOpito XBOpobu momepnoi Big napanitmyHoi dopmm ckasy (BiK
;"g;‘g“:“;s"‘n:'l‘:’;sq XBopoi — 68 pokis). MaLieHTka nepebysana Ha nikyBaHHi B KHM «O6nacHa iHdekwiitHa kniHiyHa nikapHs» 30P 3 19.04.2024
c.8488 " poky no 29.04.2024 poky. [iarHo3 niaTBepaxeHo NOCMEPTHO 3a pesynbTatamu BugineHHs PHK Bipycy ckady metogom

noniMepasHoi NaHLroBoi peakLii 3 TkaHMHW MO3KY Ta LNAXoM MOPOnorivyHOT Bepudikalii B TKaHUHAX rONIOBHOMO MO3KY
Tineyb babewa—-Herpi.

Pe3yabtaTi. Y HaBegeHOMy KNiHIYHOMY BUNaaKy NpoaHasni3oBaHo aTunoBuii (NapaniThyHMin) BapiaHT nepebiry ckasy y nauieHTku
Bikom 68 pokiB. KniHiuHi nposiBu ckasy MaHidecTyBanu 6e3 knacuyHnx o3Hak 36ymKkeHHs, aepo- Ta rigpodobii. BUHUKHEHHS!
B Ae010Ti 3aXBOPIOBAHHS MIISIBUX Napanivis i3 NOCTYNOBUM PO3BUTKOM TeTpanapesy Ta iHLWMX 03HaK eHuedaniTuyHoro ypa-
XXEHHS TOMOBHOTO MO3KY MPWU3BEN0 40 YCKNaAHEHOro AiarHOCTUYHOTO MOLLYKY 3 (POPMYIIIOBAHHAM NULLE CUMMTOMATUYHUX
fiarHosis. [liarHo3 ckasy y naLieHTK1 NpunycTunm nuLle nicns Toro, sik 3'acyBanocs, Lo 3a 2—3 MiCALi 0 PO3BUTKY KNiHIYHUX
cMNTOMIB ii BKyCMB cobaka 3 HEBIAOMUM BaKLMHANbHAM CTATyCOM, SKUA Yepe3 ABa AHi No Tomy nomep. [iarHo3 ckasy
niATBEPAXEHO Nif Yac NaTonoroaHaToMiYHOro JOCIMKEHHS Tina BHACMIAOK BUAINEHHS 3 TKaHWH FONOBHOMO MO3KY noMep-
noi PHK Bipycy cka3y MeTogom nonimepasHoi NaHLoroBoi peakLii Ta mopdonorivHoi Bepudikaui Tineub babewa-Herpi.
IMOBIpHOI0 MPUYMHO PO3BUTKY iHCEKLT Ta i aTunoBoro nepebiry CTaB He3aBepLUEHUI KYPC NOCTKOHTAKTHOI NpodinakTukm
CKa3y, L0 BKa3ye Ha KpUTWUYHY BaXNMBICTb AOTPUMAHHS PEKOMEHL0BAHOr0 ekcnepTamu BeecBiTHBOI opraHisaLlii 0xopoHu
300pOB’S NPOTOKOIY aHTMpabiYHOT JONOMOrH.

BucHoBKM. 3rigHo 3 pesynsratamy aHaniay KniHivHoro BunaaKy, B pasi po3BuTKy aTMNoBOro (naparnituiHoro) nepebiry ckasy ioro
MacKyBaHHSI Mif iHLLi HEBPOOFiYHi CUHAPOMY NPY HE3'ICOBAHOMY eniAeMIONoriYHOMY aHaMHe3i XBOpoOM 3HaYHO YCKIaZHIOE Ta
BiLTEPMIHOBYE BCTAHOBNEHHS NPABWIBLHOTO AiarHo3y. HegoTpuMaHHs YUHHOTO NPOTOKOMY MOCTKOHTAKTHOI MPOMinakTukM ckasy
CTano NMOBIPHOIO MPUYMHOIO aTUMOBOrO Nepebiry 3aXBOPIOBaHHS Ta HACTaHHS NETanbHOTO HaCTiaKY.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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Rabies is one of the most dangerous zoonotic infectious
diseases, reported in more than 150 countries worldwide,
and results in approximately 60,000 deaths annually, about
40 % of which occur in children under 15 years of age [1].

The causative agents of rabies are RNA-containing
viruses of the genus Lyssavirus, family Rhabdoviridae.
Both domestic and wild animals can serve as reservoirs
of infection, including dogs, cats, foxes, wolves, raccoons,
badgers, and bats [2]. Globally, dogs, particularly stray an-
imals, represent the primary threat to humans, accounting
for nearly 99 % of human rabies cases [3].

In Ukraine, due to the ongoing full-scale military ag-
gression, the epidemiological situation regarding rabies has
significantly deteriorated and acquired specific features [4].
On the one hand, the destruction of veterinary and hunting
infrastructure in war-affected regions, together with the mi-
gration of wild animals from combat zones, has disrupted the
established ecological balance. This disruption has resulted
in an almost threefold increase in reported rabies cases
among animals and nearly a twofold rise in the number
of identified disease foci between 2022 and 2024 [5]. The
number of medical consultations related to bites inflicted
by rabid animals increased from 1,845 cases in 2023 (4.5
per 100,000 population) to 2,427 cases in 2024 (5.86 per
100,000 population) [5,6].

Moreover, in 2024, four fatal human rabies cases were
registered in Ukraine: three in the Kharkiv region and one
in the Dnipropetrovsk region. This figure markedly exceeds
the incidence observed in previous years [6,7]. For compar-
ison, the same number of human rabies cases had been
recorded in the Kharkiv region over the entire period from
2014 to 2024 [7].

On the other hand, systemic changes in Ukraine’s
ecological balance have led to a shift in the structure of
animal rabies cases. In 2024, almost 50 % of all registered
rabies cases among animals involved cats [7]. A distinctive
“Ukrainian phenomenon” has therefore emerged: three out
of four fatal human rabies cases reported in 2024 were
caused by injuries inflicted by infected cats [7].

Rabies may manifest in two clinically distinct forms:
the typical (encephalitic) form, characterized by pro-
nounced psychoneurological excitation, and the atypical
(paralytic) form, which may mimic poliomyelitis or Guil-
lain—Barré syndrome [8]. In cases of the typical disease
course, characteristic clinical manifestations, such as
agitation, aerophobia, and hydrophobia, usually allow for
a relatively straightforward clinical diagnosis. However,
when rabies begins with flaccid paralysis and other signs
of encephalitic involvement, including psychiatric distur-
bances, dizziness, and balance disorders, clinical diag-
nosis may be considerably complicated. Furthermore,
in the absence of epidemiological evidence of traumatic
contact with animals or bats, the diagnosis of rabies may
not be established at all [9].

The rabies virus is a bullet-shaped particle measuring
75-180 nm and causes irreversible damage to the central
nervous system of all mammals, including humans, with
a case fatality rate approaching 100 % [8,9,10]. Currently
available therapeutic approaches for this fatal disease,
including the Milwaukee and Recife protocols, have not
demonstrated consistent success; according to the liter-
ature, only about 20 patients worldwide have survived
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rabies [8]. Therefore, urgent post-exposure prophylaxis
remains the only reliable means of protection. Since its
development in 1885 by Louis Pasteur, the rabies vaccine
has enabled approximately 15 million people each year to
receive life-saving post-exposure prophylaxis [8,10].

Aim
The aim of this study was to conduct a clinical analysis of
an atypical course of rabies in a 68-year-old female patient.

Materials and methods

A retrospective analysis of the medical records of the
68-year-old woman who died from the paralytic form of
rabies was performed. The patient was hospitalized at
the Municipal Non-Profit Enterprise “Regional Infectious
Diseases Clinical Hospital” of the Zaporizhzhia Regional
Council (MNE “RIDCH” ZRC) from April 19 to April 29, 2024.

The diagnosis of rabies was confirmed post-mortem
by detection of rabies virus RNA in brain tissue using
polymerase chain reaction (PCR,; protocol No. 1352 dated
May 2, 2024), as well as by morphological verification of
Babes—Negri inclusion bodies in brain tissue. The post-mor-
tem examination was carried out by the Municipal Institution
“Zaporizhzhia Regional Bureau of Forensic Medical Exam-
ination” of the ZRC.

Clinical observation. Patient T., born in 1956 and
residing in the Dnipropetrovsk region, was admitted to
MNE “RIDCH” ZRC with impaired consciousness, scoring
13-14 points on the Glasgow Coma Scale (GCS). She
was partially disoriented in time and space, exhibited
delirium, and remained lethargic but calm. Neurological
examination revealed tetraparesis with monoplegia of the
right upper limb.

According to the medical history, the disease had an
acute onset on April 15, 2024, beginning with numbness
and pain in the right forearm, accompanied by general
weakness and fatigue. The patient attributed these symp-
toms to excessive physical exertion. On the same day,
she was examined by a neurologist and diagnosed with
right-sided upper limb neuropathy with pain syndrome, for
which symptomatic treatment was prescribed.

However, on April 16, 2024, the patient’s condition
deteriorated. She developed headache, dizziness, nausea,
and vomiting, and her arterial blood pressure increased to
180/100 mmHg. With suspected acute cerebrovascular
accident, she was transferred to the Zaporizhzhia Regional
Clinical Hospital, where she was examined by a neurologist
and a cardiologist. Computed tomography (CT) of the brain
was performed. Based on clinical and instrumental findings,
the diagnosis of hypertensive disease, grade Il, stage 3,
risk 4, complicated by hypertensive crisis with cephalgic
syndrome, was established. Outpatient treatment at her
place of residence was recommended.

On April 17, 2024, due to intensifying pain, progressive
weakness of the right upper limb, and recurrent dizziness,
the patient sought medical care at the Limited Liability
Company “VITACENTER” (Zaporizhzhia). Neurological
examination revealed instability in the Romberg position
and impaired coordination test performance. Muscle tone
and tendon reflexes in the right upper limb were decreased,
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Table 1. Dynamics of acute-phase inflammatory markers and body temperature in the
68-year-old female patient T.

Parameter, units

Temperature, °C
C-reactive protein, mg/L
Procalcitonin, ng/mL
Leukocytes, x109L

Band neutrophils, %
Segmented neutrophils, %
Lymphocytes, %
Monocytes, %

Erythrocyte sedimentation
rate, mm/h

375 38.8 375 39.3 39.6 38.1
1.6 95.4 128.5 158.8 = =
0.11 - 0.53 0.53 - -
7.0 10.7 1.2 8.9 gis) 14.0
3 3 5 7 12 13
87 81 83 72 70 78

8 " 8 16 14 7

2 5 4 5 4 2

6 8 17 28 62 56

Table 2. Multiple organ failure assessment according to the Sequential Organ Failure
Assessment (SOFA) scale

Affected system / Organ Date / Score
19.04 20.04 23.04 27.04 29.04

Respiratory
Coagulation

Liver

Cardiovascular

Central nervous system
Renal

Total SOFA score

- 0O -~ O O O o
o W A O O W
o A A O O DN
- b b O O >
w A~ A O O

10 10 13 15
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with limited active movements in proximal muscle groups
(muscle strength graded 4/5 on the Medical Research
Council scale) and severe weakness of the hand (1/5). The
right hand was flaccid; wrist dorsiflexion was limited, and
opposition of the thumb to the fourth and fifth fingers was
absent. No abnormalities in muscle tone or reflexes of the
lower limbs were observed.

On an emergency basis, the patient was hospitalized
in the Neurology Department with a diagnosis of acute
neuropathy of the right radial nerve with paresis of the
right hand. Despite ongoing treatment, her condition con-
tinued to worsen: the level of consciousness decreased
to 13 points on the GCS, neuromuscular conduction
impairment progressed to tetraparesis, and hyperthermia
developed.

On April 19, 2024, relatives reported that on February
5, 2024, the patient had been bitten by a dog that she had
recently taken into her household. The dog inflicted a bite
wound to the right forearm. The wound underwent primary
surgical debridement, and the first dose of anti-rabies
vaccine was administered; however, the patient failed to
complete the full vaccination course.

Following receipt of this epidemiological information, the
patient was examined by an infectious disease specialist.
Based on the combination of clinical presentation and epide-
miological history, atypical paralytic rabies was suspected,
and the patient was transferred to the MNE “RIDCH” ZRC.

An urgent notification regarding a probable, uncon-
firmed case of rabies (paralytic form with severe course)
was submitted to the regional sanitary-epidemiological
service on April 20, 2024.

At the time of admission to the MNE “RIDCH” ZRC,
the patient was able to communicate but remained disori-
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ented in time and place and exhibited intermittent delirium.
Tetraparesis persisted, with complete absence of voluntary
movements in the right upper limb.

Contrast-enhanced brain magnetic resonance imaging
(MRI), performed on April 20, 2024, demonstrated signs of
cerebral microangiopathy superimposed on moderate cer-
ebral and cerebellar atrophy. Additionally, a porencephalic
cyst was identified in the right frontal lobe with associated
perifocal gliosis, suggestive of post-ischemic sequelae.

Later the same day, the patient's level of conscious-
ness declined, reaching a score of 9 on the GCS. Her
breathing became rapid and shallow. As part of intensive
care management, mechanical ventilation was initiated,
and vasopressor support with a norepinephrine infusion
was commenced.

A complete blood count showed a normal white blood
cell count (7.9 x 10%L), with the following differential: 3 %
band forms, 73 % segmented neutrophils, 19 % lympho-
cytes, and 5 % monocytes. The erythrocyte sedimentation
rate was 6 mm/h.

On April 23, 2024, an ophthalmoscopic examination
revealed early signs of retinal angiosclerosis in both eyes.
A lumbar puncture was subsequently performed. The
cerebrospinal fluid was clear and colorless, with a cell
count of 4 cells/pL (100 % lymphocytes). Cerebrospinal
fluid chemistry showed protein at 0.165 g/L, glucose at
3 mmol/L, and chlorides at 118 mmol/L. PCR testing of
the cerebrospinal fluid for Mycobacterium tuberculosis,
herpes simplex virus types 1 and 2, cytomegalovirus, and
Epstein-Barr virus was negative. Bacteriological cultures
yielded no growth.

Subsequently, the patient’'s condition continued to dete-
riorate, characterized by febrile hyperthermia (Table 1) and
progressive multiple organ dysfunction syndrome (Table 2).

On April 29, 2024, the patient experienced cardiac
arrest. Despite cardiopulmonary resuscitation efforts, the
patient was pronounced dead.

Post-mortem examination revealed advanced cerebral
edema with herniation of the brainstem and cerebellar ton-
sils through the foramen magnum, accompanied by partial
brainstem necrosis.

Histopathological analysis identified Babes—Negri bod-
ies within the neurons, and rabies virus RNA was detected
in the brain tissue via molecular testing.

Discussion

Annually, approximately 60,000 people die from rabies
infection [11]. Lyssaviruses enter the human body through
saliva-contaminated wounds caused by contact with infect-
ed animals or via direct inoculation into mucous membranes.
Potential sources of infection include all warm-blooded
animals, including humans [11]. However, the greatest threat
to humans is posed by dogs, which account for more than
95 % of all rabies-related fatalities [11,12,13]. Furthermore,
with the increasing prevalence of organ transplantation,
sporadic cases of rabies transmission from infected donors,
whose diagnosis was not established antemortem, have
been reported [10,14].

Depending on the risk of exposure, the WHO classifies
animal contact into three categories. Category | involves the
licking of intact skin, touching, or feeding the animal; these
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contacts are considered safe as the rabies virus cannot
penetrate intact skin, and post-exposure prophylaxis (PEP)
is not indicated [10]. Category Il includes minor bites or
scratches on exposed skin without bleeding [10]. Category
[l encompasses single or multiple transdermal bites or
scratches, contamination of mucous membranes or broken
skin with saliva, and direct contact with bats [10].

Rabies is a disease with a nearly 100 % case fatality
rate [15,16]. Once the virus enters the body, it infects the
peripheral nervous system and, via retrograde axonal trans-
port, reaches the central nervous system, causing severe
encephalomyelitis [10,16]. Death typically occurs within 14
days of clinical onset [17]. The only effective prevention
after high-risk exposure is immediate PEP, which involves
thorough wound care, rabies vaccination, and, if indicated,
rabies immunoglobulin [10,18,19].

WHO experts recommend immediate and thorough
wound washing for at least 15 minutes with soap and
water, followed by disinfection with substances proven to
inactivate the virus, such as alcohol, iodine, or hydrogen
peroxide [10]. Proper initial wound care can prevent the
disease in approximately one-third of cases [18]. Since
specific neutralizing antibodies typically develop 7-14 days
post-vaccination, immediate protection requires combining
vaccination with local infiltration of rabies immunoglobulin
at the wound site to neutralize the virus and prevent further
dissemination [10,19].

In the case presented, rabies developed following trau-
matic contact with a stray dog, resulting in multiple bites on
the patient’s right forearm. According to WHO guidelines,
these injuries were Category lll. Recommended manage-
ment included thorough surgical debridement, extensive
irrigation with soap and water, infiltration of rabies immu-
noglobulin in and around the wound, and a complete rabies
vaccination schedule [10]. Itis unknown whether the patient
performed initial wound washing; she received only basic
surgical care and the first vaccine dose. Subsequently, the
mandatory 10-day animal observation was not organized,
and the patient failed to present for further PEP. Per WHO
recommendations, if an animal dies during the observation
period, biological materials must be tested for rabies, and
exposed individuals must complete a five-dose intramus-
cular vaccination schedule [10].

The incubation period depends on the viral inoculum,
replication activity, and proximity of the wound to the central
nervous system, ranging from five days to several years
(typically 2-3 months; exceeding one year in 2-3 % of
cases) [10,20]. In this clinical case, the incubation period
ranged from 2 to 3 months.

Typically, the first specific clinical symptom is neuro-
pathic pain or paresthesia at the exposure site, caused by
the inflammatory response to viral replication in the dorsal
root ganglia [10]. The full clinical picture usually develops
within 2-3 days and follows either the classical (furious)
form, progressing through stages of excitement and paral-
ysis, or an atypical (paralytic) form [21,22]. In the classical
form, 50-80 % of patients exhibit hallmark symptoms such
as hydrophobia and aerophobia, facilitating early diagno-
sis [10,21].

However, when the disease manifests as flaccid
paralysis mimicking Guillain—Barré syndrome or acute
motor-sensory axonal neuropathy, and the exposure history
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is unknown, diagnosis is extremely challenging [9,10,22].
Therefore, the WHO recommends including rabies in the
differential diagnosis of any acute progressive encephalitis
of unknown etiology [10].

The atypical form occurs in 20-30 % of cases and
is more frequent in individuals who received incomplete
PEP. In the case described, the patient received only a
single vaccine dose. Approximately 2.5 months later,
she developed pain, numbness, and weakness at the
bite site. Over the following days, neurological deficits
progressed to tetraparesis and generalized weakness,
accompanied by signs of encephalitis: hyperthermia,
postural instability (positive Romberg test), impaired
coordination, and a decreased level of consciousness
(scoring 13 on the GCS).

Neuroimaging (CT and MRI) performed within the
first five days of illness revealed no focal pathological
lesions despite clinical encephalitis. Literature suggests
that rabies virus infection induces non-specific moderate
contrast enhancement, which typically becomes appar-
ent only in the late stages when the patient is comatose
[10]. In this instance, the lack of specific neuroimaging
features and the initial absence of an epidemiological
history hindered early definitive diagnosis. Suspicion of
paralytic rabies was only established after identifying the
history of a dog bite 2-3 months prior and the subsequent
death of the animal.

Conclusions

1. This clinical case highlights an atypical presentation
of rabies, which initially manifested as isolated paralytic
involvement of the right upper limb.

2. The diagnostic process was significantly obscured
by the dominance of progressive flaccid paralysis and
signs of encephalitic brain involvement in the absence
of pathognomonic clinical features (such as hydrophobia
or aerophobia). Consequently, during the early stages of
the disease, only a non-specific symptomatic diagnosis
could be established. Clinical suspicion of rabies was only
raised following a meticulous clarification of the patient's
epidemiological history.

3. We hypothesize that the atypical, protracted course
of the disease was associated with the incomplete admin-
istration of the post-exposure prophylaxis regimen.

Prospects for further research. Future research
should focus on an in-depth investigation of the molecular
pathogenesis underlying fatal neurological complica-
tions in rabies. Furthermore, there is a critical need to
evaluate various prevention strategies and therapeutic
interventions for cases where PEP is delayed or partially
administered.
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Clinical case of rifampicin-resistant tuberculous meningitis in a child:

features of diagnosis, management and outcomes
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Aim: to demonstrate, based on an original clinical observation, the features of diagnosis, clinical management, and outcomes of
rifampicin-resistant tuberculous meningitis in a child.

Materials and methods. A clinical case of rifampicin-resistant tuberculous meningitis in a child treated in the Pediatric Unit at the
clinical base of the Department of Phthisiology and Pulmonology of Zaporizhzhia State Medical and Pharmaceutical University,
located at the Public Non-Profit Enterprise “Zaporizhzhia Regional Clinical and Diagnostic Center of Phthisiology and Pulmonology”
of the Zaporizhzhia Regional Council.

Results. A child was admitted to the Pediatric Unit from the pediatric intensive care unit (ICU) with a diagnosis of acute tuberculous
meningitis. The diagnosis was confirmed by cerebrospinal fluid analysis using the Xpert MTB/RIF Ultra assay, which detected
Mycobacterium tuberculosis resistant to the first-line antituberculous medication rifampicin. At the time of transfer, chest radiography
revealed no pulmonary abnormalities. Brain magnetic resonance imaging showed no focal pathology. During further evaluation,
the child’s mother was diagnosed with chemoresistant tuberculosis. The child received antituberculous and symptomatic therapy
prescribed by a neurologist in the ICU for more than four months. During follow-up, chest computed tomography revealed
disseminated pulmonary involvement. Following completion of treatment, the child was cured; however, epileptic syndrome
developed, requiring lifelong therapy.

Conclusions. Delayed diagnosis of tuberculous meningitis in children is a major risk factor for disability. The clinical presentation is
nonspecific, with manifestations typically occurring at later stages of the disease. Management requires combined antituberculous,
hormonal, and symptomatic therapy and close cooperation among physicians of various specialties. Rapid and timely diagnosis,
screening of at-risk groups, and effective treatment significantly improve prognosis and reduce mortality and disability.

Keywords:
tuberculosis,
meningitis, children,
drug resistance,
diagnosis, outcomes.
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KAiHiuHMM BUNAAOK pudaMniuUH-CTINKOro TY6epKYAbO3HOTO MEHIHTITY Y AUTUHK:
0C06AMBOCTI AiarHOCTUKH, KAIHIYHOTO BEAEHHA Ta HAaCAIAKH

0. B. MupoHuyk, O. O. MywHosa, A. B. TapaH, A. |. YUepHuiosa, O. B. AgizoB

Merta po60oTi - Ha NpuKnagi BNacHOro KMiHiYHOTO CNOCTEPEKEHHS HABECTW OCOBRMBOCTI AiarHOCTUKM, KNHIYHOTO BEEHHs Ta
onmcaty Hacniaky pucamniLmH-CTIiKOro Ty6epKynbO3HOTO MEHIHTITY Y ANTUHW.

Marepianu i meTopn. HaBeneHo KniHiYHWIA BUNAZOK BIACHOTO CMOCTEPEXEHHS iarHOCTUKW, KIIHIYHOTO BEAEHHS Ta HaCniakiB
pydamniLH-CTilKoro TyBepKybO3HOTO MEHIHTITY Y AMTUHK, Sika nepebyBana Ha NikyBaHHi y AMTSYOMY BiaaineHHi KomyHanbHoro
HEKOMEPLIIMHOrO NignpuemMcTBa «3anopidbkuin perioHanbHUi hTI3ionyNbMOHOMOMYHIA KNiHIYHWIA NiKyBanbHO-AiarHOCTUYHWIA
LeHTp» 3anopisbkoi 06nacHoi paay — Ha KniHivHin 6a3i kacpeapu dTusiaTpii i MynbMoHoMorii 3anopi3bkoro AepxaBHOrO Meau-
KO-(hapMaLeBTUYHOTO YHIBEPCUTETY.

Pe3yAbtatn. [0 AMTAYOrO BigAiNeHHs AMTUHA Hagdiiluna 3 BiAAiNeHHs aHecTesionorii Ta IHTEHCMBHOI Tepanii AUTAYO0i nikapHi.
[JiarHo3 rocTporo Ty6epkynb03HOr0 MEHIHTITY NiATBEPMKEHO PE3yNLTaTOM AOCHIMKEHHS CNIMHHOMO3KOBOI PiAVHM, LLO 3AiiCHEHe
metogom Xpert MTB/RIF Ultra, BusiBneHo mikobakTepii Tybepkynboay, CTillki 40 NpoTuTyBepKynbo3HOro npenapary nepLioro
psgy — pudpamniuyHy. Ha yac nepeBeaeHHs nawieHTa, 3a JaHMKU PEHTTEHOMOMYHOrO AOCTIMKEHHS OpraHiB rpyaHOI NOPOXHMHMK,
3MiH Y NereHsix He BUSIBNEHO. 3a AaHUMM MarHiTHO-PE30HaHCHOT ToMOrpaddii roNoOBHOrO MO3KY, OCEPEAKOBOI NAToMNOrii TaKoX He
BUSIBINEHO. Y NpOLECi AOOOCTEXEHHS B MaTePi BUABIUIN TYBEpKynb03, CTikuiA Ao i3oHiasuay Ta pudamniuyHy. MoHag 4 micsui
OWTUHA OTpUMyBana npoTUTyGepKynbO3HY Ta CUMNTOMATUYHY Tepanito, IPU3HaYeHy HEBPOIIOTOM, B yMOBaX BiAAINEHHS aHecTe-
3ionorii Ta iHTeHcMBHOI Tepanii. Micns KOHTPONBHOrO OBCTEXEHHS, 3@ LaHUMKM KOMM'KOTEPHOI ToMorpadii, B AUTUHM BUSIBNIEHO
AMCEMIHOBaHMI NpoLiec Y nereHsix. INicns 3aBepLUeHHs NikyBaHHS AUTUHA Ofyxana, ogHak cchopMyBanmcs eninenTuyHui cratyc
i KOTHITUBHWI LediuwT, Lo NoTpebyroTb NOXMTTEROI Tepanii.

BucHoBku. HecBoeuacHa giarHocTvka Ty6epKynb0o3HOro MEHIHMTY € hakTopom puanKy iHBanigusawlii auTaYoro HaceneHHs. KniHivHa
KapTuHa HecneumdiyHa, MaHicpecTauis 3a3Bryan BigbyBaeTbCA Ha OCTaHHIX CTafisX 3aXBOPIOBaHHS. BegeHHs Takvx nauieHTiB
nepenbavae npoTuTy6epKyNbO3HY, FOPMOHAIBbHY Ta CUMMTOMATUYHY Teparnito, a TaKoX 3ay4eHHs nikapiB pisHMX crewianbHOCTEN.
LLIBuaka Ta cBo€YacHa fiarHocTuka, pobota 3 AiTbMy i3 rpyn puanky Ta ePEeKTUBHE NiKyBaHHS CNPUSIOTL MOKPALLEHHI NPOTHO3Y,
3HUKEHHIO MOKA3HMKIB CMEPTHOCTI Ta iHBanigu3aLii.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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Every year, approximately one million children and ado-
lescents develop active tuberculosis (TB), with most cases
occurring in low-income countries. Ukraine remains a
country with a high burden of drug-resistant TB, including
among children [1].

Tuberculous meningitis (TBM) is a form of extrapul-
monary TB caused by Mycobacterium tuberculosis (MTB)
affecting the meninges. Although relatively rare, it is the most
severe form of TB [2]. Despite advances in treatment, TBM,
particularly drug-resistant forms, is associated with high
mortality and severe neurological sequelae [3]. Rahimi B. A.
et al. reported that at hospital admission, 53.9 % and 15.2 %
of children had stage Il and Ill TBM, respectively; 23.2 %
presented with focal neurological deficits. Mortality reached
20.2 %, and 30.6 % of survivors had persistent neurological
impairment. Evidence suggests that independent risk fac-
tors for mortality included lack of BCG vaccination, male sex,
absence of dexamethasone at treatment initiation, recent
weight loss, and stage Il TBM [4].

Another prospective cohort study of 80 children with
TBM aged 9 months to 12 years reported a mortality rate
0f 42.5 %. Only 20 % achieved full recovery, while 36.25 %
survived with disabilities. Reported sequelae included
motor impairment (33.3 %), hearing loss (4 %), cognitive
impairment (33.3 %), and visual impairment (48.9 %). Intrac-
ranial hypertension and stage Il disease were significantly
associated with mortality [5].

Diagnosis of TBM remains challenging for physicians
of various specialties, due to the nonspecific clinical pre-
sentation and the oligobacillary nature of cerebrospinal
fluid (CSF), which limits the sensitivity of conventional
diagnostic methods to compare between meningitis of other
etiologies [6,7]. The diagnosis of TBM is mostly clinical and
relies on a combination of epidemiological history, clinical
findings, laboratory data, neuroimaging, CSF biochemical
and cytological analysis, and microbiological confirmation.
Undoubtedly, the principal anamnestic criterion for sus-
pecting TB is prior exposure to a patient with active TB
disease. Typical CSF findings include clear appearance,
lymphocytic pleocytosis, elevated protein levels, and low
glucose concentration or a reduced CSF-to-serum glucose
ratio. When left standing, CSF may form a delicate fibrinous
coagulum resembling a spider web primarily attributable
to high protein concentration [7]. The identification of MTB
retains diagnostic importance in TBM; however, microbio-
logical confirmation is infrequently obtained in the majority
of pediatric TBM cases [8].

Since 2017, the World Health Organization has rec-
ommended the Xpert MTB/RIF Ultra assay as the primary
diagnostic molecular genetic (MG) test for detecting multi-
drug-resistant TB (MDR-TB) and rifampicin resistance in
CSF. The Xpert Ultra cartridge has a larger reaction space
to isolate more samples and therefore more DNA for test-
ing, and contains 2 additional target genes for multiplex
amplification, which increases the diagnostic sensitivity
and reliability of rifampicin resistance detection [6]. Neuro-
imaging commonly reveals basal meningeal enhancement,
hydrocephalus, infarctions, and/or tuberculomas [8].

Children frequently present at advanced stages of
disease. Mortality rates average approximately 19 %, and
more than 50 % of survivors develop neurological disability
despite treatment [9]. Naveed Anjum et al. in a prospective

study reported that all 40 children in their cohort presented
with stage Il central nervous system TB and 26 of them
were younger than 5 years. Mortality was 5 % (2 children)
and nearly all survivors had significant neurological defi-
cits, including motor disorders in 38 (95 %), low Glasgow
Coma Scale (GCS) scores in 35 (92 %), epilepsy in 29
(76.3 %), hydrocephalus in 32 (84.2 %), cranial nerve
palsy in 9 (23.5 %), and 32 (84.2 %) were discharged on
nasogastric feeding [10]. Due to severe hydrocephalus, 11
(28.9 %) patients underwent neurosurgical intervention with
ventriculo-peritoneal shunting. The third clinical stage was
also characterized by optic disc atrophy in 47.5 % and optic
nerve edema in 20 % of children [10]. Thus, children remain
the most vulnerable group to severe TBM.

In recent years, an increasing number of drug-resistant
TB cases has been reported, leading to the development of
new treatment protocols with high success rates. However,
areview of the literature reveals that data on drug-resistant
TBM in the pediatric population remain scarce. Specifical-
ly, we examine a case of resistant TBM in a 14-year-old
female admitted with fever, headache, and blurred vision.
CSF analysis showed lymphocytic pleocytosis, elevated
protein, and decreased chloride levels. The Xpert MTB/
RIF assay detected MTB in the CSF, though rifampin re-
sistance remained undetermined at that stage. Subsequent
cultures confirmed resistance to isoniazid, rifampin, and
fluoroquinolones.

Chest computed tomography (CT) demonstrated
diffuse miliary nodules in both lungs, while magnetic reso-
nance imaging (MRI) revealed multiple contrast-enhancing
lesions within the brain parenchyma, cisterns, and menin-
ges. Adiagnosis of pre-extensively drug-resistant (pre-XDR)
miliary TB was established. The patient was prescribed a
tailored anti-TB regimen and symptomatic therapy for 19
months. By the end of treatment, pulmonary and cerebral
lesions had completely resolved. No neurological sequelae
were observed, although peripheral neuropathy developed
as an adverse effect of linezolid. This highlights the critical
importance of rapid, accurate diagnosis and timely, effective
intervention to improve prognosis and reduce mortality and
disability [11].

In this clinical case, we present the diagnostic features,
clinical course, and treatment of TBM in a school-age child.
Furthermore, we analyze the consequences of delayed
diagnosis and evaluate clinical challenges encountered at
various stages of medical care.

Aim
To present a clinical case study focusing on the diagnostic
challenges, clinical management, and therapeutic outcomes

of rifampicin-resistant tuberculous meningitis in a pediatric
patient.

Materials and methods

The study describes a clinical observation of the child
diagnosed with rifampicin-resistant TBM. The patient re-
ceived treatment in the Pediatric Unit at the clinical base
of the Department of Phthisiology and Pulmonology of
Zaporizhzhia State Medical and Pharmaceutical University,
located at the Public Non-Profit Enterprise “Zaporizhzhia
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Table 1. Dynamics of the complete blood count in the intensive care unit

Parameter, units of measurement December 8, December 10, December 12, December 14, December 17,
2021 2021 2021 2021 2021
17 19 121 131 129

Hemoglobin, g/L

December 18, December 20,
2021 2021
134 131

Red blood cells, 10*2/L 45 45 46 49 48 4.9 49
White blood cells, 10°/L 13.6 9.8 8.7 15.0 12.7 26.2 216
Platelets, 10°/L 430 420 380 490 390 425 430
Erythrocyte sedimentation rate, mm/h 25 27 20 30 16 25 20
Band neutrophils, % 25 15 14 8 20 25 18
Segmented neutrophils, % 52 64 66 73 61 57 62
Eosinophils, % 1 0 0 0 0 0 0
Lymphocytes, % 16 15 12 12 12 13 12
Monocytes, % 7 6 8 7 7 5 8

Table 2. Dynamics of urinalysis parameters

Parameter, units of measurement December 8, 2021 December 9, 2021 December 11, 2021 December 18, 2021

Color yellow yellow yellow yellow

Clarity clear turbid clear clear

Ph neutral acidic neutral alkaline

Protein, g/lL negative negative negative negative
Ketones, mmol/L 1+ 1+ negative negative
Glucose, mmol/L negative negative negative negative
Erythrocytes, hpf 0 45-50 dysmorphic 0 0-1

Leukocytes, hpf 0-3 1-3 1-2 2-3

Squamous epithelium, cell single single single moderate amount

Regional Clinical and Diagnostic Center of Phthisiology
and Pulmonology” of the Zaporizhzhia Regional Council
(PNE “ZRCDCPP” ZRC).

Results

An 8-year-old girl was born to a primigravida mother with a
birth weight of 3,200 g and was breastfed for two months.
Her medical history included infrequent acute respiratory
viral infections (twice yearly) and varicella in 2018. She
had an allergy to grapes (presenting as erythema). Her
physical and psycho-emotional development was age-ap-
propriate. BCG-m vaccination was administered in the
maternity hospital on April 18, 2014, resulting in a 7 mm
scar. Tuberculin surveillance data (Mantoux test, 2 TU) for
the period 2015-2020 were unavailable due to the family’s
difficult social circumstances. No known TB contacts were
identified, and the mother reported no iliness. The child had
no prior history of TB and was not previously registered with
specialized health services.

According to the mother, the iliness onset was on
December 1, 2021, presenting with a fever of 38.5 °C,
headache, and vomiting. A pediatrician initially diagnosed an
acute respiratory infection and prescribed symptomatic ther-
apy. By December 7, 2021, the child’s condition deteriorated
significantly, leading to emergency hospitalization at the
Infectious Diseases Hospital. The diagnosis of COVID-19
was ruled out. Due to increasing severity, the patient was
transferred to the Department of Anesthesiology and Inten-
sive Care of the City Children’s Hospital on December 8,
2021, with a diagnosis of severe acute meningitis.

The patient was in critical condition due to severe neuro-
logical symptoms and endotoxemia. Mental status was char-
acterized by contact sopor; the child was drowsy, asthenic,
disoriented in time and space, and responded sluggishly to
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questions. She exhibited irritability and aggression during
examinations by screaming and crying. Meningeal signs
were positive, including nuchal rigidity and Kernig's sign.
Generalized muscular hypotonia and hyperesthesia were
noted. The skin was pale but clear; mucous membranes
were dry with reduced turgor. Respirations were sponta-
neous and effective, harsh breath sounds on auscultation
bilaterally and no rales. Hemodynamics were stable with
a tendency toward bradycardia and muffled heart tones.
A systolic murmur was audible at the apex. The abdomen
was soft; the liver was at the costal margin, and the spleen
was non-palpable.

Diagnostic procedures performed included a complete
blood count, urinalysis, biochemical blood profile, coagulo-
gram (Tables 1, 2, 3, 4), microbiological testing, neuroimag-
ing, specialist consultations, and lumbar puncture.

Blood culture (December 8, 2021) showed no growth.
Pharyngeal swab (December 8, 2021) revealed growth of
Staphylococcus aureus. Nasal swab (December 8, 2021)
showed scanty growth of S. aureus. Procalcitonin level
(December 8, 2021) was <0.07 ng/mL (reference range:
<0.1 ng/mL). SARS-CoV-2 PCR (December 8, 2021) was
negative for viral RNA.

Electrocardiography (ECG) (December 8, 2021):
adequate voltage; high amplitude in left precordial leads.
Sinus arrhythmia with episodes of bradycardia (HR: 63-90
bpm). Normal cardiac axis. Non-specific metabolic changes
in the ventricular myocardium. Left ventricular dominance
was noted.

Ophthalmological consultation (December 8, 2021):
optic disc — margins were distinct, veins slightly dilated,
and arteries unremarkable. The peripheral retina was
unremarkable.

The patient was admitted to the Intensive Care and
Anesthesiology Department, where a lumbar puncture (LP)
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Table 3. Dynamics of biochemical serum parameters

December 8, 2021 December 9, 2021 December 13, 2021 December 18, 2021 December 20, 2021

Glucose, mmoI/L

Total bilirubin, umol/L 77
Potassium, mmol/L 3.50
Sodium, mmol/L 135
Chloride, mmol/L 102
Urea, mmol/L 26
Creatinine, pmol/L 78
Alanine aminotransferase, U/L 0.29
Aspartate aminotransferase, U/L 0.18

73
3.83
134
103
45
75
0.25
0.21

74
3.50
134
101
33
98
0.39
0.24

69 68
3.65 3.86
134 138
97 106
36 33
86 65
0.18 0.28
0.16 0.19

Table 4. Dynamics of coagulation parameters

Parameter, units of measurement December 8, 2021 December 13, 2021 December 18, 2021 December 20, 2021

Prothrombin index, %

Activated partial thromboplastin time, s 27
Thrombin time, s 20
Soluble fibrin-monomer complexes, mcg/ml 10
International normalized ratio 1.09
Fibrinogen, g/L 3.0

24 25
22 18
9 7
1.16 1.1
35 4.66

was performed on December 8, 2021. PCR testing for
HSV-1/2, HHV-6, and CMV in the CSF was negative. CSF
Analysis (December 8, 2021): pre-centrifugation: red and
turbid; post-centrifugation: colorless and slightly turbid;
protein: 0.33 g/L. Pandy'’s test: negative. Nonne-Apelt test:
2+. Pleocytosis: 150 cells/uL (80 neutrophils (53 %), 70
lymphocytes (47 %)). Single crenated erythrocytes were

observed.

From December 8, 2021 to December 12, 2021, the
patient received ceftriaxone, dexamethasone (3 mg/kg/day),
intravenous (IV) heparin (350 U, 6 times daily), pentoxifyl-
line, and infusion therapy (saline and Ringer’s solution).
Diuretics included furosemide, acetazolamide, and mag-

nesium sulfate.

During this period, the child’s condition deteriorated
due to progressive endotoxemia, worsening neurological
deficits, and the onset of hemodynamic instability.

Follow-up LP (December 13, 2021): CSF was colorless
and transparent. Protein — trace amounts. Pleocytosis — 130
cells/uL (40 neutrophils (31 %), 90 lymphocytes (69 %)).

Erythrocytes — dysmorphic.

As a result, the treatment regimen was adjusted: cef-
triaxone was replaced with meropenem (800 mg TID) and
IV fluconazole (250 mg). Vancomycin (200 mg QID) was
added on December 15, 2021, followed by benzylpenicillin
(1 million 1U 6 times daily) starting December 19, 2021.

Conclusion of neurological consultation (December 14,
2021): acute purulent meningitis.

Follow-up ECG (December 14, 2021): sinus arrhyth-
mia. Findings remained stable without negative dynamics

compared to the previous study.

Brain MRI (December 16, 2021): MRI findings were
consistent with cerebral meningitis. No focal brain patho-
logy or intracranial lesions were identified at the time of

examination.

During this period, the patient’s condition remained se-
vere, characterized by manifestations of endotoxemia, along
with neurological and hemodynamic instability. Recurrent
high-grade fever (up to febrile levels) was noted. The level
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of consciousness was classified as sopor, with a GCS score
of 10-11 points. The pupillary light reflex was preserved and
symmetric. The patient was drowsy, showed no response
to verbal commands, and maintained minimal meaningful
contact. Physical examination and medical manipulations
elicited pronounced distress (irritability, screaming). No
acute focal neurological deficits were observed. Meningeal
signs were positive, including nuchal rigidity and Kernig’s
and Brudzinski’s signs. Muscle tone was globally reduced,
and significant hyperesthesia was present.

The skin and visible mucous membranes were pale
pink and dry; skin turgor was preserved. Respiration was
spontaneous, supported by humidified oxygen via face
mask. Dyspnea was mild, and oxygen dependence was
moderate. Auscultation revealed harsh breath sounds
bilaterally, with no rales or wheezing. Hemodynamics were
compensated with inotropic support (4 % dopamine at 5
pg/kg/min). Clinical findings included a tendency toward
bradycardia, muffled heart sounds, and a systolic murmur
at the apex. The abdomen was soft; the liver was palpable
at the costal margin, and the spleen was not enlarged.
Urinary output was monitored via catheter, requiring phar-
macological stimulation.

Due to clinical deterioration and brain MRI findings,
the patient was re-evaluated by a neurologist, who recom-
mended a LP for CSF biochemistry (including glucose and
chlorides) and PCR for MTB.

CSF analysis (December 20, 2021): the fluid was clear
and colorless both before and after centrifugation. Findings
included: protein 0.19 g/L, Pandy reaction (1+), Nonne-
Apelt reaction (2+), pleocytosis 77 cells/uL (neutrophils 45
(58 %), lymphocytes 32 (42 %)), glucose 1.0 mmol/L, and
chlorides 108 mmol/L.

MG testing of CSF (December 20, 2021): MTB was
detected; results indicated rifampicin resistance.

Bronchoscopy (December 20, 2021): mild bilateral en-
dobronchitis was observed. Bronchial lavage was collected
for MTB analysis. Molecular testing of the bronchoalveolar
lavage (BAL) fluid did not detect MTB.
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Fig. 1. Chest X-ray upon admission to the Pediatric ICU of the PNE “ZRCDCPP” ZRC.

Chest X-ray (December 20, 2021): no focal infiltrative
shadows were observed in the lung parenchyma. The
pulmonary vascular markings were diffusely prominent
bilaterally. The hila were well-defined, and the costophrenic
angles were clear (Fig. 1).

Neurological consultation (December 20, 2021):
the patient’s condition was critical. The child showed an
inappropriate response to examination due to severe hy-
peresthesia; patient engagement was diminished; she was
disoriented to time and place and unable to track objects.
Pupillary light reflexes were brisk and preserved. Muscle
tone was increased (hypertonia). Deep tendon reflexes were
symmetrical in both upper and lower extremities. Marked
nuchal rigidity and positive meningeal signs were present.
Conclusion: Tuberculous meningitis, acute phase. Recom-
mendations: continue daily dexamethasone; acetazolamide
125 mg/day; citicoline 500 mg/day (course up to 45 days);
vitamin B complex; vinpocetine 5 mg/day. Serial clinical
monitoring was required.

Ophthalmological consultation (December 20, 2021):
partial optic disc atrophy, bilateral.

Surgical Procedure (December 20, 2021): insertion of
a central venous access device (Centrofix Mono No. 320).

Otolaryngological consultation (December 20, 2021):
acute rhinopharyngitis.

Given the positive CSF PCR result for MTB, the child
was transferred to the intensive care unit (ICU) of the Spe-
cialized Children’s Clinical Center on December 21, 2021.
Upon admission to the ICU, the patient’s general condition
was severe. The child was of regular constitution. The skin
and visible mucous membranes were pale and dry; skin
turgor was reduced. Cervical lymph node enlargement
(micropolyadenopathy) was noted. The chest was normos-
thenic. Percussion revealed resonance (pulmonary sound).
Auscultation: harsh breath sounds with isolated dry crackles
in the upper lobes. Cardiac activity was rhythmic with muf-
fled heart sounds and a systolic murmur at the apex. The
heart rate was 30 beats per minute. Cardiac borders were
within age-appropriate limits. On palpation, the abdomen
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was soft and non-tender; the liver was at the costal margin,
and the spleen was not palpable. Diuresis was maintained
via pharmacological stimulation.

Clinical and laboratory findings at admission. Com-
plete blood count (December 21, 2021): Hb 80 g/L, RBC
2.69 x 10%?/L, PLT 218x10°L, WBC 9.2 x 10%/L. Differential
count: eosinophils 5 %, band neutrophils 9 %, segmented
neutrophils 66 %, lymphocytes 20 %, and monocytes 5 %.
Erythrocyte sedimentation rate — 17 mm/h.

Biochemical blood analysis (December 21, 2021): total
bilirubin 9.48 pmol/L, thymol test 4.81 U, ALT - 0.53 U/L,
AST - 0.63 UIL, total protein — 59.0 g/L, glucose — 5.63
mmol/L, B-lipoproteins — 52 U, creatinine 137.2 umoliL,
urea — 10.1 mmol/L, urea nitrogen — 4.73 mmol/L, and
potassium — 3.57 mmol/L. Serum a-amylase was 5.31 U/L.

Proteinogram (December 23, 2021): seromucoids —
26.3 U, total protein — 68.7 g/L, C-reactive protein — 4+
(24 mg/L). Antistreptolysin O and rheumatoid factor were
negative. Albumin / globulin ratio — 1.4. Protein fractions: al-
bumin - 57.8 %, a1-globulins — 6.7 %, a2-globulins - 5.3 %,
B-globulins — 14.5 %, and y-globulins — 15.7 %.

Urinalysis (December 21, 2021): color — light yellow;
transparency — moderate; specific gravity — 1.012; pH —
alkaline. Protein — 0.066 g/L; glucose and ketone bodies
were absent. Microscopic examination: erythrocytes — 5-6/
hpf, leukocytes — 4-6/hpf, occasional squamous and renal
epithelial cells, and 1+ phosphate crystals.

ECG (December 23, 2021): sinus tachycardia— 109 bpm.
Normal QRS voltage. Normal electrical axis (no deviation);
intermediate electrical position. Shortened PR interval. Diffuse
changes in the ventricular myocardium. QTcF = 368 ms.

TB screening on admission: the Mantoux test (2 TU,
December 21, 2021) was negative.

Based on clinical history and laboratory data, the
patient was diagnosed on December 22, 2021, with ri-
fampicin-resistant extrapulmonary tuberculosis (Rif-RR
TB): tuberculous meningitis, acute phase. Bacterial status:
MTB+ (microscopy positive, GeneXpert positive (CSF),
culture positive, rifampicin-resistant).
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Table 5. Dynamics of cerebrospinal fluid analysis results in the ICU of PNE “ZRCDCPP” ZRC

December 29, 2021 January 10, 2022 January 24, 2022 February 23, 2022
25 12 2.0 18

Volume, ml

Color colourless colourless
Clarity clear clear
Protein, g/L 0.99 0.66
Nonne-Apelt Test ++ ++

Pandy Test it A
Pleocytosis, cells/uL 151 55
Differential Count — Neut/Lymp, % 71/29 20/35
Glucose, mmol/L 1.68 2.62
Chloride, mmol/L 106.7 1217

colourless colourless

clear clear
0.66 0.33
++ +

++ +++
28 7
3/26 2/5
343 3.19
1"7.7 107.3
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The prescribed treatment regimen included: bedaqui-
line (initial course), levofloxacin, linezolid, and cycloserine
for 12-15 months, supplemented with meropenem and
amoxicillin / clavulanate (Amx/Clv) for 5 months. CSF
culture confirmed rifampicin resistance, while BAL culture
was negative. The regimen required no further adjustment.

Epidemiological examination revealed that the child’s
mother had MDR-TB, resistant to first-line drugs (isoniazid
and rifampicin). Three siblings were screened, diagnosed
with latent TB infection, and prescribed preventive therapy.

In the ICU, the child underwent serial LPs to monitor
CSF parameters (Table 5).

While in the ICU, the patient was evaluated by a pedi-
atric neurologist and an ophthalmologist.

Neurological evaluation (January 27, 2022): the pa-
tient's condition remained critical. She responded to the
examination with mild agitation and exhibited selective
tracking of objects. Mild nuchal rigidity persisted. General-
ized muscular hypotonia was noted, characterized by poor
axial stability (weak verticalization of the back and neck).
Deep tendon reflexes of the upper and lower extremities
were symmetrical (D = S). No pathological pyramidal signs
were elicited. Recommendations: continue citicoline (total
duration 45-60 days), B-complex vitamins, vinpocetine
(5 mg/day), and acetazolamide (125 mg/day). Follow-up
scheduled.

Neurological evaluation (March 10, 2022): the patient
showed significant clinical improvement. She responded
appropriately to questions and was oriented to time and
place. Neurological status: palpebral fissures were sym-
metrical (D = S). Object tracking was intact. Mild bilateral
convergence insufficiency was noted. No facial asymmetry
was present. Muscle tone was near normal. Deep tendon re-
flexes were diminished in both upper and lower extremities.
Coordination tests were performed successfully. No patho-
logical pyramidal or meningeal signs were observed. The
patient was unable to sit independently (required support)
due to weakened spinal verticalization. Recommendations:
general massage (focusing on the back), physical therapy,
B-complex vitamins. Continued monitoring.

Neurological evaluation (April 20, 2022): continued pos-
itive dynamics. The patient followed complex instructions.
However, she developed recurrent generalized seizures oc-
curring once weekly, lasting up to 10 minutes. Neurological
status: palpebral fissures were symmetrical (D = S). Object
tracking was preserved; pupillary light reflex was intact.
Convergence insufficiency was more pronounced on the left.
No facial asymmetry. Muscle tone was satisfactory. Deep
tendon reflexes were brisk, with left-sided predominance. No

meningeal or pyramidal signs. Recommendations: initiation
of antiepileptic drugs and B-complex vitamins. Brain MRI
and detailed ophthalmological assessment were indicated
to clarify the seizure etiology.

Ophthalmological evaluation (April 26, 2022): diagnosis
— bilateral compound hyperopic with-the-rule astigmatism;
mild amblyopia of the left eye; suspected bilateral partial
optic nerve atrophy. Recommended: continuous corrective
lens wear, right eye occlusion (2-3 hours/day), and left eye
visual stimulation.

Brain MRI (May 3, 2022): the periventricular white mat-
ter of both hemispheres exhibited scattered hyperintense
foci (1.5-2.0 mm in diameter) without perifocal edema or
diffusion restriction. A zone of abnormal signal intensity
(13 x 12 x 8 mm) was identified in the subcortical white mat-
ter of the right superior temporal gyrus, showing no diffusion
restriction. Abnormal signal intensity was also noted in the
white matter tracts of the superior cerebellar peduncles and
dentate nuclei, with minimal diffusion restriction. Ventricu-
lomegaly was observed, with the lateral ventricles and tem-
poral horns measuring up to 18 x 11 mm in the frontal plane.
Mild periventricular leukoaraiosis was present. Conclusion:
MRI findings of compensated triventricular hydrocephalus
and non-specific polyfocal leukoencephalopathy involving
the right temporal lobe, superior cerebellar peduncles, and
cerebellar nuclei (Fig. 2).

Afollow-up examination was performed at the end of the
intensive phase of treatment (after 150 doses). A thoracic
CT examination was performed.

Chest CT scan (May 2, 2022): the thoracic cage was
symmetric and normal in configuration. Axillary lymph
nodes were not enlarged on either side. Lung parenchy-
ma: fully expanded, with uniform aeration and normal
transparency. “Soft” and “conventionally soft” foci were
detected: 6.6 x 4.2 mm in S3 on the right, 2.6 mm in S8
paravasally, 3.5mmin S8/9, 7 mm on the left,and 2.2 x 4.5
mm in S10. No infiltrative shadows were observed in any
lung fields. Linear fibrosis was noted in S5 on the right.
Hilar and mediastinal lymph nodes were not enlarged.
Conclusion: CT signs of multiple soft and conventionally
soft lung foci. Linear fibrosis in S5 of the right lung. No
infiltrative changes or extensive mediastinal pathology
detected (Fig. 3).

Mantoux test (2 TU, May 31, 2022): 12 mm infiltrate.

Based on the chest CT findings and clinical progression,
the diagnosis was revised: Rifampicin-resistant tuberculosis
(initially diagnosed December 22, 2021). Extrapulmonary
tuberculosis: meningitis, acute period, without destruction
(Dest-), MTB+ (GeneXpert+), Culture+ (CSF), Rifampic-
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Fig. 2. Brain MRI performed in the ICU of the PNE “ZRCDCPP” ZRC.

Fig. 3. Chest CT scan performed in the Pediatric Unit following intensive care treatment at the PNE “ZRCDCPP” ZRC.

Fig. 4. Brain MRI performed in the Pediatric Unit of the PNE “ZRCDCPP” ZRC.

Fig. 5. Chest CT scan obtained at the completion of treatment in the Pediatric Unit.

in-resistant. Disseminated pulmonary tuberculosis: Dest-,
MTB-negative (Microscopy-, Culture-). Ophthalmic findings:
complex hyperopic astigmatism (direct type) and partial
optic nerve atrophy in both eyes.

The patient remained in the ICU until May 23, 2022.
Neurologist evaluation (June 2, 2022): tuberculous men-
ingitis, early recovery period with severe brain damage
(triventricular hydrocephalus, multifocal leukoencephalo-
pathy involving the right temporal lobe, superior cerebellar
peduncle, and corpus callosum nuclei). Cognitive deficit,
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mild left-sided motor deficit, and epileptic syndrome. Rec-
ommended treatment: antiepileptic drugs, B-group vitamins,
Phenibut (250 mg/day for 1 month), and Acetazolamide
(125 mg/day).

Ophthalmologist evaluation (June 28, 2022): severe
hyperopic astigmatism (direct type) in both eyes. Recom-
mendation: gradual discontinuation of occlusion therapy.
Follow-up scheduled for Dec 2022.

Brain MRI (December 13, 2022): comparison with
the results from May 3, 2022 showed positive dynamics.
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Minimal signs of compensated triventricular hydrocephalus.
Signs of non-specific multifocal leukoencephalopathy with
gliosis formation in the right temporal lobe; involvement of
the superior cerebellar peduncles and cerebellar nuclei.
Potential residual inflammatory changes in the left mastoid
air cells (Fig. 4).

Neurological consultation (December 26, 2022): no
focal neurological deficits identified. Diagnosis: Sequelae of
tuberculous meningitis; epilepsy with personality changes;
cognitive impairment. Recommendations: psychiatric con-
sultation, follow-up brain MRI, and psychological counseling
sessions. Treatment guidelines were provided.

Ophthalmological examination (January 13, 2023):
bilateral complex hyperopic with-the-rule astigmatism. Re-
commendations: consistent use of corrective lenses, visual
hygiene, and continued neurological monitoring.

Prior to treatment completion, a follow-up chest CT was
performed. Chest CT (March 07, 2023): fully expanded lung
parenchyma, uniformly aerated, with normal transparency.
No focal orinfiltrative opacities detected. Linear fibrosis ob-
served in S5 and S10 of the left lung; paravertebral fibrosis
in the S6 segment of the right lung. Localized fibrosis (up
to 5.5 mm) noted at the sites of previous foci. Lymphatic
system: hilar and mediastinal lymph nodes were not en-
larged. Conclusion: no CT evidence of focal, infiltrative,
or space-occupying lesions in the lungs or mediastinum.
Identified linear fibrosis in S5 (right) and S10 (left), and
localized fibrosis in S6 (right). Over the observation period,
significant radiological improvement was noted, character-
ized by the complete resolution of all previously identified
pulmonary lesions (Fig. 5).

The patient tolerated the entire course of therapy with-
out adverse reactions. Upon discharge from the Pediatric
Unit, the final diagnosis was: rifampicin-resistant extrapul-
monary tuberculosis (confirmed December 22, 2021);
specifically, tuberculous meningitis in the early recovery
period with severe neurological sequelae (triventricular
hydrocephalus, multifocal leukoencephalopathy with
involvement of the right temporal lobe, superior cerebel-
lar peduncle, and the corpus callosum). The concurrent
diagnosis included disseminated pulmonary tuberculosis
in the phase of complete resolution (non-destructive,
smear-negative, culture-negative, Rif-resistant). Additional
comorbidities included cognitive impairment, epilepsy with
personality changes, and bilateral complex hyperopic with-
the-rule astigmatism. Long-term outpatient follow-up by a
pediatric pulmonologist (phthisiologist), neurologist, and
ophthalmologist was recommended.

Discussion

TBM is the most severe manifestation of central nervous
system involvement caused by MTB. As the most devastat-
ing form of TB, TBM imposes a persistent long-term burden
not only on the patient’s family but also on clinicians across
various disciplines. This is primarily due to diagnostic
complexities; TBM remains a significant clinical challenge,
often leading to delayed initiation of anti-TB therapy. Con-
sequently, timely prevention and early detection are critical
predictors for improving clinical outcomes [8].

One major hurdle in the management of TBM is a
potential lack of clinical suspicion among physicians.

In its early stages, TBM lacks pathognomonic features
and is frequently misdiagnosed as other febrile illnesses.
Literature analysis reveals that initial symptoms often
mimic flu-like syndromes. Clinically, TBM is classified
into three stages. The first stage typically lasts 1-2 weeks
and is characterized by non-specific symptoms such as
low-grade fever, headache, irritability, drowsiness, vom-
iting, photophobia, lethargy, and weight loss, which often
complicates early diagnosis. Most patients are diagnosed
during the second stage, presenting with lethargy, nuchal
rigidity, positive meningeal signs, convulsions, and focal
neurological deficits. Features of hydrocephalus, increased
intracranial pressure, and encephalitis, manifesting as
disorientation, movement or speech disorders, and cranial
nerve palsies (most commonly the VI nerve) may also
emerge. The third stage is associated with decerebrate or
decorticate posturing, hemiplegia, coma, and, ultimately,
high mortality rates.

Diagnosis is multifaceted, integrating epidemiological,
clinical, laboratory, and neuroimaging data. In this clinical
case, the child was initially suspected of having acute
bacterial meningitis; TBM was not considered due to the
non-specific nature of the initial presentation. This under-
scores the necessity of prioritizing epidemiological factors,
such as contact with known TB patients, BCG vaccination
status, and socio-economic conditions. Notably, in our case,
the social environment, a large family living in substandard
conditions, was initially overlooked.

Critical diagnostic delays were also observed. Scientific
guidelines emphasize the urgency of CSF analysis (evalu-
ating protein, glucose, and chloride levels) to identify MTB
etiology, followed by microbiological confirmation. In our
patient, these parameters were only assessed two weeks
after admission, following neurological deterioration and a
failure to respond to empirical treatment for acute bacterial
meningitis. During this delay, the lack of targeted anti-TB
therapy resulted in significant neurological decline. Diag-
nostic confirmation was finally achieved after a third lumbar
puncture using the GeneXpert MTB/RIF Ultra assay. This
test not only identified MTB but also detected rifampicin
resistance, enabling the timely adjustment of the treatment
regimen. Thus, the application of modern molecular tests
like GeneXpert Ultra is essential for rapid TBM confirma-
tion and serves as a vital alternative to traditional culture
methods [12].

Based on the analysis of the literature, researchers
emphasize the importance of chest imaging for identifying
primary pulmonary localization. Although the initial chest
X-ray was unremarkable, a subsequent CT scan revealed
characteristic tubercular changes. The negative Mantoux
test upon admission is also typical for severe forms of TB,
often reflecting a state of secondary immunodeficiency or
anergy.

Contact investigation revealed that the mother had
pulmonary TB resistant to first-line drugs (isoniazid and ri-
fampicin). Following this discovery, the family was screened,
and the remaining three children received preventive ther-
apy. This highlights the vital role of contact tracing in iden-
tifying the index patient. Finally, the management of such
patients requires a multidisciplinary approach, including the
timely administration of corticosteroids, anticonvulsants, and
symptomatic therapy to mitigate long-term sequelae [13,14].

Zaporozhye Medical Journal. Volume 28. Issue 1, January - February 2026


https://zmj.zsmu.edu.ua/

KAIHIYHWMW BUMAAOK

Thus, drug-resistant TBM presents the most signifi-
cant diagnostic and therapeutic challenges. The scarcity
of research on drug-resistant TB in pediatric populations
results in a lack of standardized management algorithms,
necessitating further study.

Conclusions

1. Central nervous system tuberculosis remains a ma-
jor cause of significant disability and mortality in children,
particularly in high-burden countries.

2. The clinical course of tuberculous meningitis in
children is characterized by specific features, with initial
symptoms frequently manifesting as severe disease.

3. Early diagnosis necessitates a high index of clinical
suspicion among physicians across various specialties. This
is facilitated by the implementation of modern molecular
diagnostic tools, such as Xpert MTB/RIF Ultra, integrat-
ed with comprehensive clinical, laboratory, and imaging
investigations.

4. Prompt initiation of comprehensive anti-tuberculosis
therapy and adjunctive treatments, specifically corticoste-
roids and psychosocial support, reduces mortality rates and
improves long-term neurological outcomes.

5. Systematic screening of high-risk groups and the ad-
ministration of preventive treatment are crucial for reducing
the incidence of this severe condition.

Prospects for further research. Future studies should
focus on optimizing diagnostic algorithms for pediatric tuber-
culous meningitis to ensure earlier detection and improved
clinical management.
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