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AHoTaLlifl: oLiHUTY piBeHb iHTepecy 1o MiKapchbKUX 3ac06iB Ha OCHOBI Aitoyoi pedoBUHY Hiconposnony B YKpaiHi Ta
cBiTi 32 fomoMororo TexHosorii mourykosoro pecypcy Google Trends. I oniHKM 3araabHUX TeHJEHIII iHTepecy
o nikapcpKoro mpernapaty KoHkop Ta okpeMo #ito4ol pedoBMHMU GiCOIPOTY 3 BUKOPUCTAHHAM BeOIHCTPYMEHTY
Google Trends npoaHanisoBaHO NOIIYKOBY aKTMBHICTb aHITIICHKOIO MOBOIO Yy cBiTi 3 2004 poky. Google Trends —
1I€ MOINYKOBA CUCTEMA, KA BUKOPUCTOBYETHCA [/I BUBYEHHs TEH[EHLIN i 3aKOHOMIPHOCTEN IOUIYKOBUX 3aIll-
TiB y Google, n03BO/s€ BYeHNM OTPMMYBaTH KinbKicHi Ta AkicHI mokasHuku iHTepecy xopucrysauiB y Google,
BM3HAYATY aKTyasbHi TeH/IEHIIi B pisHUX perioHax CBiTy B Pi3HMX 4acOBMX BUMipax [yiA aHanisy. JJocmimkenHa
HPMCBAYEHO OLiHIII iHTepecy [0 NiKapchKoro npenapary KoHKop Ta okpeMo 110 Ailo4oi pedoBuHM 6icompoomny Ha
0CHOBI cy4acHoiI mourykooi cucremy Google Trends. BupimenHs npo6ieMu oiHKM piBHA iHTepecy 0 TiKapCbKoO-
ro mpenapaTy KoHKOp y cBiTi IIAXOM aHai3y IOLUIYKOBMX 3alMTiB aHITICHbKO0 MOBOIO B Google mokasaso, mo
151 TeMa € 3HaYyIIO i focnifkeHHs. OriHka 3anuTiB 3acBiguna, 1o 3 2004 poky crocTepiraerbes crabinpHe
3pOCTaHHsI IOLIYKOBOI aKTMBHOCTI KopucTyBadis Google 1mjopo mito4yoi pewoBuu bicomponony. Bunineno xpai-
HY 3 HallBMIIMM piBHeM iHTepecy mip dac nomryky. ITomykosa cucrema Google Trends fae 3Mory mocnifHukaMm B
MeJMIVIHI Ta OXOPOHi 37J0POB’sl OTPUMYBAT! Ki/lbKiCHI Ta AKiCHi MOKa3HMKM IIOIIYKOBMX 3aINUTiB KOPUCTYBayiB
Google cTOCOBHO NTiKapChKUX IpelapariB Ta iHIIMX IMTaHb, TOB A3aHNUX i3 3JOPOB’sIM, BU3HAYATH CY4acHi TPeHAU
B pisHUX KpaiHaX cBiTy /1 mpoBeleHH: aHanisy. [TomrykoBa akTuBHICTh B Google 1mofo mkapcbkoro npemapary
Konkop i pirouoi pedoBrHm 6iconponony y cBiTi Hokasamy 3poCTaHH:A iHTepecy O IMX NTiKapChbKMX IIpeIapaTib.
B Ykpaini 3a octaHHi I'sITh POKiB Ki/IBKICTh 3aIMTIB MajKe OFHAKOBa I[ORO JiKapchKoro mpemnapary Koxnkop ta
oKpeMo Jirouoi pedoBuHM Oicomposnorn. BifsHaueHO HassBHICTD CIOpPiZHEHOCTi B3a€EMO3B SA3KIB 3a HaHUMMU 3BITYy
BOO3 2025 poky 1mjof0 moummpeHocTi Ta 06i3HaHOCT] 3axBopioBaHHs Al i3 ITOIIYKOBOIO aKTMBHICTIO i3 3amuTy
TiTOTEH3MBHMUX JIIKAPCHKMX MpeNapariB B pisHuX Kpainax cpiTy. OTKe, Iofanblie BUKOPUCTAHH:A IOIIYKOBO] CHC-
temut Google Trends /151 OLiHKY PiBHA iHTEpeCy O HOBMX MIKAPChKMX IIpeIapariB [isl MaLi€HTiB 3 apTepiaIbHOIO
rinepreHsieio B YkpaiHi Ta cBiTi MO>ke Oy TU IIepCIeKTUBHYIM.

KntoyoBi cnoBa: aprepianbHa rinepreHsis, 6icomposon, cepLeBO-CYAMHHI 3aXBOPIOBAaHHS, IOIIYKOBA CUCTEMa,
TPEHJM.
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BcTyn

HesBakaroun Ha 3HAYHUII IPOrpec y pO3yMiHHI
ckmazgHoi marodisionorii, rinepTeHsis 3aMUIIA€ThCA
Cepito3HOI TPOOIEMOI0 TPOMAJICHKOTO 3IOPOB’S,
sIKa Bpa)kae IoHaj, 1,2 MibApaa JOPOCINX BiKOM Bift
30 mo 79 pokiB y BcboMmy cBiTi [1].

BOO3 ony6nikyBasna HOBI peKOMeHJaMil 1[0f0
¢dbapmakosIOriyHOrO JIiKyBaHHs rinmepTeHsii B fo-
pocnux 2021 poky, ne BupineHo 1m.12. «CepueBo-
CyAuHHI 3ac00u», cepelt AKMX BU3HAYEeHO bicompo-
non [2]. Bicomponon, cenextuBHUi [3,-610KaTop,
HUIMPOKO NPYU3HAYa€ThCA /1A TiKyBaHHA apTepiaib-
Hol rineprensii (AI') Ta ceplieBO-CyMHHUX 3aXBO-
proBaHb [3]. 3a JaHMMM HIMEIPKMX HOCTITHMKIB,
3 1985 1o 2022 pik. 6icormposton yBiiios y gecATKy
HANIIONY/IAPHIINMX IIperapaTiB. Ha AKi IPUIIA/IAI0
noHap 41 % ycix nmpusHayeHMX f0OOBMX 7103, SKi
BM3HA4YeHi yepe3 JOOOBi /03U Ta BUTpPATU Ha BU-
3HaueHy J000By 103y ms 10 mpenapatis Oy B3A-
i 3i 3BiTY Arzneiverordnungsreport (AVR) 3 1986
1o 2023 piK, a TaKOXX IIpOaHali30BaHO 3MiHU B II0-
BeiHIli Ipu3HaYeHHA JiKiB Ta ix npuymHu. IIpo-
TATOM 0araTbOX POKiB BUTpPATy Ha (papMalleBTUYHi
npernapaTty Oyay APYro0 3a BEINYMHOIO CTATTEIo
BUTPAT /11 GOHAIB AEeP>KaBHOTO MEINYHOTO CTpa-
xyBanHa (SHI) y Himewumni micns BuTpar Ha
JIUCTKYM HempanesfaTHocTi. JJocmigHuky mimm
BJYICHOBKY, IJO TaKe JOCTi[P)KEHH € KOPUCHUM [I/A
IIPOTHO3YBaHHA PeLeNTiB Ha JIiKM Ta 3an00iraHHA
MaribyTHboMy medinuTy nikiB He muine B Himeu-
4YIHi, ajie 11 y BCbOMY CBiTi, TAKOXX MO>XHa BBaXKa-
TH, IO BUMIipIOBaHHA IOIIYKOBMUX 3allUTiB MOXKe
OyTV JOHATKOBMM IHCTPYMEHTOM /I ITOCHUJIEHHS
TOYHOCTI IpOrHo3iB [4]. [pyna iHAificbKux BYeHNX
MigTBepAUIa, 1o 6icomponon € BuUCOKoKapzioce-
NeKTUBHUM OeTa-1-6710KaTOpOM, Ma€ TEOPETUYHY
nepeBary Haj, iHIIMMM KapHioCeleKTUBHUMMU Oe-
Ta-0/10KaTOpaMy 3aBSKM Kpaiiil epeKTUBHOCTI
Ta NEepEeHOCUMOCTi IIpy NiKyBaHHiI Al, mposegeno
MeTaaHasIi3 JOCIiKeHb 00 Micis bicompomnony
B Tepanii AI' Ha 6a3i nitreparypu PubMed, Embase,
Cochrane Library, Clinicaltrials.gov, Surveillance,
Epidemiology and End Results Program Ta 12 6a3
naHux PV, AKi cucTeMaTUYHO NEPeraAHyTi A1 BU-
SABJICHHA PaHOMI3OBaHUX, IApaje/IbHUX KIIiHIY-
HUX JIOCTi/>KeHb. Pe3ynpTaTu 1bOro MeTaaHamisy
IIOKa3ay, 1o 6icomposIon NpogeMOHCTPYBaB 3Ha-
YHe 3HVDKeHHA apTepianbHoro Tucky (AT), yacrotn
CeplieBUX CKOPOYeHb [5].

MeTta

OuinnTu piBeHb iHTepecy JKapChbKMMM IIpela-
paTaMu Ha OCHOBI [iif0uoi pedoBUHM OicOMpONON B
YkpaiHi Ta cBiTi 3 BUKOPMCTaHHAM TEXHOJIOTII IIOMIY-
koBoi cucremu Google Trends.
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[TourykoBuit onaitH-pecypc Google Trends mos-
BOJIAE€ BU3HAYMUTU iHTepec [0 TUX YM IHIIMX JIiKap-
CbKMX IIpenapariB B PiSHUX KpaiHax CBiTY IPOTATOM
BM3HAYEHOTO [OCTiIHMKOM 4Yacy 3a HasABHMMM B
MOIIYKOBi/l CUCTEMi BUMipaMu [6,7], axuit Hao4HO
IpeAICTAB/IAE JUHAMIKY iHTepecy [0 3aJJaHUX TeM
(Big 0 ;mo 100), reorpadiro 3amuTiB Ta CE30HHICTH.
Jlani momykoBux cucrem, 3okpema Google Trends,
HaOy/u MOLIMpeHHs Y cdepi OXOPOHM 3TOPOB’s [Is
MOHITOPMHIY pi3HMX TeM iHTepecy HaceleHHA [0
BifIcTeXXeHHS cHajaxiB rpuny abo iHIMX XBOpoO, a
TaKOXX JJO MOHITOPUHTY I1iKaBOCTi meBHUMM apma-
LIeBTUYHMMU IpenapaTamu [8].

st po3B’si3aHHS 3aBaHHA 3 OLIiHIOBaHHS PiBHS
iHTepecy BMKOPMCTaHHsA JiKapCbKOTO Ipemapary
Konxkop Ta itoro firo4oi peuoByHM 6icOIPOION aBTOP
BUKOPUCTaB Cy4YacHy IIOLIYKOBY cuctemy Google
Trends [7], mwo ocTaHHIM 9acoM yce dacTille 3acTo-
COBYETbCA B HAyKOBMX Ta aHAJITUYHMX ONPALbOBY-
BAHHAX i HaJla€ CTaTUCTUKY ITOIIYKOBOI aKTMBHOCTI
CIIOXMBAYiB y pi3HMX perioHax cBitTy. [l BuUMipio-
BaHHA TeHJEH1]ii SMiHM piBHA iHTE€peCy KOpUCTyBaviB
Google o nikapchKoro npenapaTy Ha OCHOBI {10401
pedyoBuHM 6icompostona 3acTocoByeThcst 100-6anbHa
IIKa/a, sIKa JO3BOMUIA BCTAHOBUTHY 3aKOHOMipHOC-
Ti, YaCOBi IiKM Ta pO3Max IOLIYKIB Y KOHKPETHMIA
nepiof, sSIKuil aBTOp 0OpaB 3a BUMipIOBaHHS BifiIlo-
BiIHO [0 NPOINO3KIIiNl MIOIIYKOBOI cucteMu. g Bu-
3HAYEHHA CBITOBMX TPEH[iB IOIIYKOBOI aKTMBHOCTI
y cBiti Ta 1i 0co61mmMBoOCTelT B OKpeMMX KpaiHax 6y1o
obpano nepiox 3 2004 poky. 3icTaB/eHHs LUX JaHUX
i3 piBHEM 00i3HAHOCTi HaceleHHs IOAO apTepianb-
HOI rinepTeHsii IpOBOAMIOCA HA OCHOBI OCTaHHbOTO
3BiTy BOO3 [9]. fIK iHCTpYMEHT JOCiI)KEHH BUKO-
PUCTAHO aHaJIi3 JaHMX, OTPUMMAaHMUX 3a JNOIIOMOIOIO
cepsicy Google Trends, m1a BusHaueHHA piBHA 3a-
L[iKaB/IEHOCTiI LIYKPO3HIDKYIOUMM JIiKapChbKUM IIpe-
naparoM [IxapaiHc B pisHMX KpaiHax CBiTy, 1O [03-
BOJIMJIO OTPMMATM AKICHI Ta KilbKiCHI NOKa3HUKHU
IJI BU3HAYEHHA CYy4YacHUX TPEHJIIB y Pi3HMX Kpai-
HaX I[0/J0 KOHKPETHOT'O aHa/Ii30BaHOTO JIiKapChKOTO
npenapary [10]. [I14 Bu3HaYeHHA CTaTUCTUYHMX T1a-
paMeTpiB oliHIOBaHHA iHTepecy kopuctpauiB Google
BUJIJIEHO 7 KpalH-/ifiepiB 3 NepeBa)KHUM IOLTYKOM
mikapcpkoro npemnapaTy KoHKop Ta mepeBa>kKHUM
HOIIYKOM 0iCOIIpPOIION Yepe3 BCTAaHOB/IEHHSI IUTOMOT
Bary B 3arajIbHill CTaTUCTULi IOIIYKY, /1 YaCTUHMU 3
SKMX JjajIi BUKOHAHO NOIMO/IeHe OL[iHIOBaHHS.

Bini6pano 20 xpain nigepiB — mo 10 kpaiH 3 Mak-
CUMaJ/IbHMM IIpeBaTI0BaHHAM IOMIYKY KOXKHOTO 3 JTi-
KapCbKMX IIpenapariB. BusHadeHO cepefHiil piBeHb
HOIIYKOBOI aKTMBHOCTI KopucTyBadiB Google B 1ux
KpalHax IIOAO KOXKHOIO 3 JIIKApChKMX Ipenaparis i
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ix cymapHmit piBeHb iHTepecy 3a 100 6anpHOIO IIKa-
nowo. IloxkasHuku piBHA nommpeHocTi Al Ta piBHA
ob6izHaHOCTI 0Ci6 3 03Hakamu AT po cBoO€ 3axBOpIO-
BaHHA y 3a3HaYeHUX KpaiHax B3ATo 3i 3BiTy BOO3
(ctarmapTM3oBaHi MoKasHuKn) [9]. 3a pesynpratamMn
BCTAHOBJIEHHS BiIIOBiMHOCTI CTaTUCTUYHMX ITOKa3-
HukiB BOO3 piBHIO MOIIYKOBUX 3alUTiB KOPUCTY-
BauiB Google aHI/IiICbKOI0 MOBOIO IIOA0 TIKAPCHKIX
npenaparis Concor ta bisoprolol nobynosano nia-
rpamy, sika rpaivHo npencTaBIeHa Ha puc. 7.

Pesynbtatn

Insa aHamisy 3araabHUX TeHAEHLiN iHTepecy mo
miKapcpbKoro mnpenapaTy Konkop mnpoananisosaHO
IIOIIYKOBY aKTMBHICTh aHIIIICHKOI0 MOBOKO ILOJO
npenapary KoHkop Ta okpeMo 1110/10 710T0 Ai04oi pe-
4yoByHI (bicompornony) y cBiti 3a nepion i3 2004 poky
1o 5 ciung 2026 poKy 3 BUKOPUCTAHHAM IOIITYKOBOI
cucremn Google Trends. Opepxannit posmopin 3a-
MUTIB HIOfO JlikapcbKoro npemnapary Concor Ta fjifo-
4ol peyoByHM bisoprolol aHIiICbKOI0 MOBOIO y CBITi
noziaHo Ha puc.l. Po3B’si3aHHs 3aBHaHHSA 3 OLIHKM
piBHA iHTepecy [0 TilOTEH3MBHOIO JiKapChKOIro
npenapary Concor y CBiTi 4epes aHa/li3 MOIIYKOBUX
3aINTIiB aHITICbKO0 MOBOKW y Google migrBepau-
70, IO 11 TEMATHKA € 3HAYYLIOK I/ NOCTi/[KEHHH,
nounHatoun 3 2004 poxy s Gicomporony, Komu 3i
BCTaHOB/IeHMMM 10-6ajaMu IOIIYKOBOI aKTMBHOC-
Ti Ha NMOYATKy BMMIpIOBaHHs BiOYIOCH HMOCTYIIO-
B€ 3pOCTaHHA HANpUKiHLi >XOBTHA 2025 poky 11 1o
100 6aniB. CyTTeBuil Inepexiy [0 IpeBaTIOBaHHSI
HOIIYKOBOTO iHTepecy fo biconposnony BinOyBaBcs B
ciuni 2017 poky. llloxo nikapcpkoro npenapaty Kon-
KOp, TO CIIOCTepira€Tbcsi Oi/bII MOBiNMbHE 3pOCTaH-
Hs TIOIIYKOBOTO iHTepeCy 3a Mepiofi CIOCTEPEKEHHA

MEOVLVHA I

Ornap niTepatypu

3 IIEBHOI0 3aTPUMKOIO TicnA 2024 poky, Ha IMOYATKy
2024 poky 3adikcoBaHo piBeHb 20 6ayIiB 3 MaKCUMY-
MOM Y cepitHi 2024 poky - o 60 6ais.

3a momrykoBumu 3anuramu 3a 100-6a1bpHOI0 IIKa-
noto Ha Concor Ta bisoprolol 3a 1eit nepiop cmiB-
BifHOILIIEHHA 3arajJibHUX CepefiHiX MO0 LMX 3alu-
TiB CTAaHOBUTH 36:41 Ha KOPUCTD [Iil040i peYOBUHMU
bisoprolol,. oT>xe, Big3HaueHO 3arajbHMIl TPEHJ Ha
3pOCTaHHA IHTEpecCy [0 LMX TiNOTeH3MBHUX JIiKap-
CbKMX IIpenaparis.

Y Tab6n.1 HaBeleHO pPO3MNO/I KpaiH 3a piBHEM IIO-
mykoBux 3anuTis Concor ta bisoprolol anriiicpkoro
MoBom y Google 3a mepiog 3 2004 poky cTaHOM Ha
15 mororo 2026 poky. Ak BUEHO 3 Tabn.1, a”amis 3
BUKOPUCTaHHAM TexHosorii Google Trends xinmb-
KOCTi IIOIIYKOBMX 3aIlMTiB aHIJII/ICPKOIO MOBOIO
y Google mopo nikapcpkoro npemnapary Concor 1o-
PiBHAHO 3 KiJIbKICTIO IOIIYKOBUX 3aIlUTiB OKPEMO
nuire fito4oi pedoBuHM bisoprolol y cBiTi 3a nepiox
3 2004 poky IOKasaB, 110 CTaTUCTUYHA 3HAYMMICTh
IIOIIYKOBMX 3aIMTiB aHITIIICBKOI0 MOBOIO BifI3Haue-
Ha'y 73 KpaiHaX.

3a kinbkicTio kpaiH (tabnm. 1) mpesamioe Io-
HIyK caMe Ha3BM JiKapcbkoro npenapary Concor y
44 xpaiHax, y B’eTHami nToMa Bara y 3almTax 1jofo
NIOpIBHAHHA JIKapChbKMX IpernapariB mana 50:50
mozo aioouoi pewoBuHn bisoprolol. ITepesary B mo-
YKy caMe fiitoyoi pedoByHu bisoprolol mopiBHAHO
3 KizbkicTio 3anuTiB Google Ha3BM JikapcpKOro mpe-
napary Concor MawTb 29 KpaiH. 3a CKJIaZioM Kpa-
iH OinpIn BioMmit caMe TilIOTEH3MBHMII Ipemapar
Concor y kpainax Cxigaoi €ponu, Asii. [lepesakne
3aCTOCYBaHHS {0401 pe4oBMHM 6icOIpOION y Kpai-
Hax 3axifiHOi €BpONY MOXXHA MOSACHUTY MiCLleBUMU

Puc. 1. Posmogin y cBiti momrykosux 3anutiB B Google mikapcbkoro npemnapary Concor Ta OKpeMo J1ifo4o1
pedyoBuHM bisoprolol anriricpkoto MoBo 3 2004 poky Ha 05 cigHs 2026 poKy.

#cepeno: aBTopcbka po3pobka
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Tabnuugs 1. Posmopin kpaiH i3 BU3HaYeHH: piBHA NOMIYKOBOI aKTMBHOCTI TiMOTeH3UBHUX /TiKapChKUX
npenapariB Concor Ta bisoprolol anriiicbkoro MoBoIo y cBiTi 3a nepiog; 3 2004 poxy

1o 15 mrororo 2026 poxy

CniBBigHOLEHHS piBHA
NoLIYKOBUX 3anuTiB
y Google nikapcbKkoro
npenapaty Concor Ta
Aitoyoi peyoBuHu bisoprolol
QHMNiWCbKO0 MOBOIO

Po3snogin 7 kpain-nigepis
3a piBHEM MOLIYKOBUX
3anuTiB y Google
nikapcbKoro npenapary

Concor aHrNincbKo MOBOIO

CniBBigHOLEHHS piBHSA
NoLIYKOBUX 3aMuUTiB
y Google nikapcbkoro
npenapaty Concor Ta
pitoyoi peyoBuHM bisoprolol
aHMikcbKOK MOBOIO

Po3nogin
7 KpaiH-nipepiB KpaiH
3a piBHEM NOLUIYKOBUX
3anuTiB y Google pitouoi
pevoBuHu bisoprolol»
QHrNiNCbKO MOBOIO

91:9 [Hpia 11:89 Higepnangu
91:9 TypeyumnHa 10:90 HimeuumHa

90:10 Kysent 8:92 KaHapa

88:12 PyMyHis 8:92 LBeuis

87:13 CnoBeHis 5:95 Benuka bputanis
86:14 Monbwa 5:95 ®paHuis

85:15 XopBarTisi 4:96 benbria

[xepeno: aBTopcbka po3pobka

MeUYHVMY IPOTOKOJIAMU Ta JTiKapChbKUMM Tpaju-
gismu. OTKe, MO>KHA 3pOOUTH BUCHOBOK, IO Ce-
pen aHI7IOMOBHOI ayauTopii kopuctyBadiB Google y
CBiTi CIIOCTEPIra€TbCcs MaibKe piBHA 3alliKaB/IEHiCTb
[0 KpaiHaxX CBiTy MO LUX TilIOT€H3VBHMX JIiKap-
CBKUX TpenapariB. [[/s1 JOZATKOBOTO HOIIMNOTEHOTO
aHa/li3y pO3ILAHYTO KpaiHW, Y AKMX NPOBOJUINUCH
OOBIOTPUBAI JOCHIIKEHHA ILIOAO BUKOPUCTAHHA
TiNOTeH3MBHUX MiKapChbKUX Npenaparis. B Inpii mpo-
BEJiEHO €KCIlepTHe onmuTyBaHHA 504 KiiHiNMCTiB,
cepef AKUX 56 % BU3Ha/IM 6iCONPOION HepeBaXKHUM
6era-6mokaTopoM [11]. 3a aHMMM NTOLIYKOBOI aK-
TUBHOCTI (Tab6m1.1), IHAiA TakoX MifMpye B MOLIyKax
TiKapcbKoro npenapaTy KoHKOp 3 Iifo4or pe4oBu-
Holo 6icompornon. [l 3pilicHeHHA HOPiBHAIBHOTO
aHaJIi3y WIO/I0 OLIHKM 3aljiKaBJIE€HOCTIi TilIOTE€H3UB-

HMM JIIKapChbKMM IpenapaToM KOHKOp NIpu BUKO-
puctanHi Texnonorii Google Trends sanponoHoBano
OfiepXKaTy JOMaTKOBY iH(GOpMalilo LIO0 OKpeMMX
KpaiH 3 60Ky 3allikaBJeHuX Hoirykysadis. [logaTok
aHaJ/li3y BMKOHAHO Ha NpUKIafi IHzil, mo HaBemeHO
Ha puc. 2.

Sx BUAHO 3 puc. 2, 32 OCTaHHi 5 POKiB piBeHb
3alikaB/IeHOCTi JiKapcbKuM mpenapatoM Concor
cepesi aHIVIOMOBHOI ayamuTopil OyB cTabinbHMM Ha
cepenHboMy piBHi 48 6aniB 3a 100 6anpHOIO LIKa-
JIOK0 3 HEBEIMKMMM KONMBAaHHAMMY, LOJO [il040l
pedoBuHu bisoprolol Big3HaueHo TeX cTabimpHUIA
piBeHb HOLIYKy HabaraTo HYDKYMII Ha piBHi 7 6amiB
3 HEe3HaYHMM TPEHJOM JI0 3pOCTaHHA y 2025 poui.
OTke, IIOIIYKOBUIT iHTEpeC 3a/IMIIAETHCS CTAOINBHO
cepefiHiM, 110 MOXKe CBijldMTU IIPO 3aCTOCYBaHHA B

Puc. 2. Posnogin nomykosux 3anutis B Google mjozo nikapcbkoro npenapary Concor Ta Jil04oi pe4oBUHM
bisoprolol anriricekoto MmoBor B [Hpil 3a ocTanHi 5 pokiB cTanoM Ha 15 moToro 2026 poky.

I#cepeno: aBTOpcbka po3pobxa.
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rinOTEeH3MBHIN Tepalil i iHIMNX JIiIKapChbKMUX Ipera-
pariB [11]. TeputopianbHo BufineHo 35 ocepefkis,
AKi 61 CTaTUCTUYIHO 3HAYVMIUMM OO MTOLIYKOBOI
aKTVMBHOCTI, Y IBOX perioHax IIyKajy TiIbKY JTiKap-
cbKuli mpemnapar Konkop, sokpema, y cronmuui [leri, a
iHILIi periony Maay pisHUI CTYIiHb CIiBBiIHOIIEHHA
nomyky mozno Konkopy Ta 6iconpornorny, 3 cyTTeBUM
nepepakaHHAM KoHkopy, Tinbku B perioHi Ilymy-
4yeppi CHiBBifJHOLIEHHA CTAHOBUTb MAaKCHMa/IbHY
BifMiHHicTb - 67:33 y 6ik Konkopy 3a 100 6anbHOI0
mkanow. EdexTuBHicTh 6iconponony MOpiBHAHO 3
iHmmMy B-6710KkaTopaMy Ta iHIIMMY TiNOTEH3VBHU-
MI KJIacaMI OL[iHEHO Yepe3 KOTOPTHe JOCTiI>)KeHHA
B Clinical Practice Research Datalink (CPRD), saxa
€ 6a3010 JJaHVX MTEePBUHHOI MEUYHOI JOTIOMOTH, 1[0
30Mpae aHOHIMI30BaHi eeKTPOHHI MeUYHI 3amncu
nanieHTiB Bif mikapiB 3aranpHoi npaktuku (CTE),
1110 OXOIUTIOIOTH ITOHaJ, 50 MiNbIIOHIB NalieHTiB y Be-
nukiit bpurawnii [12]. Ha puc.3 HaBemeHO posmopin
HoIIyKoBuX 3annTiB y Google mikapcbkoro npenapa-
Ty Concor Ta Aiouoi peyoBuHnu biconposnon y Bemn-
Kilt bpuraHii 3a ocTaHHi 5 poKiB.

Sx BupHO 3 puc.3, piBeHb HACMYEHOCTI MOIIYKY 32
OCTaHHi 5 pOKiB IT0Ka3aB, 1[0 IepeBAXKAE 3 CEPeAHbOL
BEJIMYMHOIO y 79 6asiB fiitoya pedyoBuHa bicomponon
i3 cTifiKuM 3pocTaHHAM 3 IpygHA 2021 poky i mo
LIbOTO 4acy. PiBeHb NMOIIYKOBUX 3alIUTiB JIiKapCbhKO-
ro mpenapary KoHKOp € CTaTMCTMYHO 3HAYMMUM,
cTabiIbHUM, aje Iy>Xe HU3bKUM (3% sx B AHrmii,
tak i B MloTnanpii, [liBuiunint Ipnaupii). HaBeneni
pesy/nbTaTy BUMipIOBaHHA 3a IIOIIYKOBOI CHCTEMOIO
Google Trends MOXyTb CBiUMTM NPO MOCUIEHHS
BIIPOBA/)KEHHA B TepalleBTUYHY IpPAKTUKY Yepe3

MEOVLVHA I

Ornap niTepatypu

IIOLIYKOBY AKTMBHICTh KOPUCTYBayiB JIiKapCbhbKOTO
npenapary 6icomposnon 3a ocTaHHi poku. Ilonbiia
ta Typeuunna (Ta6m1.1) BupineHi cepep nifepis mopo
MOLIYKOBMX 3aIlMTiB MiKapchKoro mpemapary Kow-
KOp, SIKUII HaJIeXUTb A0 [P-670KaTopiB cepen rimo-
TeH3VBHUX INpenapariB. JHaueHHA [/ OL[iHIOBaHHA
CTaBJIEHHA iKapiB 1O NpM3HAYEHHA [UX MperapariB
€ BaXJIBYIM 3 NOPiBHAJIBHOIO METOIO.

Bueni mpoBenu KinbKiCHE ONMTYBaHHA 3 BUKO-
pUCTaHHAM KoMITIoTepHOro BebinTeps’to (CAWI) B
Itanii, [lonpmi ta TypeuunHi, 106 JOCTIAUTH JTiKap-
CbKi IpU3Ha4YeHHA Ta CHIPUMHATTA NAllilEHTaMMU Tillo-
TEH3MBHUX IIpeTapaTiB 3 aKLeHTOM Ha -6/10KaTopu,
OLIiHUTH MO/l BUKOPUCTaHHs IIpenaparis Ta Mpu-
4JHY, 10 JIKATh B OCHOBI Bubopy penentis [1]. Ha
puc. 4 Ta puc. 5 IIOlaHO POSIIOAI/ IOIIYKOBUX 3aIlN-
tiB B Google mixapcbkoro npemnapary Concor Ta fi-
10401 pedoBuHM bicorponon y Typeuunni ta [Tonbii
3a OCTaHHi 5 pOKiB.

PiBenp HacmueHocTi momyky (puc.4) 3a ocTaHHi
5 pOKiB IIOKa3aB, 1O IIEPEBAXKAE 3 CEPENHDBOL BEIN-
4MHOI0 ¥ 69 6aniB nikapchkuit mpenapar Concor i3
CTiMIKMM 3pOCTaHHAM 3 MnHA 2022 poKy i J0 IbOro
Jacy, ajie HayfiBUIIMII piBeHb OYB y TpaBHi 2025 poKy.

PiBeHb IMOIIYKOBUX 3aIUTIB Jil040i pedoBUHM Oi-
COIIPOJ/ION € CTATUCTUYHO 3HAYMMMUM, CTabOiIbHMM,
alme HM3bKMM Ha piBHiI 4%. IlepeBakaHHA piBHA
IIOIIYKY JIIKAPCbKOTO IIpemnapary II0 BCiil TepUTopii
Typeuunnu € maike OfHaKoOBUM, LikaBuM € 100%
piBeHb IOLIYKOBMX 3aNUTIB Aif040i pedoBMHU Oi-
componona B AHrtaiii. HaBefieHi pesynbratu BuMi-
proBaHHA 3a TexHomnorielo Google Trends mMoxyTb
CBiMMTH IO NMOCUIEHHs BIPOBa/I>)X€HHA B Tepalle-

Puc. 3. Posnogin nomykosux 3anutis B Google mikapcpkoro npenapary Concor HOpiBHAHO Ta OKpeMO
nitouoi peuoBuHM bisoprolol anriiicbkoro MoBoio y Benukiit Bpuranii 3a octanHi 5 pokiB cTaHOM
Ha 15 mororo 2026 poky.

L#epeno: aBTOpcbKa po3poOKa.
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Puc. 4. Posnopin nmourykoBux 3anutis B Google nikapcbkoro npenapary Concor HOpiBHSAHO
Ta OKpeMO Ji0u0i pedoBuHM bisoprolol aHIiiicbkoI0 MOBOIO 3a ocTaHHi 5 pokiB y TypeuunHi craHOM
Ha 15 moTtoro 2026 poky.

I#cepeno: aBTOpcbKa po3podka.

Puc. 5. Posnopin nmomykosux 3anutis B Google nikapcbkoro mpemnapary Concor HOpiBHAHO
Ta OKpeMO Jiouoi pedoBrHM bisoprolol aHIilicbKoI0 MOBOIO 3a OcTaHHi 5 pokiB y ITo/biii ctaHOM
Ha 15 moToro 2026 poky.

J#cepeno: aBTOpcbKa po3pobKa.

BTUYHY IIPAKTUKY 4Yepe3 MOIIYKOBY aKTUBHICTb KO-
PUCTYBadiB /TiKapChKOTO Ipernapary 6icomponon 3a
OCTaHHI POKH.

SIx BUAHO 3 puc. 5, piBeHb HACMYEHOCTI MOIIYKY B
[Monbuii 3a ocTaHHi IATh POKIB MOKa3aB., IIO Iepe-
Ba)Xa€ 3 CepeHbOI BeIMYMHOI0 y 71 6as iKapchKui
npenapar Concor, piBeHb IOUIYKOBUX 3alUTIiB Ii-
104901 pedoBUHM 6iconposnon € ctabi/IbHUM Ha piBHI
12%, cratuctuuHo 3HaumMum (p>0,005) Ilepea-
JKaHHA PiBHA IOLIYKY JIIKaPChKOIO IIperapary IIo
BCilt Teputopii Ilonpuii € JOocTaTHbO PiBHOMipHUM
3 BUZIVIEHHAM Maibke 98% KOHIIEeHTpalii 3anuTiB y
JlonsuHcbKOMy BoeBOACTBi. Croctepiraerbes 95%

UKRAINIAN SCIENTIFIC MEDICAL YOUTH JOURNAL @ 1 (160)/2026

piBeHb ITOIIYKOBMX 3aIINTiB 1if0490i B peyoBMHY bico-
IpooJ Y 3aXi/fHOIIOMOPCHKOMY BOEBOACTBI KpaiHM.
Kinpkictp 3anmtiB B Google 1mo/0 mikapchKoro mpe-
napary Concor Ta 7ioro fito4oi pe4oBuHn bisoprolol
AHITIICHKOI0 MOBOIO B YKpaiHi (puc. 6). OTxe, mani
3[Ii/ICHEHO aHaJi3 IOIIYKOBOI aKTMBHOCTI yKpaiH-
CbKOI0 MOBOIO 32 OCTaHHI 5 POKiB.

PiBenp HacmueHnocti momyky (puc. 6) 3a ocTaHHi
I’ATh POKIiB B YKpaiHi IOKa3aB, IO IOIIYK JHKap-
cpKoro mnpemnapaty KoHkop mepeBaxae 6icompornorn
(48:40), mpuyomy, moynHa4M 3 rpyaHa 2022 poky,
3MiHM IIOIIYKOBOI aKTMBHOCTI MalbKe OJHAKOBi 1O
IbOro 4acy. BifjsHadaeTbcaA MK 3alliKaBJIeHOCTI JIi-
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Puc. 6. Posnozin nomrykosux 3anutis B Google nmikapcpkoro npenapary Concor HOpiBHAHO Ta OKpeMO
nito4oi pewoBuHM bisoprolol aHIiICEKOIO Ta YKpaIHCHKOI MOBaMM 32 OCTaHHI 5 pOKiB B YkpaiHi cTaHOM
Ha 15 mororo 2026 poxy.

I#epeno: aBTOpcbKa po3poOKa.

KapcbKuM npenaparom Konkop y 6epesni 2022 poky.
[Tomo perioHaIbHOTO POS3IOfiNY YiTKO Bi/j3HAYA€Th-
cs1 mosIC moIIyKy Gicormpornona HaBkono KuiBcbkoi
0071acTi, MOIIYKOBI 3aIIUTH IOAO TIKAPChKOTO IIpe-
napatry KoHkop mpepncTabieHi Maibke piBHOMipHO
y Bcix obmactax Ykpainu. OTxe, iHTepec fAK JiKap-
cbKuM mpenaparoM KoHKop, Tak i okpeMo fi040:0
PedoBMHOIO HiconpononoM B YkpaiHi OFHaKOBO po3-
nopineHnit. Ik BUgHO 3 puc.1-6, TpeHAY MOMIYKOBOI
akTMBHOCTI B Google mokasany, mo B YKpaiHi, 5K i
y cBiti, 3anuty Konkop ta 6icomposnon MaoTh igeH-
TUYHI HAIPSAMU TPEH[IB.

06roBopeHHs

BigmosinHi 3HaHHA mpo pisHi (apmaneBTHMUHI
K/Iacy TiNOTEH3MBHUX IIpeIapariB Ta pPO3yMiHHA
XapaKTepUCTUK OKPEMUX MOJIEKY/IT € Ba>XKIMBUMU
IJIA ONTUMi3anii KJIiHIYHMX Pe3y/NbTaTiB y IallieH-
TiB 3 rineprensieto [1]. B Ykpaini nposeneHo aH-
KETYBaHHS JOPOC/IOrO HAacCe/IeHHA Pi3HUX BiKOBUX
IPYII W00 BXXMBAHHA TilIOTEH3MBHUX IIpenapariB
i mocmimxenHa komIulaeHcy nanientis [13]. IIpu-
K/IaJ] BUKOPUCTAaHHS MDDKHapOJHUX HeIaTeHTOBa-
HUX Ha3B SIK 000B’SI3KOBUX JU/IS PeleNTiB Ha JIiKy,
110 BiJIIKOZOBYIOTbCA [EPXKaBOIO, HABENEHO B
JlatBii, mwo 3ampoBamkeHo 3 1 kBiTHA 2020 poKy.
Y peTpocneKTMBHOMY aHaji3i HOCTI>)KEHO BIUIUB
HOBOTO PETY/IIOBAHHA Ha 3MiHM B IPaKTUI IIPU-
3HauY€HHA Ta BifIIyCcKy rilOTeH3MBHUX INpeNapariB
Ha npukiani 6iconponony. Pesynprar ananisy mpu-
3HaYeHH: Ta BiIycKy 6icOIpOONy CBifYUTH IPO
Te, 110 00OB’I3KOBe BUKOPUCTAHHS MDKHapPOTHMX
HEIIaTeHTOBAHMX Ha3B JIA PELENTIiB, IO BifIIKO-
TOOBYIOTBCS, CYTTEBO BIUIMHY/IO Ha 3BUYKM JIiKapiB
00 NpM3HAYeHHA LMX JIKiB 4Yepe3 3pOCTaHHA
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YACTKM peLeNTiB MiKHAPOJHMX HENaTEeHTOBAHMX
Ha3B Ha 90,2% [14]. AprepianpHa rimepreHsisa €
OCHOBHOIO IaTOJIOri€10, Ipyu oMy 30% malieHTiB
MalOTh CYNyTHI 3aXBOpPIOBaHHA (I[yKpOBuMil Hia-
OeT 2 Tumy, OXXUpiHHA, ileMiuHy XBOpoOy cepria).
TonoBHMIT 6inb € HANMOIMPEHIIINM CYMITOMOM
(80%), 110 CBiguMTH IPO HEJOCTATHIT KOHTPOIb AT
y 6ib1I0CTi MarjieHTiB. B-610KaTOPYU BUKOPUCTOBY-
Bamu Tinbku 30 % onurtaHux. PiBeHb BUKOpUCTaHHA
B-6m0KaTOpPiB CBiAUNTD PO aKTYa/NbHICTh KOHTPO-
JTIO YaCTOTM CEePILIEBMX CKOPOYEHb JIsl MpodimaKTu-
KJ PO3BUTKY yCKIagHeHb [13]. BakaHO BUABIATH
LiZIeCTIPAMOBAHY K/IiHIYHY IVJIBHICTD NIPU 3aCTOCY-
BaHHi 6icomponona. BusiBneni gocmigHukamu cur-
HaniB y FAERS Database MOTUBYIOTB [0 ITOJa/IbIINX
HAyKOBMX CIIOCTepeXKeHb [3]. 3amydeHicTp marjieH-
TiB 1o mporpam peimbypcanii (78% He KOPUCTYIOTh-
Cs1 IPOTPaMOI0) Ma€ HU3bKMIT PiBeHb, 11J0 MOXe Oy TI
Pe3y/IbTaTOM HeloCTaTHbOI MoiH(OpMOBaHOCTI a60
IepelmKofax y AOCTyIi 0 KOMIIeHCalii BapTOCTi
mikapcpknx 3aco6iB. HeoOximHicTh posmmpeHHA
(apMalleBTMYHOTO CYIPOBOAY Ta OPiEHTOBAHOTO
Ha ITalliEHTa KOHCY/IbTyBaHHA BCTAHOBJIEHA IIifi 4ac
TOOCIIKEeHHA, TOMY 10 Maibke 18% mauieHTis ca-
MOTY>XKM 3MiHIOBa/IM IIpM3HAYeHy Tepaliio, a 15%
yXBaJIIOBa/IM pillleHHs 3a HOpajoo iHImmx oci6 [13].
linoreHsuBHi mpemapaT 3HIDKYIOTb CMEPTHICTb
B 0Ci6 3 cepleBO-CYAMHHUMM 3aXBOPIOBaHHAMI.
KoroprHe mocmimkeHHs BIUIMBY pisHUX cxeM ¢ap-
MaKOTepallil Ha pO3BUTOK YCK/IaJIHEHDb Cepe], MaLji-
eHTiB 3 AT Ta QibpusLieo nepencepnb 3xiICHEHO
Ha BuOip1i 4ooBikiB (n=2809) Ta >kiHOK (n=2793)
BikoM > 45 pokiB 3 miarHo3oM AT Ta dibpusniero
nepefcepab Ha OCHOBI BUBYEHHs MEOVYHUX 3alli-
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ciB mauieHTiB. YuM Oinblua KiAbKiCTh BUIIMCAHUX
rinOTEH3MBHUX IIpenaparTiB, TMM HIKYMI piBeHb
cMmepTHOCTI (p=0,005). Ocobu, sAKuMM IpusHaya-
M KOMOiHALiI0 TiTOTeH3MBHMX IIperapariB, Maan
HIDKYMI PU3SMK CMEPTHOCTI, cepel] 3aCTOCOBAHUX
MiKapChbKMX IIpenapariB O6ymm P-61mokatopu, 610-
KaTOpY peleNTOPiB aHTiOTeH3MHY Ta cTaTuHM [15].
Bera-6moxaropu (p-6mokaropu) — me Kiaac jikap-
CbKUX IIpeIapariB, peKOMEHIOBAHUX y K/IiHIYHUX
PEKOMEHALIAX 1A JIIKyBaHHA CEPLiEBO-CYAVHHIX
3axBoproBaHb [16]. IlomykoBa cucrema Google
Trends mosBomsge pocmigHMKAM y MeguIVHI Ta
OXOPOHi 3[JOpPOB’Sl OTPUMYBATH KiJIbKiCHI Ta sIKic-
Hi CBifflueHHA NIPO piBEHb 3aNMUTIB KOPUCTYBadiB
Google (rmoTeHIiTHNX MAIiEHTIB) CTOCOBHO JIiKap-
CHKUX IIperapariB Ta iHIIMX NUTaHb, OB A3aHUX i3
3IOPOB’SIM Ta BU3HAYATy CYYacHi TpeHAU (3aKOHO-
MIpHOCTi) B pi3HMX perioHax CBiTy A1 IpoBefieH-
Hs aHanisy. [TomrykoBa akTuBHicTb B Google mozo
nikapcbkoro npemnapaty Concor i fito4oi pe4oBUHM
bisoprolol y cBiti Ha npuknani Bennkoi Bpurasii,
ITonbuyi, Typewunnn Ta IHAil mokasanm 3pocTas-
HA iHTepecy JO IMX JiKapChKuX npemnaparis. IIpn
NPOBENIEHHI PEeTPOCHEKTUBHOIO JOCTi/PKEHH I1a-
I[iEHTIB 3 IIYKPOBUM JiabeToM 2 THILY, AKi OTPUMY-
Basmu 6iCOTIPOON, MOPIBHIHO 3 MallieHTaMH, AKi He
OTpUMYBaIy JiKyBaHHA LIMM IIpenaparoM, 3 6asn
maHux Maccabi Health Services (MHS) ynpomosx
20 pokis y niepiog 3 2003 mo 2023 pik gosefieHo, 1110
6iCOIpO/ION MaB HeMTPaIbHMII BIUVIMB Ha I/TIiKeMid-
HUi npodinb 3i CTATUCTUYHO NMO3UTUBHUM BIUIN-
BOM Ha mimigamit npodins [8]. Haykosi po6orn,
nposepeHi B [lonbmi, ITasnii Ta TypeuunHi, BuB4anu
ponb P-6/10KaTOpiB IpU TPUBAJIOMY BUKOPMCTAH-
Hi B cxeMmi nikyBaHHA AT [1]. B YkpaiHi 3a ocran-
Hi I'ATh POKiB IOKa3aB, WO IOLIYK JIiKapChKOTO
npemnapaTy KoHkop Maibke OfJHaKOBUII TOPiBHAHO
3 Ki/JIbKIiCTIO 3annTiB 6icOnposony, aje HanpUKiHIi
2025 poKy nocuianach IOIIYKOBa aKTUBHICTb caMe
mopo 6icomporony, o Moxxe OyTH IIOB’sA3aHO i3
sminamy go Hakasy MO3 Ykpaiam Ne 1409 Big 10
BepecHA 2025 poky. ITopi6ni ouinkm piBHA momry-
KOBOI aKTMBHOCTI € BOXKJIUBUMU 51 TOCITiTHUKIB,
MEAVYHUX NPaLiBHUKIB UI1 pO3YMiHHA Cy4YaCHUX
TPEeHJIB y TOBe[iHIi MaIieHTiB A1 POpMYyBaHHSA
BIaCHOI MOMITMKM (apMaleBTUYHOI Teparii, mif-
BUILEHHS 3alliKaBJIeHOCT] Y 3/J0pOB ' s130epeKeHHi,
BUPOOJIEHH] CTpaTeriYHMX 3axofiB [ OXOPOHU
3[I0pOB’sI Hace/IeHHs. 3M1iliCHEeHO OPiBHAHHSA 3a OC-
TaHHiJ PiK MONIYKOBOI aKTMBHOCTI KOPUCTyBayiB
Google piBHIO 00i3HaHOCTI IOJJO 3aXBOPIOBAHH:A
Ha apTepia/bHY rinepTeHsilo, 3TiJHO peKOMeHAaLii
BOO3 (2025) [9]. Bigi6bpano 20 xpain — nifepiB 3
MaKCUMAajJIbHOI NMNUTOMOI Barol B IMOIIYKY KOX-
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HOrO JiKapcpkoro mpemnapary 10 3 mepeBaKHUM
iHTepecoM J10 nmikapcbKoro IpemnapaTy Konkopy ta
10 - no miro4oi pedoBMHM bicomposony (aHanmorivHO
1o Bigbopy 7 kpaiH 3 Tabm.1). [Insa KoXXHOI KpaiHu
BU3HA4YEHO CepeHiil PiBeHb ITOIIYKOBOI aKTMBHOCTI
KopucTysadiB Google 3a 100 6a/bHOI0 IIKA/IO0 32
pix. PiBenp iHTepecy go 060x nikKapchbkux mpermna-
paTiB MalTb BUCOKY BapiaTUMBHICTD, ajle B KpaiHax
3axigHoi €Bpomnu Ta IliBHiuHOi AMepuxu (Benbris,
®pannis, Bennka bpuranis, Kanaya) BigmaoTs me-
peBary 6iconponony, a B Typeuunni, €runri, Ila-
KICTaHi Ta KpaiHax CxigHoi €Bpomm - KoHkopy.
YkpaiHa He Oyna 3afiisHa B ZOC/Ii/IKeHH], TOMY 1[0
piBeHb iHTepecy 10 BUAIEHNX JIIKapChbKMX IIpera-
paTiB aHIIICPKOIO MOBOIO € CTaTUCTUYHO HE3Ha-
YYMMM, BiH OYB OLIIHEHMII TiIBKM LONO iHTepecy
YKpaiHChKOI0 MOBOIO (pIIC. 6).

Cepepniit piBeHp o6isHaHOCTI, 3a 3BitoMm BOO3,
cTaHoBUTH mpubnusno 60%. HaitBuiuit mokasHuk
y Kanapgi (83%) ta Himeuunni (78%), HartHVDKYMiT —
y Ilakumcrani (35%) rta Iupii (37%), mo kopemroe
3 CepeHIiM CyMapHUM PpiBHEM IIOIIYKOBOI aKTUB-
HOCTI Ha piBHi 75%, 110 MOXXe OYTI MiICTaBON0 IS
NOAAIbIIOTO AOCIIIPKEHH, ajle BUINIL PiBeHb Bifi-
TIOBiTHOCTi IPOCTEXYEThCA 3a HA3BOK Oicomporo-
ny. Criocrepiraerbcst IOMipHa BiJ €MHa KOpesAlis,
Ko/ B KpaiHax 3 BMIOK nomypeHicTio AT (3BiT
BOO3) (upukmnan, ITAP) piBeHb 06i3HaHOCTI 1070
3axBoproBaHOCTi Ha Al € HYOXYMM, ajle Lie MUTAHHS €
MOfjaMbIINX JOCTiIKEHb.

Insa nobynosu pmiarpamu (puc. 7) Bigibpano mo-
KasHUKM mommpeHocTi Al y 3asHaueHMX KpaiHax
srigHo 3 npodinsamu BOO3 2025 poky (cranpaptu-
30BaHi [MOKa3HMKM IjIs1 060X cTarerl) Ta piBHs 00i-
3HAHOCTI, TOOTO 4acTKM oci6 3 Al sKi 3HAIOTH HPO
CBiil miarHO3 3a mpodineM KpaiH Ta piBHeM IIOLIY-
KOBOI aKTMBHOCTI IIOZ0 MiKapChKUX IIpeIapariB Ha
OCHOBI J1if04901 pe4oBMHM OiCOIPOION 3a PiK CTAHOM
Ha 01 6epesHs 2026 poky.

Sx BUOHO 3 puc. 7, MOXXHA BUJIIUTY JIeKi/IbKa 30H
MOTeHLiHOI KmacTtepusanii: mopo Kanagu, Himeu-
4yHU Ta benbrii, e HU3bKa nommupeHicTy Al oex-
HYETBCS 3 BICOKOI0 00i3HAHICTIO Ta BUCOKOIO ITOLIY-
KoBoOI0 akTuBHIicTIO. Y ITakucrani, [IAP, Inpii Bucoka
MIOLIVPEHICTb 3aXBOpIOBaHHA Ha Al moengHyeTbcsA 3
HU3bKIM piBHEM o6isHaHOCTI. BigsHaueHo, 0 MOX-
JMBOCTi OHMalH nonrykosoi cuctemu Google Trends
MOXYTb OYTH 3aCTOCOBaHI /I OLIHKM PiBHA iHTe-
PeCy [0 Cy4acHUX JIIKapChKUX IpeNapariB y pisHUX
KpaiHax CBiTYy.

BucHoBKHM

I[TomykoBa cucrema Google Trends posBonse po-
CIiTHMKaM OTPUMYBATK AKIiCHi Ta Ki/IbKiCHI IIOKa3HU-
KU IIOZI0 3aIMTiB KopucTyBadiB Google Ta Bu3HauaTn
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=@ PiBeHb NOLINPEHOCTI apTepianbHOI rinepTeHsii
CepepfHil piBeHb 3anNuTiB NpenapaTiB Ha 3 4il040t0 pe4yoBUHOO biconponon

PiBeHb 06i3HaHOCTI fiarHo3oM

Puc. 7. liarpaMa BigmoBigHOCTI oKas3HuKa momrpenocti Al 3a mpodinem BOO3 2025 piBHio 06i3HaHOCTI
niarHo3oM AT 3a mpodinem kpaiH y Bubipiii Ta piBHIO IOIIYKOBOI aKTUBHOCTI (32 pik ctanoM Ha 01 6epesHs
2026 poky) 1070 NiKapChbKUX IIpenapariB Ha OCHOBI 1if040i pe4oBMHM 6iconpomony.

Iepenix kpain: 1. benbris, 2. @innanpisa, 3. @panuis, 4. Benuka bpuranis, 5. lllsenis, 6. Himeuuynna,
7. Hosa 3emanpis, 8. Kanana, 9. Benecyena, 10. Icnanis, 11. Typewunna, 12. Pymysis, 13. Ingis, 14. I[Tonbmia,
15. Ipeuis, 16. CnoBauunHa, 17. Erurner, 18. [Takuctan, 19. Cepb6is, 20. [TAP.

Incepeno: aBTopcbka po3pobxa.

Cy4YacHi TpeH[U B PiSHMX perioHax CBiTy mid IpoBe-
IieHHs aHaizy. [TomrykoBa akTuBHICTb B Google mozo
nikapcpkoro npenaparty Concor i fifouoi pedoBUHU
bisoprolol y cBiti mokasanm spocraHHs iHTepecy.

Y pomaTKoBOMY [OCTIIKEHHi BiZl3Ha4€HO Ha-
SIBHICTb CIIOPiTHEHOCTI B3a€EMO3B’SI3KiB 32 [IaHMU-
mu 3BiTy BOO3 2025 poky mogo NOMIMPEeHOCTi
Ta o0i3HaHOCTI 3axBopioBaHHs Al i3 IOIIYKOBOIO
AKTUBHICTIO i3 3alUTYy riNOTE€H3MBHUX JIiKapCbKUX
npenapariB y pisHMX KpaiHaxX CBiTy, IO MOXe
OyTM BMKOPUCTAHO SIK ONEPAaTMBHUI iHAVKATOp
OHJIAVH-BUMIPY [I/IA yXBa/JIeHHA pillleHb Y CUCTEMi

OXOPOHU 3[J0POB’A [/IsI BIUVIMBY Ha IIO3UTUBHI 3MiHM
B IIpaKTUKax /MikyBaHHA AT

nepCﬂeKTVIBVI nopanblwnxX HAYKOBUX

BochnigKeHb

Oninka piBHA MOITYKOBOI aKTMBHOCTI 3 BUKOPMC-
TaHHAM nomykoBoi cucremu Google Trends mosxke
OyTM KOPYCHOIO I/Is1 OCiAHYKIB i (axiBLiB 0xopo-
HJI 3[J0POB’sl B PO3YMiHHi Cy4acHUX TeHZEHIIiil, 0CO-
OmuBoOCTel! iHTepecy ManieHTiB 11 OpMyBaHHS aK-
Tya/IbHOI MOMITUKM (papMaKoTeparii, i1 po3pooKu
CTpaTeriit 3TOpOB’s130epeXkeHHsT Ta BIOCKOHAJIEHHS
CHCTEMY OXOPOHM 37I0POB’sI HACETIeHHS.

®iHaHcyBaHHA. [JaHe foCNifXeHHS He OTPUMYBa0 30BHIWHbOIO GiHAHCYBaHHS.
BukopuctanHs L. Mpu nigrotoBui Lboro pykonucy He BukopuctosyBanucs iHctpymentu LU (Al).

KoHonikT iHTepeciB. ABTOp MigTBEPAXYE BIACYTHICTb KOHGAIKTY iHTEpECIB.

3ropa Ha nybnikauito. Bci aBTopy 03HaoMneHi 3 TEKCTOM pyKomnucy Ta Hafjanum 3rogy Ha ioro nybnikauito.

ETuuyHe cxBaneHHs. Yci focnigykeHHs npoeefeHi BignosigHo no MesnbciHcbkoi geknapauii (2013 poky) Ta 6ynn cxsaneHi
IHCTUTYLIHUM KOMITETOM 3 eTUKW, Bynn BUKOHaHI BCi MixkHapofHi eTu4Hi pekomeHgauii COPE, ICMJE ta BOOS. lMpwu
HanucaHHi cTaTTi NPOBOAMBCS aHali3 AaHMX, PO3MillleHWX 3HeocobeHo y BifKpUTOMY LOCTYMi, BUKOHAHO BCi BUMOTM
eTWUyYHoT KoMicii BignosiaHo mo MenbciHcbkol aeknapaduir (2013 poky).

BHecok aBTopie (CRediT). Conceptualization - Oleksandr Pyvovarov. Methodology - Oleksandr Pyvovarov. Software -
Oleksandr Pyvovarov. Validation - Oleksandr Pyvovarov. Formal Analysis - Oleksandr Pyvovarov. Investigation -
Oleksandr Pyvovarov. Resources — Oleksandr Pyvovarov. Data Curation - Oleksandr Pyvovarov. Writing — Original
Draft - Oleksandr Pyvovarov. Writing - Review & Editing - Oleksandr Pyvovarov. Visualization - Oleksandr Pyvovarov.
Supervision - Oleksandr Pyvovarov. Project Administration - Oleksandr Pyvovarov.
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Abstract: to assess the level of interest in medicines based on the active ingredient bisoprolol in Ukraine and the
world using the technology of the Google Trends search resource. To assess the general trends of interest in the
medicine concor with the active ingredient bisoprolol using the Google Trends web tool, search activity in English
and separately only for its active ingredient bisoprolol in the world since 2004 was analyzed. Google Trends is a
technology used to study the trends and patterns of search queries in Google and allows scientists to obtain quantitative
and qualitative indicators of user queries in Google, to determine current trends in different countries of the world in
different time dimensions for analysis. The study is devoted to assessing the interest in the popular medicine Concor
based on the active ingredient bisoprolol using modern search technologies Google Trends. Solving the problem
of assessing the level of interest in the new drug Concor in the world by analyzing search queries in English on
Google showed that this topic is significant for research. The evaluation of indicators showed that since 2004 there
has been a steady increase in the search activity of Google users for drugs based on the active ingredient bisoprolol.
The countries with the highest level of interest during the search were highlighted. Google Trends technology allows
scientists to obtain quantitative and qualitative indicators of Google users’ queries and determine current trends in
different countries of the world for analysis. Search activity on Google for the drug concor and the active ingredient
bisoprolol is high in the world. The existence of a relationship between the data of the WHO 2025 report on the
prevalence and awareness of hypertension and search activity for antihypertensive drugs in different countries of the
world was noted, therefore, further use of the Google Trends search engine to assess the level of interest in new drugs
for patients with arterial hypertension in Ukraine and the world may be promising.
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AHoTaLif: 3pocTaHH:A eKPAaHHOTO 30POBOT0 HABAHTAYKEHH: BIIPOIOBK OCTAHHBOTO IECATIIITT, OCHU/IEHe TTaH/le-
mieto COVID-19, cynpoBOIKYETbCS TOMITHUM 301/IbIIIEHHSM YaCTOTH CIIBAPY)KHBOI €30TPOIIil Ta CUMITOMATHIY-
HOI AUIIIONIi Y JOPOC/INX, 0COOMMBO Cepey MOJIOAMX IallieHTiB i3 Miomiew. 1]a TeHpeHuis BizoOpaxkae rmobanbHi
3MiHM B CTPYKTYpi 30pOBMX HaBaHTaKEeHb Ta aKTyasisye mpobaeMy paHHbOI HiarHOCTHUKI Ta CBOEYACHOI CTpaTH-
¢ixanil MexaHisMiB mopyleHHA. MeTOW HaHOTO OITIAAY € MOCII/PKeHHS CHiBAPY>KHbOI e3oTpomii Ta aumtomii y
JOPOCINX y Cy4aCHUX YMOBaX 3POCTAI0Y0OT0 €KPAaHHOIO 30POBOrO HaBaHTa)KeHHA. IIpoBefeHo aHaMiTUYHMIL OT-
AL OMyONTiKOBaHMX KIiHIYHMX, TaTO(i310I0I1YHNX Ta eNifieMioNoriYHUX JOC/IPKeHb, IPUCBIYEHUX CIIiBAPYX-
Hill e3oTpomii Ta gumtonii. CMMIITOM /IBOIHHA IIpU CIIBAPYXHill €30TpoIil BMHMKA€E BHACTIJOK AeKOMIIeHcalil
GbysiliHuX MexaHi3MiB i 3HVDKEHHS JUBEPreHTHNUX pe3epBiB, 10 IIPpU3BOAUTH 0 HecTabimbHOCTI ab0 BTparu Oi-
HOKY/IAPHOTO 30pYy. 3pOCTaHHS €KPAaHHOTO Yacy acCOL{I0ETHCS 3 IMPOTPeCyBaHHAM MIOIIil, 10 PO3IIANAETbCA AK
OfiMH i3 K/II090BUX (aKTOPIB IifIBUIEHHS YaCTOTY BUHMKHEHHs LIMX CTaHIB y MOJIOAMX MAlji€HTIB. I7IMOBipHo, y
MOJIOZVX JIOfel! IPOBITHMM MeXaHi3MOM € (QyHKI[iOHaNIbHa leKoMIeHcallis Qys3iliHuX MeXaHisMiB i3 BUOIpKOBUM
3HIDKEHHSM JMBEPreHTHMX pe3epBiB, TOi AK y MiTHIX — MopdororiuHi sMiHM okopyxosoro anapary. AACE, DI
ta ARDE/SES CTaHOB/ATD IPyIy KIiHIYHO CXOXMX, ajle IaTOreHeTUYHO pisHux ¢opM i3 pyHKIioHanpHUMI 260
Mopdonoriuanmu MexaHismamu. Ili cTaHM MOXYTb 4aCTKOBO 36iraTics 3a KIiHIYHMMY IPOSBaMY Ta AMHAMIKOI0
nepebiry, o ycknagHoe audepeHIianbHy AiarHOCTVKY. BusHayanbHe 3HaYeHH: [/Is1 BCTAHOB/IEHHS MeXaHisMy
HOpYLIEHHA BifirpaoTb cTpaboMeTpIYHi IIOKa3HUKY, OLliHKa (y3ilfHUX pe3epBiB Ta MOPGONIOriYHNIT aHa/Ii3 OKO-
pyxosoro amnapary (MPT opb6ir). HasBHicTs yHKI[ioHanbHUX a60 MOpQOIOriYHNX 3MiH BU3HAYA€ KIIiHIYHI Opi-
€HTVIPY /11 BUOOPY JKYBaIbHOI TAKTUKY — BiJl KOHCEPBAaTUBHMX METO/iB 1O XipypriYHoro BTpy4aHH:. BogHovac
HMHI BiICyTHI YHi(iKOBaHi AiarHOCTMYHI Ta TepaleBTMYHI IPOTOKO/M, 1[0 3YMOB/IIOE HEOOXIAHICTD MMOFAIBIIOL
CTaHZAPTU3ALII.

KntovoBi cnoBa: 6iHOKyIApHMIL 3ip, AUIUIONIA, €30TPOIIis, MiOMis, KOCOOKICTD.
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OcTaHHE [ecATUNITTA XapaKTepU3YETbCA 3pocC-
TaHHAM LU(PPOBOrO HABAHTAXKEHHA depe3 3MiHY
dbopm mpani 7 [03BiIA Ta Iepexif Jo JUCTaHL[IHUX
¢dopmaris mip yac manpemii COVID-19. Ha npomy
T/Ii OIIVICAaHO 3CYB eMNifileMioNIoridHoro npodinto nari-
€HTIB i3 6iHOKy/IpHOW AuIUIoni€e. B omy6ikoBa-
HIUX pe3y/lbTaTaX HayKOBUX NOCHIIPDKEHb y CBiTi 3a-
3HAYAETDCS, IO 3POCIIA YaCTOTA CIIBAPYXHIX GopM
€30TpoIIil Ha BifiICTaHi — HacaMIlepes y MOIOAMX Mi-
OIIiB, AIKi iIHTEHCYBHO KOPUCTYIOTbHCA €IEKTPOHHUMMA
npuctposmu (cMapTdoHM, HOyTOYKH, irpoBi KOHCO-
i) [1-5]. 3rifHo 3 JaHMMM MOMY/IALIHOTO aHATI3Y
B CIIA, JacTKa cHiBAPY>KHbOI €30TPOIii 3 AMUIIIO-
Ii€I0 cepef JOPOC/IOro HaceleHHA 3pocnia 3 1,27 % y
2007 poui 70 3,49 % y 2022 poui [1]. CucremaTnyni
OIJIAAZIV Ta MeTAaHaJIi3! JIEMOHCTPYIOTb 3B 30K MDX
TPUBAJICTIO €KPAHHOTO 4acy 30/M3bKa Ta Iporpe-
CyBaHHAM MioOIIii, 110, MOXXe CYNIPOBOIKYBaTUCSA
MiIBUIEHNM HaBAaHTAKEHHAM Ha KOHBEPTEHLIIHO-
aKOMOJALIiNHI MEXaHi3MI Ta MiIBUIEHNM PUSUKOM
fexoMIeHcalii 6iHoKysipHOI ¢ysii mpm mornazi
BJJa/IMHY. Y K/iHIYHIN NPaKTUIi Lie gefani Jacrine
HPOSAB/IAETLCA TOCTPOI0 HAOYTOK0 CHiBAPY>KHBOIO
€30TPOII€I 3 IUIUIONIEI0 NIPeBaXKHO HA BiJCTaHi 3a
BificyTHOCTi 260 3a HAABHOCTI MOPIiBHAHO MaJINX KY-
TiB meBianii 36msbKa [2, 5].

OT>xe, aKTya/lbHICTb 0OpaHOl TeMM HOCTiIKeH-
HA I CydacHoi odTanbMosorii 06IrpyHTOBaHa I10-
IIMPEHICTIO Tpo6/IeMn cepef; MOIOJOr0 HaibinbLI
Ipale3aTHOrO HACEeTIeHHA B YMOBAaX aKTUBHOI II(-
poBi3allii CyCIiIbCTBA, a TAKOXX HAasABHICTIO IEBHUX
IpOralMH fIK B po3yMiHHI maTtocisionorii, Tak i B
IiaTHOCTUIII Ta METOZAX JIiIKyBaHHA ILIi€] ITaTO/IOTil.

MeTta

Hocmiguty criBApy>XHIO €30TPOIIII0 Ta JUIUIOIII0
Y BOPOC/INX y Cy9aCHUX YMOBaX 3pOCTAl040ro €KpaH-
HOTO 30pOBOTO HaBaHTA>KEHHA.

Matepianu i MeToaM

IIpoBemeHO aHaAMITMYHMIT OINIAJ HAyKOBOI JIiTe-
paTypy, KIiHIYHMX HOCIi/PKEHb Ta MeTaaHajisiB 3
BUKOPJCTAHHAM MDKHApPOJHNUX €IeKTPOHHUX 6a3
nanux PubMed, Scopus, Web of Science ta Google
Scholar, mo crocyoTbcs emimemionorii, marorene-
3y, AiarHOCTUMKM Ta JIKyBaHHA CIIBAPY>XHIX GopMm
esorpormil Ta aumuronii y gopocnux. Ilomyk spiric-
HIOBaBcA 3a nepiof 2020-2025 pokiB 3 BKIIOYEHHAM
HepLIO/pKeperT, [0 PO3TIyMadyloTh marodisionorito
3aXBOpIOBaHH:A. BukopucroByBamicsa koMbiHarjii Ta-
KIX KIIOYOBUX CITiB, SIK ‘esotropia’, “acute acquired
comitant esotropia’, “diplopia, “binocular vision’,
“divergence insufficiency’, “age-related distance esot-
ropia’, “sagging eye syndrome”, “vergence disorders”,
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digital eye strain”, “myopia, “screen time” i3 3acTocy-
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BaHHAM joriyHux omnepatopiB AND/OR. Kpure-
pisiMu BK/IIOYeHHA OyIM OpMriHajIbHI KIIiHIYHI JO-
CIIJPKEHHsA aHIVIIICHKOI Ta IHIIMMM HOCTYIIHUMU
MOBaMU, CHUCTeMaTM4YHi OINAAM Ta MeTaaHasli3M
IIPUCBSIYEH] CIiBAPY>KHIiil e30Tpoii, aumtomnii Ta 6i-
HOKY/IAPHUM IOPYIIEHHAM, L0 BK/IIOYAJIN JOPOCIY
HOINY/IALI0 a00 MICTWIV aHAJI3 JaHUX IJIA JOPOC-
mux. KpurepisiMu BUK/TIOUeHHS BiflIOBifHO 6y 1o-
CIIJPKEHHA BUK/IIOYHO AU TAYOI IOMYIALIIL, TOOAVHO-
Ki KTiHiuHiI BUnagky 6e3 aHaJTiTUYHOI CKIafoBOI Y
ny6rmikarii 6e3 ZOCTymy 0 IOBHOTO TeKCTy. Binbip
IPKepern 3[iJiICHIOBAaBCA IOETAIIHO: CIIOYAaTKY ileHTH-
¢ixoBano oHax 150 my6iKawiil, Mic/IsA NepBUHHOTO
CKPMHIHTY 3a 3aTO/IOBKaMy Ta aHOTaLiAMU Bini6pa—
HO 6/113bK0 80 [Keperl, 3 AKVX ITiC/IA aHali3y HOBHO-
O TEKCTY 70 GiHaTbHOTO OMIAAY BK/IOYeHO 50 my6-
JKaLili, 10 MaIy Haitbinblile HAYKOBY LIiHHICTb.

Ornap

3rifHO 3 OCTaHHIMM ONMUTYBAaHHAMM, B CEPEIHbO-
MY JIIOAJMHA BUTpadae 6113bKO 7 TOAVH Ha [ieHb Ha
€/IEKTPOHHI IPUCTPOI, 1110 CTaHOBUTb 38-43% wvacy
HecrmaHHA [2, 5]. Li BuaM #isyIbHOCTI BUCYBaOTDH
nigBuIeHi BUMOTK 1o GYHKIIOHYBaHHS 6iHOKY/IAp-
Hoi cuctemu. OgHUM i3 KIIiHIYHUX NPOABiB il OpPy-
IIeHHA € guiionis [6-10].

Jumioniss — ofuH i3 CEHCOPHMX CMMITOMIB, IO
XapaKTepU3YETbCA OFHOYACHUM CIIPUMHATTAM OBOX
300pakeHb OJHOTO 00’€KTa BHACII/[OK MOPYLICHHA
HOPMaJIbHOI B3a€MOJIil CEHCOPHOI Ta MOTOPHOI ¢y-
3ii [6-10]. Ii HaABHICTb iICTOTHO 3HIDKYE AKICTD KUT-
T4, 060MeXye MOBCAKIEHHY aKTHBHICTD i € 4acToro
IPUYIHOI0 3BePHEHH [0 0 TaIbMOJIOra i HeBPOJIO-
ra [11-14]. 3a MexaHi3MOM BMHUKHEHHS IUIUIOIIO
IIOJi/IAI0Th HA MOHOKY/IAPHY, 3yMOBJIEHY IIEPEBAXKHO
ONTNYHUMM (peHOMeHaMM B OJHOMY OIli, Ta 6IHOKY-
JIAPHY, IO II0B s3aHa 3 HOPYLIEHHAM BUPIiBHIOBAaHHSA
30pOBUX Oceil a0 MeXaHi3MiB GiHOKYIApHOI (ysil
[6-10]. Takmit ORI € OCHOBOIO CyYacCHUX AiarHOC-
TUYHUX ITOPUTMIB Y KIiHIYHIi mpakTumi 8, 9, 10].

Jx BigOMO 3a JiTepaTypHMMM pKepenamy, Mo-
HOKY/IIpHa JMIUIONA HalYacTille 3yMOBJIEHA
ONTUYHUMM, PETUHAIBHMMU ab0 LeHTPaIbHUMMU
MexaHi3sMaMM. HalmommpeHimmmmy HOpUYMHAMU €
HeperyJIsIpHUil acTUIMaTu3M (30KpeMa Ipu Kepa-
TOKOHYCi a60 pedpakiiifiHux BTpydYaHb), abeparil
BJMCOKOIO IIOPANKY Ta IOPYIIEHHA CHi3HOI IIiB-
ku. [Iomi6HI CMMIITOMM TaKOXX MOXYTb BUHUKATH
IpyY IIOYaTKOBUMX KaTapakTax abo micas iMIviaH-
tanii MyIbTMQOKATBHNX IHTPAOKYIAPHUX JIiH3,
[0 CYHPOBOMXYIOTbcA aucdoromnciamm [15-17].
Perunanpui npuymHM 1OB’sA3aHI 3 (eHOMEHOM
neHTpanbHO-Iepudepuynoi  koHkypeHuii (CPR,
central-peripheral rivalry), 3okpema npu maxysnsap-
Hiil [1aTO/IOT1I, 110 IPU3BOJUTD K0 POPMYBaHHS KOH-
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Kypylounx To4ok ¢ikcanii [18, 19]. PinkicHi Heitpo-
TeHHi Ta KOpTUKa/IbHi popMu onucaHi npu eminerncii
Ta Mirpeni [20]. Y kriniunilt npaktuni mia oude-
peHLialil ONTUYHOI Ta HEONITUYHOI IPUPOAY MOHO-
KYJIAPHOI QUIUIOIII MOXXe BUKOPUCTOBYBATUCA TECTY
i3 miadparmoro [15, 16].

BiHOoKy/IsipHa AuIUIONiA IpY HECIiBAPY>XHIX pop-
Max HaifJacTillle II0B’s13aHa 3 YpaXKeHHAMU OKOPYXO-
BUX HEPBiB, PECTPUKTUBHUMM 200 HEVIPOM S30BUMMI
nopymennsamu [8, 21-23]. Ti xapakrepHoo 03HaKOIO
€ BapiabenbHICTH KyTa [eBialil 3aJe)XHO Bif Ha-
MpsAMKY TOITIALY, IO 3YMOBIIIOE 3MiHHIII XapaKTep
OUIIIOINI Ta Ma€ BakjMBe 3HAUEeHHS I TOMiYHOL
RiaTHOCTMKM 1 OOIPYHTOBYE HeOOXi/fHICTD HelpOBi-
3yamisanil.

Ha Bigminy Bif 1jbOro, IIpM CHIiBAPY>KHIX opMax
KyT JeBianii 3anMIIaeTbcsa BiFHOCHO CTabiMbHUM
y BCIX HampsMKax IOITIAARY, a AMIVIONIA Mae 6imbin
mocTiitHuit xapaktep [24-28]. Taki cranu yacTo Bu-
HUKAIOTh YHAC/IiIOK JieKoMIleHcalil retepodopii
ab0 BTpaTy CEHCOPHOI afianTauii y Jopocaux. Xoda
BOHU, fIK IIPABUJIO, HE OB’ s13aHi 3 OPraHiYHOIO He-
BPOJIOTiYHOK0 TIATOMOTi€, IX HAABHICTH iCTOTHO
3HIDKYE AKICTb XUTTA. IIprsMaTuyHa KOpeKLisa BU-
KOPUCTOBYETbCA AK JiarHOCTUYHUII i MPOrHOCTHUY-
HUJ iHCTPYMEHT, TOfi 5K 36epeXKeHHs CTepeOICUCy
aCOLI0ETbCA 3 KpaluMM (PYHKIIOHAIBHUMM pe-
synbratamu [27, 28].

BinokynspHa ¢ysis 3abesmedye iHTerpariio 30po-
BUX CUTHAJTIB 3 000X O4Yeif i BK/TIOUaE CEHCOPHI Ta MO-
TOPHi KOMIIOHEHTH [6, 7, 10]. BigmoBigHO, GUIIOIIO
MO)XHa Kmacu@ikyBaTy 3 ypaxXyBaHHIM IPOBiHOTO
narocisionoriuHoro MexaHismy. CeHCOpHa AMIIIO-
i 1oB’A3aHa 3 MOPYLIEHHAMM MeXaHi3MiB GiHOKY-
nApHOI Qysil Ta BMHUKAE y BUMAAKaX, KON 30pOBi
curHamm 3 060X odYell He iHTerpylTbCA HATeKHUM
4yHOM. BoHa Mo>ke crioctepiratucs npu pedpakiiii-
HUX IOPYLIEHHAX, MaKy/LIPHIiit marosorii abo gucba-
NaHci HeHTpanbHOI Ta nepudepuyaHoi ¢ysii [29, 30].
Y piTeil 3aBAAKM IIACTMYHOCTI HEPBOBOI CUCTEMU
MIBUAKO POPMYEThCA CEHCOPHA afalTallis, TOAi AK y
HNOpOC/INX HaBiTh HE3HAYHA JieBiallisd MOXe CYyIIpOBO-
IPKYBaTUCSA BUPaXKEHOI0 AuIuIoniero. MoTopHa pu-
IJIOMIA € HaC/liJKOM OKOPYXOBMX HMOPYLIEHb BKIIIO-
Yalo4y IMapes3y, peCTPUKTHUBHI cTaHu abo aucbamanc
M’5130BUX cuI. 3MilraHa popma oeaHye 061aBa Me-
XaHI3MM Ta 4acTO CIIOCTEPITra€TbCs, 30KpeMa, IiciA
XipypriqHoro jiKyBaHHS KOCOOKOCTi [28, 31].

Take po3MeXyBaHHs Ma€ Oe3nocepeHE KTiHIYHe
3HAYEHHS: PV CEHCOPHUX POpMax MPIOPUTETHNUM €
BiJHOBJIEHHA AKOCTi 30pOBOI0 CUTHANY TOZI AK IPU
MOTOPHMX — KOPEKIif IONI0)KEHHA OYell.

Skmo 3o0cepennTy yBary Ha MOTOPHMX (popMax
AMIUIONII, OB I3aHUX 13 CHIBAPY>KHIMM AeBiauismu,
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TO BapTO 3a3HAYNTM, IO HABiTb HE3HAYHE BiJXM-
JTIeHHS TIOJIOXKEeHH:A oueil (y MeXax KiZTbKox Ipu3Ma-
TUYHMX JiONTPiil) MOXKe HOPYyLIyBaTH OiHOKY/IsApHE
37UTTA Ta 3HIDKYBATVU 30pPOBY IIpalle3flaTHICTH [6,
32]. Came 1i CTaHM Y4acTO CYIPOBOKYIOTHCA IOA-
BOI0 6iHOKY/IsApHOI uIUIONII Ha BificTaHi 3a BifcyT-
HOCTi O3HaK ypa)KeHHS OKOPYXOBUX HepBiB. Jlo HUX
HaJIOKaTb FOCTpa HabyTa CIIBPYXXHS €30TpOIis
(AACE), nepoctarHicth mmBepreHnii (divergence
insufficiency), BikoBa e3oTpomis Ha BimcTaHi (age-
related distance esotropia, ARDE) Ta cuanpom «Ipo-
BUICTIOTO OKa» (sagging eye syndrome, SES), siki pop-
MYIOTb Cy4YaCHMII KJIiHIYHUI CIIEKTP CIiBAPY>KHIX
mesiawiit y gopocnux [33-35].

Y Mexxax CHiBpPY>XHIX KOCOOKOCTell (KOMiTaHT-
HMX JeBialli/l) OKpeMO BMIIIAITb TOCTPY HAOYTy
crniBapyxHio e3otporio (AACE).

Knacmyna  kmacuikamiss  roctpoi  HabyTol
crniBapyxHboi esorponii (AACE), 3amponoHoBaHa
Burian i Miller, Bupinsie Tpu ocHoBHi Trmm [36].

Tunm I (Tum Swan) posBUMBA€TbCA MICIA BTPATH
30py ab0 MOHOKY/ISPHOI OK/II03ii Ta IOB’sA3aHMI i3
HOPYILIEHHAM MeXaHi3MiB 6iHOKysspHOI dysii [37].

Tun II (tun Burian-Franceschetti) gacrime crmo-
CTEpira€TbCA y IMALIEHTIB i3 TrillepMeTpOIi€l0 Ta
Moxe OyTm aconiffoBaHmit i3 cOMaTMYHUM a6o
MICUXOEMOL[ITHUM cTpecoM [38].

Tum IIT (tun Bielschowsky) xapaxTepunit jis ma-
L[I€HTIB i3 MiOIIi€10 i IPOABIAETHCA QUILIOIIEIO Iepe-
Ba)XHO Ha BifICTaHi 31 3MEHIIEHHAM CUMIITOMIB NIpK
nornazgi 36nmsbpka [39].

Y cydacHiil miTepaTypi TakoXX 3aIpOIIOHOBAHO
posumpeni etionoriuni kmacugikanii AACE, mpo
BK/IIOYAIOTh JIEKiNIbKa IifATUIIB 3a/IeXKHO Bif IIpo-
BifHOTO Tpurepa [40-42]. OgHak BOHM MAIOTh Iiepe-
Ba)KHO aHAJIITUYHE 3HAYeHHA 1 He Haby/M MNMPOKOTOo
3aCTOCYBAaHHA y K/IIHIYHINA MPAaKTULII.

CyuacHa nmiTepaTypa BUAINAE IIOHAaMIMEHIIE TpU
OCHOBHI Mopfeni moscHeHHs MexaHisMmiB AACE Ta
CYMDKHUX CTaHiB.

KonsepreHuiitHo-akoMopallifiHa Mofienb Iepef-
Oagae, 10 HafMipHe 30pOBe HABaHTAKEHHA
30/1M3bKa INPU3BOAUTH MO IIE€PeHANPYXEHHS aKo-
MOZALi/IHO-BEPreHLIIHOI CUCTEMM Ta BUCHaXKEH-
HsA JVBepreHuiHuX pesepsiB. Lle MigTBepKyeThb-
¢ aconjalliel0 MK iHTEHCMBHUM BUKOPMCTaHHAM
1dposux npuctpois i possutkoM AACE, a Takox
IIPUCKOPEHNM IIPOrpecyBaHHAM Miomil [5, 43].

M’A30B0-3B’A3KOBa MOJIe/Ib IIOB’SI3y€ PO3BUTOK
meBiauii 3i CTpyKTypHMMM 3MiHamu oOpOiTaJbHUX
3B’A30K 1 IOpyLIeHHAM OioMeXaHiKM eKCTPaoKy-
JISIPHUX M S3iB, 1[0 XapaKTepHO /I BiKOBMX 3MiH i
JISKUTb B OCHOBI CMHJIPOMY «IIPOBVC/IOTO OKa» (sag-
ging eye syndrome) ta ARDE [21, 24].
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HeltpoaganTuBHa MOJeNb MOACHIOE BUHUKHEHHA
OUIIONII 3HVDKEHHAM CEHCOPHOI TONEPAHTHOCTI [0
JATeHTHMX JeBialliil HaBiTh 32 BiICyTHOCTI BUpaXKe-
HVX aHaToMiuHMX 3MiH. Cy4acHi MeTonM OLiHKY Y-
3iMIHMX pe3epBiB TO3BONAIOTDH Kpallle BUABIATA TaKi
MeXaHi3MM JeKoMIIeHcalii [32].

I7IMOBipHo, y 6i1bIIOCTI MaLieHTiB Iji MeXaHi3Mu
HOENHYIOTbCS: Y MOJIOZIUX YacTillle JoMiHye QyHKILi-
OHa/IbHE IEepPEHANPY>XEHH:, Y JiTHIX — CTPYKTYpPHi
3MIHM, TOJI AK Y CEpefHbOMY Billi MOXK/IMBI 3MilllaHi
BapiaHTH.

BaxxnmmBy ponb y matodisionorii Bimirpae B3ae-
MOJIi aKOMOZaLil Ta KOHBEPreHliil, 110 ONMNUCYETHCA
criBBigHOmeHHsAM AC/A. 1lell mOKa3HMK BU3HAYaE
BE/IMYMHY KOHBEpreHllil y BifIOBilb Ha aKoMopfa-
LIiI0 Ta MOACHIOE KJIIHIiYHI BIZMIHHOCTI MDK pisHU-
mu popmamn AACE, HemoCTaTHICTIO AMBepreHii,
ARDE Ta SES [7, 10].

TakyM 4MHOM, 3a3HaueHi CTaHU [OLIJIBHO pO3-
I7AfaTV K €OVHUI CIEeKTp NOpYLIeHb, Y AKOMY
(dyHKIIOHa/IbHI Ta CTPYKTYpHI MeXaHi3MM IpU3BO-
IATH [0 BUCHOXeHHs (y3iiiHUX pesepBiB i HOsBU
JOUTIIOMIT.

Axryanbaicts mpobnemyu AACE  migTBepmxy-
€TbCA CyYaCHUMM EINifIeMiO/IOTiYHMMM JaHUMU, AKi
CBiJ4aTh IIPO HEPiBHOMIipHY JMHAMIKY II 4aCTOTH 3
MOXX/IMBUM TIBUIEHHAM Yy Hepiof manmemii [44,
45]. 3a pesynbraTaMy OKpeMMX HAOCTiIXKEeHb, TAKOX
Bif[l3HAYa€TbCA 3POCTAHHA YaCTOTU CIIiBIPY>KHbOI
esoTporii 3 gumionieo y gopociux [1, 46]. Koropr-
Hi JOCTi/I>KEHHA Ta OIVIAM JIiTePATypy BKa3ylOTh Ha
MO>K/IMBU 3B A30K MDXX TPMBA/IMM 30pOBMM HaBaH-
TaXEHHAM 30/1M3bKa, eKPaHHUM YacoM i IIporpecy-
BaHHAM Miortii [2, 5, 47]. BogHouac kniHiuHi nposiBu
MOXXYTb BiIpi3HATICH 3a/IE)KHO Bifl BiKy: y JOpOCIUX
JacTille CIOCTePiraeTbCsA CMMITOMATHYHA JUIIIOMNIA
HaBiTb NpM HEBEIMKOMY KYTi feBialii, a TAKOX Bifi-
3HAYAEThCA MIBUJIKE BifITHOBJIEHHSA CTEPEOIICUCY IIPK
3aCTOCYBaHHI Ipu3MaTn4HOI Kopekiii [48, 49].

Cyvacne ysasmenHa npo AACE chopmysano-
c1 Ha OCHOBi icropmunmx ommciB von Graefe Ta
Bielschowsky, a Takox momampmmx kmacugikarii
Burian, Swan i Franceschetti, axi mokasamm, 110
CHiBJIPY>KHA €30TPOIifA MOXX€ BUHMKATU Y JiTeil i
MOJIOIMX JOPOC/NX 6e3 O3HAK Iapesy, IMOBIPHO Y
KOHTEKCTi mopyieHHsA ¢ysil abo il mpoBOKy0UYMX
ynHHMKIB [30, 36-39, 50].

Ille Bielschowsky mpumyckas, mo y nauieHTis i3
Miomi€elo HaMipHe 30poBe HaBaHTAXXEHHS 30/M3bKa
MO)Xe HOpYLIyBaTy 6alaHC MK KOHBEPTeHIEI Ta
[VBepreHIielo, mo cupusge GOpMyBaHHIO AeBiariii
[39]. Lle mpumyImeHHs 3aIMIIAETbCA AKTYaNTbHUM i
9aCTKOBO MiATBEPIKYETbCA CYIaCHUMM JOCTi/IKEeH-
HAMM, He3Ba)Kal4y Ha PO3BUTOK [iaTHOCTMYHUX
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MeTofiB, 30KpeMa Im¢poBoi crpabomerpii, eye-
tracking Ta HeripoBisyasisanii [42].

Kninivno AACE 3asBuyail XapaKTepU3yeTbCs
panToBMM PO3BUTKOM €30TpoImii 6e3 oOMexeHHs
pyXiB odeil, OfHAK OKpeMi acneKTy ii BUM3HAYEeHHA
3a/IMIIAIOTbCA JUCKYCITHMMM. 30KpeMa, TPUBalOTh
00TOBOpPEHHS 110710 000B’A3KOBOI HAIBHOCTI ANILIO-
1ii, OCKiJIbKY Y MiTITKiB BOHA MOYKe Oy TV MEHIII BU-
paxkeHOI0 ab0 He ycBigommoBarucs [8, 28, 40].

Kpim Toro, onucano BUaiku, KOy NalieHTH Bif-
3HAYaI0Th HETUIIOBi 30pOBi CKapry, 110 MOXXYTb Oy TI
[I0OB s13aHi He /IuIIe 3 JUIUIONIEI0, a 11 31 SHM>KEHHAM
AKOCTi OiHOKynspHOro 3opy. IluranHs mopo “ro-
CTPOro” XapakTepy repebiry Tako)X He € OJHO3HaY-
HuM: xo4a k1acudyHo AACE posriafgaeTbes sIK cTaH
i3 panToBUM [1e6I0TOM HPOTATOM JHIB 260 TIDKHIB,
TedKi aBTOpM IMOBiZOM/IATb PO MOXKIMBY HafAB-
HICTb IOYATKOBUX iHTEPMITYIOUMX CUMIITOMIB, AKi
3TOJIOM IIePeXOMATD Y CTiiiKy fieBiarito [31, 43, 44].

IZMOBipHo, OJHUM i3 HeHOOIlliHeHNX MeXaHi3MiB
distance-diplopia y Momonyx € mekommneHcauisa na-
TeHTHOI e30dopii. TpuBane 30poBe HaBaHTaKEHHS
Ha 36/M3bKa, 0COONMMBO y TAllieHTIiB i3 Miomielo, y
NIOETHAHHI 31 3HIDKEHMMY IMBEPreHTHUMM Pe3epBa-
MM Ta IOBI/IbHOK BEPreHIIHOK0 JUHAMIKOK MOXeE
IPU3BOUTH [0 HEeKOMIIEHCallii, Komu naTeHTHa $o-
piA nepexoauTh y CMMITOMATUYHY €30TPOIII0 3 M-
momiero [6, 10, 25, 32, 48].

Ha BigMmiHy Bifi KIacM4HOI HEJOCTAaTHOCTI IM-
Bepreuuii, e gedinuT € BifHOCHO cTabiNbHNM, IPU
IexoMmeHcanii nmaTeHTHOI Qopii BiH MOXke HOCTY-
IIOBO HApOCTAaTM IMiC/A 30pOBOrO HAaBAaHTa)KEHHA.
BopHouac fiy1s1 060X cTaHiB XapaKTepHi 3HIDKeHi -
BEPreHTHI pe3epBU Ha BificTaHi Ipu BifHOCHO 36e-
peXXeHMX ITTOKa3HMKaX 30/1M3bKa Ta 3a3BMYail HOp-
MaJIbHOMY 200 [ielll0 3HVDKEHOMY CIIiBBifHOIIEHHI
AC/A [6, 10, 49].

OxpeMo HOILMBPHO PO3I/IAAATH ponb Miomil. Bu-
COKWII CTYIIiHb MiOIIii, IMOBipHO, HE € CAMOCTIiITHOIO
NPMYVHOK AVCTAHLIMHOI €30TPOoIil, OJHAaK MOXKe
BIUCTYIATH AK (AKTOp, L0 CIpHsA€ AeKOMIeHCcaIi
¢bys3iiiHMX MexaHi3MiB YHACIiJOK MifIBUIIEHUX BU-
MOT JI0 CeHCOMOTOpPHOI crabimisanii [2, 45, 50]. Ie
BifIpisHAETbCA Bif pecTPUKTUBHUX (POPM, TAKUX AK
heavy eye syndrome, ne npoBigHy ponb BifirpamoTb
aHATOMIiuHi 3MiHV eKCTpaoKyIsApHUX M’A3iB [21, 35].

Y KIIiHIYHIA OPaKTULL CIOCTEPIra€TbCs 4acTKO-
Be mepekputta Mix divergence insufficiency (DI)
y Momogmx Ta roctpum Bapiantom AACE (tun
Bielschowsky). O6upBa cTaHu XapaKTepusyHOTbCA
OinpmMM KyTOM geBianii Ha BifcTaHi, 3HVMKEHUMMU
OVBEPTeHTHUMY pe3epBaMy Ta BifHOCHO HOpMaJb-
HuM AC/A. BogHouac mepe6ir Moxe BifpisHATHCA:
mst AACE 6inpIn TUIIOBUM € TOCTpUIL Be6r0T mics
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30pOBOT0 HaBaHTa)XeHH, TOAI AK mid DI — mocry-
II0Ba JieKOMITeHcallist naTeHTHOI opii [1, 28, 34, 48].

VY nmamieHTiB i3 AUIIIOIEO Ha BiACcTaHi BaXK/IMBUM
€ posmexxyBaHH: DI y Monmopux i BiIKOBOI fuCTaHIIil-
Hoi e3oTpomii (ARDE), acomifioBanoi i3 sagging eye
syndrome (SES) [7, 34, 49]. IIpu DI 3a3Buuait Bin-
3HAYa€eThCs IepeBakHe 30i/bIlIeHHA KyTa jeBiaril
Ha BificTaHi 3 1Ioro BapiabenpHICTIO Ta TOCUTEHHAM
IiC/Is 30pOBOTO HaBaHTa)KeHH:A, 3HVDKEHHS JVBep-
TeHTHNUX pe3epBiB Ha BificTaHi pK BiTHOCHO 36epe-
SKEHMX 30/113bKa, a TAKOXK IIBUKE BiTHOBIEeHHS 0i-
HOKY/IApHMX QYHKLiN pu Ipo6Hiit Kopekuii [6-10,
21, 24, 35].

Haromicts ARDE/SES wacrime nos’sa3yors i3 Bi-
KOBUMM MopdosorivHuMy 3MiHamMy OpOiTaTbHUX
CTPYKTYp, L0 IPU3BOAATh A0 Oimbu cTabimbHO-
ro 3MillleHHs IO0KeHHs oveil. KimiHiuHO 1je MOyke
HpPOSAB/IATUACA NOCTYIOBUM Ilepebirom 6e3 3HavHOI
BapiabenpbHOCTI, iHOMI 3 MOJATKOBUMU BEPTUKAb-
HUMHU abo TOPCIIHMMM KOMIIOHEHTAaMMU, TOfI fAK iH-
CTpYMeHTa/IbHi MeToay, 3okpeMa MPT, MOXyTb BU-
ABJIATY XapaKTepHi 3MiHU 3B’A3KOBOTO amapary [7,
24, 35, 51].

Kniniuna gudepenniania mi>xk DI Ta ARDE/SES
6asyerbcs Ha Bilji maieHTa, XapakTepi nepe6iry ta
(GYHKIIOHA/IPHMUX TTOKa3HMKaX. Y MOJIOAUINX Talli-
€HTIB i3 MIOIIi€0 i 30pOBUM HaBAaHTAXXEHHSM Oi/lblI
imoBipHOII0 € DI, Tomi sk y crapumx — ARDE/SES.
JlopaTkoBe 3HaYeHH:A MalOTh 0COOMMBOCTI By3iltHMX
pe3epBiB 1 CEHCOpPHUX BIiJIIOBifiell, a TAKOX JOIO-
MDKHI TecTn, 30kpeMa Bielschowsky head-tilt test [7,
21, 24, 32,48, 51].
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Taxum ynnoM, AACE, DI ta ARDE/SES nmowinbHO
PO3IVIAATH SIK CHEKTP CTaHiB, Y AKUX QYHKI[iOHA/Ib-
Hi Ta CTPYKTYPHI M€XaHi3MM MOXYTb y Pi3Hiil Mipi
IIPU3BOANTI JI0 IeKOMIIeHCalil 6iHOKY/IAPHOTO 30pY
ta nosBu guritonii. Kimouosi kainiuHi Ta martodisio-
JIOTi4Hi BiIMiHHOCTi MK LJVIMM CTaHaMU y3arajbHe-
HO B TaOmmi 1.

CyyacHa JiarHOCTMKA JUIUIONII IPYHTYETbCA Ha
IIOEHAHHI KJIiHiYHOTO aHaJli3y, CEHCOPHUX TeCTiB
i MeTogiB Bisyamizauii, O JO3BOJAE OLIHUTU He
JIMIIIE HasABHICTh JieBiallii, a 1 MOXK/IMBI MeXaHi3MM il
BYHUKHEHHA. Y>Ke Ha eTalli aHaMHe3y PO3MeXKyBaH-
HSI MOHOKYJ/LIPHOI Ta 6iHOKy/IsApHOI AuIvtomnii icToT-
HO 3BY)KY€E [iarHOCTMYHMII ITIOIIYK: IIepIlIa JacTile
ACOLIIOETHCA 3 ONTUYHMMU 200 MAKY/ISAPHUMMU II0-
PYLIEHHAMM, Opyra — 3 OUCKOOPAMHALIEW IONO-
KeHHs ouei [8, 9, 16]. Xapakrep 1e0I0Ty TaKOX Ma€e
3HAYEHHA: Y MOJIOJMX MALi€HTiB YacTillle ONMUCYETh-
€A TOCTPUIL IIOYATOK IiC/IA 30pOBOTO HaBAaHTAXKEH-
HA, TOIi AIK Y JIITHIX — Oi/IbII MOCTyTIOBMIT TIepe6ir,
1[0 MOXKe OyTU MOB’A3aHO 3 BikoBUMM 3MiHamu [21,
24,28, 35].

OCHOBHUM METOJIOM OILiHKV 3a/IMIIAE€TbCA COVer-
TECT i3 IPU3MATUYIHOK KOMIIEHCALI€I0, KNI T03BO-
nsi€ BU3HAUMTU KyT gmebianii; mna AACE tumoBum
€ 110ro 30i/bllIeHHsA Ha BimcTaui [7, 10, 28, 48]. Jo-
JATKOBO 3aCTOCOBYIOTb TECTU ISl OLIHKM CEHCOp-
HOTO CTATyCy Ta JaTeHTHux fesianiit (Worth 4-dot,
Maddox rod), a Takox cTepeoTecT i CMHOITODOP.
36epexeHnit a00 MIBUIKO BiTHOBIIOBAHMII CTE€PEOII-
CHC IpY NPOOHIN NPU3MATUYHIi KOPeKILil po3Irsaa-
€TbCA AK CIPUATIUBUN NPOTHOCTUYHMI TOKA3HUK

Ta6nuus 1. [Iudepenuiitna xapakrepuctuka AACE, DI ta ARDE/SES

MapameTp AACE DI ARDE / SES
Tunoswui BiK Litv, nignitkun, Monogi Monogi Ta cepefHbOro BiKy MepeBaxHo 250 pokiB
nopocsi (yacTiwe mionu)
OebroT FocTpuit (BHI=TUXHI) MocTynosuit abo nigrocTpuin MocTynosui
Kyt pesiauir [MomipHuin abo 3HauYHMNI, Binbwwi Ha BifcTaHi, MeHWwni | HeBenuknin-noMipHui,

yacTile binblue Ha BigcTaHi

36nm13bKa

OiNbllie Ha BiAcTaHi

BapiabenbHicTb kyTa

BigHocHo cTabinbHui

BapiabenbHuit, nocuntoetbes
nicna HaBaHTaXeHH:

MepeBaxHo cTabinbHWM

Ounnonia

locTpa, BUpaxeHa

IHTepMiTyloua abo noMipHa

XpoHiYHa, NnepeBaXKHO Ha BifCTaHi

®ys3iitHi pesepsu

3HUXKeHI, ocobnmso
AVBepreHuis

BunbipkoBe 3HMXEHHS
AnBepreHui

"eHepanizoBaHe 3HUXEHHS

AC/A 3a3Buyan HopManbHe HopmanbHe abo 3HuxeHe 3a3BuYall HopManbHe

MPT opbit bes natonoriyHmx 3miH bes natonoriyHmx 3MmiH OsHaku SES (iHBONIOTUBHI 3MiHU
38'sI3K0BOrO anaparty)

[MaToreHes OyHKLioHanbHa OyHkuioHanbHUi pediunt Mop¢onoriyHi iHBONIOTUBHI 3MiHK

LekoMneHcauis ¢yaii

AnBepreHui

Mpumitka. AACE — acute acquired comitant esotropia; DI — divergence insufficiency; ARDE — age-related distance esotropia;
SES — sagging eye syndrome.
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[11, 32, 44, 48]. ®ysiitHi pe3epBy MaIOTh BUCOKY Aiar-
HOCTMYHY L[iHHICTb: Y MOJIOAMX IALIiEHTIB YacTilie
BifI3HaUa€TbCsl BUOIPKOBe 3HIVDKEHHS [AMBEpreHIil,
TOJ AK y JIITHIX — Oi/bII reHepatizoBaHMit fedinuT
(7,32, 48]. 3a migo3pu Ha SES Bukopucrosyrorb MPT
OpOiT /151 BUSB/IEHHS XapaKTepPHUX MOP]OIoriyHmnx
3MiH [21, 24, 35].

[TpoOHa mpu3MaTUYHa KOPEKIisl JO3BOJIAE OL[iHN-
TV CEHCOPHMII TIOTeHIiasI i CTabiNbHICTb KyTa JieBia-
il Ta MO)Xe€ BUKOPUCTOBYBATUCA /i IIaHYBaHHA
nikyBaHHA [11, 35, 48, 51]. JlonaTkoBO A/ist 06 €KTH-
Bisallil CMMIITOMIB 3aCTOCOBYIOTb CTaHJAPTU30BaHi
onurysanbHuky (Diplopia Questionnaire, AS-20)
(11, 13, 14].

JIikyBaHHA CHIBJIpY>KHbBOI €30TpOMNil 3a3Bu4Yall
IIPOBOJATH MOETanHO. II09aTKOBMM KPOKOM € IOB-
Ha Kopekuis pedpakuil. [Ipy HeBenMKMX KyTax i
30epe>KeHOMY CTepeOIICUCi MPU3MAaTUYHa KOPEKIlis
Moke 6y T e(peKTUBHOIO K TMMYacOBO, TaK i TpuBa-
no 7, 11, 28, 35, 48]. V pasi HegocTaTHbOTO eeKTy
MO>Ke PO3IJIAJATICA 3aCTOCYBAaHHA OOTYIOTOKCUHY
TUIy A, 0COOMMBO y MAL[i€HTIB i3 MOTEHIia/IOM [0
¢ysii [27, 28, 48].

Xipypriune iKyBaHHA 3aCTOCOBYIOTb IIPM CTiif-
K1x ab0 IporpecylouMx feBiallisfx; Haiyacriule Bu-
KOHYIOTb pellecilo Mefia/IbHUX HpAMUX M A3iB i3
MOXX/IMBYMI KOMOiHOBaHVMMM BTpy4yaHHAMU. Ilepe-
JolepaniliHa IpU3MOafialTallidA Ta BUKOPUCTAHHA
pery/1boBaHuX LIBiB MOXKYTh IiJBUIIYBATI TOYHICTh
KOpeKIiil, TOfIi K 30epeXXeHNnIl CTEPEOTICIC aCOLi0-
€TbCA 3 KpaluMmy pesynbratamu [27, 28, 48]. Ilpu
ARDE/SES edexTnBHICTh KOHCEPBAaTUBHUX MiIXO/iB
MO>Ke Oy TV 00MeXXEeHOI0, TOMY YacTillle 3aCTOCOBYIOTh
xipyprito (21, 24, 35]. ¥ mMonoaux maii€eHTiB i3 HeBe-
NMMKVMU KyTaMJ MOXK/IMBE BUKOPMCTAHHA BIIPaB Ha
AVBEpreH1ilo AK JoIoMbKHOro Metony [10, 48].

Taxym YMHOM, fiarHOCTMKA Ta TIKYBAaHHA JUIIIONI]
IIpU CHIBAPY>KHIN e30Tporii 6a3yeTbcsi Ha KOMILIEK-
CHI OLiHIIi KTiHIYHYUX, CCHCOPHUX i MOPOIOTiYHIX
¢dakTopiB i3 iHAMBIAyaTbHUM MiZOOPOM TaKTHKN. Be-
NMYMHA KyTa fieBialii, cran 6iHOKyIApHUX QyHKIi i
HasABHICTb CTPYKTYPHUX 3MiH MOXKYTb BIUIMBAaTV Ha
nepeOir 3aXBOPIOBAHHSA Ta Pe3y/IbTaTy TiKyBaHHA.

O6rosopeHHs

[Tonmpyu HakONMYEHHA CBLKMX NAHUX, IPOTaNVHIU
3a/MIIATbCcA CyTTeBMMM. Emifiemionoriuni Tpenpm
micis 2020 poKy BKasyIOTb Ha 30i/IbIIEHHS 4acTKU
CHIBAPY>KHDOI €30TPOIIil i3 AUILIOINIEI cepef Jopoc-
JINX 3BEPHEHb, ajle MPUYMHHO-HACTIIKOBUII 3B 130K
MDK eKpaHHUM 4YacoM, Miomiero Ta Tunom AACE/DI
me noTpebye MpOCIeKTMBHOI Bamifanii i3 yiTkumu
KputepissmMu i crangapramu QyHKI[iOHaTbHUX BUMi-
proBaHb (3amacu ¢ysiitnoi guseprennii, AC/A, Hait-
OmKya TOYKA KOHBEPTeHIii, BepreHIjiliHa MIBUJ-
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KicTp) [1-3, 24, 43, 45, 48]. He3Baxkatouu Ha CyTTEBUI
nporpec y posyminHi penorunis AACE, DI, ARDE ra
SES, Hu3Ka IUTaHb 3a/1MIIA€ThCA BigkpuTolo. Hacam-
nepeq BiCYyTHI CTaHJAPTU30BaHi [ialTHOCTUYHI KpU-
Tepil Ui PaHHBOIO PO3MEXYBAaHHS (YHKI[IOHA/Ib-
HIUX Ta Mopdororivnnx GopM. 3oKpema, Mexa MK
AACE-tunom binpmoscexoro i DI y momopux miomnis
TOCi BU3HAYa€THCA IepeBakKHO 32 aHAMHECTUYHIMMU
Ta K/IiHIYHMMM O3HaKaMy, 110 CTBOPIOE PU3MK TeTe-
POreHHOCTi BMOIPOK y HoCmimKeHHsX [1-5, 24, 41-
43]. BpaxoByioun y»e BifloMi 3 JIiTepaTypHUX [Keper
[aHi, MO>KHa 3a3HAYNUTH, 110 OpaKye TaKOX y3rOfxKe-
HUX MOp(¢o-(YHKIIOHA/IbBHUX MapKepiB, AKi 03BO-
mm 6 HapiitHO po3pisHuTy «ancTy» DI-e30Tpomio y
Monoaux Ta panHi nposasu SES/ARDE y narjieHTis ce-
PEeSHBOrO BiKy — TYT NE€PCIEKTUBHUMY BUTTIANAIOTH
BrcokoposfinbHi MPT pocnmifykeHHA OKOpPYXOBOTO
amapary B IIO€[HAHHI 31 CTAHAAPTU30BAHOI CTPado-
Mmetpiemo [12, 24, 28, 41, 42, 44-46]. Bucokoposginb-
Ha MPT opbir gama 3mory ommcati MOpQOIOTidHy
ocaoBy ARDE/SES, mpore ii ponb y crpatudikanii
PUSMKY 4M IIPOTHO3YBaHHI pe3y/lbTaTiB MiKyBaHH:A
HoTpebye MOaIbLIOro BUBYEHHS (24, 41, 42, 44-46].
A iHTerparnis cy4acHuxX iHCTpymeHTiB: 1udpoBi cuc-
TeMu cTpaboMeTpil, eye-tracking Ta crangapTusoBaHi
cercopni onutHuku (Diplopia Questionnaire, AS-20)
TO3BOJIAIOTh KiJIbKiCHO OLIIHIOBAaTM SIKiCTh >KUTTS Ta
aflanTanio nanieHTa, IpoTe Lie He CTAIM YaCTUHOK
pyTnHHOI npakTukn [11, 13, 17, 32].

Takox BimcyTHA yHidiKOBaHA TaKTMKA BeJeHHA
HaLi€eHTiB i3 Ma/mMy a0 MOMipHUMM KyTaMu AMC-
TaHLiHOI e3oTpomil. Hapasi mikyBanbHa TaKTuKa
BapilO€ BiJ NIpNU3M, IOBHOI ONTMYHOI KOpEKIil Ta
Mopudikanii mosefinky Ko 6oTymiHOTepamil Ta Xi-
pyprii. Xoua icHyI0Tb AaHi Ipo epeKTUBHICTb IPU3-
MaTM4HOI KOMIleHcanii Ta 6oTyrniHoTeparmii, Opakye
PaHOMi30BaHMX JOCTIKEHb, Ki 6 BUSHAYMIN [JOB-
rOTpyUBaNy CTabiIbHICTD pesynpTaTiB i 4iTki mOKa-
3aHHJ /IS Iepexony Jio Xipyprii [27, 28, 31, 45, 48].
Bubip TakTuku Hapasi He € CTaHJApTU3OBAHUM, a
IPOTHOCTUYHI (PaKTOPY pe3y/IbTaTiB JIIKYBaHHA IIje
yTouHIo0ThCA [13-15, 20, 22-26, 27, 28, 31, 45, 50].

Orxe, HONIpy HasgBHUIL IIpOrpec y pO3yMiHHi Ia-
TOT€He3y Ta IMiJXO/iB [0 JMiKyBaHHA, JUIIIOIIA, aco-
mirtoBana 3 AACE, DI, ARDE ra SES, 3anuiaerbcs
6araTo(hakTOPHOI KIiHI{YHOW IPOOIEMOI0, sIKa I10-
Tpebye MOAaNbIIOl CTaHAAPTU3ALl [IarHOCTUKM Ta
onTUMi3alii TepaneBTUYHUX CTPATETII.

BucHoBKM

3pOCTaHHA €KPaHHOTO 30POBOTO HABaHTAKEHHHA
Y Cy4aCHOMY CYCIiIbCTBI CTA/I0 0CO6/IMBO HOMITHUM
B OCTAaHHE [ECATWIITTA Ta, IMOBIPHO, IIOCUINIOCA
B nepiox maupgemii COVID-19. Lle moxe 6yTu aco-
ifioBaHe 3i 30i/IbIIEHHAM YacTOTU CHiBAPYXHBOI
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€30TpoIil Ta JUIUIONil y JOPOCINX, 30KpeMa cepep
MOJIOAUX MAIiEHTIB i3 MiOIIi€I0.

Toctpa HabyTa cniBppyxHs e3oTpomis (AACE), He-
noctaTHicTh auBeprenuii (DI) Ta BikoBa gucraniiiiHa
esoTpomnis (ARDE/SES) xapakTepusyoTbcs MOfiOHN-
MU KIiHIYHUMU IPOSABAMM, OffHAK MOXYTb BifpisHs-
THCA 33 NPOBIJHMMM NATOTEHETMYHUMM MeXaHi3Ma-
M. Y MOJIOAMX MAL[i€HTIB I1i CTAHM YacTillle II0B s13aHi
3 QyHKIiOHa/IbHOIO IeKOMITeHCallielo QpysiitHux Mexa-
Hi3MiB, TOAi 5K y MiTHIX — i3 MOpdooriynnMM 3MiHa-
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MU OKOPYXOBOTO amapary. BogHodac MOX/IUBe 4acT-
KOBe IEpeKPUTTA IX KIiHIYHMX XapaKTepUCTHK, 110
YCKIaHIOE IudepeHIliaNbHy JiaTHOCTHUKY.

PosmexxyBaHHA QyHKLiIOHaIbHMX i MOp¢ooriy-
HMX MeXaHi3MiB CIiBJIPy>KHbOI €30TpOIil Ma€e Bax-
NuBe KIiHiYHe 3Ha4YeHHA /I BUOOPY JTiKyBa/lbHOI
TaKTUKYU. BogHowac BifcyTHicTh yHipikoBaHUX mif-
XOJiB /10 IiarHOCTVKM Ta JIIKyBaHHA IiIKPECITIOE He-
OOXiHICTh NOFANBIINX JOCII/KEHb i cTaHgapTU3a-
il BeleHHs TaKNX MalliEHTiB.

®iHaHcyBaHHsA. [laHe LOCNILXKEHHS He OTPUMANO0 30BHIWHbOMO GiHAHCYBaHHS.
KoHnikT inTepeciB. KoHOniKT iHTepeciB BigCyTHIN.
3ropa Ha nybnikauito. Bci aBTopy 03HaoMIeHi 3 TEKCTOM pyKonucy Ta Hajanu 3rody Ha noro nybnikauito.

ETuuyHe cxBaneHHs. Lle gocnigkeHHs Ma€ aHaniTMYHO-OrNSA0BUIA XapakTep i He nepefbadvano 3anyyeHHs NaLuieHTIB
Yn NPOBeLEHHSI eKcnepuMeHTiB. ETuuHe cxBaneHHa He BuMaranocs. CTaTTa nigrotosfneHa BiAMOBIAHO LO €TUYHMX
npuHUMNiB [enbCiHCbKOI Aeknapauii Ta MiXKHapoAHWX CTaHAApTIB HayKoBoil nybnikawil.

BukopuctanHs LI, AsTopamu BrkopuctoBysanack nporpama ChatGPT (OpenAl, Can-®paHumcko, CLUA) ak iHCTpyMeHT
[J191 MOBHOTO Ta CTUJIICTUYHOrO pefaryBaHHa TekcTy. Yci ¢parmenTu, 0bpobneHi (ane He cTBopeHi) 3a gonomoroto LLI,
Bynu nepesipeHi aBTopamMu ans 3abe3neyeHHs TOYHOCTI Ta 4OCTOBIPHOCTI.

BHecok aBTopiB (CRediT). Conceptualization: Valentyna Litynska; Oksana Petrenko. Methodology: Valentyna Litynska;
Oksana Petrenko. Software: Valentyna Litynska. Validation: Oksana Petrenko. Formal Analysis: Valentyna Litynska.
Investigation: Valentyna Litynska. Resources: Oksana Petrenko. Data Curation: Valentyna Litynska. Writing -
Original Draft Preparation: Valentyna Litynska. Writing - Review & Editing: Oksana Petrenko; Valentyna Litynska.
Visualization: Valentyna Litynska. Supervision: Oksana Petrenko. Project Administration: Oksana Petrenko. Funding
Acquisition: Valentyna Litynska.
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‘ Concomitant Esodeviation and Diplopia in Adults
§ in Modern Conditions of Increasing Screen Visual Load
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Abstract: the increase in screen-related visual load over the past decade, further intensified during the COVID-19
pandemic, appears to be associated with a rising prevalence of concomitant esotropia and symptomatic diplopia in
adults, particularlyamong young myopicindividuals. This trend likely reflects changes in visual behavior and highlights
the importance of early diagnosis and identification of underlying mechanisms. To investigate concomitant esotropia
and diplopia in adults under contemporary conditions of increased screen-related visual load. An analytical review
of published clinical, pathophysiological, and epidemiological studies on concomitant esotropia and diplopia was
performed. Diplopia is a sensory symptom defined as the perception of two images of a single object with horizontal,
vertical, or oblique separation, resulting from impaired interaction between the sensory and motor components
of the visual system. Diplopia associated with concomitant esotropia may develop due to decompensation of
fusion mechanisms and a reduction in divergence reserves, leading to instability or loss of binocular vision. Acute
acquired comitant esotropia (AACE), divergence insufficiency (DI), and age-related distance esotropia associated
with sagging eye syndrome (ARDE/SES) represent clinically similar but pathogenetically heterogeneous conditions.
Increased screen time has been associated with myopia progression and may contribute to the development of these
conditions, particularly in younger patients. In younger individuals, the predominant mechanism is likely functional
decompensation of fusion with selective reduction of divergence reserves. In contrast, morphological changes of the
extraocular motor apparatus appear to play a greater role in older patients. These conditions may partially overlap
in clinical presentation and disease course, which can complicate differential diagnosis. Strabometric assessment,
evaluation of fusion reserves, and morphological analysis of the extraocular motor system (including orbital MRI)
are essential for identifying the underlying mechanism. The presence of functional or structural changes influences
clinical decision-making and determines the choice of treatment strategy, ranging from conservative approaches to
surgical intervention. However, unified diagnostic and therapeutic protocols remain limited, indicating the need for
further standardization. Increased screen-related visual load appears to be an important factor associated with a higher
prevalence of concomitant esotropia in myopic adults. AACE, DI, and ARDE/SES represent a spectrum of clinically
similar but pathogenetically distinct conditions involving functional or structural mechanisms. Identification of the
underlying mechanism is important for clinical management and may contribute to the development of standardized
diagnostic and therapeutic approaches.
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Abstract: in this case report, we present a fatal incident of group ethylene glycol poisoning involving three individuals.
The bodies were discovered near a river in an advanced stage of decomposition and transported to the Department
of Forensic Medical Examination at the State specialized institution "Kharkiv Regional Bureau of Forensic." In the
absence of external signs of violent death, such cases are investigated using all available forensic methods, including
autopsy, toxicological screening, and histological examination. The autopsy did not determine a definitive cause of
death, and the histological examination revealed no features typically associated with ethylene glycol intoxication.
However, qualitative forensic toxicological analysis confirmed the presence of ethylene glycol in renal and hepatic
tissues. Clustered fatalities of this nature are relatively rare but do occur in forensic medical practice and require

meticulous investigation to determine the underlying cause and circumstances of the death.

Keywords: Forensic Medicine, Forensic Toxicology, Ethylene Glycol, Poisoning, Autopsy

Introduction

Ethylene glycolisawidely used chemical compound
and an essential intermediate in various industrial
processes. Due to its unique properties and broad
industrial applications, numerous catalytic and non-
catalytic chemical systems have been investigated for
their synthesis. These systems often rely on reaction
pathways derived from fossil fuels as well as biomass-
based resources. [1].

Ethylene glycol (EG) is a technical fluid commonly
used as an antifreeze agent. EG poisoning is usually
marked as domestic or accidental for the purpose of
intoxication, even though there are many genuine
suicide attempts. The severity of a toxic effect will
depend on the general condition of the organism,

its individual features, ethylene glycol intake, and
previous or simultaneous ethanol alcoholization.

In previous researches was mentioned [2, 3, 4]
that ethylene glycol intoxication is occasionally
encountered in forensic practice; however, such
cases are relatively rare and typically do not involve
multiple individuals.

Three bodies, members of the same family - were
delivered to the Department of Forensic Medical
Examination at the State specialized institution
"Kharkiv Regional Bureau of Forensic", According to
the investigator's decree, the bodies were discovered
at the beginning of March near a river, lying close
to one another. At the time of discovery, they were
frozen and in an advanced stage of decomposition,
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showing signs of partial mummification. All three
deaths are considered as a single case report since
bodies were found at the same location and the
incidents occurred at approximately the same time
with an identical cause of death.

Aim

The main goal of this case report is to describe
and analyse a fatal case of group ethylene glycol
intoxication, emphasizing the clinical presentation,
diagnostic challenges, laboratory findings, and
forensic aspects, in order to highlight the importance
of early recognition of ethylene glycol poisoning.

Materials and Methods

Autopsies were performed using the method of
complete evisceration (according to Schor). After
collecting venous blood and urine (where it was
possible), the detection of alcohols (methyl, ethyl,
isopropyl, n-propyl, isobutyl, n-butyl, and isoamyl
alcohols) was conducted using an “LKhM-80" gas
chromatograph according to standard methodology.
The detection method for presence of ethylene glycol
is used as qualitative and based on examining the
aqueous portion of the distillate in a reaction with
sodium sulfite and fuchsine sulfuric acid. Histological
examination was performed by staining the specimens
with hematoxylin and eosin and then examining
them under an OLYMPUS CX-23 light microscope
with magnification x4, x10, x20, x40, x100.

Case description

First Body - Male, 54 Years Old. Postmortem changes
were observed, including green skin discoloration
in both iliac regions, consistent with putrefactive
changes. Deposits of soot were noted on the skin of
both hands. Upon examination, the testicles were
not palpable within the scrotum, having retracted to
the level of the external inguinal canal. An autopsy
revealed that all bodily fluids were in a frozen state.

The brain weighed 1290 grams. The brain tissue,
on section, exhibited a well-preserved general pattern
corresponding to its anatomical structures. The
tissue appeared edematous, moist, and congested,
with no visible focal lesions. The lungs were of
average size, with emphysematous expansion along
the periphery. The right lung mass was 600 grams,
and the left lung was 570 grams. Palpation revealed
that the lungs have a dough-like consistency. The
lung tissue, both on the surface and the section,
was red brown. On compression of the cut surface,
a large quantity of reddish, foamy fluid mixed with
frozen blood was released. The esophagus contained
a black, viscous fluid mixed with ice. The stomach
contained approximately 200 mL of dark brown
liquid. Multiple petechial hemorrhages, ranging up to
0.3 cm in diameter, were observed at the apices of the
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gastric folds. These hemorrhages shifted upon gentle
scraping with the back of a knife. The urinary bladder
contained approximately 200 mL of urine.

Second Body - Female, 73 Years Old. Mum-
mification of the face and hands was noted. Put-
refactive changes were observed, including a
putrefactive venous network and putrefactive
liquefaction of the eyes. Deposits of soot were present
on the face, neck, and hands. Internal examination
revealed a fibrous tissue replacement area measuring
2.0x1.5 cm on the posterior wall of the heart's left
ventricle. The urinary bladder was empty.

Third Body - Male, 74 Years Old. Putrefactive
changes were observed, including brown-green
discoloration of the skin, a putrefactive venous
network, and putrefactive liquefaction of the eyes.
Internal examination revealed changes in the brain,
lungs, and gastric mucosa similar to those observed
in the first body.

For laboratory analysis, tissue samples from
various organs were collected from all three bodies
for forensic histological examination. Blood and urine
samples (where available) were taken to determine
the concentration of alcohol and carboxyhemoglobin.
Additionally, a set of organs was collected for
toxicological analysis to determine the concentration
of unknown poisons, including the stomach with
its contents, one meter of intestine with contents,
cerebral cortex, liver with an intact gallbladder, and
an intact kidney. A characteristic purple coloration
indicative of ethylene glycol was observed in the tissue
samples. Consequently, forensic toxicological analysis
confirmed the presence of ethylene glycol in all three
cases, except the first body where ethyl alcohol in the
blood at a concentration of 0.88%o and in the urine
at 6.35%0 was found. Carboxyhemoglobin was not
detected in the blood of any of the subjects by gas
chromatography. The liver was not analyzed for starch
due to the time of death, which occurred more than
24 hours before the forensic examination of the body.

Forensic histological examination revealed signs of
postmortem autolysis in the second body. In the first
and third bodies, there were signs of rapid death (acute
circulatory failure in the internal organs, venous
congestion of the internal organs, and edema of the
brain and its membranes), along with hemorrhagic
erosions of the gastric mucosa, saturated with
erythrocytes, forming a brown granular mass. The
leading cause of death was determined to be ethylene
glycol poisoning.

Discussion

Therefore, in the absence of ethylene glycol, general
hypothermia could be considered as a possible cause
of death in this case.
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Table 1. Comparison between findings in bodies

MEOVLVHA I

Onuc kNiHIYHOTO BMNaAKy

Findings Body 1 (male) Body 2 (female) Body 3 (male)

Stage of putrification green skin mummification of the face and | brown-green discoloration of
discoloration hands; putrefactive venous the skin, a putrefactive venous
in both iliac network and putrefactive network, and putrefactive
regions liguefaction of the eyes liguefaction of the eyes

Signs of sudden death + - +

Puparev sign + not applicable -

Vishnevsky spots + - +

Other pathological conditions

fibrous tissue replacement
- area of the heart's left -
ventricle

Calcium oxalate deposits in organs -

blood - 0.88%o0
urine - 6.35%o

Presence of alcohol

Presence of carbon monooxide -

Presence of ethylene glycol +

Firstly, in the first body, palpation detected a
significant retraction of the testicles toward the level
of the external inguinal canal - a finding known as
Puparev's sign - indicating antemortem exposure to
low temperatures [5].

Secondly, in both the first and third bodies, multiple
petechial hemorrhages were observed on the gastric
mucosa. Histological examination identified these as
hemorrhagic erosions, infiltrated with erythrocytes,
and appearing as brown granular masses. Several
studies [6,7] support hypothesis that these features
resemble Vishnevsky’s spots, typically associated with
hypothermia.

Moreover, the presence of soot in the absence
of carbon monoxide in the blood may suggest the
existence of a nearby fire, possibly indicating that the
individuals were near a source of warmth.

Histological signs of ethylene glycol poisoning
involve multiple organs and systems [8]. In the central
nervous system, edema, meningoencephalitis, and
loss of Purkinje cells are typically observed [9]. The
kidneys show proximal and distal tubular dilation,
interstitial edema, tissue necrosis, and intratubular
deposition of calcium oxalate crystals [10,11]. The
adrenal glands may exhibit hemorrhages, while
the lungs often present with edema and interstitial
pneumonitis. Other affected organs include the
myocardium, whichappears paleand flaccid with signs
of interstitial myocarditis and electrophysiological
disturbances. Additionally, erythema of trachea,
hepatic congestion, and calcium oxalate deposits
in the retina may also be present [4,12]. However,
in acute ethylene glycol intoxication cases, calcium
oxalate crystals may not always be observed in the
kidneys [4].
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In this case, we observed that histologically,
no pathological changes were detected in the first
body, apart from signs indicative of a sudden death.
At the same time, cerebral and pulmonary edema
were observed in this case, which may support the
hypothesis of sudden death.

The second body was in a state of putrefactive
decomposition.  Although the organs were
macroscopically preserved, microscopic examination
showed marked postmortem autolysis, which
precluded a reliable assessment of pathological or
reactive tissue changes.

Recent study [13] indicates that measurement of
glycolic acid levels may be useful in similar cases
during postmortem investigations of EG poisoning,
as determining EG concentration alone may not
provide a sensitive indicator for detecting or assessing
the severity of EG poisoning. Additionally, a method
has been described for detecting elevated glucose
levels in vitreous humor, which may correlate with
EG poisoning [14].

The detection of ethylene glycol in the liver and
kidneys by qualitative methods can be explained by
the fact that the most significant amount accumulates
in these organs, where it undergoes biological
oxidation to form glycolates, glyoxalates, and oxalates,
substances primarily responsible for initiating the
toxic process [15].

Conclusions

This study highlights the diagnostic challenges
of ethylene glycol poisoning, particularly in
forensic contexts where toxicological testing is
limited or unavailable. In the absence of direct
detection of EG, alternative causes of death-must
be carefully considered based on autopsy findings
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and histological features. Therefore, histological  postmortem detection of EG poisoning. Enhanced
and biochemical markers-including glycolic acid  diagnostic awareness is essential for identifying
levels and vitreous glucose-should be integrated into  this rare but potentially overlooked cause of fatal
standard forensic protocols in Ukraine to improve  intoxication.
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‘ Bunapok cMepTenbHOro rpynoBoro OTPyEHHS
AN eTuneHrnikonem

Onekciin LWep6ak', lap’sa KysbMiHa', MaBno JleoHTbEB?

' lep>kaBHa cneuianizoBaHa ycTaHoBa «XapKiBcbke obnacHe 60po Cyf0BO-MeANYHOT eKCNepTU3nN»,
XapkiB, YkpaiHa
2 XapKiBCbKWUiA HaLiioHaNbHUI MeaMYHMIA yHiIBepcuTeT, XapkiB, YkpaiHa
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AHoTalif: y [boMy KIiHiYHOMY BUTIA[IKy IIPeACTaB/IeHO IeTaIbHUI iHIUAEHT IPYIIOBOTO OTPY€EHHS eTU/IeHTTiKO-
JieM, 110 CTaBcs 3 TpboMa ocobamu. Tima 6ynm 3HaieHi T06MM3y pidky B cTafil 3HAYHOTO ayTOJI3y Ta JOCTaBIIe-
Hi fo Bigziny cymoBo-MennyHOl eKcepTusy TpyniB JlepkaBHOI cIlenjiani3oBaHOl yCTaHOBM «XapKiBChbKe obmacHe
610pO CyIOBO-MeMYHOI eKCIIepTM3M». 3a BiICYTHOCTI 30BHIIIHIX 03HAK HACWIbHUIIBKOI CMepTi MOAiOHI BumajKu
TOCIIPKYIOTbCA 3 BUKOPUCTAHHAM YCiX JOCTYIHUX CyJOBO-MEIVYHMX METOJiB, BK/IIOYAl04M PO3TUH, TOKCUKO-
JIOTIYHUI CKPUHIHT Ta ricTonoriyne gocmimkeHHs. [1ig yac po3TuHy He 6Y/I0 BCTAaHOBIEHO OCTATOYHOI IIPUYMHY
CMepTi, a TiCTONOTiYHe AOCTIIKEeHHA He BUABWIO 3MiH, XapaKTepHMX JIs iHTOKCUKaIlil eTuneHrnikoneM. IIpore
AKICHMII CYIOBO-TOKCUKOJIOTIYHIIA aHAJIi3 MiITBEpAVB HaABHICTb €TMICHIIKONI B TKAaHMHAX HUPOK i MEYiHKM.
IpynoBi neTanbHi BUIIAJIKM TAKOTO TUITY TPAIIAIOTHCA BifIHOCHO PiJiKO, IPOTE 3YCTPiYaloThCA y CY/IOBO-MEeIMYHIN
HpaKTUL /il HOTPeOYIOTh PEeTEIbHOrO PO3C/IiYBaHHA IS BCTAHOB/ICHHS IIPMYMHY Ta 0OCTaBUH CMepTi.

Kntouosi cnosa: CynoBo-Mey4Ha eKCIepTU3a, CYJOBO-MeYHA TOKCUKOJIOTi, eTU/IeHITIIKO/b, OTPYEHHS, PO3THUH.
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AHoTaLifl: CMHAEPOM cepeMHHOI ,uyrono;[i6H0'1' 3B’513KM, 260 cuHApoM Janbapa € ofHNM i3 PiIKICHUX CUHIPOMIB y
KJIiHIYHiN npakTuLi. Bin Xapakrepusyerbca pisHOMaHITHO K/IiHIYHOK KAPTUHOIK), KA YTPYAHIOE JIOTO AiaTHOC-
TUKY Ta POOUTD 110T0 iarHO30M BUKIIIOUEHHS. MeTa TOCTiKeHHs: aHa i3 KIIiHIYHOTO BUIIQJIKy — CMHApoMY [laH-
6apa, 1100 akTyasisyBaTu mpobiemMy [/ MiKapiB, Ki CTMKAIOTHCS 3 MAIliEHTaMy 3 TPUBAIMMU CUMIITOMaMu 3 OOKY
HITYyHKOBO-KMIIKOBOTO TPAKTy HE3PO3YyMiNoro noxomxenHsa. Marepianu ta metopu. IlanienTa mpoTAarom marke
20 pokiB TypOyBamM moCTiitHi 6071 B XMBOTI, IOPYLIEHHA CTYIIY, 3AYTTs, @ B OCTAHHI POKU IIpMEHAIAcA 3HAYHA
BTpaTa Macy Tina. Bin 6yB 6araropa3oBo MpOKOHCYIBTOBAHNMIT PISHUMI CIIeljjaTicCTaMM Ta BCeOIYHO 06CTeXKeHNIT 3
BUKOPMCTaHHAM BCiX JOCTYIHMX METOZIB. 3 IPMBOJY I}bOr0 MOCTIHO NpUIiMaB Pi3HOMaHITHI IIpenapary 30Kpe-
Ma aHTHUJIeTIPeCaHTH, IPOTe 3HAYHOTO IIOKpallleHH:A He criocTepiranocs. bys Hanpasnenuit Ha KT-anriorpadito, ne
6yB HifTBepPKEHMIT KOMIIPECIIHNMIT CTEHO3 YepeBHOT0 CTOBOYpa AyronofibHoo 3B'13K0k0 Aiadparmu. Y 3B'3Ky 3
LM [alieHT 6B HaIpaB/IeHNiT K0 CYAMHHOrO Xipypra. Ilic/is onepaTMBHOrO BTPYYaHH 3aTa/IbHMII CTaH MallieHTa
HOKpAIVBCSA, @ CKapIy Ha 61/1b Ta iHIIi CMMITOMM 3MEHIIVMIACS 200 ITOBHICTIO 3HUK/IN BIIepie 3a 18 pokis. BucHo-
BOK: cuHApoM [lan6apa crif BkaouaTy B gudepeHIiiiHuiL JiarHo3 Ha eTari, KOy PUPOfia CUMIITOMIB MallieHTa
HE MAa€ YiTKOTO NOsACHEHHS.

KntouoBi cnoBa: cuHgpoM cepernHHOI AyronofioHoi 38’13k, cuHapoM [lanb6apa, CMHAPOM KOMIIpeCii 4epeBHOro
cToB6ypa aoptu, KT-auriorpadis, oneparis, giartos, sudepeniiitumii giaruos.

BcTyn

Cungpom [lanbapa 1je KIiHIYHMIT CUHAPOM, IO
BUHMKAE Yepe3 CTUCHEHHs 4epeBHOr0 CTOBOypa ce-
PEeAVHHOIO AyronofibHo0 3B’sA3K0M0 Aiadparmm [1].
[Tommpenicts jtoro cknagae 2 unagky Ha 100 Tucsay
HaceJIeHHA 3 IepEeBAKHIM YPaKeHHAM >KiHOK i3 9ac-

ToTO!0 4:1 Ta BikoM Bift 30 1o 50 pokiB. B ocHOBi 11bOTO
CUHJIpOMY JIEXUTDb KOMIIpecis cepeyHHOIO IyTrOIo-
Ii6HOM0 3B’513KOI0 Ta HDKKOIO JjiadparMu uepeBHOTo
CIUTeTeHHA, fIKa HATATYETbCA IIifi 4ac BUAUXy [2-4].
ITonpu Te, 1110 32 ZAHUMMU PEHTI€HONIOTiYHOTO JOCTi-
I>KEeHH TOUIMPEHICTh IbOTO CMHPOMY MOXe CKJIa-

I 32
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patu Bif 10 1o 24 %, KIiHi4HI IPOABY JI0T0 BMHUKA-
I0Tb TIIBKY Yy HEBEIMKOI Ki/IbKOCTi mauieHTiB [5-6].
Cepep, Hall4acTiMNX CUMIITOMIB, fAKi 3ycTpidaloTbcA
IIpY LIbOMY CHHJPOMI, € CMMIITOMY M€3€HTepiabHOI
immemii, a came: mocTIpaHAiaTbHUI A0KOMiHATBHII
6inp, HyfoTa, OMIOBaHHA Ta BTpaTa Macu Tima [7-
8]. Ilpore moBoOJi YacTo y MaIi€HTIiB i3 CMHAPOMOM
Jlan6apa HasgBHi cynyTHi QYHKIIiOHaJIbHI CTaHU, B
OCHOBi fIKMX JIEKUTb IIOPYLIEHHS OCi «MO3OK-KU-
HIeYHMK». 30KpeMa CHH[POM IOAPa3HEHOi KMIIKU
a60 ¢yHKI[iOHa/bHA [UCIENCiA, CUMITOMU SKUX
MacKylTb KTiHIYHI IpOABM JaHOTO cMHApoMy [9].
CBO€10 4eprow Iie yCK/IaJHIOE PAHHIO [iaTHOCTUKY
cungpomy JJan6apa. Oxpim TOro, HalieHTH B Ipolie-
Ci MOCTITHOTO MOIIYKY IPUPOAY CBOIX CMMIITOMIB, a
TaKOXX IOJIiNparmMasii, AKa 3yCTPiYa€TbCA Ha IXHbO-
MY LUIAXY, CTPaXKJAl0Th Ha TPMBOXKHI Ta JeNPECUBHI
posnanu [3,10-11]. Yepes Axi BoHM IpnitMaroTh pisHi
aHKciomiTuuHi a60 aHTUAenpecuBHi mpemnaparu. Ta-
KM YJMHOM 1j€ CIIpUsAE HUSbKOMY KOMIIJIAEHCY 3 I1a-
jieHTOM Ta Mi3HiN AiarHocTuyi cungpomy danbapa.
Jlo OCHOBHUX METO[IiB JiaTHOCTMKU LIbOTO CUHJPO-
My Hajmexxatb KoMirioTepHa tomorpadis (KT) a6o
MarHiTHO-pe3oHaHCHa ToMorpadist 3 aHriorpadiero.
Takox 10 meperiKy oO6CTeXXeHb CUH/IPOMY BXO[UTD
ynbrpacoHorpadis [12-13]. Cunppom Haubapa ii-
KYETbCA ONEPATVBHUM LIUIAXOM, AKUI IOJIATAE Y JIa-
IIAPOCKOIIIYHIil JleKOMIIpecil YepeBHOro cToBOypa 3
HACTYIHUM J10TO HeNpOTIi31icOM 0COOMMBO 3a HasIB-
HOCTi HE3BOPOTHUX 3MiH Y HbOMY, a TaKOXX IIpU BU-
paXeHOMY HeilpOIIaTUYHOMY 00bOBOMY CHHAPOMI
[14-15].

MeTta

MeTo10 1i€l po6OTH CTANIO BUCBIT/IIEHHS BUIAAKY
cunppomy Jlan6apa i1 nikapis pisHUX cIIeliaTbHOC-
TeN, AKi 3yCTpiYal0Th y CBOIMl IPaKTUIL IALi€HTIB,
CUMITOMU SIKMX MalOTh HEBCTaHOBJIEHY €TiONOTiI0.

Martepianu Ta MeTogM

My npoBenu ONMUCOBe MOCTIPKEHHA KIIiHIYHOTO
BUIAJKy cuHapomy lan6apa y 38-piuHoro maiieH-
Ta, AKMII OYB Ha aMOY/JIaTOPHOMY CIIOCTEpPeXeHHi.
JocnigKeHHs BUKOHAHO BifIOBiZHO O NMPUMHLINIIIB
Tenbcincpkoi mexmapauii. Ilanientom 6yma HapmaHa
inpopmoBana 3ropa.

Onuc KniHiYHoro BUNagKy

AnaMHe3 3axBoproBaHHiA. [lamient, 38 pokis,
CKap>KUTbCA Ha 007 Y )KUBOTI, 3MyTTA, YepryBaHHA
IIPOHOCIB Ta 3aKpelliB, CXy/IHEHHA Ha 15 KT 3a OCTaH-
Hi 3 poku. Bigomo, mio 1ji ckapru nanienTa TypoyoTb
IIPOTATOM OCTaHHiX 18 pokiB. 3 11bOro NpMBOAY BiH
HEO[THOPA30BO 3BEPTABCA MO CIELialiCTiB I IO-
LYKy IPUYVHA CBOIX cuMnToMiB. Ha modarky sk, B
AKOCTI JIKYBaHHSA NAIi€HTOBI Oy/IM peKOMeHIOBaHi
crmasMoritiyHi npemaparu. IIpore depes Heedex-
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TUBHICTh OCTaHHIX 6y}10 pEeKOMEHI0OBaHe TOfaIblIIe
IOOOCTEXKEHHH.

Pesynbratn o6crexxenns. [TanienTosi Oyma mpo-
BeJleHa KOJIOHOCKOIIiA, ITiji 9ac sIKOI Oy/ib-AKMX O3HAK
opraHiuHoOI marosorii He 6y70 BUsABIEHO Ta e30da-
rOracTpOAYOLEHOCKOIIA 3 IOAAaNbIINM TiCTONOriY-
HUM JOCTiIPKEHHAM i HIBUAKUM ypeasHUM TeCTOM.
Pesynbraty sikux BUABMIM aTPOIUHMII TacTPUT 3
cuctemoro OLGA - 1, 6e3 03HaK KMIIIKOBOI MeTarlIa-
3ii OLGIM - 0 Ta HasBHicTb Helicobacter pylory. ITa-
LIIEHT IPOXOAUB KyPC epajuKaliifHOrO JiKyBaHHA
Helicobacter pylory nmorpiitHoto Tepami€to 3 KmapuT-
poMilMHOM. YCHIIIHICTD epafMKalil dyepe3 MicALb
nicis ikyBaHHA Oyna HifTBep/pkeHa HeraTMBHUM
aHa/li3oM Kalmy Ha ¢ekanbHuit antureH. Ha Qomni
IIPOBEMIEHOrO JIIKyBaHHA CTaH IalliEeHTa TMMYacOBO
HOKpPAILIVBCA, 3MEHIIWINCA 34YTTA Ta 607 y XUBO-
Ti. Yepes pesaxkmil 4ac mallieHT 3HOBY IOMITHB IIO-
TipIIEHHA CBOTO CTaHy Ta 3arOCTPEHHs IOIEepPeNHix
cuMnrToMiB. TakoX IIpOBOAMIOCA YNIbTPa3sBYKOBe
00CTe>XeHHsI OpraHiB YepeBHOI MOPOXKHVHHA, TIif{ 4ac
AKOTO He Oy/10 BUAB/IEHO CYTTEBMX 3MiH, AKi 6 mosc-
HUIM IPUPOJY CUMIITOMIB IaIli€HTa.

ITapanenbHO 3 iHCTPYMEHTAJIbHUMMU JOCITiJKEH-
HAMM NAIIi€HTOBI TAaKOX IPOBOAMIOCH TabOpaTOpHe
obcrexxenHs. Tak, Oy/u BUKOHAHI 3arajbHMIT aHATT3
KpOBi, 6i0XiMiYHMII aHa/Ti3 KPOBi, BUSHAUeHHA (eKa-
KaJIbHOI e/1acTasy, aHa/li3 KpoBi Ha BU3HAYEHHA aH-
TUTIJI O TKAHMHHOI TPAHCITIIOTaMiHa3M, aHaJIi3 KPo-
Bi Ha amina3y Ta ninasy. Pesynpratu mabopatopHux
TOCTi/PKEHb He BMABWIM IIATOJNOTIYHMX 3MiH y 3a-
raJibHOMY Ta 6i0XiMiYHOMY aHasi3ax KpoOBi, a TAaKOX
Oy/u BUK/TIOUEHI LiejTiaKis Ta 30BHIIITHbOCEKPeTOpHA
HEIOCTATHICTD IiITYHKOBOI 3a7103M1.

Hiarnos Ta nikyBaHHsA. B pesynbrari oTpuMaHuX
pes3ynbpTaTiB HalieHTOBi Oynyu HEOZHOPa3oBO BU-
CTaBJIEHi [iiaTHO3M: CUHAPOM IOJPasHEeHOI KAIIKY Ta
¢dYHKIIOHA/IbHA AMCIIeINCisA. 3TifHO 3 HMMU Ialli€H-
ToBi Oy 3anpononoBani FODMAP-giera Ta mpo-
TOBXXEHHA IIPUIIOMY CIIa3MOJIITUYHMX TIpeIapariB
ta iHri6iropis mportoHHol mommmu. TakoXX HalieHT
Jac Bifj yacy NpOXOAMB Kypcu JiKyBaHHA pudax-
CUMIHOM, Ha (bOHi SKOTO BiH BigMiuaB 3MeHIIIEHHS
CUMIITOMIB, IIOIIPK Te€, IO 3aKPeN Y HbOTO IOCHIIIO-
BaBcA. HeedekTuBHe miKyBaHHA Ta IOCTiVHI BuC-
Ha)K/IMBi CUMIITOMM IPU3BEIN O POSBUTKY y Malli-
€HTa COMaTM30BaHuX posnafis. Hapani nauieHT 6ys
IIPOKOHCY/IBTOBAHMUII TICUXOTEPAIIeBTOM i oMy OyB
BUCTABJICHUIT JiarHO3: cOMaToOpMHa AMCPYHK-
LIi1 BereTaTMBHOI HEPBOBOI CUCTEMU, TPUBOXKHO-
JenpecUBHMIT Po3najl. 3 MPUBOAY IIbOTO HACTYIIHUM
KPOKOM Y JIiKyBaHHi JaHOTO MallieHTa 6y/10 mpusHa-
YeHHs aHTUJIeIIPecaHTiB. 3arajoM MallieHT y pi3Hi
MIPOMIXKKI 4acy CBOrO 3aXBOPIOBAHHA NIPUIIMaB TaKi
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Ipenapary sK: Cy/IbIlipui, CepTpaliH, BeHmadaKCHH,
nperabariH, amitpuntunin. llupoxuit Bubip npemna-
pariB OyB 0OyMOB/IeHMII iHAWBiAya/lbHOIO Herepe-
HOCHMICTIO, TOOIYHMMY HisiMM Ta HeepeKTUBHICTIO
Ipenaparis.

Ilisnime npy 3BepHEHHI Ha €KCIEPTHY KOHCYJIb-
Tanilo Ha kadenpy BHyTpimHbOI MemuuuHu Nel
HamionanpHOro Megu4YHOrO YyHiBepCcUTETy iMeHi
0O.0. Boromornbls 6yB 3amijo3peHnst CyaNHHNI Te-
He3 JaHMX CUMIITOMIB. 3 OIJIAY Ha Lie [I/I IOfasIb-
IIOTO JJ0OOCTEeXXEeHHsS MallieHTOBI Oyna peKoMeH-
nosana KT 3 amriorpacdiero. Ilicna i mpoBegeHHA
6yB 3po0/eHNiT BUCHOBOK IIPO HAasBHICTb y mami-
€HTa KOMIIPECiITHOTO CTeHO3y 4epeBHOrO CTOBOYpa
AyronofibHoIo 3B’A3K00 Aiadparmu, abo CUHAPOMY
Hanbapa (puc. 1).

PucyHok 1. KT-kapTuHa cTeHO3y 4epeBHOTO
cTOBOYpa yronofioHo0 3B’ 13K010 fiadparmu
y JAHOTO MalieHTa

3 pesynbratamu KT pocrmimkeHHs mMallieHT Ha-
JaJli HallpaB/IeHN)I Ha KOHCY/IbTALil0 10 CYIMHHOTO
Xipypra, SIKuil MigTBEepAuB AaHmMii cuHApoM. Ilami-
€HTOBI OyZI0 IpOBeleHe OlepaTVBHE BTPYYAHHA 3
po3ciueHHAM cepefuHHOI 3B’s13ky giadpparmm. ITic-
Ns0OIepaliiiHuil Ilepiof; y mHalieHTa HpoTikaB 6e3
yckmajHeHb. Yepes 1 micAup micid onepaTMBHOTO
BTPy4YaHHs IALIiEHT IOBTOPHO 3BEPHYBCA Ha KOH-
Cy/nbTalilo Ha Kagenpy BHYTpilIHbol MeguumHy Nel,
3i ckapramu Ha aOIOMiHa/JbHUI Oi/b, SKMIT TTOTIET-
myBaBcA micnA gedekanii, MeTeopusM, HechopMo-
BaHUII cTy (3a BpicTonbcpKolo 1IKasIow BifNoBigas
51 6 tuny), [IpusHadeno pudaxcumin 400 mr 3 pasu
Ha o6y — 7 #HiB, amiTpuntwiin 25 Mr 1 pa3 Ha 106y,
IIPOTATOM 4 JHIB NPUITOMY BKa3aHi CUMIITOMU 3HU-
K/IM, CTY/1 HopMasisysascs (3 tum). Cripg 3a3HaunTH,
IO [IO OIlepaTMBHOIO BTPY4YaHH: JIiIKyBaHH:A BKasa-
HUMH TIperapaTaMy >KOJHOTO pPasy 3aJO0Bi/IbHOTO
edekry He gaBaso. lle MoXXe CBifunTH PO Te, 1110 Ha-
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ABHICTb Cy[AMHHOI aHOMaII y Iali€HTa, OKpiM ilm-
Misalii Ta HOopyIleHb iHHepBallil MOI/Ia COPUYMHUTH
Y HbOTO TAKOX i IIOPYIIEHH: OCi "MO30K-KUIIeYHNK"
3 BignosigHuMMM Hacnifgkamu. Hapasi nanient npu-
yiMa€e 12,5 Mr aMiTpUIITWIiIHY, CaMOIIOYYTTA 3a%0-
Bi/lIbHe, CKapr HeMae, IPOJIOBXKYE HaOMpaTy Bary, He
Mae JieTMYHNX 0OMeXKeHb 3aIlaHOBaHa TPUBATICTD
NMiKyBaHHA — 6 MicALiB.

O6roBopeHHs

Cunpgpom JJanb6apa € CyAMHHOIO NATOJIOTi€0, 110
MO>ke Oy TU IIPUYMHOIO PI3HUX CUMIITOMIB, TAKVX 5K
abmoMiHaNnbHWIT Oi/b, IIOPYLIEHHA CTYNTY, CXy[JHEH-
HA Ta iHmwi. B 0cHOBi pO3BUTKY iX P LbOMY CUH-
IpOMi JIeXKaTh IBA MEXaHi3MM — ilIeMiYHNI Ta Hell-
pomnatnyumii [6]. IIpore, yepe3 HecnenuiyHICTh TA
Pi3SHOBMIHICTb K/IiHIYHUX NPOsBiB, 110 BUHUKAKOThH
y TALi€HTiB, IpM LbOMY CUHAPOMI MOXYTb BUHMN-
KaTV TPYAHOII Y [iaTHOCTUYHOMY IOHIYKY JaHOTO
3aXBOpIOBaHHA. Tak, 3a JaHUMM [OCTiKEeHHH, Y
marienTis i3 cungpomom Jlanb6apa Haityacriie Bu-
HUKa€ abpoMiHanbHMit 6inb (94%), oCTIpaHiab-
Huit 6inb (80%), HymoTa Ta 6moBaHHA (56%), BTpa-
ta Macu Tina (50%) [16,17]. Kpim Toro, B momrykax
NPUYMH JaHUX CUMITOMIB y MAlji€HTiB i3 CMHAPO-
MoM [lan6apa K Ha IPUKIafi JAHOTO BUIAJKY, MO-
XKYTb BUHUKAT! pisHi coMaTohOpMHI IOpyIIeHHA
BEreTaTUBHOI HEPBOBOI CUCTEMI, 110 PA3oM i3 UM
CUHJIPOMOM YTPYIZHIOIOTb JIOTO CBOEYACHY JiaTHOC-
TUKY Ta JTiKyBaHHA.

OcHoBHe Mic1ie B giarHoctuii cuappomy Janbapa
3ajiMae PEHTTeHOJ/IOTIYHEe [OCTi/PKEHHsA 3 KOHTpa-
CTyBaHHAM [ Bi3yajisallil CTEHO3y 4YepeBHOTrO
cTOBOYypa, a TAKOX IHIINX TOFATKOBMX O3HAK, TAKMX
AK IIOCTCTEHOTUYHE PO3LIMPEHHS, BUPAXKEHICTD KO-
JlaTepaJIbHOTO KPOBOOOIry Ta MOTOBIEHHS AYTOIO-
nioHoi1 3B’ s13Kkm [18-19].

Jlo OCHOBHUX MeTOMiB JiKyBaHHA CUHIPOMY
Jlanbapa BigHOCUTBCA XipypriuHa jekomIpecis de-
PEBHOTO CIUIETEHHS, CTEHTYBaHHsA, AHTIOINIACTMKA
abo pesekilis yepeBHOrO cruteteHHs [9,20]. Toit un
iHmmit MeToR MiKyBaHHA y 60-70% mamieHTiB mpm-
3BOJUTD JI0 IIOKPAIleHH: 3arajJibHOI CUMIITOMAaTHKI,
IpoTe Y AesAKUX MALliEHTIB MOXKe Il eAKNUI Jac 3a-
JMIIATHCS OONTbOBUIT CUHAPOM [21].

BucHoBok

Cunppom Jlan6apa HeoOXifHO BKIIOYATH B [U-
dbepeHIiliHy iarHOCTYKY y MALli€HTiB 3 TPUBATUMMU
HMepCUCTYIOUNMM  abJOMiHATBHUMY  CHMIITOMaMI,
IpUPOJA AKMX He MAa€ YiTKOTO IOXOMKeHH.
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®iHaHcyBaHHS. [laHa cTaTTa He OTpUMYBana 30BHILLIHLOIO GiHAHCYBaHHS.
KoHonikT iHTepeciB. ABTOpM 3acBiavytoTb BiACYTHICTb KOHNIKTIB iHTepeciB.
3ropa Ha nybnikauito. Bci aBTopn 03HaoMeHi 3 TEKCTOM pyKOMuMCy Ta Haganu 3rofy Ha noro nybnikauiio.

EtuuHe cxBaneHHsi. 3roga Ha nybnikauito oTpuMmaHa Bif nauieHTa. PoboTa BUMKOHaHa 3 LOTPMMAaHHAM €TUYHMUX
npuHLMnie [enbciHcbKol geknapauii BcecsiTHboi MeauuHoi acouiauil (Popranesa, 2013) Ta He noTpebyBas cxBasieHHn
eTUYHOT KOMicil.

Bukopuctanusa WI: nig yac nigrotosku uboro pykonucy LUI-iHCTpyMeHTM He BUKOpUCTOBYBaUCS.
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Median arcuate ligament syndrome:
& a clinical case of a rare diagnosis

Volodymyr Chernyavskyi, Leonid Pavlovskyi, Lesya Gvozdetska, Vladislav Demeshko,
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Abstract: median arcuate ligament syndrome, or Dunbar syndrome, is one of the rare syndromes in clinical practice.
Itis characterized by a diverse clinical picture, which makes its diagnosis difficult and makes it a diagnosis of exclusion.
Purpose of the study: analysis of a clinical case - Dunbar syndrome, in order to update the problem for doctors
who encounter patients with long-term symptoms from the gastrointestinal tract of unknown origin. Materials and
methods. The patient had been troubled by constant abdominal pain, stool disorders, bloating for almost 20 years,
and in recent years had experienced significant weight loss. He was repeatedly consulted by various specialists and
comprehensively examined using all available methods. For this reason, he constantly took various medications,
including antidepressants, but no significant improvement was observed. He was referred for CT angiography, which
confirmed compression stenosis of the celiac trunk by the arcuate ligament of the diaphragm. In this regard, the
patient was referred to a vascular surgeon. After surgery, the patient's general condition improved, and complaints
of pain and other symptoms decreased or completely disappeared for the first time in 18 years. Conclusion: Dunbar
syndrome should be included in the differential diagnosis at a stage when the nature of the patient's symptoms has
no clear explanation.

Keywords: Median Arcuate Ligament Syndrome, Dunbar Syndrome, Celiac Trunk Compression Syndrome, CT
Angiography, Diagnosis, Surgery, Differential Diagnosis.
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Abstract: non-gestational ovarian choriocarcinoma is an extremely rare and highly aggressive germ cell
tumor, accounting for less than 0.6% of all ovarian cancers. Unlike its gestational counterpart, non-gestational
choriocarcinoma arises independently of pregnancy and lacks paternal genetic material, defining it as a distinct
clinicopathological entity. Although most cases occur in women of reproductive age, instances in postmenopausal
patients havealso been reported. Its rarity, rapid progression, and early hematogenous dissemination pose considerable
diagnostic challenges. Because clinical and laboratory findings often overlap with more common gynecologic
conditions, accurate diagnosis requires a comprehensive multidisciplinary approach. Imaging modalities such as
ultrasonography, computed tomography, and magnetic resonance imaging are essential for detecting pelvic masses
and assessing metastatic spread, but histological, immunohistochemical, and genetic examinations remain the
cornerstone of definitive diagnosis. Microscopically, non-gestational choriocarcinoma is characterized by biphasic
proliferation of cytotrophoblasts and syncytiotrophoblasts, typically accompanied by extensive hemorrhage and
necrosis. Diagnostic markers, including elevated serum B-human chorionic gonadotropin and expression of placental
proteins such as placental alkaline phosphatase and human placental lactogen, provide critical diagnostic support.
These findings confirm trophoblastic differentiation and assist in distinguishing of non-gestational choriocarcinoma
from other ovarian germ cell tumors with overlapping features. Despite advances in diagnostic techniques, prognosis
remains poor due to the aggressive course and early metastasis, most frequently to the lungs, liver, and brain. The
limited number of published cases impedes the development of standardized diagnostic and therapeutic protocols,
contributing to variability in clinical outcomes and underscoring the importance of each documented case. This
review consolidates current knowledge on ovarian non-gestational ovarian choriocarcinoma, emphasizing its
clinical presentation, morphopathological characteristics, and diagnostic complexities. By highlighting the absence
of unified recommendations and the risk of misdiagnosis — particularly in women of reproductive age - this work
aims to serve as a valuable resource for oncologists, pathologists, gynecologists, medical educators, and researchers
engaged in the study of germ cell neoplasms and trophoblastic tumors.
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Introduction

Choriocarcinoma is a rare and aggressive malig-
nant tumor of trophoblastic origin, characterized
pathologically by biphasic proliferation of cytot-
rophoblasts and syncytiotrophoblasts without the
presence of chorionic villi, while producing human
chorionic gonadotropin [1]. Choriocarcinoma most
commonly develops in the uterus or ovaries and
metastasizes predominantly via the hematogenous
route to the lungs, vagina, liver, brain, gastrointestinal
tract, kidneys, and adrenal glands [2].

Based on pathogenetic origin and genetic cha-
racteristics, choriocarcinoma is classified into two
groups: gestational and non-gestational [3]. Ges-
tational choriocarcinoma (GC), which is better
studied and documented, typically develops in women
of reproductive age within the uterus, necessarily
contains paternal genetic material, and may occur
following hydatidiform mole, abortion, ectopic
pregnancy, or normal full-term pregnancy [4].

Non-gestational choriocarcinoma (NGC), in
contrast, is unrelated to pregnancy and lacks paternal
genetic contribution, arising instead from pluripotent
germinal gonadal cells [5]. Unlike gestational forms,
NGC is characterized by rapid progression and
the early development of both hematogenous and
lymphogenous metastases [6, 7].

NGCs have been reported not only in women
of reproductive age but also in men, children,
and postmenopausal women [8-10]. The exact
etiopathogenesis of these tumors remains unclear
due to their extreme rarity, and the limited amount
of accumulated data makes it difficult to fully
characterize their clinical course, diagnostic features,
and therapeutic approaches [11].

Aim

The article is a review and analysis of the current
state of knowledge regarding NGC as a rare and
insufficiently studied malignant neoplasm. Particular
emphasis is placed on its clinical and morphological
characteristics, as well as the challenges and current
approaches to the differential diagnosis between
NGC and GC.

Materials and methods

This systematic review was conducted in
accordance with the PRISMA guidelines. A
comprehensive literature search was performed
across four international databases: PubMed,
Scopus, Web of Science, and Embase, covering
the period from 2000 to 2025. The following
Boolean keyword combinations were used: ("non-
gestational choriocarcinoma” OR ‘"extragonadal
choriocarcinoma") AND ("ovarian choriocarcinoma"
OR "germ cell tumors”) AND ("diagnosis" OR
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"prognosis”). Inclusion and exclusion criteria: we
included original clinical case reports, systematic
reviews, meta-analyses, and expert guidelines that
provided diagnostic approaches or prognostic
data related to NGC. In addition, studies in which
authors directly compared NGC and GC were also
included, as they provide valuable insights into
differential diagnosis and clinical outcomes. Only
publications in English with full-text availability
were considered eligible. Studies were excluded if
they were duplicate records, focused exclusively on
GC without comparative analysis, lacked analytical
data, or originated from non-peer-reviewed sources.
All records were independently screened by two
reviewers. Titles and abstracts were assessed in
the first phase, followed by full-text evaluation
of eligible articles. Discrepancies were resolved
through consensus. After removing duplicates and
applying eligibility criteria, 42 articles were included
in the final synthesis. These sources were selected
based on relevance, methodological quality, and
contribution to the understanding of NGC. In this
review, we deliberately focused on the diagnostic
and morphological aspects of NGC rather than
therapeutic approaches. The topic of treatment was
excluded, asa separate article dedicated to therapeutic
strategies is planned for future publication.

The choice of this topic was determined by
the rarity of ovarian NGC, the absence of unified
diagnostic and treatment protocols, and the potential
for misdiagnostics with the gestational form,
especially in women of reproductive age. The article is
addressed to oncologists, pathologists, gynecologists,
students and teachers of medical universities, as well
as researchers interested in the study of germ cell
neoplasms and trophoblastic tumors.

Review and discussion

Due to the extremely low incidence of NGC, most
of the available information is derived from isolated
clinical case reports, underscoring the importance
of synthesizing and generalizing the published data.
Among germ cell tumors, NGC most frequently
develops in the ovary, accounting for approximately
0.6% of cases. It is characterized by highly aggressive
malignant growth and a marked tendency toward
early metastasis [12-15].

Epidemiological studies indicate that NGC is most
frequently diagnosed in women of reproductive age,
typically between 12 and 25 years. However, isolated
cases have also been reported in prepubertal girls
and postmenopausal women [5,14,16]. The true
prevalence of the tumor is difficult to determine
due to the lack of comprehensive epidemiological
data. In a recent study, Sakhr Alshwayat et al. (2025)
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analyzed patient records from 2000 to 2020 in the
SEER database (a major source of cancer statistics
in the United States) and identified 919 cases of
choriocarcinoma, of which only 200 were classified
as NGC [17].

The origin of NGC remains uncertain, and several
hypotheses have been proposed to explain how a
trophoblastic tumor can arise without association
with pregnancy. The most widely discussed is the
germ cell hypothesis, which suggests that the tumor
originates from pluripotent germ cells capable of
differentiating into any tissue, including trophoblastic;
DNA analyses consistently demonstrate maternal
genetic material only [18,19]. A less common
explanation is the embryonic dedifferentiation
hypothesis, in which ovarian epithelial cells undergo
malignant transformation and acquire trophoblastic
characteristics [20,21]. Additionally, some studies
have indicated that NGC may result from arrested
migration of germ cells along the urogenital ridge
from the yolk sac, which subsequently differentiate
into choriocarcinoma [22].

There are two types of NGC: the pure type, which
consists solely of choriocarcinoma without other
germ cell components, and the mixed type [23].
Castiglioni et al. (2014) reported that mixed ovarian
NGCs are frequently associated with other germ cell
tumors, including embryonal carcinoma, yolk sac
tumor, and teratoma, either within the same ovary or
in the contralateral ovary. In contrast, the pure form
is considered the rarest subtype [24].

Diagnosis of NGC at an early stage is particularly
challenging, and most authors emphasize the need
for a multimodal approach that combines imaging,
pathomorphological examination, and genetic
analysis. The clinical symptoms of NGC are non-
specific and overlap with those of more common
ovarian pathologies, such as ectopic pregnancy,
ovarian cysts, or other germ cell tumors, which often
resultsin delayed or incorrect diagnoses [6]. Clinically,
NGC most frequently mimics ectopic pregnancy,
presenting with vaginal bleeding, abdominal pain,
elevated levels of f-human chorionic gonadotropin
(B-hCG), and systemic signs of intoxication such as
fatigue, dizziness, and nausea [25, 26].

When examined by ultrasound, NGC typically
appears as a mass with irregular contours, containing
cystic areas with dense mobile echo signals and
septa resulting from abundant vascularization [27,
28]. The tumor’s well-developed vascular supply
is further confirmed by color Doppler imaging
[29]. Computed tomography (CT) and magnetic
resonance imaging (MRI) are generally regarded as
the most informative diagnostic modalities, as they
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are effective in detecting metastatic and hemorrhagic
lesions in other organs [30, 31]. According to
Yanfeng Y. (2019), in cases of suspected ovarian
NGC, a minimum diagnostic workup should
include ultrasound, MRI, and CT in combination
with tumor marker assessment [22].

On macroscopic examination the tumor typically
presents as a soft or moderately firm mass of reddish-
brown to dark brown coloration, composed of
highly vascular neoplastic tissue. Viable tumor cells
are usually concentrated at the periphery, whereas
extensive areas of necrosis and hemorrhage are
predominantly located in the central regions of the
lesion [22, 32, 33].

Microscopically, NGC is composed of cytot-
rophoblasts, syncytiotrophoblasts, and intermediate
trophoblasts [22, 34]. The neoplastic cells are arranged
in lattice-like, papillary, or tufted structures and may
include poorly differentiated components resembling
mixed germ cell tumors [22, 29]. Cytotrophoblasts
and intermediate trophoblasts are typically medium-
sized cells with distinct borders, oval or polygonal
in shape, containing a centrally located round
hyperchromatic nucleus and a scant amount of clear
or eosinophilic cytoplasm [31]. These cells are usually
organized in layers, occasionally forming villous-
like structures, and often line blood-filled spaces
[29]. Cytotrophoblasts are typically surrounded by
syncytiotrophoblasts, which are multinucleated cells
with indistinct borders and eosinophilic cytoplasm
containing vacuoles [29, 35, 36]. These cells are
metabolically active and secrete f-human chorionic
gonadotropin  (B-hCG) and human placental
lactogen. NGC cells exhibit marked atypia, including
abnormal mitotic figures, nuclear pleomorphism,
and hyperchromasia. Histologically, the tumor
structure is highly similar to GC; both lack chorionic
villi, and no definitive pathohistological features exist
to reliably distinguish NGC from GC [28, 36]. In a
study of 37 patients with NGC, Yuming Shao (2020)
reported that additional tumor components included
elements of dysgerminoma, embryonal carcinoma,
teratoma, and adenocarcinoma [33].

The highly vascularized architecture of NGC
contributes to its pronounced invasiveness. Tumor
emboli, together with hematogenous and local
metastatic dissemination, can be detected in the lungs,
liver, brain, intestines, and other organs [36-38].
Numerous studies have documented that more than
half of patients present with pulmonary metastases at
the time of diagnosis [30, 32].

The diagnostic profile of ovarian NGC remains
nonspecific, and neither serum markers nor
immunohistochemical markers currently provide
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a reliable panel to differentiate NGC from GC
[31]. Syncytiotrophoblasts actively express p-hCG,
which aids in distinguishing NGC from other
ovarian tumors [30]. However, when interpreting
B-hCG elevation, it is important to recognize
that increased levels are characteristic not only
of pregnancy and all forms of choriocarcinoma,
but also of other neoplasms, including ovarian
germ cell tumors, lung tumors, transitional cell
carcinoma of the bladder, hypernephroma, renal cell
carcinoma, pancreatic carcinoma, osteosarcoma, and
squamous cell carcinoma of bone [39, 40]. Elevated
B-hCG is considered a key diagnostic criterion in
differentiating NGC from GC in young prepubertal
female patients and in cases where pregnancy can
be definitively excluded [15]. Serial measurement
of B-hCG remains the most widely used parameter
for monitoring therapeutic response, with declining
levels indicating effective treatment [12]. In addition
to serum B-hCG, several immunohistochemical
markers have been identified in the literature as
diagnostically and prognostically significant. These
include cytokeratin, placental alkaline phosphatase,
Ki-67, alpha-fetoprotein, carcinoembryonic antigen,
among others, which provide supplementary
information for both diagnosis and outcome
assessment [6, 22, 28].

While researchers recommend the use of an
immunohistochemical panel as an auxiliary tool
to confirm the trophoblastic nature of the tumor,
the only definitive method for distinguishing NGC
from GC is genetic profiling - specifically short
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tandem repeat (STR) analysis to detect paternal
DNA. However, this technique is costly and not
widely available [41]. Given the close similarity
between NGC and GC, as well as the complexity of
their differential diagnosis, we provide a comparative
analysis of the main distinguishing features of these
tumors (Table 1).

The prognosis of ovarian is extremely poor; in
many reports, the 3-year survival rate does not exceed
50% [5,26,37]. Standard treatment involves surgery
combined with multidrug chemotherapy, yet the
therapeutic response, complication rates, and overall
outcomes in NGC are significantly worse compared
toGC [33, 42].

Conclusions

Ovarian NGC is an extremely rare but highly
aggressive malignant neoplasm of germ cell origin,
characterized by rapid progression, early metastatic
spread, and significant challenges in differential
diagnosis. Although morphologically similar to GC,
the absence of pregnancy association and paternal
genetic material renders NGC a clinicopathological
enigma. Literature analysis indicates that accurate
diagnosis requires a multidisciplinary approach,
incorporating imaging modalities, morphological
verification, and, where feasible, genetic profiling.
Serum and immunohistochemical markers play an
important role in confirming the trophoblastic nature
of the tumor, but do not allow reliable differentiation
of NGC from GC without molecular analysis. The
prognosis for NGC remains poor, particularly in cases
of late detection or extragonadal localization. The

Table 1. Comparison of main features of Non-Gestational Choriocarcinoma (NGC)

and Gestational Choriocarcinoma (GC).

Characteristic

Non-Gestational Choriocarcinoma (NGC)

Gestational Choriocarcinoma (GC)

Frequency of

Extremely rare; most often arises as a germ

More common; typically develops after molar

occurrence cell tumor of the ovaries or testicles; can occur| pregnancy, miscarriage, childbirth, or ectopic
in both children and adults pregnancy in women of reproductive age
Etiology Originates from primitive gonadal or Develops from trophoblastic cells following
and mechanism of | extragonadal germ cells capable of pregnancy, molar pregnancy, or childbirth;
development differentiating into trophoblastic elements; not | genetically corresponds to the fetal chromosome
genetically associated with pregnancy set (diploid, sometimes androgenetic)
Morphology Morphologically similar to GC, but Atypical syncytiotrophoblasts and
trophoblastic differentiation may be less cytotrophoblasts; extensive necrosis and
pronounced hemorrhage; absence of chorionic villi
Diagnosis - B-hCG levels: may be highly or moderately - B-hCG levels: markedly elevated, often

elevated
- Imaging (ultrasound, CT, MRI)
- Biopsy for morphological verification
- Genetic testing to exclude gestational origin

exceeding normal pregnancy values
- Imaging (ultrasound, CT, MRI] to identify lesions
- Biopsy if necessary

Treatment response
and prognosis

Limited response; chemotherapy less effective,
prognosis worse, especially with extragonadal
localization or late detection

Excellent response; chemotherapy highly
effective, complete recovery often achievable

A
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absence of standardized treatment protocols and the
limited number of reported cases hinder therapeutic
optimization, underscoring the high clinical and
scientific importance of each documented case.

By reviewing the available literature, we identified
several unresolved questions that warrant further
investigation and may guide future research:

1. Optimal chemotherapy regimens. What treat-
ment protocols are most effective for NGC, given its
limited sensitivity to standard regimens used for the
gestational form?

2. Development of molecular markers. Is it pos-
sible to establish reliable molecular markers that
can differentiate NGC from other germ cell tumors
without the need for genetic profiling?

3. Creation of an international database. How
can a global registry of NGC cases be organized to
facilitate systematic data collection, comparative
analysis, and the development of evidence-based
recommendations?

MEOVLVHA I
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This review systematizes the current data on
ovarian NGC, highlighting the urgent need for
further research, the development of standardized
diagnostic algorithms, and the optimization of
treatment strategies to improve patient outcomes and
prognostic indicators.

Limitations

The present review has several limitations. Most of
the available data are derived from isolated clinical
case reports rather than large-scale studies, and no
randomized controlled trials have been published to
date. Considerable heterogeneity exists in diagnostic
approaches across the literature, which restricts
the ability to generalize findings. Moreover, many
publications do not consistently provide specific
numerical indicators or comparative datasets, further
limiting the possibility of quantitative synthesis and
robust statistical analysis. These factors should be
taken into account when interpreting the results of
this review.
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‘ HerecTtauiHa xopiokapL4MHOMa AEYHUKIB:
k KOMMJIeKCHUMN OrNsif Cy4acHUX 3HaHb

Onbra flepeua’, Jlapa NpumMak’', Anina bana6ai?

' CtypeHTKa 4 kypcy, MegmuHuii dakynsteT N21, HauioHanbHUIM MeaAnYHWA yHiBEpCUTET
imeHi 0.0. bBoromonbug, Kuis, YkpaiHa

2 loueHTka kadenpun naTonoriyHoi aHaToMil, HauioHanbHWA MEOUYHUI YHIBEpCUTET
imeHi 0.0. Boromonbug, Kunis, YkpaiHa
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AHoTallif: HerecTaniifHa XopioKapIMHOMA A€YHMKA — Ha[[3BMYAIIHO PifKiCHa Ta arpecMBHa TepMiHOTe€HHA IyX-
JIMHA, 10 CTaHOBUTD MeHIle 0,6% ycix 3/104KiCHUX HOBOYTBOpeHb Ae€4yHMKa. Ha BigMiHy Bif rectaniitnoi popmu,
HerecTalilfHa XOpioKapLIMHOMa PO3BUBAETHCS Oe3 3B’A3KY i3 BariTHICTIO Ta He MiCTUTb 6aTbKiBCHKOTO TeHeTHY-
HOTO Marepiaiy, 110 B3Ha4ae Ii AK OKpeMy K/IiHiKo-Mop¢oyoriuHy Hosoorio. Xoya 6implicTs BUMAAKIB fiar-
HOCTYETbCS Y XKIHOK PENpPOAYKTMBHOTO BIKY, OIMCAHI TAaKOXX IMOOAVHOKI BUIIAJKM y MALIIEHTOK B MEHOIAy3i.
PipgkicHicTp, WIBU/IKE NPOrpeCyBaHHA Ta PaHHA I'eMaTOreHHa JJceMiHallid CTBOPIOIOTH 3HA4Hi J[iarHOCTMYHI
TpysHowi. Yepes cxoxicTb KIiHIYHUX Ta Ta6OPATOPHMX O3HAK 3 OI/IBLI ITONIVPEHNMIY IiHEKOIOT i YHIMI [IATONIO-
risiMy, TOYHA AIaTHOCTMKA MOTPebye MyIbTUAVCHUITIIHAPHOrO Iiaxoxy. Bisyanisaniiiai Metony (yIpTpasByKoBe
IOCTiIKeHH:, KOMIT' IoTepHa ToMorpadisl Ta MarHiTHO-pe3oHaHCHa ToMorpadis) € KOPUCHUMU IS BUAB/ICHHS
Ta30BMX yTBOPEHb Ta OLiHKM METacTaTMYHOIO ypaXeHH:A. BopgHodac ricrosoriune, iMyHoricroxiMiuyHe JOCIi-
IPKEHHS Ta TeHeTUYHMII aHa/Ii3 3a/IMIIal0TbCsl OCHOBHMMU MeTOJjaMI HifiTBepIpKeHH:A JjiarHo3y. MikpocKoIiy-
HO HerecTallilfHa XOpiOKapLMHOMa XapaKTepusyeTbcs 6idasHoro mpomidepaunieto uurorpodobmactis i cuHIm-
TioTpodo6IacTiB, IO CYIPOBOMXYETHCA BUPa>KEHVMI KPOBOBWIMBAMY Ta HEKpO30M. [liarHocTH4HiI Mapkepn,
30KpeMa MifiBUILeHMII piBeHDb B-XOPIOHIYHOrO TOHAJOTPOIIHY MIOAMHU ¥ CUPOBATLi KPOBI Ta eKCIpecis Iria-
LleHTapHMX OiNKiB, TakMX sK IUIalleHTapHa ay>kKHa ¢ocdarasza Ta IJIalleHTapHUI JIAKTOI€H, MAalOTh Ba)XK/IMBe
[iaTHOCTMYHE 3HaUeHHs. BOHM He /mile MiATBepHXYIOTh TpodobrnacTuyny audepeHuialiio, a il JO3BONIIOTH
IudepeHLioBaTy HeTeCTalliiiHy XOPiOKapIMHOMY Bij iHINNX repMiHOTeHHMX NYX/IMH S€YHMKA 31 CXOXKUMMU 03-
Hakamy. HesBakaoumu Ha B/IOCKOHa/IEHHA JiaTHOCTMYHMX METOAMK, IIPOTHO3 IIPM HEreCTalliliHii XopioKapuy-
HOMI 3a/IMIIIa€ThCs HeCIPUATIVBIM Yepes arpecUBHMIL IIepebir Ta paHHE MeTacTa3yBaHHA B JIETeHi, IeYiHKy Ta
rOJIOBHMI MO30K. OOMe>KeHa KiNbKiCTh 3aJOKYMEHTOBAHMX BUIAKIB YCKIaJHIOE PO3POOKY CTaHAAPTU30BaHUX
MIPOTOKOJIB JiaTHOCTUKM Ta JIIKYBAHHSA, 10 CIPUYIMHAE BAPIaTMBHICTD K/IIHIYHMX PE3y/bTATIB i mifiBUIIYE 1jiH-
HiCThb KOXKHOTO KJIiIHiYHOTO crocTepexxeHHsA. Lleii oriAf ysaraabHIOE HasABHI JjaHi O[O HEreCcTalilfHOl XOpKo-
KapLMHOMM SIEYHMKA 3 aKIIeHTOM Ha Ii k1iHiuHi nposasy, Mopdooriyni oco6mmBoCTi Ta IiarHOCTUYHI TPyAHOMLI.
ITigxpecioouy BifICYTHICTb YHI(IKOBaHUX PeKOMeHAALil i pU3MK TOMMIKOBOI AiarHOCTUKM, 0COOIMBO Y XKIHOK
PeNpofyKTUBHOrO BiKy, Hallla po6oTa MOXKe OyTU LIHHUM JKEepe/IOM LA OHKOJIOIiB, IIaTOJIOTiB, TiHEKO/IOoriB,
BUK/IafladiB i CTY[EHTiB MeIMYHNX YHIBEPCUTETIB, a TAKOX [JOC/iJHYKIB, 1110 3a/IMalOTbCA T€PMiHOTE€HHMMM Ta
Tpod06IaCTUYHIMH ITyX/IMHAMIL.

Kntouosi cnosa: [liarnoctuyni [ommnkn, Audepeniansunmit Jiarnos, Mopdonoriuni Ta Mikpockonivni 3Haxiz-
k1, Herecraniitna Xopiokapuyunoma, ITatonorid, Ilyxnmnun fleunnkis
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Abstract: obesity, type 2 diabetes mellitus (T2DM), and metabolic syndrome remain prevalent global health
challenges requiring comprehensive management strategies. Semaglutide, a glucagon-like peptide-1 receptor agonist
(GLP-1RA), has emerged as a significant pharmacological intervention. The study aims to analyze current scientific
data to critically assess the clinical efficacy and safety of semaglutide (Ozempic) in treating T2DM and obesity,
determining its position in modern therapeutic protocols. A descriptive review of the literature was conducted,
analyzing key phase III clinical trials, including the SUSTAIN, PIONEER, STEP, and SELECT programmes. The
review focuses on pharmacokinetic properties, glycaemic control, weight loss outcomes, and cardiovascular safety
profiles of both subcutaneous and oral semaglutide formulations. Clinical trials demonstrate that semaglutide
significantly reduces glycated haemoglobin (HbA1c) by -1.0% to -1.8% and induces substantial weight loss (averaging
~15%), surpassing earlier GLP-1RAs. The drug exhibits pleiotropic effects, including improved endothelial function
and reduced inflammation, contributing to cardiovascular protection, with a relative reduction of major adverse
cardiovascular events (MACE) by ~20%. However, rapid weight regains upon discontinuation and potential adverse
effects such as gastrointestinal disturbances remain significant concerns. Semaglutide represents a highly effective
pharmacological option for managing metabolic disorders, offering benefits beyond glycaemic control. While it sets
a high standard for efficacy, issues regarding cost, accessibility, and the necessity for long-term adherence categorize
it as a specialized resource requiring strategic implementation rather than a universally accessible cure.

Keywords: Semaglutide, Ozempic, Obesity, Metabolic Syndrome, Type 2 Diabetes Mellitus

Introduction
Ozempic is the trade name for an injectable
medication containing semaglutide as its active

obesity treatment. Semaglutide, the latest addition
to the GLP-1RA family, stands out as the only drug
in this class available in both subcutaneous and

ingredient. This drug is part of the glucagon-like
peptide-1 receptor agonist (GLP-1RA) class, a
widely utilized group of medications in medical
practice [1]. Initially developed and approved for
the treatment of type 2 diabetes, Ozempic has
gained notable international popularity due to its
remarkable effectiveness in weight management and

oral forms. GLP-1RAs are known for their strong
efficacy in improving glycaemic control and aiding
weight loss, though concerns regarding their safety
have emerged in recent years [2]. For semaglutide
specifically, these issues have been carefully examined
through extensive phase III registration trials, which
included studies focused on cardiovascular outcomes.

How to cite this article: Salivon H, Klymenko O. Ozempic: the gold standard for weight normalisation or a
“lifeboat”. Ukrainian Scientific Medical Youth Journal. 2026;1(160):45-49. d0i:10.32345/USMYJ.1(160).2026.45-49
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Subcutaneous semaglutide was evaluated within the
SUSTAIN (Semaglutide Unabated Sustainability in
Treatment of Type 2 Diabetes) programme, while oral
semaglutide underwent evaluation in the PIONEER
(Peptide Innovation for Early Diabetes Treatment)
programme. Additionally, the drug's safety and
effectiveness continue to be investigated through
further studies and real-world data registries [3].

Aim

The goal is to perform a thorough analysis and
synthesis of current scientific research to critically
assess semaglutide (Ozempic) as a treatment option
for type 2 diabetes mellitus and obesity. The evaluation
will determine whether it qualifies as a 'gold standard'
therapy or if its utility is better described as a 'lifeline’
tailored to specific patient populations.

Review and discussion

Experimental data showed that, at equivalent
exposure levels, comparable responses to glycaemic
parameters and weight were observed with both oral
and subcutaneous administration of semaglutide.
Both forms of semaglutide - subcutaneous and oral -
have undergone large-scale clinical trials in phase3
(confirmation of efficacy and dosage, identification of
side effects). For the subcutaneous form, administered
once a week, the SUSTAIN one was developed, which
included 13 randomised phase 3a and 3b clinical
trials. The SUSTAIN 1-10 studies were international
in nature, while three additional studies were
conducted specifically in China and Japan. In four
of these, semaglutide was compared with placebo in
different patient groups. The SUSTAIN-6 study was
designed to evaluate the cardiovascular effects of
subcutaneous semaglutide [3,4].

Semaglutide, as a GLP-1RA, has two main
mechanisms of action in the endocrine system. First,
it enhances glucose-dependent insulin secretion from
pancreatic 3-cells, providing a physiological response
to elevated postprandial glucose levels, which
significantly reduces the risk of hypoglycaemia.
Second, it simultaneously inhibits the release of
glucagon, which further contributes to lowering
blood sugar levels [5]. In addition, the drug slows
down gastric emptying. This has a dual significance:
it improves postprandial glycaemic control and
promotes rapid satiety, which is critical for reducing
overall calorie intake[5].

The SUSTAIN clinical trial programme has clearly
confirmed the high efficacy of semaglutide in patients
with T2DM. The drug significantly reduced glycated
haemoglobin (HbAlc) levels by an average -1.0%
to -1.8%compared to placebo. It should be noted
that the effect on glycaemia was more pronounced
in patients with poorer baseline control: those with

UKRAINIAN SCIENTIFIC MEDICAL YOUTH JOURNAL @ 1 (160)/2026
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HbA1c>8% showed a more significant reduction
in levels compared to patients with HbA1c<8% [4].
Furthermore, semaglutide contributed to a significant
reduction in body weight, reaching several kilograms.
This effect was observed in all subgroups of the,
regardless of baseline glycaemia[6]. Theindependence
of the drug's effect on weight from blood sugar levels
emphasises the role of central appetite regulation
as the main mechanism of action of semaglutide.
International guidelines, including those of the
European Society of Cardiology (ESC), identify
semaglutide as a priority drug for patients with
T2DM and diagnosed atherosclerotic cardiovascular
disease. Semaglutide is recommended to reduce the
risk of cardiovascular events regardless of baseline
glycaemic status or concomitant antidiabetic therapy
(6, 7].

Metabolic syndrome dramatically increases the
risk of developing coronary heart disease (CHD), as
it is a disease caused by impaired blood flow in the
heart vessels (mainly in the coronary arteries), leading
to insufficient oxygen supply to the myocardium.
The cardiovascular benefits of semaglutide are
secondary effects of weight loss and improved
glycaemic control and include direct or independent
pleiotropic effects. Semaglutide improves endothelial
function and restores protective immune responses
in visceral adipose tissue, as well as improving heart
structure and function. This indicates a systemic anti-
inflammatory and antioxidant effect that provides a
beneficial cardiometabolic effect beyond that achieved
by physical reduction of adipose tissue alone [7]. This
is particularly important in obesity associated with
heart failure with preserved ejection fraction (HfpEF).
While preclinical models (such as in mice) have
demonstrated significant structural cardioprotective
effects, clinical translation makes this drug an
important new therapeutic option for patients [7]. In
addition, the STEP (Semaglutide Treatment Effect in
People with Obesity) has established a new standard
in the medical management of obesity. Administering
semaglutide at a dose of 2.4 mg once weekly resulted
in significant and clinically meaningful weight loss,
averaging approximately 15% of body weight over a
68-week period. This level of efficacy surpasses that of
earlier medications like liraglutide when comparing
average weight loss outcomes [8]. Such substantial
weight reduction is particularly important due to
its association with improved metabolic health
and a lowered risk of organ fat accumulation [7].
The weight loss induced by semaglutide also brings
notable systemic improvements in the metabolic
profile. The STEP trials demonstrated wide-ranging
benefits on cardiometabolic parameters, including
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Table 1. Comparison of semaglutide formulations [1, 5]

MEOVLVHA I

Ornap niTepatypu

Subcutaneous
Feature [0zempic/Wegovy] Oral (Rybelsus)
Administration frequency | Once weekly Once daily
Maximal dose 1.0 mg (T2DM) / 2.4 mg (Obesity) 14 mg

Plasma concentration ~45nM (at 1 mg)

~25nM (at 20 mg)

Site of administration Subcutaneous tissue

Gastrointestinal tract

Specific side effect risks Injection site reactions

Higher Gl issues due to portal vein concentration

marked decreases in blood pressure and waist
circumference - a key indicator of reduced visceral
fat.

Furthermore, semaglutide contributed to positive
lipid profile changes, such as reduced levels of
total cholesterol, low-density lipoprotein (LDL)
cholesterol, and triglycerides (TG), alongside
an increase in high-density lipoprotein (HDL)
cholesterol. These improvements were consistent
regardless of a patient's diabetes status, highlighting
semaglutide's ability to address various facets of
metabolic syndrome effectively [7].

Additionally, the treatment led to reductions in
inflammatory markers such as CRP and provided
significant improvements in liver enzyme levels,
indicating its potential role in managing fatty liver
disease [1].

The target effects of GLP-1RAs are those that
contribute to lowering blood glucose levels. The
remaining effects can be interpreted as pleiotropic,
side effects, or off-target effects, including
undesirable ones. Many side effects of this class
are characteristic of various GLP-1RAs, although
certain differences can be observed [1]. In the case of
semaglutide, a different side effect profile is expected
depending on the form of administration - oral or
subcutaneous (Table 1). For example, tablets do not
cause reactions at the injection site, but may lead
to more frequent gastrointestinal problems due to
higher concentrations in the portal vein. At the same
time, the maximum oral dose provides lower plasma
levels of semaglutide compared to the maximum
subcutaneous dose (an oral dose of 20 mg reaches
approximately 25 nM in plasma, while a subcutaneous
dose of 1 mg reaches approximately 45 nM). It should
be noted that while pharmacokinetic data exist for
both forms, direct head-to-head clinical studies
comparing their pharmacokinetic profiles remain
limited. Also noted are the risks of hypoglycaemia,
gastrointestinal side effects, including a potential
link to pancreatitis, pancreatic or thyroid cancer, it is
essential to clarify that there is currently no conclusive
clinical evidence of carcinogenicity in humans; these
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warnings are predominantly based on preclinical
animal experiments [1].

Off-label use for cosmetic weight loss

Theunprecedented efficacy of semaglutide in weight
reduction has led to a widespread surge in its off-label
use for purely cosmetic purposes among individuals
without clinical obesity or T2DM. This phenomenon
has created substantial ethical and medical challenges,
notably precipitating global supply shortages that
limit access for patients with legitimate, severe
metabolic conditions. Furthermore, using GLP-1RAs
without proper medical indication exposes healthy
individuals to potential gastrointestinal and systemic
side effects without justifiable clinical benefit [1, 2].

Conclusions

The clinical efficacy of semaglutide, confirmed
by large-scale research programmes SUSTAIN,
STEP and SELECT, has been proven in key areas:
significant weight loss, deep glycaemic control and,
most importantly, proven cardiovascular protection
in patients with T2DM and other metabolic disorders.
Notably, the SELECT trial recently demonstrated
that semaglutide reduces the risk of major adverse
cardiovascular events (MACE) by approximately 20%
in overweight or obese patients without diabetes,
further validating its cardiometabolic benefits
[9]. The multifaceted therapeutic effect elevates
this drug to a leading position in the treatment of
T2DM, obesity, and metabolic syndrome. However,
the success of semaglutide also raises important
ethical and medical issues. There is a growing
awareness that obesity should be considered a
chronic neuroendocrine disease requiring ongoing
pharmacological intervention. At the same time,
rapid weight regain after discontinuation of treatment
is confirmed by extension studies [8]. The need for
lifelong use of the drug, combined with its high cost,
logistical difficulties, and significant inequality of
access to therapy, defines semaglutide as an essential
but resource-intensive intervention. It represents
a vital therapeutic tool that, while highly effective,
requires sustainable access strategies to be available
to all patients who need its clinical benefits.
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Ornap niTepatypu

‘ O3eMniK: 30J10TUMA CTaHAAPT HOpMani3sauil Baru
AN UM «paTyBaJIbHUM YOBEHY

FaHHa CaniBoH, OneHa KnuMeHko

Kadenpa dapmakonorii, HauioHanbHuii MegnyHui yHisepcuteT iMeHi 0.0. BoroMonbus
Kwnis, Ykpaina
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AHoTauif: oxupinHs, nykposuit giadet 2-ro Tumy (LI112) ta MeTabomiyHMIT CMHIPOM 3a/TMINAIOTHCS ITOIIPEHNMU
D106a/IbHUMM TIpo6IeMaMyt OXOPOHM 3[{OPOB's, 1[0 MOTPeOYI0Th KOMIUIEKCHUX CTpaTeriit nikyBaHHsA. CeMariy-
TUJ, aTOHICT peLienTopiB rmokaroHonogionoro nentupy-1 (I'TIII-1), craB BaxxniusuM 3aco60M $papMaKonIoriYHOro
BTPYYaHHsA. MeTOI0 HOCTMKEeHHs € aHa/li3 CYYaCHMX HAYKOBMX JAHUX I/ KPUTMYHOI OL[iHKM KIiHIYHOI epek-
TUBHOCTI Ta 6esneku cemarnytuny (Osemmik) y mikysanHi IIJI2 Ta o>XupiHHA, a TAKO)X BU3HAYEHH JI0r0 MicIIA B
CY4JacHMX TepaleBTMYHUX NIPOTOKoaX. [TpoBefieHo onycoBMil OIIAf NiTepaTypy 3 aHAMi30M K/IIOUOBMX KIiHIYHUX
Bunpo6ysanb III ¢asu, Bxmouaroun nporpamu SUSTAIN, PIONEER, STEP ta SELECT. Ornag 3ocepenskeHo Ha
(apMaKOKiHETUYHUX BIIACTUBOCTAX, INIIKeMiYHOMY KOHTPOI, pe3yabTaTax SHVDKeHHs Bary Ta Ipodinix cepieBo-
CyAuHHOI 6e31eKy AK MiAIKipHOI, Tak i mepopanbHoi popm cemarnytuay. Kniniuni Bunpo6yBaHHs JeMOHCTPYIOTb,
110 CEMAITTYTUJ, 3HAYHO 3HVKYE PiBEHb INTIKOBAaHOTO I‘eMOI‘TIO6iHy (HbAlc) na -1.0%-1.8% Ta crpusie CYTTEBIl
BTpari Baru (y cepenHboMy ~15%), epeBepuiyroun nomnepensi aronictu perenropis I'TIII-1. IIpenapaT BusBnse
IUIEIIOTPOIH] eeKTH, BKIIOUAI0uy MOKPallleHHA eHA0TemianbHol QYHKIT Ta 3MEHIIIeHHs 3aMaleHHs], 0 CIIPUsIE
CepLeBO-CYAMHHOMY 3aXMCTY, 3i 3HIbKeHHAM pusuky MACE Ha ~20%. OpHak IIBMAKWIT Habip Baru micis npunm-
HEHHsI TiKyBaHHA Ta MOTEHIIiH] 06iuHi edeKTH, Taki sSIK MTYHKOBO-KMIIKOBI PO3/Iafiy, 3a/IMIIAI0THCS 3SHAUHUMI
npobnemamy. CeMarmyTuy, € BUCOKOePeKTUBHUM (papMaKoJIOTiYHMM BapiaHTOM [JIA JiKyBaHHA MeTabONiYHIX
pO3/majiB, IPOIIOHYIOYM IIEPEBArH, 0 BUXOJATD 32 MEXi ITIIKeMiYHOTO KOHTPO/IO. X04Ya BiH BCTAHOB/IIOE BUCOKMIA
CTaHAAPT eeKTUBHOCTI, IUTAHH BapTOCTi, JOCTYIHOCTI Ta HEOOXITHOCTI TPUBA/IOrO JOTPUMAaHHA Tepaii kia-
criKyIOTh JIOTO fAK CIIellia/li30BaHMil PeCypPC, 110 BYUMAra€ CTPaTerivHOro BIPOBA/PKEHHS, a He AK YHiBepCcalbHO
TOCTYIIHY MaHaLelo.

Knto4oBi cnoBa: ceMarmyTus, 03eMIIiK, O>KUpPiHHA, MeTabOIYHNIT CMHAPOM, YKPOBUI AiabeT 2-ro TUIY
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Abstract: spinal cord injury (SCI) is a form of trauma with high prevalence, mortality, and disability. One approach
in SCI rehabilitation is to create conditions for regenerative axon growth across the lesion site using tissue scaffolds.
notably pHPMA-hydrogel (pHPMA - poly(N-[2-hydroxypropyl] methacrylamide)). Assessing the effectiveness
of such approach can only be done in laceration models of SCI with reliable reproducibility. The aim of this work
was to determine the effect of immediate implantation of pHPMA-hydrogel into the epicenter of a unilateral one-
millimeter spinal cord defect in an adult rat on the paretic limb motor function in comparison with the effectiveness
of the same intervention in young animals. The study was performed on white male outbred adult rats (3-4 months).
For comparative analysis of the obtained data, the results of young animals from another institution, previously
published in other works, were used. In both cases, a 1-mm excision of the spinal cord lateral half at the lower
thoracic/upper lumbar level was maded, with immediate filling of the defect by a fragment of pHPMA-hydrogel.
Over a period of 5 months after intervention, the motor function of the paretic limb in adult animals reached about
one-third of normal levels, both with and without pHPMA-hydrogel implantation. Spasticity of the paretic limb was
minimal in adult animals with or without hydrogel implantation. There is generally a negative correlation between
motor function and spacticity. These data suggest that pHPMA-hydrogel implantation into a one-millimeter
unilateral spinal cord defect, unlike in young animals, does not significantly affect recovery outcomes in adult
animals. Based on a comparative analysis of the results of young and adult animals we hypothesize that the recovery
of the paretic limb’s motor function after unilateral SCI may be mediated with the participation of interneurons/
propriospinal neurons in the contralateral part of the injured cord with a limited rostro-caudal axonal and dendritic
extent.

Key words: Spinal Cord Injuries, Hindlimb, Paresis, Muscle Spasticity, Spinal Cord Regeneration, Hydrogels.
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Introduction

Spinal cord injury (SCI) is one of the most
dramatic human pathologies, characterized by low
annual incidence but relatively high prevalence [1],
a significant proportion in combat trauma [2], high
mortality [3], and, most importantly, a permanent
disability and reduced life expectancy and quality
due to various complications [4, 5]. A typical
SCI is characterized by impairments of motor
function, sensation, and autonomic innervation
below the lesion level [6, 7], as well as numerous
exhausting disorders, including lower urinary tract
dysfunction [8], spasticity [9], and chronic pain
[10]. When the lesion is located outside the motor
innervation zones of the limbs, the primary goal of
rehabilitation is to restore supraspinal innervation
of motor neurons. A promising approach is
bioengineered facilitation of axon regenerative
growth through the lesion site by implanting
artificial tissue scaffolds [11], for example,
macroporous pHPMA-hydrogel (P HPMA - poly(N-
[2-hydroxypropyl] methacrylamide)) [12-16]. The
importance of this approach is underscored by the
fact that mammals require preservation of even a
small fraction of spinal cord white-matter fibers to
maintain voluntary stepping [17, 18].

However, most SClsare, fromapathomorphological
point of view, belong to spinal cord contusion,
compression, or crushing [6, 19]. In all this types
of SCI at the trauma epicenter injured cord tissue
remains, possibly containing surviving nerve fibers
and serve as a matrix for regenerative growth of
transected axons. It is possible to determining the
results of such scenario and whether scar tissue can
be replaced by an artificial scaffold in each individual
case only retrospectively, after along term observation,
i.e., in a period that is unfavorable for regeneration.
For this reason, early replacement of injured spinal
cord tissue is feasible only if the implanted scaffold is
guaranteed to provide better functional recovery than
injured spinal cord tissue which are in a course of
glio-fibrotic scar formation. At present, no artificial
scaffolds demonstrate such guaranteed efficacy, even
with added stem cells (see [11, 20]).

Most positive experimental results of SCI
treatment in small mammals have not translated
reliably to clinical confirmation [21]. Contributing
factors include: (1) use of animals with standardized
phenotypes under uniform care conditions - unlike
real clinical situations; (2) large size differences
between small mammals and humans [22]; (3) lack
of an accurate model for common human SCI forms
[19]; and (4) imperfect tools for assessing functional
outcomes in experimental animals [23, 24].
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Aim

The purpose of this work is to determine the effect
of immediate pHPMA-hydrogel implantation into
the unilateral one-millimeter spinal cord defect in an
adult rat on the paretic limb motor function, based
on the 5-month observation and in comparison with
the effectiveness of the same intervention in young
animals.

Materials and Methods

Research was conducted in accordance with
bioethics and animal welfare rules.

White male outbred rats (250-300 g, 3-4 months
old) from the vivarium of the State Institution
“Romodanov  Neurosurgery Institute National
Academy of Medical Sciences of Ukraine’, kept
under natural light/dark cycles at room temperature
and balanced feed and water ad libitum. Juvenile
white male rats (~50 g, ~1 month old), wich results
were included for comparative analysis, kept in
the Bogomoletz Institute of Physiology vivarium
(technical conditions described in [14, 23]) and
underwent similar injury and treatment [14, 23, 25].

Adultanimals were divided into two experimental
groups: SCI - SCI modeling (n = 22, end-to-end
observation - n = 19); HG (HG - hydrogel) -
SCI modeling and immediate pHPMA-hydrogel
implantation (n = 18, end-to-end observation —
n=15). Each group included animals from
multiple litters from the same vivarium; animals
from each individual litter were not specifically
separated between the two groups. Reference
groups of juvenile animals [14, 23, 25] included:
SCJj (j - juvenile) - SCI modeling (n = 8); HGj -
SCI modeling with immediate pHPMA-hydrogel
implantation (n = 6).

The model used was a left-sided one-millimeter
excision of the lateral half of the spinal cord at the
lower thoracic-upper lumbar level, the technique of
which is described in detail in previous works [14,
23]. Briefly, the interventions was performed under
general anesthesia of the animal using intraperitoneal
injection of xylazine (15mg/kg) and ketamine
(70 mg/kg). The zone of SCI modeling was selected
by palpation of the caudal edge of the thoracic cage of
a deeply anesthetized animal at the site of its fixation
to the spine. Given the theoretically lower ossification
in young individuals and the greater mobility of
the anterior ends of the caudal pairs of ribs (costae
fluctuantes), in the absence of surgical or radiographic
visualization of the places of fixation of these ribs to
the spine, the laminectomy site can be localized at
the level of ~T1-T1, vertebrae, which, taking into
account skeletal data, corresponds to the spinal cord
segments ~Th;s-L; (SCI and HG groups), and with
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correction for the young age of the animals, - to the
segments ~T1,-T13 (SCIj and HGj groups) [14, 23].
A limited left-sided laminectomy was performed
from a linear skin incision. Without separating
the dura mater and spinal roots, along the left edge
of the posterior median vessel at two points, at a
distance of ~1 mm from each other the spinal cord
was perforated in the ventral direction with insulin
syringe needle. A longitudinal paramedian spinal
cord incision was formed between the perforations
with ophthalmic scissors, after which the tissue of the
left half of the spinal cord was cut off at the rostral
and caudal ends of the incision and removed from the
wound with microtweezers with different geometries.
The spinal cord defect formed in this way was left
empty (SCI and SCIj groups) or filled with a fragment
of pHPMA-hydrogel (HG and HGj groups). In all
cases, the bone defect was covered with a fragment of
subcutaneous fascia, the edges of the soft tissues and
skin were connected in two rows of knotted sutures
and, for prophylactic purposes, a solution of bicillin-5
(OJSC “Kyivmedpreparat”; 0.5 million U/kg) was
injected subcutaneously into the posterior cervical
region, and a solution of dexamethasone (KRKA,
Slovenia; 5 mg/kg) was injected intraperitoneally.
Until the complete restoration of motor activity, the
animals were kept at elevated air temperature, and
subsequently in standard vivarium conditions, 3-6
(SCI and HG groups) or 2-3 (HGj group) individuals
in larger cages or in individual smaller cages (SCIj
group) [14, 23].

The pHPMA-hydrogel was synthesized from
N-(2-hydroxypropyl) methacrylamide by radical
polymerization under heterogeneous phase-
separation conditions in a porogenic medium [14-
16]. After washing and high-temperature sterilization,
macroporous hydrogel fragments were transported in
distilled water in sealed containers [14-16].

A successfully modeled rat displayed a motor
deficit of the hind limb on the SCI side as a spastic
paresis. Motor activity (function index, FI) and
spasticity (spasticity index, SI) of the paretic limb
were evaluated using the Basso-Beattie-Bresnahan
(BBB) scale and the Ashworth scale, respectively,
in our technical modifications [23], without prior
training. The BBB scale determines the degree of rat
motor activity during free locomotion on an open
plane in the following main intervals: 1) orchestration
of movements in the three key joints of the hind
limb (0-9 points), 2) maintenance of body weight
by the hind limbs (9-11 points), 3) coordination of
movements by different limbs (12-14 points), 4) fine
mobility within the foot of the paretic hind limb
(14-20 points), 5) keeping the tail above the plane of
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movement (19-20 points) and 5) translateral stability
of the trunk (20-21 points) [23]. The Ashworth scale
in rats allows for the assessment of spasticity mainly
based on the mobility of the joints of the paretic
limb during conditionally passive flexion-extension
moovements, ranging from no resistance (0 points)
to significant resistance in contracture and in some
cases, ankylosis (4 points) [23].

The assessment of FI and SI was carried out by the
same researcher, conditionally blinded both to the
individual characteristics of all animals operated on
by him and, usually, to the previous values of FI and
SI in groups SCIj and HGj [14, 23], but not blinded
to the previous values of FI and SI in groups SCI and
HG. In case of doubt about the exact whole value of
FI or SI, the half value was recorded.

FI and SI were recorded weekly at 1 and 2 weeks,
then monthly up to 5 months for groups SCI and
HG. A similar time scheme for displaying results was
used for groups SCIj and HGj, however, actual testing
intervals for this animals differed by ~29% at 1 week
post-injury, and <7% thereafter [14, 23]. This nullifies
the results of the comparative analysis involving the
SCJj and HGj groups at the first two observation
periods, however, due to the decrease in changes in
FI and SI after the 2nd month of observation, these
deviations are not of fundamental importance for
assessing the significance of differences in FI and SI
between the groups.

Animals with FI of the paretic limb >9 BBB points
at first testing (SCIj - 1 animal, HGj - 2 animals)
or persistent deficit of the contralateral hind limb
(<14 points; SCIj - 2 animals, HGj - 1 animal) were
excluded [14, 23]. Throughout both experiments,
no signs of self-injurious behavior, regional trophic
and/or purulent-inflammatory processes that would
require immediate euthanasia of the animal were
detected. Animals with obvious signs of persistent
peripheral paresis (Ls-L¢ motor neuron damage) were
retained [23]. No cases of excessively rostral injury
causing ipsilateral abdominal muscle paresis were
noted. Cases of excessively rostral injury and obvious
ipsilateral paresis of the abdominal wall muscles
were not specifically recorded [23]; a frequent or
characteristic manifestation of such a symptom for a
particular group was not observed.

During the experiment, animal deaths were
recorded, the causes of which were not specifically
investigated: in the SCI group - 3 animals (at the 2nd
and 3rd months; 13 %), in the HG group - 3 animals
(at the 4th month; 17%). The FI and SI of these animals
was taken into account for intergroup comparisons at
the observation periods, when they were part of the
experimental groups.
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Statistical processing of numerical data was
performed using the EZR software package (R
Statistics), which is freely available (https://www.
softpedia.com/get/Science-CAD/EZR.shtml), on a
personal computer. The distribution pattern was
assessed using the Shapiro-Wilk test. Mean values of
FI and SI in the compared samples were presented as
Median (Q I; Q III), when parameters distribution
in the samples differed from normal, or as M + SD
(M - mean, SD - standard deviation) for normally
distributed data.

To identify differences in individual values of FIand
SI (performed only for animals that were observed
throughout the experiment; SCI - n = 19, HG -
n = 15; SCIj and HGj - in full) at different observation
time points within each group, repeated-measures
ANOVA (rANOVA) or the Friedman test was used;
in both cases, the Bonferroni correction was applied
for multiple comparisons. Pairwise comparisons of
related samples were performed using the Wilcoxon
signed-rank test (T-test).

The significance of differences in FI and SI between
different experimental groups at each observation
time point, under normally distributed data, was
determined using ANOVA after assessing the
homogeneity of variances with Bartlett’s test, followed
by Tukey’s post hoc test for pairwise comparisons.
In cases where the distribution of FI or SI values
differed from normal or when variances were non-
homogeneous, the significance of differences was
assessed using the Kruskal-Wallis test, followed
by the Steel-Dwass test for post hoc comparisons.
The results of the described analysis were further
supplemented by pairwise comparisons of FI or
SI values between experimental groups using the
Wilcoxon-Mann-Whitney test.

Statistical correlation between FI and SI values
was assessed for data of animals, which are observed
throughout the experiment (see above), using
Pearson’s correlation coefficient (rs; when at least one
variable was normally distributed) and Spearman’s
rank correlation test (rp; when the distributions of
both variables were non-normal).

In all cases, the results were considered statistically
significant when the probability of the opposite
assumption was less than 0.05 (p < 0.05).

Results

Dynamics of the paretic limb motor function.

At 1 week after injury, the median of FI values in
the SCI group were 1 (1; 1) BBB score, in the HG
group - 3 (1; 6), in the SCJj group - 0.5 (0; 1), in the
HG;j group - 3.5 (1.5; 5.5) BBB score (Fig. 1 A). FI
values at this time point were significantly different
for the comparison pairs SCI and HG group, as well
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as SCI and SCIj group (p<0.05; Wilcoxon-Mann-
Whitney test) (Fig. 1 A). Subsequently, a significant
increase in FI in the SCI group (n = 19) occurred
within 2 months after injury, and in the HG group
(n = 15) - within one month (p<0.05; Friedman
criterion with Bonferroni correction; Wilcoxon
T-test). At 5 months after injury, the median of FI
values in the SCI group were 7 (6; 8.5) BBB points, in
the HG group - 8 (4; 11) BBB points (Fig. 1 B).

Changes in FI values in the groups of young animals
during the experiment were mostly statistically
insignificant. However, during the 4th-5th month of
observation, a decrease in FI level to 0.5 (0; 1.3) BBB
points was recorded for the SCIj group (p<0.05 when
compared with the value at the 2nd observation period;
Wilcoxon T-test and Friedman test with Bonferroni
correction) and decrease in FI level to the 4.6+4.3
BBB points was detected for the HGj group (Fig. 1 B).

During the experiment, significant differences in FI
values for the SCI and HG groups were detected only
after 1 week (p<0.01, Wilcoxon-Mann-Whitney test),
and for the SCIj and HGj groups - after 5 months
after injury (p<0.05; Wilcoxon-Mann-Whitney test)
[14], however, in the current statistical analysis -
significant differences were not detected (p>0.05;
Wilcoxon-Mann-Whitney test). The FI values of the
SCI and SCIJj groups were significantly different at all
observation times (p<0.05, Wilcoxon-Mann-Whitney
test). No significant differences in the FI values of
the HG and HGj groups were found at any of the
observation times (p>0.05, Wilcoxon-Mann-Whitney
test). As a result, the highest FI values according to the
results of both experiments were observed in the HG
group, the lowest in the SCIj group.

Dynamics of the paretic limb spasticity.

The distribution of SI values in all experimental
groups 1 week after injury differed from normal
(p<0.01; Shapiro-Wilk test). At this observation
point, the median of SI values in the SCI group were
1 (1; 1) Ashworth score, in the HG group - 1 (0; 1), in
the SCIj group - 0.5 (0.5; 0.8) and in the HGj group -
0.5 (0.5; 0.7) Ashworth score (Fig. 1 C). The SI values
of the experimental groups at this time point did not
differ from each other (p>0.05; Wilcoxon-Mann-
Whitney test).

The SI level in the experimental groups increased
during the total observation period in an unequal and
uneven manner. Thus, 1 month after the injury, the
distribution of SI values in all experimental groups
differed from normal (p<0.05; Shapiro-Wilk test)
and the median of SI values in the SCI group were
1 (1; 1) Ashworth score, in the HG group - 0.8 (0; 1)
points, in the SCIj group - 3.5 (1.8; 4) points, and in
the HGj group - 0.8 (0.5; 1.8) points. The values of SI
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Notes for statistical
differences.

significance of

BBB-part (A, B):

* — group SCI vs group HG, at 1 week
time point, Wilcoxon-Mann-Whitney test,
p<0.01;

** — group SCI vs group SCIj, at 1 week
time point, Wilcoxon-Mann-Whitney test,
p<0.05;

1 - group SCI vs group SClj, at 5-month
time point, Wilcoxon-Mann-Whitney test,
p<0.001;

§ - within the SCI group, between the
1 week and 5-month time point, Wilcoxon
signed-rank test, p < 0.001 (performed for
animals that were observed throughout
the experiment, n = 19);

I - within the HG group, between the
1 week and 5-month time point, Wilcoxon
signed-rank test, p < 0.01 (performed for
animals that were observed throughout
the experiment, n = 15).

Ashworth-part (C, D):

** — within the HG group, between the
1 week and 5-month time point, Wilcoxon
signed-rank test, p<0.01 (performed for
animals that were observed throughout
the experiment, n = 15);

Tt - within the SCIj group, between the
1 week and 5-month time point, Wilcoxon
signed-rank test, p<0.05.

Figure 1. Median values of FI (A, B) and SI (C, D) (horizontal lines inside the boxes),
the limits of the first and third quartiles (the shaded portions of the box located below and above the median
line at each time point, respectively), mean values (x), standard deviations (the average distance between
the lower or upper edge of each box), and the range of data dispersion (outliers) beyond the upper and
lower quartiles (horizontal caps of the whiskers at each observation time point) in four experimental groups
(SCI, HG, SCIj, and HGj) at 1 week (A, C) and 5 months (B, D) after injury modeling.

in the HG and SCI groups (p<0.01, Steele-Dwass test
for posterior comparisons; p<0.01, Wilcoxon-Mann-
Whitney test — in the case of pairwise comparisons)
and in the SCI and SCJj groups (p<0.01, Wilcoxon-
Mann-Whitney test) significantly differed at this
observation point.

Two months after the injury, the distribution of
SI values in all experimental groups differed from
normal (p<0.01; Shapiro-Wilk test) and the median
of SI values in the SCI group were 1 (1; 1) Ashworth
points, in the HG group - 1 (0.6; 1) points, in the
SCJj group - 4 (2.8; 4) points, and in the HGj group -
0.8 (0.5; 2.5) points. SI values in the SCI and HG
groups, as well as SCI and SCIJj groups, differed at this
observation point in a pairwise comparison (p<0.05;
Wilcoxon-Mann-Whitney test).

Five months after injury, the distribution of SI
values was normal only in the HG group (p>0.05;
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Shapiro-Wilk test), and the median of SI values in
the SCI group were 1 (1; 1) Ashworth score, in the
HG group - 1 (0.8; 1.5) score, in the SCIj group -
4 (3.8; 4) points, and in the HGj group - 1 (0.6; 3.3)
point (Fig. 1 D). At this observation point, SI values
were significantly different only for the SCI and SCJj
groups (p<0.001, Wilcoxon-Mann-Whitney test)
(Fig. 1 D).

Overall, an increase in SI was observed in the SCI
group during the first month, in the HG group -
during the 2nd and 3rd months, in the SCIj group -
during the first 2 months, and in the HGj group -
during the 1st and 3rd months after the injury.
Statistical analysis, performed for animals that were
observed throughout the experiment, generally
confirmed these observations. Thus, in the SCI group
sample (n = 19), a significant change in SI values
was detected only during the second week of the
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experiment (p<0.001; Friedman test with Bonferroni
correction) or was not detected at all (p>0.05;
Wilcoxon T-test for all pairs of comparisons). In the
HG group sample (n = 15), a significant increase in SI
relative to values at 1 week after injury was detected
during the period from the 3rd to the 5th month
after the injury (p<0.05, Wilcoxon t-test, Friedman
test with Bonferroni correction). In the SCIj group,
a significant increase in SI was observed during the
first two months (p<0.03, Wilcoxon T-test; p<0.05,
Friedman test with Bonferroni correction), while in
the HGj group, SI values did not change significantly
throughout the experiment (p>0.05, Wilcoxon T-test;
p<0.01, Friedman test with Bonferroni correction).

Correlation of motor function and spasticity
values.

As already noted, in general, after 5 months from
the experiment beginning, the highest FI values were
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observed in the HG group, the lowest — in the SCIj
group, and intermediate values were observed in
the remaining two groups. On the contrary, highest
SI values were observed in the SCIj group, and
lower values were observed in the remaining three
groups. Such an inverse relationship between FI and
SI probably has a pathophysiological basis: it is well
known that the limitation of voluntary muscle control
after SCI due to the damage of supraspinal innervation
of the corresponding motor neurons (state of central
paresis, decrease in FI) is accompanied by an increase
in the involuntary activity of denervated motor
neurons, i.e., the formation of spasticity (increase
in SI). Correlation analysis of the data, obtained
from animals, which are observed throughout the
experiment (SCI group - n = 19, HG group - n = 15;
groups SCIj and HGj - in full), generally confirmed
this opinion (Fig. 2).

Figure 2. Examples of correlations between individual FI and SI values: A — a moderate negative correlation
between FI and SI values in the SCIj group recorded throughout the entire experiment (r, = —0.47, p<0.001);
B - a strong negative correlation between FI and SI values in the HGj group recorded throughout the entire
experiment (r, = —0.77, p<0.001); C - a strong negative correlation between FI and SI values in both the SCJj
and HG;j groups at 5 months after injury modeling (r; = —0.87, p < 0.001); D - a strong negative correlation
between FI and SI values in the HGj group at 5 months after injury (r = —0.84, 95% CI -0.98 ... —-0.102,
p<0.05). The ordinate axis represents SI values, and the abscissa axis represents FI values.
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For example, 1 week after injury in the SCI group
sample, a moderate negative correlation was found
for FI and SI values (rs = -0.53, p<0.05), and 1 month
after injury a strong negative correlation was found
in the HGj group (r, = -0.86, 95% CI -0.98 ... -0.14,
p<0.03). At 2 months after injury in the SCI group
sample, a moderate negative correlation was found
(rs =-0.68, p<0.01), and a strong negative correlation
was found in the SCJj and HGj groups (r, = -0.71,
p<0.05, and r, = -0.96, 95% CI -1.00 ... -0.70, p<0.002,
respectively). Similarly, 3 months after injury, in the
SCI group sample, a moderate negative correlation
was found (r, = -0.63, p<0.01), and a strong negative
correlation was found in the SCIj and HGj groups
(respectively, rs = -0.83, p<0.01, and rp = -0.98, 95%
CI-1.00 ... -0.80, p<0.001). At 4 months after injury, a
strong negative correlation was found in the SCI group
sample (r, = -0.73, 95% CI -0.89 ... -0.41, p<0.001),
and moderate negative correlation was found in the
HG group sample (r, = -0.57, 95% CI -0.84 ... -0.08,
p<0.05). At the same observation point a strong
negative correlation in the SCIj and HGj groups was
found (respectively, r, = -0.88, p<0.01, and r, = -0.88,
95% CI -0.99 ... -0.23, p<0.05). At 5 months after
injury, a moderate negative correlation was found
in the SCI group sample (r, = -0.7, 95% CI -0.87 ...
-0.35, p<0.001), and a strong negative correlation was
found in the HGj group (r, = -0.84, 95% CI -0.98 ...
-0.10, p<0.05).

Discussion

SCI is a severe pathology wich lead, among other
things, to the loss of supraspinal innervation of motor
neurons due to axonal tracts disruption. Therefore,
the main goal of SCI treatment is restoration of this
innervation, for example, by creating an artificial
environment for axon growth through the lesion
site using tissue scaffolds [11], notably pHPMA-
hydrogel [12-16]. In this context, here we obtained
two main results: 1) the same volume of SCI in adult
animals, compared to young animals, leads toa smaller
neurological deficit; 2) against the background of
significant autogenic recovery of the motor function,
the effect of pHPMA-hydrogel on the outcome of the
regeneration process is not significant. Both results
were unexpected, based on the available literature
data, and require discussion.

Regarding the first result, it is well known
that mechanisms of autogenic regeneration after
SCI include rewiring motor system networks at
supraspinal [21, 22, 26, 27] and spinal [21, 22, 26-28]
levels and involve propriospinal neurons [26, 28-30],
and injured long projection axons [22]. For example,
it was found that damaged spinal cord axons can
sprout over short distances, branch, and form new

UKRAINIAN SCIENTIFIC MEDICAL YOUTH JOURNAL @ 1 (160)/2026

ISSN 2786-6661

synapses [21], and this process, at least in rats, begins
within the first 6 hours after SCI [31]. Apparently,
thanks to such mechanisms, a significant proportion
of SCI patients exhibit spontaneous recovery of
neurological functions [32-34].

Literature data indicate significant autogenic
restoration of motor activity of the paretic limb after
lateral hemisection of the rat spinal cord. Mills et
al. (2001) [35] report that after lateral hemisection
at the lower thoracic level in male rats (100-125 g),
the function of the paretic limb is restored on the
35th day, depending on the breed of animals, to the
level of ~15-17 BBB points. At the same time, the
authors consider the motor function of the posterior
contralateral limb to the site of injury to be intact
in this observation. These results are consistent
with the data of a number of other works [36-39].
However, Arvanian et al. (2009) [37], and later Li et
al. (2017) [39], report a deficit in motor function of
the contralateral hind limb one month after lateral
hemisection of the thoracic spinal cord at the level
of ~15 BBB points, only a few points less than the
deficit in the paretic limb. Apparently, similar results
of autogenic restoration of motor function of paretic
limbs are inherent in the crossing of the dorsal half
of the spinal cord or the corticospinal, rubrospinal
or other descending supraspinal pathways in the
rat, with the exception of the reticulospinal pathway;,
which in animals of this species plays a leading role in
ensuring walking locomotion [40].

In contrast, after excision of a lateral half fragment
of the rat spinal cord substance at the mid- or
lower thoracic level, autogenic restoration of motor
function is generally less effective. For example, Jian
et al. (2015) [41] after a three-millimeter excision
in adult female rats (Sprague-Dawley) obtained a
FI value of the paretic limb at the level of ~6 BBB
points after 8 weeks. Zhang et al. (2016) [42] after a
two-millimeter excision in adult male rats (Sprague-
Dawley) as of the 70th day describe a FI of the paretic
limb at ~4.8 BBB points, demonstrating data (fig. 4
A-D) on the deficit of motor function of the hind
contralateral limb as of the 30th day. Pertici et al.
(2013) [13] in adult male rats (Sprague-Dawley) 14
weeks after a one-millimeter excision found a FI of
the paretic limb at 8-9 BBB points. In contrast, Hsieh
et al. (2010) [43] 55 days after a one-two-millimeter
excision in adult male Wistar rats recorded a FI of the
paretic limb at the level of ~11 BBB points, and of the
hind contralateral limb at the level of ~15 BBB points,
and the next day after the intervention, the function
of the hind contralateral limb was described at the
level of ~3 BBB points. Ke et al. (2022) [44] 4 weeks
after an approximately two-millimeter excision in
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six-week-old male Sprague-Dawley rats detected a FI
of the hind limbs at the level of ~15 BBB points.

According to our early observations [45],
lateral spinal cord hemisection in male rats with
the procedure for verifying its completeness is
accompanied by a profound persistent deficit in
motor function of the paretic limb - in young animals
at the level of ~5 BBB points, in adults - ~3 BBB
points. In these observations, signs of damage to the
contralateral part of the spinal cord were recorded
in almost every third case, and signs of peripheral
paresis, i.e. caudalized spinal cord injury or more
caudal spread of secondary alteration, were recorded
in almost every fifth case [23], which indicates
significant injury to the areas of the spinal cord
adjacent to the hemisection zone. By the way, Zhang
et al. (2019) [46] 4 weeks after modeling a lateral
half-section of the spinal cord in adult male rats
(Sprague-Dawley line) with similar intraoperative
pathomorphological consequences (Fig. 1 c), des-
cribe a FI of the paretic limb of ~8 BBB points,
without revealing the condition of the contralateral
hind limb. More careful lateral hemisection in young
animals, without significant trauma to the butt ends
of the transected half of the spinal cord, according to
our data, is accompanied by spontaneous restoration
of motor function of the paretic limb up to ~10 BBB
points [14, 23], one-millimeter excision of the lateral
half of the spinal cord in young animals (SCIj group)
leads to a deficit of motor function of the paretic limb
at the level of ~1 BBB point, and in adult animals
(SCI group) - to a deficit at the level of ~7 BBB
points, without signs of impaired motor function of
the contralateral limb.

In our opinion, the differences between the data
of several of our experimental series [14, 23, 45],
as well as between the experimental data of other
authors, can, among other factors, be associated
with the hemisection technique, in particular, with
injury to adjacent areas of the spinal cord and
the rostrocaudal and translateral spread of post-
traumatic inflammation, which makes it difficult
to involve contralateral and bilaterally distributed
interneurons of the spinal cord in the formation of
supraspinal reinnervation pathways of the paretic
limb motoneurons “bypassing” the epicenter of the
injury. This interpretation is consistent with another
observation-a significant difference in the results of
the autogenous repair process after a careful one-
millimeter excision of the lateral half of the spinal
cord in young (SCJj group) and adult (SCI group)
animals. A possible explanation for this difference
may be the small (less than 1 mm) rostrocaudal
distribution of the axonal and dendritic apparatus of
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most of those interneurons of the contralateral part
of the spinal cord of the young rat, through which
the alternative supraspinal innervation pathway is
established. Under these conditions, implantation of
pHPMA-hydrogel (apparently, precisely as a matrix
for axon growth) has a significant positive effect on
the restoration of motor function (HGj group [14]).
Since significant postnatal neurogenesis in the
mammalian spinal cord is most likely absent, the
increase in the size of this part of the nervous system
during the animal's maturation is accompanied by an
increase in the length of the processes of neurons —
participants in the supraspinal innervation pathways
of motor neurons. Under such conditions, the zone
of a one-millimeter defect of the lateral half of the
spinal cord in adult animals, unlike young ones,
can be covered by the rostrocaudal spread of the
processes of many interneurons of the contralateral
part, with the participation of which an alternative
path of supraspinal innervation of caudal motor
neurons will be established. Within this hypothesis,
if the primary or secondary damage at the level of
spinal cord unilateral injury spreads contralaterally,
the effectiveness of such a mechanism will be
significantly reduced due to the damage to the
corresponding interneurons of the contralateral
part.

Also, from the point of view of the same hypothesis,
in the case of spinal cord lateral hemisection in young
animals (see [14]), or one-millimeter spinal cord
lateral hemi-excision in adult animals (SCI group),
the role of the pHPMA-hydrogel in restoration of
motor function is insignificant (see [14, 23], as well as
the HG group in this work), since the establishment
of an alternative pathway with the participation of
contralateral interneurons is likely faster and more
extensive than the growth of injured fibers through
the pHPMA-hydrogel. However, in the case of
a rough spinal cord lateral hemisection in adult
animals (see [45; 47, p. 136-138]), the pHPMA-
hydrogel implanted immediately after the injury may
limit secondary damage to the spinal cord substance,
increase survival of the opposite part interneurons
population and therefore increases motor function
restoration [47, p. 136-138].

In general, the participation of propriospinal
interneurons in establishing connections with motor
neurons of the paretic limb after lateral hemisection
of the spinal cord is quite well known [28-30],
however, the nature, diversity and functions of this
neuronal population, despite long-term study [49]
remain fragmentary [49, 50], not enough to confirm
or refute our interpretation of the results proposed
above. However, the literature also describes cases
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of significant recovery of the ipsilateral paretic
limb motor function after adult rat lateral spinal
cord hemisection in the lower thoracic region with
morphological signs of paramedian contrlateral
damage [36], or with signs of significant motor deficit
of the contralateral hind limb [37, 39].

Study limitations

The methodology of this study has a number
of limitations. First of all, the differences found
between the results of the recovery process in young
and adult animals may be associated with genetic
characteristics and differences in the maintenance
and nutrition of both groups of animals in two
different institutions [23]. For example, differences
of ~2 points on the BBB scale have been described
between the results of one month regeneration in
adult rats of different stocks after unilateral spinal
cord injury [35]. Second, the data obtained using the
BBB scale after unilateral spinal cord injury should
be evaluated with caution in the range of motor
function values above 8 points [23]. Also, the lack
of consensus among numerous experimental data
on the results of the recovery process after unilateral
spinal cord injury in rats [13, 14, 23, 35-46], in our
opinion, indicates the significant importance of
certain, currently unexplained surgical features
of modeling this type of injury, which could also
be reflected in the differences in the results of the
two experimental series discussed in this article.
At the same time, the lack of classical blinding and
randomization in this work, in our opinion, did not
have a significant impact on the reliability of the
data obtained, since the result of the experiment
turned out to be opposite to our research hypothesis.
Finally, our assumption regarding the role of
propriospinal neurons of the contralateral spinal
cord part, although contextual to the classical ideas
about the mechanisms of supraspinal reinnervation
of paretic limbs motor neurons after SCI [26, 28-
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30], requires complex verification involving modern
neurophysiological studies on living spinal cord
preparations, viral tracing of neuronal pathways, and
optogenetic confirmation of their participation in
the motor function. Therefore, our data, obtained in
this study, require further careful verification.

Conclusions

1. Despite the fact that in young rats, a one-
millimeter defect in the lateral half of the spinal cord
is accompanied by a profound permanent deficit
in the motor function of the paretic limb, in adult
animals, after such an injury, the motor function of
the paretic limb recovers quite quickly to ~30% of its
normal level.

2. In contrast to the significant positive effect
of pHPMA-hydrogel implantation on the motor
function restoration after a one-millimeter excision
of the spinal cord lateral half in young rats, the role
of pHPMA-hydrogel in adult animals under similar
conditions is not significant.

3. Spasticity of the paretic limb is minimal in
adult animals with or without pHPMA-hydrogel
implantation, and also minimal in young animals
with pHPMA-hydrogel implantation; only young
animals without pHPMA-hydrogel implantation
exhibit maximal spasticity.

4. There is generally a negative correlation between
motor function and spacticity after 1-mm excision of
the spinal cord lateral half.
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BiAHOBJIEHHS PYX0BOI PYHKLUII nicns BUCIYEeHHS bi4HOro pparMeHTy

‘ pHPMA-rigporenb He nokpalyye iHTEHCMBHE aBTOreHHe
\ CNUHHOIo MO3KY Yy AO0pOCJIOro Lypa

Biktop Caraiipak, Bonogpumup MenBepeB
HauioHanbHuin megmunuii yHisepcuteT iMmeHi 0.0. Boromonbug, Knis, Ykpaina

Corresponding author:
Volodymyr Medvediev
E-mail: vavo2010@gmail.com

AHnoTauia: TpaBMa crimaHOro Mo3ky (TCM) € BUIOM YIIKOI>KEHHA 3 BUCOKOIO MOIMIMPEHICTIO, CMePTHICTIO Ta piB-
HeM iHBanmigusanil. Oguum i3 migxonis y peabimitanii mpu TCM € cTBOpeHHS YMOB I pereHepaTMBHOIO POCTY
aKCOHIB Yepe3 30HY YUIKO/PKEHHA 3a JIOIIOMOrOl0 TKaHMHHUX KapKaciB, 3okpema pHPMA-rigporento (pHPMA -
nomi(N-[2-rigpokcunpomnin] Metakpunamin)). Oninka eeKTMBHOCTI TaKOroO MiIXOy MOX/IMBA JIMIIE B MOAEIAX
nepepidy CIMHHOTO MO3KY 3 BUCOKOIO BifTBOpIOBaHicTI0. MeTo0 i€l po60oTy 6y/10 BU3HAYMTH BIUIMB HeraifHOl
iMmmranranii pHPMA-rifporeinio B emileHTp ofHOOIYHOrO JedeKTy CIMHHOTO MO3KY HOBXIHOIO 1 MM y mopoc-
JIOTO Ifypa Ha pyXoBY QYHKILIIO MapeTHYHOI KiHI[iBKY V¥ NOPiBHSIHHI 3 eeKTUBHICTIO aHA/IOTIYHOTO BTPyYaHHs
y Moopux TBapyH. JOCTif)KeHHs IpOBeieHO Ha Oi1nx 6e3NopOofHIX SOPOCINX caMisax 1ypis (3—4 micsuni). s
MIOPiBHANBHOIO aHa/li3y BUKOPUCTAHO PE3YNbTaTy, OTPMMaHi Ha MOJIOAUX TBapyHAaX B iHIIiM yCTaHOBI Ta paHille
omry6ikoBaHi B iHIINX po6oTax. B 060X BuIIajkax BUKOHYBa/IM BUCIiUeHH JIaTepajIbHOI IOJIOBMHM CIIMHHOTO MO3-
Ky Ha piBHi HIDKHBOTO IPY/JHOIO/BEpXHbOTO NOIEPEKOBOTO Biffliny MOBXMHOI 1 MM 3 HeraliHMM 3allOBHEHHAM
medekry ¢pparmenToM pHPMA-rifporeto. IIporsarom 5 MicsAniB micas BTpy4aHHA pyXoBa (QYHKIiA IapeTUIHOI
KIHIIIBKM Y ROPOCIMX TBApUH JOCATaa NPUONU3HO TPETHMHM Bif HOpMY sIK nipy iMivtanTtanii pHPMA-rifporertio,
Tak i 6e3 Hei. CrlacTMYHICTb MapeTUYHOI KiHIIIBKM y ZOPOC/INX TBapuH Oy/a MiHiMa/IbHOI He3a/IeXKHO Bifl iMITTaH-
Tawil rigporeio. 3arazoM CIocTepiraaacs HeraTMBHA KOPeJAList MK piBHeM pyxoBoi QYHKIHI Ta CIACTUYHICTIO.
OtpumaHi fani cBig4aTs, o iMmmnanTanis pHPMA-rigporenio B ofHo6i4HMIT fedeKT CIMHHOTO MO3KY JOBXIHO0
1 MM, Ha BiIMiHY BiJj MOJIOJMX TBapyH, He MAa€ CYTTEBOTO BIUIVMBY Ha Bi[[HOBJIEHHA Y JOpocnux TBapuH. Ha ocHoBi
MIOPIBHANBHOIO AHA/Ii3y PE3YIbTATIB Yy MOIOAYX i JOPOCIMX TBAPUH BUCYHYTO TilIOTE3Y, WO BiTHOBJIEHHA PyXOBOI
¢dyHKLii mapeTNYHOI KiHIIBKK Tic/s ogHo6ivHOI TCM Moxe BinbyBaTHCs 3a y4acTIO iHTepHepoHiB/Ipomnpiocii-
HaJIbHUX HEJIPOHIB KOHTpa/aTepaabHOI YaCTVHY YIIKOJPKEHOIO CIMHHOIO MO3KY 3 0OMEXEHOI0 POCTPOKay/ialb-
HOIO IPOTSDKHICTIO aKCOHIB i J€HIPUTIB.

KnioyoBi cnosa: TpaBMa CIIMHHOTO MO3KY, 3aJjHA KiHI[iBKa, IIapes, M A30Ba CIIACTUYHICTb, pereHepalisl CIMHHOTO
MO3KY, FifporerIi.
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Abstract: primary hypergonadotropic hypogonadism is an uncommon endocrine disorder resulting from primary
testicular failure with preserved hypothalamic-pituitary regulation and requiring lifelong testosterone replacement
therapy. In adult patients, this condition is frequently complicated by severe metabolic and cardiovascular disorders,
particularly morbid obesity, arterial hypertension, and insulin resistance. The coexistence of these conditions
significantly complicates both diagnostic evaluation and long-term therapeutic decision-making, especially when
standard hormone replacement strategies fail to achieve stable biochemical and clinical control. To demonstrate the
clinical significance of identifying and treating comorbid obstructive sleep apnea (OSA) syndrome as a prerequisite
for effective testosterone replacement therapy and blood pressure control in a patient with hypergonadotropic
hypogonadism and severe cardiometabolic comorbidities. A detailed clinical, laboratory, instrumental and follow-
up assessment of a male patient with long-standing hypergonadotropic hypogonadism was performed, including
endocrine, cardiological, and somnological evaluation. Therapeutic interventions and their outcomes were analyzed
withinamultidisciplinary management framework. Wereport the case ofa 40-year-old male with a childhood diagnosis
of primary hypergonadotropic hypogonadism who had been receiving long-term testosterone undecanoate therapy.
Over time, the patient developed progressive morbid obesity (body mass index exceeding 50 kg/m?*) accompanied
by metabolic disturbances, which prevented sustained normalization of serum testosterone levels despite ongoing
treatment. He presented with recurrent severe headaches, dizziness, transient visual impairment, tremor, and two
episodes of short-term loss of consciousness. Clinical examination revealed persistent arterial hypertension with
blood pressure values reaching 170/105 mmHg, corresponding to grade IT hypertension and very high cardiovascular
risk. Conventional antihypertensive therapy failed to achieve adequate blood pressure control. Extended diagnostic
evaluation identified previously undiagnosed OSA, recognized as an independent contributor to hypertension and a
relative contraindication to intensification of testosterone therapy. Initiation of continuous positive airway pressure
(CPAP) therapy resulted in marked clinical improvement and enabled safe reassessment of testosterone replacement.
Subsequent reduction of testosterone undecanoate injection intervals combined with adjunctive aromatase inhibitor
therapy led to stable normalization of serum testosterone concentrations. This hormonal correction was associated
with sustained blood pressure control below 130/85 mmHg without escalation of antihypertensive treatment and

Howtocitethisarticle: Shkvarok-Lisovenko A, KorostY. Restoration of blood pressure controlthrough management
of obstructive sleep apnea and optimization of testosterone therapy in a patient with hypergonadotropic
hypogonadism: a case report. Ukrainian Scientific Medical Youth Journal. 2026;1(160):62-69. doi:10.32345/
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complete resolution of neurological symptoms. The achieved clinical stability persisted throughout follow-up. This
clinical case highlights the complex and often underestimated interplay between hypergonadotropic hypogonadism,
morbid obesity, OSA and arterial hypertension. It underscores the importance of a stepwise, pathophysiology-
driven diagnostic approach, in which recognition and treatment of sleep-disordered breathing represent a critical
prerequisite for the safe and effective optimization of testosterone replacement therapy. The case further emphasizes
the necessity of a coordinated multidisciplinary strategy involving family physicians, endocrinologists, cardiologists,
somnologists and andrologists to achieve sustainable clinical outcomes in patients with combined endocrine and

cardiovascular comorbidities.

Key words: Hypergonadotropic Hypogonadism, Hypertension, Obesity, Obstructive Sleep Apnea

Introduction

Hypergonadotropic hypogonadism (HH) is a
pathological condition characterized by impaired
gonadal function in the presence of preserved
activity of the hypothalamic-pituitary axis; in
primary male hypogonadism, testicular dysfunction
leads to insufficient testosterone production and
compensatory pituitary hyperstimulation, while
clinical manifestations include infertility, delayed or
impaired sexual development, decreased libido, and
other systemic symptoms [1, 2]. Reduced testosterone
levels are closely associated with obesity, which is
frequently observed in patients with HH; in men with
a body mass index exceeding 35-40 kg/m?, total and
free testosterone levels are reduced by more than 50%
compared with lean individuals, and testosterone
deficiency itself is associated with decreased libido,
sexual dysfunction, fatigue, reduced physical strength,
depressive symptoms, and cognitive impairment,
despite the relative rarity of this condition and
the insufficient investigation of its metabolic and
cardiovascular consequences [3, 4]. Accumulating
evidence suggests that testosterone replacement
therapy, including testosterone undecanoate, may
contribute to improved blood pressure control
in patients with HH and arterial hypertension,
and that long-term testosterone therapy improves
hemodynamic parameters, likely through enhanced
vascular elasticity, reduced insulin resistance,
attenuation of visceral adiposity, and suppression
of systemic inflammation - key mechanisms in the
pathogenesis of arterial hypertension [5, 6, 7].

Aim

To demonstrate the importance of a stepwise,
multidisciplinary approach to restoring blood
pressure control in a patient with hypergonadotropic
hypogonadism by  optimizing  testosterone
replacement therapy following the diagnosis and
treatment of OSA through a clinical case.

Materials and methods

A detailed clinical case analysis was performed,
including longitudinal assessment of hormonal, me-
tabolic, cardiovascular, and instrumental parameters
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in a patient with hypergonadotropic hypogonadism,
arterial hypertension, obesity, and OSA during
staged therapeutic interventions. Overnight cardio-
respiratory monitoring confirmed OSA.

Case Presentation

A 40-year-old man from Ukraine who had been
diagnosed in childhood with hypergonadotropic
hypogonadism sought care from his family physician
because of recurring headaches. These headaches were
accompanied by dizziness, disturbances of the visual
fields, memory difficulties and tremor of the left hand
with sensory complaints. The neurological symptoms
were most noticeable when the headache reached its
maximum intensity. Over the previous month the
patient had also experienced two brief episodes of loss
of consciousness. He reported no history of smoking,
alcohol use or illicit drug consumption. During the
two months leading up to the consultation headache
episodes occurred as often as four times per week and
the patient subjectively linked their onset to abrupt
weather changes during the summer period. For
several years he had been on continuous testosterone
replacement therapy administered as intramuscular
testosterone undecanoate (1000 mg/4 mL). The treat-
ment regimen began with two injections given one
month apart followed by maintenance injections
every 12 weeks. Klinefelter syndrome had previously
been ruled out as a potential cause of his condition.
The most recent hormonal assessment was performed
in June 2025 (Table 1), approximately six weeks
before presentation and coincided with his scheduled
testosterone injection. At the start of testosterone
therapy in 2020 the patient’s body weight was 152 kg
with a total testosterone level of 4.86 nmol/L and
a leptin concentration of 13.69 ng/mL. Routine
instrumental evaluations were carried out in line with
andrological guidelines including a scrotal ultrasound
performed in July 2025 (Figure 1). Ultrasonography
demonstrated markedly reduced testicular volumes
while intratesticular blood flow remained preserved.
Both testes showed a heterogeneous echotexture
caused by numerous small hyperechoic foci
consistent with testicular microlithiasis. No focal
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Table 1. Laboratory parameters of the patient

in June 2025
Diagnostic Caption Result ReFIerence
ange

Luteinizing hormone (mlU/mL) 10.8 0.8-7.6
Thyroid-stimulating hormone )
(ulU/mL) 0.81 0.4-4.0
Follicle-stimulating hormone
(mlU/mL) 25.0 0.7-11.1
Prolactin (plU/mL]) 8.10 1.9-25.0
Estradiol (pg/mL) 20 7.63-56.0
Leptin (ng/mL)} 16.46 2.05-5.63
Total testosterone (nmol/L) 13.86 15-50

ISSN 2786-6661

lesions, hydrocele or varicocele were detected. Color
Doppler assessment revealed no venous reflux during
the Valsalva maneuver.

At the time of presentation in August 2025 the
patient was found to have persistently elevated
blood pressure measuring 160/100 mmHg. Heart
rate was 80 beats per minute and peripheral oxygen
saturation remained within normal limits. His body
weight had increased to 181 kg at a height of 187 cm
corresponding to a BMI of 51.8 kg/m? During
the visit he received a single oral dose of captopril
25mg in combination with hydrochlorothiazide
12.5 mg which led to a decrease in blood pressure
to 130/80 mmHg by the end of the consultation. The

Figure 1: Scrotal ultrasound demonstrating bilateral testicular hypoplasia and testicular microlithiasis.
A. Right testis showing markedly reduced volume with heterogeneous echotexture due to multiple
punctate hyperechoic foci consistent with testicular microlithiasis and preserved intratesticular blood flow.
B. Left testis demonstrating similar findings, including reduced volume, heterogeneous echotexture with

punctate hyperechoic foci and preserved vascularity.
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involuntary movements of the hand noted previously
resolved following blood pressure normalization. To
rule out secondary neurological causes including
focal epilepsy or intracranial tumors the patient was
referred for inpatient neurological assessment. In
September 2025 he was admitted to the neurology
department. MRI of the brain and spinal cord was
planned but technical constraints related to excessive
body weight allowed imaging of the brain and
cervical spine only (Figure 2). MRI findings included
multiple small areas of altered signal intensity within
the cerebral white matter consistent with cerebral
microangiopathy (Fazekas grade I-II). No signs of
intracranial neoplasms, acute ischemic changes,
hemorrhage or demyelinating disease were identified
and the McDonald 2024 criteria for multiple sclerosis
were not fulfilled [8].

Given repeated blood pressure elevations up
to 170/105 mmHg a cardiology consultation was
obtained. Comprehensive laboratory testing was
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performed including lipid profile, glucose, glycated
hemoglobin, testosterone, adrenocorticotropic hor-
mone and vitamin D levels (Table 2). Based on the
overall findings the patient was diagnosed with
grade II arterial hypertension, stage 2, associated
with a very high cardiovascular risk. Overnight
cardiorespiratory monitoring confirmed OSA with a
clinically significant frequency of respiratory events
(apnea-hypopnea index (AHI) >15 events/hour),
corresponding to at least moderate OSA. Intermittent
oxygen desaturations were recorded, with nadir
oxygen saturation below 90%, consistent with
clinically relevant nocturnal hypoxemia. Vitamin D
deficiency was also identified.

After hospital discharge the family physician
formulated a comprehensive and stepwise mana-
gement plan. The diagnostic and therapeutic
approach began with consultation by a somnologist
and assessment for continuous positive airway
pressure (CPAP) therapy since untreated OSA is

Figure 2: Brain magnetic resonance imaging demonstrating cerebral white matter changes of vascular origin.
Sagittal (A, B), frontal (C), and axial (D) MRI sequences show multiple small hyperintense foci within the
cerebral white matter (red circles), consistent with chronic microangiopathic changes (Fazekas grade I-1I) [8].
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Table 2: Laboratory parameters during
hospitalization in September 2025

Diagnostic Caption Result Rer‘terence
ange
Total cholesterol (mmol/L) 4.5 <5.0
Low-density lipoprotein
cholesterol (mmol/L) 28 <3.0
High-density lipoprotein 10 510
cholesterol (mmol/L) ' '
Triglycerides (mmol/L) 1.6 <1.7
Atherogenic index 3.5 2-3
Glucose (mmol/L) 6.1 4.0-5.5
Adrenocorticotropic hormone 295 6-58
(pg/mL)
Total testosterone (nmol/L) 13.3 15-50
Total vitamin D (ng/mL) 18.66 30-70

considered a relative contraindication to testo-
sterone replacement therapy according to clinical
guidelines, due to the potential risk of worsening
respiratory events and erythrocytosis. Correction of
this sleep-related breathing disorder was therefore
prioritized as an essential prerequisite before
addressing testosterone deficiency which in turn
was necessary for effective blood pressure control.
Antihypertensive treatment was initiated with
azilsartan medoxomil 40 mg and felodipine 2.5 mg
administered once daily along with vitamin D3
supplementation at a dose of 5600 IU per day for
three months. The patient was referred for further
evaluation by a somnologist and an andrologist.
Management of OSA remained the primary focus.
CPAP therapy was delivered using an auto-adjusting
device with pressure range applied in moderate-to-
severe OSA (approximately 8-14 cm H,O). Clinical
follow-up indicated satisfactory adherence (>4
hours per night on most nights).

Following improvement in sleep quality and
stabilization of respiratory parameters reassessment
of testosterone replacement therapy was undertaken.
Because testosterone levels remained subtherapeutic
with the prior dosing schedule the injection interval
for testosterone undecanoate was shortened to nine
weeks. Inaddition anastrozole 0.5 mg twice weekly was
introduced. Over the subsequent three months total
testosterone concentrations increased to 17 nmol/L
and blood pressure stabilized below 130/85 mmHg
without the need for further adjustments to
antihypertensive treatment. Headaches and tremor
resolved completely and no recurrence of symptoms
was reported through January 2026. During a four-
month follow-up period after initiation of CPAP
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therapy and adjustment of testosterone replacement,
clinical and hemodynamic parameters remained
stable.

Discussion

This case illustrates the complex interplay between
hypergonadotropic hypogonadism, morbid obesity,
arterial hypertension, and OSA. Longstanding
primary hypogonadism combined with progressive
obesity likely contributed to persistent testosterone
deficiency despite ongoing replacement therapy.
Obesity exacerbates hypogonadism through inc-
reased aromatization of androgens, elevated leptin
levels, and insulin resistance, further suppressing
endogenous testosterone production [3, 4]. The
sequence in which interventions were applied
in this case was not arbitrary: it was dictated by
the pathophysiology of the conditions and their
reciprocal interactions.

First, consultation with a somnologist and
addressing the potential need for CPAP therapy
was essential. Untreated OSA is not only an
independent risk factor for hypertension and
cardiovascular morbidity, but also represents a
relative contraindication to testosterone replacement
therapy (TRT) according to clinical guidelines, due to
potential worsening of respiratory events and adverse
cardiovascular effects if initiated in the setting of
unaddressed sleep-disordered breathing [9]. Without
proper management of OSA, initiating testosterone
undecanoate could have exacerbated hypoxia,
increased hematocrit, and worsened hypertension,
undermining both hormonal and cardiovascular
outcomes. The absence of ambulatory blood pressure
monitoring represents a limitation of this case report
and does not allow objective evaluation of nocturnal
blood pressure patterns. Although erythrocytosis is a
recognized complication of testosterone replacement
therapy, hematocrit levels were monitored during
follow-up and remained within the reference range
throughout treatment optimization. No laboratory
evidence of polycythemia was observed in this
patient.

Indeed, OSA contributes to a cycle of hormonal
dysregulation by disrupting sleep architecture,
increasing sympathetic activity, and promoting
intermittent hypoxia — all of which impair hypo-
thalamic-pituitary-gonadal axis function and may
worsen hypogonadism [9]. This physiological
interplay is supported by observational evidence
linking OSA severity with reduced testosterone levels
in men with obesity. For example, clinical studies have
shown that individuals with OSA and obesity often
have significantly lower serum testosterone, and that
the coexistence of these conditions correlates with
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more profound endocrine dysfunction compared to
obesity alone [10].

Cases in the literature where this sequence was
not observed often report suboptimal or adverse
outcomes. Patients initiated on TRT without prior
sleep apnea assessment have exhibited exacerbated
hypertension, polycythemia, or worsening respiratory
function, underscoring the danger of overlooking OSA
in the diagnostic workup [9]. These reports reinforce
the necessity of screening for and managing sleep-
disordered breathing before hormonal interventions
in patients with complex metabolic profiles.

Testosterone deficiency has been linked to
endothelial dysfunction, increased arterial stiffness,
and heightened sympathetic nervous system
activity, all of which contribute to the development
and persistence of arterial hypertension [1, 2, 11].
OSA represents an independent risk factor for
hypertension and a relative contraindication to
testosterone therapy when untreated, underscoring
the importance of timely diagnosis and
management [4, 12]. Only after initiation of CPAP
therapy, optimization of testosterone dosing, and
stabilization of antihypertensive treatment were target
hormonal and blood pressure values achieved. These
findings are consistent with previously published
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clinical evidence supporting a multidisciplinary
approach to managing complex endocrine and
cardiovascular comorbidities [5, 6]. Although
improvement in serum testosterone levels coincided
with stabilization of blood pressure, it is likely that
adequate control of obstructive sleep apnea played
a central pathophysiological role in restoring blood
pressure regulation. Hormonal optimization may
have contributed additionally through metabolic
and vascular mechanisms; however, a direct causal
relationship cannot be definitively established in a
single-case observation.

Conclusions

This case underscores that the timely diagnosis and
treatment of OSA is not a peripheral consideration
buta central component of the therapeutic algorithm
in patients with overlapping endocrine and
cardiovascular pathologies. Only after stabilizing
respiratory function with CPAP can clinicians safely
pursue testosterone replacement - facilitating not
only normalization of hormonal levels but also more
effective control of blood pressure and reduction of
long-term cardiovascular risk. Such a sequence aligns
with emerging evidence advocating a personalized,
stepwise strategy that addresses the most impactful
and potentially modifiable risk factors first.
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Onuc kNiHIYHOTO BMNaAKy

BiaHOBNEHHS KOHTPONIO apTepiasibHOr0 TUCKY
LUISIXOM J1iIKyBaHHSl 0OCTPYKTUBHOIO anHoe CHY

\ Ta ONTUMi3auil Tepanil TECTOCTEPOHOM Yy NaLLiEHTA
3 rineproHagoTpPoONHMUM rinoroHagu3MoMm

AHacTacis LLkBapok-JlicoBeHko, ipocnaBa Kopoct
HauioHanbHuin megmuHuia yHisepcuteT iMeHi 0. 0. Boromonbus, Kuis, YkpaiHa
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AxoTauis. IlepBMHHMIL TileproHagOTPONHNI TiIIOTOHAN3M € PiIKICHUM eHJOKPMHHMM 3aXBOPIOBAHHSAM, IO Xa-
PaKTepU3yeTbCs IEPBMHHOK HENOCTATHICTIO PYHKIIT sIe40K 3a 30epexKeHol akTMBHOCTI rimoranamo-rinodizapHol
oci Ta moTpebye [oBiuHOI 3amicHOI Teparii TectocTepoHOM. HesBarkarounm Ha BifHOCHO HU3bKY IOIIMPEHICTD, Lie
3aXBOPIOBAHHS YaCTO MOENHYETHCSA 3 TSHKKUMM METAOOMIYHVMY Ta CEpLIeBO-CYAMHHUMM KOMOPOIHMMM CTaHa-
MIf, 30KpeMa MOPOIfHVM OXMPIHHAM, apTepianbHOI0 rilepTeHsielo, iHCYIiHOPEe3UCTEHTHICTIO Ta OPYLIEHHAMY
IVIXaHHA IIiJ] 9ac CHY, [0 3HAYHO YCK/IAJHIOE K/IiHiYHE BeJeHHA TaKMX IALli€HTIB 1 BUMarae iHinBifyanisoBaHOro
MYIbTUAVCUUIUIIHAPHOTO mifxony. Y wiit po6oTi npencTaBieHo KIiHiYHMIT BUafoK 40-pidHOro IanjieHTa 3 fu-
TAYMM aHAMHE3OM TilleprOHaJOTPOIIHOIO TilTOTOHAM3MY, AKIIT IPOTATOM KiJIbKOX POKiB OTPMMYBaB 3aMiCHY Te-
pAIlil0 TECTOCTEPOHY YHIEKaHOATOM, OHAK Ha T/I mporpecywdoro mopbigHoro oxupinnsa (IMT > 50 kr/m?) Ta
CYNYTHIX MeTabO/IiYHMX IOPYIIEeHDb He BJABANOCA JOCATTU CTilikol HopMaisanil piBHA TectocTepoHy. IlanieHT
3BEpHYBCS [0 MeAVMYHY JOIIOMOTY 3i CKapraMmy Ha pelLjBHi iHTeHCUBHI TONOBHI 60T, emi3ofy 3anaMOpOYeHH,
TPaH3UTOPHI MOPYILIEHHS 30y, TPEMOP Ta [iBa eIi30ay KOPOTKOYacHoi BTpaTu cBifomocTi. Ilix yac o6cTexxkeHH
Oy/10 BMAB/IEHO CTiliKe MiBUIIEHHS apTepianbHOrO THCKY o 170/105 MM pT. CT., L0 BifIOBifano apTepianbHii
rineprensii Il cTynensa 3 gye BUCOKUM cepLieBO-CyIMHHMM pusukoM. Hespakarouy Ha IpOBeNEeHHA aHTUTiNeEp-
TEH3VBHOI Tepallii, aZleKBaTHOI0 KOHTPOJII0 apTePia/IbHOTO TUCKY He BJJaBaloCA IOCATTH ;O MOMEHTY KOPEKIIii eH-
TOKPMHHUX IOPYLIeHb Ta HOPYLIeHb CHY. Y mpolieci 06cTeXKeHH: 6Y/I0 [iarHOCTOBAHO CMHPOM OOCTPYKTUBHOTO
allHOe CHY, SIKUJI € He3aleXXHUM (PaKTOpOM pUSHKY apTepia/ibHOI rimepTeHsii Ta BITHOCHMM IPOTUIIOKA3aHHIM
Io onTyMisanii 3amicHoi Tepamnii TecTrocTepoHOM. BusB/IeHH Ta TiKyBaHHA 0OCTPYKTUBHOIO allHOE CHY i3 3acTO-
cyBanHsaM CPAP-tepamii cTano K/I0YOBMM €TAaloM BefeHHs Malli€HTa, OCKIIbKYU JO3BOMMIO Oe3IeYHO Ieperis-
HYTU PEXUM BBEJEHHs TeCTOCTEPOHY YHJEKAHOATy Ta MOCATTU LiIbOBUX KOHIIEHTPALill TOPMOHY B CMPOBATIi
KpoBi. ITic/st Kopekuii fUXanbHUX IOPYLIEHD Iif] Yac CHY, 3MEHIIEeHHs iHTepBasIiB MDK iH €KLiAMM TECTOCTEPOHY
Ta JOJATKOBOI Tepailii iHribitopoM apomarasu 6yno 3adikcoBaHO HOpMali3alilo piBHS TeCTOCTEPOHY, cTabiniza-
1jio apTepiaIbHOro TUCKY HDKYe 130/85 MM PT. CT. 6e3 moTpebu B ecKanallii aHTUTiepTeH3MBHOI Tepallil, a TAKOX
HOBHE 3HVKHEHHA HeBPOJIOTiYHOI CUMITOMATUKN. JOCATHYTUII KTiHIYHNIT edeKT 30epiraBcs MpOTATOM IOfia/Ib-
IIOTO CIIOCTepeXKeHHs1. IIpefcTaBeHnit KIiHIYHMII BUIIAZOK HEMOHCTPYE CKIaAHY MaTodi3ionoriyHy B3aeMOLil0
MDX rilleproHaloTpOIHUM TillOrOHA/IYI3MOM, MOPOiTHUM O>KUPiHHAM, CHHEPOMOM O0OCTPYKTMBHOIO allHOE CHY Ta
apTepia/bHOIO rinepTeHsier. BiH mifKpecnoe NpMHIUIIOBY BaXK/IMBICTh IOETAIIHOI JiarHOCTMKM Ta JIiIKyBaHHs,
Ipy AKiil yCYHeHHsA NOPYIIeHb OMXaHHA IiJ 4ac CHY € HeoOXi[HOI IepefyMOBOIO I Oe3NnevHoi Ta edeKTUB-
HOI ONTMMi3allii 3aMiCHOI TepaIil TeCTOCTEPOHOM i IOCATHEHHA KOHTPOJIIO apTepianbHoro tmcky. el Bunamok
HMiZTBEPIKY€E NOLIIbHICTD MYIbTUAVCIUIUIIHAPHOIO IiIXOAY 3a Yy4acTi CiMEIHOTO JIiKapsA, eHJIOKPMHOJIOra, Kap-
fiosora, COMHOJIOTa Ta aHZPOJIOra y BeJEeHHI Nali€HTiB i3 MOENHAHMMI €HJOKPMHHMMM Ta CEPLEBO-CYMHHUMMA
3aXBOPIOBAaHHAMI.

KntovoBi cnoBa: rineproHagoTpOIHMII IIIOrOHAAM3M, apTepiaibHa IillepTeHsisa, OXKMPiHHA, 0OCTPYKTUBHE aIllHOE
CHY.
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Abstract: acquired ametropia developing after cataract, refractive, and vitreoretinal surgery remains a significant
cause of visual function impairment and requires selection of an optimal enhancement strategy based on previous
surgical history, corneal biomechanical status, and the patient’s functional demands. A prospective cohort analysis
was conducted to evaluate the efficacy, safety, and predictability of three laser enhancement techniques for
acquired ametropia in 126 patients after cataract, refractive, and vitreoretinal surgery, with assessment of clinical,
topographic, and functional parameters over a 12-month follow-up period. Patients were divided into three clinical
groups according to the type of primary intervention, with further subdivision based on the applied laser correction
technique, which enabled a differentiated comparative analysis of surface ablation, femtosecond-assisted flap-based
technology, and lenticular extraction. The comprehensive evaluation included uncorrected and corrected distance
visual acuity, spherical equivalent, contrast sensitivity under photopic and mesopic conditions, tear film stability
indices, Ocular Surface Disease Index, as well as corneal topo-tomographic parameters with elevation analysis
and ectasia risk assessment. In patients after cataract surgery, the flap-based technique demonstrated the highest
refractive predictability, statistically significantly better uncorrected distance visual acuity, and a low residual
spherical equivalent while maintaining safe topographic parameters and stable mesopic contrast sensitivity, which
is particularly relevant for eyes with implanted intraocular lenses. In the cohort after previous refractive surgery,
surface ablation provided the most favorable biomechanical profile, minimal impact on the posterior corneal surface,
and the best tear film stability parameters while preserving high functional visual quality, supporting the rationale
for a flapless retreatment approach. In patients after vitreoretinal procedures, lenticular technology demonstrated
the lowest residual spherical equivalent, the highest contrast sensitivity under mesopic and glare conditions, and
the shortest period to normalization of ocular surface symptoms in the absence of clinically significant topographic
instability, indicating functional advantages in this cohort. Statistical analysis confirmed the significance of intergroup
differences across key parameters at a level of p less than 0.05. The findings demonstrate that the effectiveness of laser
enhancement is determined not only by achievement of target refraction but also by comprehensive assessment
of optical quality of vision, ocular surface status, and topographic safety. The results substantiate the necessity
of an individualized approach to technology selection based on the type of primary intervention and corneal
morphofunctional characteristics, thereby improving refractive predictability, minimizing biomechanical risks, and
optimizing postoperative recovery of visual function.

Key words: Cataract, Therapeutics, Phacoemulsification, Vitrectomy, Myopia, Cornea
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Introduction

Acquired ametropia (residual myopia, hyperopia,
and astigmatism that develop after cataract pha-
coemulsification with intraocular lens implantation,
refractive  surgery, vitreoretinal surgery, ocular
trauma, or progression of corneal changes) remains
a principal cause of reversible visual impairment
worldwide. Moreover, its incidence is increasing
due to the widespread implementation of surgical
methods for the treatment of cataract, refractive
pathology, and vitreoretinal disorders. Approximately
670 million individuals are affected by these visual
impairments according to data from the World
Health Organization [1]. The prevalence of clinically
significant postoperative refractive errors after all types
of ophthalmic surgery, according to various authors,
ranges from 5 to 20 percent of cases [2], even with
the use of modern biometric formulas and premium
intraocular lenses. Risk factors for the development
of acquired ametropia include individual anatomical
characteristics of the eye, instability of intraocular
lens position, postoperative corneal changes, as well as
limitations in the accuracy of preoperative calculations.

In contemporary ophthalmology, several ap-
proaches to the correction of acquired ametropia
exist, including optical correction, repeat intraocular
interventions, and laser enhancement methods.
Excimer and femtosecond laser technologies are
regarded as the most predictable and minimally
invasive methods of enhancement [3], enabling
achievement of high refractive accuracy with minimal
risk of complications.

However, in addition to their undeniable advan-
tages, all laser correction methods have a number
of disadvantages. Transepithelial photorefractive
keratectomy (TransPRK) is associated with slow
epithelialization and prolonged visual rehabilitation,
pronounced pain syndrome in the early postoperative
period, an increased risk of subepithelial corneal opa-
city (haze) in retreatment cases, lower predictability
of the result in the early period, limitations
regarding the magnitude of possible enhancement
(up to 5 diopters), and the necessity for prolonged
postoperative treatment [4].

Laser in situ keratomileusis with femtosecond
assistance (Femto-LASIK) is associated with interface
complications  (epithelial ingrowth, transient
opacities, flap microstriae), additional stromal thin-
ning after repeat ablation, dependence of the result
on the accuracy of flap repositioning, and the impos-
sibility of application in cases of borderline corneal
thickness [5, 6].

Keratorefractive lenticule extraction (KLEx)
involves technical complexity in performing repeat
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intrastromal surgery, possible difficulties in lenticule
dissection and extraction, transient visual phenomena
(halos, fluctuations in visual acuity) [7],lower flexibility
in the correction of complex forms of astigmatism,
limited possibilities for repeat enhancement, slower
stabilization of visual functions compared with
LASIK and Femto-LASIK, and the impossibility of
performing hyperopic enhancement [8].

Therefore, questions regarding the optimal
selection of laser technique, patient selection criteria,
and the long-term stability of the obtained results in
various clinical situations remain controversial in the
literature. This necessitates further research aimed at
the systematic evaluation of the efficacy and safety of
laser enhancement methods for acquired ametropia
[9, 10].

Aim

The aim of this study is to evaluate the efficacy,
safety, and predictability of laser enhancement
methods for acquired ametropia in patients following
cataract, vitreoretinal, and refractive surgery through
a comparative analysis of the outcomes of surface
ablation, laser in situ keratomileusis with femtosecond
assistance, and keratorefractive lenticule extraction
in a target group of patients with clinically significant
residual refractive errors [11, 12, 13].

Materials and Methods

The study was conducted at the clinical base of
the Department of Ophthalmology and Optometry
of Postgraduate Education at the Institute of
Postgraduate Education of Bogomolets National
Medical University at the Medical Center “Ochi
Clinic” during the period from 2022 to 2025. A total
of 126 patients (126 eyes) with acquired ametropia
following surgical treatment of cataract, vitreoretinal
pathology, or refractive procedures were enrolled in
the study and were divided into three groups. The
mean age of the patients was 41.4 + 2.7 years.

The inclusion criteria were as follows: stable
refraction for atleast 6 months; availability of refractive
data prior to the primary surgery, at one month, at
three months, and at six months after the primary
surgical intervention; corneal thickness sufficient for
laser correction; absence of progressive corneal and
retinal diseases; documented information regarding
the power and type of intraocular lens implanted
during the primary cataract extraction.

The non-inclusion criteria were as follows: active
inflammatory ocular disease; decompensated dry
eye syndrome; decompensated glaucoma; systemic
connective tissue disorders; biomechanical and
topographicriskfactors,includingsignsofkeratoconus
or subclinical ectasia; insufficient residual stromal
bed; unstable or progressive refraction; significant
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lens opacities; and systemic contraindications such as
active autoimmune diseases, decompensated diabetes
mellitus, immunosuppressive therapy, pregnancy, or
lactation.

The exclusion criteria were as follows: detected
refractive  instability —at preoperative control
measurement, for example clinically significant
changes in spherical equivalent or cylinder;
progressive suspicion of ectasia or deterioration of
topo-tomographic indices, including Belin/Ambrosio
Enhanced Ectasia Display deviation value, asymmetry
indices, pachymetric profile alterations, and related
parameters [13]; inability to obtain reliable and
reproducible keratorefractive data due to unstable tear
film, poor patient cooperation, inadequate preparation
such as failure to observe contact lens washout; and
the development of new medical contraindications,
including pregnancy, exacerbation of systemic disease,
or active keratitis or uveitis.

All patients with acquired ametropia were divided
into three groupsaccordingto the type of prior surgery:
Group 1 included patients with acquired ametropia
after cataract surgery (56 eyes), Group 2 included
patients with acquired ametropia after refractive
surgery (40 eyes), and Group 3 included patients with
acquired ametropia after vitreoretinal surgery (30
eyes). Each group was subsequently subdivided into
three subgroups depending on the applied method
of laser correction of acquired ametropia: Subgroup
A included transepithelial photokeratorefractive
keratectomy (42 eyes), Subgroup B included laser
in situ keratomileusis with femtosecond assistance
(43 eyes), and Subgroup C included keratorefractive
lenticule extraction (41 eyes). The distribution
of patients among the subgroups was performed
according to a predefined clinical algorithm that
considered the magnitude and structure of residual
ametropia, corneal thickness and the predicted
ablation profile, parameters of corneal topography
including the Belin-Ambrosio deviation index,
elevation of the anterior and posterior corneal surfaces,
asymmetry indices, and the pachymetric profile, the
calculated residual stromal bed, the history of dry eye
disease and the risk of postoperative neurotrophic
dysfunction, the presence or absence of corneal scars,
opacities, or interface changes after previous surgical
procedures, as well as the expected recovery profile,
including the duration of postoperative rehabilitation,
which was discussed with the patient prior to surgery.
To increase the reproducibility of the algorithm
for selecting the surgical technique, key threshold
parameters were documented before surgery, and the
decision regarding the method was established prior
to the analysis of postoperative outcomes.
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Transepithelial photokeratorefractive keratectomy
was applied predominantly in cases of limited
corneal thickness or when preservation of corneal
biomechanical stability was required, in the
presence of relatively increased Belin—-Ambrosio
deviation index values, corneal asymmetry
without criteria of manifest ectasia, the presence
of dry eye disease, superficial corneal opacities or
epithelial irregularities, and a spherical equivalent
of enhancement greater than five diopters that did
not require a large volume of tissue removal. Laser
in situ keratomileusis with femtosecond assistance
was used in patients after cataract surgery provided
that the Belin—-Ambrosio deviation index, elevation
parameters, and corneal symmetry remained stable,
when rapid visual rehabilitation was required, when
high refractive predictability and rapid achievement
of maximum uncorrected distance visual acuity were
important, and in the absence of signs of epithelial
dystrophy or a predisposition to dry eye disease.
Keratorefractive lenticule extraction was applied in
patients after vitreoretinal surgical procedures in
cases where the myopic component of the refractive
error predominated and when sufficient corneal
thickness was present.

Preoperative examination included determination
of uncorrected and best corrected visual acuity
using standardized visual acuity charts with
documentation of lighting conditions (Huvitz
HDR-7000 phoropter); objective and subjective
refraction with determination of sphere, cylinder,
and axis of astigmatism followed by calculation of
the spherical and cylindrical equivalent (Carops
CRK-1 autorefractokeratometer); biomicroscopy of
the anterior segment of the eye with evaluation of the
condition of the corneal epithelium, the tear film, and
the presence of corneal opacities (slit lamp Huvitz
HS-7000); contrast sensitivity assessment using
Pelli-Robson charts under standardized lighting
conditions, with testing performed under photopic
conditions (eighty five candela per square meter),
mesopic conditions (three candela per square meter),
and under mesopic illumination with induced glare;
examination of the ocular fundus, in the absence of
contraindications, in order to exclude active retinal
pathology; keratometry, corneal topography and
tomography, and pachymetry for analysis of corneal
curvature, thickness, and the risk of ectatic changes
(Schwind Sirius Plus). Additionally, when indicated,
optical coherence tomography of the macula, visual
field assessment, intraocular pressure measurement,
and evaluation of tear film stability and symptoms
of dry eye disease were performed (Optopol REVO
FC130, Icare PRO, Huvitz HNP-1P, Optopol PTS 920).
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All measurements were performed at least twice, and
in the presence of discrepancies they were repeated
three times with subsequent use of the mean value
or the most reproducible parameter. This approach
reduced the influence of random measurement errors
on the planning of ablation and refractive correction.

Surgical intervention and postoperative mana-
gement: laser enhancement procedures were per-
formed in accordance with protocols approved
at the clinical base. Uniform approaches to intra-
operative antisepsis, anesthesia, and complication
control were applied to all patients. Postoperative
management included standard anti-inflammatory
and antibacterial therapy with topical medications,
lubricating agents, as well as individualized treatment
in the presence of symptoms of dry eye disease
[14,15,16]. The schedule of follow-up examinations
was standardized for all three groups.

Statistical processing was performed using
licensed software IBM SPSS Statistics, license number
5725-A54-F23. Statistical analysis was conducted
using the software package IBM SPSS Statistics.
Quantitative data were presented as mean value
plus or minus standard deviation (mean * standard
deviation). Normality of distribution was assessed
using the Shapiro-Wilk test. For comparison of the
three subgroups, one-way analysis of variance was
applied, and in cases of non-normal distribution
the Kruskal-Wallis test was used. For multiple
comparisons, the Tukey post hoc test with Bonferroni
correction was applied. In addition to probability
values, the test statistics (F or H) and effect size
(partial eta squared) were reported. The level of
statistical significance was set at a probability value
of less than 0.05. The study was approved by the local
bioethics committee, and all patients signed written
informed consent for participation in the study. The
study had a prospective cohort design. Observations
were conducted before surgery and at one, three,
six, and twelve months after the intervention in
accordance with international clinical guidelines
for refractive surgery. All diagnostic and surgical
systems used in the present study complied with
the current requirements for technical regulation of

Table 1. Baseline characteristics.

MEOVLVHA I

OpwriHanbHi fLocnigXeHHs

medical devices, underwent conformity assessment
procedures and metrological verification in
accordance with the regulatory legal acts of Ukraine,
were certified for medical use within the territory of
Ukraine, and were operated in accordance with the
manufacturer’s instructions and the requirements
of the quality management system of the medical
institution. A complete twelve-month follow-up was
available for one hundred eighteen of one hundred
twenty six patients, which constituted ninety three
point seven percent. Loss to follow-up was six point
three percent and did not differ between the groups
(probability value equals 0.64).

For the performance of surgical interventions, the
following equipment and instruments were used: the
Schwind Amaris 7508 excimer laser, the Schwind Atos
femtosecond laser, and microinstruments produced
by MicroSurgical Technology. These included a blunt-
tipped irrigation cannula for corneal irrigation after
ablation, fine surgical forceps for manipulation of the
bandage contact lens, a spatula for lifting the corneal
flap, an interface dissection spatula, flap forceps, a
vacuum ring integrated into the femtosecond system,
a lenticule dissection spatula, a lenticule hook or
separator, and microforceps for lenticule extraction.

Results

The baseline characteristics of the groups did not
differ statistically (analysis of variance, probability
value greater than 0.05), which confirms their
comparability before the intervention.

The integrated analysis of the results presented in
(Tabl. 2) demonstrated that statistically higher values
of uncorrected distance visual acuity were achieved
in Subgroup B (0.90 + 0.20). In addition, the mean
residual spherical equivalent in Subgroup Bwas0.10 +
0.25 diopters, indicating high refractive predictability
and accuracy of correction. Contrast sensitivity values
measured with the Pelli-Robson test (log contrast
sensitivity) under mesopic conditions and in the glare
mode were statistically higher in Subgroup B (analysis
of variance: F(2,53) = 3.56; probability value = 0.034),
indicating a more favorable optical quality profile
under low illumination conditions, which is critically
important for patients after implantation of an

Parameter Group 1 Group 2 Group 3 p
Age (years) 421£63 39.8+£5.9 41367 0.34
Central corneal thickness (micrometers) 536 + 28 528 + 31 532+ 30 0.41
Spherical equivalent before surgery (diopters) -1.85+ 1.1 -1.72+1.0 -1.94+£1.2 0.52
Cylinder (diopters) -0.92+0.6 -0.88+0.5 -0.95+0.7 0.67
Belin-Ambrosio deviation index (diopters) 0.96 £+ 0.42 0.92+0.38 0.99 + 0.44 0.74
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Table 2. Qualitative and quantitative evaluation of laser correction methods for acquired ametropia

in patients of Group 1

Group 1
Parameter Subgroup A Subgroup B Subgroup C
(n=18) (n=21) (n=17)

PRO (Patient-Reported Outcomes), (score) 0.65 £ 0.08 0.70 £ 0.11 0.55 £ 0.07
Contrast sensitivity, (logCS) Photopic: 1.85+0.05 1.90+0.05 1.93+0.03

Mesopic: 1.70 + 0.05 1.75 + 0.05* 1.75 + 0.05

Mesopic+glare: 1.60 £ 0.05 1.63+£0.07* 1.65+0.05
Visual acuity (Decimal 0.85+0.15 0.9 £0.2* 0.83+0.25
Spherical equivalent (diopters]) 0.38+£0.5 0.1+0.25 0.05+0.4
Belin/Ambrosio Enhanced Ectasia Display deviation value N
(BAD-D) (diopters) +1.11 +1.2 +1.83
Corneal elevation of anterior and Anterior elevation: -14.24 +5.82 Not recorded Not recorded
posterior surfaces (micrometers) Posterior elevation: -5.4+87 +4.02 +1.81 +2.6 £2.83
TBUT (Tear break-up time) (seconds) 13+5.18 1237+ 4.9 12.8 +3.83
0SDI (Ocular Surface Disease Index) (score) 19.0+ 6.0 21.5+6.5 12.0 £ 4.5

*Note. A statistically significant difference in indicators was proven at p<0.05.

intraocular lens. Intergroup comparison of the Belin—
Ambrosio deviation index demonstrated statistically
significant differences (one-way analysis of variance:
F(2,53) =4.21; probability value =0.018; partial
eta squared = 0.14). At the same time, the absolute
values of the Belin-Ambrosio deviation index in all
subgroups remained within the clinically safe range.
Indicators of tear film stability measured as tear
break up time did not differ statistically between the
subgroups (probability value = 0.27). Femtosecond
assisted laser in situ keratomileusis is characterized
by an optimal balance between refractive accuracy,
optical quality, and topographic safety, which

determines its high effectiveness in the treatment of
acquired ametropia after cataract surgery.

The comparative analysis of the clinical and
functional parameters presented in (Tabl.3)
demonstrated that in patients with acquired
ametropia after previous refractive surgery the
technique applied in Subgroup A was characterized
by the most balanced profile of biomechanical
stability and optical quality. The mean values of
patient reported outcomes in Subgroup A were
0.55 + 0.07, which was statistically lower compared
with Subgroup B (0.80 + 0.10) (analysis of variance:
F(2,37) = 7.12; probability value = 0.002).

Table 3. Qualitative and quantitative evaluation of laser correction methods for acquired ametropia

in patients of Group 2

Group 2
Parameter Subgroup A Subgroup B Subgroup C
(n=14) (n=12) (n=14)
PRO (Patient-Reported Outcomes), (score) 0.55 + 0.07* 0.80 +0.10 0.50+0.10
Contrast sensitivity, (logCS) Photopic: 1.90+0.05 1.85+0.05 1.95+0.05
Mesopic: 1.75+0.05 1.65+0.05 1.80 £ 0.08
Mesopic+glare: 1.65+0.05 1.58 + 0.03 1.65+0.05
Visual acuity (Decimal 0.88 £ 0.2* 0.85+0.25 0.83+£0.25
Spherical equivalent (diopters) 0.33+0.4 0.13+0.33 0.05+0.5
BAD-D (diopters) +1.0% +1.3 +1.8
Corneal elevation of anterior and Anterior elevation: -13.02 £ 5.52 Not recorded Not recorded
posterior surfaces [micrometers) Posterior elevation: -5.62+8.1* +5.0 £2.0 +2.57+28
TBUT (seconds) 14.2+58 10.1 + 4.85 12.95+3.92
0SDI (Ocular Surface Disease Index) (score) 175+55 25.0+7.0 125+ 4.0

*Note: A statistically significant difference in indicators was proven at p<0.05.
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Contrast sensitivity values under photopic
(1.90 £ 0.05), mesopic (1.75 + 0.05), and mesopic
with glare (1.65 + 0.05) conditions were comparable
with those obtained using other techniques. The
highest mean value of uncorrected distance visual
acuity (0.88 + 0.2) was also recorded in Subgroup A
(analysis of variance, probability value = 0.02 com-
pared with keratorefractive lenticule extraction).
The Belin—-Ambrosio deviation index in Sub-
group A was statistically lower compared with the
other techniques (one way analysis of variance:
F(2,37) = 5.02; probability value = 0.011; partial eta
squared = 0.21), which indicates a smaller influence
of surface ablation on the corneal topographic
and tomographic parameters. The dynamics of
posterior corneal surface elevation in Subgroup A
(=5.62 + 8.1 micrometers) did not indicate forward
displacement of the posterior surface, in contrast
to Subgroup B (+5.0+2.0 micrometers) and
Subgroup C  (+2.57 £2.85 micrometers), with
a statistically significant difference between the
subgroups (probability value less than 0.001). In
addition, the highest indicators of tear film stability
(tear break up time 14.2 + 5.8 seconds) were
recorded after transepithelial photokeratorefractive
keratectomy. The combination of the presented
objective, topographic, and functional parameters
indicates that transepithelial photokeratorefractive
keratectomy provides an optimal balance of
biomechanical safety, posterior corneal surface
stability, and preservation of the tear film, which
determines its effectiveness in the treatment
of acquired ametropia after previous refractive
surgery.
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Theintegrated analysis of the clinical and functional
parameters presented in (Tabl. 4) demonstrated that
the laser correction technique applied in Subgroup C
was characterized by the most favorable overall profile
in patients with acquired ametropia after vitreoretinal
surgery. The mean values of patient reported
outcomes in Subgroup C were 0.45 + 0.05 points,
which was lower compared with Subgroup B
(0.75+0.07) and comparable with Subgroup A
(0.65 = 0.08), with an intergroup difference that
reached statistical significance (analysis of variance,
probability value = 0.01). Contrast sensitivity values
under photopic (1.95 + 0.05), mesopic (1.80 + 0.05),
and mesopic with glare (1.70 + 0.05) conditions were
highest in Subgroup C. Despite similar visual acuity
values (0.83 + 0.25), which did not differ statistically
from those of the other subgroups (probability
value greater than 0.05), keratorefractive lenticule
extraction demonstrated the lowest residual spherical
equivalent (0.05 + 0.4 diopters). In Subgroup C, a
slightly higher mean value of the Belin-Ambrosio
deviation index was observed compared with
the other subgroups; however, the difference was
moderate in magnitude (one way analysis of variance:
F(2,27) = 3.74; probability value = 0.037; partial
eta squared = 0.18) and was not accompanied by
clinically significant displacement of the posterior
corneal surface, remaining within the safe range
and not associated with clinically meaningful
posterior  elevation  (+2.6 + 2.83 micrometers).
Indicators of tear film stability (tear break up time
12.8 + 3.83 seconds) did not differ statistically from
those of the other groups (probability value = 0.24),
while the most pronounced decrease in the Ocular

Table 4. Qualitative and quantitative evaluation of laser correction methods for acquired ametropia

in patients of Group 3

Group 3
Parameter Subgroup A Subgroup B Subgroup C
(n=10) (n=10) (n=10)
PRO (Patient-Reported Outcomes), (score) 0.65+0.08 0.75+0.07 0.45 + 0.05*
Contrast sensitivity, (logCS) Photopic: 1.90 + 0.05 1.85 + 0.05 1.95 +0.05
Mesopic: 1.70 £ 0.05 1.65+0.05 1.80 + 0.05*
Mesopic+glare: 1.60£0.05 1.55+0.05 1.70 £ 0.05*
Visual acuity (Decimal) 0.85+0.22 0.84 £0.25 0.85+0.29
Spherical equivalent (diopters) 0.38 £ 0.57 0.13+0.33 0.03+0.57
BAD-D (diopters) +1.1 +1.3 +1.75*
Corneal elevation of anterior and Anterior elevation: -14.44 +5.87 Not recorded Not recorded
posterior surfaces (micrometers) Posterior elevation: -5.82 +8.81 +6.0 £25 +2.4 +2.65
TBUT (seconds) 13.77 +5.36 9.89 +4.85 13.87 + 3.83
0SDI (Ocular Surface Disease Index) (score) 20.0£7.0 23.0+8.0 10.5 + 3.5*

*Note: A statistically significant difference in indicators was proven at p<0.05.
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Surface Disease Index was observed in this subgroup
(10.5 + 3.5 points). Keratorefractive lenticule extrac-
tion provides an optimal combination of high
refractive predictability, stable optical quality under
mesopic conditions, and rapid recovery of the ocular
surface, which determines its effectiveness in the
treatment of acquired ametropia after vitreoretinal
surgery.

During the follow up period, no clinically
significant complications, such as corneal ectasia
or persistent reduction of corrected distance visual
acuity by two or more lines, were recorded. In isolated
cases, transient subepithelial haze after transepithelial
photokeratorefractive keratectomy (7.1 percent) and
flap microstriae after femtosecond assisted laser
in situ keratomileusis (4.6 percent) were observed,
which did not require repeated surgical intervention.

Discussion

The obtained results indicate that the optimal
technique is determined not only by achievement of
the refractive target expressed as spherical equivalent,
but also by functional visual quality, including
contrast sensitivity under photopic, mesopic, and
mesopic with glare conditions, ocular surface status
reflected by tear break-up time and Ocular Surface
Disease Index, and topographic safety assessed by the
Belin/Ambrosio Enhanced Ectasia Display deviation
value and elevation parameters. This underscores the
necessity of incorporating patient-reported outcomes
and low-contrast testing into the analysis of surgical
effectiveness [17].

In patients of Group 1 after cataract surgery, the
laser correction technique applied in Subgroup
B demonstrated the highest mean uncorrected
distance visual acuity (0.90 + 0.20) and a low
residual spherical equivalent (0.10 £ 0.25 diopters),
which was statistically significant compared with
Subgroup A (p < 0.05). Photopic contrast sensitivity
values did not differ significantly between groups;
however, Subgroup B exhibited a stable profile
under mesopic conditions (1.75 + 0.05), which
is clinically relevant considering the interaction
between the cornea and the intraocular lens under
low illumination. Changes in posterior elevation
were moderate (+4.02 + 1.81 micrometers) and were
not accompanied by clinical signs of progressive
instability, consistent with published data regarding
the topographic safety of enhancement laser in situ
keratomileusis. The combination of these factors
indicates high refractive predictability in Subgroup B
within Group 1 (Tabl.2) [1].

In patients of Group 2 after previous refractive
surgery, Subgroup A demonstrated the lowest Patient-
Reported Outcomes values (0.58 + 0.09), significantly
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better compared with Subgroup B (0.82 £ 0.12), as well
as a favorable mesopic contrast sensitivity profile (1.75
+ 0.05). At the same time, the increase in the Belin/
Ambrosio Enhanced Ectasia Display deviation value
was the lowest (+1.11), and the dynamics of posterior
elevation did not indicate forward displacement
of the posterior surface (—5.4 +8.7 micrometers),
suggesting a more conservative biomechanical
impact of surface ablation in retreatment cases. These
findings are consistent with contemporary evidence
supporting the effectiveness of transepithelial
photorefractive keratectomy as a safe alternative
to flap-based approaches in repeat interventions,
particularly when repeat flap lifting is undesirable.
Therefore, Subgroup A provides an optimal balance
between functional visual quality and topographic
stability (Tabl.3).

In Group 3 after vitreoretinal surgery, Subgroup
C demonstrated the best mesopic (1.80 + 0.05) and
mesopic with glare (1.70 + 0.05) contrast sensitivity
values (p < 0.01), which is of particular importance
given the increased susceptibility of these patients to
light scattering and contrast reduction. In addition,
the time to normalization of the Ocular Surface
Disease Index was the shortest (10.5 + 3.5 score),
indicating faster ocular surface recovery. Although
the increase in the Belin/Ambrosio Enhanced Ectasia
Display deviation value was more pronounced
(+1.83), the absolute values remained within the
safe range and were not accompanied by clinically
significant elevation of the posterior corneal surface
(+2.6 * 2.83 micrometers). Published data confirm
that lenticule-based technologies are associated with
a more favorable dry eye profile and reduced corneal
denervation compared with flap-based techniques,
which explains the faster normalization of the Ocular
Surface Disease Index and the stability of tear break-
up time observed in Subgroup C (Tabl. 4) [10, 11, 18,
19].

Thus, the results of the study demonstrate that
the selection of the optimal method for correction
of acquired ametropia should be individualized,
taking into account the previous surgical history.
Femtosecond-assisted laser in situ keratomileusis
proved to be the most refractively predictable
technique in the post-cataract cohort, as evidenced by
improved visual acuity, reduced spherical equivalent,
enhanced contrast sensitivity under low illumination
conditions, and minimal changes in anterior
and posterior corneal elevation. Transepithelial
photorefractive keratectomy demonstrated the most
favorable biomechanical and subjective profile after
previous refractive surgery, supported by superior
Patient-Reported Outcomes scores, stable contrast
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sensitivity indices, minimal increase in the Belin/
Ambrosio Enhanced Ectasia Display deviation
value, and stable anterior and posterior corneal
elevation parameters. In contrast, KLEx provided the
highest functional quality of vision and faster ocular
surface recovery after vitreoretinal interventions, as
reflected by improved Patient-Reported Outcomes,
superior contrast sensitivity across all illumination
modes, high visual acuity values, the lowest residual
spherical equivalent, stable tear film parameters, and
the shortest period to normalization of the Ocular
Surface Disease Index.

Our findings are consistent with contemporary
international evidence regarding the effectiveness of
laser enhancement after primary refractive surgery.
In the study by Moshirfar et al, photorefractive
keratectomy enhancement after keratorefractive
lenticule extraction achieved high refractive
predictability, with 93-100 percent of eyes within
10.50 diopters of the intended refraction and an
efficacy index of approximately 1.03 at 12 months
of follow-up, without clinically significant loss of
corrected distance visual acuity [20,21]. Similarly,
Sia et al, in a retrospective analysis of wavefront-
optimized photorefractive keratectomy retreatment
after previous photorefractive keratectomy or laser in
situ keratomileusis, demonstrated that more than 60
percent of eyes achieved uncorrected distance visual
acuity of 20/20 or better, and the majority were within
+0.50 diopters of the target refraction, confirming
the stability and safety of surface ablation as an
enhancement modality [22].

In the context of flap-based enhancement, Stulting
et al. reported that flap lifting after primary laser in
situ keratomileusis was associated with a high rate of
achieving uncorrected distance visual acuity of 20/25
or better and a target spherical equivalent within
+0.50 diopters, provided that refraction was stable and
adequate residual stromal bed thickness was present
[23]. Atthesametime, in patientsafter keratorefractive
lenticule extraction, secondary surface ablation with
the use of mitomycin C effectively reduced residual
ametropia without inducing clinically significant
higher-order aberrations, supporting the feasibility
of a combined “small incision lenticule extraction
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followed by photorefractive keratectomy” strategy
when enhancement is required [21, 24].

A systematic review and meta-analysis published
in 2025 demonstrated that lenticule-based techniques
are associated with a more favorable dry eye profile,
including better tear break-up time and Ocular
Surface Disease Index scores in the early postoperative
period, compared with femtosecond-assisted laser
in situ keratomileusis, which is consistent with our
observations of faster normalization of the Ocular
Surface Disease Index in Subgroup C [25]. Thus,
international evidence confirms that both surface
and interface-based enhancement techniques pro-
vide high refractive accuracy; however, the choice
of technology should be based on a differentiated
approach that takes into account functional outcomes,
topographic safety parameters, and patient-centered
endpoints.

It is important to note that although some
intergroup differences reached statistical significance,
the absolute changes in topographic parameters
remained small and did not exceed clinically safe
values. This emphasizes that interpretation of the
results should take into account not only probability
values but also the magnitude of the effect and the
clinical significance of the parameters.

Conclusions

In patients after cataract surgery, femtosecond
assisted laser in situ keratomileusis demonstrated high
levels of refractive predictability and functional visual
quality, which allows this technique to be considered
an effective option for laser enhancement in this
cohort of patients. In cases of acquired ametropia
after previous refractive surgery, transepithelial
photokeratorefractive keratectomy demonstrated a
favorable biomechanical profile and stable functional
outcomes, which may indicate the appropriateness of
using surface ablation as a method of enhancement in
such clinical situations. In patients after vitreoretinal
surgical procedures, keratorefractive lenticule
extraction demonstrated high values of contrast
sensitivity and faster normalization of ocular surface
parameters, which allows this technology to be
considered a promising approach for laser correction
of residual ametropia in this group.
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AHnoTauisi. HabyTi ameTpormil, 110 ¢opMyoThcs Hmicisa KaTapaKTaabHOI, pepakiiiiiHoi Ta BiTpeopeTHaIbHOI Xi-
pyprii, 3a/IMIIa0TLCA CYTTEBOIO IPUYNMHOI 3HVDKEHHs 30pOBUX (YHKIIN Ta HOTPeOYIOTh BUOOPY ONTHMAIbHOL
cTparteril JOKOpeKLil 3 ypaXyBaHHAM IIONEPeSHbOTO XipypriuHOro aHaMHe3y, 6i0MeXaHiYHOrO CTaHy POTiBKM Ta
(dyHKIiOHaIBPHUX OTPeO MalieHTa. Y HOoCIiKeHH] IpoBeleHO IIPOCIIeKTUBHII KOTOPTHMII aHa/li3 eeKTUBHOCTI,
6e3meKy Ta [IPOTHO30BAHOCT] TPHOX Jla3€PHMUX METOAMUK HOKOpeKLil HabyTux ameTpomnilt y 126 marieHTiB micys
KaTapaKTaJIbHOI, pedpaKIiilHOI Ta BiTpeopeTHHaIbHOI Xipyprii 3 OLiHKOM KIiHIYHNUX, TonorpadivHux i GyHKIio-
HaJIbHUX TIOKA3HUKIB YIPOROBX 12 MicsiB cnoctepesxenHs. IlanienTiB 610 posmnogineHo Ha Tpy KiiHiuHI Ipy-
M 3a7IEXKHO Bifl TUIy IEPBMHHOIO BTPYYaHHSA 3 ITOJA/JIbIIMM IIOAIOM Ha IMifITPYyIM BifIIOBITHO O 3aCTOCOBAHOI
METOAMKM JTa3ePHOI KOPEKIIii, 110 [O3BOMMIO 3hiicHITY fudepeHLiiioBaHNIIT TOPIBHA/IBHIIT aHa/Ii3 IIOBEPXHEBOI
a671A11ii, K/IanTeBoi TEXHOJIOTII 3 heMTOCEKYH/JHOK HMiTPYMKOIO Ta ICHTUKY/IAPHOI ekcTpakuii. KoMIiekcHa omiH-
Ka BKJII0Ya/la HEKOPUTOBAHY Ta MAKCUMAa/IbHO KOPUIOBAaHY TOCTPOTY 30Dy, chepo-IVITiHAPUYHNIT eKBiBajIeHT,
KOHTPAacTHY YyT/IUBICTh Y (OTONIYHUX i Me3OMIYHNX YMOBAX, IOKa3HMKM CTabiIbHOCTI ci3HOI IUIiBKM, iHfIEKC
CMMIITOMIB IIOBEPXHi 0Ka, a TAKO>K TOIO-ToMorpadiyHi mapaMeTpy 3 aHasIi30M efeBaliii Ta iHIeKCy pu3MKy eKTasii.
Y manieHTiB mic/iA KaTapakTaabHOI Xipyprii MeTopuka 3 popMyBaHHAM POTriBKOBOrO KJIAIITS IPOJEMOHCTPYBaa
HaiiBMIy pedpakiiiiiHy Iepen6adyBaHicTh, CTaTMCTUYHO 3HAYyllle Kpallli IIOKa3HMKM HEKOPUTOBAHOI TOCTPOTH
30py Ta HU3bKMII 3a/IMIIKOBUIT cepUIHNIT eKBiBaJIeHT Ipu 36epeskeHHi 6e3leuHNX TonorpadivHux napaMeTpis
i cTabinpHOI KOHTPACTHOI YYyT/IIMBOCTI y ME30MIYHIX YMOBaX, 110 Ma€ 0COO/MMBe 3HAUEHHS /s MAIi€HTiB 3 iMI-
JIAHTOBAHO0 iHTPAOKY/IAPHOI JTiH3010. Y Ipymi Iic/ia nonepenHbol pedpakuiitHol Xipypril HoBepxHeBa abIALis
3abe3mednia HaOUIbII CIPUATANBUIL GioMexaHiYHMIT POk, MiHIMaTbHNUIT BIVIMB Ha 3a[[HIO IIOBEPXHIO POTiB-
KJ1 Ta HajlKpalli MOKasHMKM CTabiMbHOCTI CTi3HOI ITiBKM IIpu 36epexkeHHI BUCOKOI PYHKIIOHA/IBHOI SIKOCTI 30Dy,
IO CBiZYMTH NPO JOLIIBHICTD BMOOPY O€3KIaNTeBOl TAaKTUKI Py PeTPUTMEHTI. Y Malli€HTiB Mic/s BiTpeopeTn-
HaJIbHUX BTPYYaHb JICHTUKY/IIPHA TEXHOJIOTIA IIPOJIeMOHCTPYBala HalIMEHIINI 3aIMIIKOBUII CepUdHNIT eKBiBa-
JIEHT, HalBUIIi IIOKa3HMKM KOHTPACTHOI 9y TIMBOCTI y ME3OMIYHMX YMOBaX Ta 3 PEXKMMOM 3aC/IiIIEHHH, a TaKOX
HAMKOPOTIIMII IIEPiof, HOpMali3alii CMMITOMIB IIOBEPXHi OKa IPY BiICYTHOCTI K/IiHIYHO 3HAYYIIMX O3HAK TOIIO-
rpa¢iuHoi HecTabiIBHOCTI, 110 BKasye Ha Il PpyHKIioHa/MbHI MepeBary y 1iit koropti. CTaTMCTHYHMIT aHAMI3 Mif-
TBEPAUB NOCTOBIPHICTh MDKTPYIIOBMX BiIMiHHOCTEN 3a KIOYOBMMU IIapaMeTPaMy IIPU PiBHI 3HAYYIIOCTI MeHIIIe
0,05. OTprMaHi JaHi JeMOHCTPYIOTB, 1[0 epEeKTUBHICTD JIa3epPHOI JOKOPEKIIii BUSHAYAETHCSA He JINIIE JOCATHEHHAM
1inpoBoi pedpakiiii, a il KOMIUIEKCHOI OLiHKOI0 ONTHYHOI AKOCTi 30pY, CTaHy IIOBEPXHi OKa Ta TomorpaditHol
6e3meku. PesynpraTi OOIPYHTOBYIOTh HEOOXINHICTb iHAMBIAyaTi30BaHOTO MiXOAY A0 BUOOPY T€XHOIOTII 3 ypaxy-
BaHHAM TUIY IEPBYHHOTO BTPYYaHHA Ta MOP(ODYHKILIOHATBHIX XapaKTePUCTUK POTiBKH, IO HO3BOJIAE MifIBU-
WUTK pedpakuiitHy nependadyBaHicTh, MiHiMisyBaTi 6ioMexaHIYHI pU3UKM Ta ONTMMI3yBaTy Mmic/lsonepaniiiHe
BiJHOB/IEHHS 30pOBUX (QYHKIIIL.

KntovoBi cnosa: kaTapakra, TiKyBaHHS, pakoeMynbcudikalis, BirpekroMis, Miomis, poriBka
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ABCTpaKT: CTAaTTIO IPUCBSIYEHO AHAITUYHOMY OITIARY epeKTUBHUX 3ac0o0iB (pisnuHOI Tepamil malieHTiB i3 ronap-
Tpo3oM (I'A), acoriifioBaHuM i3 TpaBMaTMYHUM YLIKO/KeHHAM ab0 nporedyBaHHAM. OOIPyHTOBAHO JOLNBHICTD
BUKOPMICTaHHSA IApaJUTMI «IIOf|BifIHOTO 3aBJJaHHA» Ta KiHe3ioTelinyBaHHA. Ha OCHOBI aHani3y OKa30BUX JpKepern
3aIIPOIIOHOBAHO KOMIUIEKCHY CTpaTerilo /i BifHOB/IeHHA QYHKIIT Ta MifBUIEHHS AKOCTI XUTTSA MAaL[i€HTIB.

KntovoBi cnoBa: ocreoapTput, ¢isnyHa Teparis, GpisudHa TpaBMa, IPOTE3N Ta IMIUIAHTH, apTPO3.

AKTyanbHicTb

Tonaptpos (I'A) a60 ocTeoapTpo3 KOTIHHOTO CYT-
nmoba — Ije XpOHiUHe 3aXBOPIOBAHHS JereHepaTyB-
HO-AVICTPOGIYHOTO TeHe3y, L0 XapaKTepU3YETbCA
IPOIPeCyIOUM YPaKeHHAM CYIZIOO0BOTO XpsAlIa,
CyOXOHpa/IbHOI KiCTKM Ta HePUAPTUKY/LIPHNUX TKa-
HuH. [IposiBisierbes TA 60bOBUM CHHAPOMOM, IO
MO>Ke OYTI TOCUTb BUPAXXEHNM, a TAKOXKX 0OMeXeH-
HAM PYXiB y cyrno6i, i BifmoBigHO — mopyueHHAM
¢yHK1il KoiHa. 3riTHO CyYacHUX ysABJIeHb, A Moxe
MaTy nepBUHHMI (ifiomaTyHMit) Ta BTOPMHHUI Xa-
paKTep, 30KpeMa IIOCTTPAaBMAaTUYHMIA, 10 BUHUKAE
Hic/IA YIIKO/KeHb KOTIHHOTO cyrao6a abo Xipyprid-
HUX BTpy4aHb [1]. 3a garumu BOO3 ta gocmimxen-

HAMM CBiTOBOIO TATaps 3aXBOpPIOBaHb, y 2019 poui
TOHaJ, 528 MJIH. JI0fEN XXWIN 3 0CTE0apTPO3OM, IIPK
IIbOMY HAJIO1/IbII YaCTO Ypa>kaeTbCs i XapaKTepusye
3aXBOPIOBaHHA caMe KomiHHMit cyrno6. Takox, T'A
CIIpPUYMHAE 3HA4YHI COLia/IbHO-€KOHOMIi4Hi BTpartw,
3YMOBJIEHI 3HJDKEHHAM IIpalle3laTHOCTI, IIOTpe-
0010 B OPTOIEAVYHOMY JiKyBaHHI Ta TpuUBaiil pe-
abimiranii [1]. B ykpaiHCbKUX peasisix aKTya/IbHICTb
po6eMu BICOKA Y 3B’A3KY i3 IMOBHOMACIITaOHOIO
BiJIHOI0O BHACJiJIOK POCIJICBKOI arpecii, 1o TpuUBae.
3a omiHKaMM BiTYM3HAHUX Ta MDKHapOZHUX Opra-
Hi3aliil, KUIbKIiCTb NMOPAaHEHMX i3 THKKMMU YIIKO-
IPKEHHAMY OIIOPHO-PYXOBOTO aIlapaTy, Y TOMY 9MCIi
3 aMIIyTalliAMM HVDKHIX KiHIIIBOK, CATa€ JIeCATKIB
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tucay Bumagkis. lle ¢dopmye 6esnpeneneHTHNI
HOINUT Ha NPOTe3HO-OPTOIEANYHY JjoroMory Ta ¢i-
3MYHY Tepallilo, 30KpeMa L[0fI0 BiJHOBIEHHA IiC/A
TPpaBMaTUYHUX YIIKOJ)KE€Hb KOJNiHAa Ta afamnTauii
mo mpotesiB. JJoqaTKOBMM BMKIMKOM [/l CUCTEMMU
OXOpOHM 3[0pOB’st YKpaiHu € 3abes3nedeHHs Oesie-
PEPBHOCTI Ta JOCTYIHOCTI peabimiTalifiHNX MOCIYT.
BijiHa TakoX IIpu3Besa O YaCTKOBOIO PYMHYBaHHA
MefMYHOI iHPPacTPyKTypH, BogHOYAC OyI0 pO3IO-
4aTO aKTUBHY po30y/IOBY CY4acHMX L[eHTpiB IpoOTe-
3yBaHHs Ta peabimitauii. BogHovac, BcTaHOB/IEHO,
mo I'A 3HauyHOI0 MipoOI0 MOB’A3aHMII 3 BUKOPUCTAH-
HAM IIpoTe3iB. B nmepiny yepry pusuk ypaxeHHs CTO-
CY€ETbCA HEYUIKOJKEHOI KiHLiBKM 4epes IifiBUIIeHe
HaBaHTKEHHA Ta JOTO Iepepos3Nofin. AHOMabHi
MOJle/li HaBaHTa)KeHHsI BUHMKAIOTh BHACJIiOK HaJ-
MipHOI KOMII€HCalii IpOTe30BaHOl KiHIIBKM, IO
MpU3BOIUTD O BALIOTO PU3UKY Ta mommpeHocTi TA
370pOBOI HOI'M ITIOPIiBHAHO 3 0cobamy Oe3 ammyTariii.
Ponp KOHCTpYKLII IpoTe3a IonArae 30KpemMa y ToMy,
10 >KOPCTKICTb Ta BiJIITOBXYBaHHs IIPOTE3HOI CTO-
I MOXKYTb BIUIMBAaTV Ha HABaHTa>KEHHA KOJIIHHOTO
cyrno6a HeyIIKOIKeHOI KiHI[BKY, CIPUSIIOYN PO3-
BUTKY Ta BIUIMBAIOYM Ha TKKICTb mepebiry TA y
ckoMmmpoMeHToBaHMX oci6 [3]. Lle popmye morpedy
y BIIPOBaJ>KEHHI METOMIB i3 BUCOKMM piBHEM JOKa-
30BOCTI.

MeTta

TeopeTnyHO OOIPYHTYBAaTU KOMIUIEKCHY CTpaTe-
rito ¢isuyHoi Tepanii mauientis i3 I'A TpaBmaTNy-
HOTO reHe3y MIIAXOM KPUTUYHOIO aHa/Ii3y Cy4acHMUX
JIOKa30BMX IyO/TiKaIiii.

Marepianu i MeToaM

HocnimkeHHs BUKOHAHO Ha OCHOBi aHA/IiTUYHOTO
OITIAMly HAyKOBOI /liTeparypu 3a mepiop 2015-2025
pp- [omryk 3piiicHIoBaBCA y MbKHapopHUX 6asax fa-
Hux PubMed, Scopus Ta Google Scholar. Crpareris
IIOIIYKY BKJIOYajia BUKOPMUCTAHHA [eCKPUIITOPIB:
“gonarthrosis”, “physical therapy”, “dual-task training’,
“kinesiotaping”. Y xopi focmipkenHs 6y1o onpaubo-
BaHO NOoHaJ 20 HaYKOBUX IIpallb, i3 AKMX 5 HaO1IbLI
pelipe3eHTaTMBHUX IyOmikanin (Mera-aHamisy Ta
PK]I i3 BUCOKMM piBHEM [JOKa30BOCTi) 6y/10 06paHO
IJ1A [eTaNbHOTO aHaJIi3y Ta BK/IIOYEHO JIO CIIVCKY BU-
KOPUCTaHUX JpKeperl.

Pe3ynbTat Ta 06roBopeHHs

3rigHO 3 pesynabTaTaMU IIPOBENEHOTO aHaJi3y
BCTAHOBJIEHO, 10 peabinmiTania nmanieHTiB i3 roHap-
Tpo3oM (I'A) BuMarae mmpoKoro iHTerpoBaHoro mif-
xony. Bin Mae moenHyBatu npodeciitanit cynposiz
(isuyHOrO TepaneBTa, HyTPULIONOTIYHY MiITPUMKY,
Monudikariito cnoco6y KUTTA Ta NICUXOJIOTiIYHUI
cymposif. [loBefieHO, 110 CUCTEMaTHYHE 3aCTOCY-
BaHHA iHAuBigyanizoBaHux mporpam ¢ismyHOi Te-
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MEOVLVHA I

Ornap niTepatypu

pamii y Io€fHaHHi 3 KOHTPOJIEM MAacu TiNa CIpUAE
3HIDKEHHIO MEXaHIYHOTO HaBaHTa)XXEHHs Ha CyI/Iob
Ta IIOKpalleHHI0 jforo 6GiomexaHiku. OuiKyBaHUM
pe3y/IbTaTOM TAKOTO IIJIXOMY € MiJBUIEHHA AKOCTI
JKUTTA TallieHTa Ta 3HJVDKEHHA piBHA iHBamigusa-
nii [2]. BapTo 3ayBakuTy, 110 B iHO3eMHUX IKepe-
JIaX 4YacTillle BUKOPMCTOBYIOTbCS TepMiHM «(isuuHa
peabinitanisa» abo «¢isioTepamis», o 3a CyTTIO BiA-
HOBifla€ BiTYM3HAHOMY HOHATTIO (i3MYHOI Tepamii
(mpum. aBrT.).

basosi crparerii ¢isnunoi Tepamnii I'A nepep6aya-
I0Th 3aJIy4eHHsA aepOOHNX Ta CHJIOBUX BIIPAB, Tpe-
HyBaHHA THYYKOCTi Ta PiBHOBary, a TaKOXX MaHY-
anmpbHi TexHiku. JJo cydacHuMX epeKTMBHMX MeTOHiB
HaJIeKaTh TEXHOJOril, CIPAMOBaHi Ha BiJHOBJIEHHA
HelpOM 30BOTO KOHTPOJIIO: €K3epreiiMiHr Ta Bip-
Tya/libHa PeajbHICTb, AKi 3a0e31e4yI0Th 3BOPOTHUIA
6ionoriunuit 38’s30k. [l akTuBanii 4oTMpurono-
BOIO M’f13a CTerHa e(eKTVBHO BMKOPUCTOBYIOTb-
Csl eNeKTPOMIOCTUMYIALA Ta BibpariiiHa Tepamis.
IlepcriekTMBHMMM HampsMaMy, 3a JaHMMM HayKo-
BUX IyO/iKallill, TAKOX € METOIMKA «CYyXOl TOJKI»
IV KOPEKIil TPUTepHUX TOYOK Ta TPEHYBaHHA 3 00-
MeXXEHHSAM JIOKaJIbHOrO KpoBOTOKYy (BFR-training).
IloepnanHA 1UX iHHOBaLiM i3 K/IaCMYHMMM BIIpa-
BaMl GOPMYE JOKA30BY OCHOBY KOMIUIEKCHUX IIPO-
rpaMm peabiniTauii mamieHTiB i3 TPaBMaTUYHNM TeHe-
3oM I'A abo micna nporesyBaHHA.

Oxpemy yBary B IOC/iI)KEHHI IPUJIIIEHO METORY
KiHesioTellyBaHHs. AHa/Ii3 Cy4acHOI JOKa30BOI 6a3n
(meTa-ananis Pinheiro Y. T. ta ciiBaBr., 2021 [4]) mig-
TBep/PKYe epeKTUBHICTb METORY /I KOPOTKOCTPO-
KOBOTO 3HIDKEHHA iIHTEHCMBHOCTI 6O0JIIO 3a IIIKaJIOk0
BAIIl (piBenp pokasoBocti I). Bcranosnewno, 1o
cIieljia/IbHO po3po6/ieHa TexHiKa HaKIaJaHHS efac-
TUYHOI CTPiUKM IMOKpAIye IpOIpionenTuBHy ade-
peHTanio Ta crabinisaniio cyrmoba 6e3 o6MexeHHA
o6csary pyxis. Lle no3Bossie nanienTam eekTuBHiIIe
BMKOHYBaTy BIIPaBM Ta Mi[IBUIIYE IXHIO BIIEBHEHICTD
ITiJ] YaC MOBCAKIEHHOI aKTUBHOCTI.

Hemami wacTime s OLIHKM B3aEMOJil MiX
KOTHITMBHMMU IIpoLlecaMil Ta PyXOBUMM KOHTPO-
7leM BMKOPMCTOBYETbCA IapafUIrMa «IOJBifHOro
saBmaHus» (dual-task). Hocmimkenus Abdallat R.
Ta cmiBaBT. (2020) [eMOHCTPYIOTb CTaTUCTUYHO
3Hauymie (p < 0.05) moKpalleHHA MapaMeTpiB XOau
Ta MOCTYPaabHOTO KOHTPOJIO NPU BUKOPMCTAHHI
1€l crparerii (piBers gokasoBocTi I) [5]. Ockinbku
6i7b y KOJiHI 3HIDKYE 3HaTHICTD 70 e(peKTMBHOTO
posnopiny yBary, BupoBamkeHHs dual-task Bnpas
y nporpamy ¢i3nyHOi Teparii [J03BOJIs€ BiTHOBUTYI
aBTOMAaTM3M XOJM Ta alaliTyBaTu HEPBOBY CUCTe-
My HallieHTa 10 6araTo3aflayHNX yMOB peaJbHOTO
KUTTSL
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Bapro 3asHaunTH, 1[0 YaCTMHA IPOAHaNTi30BaHUX
METOJIB Ije HOTpebye NPOBefieHHs JOZATKOBUX JOB-
TOTPUBANUX PAHOMi30OBaHMX KOHTPOIbOBAHUX JIO-
CIIi/KeHb M1 MiATBepKEeHHS BiiIcTpoyeHoro edex-
1y. [Tonpn 1je, Ha HaNTy AYMKY, Hal6inbIIy HAYKOBY
Ta TPAKTUYHY IIiKaBiCThb BMKIMKae came dual-task
nipxin. BkatoyeHHA BIpaB i3 NOABIIHMM 3aBlaHHAM
y IOETHAHH] 3 CCHCOPHOIO MiATPUMKOI0 (KiHesioTeil-
IYBaHHAM) JI03BO/IUTD IIiJIECIIPAMOBAHO BIUIMBATH
Ha MeXaHi3MI peryAnil Xopu, IOKpalydn ii cTii-
KiCTb i 6€3IIeUHiCTh HaBiTh ¥ CUTYyaIliAX KOTHITUBHO-
rO HaBaHTa)KCHHA.

BucHoBKM

Ha ocHOBi mpoBemeHOro aHajmisy HayKoBO 00-
I'PYHTOBAHO Ta 3aIIPOIIOHOBAHO KOMIIJIEKCHY CTpa-
terito dism4HOl Teparmil mauieHTIB i3 rOHapTPO3OM

ISSN 2786-6661

TPaBMaTUYHOTO TeHe3y, [0 6a3yeTbcs Ha iHTerparil
HapajurMu «IopsiiiHoro 3aBpaHHsa» (dual-task) Ta
KiHesioTelinyBaHHA. BcTaHOB/IEHO, IO NO€ENHAHHA
CEHCOPHOI HMiATPUMKM CYITI00a 3a JOIIOMOTOIO e/1ac-
TUYHOIO TENIyBaHHA Ta HEPOMOTOPHOIO Iiepe-
HaBYaHHA B YMOBaX KOTHITMBHOTO HaBaHTA)KE€HHA
I03BOJIsE eeKTMBHO BIUIMBATY Ha MeXaHi3MM CTa-
6imizanii xomy. Taknit migxix 3abesmnevye BiHOBIEH-
HA aBTOMATM3MY PYXiB, 3HVDKEHHA IHT€HCMBHOCTI
007bOBOTO CHHZIPOMY Ta MifiBUIEHHSA (QYHKIIO-
HaJIbHOI He3a/IeKHOCTI MallieHTiB. 3alpoloOHOBaHA
CTpaTeris € MePCIEeKTUBHOI OCHOBOIO /IS PO3POOKHU
inpuBigyanizoBaHux nporpam peabinitanii, cpsmo-
BaHMX Ha IOKpAILeHHs SIKOCTI XXUTTA 0cib i3 mocT-
TPaBMAaTUYHVMIY YPaKeHHAMM abo0 Mic/A MpoTesy-
BaHHS HIDKHIX KiHITIBOK.

®iHaHcyBaHHS. PoboTa BMKOHaHa B paMKax HaBYanbHOro NPoLEecy MaricTepcbkoi nporpaMu 6e3 3anydyeHHs rpaHTiB,
CMOHCOPIB UM IHWKMX axxepen GiHaHCYyBaHHS.

KoHdnikT iHTepeciB. KoHdnikT iHTepeciB BiACYTHIN.
3ropa Ha nybnikauito. Bci aBTopu 03HaMoMeHi 3 TEKCTOM PyKOMMCY Ta Haganum 3rofy Ha noro nybnikauito.
ETnyHe cxBaneHHs. PoboTa BMKOHaHa 3 AOTPMMaHHAM eTUYHMX NpuHUMNiB [enbciHcbKol Aeknapauil BcecBiTHbOI

MeamnuHol acouiauii (Popranesa, 2013). Ockinbky LOCHILKEHHSA € OrNAAOM JiTepaTypu Ta He mepeabayae ydyacTi
JIIOAMHM K cyb’ekTa AOCNIgXKEHHS, eTUYHa ekcrepTusa Ta iHdopMoBaHa 3rofa He BMMaranucs.
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Abstract: gardner syndrome is a rare genetic disorder, considered a phenotypic variant of familial adenomatous
polyposis, which is associated with an aberration in the adenomatous polyposis coli (APC) gene. It is characterized
by a combination of intestinal (colonic polyps) and a wide spectrum of extracolonic manifestations, including
osteomas, desmoid tumors, epidermal cysts, hypertrophy of the retinal pigment epithelium, follicular thyroid cancer,
and others. This article describes a clinical case of atypical bone changes in a female patient with Gardner syndrome,
HIV infection, chronic post-hemorrhagic anemia, and hypothyroidism in a state of medical compensation. Gardner
syndrome was confirmed at the age of three by endoscopic and morphological examination of multiple adenomatous
polyps in the esophagus, stomach, duodenum, and colon. HIV infection was diagnosed at the age of 13.5 years,
for which the girl receives antiretroviral therapy (ART). At the age of 17, she was referred for dual-energy X-ray
absorptiometry (DXA), which revealed areas of localized increased bone mineral density in the projection of
the upper third of the skull bilaterally. Subsequent skull radiography in the anteroposterior projection identified
these changes as pronounced bilateral hyperostosis, while magnetic resonance imaging (MRI) of the brain further
visualized diffuse thickening of the skull bones, emphasized at the vault level, with no pathological changes in the
brain parenchyma. Thus, the detected hyperostosis had no clear clinical manifestations but became an incidental
diagnostic finding during a routine dual-energy X-ray absorptiometry scan. The described case also illustrates the
need for a multidisciplinary approach to managing patients with comorbid pathologies, as only the collaboration of
doctors from different specialties allows for the correct interpretation of the results and determination of the optimal
tactics for further examination and treatment. The detected hyperostosis in an adolescent with HIV infection and
Gardner syndrome may likely be attributed to severe chronic anemia, which may have both diagnostic and prognostic
significance. This case highlights the potential utility of X-ray absorptiometry that can serve not only as a method
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X-ray absorptiometry in the detection of secondary skeletal involvement in a female patient with Gardner
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for quantitative assessment of bone mineral density but also as an additional tool for detecting skeletal structural
changes that require further verification using other diagnostic imaging methods.

Key words: Anemia, Dual-Energy X-Ray Absorptiometry, Gardner Syndrome, Hyperostosis, Diagnosis.

Introduction

Gardner syndrome (GS) is an autosomal dominant
phenotypic variant of familial adenomatous
polyposis (FAP), characterized by the presence of
adenomatous polyps in the colon, which have a high
risk of malignant transformation. Clinically, it often
manifests as diarrhea, spasms, pain and/or rectal
bleeding, constipation, and vomiting [1].

GS also involves extracolonic manifestations,
including desmoid tumors, osteomas, epidermoid
cysts, hyperdontia, odontomas, dental cysts, and
bilateral pigmented congenital hypertrophy of the
retinal pigment epithelium [2].

Dual-energy X-ray absorptiometry (DXA) is
traditionally used for the quantitative assessment of
bone mineral density (BMD) [3]. However, in rare
cases, it can also aid in suspecting morphological
skeletal changes. The impact of HIV infection and
long-term antiretroviral therapy (ART) on bone
health is an additional, well-documented risk factor
for reduced BMD |6, 7].

Aim

To present the role of dual-energy X-ray
absorptiometry (DXA) in the primary detection of
structural skull bone changes in a female patient with
Gardner syndrome and comorbid pathologies.

Materials and Methods

BMD assessment was performed using dual-
energy X-ray absorptiometry on an OsteoSys
PRIMUS densitometer, in accordance with the
recommendations of the International Society for
Clinical Densitometry (ISCD). The scanned areas
included: total body, lumbar spine (L1-L4), and the
proximal femur and neck of the left femur [3].

BMD was evaluated considering sex, age, height,
ethnicity, and Tanner stage of sexual development. To
confirm the detected structural changes in the skull
bones, the patient underwent skull radiography in
the anteroposterior projection, as well as magnetic
resonance imaging (MRI) of the brain to exclude
secondary intracranial pathology.

Case Description

A 17-year-old female patient presented with
intestinal bleeding since the age of 18 months,
for which she was regularly examined at her local
hospital, where colonic polyps causing the bleeding
were detected. The recurrent bleeding led to chronic
post-hemorrhagic anemia, requiring regular blood
transfusions for correction.

Creative Commons «Attribution» 4.0
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The first surgical intervention, removal of rectal
polyps, was performed at the age of two. Due
to worsening condition, she was referred to the
National Children’s Specialized Hospital "Ohmatdyt"
at the age of three, where Gardner syndrome was
suspected and verified based on colonoscopy and
pathohistological examination of the detected
neoplasms. Further examination revealed multiple
polyps in the esophagus, stomach, duodenum, and
colon with a high risk of malignant transformation
and progression of anemia. At the time of diagnosis,
the parents refused the recommended scope of
further surgical treatment.

During a re-hospitalization at "Ohmatdyt" in
2014, with parental consent, a colectomy and loop
ileostomy were performed, with stoma closure one
year later. After the last surgical intervention, the
volume of bleeding decreased to occasional single
streaks of blood in the stool. Due to chronic post-
hemorrhagic anemia, she received multiple blood
transfusions according to clinical guidelines, with
constant monitoring of necessary hematological
parameters.

In 2020, due to frequent episodes of pneumonia,
HIV infection was suspected and verified. Given
the negative test results of the parents, the probable
cause of infection was blood transfusions. The
patient receives standard antiretroviral therapy
(ART). During her last hospitalization, other
comorbidities were identified: multinodular goi-
ter and medically controlled hypothyroidism at
the time of examination. The family history was
unremarkable; there was no family history of Gard-
ner syndrome.

The patient was referred for a planned DXA scan to
assess BMD, as she had been receiving ART for four
years and had several comorbid pathologies known
to be risk factors for osteoporosis [6].

The DXA results showed that BMD indicators for
the total skeleton, lumbar spine, proximal femur, and
femoral neck were within the normal range for her
age (Figure 1, A, B, C).

When analyzing the total body DXA scan, a
localized bilateral increase in bone density was
localized in the upper third of the skull, Z-score
> +5.0 SD (Figure 2).

Given the patient's diagnosis of Gardner
syndrome, skull osteomas were suspected [8]. To
verify this, the patient underwent skull radiography
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Fig. 1. DXA bone mineral density scan regions: A - total body, B - lumbar spine, C - proximal left femur

Fig. 2 Regions of increased BMD of the skull bones, detected by DXA

in the anteroposterior projection, which revealed
hyperostosis in the frontoparietal regions of the skull,
more pronounced on the right (Figure 3).

To exclude secondary intracranial pathology, an
MRI of the brain was performed during the next
planned hospitalization 3 months later (Figure 4).
The MRI confirmed diffuse thickening of the cerebral
skull bones, more pronounced in the vault and
occipital bone, without involvement of the brain
structures in the pathological process.

At the time of writing this case report, the patient's
condition is stable. She continues to take ART on an

Creative Commons «Attribution» 4.0
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outpatient basis and is under the dynamic observation
of local physicians. No additional treatment or
examinations were prescribed.

Discussion

The literature describes cases where extracolonic
manifestations of Gardner syndrome, such as
osteomas, as well as dental and jaw anomalies
(retained teeth, supernumerary teeth, odontomas),
were the first manifestation preceding the appearance
of intestinal polyps [8, 9].

From a genetic perspective, mutations in the APC
gene within Gardner syndrome cause impaired
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Fig. 3 X-ray of the skull, frontal view Fig. 4. MRI of the brain, sagittal view
cause significant calvarial changes that mimic other
pathologies [14].

Conclusions

control of cellular proliferation, manifesting as
intestinal and extracolonic features, including the
aforementioned bone changes [1, 10].

However, in the context of this case, the detected
diffuse skull thickening without the classic bone
manifestations of Gardner syndrome (such as dense,
circumscribed osteomas) indicates that the structural
changes, considering the patient's medical history,
this process was initiated by severe chronic post-
hemorrhagic anemia from an early age [11].

The literature describes that severe, prolonged
anemia leads to bone marrow hyperplasia, stimulating
the expansion of the diploic space of the skull bones,
often resulting in calvarial thickening [12, 13].
This finding is crucial, as chronic anemia itself can

Dual-energy X-ray absorptiometry, which is used
in clinical practice for the quantitative assessment of
bone mineral density, provided important incidental
findings in this case, leading to the detection of
localized morphological changes in the form of
hyperostosis of the skull bones.

This report illustrates that densitometry scans may
occasionally reveal morphological skeletal changes
and emphasizes the importance of a comprehensive,
multidisciplinary approach to analyzing the obtained
results, taking into account anamnestic, clinical,
imaging, and laboratory data.
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\ y RiarHOCTULII BTOPUHHOIO Ypa)keHHA cKesneTa
y nauieHTKu 3 cuHppomom MNappHepa ta BlJl-iHpekuiecto

Makcum Cutop’?, Mukuta Heuaes'?, Hatania banaubka'?,
OkcaHa Kosnoga', KatepuHa Py>xuno'

' [lep>kaBHe HekoMepLinHe NignpueMcTBo «HauioHanbHa AUTAYa cnewianizoBaHa JikapHs
«OxmaTpmT» MO3 Ykpainu», M. Kuis, YkpaiHa

2 HauioHanbHui MenunyHnii yHiBepcuteT iMeHi 0. 0. BoroMonbugs, M. KuiB, YkpaiHa

Corresponding author:

Maksym Sytor

E-mail: magsymko@gmail.com

AHoTauisi: cuappoM fapaHepa € pifKicHMM reHeTUYHUM 3aXBOPIOBAHHSAM, 110 BiTHOCUTbBCS 10 PEeHOTUIIOBUX Bapi-
QHTIB CIMEITHOTO afleHOMAaTO3HOTO IIOJIIIT03Y, 110 HOB'SI3YIOTh 3 abepallielo reHa aleHOMATO3HOTO HOJII03Y TOBCTOL
kniuku (APC). Bin xapakTepnsyerbcst KOMOiHaIIi €10 KMITKOBYX (ITOMIIIY TOBCTOI KMIIKI) Ta IIMPOKOTO CIIEKTPY I0-
3aKMIIKOBYX IIPOSABIB, cepell AKMX: OCTeOMM, JeCMOINHI IyX/IMHY, eliflepMabHi KicTy, rineprpodis mirMeHTHOrO
emiTenio CiTKiBKM, QOMIKYIAPHMIT paK UUTOMORIOHOT 3271031 TOIO. Y CTATTi OMMCAHO K/IiHIYHWIT BUIIAZOK HETH-
HOBYUX KiCTKOBUX 3MiH y HaljieHTKH 3 cuHgpoMoM [apauepa, BIJI-iHdekIlielo, XpOHIYHOI0 NOCTIeMOpariYHoo aHe-
Mi€I0 Ta FOTUPE030M y CTafil MefuKaMeHTo3HoiI KoMieHcanii. Cungpom lapaHepa migTBepikeHO 3a pe3y/bTaTa-
MM eH/IOCKOIIIYHOTO T2 MOP(OIOTiYHOTO JOCIIIKEHHA MHOKMHHNX aIecHOMaTO3HUX IIOJIiITiB CTPaBOXOAY, LUTYHKY,
IBaHAALATUIIAIOL Ta TOBCTOI KMIIOK Y Billi TpboX pokiB. BIJI-indekuito BuaBmIu y Bini 13,5 pokiB, y 3B’ 43Ky 3 4uM
IiBYMHKA OTPUMYE aHTUPETPOBipycHY Tepamito (APT). Y 17 pokiB ii 6y/10 ckepoBaHO Ha IPOBEREHH FBO(OTOH-
HOI pEHTI€HiBCbKOI IEHCUTOMETPIl, TPY OLiHIIi Pe3y/IbTaTiB AKOI BUABIEHO Ai/IAHKM JIOKA/1i30BaHOTO MiJBUILECHHA
MiHepaIbHOI IIIIPHOCT] KiCTKOBOI TKaHMHM Y HPOEKIil BepxHbOI TpeTHHM deperna 06abiu. Iloganpiia peHTreHO-
rpagis depera B IpAMill IpOeKLii MiATBepANIa 3HaleH] 3MiHN Y BUI/IALL BUPa>KeHOTO IBOOIYHOTO TilepocTosy,
a MarHiTHo-pe3oHaHcHa ToMorpadis (MPT) romosHoro Mo3ky BopaTkoBo BisyaisyBana aydysHe IOTOBLIEHHS
KICTOK 4epella 3 aKIJeHTOM Ha piBHi CKJICHiHHA 6e3 IaTO/MOTiYHNX 3MiH 3 OOKY ImapeHxiMu MO3Ky. TakyuM 4uHOM,
BUABJIEHNI TilIepOCTO3 He MaB YiTKUX K/IiHIYHUX IIPOABIB, IIPOTE CTaB BUIIAJKOBOIO 1iarHOCTMYHOIO 3HAXIIKOIO IIif,
Yac IVIAHOBOTO MPOBEeHHA NBOGOTOHHOI PeHTIeHIBChKOI AeHcuToMeTpii. OmycaHuii BUNAJIOK TaKOX 1TIOCTPYe
HeoOXiIHiCTb MyTbTUAMCIUIDTIHAPHOTO Ii/IXORY [0 BefleHH: IallieHTiB i3 KOMOPOiTHMMY ITaTONOTiAMMY, OCKIIBKYU
NMIIEe B3aEMOJIA JIIKapiB Pi3HUX CIELia/IbHOCTEN O3BONAE KOPEKTHO iIHTEPIPETYBaTH OTPUMAHI PE3yNbTaTH Ta
BU3HAYUTH ONTMMA/IbHY TaKTUKY ITOFA/IBIIOTO OOCTEXKEHH: Ta MiKyBaHHs. BusBleHmil rinepoctos y migmiTka 3
BUT-indexiiero ta curgpomom [apaHepa ciif po3risgaTyt sIK HaCAiKY TSDKKOI XpOHIYHOI aHeMil, 110 MOXKe MaTu
AK JiarHOCTMYHE, TaK i IPOTHOCTUYHE 3HaueHHA. IIpencraBnennii BUIaflok JEMOHCTPYE, 11J0 PEHTI€HiBChbKa JieH-
CUTOMETPIisl MOXKe BUCTYIIATY HE JIMIIE METOMOM KiZTbKiCHOI OLIHKM MiHepaabHOI IIiIIBHOCTI KiCTKOBOI TKaHMHI, a
1 TOJAaTKOBMUM IHCTPYMEHTOM BVSIBJICHHA CTPYKTYPHMX 3MiH CKeJleTa, sAKi ToTpeOyITh MofanbIiioi Bepudikanii 3a
TOIIOMOTOK0 Bi3ya/Ii3alliliHMX METO/iB iarHOCTUKMA.

Knto4oBi cnosa: rinepocTos, ABOEHepreTMYHA PeHTTeHiBCbKa IEHCUTOMETPisd, CMHIPOM rapfHepa, aHeMif, fiarHos.
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Abstract: chronic rhinosinusitis is a persistent inflammatory condition of the nasal cavity and paranasal sinuses
that lasts for at least three months and affects millions of individuals worldwide, representing a significant clinical
and socioeconomic challenge due to its prolonged course, high symptom burden, and substantial recurrence rates
even after optimized medical and surgical therapy. Although the disorder is widely recognized as multifactorial,
with contributing elements such as impaired epithelial barrier function, altered microbiota composition, genetic
susceptibility, environmental exposure, and dysregulated local and systemic immune responses, increasing attention
has been directed toward the potential impact of laryngopharyngeal reflux as an overlooked but clinically important
factor capable of sustaining inflammation in the upper aerodigestive tract. Experimental and clinical studies have
demonstrated that refluxate containing pepsin and other gastric components may reach the nasopharynx and
sinonasal mucosa, where it induces epithelial injury, promotes mucous hypersecretion, alters local microbial ecology,
and triggers neurogenic inflammatory pathways, ultimately impairing mucociliary transport and facilitating bacterial
colonization and secondary infection. Given that unsatisfactory postoperative outcomes remain a considerable
problem and that reflux-related mucosal irritation has been implicated in delayed healing and disease persistence,
the present study aimed to investigate whether postoperative antireflux treatment may influence symptom dynamics
and recurrence rates in patients with chronic rhinosinusitis with or without nasal polyps who also exhibit signs
of laryngopharyngeal reflux. A prospective clinical study included 52 patients examined at the Kolomiychenko
Institute of Otolaryngology between 2023 and 2024. Patients were divided into two groups: 26 received proton
pump inhibitor therapy with antacids in the postoperative period, while 26 did not. All underwent videoendoscopic
rhinoscopy, laryngoscopy, and computed tomography of the paranasal sinuses. Symptoms were assessed by the Sino-
Nasal Outcome Test-22, endoscopic manifestations by the Lund-Kennedy scoring system, and reflux status by the
Reflux Symptom Index and Reflux Finding Score. Preoperatively, groups showed no significant differences. Three
months after surgery, patients who received anti-reflux therapy had a significantly lower mean Sino-Nasal Outcome
Test-22 score compared with controls, indicating greater symptom reduction, although endoscopic improvements
were similar in both groups. During follow-up, recurrence was observed in 19.2% of treated patients and 30.8% of
untreated patients, with a trend toward fewer recurrences under therapy, but without statistical significance due to
limited sample size and short observation. The results confirm that signs of laryngopharyngeal reflux are common in

How to cite this article: Zabolotna D, Ismahilov E, Kizim Y. The use of anti-reflux therapy in patients with
chronic rhinosinusitis associated with laryngopharyngeal reflux. Ukrainian Scientific Medical Youth Journal.
2026;1(160):91-96. doi:10.32345/USMYJ.1(160).2026.91-96

Creative Commons «Attribution» 4.0 YKPAIHCbKUIA HAYKOBO-MELUYHUIA MONOAIKHWUM XXYPHAT @ 1 (160)/2026 91 n—


https://portal.issn.org/resource/ISSN/2786-667X#
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-7807-8148
https://orcid.org/0000-0001-7434-3055
https://orcid.org/0000-0001-5062-7707
mailto:90kizim%40gmail.com?subject=

I 92

B MEDICINE

Original Articles

ISSN 2786-6661

patients with chronic rhinosinusitis and suggest that anti-reflux therapy may enhance symptom control and possibly
reduce recurrence risk after surgery. Larger, long-term studies are needed to clarify the role of reflux management in

comprehensive treatment strategies.

Keywords: Rhinosinusitis, Nasal Polyps, Laryngopharyngeal Reflux, Proton Pump Inhibitors, Surgical Endoscopy,

Treatment Outcome.

Introduction

Chronic rhinosinusitis (CRS) is a symptomatic
inflammation of the nasal cavity and paranasal
sinuses that lasts for at least 3 months [1, 2, 3]. CRS
is a heterogeneous disease in which inflammation,
mucociliary dysfunction, and changes in the
microbial microenvironment interact with various
influences that ultimately cause the disease [4].
Rhinosinusitis is a common disease in most parts of
the world, leading to a significant burden on society
in terms of healthcare service utilization and loss
of productivity [5]. Chronic rhinosinusitis is an
important medical problem and affects 5-12% of the
general population [1, 6].

The cause of chronic rhinosinusitis has not yet
been fully studied. Contributing factors likely
include genetic predisposition, microbial pathogens,
environmental influences, and allergy, although
none of these factors alone is exclusively causal. The
prevalence of asthma among people with chronic
rhinosinusitis is estimated at 25%, which is 5 times
higher than in the general population. The unified
airway theory suggests that these two conditions
share many etiological factors, given their similar
cellular biology and known triggers [3].

The etiology of CRS is multifactorial and is likely
influenced by numerous genetic and environmental
factors. Some literature sources suggest that
laryngopharyngeal refluxisa major factor contributing
to chronic inflammation of both the upper and lower
airways, and several recent studies have reported an
association between laryngopharyngeal reflux and
CRS [7, 8,9, 10].

Laryngopharyngeal reflux (LPR) is a pathological
condition in which regurgitation and the impact of
gastric refluxate affect extraesophageal structures [11].
LPR is a syndrome associated with a set of symptoms,
including hoarseness, chronic cough, dysphagia, and
other complaints [12, 13].

The term "laryngopharyngeal reflux” describes both
the anatomical location of the disease and its cause.
This term was adopted by the American Academy of
Otolaryngology - Head and Neck Surgery in 2002
and is currently widely accepted [14].

Although chronic rhinosinusitis and laryn-
gopharyngeal reflux have different clinical mani-
festations and courses, they may coexist in the same

UKRAINIAN SCIENTIFIC MEDICAL YOUTH JOURNAL @ 1 (160)/2026

patient. Current clinical studies indicate the existence
of an association between LPR and CRS. Case—-control
studies have shown that patients with LPR are at risk
of developing sinusitis within a year after diagnosis [8,
15, 16, 17]. A group of authors, including DelGaudio
et al. [9], found that patients with recurrent chronic
rhinosinusitishad ahigherincidence of LPR compared
to the control group. The pathogenesis of CRS in the
context of LPR has not yet been fully elucidated, but
most researchers believe that it is related to mucosal
damage caused by direct stimulation, the action of
pepsin, and autonomic hyperreactivity induced by
reflux. All these factors cause swelling and retention
of secretions in the nasal and sinus mucosa, leading
to secondary infection [18].

Current treatment for CRS consists of intranasal
topical steroids [19, 2]. For patients who do not
respond to topical steroids, endoscopic sinus
surgery is recommended [20]. The reasons for
surgical failure, prognostic factors, prevention
strategies, and management options after ineffective
surgery have become the subject of recent research.
Many different causes, including incomplete
removal of polypoid tissue, aggressive disease
course unresponsive to surgery, and impaired
ciliary motility, have been recognized as major
factors contributing to CRS recurrence after surgical
treatment [21, 20, 22]. In addition, a number of
studies indicate the important role of gastric acid
reflux as a factor in the recurrence of the disease
after surgical treatment [7, 8, 22, 13].

Aim

The aim of the study was to investigate the effect
of anti-reflux therapy on the frequency of recurrence
of chronic rhinosinusitis (with and without nasal
polyps) associated with laryngopharyngeal reflux.

Materials and Methods

At the Clinic of the State Institution “O.S. Ko-
lomiychenko Institute of Otolaryngology of the
National Academy of Medical Sciences of Ukraine,”
during the period from 2023 to 2024, 52 patients
with  chronic  rhinosinusitis associated —with
laryngopharyngeal reflux were examined. Among
them, there were 25 men (48.1%) and 27 women
(51.9%). Chronic rhinosinusitis with nasal polyps
was diagnosed in 42 (80.8%) patients, while chronic
rhinosinusitis without nasal polyps was identified

Creative Commons «Attribution» 4.0


https://creativecommons.org/licenses/by/4.0/
https://meshb.nlm.nih.gov/record/ui?ui=D000096825
https://meshb.nlm.nih.gov/record/ui?ui=D009298
https://meshb.nlm.nih.gov/record/ui?ui=D057045
https://meshb.nlm.nih.gov/record/ui?ui=D054328
https://meshb.nlm.nih.gov/record/ui?ui=D004724
https://meshb.nlm.nih.gov/record/ui?ui=D016896

elSSN 2786-667X

in 10 (19.2%) patients. All patients underwent vi-
deoendoscopic rhinoscopy, videoendoscopic laryn-
goscopy, and multislice computed tomography of the
paranasal sinuses.

For the diagnosis of laryngopharyngeal reflux,
we used the “Reflux Symptom Index” (RSI) [23].
Objectification of the laryngoscopic picture and
dynamic monitoring were carried out using the
Reflux Finding Score (RFS) [23, 24].

As postoperative anti-reflux therapy, we used a
proton pump inhibitor (omeprazole), prescribed at
20 mg twice daily, 30-60 minutes before meals. In
order to protect the mucosa of the upper respiratory
tract, antacid preparations (magnesium hydroxide,
aluminum phosphate) were prescribed. Antacids
were generally taken before bedtime when the patient
assumed a horizontal position.

To study the effect of anti-reflux therapy on the
frequency of recurrence (exacerbations) of chronic
rhinosinusitis (with and without nasal polyps)
associated with laryngopharyngeal reflux, 52 patients
were divided into 2 groups: the main group (Group I)
included 26 patients with chronic rhinosinusitis
associated with laryngopharyngeal reflux who
received anti-reflux therapy in the postoperative
period, while the comparison group (Group II)
consisted of 26 patients with chronic rhinosinusitis
associated with laryngopharyngeal reflux who did not
receive anti-reflux therapy after surgical treatment.

Symptoms of all patients were evaluated using
the Sino-Nasal Outcome Test-22 (SNOT-22) [25].
Endoscopic manifestations of chronic rhinosinusitis
were quantitatively assessed using the Lund-Kennedy
endoscopic scoring system [26].

Follow-up protocol

All patients were examined at 1 month, 3 months,
and every 3 months thereafter for a minimum of
12 months. Recurrence (exacerbation) was defined
as increase in SNOT-22 score by >10 points from the
3-month postoperative level or return to preoperative
values, AND/OR increase in Lund-Kennedy score by
>2 points, confirmed by the treating otolaryngologist
at visit.

Statistical data analysis

Continuous data are presented as mean * standard
deviation. Normality was assessed with the Shapiro-
Wilk test. Between-group comparisons of continuous
variables were performed with the independent
samples t-test (if normally distributed) or Mann-
Whitney U test (if non-normal). Within-group pre-
vs post-operative changes were analyzed with paired
t-test or Wilcoxon signed-rank test. Categorical
variables (recurrence rates) were compared using
chi-square test or Fisher’s exact test. 95% confidence
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intervals (CI) were calculated for differences in
means or proportions. No adjustment for multiple
comparisons was applied due to the exploratory
nature of the study. Sample size was not formally
calculated a priori (pilot study); post-hoc power
analysis was not performed. A p-value <0.05 was
considered statistically significant.

Results

The mean total preoperative SNOT-22 score (for
all 22 items) in patients of Group I was 38.3 points,
while in Group II it was 37.5 points.

The mean SNOT-22 score at follow-up
examination (after completion of anti-reflux therapy,
three months after surgical treatment) in Group I
patients was 20.1 points, while in Group II patients it
was 28.6 points. A comparative analysis of the mean
SNOT-22 scores in both study groups is presented in
Table 1.

Table 1. Comparative characteristics of mean
SNOT-22 scores in study groups

Groups
Main group Comparison group
Preoperative 38,3 37,5
Postoperative 20,1 28,6

As seen in Table 1, no statistically significant
difference was observed between the pre-treatment
mean SNOT-22 scores in both groups. However,
three months after surgical treatment, the mean score
in the main group was significantly lower than in
the comparison group (95% CI = 24.56-32.64, p =
0.0035).

When analyzing the endoscopic manifestations
of chronic rhinosinusitis, the following results were
obtained: no statistically significant difference was
found between the Lund-Kennedy endoscopic
scores before surgical treatment in both groups. The
mean preoperative Lund-Kennedy score in Group I
patients was 4.8 points, while in Group II patients it
was 4.7 points. A comparative analysis of mean Lund-
Kennedy scores in both study groups is presented in
Table 2.

Table 2. Comparative characteristics of mean
Lund-Kennedy scores in study groups

Groups
Main group Main group
Preoperative 4.8 4,7
Postoperative 3,8 3,9
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As shown in Table 2, there was significant impro-
vement between preoperative and three-month
postoperative Lund-Kennedy scores in both groups.
However, no statistically significant difference
was found between the postoperative scores of the
main group (3.8 points) and the comparison group
(3.9 points) (95% CI = 3.50-4.30, p = 0.720).

When evaluating the frequency of recurrences
depending on the study group, the following results
were obtained: in Group I, 5 recurrences (19.2%)
were recorded, of which 3 (11.5%) occurred during
the first year of follow-up. In Group II, 8 recurrences
(30.8%) were registered, of which 5 (19.2%) occurred
within the first year. Although the recurrence rate
was lower in the group receiving anti-reflux therapy,
no statistically significant difference was established
(95% CI = 8.6-37.9, p = 0.361). The recurrence
frequency depending on the study group is shown in
Figure 1.

35,00%
30,00%
25,00%
20,00%
15,00%
10,00%

5,00%

0,00%
Main group
mTotal number of recurrences
Number of recurrences in the first year of follow-up

Comparison group

Fig. 1. Recurrence frequency depending
on the study group.

Discussion

The findings of this study demonstrate that
postoperative antireflux therapy may play a
beneficial role in improving symptom control in
patients with chronic rhinosinusitis associated with

ISSN 2786-6661

laryngopharyngeal reflux. Patients receiving proton
pump inhibitors and antacid therapy showed a more
pronounced reduction in sinonasal symptoms three
months after endoscopic sinus surgery, as measured
by the Sino-Nasal Outcome Test-22. This suggests
that reducing exposure to gastric refluxate may
support postoperative mucosal healing and symptom
improvement. However, endoscopic findings did
not significantly differ between groups, indicating
that symptomatic improvement may precede visible
structural changes or that endoscopic markers may
be less sensitive to early postoperative effects of reflux
management. The lower recurrence rate observed in
the treated group, although not statistically significant,
aligns with published literature suggesting a link
between laryngopharyngeal reflux and persistent
sinonasal inflammation. The lack of statistical
significance is likely related to the modest sample
size and relatively short follow-up period, which limit
the ability to detect differences in disease recurrence.
Nonetheless, the observed trend emphasizes the
potential clinical relevance of antireflux therapy as an
adjunctive measure after sinus surgery. Future studies
with larger cohorts and longer follow-up durations
are warranted to clarify the impact of reflux control
on surgical outcomes, recurrence risk, and long-term
disease progression in chronic rhinosinusitis.

Conclusions

1. Patients with chronic rhinosinusitis demonstrate
ahigh frequency of clinical signs of laryngopharyngeal
reflux.

2. The use of anti-reflux therapy as adjunctive
treatment in patients after endoscopic sinus surgery
contributes to the reduction of chronic rhinosinusitis
symptoms.

3. Considering the relatively short follow-up period
and small clinical study groups, the obtained results
do not allow drawing definitive conclusions regarding
the effect of anti-reflux therapy on the frequency of
recurrence (exacerbations) of chronic rhinosinusitis
associated with laryngopharyngeal reflux.

Funding. This research received no external funding.

— WA

Conflict of Interest. The authors declare no potential or actual conflicts of interest related to this manuscript. The
authors declare no conflicts of interest and no financial involvement in the preparation of this article.

Consent to publication. All authors are familiar with the manuscript text and have given their consent for its
publication.

Ethics Approval Statement. The study was conducted in accordance with the principles of the World Medical
Association’s Declaration of Helsinki (2013). The study protocol was reviewed and approved by the Local Biomedical
Ethics Committee (approval 04.03.2026).

Al Statement. The authors used Grok (developed by xAl, USA] for English translation check and statistical data
verification. The authors reviewed and verified all Al-generated content to ensure accuracy and integrity.

Author Contributions (CRediT). Conceptualization - Diana Zabolotna; Yaroslav Kizim. Methodology - Diana
Zabolotna; Yaroslav Kizim. Software - not applicable. Validation - Eldar Ismahilov; Yaroslav Kizim. Formal Analysis -

UKRAINIAN SCIENTIFIC MEDICAL YOUTH JOURNAL @ 1 (160)/2026 Creative Commons «Attribution» 4.0


https://creativecommons.org/licenses/by/4.0/

elSSN 2786-667X MEAVMUMHA I

OpwriHanbHi fLocnigXeHHs

Eldar Ismahilov; Yaroslav Kizim. Investigation - Eldar Ismahilov. Resources - Eldar Ismabhilov. Data Curation -
Eldar Ismahilov; Yaroslav Kizim. Writing - Original Draft - Eldar Ismahilov; Yaroslav Kizim. Writing - Review &
Editing - Diana Zabolotna. Visualization - Diana Zabolotna; Yaroslav Kizim. Supervision — Diana Zabolotna. Project
Administration - Diana Zabolotna. Funding Acquisition - not applicable

W References

1. Chin CJ, Scott JR, Lee JM. Diagnosis and management of chronic rhinosinusitis. CMAJ. 2025;197(6):E148-E154.
doi:10.1503/cmaj.241101

2. Orlandi RR, Kingdom TT, Hwang PH, Smith TL, Alt JA, Baroody FM, Bernal-Sprekelsen M, Bhattacharyya N, Chandra
RK, Chiu AG, Citardi MJ, Cohen NA, DelGaudio JM, Desrosiers M, Fokkens W], Gosepath J, Hamilos DL, Harvey RJ,
Hellings PW, Hox V, Kennedy DW, Kern RC, Kountakis SE, Lanza DC, Lund V], Marple BE, Metson R, Naclerio RM,
Poetker DM, Senior BA, Smith TL, Stankiewicz JA, Toskala E, Wang EW. International consensus statement on allergy and
rhinology: Rhinosinusitis. Int Forum Allergy Rhinol. 2016;6(S1):522-5209. doi:10.1002/alr.21695

3. Orlandi RR, Kingdom TT, Smith TL, Bleier BS, DeConde AS, Luong A, Poetker DM, Soler ZM, Stankiewicz JA, Toskala E,
AltJA, Baroody FM, Bernal-Sprekelsen M, Bhattacharyya N, Chandra RK, Chiu AG, Citardi MJ, Cohen NA, DelGaudio JM,
Desrosiers M, Fokkens W], Gosepath J, Hamilos DL, Harvey R], Hellings PW, Hox V, Kennedy DW, Kern RC, Kountakis
SE, Lanza DC, Lund V], Marple BE, Metson R, Naclerio RM, Senior BA, Wang EW. International consensus statement on
allergy and rhinology: Rhinosinusitis 2021. Int Forum Allergy Rhinol. 2021;11(3):213-739. doi:10.1002/alr.22741

4. Yeo NK, Park SJ, An TH. Laryngopharyngeal reflux in chronic rhinosinusitis patients and the role of endoscopic sinus
surgery. Auris Nasus Larynx. 2022;49(4):663-669. doi:10.1016/j.anl.2021.11.011

5. Hirsch AG, Stewart WE Sundaresan AS, Young AJ, Kennedy TL, Scott Greene ], Tan BK, Schleimer RP, Kern RC. Nasal
and sinus symptoms and chronic rhinosinusitis in a population-based sample. Allergy. 2017;72(2):274-281. doi:10.1111/
all.13042

6. Stewart WE Sundaresan AS, Kennedy TL, Schleimer RP, Kern RC. Nasal and sinus symptoms and chronic rhinosinusitis
in the United States. Otolaryngol Head Neck Surg. 2018;159(3):522-525. doi:10.1177/0194599818774451

7. Brown HJ, Kuhar HN, Plitt MA, Husain I, Batra PS, Tajudeen BA. Impact of laryngopharyngeal reflux on patient-reported
measures of chronic rhinosinusitis. Ann Otol Rhinol Laryngol. 2020;129(9):886-893. doi:10.1177/0003489420921424

8. Cui N, Dai T, Liu Y, Zhao X, Wang Y, Li ]. Laryngopharyngeal reflux disease: Updated mechanisms, pathophysiology,
treatment, and association with gastroesophageal reflux disease. World ] Gastroenterol. 2024;30(16):2209-2219.
doi:10.3748/wjg.v30.116.2209

9. DelGaudio JM. Direct nasopharyngeal reflux of gastric acid as a contributing factor in refractory chronic rhinosinusitis.
Laryngoscope. 2005;115(6):946-957. d0i:10.1097/01.MLG.0000163751.00885.63

10. Verim A, $eneldir L, Naiboglu B, Karaca CT, Colak S. Effect of laryngopharyngeal reflux on improvement of chronic
rhinosinusitis without polyposis after primary endoscopic sinus surgery. Kulak Burun Bogaz Thtis Derg. 2016;26(2):65-
72. doi:10.5606/kbbihtisas.2016.78972

11. Belafsky PC, Rees CJ. Laryngopharyngeal reflux: The value of otolaryngology examination. Curr Gastroenterol Rep.
2008;10(3):278-282. doi:10.1007/s11894-008-0050-6

12. Hamilton NJI, Wilcock ], Hannan SA. A lump in the throat: Laryngopharyngeal reflux. BMJ. 2020;371:m4091. doi:10.1136/
bmj.m4091

13. Lechien JR, Saussez S, Muls V, Barillari MR, Chiesa-Estomba CM, Karkos PD, Calvo-Henriquez C, De Siati DR, Hummel
T, Jorissen M, Martellucci S, Michel J, Mortuaire G, Ozturk G, Rizzotto G, Schindler A, Tomazic PV, Welge-Luessen A,
Vaira LA, De Luca P, Boscolo-Rizzo P, Polsani A, Pipkorn U, Rodriguez M, Pardal Monfort F, Simko V, Journe F, Hans S,
Timmermans F, Vander Poorten V, Verhulst S, Walliczek U. Laryngopharyngeal reflux: A state-of-the-art management
algorithm. J Clin Med. 2020;9(11):3618. d0i:10.3390/jcm9113618

14. Koufman JA, Aviv JE, Casiano RR, Shaw GY. Laryngopharyngeal reflux: Position statement of the American Academy of
Otolaryngology-Head and Neck Surgery. Otolaryngol Head Neck Surg. 2002;127(1):32-35. d0i:10.1067/mhn.2002.125760

15. Morice AH. Is reflux cough due to gastroesophageal reflux or laryngopharyngeal reflux? Lung. 2008;186(Suppl 1):S103-
$106. doi:10.1007/500408-007-9038-6

16. Sanchez J, Schumann DM, Karakioulaki M, Xanthoudakis T, Stolz D, Schmid O, Tamm M, Fuehner T, Holz O, Bals R,
Behr J. Laryngopharyngeal reflux in chronic obstructive pulmonary disease: A multicentre study. Respir Res. 2020;21:220.
doi:10.1186/512931-020-01473-2

17. Spyridoulias A, Lillie S, Vyas A, Fowler S]. Detecting laryngopharyngeal reflux: Symptoms, signs, or salivary pepsin?
Respir Med. 2015;109(8):963-969. d0i:10.1016/j.rmed.2015.05.019

18. Bergqvist J, Bove M, Andersson A, Uddemar A, Berglund G, Hedenstrom H. Nocturnal gastroesophageal reflux and
chronic rhinosinusitis: SCAPIS pilot study. Rhinology. 2023;61(2):118-123. d0i:10.4193/Rhin22.297

19. Kennedy DW, Wright ED, Goldberg AN. Objective and subjective outcomes in surgery for chronic sinusitis. Laryngoscope.
2000;110(3 Pt 1):29-31. doi:10.1097/00005537-200003000-00005

Creative Commons «Attribution» 4.0~ YKPAIHCbKUIA HAYKOBO-MELUYHUIA MONTOAIKHWUM XXYPHAT @ 1 (160)/2026 95 ne—


https://portal.issn.org/resource/ISSN/2786-667X#
https://creativecommons.org/licenses/by/4.0/

I MEDICINE ISSN 2786-6661
Original Articles

20. Sohn HG, Park §], Ryu IS, Chang SH, Choi YS, Park CW, Lee JH. Comparison of clinical presentation and
outcomes between recurrent acute and chronic rhinosinusitis. Ann Otol Rhinol Laryngol. 2018;127(11):763-769.
doi:10.1177/0003489418796196

21. Chambers DW, Davis WE, Cook PR, Anderson TE, Jones MC, Kim DJ, Patel R, Stevens EM. Long-term outcome analysis
of functional endoscopic sinus surgery. Laryngoscope. 1997;107(4):504-510. doi:10.1097/00005537-199704000-00012

22. Hellings PW, De Corso E, Backer V, Hellquist H, Holmstrom M, Keck T, Mullol ], Riechelmann H, Stammberger H,
Vandeplas G, Watelet JB. Remission in chronic rhinosinusitis with nasal polyps. Rhinology. 2025;63(2):239-241.
doi:10.4193/Rhin24.457

23. Belafsky PC, Postma GN, Koufman JA. Validity and reliability of the Reflux Symptom Index. ] Voice. 2002;16(2):274-277.
doi:10.1016/50892-1997(02)00097-8

24. Belafsky PC, Postma GN, Amin MR, Koufman JA. Symptoms and findings of laryngoesophageal reflux. Ear Nose Throat
J. 2002;81(10 Suppl 2):10-13. doi:10.1177/014556130208101003

25. Buckland JR, Thomas S, Harries PG. Reliability of SNOT-22 for septal surgery. Clin Otolaryngol. 2003;28(1):43-47.
doi:10.1046/j.1365-2273.2003.00663.x

26. Lund V], Kennedy DW. Staging for rhinosinusitis. Otolaryngol Head Neck Surg. 1997;117(3 Pt 2):535-540. doi:10.1016/
S0194-5998(97)70005-6

‘ BukopuctaHHa aHTUpednioKcHoI Tepaniil
\ Y Nayi€HTIB 3 XPOHIYHUM PUHOCUHYCUTOM
k Ha ¢oHi napuHropapuHreanbHoro pedniokcy

DiaHa 3abonotHa, Enbaap IcMmarinos, Apocnas Kisim

Bigmin puHonorii Ta anepronorii 3 rpynoto peHtreHonoril, Y «lHcTuTyT oTtonapuHronorii
iM. npod. 0.C. Konominyenka HAMH Ykpainum» , Kui, YkpaiHa

Corresponding Author:
Yaroslav Kizim
E-mail: 90kizim@gmail.com

AHoTauif: XpoHiYHMIT PUHOCMHYCUT — Il€é CUMITOMAaTW4YHe 3alajieHHsd NOPOXKHMHU HOCa Ta NPUJATKOBUX IIa-
3yX, fIKe TpUBA€ lIoHaliMeHIIe 3 Micsani. [JesAki mitepaTypHi pKepena NPUITYCKAIOTD, L0 JIApMHTOQapyHTIeab-
HUIT pedIIOKC € OCHOBHUM (PaKTOPOM, 1[0 CIPUSAE XPOHIYHOMY 3allaJIeHHIO SIK BEPXHiX, Tak i HIDKHIX AuXasib-
HUX IUIAXiB. MeTa oLiHNTK eeKTUBHICTb aHTUPeQIIIOKCHOI Tepallil y MallieHTiB i3 XpOHIYHUM PUHOCUHYCUTOM
(XPC) Ha ¢oHi napunrogapunreanptoro pedmrokcy (JIOP) micnsa enpockonivHoi xipyprii cunycis. Marepiann
i MmeTopmu mocmimxenHs oxormao 52 nanieHTtu 3 XPC ta JIOP, axi 6ynu posnopineni Ha fiBi piBHI rpymm: ocHo-
BHY (OTpUMYBa/M aHTUPe(IIOKCHY Tepalliio) Ta Ipyny HOpiBHAHHA (6e3 aHTHpedIIOKCHOI Tepartil). OLiHIOBaHHS
MIPOBOAMTIOCH 32 iornoMoroio onutyBanbHuKa SNOT-22, enpockomnivnoi mkamu JIynn-Kenneni, ingexcy cumm-
toMiB pedriokcy (RSI) Ta ouinku eHpockonivaux o3Hak JIOP (RES). Yepes 3 micsui micna onepalil y naljieHTis
OCHOBHOI Ipynu 6y/I0 BUABIEHO CTATMCTMYHO 3HadYylle MOKpalleHH:A cTany 3a SNOT-22 (p = 0,0035), Togi sk 3a
mkasnolo Jlynn-Kennepi cyTTeBux BifMiHHOCTelT MK rpynamu He BussyieHo (p = 0,720). YactoTa pennpusis Oyna
HIDKYOIO Y MALli€HTIB, sAKi OTpUMYyBanu aHTUPeQIIIOKCHY Tepallilo, OffHaK CTaTMCTUYHO 3HA4YyIoi pisHuIL BcTa-
HOBJIEHO He 6y710 (p = 0,361).

Knto4oBi cfioBa: pHOCHHYCUT, HOCOBI IOIIIN, TapUHIOdapUHTeaTbHuUil PedIIOKC, iHMOITOpY IPOTOHHOI IOMIIN,
€HJIOCKOIIIYHA XipYpris, pe3y/IbTar JTiKyBaHHS.
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Abstract: neurofibromatosis type 1 (NF1, Recklinghausen disease) is an autosomal dominant neurocutaneous
disorder. Main clinical signs include multisystem involvement, i.e. cutaneous, neurological, vascular and endocrine
manifestations. Type 1 diabetes (T1D) is an autoimmune disease resulting in absolute insulin deficiency leading to
the long-term metabolic and vascular complications. The coexistence of NF1 and T1D is rare in pediatric practice.
The parallel course of these two diseases may aggravate metabolic instability, complicate differential diagnosis of
neurological and cardiovascular manifestations. The latter require multidiscipline management. We present a clinical
case of a 17-year-old adolescent female with genetically confirmed NF1 and a T1D. Disease course characterized
by low glycemic control, diabetic polyneuropathy and early signs of secondary metabolic cardiomyopathy.
Analysis of clinical, laboratory and instrumental evaluation revealed features of peripheral neuropathy, subclinical
myocardial dysfunction and vascular dysregulation upon the absence of overt organ failure. The coexistence of
NF1-related neurological and vascular abnormalities with T1D-associated microvascular and metabolic changes
have diagnostic and therapeutic challenges. This case highlights the inter-related effects of NF1 and T1D on the
nervous and cardiovascular systems. This in turn emphasize the importance of careful differential diagnosis of
neuropathic symptoms and early detection of subclinical complications. The report highlights the need for long-
term multidisciplinary follow-up involving endocrinologist, neurologist, cardiologist and genetic specialist. Finally,
our case illustrates the importance of individualized management strategies, early screening for organ involvement
and proactive prevention of complications in adolescents with combined genetic and autoimmune diseases.

Keywords: Neurofibromatosis Type 1, Type 1 Diabetes, Adolescents, Polyneuropathy, Myocardiopathies.

Introduction

Neurofibromatosis type 1 (NF1, Recklinghausen
disease) is a multisystemic genetic disorder resulting
from mutations in the NF1 gene in 17th chromosome
encoding neurofibromin. This gene is a tumor
suppressor that negatively regulates the RAS/MAPK
signaling pathway. Loss of neurofibromin leads
in turn to increased cell proliferation, abnormal
tissue growth and multiple tissue dysfunction [1-
4]. NF1 is clinically heterogeneous. Typical signs
include “café-au-lait” macules, axillary and inguinal
freckling, cutaneous and plexiform neurofibromas

and Lisch nodules. Moreover, vascular abnormalities,
gastrointestinal stromal tumors and endocrine
disorders are typical signs of NF1 [5-7].

Type 1 diabetes (T1D) is an autoimmune disorder
characterized by progressive destruction of pancreatic
B-cells leading to an absolute insulin deficiency
and chronic hyperglycemia. TID is a diseases
typically observed in childhood and characterized
life-threatining microvascular and macrovascular
complications, ie. retinopathy, nephropathy,
neuropathy, cardiovascular disease and metabolic
instability [8,9].
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Obviously, NF1 and T1D have distinct etiologies.
NF1 is a genetic disorder. Type 1 diabetes has
autoimmune nature. The potential overlap in
metabolic dysregulation and vascular pathology
in both diseases raises important hypothesis. NF1
has been concidered as a neurocutaneous disorder.
However, recent data revealed broader metabolic
associations, including altered insulin sensitivity,
dysregulated glucose homeostasis and increased
prevalence of endocrine abnormalities in pathogenesis
of the NF1 [10-12]. Recent studies have described
increased insulin sensitivity and altered adiposity
in some cohorts of patients with NF1. Therefore,
potentially neurofibromin deficiency may influence
systemic metabolic pathways in diabetic patients
[13-15]. Moreover, NF1-associated abnormalities
in autonomic nervous system regulation may
contribute to impaired counter-regulatory responses
to hypoglycemia and increased glycemic variability in
patients with Type 1 diabetes [10].

However, real clinical coexistence of NF1 and
T1D is rare [16-19]. The simultaneous presentation
of these conditions provides a complex diagnostic
and therapeutic challenges due to the fact that
these diseases make aggravate course of each
other. For example, neurologic symptoms may
overlap. Cardiovascular risk may be amplified and
conventional strategies for glycemic management
may require adaptation.

Understanding the inter-course of NF1 and T1D is
important in adolescence, a period characterized by
hormonal changes, growth demands and increased
psychosocial adaptation that complicate metabolic
control. We present a case report of an adolescent with
long-standing NF1 and T1D, highlighting diagnostic
difficulities; and analysis of potential impact of these
pathologies on each other.

Aim

To describe a rare clinical case of the coexistence
of neurofibromatosis type 1 and type 1 diabetes
mellitus in an adolescent with the potential
analysis of diagnostic challenges, neurological and
cardiovascular manifestations and considerations for
individualized multidisciplinary management.

Materials and Methods

A descriptive case report study was conducted.
The study describes the clinical course of a 17-year-
old adolescent female with genetically confirmed
neurofibromatosis type 1 and type 1 diabetes mellitus.
Patient was hospitalized for evaluation of unstable
glycemic control and neurological complaints.

Clinical data included detailed medical history,
physical examination, laboratory investigations and
instrumental studies. Diagnostic evaluation included

UKRAINIAN SCIENTIFIC MEDICAL YOUTH JOURNAL @ 1 (160)/2026
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routine biochemical blood tests, thyroid hormone
assessment, electrocardiography, echocardiography,
ultrasound examination of the thyroid gland and
neurological assessment. Glycemic control was
evaluated based on clinical monitoring and treatment
history.

The study was conducted in accordance with
the principles of the Declaration of Helsinki and
reviewed and approved by the Bioethics Committee
of Bogomolets National Medical University (Kyiv,
Ukraine), Protocol No. 166 dated 19.12.2026.

Written informed consent for participation and
publication of clinical data was obtained from the
patient and her legal legal representative. All data
were anonymized to ensure patient confidentiality.

Case Presentation

A 17-year-old female (born November 22, 2006),
admitted to hospital with complaints of unstable
blood glucose levels, particularly at night, increased
fatigue, intermittent calf muscle cramps, paresthesia
described as "pins and needles” over the body and
numbness of the second and third fingers of both
hands.

Analysis of her medical history revealed a
diagnosis of T1D since 2013 (at age 7). She had been
receiving basal-bolus scheme of insulin therapy:
insulin (Novorapid) 40 units/day and insulin Lantus
20 units/day. Despite therapy, the course of the disease
was not stable with a high risk of hypoglycemic and
hyperglycemic events, especially at nights.

In 2007, she was diagnosed with NF1. Diagnosis
was confirmed by a geneticist at the Ukrainian
Specialized Children’s Hospital “Okhmatdyt”. A
cavernous hemangioma was also identified in the
chest region.

History analysis revealed that patient was born
from a second pregnancy with a birth weight of
2750 g and body length of 48 cm. Family history
revealed that an aunt from mother side had type 1
diabetes.

Physical examination results: blood pressure
125/70 mmHg, heart rate 82 bpm, respiratory rate
14/min. Multiple café-au-lait macules 3-8 mm in
diameter irregularly shaped were present on the
trunk and limbs.

Ultrasound of the thyroid revealed atypical
location, structural heterogeneity with minimal
avascular inclusions and capsular thickening without
significant volume increase. Tyroid-stimulating
formone and T4 (freee fraction) levels were within
normal range.

Echocardiography demonstrated preserved left
ventricular systolic function (ejection fraction
72%). Mild diastolic dysfunction characterized by
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an E/A ratio of 0.8 was revealed. Global longitudinal
strain (GLS) was detected at level of 16%, suggesting
early subclinical myocardial involvement. These
findings mean a presense of the early diabetic
cardiomyopathy.

Electrocardiography showed sinus arrhythmia,
shortened P-Q interval and moderate metabolic
myocardial changes. Biochemistry parameters
found at normal limits: creatinine 38.5 umol/L,
ALT 14.7 U/L, AST 28.0 U/L, total protein 77.2 g/L,
cholesterol 5.1 mmol/L.

Over the past year, the patient demonstrated poor
metabolic control (HbAlcatlevel 10.8%). Continuous
glucose monitoring revealed a Time in Range of
42%. Moreover, hyperglycemia and marked glycemic
variability with episodes on hypoglycemia were
documented. The clinical course was complicated
by five episodes of severe hypoglycemia requiring
third-party assistance and two episodes of diabetic
ketoacidosis over last year. Taken together, the patient
was at a high risk of life-threatening complications.

The diagnosis of diabetic polyneuropathy was set
clinically based on symmetrical distal sensory loss,
reduced vibration perception and diminished ankle
reflexes. Electroneuromyography was not performed,
which represents a limitation of this report.

Final diagnosis was set as following: Type 1
diabetes, severe course, high risk to life. Diabetic
polyneuropathy. Neurofibromatosis type 1 (Reck-
linghausen disease).

Discussion

The parallel course of NF1 and Type 1 diabetes
presents a rare clinical scenario in which two distinct
disease processes co-occur. NF1 is associated with
RAS/MAPK pathway dysregulation that primarily
influences cell proliferation and tissue differentiation.
Previous experimental data suggest a possible role of
this pathway in metabolic regulation. However, its
direct clinical impact on glucose homeostasis in this
patient cannot be established [1, 2, 5, 11, 12, 15]. T1D
is an autoimmune-mediated destruction of pancreatic
B-cells leading to chronic hyperglycemia and well-
established metabolic and vascular complications [6,
7, 14].

In the described patient, T1D was characterized by
an unstable glycemic profile with notable nocturnal
variability. Glycemic variability is a well-defined
risk factor for acute complications, including
hypoglycemia, and for long-term microvascular
damage affecting the kidneys and cardiovascular
system [17]. NF1 was diagnosed independently
based on clinical criteria. An autonomic dysfunction
has been reported in NF1. In this case no objective
autonomic testing was performed. Therefore, its
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contribution to nocturnal
remains hypothetical.
Peripheral nervous system disorders, including

glycemic instability

pain, paresthesia, and sensory abnormalities,
are described in both NF1 and diabetes, making
differential ~ diagnosis  challenging. = Diabetic

polyneuropathy results from chronic hyperglycemic
injury to peripheral nerves. In contrast, NF1-related
neuropathy is associated with tumor compression,
nerve dysplasia, or structural nerve abnormalities [12,
14, 18]. In the present case the diagnosis of diabetic
polyneuropathy was based on clinical findings. No
nerve tumors or compressive lesions were identified.
These data support the hypothesis that diabetes is
more probable cause of sensory disturbances in
particular case. These observations underscore the
importance of careful neurological evaluation.

Cardiovascular findings in the described case
included mild diastolic dysfunction with preserved
systolic function. Chronic hyperglycemia is known
to promote oxidative stress, endothelial dysfunction,
and alterations in cardiac metabolism, contributing
to diabetic cardiomyopathy [19]. NF1 is associated
with vascular dysplasia and arterial abnormalities
(5, 13, 20, 21]. However, in this patient, there was no
direct evidence of NFI-related structural vascular
lesions; therefore, the observed cardiac changes are
more likely related to metabolic factors associated
with diabetes.

Thyroid ultrasound revealed moderate thyroid
enlargement with structural heterogeneity but normal
hormone levels. The incidence of autoimmune
thyroid disease is increased in patients with Type 1
diabetes [6-8, 22].

Management of patients with the parallel course
of NF1 and Type 1 diabetes requires a multimodal
diagnostic and therapeutic approach [23]. Given
the independent pathogenic mechanisms of these
conditions, clinical monitoring should address
complications typical for each disorder in paralel.
The presented case highlights the importance of a
multidisciplinary strategy including endocrinology,
genetics, cardiology, and neurology specialists to
optimize long-term outcomes. Early and regular
monitoring for cardiovascular and neurologic
complications, individualized insulin therapy, and
proactive follow-up remain essential components of
care. In Figure 1, we present a summarized schematic
overview of potential pathogenic pathways in NF1
and T1D coexistence, which should be interpreted
as conceptual rather than causally proven in this
individual case.

Further research should aim to evaluate the
molecular mechanisms linking NF1 and T1D and
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\ RAS/MAPK pathway dvsregulation /

v

¢ Influences cell proliferation and tissue differentiation
* Metabolic regulation in tissues such as adipose, muscle and liver

Y Y

Impaired autonomic nervous system Increased frequency and severity
regulation of nocturnal glucose excursions
Diminished counter-regulatory responses ¢

to hypoglycemia

¥ Diabetic pollyneuropa'th.y grises
from chronic glycemic injury to
peripheral nerves

NF1-related neuropathy due to result
from a combination of nerve dysplasia and

altered neural conduction ¢

Y Chronic hyperglycemia promotes
NF1-induced vascular dysplasia, arterial oxidative stress, endothelial
stiffness and microvascular abnormalities dysfunction and alterations in
that can further compromise cardiac cardiac metabolism that predispose
perfusion and function patients to diabetic cardiomyopathy

Figure 1. Summarized scheme of the pathogenetic pathways in NR 1 and T1D coexistence case.

their systemic metabolic regulation. Understanding  metabolic and microvascular complications creates
these pathways may open a new perspective for  substantial diagnostic and therapeutic challenges,
targeted therapies and risk stratification in patients  particularly in differentiating the causes of
with coexisting genetic and autoimmune diseases, i.e. ~ neuropathic and cardiovascular manifestations.
NF1 and T1D. « The case underscores that glycemic instability
Conclusions especially nocturnal variability may be influenced
o The presented case demonstrates the rare by autonomic and metabolic disturbances associated
coexistence of neurofibromatosis type 1 and type 1 ~ with neurofibromatosis type 1, thereby increasing the
diabetes mellitus in adolescence and highlights the  risk of acute events and long-term complications.
complex pathogenic and clinical interaction between « Early detection of subclinical organ involvement
these conditions. including peripheral neuropathy and myocardial
o The overlap of NFl-related neurological and  dysfunction are crucial moments for the adequate
vascular abnormalities with diabetes-associated  intervention and prevention of disease progression.
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AHoTauisi: Heitpodibpomaros 1 iy (NF1, xBopob6a PexiinrrayseHa) - ayToCOMHO-ZOMiHaHTHe HeJIpOKyTaHHe
3aXBOPIOBAHHA 3 MY/IBTUCUCTEMHUM ypaskeHHAM. loro KIiHiYHi NpOsABU BKIIOYAIOTH WIKipHi, HEBPOIOTiUHi, Cy-
IMHHI Ta eHZOKpyHHI cumnromu. Llykposuit giaber 1 tumy (IIJ] 1 Tumy) € aBTOIMYHHMM 3aXBOPIOBAHHSM, sIKe
IPU3BOAUTD [0 iHCY/IIHOBOI HEOCTATHOCTI, HACTIAKOM 4Or0 € XpOHiyHi MeTaboriuHi i cyauuHi ycknagHenss. ITo-
epnannst NF1 i IT]T 1 tuny tpamiserbcs BKpait pifgko. KombiHais 11X IaTo/morilt Mpu3BoAKUTh A0 MeTabomiuHoI
HecTablIbHOCTI, ycKIanHIoe nudepeHLiliHy HiarHOCTHUKY, Iepebir HeBpOJIOTiYHMX i cepLieBO-CyJMHHUX IPOsBIB,
10 BUMara€e MylIbTUAVICLMIIIIHAPHOTO IiIX0Ay JO BeeHH: nanieHTiB. Hamu onncano kinini4yHNMI BUunaznok 17-piy-
HOI ITAL[iEHTKM 3 TeHeTUYHO MiATBepIKeHNM Helipodibpomarosom 1 Tuiry Ta mykposuM fiaberom 1 tuy. [Tepe6ir
OCTAHHBOTO YCK/IafHEHWIT He3aMOBIIbHMUM ITIIKEMIYHUM KOHTPOJIEM, [iabeTUYHOI0 MOIiHeiponaTielo Ta paHHIMI
O3HaKaMU BTOPMHHOI MeTabo/iuHoi kappiomionarii. Kiinivni, maboparopHi Ta iHcTpyMeHTa/IbHI faHi BUABWIN 03-
Haky nepudepudHol Heiipomnarii, cyOkmiHiuHOI gucyHKLii Miokapay. KiaiHiuHWIT BUIaOK IEMOHCTPYE CHHepriy-
HUIT BIUIUB Heiipogibpomarosy 1 Tuiy Ta IiykpoBoro jiabeTy 1 TUITy Ha HEpBOBY i ceplLieBO-CYAVHHY CUCTEMHU, 11O
3yMOBJIIO€ HeOOXiTHICTh KOMIIIEKTHOI fudepeHuiiiHol giarHocTiky. Haronomyerbcs: Ha BaXIMBOCTI TPYUBAIOro
MY/IbTUIVICLUIUIIHAPHOTO MEHEKEMEHTY TaKVX CYIYTHIX Iepe6biriB matonoriit i3 3aqydeHHAM €HIOKPMHOJIOIA,
HeBPOJIOTa, Kappiornora Ta mikaps-reHeTuka. OmucaHmil KIiHIYHMII BUIIA[OK [OIIOBHIOE 0OMeXKeHi faHi mitepary-
P IOfI0 pifiKicHOTO NO€NHAHHA Helipodibpomarosy 1 THIIy Ta IyKpoBoOro AiabeTy 1 TMIy B UTAYi IpakTuni it
MiJKPECIOE BaXK/IMBICTh MY/IBTUKOMAH/JHOTO IiIXOJY 0 BESEHHA TaKMX IIalli€HTiB, PAHHbOTO CKPMHIHTY Ypa>KeHb
opraHis Ta IpodiTaKTUKY YCKIaIHEHD.

KntovoBi cnoBa: Heltpogibpomaros 1 Tumy, mykpoBuii giabet 1 Tviry, miy1iTky, moniHeiiponaris, MeraboiyHa Kap-
JioMiomaris.
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AHoOTaLlif: Y OIJIAROBIN CTATTi IpOaHaTi30BaHO CydacHi my6mikauii mogo aucMopdisMis, SKi MOXYTDb OyTH K ]i-
310JI0TiYHOTrO, TaK i MaTONOriYHOrO IOXO/KEHHS Ta ABJATH COOOI0 aKTyalbHY IPOOIeMy Cy4acHOI MefUIIVIHA B
pakypci cTpiMKoro po3Butky opdannoi marosnorii. ToMmy MeTa OITIsIfy IPOAEMOHCTPYBAT Ba)XK/IMBICTh PaHHBOI
JiaTHOCTUKM BPO/PKeHUX ManbdopMalilt mpy o6cTexxeHH] AuTUHY QaxiBLsIMU IEPBIHHOI TAaHKY 3 MeTow Aude-
PEHIIIIOBaHHSA TeHeTUYHO-3YMOBICHHUX AUCMOP(]i3MiB 3 KOHCTUTYLITHUMY OCOOMUBOCTAMY ab0 3MiHAMM MOp-
¢orenesy Tina ab0 YaCTUH TiNa B pe3yabTaTi HETATMBHOIO BIUIMBY Ha I 30BHILIHIX (aKTOPIB SBSETHCS Ha-
rajibHOIO ¥ 3B’AI3KY 31 CKIaJHICTIO paHHbOI AiarHocTvku/mudaiarnoctuky. CBO€4acHe BUSBIEHHS IAaTOMOTIYHUX
O3HaK y AuTVHM ¢axiBlieM IIePBUHHOI TaHKYU IIPUCKOPUTD HAaIpaB/leHHA Ial[ieHTa Ha TeHeTUYHY KOHCY/IbTalliio
1 Bepudikalii AiarHosy, a TaKOXX ZO3BOIUTD KHAlIpaHillle OpraHi3yBaTu HeoOXiTHI My/IbTUANCIUIUIIHAPH] TPO-
(dinakTuyHi, TepaneBTHYHI Ta peabimiTaiiitHi 3aXoqu, CIPSIMOBaHI Ha MiHIMi3al[il0 HECIPUATINBUX HACTIAKIB 3a-
XBOPIOBaHHA i MOKPAIeHH: AKOCTI XKUTTA AUTUHY Ta ii poguHi. [/ Toro, o6 po3yMiTy, sSKi 03HaKy BiTHOCATBCS
[0 TATOMOTIYHMX i AK iX BigpisHATYU Bifi KOHCTUTYLiMHNUX ocobmmBoCTel a00 3MiH YacTUH Tila B pesynbrari He-
TaTMBHOTO BIUIMBY Ha IUILJ 30BHINIHIX (akTOpiB, MOXKHA 3aCTOCOBYBAaTH METOR MOP(OMETPUYIHOI OLIIHKM Pi3HUX
AQHATOMIUHVX JUISHOK Tifla AMTUHY 3 BUKOPUCTAHHSAM CIeljabHO pOo3pob/eHNX IporpaM yHipiKOBaHIX METOLIB
HiarHOCTMKM (TeIITasnbT), sKi, 3TIFHO CydacHMX myO/iKaiiil, JOHOMOXYTh Biffpi3HATH marosorio Bix ¢isiomoriu-
HUX BifXWIeHb. ATOpM, ONMPAIOYMCh Ha CYYacHi JpKepesa, BKa3ylTb, 1[0 MOP(OJIOTiuHi BifXWIeHHA Y PO3BUTKY
IOUTUHM, AKi MOXYTb HPOSIBIATUCSA Y BUITISAL AedopMariiii, acorjiaiii, U3pyILii, FUCIUIasii, Maaux aHOMaii
PO3BUTKY ab0 CTUTM fu3eMOpioreHesy, MOXYTb OYTU HACTIZKOM Pi3HNUX BIIMBIB, ajie HEPiIKO BOHM € 1 KIHIYHNMHU
MapKepaMy op(aHHUX 3aXBOPIOBAaHb Ta CBiIYaTh PO HASIBHICTD TYX YUY {HIIMX FeHETUYHUX CUHAPOMIB. Ajle BOHU
MOXKYTb (POPMYBATICh BHYTPIIIHBOYTPOOHO y IJIOAA i 3@ BIACYTHOCTI FeHETNIHO-3YMOB/IEHNX NeTEPMIHAHT, a 3
PaxyHOK HEraTMBHOTO BIUIMBY 30BHIIIHIX (pakTOpiB. ¥ 3B’13Ky 3 IIUM NIPiOPUTETHOTO 3HAUCHHs HAOyBAIOTh PaHHS
miarHOCTMKa Ta Bepuikallis fiarHo3y, OCKi/IbKY YMM paHillle BCTAHOB/IEHO 3aXBOPIOBAHH, TVM LIBMALIE, 32 II0-
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Tpe6u, MOXX/IMBO PO3IOYaTy IPOQIMAKTUIHI, TiKyBanbHi, peabiniTaliiini saxony, 11106 momepefuTH i BigTepMmi-
HYBaTM PO3BUTOK YCK/Ia/{HEHb, MiHIMi3yBaTy HeTaTMBHI HAC/TIKM 1X BIUIMBY Ha CTaH Ta XUTTA JUTUHU. “3070TUM
cTaHgapToM” 00CTeXeHHs qUTUHY (HaXiBIsIMI IEPBUHHOI TaHKM 3IMIIAE€THCS KIIIHIYHUI OT/ISAT AUTUHIY, ajie /s
YHUKHEHHsI Cy6’€KTIBI3MY Ta Oi/IbIII peTe/IbHOTO AiarHOCTUYHOTO ITOUIYKY HAaTOMOTIYHMX BiiXnIeHb y MopdoreHe-
31 JUTHHM, HeOOXITHO 3aCTOCOBYBATH CIeIianbHO po3po6ieHi 06’ eKTUBHI IporpamMu YHiiKOBaHMX METOAIB Hiar-

HOCTUKM (TellTabT).

KntovoBi cnosa: acouianii, Mampdopmanii, Aity, opdaHHi 3aXBOPIOBAHHS, BPOKeHMII, MOpdOreHes.

BcTyn

Ha cygacHoMy eTamni po3BUTKY MeJVILIVHY JUTHH-
CTBa Ba)X/IMBE 3HAYE€HHA MAa€ CBOEYACHE BUABICHHA
BpomKeHnx Manbdopmarnint [1] mpu obcrexeHHi
AUTVHY QaxiBLAMM IIepBUHHOI JIAHKY 3 METOI0 fia-
THOCTVKY Ta AM(epeHIIiI0BaHHS IeHeTUIHO-3YMOB-
JeHHUX AncMopdi3MiB Bifj KOHCTUTYLIIHUX 0CO0-
NMMBOCTEN IUTMHU. Y CBiTi icHye Bif 5 mo 8 Tmcsay
HO30JI0TiYHMX (opM Op(aHHMX 3aXBOPIOBaHb [2],
AKi XapaKTepU3YIOTbCA TSHKKUM MPOTPECYIOUUM IIe-
pebiroM, poO3BUTKOM [leTeHEPATUBHUX 3MiH, iHBaIi-
IM3aLli€l0, SHVDKEHHAM AKOCTIi Ta CKOPOUYEHHAM TPU-
BAJIOCTi XXUTTSA AiTeil. 3 KOXKHUM POKOM Iii nmpu
361IbLIYIOTBCSL.

3BMYAIHO, “30/I0TMM CTaHAAPTOM BUSIBICHHS
BPOKeHNX ManbQopManill y AiTell 3aayIIaeTbcs
K/IiHIYHe 00CTeXXeHHA IUTUHU. AJle, 1[00 YHUKHYTH
cy0’eKTMBI3MY, Y IPOBiIHMX KpaiHaxX CBIiTY BXe JjaB-
HO 3aCTOCOBYIOTBCS CIIelia/IbHO po3pobieHi yHidi-
KOBaHi IpOrpaMy HEOHATa/IbHOTO CKPVHIHTY, AKUMMA
KOPUCTYIOTbCA (paxiBIi mepBMHHOI naHKU. PaHHA
fiarHOCTMKA Ta Bepudikalis BpomKkeHNX Maabpop-
Mallill y fiTeli J03BOJIA€ NPUIIBALUINTI MOXXIUBICTb
posnoyaty npodilakTUyYHi Ta TiKyBalbHI 3aXopn,
BiTepMiHyBaTV PO3BUTOK YCK/IaJHEHb, MiHiMi3yBa-
TV HETaTMBHI HAC/IIKY Ta IOKPAIUTY AKICTb XXUTTA
DUTUHK i 11 ciMm’1 [3].

BupimanbHy ponb y mpolieci paHHbOTO BMAB-
JIeHHsI PiAKiCHMX 3aXBOPIOBaHb BifirpaoTsh ¢axisii
IIEPBMHHOL JTaHKM — JIiKapi-NefiaTpy Ta mikapi 3a-
rajJibHOI IMPaKTUKM — CiMelHi jikapi, AKi HepmmmMu
KOHTAKTYIOTb i3 HOBOHAPOIDKEHUM Ta JIOI0 POJM-
HoIo [4]. Bxxe mpu mepuromy nmarpoHaki HOBOHapof-
JKEHOTO BOHU MOXYTb e(peKTUBHO ifmeHTn(ikyBaTn
BpoKeHi Manbdopmauii, zedpopmanii, gucMopdis-
MM, aHa/Ti3yI04M 30BHIillIHI Ta BHYTPIlIHi IOpPYyIIEH-
HA MOpQOTeHe3y AUTUHM, AKi MOXYTb OYTHI SIK KOH-
CTUTYLiTHIMM IIPOSBAMH, TaK i 03HAKOI0 Op(aHHIX
3aXBOPIOBaHb.

MeTta

[IpomeMOHCTpYBaTH BaXK/IMBICTb PaHHbBOI Jia-
THOCTVKY BPOIKEeHUX MajabpopMaliil mpu obcTe-
JKeHHI AUTUHYU (axiBUAMM IEePBUHHOL IAHKK 3 Me-
TOI0 AN(epeHIiIOBaHHA TeHeTNYHO-3yMOBIEHHIX
aucMop}i3MiB 3 KOHCTUTYLITHNMM OCOOIMBOCTAMM
IUTVHU
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Ornapg Ta o6roBopeHHs

[Tpo6bnema pigkicHux (opdaHHMX) 3aXBOpIO-
BaHb B YKpaiHi, K i y BcboMy cBiTi, HabyBae nepai
6inpioi akryanbHOCTI [5]. BaxknmuBy ponb y pan-
Hill piarHocTMLi opdanHOI maTosorii BifirpaloTb
¢daxiBii nepBMHHOI /JaHKM - JTiKapi-megiatpu Ta
niKapi 3arajpHOI MpaKTUKU — ciMmeiiHi mikapi. Came
BOHM MaloTh 0e3[ocepesHiil KOHTAKT i3 MaiOyTHi-
MM 6aTbKaMM Ta MOXYTb Ilje Ha eTalli IVIaHyBaHHSA
BariTHOCTI a00 Ha paHHIX I TepMiHaX OLIHUTK pu-
3MK BUHMKHEHHA Op(aHHUX 3aXBOPIOBaHb LIUIAXOM
aHa/i3y reHeajqIoriYyHOro aHaMHesy popuuHu. OTpu-
MaHa iHQoOpMallif O3BOMUTD BUSABUTH MOXKJIUBi
IIATEPHM YCNAJLKYBAaHHA, CIPUATUME IPUIHATTIO
HOZIPY>KXKAM OOIPYHTOBAHUX pillleHb Ta 3MEHIIEH-
HIO PU3MKY PO3BUTKY T€HETMYHMX 3aXBOPIOBaHb Y
Mari0yTHbOTO ITOKOMiHHA [6].

JliteparypHi pkepena [y OIIARY HigOupamuch
3 BUKOpMCTaHHAM geckpuntopiB MeSH (Medical
Subject Headings) y 6asi ganux PubMed. B nepmy
4epry BimOMpamuch IKepena 3 CUCTEMATUIHUMMU
OIJIIZaMM Ta MeTa-aHali3oM JaHoi mpoOmemu 3a
OCTaHHi 5 POKiB 3 BMCOKNMM piBHEM JOKa30BOCTI.
[lns Bigbopy mkepen 6yn0o 3aCTOCOBAHO HPUHIVII
3icTaB/eHHsI MOPOJIOTiYHIX MapKepiB TreHeTUYHIX
cuHpoMiB i3 Bapiantamm ¢isionoriunux 3miH. B
npiopureti Oy Kepena 3 onucoM (GeHOTUIIOBOTO
CKPUHIHTY Ta anropuTMiB AudepeHniitHoi miarHoc-
TUKI. B po60Ti 3acTOCOBYBaBCA MOPiBHANbHNI aHA-
i3 CyYacHMX IialrHOCTMYHMX METOJIB Ta IIPOTOKOIiB
OIJIAAY JiTeVl 3 METOIO BUAB/IEHHS HaOiNbLI CIIeIy-
¢GiuHMX AUCMOPQIYHMX O3HAK, IO MAIOTh BMCOKY
NPOrHOCTUYHY LIiHHICTD [/IA PaHHbOI [JialrHOCTUKMA
Ta aMuQepeHIiloBaHHA TeHeTUYHO-3YMOBIEHHIX
aucMopdisMiB Bifi KOHCTUTYLIHUX 0COOMMBOCTeI!
AUTUHY TIpy i 00CTeXXeHHI ¢axiBLssMM NepBUHHOI
TIAHKI.

CucreMaTyHMil KOHTAKT (paxiBIiB IHepBMHHOI
JIAHK! 3 JUTWHOKI [A€ 3MOTy BMABIATU MOpP(GOTIO-
riuHi BigxuiaeHHsA (mucMopddismm), XapakTepHi i
OKpeMMX piIKicCHUX 3aXBOpPIOBaHb, a TaKOX Aude-
peHIifoBaTy X Bif ciMelfHMX a00 KOHCTUTYLIIHUX
0cO0/IMBOCTEI. 3 METOIO MiABUIEHHS e(DeKTUBHOCTI
posmisHaBaHHA AMCMOpQi3MiB (axiBIAM IepBUH-
HOI JIAHKVM HeOOXiJHO MPOBOAMTH CIeliani3oBaHi
HaBYaJIbHi TPEHIHIM 3a y4YacTIO JIiKapiB-TeHETHKIiB;
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3abe3nevyBaryl aKTyaJbHOK [OBiAKOBOW iHpOpMa-
1i€to; po3poOIATH Ta BIPOBAIKyBaT! YHidikoBaHi
OiaTHOCTMYHI IpOrpaMM 3 YiTKMMMU aJArOPUTMaMMU
aHaizy gucMopdiunyx peHorumis [7, 8].

[Toni6Hi mporpaMmu Ta TeXHOJIOTii BXKe AaKTUB-
HO 3aCTOCOBYIOTbCA B 3aKOPAIOHHIN MeamnuuHi. 30-
KpeMa, BUKOPNUCTOBYIOTbCA CHUCTeMM YHigikoBa-
HOTO aHajIi3y Ta pO3Mi3HAaBaHHA MCMOPQIYHIX
(deHOTUIIB, XapaKTePHUX A LIMPOKOTO CHEKTPY
opdaHHUX 3aXBOPIOBaHb. IIpMKIaZlOM € TeXHONO-
rid aBTOMAaTMYHOTO BUABJIIEHHA Ta BUMipIOBaHHA
AHTPOIIOMETPUYHMX TOYOK OOMMYYs — IIKama 30-
BHIIIHBOTO BUITIAY 00/, BioMa sk «The facial
appearance scale: Understanding facial features in
rare genetic syndromes» («Po3ymiHHS puc o6mmyds
[PV PiIKiCHUX TeHeTUYHMX CHMHApPOMax»). 3a ii jo-
IIOMOTOI0 3[Ii/ICHIOETbCA PO3Mi3HAaBaHHA (PEHOTUIIIB
TaKUX CUHAPOMIB, Ak KopHernii ne J/lanre, Angelman,
Apert, Down, Fragile X, Progeria, Treacher-Collins,
Williams-Beuren Ta iHmmx.

3asHaveHi MeromMkyu 0a3ylOTbCI Ha aHasisi
nucmopdosorii 06mYYs Ta JO3BOMAIOTH OL[iHIOBATH
11 3icTaB/IATY BUABJIEHI O3HAKM 3 BitoMyMu peHOTH-
MYHUMY Mopenamu obnuyusa (remranbramu). Bax-
NIMBOIO IIEPEBATOI0 IMX TEXHOJIOTIN € IX JOCTYIHICTh
I HIMPOKOTO KOMa KIiHINMUCTIB. JliarHOCTMYHO
3HauyIla relTaabT-iHgopmalis, oTpumMaHa 3i 3Bu-
qaiiHux ¢ororpadiit 06y, Ja€ 3MOry Ha OCHO-
Bi KpaHiodalia/TbHIX XapaKTepUCTUK 3[i/ICHIOBATH
BJMICOKOTOYHY Ta BUCOKOIPOAYKTUBHY [iaTHOCTUKY
NOPYLIEHb PO3BUTKY Yy HiTell i3 pifKiCHMMM 3aXBO-
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prooBanHaMu (puc. 1). Komm'loTepHmit anroputm
aHaymisye ¢eHoTHNiuHy iHpOpMalio 3i 3BMYANTHUX
HekIiHiYHUX ¢doTorpadiit Ta Mopenoe aucMopdism
o064y AUTUHM B 6araTOBMMIPHOMY «IIPOCTO-
pi ¢enoruny xminivHoro obmmuus». lle mosBomsae
cyrTeBo 3By3utu (y 27,6 pasa) fialmasoH IOIIYKY
MOTEHLiHNX [iarHO3iB y MaLli€HTIB i3 MiJO3pOI0 Ha
HOPYIIEHHA PO3BUTKY, IO 3HAYHO HifgBUINYE edek-
TUBHICTb iaTHOCTMYHOTrO Ipouecy [9, 10].

Hucmopdismu y fiTell MOXYTb NPOABIATUCDH AK
CiMeTHMMM KOHCTUTYIHITHMMM OCOOMMBOCTAMN, TaK
i cBigunTy po Ti unM iHImi op¢aHHi 3aXBOPIOBAaHHS,
[0 BYMAra€e peTenbHOi AndepeHIiiiHol AiarHOCTH-

u [11]. Tomy my>ke BaXIMBO IPABUIBHO i BYACHO
pOsmi3HaTH, IO ABMAAETbCA KOHCTUTYLIHOI HOP-
MOIO I AUTHHY, a Jie BifXV/IeHH:, XapaKTepHi /I
NEeBHUX CUHAIPOMIB, ManbdopMaiil, medopmariii,
npucmopdismis [12].

Jeski BigxmieHHS MOXYTb OYTM He TeHeTHUd-
HO JleTepMiHOBaHMMMU HAedeKTaMM, a 3YMOBJICHU-
MU 30BHIIIHIM BImMBOM Ha miof [13]. Hanpuknap,
BpPOJI)KeHa K/IVMIIOHOTICTb (eKBiHOBapycHi cromm)
Ta Ba/IbIycHI ctomy (puc. 2, 3) MOXYTb BUHUKATU
BHAC/I/IOK MiJBAIIEHOTO MEXAaHi4YHOIO TUCKY Mar-
KI, CTIHOK IIOIOBOTO MiXypa, IYIIOBUHY, IyX/IVMHI
MaTKM, 4epe3 L0 CTYIHI 3arOpTAIOThCsA BCEPENVHY
[14]. Taka KIMIIOHOTICTD YCHINTHO JTiKy€eTbCA Bimpa-
3y micna HapomxkeHHA. IIpu disionoriunomy Banb-
TyCi CTOIM i TOMiJIKOBOCTOIHOTO Cyrno6a criocrepi-
TaloThCs CIAOKICTh M'A31B i BpO)KeHe BepTUKa/lbHe
pO3TalllyBaHHA TapaHHOI KiCTKM B TOMiJIKOBOCTOII-

Syndrome Controls
n= 1,518

Down Fragile X

209 185

Angelman Apert Cornelia de Lange
21 257 283
Progeria Treacher-Collins Williams-Beuren
100 118 236

Puc. 1. lIkana (remranbT) 30BHIIIHBOTO BUITIAAY 0044, TAK 3BaHe “PO3YMiHHA pUC 06mmMddsa
IpY PifIKiCHUX T€HeTMYHMX CMHPOMax

Iwcepeno: Zhou P, Zhu L, Fan QL, Chen L. [Interpretation of the first international consensus for Cornelia de
Lange syndrome]. Zhongguo Dang Dai Er Ke Za Zhi. 2020 Aug;22(8):815-820.
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HOMY cyrno6i, a nmpu isiomorivHoMy Banbryci 3a-
JHBOTO BiIi/Ty cTONM — II'SITa BifjXM/IeHa Ha30BHi Ha
5-7 rpapycis, mo € HopMmomwo [15]. ITpu ¢isiomoriu-
HOMY BaJIbI'yCi CTOIIM Ta TOMiJIKOBOCTOITHOT'O CYTJIO-
6a crocTepiraloTbcst M’sA30Ba CMAOKICTD 1 BPOI>KeHe
BEPTUKA/IbHE IONOXKEHH TaPaHHOI KiCTKM B TOMiJI-
KOBOCTOITHOMY CyTI/106i. ¥ pasi disionorignoro Basb-
TyCy 3aJlHBOTO Bifilily cTONM IT'ATa BifXMIAETHCA
Ha30BHi Ha 5-7°, 11J0 BBa)XA€TbCA BapiaHTOM HOPMIL.

Puc. 2. Bpom>xeHa KINIIOHOTICTh
(exBiHOBapyCHi cTOIN)

Imcepeno: Gelfer Y, Davis N, Blanco ], Buckingham R,
Trees A, Mavrotas J, Tennant S, Theologis T. Attaining
a British consensus on managing idiopathic congenital
talipes equinovarus up to walking age. Bone Joint J. 2022

Puc. 3. BanbrycHi cromnm.

Icepeno: Chang AS, Son SW, Park P, Kim HJ, Hwang SH,
Park SG, Park YH. Hallux valgus interphalangeus is
more common in juvenile-onset hallux valgus than
in adult-onset hallux valgus. J Orthop Surg Res. 2024
Dec 26;19(1):884. doi: 10.1186/s13018-024-05408-1.
PMID: 39726019; PMCID: PMC11670350.

BHYTpilIHBOYTPOOHI MOPYIIEHHA CTPYKTYpHU Op-
raHiB i TKaHMH MOXXYTbh BUHUKATI BHAC/IIOK BIUIMBY
30BHIIIHIX MeXaHiuHuX akropis [16]. [Jo HUX Ha-
7IeXXaThb JU3PYILII, NPUKIAIOM AKUX € aMIIyTalis
HaJIbIIiB Yepe3 aMHIOTMYHI IepeTsHKKY (puc. 4).
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Puc. 4. AmnyTanis ¢anaHriB nmanplis pyk
BHACTIiIOK aMHIOTUYHMX TIEPETAKOK.

Hxncepeno: Estanbouli MA, Anadani A, Albobah H,
Dakkak T, Mokresh R, Etr A. Late management of
amniotic bands syndrome with incomplete syndactyly: A
case report of 4-year-old child. Int ] Surg Case Rep. 2024
Feb;115:109277. doi: 10.1016/j.ijscr.2024.109277. Epub
2024 Jan 19. PMID: 38262220; PMCID: PMC10830882.

Cungpomu (GOpMYyIOTbCS B pe3ynbTaTi FeHeTHd-
HIX MYTaliil, geneniit abo AyIulikaii XpoMocoM, a
TaKOX IIiJl BIVIMBOM TepaTOT€HHUX UYMHHUKIB.

Bpomxeni manbdopmarnii € HacaifkoM IepBUH-
HUX fiepeKTiB MOp¢oreHe3y Ta MPOSB/AIOTCS BXKe
IIpY HapOJ KEHHI, HEPIIKO 3YMOBIIOIYY PO3BUTOK
Manb)OpMaL[iiHUX CeKBEHIiil — BTOPMHHUX CTa-
HiB, IO BUHNKAIOThb 4Y€pe3 HaABHUII aHATOMIYHMI
nedext. I[Ipuknagom € cungpom IT'epa Pobena —
BPOJ)KE€HA QaHOMaslifA IIeNeNHO-IULEeBOl MiIAHKMY,
IO XapaKTepuU3YyeTbCA Tpiaflolo: HeOPO3BMHEHA
HIDKHA Ienena (MiKporuaris), 3amafaHHs s3MKa
(rmocomnTo3) Ta posuiMHa MigHeOIHHA i MOXe cy-
NPOBOJPKYBATHUCA IOPYLIEHHAM MPOXifHOCTI [u-
Xa/lTbHUX LUIAXiB i 4epe3 amHOe NPU3BOAUTU IO
CHHApOMY panToBoi cMepTi (puc. 5). CBo€yacHa fiia-
THOCTMKA JJO3BOJISIE 3aII00IITH YCK/TaJHEHHAM LIS

Puc. 5. Cungpom ITepa Pobena.

Iwcepeno: Karempelis P, Hagen M, Morrell N, Roby BB.
Associated syndromes in patients with Pierre Robin
sequence. Int J Pediatr Otorhinolaryngol. 2020 Apr;
131:109842. doi: 10.1016/j.ijporl.2019.109842. PMID:
31927142.
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XOM 3aCTOCYBaHHA IO3ULIIHOI Tepalii, KMCHEBOI
HMiJTPUMKM, aabTepHAaTUBHUX METOHIB BUTOJOBY-
BaHHA a00 BUKOPUCTAHHA JOIIOMDKHMX 3ac00iB 1A
3a0e3NeyeHHA AVXaHHA. Y TSKKUX BUIMAJKAX Ipo-
BOJATD XipypridHy Kopekiiito (He panimre 4-6 pokiB),
a CTUMYJIALIIA POCTY HVDKHDOI 1e/IeNN TOCATAEThCA
3aBJAKM OINTKUMi3alii MeTOMiB BUIOJOBYBaHHA Ta
xapuyBaHHs [17].

Acornianii BM3HaualOTh AK OENHAHHS BPOI>KEHUX
aHOMaJIill 6e3 BCTAHOBJIEHOI CIIIZIBHOIL eTionorii, 1o
BifIpisHsA€ IX Bifi CMHIPOMIB i3 XapaKTE€PHUM KOMII-
JieKcoM O3Hak. (puc. 6, 7). [Jo HaliBigomimux Haje-
katb acorianii CHARGE (xono6oma, Bagu cepus,
aTpesid X0aH, 3aTPMMKa POCTY i PO3BUTKY, aHOMaJIii
renitamiit Ta Byx) i VATER/VACTERL [18, 19], sixa
BKJIIOYa€ aHOMaslii XxpeOTa, aHOpPeKTa/IbHi leeKTH,
Tpaxeoe3odareanbHi HOPUIli, aTpe3ilo CTPaBOXOAY, a
TaKO)X IIOPYIIEHHA PO3BUTKY KiHIIIBOK i BHYTPIIIHiX
OpraHiB.

Hucnnasiia (Big rpen. dvo (dys) — mopyureHHs i
rpen. mAdoel (plasei) — yrBOpIoto, nirto, popmyio) —
1le y3araJibHeHil TePMiH, 1110 IT03HaYa€ MOPYLIEeHHA
¢dbopMyBaHHA OpraHiB, TKaHUH a60 IX OKpeMMX 4a-
CTMH Y mepiof; eMOpioreHesy um Iics HapOKeH-
Hs Ta NPOSBIAETHCA 3MiHaMu po3Mipy, popmu abo
KITUHHOI cTpyKTypu. (puc. 8, 9). Oxpemi BapianTu
OymOBM CTOIM MOXKYTb MaTy CIIQIKOBMII XapaKTep
i 6yTy moB’A3aHNMMU 3i CTAOKICTIO 3B’A3KOBOTO aIla-
paTy, 3yMOBJIEHOIO AMCIIIA3i€l0 CIOMYYHOI TKaHU-
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HU (BapycHa 4M BajbrycHa gedopmanii crom). Ili
BpOKeHi medopMalii MOXYTb IPOSIBIATUCH BXKe
B PaHHbOMY Billi sIK BpopkeHa mudepeHIjilioBaHa
CIIOTYYHOTKAaHMHHA AucIasisa (cuappomu Enepca—
Hannoca, Mapdana, Crukiepa, HeTOCKOHAIOTO OC-
TEOTeHe3y Ta iH.), TaK i fjemo misHinre, y BUITIAAIL He-
nudepeHIiioBaHOI CIOMTYYHOTKAHMHHOI AMCIIIasii
[20, 21].

Crurmu auseMbpiorenesy abo mMaii aHoMartii pos-
BUTKY, AAB/IAIOTb COOOI0 He3HAYHi BPOIXKeHi 0co0/1-

Puc. 8. 3you pu ekTofepManbHii AucIasii.

Icepeno: Cerezo-Cayuelas M, Pérez-Silva A, Serna-
Muiioz C, Vicente A, Martinez-Beneyto Y, Cabello-
Malagén I, Ortiz-Ruiz AJ. Orthodontic and dentofacial
orthopedic treatments in patients with ectodermal
dysplasia: a systematic review. Orphanet J Rare Dis. 2022
Oct 17;17(1):376. doi: 10.1186/s13023-022-02533-0.
PMID: 36253866; PMCID: PMC9575248.

V - Vertebrae

A - Anus

C - Cardiac (heart)

T - Trachea

E - Esophagus

R - Renal (kidneys & urinary tract)
L - Limb & radius

Puc. 6. Acomianis CHARGE.

Ixwcepeno: Chetty M, Roberts TS,
Elmubarak M, Bezuidenhout H,
Smit L, Urban M. CHARGE synd-
rome: genetic aspects and dental
challenges, a review and case
presentation. Head Face Med. 2020
Jun 8;16(1):10. doi: 10.1186/513005-
020-00224-4. PMID: 32513271,
PMCID: PMC7282035.
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Puc. 7. Aconianis VATER/VACTERL.

van de Putte R, Dworschak GC, Brosens E, Reutter HM, Marcelis
CLM, Acuna-Hidalgo R, Kurtas NE, Steehouwer M, Dunwoodie SL,
Schmiedeke E, Marzheuser S, Schwarzer N, Brooks AS, de Klein A,
Sloots CEJ, Tibboel D, Brisighelli G, Morandi A, Bedeschi MF, Bates MD,
Levitt MA, Pefia A, de Blaauw I, Roeleveld N, Brunner HG, van Rooij
IALM, Hoischen A. A Genetics-First Approach Revealed Monogenic
Disorders in Patients With ARM and VACTERL Anomalies. Front
Pediatr. 2020 Jun 23;8:310. doi: 10.3389/fped.2020.00310. PMID:
32656166; PMCID: PMC7324789.
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Puc. 9. Tanarodopna aucnnasis (KopoTki pebpa,
IUTOCKI Tina XpeO61iB, edopmaliisi CTeroH).
Iwepeno: French T, Savarirayan R. Thanatophoric
Dysplasia. 2004 May 21 [updated 2023 May 18]. In:
Adam MP, Bick S, Mirzaa GM, Pagon RA, Wallace SE,
Amemiya A, editors. GeneReviews® [Internet]. Seattle

(WA): University of Washington, Seattle; 1993-2026.
PMID: 20301540.

BOCTi OyfoBM OpraHiB i 4YacTuH Tinma, mpepcraBieHi
Ha puc. 10-18. MyTauii renis, BifillOBifaNbHMX 32
CMHTe3/KaTaboi3M CTPYKTypHMX Oi/KiB CIIONMy4YHOT

Puc. 10. Cignonopmibumuii Hic.

Hnepeno: Harutyunyan A, Hakobyan G. Saddle Nose
Deformity Reconstruction with a Allograft Bone.
Aesthetic Plast Surg. 2024 Dec;48(23):4839-4847. doi:
10.1007/s00266-024-04123-w. Epub 2024 May 28.
PMID: 38806824.
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Puc. 11. Tineprenopmsm. EnTpomion.

Hxncepeno: Patel SY, Ghali GE. Orbital Hypertelorism.
Atlas Oral Maxillofac Surg Clin North Am. 2022

Mar;30(1):101-112. doi: 10.1016/j.cxom.2021.11.002.
PMID: 35256103.

Puc. 12. IlTos3.

Iicepeno: Bai ]S, Song MJ, Li BT, Tian R. Timing of
Surgery and Treatment Options for Congenital Ptosis in
Children: A Narrative Review of the Literature. Aesthetic
Plast Surg. 2023 Feb;47(1):226-234. doi: 10.1007/s00266-
022-03039-7. Epub 2022 Sep 16. PMID: 36114384.

Puc. 13. AHkinornocia. KopoTka Bysfedka sA3MKa.

Hxncepeno: Tomara E, Dagla M, Antoniou E, Iatrakis G.
Ankyloglossia as a Barrier to Breastfeeding: A Literature
Review. Children (Basel). 2023 Dec 8;10(12):1902. doi:
10.3390/children10121902. PMID: 38136104; PMCID:
PMC10741948.
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Puc. 14. Jepopmauis rpysHMHN.

Iwcepeno: Pu'Y, Jian Y, Huang W, Yang Z. Prevalence and
incidence of chest wall deformities in children below 18
years old: the first systematic review and meta-analysis.
Arch Med Sci. 2024 Jun 6;21(4):1421-1431. doi: 10.5114/
aoms/188876. PMID: 41078925; PMCID: PMC12509807.

Puc.15. Kudockonios.

Hnepeno:  Stiicker R, Mladenov K, Stiicker S.
Mitwachsende Korrektursysteme bei Early-Onset-
Skoliosen [Growth-preserving instrumentation for

early onset scoliosis]. Oper Orthop Traumatol. 2024
Feb;36(1):12-20. German. doi: 10.1007/s00064-023-
00832-8. Epub 2023 Oct 9. PMID: 37812237.

TKaHUHM 260 depMeHTiB, 10 6epyTh y4acTh y IMX
Ipoliecax, KiZbKiCHi 3MiHM YTBOPEHHSA IIOBHOLIHHNAX
KOMITIOHEHTIB €KCTpPale/IIo/IAPHOTO MaTPUKCY, IIOPY-
meHHA QiOpUIoreHesy — € TOTOBHUMM B PO3BUTKY
Ak pudepeHiioBaHol, Tak i HegudepeHIiioBaHOI
CIIOJTyYHOTKAHMHHOI Aucirasii [22-29]. Peasisa-
il TeHeTVYHNUX YMHHMKIB Npu audepeHIiioBaHii
ONCIUIa3il 3HAYHOI MipOK 3aJIeXUTb BiJi BIUIMBY
[OBKi/ISA, TORi sAK HepmudepeHIiloBaHa JUCIIIA3is
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Puc. 16. KnuHomaKTuIiss Mi3UHIIIB.

Hxncepeno: Lin HY, Lee CL, Fran S, Tu RY, Chang YH,
Niu DM, Chang CY, Chiu PC, Chou YY, Hsiao HP,
Tsai MC, Chao MC, Tsai LP, Yang CE Su PH, Pan YW,
Lee CH, Chu TH, Chuang CK, Lin SP. Epigenotype,
Genotype, and Phenotype Analysis of Taiwanese
Patients with Silver-Russell Syndrome. ] Pers Med. 2021
Nov 13;11(11):1197. doi: 10.3390/jpm11111197. PMID:
34834549; PMCID: PMC8624617.

Pwuc. 17. CinpakTnmis.

Icepeno: Kurebayashi L, Nakamoto HA, Nogueira LE,
Faccioni ALC, Goldenberg DC, Gemperli R. Comparing
Results of Syndactyly Operated Children Younger
and Older Than 1 Year. Ann Plast Surg. 2021 Jun

1;86(6):635-639. doi: 10.1097/SAP.0000000000002773.
PMID: 33661223.

Puc. 18. ITanpui maByka.

Iepeno: Debrach AC, Ladouceur M, Trombetti A,
Bouchardy J, Blondon M, Robert-Ebadi H, Ciotu IM,
Boudabbous S, Huber C, Khau Van Kien P. Syndromes
de Marfan et apparentés [Marfan syndrome and related
disorders]. Rev Med Suisse. 2025 Apr 16;21(914):804-
808. French. doi: 10.53738/REVMED.2025.21.914.47027.
PMID: 40241556.
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Puc. 19, 20. IlomigakTumis.
Imepeno: Mirzaa G, Graham JM Jr, Keppler-Noreuil K. PIK3CA-Related Overgrowth Spectrum. 2013 Aug 15

[updated 2023 Apr 6]. In: Adam MP, Bick S, Mirzaa GM, Pagon RA, Wallace SE, Amemiya A, editors. GeneReviews®
[Internet]. Seattle (WA): University of Washington, Seattle; 1993-2026. PMID: 23946963.

Ma€ MOJreHHO-My/IbTU(AKTOPiaIbHMII XapaKTep
1 moB’A3aHa 3i CIAfKOBOI CXWIBHICTIO, IIO (bop—
MYETbCSI BHACIJOK Pi3HMX KOMOiHaIliil anemiB Bif
6aTbka i MaTepi i, IK HACTiKOK, POPMYyBaHHA HOBOTO
YHiKa/IbHOI'O T€HOTHUILY.

TakuM 4MHOM, IIijJ Yac KJIiHiYHOTO OOCTEXeHHS
HOBOHAPOJKEHOTO JTiKapeM-TefiaTpoM abo mikapeMm
3arajIbHOI IPAKTUKN — CIMENHNM JIiKapeM MOXYTb
O6yTy BusB/IeHi pisHOMaHITHI ArcMopdivyHi 03HAKH,
Aki MOXyTb OyTm isionoriunuMu iHAMBifyanb-
HO-KOHCTUTYLIiHMMM BapiaHTaMM HOPMM, TaK i
MapKepaMy MaTO/NOTiYHMX CTaHiB. BuxopucraHHA
yHi¢pikoBaHUX MOp(OMETPUYHNX NPOrpaM y IpaK-
TULi JTiKapiB NepBMHHOI JIAHKYM CHOpUATUME OinblI
00’€KTMBHOMY BUSABJIEHHIO UCMOPGi3MiB y pisHUX
AQHATOMIYHMX Ji/lIIHKaX HOBOHapO[KeHoro. Peresnb-
HUI OIJIAN JUTUHY, OL[iHKa JUCMOPQIYHUX O3HAK,
iX BUMIpPIOBaHHA Ta IIOfA/bIIMII aHa/Mi3 IIOBMHHI
3[I/ICHIOBATNCA Y YiTKO BM3HA4Y€Hil IOCIiJOBHOCTI,
OCKIZIbKM TaKMii MifXif Mae BUpilllaJibHe 3HAYEHHA
UL CBO€YACHOI JIiarHOCTMKM 6araTboX BPOKEHMX
CUHJIPOMIB:

> popma Ta CUMeTpPUYHICTD TOTIOBY, pUCH 00OINY-
4, 7100, cepefHs YacTHHA ronoBu (Bif OpiB fo Bepx-
HBOI TYOM Ta Bij 30BHILIHIX KyTiB oueil 10 KoMicyp
ry6), BiscTanp Mk ounma (Mi>KKaHTa/lbHa) Ta 3iHU-
1AM (MDK3iHMYHA, MDKIIEHTPOBA) - MOXYTb CBifj-
49Uty 1po AedekTy y GOopMyBaHHI MDKIIBKy/IeBOI
Ii/THI;

» KOPOTKa, JIOBra, CKOIlIeHa OYHa IIIi/INHA, eBepcCia
HIDKHIX ITOBIK, CIIIOLEHE IIepeHiccA, pO3Mip BYIIHNUX
pakoBuH, ix ¢opma, IOMOXKEHH:, 3MiHU TixOOopia-
ISl — MOXKYTb BKa3yBaTM Ha aJIKOTOJIbHUI CHHJPOM
wiopa, cuaapomu Kabyxi, [layna, Tpiuepa Komnninsa,
Hi II>xopmxi Toio;

» BIIXMJIEHHA B CTPYKTYpi POTOBOI IIOPOKHVHI,
KiZIbKOCTI Ta BUTIIAAI 3y6iB, HasABHICTb aHOMaJin
sA3VKa, si3M4Ka (yBy/n) Ta mifgHeOiHHS;
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» JOJATKOBI IIKipHI cKmagky 3 060X 6OKiB i,
KOPOTKa IV, 3MiHM (OPMMU IPYAHOL KIIITKM, IO Xa-
pakTepHi gy cungpoMiB Teprepa, Hynan ta Kiine-
1 — Qeiing;

» 3MiHM 3aJHDOI JIiHil pOCTY BOJIOCCA Ta PO3MipiB
IIUTOIOAIOHOI 3271031, BaXXK/IMBI IS NiarHOCTUKU
BPOJIPKEHOT O TillOTUPEO3Y;

» IOpYILIEHHSA PYXIMBOCTi Ta [ialla3oHy pyXiB
Cyrno6iB, HasABHICTb KOHTPAKTYP OFHOTO abo Kijb-
KOX CyrIo0iB, MOXYTb CBif4UTH IIPO BPOPKEHY
HellpoM's130By AMCPYHKIII0 abo apTporpumnos, ¢e-
TaJIbHUI aJIKOTOJIbBHUI CMHIPOM Ta JeAKi aHeYIIoi-
nii X—xpomocomu; HasiBHICTD moymigakTuii (puc. 19,
20), agakTuii (pu Tprcomii 13 xpomocomu), oyiro-
JAKTWUIII, arnasil IpoMeHeBol KiCTKM, MOXYTb CBifi-
YUTY NPO HAABHICTD i30/IbOBAHOI ayTOCOMHO-/IOMi-
HaHTHOI o3Haku [30];

» CHHAAKTUIiA (3polieHHsA ABOX abo Oinmplue
IasbliB) 3ycTpivaeTbcst mpu 6araTbox CUHAPOMAX,
BKTIOYatoun cuagpoM Cmita—/lemmi—OmiTija;

» TIOIlepeYHa JONOHHA CKIafika 3yCTpida€eTbcA Y
50% giTeit i3 cuagpomom JlayHa;

» XapaKTepHUII JOJTIOHHUI Bi3€PYHOK CIIOCTEpira-
€TbCA IPY (HeTaTbHOMY a/IKOTOJIBHOMY CHAPOMI;

» TOpYIIEHHA PO3BMUTKY TeHiTasliil, Trirmocmna-
Jif, KpUIITOPXi3M 4M iX IOENHAaHHA, AK IIPaBUIIO,
IIOB'A3aHi 3 eHJOKPMHHUMIY PO3JTafiaMy, TAaKUMU AK
BPOJ)KEHA TillepIliasisd HaJHMPKOBUX 3aj103, MO3ai-
unsmoM 4X, Y/4, cMHIpOMOM MHOXXVHHUX BPOJIKe-
HMX aHOMasIiil Ta pisHuMm Mmyraniamu [31, 32, 33],
1[0 TAKOXX MOXKe Oy TI 03HaKaMu op¢paHHUX XBOPOO.

Takum 4ymHOM, MOppOMeTpUYHA OLHKA Pi3HUX
AQHATOMIYHMX [UIAHOK TiZla OJUTWHU 3 BUKOPUCTAH-
HAM YHi(piKOBaHMX METOMIB HiarHOCTUKY 3a0e3Iedye
¢daxiBIsAM HepBUMHHOI MEAMYHOI JOIIOMOTM — JIiKa-
pAM-TefiaTpaM i JiKapsAM 3arajibHOI MPAKTUKY — Ci-
MEeHUM JKapsIM — MOX/IMBICTh AudepeHIitoBaTn
TeHEeTUYHO 3yMOBJIeH] AucMopdiuHi 03HaKM BiJ KOH-
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CTUTYLITHUX OCOOMMBOCTEN JUTUHM Ta 1l pOAMHIL.
Ile cnpusie cBO€4YacCHOMY HallpaBJIeHHIO Malli€eHTa Ha
reHeTUYHY KOHCY/IbTalliio s Bepudikaii giaruosy,
a TAaKOXX [J03BOJIsIE OpraHisyBaTy HeoOXifHi mpodi-
JIAKTUYHI, TepaleBTUYHI Ta pea6iniTauiI71Hi 3axomnu,
CIpsAMOBaHI Ha MiHiIMisallil0 HeCHPUATIMBUX Ha-
CIigKiB 3aXBOPIOBAHH Ta MOKpallleHHA AKOCTI XXUT-
TA BUTUHU i 11 pofMHi.

BucHoBkM

1. ¥V crarti nmpoaHanisoBaHO OCTaHHi ITy6rika-
Uil mofo akTyaabHOCTI mpobmemu aucMop¢ismis
Ta 3HAaUY€HHA paHHbOI [ialrHOCTMKU BPOIPKEHMX
ManbdopManiil GpaxiBLAMU NIepBUHHOI IaHKY 3 Me-
TOI JuQepeHIliloBaHHA TI'eHeTUYHO-3YMOBICHHNX
nucMopdi3MiB 3 KOHCTUTYLITHUMM OCOOIMBOCTIMM
ANTUHY 260 3MiHaMy Mop¢oreHe3y Tina abo 4acTUH
TiZla B pe3y/nbTaTi HEraTUBHOIO BIUIMBY Ha IUIiJi 30B-
HilHIX ¢akrTopis.

2. BigzHavyeHa mpiopuTeTHICTh 3aCTOCYBaHHS [/
PaHHBOI IIaTHOCTMKYM BPOMKEHUX ManbdopMariiit,
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KpiM “30710TOrO CTaHmApTy, IporpaM Mopdome-
TPUYHOI OLIIHKM Pi3HMX aHaTOMiYHMX Ji/IAHOK Tila
AUTUHY (TelITabTiB), SKi BXXe po3po0IeHi s mest-
KIX T€HEeTMYHO-3YMOBJ/IEHVX CMH/IPOMIB.

3. Opdanna maronoris — mpo6memMa MyIbTUANC-
LIMIUTIHAPHOTO XapaKTepy i paHHA [iarHOCTHKA Bifi-
X1jIeHb Ta Bepudikauis AiarHo3y JO3BOIUTH PO3IIO-
vyaTy NpodiakTUyHi, TiKyBanbHi Ta peabimiTaniiHi
3axomy (HEBPOJOTivHi, XipypriuHi, Icuxonmoriuxi,
collia/IbHi, [yXOBHI TOI0), 06 ITOIepeauTy 9 Bijl-
TePMiHyBaTM PO3BUTOK YCK/IaJHEHb, MiHiMisyBaTn
HeraTVBHI HACHiJKM Ta HNOKPAIIMTU AKICTb XXUTTA
OUTVHMA Ta Il pOAVHMNL.

4. CyuacHi cTparerii BefileHHA Nalli€HTIB 3 BpOJXe-
HMMU Ma/Ib(OPMALisAMM, 3TITHO CY4acCHUX pO3poOOK
Ta MyO/iKauiil, CIpsAMOBaHI Ha PaHHIO [JialHOCTUKY
op¢daHHNX 3aXBOPIOBaHb, CYJaCHMII BUOIp TaKTUKU
IUIs1 3MEeHIIeHHS HeraTVBHOTO BIUIMBY XBOpoOM Ha
OpraHisM Ta IOKPAaILeHHA AKOCTi XXUTTA SJUTUHI Ta
11 pogyHu.

®iHaHcyBaHHS. [laHe gocnigKeHHs NiTepaTypy He OTPMMaro 30BHILIHbOTO QiHAHCYBaHHS.
KoHonikT iHTepeciB. ABTOpM AeknapyroTb BiACYTHICTb KOHPAIKTY iHTepeciB.

3ropa Ha nybnikauito. Bci aBTopu 03HaoMeHi 3 TEKCTOM pyKOMMCY Ta Haganum 3rofy Ha noro nybnikauito.

EtuyHe cxBaneHHs. [locnig>KeHHS BUKOHYBanu 3 LOTPMMaHHAM eTUYHMX NPUHLMNIB [enbCiHKCbKOT Aeknapadw,ii.
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Early Diagnosis of Congenital Malformations During Child
' Examination by Primary Care Specialists for
\ the Purpose of Differentiating Genetically Determined
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Abstract: in the review article analyze contemporary publications on dysmorphisms, which may be of either
physiological or pathological origin and represent a relevant issue in modern medicine in the context of the rapid
development of orphan diseases. Therefore, this review aims to demonstrate the importance of early diagnosis of
congenital malformations during child examination by primary care specialists to differentiate genetically determined
dysmorphisms from constitutional features or from alterations in body morphogenesis (of the whole body or its parts)
resulting from negative external influences on the fetus. This is highly relevant due to the complexity of early diagnosis
and differential diagnosis. Timely identification of pathological features in a child by a primary care specialist will
accelerate referral for genetic counselling to verify the diagnosis and will allow for the earliest possible organisation
of necessary multidisciplinary preventive, therapeutic, and rehabilitation measures aimed at minimising adverse
consequences of the disease and improving the quality of life of both the child and their family. To understand which
features are pathological and how to distinguish them from constitutional characteristics or from morphological
changes of body parts resulting from negative external influences on the fetus, a method of morphometric assessment
of various anatomical regions of the child’s body can be applied using specially developed programs of unified
diagnostic methods (Gestalt). According to contemporary publications, these methods help differentiate pathology
from physiological variations. Based on current sources, the authors indicate that morphological deviations in child
development — manifesting as deformations, associations, disruptions, dysplasias, minor anomalies of development,
or stigmata of dysembryogenesis — may result from various influences. However, they are often clinical markers of
orphan diseases and indicate the presence of certain genetic syndromes. At the same time, such abnormalities may
develop intrauterinely in a fetus in the absence of genetically determined factors, arising instead as a result of the
negative influence of external factors. In this regard, early diagnosis and verification of the diagnosis are of vital
importance, since the earlier a disease is identified, the sooner the needed preventive, therapeutic, and rehabilitation
measures can be initiated to prevent or delay the development of complications and to minimise their negative
impact on the child’s condition and life. Clinical assessment of a child by primary care specialists remains the “gold
standard” of examination. However, to avoid subjectivity and to conduct a more thorough diagnostic search for
pathological deviations in a child’s morphogenesis, it is necessary to apply specially developed objective programs of
unified diagnostic methods (Gestalt).
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AHoTauifi: BupaxkeHa rineprpodis anenoinnoi tkanuau (I'AT) II-11I crynens y giteit 3-9 pokiB € OHi€I0 3 0CHOBHUX
IPUYMH XPOHIYHOTO POTOBOTO AUXaHHS, IO IPU3BOGUTD KO CYXOCTi CMM30BOI 0OO0IOHKY POTOBOI IIOPOXXHUHIA,
3minn pH cepemosuIla, IOPyIIEHHS KOJIOHI3alilIHOI pe3VICTEHTHOCTI Ta PO3BUTKY AuCc6i03y MikpobioMy poToBoi
HOPOXKHUHY 71 pOoTOIZOTKM. 1]i 3MiHUM pO3ITIAAAIOTHCS K OFVH i3 MOXK/IMBIUX MeXaHi3MiB GOpMyBaHHA aHOMAIil
3y6o-mernennoi cucremyu (3]C), 3oxkpema Binkpuroro npukycy, Manokmosii kiacy II ta iHmmx kpaniodarnianbHux
HOpYyILeHb, OfHAK IXHill BHECOK Ta AMHaMIiKa MiC/st YCYHEeHHsI 00CTPYKIil 3a/IMIIIAI0ThCsE HEFOCTATHBO BUBYEHUMIL.
Mertoto focimKeHHs Oy/I0 OLIHUTYI 0COO-TMBOCTI CK/Iafy Ta piSHOMaHITHOCTI Mikp0o6i0oMy POTOBOI IIOPOXXHVHY Y
miteit 3 BupaxkeHoro I'AT II-1II ctazii, acowiitoBaHo0 3 aHOMaiAMY IIPUKYCY, Y OPiBHAHHI 31 3l0pOBMMM HiTbMI, 2
TaKOXX MPOCTEXXNUTY [UHAMIKY MiKpOOHUX 3MiH Yepes 2 Mics1li mic/s eHgocKomiyHol afeHoTOMii. O6cTexxeHo 50 mi-
Teit BikoM 3-9 pokiB (cepenHili Bik 5,8 + 1,2 poku): ocHOBHa rpyma — 30 naiieHTiB 3 KiHiYHO migTBepmxeHo AT
II-III crapii, xpoHiuHMM poTOBUM AUXaHHAM (>80% 4dacy) Ta ycxnaguenHamu 31C (Bigkpuruit mpukyc abo kmac
II manmoxio-3is 3a edamoMeTpiero); KOHTpoIbHA Ipyma — 20 300pOBUX AiTell 6e3 afeHoOifHOI rimepTpodil Ta cKapr
Ha JUXaHHS 4 IIPUKYC. 3pasKy Marepiany (MasKy 3 pOTOBOI IOPO>KHIHY Ta POTOITIOTKM) Bifbupanu go oneparnil
Ta yepes 2 MicALi Mic/iA eHJOCKONiYHOI afieHoToMii; mposoaumm 16S rRNA-reH-ceKkBeHyBaHHA 3 MOJAbIINM aHa-
nizoM anbga- Ta 6era-pisHoManiTHOCTI (iHAekcy Shannon, Simpson, Bray-Curtis, Jaccard, PERMANOVA), Takco-
HOMIYHOTO CKJIaAy Ha piBHi pony, LEfSe-ananisy (LDA > 3.0) Ta random forest mis ineHTnixarii 6iomapkepis. ¥
niteit 3 TAT BuAB/IEHO CTATUCTUYHO 3HaYyIlle 3HIDKEHHA anbda-pisHoManitHocti (Shannon Ta Simpson, p < 0,05)
Ta 4iTKe pO3fineHHs MiKpo6HUX mpodiniB mopiBasHo 3 KoHTporneM (PERMANOVA, p < 0,05), mo cBigunth
npo BMpaxeHUil Auc6ios. OCHOBHA Ipyla XapaKTe-pu3yBajacs 3HAYHUM 30arayeHHSAM aHAepPOOHMMY pOmaMM:
Prevotella (18,4 + 4,2%), Fusobacterium (9,8 + 2,9%), Parvimonas, a Takox Lactobacillus Ta Bifidobacterium; oco6-
JIMBO BMpaKeHi 3MiHM cIiocTepiranucs y minrpymi 3 aHomaniamu npukycy (Prevotella 21,3 + 4,1%, Fusobacterium
11,6 + 3,2%, Parvimonas 4,9 + 1,8%; p < 0,05). Y konTponbHili rpymi nominysanu Haemophilus, Neisseria, Veillonella.
Ticnsa ageHoToMil BigHavanacs 4acTKOBa HOpMaslisalis MiKpOOHOTO CK/Iafy: 3pOocTaHHA anbga-pisHOMaHITHOCTI
(p < 0,05), suyxenns yactku Prevotella ta Fusobacterium, 36inpiuenns Haemophilus, 1110 KOpe/oBao 3 KIiHIYHIM

How to cite this article: Koshel O, Dieieva Y. Features of changes in the oral microbiome in pediatric patients
with pronounced adenoid tissue hypertrophy and associated dentoalveolar complications. Ukrainian Scientific
Medical Youth Journal. 2026;1(160):114-119. doi:10.32345/USMYJ.1(160).2026.114-119

s 114 UKRAINIAN SCIENTIFIC MEDICAL YOUTH JOURNAL @ 1 (160)/2026 Creative Commons «Attribution» 4.0


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-0552-1254
mailto:deevanmu%40gmail.com?subject=

elSSN 2786-667X

NeQiATPis NG

OpwuriHanbHi BochigKeHHs

MTOKpallleHHAM (3MeHIIeHHs POTOBOTO JMXaHH;I, BilHOB/IEHHsI HOCOBOro fuxaHH:). LEfSe Ta random forest-anasis
imenTudikyBanyu nanens 6iomapkepis muc6iosy: Prevotella (AUC = 0,89), kombinauisa Fusobacterium + Parvimonas
(AUC = 0,92). OtpuMaHi jaHi NiATBep/KYIOTh, 110 BUpaXkeHa aJleHoIfHa rineprpodis y miteit acoLiloeThCs 3 aHae-
poOHNM A1c6i030M MiKpOOiOMY POTOBOI IIOPOXKHMHY, SIKIIT MOXKe BifjirpaBaTi posb y maroreHesi anomariit 31IC
Ha T/Ii TPMBAJIOTO POTOBOTO iMXaHH:A. EHOCKOIIYHA a/leHOTOMIA CIIpUsi€ YaCTKOBOMY BifHOB/IEHHIO MiKpOOHOTO
6anaHCy Ta MOXe PO3IIANATUCA K BaXIMBUIL paKkTOp NPODIIAKTUKY Ta KOPeKIii 3y00-IIe/elHIX YCKIaJHEeHb.

KntovoBi cnosa. Mikpob6iora, Anenoinu, Iuxanusa Porom, Henpasumbunii [Tpukyc, Anc6ios, Autuna

Bctyn

Bupakena rineprpodia ameHOIfHOI TKaHMHM
(TAT) € moummpeHO0 NPUYNHOI0 0OCTPYKIIii BepXHIX
OVIXaJIbHUX IJIAXIB Y #AiTell y nepiof Bifg 3 mo 9 pokis,
110 IPU3BOJUTD JJO XPOHIYHOIO POTOBOTO JVIXaHHA,
HOPYLIeHHS IPUKYCY (HaIpMUK/Iaf, BifKpUTUII IIpy-
Kyc, kmac I MAaJIOKJII03is1) Ta HOTipIIeHHs HOCOBOTO
IOVIXaHHA 3 JOBTOCTPOKOBMMM HacTifIKaMI /1A Kpa-
HiodauianbHOro possutky [1-3]. ¥V cydachiit oto-
JIAPMHTOJIOTII IUTAYOrO BiKY 3a/IMIIAETHCA BUCOKUIA
iHTepec o posi Mikpo6ioMy pOTOBOI TOPOXKHMHY B
MaTOreHe3i UMX CTaHiB, OCKI/IbKM POTOBE AMXaHHA
CIIpusie CyXOCTi cnm3oBoi, 3MiHi pH Ta nmc6i03y, 10
MIOCWTIOE 3aIIajIeHHA Ta CTPYKTYpPHi 3MiHu [2-5].

YkpaiHcbki FOCTifP)KeHHS MigKpecnoiTb IIo-
pyLIeHHs MiKpo6ioMy pOTOBOI NOPOXKHUHM IIpK
XpOHIUHMX iH(]eKIiAX BepXHIiX AMXaNbHUX IIIAXiB
Ta POTOITIOTKY, Jie CHOCTEPIraeTbcsi 30i/blIeHHs
TaKCOHOMIYHOIO Pi3SHOMAaHITTA IIaTOT€HHUX MIiKpO-
opraHismiB (Hanpukap, Streptococcus, Candida), 1o
MO)ke OYTV aHAJIOTiYHUM IIpM afieHOITHMX Berera-
nisax [1-4]. BogHovac, MeTaboMiYHMII CMHAPOM Y Aii-
Teil acowiiioBaHuii 3i sSMiHaMy Mikpobiomy cimHuy, 3
JIOMiHYBaHHAM aHaepoOiB, 10 MOTipIIye 3arajabHUIA
CTaH JUXaAbHUX NUIAXIB [4-8].

MixHapopHi AaHi HiATBEpIXYOTb, IO IpU 00-
CTPYKTMBHOMY aIlHOE CHY, ITOB'A3aHOMY 3 aJieHoifa-
MM, BifiOyBaeTbcs 36arauyeHHA MiKpo6iomy poToBOi
nopoxuuuu (pogamu Haemophilus, Fusobacterium ta
Prevotella) [9-16], 1110 Ma€ TicHMII B3aEMO3B 30K 3 PO-
TOBUM /INXaHHAM Ta PU3MKOM Kapiecy [9, 10]. Mexa-
Hi3M 3B’A3KY MK aHaepoOHMM fi1c6io3oM i aHoMati-
savu 3IC mMoske TTOnATaTA B IMTOCUIEHHI JIOKaTbHOTO
3allaJIeHHs Yepe3 IPOAYKTYU MeTabonisMy aHaepo6iB
(HampuK/aJ, KOPOTKOIAHIIOTOBI XXMPHI KUCTIOTH Biff
Prevotella Ta Fusobacterium), mo nopyurye pemoze-
JIOBAHHSI KICTKOBOI TKaHMHM IIifi 4ac Kpaniodari-
aJIbBHOTO pOCTY. XpOHiYHE POTOBE JUXAaHHA CTBOPIOE
TiNOKCUYHI YMOBH, CIIpysA04M nposnigepanii anaepo-
6iB, 110, y CBOIO Yepry, MO)ke IOCHU/IIOBATU M A30BY
nucdyHkuito Ta gepopmarii menen. OgHak B YKpaini
Opaxye IPOCHEKTUBHUX JJOCIi/KeHb, sKi 6 aHamisy-
Baym Mikpo6Hi npodini npu 11, I1I crazisx rimeprpo-
il ajieHoinHOI TKAaHWHY Y AiTelt, IO CTBOPIOE IIPOTra-
NMHY B pPO3yMiHHi eTiomnarorenesy.[1-7]
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MeTta

OuiHuT 0COOMMBOCTI CKIAAy Ta AUHAMIKM
MiKpo6ioMy pOTOBOI IIOPOXKHUHY Ta POTOIVIOTKU Y
miteit 3 Bupakenoro AT II-111 CTyIIEHA, acollilioBa-
Hoto 3 31IIC, Ta BUSHAYMTH NOTEHIilTHI 6ioMapKepn
nuc6iosy.

3aBpaHHA

[TopiBHATM cK/Iaf i pisHOMaHITHICTD Mikpobiomy
Mk nanientamu 3 AT (BKT04arouy miarpymy 3 aHo-
maniamu 31IC) Ta 3gopoBuM KoHTpoeM. Bussutu
nudepeHIiiabHi TaKCOHM Ta 6ioMapkepu amc6iosy,
aconirtoBani 3 I'AT ta yckmapnennsamu 3UIC. Ilpo-
aHaTi3yBaT! 3MiHM MiKpOOHOrO CK/Iamy depes 2 Mi-
cALl Micia ageHoToMil Ta IX 3B’430K 3 K/IiHIYHNUM II0-
KpallleHHM.

Marepianu i MeToaun

B ocHOBi po60TK NIEXUTH OpUTiHA/NbHE TPOCIIEK-
TUBHE KOTOPTHE MOC/IPKEHHA 3 MDKIPYIIOBMM IIO-
PIBHAHHAM Ta €J€MEHTaMM [MHAMIYHOIO CIIOCTe-
PEXeHH:, W0 BKIIOYAaE BUABJCHHA OCOOMMBOCTeN
MiKpo6ioMy MiX rpynaMu Ta aHasIi3 AMHAMIKY Hic/s
€HJIOCKOITIIYHOI ajieHoToMil. [JocmipKeHHsa TpuBano
BiJj MOMEHTY BK/IIOYE€HHS JI0 2-MiCAYHOTO Iepiogy
mic/is oneparii Ta mpoBopMIoCs Ha 6a3i BiggineHHs
OTOPMHOIAPVHTIOJIOTII JOPOC/INX Ta LiTell KMIBCHKOI
nikapHi y nepiop 3 2023 mo 2025 pik.

Y pocnifkeHHi B3snm ydactb 50 giTell Bikom
3-9 pokiB (cepenniit Bik 5,8 £ 1,2 pokis). OcHOBHa
rpymna (n=30) Bxmovasna naientis AT II-1II crapii,
3 KJIIHIYHO BUPaXeHMMU IPOABAMU Ta YCK/IaJHEH-
HAMI: poTOBe AMXaHHA (>80% 9acy AuMXaHHA depes
POT, 3a JaHMMM OIUTYBa/JIbHUKA OATbKIB), HOPYILIEH-
HS HOCOBOTO JIVIXaHHA (aHAMHECTUYHO) Ta aHOMaJIii
npukycy (Bigkputmit npukyc, kmac II mManoxmiosis,
nigTBepmKkeHi nedanomerpien). Kpurepii Buxmo-
YeHHs: aHTUOIOTMKOTEpAmiss HMPOTATOM OCTaHHBO-
ro Mmicaus, BpomkeHi medexTn KpaniodariaabHOI
BinsAHKY, rocTpi iHgexuii, imyHomedinuTn, amep-
rivHMIl pUHIT y asi sarocTpeHHs, XpOHiuHi 3aXBo-
proBanHA IIIKT. Bci nmarjieHTH 0CHOBHOI TpyIu Npo-
XOAVIN OPTOJOHTWMYHE NiKyBaHHA (BUKOPMCTAaHHSA
OPTOOHTUYHNX aIapaTiB /11 KOpeKUil NpUKycy),
sAKe Oy/lI0 CTaHZAPTM30BAHNM i He BK/IIOYA/IO aHTU-
MiKpOOHi 3aco6u; Leit pakTop BpaxoByBaBCs AK KO-
BapiaTa B perpecilHOMY aHali3i /1A OLiHKU BIUINBY
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Ha Mikpo6iom, Ta ieasoMeTpu4Hi faHi 60KOBUX Te-
JIepeHTIeHOIpaM OTPUMAHO PETPOCIEKTUBHO.

Konrponbha rpyna (n = 20) cknajanacs 3 350po-
BUX JIiTeil TOro X BiKy 6e3 03HaK afeHOIfHOI rinep-
Tpodii (32 HaHMMU BiZe€OEH[IOCKOIII HOCOITIOTKN)
Ta 6e3 CKapr Ha AMXaHHA YU NpUKYyC. Ipymu 6ymm
Y3TOJPKEHI 3a CTAaTTI0O Ta COLia/IbHO-€KOHOMiYHM-
My ¢axrTopamu. Bubipka pospaxoBaHa 3a HOIOMO-
rolo G*Power 3.1 (power = 0,8, alpha = 0,05, effect
size = 0,5 gy Mann-Whitney Tecty) 1 nepBUHHO-
TO pe3y/IbTaTy — IOPiBHAHHA anbda-pi3HOMAHITHO-
cTi (ingexc Shannon) Mix rpynamun.

3pasku Mikpobiomy 36upanucs [0 amgeHOTOMil
Ta 4yepe3 2 Micsani micas onepanii. Masku 6pamucs
CTEpWIbHUMM OJHOPA30BMMM TaMIIOHAMM 3 POTO-
ITIOTKM (3afiHA CTiHKa) Ta HOCOMIOTKU. IIpoBomumn
16S rRNA-reH-cekBeHyBaHHA (amIutiikanis ginaH-
kn V3-V4) na mnardopwmi [llumina MiSeq 3 rmmbu-
HOIO CeKBeHyBaHHA He MeHuIe 50 000 reads Ha 3pa-
30k. O6po6Ka HaHNX BUKOHYBAIacs 3a JIONMOMOTOIO
bioinformatics pipeline QIIME2 (Bepcis 2023.5), 3
BukopuctaHusaM DADA2 pna ¢inprpanii ta kaac-
Tepusanii ammtikoHiB (mopir ¢imprpanii reads -
Q > 30), HopMmari3ani€eo 3a MeToioM rarefaction o
MiHiManbHOI mbunu. Ilpouenypa mnpoBopumacs
BpaHILli Harieceple, 6e3 ririeHuM poTa NPOTArOM
2 ropuH 110 360py.

Cryninb afieHoOIgHOI rinepTpoddii mifTBEpAKYBaB-
cs Bifeoenpgockomier. IlopymeHnHa npukycy - op-
TOROHTUYHUM OITIAZOM 3 IiedamoMerpiero (aHamis
kyTiB SNA/SNB, Bucotu nigHe6ings).

Hani 06pobmsmucsa B R (v.4.3.1) ta SPSS. Ilopis-
HAHHA Ipyn — Mann-Whitney U-test ma Hemapame-
TPUYHMX JJAHMX, t-TeCT I/ HOpMa/IbHUX (IepeBipKa
Shapiro-Wilk). Iunamika 3miH — repeated measures
ANOVA a6o Friedman test. Kopemanii - Spearman
rho. biomapkepu fuc-6i03y inentudikysamicsa LEfSe
(linear discriminant analysis effect size). PiBenp 3Ha-
gymocti p < 0,05. Bonferroni correction pnsa ma-
pamerpuunux tecTiB Ta FDR (false discovery rate)
kopekuia Benjamini-Hochberg mna MEHOxnHHNX 110-
piBH:AHD Ha piBHi TakcoHiB y LEfSe-ananisi.

Pesynbtatn

[lopiBHAHHA cKmafy Mikpobiomy MiX oc-
HOBHOI0 Ta KOHTPOJIbHOIO Ipymamy. AHamis 16S
rRNA-cekBeHyBaHHA Ma3KiB 3 pOTOBOI TIOPOKHIMHMA
Ta pOTOITIOTKY BUABMB 3HA4Hi BiIMIiHHOCTI B CK/Iaji
MiKpo6ioMy MiX rpymamu. Y OCHOBHINl Tpymi cHo-
cTepiranocs 3HWKeHHs anbda-pisHOMaHIiTHOCTI (iH-
mexcu Shannon Ta Simpson, p < 0,05) HOpiBHAHO 3
KOHTPOJIEM, IO CBiTYuTh Ipo Auchios. bera-pisuHo-
MaHitHicTb (Bray-Curtis Ta Jaccard, PERMANOVA,
p < 0,05) nokasana 4iTke po3fiNeHHS MiKpOOHUX
npoinis Mix rpynamu (Puc. 1).
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PucyHok 1. IlopiBHAHHA pi3HOMaHITHOCTI
Mikpo6ioMy y giTeit 3 rineprpodiero ageHoiniB
Ta 3[JOpPOBUX JjiTell KOHTPOJIbHOI TPYIIN.

(A) Inpexcnm anbda-pisHomanitHOcTi (Illenno-
Ha Ta CiMIICOHA) JeMOHCTPYIOTb 3HaYHE 3HVDKEHHS
MiKpOOHOI Pi3HOMaHITHOCTiI B OCHOBHill rpymi IO-
PiBHAHO 3 KOHTPOJIHOIO I'PYIION, 1110 BKA3Y€E Ha JVIC-
6i03 poToBoi MOpOXXHMHM Ta poTornoTku (p < 0,05,
TecT Binkokcona).

(B) Amnanis romoBuux kooppmHat (PCoA) Ha
OocHOBi HecxoxocTi bpes-Keprica mokasye diTke
PO3AiIeHHs. CTPYKTYP MIKPOOHMX CIIJIBHOT MDX
rpynamu. Knacrepmsarnisa rpyn 6yna cTaTMCTUYHO
3Hauymomo 3rifHo 3 anamisom PERMANOVA (p =
0,003).

Ha piBHi pogy foMiHyI0YMMU TAKCOHAMM B OCHOB-
Hiit rpymi 6ynu Prevotella (18,4 + 4,2%), (15,7 + 3,8%),
Haemophilus (12,1 £ 3,5%), Fusobacterium (9,8 +
2,9%) 1a Veillonella (8,2 + 2,1%). Y KOHTpOJIbHiii Ipy-
mi (puc. 2) nepeBaxanu Haemophilus (22,3 + 5,1%),
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0.000
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-0.050
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-0.100
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PucyHok 2. TakcoHoMiuamit cknan Ta aHaxis LEfSe

MiKpo6ioMy pOTOBOI HOPO>KHIHM Ta POTOITIOTKI.

BinHoCHa KiNbKicTh JOMiHYIOUMX POAiiB 6aKTepiit

y miteit 3 rineprpodiero afieHOIfiB Ta y 3T0OpOBUX
BiTel KOHTPOIbHOI IPYIIN.
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Streptococcus (14,5 * 3,2%), Veillonella (11,6 + 2,8%)
Tta Neisseria (10,4 + 2,7%), 3 MEHILIOI 4YacTKOIO
Prevotella (6,3 + 1,9%) ta Fusobacterium (5,1 + 1,4%) .

LEfSe-ananis (LDA score > 3,0, p < 0,05) BusiBuB
3HayHe 30arayeHHs B OCHOBHINl rpymi popis Pre-
votella, Fusobacterium, Parvimonas, Lactobacillus Ta
Bifidobacterium, TOfi AK y KOHTPOJ IlepeBa)kamn
Haemophilus, Neisseria Ta Veillonella.

ITopiBHAHHA MiKpo6ioMy B MiArpyIax OCHOBHOI
Tpynu: 3 MOPYLIEHNM IIPUKYCOM Ta 6e3 MOpyIIeHHs
npuKycy. Y ocHOBHil rpyni (n = 30) manientu 6ymm
TIOfii/IeH] Ha JBi migrpynu: 14 giteit 3 BUpaKeHUMHA
aHOMAJIifIMM IIPUKYCy Ta 16 giteit 6e3 3Hayymmx
3MiH IPUKYCY (OCHOBHI CKapry — pOTOBe AVIXaHHA Ta
MOpYIIEHHS HOCOBOTO [UXaHHA). Y MiArpymi 3 mo-
pYLIEHVM NPUKYCOM CIIOCTepiraiocst 6inbll Bupa-
>KeHe 30araueHHs aHaepoOHMMU popamu: Prevotella
(21,3 £ 4,1% npotn 15,8 + 3,7% y migrpymi 6e3 nopy-
meHHs, p < 0,05), Fusobacterium (11,6 £ 3,2% npotn
8,4 +2,5%, p < 0,05) Ta Parvimonas (4,9 £ 1,8% npo-
™ 2,7 £ 1,2%, p < 0,05). Anbda-pisHOMaHITHICTD
Oyma HYDKYOIO B HiArpymi 3 Manokiosieto (Shannon
index 3,12 + 0,41 mpotu 3,58 * 0,36, p < 0,05), a

NeQiATPis NG

OpwuriHanbHi BochigKeHHs

OeTa-pi3HOMaHITHICTh IOKa3as1a 3HAYHE PO3JIi/IeHHA
mix nipgrpynamu (PERMANOVA, p < 0,05).

Y migrpym 6e3 mNOpylleHHA IpPUKYCY 4YacTi-
mwe 3ycrpivammcsa Haemophilus (14,8 + 3,9%) Ta
Veillonella (9,1 + 2,4%), mo 6mmK4e K0 KOHTPOJIb-
Hol rpynu. LEfSe-ananis migTBepaus, mo Prevotella,
Fusobacterium Ta Parvimonas € pudepeHLiaIbHIMU
TaKCOHaMM [Isl HMiATPyNM 3 MOPYLIEHUM IPUKYCOM
(LDA >3,2, p < 0,05). (Ta6.1.)

UYepes 2 micAli micnd eHJOCKONIYHOI afleHOTOoMil
BifI3HaYM/Iacsl 4aCTKOBAa HOpMajli3allisi MiKpoOHOTo
CKJIafly, IO HpPOSABWIACA 3POCTAHHAM ajbda-pis-
HOoMaHiTHOCTI (p < 0,05), 3HM>KEHHSIM BiJHOCHOI
KinbKOCTi Prevotella Ta Fusobacterium, 30inblIeHHAM
Haemophilus Ta KOpeno€e 3i 3MeHIIEHHAM pPOTOBO-
ro [MXaHHA 3 OfIHOYAaCHMM IOKpAIIeHHAM HOCO-
Boro. byno BusaBnIeHOo cmibHI KopenAnii (Spearman
rho 0,55-0,61 p < 0,05) MK BifHOCHOIO KiTbKiCTIO
Prevotella, Fusobacterium, Parvimonds Ta KIiHIYHNMMN
nposiBamu. L1i jani migTBepKy0OTh yyacThb Ancbiody
B naToreHesi ycknagHenb ['AT.

LEfSe ta random forest-anania ipeHTn¢ikysa-
mu maHenb 6iomapkepis: Prevotella (AUC = 0,89),
Fusobacterium, Parvimonas (xom6iHoBanmit AUC
=0,92).

BucHoBKM

Bupaxena rimeprpodis afeHOIfHOI TKaHUHU
II-III crynena y piteir 3-9 pokiB acowiitoBaHa 3
aHaepoOHMM fuc6io30M MiKpobioMy poTOBOI IO-
POXKHIMHY Ta POTOIVIOTKM (3HIDKEHH:A anbga-pisHo-
MaHiTHOCTI, 30aradeHHs Prevotella, Fusobacterium,
Parvimonas), mo Haibinbll BUpa’keHO MPU aHO-
ManiAX Npukycy. EHJocKomliyHa — ajieHOTOMiA
Cripysie  4YacTKOBiil ~ HopMmaiisanii  MikpoOHOro
CKJIaly Ta KOPe/IO€ 3 Bi[HOBJIEHHAM HOCOBOIO JU-
xaHHA. Busasneni 6iomapkepn (Prevotella AUC=0,89;
Fusobacterium+Parvimonas AUC=0,92) mnepcrek-
TUBHI JI/11 MOHITOPUHTY. PeKOMeHIyeTbCA BK/IIOYATH
OLI{HKY MiKp00ioMy B KOMIITIEKCHe 00CTeXXeHHs JiiTell
3 TAT s inpuBinyanizoBaHoi Kopekuil fuc6io3y.

Tabnuus 1. Mikpo6ioMHi XapaKTepUCTUKN Yy AiTeil 3 a/ieHOIHOIO riepTpodiero 3a/1e)KHO Bij HAABHOCTI

MOPYUIEHD IIPUKYCY

MokasHuk 3 nopyweHHaMu 3LLUC (n=14) Bes3 nopyweHnHs 3LLC (n=16) p-value
Prevotella, % 21,3+ 4,1 15,8 +3,7 0,014
Fusobacterium, % 11,6 3,2 8,4+25 0,028
Parvimonas, % 49+18 2,712 0,009
Haemophilus, % 10,2 + 3,1 14,8 + 3,9 0,041
Shannon index 3,12+ 0,41 3,58 +0,36 0,018
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®iHaHcyBaHHA. [JaHe [OCRigXKEHHS He OTpMMarno 30BHIWHLOIO GiHAHCYBaHHS.

KoHdbnikT iHTepeciB. ABTOpW 3aaBNAI0Tb, W0 He MatoTb GiHAHCOBMX, akageMiYHMX Y 0cobUCTMX KOHDNIKTIB iHTEpeCiB,
noB'A3aHuX i3 nybnikauieto Liel cTaTTi.

3ropa Ha nybnikauito. Bci aBTopu 03HaoMEeHI 3 TEKCTOM pyKOMMCY Ta Haganu 3rofy Ha noro nybnikauito.

EtnyHe cxBaneHHsa. [ocnigxeHHs npoBefeHO BigNoBiAHO O nNpuHUMNIB [enbciHcbkol Aeknapauii BcecBiTHbOI
MefguyHoT acouiauil (octaHHs pepakuia 2024 poky) Ta YMHHOTO 3aKoHoAaBCTBa YKpaiHu Womo 6ioeTUUHOI ekcnepTusm
KNIHIYHUX JOCAifXeHb. MaTepiany focnifxXeHHs, BKIKOYHO 3 [M3aiiHoM, MeTofaMm 36opy GiomaTepiany (Masku 3 poTosoi
MOPOXHUHM Ta POTOrIOTKM), KPUTEPIAMM BKITKOUYEHHSA/BUKITIOUEHHS Y4aCHUKIB Ta NPoLLeypoto eHA0CKOMIYHOT afieHOTOMIT,
bynn po3rnaHyTi KoMicielo 3 nutaHb BioeTMYHOT ekcnepTM3M Ta eTUKM HayKOBMX [OCAigXeHb npu HauioHanbHoMy
MegnnyHoMy yHiBepcuteTi iMmeHi 0.0. Boromonbus. 3rigHo 3 MpoTokonom N2 168 Big 20 ntoToro 2023 poky Komicia ginwna
BMCHOBKY, LW0: AOCNIAXKEHHS He MICTWUTb MiABULLEHOro puU3nKy Ans cyb'exTiB [OCNiLXKEHHS; BIANOBIAAE iCHYUYUM bio-
€TUYHMUM HOPMaM Ta HayKOBWUM CTaHAAPTaM NPOBeAEHHS KIIHIYHWX JOCNIAXKEHb 3 3a/lyYeHHAM MaLieHTIB; Y HaficnaHux
maTepianax npucytHa «Dopma iHdopMoBaHoT 3roau»; 3annaHoBaHui nepion nposefeHHs — 2022-2026 pokw.

BukopuctanHs LUI. AsTopu Bukopuctosysanu Deepl (Deepl SE, KenbH, HiMeuyunHa) ons nepeknafy Ha aHriiicbky
MmoBy. Yci pparmeHTn, ctBopeHi 3a pgonomoroto LUI, 6ynn nepesipeHi aBTopaMu ana 3abe3neyeHHs TOYHOCTI Ta
LOCTOBIPHOCTI.

BHecok aBTopie (CRediT). Conceptualization - Yuliia Dieieva. Methodology - Yuliia Dieieva. Software - Koshel Oryna.
Validation - Yuliia Dieieva. Formal Analysis - Koshel Oryna. Investigation — Yuliia Dieieva. Resources - Koshel
Oryna. Data Curation - Yuliia Dieieva. Writing - Original Draft Preparation - Koshel Oryna. Writing - Review &
Editing - Koshel Oryna. Visualization - Koshel Oryna. Supervision — Yuliia Dieieva. Project Administration — Yuliia
Dieieva. Funding Acquisition - Yuliia Dieieva.
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Features of changes in the oral microbiome

in pediatric patients with pronounced adenoid tissue hypertrophy
\ and associated complications
k of the dentoalveolar system
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Abstract: pronounced adenoid tissue hypertrophy (AAT) of II-III degree in children aged 3-9 years is one of the
main causes of chronic mouth breathing, leading to dryness of the oral mucosa, changes in the pH environment,
impaired colonization resistance, and the development of dysbiosis of the oral cavity and oropharynx microbiome.
These changes are considered to be one of the possible mechanisms for the formation of anomalies of the dentoalveolar
system (DAS), in particular open bite, class II malocclusion, and other craniofacial disorders, but their contribution
and dynamics after removal of the obstruction remain insufficiently studied. The aim of the study was to evaluate
the composition and diversity of the oral microbiome in children with severe stage II-IIT AAT associated with
malocclusion compared to healthy children, as well as to track the dynamics of microbial changes 2 months after
endoscopic adenotomy. Fifty children aged 3-9 years (mean age 5.8 + 1.2 years) were examined: the main group
consisted of 30 patients with clinically confirmed stage II-III AAT, chronic mouth breathing (>80% of the time
and associated complications of the dentoalveolar system (DAS) (open bite or class IT malocclusion according to
cephalometry); the control group consisted of 20 healthy children without adenoid hypertrophy and complaints
of breathing or bite problems. Material samples (smears from the oral cavity and oropharynx) were collected
before surgery and 2 months after endoscopic adenotomy; 16S rRNA gene sequencing was performed, followed by
analysis of alpha and beta diversity (Shannon, Simpson, Bray-Curtis, Jaccard, PERMANOVA indices), taxonomic
composition at the genus level, LEfSe analysis (LDA > 3.0), and random forest for biomarker identification. Children
with AAT showed a statistically significant decrease in alpha diversity (Shannon and Simpson, p < 0.05) and a clear
separation of microbial profiles compared to the control group (PERMANOVA, p < 0,05), indicating pronounced
dysbiosis. The main group was characterized by a significant enrichment of anaerobic genera: Prevotella (18.4 +4.2%),
Fusobacterium (9.8 + 2.9%), Parvimonas, as well as Lactobacillus and Bifidobacterium; particularly pronounced
changes were observed in the subgroup with bite abnormalities (Prevotella 21.3 + 4.1%, Fusobacterium 11.6 + 3.2%,
Parvimonas 4.9 + 1.8%; p < 0,05). Haemophilus, Neisseria, and Veillonella dominated in the control group. After
adenotomy, partial normalization of the microbial composition was noted: an increase in alpha diversity (p < 0,05), a
decrease in the proportion of Prevotella and Fusobacterium, and an increase in Haemophilus, which correlated with
clinical improvement (decreased mouth breathing, restoration of nasal breathing). LEfSe and random forest analysis
identified a panel of dysbiosis biomarkers: Prevotella (AUC = 0.89), a combination of Fusobacterium + Parvimonas
(AUC = 0.92). The data obtained confirm that pronounced adenoid hypertrophy in children is associated with
anaerobic dysbiosis of the oral microbiome, which may play a role in the pathogenesis of DAS abnormalities against
the background of prolonged mouth breathing. Endoscopic adenotomy contributes to the partial restoration of
microbial balance and can be considered an important factor in the prevention and correction of DAS complications.

Keywords: Microbiota, Adenoids, Mouth Breathing, Copyright: © 2026 by the authors;
locclusi biosi hild licensee USMYJ, Kyiv, Ukraine.
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Abstract: in recent years, increasing attention has been paid to natural compounds as potential therapeutic
agents due to their broad spectrum of biological activities. Plant-derived compounds with antioxidant properties
are of particular interest, as they may suppress pathological pathways. Therefore, the search for novel natural
compounds capable of attenuating oxidative stress remains a promising area of biomedical research. The aim of
this work was to evaluate the antioxidant potential of a thick blackberry fruit extract using in vitro, in vivo, and
in silico molecular docking models. The study investigated a thick blackberry fruit extract. Docking simulations
were performed using AutoDockTools 1.5.6. The antioxidant potential was assessed in vitro by the ferric reducing
antioxidant potential (FRAP) assay, potentiometric method, and 2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS) assay; in vivo, on mice via a carrageenan-induced paw edema assay. The in silico evaluation of
antioxidant properties indicated that the major blackberry anthocyanins—cyanidin-3-glucoside, cyanidin-3-(3"-
malonyl glucoside), and cyanidin-3-xyloside—blocked two out of three prooxidant targets. In contrast, cyanidin-
3,3'-diglucoside and cyanidin-3-rutinoside blocked only one out of three targets, namely xanthine oxidoreductase.
In vivo experiments revealed that administration of blackberry thick fruit extract at doses of 60.0 and 120.0 mg/kg
possessed high antioxidant potential, where the extract significantly increased catalase levels to 51.31 + 3.00 and
70.56 + 3.40 umol/min-L and decreased malondialdehyde (MDA) levels to 0.140 + 0.016 and 0.120 + 0.016 pmol/L in
serum compared with the control group, respectively. Antioxidant profiling showed that the blackberry fruit extract
exhibited the highest activity in the FRAP, potentiometric, and ABTS assays. According to the theoretical results,
it was shown that due to the high content of anthocyanins in the blackberry fruit extract, the extract possesses the
ability to inhibit crucial prooxidant enzymes. In vivo and in vitro models showed that the blackberry fruit extract
demonstrated predicted interactions with enzyme targets relevant to oxidative stress.

Keywords: Blackberry, Fruits, Anti-Oxidant Effect, Anthocyanins, Enzymes.
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Introduction

Oxidative stress has been recognized by the
scientific community as a key factor contributing
to the development of cardiovascular, metabolic,
neurodegenerative, and oncological diseases [1].
This condition arises when excessive production
of reactive oxygen species (ROS) occurs, including
superoxide anion (Oe"), hydroxyl radical (¢OH), and
nitric oxide (NOe) [2]. The human body possesses an
endogenous antioxidant defense system composed of
enzymatic components such as superoxide dismutase,
catalase, and glutathione peroxidase, which function
to neutralize reactive species and maintain redox
balance [3]. However, under the influence of various
endogenous and exogenous factors, this defense
system may become insufficient to completely
eliminate free radicals, thereby increasing the risk of
oxidative damage and associated diseases. For this
reason, regular dietary intake of natural antioxidants
derived from food sources, as well as specialized
dietary supplements, is considered an important
strategy for supporting antioxidant protection and
reducing oxidative stress-related health risks [4].

Today, medicinal plants that are a rich source of
anthocyanins have attracted high attention from the
scientific community [5]. Above all, this is related
to the fact that natural compounds have a potent
antioxidant effect, and moreover, side effects rarely
occur after the application of natural compounds
compared to synthetic drugs.

Blackberry fruits were chosen as a promising source
of anthocyanins. Blackberry is a shrub of the Rosaceae
family. Its distribution area includes Europe, North
America, and Asia [6]. The chemical composition
of blackberry fruits is represented by anthocyanins,
organic acids, and hydroxycinnamic acids [6].

Blackberry fruits were selected as a promising natural
source of anthocyanins. Blackberry (family Rosaceae) is
a widely distributed shrub found across Europe, North
America, and Asia [6]. The phytochemical profile
of blackberry fruits includes significant amounts of
anthocyanins, organic acids, and hydroxycinnamic acid
derivatives [7]. Numerous studies have investigated
the pharmacological properties of blackberry fruits,
demonstrating that their anthocyanins exhibit anti-
inflammatory, antioxidant, antimicrobial, anti-
hyperglycemic, immunomodulatory, and anticancer
activities [8, 9]. In traditional medicine, blackberry
preparations have been used for the management
of fever, infectious conditions, diabetes, and
liver disorders [10]. Considering these biological
properties, blackberry anthocyanins may represent
promising candidates for the development of novel
antioxidant and antimicrobial agents.
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Several investigations have examined the anti-
inflammatory potential of fresh blackberry fruit
extracts [11,12]. However, to date, limited information
is available regarding the evaluation of blackberry
anthocyanins using a carrageenan-induced model
or their molecular docking interactions with key
prooxidant targets.

The aim of the work was to evaluate antioxidant
potential of a blackberry thick fruit extract using in
vitro, in vivo models and in silico molecular docking.

Materials and Methods

Blackberry fruits (Rubus plicatus Weihe & Nees)
were harvested in July 2021 in the vicinity of Ternova
village (50°19'31" N, 36°66'93" E).

Exactly 100.0 g of blackberry fruit was pressed and
extracted with 96% ethanol using a threefold solvent-
to-material ratio. After filtration, the resulting filtrate
was concentrated under reduced pressure using a
vacuum evaporator at 50-60 °C to obtain an extract
with a final extract-to-raw material mass ratio of
1:0.35.

During the experimental period, mice were
housed in pairs in Macrolon cages under standard
laboratory conditions. Animals had unrestricted
access to food and water, which were refreshed
daily, and bedding material was replaced every three
days. Environmental parameters were maintained at
22 £ 2°C with a relative humidity of 60 + 5% and a
12 h light/12 h dark cycle.

All animal procedures were carried out following
the principles for the humane care and use of
experimental animals, in accordance with the Order
of the Ministry of Education and Science of Ukraine
"On approval of the Procedure for conducting
experiments on animals by scientific institutions"
(01 March 2012, No. 2012) and the Ukrainian Law
“On Protection of Animals from Cruel Treatment”
(21 February 2006, No. 344). The Bioethics
Committee of the National University of Pharmacy
reviewed the study materials and confirmed that no
ethical violations were observed (Meeting Minutes
No. 17, March 5, 2025).

The antioxidant activity in vitro was assessed
by FRAP [13], ABTS [14] and potentiometric [15]
assays.

The in vivo antioxidant activity of the blackberry
fruit extract was evaluated using a carrageenan-
induced paw edema model in outbred white male
mice (18-25 g) [16]. A total of 30 animals were
used in the study. All experimental procedures were
conducted in accordance with established guidelines
for the care and use of laboratory animals.

The animals were randomly divided into six groups
(n =5 per group). All treatments were administered
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once daily for three consecutive days. Group I (Intact
control): animals received distilled water. Group II
(Control pathology): animals received distilled water
and were subjected to inflammation induction.
Group III (Reference drug): animals were treated
with the reference drug “Quertin” (Public Joint
Stock Company "Research and Production Center
"Borshchagov Chemical and Pharmaceutical Plant").
Group IV: animals received blackberry fruit extract
at a dose of 20 mg/kg. Group V: animals received
blackberry fruit extract at a dose of 60 mg/kg.
Group VI: animals received blackberry fruit extract
at a dose of 120 mg/kg. (Table 1)

On the third day, acute inflammation was induced
in Groups II-VI by subplantar injection of 0.1 mL
of 1% (w/v) carrageenan solution in 0.9% sodium
chloride into the right hind paw.

At the end of the experiment (4 hours after car-
rageenan administration, corresponding to the peak
of edema), the animals were humanely euthanized
under appropriate anesthesia. Blood samples were
collected immediately via decapitation. The collected
blood was centrifuged to obtain serum. The serum
samples were further applied for a biochemical
analysis of antioxidant parameters as catalase activity
[17] and MDA [18].

Table 1. Scheme of in vivo experiment

=3
© | Sample Dose, mg/kg
o =2

=

1. | Intact -

2. | Control _

Pathology
3. | "Quertin” 100,0 mg/kg expressed as quercetin

7.0 mg/kg

20,0 mg/kg, expressed as the total
content of polyphenolic compounds
expressed as gallic acid

4. | Blackberry
extract

5. | Blackberry
extract

60,0 mg/kg , expressed as the total
content of polyphenolic compounds
expressed as gallic acid

6. | Blackberry
extract

120,0 mg/kg , expressed as the total
content of polyphenolic compounds
expressed as gallic acid

Molecular docking simulations were carried out
with AutoDockTools v1.5.6 [14,15]. In Table 2 was
showed a scheme of proteins applied for research.

Statistical processing of the data was conducted
using Statistica 10 software. Group comparisons
were performed with the Mann-Whitney U test, and
results were considered statistically significant when
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Table 2. Scheme of proteins applied for research

N¢ Protein Name PDB ID | Resolutions, A

1. | Nicotinamide adenine
dinucleotide phosphate

oxyreductase (NADPH 500x 2.20
oxidoreductase)
2. | Myeloperoxidase 3f9%p 2.93
3. | Xanthine oxidoreductase 1fiq 2.50

p-values were below 0.05. When studying in vitro
antioxidant activity, the results were analyzed using
one-way analysis of variance with Tukey's test, where
differences were considered significant at p < 0.05.

Results

In the first stage of this research, a molecular
docking study was conducted to evaluate the anti-
oxidant potential of blackberry fruit extract. Various
prooxidant pathways exist, including mitochondrial
dysfunction, NADPH oxidase activation, and
transition metal-mediated reactions. However, we
consider NADPH oxidoreductase, myeloperoxidase,
and xanthine oxidoreductase to be the key pro-
oxidant enzymes. To benchmark the potential of the
blackberry extract, it was compared to quercetin (a
natural compound), as the quercetin-based drug
"Quertin"” is currently used in the treatment of car-
diological, neurological, and renal diseases

The carrageenan-induced inflammation model
is a well-established and classic model for studying
acute inflammatory response, which is accompanied
by the generation of reactive oxygen species and the
development of oxidative stress [19]. It is known
that induction of inflammation with carrageenan
activates neutrophils and macrophages, leading to
excessive formation of free radicals and activation of
lipid peroxidation processes [20]. Thus, this model
allows assessing the ability of the studied extract not
only to indirectly influence the inflammatory process
but also, which is key to our work, to counteract
oxidative stress, which is an integral component
of inflammation. Therefore, the main focus of our
study was concentrated on biochemical markers of
antioxidant defense, such as catalase activity, and
oxidative damage, namely malondialdehyde, rather
than on classical indicators of inflammation.

In our previous research [8], the anthocyanin
composition of blackberry fruit extract was estimated
by high performance liquid chromatography.
According to this study, the following anthocyanins
were identified: cyanidin-3-glucoside (84.10% of total
anthocyanins), cyanidin-3,3'-diglucoside (7.38% of
total anthocyanins), cyanidin-3-(3"-malonyl gluco-
side) (6.30% of total anthocyanins), cyanidin-3-xy-
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loside (1.50% of total anthocyanins), and cyanidin-
3-rutinoside (0.60% of total anthocyanins). These
identified compounds were evaluated using a
molecular docking study to realize the realize an-
tioxidant potential of blackberry fruit extract. In
addition, compound selectivity was categorized
based on ICso values using predefined criteria:
ICso < 0.001 mM indicated high selectivity; values
within 0.001-0.05 mM were considered moderate
selectivity; and ICso > 0.05 mM corresponded to low
selectivity [21]. It should be emphasized that this
classification is arbitrary and used for approximate
comparison only and does not represent a precise or
rigorous pharmacological assessment of selectivity.

According to the results shown in Table 3, highly
selective inhibitors of the NADPH oxidoreductase
enzyme were not identified. Only cyanidin-3-glu-
coside exhibited medium selectivity, whereas
quercetin was a low-selective inhibitor. The other
anthocyanin compounds of blackberry fruit had
positive values, which are associated with unfavorable
binding and low ligand-receptor affinity to NADPH
oxidoreductase (Table 3).

OAPMALLIA, MPOMUCI0BA GDAPMALLIA I

OpwuriHanbHi BocnigKeHHs

Further, the ability of blackberry fruit extract
compounds to inhibit myeloperoxidase was assessed.
According to the results, it was found that cyanidin-
3-xyloside, cyanidin-3-glucoside, and cyanidin-
3-(3"-malonyl glucoside) were medium-selective
inhibitors, while quercetin, cyanidin-3-rutinoside,
and cyanidin-3,3'-diglucoside were low-selective
inhibitors (Table 4).

The next important prooxidant enzyme is xanthine
oxidoreductase. According to the results of the study,
cyanidin-3-xyloside was found to be a highly selective
inhibitor, while cyanidin-3-(3"-malonyl glucoside),,
cyanidin-3,3'-diglucoside, and cyanidin-3-rutinoside
demonstrated moderate selectivity as inhibitors.
Quercetin had low selectivity toward the prooxidant
enzyme xanthine oxidoreductase (Table 5).

Furthermore, all obtained data were summarized,
and the compounds were conditionally classified
into four categories. The first category comprised
compounds with high predicted selectivity for the
active site, the second included compounds with
moderate predicted selectivity, the third consisted of
compounds with low predicted selectivity and fourth

Table 3. Results of molecular docking analysis of anthocyanins compared with reference antioxidant agent

(quercetin) against NADPH oxidoreductase

Ne Ligand Binding energy AGbind Ki Predicted interaction
(kcal/mol) mmol strength

1. | Cyanidin-3-glucoside -7.08 0,00644 Medium

2. | Quercetin 0,09072 Low

3. | Cyanidin-3-(3"-malonyl glucoside) - Inactive

4. | Cyanidin-3-xyloside - Inactive

5. | Cyanidin-3-rutinoside - Inactive

6. | Cyanidin-3,3'-diglucoside - Inactive

Notes. AGbind: free-binding energy, Ki: 50 % enzyme inhibition concentration, green/yellow/red: high/moderate/low predicted
interaction strength, blue color - positive docking values indicate unfavorable binding and low ligand-receptor affinity.

Table 4. Results of molecular docking analysis of anthocyanins compared with reference antioxidant agent

(quercetin) against myeloperoxidase enzyme

. . Binding energy Ki Predicted interaction

A LU : strength
AGbinda (kcal/mol) mmol 9

1 Cyanidin-3-xyloside -7.01 0.00731 Medium

2 Cyanidin-3-glucoside -6.51 0.01694 Medium

3. | Cyanidin-3-(3"-malonyl glucoside) -6.08 0.03495 Medium

4 Cyanidin-3-rutinoside 0.0517 Low

5 Cyanidin-3,3'-diglucoside 0.12258 Low

6. | Quercetin 3.79 Low

Notes. AGbind: free-binding energy, Ki: 50 % enzyme inhibition concentration, green/yellow/red: high/moderate/low predicted

interaction strength.
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Table 5. Results of molecular docking analysis of anthocyanins compared with reference antioxidant agent
(quercetin) against xanthine oxidoreductase enzyme

N Ligand Binding energy Ki Predicted interaction
AGbinda (kcal/mol) mmol strength

1. | Cyanidin-3-xyloside 0T 0.00004602 High

2. | Cyanidin-3-(3"-malonyl glucoside) -8.05 0.00126 Medium

3. | Cyanidin-3,3'-diglucoside -7.96 0.00146 Medium

4. | Cyanidin-3-rutinoside -7.95 0.00149 Medium

5. | Cyanidin-3-glucoside 0.01871 Low

6. | Quercetin 0.05629 Low

Notes. AGbind: free-binding energy, Ki: 50 % enzyme inhibition concentration, green/yellow/red: high/moderate/low predicted

interaction strength.

one included compounds with unfavorable binding.
This classification approach was applied to clearly
identify compounds that interact most effectively
with prooxidant targets, as well as those exhibiting
lower levels of interaction.

Table 6 shows the summarized results of molecular
docking of prooxidant enzyme inhibition by
anthocyanins from blackberry fruit extract. The results
demonstrate that none of the compounds, including
both anthocyanins and drug standards, exhibited high
selective inhibition of all the mentioned prooxidant
targets. However, cyanidin-3-glucoside, cyanidin-3-
(3"-malonyl glucoside) and, and cyanidin-3-xyloside
blocked two out of three prooxidant targets. Whereas
cyanidin-3,3'-diglucoside and cyanidin-3-rutinoside
blocked only one out of three targets, namely xanthine
oxidoreductase. Quercetin did not theoretically
effectively inhibit the key oxidative targets in this
study.

Table7 presentstheantioxidantactivityofblackberry
fruit extract evaluated in the carrageenan-induced

edema model in mice (n = 5, M + m). Antioxidant
status was assessed by measuring catalase activity
and MDA concentration, which reflect endogenous
antioxidant defense and lipid peroxidation intensity,
respectively.

Induction of inflammatory pathology caused
pronounced oxidative stress compared with intact
animals. In the control pathology group, catalase
activitysignificantlydecreased from 57.75umol/min-L
in intact animals to 26.22 pmol/min-L, while MDA
levels increased from 0.221 umol/L to 0.267 pumol/L,
indicating activation of lipid peroxidation processes.
The reference preparation Quertin (7.0 mg/kg) also
reduced lipid peroxidation; however, catalase activity
remained lower than in intact animals.

Administration of blackberry fruit extract
produced a dose-dependent antioxidant effect. At
a dose of 20 mg/kg, moderate improvement was
observed, characterized by increased catalase acti-
vity (35.12 pmol/min-L) and reduced MDA levels
(0.200 pmol/L). Increasing the dose to 60 mg/kg

Table 6. Summary diagram illustrating the categorization of reference antioxidant agents and the major

constituents detected in blackberry fruit extract

NADPH

o
N Compound oxidoreductase

Number of key
oxidant enzymes
affected

xanthine

myeloperoxidase | ;4oreductase

Reference drug

1. | Quercetin

7 ] o

Compounds blackberry fruit extract

Cyanidin-3-glucoside

Cyanidin-3,3'-diglucoside

Cyanidin-3-xyloside

1
2
3. | Cyanidin-3-(3"-malonyl glucoside)
4
5

Cyanidin-3-rutinoside

=N —=DN

Notes. green - high level of predicted selectivity; yellow - medium level of predicted selectivity; red - lower of predicted

selectivity; blue - unfavorable binding
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resulted in a more pronounced normalization of
oxidative parameters, with catalase activity rea-
ching 51.31 pmol/min-L and MDA decreasing
to 0.140 umol/L. The highest dose (120 mg/kg)
demonstrated the strongest antioxidant activity,
significantly ~ elevating  catalase  activity to
70.56 umol/min-L and reducing MDA concentration
to 0.120 umol/L, exceeding the effects observed
with reference treatments. Overall, the data indicate
that blackberry fruit extract effectively attenuates
oxidative stress under inflammatory conditions
by enhancing antioxidant enzyme activity and
suppressing lipid peroxidation in a dose-dependent
manner.

The next stage of our study was the assessment of
the antioxidant activity of blackberry fruit extract by
the potentiometric method in comparison with the
preparation "Quertin” at an equimolar concentration
of 0.1 mol/L. For this purpose, we dissolved the
calculated amount of the dosage form of the studied
preparations ("Quertin") in equal volumes of distilled
water at a temperature of 90°C, then filtered the
prepared solutions and brought them to the mark
with the same solvent. According to the study results
shown in Table 8, it was found that the blackberry
fruit extract has an 86%, 86%, and 89% higher level of
antioxidant activity than the comparison preparation
"Quertin".

Next, we evaluated the antioxidant effect of
blackberry fruit extract by the FRAP method in
comparison with the drug "Quertin” at an equimolar
concentration of 0.1 mol/L. For this purpose, we
dissolved the calculated amount of the dosage form
of the studied drug "Quertin" in equal volumes of
distilled water at a temperature of 90°C, then filtered
the prepared solutions and brought them to the mark
with the same solvent. According to the study results
shown in Table 9, the blackberry fruit extract was
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Table 8. Antioxidant activity of the blackberry fruit
extract determined by potentiometric
method in vitro

Experimental mmol-
- Dose
conditions eqv./Myry, res
"Quertin” 5.40+0.05
_ 0.10 mol/L
Blackberry fruit extract 220.70£1.03*

Notes. Values are presented as mean * standard deviation.
One-way ANOVA with Tukey's post-hoc test was used.
* indicates p < 0.05 compared to Quertin

Table 9. Antioxidant activity of the blackberry fruit
extract determined by FRAP assay in vitro

Experimental nmol/mL-eq.
conditions Dose EGCG
“Quertin” 10.00£0.05
0.10 mol/L
Blackberry fruit extract 54.70+0.33*

Notes. Values are presented as mean + standard deviation.
One-way ANOVA with Tukey's post-hoc test was used.

* indicates p < 0.05 compared to Quertin, EGCG - epigalloca-
techin-3-0-gallate

found to have a higher level of antioxidant effect than
the reference drug "Quertin".

The antioxidant potential of "Quertin" and
blackberry fruit extract was evaluated using the
ABTS radical scavenging assay. ICs, values (umol/L)
represent the concentration required to inhibit 50%
of ABTS radicals. Lower ICs, values indicate stronger
antioxidant activity. The blackberry fruit extract
exhibited the highest antioxidant activity among the
tested compounds, with an ICs value markedly lower
than those of the standard antioxidant. "Quertin"

showed moderate radical scavenging activity
(Table 10).

Table 7. Antioxidant activity of the blackberry extract on the carrageenan edema model n =5, (M + m)

Experimental conditions Dose, mg/kg Catalase, pmol/min-L MDA, pmol/L
Intact 57.75 £ 2.89 0.221 +0.013
Control pathology 26.22*% +1.31 0.267* £+ 0.011
"Quertin” 7.0 26.04* £1.30 0.159*/** + 0.008
Blackberry fruit extract 20.0? 35.12%/**[***[#] a £ 2.10 0.200%/**/***/#/ a £ 0.016
Blackberry fruit extract 60.0? 51.31**/#/a/& + 3.00 0.140%/**[***[#/ a + 0.014
Blackberry fruit extract 120.02 70.56%/**[***[#[a/&/$ + 3.40 0.120%/**/***/#/a/&/$ + 0.016

Notes. *: p < 0.05 denotes statistically significant differences with the intact group; **: p < 0.05 denotes statistically significant
differences with the CP (control pathology) group; a: p < 0.05 denotes statistically significant differences with the Quertin; &:
p < 0.05 denotes statistically significant differences with the blackberry fruit extract at a dose 20 mg/kg; $: p < 0.05 denotes
statistically significant differences with the blackberry fruit extract at a dose 60 mg/kg; 1 - Dose of Quertin expressed in term
of quercetin, dose of dosage form - 100 mg/kg; 2 - The dose is equivalent to the sum of phenolic compounds expressed as
gallic acid.
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Table 10. Antioxidant activity of the blackberry
fruit extract determined by ABTS assay

in vitro
Experimental conditions IC50, pmol/L
"Quertin " 15.0£0.75
Blackberry fruit extract 0.50 + 0.03*

Notes. Values are presented as mean * standard deviation.
One-way ANOVA with Tukey's post-hoc test was used.
* indicates p < 0.05 compared to Quertin

Discussion

Oxidative stress reflects an imbalance between
free radicals and the antioxidant defense system.
The main products of oxidative stress are the
superoxide anion (O;e”), hydroxyl radical («OH),
and oxidized forms of unsaturated fatty acids. Free
radicals disrupt normal cell signaling mechanisms
and contribute to the subsequent development of
chronic diseases. Catalase is a protective antioxidant
enzyme responsible for reducing hydrogen peroxide
levels and, consequently, oxidative stress in the body.
According to the results presented in Table 7, it can
be concluded that blackberry fruit extract at doses of
120.0 and 60.0 mg/kg possesses sufficient antioxidant
activity to actively suppress oxidative stress during
the inflammatory process and inactivate free
radicals.

These results are consistent with the findings of
Cho BO, who reported a significant (p < 0.05) increase
in antioxidant enzyme activity and a reduction in
oxidative stress markers following administration
of blackberry extracts [22]. Their data support the
observed statistically significant modulation of
catalase and MDA in our study.

Similarly, Tony S. K. and co-authors demonstrated
that anthocyanin-rich blackberry extract significantly
reduces oxidative stress and lipid peroxidation while
improving antioxidant status in experimental animals
[23]. In their study, treatment with blackberry extract
led to a decrease in oxidative stress markers and
restoration of antioxidant balance, which is consistent
with our findings showing reduced MDA levels and
increased catalase activity.

The high antioxidant capacity of the extract in the
FRAP (54.70 nmol/mL EGCG equivalents) and ABTS
(0.50 + 0.03 umol/L) assays further supports these
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findings. The relatively low standard deviation in
the ABTS assay indicates good reproducibility of the
results. Similar results have been reported by Vazquez
Medina et al, who demonstrated that blackberry
fruit extracts exhibit high ferric reducing and radical
scavenging capacities in vitro, as measured by FRAP
and ABTS/TEAC assays, due to their rich phenolic
and terpenoid content (p < 0.05). [24]

Importantly, the dose-dependent nature of the
antioxidant effect observed in this study is sup-
ported by Skrovankova S., who noted that optimal
antioxidant effects are typically achieved within
a specific concentration range, with statistically
significant improvements observed at moderate-
to-high doses (p < 0.05) [25]. In our study, the 120
mg/kg dose demonstrated the most pronounced and
statistically significant antioxidant effect, suggesting
that this dose falls within the optimal therapeutic
window.

The high antioxidant activity of the blackberry fruit
extract observed in vivo, in vitro assays, in our view
can be primarily attributed to the synergistic effects
of multiple anthocyanins present in the extract.
Key compounds contributing to this effect include
cyanidin-3-glucoside, cyanidin-3,3'-diglucoside,
cyanidin-3-(3"-malonyl glucoside), cyanidin-3-xy-
loside, and cyanidin-3-rutinoside. Acting together,
we believe these anthocyanins enhance free radical
scavenging and reducing capacity, producing a
stronger overall antioxidant effect than any single
component alone. This synergistic activity likely
underlies the correlation observed between the high
in vitro antioxidant capacity and the in vivo effects,
including increased catalase activity and decreased
MDA levels, indicating that the combined action of
these anthocyanins plays a central role in mitigating
oxidative stress.

Conclusions

A theoretical and experimental study of the
antioxidant activity of blackberry fruit extract was
conducted. According to the theoretical results, it was
shown that due to the high content of anthocyanins in
blackberry fruit extract, the extract possesses inhibit
crucial prooxidant enzymes. In vivo and in vitro
models showed that blackberry fruit extract showed
predicted interactions with enzyme targets relevant
to oxidative stress.
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AHTUOKCUMAAHTHUNA NOTEHLiaN eKCTPAKTY O)XKUHMU:
\ IHTerpoBaHuu aHanis in vitro, in vivo
k Ta in silico 3 MoneKynapHUM [OKIHFOM

Mukona KoMicapeHko, Aptem MapueHko, Onekcanap Macnos, IpuHa JlebeaunHeub,
Tetana OpkeBuy, Ceprin KonicHuk, Anna KoBanb

HauioHanbHni dapmaueBTUYHMIA YHIBEPCUTET, XapKiB, YkpalHa
Corresponding author:

Artem Marchenko
E-mail: chemistry29@meta.ua

AHoTalifl: B OCTaHHI POKM 3pOCTae iHTepec JO MPUPOAHMX CHOMYK SAK MOTEHLIMHMX TepPalleBTUYHUX areHTiB
3aBISKY IXHBOMY LIMPOKOMY CIEKTPY Oionoriunoi akTuBHOCTi. OCOONMMBY yBary IpUBEpTAIOTh POCAVHHI CIIO-
JAYKM 3 aHTUOKCUAHTHMMU BJIACTUBOCTAMM, OCKIIbKM BOHM MOXYTb IPUTHIYYBaTM IIaTOJIOTiYHI IPOLIECH.
ToMy IOIIYK HOBMX IPUPOJHUX CIIONYK, 3TATHUX ITOCTAOMIOBATH OKCUAATUBHUI CTPeC, 3a/IMIIAEThCS ePCIIeK-
TUBHUM HalpsAMOM OiOMegVYHUX JOCIimKeHb. MeTol po6oTy Oy/lI0 OLIHMUTY aHTMOKCUJAHTHMII ITOTeHIiasn
TYCTOTO €KCTPAaKTY IUIOZIiB OXXMHM 3 BUKOPUCTAHHAM MOJENEN in vitro, in vivo Ta MONEKYIAPHOTO JNOKIiHTY in
silico. Y mocmipkeHHI BUBYaMM TyCTUIT €KCTPAKT IUIOAIB OXKMHU. [JOKIHIOBi ZOCT/)KEHHA IPOBOAVIIN 3 BUKO-
puctanuaMm mporpamu AutoDockTools 1.5.6. AHTMOKCHMIQHTHMII HOTeHIial OLjiHIOBaaM in vitro 3a gomomo-
rOI0 MeTOAy BU3HA4YeHHs BiTHOBMIOBaNbHOI 3xaTHOCTI 3amiza (FRAP), moTeHIioMeTpMYHOrO METOAY Ta TECTY
3 2,2'-a3uH0-6ic(3-eTun6eHs0Tia30miH-6-cynbdoHoBOIO K1cnoTow) (ABTS); in vivo — Ha MmIax Ha Mozei Ha-
6psAKy namy, iHgyKoBaHOro KapareHiHoM. Ominka in silico mokasasa, 1110 OCHOBHI aHTOLIiaHV OXVHYM — IjiaHi-
IVH-3-ITII0KO3U[, LiaHigWH-3-(3"-MaToHINITIKO3MA) Ta LiaHiAMH-3-KCWI03KUA — ONOKYyBalu ABa 3 TPbOX IpO-
OKCUMAAHTHUX QepMeHTiB-MimeHert. HaroMicTp niaHifuH-3,3"-Aurmokosuy i niaHignH-3-pyTuHO3MA iHriOyBamu
JMIIE OHY 3 TPHOX MillleHel, a caMeé KCAaHTVMHOKCUIOPERYKTa3y. Y JOC/iaxX in Vivo BCTAaHOBJIEHO, 1[0 BBEJNECHHSA
TyCTOTO eKCTPaKTY IUIOfiB O>KMHY B fo3ax 60,0 Ta 120,0 MI/KT IPOSIBIIAIO BUPAXXeHUI aHTMOKCUIAHTHUI eeKT:
€KCTPaKT JOCTOBIPHO MifBMIyBaB piBeHb KaTanasu Ao 51,31+3,00 ta 70,56+3,40 MKMO/Ib/XB 1 BijIOBifHO Ta
3HIDKYBaB piBeHb MaJIOHOBOTO mianbaeriny (MJA) mo 0,140+0,016 ta 0,120+0,016 MKMO/IB/N y cupOBaTLii Kpo-
Bi IOPIBHAHO 3 KOHTPOJIBHOK Ipynow. IIpodinoBaHHa aHTMOKCHIAHTHOI aKTYBHOCTI II0Ka3aJlo, [0 eKCTPaKT
IVIOfiB OXKMHU NIPOSIB/IAB HalBUINY aKTUBHICTD y TecTax FRAP, notenniomerpnunomy ta ABTS. 3rigso 3 Teo-
PeTUYHMMM pe3ynbTaTaMU BCTAHOBIIEHO, 1JO 3aBAAKM BMICOKOMY BMICTY aHTOIIiaHiB €KCTPAKT IJIOAiB OXXMHU
3[aTHUI iHriOyBaTy KIIIOYOBI MPOOKCHUIAHTHI ¢epMeHTH. Moperni in vivo Ta in vitro mpogeMoHcTpyBany, 1o
€KCTPAaKT aKTMBHO IIPUTHIYy€ YTBOPEHHA BiIIbHUX PaIMKaJIiB i/l 9ac IMepeKMCHOrO OKMCHEHH JIiMiJiB i reHepa-
1ii aKTMBHMX HOPM KIUCHIO.

KntouoBi cnioBa: 0x1Ha, IJIOY, aHTMOKCUAAHTHUI e(eKT, aHTOL[{aHM, eH3UMIL.
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AHoTauia: giarHocTyBaru Tororpadito i BupakeHicTb MOp(OIOTiYHNX NOPYLIeHb, YCTAHOBUTY KiHIeBMII AiarHO3,
OOIPYHTYBaTU ONTUMAJIbHUIL IVIaH Ta TEPMiHM OPTOLOHTUYHOIO JIIKYBaHHsA, OLIHUTYU CTYIIHb 3MiH, AKi BIA/IOCH
JOCATTY Y KOXXHOMY K/IiHIYHOMY BapiaHTi, — Ja€ MO>K/IMBIiCTb aHa/Ii3 3MiH aHTPOIIOMETPUYHIX IIOKa3HUKIB 3yOHMX
PsI/AiB, IO € HEBil'EMHOIO CK/IA0BOIO MIEPCOHI(IKOBAHOTO MIAXOAY Ta MOXKe 3/ilICHIOBATUC JIMIIIE 32 YMOBHU IIpa-
BIJIBHOTO BUOOPY OPTOOHTUYHIX anapaTis. MeTa JOCTipKeHHA: IpOoaHali3yBaTy 3MiHM aHTPOIIOMETPUYHMUX I10-
KasHVKIB 3yOHMX psJiiB BEPXHbOI Ta HYDKHBOI Lile/Ien Ta MOOIIBHOCTI A3MKa Y IIPOLeci OpTOJOHTUYHOTO TiKyBaHHS
#iTeit i3 [UCTa/NbHUM IPUKYCOM, YCK/IaJHEHNM aHAaTOMO-(PyHKIIiOHa/IbHMMY MOPYIIEHHAMY A3MKa, 3a/IeKHO Bif
BUJy 3aCTOCOBAaHMX OPTOJOHTUYHMX anapaTiB. Marepianu i meTopn. IIpoBenn anasmis aHTPOIOMETPUYHMX ITOKA3-
HUKIB 3yOHMX pAJiB BepXHbOI Ta HYDKHBOI IIeJIeN Ta MOGIZIBHOCTI A3MKa [0 Ta y IpolLieci OpTOJOHTUYHOTIO MiKyBaH-
Hs JiTelt BikoM Bifj 5 0 12 poOKiB i3 AMCTaIbHUM IPUKYCOM, YCKTAHEHNM aHATOMO-QYHKIIOHATbHUMM ITOPYILIEeH-
Hamu s3uka (n=31). PesynbraTit Ta X 06roBopeHH:. [/ BepXHbOI Lie/enyl BCTAHOBI/IN, L0 BILJ, 3aCTOCOBAHUX
OPTONOHTUYHIX AIlapaTiB HacaMIleper; aCOL[II0EThCA 3 PI3HOI BUPAXKEHICTIO TPAaHCBEP3aIbHMX 3MiH y GPOHTANIb-
HOMY Biagini. [Ina MibkiknoBoi mypuHn 3y6HMX PAnIB BUABMIM CTATUCTUYHO 3HAYYLLi BiTMIHHOCTI MK TpyIIaMu:
Hal1bi/Ib1lIe cepeHe 30i/bIIeHHs Py 3aCTOCYBaHHI amapariB Mapko Poca (4,5+1,1 Mm), fiel{o MeHIlle — anaparisB
Mew (4,1£0,6 mM) i HaiiMenuie — amapatiB Schwarz, ®mica I1.C.-®Pinmonenka B.B. Ta Twin Block (3,0£0,4 Mmm), 1m0
MO)Xe CBIZYMTM PO AEIO0 BiAMIHHMIT MOTeHIias iX Ail {00 PO3IIMPEHHS BEPXHBOTO 3yOHOrO PsAy 3a3HAYEHO-
ro cerMeHTy. [I/is1 HYOKHBOI IjeIeN IPOCTEXYBaIacsi TeHAEHIIisA KO O1IbII BUPaXKEHOTO TPAaHCBEP3aIbHOIO PO3-
HIMpeHHA Npu 3acTocyBaHHi anaparis ®ica I1.C.-Dinonenka B.B. Ta Twin Block. Cepenusa mixiknoBa mypyuHa
craHoBmia 2,4+1,0 mm nmpotn 1,9+0,9 MM nipu 3acToCyBaHHI anapaTis Schwarz. ITaientam i3 1 CTyIIEHEM MO6i/b-
HOCTI IIpY BCTAHOBJICHHI NIOPYIIeHb (POHETNYHOI CTOPOHM MOBJICHHS IIPOBOAVIN CTAHAAPTHY KOPEKIiHY JI0ro-
Hnefn4Hy po6oty, i3 II cTyneHeM — noronefuyHy KOpeKIiio, [0 CKIajjanacs 3 HifrOTOBYOrO eTaIry, AKUII MOJIATaB
y dopMyBaHHI KiHETUYHOro Ta KiHECTATMYHOTO MPAaKCUCIB NUIAXOM Mifoopy iHAMBifyanpHOi MioriMHacTUKY, Ta
eTally IOCTaHOBKM 3BYKIB, 110 BK/II0YaB (POPMYBaHHA apTUKYIALINHNX YKIa/iB IOPYLIEHNX IPyN 3BYKiB. [lity 3
IIT crynesemM MOGITBHOCTI ITOKa3aayM HU3bKUIT piBeHb BUKOHAHHSA BCiX Ipo6. IlopylieHHs MOB/IeHHS y HUX Oynn
[IOB’s13aHi 3 BpofpKeHuMH ab0 HabyTuMM BailaMit B aHATOMIUHiiT 6yIOBi OpraHis nepudepiiiHoro apTUKyIALiHOTO
amapary. Oxpim opodarjianproi MiodyHKIiOHaTBHOI TIMHACTHKM, BUKOPUCTOBYBAIN [OFATKOBI IOTOTEXHOJIOTII.
OyHKIiOHaIBHI TPO6YM MiC/IA MpOBeieHOol TOroneANYHOI KOPeKIil Ta OHOYaCHOTO BUKOPUCTAaHHA OPTOLOHTUYHUX
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amaparis, 0COOMMBO HIDKHBOIIEMTENTHNX, BUSHAYM/IN IIO3UTUBHY JUHAMIKY PYX/IMBOCTI s31Ka. BucnoBkn. Haykoa
I0Ka30BiCTb e(eKTMBHOCTI OPTOLOHTUYIHOIO /TiKyBaHHs 6a3yeThCsl Ha KPUTEPLsX 3MiH aHTPOIOMETPUIHMX [TOKA3-
HUKIB 3yOHUX psAJiB Ta HOPiBHAHHI pe3y/IbTaTiB PYHKIIIOHANTBbHUX IIP06. Y BUNAZIKY PO3TAlllyBaHHA A3MKa B HIDK-
HBOMY ITIOJIOKEHHI Ta 3HVDKEHIIT MOOIIBHOCTI OPTOXOHTHYHE MTIKYBAHHS AiTeNl i3 JUCTaIbHUM IPUKYCOM, YCKIaL-
HEHUM aHaTOMO-(QYHKIIOHa/IbHUMM TOPYIIEHHAMN sA3VKa, Hall0imbII e(peKTUBHO IPOBOJVUTH i3 3aCTOCYBaHHAM
BEPXHDBOILe/IETHIX OPTOOHTUYHMX arnaparis 6e3 posummpeHoro 6asucy y nepeniit 1/3; 6asuc HIKHbOIETEITHUX
arapariB Bifirpae posb mix A3MKOBOI Kamy, 10 OKPiM CIPSAMOBAHOrO eeKTy pO3LIMpPEeHH Ijelell Ha 3yOHOMY Ta
A/IbBEOISIPHOMY PIBHSX, CIIpUsie HOpMatisanii ¢i3ionorivHoOro mojxoKeHHs Oprasy.

KntovoBi cnioBa: opTofOHTHYHI anaparty, 3yOHMII Psif, OiTV, HYDKHA 1eTIella, BePXHA Lieiena

Bctyn

Huctanpunit npuxyc (JII) € opuieto 3 Hait6imbII
nommpenux 3ybormenennux pgedopmanin (3II1),
XapaKTepU3YETbCA  PiSHOMAHITHICTIO  K/IiHIYHMX
¢dopm Ta mpossiB [1, 2]. AHaToMO-(YHKI[iOHa/Ib-
Hi nmopymenns sa3uka (ADIIA), mo mpusBopATs 0
HOpYIIeHb MioQYHKIIiOHa/IbHOI piBHOBaru 3ybore-
nenHoro amapary (3IJA) [3], MoxyTb O6yTu ofHUM
i3 eriomoriyanx ¢axropis 3111 [4-6], y Tomy uncri
JI1. Hait6inpu Bupa>keHUMU IaHi BiIXWIeHHSA Bifj-
MIYaloTbCs Y AiTeil i3 HOPYLIEHHsAMHU MOOiIBHOCTI,
TOHYCY, pO3MipiB Ta IONO>KeHHA sA3MKa [7, 8].

HiarHocTyBatu Tomorpadito i BupaxeHicTb Mop-
¢donoriyHMX MopyIeHb, YCTAHOBUTY KiHIIeBUII Hia-
THO3, OOTPYHTYBATV ONTUMA/IbHIUII [JIaH TA TEPMiHN
MiKyBaHHA, OLiHUTY CTYIIiHb 3MiH, fIKi BIaJIOCh J0-
CAT'TU Y KOXKHOMY K/IIHIYHOMY BapiaHTi y Ipoxeci op-
TOJOHTUYHOTO MiKyBaHHA, — A€ MOXX/IMBICTb aHaJIi3
3MiH aHTPOIOMETPUYHIX [TOKA3HMKIB 3yOHUX pAXRiB
(1, 6,9, 10], 1110 € HeBiT EMHOIO CKTaJIOBOIO MIEPCOHI-
(hikoBaHOTO MiXOy Ta MOXKe 3iVICHIOBATUCS JIVIIIE
3a yMOBU IPaBMWIBHOTO BMOOPY OPTOROHTUYHMX
amaparis (OA) [1, 2, 6, 11-13]. 3Bakaroun Ha romu-
penictp [JIT [1, 2] Ta xopensauiini 38’ sa3ku ADII 3
po3mipamu 3yOHUX psARiB i BUOM ix 3MukaHHs [14],
TOLiNMbHO HOCTIAUTY 3MiHM aHTPOIIOMETPUYHUX IIO-
Ka3HMKIB 3yOHMX psAIiB Ta MOOIIBHOCTI sA3MKa [3, 11]
3aJIeKHO Bif BUAY 3acTocoBaHux OA y mpoueci mi-
KyBaHHS.

MeTta

IIpoananisyBaTy 3MiHM aHTPONOMETPUYHUX IIO-
Ka3HMKIB 3yOHMX pANiB BepXHbOI Ta HYDKHBOI IIierIel
Ta MOOIBHOCTI sA3MKa y HpPOLeCi OPTOJOHTUYHOTO
MiKyBaHHA JiTeil i3 JUCTaTbHUM IIPUKYCOM, YCKIaJ-
HEHUM aHAaTOMO-(YHKIIIOHAIbHUMU IIOPYLUIEHHAMMN
A3MKa, 3aJIeKHO Bifl BUJY 3aCTOCOBAHMX OPTOMIOH-
TUYHYX allaparis.

Martepianu i MeToau

ITig yac BUKOHaHHA poOOTM IPOBENM aHANI3 aH-
TPOIIOMETPUYHMX NOKA3HUKIB 3yOHMX PAJiB Bepx-
HbOI Ta HUYKHBOI 11le/Iell Ta MOOIIBHOCTI A3MKa [0 Ta
y Tpoleci eTany OpTOFOHTUYHOIO MiKyBaHHA NPO-
TAroM 6-8 MicAliB fiTeit BikoM Bif 5 go 12 pokis.
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Kpurepiem BKIIOYEHHSA y TPy HOCTKEHHA BU-
3HAUWIN [iarHOCTYBAHHA B YCiX 0OCTeXXeHMX Ha II0-
vaTKy nikyBanua [II1, yckmagaenoro A®ILA (n=31).
Cepen Hux y 54,8% - mucranbHMII IPOTHATUYHUIL
(TIIT) (n=17), y 45,2% - puctanpamit rmboxuit (I'TT)
(n=14).

Y TpaHCBep3aJIbHOMY HaNpsAMi BU3HAYaaM MiX-
ikmosy (MIII) ta Mibkmonapuy (MMII) mmpuny
3yOHuX psapiB. Bigcrani Mk mnigHe6iHHMMM 1O-
BepxHsAMU 3y6iB 13-23 (53-63) pmns BepxHboi Ta
NHTBaJIbHUMY TIOBepXHAMM 3y0iB 33-43 (73-83)
IJIA HYDKHBOI 1eten XxapakTepusysamy MIII. MMIII
BUMIpIOBa/IM MK IifHeOIHHMMY TOBEPXHAMMU 3y0iB
16-26 (55-65) mas BepXHBOI Ta MIHTBAJIbHUMU TIO-
BepxHAMU 3y0iB 36-46 (75-85) /11 HYKHBOI IIjeJIel.
Y cariTabHOMY HalpsAMi JOBXWHY IIepefHbO] Ni/AH-
K1 3yOHMX psfiB (Sag) xapakTepusyBaia BifcTaHb
Biff MDKPi31[€BOi TOYKY TMMYACOBUX ab0 MOCTIiTHUX
3y0iB /1O TOYKV IepeTUHY 3 JiHi€l0, 10 CIIOTydana
neputi nocTiriHi Monapu. OpieHTUpOM [ BCTaHOB-
JIeHHA IIVMPUHY BEPXHbOI Ta HIDKHBOI mienen Front
Gingiva (FG) y ¢poHTanbHOMY Bifgaini Ha anbpBeo-
NAPHOMY piBHi 6y70 MyKOTiHTiBa/IbHE 3’€THAHHA Y
HIpOeKisx ikon [15, 16].

3 MeTOI BUABJIEHHA MOXX/IMBUX BigMiHHOCTE
pe3ynbTaTiB NiKyBaHHA y nmauieHTiB i3 JI1 sanexuno
Big BuKkopuctanux OA 11 BepXHbOI ILijesieny cTpa-
tudikysamm Tpu nigrpynu: C1 (Mapko Poca, n=11),
C2 (Mew, n=5, ®mica I1.C.-®Pinmonenka B.B., n=2)
ta C3 (Twin Block, n=9, Schwarz, n=4), ta gBi mna
HkHbol — C3 (Twin Block, n=9, ®nica I1.C.-Dino-
HeHka B.B., n=2) ta C4 (Schwarz, n=13), a Takox
nigrpyny CO0, konmu OA He BUKOpucTOByBanu (n=7).

JocmifkeHHsI Ma€e pPeTPOCIEKTUBHUIT 0bcepBa-
LiViHWIT A13ariH, 6e3 OKpeMoi 30BHIIIHBOI KOHTPOJIb-
HOI TPyIy, i BUKOHAaHE Ha OCHOBI aHa/Ii3y JaHMX I1a-
Li€HTIB, AKi IPOXOAUIN OPTONOHTUYHE JIiKYyBaHHA.
OuiHky edeKTy iKyBaHHS 3[iJICHIOB/IY Y IIAPHOMY
dopmari «mo/micisi», LUISIXOM TOPIiBHSHHSA MOp-
($OMETPUYHMX NOKA3HUKIB, BUMIPSAHUX Y OJHOTO
JI TOTO CaMOro Malji€eHTa O IOYaTKy JiKyBaHHA Ta
mic/A #oro 3aBepiieHHsA. CTaTUCTUYHY 3HAYYLIiCTh
BifiMiHHOCTe! (p) IPOBOAVIIN 3 BUKOPUCTAHHAM He-

131 ——


https://portal.issn.org/resource/ISSN/2786-667X#
https://creativecommons.org/licenses/by/4.0/

B DENTISTRY

Original Articles

MapaMeTPUYHOTO KpUTepito BinkokcoHa s napHux
Bubipok. CTaTMCTHMYHY 3Ha4YyuiicTh 3MiH A (micma-
no) nokasuukis MIII, MMIII, Sag ta FG y manienTis
i3 IIIT i I'Tl - 3a HemapamMeTpU4YHUM KpuTepiem MaH-
Ha-YiTHi 11 He3a/IeXXHNX BUOIPOK.

Ins ouiHkm edekTy 3acTOCOBAHOTO JIiKyBaHHS
OCHOBHI IOPiBHAHHA BUKOHYBa/lIM y IapHOMY Ju3a-
JIHI «1o/TicA» B MeXKax MiATPYyIl OGHUX i TUX caMUX
TMALIi€HTIB, 110 MEBHOI0 MipOK 3MEHIIYE MIXKIHAVBI-
[lya/IbHy BapiaOe/bHICTb i HiABUIYE CTATUCTUYHY
IOTY>KHICTh aHa/li3y MOPIBHAHO 3 3iCTaBIEHHAMMU
He3a/lIeKHUX TPyl JloMaTKOBO BMKOHAIM pPOWer
analysis a1 maproro nopiBHaHHA (a=0,05, 1BO6iY-
HUJI KpUTepiii), AKUI 10Ka3as, IO 32 YMCeTbHOCTI
Bubipky n=31 pocmimxkeHHsa Mae 80% MOTYXHICTb
IJIs BUABJIEHHA LIOHAJIMEHIIEe IOMipHOTO CTaH/ap-
tsoBaHoro epexry (Cohen’s dz = 0,52), mo Binmo-
Bifla€ MiHiIMa/IbHO BUABHIN cepefHiil 3MiHi MOKas3-
HUKIB mean (A), piBHiit mpubnusHo 0,52-SD(A), me
SD(A) - craHpapTHe BifXWIeHHA iHAVBifyanbHUX
pisHMUb (mic/AsA-70 MKyBaHH:A). Y MeXax oTpuUMa-
HYIX B JJaHiil po6OTi pe3y/nbTaTiB BeMNIMHU ePeKTy
IJI K/TI0YOBUX IOKA3HUKIB IIEPEBUINYIOTD Leil I10-
pir (Cohen’s dz = mean(A)/SD(A) >0,52), mo cBif-
YUTb HPO AOCTATHICTh HAABHOTO 00’€My BUOipKM
n=31 I CTaTUCTUYHOTO OOIPYHTYBaHHS HAasBHO-
CTi mapHUX 3MiH OCHOBHUX IapaMeTpiB y OB s3a-
HUX Ipynax.

Il mepeBaXkHOI 6iNbIIOCTI MOKa3HUKIB, 3a pe-
synbraTamu TecTy lllamipo-Yinka, migcTas BigxmiAa-
TU TilIOTE3y PO HOPMAJIbHICTDh POSIIOAiNy HE OTPU-
Mayu. BogHovac A oKpeMMX 3MiHHMX, IepeRyciM
IJIA PO3IIOAiNY iHIVMBilyaTbHUX Pi3HULb TIOKA3HKIB
«ICNA-[O NMiKYBaHHA», BUABUINM O3HAKU BiXMJIEH-
HA BiJi HOPMaJIbHOCTI. 3 OI/IAAY Ha lie, @ TAKOXK Ha
HeBeJIMKi 00CATY OKpeMMX IIATPYII, AJIs MepeBipKu
CTAaTUCTUYHMUX TillOTE3 IIOJO0 MIKIPYNOBUX BifMiH-
HOCTeJ 3aCTOCYBajMl HelapaMeTpU4Hi Kpurepii AK
6inbur pobacTHMIT miAXif,.

dynkuionanbHy Mob6inbHicTh ssuka (I-IV cry-
IiHb) Bi3ya/bHO OLIHIOBAa/IM LUIAXOM BUKOHAHHA
mpo6 Ipy MMPOKO BiJKPUTOMY pOTi BifNOBimHO
pospobnenoi Ta BopoBamKeHol «JloromemnyHOl
KapTy OOCTe>XeHHs IallieHTa i3 IaTO/OTi€0 A3MKa
Ta 3ybouenenHuMy aHomaniamu» [17, 18]. Hditam
HeoOXifHO Oy/I0 TOPKHYTHUCA KiHYMKOM S3MKa pi-
XKY4OTro Kpalo BepXHiX pi3LiiB, Hoca (BepXHbOI ryom),
nipbopinas, 061mM3aTy BEpXHIO Iy0y, IPOBeCcTH KiH-
YJMKOM s3VMKa II0 TBEPAOMY IifiHeOiHHi, IOKIaLaTH
SI3VIKOM, BUMOBMTH 3BYKU «JI-7i-I» 3 IiHATUM SI31-
KOM BIrOpY, I1I0YEProBO BUMOBUTU 3BYKM «T-I-T-[»
(Bcboro 13 BmpaB). [locmifKeHHS MPOBOAMIOCS
OIHUM JOCTITHMKOM i3 MipKyBaHb 00 €KTMBHOCTI
Bisyasnisarii.
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Pesynbtatn

TennepHo-BikoBa mipamifa mauieHTiB (n=31), axi
MIPOXOAVIV OPTOLOHTHYHE JIiIKyBaHH:A, HAOYHO [ie-
MOHCTpYE, 1o 55% 3 HUX (n=17) cTaHOBM/IN XJIOI-
ypky (95% JII 38% — 71%) ta 45% (n=14) giByara
(95% [I 29% - 62%). Y 6inbocti BikoBuMX Tpym
KiZIbKiCTh XJIOITYMKIB 1 iBYat Oy1a BifHOCHO 36amaH-
COBAHOI0, X04a B KaTeropisax 7 i 9 pokis nepesakanu
XJIOMYMKY. BogHOYac y BiKOBiil Ipymi 6 poKiB cIo-
cTepiranm nepeBakaHH:A AiBYaT. BikoBuil posmopin
nanienTis (Big 5 1o 12 pokiB) mokasas, 10 Habinb-
IIa KilbKicTh mpumagana Ha Bik 9 pokiB — 6 (19%),
TOZIi SIK HalIMeHIIa — Ha BiK 5 pokiB — 2 (7%). Otpu-
MaHi pe3y/nbTaTy CBifjyaTh IIPO BifTHOCHO piBHOMIp-
Hmii posnogin JII cepen manjieHTiB JUTAYOrO BiKy
060x craTeit (pUCyHOK 1).

CraTb
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PucyHok 1. [liarpama posnoginy nanienTis i3 III,
ycknagHernm AQIIA (n=31), 3a cTarTio Ta BikOoM
y ¢opmi renpiepHO-BiKoBOI mipamian

Y mporeci OpTOOHTUYHOTO JTiKyBaHHA JOCATHY-
Y TMO3UTUBHOI AuHamiku (tabmuus 1). Tpancsep-
3aJIbHi PO3Mipy 3YOHOTO pAAY BEepXHBOI Ie/IeIn
(MIII, MMII) Ta ii mmpuHa y GppoHTaNIBHOMY BifI-
Iini Ha piBHI MYKOTiHTiBa/JIbHOTO 3’€[IHAHHA Y IIPO-
exuisix ikon (FG) moctoBipHo 36impummmucs. Tak,
MIII B cepemubOMy 3pocnia Ha 4,0+0,9 mm (95% [I1
3,7-4,4), MMIII — Ha 2,9+0,8 MM (95% II 2,6-3,2),
FG - Ha 0,9+1,1 mm (95% [110,.5-1,3) mpu p<0,0001.
Sag 3ameHIMIaca y cepenHboMy Ha 0,9+1,2 Mm (95%
T11 0,5—1,4) pu p=0,0002.

11 HUOKHBOI IIeIeN TaKOXX Bi3HAYM/IN CTATVIC-
TUYHO 3HAYYIi 3MiHM TPAaHCBEP3a/IbHUX ITapaMeTpiB
(MIII, MMIII) Ta mokasHMKa aJbBeOISAPHOI MNPK-
HU y pponTanpHoMy Bigaini (FG), Toxi sk caritanb-
HMiI NoKasHUK (Sag) cyTTeBo He 3MiHmBCaA. MIII
3pocna B cepegHboMy Ha 1,7+1,1 mm (95% [JI 1,3-
2,1), MMII — Ha 1,3+0,9 mm (95% 1 1,0-1,6) npu
p<0,0001, FG — Ha 0,3+0,4 MM (95% 1 0,1-0,4) npu
p=0,0004. Sag 3minuBcs miniManpHO (A=0,0+0,3 MM;
95% II -0,1-0,1) i He MOCAT CTATUCTUYHOI 3Hauy-
mwocti (p=0,799). lomaTtHe 3HaYeHHs A Ta BiiCOTOK
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3MiH (%) cBigumnu mpo 30inbleHHs BiAMOBi{HOTO
po3Mipy micnsa nikyBaHHA, a Biff€MHe — IIpo Jioro
3MEHILIEHHS.

Y migrpymi IIII cnocrepiramy 6inblun BupaxeHe
30i/IblIIeHHs TpaHCBEpP3a/JbHUX PO3MipiB BepXHbOI
meneny (MIII - p=0,013, MMIII - p=0,008) mopis-
HsAHO 3 migrpynoro I'TL. [In4 nokasHuKa Sag y miarpy-
ni IIIT 6inpimn xapakrepHuM 6y10 3MeHIIEHHS, TOHI
ak y migrpymi I'TI cepenns 3mina Sag 6nm3bka mo
Hy/IA i XapakTepusyBanacsi Oinblnoio BapiabenbHi-
ctio. Ina FG craTucTnyHo 3HaYyIIMX BigMiHHOCTEI!
MDK MiArpynamMyu 3a BEIMYMHOI0 3MiH He BUABWUIN
(p=0,370) (Tabmuiis 2).

CraTuCTMYHO 3HAYYIIMX BiAMiHHOCTeN MiX Tif-
TpynaMM fiIs1 HYDKHDO] Ile/leNy He BUABWIIN.

IlopiBHAHHA 3MiH IIOKAa3HUKIB BEpPXHbOI Liese-
mn (A=nicna-po) y manientis i3 III, ycknmagHeHNM
A®IIA, sanexHo Bim BuAy 3acrocoBaHux OA, Bif-
noBifHO crpatudikanii Ha TpM miprpymm, a came:
Cl (Mapko Poca, n=11), C2 (Mew, n=5, ®rmica
I1.C.-®inonenka B.B., n=2) ta C3 (Twin Block, n=9,
Schwarz, n=4), HaBefieHO y Tabmuui 3 Ta PUCYHKY 2.
CratucTryHO 3Hawymii BigMiHHOCTI (p) MiX Hesa-
TIeXKHVIMY TPyTIaMI 32 HelTapaMeTPUYHMM KpUTepieM
Kpackena-Yosnica BKasyoTh, 0 BUJ] 3aCTOCOBAaHUX

cToMATOMOriS I
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KOHCTPYKIIiJl HacaMIlepe[] aCOLil0€ThCA 3 Pi3HOIO BU-
P@XKEHICTIO TpaHCBEP3a/IbHUX 3MiH Y PPOHTAIBHOMY
Bigini BepxHboi menenu. g AMIII Buasunu cra-
TUCTUYHO 3HAYYIIi BiTMiHHOCTi M>K TpbOMa IpylIaMI
(p=0,0010): Hait6inb1Ie cepenHe 30iIbLIIEHHS IPK 3a-
crocysanHi OA Cl1 (4,5+1,1 mm), gemo meHme — OA
C2 (4,1+0,6 mMm), i Hattmenie — OA C3 (3,0+0,4 Mm),
10 MO>KE CBilYMTU IIPO JEIl0 BifIMiHHMII ITOTEHIlias
Zii amapaTiB 1IOJJ0 PO3LIMPEHHS BEPXHBOTO 3YOHOTO
pany y mibxiknosomy cermenTi. s AMMII Takox
3a¢ikcyBamyu BiIMIHHOCTI 3a/Ie)XKHO Bif BUAy 3acTo-
coBaHux OA (p=0,0476), ogHaK BOHM MEHIII BUpaxke-
Hi. CepeqiHi 3Ha4eHH 3MiH 3MEHIIYIOTbCA NIPY 3aCTO-
cyBanHi OA: C1 (3,2+1,0 mm), C2 (2,8+0,7 mm) i C3
(2,5£0,5 MMm). 3 oAy Ha TPAaHNYHMIL PiBEeHDb 3HAYY-
I[OCTi Ta NepeKpUTTA BapiabenbHOCTi MK rpynamuy,
1lell pe3y/IbTaT HOLIBHO IHTEPIpeTYBaTH 3 00epex-
HICTIO Ta JINIIE AK MOXK/IMBY TEHJEHIIIO 110 6i/1p11I0TO
pOsLIMpPEHHA Y MOIAPHOMY Bifi§i/li IpM 3aCTOCYBaHHi
OA C1 nopiBuano 3 OA C3/C2. [Ina nokasHuka ASag
CTAaTUCTUYHO 3HAYYIINX MDKIPYIIOBUX BifIMiHHOCTEN
He BUABUIU (p=0,3291), X04a OIMCOBO CIOCTepiraamn
Oi/bII HEraTMBHY CepefHIO 3MiHy IPY 3aCTOCYBaHHI
OA C1 (-1,4£0,7 mm) nopiBusiHO 3 C2 (—0,8+1,4 MM)
ta C3 (-0,3%+1,4 mM). Bigminnocri nmokasuuka AFG

Tabnuus 1. IMCKPUIITUBHI CTAaTUCTUYHI XapaKTePUCTUKY TPAHCBEP3a/IbHUX Ta CariTaJbHUX PO3MipiB
(MIMI, MMIII, Sag) i noxasuuka Front Gingiva (FG) BepxHbOI Ta HV)KHBOI 1Ije/Iell Malli€HTiB
i3 JI1, ycxnmapuennm ADILSI (n=31), mo Ta mic/is 3aBeplIeHHs eTaIlly OPTOJOHTUYHOTO JiKyBaHHS

MokasHuk Do, (M1SD) Micns, (MSD) A, (nicna-po) % 3MiH, (p)
MILL BEPXHS Lenena 30,5+3,0 34,5+3,1 4,0£0,9 13,1%, (<0,0001)
HUXHSA Wenena 25,8+3,0 27,5+3,3 1,7£1 1 6,6%, (<0,0001)
MMLL BEPXHS Lenena 44,2+3,2 47143,4 2,9+0,8 6,6%, (<0,0001)
HWXKHA LWenena 40,7+3,0 42,0434 1,3+0,9 3,2%, (<0,0001)
Sag BEpPXHS Wiefena 35,1+2,8 34,2+3,1 -0,9+1,2 -2,6%, (0,0002)
HWXKHA Wenena 30,3+2,5 30,4+2,4 0,0+0,3 0,1%, (0,799)
FG BEpPXHS Liefena 33,043,2 33,843,2 0,9+1,1 2,7%, (<0,0001)
HVDKHS LWenena 29,5+3,2 29,+£3,3 0,3+0,4 1,0%, (0,0004)

Ta6nuus 2. [TopiBHAHHS 3MiH TOKa3HMKIB BePXHbOI Ta HIDKHDBOI 1jesien (A = micna-/0) y naljieHTiB
i3 pucranpuuM nporHaruyHuM (ITI1) (n=17) ta gucranpaum rmm6okum (') (n=14) npukycamu

3MiHa NoKa3HMKiB nmn (n=17) rn (n=14) p
AMILL BEPXHS LWenena 4,4+0,6 3,5+1,0 0,013
HUXXHA Wenena 1,8+1,1 1,5+1,1 0,393
AMMLL BEPXHS LWenena 3,2+0,7 2,5+0,9 0,008
HUXHS Wenena 1,4+0,9 1,1+0,9 0,427
ASag BEPXHS Lenena -1,8+0,5 0,1+1,0 <0,001
HUXHS Wenena -0,0+0,3 0,1+0,3 0,299
AFG BEPXHS Lenena 1,1+1,4 0,6+0,4 0,370
HUXHSA Wenena 0,4%0,4 0,2+0,3 0,535
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MDK BUAAMM amapaTtypy 6y e MeHII 3Ha4yLIIMMU
(p=0,9747), mo cBigunTh mpo ix momibHUI 3a Bemu-
YIHOIO, ajie BapiabenbHMil eeKT Ha anbBeO/SIPHOMY
piBHi.

Tabnuus 3. IlopiBHAHHA 3MiH TOKa3HMKIB BEPXHbOI
mesneny (A=micna-70) y malieHTiB
i3 III, ycxnagaennm A®IIA, 3anexxHo
Bi BUAy 3acTocoBanux OA

ISSN 2786-6661

KN QOHOBMIT 3CYB, AKMII MOXKe BimoOpaxkaTu
pOCTOBi 3MiHM, BpaXOBYIOUM 3HA4YHI 4acOBi Iepioan
3actocyBaHHA OA. Ile mo3Bonse posrnagaTu rpyny
CO0 5K yMOBHO KOHTPOJIbHY 1LIOJO IPsMOIO arapar-
HOTO BIIIMBY Ha IIleJIeIy.

Tabnuug 4. IlopiBHAHHA 3MiH TOKa3HMUKIB HVYDKHBOI
meneny (A=nicns-10) y nauieHTis
i3 II1, ycxknagaenum A®IIS, 3anesxHo

e 134

- Bif BUy 3acrocoBanux OA
3MiHa
. |C1(n=11) | C2(n=7) |C3(n=13) p :
NoKasHWUKIB 3MiHa
. C3(n=11) C4 (n=13) p

AMILL 45£1,1 | 4,1¢0,6 | 3,0:0,4 | 0,0010 MOKa3HMKIB
AMMLL 3,2+1,0 2,8+0,7 2,5¢0,5 | 0,0476 AMILL 2,4+1,0 1,9+0,9 0,11
ASag -1,420,7 | -0,8+1,4 | -0,3%1,4 | 0,3291 AMMLL 1,840,9 1,4+0,7 0,139
AFG 1,111,8 0,810,6 0,710,3 0,9747 Asag —0,1i0,2 0,0i0,3 0‘122

TlopiBHAHHA 3MiH NMOKAsHMKiB HiDkHbOI meme-  AFG 0,4£0,4 0,2:0,4 0,091

mu (A=micna-po) y manientis i3 [II, yckmagHeHuM
AQ®IIA, 3anexHo Bif Bupy 3actocopanux OA, Bifmo-
BiffHO cTparudikanii Ha migrpynn, a came: C3 (Twin
Block, n=9, ®mica I1.C.-®Pinonenxa B.B., n=2) ta C4
(Schwarz, n=13) HaBezieHo y Tabmuii 4 Ta Ha PUCYH-
Ky 3. CTaTMCTMYHO 3HAYYIVX BiffMiHHOCTEI (p) MiX
Hes3a/leXHNMM TPylaMM 3a HellapaMeTpPUYHVMM Kpu-
tepieM Kpackena-Yommica pna migrpyn C3 ta C4 3a
BEJTMYMHOI0 3MiH A (micns—po) He BusiBuu (p>0,05).
BopgHodac ommcoBO MpOCTeXyBanacs TEHAEHLS [0
OibII BYPa)KEHOTO TPAHCBEP3aJIBHOIO PO3LINMPEH-
HA npu sactocysanHi OA Bupy C3: cepenna AMIII
craHoBuia 2,4+1,0 mm mpotu 1,9+0,9 mm pna C4
(p=0,111), a AMMIII - 1,8+0,9 mm mpoTu 1,4+0,7 MM
(p=0,139).

3nauenHa A y rpymi CO, konmu OA He BUKOPUCTO-
ByBa/ (n=7), DOLI/IHO iHTepIIpeTyBaT! K HeBe-

OxpeMoi yBaru 3acIyroBYIOTb pe3y/IbTaTy IIpoBe-
IleHHA Ipo6 Ha QYHKIiOHATbHY MOOIIbHICTD A3MKa.
Cepep o6crexxeHux nanientis i3 A1 (n=31) y 35,5%
(n=11) piarnoctyBanu I cTyninp Mmo6inpHOCTI. 3 Ta-
KMMM JiTbMM NPOBOJVU/IN CTaHJAPTHY KOPEKLiHY
JIOTOIIeANYHY POOOTY PV BCTAHOBJIEHHI MOPYILIEHb
¢doHeTNYHOI CTOpOHM MOBJIeHHA ((PYHKIiOHAIb-
Ha jucnanis). MobinbHicTh s3uka II crynmenio - y
35,5% (n=11) pgiteit, y HUX cHocTepiraaym obMexe-
Hy PYXIMBICTb fA3MKa, a caM€ HEMOXXIMBICTb IIiJi-
HiMaHHA J10T0 0 HOCa Ta 10 BEPXHbOI Iybu, o6mm-
3aTM BepXHIO Iy0y, TaKOX BifiMiYa/y IOpYLIEHHA
3BYKOBJMMOBY LIMIUIAYMX Ta COHOPHUX 3BYKiB. Op-
TOIOHTUYHe JTiKyBaHH:, ocobmBo OA miprpyn Cl
ta C2, Ta JoromefuyYHa KOPeKIid, M0 CKIafanacs
3 JIBOX eTamiB (MiAroToBYMit — mojsiras y ¢opmy-

6 Cl (n=11)
C2 (n=14)
C3 (n=6)
4
=
=
52
=
%)
=
<0
-2
AMILL AMMLL ASag AFG
[MokasHuk
Cl C2 C3 Cl C2 C3 Cl C2 C3 Cl c2 C3

PucyHok 2. liarpama 3min A (micna-po) mokasuukis MIII, MMIII, Sag ta FG BepxHbOI Ienennu
y nanienTis i3 11, ycknagaennit AQIIA, sanexxno Bif Buny sactocoBanux OA
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C3(n=11)
C4 (n=13)

ASag AFG

[MokasHuk

Pucynok 3. Jiarpama 3min A (micna-po) nokasuukis MIII, MMIII, Sag Ta FG HuxHbBOI menenn
y nanienTis i3 OI1, ycknagaennin ADIIA, sanexxno Bif Buny sactocoBanux OA

BaHHI KiHETMYHOrO Ta KiHECTAaTUMYHOIO IIPaKCUCiB
IUIAXOM Hinbopy iHAMBiAyanbHOI MiOriMHACTUKY,
eTall IIOCTAaHOBKM 3BYKiB — BK/II0YaB (OPMYyBaHHSA
APTUKYIALIHUX YKIa[iB TOPYIIEHUX TPyN 3BY-
KiB), JO3BO/IM/IM IIOKPALIUTU MOOIIBHICTD sI3MKa Ta
MO3UTUBHO BifjoOpasucs Ha 3ByKOBUMOBI. Jlitu 3
III crynenem Mob6inpHOCTI (n=8, 25,8%) moxasamu
HU3BKWIT piBeHb BUKOHAHHA BCix mpob6. Ilopyuren-
Hs MOBJIEHHS y HUX Oy/IM IIOB’sA3aHi 3 BPOKEHUMMI
abo HaOyTMMM BajaMyu B aHATOMiuHili OymoBi op-
raHiB nepudepiilHOro apTUKYIIALINHOTO amapary
(mexaniyna pmcmanis). OxpiMm opodarianbHol Mi-
o(yHKIIiOHATbHOI TiMHACTVMKM, BUKOPUCTOBYBAJIN
JIOIATKOBI JIoroTexHoOrii (Bibparjiliunit amapar fis
Macaxky sI3MKa Ta By3fieukn Z-Vibe 3 pisHumu Hacap-
kamu). Cr1ifi 3a3Ha4MTH, 1O Y BCIX AiTelt 1iei rpynm
By3fledKa f3MKa Oy/a IpefcTaBleHa AyOIiKaTyporo
cmm30Boi 060moHKN. [ToBTOPHI (yHKIIIOHANBHI ITpO-
61 mic/IA JTOTOIeNMYHOI KOPEKIIil Ta OJHOYaCHOIO
Bukopuctanus OA, 0co6MMBO Ha HIDKHIO IIeTIeny
niprpyn C3 Ta C4, BUSHauMIM MOSUTUBHY JUHAMIKY
pyxnuBocTi sf3uka. Mob6inbpHicTh s13uka IV cTyneHio
(yTpynHeHHs a60 HeMOXX/IMBICTb BMCOBYBaHHS 3a
MeXi POTOBOI IMOPOXXHMHY, 00/1M3yBaHHA TIy0, miA-
HATTA BrOPY [0 MigHeOiHH:A), a TAKO)X MOBJICHHEBI
MOPYIIEHHA, MOTOBLIEHHA Ta BKOPOYEHHA IIpef-
CTaBJIeHOI AyOTiKaTyporw Cm130BOi 060/MIOHKM ab0
CIIOTyYHOTKAQHVHHVM TsDKEM BY3J[IEUKV € abCOMoT-
HMMU TIOKa3aHHAMU [JO ii XipypriyHol Kopekuil 1o
II0YaTKY OPTOJOHTMYHOTIO JiKyBaHHA.

06roBopeHHs

IligcymMoByro4M OTpUMaHi pe3yabTaTM 3MiH IIO-
KasHUKIB BepxHbOi Ieneny (A=micias-g0), MOXKHA
BU3HAYUTY, WO HAMOIIBII CTATMCTUYHO 3HAYYIIA
pisHnus mMix pesynbraTamm 3actocyBaHHS OA pis-
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HUX BUJIB cTOCyeTbcs 36impuienus MIII, Toni sk
mst MMII tenpenuis cmabma. Bup amaparypu ic-
TOTHO He BIUIMBAa€ Ha BeIMUYMHY IIPOaHajIi30BaHMX
3MiH y MeXax laHOI BUOipKM [yIs1 IOKa3HMKIB Sag Ta
FG. ¥ mexax maHoi BUOIpKM TeHJEHII0 Ko Oinbur
BUPa)XE€HUX 3MiH IPOIEMOHCTPYBalM BEPXHbOILIE-
nertHi OA 6e3 posumpeHoro 6asucy y nepegiit 1/3,
[0 TNepeKpMBAE 3HAYHYy IUIONIY IigHeOiHHA Ta He
JO3BOJISIE KOCATTHU (Pi3i0NIOTiYHOTrO MOMOXKEHHS S3U-
Ka (B CIIOKOI 371eTKa TOPKAETHCS aIbBEOJIIPHOTO Bif-
POCTKy Omipkde mo migHeOiHHOI MOBEpXHi BepxHIX
pisuiB [3-6]). Y BuKkopucTaHuX HaMu anaparax Mew,
@mica I1.C.-®inonenka B.B., Marco Rosa ta Twin
Block [1, 2, 6] Bin 6yB BifcyTHiit a60 3amiHeHMit Ha
KapKacHi efleMeHTN (JTIHIBaJIbHI IPOTparylodi gyru,
PYKOIIOZIIOHI aKTMBAaTOPM, HPY>KMHHI 3MienonibHi
a60 BOCbMUIIOAiOHI 1ITOBXaui Ta iH.), @ WA TpeHy-
BaHHS M SI30BUX CTPYKTYP apTUKY/IALINHOTO ama-
paTy, B KOMIUIEKCI 3 JIOTONEeAVYHOI0 KOPEKLI€0 I
MOKpallleHHA KiHeTUYHOTO Ta KiHeCTeTUYHOT O NpaK-
cucy [16] 3 nomaBaHHAM (PyHKIIIOHATBHUX eleMeH-
tiB. HasiBHicTD 6asucy npus3BOAUTH SO BUMYILIEHOTO
BUTICHEHHA fA3MKa 10 [JHA IIOPOXHMHY poTa. Takox
HOCATHEHHIO IIO3UTUBHOTO (YHKI[iOHa/ILHOTO pe-
3y/IbTaTy KOMIUIEKCHOI peabinmitanii miteit i3 ADIIA
CIIPMSIO PO3LIVMPEHHS IIe/Iell Ha 3yOHOMY Ta a/ibBe-
OJIAPHOMY piBHAX.

ITnacTMacoBuit 6a31C BUKOPUCTAHNUX HVKHbOLIE-
JIETIHMX aIlaparTiB, y BUIIAJIKy PO3TAallyBaHHA S3MKa B
HIDKHBOMY TIOJIOKEHHI, BiflirpaBaB posb i A3MKO-
BOI KaIly, IO CTUMYJ/IIOE KOHTAKT f3MKa 3 MifHeOiH-
HsM [PV MEHII BUPaXKeHMX 3MiHaX aHTPOIIOMEeTPUY-
HUX ITOKa3HMKIB HIMKHBOI 1IeJIeTN.

MixrpynoBi nopiBHAHHA micns cTparndikanii 3a
TUIIOM OPTOJOHTMYHOI arapaTypy MalTb 0OMeXeHy
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CTaTUCTUYHY MOTY>KHICTb 4Yepe3 Majay YMCEeNbHICTh
OKpeMMX MiATPYI, TOMY Hapasi OTpUMaHi pe3ynbTaTu
BapTO iHTEpIIpeTyBaTH 3 HAJIKHOI 00ePEXXHICTIO AK
BUAIBJIEH] JIMOBIpHI TeH/IeHIil, 1[0 MOXYTb HOTpeOy-
BaTy MiATBEP/PKeHH: Ha OilbiIoMy 06’eMy Bubipku,
IO € IPeAMeTOM HOJa/IbIIOI HAYKOBOI pOOOTIL.

BucHoBKM

TakyM 4YMHOM, HayKOBa JJOKa30BicTb epeKTMBHOC-
Ti OPTOZOHTUYHOTO JiKyBaHH:A 6a3y€eTbCs Ha KPUTe-
pifxX 3MiH aHTPOIIOMETPUYHUX IOKA3HMKIB 3yOHMX
pAAiB Ta MOpPiBHAHHI pe3ynbraTiB QyHKI[iOHATBHUX

mpo6.

ISSN 2786-6661

Y BuIagxy posTalllyBaHHA fA3MKa B HIDKHbOMY
MONO’KEHHI Ta 3HIDKEHit MOOiTPHOCTI OpPTOMOH-
TUYHE JIIKyBaHHA JiTell i3 OUCTaJIbHUM IIPUKYCOM,
YCK/IAJHEHVM aHATOMO-(YHKI[IOHA/IbHUMU IIOPY-
IIEHHAMMY f3UKa, Halt61/b1I eheKTUBHO NPOBOAUTH
i3 3aCTOCYBaHHAM BE€PXHbOIIETIENNHNX OPTOLOHTIY-
HIIX anapariB 6e3 posmupeHoro 6asucy y nepepgHii
1/3; 6a3;uc HIDKHBOLIENENTHNX alapartiB Biflirpae
POJb IIifi I3MKOBOI KaImM, IO OKPIM CIIPSIMOBAHOTO
edexTy po3LIMpeHH Lielell Ha 3yOHOMY Ta albBeo-
JIIPHOMY PiBHSX, CIIpusie HOpMaisauii ¢isionoriy-
HOTO IOJIOKEHHS OpPTaHy.

®iHaHcyBaHHS. [laHe AocnigXeHHs He 0TPUMaso 30BHILLIHLOMO ¢iHaHCYBaHHS.
KoHnikT iHTepeciB. ABTopka feknapye BifiCYTHICTb KOHGAIKTY IHTepeciB.
3ropa Ha nybnikauito. Bci aBTopy 03HaoMIeHi 3 TEKCTOM pyKOMnuUCy Ta Hafanu 3rogy Ha ioro nybnikauito.

EtuyHe cxBaneHHsa. [JocnifXeHHs BWMKOHyBanun 3 AOTPMMAHHAM eTUYHUX NpUHUMNIB [enbCiHKCbKOl Aeknapauil
BcecBiTHbOT MegMyHOT acouiauii — ETMYHI MPUHLMIM MeAnYHUX BOC/IAXKEHb 3a ydacTio foanHn (CboMuin nepernag,
»oBTeHb 2013 poky), KoHseHuii Pagn Esponu npo npasa noguHu Ta biomeauumuy (Big 04.04.1997 p.), unHHMX
HaLioHanbHUX eTUYHMX CcTaHpapTiB YkpaiHu. JocnigxeHHs cxBaneHe KoMicielo 3 nuTaHb BioeTUyHOI ekcnepTmsn Ta
eTUKM HaykoBWX pochigxeHs HMY imeni 0.0. Boromonbua MOH Ykpainu (Butar 3 npotokony N2172 sig 22.05.2023 p.).
YciyyacHuku bynu noingopMoBaHi LLOAO yyacTiy AOCAIAXEHHI, L0 3aCBifYeH0 MMCbMOBMMM iIHGOPMOBaAHMMM 3rofaMu.

Bukopuctanns LI, Mig vac nigrotoBku uboro pykonucy LUI-iHCTpyMeHTW He BUKOpUCTOBYBanuUCS.

BHecok aBTopie (CRediT). Conceptualization — Alona Melnyk. Methodology — Alona Melnyk. Software — Alona
Melnyk. Validation — Alona Melnyk. Formal Analysis — Alona Melnyk. Investigation — Alona Melnyk. Resources —
Alona Melnyk. Data Curation — Alona Melnyk. Writing - Original Draft Preparation — Alona Melnyk. Writing - Review
& Editing — Alona Melnyk. Visualization — Alona Melnyk. Supervision — Alona Melnyk. Project Administration —
Alona Melnyk. Funding Acquisition — Alona Melnyk
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x Analysis of changes in anthropometric parameters of dentition
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Abstract: diagnosing the topography and severity of morphological disorders, establishing a final diagnosis,
justifying the optimal plan and timing of orthodontic treatment, and assessing the degree of changes achieved in
each clinical variant is made possible by analyzing changes in anthropometric indicators of the dentition, which is an
integral part of a personalized approach and can only be carried out if orthodontic appliances are correctly selected.
Aim of the study: to analyze changes in anthropometric indicators of the dentition of the upper and lower jaws
and tongue mobility during orthodontic treatment of children with distal occlusion complicated by anatomical and
functional disorders of the tongue, depending on the type of orthodontic appliances used. Materials and methods.
We analyzed anthropometric indicators of the dentition of the upper and lower jaws and tongue mobility before and
during orthodontic treatment of children aged 5 to 12 years with distal occlusion complicated by anatomical and
functional disorders of the tongue (n=31). Results and their discussion. For the upper jaw, it was found that the type
of orthodontic appliances used is primarily associated with different severity of transverse changes in the frontal
region. For the interdental width of the dentition, statistically significant differences were found between the groups:
the largest average increase was when using Marco Rosa appliances (4.5£1.1 mm), somewhat less - Mew appliances
(4.1+£0.6 mm) and the smallest - Schwarz, Flis P.S.-Filonenko V.V. and Twin Block appliances (3.0+0.4 mm), which
may indicate a slightly different potential of their action in expanding the upper dentition of the specified segment.
For the lower jaw, a tendency towards more pronounced transverse expansion was observed when using Flis P.S.-
Filonenko V.V. and Twin Block appliances. The average interdental width was 2.4+1.0 mm versus 1.9+0.9 mm when
using Schwarz appliances. Patients with the I degree of mobility, when establishing violations of the phonetic side
of speech, were provided with standard corrective speech therapy, with the II degree - speech therapy correction,
which consisted of a preparatory stage, which consisted in the formation of kinetic and kinestatic praxis by selecting
individual myogymnastics and a stage of sound production, which included the formation of articulatory structures
of impaired groups of sounds. Children with the III degree of mobility showed a low level of performance of all
tests. Their speech disorders were associated with congenital or acquired defects in the anatomical structure of the
organs of the peripheral articulatory apparatus. In addition to orofacial myofunctional gymnastics, additional speech
technologies were used. Functional tests after speech therapy correction and the simultaneous use of orthodontic
appliances, especially the lower jaw, determined the positive dynamics of tongue mobility. Conclusions. Scientific
evidence of the effectiveness of orthodontic treatment is based on the criteria for changes in anthropometric
indicators of the dentition and comparison of the results of functional tests. In the case of the tongue in a lower
position and reduced mobility, orthodontic treatment of children with distal occlusion, complicated by anatomical
and functional disorders of the tongue, is most effectively carried out with the use of maxillary orthodontic appliances
without an expanded base in the anterior 1/3; the base of the mandibular appliances plays the role of a sublingual
mouthpiece, which, in addition to the directed effect of jaw expansion at the dental and alveolar levels, contributes
to the normalization of the physiological position of the organ.

Key words: Orthodontic Appliances, Dentition, Children, Lower Jaw, Upper Jaw.
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Abstract: malocclusions are the most common diseases of the maxillofacial area, which requires the special attention
to the issues of their timely diagnosis, effective prevention and treatment. Vertical malocclusions in the period of
permanent dentition during clinical examination are diagnosed for 21-40% of examined, and their main types -
deep and open bite - significantly affect the level of dental and general health, that determines the average and high
level of necessity for orthodontic treatment. The purpose of this article is to investigate scientific sources on the
effectiveness of various treatment methods and methods of stabilizing the obtained results after treatment of vertical
malocclusions in the period of permanent dentition over the past 10 years. 52 scientific sources from the databases
Scopus, PubMed, Google Scholar were processed. Treatment of vertical malocclusions in the period of permanent
dentition (especially open bite) is difficult and technological. Long-term active and retention periods are the specific
features of treatment. Among the leading methods of this pathology type's treatment, myotherapeutic, appliance-
based, surgical, prosthetic and complex methods are distinguished. Myofunctional therapy is aimed at restructuring
pathological muscle reflexes and establishing new muscle patterns which eliminate bad habits. The strategies of open
and deep bites appliance-based treatment have a number of differences. While treating open bite of adult patients,
removable and non-removable appliances are used to extrude incisors, intrude molars and premolars, change the
position of the lower jaw, etc.; when correcting a deep bite, the process of incisors intruding, their proclination,
extruding molars is being executed, or there is a combination of these methods during treatment. High efficiency
of surgical methods (orthognathic surgery, usage of microimplants, microscrews, temporary anchorage devices) in
the complex treatment of vertical malocclusions in the period of permanent dentition has been established. Thus,
vertical malocclusions during the period of permanent dentition are an urgent problem of modern orthodontics,
that is determined the development of new accessible and effective treatment algorithms. At the same time, data
on the advantages of individual treatment methods are contradictory and require further research. A perspective
direction for improving treatment tactics is the study of new combined treatment methods which affect the main
links of etio- and pathogenesis, that provides a long-term therapeutic effect in the future. The improvement of the
process for the passive stage of orthodontic treatment must be carefully considered.

Key words: Orthodontics, malocclusion, deep bite, open bite, permanent dentition, treatment, orthodontic
appliances, myofunctional therapy.
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Introduction

Malocclusions are the most widely spread diseases
of the maxillofacial area. The prevalence of various
malocclusions during the period of permanent
dentition ranges from 6-80 %, that requires special
attention to timely diagnosis, proper prevention and
treatment. [1-3] Vertical malocclusions in the period
of permanent dentition are diagnosed during clinical
examination for 21-40 % of examined, and their main
types — deep bite and open bite — for 21-28 % and 3.6-
10 % of examined, respectively. [1-5]

The presence and progression of vertical
malocclusions  significantly affect the level of
dental (restriction of chewing; dysfunction of the
temporomandibular joint (TMJ), masticatory and
facial muscles; sleep apnea; traumatic damage of teeth
and periodontal tissues; pathological tooth wearing)
[6, 7] and general health (impaired speech and
breathing, changes in aesthetics, impaired posture)
[6, 8, 9], the process of personality formation and
social status, [6,10] impaired quality of life [11], etc.

Some indices have been proposed for assessing
of the morphological disorders’ degree, the need
for orthodontic treatment and designation of its
effectiveness (TPI - TreatmentPrioretyIndex (1967),
DAI - Dental Aesthetic Index (1986), PAR - the
Peer Assessment Rating (1992), IOTN - Index
of Orthodontic Treatment Need (1989), HLD
(CalMod) - the Handicapping Labiolingual
Deviation with the California Modification (1960,
1998), ICON - Index of Complexity, Outcome and
Need) (Daniels C. and Richmond S.,2000)). [12-14]

Alogaibi Y.A. atal. [12] have examined 3016 people
aged 14-18 years. Based on the IOTN (DHC)
calculation, the average (“Moderate/borderline”)
necessity for treatment of individuals with deep
(n=805) and open bite (n=285) was, respectively, 27 %
and 9.5 %, high need - 1.5 % and 0.7 %, respectively
(P <0.001).

Ferro R. at al. [13] have examined 444 adolescents
aged 14 years. One of the most frequently diagnosed
types of malocclusions was deep overlap >3 mm
(39%), and the average and high level of need for
orthodontic treatment IOTN was, respectively,
14.7 % and 35.8 %.

During the study of orthodontic pathology
manifestations among 17-21-year-old patients who
didn't receive orthodontic treatment (n = 390), deep
overlap >3.5 mm was detected, and the need for
orthodontic treatment was 36% (ICON). [14]

The high proportion of vertical malocclusions in
period of permanent dentition and the indicators of
the need for orthodontic treatment of this patients
group point out that the development of the new
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accessible and effective algorithms for diagnosis and
treatment must have been implemented. [15]

Aim

The aim of the study is to investigate scientific data
on the effectiveness of various treatment methods
and methods of stabilizing the obtained results after
treatment of vertical malocclusions in permanent
dentition over the past 10 years.

Materials and methods

In order to prepare this article, a systematic review
of English scientific sources from Scopus, PubMed and
Google Scholar databases had been conducting for
the period of 2015-2025. The selection of publications
was carried out in accordance with the PRISMA*2020
(Preferred Reporting Items for Systematic reviews and
Meta-Analyses). [16] (Fig. 1) The inclusion criteria
were articles (meta-analyses, systematic reviews,
retrospective study and randomized clinical trials)
using the tags "deep bite", "open bite", "orthodontic
treatment", "retention period" and patient age 12-
44 years (“permanent dentition”). Exclusion criteria
were articles with patients' age at the time of treatment
less than 12 years, temporary or mixed dentition.
52 sources of scientific databases which are dedicated
to the methods of treatment and stabilization of
patients with open and deep bite in the period of
permanent dentition were selected and processed.

Review

Treatment of vertical malocclusions in the period
of permanent dentition (especially open bite) is
difficult and technological. Long-term active and
retention periods are the specific features of open
bite's treatment, as a result of which functional,
morphological and aesthetic changes are achieved.
[17-20] The selection of treatment protocol depends:
the patient's age; the degree of formation of the
dentofacial apparatus; etiology and pathogenesis,
type of pathology; the presence of pathology of the
function of chewing, breathing, swallowing; the
general and psychological condition of the patient,
individual needs and financial capabilities, etc. [19]

Among the leading methods of treatment of
vertical malocclusions in the period of permanent
dentition are myotherapeutic, appliance-based, sur-
gical, prosthetic, complex, etc. [17-20]

Myotherapeutic method

One of the main tasks of orthodontic treatment is
the restoration and stabilization of masticatory and
facial muscles myodynamic balance. [21]

Uslu O. et al. (2017) found that during the
functional orthodontic treatment of patients in the
prepubertal and pubertal periods in the open bite
group, increased activity of the masticatory muscles
and forward rotation of the lower jaw were observed;
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Fig. 1. Publication selection scheme according to PRISMA 2020 regarding reporting for systematic reviews
and meta-analyses.

in the deep bite group, decreased activity of the
masticatory muscles, posterior rotation of the lower
jaw and an increase of the gonial angle were detected;
muscle response to functional treatment was observed
in all patients, but it was more pronounced during
puberty; at least 6 months of functional treatment are
required for neuromuscular adaptation. [22]
Piancino M.G. et al. (2022) have investigated the
changes in the dental status of children with deep bite
during the period of permanent dentition under the
influence of functional orthodontic therapy (FOT,
removable appliance with anterior and posterior bite
plates and soft tissue retainers). It was found that the
EMGe-activity of the masticatory muscles had been
increased at the beginning of the study, but decreased
as a result of the treatment; chewing patterns showed
a tendency to reduce the lateral component, which
significantly increased after treatment, indicating the
influence of functional therapy on the neuromuscular
coordination of chewing, as well as the position of the
teeth; only orthodontic treatment and correct the
position of the teeth should not have been taken into
account, but also combat muscle hyperactivity. [23]
A prospective direction of malocclusions treat-
ment is the usage of myofunctional devices
(elastopositioners), that, unlike functional ones, set
up conditions for eliminating bad habits (including

Creative Commons «Attribution» 4.0
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those related to muscle function), which are the root
cause of the various malocclusions development. The
advantages of myofunctional devices are also such
as follows: the ability to move and hold teeth in a
position previously planned in the design, and due
to the elasticity of the material, to make universal
devices in terms of their effect on the teeth; the ability
to use them without fixed orthodontic appliances
for adults (if there are contraindications); better oral
hygiene, etc. [24]

Orofacial myofunctional therapy (OMT) has
become widespread in modern orthodontics in
the complex treatment of children and adults’
malocclusions. This type of therapy is aimed at
restructuring pathological muscle reflexes and
establishing new muscle patterns, which at the same
time eliminates existing bad habits. OMT implements
muscle exercises which are aimed at developing and
improving the kinetic and kinesthetic organization of
articulatory motor skills. [25, 26]

Smithpeter J. et al. (2010) have studied the
effectiveness of orofacial myofunctional therapy
comprehensive approach in combination with
orthodontic treatment for the retention of open bite
treatment results with adults. It was found that this
approach is significantly more effective compared to
orthodontic treatment (P <0.0001). [25]
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The most common orthodontic method of treating
malocclusions for adolescends and adults, including
vertical ones in permanent dentition, is the appliance-
based method.

The strategies for the appliance-based treatment of
openand deepbiteshaveanumber of differences. While
treating open bites for adult patients by removable and
fixed appliances the extrusion of incisors, intrusion of
molars and premolars, change in the position of the
lower jaw, etc. are being performed; when correcting
a deep bite, incisors, their proclination, molar
extrusion are being intruded, or these methods are
combined during treatment. [19, 27-29]

Elbarnashawy S.G. et al. (2023) have found a
significantly higher effectiveness of fixed appliances
and upper bite plates (UBP) combined usage for the
treatment of adolescents' deep bites (p<0.001). The
authors concluded that the main changes related to
the lower jaw and included inclination and intrusion
of the lower incisors along with an increase in the
vertical height of the lower third of the face; the
advantages of bite blocks are ease of usage and
increased level of patient compliance compared to
removable appliances methods. [30]

Al-Zoubi E.M. and Al-Nimri K.S. (2022) have
compared the effectiveness of 0.016x0.022 nickel-
titanium lower reverse arch of Spee (LRAS) and
upper metal bite blocks (ABB) usage for the
treatment of adults with braces deep bite. Based
on cephalogram evaluation, it was found that both
methods are effective; the duration of treatment
with ABB was significantly shorter (p<0.001); LRAS
causes proclination of the lower incisors and distal
inclination of the lower molars, while ABB causes
extrusion of the lower molars. [28]

The data of the study by Vela-Hernandez A. et
al. (2017) demonstrates the effectiveness of the
combined usage of a multibonding system and
polymer blocks fixed on the upper molars during
the treatment of adults’ skeletal open anterior bite.
Significant skeletal and dentoalveolar changes were
found (molar intrusion; extrusion of the lower and
upper incisors; closure of the angle of the lower jaw;
reduction of the anterior facial height), a moderate
tendency to relapse and long-term stability of the
results were also detected. [31]

Hammad T. et al. (2023) have demonstrated the
high effectiveness of extrusive arches usage for the
treatment of open bite for adults. Positive incisor
overlap at the end of treatment was recorded in 100%
of cases. In the retention period, a combination of
a fixed retainer on the lower jaw, a vacuum-formed
retainer on the upper jaw and lingual spurs were
used. [29]
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The usage of fixed appliances with extrusive
mechanics can set up the correct incisor overlap in
the treatment of open bite, but it can lead to gingival
enlargement and indicate a high risk of relapse. [17]
Other side effects can include mesial inclination of
molars and a decrease in the perimeter and length of
the dental arch. [32]

The development of modern technologies has
expanded the range of aligners application in the
treatment of complex malocclusions, including open
bite. [17, 33] Several studies indicate that the use of
aligners has gained popularity among adult patients
due to their higher aesthetics and comfort compared
to traditional fixed orthodontic appliances. [34]

The advantage of using aligners in the treatment of
open bite is the lack of extrusive effect on the distal
group of teeth compared to the use of fixed appliances,
the disadvantage is the possibility of lateral teeth
intrusion due to the thickness of the plastic and the
action of the masticatory muscles. [35]

The usage of aligners helps to correct the impact
of harmful habits, such as tongue thrusting, in the
treatment of patients with moderate to severe level of
anterior open bite due to the presence of the anterior
teeth plastic covering. [36]

The data of Khosravi R. et al. (2017) indicates the
possibility of using aligners to control the vertical
dimension in the treatment of deep and open bite. The
main mechanism of open bite correction is extrusion
of the incisors with an average value of 1.5 mm. [37]

Moshiri S. et al. (2017) have found that the
correction of open bite in the treatment of aligners
mainly occurred through counterclockwise rotation
of the lower jaw as a result of the lower molars
intrusion. [38]

Harris K. et al. (2020) have detected a reliable
effectiveness of open bite treatment with aligners in
a group of adult patients (p<0.05). The result was
achieved by extrusion of the incisors and intrusion
of the maxillary and mandibular molars with slight
autorotation of the mandible. [33]

The data of Suh H. et al. (2023) indicates the
successful treatment of adult patients with aligners
alone. During the studied retention period (2.1£1.1
years), no significant difference in effectiveness
between fixed retainers and vacuum retainers in both
jaws (p>0.05) was found. [35]

AlawdiG.M. etal. (2024) indicates the inconsistency
of data on the mechanisms of open bite correction in
aligner treatment for adults. [34]

While comparing the effectiveness of aligners and
fixed appliances (in combination with tooth extraction
and usage of microimplants) in the treatment of open
bite for adult patients with hyperdivergent growth
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pattern, Garnett B.S. et al. (2019) found no significant
difference in cephalometric analysis between groups
(p>0.05). [39]

Steele B.P. et al. (2022) have compared the
effectiveness of open bite treatment for adult
patients with aligners and a multibonding system
in combination with miniplates for distal intrusion
(MDI). Based on the analysis of lateral cephalometric
data, the authors concluded that both methods
are effective in the treatment of open bite and the
prevention of post-treatment deep overlap. When
using aligners, occlusion correction was performed
by extrusion of the maxillary and mandibular
incisors, while when using MDI, molar intrusion
and counterclockwise mandibular autorotation were
performed. [40].

Similar results were obtained by Chamberland S. et
al. (2024) when comparing the therapeutic efficacy of
aligners and fixed appliances and skeletal temporary
anchorage devices (TAD) in adults with open bite.
[41].

Surgical methods, including orthognathic surgery,
are effective in treating the skeletal form of open bite,
which is a consequence of excessive vertical facial
growth. [17, 42]

Studies by Todoki L.S. at al. (2020) indicate a
statistically higher effectiveness of orthognathic
surgery compared to aligners, fixed appliances, and
TAD in the treatment of open bite for adults. [17]

However, the vast majority of such patients does
not agree to any surgical manipulation, preferring
orthodontic, i.e. equipmental treatment, which
significantly prolongs the time, treatment options
and predictability of results. [43]

Recently, the usage of microimplants or miniscrews
(miniplates) among other surgical methods in the
complex treatment of vertical malocclusions in
permanent dentition has shown high efficiency [42,
44).

The usage of TAD facilitates tooth movement by
eliminating the plasticity factor, provides continuous
force transmission and absolute fixation of teeth,
faster functional adaptation of muscles and TMJ,
compared to orthognathic surgery [45].

In contrast to numerous studies proving the
effectiveness of various devices and technologies
for the intrusion of permanent molars, there are
publications indicating limited evidence of these
studies, given the unclear long-term stability of
results, cases of complications, etc. [42, 45]

Orthognathic surgery for correcting of an anterior
open bite involves performing a LeFort I osteotomy
and, in some cases, a mandibular ramus osteotomy
or molar (premolar) extraction, which displaces the
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maxilla and allows the counterclockwise rotation of
the mandible. [46]

Foosiri P. et al. (2019) have evaluated the scientific
sources from the point of view of open bite treatment
stability using extraction and non-extraction
techniques for permanent dentition. The average
stability rates were 94% and 74% for extraction and
non-extraction, respectively. The results showed
no significant changes in cases of extraction (mean
difference (MD) 0.49, 95% CI —-0.18-1.16; P = 0.15),
but showed a significant change in cases of no
extraction (MD 1.12,95% CI10.77-1.46); P < 0.00001).
[47]

After the active phase of treatment is completed, an
important task is the maintenance (retention) of the
achieved result. [19, 48]

One of the main tasks of the retention period, along
with the retention of the dentition, is to ensure a status
of myofunctional equilibrium, which can be achieved
by balancing the external (facial muscles and muscles
of the lips and cheeks) and internal (muscles of the
tongue, floor of the mouth, soft palate and posterior
pharyngeal wall) muscle action. [49]

A retrospective review of stability treatment
outcomes' studies concerning vertical malocclusions
for adults over the past 25 years has shown that open
bite recurrences are occured in 15-44 % of cases
within the period of 2-5 years after the end of active
treatment. [18, 50]

Proffit WR. et al. [51] have proposed an evaluation
scale for the stability of open bite treatment outcomes,
based on the percentage of patients with significant
signs of recurrence. “Highly stable” results can be
considered when significant signs of recurrence
(> 2 mm) are observed in less than 10% of patients,
“stable” - < 20%, and very significant signs of
recurrence (>4 mm) are not observed at all.

Given the high probability of recurrence after
treatment (especially open bite) for adults, Greenlee
G.M. et al. (2011) conducted a meta-analysis of
surgical and orthodontic methods stability for
treating adults' open bite. The authors concluded that
both groups of methods are effective (result stability
> 75%). [18]

Salehi R. et al. (2015) have indicated the absence of
asignificant difference in the treatment results of adult
patients group with open bite after tooth extractionand
without tooth extraction (p=0.117) and depending on
the type of retention device (p=0.801). After 3 years
of retention period, relapse was diagnosed for 17 %
of patients, even with the presence of fixed retainers.
In order to prevent relapse, the combined usage of
retainers’ different types together with those fixed on
the teeth is recommended. [52]
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For stable and long-term maintenance of open bite
treatment results, there are a considerable number of
removable (Hawley appliances, elastic retainers) and
non-removable retention devices. [51, 53]

Discussion

The analysis of modern scientific sources confirms
the high level of interest regarding the problem
of treating deep and open bite in the period of
permanent dentition.

The main method of selection remains the
appliance-based method using fixed appliances. The
advantages of this method are relative accessibility,
predictability of the result, convenience at work for
the doctor, the possibility of changing treatment
tactics, disadvantages — low aesthetics, a number
of inconveniences for the patient (complication
of individual hygienic care of the oral cavity,
traumatization of the oral mucosa, frequent visits to
the doctor, dietary restrictions), high probability of
debonding.

A modern alternative to multibonding appliances
are aligners. In addition to the above-mentioned
features of aligners, their advantages include the
absence of dietary restrictions and a lower frequency
of visits to the doctor, and among the disadvantages
are the high cost, the likelihood of deviation from
the treatment plan due to the patient's failure to
comply with the mouthguard wearing regimen, the
likelihood of a greenhouse effect, which can lead to
a deterioration in oral hygiene and increase the risk
of damage to the hard tissues of the teeth and gums.

Considering the contradictory results when
comparing the effectiveness of the use of multibonding
appliances and aligners for the treatment of vertical
malocclusions in the period of permanent dentition,
further study of their effectiveness, especially taking

ISSN 2786-6661

into account long-term results, may be a relevant task
of modern orthodontics.

Increasing the effectiveness of treatment, especially
in cases of medium and high complexity, can be
achieved only by combining several treatment
methods and a multidisciplinary approach. The most
common direction is the combination of appliance-
based and surgical treatment methods, especially for
the treatment of skeletal forms of open and deep bites.
The additional use of temporary anchorage devices or
tooth extraction allows the orthodontist more easily
and accurately predict and implement treatment.

Considering the advantages of the etiopathogenetic
influence of myofunctional methods for ensuring the
state of myofunctional balance of the masticatory and
facial muscles, it is highly perspective to further study
their effectiveness in complex treatment both during
the use of multibonding appliances and in the retention
period with the assessment of long-term results.

Conclusions

Vertical malocclusions during the period of
permanent dentition are an urgent problems of
modern orthodontics, which determined the
strong necessity of development of new accessible
and effective treatment algorithms. In orthodontic
practice, various methods are used to treat vertical
malocclusions in permanent dentition. At the same
time, data on the advantages of individual treatment
methods are contradictory and require further
research. A perspective direction for improving
treatment tactics is the study of new combined
treatment methods that affect the main links of
etio- and pathogenesis, which provides a long-term
therapeutic effect in the future. Special attention must
be paid to the process of the orthodontic treatment
passive stage improvement.
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AHoTauisi: 3ybolrenenti aHoMarIil € OFHMMI 3 HallO1/IbII PO3IOBCIOMKEHNX 3aXBOPIOBAHb II[e/IeTIHO-TUI[eBOI Ai/sH-
KU, 0 NOTpebye MiIBUILEHOI yBary 4O MUTAaHb IX CBOEYACHOI JiarHOCTUKM, e(eKTUBHUX NPOITaKTUKA Ta JIiKy-
BaHHs. BepTykabHi 3yOoliesenHi aHOMail B Iepiof MOCTIHOTO IPUKYCY Mif| Yac KIiHIYHOTO OIVISAY JiarHOCTY-
10TbCsA B 21-40 % o6cTexxeHn, a IX OCHOBHI BUAM — ITIMOOKMUIT IPUKYC 1 BIfKPUTUIL IPUKYC — 3HAYHO BIUIMBAIOTH Ha
piBeHb CTOMATOJIOTIYHOTO Ta 3aTa/IbHOTO 30POB’s, 1[0 3YMOBJIIOE CEPeHIil Ta BICOKUIT piBeHb IOTPe6 B OPTOROH-
TUYHOMY JIiKyBaHHi. MeTO0 IpOBeIeHHs JAHOTO HOCII/PKeHHs 0Y/Io BYBYCHHS JiTepaTypHi faHi 3a nepiox 2015-
2025 pp. 07,0 METO/IIB NIiKyBaHHA Ta PETEHIl pe3y/IbTaTiB NiKYBaHHA BEPTUKAIbHUX 3y6omenenHI/{x aHOMaJii B
nocTiitHoMy nepiopi npukycy. Bysno BifibpaHo Ta onpanpboBaHo 52 mKepena niteparypu 6as gaHux Scopus, PubMed,
Google Scholar. JlikyBaHHs BepTMKaIbHUX 3yOOllle/elIHNX aHOMAI B MOCTIIHOMY Iepiofi mpukycy (oco6nmBo
BiIKPUTOTO NPUKYCY) € CKIALHUM Ta TeXHONOriYHUM. OCcOOMMBOCTAMM JTIKYBaHHSA € JOBIOTPUBAJIi aKTUBHMIL Ta pe-
TeH1iltHMIT epiopn. Cepesl MPOBifHMX MeTO/IiB iKyBaHH: JAHOTO BUJY HATOMNOTil BUAINAOTh MioTepaneBTUYHUIA,
amapaTypHuil, Xipypri4Hmii, IpOTeTUYHMI Ta KOMIIEKCHUI MeToaM. MiodyHKIiOHa/IbHA Tepalis cipsMOBaHa Ha
nepeOyfoBY MATOMOTiYHMX M SI30BUX pedrIeKciB Ta BCTAHOB/IEHHS HOBUX M SI30BUX ITaTEPHIB, AKi yCyBaIOTh LIKif/IN-
Bi 3BuuKu. Crparerii anapaTypHOro liKyBaHHs BiIKPUTOrO Ta IIMOOKOT0 MPKKYCiB MalOThb psAf BigminHOCTel. [Tpu
MiKyBaHHI BiIKPUTOTO NPUKYCYy Y JOPOCIUX TALi€HTiB 3HIMHOIO Ta HE3HIMHOIO allapaTypol0 IPOBOJATH €KCTPY-
3i10 Pi3LiB, IHTPY3i0 MOJLAPIB Ta IPEMOAPIB, 3MiHY ITOTIO>KEHHS HVDKHDBOI Ije/IeN TOL0; Ipy KOpeKIil rmnbokoro
OPUKYCY — IHTPY3ilo piswiB, IX MPOKIIiHALII0, eKCTPY3ilo MOTsIpiB a60 KOMOIHYIOTh AaHi METORM Mif 4yac JiKyBaH-
H:. BcTaHOB/IeHA BMCOKa eeKTUBHICTD Xipypriuamx MeTofiB (OpTOrHaTOXipypris, 3acTOCyBaHHA MIKpOIMIUIaHTIB,
MIKpPOTBYHTIB, IPUCTPOIB TMMYACOBOTO KpillJIeHH:) IIPpU KOMIUIEKCHOMY JTiKyBaHHI BepPTUKATbHUX 3yOOLIeNTeITHIX
aHOMaJliil B mocTiitHoMy nepioni nmpukycy. OTxe, BepTUKanbHi 3yOolenenHi aHoMatil B Iepiof MOCTifHOrO Ipu-
KYCY € aKTya/IbHOIO IIP06/IeMOI0 Cy4acHOI OPTOOHTII, 110 3yMOB/IIOE HEOOXifHICTD PO3POOKM HOBYX JOCTYIHUX Ta
eeKTUBHMX a/ITOPUTMIB /TiKyBaHHs. BopgHOYaC faHi 1[0/{0 epeBary OKpeMuxX MeTO/IB TIKYBaHHS € IPOTUIEKHN-
M Ta TOTPeOYIOTh IIOAAMBIIOT0 KOCIiIKeHHs. [TepCcrieKTMBHUM HaNPSIMKOM BJOCKOHAJIEHHS TiKyBa/lbHOI TAKTUKY
€ BUBYEHHSA HOBMX KOMOIHOBaHUX METOJIB JKyBaHHA, SIKi BIVIMBAOTh Ha OCHOBHI JJAaHKM €TiO- Ta ITATOr€He3Yy, 110
3abesnedye B MaiiOyTHbOMY TpyBajuii MiKyBanbuuit epekt. OcoOnuBoi yBaru noTpebye BAOCKOHATIEHHS IPOLECY

ITIACMBHOTO €TaIly OPTOLOHTUYHOTO JIIKYBaHHS.
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