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BunbyxoBa TpaBMa € OAHIEW 3 HaWcknaaHiwmx npobaem cyyacHoi
odTanbMoNOrii Ta HEBPOJOrii, OCKi/IbKM 4aCcTO CYNPOBOAXYETbCA TAXKUMU
YLWKOAXEHHAMW OpraHa 30py. 3a AaHMMU Pi3HMX aBTOPIB, HA YaCTKY YyPaKeHHS
ouen npunagae 6nm3bko 28% BiA ycCix TpaBM, OTpUMaHUX nig vac BMOyXiB.
YepenHo-MO3KOBI TpaBMMW, SIKi 4acTO MOEAHYIOTbLCA 3 BUOYXOBOIO TPasBMOIO,
y 84% BunaakiB yCKNaAHOTLCA 0DTaNbMOAOTIYHUMK NOpYyLIEHHAMU. Lle
CBiAYMTb MPO HaA3BMYAMHY BPa3/MBICTb OKa A0 BUOYXOBUX YMHHUKIB —
yAapHOI XBWJli, TEPMIYHOrO BMIMBY W yNaMKiB.

HanowwupeHiwWnMMn € Taki yWKOAXEHHS, K BiAKpWUTa TpaBMa oOkKa,
BHYTPIiLWHbLOOYHI CTOPOHHI Tina, po3puBM OYHOro Abnyka, BiAlwapyBaHHS
CiTKiBKW, TpaBMaTM4Ha ONTMYHA HerponaTia. BTOPUHHI YMHHUKK (OCKONKM,
ynamku byaisenb, FpyHT, MeTan) 3Ha4YHO NiABULLYOTb PU3KK THKKUX YCKNAAHEHb
— eHAgoMdTaNnbMITY, MOCTTpaBMaTUYHOI rNayKoMun, HeEoBaCKynsipusauii CiTKiBKY,
L0 YacTo NpuM3BOAUTbL A0 iHBanigmM3adii.

[iarHocTuka noTpebye KOMMIEKCHOro NiAXoAy i3 3aCTOCYBaHHAM
odTanbmMoNoriyHnx (opTanbMoCKonis, ynbTpa3ByKOBe AOCNIAXKEHHS, ONTUYHA
KorepeHTHa Tomorpadis), HelpodizionoriyHnx (30poBi BUKIMKAHI NoTeHUianu,
enekTpopeTuHorpadis), HerpoBisyanizauiiHux (komn'toTepHa ToMorpadisa Ta
MarHiTHO-pe3oHaHcHa ToMorpadis op6iT i FONOBHOMO MO3KYy) MeTodiB. IXHE
NOEAHAHHS A€ 3MOTY BUSBUTU K JIOKasIbHI YLILKOAXXEHHS OKa, TaK i LleHTpabHi
NOpYyLEHHSA 30pOBUX LUNAXIB.

NikyBaHHA nepeabavae HeBiaKNagaHy Xipyprito (ywuBaHHSA poO3puBIB,
BMAANIEHHSA CTOPOHHIX TiN, BiTPEOpPEeTUHaNbHi BTPyYaHHS), npodinakTuky
iHpekuin (cnctemHa Ta MicueBa aHTMBIOTMKOTepanisa), NpoTu3anasnbHy
N iMyHoMoAayntoBaNbHY Tepanito. BaxauMBe 3HayeHHS Ma€ CBOEYacHa
npodinakTnka cumnaTtnyHoi odTanbmii. Ansa peabiniTauii 3acTocoByOTb
BiAHOBIOBaNbHI Ta (PyHKUiOHaNbHI MeToAM, CNpsIMOBaHI Ha 36epexeHHs
3a/IMLWKOBOro 30py 1 aganTauito nauieHTiB.

TakuM 4YMHOM, ypaXK€HHs 30pOBOro aHasnisatopa npu BubyxoBit TpaBMi
XapaKTepPU3yeTbCs 6araTtodakTOPHICTIO MeXaHi3MiB i BUCOKMM PU3NKOM
CTiNKOi BTpatu 30py. ONnTuManbHa AiarHOCTUKA M NiKyBaHHA MOX/IWBI nuwe
MpY KOMMJIEKCHOMY MYNbTUANCUMMNIHAPHOMY NiAXOAI 3 aKLUEHTOM Ha paHHE
BTPY4YaHHs Ta TpuBany peabiniTauito.

KnrouoBi cnoBa: B1byxoBa TpaBMa; 30p0Buii aHasli3aTtop; KOHTY3is1 30p0BOro
aHanizatopa; TpaBMaTuyHa ONTUYHa HeKMponarTis, giarHocTuka, peabinitayis

Bctyn

nopaHeHb OKa MoOXe npunaaatn 6nusbko 28% Bia

B yMoBax cy4acHUX BOEHHUX KOHQNIKTIB 3pocTae
KiNbKiCTb NMauieHTIiB i3 BUbyxoBumum tpasmamn (BT), ski
4aCcTO CYNpPOBOAXYIOTbCS ypaXKeHHsAM opraHa 3opy. 3
ornsiay Ha HaA3BMYaMHY Pi3HOMaHITHICTb, KOMBIHOBaHY
Ail0 Ta CKNafHIiCTb MeXaHi3MiB BUOYXOBUX ypaxeHb,
TpaBMa Oka nNpu BUMOYXOBMX MOPaHEHHAX CTaHOBUTb
OAHY 3 HANTSXKUYMX | HANCEePMO3HIWNMX NpobaeM cydacHoi
odTanbmonorii Ta HeBponorii [1]. JocniaxXeHHs
nokasanu, WO 3HayHa KiNbKiCTb TpaBM 30pOBOro
aHanisaTopa, cnpuYnHeHnx Bnbyxamm, CyrnpoBOAXKYETbCS
CTiKMM MOpYyLeHHsIM 30py abo 110ro NOBHOK BTPaTOH
[2]. 3a gaHUMK pi3HUX aBTOpIB, HA YacTKy BUOYXOBMUX

3ara’sibHoi KifIbKOCTi TpaBM, CIPUYMHEHMUX i€l BUOYXOBOI
xBuni [3, 4]. Nig yac onepauii Enduring Freedom (OEF)
1 Operation Iraqi Freedom (OIF) 10-15% 6o/oBux TpaBM
6ynu noB’si3aHi 3 ypaxkeHHsM oveit [5]. YepenHo-MoO3KOBI
Tpasmu (UMT) yacTo CynpoBOAXKYHOTbCS YCKNAAHEHHAMM
3 60Ky OopraHa 30py, 4YacToTa SIKMX MOXe CTaHOBUTU 84%
[6]. Ui pani cBig4aTb NpO BUCOKY BPa3/IMBICTb 30pOBOIro
aHanizaTopa A0 NpPAMOro M onocepeakoBaHOro BMN/MBY
BMOYX0OBOI XBWJi, OCKONKIB i TEPMIYHMX YMHHUKIB.
BnbyxoBi pe4oBUHMU, AKi LLMPOKO BUKOPUCTOBYHOTbLCS
B CyYaCHWX BilMHax i TEPOPUCTUYHUX aTakax, 4acTo
Npu3BOAATb 0 TXKMX YpaXKeHb 30pOBOro aHanisaTopa.
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HarTunoBiwWnMK yLIKOAXKEHHAMN MPU TakMX TpaBMax €
BiAKpUTa TpaBMa OKa, HasBHICTb CTOPOHHIX TiNn B oui,
pO3pu1BM OYHOIO 516/1yKa, @ TaKOX YCKNAAHEHHS y BUrNA4i
BiAWlAapyBaHHA CiTKiBKM Ta TpaBMaTUYHOI OMNTUYHOI
HenponaTii [7].

OcobnmBy Hebesneky CTAaHOBNASATb BTOPMUHHI
YUNHHUKN BMOBYXYy — OCKONKW, ynamkwm byaisens,
YaCTUHKW FPYHTY UM MeTany, AKi 3 BEIMKOK WBUAKICTIO
NPOHUKAIOTb Y CTPYKTYpU o4yHoro sbényka. Mpu ubomy
HaBiTb HEBEJINKI 3@ PO3MiIPOM BHYTPIiLLIHbOOYHI CTOPOHHI
Tina MOXYTb CNPUYUHUTU CEPHO3HIi YyCKNAaAHEHHS,
3oKkpeMa eHAOMdTaNbMIT, NOCTTPaBMaTUYHY r1ayKoMmy,
HeoBacCKynapmu3auito CiTKiBKK, WO NpU3BOANTb A0 BUCOKOT
yacToTu iHBanigmsauii nauieHTiB [8, 9].

MuTaHHA CBOEYaAcCHOI AiarHOCTUKU, XipyprivyHoi
aonomoru Ta peabiniTauii nocTpaxaanux iz Bubyxosmmm
TpaBMaMum oka HabyBalTb akTyasbHOCTI B yMOBax
Cy4yacHuX 36pOorHUX KOHMNiIKTIB. PaHHSA Ta sKicHa
AiarHOCTUKa NOpYLLUEHb 30PY € KPUTUYHO BaXJIMBOIO AJ1S
3anobiraHHs iHBaniaM3auii nauieHTiB.

MexaHi3Mu yLuKoA><KeHHs1 30pOBOro aHasizaropa
npv BubyxoBiik TpaBmi

OuHe A671yKO € HaA3BMYaWMHO BPa3NIMBOI aHaTo-
MiYHOIO CTPYKTYpO MNpu AT BUOGYXOBUX UYUMHHUKIB, LLO
3YMOBJIEHO MOro cchepmnyHo hopMoK, BUCOKMM BMICTOM
piavHn, 6araTol BacKynspum3aui€lo Ta AenikaTHO
6ynoBoto BHYTPiWHixX TkaHuH [10]. BiakpuTe aHaToMiuHe
po3TallyBaHHA Ta BiACYTHICTb XOPCTKOro KiCTKOBOrO
3axuMcTy pobuTb opraH 30py 0Cco6/MBO YYTAMBUM
A0 MexXaHiYHOro, TepMiyHoro m 6apomMeTpUYHOrO
BNAMBY BMOYX0BOi xBuni. HaBiTb KOpoTko4acHa Aif
HaA/MWKOBOrO TUCKY abo OCKONIKOBMX MOLKOAXKEHb
MOXe NMpU3BECTU A0 MUOOKNX CTPYKTYPHUX 3MiH — BiJ
KOHTY3in 0 NOBHOrO po3puBy o4HOro sa6nyka [11, 12].

BnbyxoBi NpuCTpOi CNPUUYNHSAIOTb YOTUPU OCHOBHI
TMNKU BT, aKi BiAPI3HAOTLCA 3@ MEXAHI3MOM YypaXKeHHS
Ta BNJIMBOM Ha 30pOBMI aHanizatop [13].

MepBuHHa BT BWMHMKAE BHACNigoK Ail yaapHOI
XBUMi, AKa CNPUYUHSAE HAAMUWKOBUN TUCK, WO
NMOLMPIOETLCA KPi3b cepefloBULLa 3 Pi3HO LWiSbHICTIO.
Hariypa3nueiwnmMm € opraHu, WO MICTATb MNOBITPA, —
nereHi, KuwWkiBHMK, 6apabaHHa nepeTtunHka [14]. Usa
XBWUIA MOXe CMPUYMHUTK KOHTY3it0 O4HOro sbnyka,
BiAlWlapyBaHHSA CiTKIBKW, BHYTPilLHbOOYHI KPOBOBUITNBU
Ta TpaBMaTU4YHY OMTUYHY HenponaTito. YaapHa XBuUAS
NpU3BOANTb A0 Pi3KOro 3pOCTaHHSA BHYTPILLUHbOOYHOIO
TUCKY, CTBOPIOKOYM PU3NK AN CTPYKTYp 060N0HKN OKa.
MakcrMManbHUIA BHYTPILWHbOOYHWUI TUCK Nifg Yac Bubyxy
moxe gocsratn 0,29 MMa (= 2175 MM pT. CT.) yXe yepes
1,63 Mc nicnga BNAMBY yAapHOi XBWJli, WO BABIYi 6inblie
3a HOpManbHWUIA @izionoriyHnin Tnck (~ 15 MM pT. CT.) ¥
340poBux ovax [15]. IHWKMMK BaXXKIMBUMMN YNHHUKAMMU, LLLO
BM3HayaloTb XapakTep i TAXKKICTb BUOYXOBOro ypa>keHHs
oKa, € MiKOBUM HAA/MWIKOBUN TUCK, AOCATHYTUA Nig
yac Bubyxy, TpuBanicTb Aii BUH6yxoBoi xBuni (iMnynbc
TUCKY), BiACTaHb BiA eniueHTpy BMOYXy, KYT Haxunay
rosioBW, HaNpPAMOK NOrnsAay B MOMeHT BUbyxy (4n 6ynum
oui cnpsiMoBaHi 6e3nocepenHbO Ha AXepeno yAapHOoi
xBuni). Ui napameTpu 3HayHOW Mipol BMAMBaKOTb Ha
piBEHb BHYTPIWHbOOYHOrO TUCKY, CTYNiHb Aedopmauii
o4Horo si6nyka Ta MMOBIPHICTb MOLWKOAXEHHS 30pPOBOr0
HepBa 1 ciTkiBkn [16, 17].

BTopuHHa BT € HaWnoWwWWpeHilnM MexaHi3MOM
nopaHeHb oueli [18]. Ii cnpuunHse npsame ypaxkeHHs oka
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dparMeHTamMn BMOYXOBOro NpmMcTporo abo eK30reHHux
ynaMmKiB, §Ki nepemiwytoTbCca nia BnaMeBoM BMOyXoBoi
XBUANi (OCKOMKK, CKO, MeTan, FpyHT). Lli ynamkmn MmoxyTb
NpM3BeCTU A0 BiAKPUTUX MPOHUKHUX NMOPaHEHb OYHOIO
abnyka Ta po3pmBy poriBku abo cknepu [19]. Takox
MOX/IMBI MOLWKOAXKEHHSA MOBEPXHEBUX CTPYKTYP OYHOIO
a6nyka (3akpuTi NopaHeHHs oKa), 30KpeMa NoBepxHeBe
CTOPOHHE TiNo, NnamenspHi (4acTkosi) po3pueu, abo
HEeNMpoHMKHa Tyna TpaBMa Ta pPO3puB O4YHOro sAbnyka.
YacTo Taki ypaxeHHSs CyrnpoBOAXYOTbCA KOMBIHOBaHNUMM
yepenHo-nMueBMMN 1 abaoMiHaNbHMMKW TpaBMaMmu
[20, 21]. 3 dpizionoriyHoro nornsay, nepemMHHa Bubyxosa
XBUNA AOCAra€ oKa 3HA4YHO paHille, HiXK ynaMKu, AKi
BOHa Hece. OgHak nicnsg AOCATHEHHS O4YHOro sbnayka
dparMeHTaMu iHTEHCUBHICTb | TAXKICTb YpaKeHHs
pi3KO 3pOCTatoTb. TakUM YNHOM, TPABMWU APYroro piBHSA
€ BTOPMHHWUMW He Nuwe 3a NPUPOAOID MexaHi3Mmy,
a 1 3a nopsakoM fii. BOHW He iCHYlTb i30/1bOBaHO,
a Malxe 3aBXAM CYNMPOBOAXYTbCSH MEPBUHHUMU
YLWKOAXEHHAMMW, YTBOPIOOYN KOMMIEKCHI Ta KOMBiHOBaHi
¢dopMKM TpaBM Pi3HOr0 CTYMeHS TAXKOCTI [22].

TpeTuHHa BT BUHWKae, konu «BUOYXoBUIA BiTep»
(blast wind) Biaknaae Tino nocTpaxaasnoro Ha TBepai
noBepxHi um npeameTn [23]. Taknin MexXaHi3M CMPpUUNHSE
Tyny TpaBMy: 3aKpWUTi YLWKOAXEHHS O4Yen, nepenomu
opb6iTn, KoMNpecilHe ypa)XeHHs 30pOBOro Hepsa,
YLWKOZXEHHS OKOPYXOBMX HEPBIB i M'A3iB. XapakTepHMMU
ypaxeHHaMn € TpasMum opbiTu (Nnepenomm KiCTokK),
3A4aBNEeHHS O4YHOro a6nayka, NMOWKOAXEHHS 30pOBOro
HepBa Ha piBHi KaHany (oONTUM4YHa HelponaTis), NTo3,
napaniy OKOpPyX0oBWX M'A3iB (4epe3 YLKOAXEHHS
yepenHux Heps.iB) [24].

YeTBepTrHHa BT oxonntoe 4oAaTKOBI naTodizionoriyHi
edekTu, He noB’A3aHi 6e3nocepenHbO 3 BMOYXOBOLO
xBunetw abo ynamkamu. Lle moxe 6yTu Aisa BMCOKMX
TemMnepaTyp, IHTEHCMBHOIO CBiTNa (Cnanax), TOKCUYHUX
peyoBuH. [10 TakMxX TpaBM HanexaTb TEPMIidHi OMikun
MOBiK, POriBKW, KOH'MOHKTUBU 11 06/1M4Y4s BHacNigok
BUCOKNX TeMnepaTyp, POTOXiMIUHI ypaXeHHS CiTKiBKM
(«cmanaxoBa cninoTa»), XiMiyHi Oniku oyen nig Ai€to
BMOYX0OBMX peyoBUH [25, 26]. BOHM TakKoX MOXYTb
CYNpOBOAXYBaTUCS MOLIKOAXKEHHAM OpraHiB AUXaHHS,
najiHHAM ynaMKiB i 3aBasiB, SKi CNIPUYNHSAIOTL YEPEMNHO-
nuueBy TpaBMy, 30KpeMa nepesioMn OCHOBM yepena W
YPa>KeHHs ouHuui [27].

[OocnigxeHHs Ying-Ying Zou Ta cniBasT. (2013)
nokasanu, wo Bnbyxosa XBWUAA CMPUYNHSE NATONOTIYHI
3MiHW B CiTKiBLi, WO CYynpOBOAXYOTbCS MiABULLEHONO
ekcnpecieto 6inkiB, Aki 6epyTb y4yacTb y npouecax
3ananeHHs, Habpaky W anonto3y (eHAoTenianbHUN
daKTop pocTy, akBanopuH-4, rayramaT CMHTasun ToLwo).
Li 3MiHn BuABnsnu oapasy nicns BNaAuBy BubyXOBOT
xBuni. BoHn 36epiranuce ao 2 tux. HaneupasHiwmnmm
BOHM 6ynn B acTpouuTax i kKniTuHax Mwonnepa, wo
CBiAYNTb MPO IXHIO Ba>X/IMBY pOJsib Y NaTtodi3ionoriyHmx
npouecax, siki BiabyBalTbCa B CiTKiBUi BHacCMigoK Aii
BN6YyxoBoi xBuni [28].

OcobnvBe 3HayeHHSA MalTb NMOEAHAHI TpaBMU.
TicHUI 3B’930K OYHMX TPaBM, CMPUUYMHEHUX BUBYxamu,
i3 CUCTEMHUMUK YLIKOAXEHHAMU NMPOAEMOHCTPOBAHUN
y 6aratbox pocnigxeHHsax. Y pocnigxeHHi Erdurman
i cniBaBT. yacToTa Takux TpaBM cTaHoBuna 69,0%.
Weichel i cniBaBT. nosigoMmunn npo 66,0%, aKalayci i
cnigaBT. — npo 60,7% [9, 13, 20]. HannowwupeHiwnmMmn €
LenenHo-IMLbOoBI, OPTONEANYHI Ta FPYAHI YLWKOAXEHHS.
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Mpwn cTpycax MO3KYy 4acTO MawTb MicLe 30pOBi BUABU
yepes 3HAYHY iHTerpauito 30poBOi CUCTEMU B KOPI.

BubyxoBa TpaBMa 4acTO CYMpoOBOAXYETbCSA YMT,
K@ MOX€e Bpa)kaTu BULLI PiBHI 30p0OBOro aHasisaTtopa:
30pOBUI HepB, Xia3My, 30pOBi TPaKTK, @ TaKkoX 30pOBY
KOpY MOTUJIMYHOI YaCTKW FONOBHOro Mo3ky [29]. Taki
YPa>eHHS Npu3BOASATbL A0 YAacTKOBOI abo MOBHOI BTpaTun
30pYy, FOMOHIMHOT reMiaHomncii, 30poBOi arHo3ii Ta iHWKnX
nopyweHb 30poBoi pyHKUii. YacTo YMT € Hacniakom
AN@Y3HOro akCOHaNbHOMO NMOLKOAXKEHHS, CMPUYNHEHOTO
Pi3KWMW MPUCKOPEHHSMU, yNOBiNbHEHHAMN abo
poTauimHMMK pyXaMu ronoBu. Taki MexaHiyHi BNAMBMK
BMKJ/IMKAOTb panToBe MOPYLWeHHS (PYHKUIOHYBaHHSA
HENpPOHIB i3 MAacMBHUM BUBIIbHEHHAM HAKOMUYEHUX
HerVpomMegiaTopiB, WO NPU3BOAUTb A0 HaAMIpHOI
aKkTuBauii NocTCMHaANTUYHUX MeMbpaH. Lle 3anyckae
natodi3ioNnoriyHnii Kackaa, sKMM CynpoBOAXYETbLCSH
NiABULWEHWM eHepreTMYyHuM 3annutom, meTtabonivyHow
KPV30l0 Ta NOpYLEHHSAM 06MiHy FIOKO3M B HeMpoHax
[30, 31].

[ocTpa cmmnTOMaTuka 3a3Buyan Tpumsae 7-10
OHIB | Mae TpPaH3UTOPHUN XapakKTep i3 MOCTYMOBUM
BiAHOBNEHHAM (YHKUIM YyNPOAOBX KiNbKOX TUXHIB.
OaHaK y YaCcTUHW MauieHTIB 3anuMWwKoBi abo CTilkKi
CMMNOTOMKU MOXYTb 36epiratncs BNpoAOBX MicsAUiB
abo HagiTb pokiB [32]. [lo HanMNoWMpeHilWnNx BUABIB
NOCTKOHTY3iMHOr0 CUHAPOMY HanexaTb: ronoBHUIA 6inb,
MirpeHb, MOPYLUEHHS KOTHITUBHUX DYHKLUINA, 3HUXKEHHS
KOHUEHTpauii yBarn Ta 3MeHLWEeHHA 4Yacy peakuii. Y
AesaKMX BUMNaAKax Taki CTaHW MOXYTb acouitoBaTucs
3 BiAJanNeHNUMU TpUBaAINUMU HelpoAereHepaTUBHUMU
npouecamn [33].

Mpu ywkoAXeHHi 30poBOro aHanizaTopa BHacnigoK
BT ypaxeHHS yacTo € ABOGiIYHMUMM. 3a AaHUMMU
nitepatypu, 6iHOKYNApHiI NMOWKOAXeEHHS npu BT
TpannawTbcsa B 3,33-72,91% Bunaakis, ToAi siK npu
«3BMYAMHUX» NpUYMHax TpaeBM oka (MobyToBi, CNOPTUBHI,
BMPOOHMUI) yacToTa ABOGIYHUX ypaXKkeHb CTaHOBUTb
nvwe 0-2,13% [2, 13].

AdiarHocTuka

[liarHOCTMKa CcTaHy 30pOoBOro aHanizatopa B
nauieHTiB, Wo nepeHecnun BT, € cknagHUM MynbTU-
ancunnniHapHuMM 3aBAaHHAM | NoTpebye y4yacTi He
nnwe odTanbMosiora, a U HelpoodTanbmonora,
HeBpoJsiora, oTonapuHronora, Henpodisionora, iHoAi
— Helpoxipypra. OCHOBHMMW LiNsSsMKU € AiarHocTuka
nopyweHb 3 60Ky o4yen i 30poBOro HepBa, BUSABNIEHHS
NOWKOAXEHb LeHTpanbHUX BiAAINIB 30p0OBOrO
aHanizatopa (KOpTMKanbHi 30HW), BU3HAYEHHS CTyneHs
Ta XapaKTepy ypaXxeHHs (MexaHiuyHe, iweMiyHe,
KOMMpeciiHe, KOHTY3ilHe, KoMb6iHOBaHe).

BaxknvBe 3HauYeHHs Ma€ peTenbHUI 36ip aHaMHesy.
Ob6cTexeHHss Mae nepepbayaTv geTanbHUIK aHanis
obcTaBuH BMOYXY: BiACTaHb Big eniueHTpy, iHTEHCUBHICTb
BMJNBY, TPMBasIiCTb €KCNo3ULii, BUKOpUCTaHHSA 3acobis
iHAMBiAyanbHOr0 3axucTy. BapTo 3BepHyTM ocobnuey
yBary Ha BTpaTy CBiAOMOCTi B aHaMHe3i, ckapru Ha
3HUXKEHHS 30pY, Aunsonito, 60 B o4ax, c/ibo3oTeuy [34].

KpiMm Toro, BaxX/JMBO OUIHWTM nonepeaHin
o TanbMoONOriYHNN aHaMHe3 nauieHTa 1 HasiBHICTb
CYMNYTHIX CUCTEMHMX 3aXBOPIOBAHb, SIKi MOXYTb BN/MBaTU
Ha 30poBY (yHKLUit0 abo 3aBa)kaTn BiAHOBNEHHIO.

Mig yac ornaay OUiHIOKTb CTaH NOBiK | KOHIOHKTUBY,
HasIBHICTb CTOPOHHIX Tifl, remaToM, KPOBOBUNBIB

Ta gedopmauii opbiTn. HeszBaxaruym Ha MOXIUBY
BiACYTHICTb SIBHMX 30BHIWHIX ypaxeHb o4yel abo
iIXHIX NnpnaaTkiB y nauieHTiB i3 BT, odpTanbmonoriyHe
06CTEeXeHHA € KPUTUYHO BaxXnuBuM. BOoHO Mae
nepeabayaTy BU3HAYEHHS rOCTPOTH 30py (Bi3oMeTpis),
TOHOMETPItO (BUMIpOBAHHS BHYTPILUHbOOYHOIrO0 TUCKY),
OUiHKY 3iHMYHMX peakui (3okpemMa BIAHOCHOrO
adepeHTHOro gedeKkTy 3iH1LI), aHani3 eKkCTpaoKyspHoi
MOTOPWUKW, OMNSA Y WIiNMHHIK NnaMni AN BU3HAYEHHS
TpaBMaTUYHUX YLIKOAXEHb POriBKK, NepeaHbOoi KaMepu,
KpuwTanuka [35].

Cockerham i cniBaBT. HaronowytoTb Ha BaXX/IMBOCTI
OUHKW He nLle rocTpoTU 30py 38 BUCOKOKOHTPACTHUMU
Tabnuuamm, a h NpOCTOPOBOi KOHTPACTHOI YyT/JMBOCTI
Ta nonie 30py [36]. YpaxeHHA ciTKiBku abo
LLeHTpasibHOT HEPBOBOI CUCTEMU MOXYTb HE 3HUXYBaTU
CTaHAapTHY FOCTPOTY 30pYy, ase CynpoBOAXYyBaTUCS
aHoManissMmn B NONSX 30py, KOHTPACTHIN 4YyTAMBOCTI abo
KONbOpoBiavyTTi [34].

MepumeTpia — ue MeTo4 AOCNIAXEHHS Ta OLiIHKWK
nons 3opy, T06To NpocTopy, AKUI namMHa 6aunTtb nNpu
HepyXoMOMy oui M dikcoBaHin ronosi. Lle knto4yoBui
TEeCT ANSA AIarHOCTUKWM rayKoMU, a TakKoX ANA OUiHKUK
CTaHy 30pOBOro Hepsa Ta CiTkiBku [37]. OCHOBHUMMU
TUNamMm nepuMeTpii € KiHETUYHa nepuMmeTpia, Ae
BMKOPUCTOBYETbCA PYXOMUIW CBITIOBUWA CTUMYA, i
cTaTM4yHa NepuUMEeTPisa, KOAW cranaxyrTb cTauioHapHi
BOTHi pi3HOi iHTeHcnBHOCTI. CTaHAapTHa aBToMaTn3oBaHa
nepumeTpia (SAP) HWHI € HAMMOLWMPEHIWNM METOAOM, L0
BMKOPUCTOBYE aBTOMaTM30BaHE CTaTU4YHE TECTyBaHHA
Ans 6inbw cTaHgapTM30BaHUX | BiATBOPHOBAHUX
pesynbraTis [38].

BisyanizauiiHi gocnigXeHHa MOXYyTb 6yTu
KOPUCHUMWU AnNa YyTOYHEHHSA xapakTepy K obcary
ypaxeHHs. Komn'totepHa Tomorpadia (KT) i marHiTHo-
pe3oHaHcHa Tomorpadis (MPT) opbiTn Bi3yanisywTb
30pOBMI HEPB, 30POBUIA KaHas Ta OLUIHIOITb HASBHICTb
nepenomiB, KicTKOBMX ¢dparMeHTiB abo rematomu
o60n0HKM 30poBOro Hepea [39].

MeToawn Bisyanisauii, Taki sk odpTanbMockonis
Ta onTWYyHa korepeHTHa Tomorpadia (OKT), MOXyTb
BUABUTWU MiHIMasbHi, ane KNiHIYHO 3HauyLi 3MiHN —
Habpsk AMcka 30poBOro Hepsa abo CTOHLIEHHSA wapy
HEepBOBWUX BOJIOKOH CiTKiBKW, HasiBHICTb remoparin,
po3pwuBiB, BiawapyBaHHA Towo [40].

OnTuyHa KorepeHTHa ToMmorpadis — ue CyyacHumn
HeiHBa3MBHWW MeTO4 AiarHOCTMKW 3axXBOplOBaHb
o4Yen, SIKUN BUKOPWUCTOBYE BNACTUBOCTI KOFrepeHTHOro
CBiT/a AN OTPUMaAHHSA BUCOKOTOYHUX TPUBUMIPHUX
306pa)keHb BHYTPILWHIX CTPYKTYp OKa, TaKMX K CiTKiBKa,
30pOBUI HepB i poriBka. Llein meTon Aa€ 3Mory BUsIBUTU
Taki naTtosiorii, sk aucTpodiyHi npouecn, rnaykoma,
3axXBOpIOBaHHSA 30pOBOro HepBa, HanMApiOGHIWiI 3MiHK
B TKaHWHaXx oka, wo pobuTb MOro yHiBepcaabHUM
iHCTpyMeHTOM B odTanbmonorii [41].

Po6oTa onNnTMYHOro KOrepeHTHOro TomMorpada
nobyaoBaHa Ha MpuHUMNMI CBITNOBOI iHTepdepomeTpii.
IHTepdepeHLUis cBiTna —Le NpOCTOPOBUIA NEepepo3noain
eHeprii CBiTNOBOro BUMPOMIHIOBAHHSA MpU HakagaHHi
ABOX ab0 KiIbKOX CBIiTIOBUX XBUJIb.

Ha Tomorpami wapu CiTKiBKM AndepeHLitoTbCa
BiANOBIAHO A0 IXHbLOI CBiITNOBIABMBHOI 3A4aTHOCTI. Ans
no6yaoBuM NiACYMKOBOro 306pa>eHHs BUKOPUCTOBYETHCS
CTaHAapTHa KoOJlipHa wWkKana: CTPYyKTYypu 3 BUCOKOIO
BiAGMBHOW 34aTHICTIO Bigo6paXkaloTbCsd B YepPBOHUX
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i 6innx BiaTiHKax, a cnabko BiABMBHI CTPYKTypwu
- Yy TEMHUX KonbopaX (YOpPHWN, CUHIN, TEeMHO-
3eneHun) [42, 43].

TOBLWMHY CiTKIBKM BU3Ha4yaloTb SK BiACTaHb Bij
BHYTPILIHbOT MOBEPXHi CITKIBKM A0 PiBHA MirMEHTHOro
eniTenito ciTkiBku. OgHaK € Ba>XJIMBUN METOAONOrIYHUN
HI0AHC: B OAHUX Npuiagax BUMIpOBaHHSA MpoOBOAUTbLCSA
[0 BHYTPIWHBLOI MEXi NiIrMEHTHOro enitenito CiTKiBKYK,
B iHWWX — [0 30BHiWHbOI. TOMy pe3ynbTaTn MOXYTb
BiAPI3HATUCSA, WO YCKAAHIOE MOPIBHAHHSA TOBLUHU
CiTKiBKM, OTpMMaHoi Ha pi3HMXx OKT-cuctemax [44].

[Ons oTpuMaHHA ToMorpadiyHoro 306paxeHHs Ancka
30pOBOro HepBa BUKOPUCTOBYETbLCHA MO3A0BXHE Ta
UMPKYNSpHE NiHiNHe cKaHyBaHHA. ONTUYHA KOrepeHTHa
TOMOrpadis Aa€ 3MOry OUIiHUTK AiaMeTp AMCKa, pO3Mipu
Ta rnMbuHy ekckaBauii, CniBBiAHOLWEHHS eKCcKaBalii Ta
AVCKa Mo nsoLi, rOpu3oHTasIbHOMY Ta BEPTUKASIbHOMY
MepujiaHaXx, a TaKoX TOBLUWHY Wlapy HEPBOBUX BOJSIOKOH
y nepunaninapHini 30Hi [45].

BaxnmBuM acnekTom pob0oTM ONTUYHUX KOFePEeHTHUX
TOoMorpadiB € BAKOPUCTaHHS iHHPayepBOHOro NPOMeHS
i3 cepeaHbOO AOBXWUHOW XBUi 830 HM, WO AA€E 3MOry
oTpMMaTK NOLapoBi 3Pi3n CiITKIBKWU, KiSIbKICHO OLIHWUTK Ti
TOBLUMHY, @ TaKOX PO3Mipu Ta MOLWMNPEHHSA NATONTOTNYHUX
3MiH [43].

QyHKLUiOHaNbHa MarHiTHO-pe3oHaHcHa Tomorpadis
(fMPT) - ue meToa HeWpoBi3yanilauii, aKnn pae
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3MOTYy OUiHUTK (PYHKLiOHaNbHY @aKTUBHICTb FOJIOBHOMO
MO3KYy 3a 3MiHamMm kpoBoTOoky (BOLD-curnan, blood
oxygen level-dependent). Mpu gocniaXeHHi 30poBOro
aHanizatopa fMPT BMKOPUCTOBYIOTb ANA KapTyBaHHS
30pOBOI KOpU, aHanisy GyHKUiOHANbHOI opraHisauii Ta
HeMponaacTUYHOCTI MiCNA TPaBMATUYHUX ypaXeHb, a
TaKOX AN BUBYEHHS peakuii MO3Ky Ha 30pOBi CTUMYN
[46]. Llen meTon € 0CO6GMMBO LiHHWUM Yy KOMMJEKCHIM
AiarHOCTULIi, OCKiNlbKW [OMNOBHIOE CTPYKTYpPHI
HelpoBi3yanilauilHi AaHi Ta Aa€e 3MOry BCTAHOBUTU
B3AaEMO3B'A30K MiXX MOP@ONOTriYHUMWN 3MiHAMU W
(dYHKLIOHaNbHOK aKTUBHICTIO [47].

OKpiM KNiHiIKO-0(pTanbMoNOriYyHOro o6CcTeXEeHHS
Ta MeTOAiB HelWpoBi3dyaniszauii, y AiarHocTuui
ypaXeHb 30pOBOro aHanizatopa 3acTOCOBYHOTb TaKOX
HenpodgisionoriyHi metoan. Hanbinbw nowMpeHuMn 3
HUX € 30pOBi BMKAMKaHI noTeHuianu (3BI1), aki gatTb
3MOry 06'€eKTMBHO OUIHWTKM MPOBIAHICTb 30pPOBUX
CUrHaniB Mo 30pOBUX LWNSAXax Big CITKIBKM 4O KOpW
rOSIOBHOIO MO3KY; peTuHorpadis, Ky BUKOPUCTOBYIOTb
ANs aHanisy yHKUiOHANbHOro CTaHy CiTKiBKKM Ta ii
enekTpodgizsionoriyHoi aktueHocTi [48]. Lli meToan MatoTh
3HaYHUM NoTeHUian ANs KOMMJEKCHOI AiarHOCTUKK Ta
MOHITOPUHIY NaUi€eHTIB, i 6yayTb pO3rnaHyTi AeTanbHiwe
B HacTynHux nybnikauiax.

OCHOBHI MeToAM AiarHOCTUKWU ypaXKeHHS 30pOBOro
aHanisaTtopa npu BT HaBeneHo B Tab.1.

Ta6banys 1. IHCTpyMeHTaNbHi MeTOAM AiarHOCTUKM ypaxXeHb 30pOBOro aHanizatopa npu BubyxoBin TpaBMi

Meton OUiHOTb

PiBeHb ypaKeHHs, AKUN

Tunosi 3Haxiaku npu BT

OdTanbmMockonis

CiTKkiBKa, AMCK 30pOBOro HepBa

KpoBOBUNMBY, BifllapyBaHHS CITKIBKH,
BTOpPMHHa aTpodis 30pOBOro Hepsa

LLlap HepBOBUX BOJIOKOH

CTOHLUEHHS Wapy HepBOBUX BOJIOKOH

OKT CITKIBKW, raHrnioHapHi KNiTUHU CiTKiBKM, 03Haku aTpodii HepBa
: : N CkoToMu, AedekTn nonis 30py
MepumeTpis g%':;;i'j ﬂ”g?('z'g';'”x nsaxis iA (acMmMeTpuyYHI, HE3aBXAN KIAaCUYHOI
Tonorpadii)
EPT ®yHKUia poTopeLenTopis i 3HMXEHHs aMnAiTyA abo lokanbHi AedexkTu

BHYTPILHIX WapiB CiTKiBKX

BiANOBIAI NPY KOHTY3iNHI peTuHoNaTii

3BM (knacuyHi)
TpakTK)

MpoBiAHICTb BiA CiTKIBKK 40
Kopu (30pOBMI HepB, Xia3Mma,

3HMxXeHHa amnnityam P100, noaoBXeHHS
NaTEeHTHOCTI, acMMeTpisa MiX NiBKynsMu,
BiACYTHICTb Bignosiai npu rpybomy
YWKOAXKEHHI

mf3Brl
30pOBOro Nons

JlokanbHa ouiHKa NpoBiAHOCTI
B MeXaX Pi3HMX CeKTOopiB

BorHuweBi aedekTn, Wo BignosigatoTb
NIOKaNbHOMY MOLWKOAXEHHI0O HEPBOBUX
BOJIOKOH (4aCTKOBe ypaXeHHs HepBa,
XiasaMu, TpakTy)

KT/MPT op6iT i ronoBHOro

OpbiTa, 30poBi HepBM, Xia3Ma,

Mepenomun opbiTK, remaToMun, KOMMpecis
ab0o po3puB 30poBOro Hepsa, Andy3He

MO3KY TpakTu, NOTUANYHA Kopa aKCOMarbHe yLIKOAKEHHS
3HMXeHHA abo BIACYTHICTb aKkTMBaLii B 30Hi
fMRT Kopa noTUAnyHuX yacTok NnepBUHHOI 30pOBOI KOpW NpU CTUMYNALIT

ypaXKeHoro oka

lMpumitka. EPI — enektpopeTuHorpadis; mf3BM -mynbTndoKanbHi 30p0OBi BUKNMKaHI NOTeHUianu.
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TepaneBTMyYHI nigxoam Ta peabinirayis

JlikyBaHHS TpaBMKW 30pOBOr0o aHasjsizatopa 4acTto
€ CKNaAHWM i TpMBaNuUM NpouLecoM. 3afiexHo Bij
XapakTepy TpaBMM Taki Naui€EHTW NOTpebyloTb Pi3HMX
MeTOoAIB JliKkyBaHHSA (KOHCepBaTMBHE, MEANKAMEHTO3HE,
xipypriyHe abo ixHa komb6iHauis). NepBuHHa gonomora
Nossira€ B HakKfNajaHHi CTepuUnbHOI MOB'A3KM Ta
AKHANWBWALWOMY TpaHCNOpPTyBaHHIi nmauieHTa Ao
MeandyHoro 3aksagy. Yacto € notpeba B rocniTanisauii
3 YUUCNEHHUMU ONepaTUBHUMU BTPYYaAHHAMW ANS
NiATPMMKKM LiNICHOCTI OKa Ta BiAHOBJIEHHA 30pOBOI
dyHKuUii. BignosiagHi XipypriyHi metoankn obupatTb
iHAVBIAYaNibHO 3aneXHO BiA KNiHiYHOT cuTyauii [49]. Ha
nepLoMy eTani HanyacTilMMKM BTPyYaHHSMM € penapauii
O4YHOro a6nayka, eHykneauii 3 iMAJI@aHTaUi€ED WTYYHOro
OKa, BUAANEHHS BHYTPIWHbLOOYHMX Ta opbiTanbHUX
CTOPOHHIX Tin. Apyrun etan (nnaHoBi onepawuii)
Moxe nepepbavaTu eHykleauildo Ta PEKOHCTPYKLUIitO
opbiT, BiTpekToOMilo pars plana, 30kpeMa MoOTeHLUiliHe
BUKOPUCTAHHSA CUNiKOHOBOI onii Ans 36epexeHHS
¢dopMK OKa Ta HOPManbHOIo BHYTPILWHBOOYHOrO TUCKY
[50, 51]. Micna xipypriyHoro BTpy4YaHHs B 0Ci6 3i
3Ha4YHMM Pibpo3om ciTkiBkn abo pybuloBaHHSAM MOXxe
3pOCTU PU3NK TPaKLINHOro BiAlwapyBaHHS CiTKiBKM abo
BUHUKHYTU TPYAHOLLI 3 JOCATHEHHAM aaresii CiTKiBKY, LWo
notpebye 36epexxeHHs CUITIKOHOBOI 0Jlii B OLi.

MponidpepaTnBHa BiTpeopeTuHonaTis — LUe npouec
BHYTPIilWHbOOYHOro pybutoBaHHS, KW XapaKTepu-
3YETbCA POCTOM i CKOPOYEHHAM KITUHHUX MeMbpaH y
BiTPE€anbHiN MOPOXHMHI, HA 060X CTOpPOHax MOBEPXHi
CiTKIBKW, @ TaKOX BHYTPIiWHbOCITKIBKOBUM ibpo3om
[52, 53]. 3a3Buyalh BOHa BMHUKAE NiCNsl po3puBIB
CiTKIBKW, YHaAcCnigoOK 40ro KAiTUHMW MirMEHTHOro
eniTenito CiTKiBKM MoTpannstoTb y BiTpeanbHUN
npocTip. Hemae dapMakonoriyHMX MeToAiB, AKi
3anobiratoTe abo MoAynlOIOTb PO3BUTOK nponige-
paTuBHOI BiTpeopeTuHonaTii. EANHUM ePEeKTUBHUM
NiKyBaHHAM € BiTpekToMis. OgHaK HeMae KOHCeHCcycy
o4O TOro, siKi NauieHT NoTpebytoTb BiTpeKTOMIi Ta K
wewnako ii cnia BukoHyBatu [54, 55].

Kpim Toro, 6arato nauieHTiB noTpebytThb
OKYNOonacTUYHOI, pOriBKOBOI Ta rNaykKoOMHOI Xipyprii,
HeBeNMKa YacTUHa — KOHCYNbTauii cneuianicta 3 yBeiTy,
O CBiAYUTbL MPO BaXJINBICTb MYNbTUANCLUMIHAPHOIO
niaxoay.

OaHUM i3 Hanbinbw HebaxxaHWX yCKNagHeHb €
cuMnaTuyHa odTanbMis — rpaHynemMaTo3HUn aBTOIMYHHUI
yBeiT, wo Tpannsetbca B 0,06-0,19% Bunaakis i
MOXe MpM3BECTM A0 BTPATM 30py Ha iHWoOMy oui [56].
IcTOopnyHO BBaxanocs, WO CUIbHO YLWKOAXEHI
o4i cnig BMAansaTuU NpoOTAroM 2 TUX Nicas TpaBMu
ans npodinakTukm cumnatuyHoi odTanbmii, ane
Hi TEpMiHW, Hi ePEeKTUBHICTb TakKoi MPakTUKU He
niaTBepAXeHi Aoka3amu. CBOEYACHO NMpPU3HaYeHe
NiKyBaHHS KOpTUKOCTepoiaamMm abo imyHocyrnpecaHTamm
(UMKNOCNOPUH, a3aTionNpuH) NpU CUMNATUYHIK o TanbMii
MOXe CYTTEBO MONIMWMTU pe3ynbTaTu JikyBaHHS [57].

OTXe, HasBHI AaHi NiATBEPAXYIOTb, WO HaBiTb Npwu
TSHKKMX TpaBMax BiAKPUTOro OKa ciif nparHyTn 36epertu
Ta BiAHOBUTU MOro, SIKWO Le KJiHIYHO MOXJ/INBO.

EnpodTanbMiT nocigae apyre micue nicns TpaBmu
BiAKPUTOro oka, Bpaxa€e 6nm3bko 16,5% nauieHTiB.
CucteMHa aHTubioTukonpodinakTMka B LbOMY BUNAAKY
Ma€e obMeXxeHy AoKa3oBY ePeKTUBHICTb, TOAi AK
iHTpaBiTpeanbHi iH'EKLiT BUKOPUCTOBYIOTLCA piAlle, ane
MatoTb 6inbwy AokasosicTb [58, 59].

MporHos

MporHo3 npu BMBYXOBUX Yypa>XeHHAX 30pOBOro
aHanisaTopa 3anuvwaeTbCa BapiabenbHUM i 3anexuTb
Bif, HU3KM YMHHUKIB: TSXKKOCTI MEPBUHHOIO YpaxeHHs,
3any4YeHHs B NaTOJIONYHMIN npouec 30pOBOro HepBa,
CBOEYACHOCTI M e(peKTUBHOCTI TEpaneBTUYHNX BTPYyYaHb,
iHAMBIAYyaNbHNUX KOMMNEHCATOPHUX MOXINBOCTEN
nauieHTa Ta peakuii Ha NiKyBaHHSA. Y YaCTUHU XBOPUX
MOXJ/IMBE CYTTEBE BIAHOBJIEHHS 30pPOBUX (PYHKLUIN,
TOoAi AIK B iHWWX MaloTb Micue CTinKki W iHBaniansytoui
nopylweHHs 30py. BaxnnBo BpaxoByBaTu, WO NPOrHO3
3HAYHO MONIMWYETLCA 38 YMOBU PaHHbOI AiarHOCTUKU Ta
no4aTKy NiKyBaHHS B NepLli roAMHU-AHi Nicns TpasMu.

BucHoBKM

Borosa BT € NpoBiAgHOIO MPUYMHOIO KOMBIHOBaHUX
yLWKOAXeHb 30pOBOro aHanizaTtopa. MaTodisionoriyHi
MexaHi3MM Takoi TpaBMU cknagHi Ta 6aratodakTopHi, a
BIACYTHICTb BUAMMUX MOLUKOAXKEHb OYEWN HE BUKJIHOYAE
ypaxeHHs. OuiHka CTaHy 30pOBOro aHanizartopa
B mauieHTiB nicns BT noTtpebye KOMNIEKCHOro
nigxoay, 3okpema AOCHiAXEHHS K CTPYKTYPHUX, Tak
i dYHKLIOHaNbHUX XapaKTePUCTUK OKa Ta 30pOBUX
wnaxis. Bubyxosa TpaBMa MOXe MpU3BECTU A0
6e3nocepefHbLOr0 MexXaHiYHOro YLWKOAXEHHA OKa, a
TAKOX A0 BTOPUHHUX 3MiH, 3yMOBJIEHUX A€ yAapHOI
XBWIi, BNIMBOM BUCOKNX TeMnepaTyp, iHdpayepBoHOro
BUMPOMIiHIOBAHHSA, TOKCMYHUX PEYOBMWH TOLLO.

O6CcTexXeHHs TakMX NauieHTIiB Mae 6yTn BCcebiuHUM
Ta MynbTuaAMcUMNAiHapHMM | nepenbayaTn ydyacTb
odTanbMonora, HeBposiora, Hempoxipypra, 3a notpebu
— nnacTuyHoro xipypra. PetenbHun 36ip aHamHesy
BMOYXOBOI MoAii, AKLLO Lie MOX/IMBO, BU3HAYa€E NEPBUHHY
cTpaTtudikauito pusunky 1 gae 3mMory obpatm onTuManbHi
AiarHOCTUYHI iHCTpyMeHTU. Bubyxosi TpaBMu ouen
MOXYTb BUSBNATUCS LUMPOKUM CMEKTPOM CUMMTOMIB —
BiA4 MiHIManbHOro AMckoM@opTy A0 cunbHoro 6onto abo
BTpPaTu 30py.

Ba3ose odTanbMonoriyHe ob6cTexeHHs (Bi3oMeTpis,
TOHOMETPIs, peakuii 3iHnMUb, OrNa4 Yy LWINVHHIN namni,
OuiHKa OKOpYyXoBOi (hyHKLIiT, nepnmeTpis) € 060B’A3KOBUM
HaBiTb 3@ BIACYTHOCTI ABHWUX 30BHILIHIX YLWKOAXEHb.
Ba>x1MBO NpOBOAUTUN HE NULLIE MEPBUHHY, @ K ANHAMIYHY
OLLiHKY, OCKi/IbKM HM3Ka NaTofIoriYHNX 3MiH (Hanpuknag,
aTpodis 30poBOro Hepsa) MOXYTb BUABUTUCH Y
BigAaneHun nepioa.

HenpogisyanisauinHi Ta HenpodizionoriyHi MmeToaun
BigirpatoTb BaXJIMBY POsib Y KOMMEKCHIM AiarHocTuui
N MOHITOPWHIY MauieHTIB i3 ypaXXeHHSIMW 30pOBOro
aHanizatopa. BoHn pgatoTb 3MOry He nuvwe YyTOYHUTU
flokanisauito Ta XapakTep CTPYKTYPHWUX MOLIKOAXKEHb,
a 1 06’'€EKTUBHO OUIHUTU DYHKLIOHaNbHWI CTaH 30pOBUX
WNAxiB i CiTKIBKM, WO Ma€E KJOYOBE 3HAYEHHSA AN
BM3HAYEeHHS NPOrHo3y Ta BUH6OPY TaKTUKU NiKyBaHHS.

Ona noninweHHs AOBrocCTpPOKOBOro MPOrHO3y
HeobxigHe NMpoBeAEeHHS perynspHoro odranbmo-
NOriYHOro Ta Henpodi3ioNoriYHOro MOHITOPUHTY,
aKTMBHE 3ajlyyeHHs nauieHTa A0 nporpaM 30poOBOi
peabiniTauii Ta HaBYaHHS KOMMEHCATOPHMUM CTpaTeriaMm, a
TaKOX BUKOPUCTAHHSA MYNbTUAUCUUMNNIHAPHOIO NigXoAy.
HaBiTb y BUNagkax i3 HeCcnpusaTAnBMM GyHKLIOHANbHUM
BiAHOBJIEHHSAM KOMMJEKCHa NiATPUMKa W peabiniTauis
MOXYTb iICTOTHO MOMIMNWUTU AKICTb XUTTH NaUi€eHTa.
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HaBeaeHo cyyacHi gaHi Npo KNiHiKy, AiarHOCTUKY Ta NiKyBaHHS MOCTKOMOLIMHOIO
cuHgpomy (MKC), wo BMHMKAE nicnsa nerkoi BU6yXoBoi YepemnHo-MO3KOBOI
Tpaemn (JIBYUMT). HaronoweHo, wo MKC € ogHUM i3 HaWMowmMpeHiwnx
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OnucaHo pgiarHocTUYHI kpuTepii NMKC 3a MiXXHaAapoAHO CTAaTUCTUYHOI
knacudikauieto xsopob 10-ro nepernagy ta iarHOCTUYHUMK 1 CTATUCTUYHUMMN
HacTaHoBaMu 3 McuxiyHMx po3naais IV BmaaHHsa (DSN-IV) i cknagHicTb
noro amdepeHuiauii 3 NocTTpaBMaTUYHUM CTPECOBMM PO3/1aA0M, SSKUN
yacTto cynpoBoaxye MNKC y BeTepaHiB 60onoBux Ain. BuaineHo Taki rpynu
CUMMTOMIB: KOFHITUBHI, MCMXOEMOLiNHi, COMaTOCEHCOpPHIi, BeretaTMBHi Ta
BeCTUbynsapHi. HarosoweHo Ha BaXXJIMBOCTi BUKOPUCTaHHS HelpodisionoriyHnx
meTogiB (KinbkicHOT enekTpoeHuedanorpadii Ta BUKANMKAHUX MOTeHUianis
P300) ans ob6’exkTmBizauii aiarHoctuku MKC. MNigxia Ao NikyBaHHS Mae€
6yTn MynbTMAMCUMNNIHAPHUM, nNepcoHanizoBaHuM i nepenbavaTtn i3nyHy
peabiniTauito, KOrHITUBHO-NOBEAIHKOBY Tepanito, FriEHy CHY 1 MEAMKAMEHTO3HY
Kopekuito (aHTuaenpecaHTn, aHanreTukn, 6oTyniHoTepanito, rinepbapuyHy
oKcureHauit). Pe3ynbTaTn AOCNiAXEHb CBig4YaTb MPO BaXJ/IMBICTb PaHHbOI
hi3nYHOI aKTUBHOCTI.
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MocTKOMOUINHMIA CUHAPOM: KJliHiKa,

AiarHocTtuka, audepeHuiiHa giarHocTuka

BunbyxoBa XBU/IS MOXE CAPUYMHUTK Nerky, MOMipHY
(cepeaHbOi TAXKOCTI) abo TSAXKY 4YepernHOo-MO3KOBY
TpaBmy (YMT). KniHiuHi o3Haku nerkoi Bnbyxosoi
YMT (JIBYUMT) y rocTpuii nepioa € BapiabenbHuUMu:
rofoBHMM 6iNb, yTOMMOBaHICTb, WyM y Byxax (tinnitus),
ApaTiBAMBICTb, HEWPONCUXiAaTPUUYHI Ta KOTHITUBHI
po3naaun. barato nmopaHeHWX BINCbKOBUKIB, SAKi
3a3Hanu JIBYMT nig yac BOEHHUX AiA B AdranicTaHi
" Ipaky, Manu po3naan BULLOI HEPBOBOI AiS/IbBHOCTI Ta
NoBeAIHKM, L0 XapaKTepPU3YOTbCS NOPYLUEHHAM NamM’aTi
N KOTHITUBHUX (YHKLUIA (NOPYLWEHHS KOHUEeHTpauii
yBaru, ynoBilbHEHHS PO3yMOBOI AiSANIbHOCTI, 3MiHKN
MOBJIEHHS), APaTIBAINBICTIO, TPMBOrOK0, Y TOMJIIOBAHICTIO.
OAHOYaCHO CMOCTEepiralTbCsa €MOUiMHI 3MiHM, Taki sK
nabinbHICTb HACTPOW, TPUBOXHICTb, AeNpecisi, 3MiHU
ocobucTtocrTi [1, 2].

MoBHe oayxaHHSA nicng JIBUMT Moxe cnocTe-
piraTucs 3a gekinbka AHiB abo TUXHIB, ane 6araTo
cuMmnToMmiB 36epiraloTbcsa TpuBano. Ha BigMiHY Big
nopaHeHUX, AKi nocTpaxpaasaun BiA MNOMipHOI Ta
TsHkkoi UMT, nauieHTn 3 giarHo3om JIBUMT He matoTb
BUANMMUX CTPYKTYPHUX MOLWKOAXEHb i nepebyBatoTb
y CBiAOMOCTiI 3 TUNOBUMW cMMNTOMaMun (FrONOBHUW
6inb, cnayTaHiCTb, 3anaMOpOYeHHSs, MOripweHHs
nam’aTi Ta 3MiHM nNOBeAiIHKKW). 3a3HayeHi po3naau

MOXYTb 36epiraTucs NpoTsroM TpMBasaoro yacy nicns
TpaBMu abo NOCTiIMHO, WO NPU3BOAUTbL A0 CEPUO3HUX
GdYHKULIOHaNbHUX NOpYyLlWeHb. TpuBanunm xapakTep
KOTHITUBHOro Aediuynty Moxe 6yTu nos’dA3aHun i3
TUM, wo Bnbyxosa YMT 36inbllye pu3MK BigAaneHoro
pO3BUTKY HelpoaereHepaTUBHUX 3aXBOPIOBaHb, TaKMX
Ak xBopoba AnbureiMepa Ta XpOHiYHa TpaBMaTWU4Ha
eHuedanonaria [1, 3-5].

MauieHTn 3 Kinbkoma JIBUMT B aHaMHe3i MOXYTb
Big4YyBaTW 6iNbll CEPNO3HY Ta CTiNKY CUMMTOMATUKY.
Taka TpaBMa MOXe CNpUYMHUTKU HerarvHe, iHoAi —
TpuBane yLwKoAXeHHS Ta ANCHYHKLiI0 KNITUH FONOBHOMO
MO3KY, PO3TArHEHHS N MOLWKOAXKEHHSA AKCOHIB i 3MiHU
HEWPOHHOI NIacTUYHOCTI. Takum vnHoM, JIBUMT moxe
CTaTU He <«MOAIE», a «NpoLecoOM» 3axBOPIOBaHHS
rO/I0OBHOIO MO3KY, KWW MiATPUMYETLCSH BTOPUHHUMU
MONEKYNAPHUMU YLWKOAXKEHHAMN (HEeWpo3ananeHHs,
OKMUCHE YLWKOAXEHHS, €KCaWTOTOKCUYHICTb TOLWO)
[4, 6]. He cnig BBaaTm CMMNTOMATMKY Hacniakis
NBYMT «dyHKLIOHaNbHOK» Yepes3 He3HauHy KilbKiCTb
aHOMaNbHUX 3MiH, BUSIBIEHUX Mif Yac HENPOBi3yanbHUX
pocnigxeHb. B oCHOBIi cMMnTOMaTUKW siexaTb fAK
CTPYKTYPHI, TaK i PyHKLiOHaNbHi YWKOAXEHHSA Pi3HOrO
CTyneHs, gKi He 3anexaTb Big TUMNY YU TAXKKOCTI
YWKOAXEHHSA. Lli 3MiHW € HEMOMITHUMWU MPU PYTUHHUX
MeTodax Bi3yasisauii 3a AONOMOrow KOMM'IOTEPHOT YK
MarHiTHo-pe3oHaHcHoi Tomorpadii (KT/MPT) [7].

Copyright © 2026 B.B. binowuubkui, 0.B. 3aBanin, A.B. MNauescbka, 1.B. binownubknin

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

http://theunj.org

Po6oTa onybnikosaHa nig niueHsieto Creative Commons Attribution 4.0 International License



Ukrainian Neurosurgical Journal. Vol. 32, N1, 2026

MoXNMBICTb TPMBaNoro 36epexeHHs HeBPOIOriYHOro
Ta KOTrHiTMBHOro gediunty nicng nerkoi YMT cTtana
nigctaBol AN5 BUAINEHHS OKPeMOi HO30/0riYHOI
OAMHMLI — «NOCTKOMOUiNHOro cuHapomy» (MKC, aHrn.
postconcussion syndrome).

[OiarHocTnyHi kpuTtepii NMKC po3pobneHo BcecBiTHLOO
OopraHi3auieto OXOpOHW 340pOB’SA Ta AOMOBHEHO
[iarHOCTUYHUMKN I CTAaTUCTUYHUMW HacTaHOBaMu 3
ncuxiyHux posnagis IV BugaHHa (DSN-IV). BianosigHo
Ao MixHapoAHOI CTaTUCTUYHOI Knacudikauii xBopob i
cnopigHeHux npobnem oxopoHu 340poB’a 10-ro nepernsaay
(MKX-10) giarHo3 MKC mMoxe 6yTn BCTaHOBNEHU, SKLLO
YMT € pocTaTHbO TAXKOK, WO6 CNpUYMHUTK BTpaTy
CcBifOMOCTI, @ B noganbwomy (ynpoaosx 4 Tux nicns
TpaBMW) CYnpoOBOAXYETbCSH PO3BUTKOM MPUHaANMHI
TPbOX i3 TAaKMUX 03HaK: 1) cKaprn Ha HENPUEMHI BiAYYTTSH
(3anaMopoyeHHs, 3arafibHe He3AyXaHHS, HaAMipHa
BTOMa abo HenepeHOCHICTb WYyMYy) i ronoBHuUM 6inb,
2) eMOUinHi 3MiHM (ApaTiBNMBICTb, eMouiliHa NabinbHICTb
abo genpecis Ta/abo TPUBOXHICTb MEBHOr0 CTYMeHS),
3) cyb6'eKTMBHI CKaprn Ha TPYAHOLL 3 KOHUEeHTpaLi€w
yBarn m BUKOHaHHSAM pO3yMOBUX 3aBAaHb, a TaKOX Ha
npobnemu 3 nam'atTio 6e3 YiTknx 06'€eKTUBHUX A0OKa3iB,
4) 6e3COHHS, 5) 3HMXeHa ToNepaHTHICTb A0 afKoroso,
6) cTypboOBaHiCTb 3a3Ha4YeHNUMM CUMMTOMaAMU N CTpax
CTIKOrO MOLWKOAXEHHS MO3KY ax A0 imoxoHApii Ta
NPUAHATTS poni xsoporo [8].

OiarHocTuyHmmn kputepiamum MKC 3rigHo 3 DSM-IV
€: A) UMT B aHaMHe3si, WO CNpuUUYMHKUIE «3HAYYLUM
CTpPYC MO3KY», B) AediunT KOrHiTUBHUX PYHKLiN: yBarun
Ta/abo nam’aTi, C) HasABHICTb WOHaMMeHLWe TPbOX i3
BOCbMMW CMMMTOMIB (BTOMa, MOPYLUEHHS CHY, FOIOBHUM
6inb, 3anaMoOpoYeHHs, ApaTiBAUBICTb, aPeKTUBHI
po3naau, 3MiHa ocobucTocTi, anaTis), sKi 3'9BNATbLCA
nicna Tpasmu i 36epiratotbca =3 Mmic, D) cumnTomm
noynHatTbcs abo niacunwwTbcsa nicns Tpasmu, E)
nepewkoaa couiasrbHO-pONbOBOMY (YHKLIOHYBaHHIO,
F) BuknuyeHHs gemeHUil BHAacNigoK TpaBMu ronoBu
Ta iHWKWX po3/agiB, SKi Kpalle NOSCHKTb CUMNTOMU.
KpuTtepii C i D BM3HayawTb NOPOroBe 3HAYEHHS
CMMNTOMIB, sike noTpebye, Wob nosiea abo noripweHHs
cuMnToMmiB 6ynun NoB’A3aHi 3 TPaBMOIO, BiAPI3HANNCS Bif
HasiBHUX paHille CMMNTOMIB i Mann AOCTATHIO TPMBANICTb
[8, 9]. Bia3HauyeHO, Wwo cMmMnToMmu, HaBeaeHi B MKX-10 i
DSM-1V, yacTiwe TpanasiTbCA B NALIEHTIB i3 TpaBMOIO
rOJIOBHOIO MO3KY, HIXK Y MALEHTIB 3 eKCTpakpaHiasibHUMK
nowkoaxeHHAMN. Kputepii MKX-10 oxonntotoTb binblue
CUMMTOMIB, HiX KpuTepii DSM-IV, ane ocTaHHi € 6inbLu
crneyndiyHumm wopo YMT [9].

3a gaHmmu V. Renga (2021) [7], KAiHiIYHI cuMmATOMM
MKC mMoxHa 3rpynyBaTu B 5 kaTeropin:

1) KOrHiTMBHI po3nagu: gediunT nam'aTi, TpyaHoLWi
3 yBarow Ta KOHLUEHTpaLi€lo, TPYAHOL 3 MOBJIEHHSM,
po3naan BUKOHaB4YuMX (YHKUiN, po3nagn ApibHOI
MOTOPWKMY;

2) ncuxonoriyHi po3naau: pgenpecisa, Tpueora,
ApaTiBNUBICTb, 3MiHM 0COBUCTOCTI, YTOMIOBAHICTb,
Aepeanisauis;

3) comaTtoceHcopHa Ta BecTubynokoxneapHa
ancdhyHkuia: ronosHi 6oni, HyaoTa W 6N0BaHHS,
YYTAMBICTb A0 CBiTNa Ta 3BYKY, rinepasnresis, wyMm y
By Xax;

4) 30pOBi CMMNTOMU, OKOpPYXOBa AUCHYHKLUINA:
CBITNOYYTNNBICTb, PO3MUTUN 3ip, TPYAHOLL KOHBEPreHLil,
ABOiHHSA, cMHApoM [opHepa;
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5) BeretaTuBHIi CMMNTOMWU: KONMBAHHSA 4acCcTOTH
CepueBMX CKOpPOYEHb i apTepianbHOro TUCKY, po3naau
NOTOBUAINEHHSA, 3iIHWYHI aHOManii, NOpyWweHHS
TepMoperynauii, ctateBa AMCPYHKLIA, po3naan CHy 3
MOro HN3bKOK eEeKTUBHICTIO.

MaTodi3zionoriyHi MexaHi3Mu, WO BM3HaAYalThb
BiACTPOYEHE BUHUKHEHHS Ta TpuBane 36epexeHHs
cumnTtoMiB MKC, po3rngHyTo B Ki/ibKOX ornsgax
nitepatypwm [6-8,10-13]. MepwonpruymMHO0 NaTONMOMYHNX
3MiH, K 3a3Ha4yeHo BULLE, € MOLWKOAXEHHSA aKCOHIB
HeMpOoHIB i APIBHMX KPOBOHOCHUX CYyAWH, BiAOMe SK
ANdy3HE aKCOHasIbHE MOLWKOAXEHHS 3 MONIEKYNSAPHUMHU
Hacnipkamu. Mpwu nerkin YMT andysHe akCoHaNbHe
NOLWKOAXKEHHS 3a3BMYal oxonntoe nobosi Ta N060BO-
CKPOHEBI BigA4iNn rofoBHOro Mo3ky. Haribinblw 3HauyLwmm
HaCNiAKOM € NOpYyLEeHHS PYHKLIOHaNbHUX MEPEX MO3KY.
Y ronoBHoMy Mo3ky noHag 100 MinbapaiB HelpoHiB,
aKi 3’eAHaHi Mix cob60l TpUAbWOHAMWU CNONYyYeEHb.
[ocnigxeHHs (dbyHKUioHanbHa MPT i3 mocnigoBHICTIO
BOLD, no3nTpoHHO-eMicCiiHa Tomorpadisi, AOCNiIAXKEHHS
CMiHOBOrOo MapKyBaHHSA apTepinn ASL) AeMOHCTpYIOTb
NMOpYLEHHS UMX YHKLUiOHaNbHMX Mepex nicns nerkoi
YMT. Taki 3MiHM BiAbyBalTbLCS BNPOAOBX TPUBasnoro
yacy nicns TpaBMu. 3a AaHUMWU (PYHKULIOHaNbHOI
criekTpockonii 6AMXKXHBOIro iHppadYepBOHOro AianasoHy,
HeNpoBaCKYNSAPHI 3B'93KM CTaloTb Hee(PEKTUBHMMU HaBITb
npu HopmanbHOMYy abo niasuweHoMy uepebpanbHoMy
KPOBOTOLi, LLIO BKA3Y€E Ha (PYHKLiOHaNbHY HEBIANOBIAHICTb
KpoBOTOKY MeTaboniyHnuM notpebam HepBOBUX KAITUH. Y
po3BuUTOK NKC, KpiM BHYTPilLIHbOYEPENMHUX MOLUKOAXKEHb,
MOXe TaKoX pPObUTU BHECOK XJINCTOBA TpaBMa LUMIAHUX
KOpiHUiB, BeCTUOYNSIpHOro anapaTty W MycKynaTypw LWui.
Lli excTpakpaHianbHi eekT Npn3BoAATbL A0 FOJIOBHOIO
6010, 3aNaMopoYeHHs, NpobsieM i3 30poM i piBHOBaroto.
BHYTpillHbOYEepenHi, eKCTpakpaHiasbHi Ta yHKLiOHaNbHi
KOMNOHeHTU naTtoreHesy [NKC He BUKAOYaAKOTb OAUH
O[HOro, 4YacTo NepenniTarTbCs, X BaXXKO BUOKPEMUTN.
MoeaHaHHS LMX KOMMNOHEHTIB MOPMYE KiHIYHY KapTUHY
MKC Ta ii iHgmBiayanbHi 0co6MBOCTI.

[onoBHWUIM 6inb BMHMKAE BHACNigoK akTuBauil
TpureMmiHoTanami4yHoi cuctemum. AKTMBaALIS TpiMdyacToro
HepBa MOYMHAETLCA 3i CTUMYNAUIi WKIpNU pOTONUNLEBOT
AiNgHKM abo WHUIHUX M'A3iB. XAMCTOBI TpaBMU MOXYTb
aKTUBYBaTU LM NpoLec Yepe3 MexaHi3Mn KoHBepreHLuii
YyTNMBUX adepeHTiB y TpinyacTo-wunimHomMy aapi (n.
trigeminocervicalis). 3okpeMa, CTUMYyNaLia BEIUKUX
NOTUANYHUX HepBiB (MOXOAATb i3 WMNHUX KOPIHLIB)
nioBuwYye 36yaAnNnBICTb HOUMLENTUBHUX adepeHTiB
TBEpAOi MO3KOBOiI 060/10HM, aKTUBYHOUM TpUreMiHanbHy
6onboBy cuctemy [7, 12, 13].

BecTnbynapHa cuctema nigTpumye ctabinizaudito
wni Ta Tynyba 3a AONOMOrol MNPUCIHKOBO-ropbKoBMX
i NpuciHKkoBO-cniHanbHUX pednekcis. BecTnbynspHi
cToBOYpOBI 11 NnepudepunyHi NOpPyLIEHHS CMPUYMNHAIOTb
NOpYyLEeHHSA TOHYCY M'A3iB LWKT Ta MeXaHi3MiB piBHOBaru
xpebTa. 3MiHM MPUCIHKOBO-0YHOrO pedrekcy MOXYTb
noripwuntn ctabinisauito 30poBoi Uini, WO NPM3BOAUTL
[0 po3MuTOoCTi 30py. LUMiHO-npuciHkoBa AMchyHKUINA
NEeXWUTb B OCHOBI 6iNbWOCTI CMMNTOMIB, NOB'A3aHUX i3
MKC. WwuiHi nponpiopeuenTopy CUHXPOHI3YOTbCA 3
NPUCIHKOBO-OYHUMM K ONTOKIHETUYHUMUK pedriekcamu,
wo6b niaTpumyBaTu dikcauito nornaay Ha 30poBik
uini nmig yac pyxiB ronosu. Hanpy>XeHHs M’a3iB wui
yepes NoApa3sHEHHS WWIMHUX KOPiHLUIB obMexye 06’em
aKTUBHUX PYXiB LWNI Ta MEXaHi3MM KOHBEpreHuii, wo
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npuM3BOAUTb A0 ABOIHHS B O4Yax, 3aMNaMOpPOYeHHSH,
nopylweHHs pisHoBaru [7, 12].

Mpu MKC BigbyBaeTbCs TaKoX ANCPYHKLUIS BULLMX
LEHTpiB BeretaTMBHOI perynsuii ronoBHOro Mo3Kky W
nepudepnyHoOi BeretaTUBHOI cnctemm. CuMnaTuyHa
iHHepBauis ronosu Ta Wui BiAbyBa€ETbCA Big BEPXHbOTO,
cepeAHboro M HWXHLOMO WWWHUX BY3NiB. 3ipyacTun
BY30/1 BiAAA€ TiNKM A0 Cepusi Ta KPOBOHOCHUX CyAMH
rofioBu. BnanB Ha HUX MOXe CNPUYUHUTU MOPYLUEHHS
CYAVHHOI perynsauii, wo npu3sene A0 Taxikapaii Ta
KOJIMBaHb apTepiasibHOro TUCKY. KpiM Toro, nopyLweHHs
LeHTpasibHOT BEreTaTUBHOI perynsauii TakoX CrpUYUHAE
3MiHY 4acCTOTWU CepLeBUX CKOPOYEHb i apTepianbHOro
TUcky. IncmnatepanbHUii YacTKOBUI CMHAPOM opHepa
€ TUMOBOK 03HAKOM TpaBM WM. 3 iHWOro 60Ky, Takox
MOX€e BUHWUKHYTWU CMMMNATUYHA rinepakTUBHICTb, WO
Npu3BOANTb A0 MiApia3dy, NOYEPBOHIHHA 06nM44a Ta
niABULWEHOro NoToBuAineHHs [7].

XapakTepHot ocobnusicTio JIBYMT, aka cnocTte-
piraeTbcsa nig yac OCTaHHIX BOEHHWUX KaMMaHin,
€ OAHOYacCHa HaaBHIiICcTb y noTepninux MKC i
nocTTpaBMaTUYHOro ctpecosoro posnaay (MTCP).
Binblue HiXX TpeTUHa aMepUKaHCbKMX BETEPaHiB OCTAHHIX
BOEH, B Akux 6yno giarHoctoBaHo MNKC yHacnigok JIBUMT,
Takox matoTb NMTCP abo aenpecito [14, 15].

Y 5-My BuMAaHHI AiarHOCTUYHOIO i CTAaTUCTUYHOIO
nocibHuka i3 ncuxiyHmx posnagis (DSM-5) MTCP onncaHo
K MCUxiaTpUYHWUIA po3naj, WO BUHWKAE BHACNiAOK
NPAMOro Ym HEenpsAMOro BMJIMBY MOAIA XWUTTHA, AKi
MOXYTb NMPU3BECTU A0 CEPNO3HNX TPABM, CEKCYaslbHOro
HacunbcTBa abo cMmepTi. [loCTTpaBMaTUYHUI CTPECOBUIA
po3naj CKNafaEeTbCs 3 YOTUPLOX KJacTepiB CUMMNTOMIB:
1) pi3HOMaHITHI (hpeHOMEeHM MOBTOPHOIO MEpPEXMBaAHHS,
30KpeMa HaB'A3/1MBi Ta MUMOBINbHI AyMKKM 4n obpasn,
TPUBOXHI CHOBWUAIHHA, AMCOLiaTUBHI peakuii, Taki
K cCnoraauv npo TpaBMaTU4HY NOAi, Hi6n BOHa
BifbyBaeTbCA MOBTOPHO, MiA 4Yac NMepeXuBaHHSA
KO MOXYTb 6yTW 3any4yeHi nN'ATb OopraHiB 4yTTs, a
TaKoX HaAMipHi eMoUuiliHi 1 disionoriyHi peakuii Ha
30BHILUHI HABKOMNLWHI @bo BHYTPIiLLHI NCUXiYHi CUrHanm,
NoB’A3aHi 3 TPaBMaTUYHUM MEPEXMNBAHHAM; 2) YHUKAHHS
HarajgyBaHb MPO TpaBMaTU4YHi NOAIT AK BHYTPIWHIiX
(Hanpuknaa, AyMmok abo cnoragiB), Tak i 30BHiWHIX
(Hanpuknaa, Micub, po3MoB, dinbMIB i Tenenepenauy)
npu3BOANTb A0 i30nAauii Big iHWKMX 0Ci6; 3) KOrHITUBHI
CNOTBOPEHHS, AediunT nam’aTi (He3aaTHICTb 3anam’aTaTn
acnekTn TpaBMaTUYHOro AOCBIAY) | HEraTUBHI eMOUiNHI
CTaHW, yHacnigok akmx ocobu, WO cTpaxpgawTb
Ha MNTCP, 3a3Buyan 60aTbCs, 3N19TbCS, BigyyBaloTb
NpoBMHY abo COPOM, MalOTb HEraTUBHI NepeKOHaHHS Ta
ouvikyBaHHS Woao cebe (Hanpuknaz, HU3bKy CaMOOLHKY,
CaMO3BMHYBa4YeHHs, BiguyTTa Ckopoi cMepTi) abo cBiTy
(Hanpuknaga, Wo HIKOMY He MOXHa AOBIpATH, HIXTO He €
B 6e3neui), 36igHeHi iHTepecwn, BiACTOPOHEHI NOYyTTH 40
iHWMX | TPYAHOLLi 3 NepeXnBaHHSAM MO3UTUBHUX EMOLLIN;
4) nigBuweHe 36yAXeHHS N peakKTUBHICTb LleHTpaabHOI
Ta BereTaTUBHOI HEPBOBOI CUCTEMU, LLO BUSABMISETLCHA
aApaTiBnuBicTio, BepbanbHUMM Ta/abo isyHUMMK
cnanaxamu ruiey, 6e3poscyaHoto Ta/abo caMopynHiBHOO
NoBeAiHKO, MiABULLEHO NUIBHICTIO, NepebinblueHHIM
CTpaxy, MOraHo KOHLEeHTpauieto Ta 6e3coHHsaM [16].

Enigemionorivni gocnigxeHHs ceigyatb, wo MNMTCP €
nowmpeHoto npobaemoto y BeTepaHis 6oiioBux aini. Big 4
00 33% BiiCbKOBUKIB, AKi Npoxoannu cnyx6y B Ipaky Ta/
abo AdranicTaHi, matoTb Ler po3naa [17]. Y gocnigxeHHi,
nposeaeHoMy y Benukin BpuTtaHii B 0Cib, ski npoxoasaTb
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BiicbkoBY cnyx6y, 21,9% i3 HUX NOBiAOMWAM MPO
CUMNTOMM MNCUXIYHUX po3nagis, y 6,2% iMOBIpHUM €
MTCP, 10,0% 3n0BxunBatoTb ankorosem [18]. 3a iHWKNMK
AaHUMU, 9KLWo YacToTa imoBipHoro MNTCP cepea YMHHUX
6puTaHCbKMX BiiCbKOBUKIB cTaHoBwuna 4,8%, To cepepn
KOMIMLWHIX BINCbKOBWKIB, AKi 6pann y4dacTb y 601oBuUX
aiax, — 17,0% [19]. binbwa 3anyyeHicTb A0 601M0OBUX
Ai Nnpu3BoANTb A0 ceplio3Hiwmnx cumntomis MTCP, wo
nepewkoa)Xae aganTtauii 4O XMUTTS No3a BiiCbKOBOIO
CTPYKTYPOIO Ta Moripwye ciMerHi ctocyHku [20, 21].

Y pa3si noeaHaHHa MKC i NTCP piarHocTuka
YCKNAAHIOETbCS, OCKIiIbKM KJIHIYHO pO3pi3HUTU Ui ABa
CTaHM 4YacTO € HEMpPOCTMM 3aBAaHHAM Yepes NoAibHICTb
cumnToMaTukm [22]. CuMNTOMK, HaBeAEeHi B AiarHOCTUYHMX
KpuTepisx, He € cneundiyHumMmn nuwe ana MNKC, BOHM
TakoX TpannawTbCA B nonynsauii, wWo He 3a3Hana
TPaBMU, Ta NpU IHLWINX HETPAaBMaTUYHNX 3aXBOPIOBAHHSX,
Hanpwknag, npu Aenpecii, TPUBOXHOCTI W XPOHIYHOMY
6onto [23, 24]. Y Aessknux Bunagkax Moxe crnocrepiratmcs
noegHaHHs YMT i MTCP yHacnigoK He3anexHoro BnamBy
TpaBMM Ta CTPECOBUX YMHHUKIB [22].

3a3Ha4vyaeTbCcA, WO 3a BiIACYTHOCTI O06'€EKTUBHMUX
AiarHOCTUYHMX Ob6CTexeHb, HacamMnepes y XPOHIYHUMN
nepiog YMT, BanigHicte MNKC gk giarHo3y 6araTtbma
daxiBuamn nigaaeTbca cymHiBy [13]. BapTi yBarm,
Hanpuknan, CnoCTepexXeHHs, Wo Nnpu 3aly4vYeHHi Ao
Cy[OBMX MpPOLECIiB 3pOCTaE yacToTa MOBIAOMSIEHb MPO
3a3HauveHi cumntomMm [25]. MpunyckatoTb, WO enigemMis
MKC cepep 3axigHMX BINCbKOBUWKIB Nij Yac BiNHM B Ipaky
Ta AdranictaHi moxe 6yTn apTedakToM yHacCnifoK
3HUXEHHSA «rnopory» giarHoctyBaHHsa JIBUMT po
BpaxyBaHHA HE3HaYHWX TMMYaCOBMX 3MiH CBiJOMOCTI.
JocnigXeHHs nokasanun, wo cumntomaTuky MNMKC MoxHa
NOSAICHUTM e BNAMBOM BMOBYXY B pasi MOMITHOI BTpaTu
CBiAOMOCTI, IKY OMUCYIOTb MEHLLICTb BETEPaHiB LMX BOEH.
Y 3BiTi amepukaHcbkoro IHCTUTYTYy mMeauunHm 3a 2014
p. WAETbCS NPO HAasABHICTb HAYKOBUX A0Ka3iB TOro, Lo B
noTepninnx 6inbWicTb CAINBHUX CUMATOMIB MNOSICHIOETLCS
HasBHICTIO cynyTHboro MNMTCP, a He nuwe Hacnigkom
NIBYUMT [22, 26].

3 iHworo 60Ky, CKapru Ha KOrHiTUBHI 1 NOBEAIHKOBI
NOpYyLEeHHS YacTO BUHUKAIOTb He BiApa3y nicns TpaBmu,
a Ha 1-3-7 micaub nicnga Hei. Lle moxe cnpuynHmUTKM iX
HernpaBubHe TPaKTyYBaHHSA K 3yMOBJieHUX He YMT, a
adheKTMBHMMK po3nadamum [27, 28].

He3Baxkatoum Ha ySBHY NpoOCTOTY, AiarHocTtuka NKC e
AnckyTabenbHMM NUTaHHSAM i3 HU3KU NPUYMH (HEAOCTATHSA
crneym@ivyHiCTe CUMNTOMIB, BMJIMB MPEMOPMIAHOIO CTaHy
Ha Hacnigku TpaBMU, «ynepep)XeHe npuragyBaHHa»
(recall bias) i BnnamMB ncmuxocouianbHUX YMHHMKIB) [13].
«Ynepea>xeHe nNpuragyBaHHSa», iK€ TaKOX Ha3nBalTb
deHoMeHOM «a06pux cTapux Yacie» (the good old days),
CrMOCTEpIiraeETbCa B HOPMi Ta MpU Pi3HUX NATONOMYHUX
cTaHax. BoHO nonfrae B TeHAEHUil NMpUMEHLWYyBaTH
nonepeaHi CTyniHb i BUpa3HiCTb CUMMMNTOMIB, 30KpeMa
B npemopbiaHni nepiog [29]. JocnigXXeHHs, B SKOMY
npoBaAn/anN cnocTepexeHHs aiten i nianitkis i3 MKC vy
nocTpaBMaTUYHMI MNepiod, Nokasanu, Wo MNauieHTn Ta
iXHi 6aTbKK, ouiHOYM NpeMopbigHY CMMNTOMaTUKY
yepe3 1 Mic nmicng TpaBMu, NpUMeHLWYyBanu Ti TAXKICTb
Ha 80%. Takui piBeHb OUiHKKW 36epiraBcs A0 KiHUSA
crniocTepexeHHs (4epe3 3 Mic nmicnsa Tpasmu) [30]. Ue
AEMOHCTPYE, Wo PeHOMeH «A06pnX CTapux YaciB» Moxe
CMPUYNHUTU HEAOOLUIHKY npeMopbigHOi cMMNTOMaTUKK
Ta nepebinbleHHs TSHKKOCTI cumnToMiB MKC. BuByeHHS
uboro eHoMeHy ¥ po3pobka MeToAMKW MOAONAaHHSA
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«ynepenxXeHoro npuragyBaHHA» MOXYTb AOMOMOITH
3MEHLUNTU TPUBOXHICTb Maui€eHTa LWOAO TSAXKKOCTI 1MOoro
CTaHy Ta ageKkBaTHile CYy6'EKTUBHO CNpUNMaTU TSXKKICTb
YMT, a Takox ii BNIMB Ha SKicTb xuTTa [13, 31].

OiarHocTtuka MNKC nicnga JIBYMT Takox Moxe
6yTu cknagHoO 3 iHWUX MPUYMH. Tak, KAiHiyucTam
MoOXe 6yTh BaXKKO OLIHWUTW CNpaBXHK TAXKICTb UMT
yepes obMexeHy iHpopMauito Npo o6CTaBUHM TpaBMH,
siKka MOXe I'pyHTyBaTUCS Ha CYB'€KTUBHIN ouUiHLI
TpaBMOBaHOi 0cobu yepes Micsiui abo poku nicns noaii
(noain). Kpim TOro, BiACYTHICTb AeAKMX O6'€KTUBHUX
XapakTepucTuk o6CTaBWH TPaBMW MOXE YCKNAAHUTU
TOYHICTb «CaMOOLIHKN BUOYXYy», 30KpeMa BU3HAYEHHS
AVCTaHLIT A0 BUBYXY M TSXKOCTI CTPYyCY MO3KY, AiaHi npo
SIKi YaCTO BiACYTHI B NEPBUHHIN MeaNUHiA LOKYMeHTaLii.
BiacyTHicTb BiporiaHoi iHopMauii Woao xapakTepucTnk
TPaBMW YCKJIAAHIOE BU3HAUYEHHS HANpPsMy KOTHITUBHOIO
BiAHOBNEHHSA Ta peabiniTauyii. 3a3Buyal HasaBHICTb i
Bupas3HicTb NMKC BM3Ha4yalTb Ha MiAcTaBi MOTOYHOrO
CTaHy HeWpOMNCUXONONiYHUX Ta KOTHITUBHUX (DYHKLUIN
3a pe3ysbTaTaMu OUIHKKU crevuiaZlbHUMN CKPUHIHFOBUMW
WwKkanamn, aki He o60B’A3KOBO € crneundiyHMMn Ans
YMT i MoxyTb BifobpaxaTu piseHb cynyTHix MNTCP abo
aenpecii [10, 32].

OTxe, cumntoMmokoMmnnekcu MKC i MTCP 3HayvHoO
MipOIO € CXOXMMU W MOXYTb «MNepekpuBaTu» oAHe
OAHOr0 B KOHKPETHOro iHAMBIAyyMa. Y mauieHTiB
i3 MKC imoBipHicTb cynyTHboro MNMTCP € BuCOKOtO
yepes NOro BesINKY MOLWWPEHICTb cepej yYaCHUKIB
6oroBux fgih. HasgBHicTte NTCP 3HAa4YHO yCKNaAHKE
aiarHocTmky TMKC yepe3 cXoXiCTb K/IHIYHUX BUSABIB.
OpaHak YUMT - ue opraHiyHe YLWKOAXEHHS HepBOBOI
TKaHuWHU, ToAi K MNMTCP € NcUXonoriyHow peakuieto
Ha CTpecop i He CYMpPOBOAXYETbLCHA CTPYKTYPHUMU
3MiHaMu. Ls BiAMIHHICTb 3yYMOBJIOE Pi3Hi niaxoan A0
NiKyBaHHA 3a3HadyeHux cTaHiB. Akwo Tepania MNTCP
nepenbayae nepeBaXxxHO HOpManisauito peakuii Ha
CTpec 3a A40MNOMOroH NMCMXO0TiYHOI Ta hhapMaKo0oriYHOI
Kopekuii, To nikyBaHHA YMT Ma€ BpaxoByBaTu CTPYKTYpPHI
N MonekynsipHo-6ioNoriyHi 3MiHK, Wwob 3anobirtm ixHboMy
BMJIMBY Ha BMPA3HICTb i TpMBaAiCTb HEBPOJIOTIYHOIrO
aediuunTty [22, 33].

Ba»xIMBUM 3aBAaHHSAM € MONINWEHHSA AiarHOCTUKMU
MKC yHacnigok JIBYMT WnsiXoM yTOYHEHHS 06’EKTUBHUX
KpUTepiiB CTPYKTYpPHO-pYHKLIOHaNbHMUX po3/ajis
LeHTpasibHOi HepBOBOI cMcTeMU. Lle noninwuTb NpOrHo3
nepebiry JIBUMT y nopaHeHnX i CNpUsaTUME YTOUHEHHIO
nporpamu fnikyBaHHS, 30KpeMa NepCcoHanizoBaHoro,
CnpsAMOBAHOro Ha 3anobiraHHs pPO3BWUTKOBI CTINKOro
HeBposioriyHoro aediunTty. HelpodisionoriyHe
AOCniAXeHHA Mae noTeHuian woao ob’ekTmBizauii
AaiarHo3y MKC nicna JIBYMT. 3rigHo 3 onybnikoBaHMMM
paHiwe pe3ynbTaTaMy HALWOro AOCHIAXEHHS KiNbKicHa
enekTpoeHuedanorpadis Buasnase B nauieHTis i3 MKC
3MiHWM 4acCcTOTWM W TOMIKWM A-pUTMY, 3MEHLUEHHS MOro
amMnniTyam, 4YacTOTHO-NPOCTOPOBY iHBEPCIitO, HASABHICTb
03HaK AucdyHKUIT HecneundiyHNX CTPYKTYpP FOSIOBHOIO
MO3KY, 3@ @HMMW CMEeKTPanbHOro aHanisy — 3MeHLeHHS
a-noTYXHOCTI, 36iNblEeHHA B-NOTYXHOCTI, aKTUBHOCTI
B 6- i d-Aiana3oHax. Li xapakTepucTuKnm MOXYTb
36epiratucsa y Bigoanenun nepiog JIBUMT, wo cnig
ypaxoByBaTu B AudepeHuiiHin giarHoctuui 3 MNTCP
[34]. Pe3ynbtaTv BMBYEHHS KOTFHITUBHUX BUKJMKAHMUX
noTeHuianis, nos’azaHnx 3 noaieto (P300), nokasanu,
WO Ui MOKa3HUKM CTaTUCTUYHO 3HAUYLO 3anexaTb
Bifi CTYMEHSA TAXKOCTI KOrHITUBHUX pPO3/1aAiB i MOXYTb
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6yt edekTmBHMM 3acobom o06’ekTmBiIzauUil cTyneHs
KOFHITMBHMX MopylweHb Y nauieHTis i3 MKC [35].

JlikyBaHHSI MOCTKOMOLiMHOIrO CUHAPOMY,

WO BUHUKAE BHACJiAOK serkoi BubyxoBoi

yepenHo-MO3KOBOi TpaBMuU

NikyBaHHA MNKC BiApi3HAETbCA Big TepaneBTUYHUX
3axof4iB y rocTpin Ta niarocTpin dasax nerkoi YMT.
3aMiCTb CMNOKOI Ta BiAMOYMHKY OCHOBHMM 3aBAAHHSAM €
noninweHHs 3arafbHoro M@yHKLUiOHYBaHHS, BiAHOB/IEHHS
MOBCAKAEHHOT aKTUBHOCTI Ta MOBEPHEHHS A0 3BUYHOIO
XUTTA. Llboro gocaratoTb NOCTYNOBO 3a y4acTi nauieHTa
Ta 1ioro otovyeHHs. Konu nikap Mae 4iTke poO3yMiHHS
KNiHIYHOT KapTUHW, cnig 3BepHyTu yBary Ha 1 a6o 2
Hanbinbw npobnemMaTuUyHi CUMNTOMM, iHWI CUMNTOMMU
YacTo perpecylTb nig 4ac nikyBaHHsS. o npodinbHMX
daxiBuiB cnig ckepoByBaTK MALIEHTIB i3 MOCTIMHUM
3anamMopo4yeHHsaAM, npobnemamu 3 piBHoBarotw abo
MOCTINHWUMK cKapramu Ha 3ip. MepudepunyHy BecTubynspHy
AVCPYHKLIIO cnif cnovaTKy NikyBaTu crieuianizoBaHow
¢izioTepanieto. MirpeHo3He 3anaMOpOYeHHS MOXHa
nikyBaTu 3a A0OMNOMOrot 3acobiB npeBeHTUBHOI Tepanii
MirpeHi. HepgocTaTHiCTb KOHBepreHuii Ta cTillka
AVNCDYHKLIS UNTaHHA MOXYTb pearyBaTu Ha OKOpPYXOBY
HenpopeabiniTauito. HavnowwupeHiwnmMm npobnemamm
3a3BMYalN € MOPYLUEHHSA CHY, rosioBHi 60ni, a Takox
po3naAn KOrHITUBHUX dYHKLUINM i HacTpoto [13].

BignoyuHok i coH. 3a paHnMmM nonicomHorpadii,
3MiHKW CHY npu MNMKC xapakTepu3yrTbCs MEHLWOo
e eKTUBHICTIO CHY, TpUBaNiWUM NpobyaXeHHSM i
6iNbLIO KiNbKICTIO HIYHUX NPOBYyAXeHb. IXHil po3BnTOK
KOPEJI0E 3 HASABHICTIO 3MiH Ha MarHiTHO-pe30HaHCHUX
TOMOrpamax, NMcuMxonoriyHumm posnagammn (ocobnmeo
TPUBOIOL0), @ TAKOX 3HMXKEHOI NMPOAYKLIED MENATOHIHY
[7,36]. AKiCHWA COH i BiANOYMHOK MalTb BaxJMBe
3HaYeHHsa Ans npodinakTuku Ta nikyeBaHHs MKC.
BinnounHok nepeabavac sk disnUHUIA, Tak | KOTHITUBHUIA
BiANOYMHOK, TPUBANMN BiANOYMHOK HE PEKOMEHAYETLCH.
PyTuHHI WoaeHHi Aii HeobXiaHI AN NiATPMMKM OCHOBHOIO
dYHKUIOHYBaHHSA. TpuBaniCTb BiAMOUYMHKY 3anexXuTb
Bia NAWHU. NS aKTUBHOI NOAWHU MOXe 6yTu
HEMNPUPOAHUM MPUNUHUTK ByAb-aKY AiSNbHICTb. Y Taknx
cuTyauissx 6yno 6 KOpUCHO NiATPMMYBaATU aKTUBHICTb Yy
MOBCAKAEHHOMY XWUTTi. [py ubOMy cCnif ypaxoByBaTu
iHAMBiAYyanbHi 0CO6ANBOCTI, 3yMOBEHI BiKOM, Di3NYHNUMM
Ta NCUXONOFIYHUMUN YUHHUKAMMU.

Mo30K BiAHOB/OETLCA 3@ YMOBU AOCTaTHbLOMO CHY.
Bax/imBe 3HAaUYEHHS Ma€ SKIiCTb CHY Ta BiAMOYMHKY,
OCKinbkn rnubwi ctagii cHy cnpusioTb peopraHisauii
HENPOHHUX 3B'A3KiB. lpoknaatTmnca 6aabopum €
03HAKOK XOPOLOT AKOCTI CHY. Y nauieHTiB i3 MKC akicTb
CHY 4acTo nopywyeTbcsa. JonoMixHi 3acobu, Taki gk
MenaToHiH, My3uKa ANns cHy abo 6innii WwyM, MoXyTb 6yTH
KopucHuMU. LUnknobeHsanpuH 3abesnedye noasiiHUM
edekT: po3cnabnoe M'a3m Ta noninwye coH. NauieHTam
i3 MKC gy>xe Ba>x/IMBO 3aCUHATM B OAWNH | TOM CaMui vac,
OCKiNbKK Le MoXxe AonoMortTu ctabinisyBaTtn nopyLieHi
umpkagHi putMun [7, 13]. Ans Kopekuii nopylweHb CHY
MOXHa BMKOPUCTOBYBATWU aMiTPUNTUNIH, AKUIA TaKoX
MoXe 6yTU KOPUCHWUM MpU TosIOBHMX 6018X, KOPOTKI
Kypcu HebeH3o04ia3eniHOBUX CHOAIMHMX 3acobiB
(30MiKN0OH) | KOFHITUBHO-NOBEAIHKOBY Tepanito [13].

QiznyHa Tepanis. Bia3HadyeHO, WO o6MeXeHHS
hi3MYHOT aKTUBHOCTI nicns nerkoi YMT npu3BoauTb A0
3aTPUMKM oAYy>XaHHS Ta 6iNblUOi BUpaA3HOCTi CMMMATOMIB,
wo HanexaTb Ao cnekTpy MNKC [38]. TpuBana BiACYTHICTb
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di3NYHOT aKTMBHOCTI MOXe NiACUANTU PO3BUTOK
BTOPUHHUX CUMNTOMIB, Takux K Aenpecis, Tpusora
Ta BTOMABaHicTb [39]. HaToMicTb paHHE, a He
BiACTPOYEHE 3aCTOCYBaHHA MOMIpHMX (PI3UYHUX BMpas
noninwye KNiHIYHY KapTuHy B nauieHTiB i3 MKC [40].
[MpoAeMOHCTPOBAHO MONIMWEHHA B MNAUIEHTIB, SKi
oTpuMyBanu disnyHy Tepanito, NOPiBHAHO 3 TUMK, XTO i He
oTpumyBas [12]. Y agocnigxeHHi [39] nporpama nikyBaHHs
MNKC nepepbavana @isnyHy Tepanito y sBurnagi 6iry
niaTionueM, i3am Ha Benocuneai, npoueayp penosuuii abo
mMobinizauii cyrnobis i M'AKMX TKaHWH, @ TaKOX MEeTOAUKMU
BecTubynsipHoi/okopyxoBoi peabiniTauii. ®isnyHa
Tepania cnpusna 6inbwomMy perpecy NoCTTpaBMaTUYHOI
CUMMNTOMaTUKWN. ABTOPU AOCNIAXEHHS 3a3HayaloTb, WO
BiACYTHICTb CNOHTAHHOr0O OAyXaHHs nicna nerkoi YUMT
Moxe 6yTn 3ymMOBieHa, 30KpeMa, CynyTHIMKM TpaBMamu
xpebTa Ta iHWNX YacTuH Tina, CNpUYNHEHUMN BMNIIMBOM
TpaBMyBasbHOI di3NYHOI cunu.

OcHoBot Tepanii MKC € ¢i3MyHa Tepanis
BeCTUbynsipHoro anapaTy Ta wui. BectnbynsipHa Tepanis
nepeabayae BnpaBu AN TPeHyBaHHA BeCTMOYynsapHOro
anapaTy 3a AOMOMOroOK OKOPYyXOBWX BMpas, BNpas
Ansa ronosu Ta Tynyba, cnpsaMoBaHWX Ha MOMIMWeEHHSA
piBHOBarn m 3opy. 30poBa Ta OKOpyxoBa Tepanis Moxe
AOMOMOrTM BiIAHOBUTWU MAABHI PyXu OYHUX S6NYK ANA
cnigkyBaHHSA 3a uinnw Ta ii dikcauii. HopManbHun
obcar pyxiB Wni Baxnmeuii ana pednekcis piBHoBarm,
Aki 3anobiratoTb nagiHH0. Y 6inbwocTi nauieHTis i3 MKC
cnocTepiralTbCsa AesiKi KOMMNOHEHTU LLepBiKOreHHOro
3anaMoOpoOYeHHA Ta nopylweHHsa piBHoBarn. ®isnyHa
Tepania wni mae 6yTK yacTuHow peabiniTauinHoi
Tepanii NMKC. TakoX KOpWUCHI MaHyanbHa Tepanis
Ta po3csabneHHs M'sa3iB WKi 3a AONOMOrow Brpas,
Macaxy, Tenanx KOMMpeciB i MicLueBux annikauin. TaxKy
BECTUBYNsApHY AncdyHKUilo, 0ocobanBo B rocTpin dasi,
Moxe 6yTu CKNagHO NiKkyBaTu Yepes3 3anaMopoyeHHs
Ta HYAOTY. Y uUMX BuMMagKax MOXHa PO3rAsHYTHU
BMKOPUCTaHHA BecTUOYNAapHUX cefaTMBHUX 3acobis,
Takux sik 6eH3oaiazeniHn, pnyHapusnH abo 6eTaricTuH.
fabaneHTUH 1 aMiTPUNTUAIH TaKoX MOXYTb AOMOMOITU
3MEHLWNTN gBULa ceHcuTum3auii, a umknobeHsanpuH
agonomarae po3cnabutu m’a3un. Yci Ui nikapcbki 3acobu
MaltTb TaKOX ceaaTuBHUI edekT [7].

lMoBeaiHkoBi 3acobu. BinHoBneHHs nepepbavae
NOBTOPHE HaBYaHHSA KOJULIHIM HaBMYKaM. [JOTpUMaHHS
pexXunMy MOBCAKAEHHOI AiANIbHOCTI € HAaNBaXJIMBILLO
mMoaudikalieo noseaiHkM, W06 NOBEPHYTM MO30OK A0
HOpMasibHOro cTtaHy. MNpobyaxeHHA Ta 3aCcMHaHHA B
NEeBHMIN Yac MOXe AOMOMOrTM HanawTyBaTM MO30K Ha
OOTPUMaHHSA pexunmy. YBeyepi i YHUKATU BXUBAHHSA
CTUMYNATOpPIB, 30KpeMa KodeiHy, ankorot Ta 3acobis,
WO MPUrHIYYKTb LEeHTpalbHy HEPBOBY CUCTEMY.
BaxxnMBO yHUKATK rpoMaacbkux 3ibpaHb, CNinKyBaHHSA
B coLUia/ibHUX MepexaX, N'YYHUX 3BYKIiB i pOK-MY3UKWU.
HeobxigHO CKOpPOTUTK Yac, NpoBeAeHNI Nepes eKpaHoM
Tenesi3opa, koMn'totepa abo TenedoHy. KopucHuMu €
NPOrynsiHKN Ha NPUPOAI Ha CBiTAHKY YM 3ax0Ai COHLSA B
CMNOKIiNHIN 06CTaHOBLi, MPOC/yX0BYBaHHS 3aCMOKiMANBOI
IHCTpyMEeHTanbHOI MY3WKU Ta YMTAHHSA NanepoBuUX
KHWXOK [7].

linepbapuyHa okcureHayis. Llen meton nepenbavac
poO3MilleHHa NauieHTa B KaMepi, B AKiA MOBIi/IbHO
NiABULWYIOTb TUCK YMCTOrO KUCHIO A0 3Ha4eHb, WO
B 1,5-3,0 pa3u nepeBulyOTb HOPMalbHUN TUCK
noBsiTpsa. MexaHi3M Aii MeToAy NoNara€ B CTUMYJIOBaHHI
aHrioreHesy, WO AAa€E 3MOry MOTEHUiHO 36inbWwWKTK
MO3KO0BY nepdysito. binblue nocTavyaHHs KPOBi A0 AINAHOK

http://theunj.org

Ukrainian Neurosurgical Journal. Vol. 32, N1, 2026

MO3KY, SIKi CTanu iweMiyHMMKM abo rinoKCMYHNUMK Yyepes
NOLKOAXEHHSA KPOBOHOCHMX CYAUH, NMOTEHLINHO MOXe
NPUCKOPUTN MNpouec BiAHOBNEHHA. [JocnigXeHHs, saKke
OouiHOBas0 HepoTepaneBTUYHNIA edeKT rinepbapuyHoi
okcureHauii npu NKC 3a gonomorot Bi3yanisauii
nepdy3ii MO3KYy Ta KJiHIYHOT OUIHKM KOTHITUBHUX
byHKUIN, NOKasano No3nTUBHI pe3ynbTaTu. Y nauieHTiB
3HAYHO MOINWWMANCSA KOFHITUBHI dYyHKLUIT, Taki K
obpobka iHdopmauii, ii wBMAaKicTb, 06pobka BizyanbHUX
MpOCTOpPOBUX AaHuX. KpiM TOro, y gingHkax Mo3Ky, fKi
BiAMOBiAalOTb 3@ 30pOBi, CEHCOPHO-MOTOPHI YHKUIi,
nam'aTb i yBary, 36inbWwMAMCS MO3KOBUIA KPOBOOGIr i
uepebpanbHuin 06'eM Kposi [41].

QapmakoTtepanis. JlikyBaHHs ro0BHOro 60s0.
3a3Buyan nikyBaHHs 60/bOBUX CUHAPOMIB, 30KpeMa
ronoBHoro 60710, po3NOYMHaAOTb i3 MPU3HAYEHHS
npoTu3ananbHux i 3HebonBanbHUX npenaparis,
TakKnx K aueTuncaniumnoBa kKucrnoTa, ibynpodeH i
napauetamos. Yepes CXOXiCTb MOCTTPAaBMaTUYHOIoO
rosioBHOro 60110 3 MirpeHHI0 YacTo NpU3HaYvaTb 3acobu
NiKyBaHHSA MirpeHi, Hanpuknaa, TpunTtadu. MNpoTe vyacTe
CMOXMBAHHS BEUKOI KiIbKOCTi npenaparTiB 36inblye
pPU3NK PO3BUTKY FrOSIOBHOIO 60110 BHACNiA0K HaAMIpHOTO
BXMBaHHS flikapcbknx npenapartis (medication overuse
headache). Wo6 3ano6irtm po3BMTKOBI LbOro CTaHy
pekoMeHA0BaHa NpeBeHTMBHA Teparis i3 3aCTOCYBaHHAM
aHTuaenpecaHTiB, B-6nokaTopiB, NPOTUCYAOMHUX
3acobiB i npenapaTiB BiA HeBponaTuU4yHoro 6onto.
EdekTnBHUMN MOXYTb 6yTH 6inbLu iHBa3MBHI Npoueaypu,
Taki ak 6oTyniHoTepania Ta 6nokaau. boTyniHoTepanisa
€ edekTUBHMM 3acoboM, cxBaneHum FDA ana Tepanii
XPOHIYHOI MirpeHi. BBaxa€eTbCs, WO HEPBOBO-M'I30BUI
6nokaTop 60TYIOTOKCUH TUNY A NPUTHiIYY€E NnepndepuyHnin
npouec nepefadi curHanis y UeHTpalibHy HEpPBOBY
cucTeMy, 3anobiratoum UueHTpanbHIN ceHcuTmU3auii, a
0TXXe, 3MeHLWYyEe Bia4yTTa 600 AK NpWU MirpeHi, Tak i
npv NOCTTpaBMaTUYHOMY rosloBHOMY 60110. MNMownpeHoto
npuynHo ronosHux 6onis npu MNMKC € nogpa3HeHHSA
WWIAHMX KOpiHUiB. Moapa3HeHHS MOTUIMYHUX HEpBIB
yHacnifAoK XAMCTOBOI TpaBMW 4YacTo MpU3BOAUTL A0
HanaaiB MirpeHi, 3anamMoOpoyYeHHs Ta crnasMmy LWUAHUX
M'a3iB. briokaga NOTUIMYHUX HEPBIB MOXE AOMOMOrTU
po3ipBaTK JlaHUIOr TONIOBHOIrO0 6010 MiXK WUHAHUMMK
KOPiHUSMW Ta CAWHHOMO3KOBWMM SA4POM TpilivyacToro
HepBa [7, 12, 42, 43].

AHTUAEnpecaHT — ue npenapaTu, SKi HanvacTiwe
npu3Ha4yaTb A4N8 CUMMNTOMaTU4YHOro nikyeBaHHs [MKC.
MauieHT 3 genpecieo MawTb AediUNT MO3KOBUX
MOHOaMiHepriyHMx MmepiatopiB (HopaapeHaniH,
cepoTOHiH Ta/abo podamiH). BanaHc i piBHI uUux
HelpoMmegiaTopiB BiAirpatoTb BUpilanbHy poOsb Yy
baraTboX MNoOBeAIHKOBMX CMMMNTOMax (HacTpin, BTOMa,
ncMxomMoTopHe 36yaxeHHs). ETionoria komopbiaHoi
penpecii B nagienTiB i3 MNMKC noB’a3aHa 3 XiMiYHUM
ancbanaHcoM UMX HeWpomepgiaTopiB y MO3KY nicns
TpaBmu. LLnpokoro 3actocyBaHHs npu MNKC Habynu
AesKi ceneKkTUBHI iHribiTopu 3BOPOTHOrO 3axXOMneHHS
cepoToHiHy. Kopekuii nocTTpaBMaTU4YHOI Aernpecii Ta
TPUBOMW BAANOCS AOCATTU NPU NPU3HAYEHHI cepTpaniHy
B A060Bil ao3i 25-100 Mr Ta dnyokceTuHy B Ao6oBil
003i 20-60 mr [12]. MoTeHUinHMM edpeKTUBHUM 3aco060M
nikyBaHHa cumntomaTukm MKC € kaHabiHoian [44].

KorHitTnBHa peabinitayis. KorHiTuBHa peabinitauis
pO3MOYNHAETLCA 3 6230BOI OLHKM 3a JONOMOroto naHeni
TeCTiB, Takux 9K MOHpeafnbCbKa WKana KOrHiTUBHOI
OUHKM. AKLO € XPOHIYHi CTiMKi KOrHITUBHI Nnpobnemun
i3 cumnTomamMun, NoAibHMMM A0 CUHApPOMY AediunTty
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yBarnm Ta rinepakTMBHOCTI, MOXHa cnpobyBaTu
CTUMYIATOPU LIeHTpasibHOI HEPBOBOI CUCTEMMU, 30KpeEMa
mMeTundeHiaaTt. OgHak MOro He Cnif NpuM3HavaTH, SKLO
iICHYE pPU3MK 3BMKAHHS, CYAOM, @ TaKOX Yy MauieHTIB i3
npobnemamu 3i cHoM. [JoHene3wun Bunpobysanu npu
npobsemax i3 KOpOTKOYACHOK NaM’aTTHO, MOB'A3aHNUX i3
MKC. MpobnemMn 3i CHOM y A€HHMI YacC MOXHa BUPILLNTK
3a gonomorot MogadiHiny. KorHitTMBHO-noBeAiHKoOBa
Tepanis KopucHa npu posnajax HacTpol, NOB'SA3aHUX
i3 MKC. AnxanbHi 1 MeauTauiliHi BNpaeBu gonoMaratmTb
NONINWUTU BEreTaTUBHY perynsuito Ta nigcMnuTu yesary
AK SKip, HaBKOJIO AKOro Moxe BiabyBaTucs npouec
BiAHOBNEHHSA [7].

TakuM 4YMHOM, apceHan nikyBaHHA MKC MicTuTb
LUMPOKMI cNeKkTp HedapMaKkonoriyHmx i hapmMakonoriyHnx
3acobiB. Bubip meToAiB NikyBaHHS 3yYMOB/IE€HUN
KJTiHIYHUMM 0COBIMBOCTAMM NaLiiEHTA, MPUYOMY KJliHIYHa
KapTMHa Moxe 6yTwn Haa3Bu4yamHoO BapiabenbHoto. Lle
CBiAYMTb NpPO HEObXiAHICTb iHAMBIAYyanbHOro niaxoay
00 NiKyBaHHSA i B 6araTboX KIHIYHMX CUTyauisx npo
NPUNHATTA NEPCOHANI30BaHNX KNiHIYHUX pilleHb.
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MeTta: BM3HAYNTM anropuTM eTanHOCTi NikyBaHHS 60/1bOBOro CMHAPOMY B
Naui€HTIB i3 BOrHEMaNbHUMUN YPaXeEHHSAMU NepudepnyHMX HepBIiB KiHLIBOK
onTUMasibHi TEPMiHW XipypPriYHOro BTpy4YaHHs Ha nepudepuyHnX Hepeax LLISXOM
aHanisy niTepaTypHuX Axepen i BAaCHUX AaHUX.

Martepianm i meToau. NposeseHo aHani3 pesynbraTiB NikyBaHHSA 6ont0 B 1053
nauieHTIB i3 BOrHenasabHUMN ypaXKeHHAMU nepndepruYHmMX HepBiB. YCi NauieHTn
obCcTexeHi KNiHiYHO " coHorpadiyHo. MauieHTiB po3noAinMnun Ha ABi rpynu:
NnepBMHHO KOHCEPBATUBHOIO Ta MEPBUHHO XipypriyHoro nikyBaHHa. Mepwy rpyny
(n=265) nikyBanun KOHcepBaTUBHUMMU MeToAaMu (MeAMKaMeHTO3Ha Tepanis,
rigpoaucekuii Hepsa, yBeAeHHs CTepOiAHUX MpoTu3anasbHUX npenaparTis,
36araveHoi TpoMbounTamm nnasmm abo 60TYNOTOKCUHY). Y rpyny NeEpBUHHO
XipypriyHoro nikyBaHHs 6yno 3anydyeHo 788 nauieHTIB i3 BOrHenaabHUMU
YPaXeHHAMU nepudepuyHmnxX HepBiB KiHLiIBOK, ki noTpebyBanu XipypriyHoro
BiAHOBJIEHHS, Ta HAacNiAKaMu aMnyTauin KiHUiBok. Yepe3 1, 3, 6 Ta 12 micauis
nicna nikyBaHHS BM3Ha4yanu piBeHb 60/1bOBOro CMHAPOMY 3a Bi3yasibHOO
aHasIoroBoo LWKanoko.

PesynbraTtn. KoHcepBaTUBHE NlikyBaHHS Aa€ 3aA40BiNbHUN eeKT Npu NiKyBaHHI
601b0BOr0 CMHAPOMY B pasi He3Ha4yHOi MOro BMPa3HOCTI Ta 36epexeHHs
NO3UTUBHOI ANHAMIKW BNPOAOBX MepLUOro Micausa Bif noyaTKy JlikyBaHHSA. MNpu
BOrHEMaNbHMX YpPaXKEHHAX nepudepuyHmnX HepBiB XipypriyHe ikyBaHHS B
6inblwoCTi BUNaakiB gae cTabinbHU NPOrHO30BaHUit edpekT, ane y BigaaneHumn
nepioa Moxe cnocTepiratucsa niagcuneHHs 601b0BOro CMHAPOMY Yepes3 MosiBy
pereHepaTtopHoro 60t Npu peiHHepBauii CkeneTHUX M’'A3iB. HacknagHiwum
KOHTUHIEeHTOM € NauieHTn 3 601104MMN HEBPOMAMM, OCKiNIbKK 3a3BMyai 6inb €
XPOHIYHMM i BaXXKO NiAAaETbCA NiIKYBaHHIO.

BucHOBKM. MaUieHT 3 BOrHenalbHUMKU ypaXXeHHAMU nepudepuyHmnx
HepBiB KiHUIBOK MalTb 6yTuM 06CTeXeHi 3a AOMOMOrok Yy/bTPa3ByKOBOIrO
AOCNiAXEHHSA. 3a BiACYTHOCTI MPWYMH KOMMPeECii YM noApasHeHHS HepBsa
Ta B pa3i 36epexeHHs MOro UiniCHOCTI NikyBaHHSA Cnig po3noyYynmHaTu 3
MeANnKaMeHTO3HOI Tepanii, 3a noTpebu BUKOHaTU rigpoancekuito abo nposecTtmn
iH'EKLUiNHY Tepanito CTepoiAHWMMK MpoOTU3analbHUMKU NpenapaTamMm Um
60TYyNOTOKCMHOM. MpK BMpPa3Hilh KOMMNpecii, NopyLeHHi aHaTOMIYHOI LislicHOCTI
HepBa 4Yn HeedEeKTUBHOCTI KOHCEPBATUBHOIO NiKyBaHHSA MPOTAroM 6 TUX cnig
pekoMeHAyBaTu XipypriyHe BTpy4YaHHS.

KnwuoBi cnoBa: 6i1b, HepB, BOorHernasjibHe MOopaHeHHs, HEBPOII3,
aBToHevponnacTtuka, TMR, RPNI

Oco6MBOCTI Cy4yacHOi BilHK, Wo nepeabavatoTb
3aCTOCYBaHHSA HOBITHbOI BiACbKOBOi TexHiku,
nepeBaxaHHs apTtunepii Ta FPV-gpoHiB, 3yMOBNOIOTHL
TAXKICTb | MONICTPYKTYPHICTb nopaHeHb. CTpimke
3pPOCTaHHSA KiNIbKOCTi BUCOKOEHEPTETUYHUX OCKOJTKOBUX
Ta BUOYXOBUX TPaBM YCKNAAHKE HaAaHHSA MeANYHOI
[0rMoMOru, 30KkpemMa BiIHOBJIEHHS @aHATOMIYHUX CTPYKTYp
i DYHKUIOHaNBbHUX MOXJ/TMBOCTEN KiHUIBKMW.

3a AaHuMK Bigainy ctatucTtuku HauioHasnbHOro
BiICbKOBO-MeANYHOr0 KJiHIYHOro ueHTpy «lonoBHui
BiNCbKOBUW KJHIYHUIA rocniTanb», y nepioa i3 /0TOro
2022 p. po 4vepsBHA 2023 p. y 3aranbHin CTPYKTYypi
nopaHeHb Ha 601MOBiIi TpaBMU KiHLUIBOK npunagano

Copyright © 2026 A.C. Jlucak, A.lI0. Kupnuyosa, A.B. Jlo6oaa

6n13bko 69%, i3 HUX 85% 6ynn NONICTPYKTYPHUMU
ypaxeHHsaMuU. LLlofo po3noainy Mixk BEpXHIMU Ta HMXKHIMKU
KiHUiBKaMn He3Ha4yHo rnepesaxana (55%) 6onosa TpaBMa
HUXHIX KiHUWIBOK. BOrHenasbHi YWKOAXEHHSA nuwe
M'AKMX TKaHWH 3apeecTpyBanu B 65-68% nauieHTiB,
y ABOX TpeTUHax BUMaAKiB BOHW CYMpPOBOAXKYBAIUCS
nedektamu TkaHuH (y 36-38% — ManuMm n cepegHiMu,
y 29-31% - BeNMKMMW Ta HaABeNMKUMK). 3a HaWnMun
AaHuMuK, y nepiog i3 kBiTHA 2014 p. go xoBTHA 2025
p. Yy 6nu3bko 32% nauieHTiB 6yno AiarHOCToOBaHO
BOrHenasnabHe ypaXKeHHs nepndepuyHmxX HepBIB KiHLiBOK.

Bizomo, Wwo npv BorHenanbHin TpaBmi nepndepuyHoro
HepBa 6/11M3bKO 26% MauieHTIB CTalTb iHBanigamu

Po6oTa onybnikoaHa nia niueHsieto Creative Commons Attribution 4.0 International License
https://creativecommons.org/licenses/by/4.0/
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yepes HerponaTu4Hui 6inb, WO NEepcuUcTye, Ta BTpaTy
dYHKUIT KiHUiBKK. 3a 3BiTaMu HauioHanbHOi cnyx6u
3400poB’s YkpaiHu B 2022-2024 pp. BUKOHAHO noHaza 90
TUC. aMnyTauii KiHUiBOK, SIKi MOrAM yckjiaZHBaTUCS
pPO3BUTKOM (PaHTOMHOro 60nt0 4mM 601HUYNX HEBPOM.
3a AaHMMKU pi3HUX aBTOpiB, cepepn TpaBMaTUUYHUX
BifYNneHyBaHb KiHUiBOK, cnpuYyMHeHnXx 60M0OBOIO
TpaBMOIO, NepeBaxatTb YPaXeHHSA HUXHIX KiHUIBOK, a
HaNMNoWMPEHIWWNM YNHHNKOM € BUByXoBa TpaBMma.

HuHi B apceHani nikapiB € BenAMYE3HUIN CnekTp
3acobiB, AKi 3MeHWYTb Big4yTTs 60710 B MauieHTIB,
- Bif CyYyacHuUX MigXxoAiB MynbTUMOAAsIbHOI aHecTesil
Ta MOCTAHOBKW MepuHEeBpanbHUX KaTeTepiB i momn 3
aHecTeTUKaMu A0 XipypriyHMX BTPy4YaHb i3 peKOHCTPYKLIT
60104MX HEBPOM YK iMMNaHTaUii HEMPOCTUMYNSATOPIB.
He3Baxatoun Ha aKTyafbHiCTb NpobieMun Ta HasBHICTb
BEJIMKOI KisIbKOCTi 3ac06iB, HE iCHYE 3arafbHOMPUIRHSATOrO
KOMMNAEKCHOro niaxoay A0 NikyBaHHAa 601b0BOro
CUHAPOMY B MaUi€EHTIB i3 BOrHENANbHUMU YPaKeHHAMU
nepudepnyHnUx HeEpPBIB KiHLiBOK.

MeTa: BM3HAYUTK anropuTM €TanHoCTi NiKyBaHHA
601b0BOr0 CMHAPOMY B MaUIEHTIB i3 BOrHEemaabHUMU
YPaXeHHAMU nepudepuyHnx HepBiB KiHLIBOK 1
OnNTUMasibHi TEPMiHM XipypriyHOro BTpPy4YaHHS Ha
nepudepnyHMX HepBax LWISXOM aHanily niTepatypHux
axxepen i BNaCHUX AaHUX.

Marepianu i meTOaM

YuacHuku gocnig>keHHs

MpoBeneHO aHani3 pesynbTaTiB NikyBaHHSA 601b0-
Boro cuHapomy B 1053 nauieHTiB (1006 4yonosikiB
i 47 xiHOK, cepepHin Bik - (34,1+8,2) poky) i3
BOrHenasbHUMUN ypaxeHHAMN NnepudepnyHnx HepBeiB y
nepiof i3 kBiTHA 2014 p. Ao xoBTHA 2025 p.

[OocnigxeHHs 6yno cxBasieHO KOMicCieto 3 6ioeTuku
IHcTuTYT TpasmaTonorii Ta optoneaii HAMH Ykpainu
(npoTokon N21 Big 19.01.2026 p.). Mig yac npoBeAeHHSA
AocnigXeHHS AoTpuMyBanuca 6i0eTUYHUX BUMOT
lenbciHCcbkOi KoHBeHUii Pagn €Bponu npo npasa
nwoavHn 1 6ioMmeanUUHY Ta BiAMOBIAHUX 3aKOHIB
YkpaiHun. Y nucTi iHbopMyBaHHA ANa nauieHTiB 6ynu
YiTKO BMKaAeHi BCi NON0OXeHHA Ta nepeabaveHi 3axoamn
wono 3abesneyeHHs 340pOB’A nauieHTa, AOTPUMaHHS
Moro npas, NOACLKOT FiAHOCTI Ta MOpalbHO-ETUYHUX
HOpM. Bia ycCix nauieHTiB OTpMMaHo iHpopMOBaHy 3roay
Ha y4yacTb Yy AOCAIAXEHHI.

KpuTtepii 3any4yeHHs

KputepiaMun 3anyvyeHHS HaMuU BU3HAYeHO: BOrHe-
nanbHe NMopaHeHHsA KiHUWIBOK, OTpMMaHe B nepioa
i3 kBiTHA 2014 p. Ao xoBTHA 2025 p., BOrHenanbHe
ypaXKeHHs nepudepruyHMX HEPBIB KiHLIBOK, HasiBHICTb
601b0BOr0 CUHAPOMY.

Kpurtepii Bun1y4yeHHs

KpuTepiaMu BUAydYeHHS 3 AOCNIAXEHHS 6ynu:
HeBOrHenajibHe ypaXXeHHA nepudepuyHoro Hepsa
npv 601MOBI TpaBMi KiHLUIBOK (YLUKOAXEHHS BHACNiA0OK
YCTaHOBJIEHHS CTEPXHIB anapaTty 30BHILWHbOI dikcauii,
TYPHIKETHI CUHAPOMM), BiACYTHICTb 60/IbOBOr0 CUHAPOMY,
TEPMiH CMOCTEpPEXEeHHS MeHLe HiX 12 Mic.

Ansaiin gocnipgxxeHHs

Yci nauieHTn 6ynun obcTexeri KNiHiYHO Ta coHorpa-
diyHo (Puc.1), 3a noTpebu BUKOHYBanu peHTreHorpadito
4 KoMn'toTepHy ToMmorpadilo BiANOBIAHONO CermMeHTa.

Ukrainian Neurosurgical Journal. Vol. 32, N1, 2026

BusHayanu noyaTtkoBui piBeHb 601bOBOr0 CUHAPOMY 3a
Bi3yasbHOK aHanorosoto wkanot (BALU) 6onto (0 cm -
NoBHa BiACYTHICTb 60nto, 1-3 cM— cnabkuii piBeHb 60510,
SKUI nuwe iHkonm noTtpebyBaB A0AaTKOBOI KopekLii Ta
3arasioM He CNpUYMHAB ANCKOMMOPTY B MOBCAKAEHHOMY
XUTTi, 4-6 CM — NOMIpHUI 60NBLOBUI CUHAPOM, KU Mir
notpebyBaTv A0AATKOBOI MeAMKaMeHTO3HOI Kopekuil
Ta CAPUYMHATU NEBHUI AUCKOMMDOPT, ane nauieHT noro
BUTPMMYBaB Yy AIGHHWNI Yac, >6 CM — BUpa3Huii 601b0BUIA
CUHAPOM, WO nepcucTtyBae i noTpebyBaB NOCTIHOI
MeAMKaMEeHTO3HOI KopekKLii, 3HaYHO 3HWXYBaB $SKiCTb
XUTTS nauieHTa Ta B HaraTbox Bunaakax 6ys oAHMM i3
noKasaHb A0 XipypriyHoro BTpyyaHHs.

3anexHo BiA AiarHOCTUYHUX 3HAXiAOK MaUiEHTIB
pO3MNOAINWAM Ha ABi rPyNn: NEPBMHHO KOHCEPBATUBHOIO
Ta NepBUHHO XipypridyHOro fikyBaHHS.

Yepes 1, 3, 6 Ta 12 Mic nicng nikyBaHHSA BU3Ha4anun
piBeHb 601bOBOro cMHApPOMY 3a BALL. 3 BUKOPUCTaHHAM
TenedoHHOro onNMTyYBaHHSA HaM BAANOCA BCTAHOBUTHU
pe3ynbtaTtu NikyBaHHs 683 nauieHTiB (6113bko 64,9%).

Bu3Havyanu nepeBarn Ta HeAONiKW METOAIB JNiKy-
BaHHSA, iIXHIO ponb Yy NikyBaHHi 601b0OBOro CMHAPOMY
Npu BOrHENanbHUX ypaxXeHHAX nepudepuyHnx HepsiB
KiHLIiBOK.

XapaKTepnucTumkm rpynm

Y rpyny nepBMHHO KOHCEPBATWMBHOIO JIiKyBaHHSA
6yno 3anydeHo 265 nauieHTiB (246 4yonosikiB i 19
XIHOK, cepefHin Bik - (35,2+6,5) poky). Y uin rpyni
BMKOPUCTOBYBa/IM KOHCEPBATUBHI MeToAU Kopekuii
6onto (Npenapat 3 TaKUMU AiIOYMMU pEeYOBUHAMU, K
NOpHOKCUKKaM, nperabaniH, aHTUAenpecaHTu rpynu
iHri6iTOpiB 3BOPOTHOrO0 3axOMJ/IEHHS CEPOTOHIHY Ta
HopaapeHaniHy), rigpoancekuii Hepsa ni4 y/IbTPa3ByKOBUM
KOHTpOneM (3a HasBHOCTI ibpO3HOI TKaHWHM HaBKOJO
HepBa, sika He 3aBa)afa horo Bisyanisauii), yBeaeHHs
CTepoiagHUX NpoTuM3ananbHMUX nMpenapaTiB, 36arayeHoi
TpoMbounTamMun nnasmun (BUroTOBJIEHOI 3 MepeBaXKaHHAM
npoTusananbHnx ¢akTopiB) i 60TYyNOTOKCUHY. Y pasi
BiAICYTHOCTi e(peKTy BiA KOHCEPBATMBHOIO NiKyBaHHs (40
(15,1%) BunaakiB) nawuieHTaM pekoMeHAyBaan BignosigHe
XipypriyHe BTpyYaHHS.

Y rpyny nepBUHHO XipypriyHoro nikyBaHHs 6yno
3any4yeHo 788 nauieHTiB (760 4vonoBikiB i 28 xiHOK,
cepegHin Bik - (33,6%9,0) pokiB):

- 732 nauieHTn (704 yonosika Ta 28 XiHOK, cepeaHin
BiK — (36,2+10,2) poKy) i3 BOrHENaJbHNUMUN YpaXxeHHSMN
nepndepnyHUx HepBiB KiHUiBOK, ki noTpebyBanu
XipypriyHoro BiaHOBNeHHs (Puc.2);

- 56 nauieHTiB (yci yonoBiku, cepeaHin Bik -
(30,947,8) poky) i3 HacnigkaMmu amnyTauin KiHLiBOK nicns
BOrHenasbHUX TPaBM, B SKUX PO3BUHYBCSH 601b0BUI
CUHAPOM Yyepe3 hopMyBaHHS 6o01t04nX HeBpoM (Puc.3).

Bnun3bko 53,1% BOrHemnasbHUX ypaxXeHb nepu-
depnyHnx HepsiB 6ynnM 3 HASABHICTIO MEPBUHHOIO
nedekTy Ta noTpebyBanun aBTOHENPONIacTUKH.

CTaTUCTHYHMI aHali3

CTaTUCTUYHWI aHani3 NpoBeAEHO 3 BUKOPUCTAHHAM
CTaHLApTHUX MeTOoAiB ONMCOBOT CTAaTUCTUKMU.
Be3nepepBHi 3MiHHI NpeacTaBneHi K cCcepefHE
apudmMeTnyHe 3HavyeHHs (M) Ta cTaHAapTHE BiAXWUIEHHS
(SD). MopiBHAHHA MOKa3HMKIB y rpyni A0 NiKyBaHHSA
Ta yepes pik NpoBeAeHO 3a AOMNOMOroK MapHOro
t-kputepito. 3HaveHHs p<0,05 BBaxanu CTaTUCTUYHO
3HAYyLWMM.

CT1aTTsi MiCTUTb PUCYHKM, SIKIi BiAOOpaxaroTbCsi B APYKOBAaHI¥ BepPCii y BIATIHKax Ciporo, B €/IeKTPOHHIN — y KOJIbOPi.
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Pnc. 2. OCHOBHI BUAW BOrHeEMNanbHOro ypaxeHHs nepmudepruyHnUX HepBiB: @) KOMNpecis HepBa BHAacNiaoK
dibpo3HOro nepepoaxeHHst Me30HeBPIto; 6) popmMmyBaHHA di6po3HOro Tsxa (30HM dikcauii nepndepruyHoro
HepBa), Wo 3anobira€ Noro KOB3aHH Ta NPU3BOAUTL A0 iWeMii; B) aHaTOMiYHE YLWKOAXEHHS — NOBHEe

MOLWKOZXEHHS! HepBa 3 AedeKTOM HEPBOBOI TKAHUHU

Pnc. 3. OCHOBHI YNHHUKM, WO CNPUYNHAIOTL TpaHCdOpMaLuito HeBPOMM Ha 601104y HEBPOMY: @) KOMMpPECis KyKCcu
HepBa (niratypoto uu dikcatopom); 6) nogpasHeHHS HEBPOMU (KiICTKOBUMM €K30CTO30M TOLLO); B) 6e3 BnamMmmx
MPUYNH NOAPA3HEHHS YK KOMMpecii (He BMKJII0YEeHa aBTOIMYHHa BiANOBIAb)

Pe3synbTtatn

MauieHTaM i3 HasBHiCTIO 60/1LOBOIr0 CUHAPOMY MicnA
BOFHENaNbHUX ypaXkeHb nepudepuyHnx HepsiB 3a
yMOBUK 36epexeHHs UinicHOCTI nepudepuyHoro Hepsa
(3a paHuMKn ynbTpacoHorpadiyHOro AOCHIAXEHHSA),
BiACYTHOCTI BMpPa3HOi MOro KOMMpecii Yn nopyLleHHs
iHTpaHeBpanbHOI CTPYKTYpPU, @ TAaKOX MPU ypaxKeHHi
Nvwe NOBEPXHEBUX LWKIPHUX TFiNoK nepndepuyHmnx
HEpPBIB K MeplWwnin eTan NponoHyBasn KOHCepBaTUBHE
NiKyBaHHS, fKe po3no4YyuMHanm 3 MeAMKaMeHTO3HOi
Kopekuii. 3a BiACYTHOCTI AMHAMIKM A0 3MEHLUEHHS
601b0BOro CMHAPOMY BUKOPUCTOBYBA/VW rigpoamnceKLito

HepBoBOoro crtosbypa (y pa3i moro komnpecii
¢dibpo3HONepepoaAXEHMMN TKAHMHAMKM) YUK iH'eKUIT
36arayeHoi TpomboumTamMn nnasmu (y pasi cnabkoro
601b0BOro cMHApPOMY) abo CTepOiAHOro NpoTM3anasbHOro
npenapaTy (Npu BMpasHiwoMy 60/1b0BOMY CUHAPOMI).
Mpn No3nTUBHIM BigNoBiAi Ha 36arayeHy TpombouunTamm
nnasmy abo cTepoigHWIn NpoTu3ananbHWIn Npenapart,
ane BiACYTHOCTI 3HAYHOI MO3UTUBHOI AMHAMIKWN LWOAO0
3MeHLeHHS 60110 BUKOHYBanN iH’ekUito 60TYN0TOKCUHY
nig NpOBIAHWMKOBOK aHECTE3IE UM 3aranbHO CefaLi€to.
IH’ekuii 36arayeHoi TpoMbounTamMn Nnasmm B HaloMy
AO0CNiAXEHHI Manu cnabkuii NO3NTUBHUI edeKT.
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Y pasi AiarHOCTyBaHHS YLWKOAXEHHA nepude-
pu4yHOro Hepsa abo HeeeKTUBHOCTIi KOHCEPBATUBHOIO
NiKyBaHHS MpoTAroM 6 TUX MAUIEHTOBI BUKOHYBanu
XipypriyHe BTpy4aHHs: HEBPOi3 NepndepmuyHmnX HepBiB
(33,7% Bunaakis), WoB HepBa (y pasi MOXNMBOCTI
HaknagaHHa wea 6e3 Aii TpakuWiMHMX CUA Ha Heps
i BiNbHUX pyXax y cyMmixHux cyrnobax, 10,5%),
aBTOHeMponaacTuky nepndepunyHoro Hepea (55,8%).

YciM nauieHTam nig yac XipypridHoro BTpy4YaHHS
Ha nepudepuyHOMy HepBi BUKOHYBanau npoueaypy
ninodiniHry (cymiwwto acnipaTy NiAWKIPHOI XXWUPOBOT
KNiTKOBMHW Ta 4YepBOHOMO KiCTKOBOro MO3KYy) ANs
BiAHOBJIEHHS NapaHeBpasbHOI XMPOBOT MyPTH.

MNauieHTam i3 601bO0BMM CUHAPOMOM, LLIO PO3BUHYBCS
Ha Tni ¢popMyBaHHA 60OMOYMX HEBPOM, MPOBOAUMN
TaKi XipypriyHi BTpy4YaHHSs: pe3eKkLUilo HeEBpOMMU
3 TpaHcno3wuuieo HepBa Bramb TkaHuH - 21,4%
BMNaAKiB, CTBOPEHHS pereHepaTuUBHOro iHTepdency
nepudepuyHoro Hepea (RPNI (Puc.4) — oropTaHHs rpyn
dacumnKkyn 3MillaHOro HepBa HEBENNKUMU hparMeHTamMum
AEeHepBOBaAHOro BiSIbHOro ckeneTHoro m'ssa) - 60,7%,
uinboBy M’'a3oBy peiHHepBauito (TMR (Puc.5) -
Hakfa4aHHS WBa MiX 3MillaHUM HEPBOM, WO YTBOPIE

Puc. 5. LlinboBa mM'a30Ba peiHHepBauis
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6onto4y HEBPOMY, Ta PYXOBMM HEPBOM, SIKWIA iIHHEPBYE
CKeneTHUN M'a3 pe3nayanbHoi KiHUiBKK) — 17,9%.

Pesekuia Ta TpaHCMNo3uuis HEBPOMW 3MEHLIYyBaaun
601b0BUI CUHAPOM NMLLE B FOCTPUIA Nepiof, ane nisHiwe
(8o 6 Mic) 6inb peunanByBas, iHOAI 6yB iIHTEHCUBHILINM,
TOMY 6iNbLIOCTI NALiEHTIB BUKOHAHO NOBTOPHE XipypriyHe
BTPYYaHHS.

Y nicnsonepauinHMin nepioa yciM nauieHTam
npuv3Hayann MynbTUMOAANbHY aHanresito (mocTtaHoBKa
nepuvHeBpasnbHOro KateTepa Ym NOMMU 3 aHECTETUKOM),
MeAMKaMeHTO3HY Tepanito (HecTepoifHi NnpoTulananbHi
npenapaTtu (JOpHOKCKKaM)) i NpoTUHabpsikoBy Teparnito
(AekcameTasoH). Lle gano 3mMory He BMKOpPUCTOBYBaTH
HapKOTUYHi 3HebontoBanbHi Npenapatn B nicnsone-
pauiiHuii nepioa.

O6roBopeHHnA

3a paHuMun, HaBeaeHuMuU B Tabs1.1, 3HUXKEHHS
6onto nicna NikyBaHHS y MauUi€HTIB i3 BOrHenalabHUMMU
ypaxeHHAMN nepudepnuyHnX HepBiB NpU BUKOPUCTAHHI
BCiX MeTOAiB NikyBaHHSA Oyno CTaTUCTUYHO 3HAYYLLUM
(p<0,05).

Ta6bamnys 1. OuiHKka iHTEHCUMBHOCTI 601b0BOro cMHAPOMY 3a BALL 3anexHo BiA MeToAy NiKyBaHHS, CM

MeTon nikysanns nicysannn | imic | awic | 6mie | 12w P
MeankameHTO3Ha Tepanis, n=99 | 2,2 £ 0,9 16+08 | 12+07 | 1,1+0,5 1,1+0,4 < 0,0001
lopoancekuia, n=29 39+1,1 1,9 +0,2 1,6 £1,2 1,8+ 1,3 19+£1,1 < 0,0001
IH’ekuiiHa Tepanisa, n=44 4,3+ 1,3 1,1+04 1,4+1,1 1,7+ 1,5 1,619 < 0,0001
Heponis, n=161 56+21 | 47+1,5 | 42+1,7 | 21+1,1 | 1,8+1,2 | <0,0001
PekoHcTpykuia HepBa, n=315 42 +1,1 1,2 £ 0,6 2,1+£0,8 1,6 £ 1,0 2,1+£0,9 < 0,0001
MepeMiweHHs HeBpoMU, N=8 6,321 1,1+0,4 3421 4,6 £1,8 2,215 0,0004
RPNI, n=22 6,7 £ 1,7 1,2+14 | 1,4+1,1 | 2,1+1,6 2,2+0,9 < 0,0001
TMR, n=7 6,2+1,6 1,1+08 | 1,1+1,2 | 1,5+0,6 2,1+1,2 0,0003
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KoHcepBaTuBHe nikyBaHHSA AaBano 3a[40Bi/IbHUN
edeKkT Npu NikyBaHHi 60N1bOBOro CUHAPOMY B pasi
HEe3HaYHOI 10ro BUpa3HOCTI Ta 36epexeHHst MO3UTUBHOI
AWHAMIKM BMNpOAOBX MepLloro micaus Big no4yaTky
nikyBaHHa (Puc.6). MeagnkaMeHTO3HY Tepanito §K
CaMOCTINHUA MeToA NikyBaHHSA 600 cnig npusHadaTun
K Nepwui etan NikyBaHHA Npy He3Ha4Hi BUPA3HOCTI
6onboBoro cnHapomy (Ao 3 6anis 3a BALL) Ta sik 6a3oBy
Tepanito B KOMb6iHaUii 3 rigpoancekui€to, iH'EKLinHUMM
MeToAaMu NikyBaHHA abo B paHHiN nicnsgonepauinHmn
nepioa. Fiapoaucekuis npu ¢i6bpo3Hinn komnpecii
nepudepnyHOro Hepea 3Ha4yHo noserwye 6inb y paHHin
nicnsonepauinHuii nepion, ane 3 yacom 601b0BUN
CMHAPOM MOXe nigcunoBaTucs, wo norpebysatnme
BMKOPUCTaHHA MOBTOPHUX Npoueayp. IH'ekuinHa Tepania
Ma€e pobpuit 3HebontoBanbHUN edekT, ane 601b0BUN
CMHAPOM MOXe HapocTaTu, Wo B ManbyTHbOMy MOXe
notpebyBaTu abo NOBTOPHMX iH'ekLil, abo xipypridyHoro
BTPYYaHHSA. Y HawoMy AOCAIAXEHHI BUKOPUCTaHHS
36arayeHoi TpomboumMTamMn NaasMu CNpusano nue
He3Ha4YyHOMY TMMYaCcoBOMY MoNninLweHH, y 8% Bunaakis
- CMPUYUNHAN0 3HaYHe niacuneHHs 601b0BOro CUHAPOMY,
o Moxe 6yTu noB’siI3aHe 3 iHWOK TEXHOJNOriew
BUFOTOBJIEHHS Ta MepeBaXaHHAM MNpo3anajbHUX
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dakTopiB. IH'ekuii 6O0TYNOTOKCUHY AaBanu TpuBanun
No3nTUBHUM edeKT, ane 4acTo y BigaaneHun nepioa
BWHMKaB peunams 60rto.

XipypriyHe fnikyBaHHS Npu BOrHenaabHWUX
ypaxXeHHAX nepndepruyHmMx HepBiB y OiNbwoOCTI
BMNAAKiB AaBano cTabifibHUIN NMPOrHO30BaHUM edexT,
ane y BigaaneHWn nepiog Moxe cnocTepiratucs
niacuneHHs 60NbOBOro CUMHAPOMY 4Yepe3 MOSBY
pereHepaTopHOro 600 nNpu peiHHepBauii cKeneTHUX
mM’asiB (Puc.7). 3aranom HeBpoOni3 nepudepmuyHoro
HepBa CYNpOBOAXYETbCA NPOrPECUBHUM, ane NoBiNbHUM
3MeHWeHHAM 60N1b0OBOro CMHAPOMY A0 6 Mic nicns
Xipypri4yHoro BTpy4yaHHs. PekoHcTpykuia (woB abo
aBToHeWponaacTuka) nepudepmnyHOro Hepea B paHHin
nicnaonepauiiMHuMii nepiogd Moxe 3HAYHO 3MEHLWUTU
601b0OBMN CMHAPOM YyHacnifok pe3ekuii HeBpoMu, ane
y BiAAaneHui nepiog MOXyTb CNOCTeEpiratucsa Takox
pereHepaTopHuit 6inb Big M A3iB | HEBPOMM B 30HaX
WBa HepBa, sIKi MOXYTb CNPUYMHUTHK Binb Ta NnapecTesito
npv NoApasHeHH;.

HancknagHilWMM KOHTUHIEHTOM ANS NiKyBaHHS €
nauyieHTn 3 60/110YMMM HEBPOMAMM, OCKINbKW 3a3BuUYan
6inb Big 60Nt0Y0I HEBPOMU € XPOHIYHUM i BaxkKo
nigaaeTbcs nikyBaHHwo (Puc.8).

No nouartky
NiKkyBaHHA

1 micaukb

— e JMKAMEHTO3HA TEpanina

3 micaui

s |0 poAMCEKUIA

6 micauis 12 micauis

s |H'EKUIINHE TEpaNIA

Puc. 6. JvHamika BMpa3HoOCTi 60/1bOBOr0 CMHAPOMY 3a5€XHO Bif METOAY KOHCEPBATUBHOIO JliKyBaHHS

Do nodartry 1 micaub

NikyBaHHA

— HEBpONi3

3 micauj

6 micauie 12 micauis

e PEHOHCTPYKLIA HEPBY

Puc. 7. JnHaMmika BUpa3HOCTi 60/1bOBOr0 CMHAPOMY 3asIeXHO Bif METOAY XipypriyHOro nikyBaHHS npwu
BOMHENaNbHUX ypaxeHHAX nepudepuyHnx Hepsis
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8
7
6
5
4
3
2
1
0
Mo novatky 1 micaupb 3 micauj & micAuiBs 12 micAuis
NikyBaHHA
— |2 PEMILLEHHA HEBPOMM RPNI TMR

Puc. 8. luHamika BMpa3HoOCTi 60/1b0BOr0 CMHAPOMY Npu 600UYNX HEBPOMAaX 3a/ieXHO Bi4 MeToay

XipypriyHoro nikyBaHHs

OcTaHHiMM pokaMu y cBiTi BiAbyBaeTbCa 3MiHa
napagurm WoOAO NiKyBaHHA 60N0YMX HEBPOM -
BiA MAacuMBHOI ManiaTUBHOI TakKTUKW pe3eKkuii uu
nepemiweHHs HeBpoMM (LLLO YaCcTO AA€E pPeunamB HaBiTb
Yy PaHHIiW nicngonepauiiHnWin nepioa) A0 aKTUBHOI
PEKOHCTPYKTUBHOI TaKTUKW, OCHOBHY METY SKOI
intocTpye dpasa «fanTe HepBY WO peiHHepByBaTu».
3 AOTPMMAHHSM LbOro NpuUHUMNY po3pobneHi cyyacHi
MeTOoAMKN CTBOPEHHSI pereHepaTUBHOro iHTepdency
nepudepuyHOro HepBa Ta LUiNbOBOI M s30BOT
peiHHepBauii. ¥ 6inbwocTi (6nn3bko 80,4%) Bunaakis
yTBOpEeHHS 60110401 HEBPOMM € HACNIAKOM HEMPaBUIbHO
BMKOHaHOI aMnyTauii KiHUiBKM Ta XPOHIYHOT KOMMNpecii
4M NOAPA3HEHHS HEBPOMMU.

O6roBopltoymM KoHuUenuito 6010 Npu BOrHe-
nanbHUX ypaxXeHHAX nepudepuyHUX HepBiB,
BaX/MBO nMaM’aTaTyM natodi3ioNoriyHi MexaHizmMu
nepeTBOpeHHS HouuuenTuBHOro 6ont (3axucT BiA
HasBHOIMO 4 iIMOBIPHOIO YLWKOAXEHHSA TKaHWH 4yepes
CTUMYNALIIO TEPMOPELENTOPiIB, MEXaHOpPeLenTopiB
abo xemMopeuLenToOpiB Ta HEPBOBWUX 3aKiHYEHb) Ha
HenponaTuyHui (@aHOManbHa HeMpoHalbHa aKTUBHICTb,
BTOPMHHA OO0 3aXBOPOBAHHSA, TPAaBMU Yn anChyHKLUIT
COMaTOCEHCOpPHOI HEPBOBOI cucTeMn). Aaxe TpuBana
HOUMLENTUBHA CTUMYNALUIA aKTUBYE SIK nepudepuyHi
MexaHi3mu (rinep3byanumeicTe membpaH HepBOBUX
3aKiHYeHb, eKTOMiYHa po3psAKa CUHancieB, 3MiHM B
TpaHCKpUMLii reHiB), Tak i LeHTpasnbHi (rinep36yanueicTb
HEepBOBOI CUCTEMM, BTPATa KOHTPOJIIO 3@ MPUTHIYEHHAM
36yAXXeHHS, K HacnigoK — peopraHisauis npouecis
Ta CTUMYNIB y LEeHTpanbHiAi HEPBOBIN cucTtemi),
O MOXe NpuM3BeCcTW A0 CeHCcuTu3lauii HepBOBOI
CUCTEMU i PO3BUTKY HerponaTuyHoro 6ont. Tomy
CNif BYACHO BMJIMHYTM Ha HOLMUENTUBHY CTUMYNAUitO
BHAC/iA0K NOpaHeHHs Ta 3anobirTm yTBOPEHHIO BOrHULLA
HenponaTuyHoro 601. 3 ornsay Ha ue HaA3BWYaMHO
BaX/IMBOK € KOHLIENLIiA Yacy Ta eTanHocCTi NiaxoAis A0
NiKyBaHHA.

Ha niagctaei pe3ynbraTiB aHanizy OTpMMaHUX HamMu
AaHWX i faHuX, HaBeLeHUX Yy HayKoBin nitepaTtypi,
HaMW 3anpomnoHOBaHa KOHUeNUis eTanHoro niagxoay
A0 NiKyBaHHSA 601b0BOro CUMHAPOMY B MaUIi€EHTIB i3
BOFHEMaNbHUMU ypPaKEHHAMU nepudepuyHnx HepBiB
KiHLIBOK.

http://theunj.org

BucHoOBKM

1. Yci mauieHTV 3 BOrHEMNasbHUMWU YparKeHHAMMU
nepudepmnyHmX HEPBIB KiHLIBOK YM HAasSABHICTIO 60104nX
HEBPOM Micns amnyTauii KiHWiBKX MatoTb 6y TU 06CTeEXEHI
3a AOMNOMOro0 yNbTPa3ByKOBOrO AOCNIAXKEHHS.

2.Y pasi BiACYyTHOCTi 06'EKTUBHMX NPUYUH KOMMPECIi
4YM Noapa3HeHHs HepBa Ta 36epeXXeHHs 10ro aHaTOMIYHOI
LiNiCHOCTI nikyBaHHA cnig po3novyaTu 3 Kopekuii
MeAMKaMeHTO3HOi Tepanii, 3a noTpebu BMKOHATKH
rigpoaucekuito HepBOBOro ctoBbypa 4Ym NpoBecTHU
iH'eKUiiHY Tepanito cTepoiAHUMKU NpoTM3ananabHUMMK
npenapaTtamMun abo 60TYNOTOKCUHOM.

3. 3a HasaBHOCTI 06'EKTUBHOI NPUYNHU NOAPA3HEHHS
HepBa, MOro BUPa3Hoi KOMMNPECIi, MOPYLUEHHS aHAaTOMIYHOI
LinicHOCTi YM HeedEeKTUBHOCTiIi KOHCEpPBATMBHOIO
NiKyBaHHSA NpoOTAroM 6 TUX CNig peKoMeHAyBaTu
XipypridyHe BTpy4aHHs.

4. 3aCTOCYBaHHA Cy4YaCHUX METOANK PEKOHCTPYKLii
6ontounx HeepoM (RPNI Ta TMR) pgae kpalui Ta TpuBaniwi
pe3ynbTaTh NikyBaHHSA 607110, aHIXX KNaCUYHi METOANKMN
pes3eKuii Yn TpaHcno3uuii HEBpOMMU.

5. BukopuctaHHa MynbTUMOZAanbHOI aHecTe3ii B
paHHiN nicnaonepauinHnii nepios i3 3aCTOCyBaHHSAM
nepuHeBpasibHUX KaTeTepis, NpenaparTis JIOPHOKCUKaMy
Ta npoTuHabpsakoBoi Tepanii (AekcameTa3oH) AaE
3MOry MiHiMi3yBaT noTpeby nauieHTa B HapKOTUYHUX
aHanreTukax y nicnsonepauiiHuii nepios, a Takox
AOonoMarae «posipBaTuU» MaTOJIOTIYHUA MEXaHi3M
pPO3BUTKY HeMponaTuyHoro 6osto.

Po3kputTa iHdopmauii

KoH@niKT iHTEpeciB

ABTOpPW 3asBNATb NPO BIACYTHICTb KOHMNIKTY
iHTepeciB.

ETnyHe cxBasieHHs

Yci npouenypu, BUKOHaAHI B AOCAIAXEHHAX 3a
ydacTio noaen, BiAnoBigann eTUYHWUM cTaHpapTam
IHCTUTYUINHOrO Ta HauiOHANbHOro AOCAIAHULBKOIO
KOMiTeTy, a Takox lenbcCiHCbKi aeknapauii 1964 p.
Ta ii misHiwnmM nonpaBkaM abo BiAMNOBIAHUM E€TUYHUM
CTaHAapTaM.

IH¢opmoBaHa 3roga

MNMucbMoBa iHpopMoBaHa 3roaa 6yna oTpMMaHa Big
KOXHOro nauieHTa abo 4neHa ciM’i nepeg onepadieto.
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MeTa: ouUiHMTK edeKTUBHICTb eMbonizauii cepeaHbOi MeHiHreanbHOI apTepii
(CMeHA) y nauieHTiB i3 XpOHi4HO cybaypanbHoto rematomoto (XCAIN) Ha oCcHOBI
nepwmx 19 kniHiYHMX BMNagkiB y [JHiNponeTpoBCbKili 06n1acHin KNiHiYHIM nikapHi
imeHi I.I. MeyHWKOBa; YTOYHUTU NOKA3aHHS A0 i30/1IbOBaHOro/KOM6iHOBaAHOroO
nikyBaHHsa XCAI Ta edpeKTUBHICTb TpaHCpaAialbHOrO A4OCTYny.

MaTtepianu i meToaum. [NpoBeaeHO peTPOCNEeKTUBHE KOrOpTHE AOCNIAXKEHHS 3
aHani3oM NpoCneKTUBHO 3ibpaHnx aaHnx 19 nauieHTiB i3 XCAI, AKMM BUKOHaNU
embonizauito CMeHA B [HiNponeTpoBChbKiN 06nacHii KNiHIYHIA nikapHi iMeHi
I.I. MeuHukoBa B nepiog i3 24 6epe3Ha 2022 p. no 6 nuctonapa 2024 p.
MauieHTam NpoBeAeHO eHA0BaCKY/sipHe BTPYyYaHHS i30/1b0OBaHe 4n B KOMbGiHaUii
3 BiAKpMTOlO onepauieto. NpoaHanizoBaHo aemorpadivyHi AaHi, eTionoriyHi
YMHHWUKW, KNiHIYHY KapTWHY, AaHi KOMN'IOTEPHOI Ta MarHiTHO-pe30oHaHCHOI
Tomorpadii, uepebpanbHoi aHriorpadii. OUiHKY edeKTUBHOCTI NiKyBaHHSA
nposoaunu yepes 1, 3 Ta 6 Mic nicng onepauii.

Pe3synbtaTtn. 3a TMNOM NpPOBEAEHOr0 NiKyBaHHA Maui€eHTIB po3noAinnam Ha
Tpu rpynu: embonizauiga CMeHA — 13 (68,4%), nepBrHHa embonisauis CMeHA
i3 noganbWwuM XipypriuHmMm apeHyBaHHaM — 3 (15,8%), nepBuHHE XipypriyHe
NiKyBaHHSA i3 nodanbwot embonisauieto CMeHA — 3 (15,8%). TpaBMaTUuHI
XCAOr BusBneHo B 12 (63,2%) nauieHTiB, cnoHTaHHi XCAl =y 7 (36,8%), i3 HUX
y 2 i3 MiKOTUYHMMW @aHEBPU3MaMMN KOPKOBUX FiJIOK cepefiHbOi MO3KOBOI apTepii.
LM ABOM XBOPUM BUKOHAHO eHA0BaCcKyNspHe AEKOHCTPYKTUBHE BUKITIIOYEHHS
aHeBpu3M N embonizauito CMeHA. OAHOMY MNAUIEHTY i3 XPOHIYHOK aHEMi€er
nposeAeHo nuwe embonisauito CMeHA. M'aTb (26,3%) nauieHTiB OTpMMyBanu
aHTUKoarynsaHTHy/aHTWarperaHTHy Tepanito. feMmoAMHaMiyHO 3Hauyle
CTEeHO3yBaHHS MaricTpanbHMUX apTepin ronosu susasneHe B 3 (15,8%) nauieHTis.
KoHTponbHe o6cTexeHHs (KOMM'IoTepHa Ta MarHiTHO-pe3oHaHCcHa ToMorpadis)
yepes 6 MiC Mokasasno NO3UTUBHY AMHAMIKY B yCix Bunaakax, ay 17 (89,5%)
nauieHTiB — BiagCcyTHicTb XCAT.

BucHoBku. EmM6o0nizauia CMeHA niaTeBepanna BUCOKY edeKTUBHICTb
i 6e3neyHicTe npu nikysaHHi XCAI Ak caMocCTiMHa MeToAMKa, Tak i K
[OMOBHEHHSA A0 KJacU4YHOI Xipyprii. BUKOpUcTaHHA TpaHcpaiasbHOro 4OCTyny
NpoAEMOHCTPYBaio Nepesarun B 0Cib NOXn0ro Biky Ta KaTeropii «niABULLEHOro
PU3NKY>», @ TAKOX CNPUSAI0 3MEHLIEHHIO TEPMiHY rocniTanisauii. 3acTocyBaHHS
Onyx™ 3abe3nevyBano ranMblwy neHeTpauito Ta TpuBanilwy OKJ3it0
NaTo/IOrYHUX CYANH NOPIBHAHO i3 PVA (NoniBiHiNOBMMMK) YacTUHKaMn. OTpuMaHi
AaHi y3roAXyrTbCs i3 CyHaCHMMWU CBITOBUMU TeHAEHUiaMU, NiATBEPAXYUKn
NEepCrneKTUBHICTb METOANKMN.

KnrouoBi cnoBa: XpoHiyHa cybaypasbHa rematoma, embonizauis cepeaHborl
MeHiHreanbHoi aptepii; Onyx™; TpaHcpagiaibHuii AOCTYyr; €HAOBAaCKYy/spHa
HeHpoXipyprisi; Mas0iHBa3nBHe JiKyBaHHS; HEMPOTpaBMa, OTpuMaHa BHacaigok
BIiiCbKOBUX Aivt

Bctyn

TUC. HaCeneHHs, Lo NoB'sI3aHO 3i CTAPiHHAM HaceneHHs

XpoHiuHa cybaypanbHa remaTtoma (XCAIN) € oaHiewo 3
HanyacTiWnX NPUYNH HEMPOXIipYypPrivHUX rocnitanisauin
y NiTHIX Maui€eHTIB | XapaKTEPU3YETbLCSA BUCOKUM pPiBHEM
peunaunBiB Nicng CTaHAAPTHOMO XipypridyHOro NikyBaHHS.
MowwnpeHictb XCAI ctaHoBuTb 13 - 20 BMNaakiB Ha
100 Tuc. HaceneHHs, a cepen oci6 BikoM noHaa 65
pokiB 3pocTae B 4 - 5 pasiB i Moxe nepesuwysaTtn 70
BMnaakis Ha 100 Tuc. HaceneHHs. O4iKyeTbCSH, WO A0
2030 p. iHUMAEHTHICTb 3pocTe Ao 121 Bunaaky Ha 100

Ta WMPOKUM 3aCTOCYBaHHSAM aHTUKoarynsHTie [1, 2].

CTaHaapTHe xipypriyHe nikyBaHHSA (ppe30oBi 0TBOPU
abo kpaHioToMiA 3 ApeHyBaHHAM) € edeKTUBHUM, ane
peunamen dikcytoTb y 11 - 20% Bunaakie, a notpeba
B MOBTOPHMX BTPYYaHHSX cTaHoBUTb 14% [1,3]. Ue
CTUMYJTIOE MOLWYK MEHLU iHBa3MBHUX NiAXO0AiB i3 TpuBannm
edeKkToM.

OpHielo 3 HanNepCcneKTUBHIWNX CTpaTerin €
eHpoBacKysipHa eMbosizauis cepeiHbOT MEHIHFeaIbHOI
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aptepii (CMeHA). MexaHi3M aii nonarae B 6/10KyBaHHi
KpOBOMOCTa4yaHHA HEOBACKY/IApU30BaAHOI 30BHILIHbOT
mMeMbpaHu reMaToMu, WO NnepepuBac LMK NMOBTOPHUX
MiKpOKpOBOTEUY i cnpusie cTabinbHi pe3opbuii. CnoyaTky
MeToZ OMNMuUCyBaaWn SIK Tepanilo «O0CTaHHbOro LaHCy» B
NauieHTIB i3 FPynNn BUCOKOr0 pU3NKY, afne Cy4acHi AaHi
cBia4aTb Npo edeKTMBHICTL eMbonizauii Ak y NoeEAHaHHI
3 XipypriyHMM ApeHyBaHHSAM, TakK i K CaMOCTIilHOI
TakTukun [4, 5].

[Joka3oBa 6a3a nigcunmnacs 3aBASAKM KiJIbKOM
paHAOMI30BaHMM KAiHIYHUM gocnigxeHHam (PKA) piBHS
NEJM, npoBeZieHMM OCTaHHIMK pokaMu. Y BUNpobyBaHHi
EMBOLISE (>600 nauieHTiB, 39 ueHTpiB CLLUA) noaaBaHHS
emboniszauii CMeHA fO0 CTaHAApPTHOroO NiKyBaHHS
BipOriAHO 3HU3WO YacTOTY HeBAAY NiKyBaHHA (peunams/
nepcucTeHuis >10 MM, MOBTOPHE BTPYYaHHS YN CEPNO3HI
noAii) 6e3 niaBULEHHSA PU3KKY iHCYNbTY Yn 30-AeHHOT
cMepTHOCTI [6]. Y kuTtancekomy PKA MAGIC-MT cepepg
nauieHTiB i3 HerocTpumum cybaypasnbHUMU reMaToMamm
yactoTa 90-A4€HHOro CMMNTOMHOIO NporpecyBaHHs byna
MOpPIiBHAHHOK MPM 3acToCyBaHHi embonizauii CMeHA
Ta CTaHLaApTHOMY JNiKyBaHHi, ane aBTOpU BUSABUIU
3anexHicTb edeKkTy Big KNiHiYHOro cueHapito (onepadis
abo koHcepBaTuBHe BeaeHHs) [7]. D. Fiorella Ta cniaBT.
NiATBEPAVIN 3HMXKEHHSA YaCcTOTW HEBAAY NIKYBaHHSA Npu
popaTtkosin embonizauii B PKA (STEM) [8].

Cy4yacHi KOHCEHCYCK BiA3HayalTb KJIHOYOBY pOJb
embonizauii CMeHA npu BeaeHHi XCAlI B ARISE I
(2024) HaronoweHo Ha HeobXigHOCTI cTaHAapTu3auii
noKasaHb i BU3SHAYEHO MNPIOPUTETHI HaNpPsaMu nogasnabLUmX
pocnigxeHb [9]. €Bponencbknin KOHceHcyc (Brain &
Spine, 2024) petanizyBaB ponb embonizauii CMeHA
npu NepBuHHUX i peunameHux XCAl, a pekoMmeHpauii
NICE IPG779 (2023) ogiuiiHO BM3Hanu npoueaypy
NepCneKTUBHOK A1 3HUXKEHHS 4acToTu peunauBy, ane
He Ik MeToA YCYHeHHSs Mac-edeKTy.

CuctemMaTnyHmii ornaa [23] npoaeMOHCTpyBas
HWU3bKY 4YacCTOTY CEPUO3HUX YCKAAHEHb, MPO WO
CcBifumMna HasgBHICTb MOOAMHOKUX BUMNAAKIB iWIEMiIUYHUX
NOAIM UM yparKeHHS YepenHux HepeiB Npu HebesneyHnx
aHacTtomo3ax. Ony6nikoBaHi B 2025 p. My/nbTULLEHTPOBI
AaHi [10, 21] ceig4aTh, Wo AoonepauiriHa embonisauisa
CMeHA (8o 6yp-xony/apeHyBaHHS) MOXe 3HWUXYBaTu
pU3MK NOBTOPHOI onepauii NOpiBHAHO 3 nicnsone-
pauinHolo, Xxo4ya ONTUMaNbHI CTPOKW NOTpebyloTb
NPOCMEKTUBHOIO NiATBEPAXEHHS.

CnocTepiraeTbCsa poO3WMUPEHHS MOKa3aHb A0
embonizauii CMeHA: Big peunamBHux i ABobiuHnx XCAr
A0 MaUIiEHTIB Ha aHTUKOArynsHTHIN/aHTUarperaHTHin
Tepanii Ta MiHiMasibHO CUMIMTOMHUX BUNagKie. BogHo4vac
peaakuiHi ornaam IJNIS HaronowyTb Ha noTpebi
YHidikauii kpuTepiiB Bigbopy Ta KiHUEBUX TOYOK Yy
ManbyTHix gocnigxeHHax [10].

Takum uymHom, XCAI 3anmwa€eTbCcss OAHIEW 3
akTyanbHUX npobnem cy4dyacHoi HeWpoXipyprii.
Em6onizauisa CMeHA poBena edpeKTUBHICTb SK
OOMOBHEHHSA A0 CTaHAapTHMX METOAIB, Tak i AK
CaMOCTIiliHa TaKTMKa B NEBHMX KaTeropiv nauieHTis. JaHi
ocTaHHix PK/[, meTaaHanisis i Mi>kHapoAHUX KOHCEHCYCIB
NiATBEPAXYIOTb i1 34aTHICTb 3HMXYBATU PU3UK peunamnBy
Ta NOBTOPHWUX BTPy4YaHb nNpu 36epexeHHi BUCOKOro
npodinto 6esnevyHocTi. OQHAK He BUPILWLEHO MUTAHHSA
LWoA0 onTUManbHUX KpuTepiiB Ana Biabopy nauieHTis,
BM6opy MaTepianiB i nepionepauiiHOro TepMiHy
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BMKOHaHHA eMbonizauii, wo notpebye npoBeaeHHS
baraToueHTPOBUX AOC/IAXKEHD.

MeTa: OuUiHNTM edeKTUBHICTb eMbonizauii
cepefHbOi MeHiHreanbHoOi apTepii B nauieHTiB i3
XPOHIYHO cybaypasibHOK reMaToOMOK Ha OCHOBI NepLUMX
19 kniHiYHMX BMNaakiB y JHiNnponeTpoBCbKin obnacHin
KNiHIYHIN nikapHi iMmeHi I.I. MeyYHUKOBA; YTOUYHUTU
NOKa3aHHA A0 i30/1bOBAHOr0/KOMBIHOBAHOIO NiKyBaHHSA
XPOHIYHUX cybaypanbHMX reMaTtoM Ta edeKTUBHICTb
TpaHcpadianbHOro AocTyny.

MaTepianu i MmeTOaMn

YuyacHuku gocnig>keHHs

Po6oTa rpyHTYeTbCA Ha aHanisi AaHmx 19 nauieHTiB
i3 XCArl, skuM y nepiog i3 24 6epe3Hs 2022 p. no 6
nuctonaga 2024 p. BUKOHAHO PeHTreHeHA0BACKYNSpHY
cynepcenektusHy embonizauito CMeHA B EHpO-
BaCKyNsApHOMY uLeHTpi [HinponeTpoBCcbkoi ob6nacHoi
KNiHIYHOT nikapHi iMeHi I.I. MeyHunkoBa. [o Ta nicns
onepauii BiaibpaHi NauieHTV NpoXoAunn NiKyBaHHS B
LleHTpi uepebpanbHoi HelrpoXipyprii Ta LleHTpi cyAnHHOT
HelpoxXipyprii 3a3Ha4yeHoi nikapHi.

Bia ycix nauieHTiB OTpMaHO NMCbMOBY iHpOPMOBaHY
3rogy Ha npoBeAeHHS AOCNiIAXEeHHSA 3rigHo i3
lenbciHCcbKOl Aeknapauieto BcecBiTHbOI MeanYHOT
acouiauii Npo eTUYHI NPUHUUNIN NMPOBEAEHHS HayKOBUX
MeANYHUX AO0CNiIAXEHb 3a y4yacTio nauHu (1964) 3
nonpaBkaMun, ANpeKTUBO EBponencbkoro Cow3y
86/609 wopao yyacTi nogen y Meamko-6ionoriyHmnx
OOCNIAXEHHSAX, @ TaKoX HakazoM MO3 YkpaiHu 3i 3MiHaMu
N2 690 Bia 23.09.2009 p.

KpuTtepii 3any4eHHs:

- BiK nauieHTiB = 18 pokis;

- HAsIBHICTb XPOHiYHOI cybaypanbHOi remaTtomMu
(ogHO6GiYHOT @abo ABOGIYHOI), NiATBEPAXEHOI 3a AaHUMU
KoMn’'toTepHOi ToMorpadii/MarHiTHO-pe30HaHCHOI
Tomorpadii (KT/MPT);

- BUKOHAHHSA peHTreHeHA0BaCcKyNspHOI cyrnepce-
nekTnsHoi embonizauii CMeHA AK caMOCTiIHOro
BTPy4YaHHs abo B NOEAHAHHI 3 XipypPriYHUM APEHYBaHHAM;

- HAasiBHICTb MOBHUX KNiHIYHUX i HEMPOBIi3yani3auiiHnX
AaHUX A0 NiKyBaHHSA Ta B Mepiog crnocTepexeHHs (He
MEHLLE HiX 6 Mic);

- NMMCbMOBa iIHOPMOBaHa 3roAa NauieHTa Ha yyacTb
Yy BOCHIAXKEHHI.

Kpurepii Bun1yyeHHs:

- BiK nauieHTiB <18 poki.;

- BiACYTHIiCTb niaTBepaxeHoi XCAI (roctpi abo
nipgrocTpi cybaypanbHi rematomn 3a gaHnmmn KT/MPT);

- HasIBHICTb iHLWOI BHYTpillHbOYEpenHoi naTonorii,
AKa BM3Ha4yana KAiHiYHY KapTUHY Ta noTpebysana
anbTepHaTUBHOI TAKTUKM NiKyBaHHA (MYXNHU, FOCTpUN
ilWeMiYHUM iHCYNbT, BHYTPILUHbOMO3KOBI KPOBOBWU/IMBM
TOLWO);

- BiACYTHICTb MOBHWUX KNiHIYHNUX abo HeNpoBi-
3yanisauinHmx AaHuX A0 onepauii Ta nicns;

- BIICYTHICTb KOHTPOJIbHOIO CMNOCTEPEXEHHS.

Xapaktepuctuka rpynm

Y pocnigxeHHs 6yno 3anydyeHo 19 nauienTis i3 XCAr,
SIKUM BUKOHaM eHA0BacKkynsapHy embonizauito CMeHA sk
CaMOCTiNHe BTpyYaHHSA abo B MOEAHAHHI 3 XipypriyHum
APeHyBaHHAM. 3anexHo BiA NiKyBalbHOI TakKTUKKU
nauyieHTiB po3nNo4innanM Ha TpW rpynu: i30/bOBaHa

CT1aTTsi MiCTUTb PUCYHKM, SIKIi BiAOOpaxaroTbCsi B APYKOBAaHI¥ BepPCii y BIATIHKax Ciporo, B €/IeKTPOHHIN — y KOJIbOPi.

http://theunj.org



26

embonizauis CMeHA, nepBuHHa embonizauis CMeHA
3 nojasbWWUM XipypriyHMM niKyBaHHAM i NMepBUHHE
XipypriyHe nikyBaHHS 3 HacTynHokw embonisauieto
CMeHA. CepefHili Bik nauieHTiB cTaHoBMB 60,2 pokKy.
Cepep nauieHTiB nepeBaxanu 4onoBiku. HanvacTiwoto
6yna TpaBmatuyHa eTtionoria XCAl, ToAi K CMOHTaHHI
dopMM Tpannsnucsa pigwe Ta B OKPpeMUX Bunaakax
acouitoBanuncs i3 CynyTHbOK CYAWMHHOI MaTOMOrIEl0.
pynu 6ynn NOpiBHAHHMMMK 3a@ BIKOM, CMiBBiAHOWEHHAM
cTaTtemn, KJiHiIKO-HEBPONOriYHUM cTaTycoM i 6aszoBMMK
HenpoBi3dyanizaULinHUMN XapaKTepucTuUKaMmu, WO
Aano 3MOry NpoBecTV KOPEKTHWIA aHani3 pesynbraTis
NiKyBaHHSA 3 ypaxyBaHHAM 06paHOi TaKTUKMN.

KoMmn’toTepHy Tomorpadito ronoBHOro Mo3Ky
BMKOHYBaNnM 3 BUKOPUCTaAHHAM anapaTta «Optima
CT660» (GE Healthcare, CLLUA), MPT - 3a gonoMoroto
anapata «Toshiba Excelart Vantage» 1,5 Tn (SinoHisg),
LAl - 3 BMKOpucCTaHHAM anapaTta «Innova IGS
540» (GE Healthcare, CWA). Ons cenekTmuBHOi LAI
BMKOPUCTOBYBA/IM KOHTPACTHI pe4yoBUHU <«YnbTpasicT
370» (HimeuunHa), «Tomorekcon 350» (YkpaiHa).

3a gaHumn KT i/abo MPT BM3Hayanu LWiNbHICTb
remMaToMu, KinbKiCTb Kamep, po3Mip (TOBLMHA, BMCOTA,
[oBXWnHa), 06’emM, nokanizauito, 3MilleHHS cepeaAnHHUX
CTPYKTYp FOSIOBHOr0O MO3KYy A0 Ta nicssa onepauii. 3a
AaHvmu UAT ouiHOBanu HasgBHICTb CYNyTHbOI NAToMOriT,
aHaToMiuHi ocobnusocTi 6yaoBu rinok CMeHA Ha
6oui XCAr.

Moka3aHHAMUW [0 pPEHTreHEeHAOBaCKYyNsApHOI
cynepcenekTuBHoi embonisauii CMeHA 6ynu ToBLMHa
rematoMm <15 MM i 3MilWeHHA cepeanHHUX CTPYKTYp
rosloBHOro Mo3ky <5 MM 6e3 BMpa3HOi BOrHMULWEBOI
HeBpPONOriyHOi cumnToMaTukm Ta/abo peumanBHa
XCAT. TMoka3aHHaMW A0 KOMBIHOBAHOro XipypriyHoro
BTpy4YaHHs (embonizauis + ApeHyBaHHS/ApeHYyBaHHS
+ embonizauia) 6ynm ToBWMHa reMatomMn =15 mMm ,
3MilleHHs CepeaMHHUX CTPYKTYp rOSIOBHOrO MO3KYy =5
MM i HasIBHICTb BOFHULLEBOT HEBPOJIOriYHOT CUMMTOMATUKM
[1, 3, 11].

Yci xBopi nicns onepauii nepebyBanu nig AMHaMiYHUM
CNOCTEPEXEHHAM Yy HeBponaTosiora/ciMmenHoro nikaps.
MpoBoannn KoHTponbHi KT i MPT vepe3 1, 3 Ta 6 Mic
nicns onepauii Nnpu cTabinbHin HEBPONOTiYHI KapTUHi.

Aum3aiid gocnigxxkeHHs

OfHOLEeHTpOBE pPeTPOCNEeKTUBHE KOrOpTHe
OOCHIAXEHHS 3 aHaNi30M MPOCNEKTMBHO 3ibpaHnx AaHunX.

Meroanka xipypriyHoro BTpy4yaHHs

Y BCix BUNaakax onepauii BUKOHyBam NnpaBobiyHUM
TpaHcpajianbHUM AOCTYMNOM Mij MiCLEBOK aHecTe3i€l
onepauinHoto bpuragoto (onepatop H0.B. YepeaHuyeHko,
acucteHT B.A. Mepenennus).

Y 18 (94,7%) Bunapkax ans embonisauii CMeHA
BWKOPUCTOBYBanN pevyoBuHy ana embonizauii Onyx™18
(nonimepHuit emboniszat) (ethylene-vinyl alcohol
copolymer, Medtronic, Irvine, CA, USA). B 1 (5,3%)
BMNaakKy sik embonizaTt obpaHo Polyvinyl alcohol particles
(nonigiHinosi yacTuHku), 250 mkm (PVA, e.g., Contour™,
Boston Scientific, USA).

Onepauii NpoBOAUAU 3 BUKOPUCTAHHSAM
aHriorpadgiyHoro komnnekcy «GE Innova IGS 540»
(CLLUA). Yepes pagianbHuin iHTpoatocep 6 Fr 3a sgonomoroto
NPOBIAHNKOBOro KaTeTepa 6 Fr BUKOHYBanun KaTeTepusadito
NOYaTKOBOro CEerMeHTa 30BHIiLWHbOI COHHOI apTepii Ha
BignoBigHOMY 6oui. Kpi3b NpoBiAHMKOBUIA KaTeTep
Ha MikponposigHuky (0,014 alonma) MikpokaTeTepoM,
CYMICHUM i3 AUMETUNCYNb(POKCUAOM, Kpi3b BEPXHIO
wenenHy apTepito NpoBOAMAN KaTeTepu3auito
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avctanbHux Bigainis CMeHA. lNicna cynepcenekTUBHOI
kateTepusauii CMeHA i nigTBepaXeHHs aHriorpadiyHoro
306paxeHHs Backynapwusauii axepen kancynm XCAr
NMoOCTYynoBO BBOAWAM pedyoBUHY Ans embonizauii
nig peHTreHoCKONniYHMUM KOHTposeMm. [ig 4vac
iH'eKUii MikpokaTeTep MOBINIBHO peno3uLuiloBaBCs B
NPOKCMManbHOMY HanpsaMKy A0 AOCSATHEHHS MOBHOMO
3aKPUTTS NAaTONOrNiYHOT CYANHHOT MepexXi.

Ocob6bnmBy yBary npuainannm KOHTPONI
peTporpagHoro pedniokcy emboniszaTty Ans 3anobiraHHs
MOro NMpPOHWKHEHHK B HeuinboBi Ana embonizauii
bacelHn yepes «HebesneyHi» aHacToMo3u i3 bacenHoM
BHYTPIiLIHbOT COHHOI Ta O4HOI apTepii i Mixx 6apabaHHUMK
aptepiamn. lMpokcnManbHOW Mexew embonizauii
CnyryBanu rvpna apTepianbHUX rifoK, Wo BiAXOAATb
Big nmpokcuManbHoro cermeHta CMeHA (neTpo3Hoi
Ta KaBEepHO3HOI), WO aHacTOMO3YTb i3 6aceiHOM
BHYTPIWHbOI COHHOI apTepii yepes iHdpanaTepanbHUi
i MeHiHrorinodizapHuii cToBbypu, Ta MeaianbHOI Finku,
sika aHacToOMO3Yye€ i3 6bacelMHOM O4YHOi apTepii. Tomy
ana edekTnBHOT embonizauii BUKOPUCTAHO METOAUKY
embonisauii Bi4 ANCTaNbHUX CerMeHTiB 1060BO-TiM'AHOI
Ta KaM'aHUCTO-/TYCKOBOI Fi/IOK y MPOKCUManbHOMY
HanpssMKy A0 3a3Ha4yeHOoi «Hebe3MeyHOoi» TOUKMU.
CepenHsa TpuBanicTb onepauii — 30 xB.

Yca onepauis cynpoBoAiXyBasnacsa KOHTPOJbHUMMU
cepisMu umdpoBoi cybTpakuiiHoi aHriorpadii, ski
BMKOHYBaJiIM Ha KJIIOYOBUX eTanax BTpyYaHHs ANS
Bepu@dikauii NMONOXEHHSA KaTeTepa W MOWMUPEHHSA
embonizaty. KateTepusauito CyanH i Hasirawito nposoanaun
3 BMKOPUCTaAHHSAM peXWuMy HaBirauiiHoi npoekuii,
wo 3abesneyyBasno BMCOKOTOYHE MO3ULLIOHYBaHHS
MiKPOIHCTPYMEHTIB.

CTatucTMYHMi aHanis

O6pobky 1 aHani3 AaHMX NPOBOAMIN 3@ AOMOMOI OO
nakeTiB nporpam Statistica 10 (StatSoft® Inc., CLUA,
niueHsia N2 STA862D175437Q) i MedCalc V.20.218 free
trial version (MedCalc Software Ltd, Ostend, Benbris;
https://www.medcalc.org/download.php, 2023).

Pesynbtatn

CepefHih BiK XBOPUX Y HaWOMYy AOCAIAXKEHHI
NOpPIBHSAAHO 3 NiTepaTypHMMK Axepenamun 6yB monoglle
- 60,2 poky [39;85]. Cepepa nauieHTiB 6yno 12 (63,2%)
yonosikiB Ta 7 (36,8%) XiHOK.

HavnowwpeHiwnmm cumnToMmn 6ynm ronoBHUN
6inb (94,7%) Ta 3anamMopoyeHHs (84,2%). MoHonapes/
reminapes BusasneHi B 4 (21,1%) sunagkax. Y 2 (10,5%)
NauieHTIiB cnocTepiranuca reHepanizoBaHi CyAOMHi
Hanaaw, we B 2 (10,5%) BMsABNEHO NOpyLUEHHS MOBU (B
1 - 3a TMnom ansapTpii, B 1 — ceHco-MOoTOpHa adasis).
[Boe (10,5%) xBopwux i3 nopyweHHaMKU ceigomocTi (GCS-
12). AcumntomHmx XCAT y HawoMy gocniaxeHHi He 6yno.

XpoHiyHa cybaypanbHa reMatoma BuUAB/IEHa 3a
pesynbtatamMm MPT y 7 (36,8%) nauieHTiB, 3a AaHMMMK
KT -y 12 (63,2%), i3 Hux 7 (36,8%) nisHiwe 6ynu
noobcTexeHi 3a gonomoroto MPT. B ycix cnocTtepexeHHAX
ANSa foonepauinHoro foo06CTexXeHHsS 3acToCoBYyBanu
CenekTUBHY cybTpakuiiHy auritanbHy LIAT. JliBOGiuHYy
XCAT piarHocTtyBanu B 7 (36,8%) Bunaakax, npaBobiyHy
-y 5(26,3%), y pewTn nauieHTis — AobiunHi XCAr. I3
HuX 6inbwictb (89,5%) 6ynu niekynbHuMK, a 2 (10,5%)
nokaniszysanucs B no6osin ginanui. Y 4 (21,1%) Bunagkax
BUSIBNEHi baratokamepHi XCAr.

3a AaHuMKU MPT rosioBHOro MO3KYy B peXuMi
T1, HannowwupeHiwmm TUNom curHany XCAI 6yna
rinepiHTEHCMBHICTb, fika cnocTepiranacb y 8 (42,1%)
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nauyieHTiB. MNMNOIHTEHCUBHWIN CUrHaN BUSABNEHO B
3 (15,8%) Bunapkax, reTeporeHHy iHTEHCUBHICTb —
Takox y 3 (15,8%).

CepepHin po3mip XCAI y HawoMy AOCNiIAXEHHI,
3a napamMeTpaMu WUPUHA/A0BXMHA/BMCOTa CTaHOBUB
14,05/150,23/89,71 MM, cepeHs TOBLIMHA reMaTOMn —
14,05 mMm. CepegHinn 06’'em XCAI - 99,9 cm?® (53 cm3).
Po3Mmipu HanmeHwoi rematommn — 3/65/58 MM, obem -
11,3 cm3, Hanbinbwoi - 30/170/81 MM, 06'em — 413,1 cm3.
Y 16 (61,5%) rematom TOBWMHA <15 MM, v 10 (38,5%)
215 MM (3 ypaxyBaHHAM 7 nauieHTiB i3 ABOGIYHMMM
XCAr). CepelHin nokasHUK 3MilLeHHA cepeauHHUX
CTPYKTYp FrO/I0OBHOIO MO3KY CTaHOBMB 4,16 MM, <5 MM -y
14 (73,7%) nauienTiB, 25 MM - y 5 (26,3%).

TpaBMmaTuuHy eTionorito XCAI 3apeecTpoBaHo B
12 (63,2%) Bunaakax, 30KpeMa Yy BiNCbKOBMKa BiKOM
41 pik, KW oTpuMaB TpaBMy nig 4ac 6oMoBUX Ail
(kniHivHun Bunagok N91). CnoHTaHHI cybaypanbHi
reMatoMmn Tpannsnucs pigwe. I3 7 (36,8%) Bunaakis
y 2 (10,5%) MikOoTU4YHi aHeBpu3MuM KOpkoBux (M4)
CermMeHTiB cepeiHbOi MO3KOBOI apTepii cnpuunHmunmn XCAr
Ha BignoBigHOMY 6oui (kNiHiYHWI BMNagok N22).

B oAHOro i3 npoonepoBaHmnx NaLUi€HTIB i3 CYMyTHbOIO
XPOHIYHOIO aHeMiel BMKOHaHO nuwe embonisauito
CMeHA 6e3 xipypriyHoro gpeHyBaHH4. MN'atepo (26,3%)
XBOPUX OTPUMYBAJIM aHTMArperaHTHy/aHTUKOArynsaHTHy
Tepanito, reMoAMHaMiYHO 3Ha4yylle CTeHO3yBaHHSA
MaricTpanbHUX apTepii ronosu suasneHo B 3 (15,8%)
BMNaakax. IHTpaonepauinHnux abo nicnsonepauinHux
YyCKNaZHEHb Yy HalWOMy AOCNIAXEHHI He 3adikCoBaHO.

3a TMNOM NpOBEAEHOro siKyBaHHSA MauUieHTIB
pPO3MOAINMAN Ha rpynu:

- embonizauisa CMeHA — 13 (68,4%) Bunaakis;

- nepBuHHa eMmboniszauyis CMeHA i3 noganblinM
XipypriyHum gpeHyBaHHaMm — 3 (15,8%) Bunapku;

- NEepBUHHE XipypriyHe niKyBaHHS i3 NoAanbllolo
embonizauieto CMeHA — 3 (15,8%) Bunaaku.

3a JaHUMKW KOHTPOJIbHUX HeNpoBi3yanisauinHux
obcTexeHb (KT/MPT) yepe3 6 Mic nmicns BTpy4YaHHS,
y BCiX Maui€eHTiB BiA3HayeHa NO3UTUBHA AMHaMIKa, Yy
17 (89,5%) - noBHe po3cMokTyBaHHsA XCAT.

KniniuHuii BUnagok N21

Yonosik, 41 pik, BiNCbKOBMK. 3BEpPHYBCS A0
[OHinponeTpoBCbKOi 061aCHOT KAiHIYHOT NikapHi iMeHi
I.I. MeyHukoBa i3 cumnTOoMaMm ronoBHoro 6onw Ta
3anamMopoyeHHsa. OTpuMaB TpaBMy nia Yac 601MoBuX Ain
09.03.2024 p. (3a 75 pHiB fo onepadii).

3a agaHuMn KT ronoBHOro Mo3Ky agiarHoctoBaHi XCAI
noboBux finsgHok 3 ob6ox 60KiB: TOBWMWHA/AOBXWHA/
BMCOTa 3niBa — 8/48/48 mmMm, cnpaBa - 9/132/51 mMm.
3MilWeHHsA cCepeAMHHUX CTPYKTYpP FO/IOBHOMO MO3KY He
BuasneHo (Puc. 1).

Ona poobcTexeHHS BUMKOHaHa TpaHcpadialbHa
cenekTuBHa cybTpakuiiHa auritanbHa LAl CyanHHoi
naTonorii He BUSBNEHO.

OpaHoceciiHO npoeeeHi onepauii (23.05.2024 p.):
peHTreHeHAoBackynsipHa embonizauis CMeHA 3 o6ox
6okiB embonizatom Onyx™ (Puc. 2 ta 3).

MicnsonepauinHuii nepiog 6e3 ocobnmueocTen.
HeBposoriyHun ctaTtyc He 3MiHMBCA. YCKNnaAHeHb He
6yno. XBoporo BMnNucaHo 3i ctauioHapy Ha apyry Aoby
nicns onepadii.

KoHTposibHY KT rosiloBHOro Mo3Ky BUKOHaHO yepes3 1
Mic nicna onepadii (Puc. 4). BusBneHo ToTanbHUIA perpec
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XCAOr o6ox nob6oBux ginsaHok. lMig 4ac KOHTPOJSIBHOro
ornaay 3apeecTpoBaHO perpec 3arajbHOMO3KOBOI
CUMNTOMATUKMU.

KniHiuyHnin BUunagok N22

Yonosik, 52 poku, 3BepHyBCS A0 [HINpONeTpOBCbKOT
obnacHoi kniHiYHOI nikapHi iMeHi I.I. MeyHukoBa i3
CMMATOMaMM rosioBHOro 60110 Ta 3anamMoOpoYeHHs, AKi
BUHWUKAM panTtoBo 65m3bko 1,5 Mic Tomy.

3a gaHuMmu MPT ronoBHOro MO3Ky BUSABNEHa
niekyneHa XCAI cnpaBa (TOBLWMHA/A0BXWHa/BUCOTa —
10/166/124 mMMm), 3MilleHHSI cepeaMHHUX CTPYKTYp 4 MM
Bniso (Puc. 5).

3 0ornsaay Ha CNOHTaHHMIM NOYaTOK 3aXBOPOBaHHS AN
[oobCcTexeHHa BUKOHaHa TpaHCpajianbHa cenekTMBHa
cybTpakuiiHa guritanbHa LA BusBNEHO MiKOTUYHY
aHeBpu3My M,-cerMeHTa npasoi cepeAHbOoi MO3KOBOI
apTtepii (Puc. 6).

Mepwurm eTanoM BUKOHAHO peHTreHeA0BacKyspHY
OEKOHCTPYKTUBHY eMboni3auito MiKOTUYHOI aHEBPU3MU
M,-cermeHTa npasoi cepelHbOi MO3KOBOI apTepil
Mikpocnipansmu (03.10.2024 p.) (Puc. 7).

OAHOCECIMHO BUMKOHaHa peHTreHeHAOBacKynspHa
embonisauis npaBoi CMeHA peyoBuHO Ans embonizauii
Onyx™ (03.10.2024 p.) (Puc. 8).

MicnsonepauinHui nepios 6e3 ocobnusocTten.
HeBposioriyHuMin ctaTtyc He 3MiHMBCA. YCKNaAHEHb He
6yno. XBOporo BMnMcaHo 3i cCTauioHapy Ha Apyry Aoby
nicns onepadii.

KoHTponbHy MPT ronoBHOro Mo3Ky npoBeAeHo Yepes
3 mic nicna onepadii (Puc. 9). BuasneHo ToTanbHUM
perpec XCArl, HopManbHy No3uLito cepeanHHUX CTPYKTYpP
roN0OBHOrO MO3KY. Y pexuMmi T2W Bi3yanizyetbcs
BOrHMLE ilLeMIYHOro iHCYNbTYy B Mpasiit No6oBil yacTui
B MPOEKLiT KpOBOMNOCTa4YaHHA BUKJTIOYEHOT FiJIKK npaBoi
cepeaHbOi MO3KOBOI apTepii pa3om i3 aHeBpuamoto. lig
Yyac KOHTPOJIbHOrO OrnAa4y BOrHWLWIEBa HEBPOJIOrivyHa
cuMnToMaTuka 6yna BiACYTHS, ronoBHUn 6inb i
3anaMopOY€EHHA perpecysasnu.

KniHiyHnii BUunagok N23

Yonosik, 45 pokiB, 3BepHyBCS 40 [HINponeTpoBCbKOI
obnacHoi kniHiYHOi nikapHi imeHi I.I. MeyHukoBa i3
CMMNTOMaMu rosioBHoro 60110 Ta 3anaMoOpoYeHHs, AKi
NpOrpecytoTb OCTaHHi 2 TUX. Bigomo, wo 6yna nobytosa
TpaBMa ronosu 05.01.2024 p. (3a 76 aHiB fo onepauii).

3a gaHuMu MPT ronoBHOro MO3KY BUSBNEHO
nieBkynbHy 6aratokamepHy XCAI cnpasa (ToBLWHA/
[oBXWHa/BucoTta — 27/165/87 MM), 3MilLleHHA cepeaAnHHUNX
CTpYKkTYyp 5 MM BniBo (Puc. 10).

Ona poob6cTeXeHHA XBOPOMY BWMKOHaHO
TpaHcpaianbHy CenekTUBHY CybTpaKUiiHy AWriTanbHy
LLAT. CyanHHOiI naTonorii He BUSIBNEHO.

MpoBeaeHO peHTreHeHAOBACKYNApHY embonizauito
npasoi CMeHA peyoBuHOW Ana embonizauii Onyx™
(21.03.2024 p.) (Puc. 11).

MicnsonepauinHnin nepion 6e3 ocobnuBocTen.
HeBponoOriYyHMn cTaTyc He 3MiHMBCS. YCKNagHeHb He
6yno. XBoporo BMN1caHo 3i cTauioHapy Ha Apyry Aoby
nicns onepadii.

KoHTposnbHY MPT roNOBHOrO MO3KY BMKOHaHO yepes
6 mic nicng onepauii (Puc. 12). BusasneHo ToTanbHUM
perpec XCAl, HopManbHYy NO3ULI0 CEpeANHHUX CTPYKTYP
ro/I0BHOr0 MO3KY. ig Yyac KOHTPOBHOrO OrNsAAy BCTaHOB-
JIeHO, L0 3arajlbHOMO3KOBa CMMNTOMaTUKa perpecyBsarna.
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Puc. 1. JoonepauiiHa KT ronoBHoro mo3ky: A, B — akciasnbHi NpoeKUii AEMOHCTPYIOTb
XCAOl 060x nob6oBux AiNsiHOK (MO3HA4YeHi YePBOHOK CTPIIKOH)

Puc. 2. IHTpaonepauiviHa LIAT. BaceiH niBoi 30BHiLIHbLOT COHHOT apTepii:

A - niBa 6iyHa nNpoekKLUis, apTepianbHa asa, cynepcenekTMBHa aHriorpama nisoi CMeHA;
B - niBa 6iuHa npoekuisa, apTepianbHa ¢dasa. CtaH nicng embonisauii niBoi CMeHA;

C - niBa 6i4yHa npoekuis, Ni3HA apTepianbHa dasa. CtaH nicna embonizauii niBoi CMeHA;
D - niBa 6iuyHa npoekuisa 6e3 umdposoi cybTpakuii. YHepBOHOI CTPiINKOIO NO3HAYeHa

nisa CMeHA Ta ii rinikn, noMapaH4yeBO — NliBa BEPXHS LWeNenHa apTepis, XXOBTOK —
pPEHTreHKOoHTpacTHa npoekuis nisoi CMeHA nicna emb6onisauii Onyx™

http://theunj.org
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Puc. 3. IHTpaonepauinHa LIAT. BaceliH npaBoi 30BHiWIHbOI COHHOT apTepii: A — niBa 6iyHa
Npoekuisi, apTepianbHa ¢asa; B - niBa 6iuHa Npoekuisa, apTepianbHa dasa, cynepcenek-
TUBHa aHriorpama npasoi CMeHA; C - niBa 6iuHa NpoekKLis, Ni3HA apTepianbHa ¢dasa.
CtaH nicna embonisauii npasoi CMeHA; D — aHriorpamMa B npsaMii npoekuii 6e3 umdposoi
cybTpakuii, AeMOHCTPYE cTaH nicns em6onisauii o06ox CMeHA. YepBOHO CTPINKOKO
nosHayeHa npaea CMeHA Ta ii rinku, noMapaH4yeBolO — NpaBa BEPXHS LWeNenHa apTepis,
3e/1eHO — PeHTreHKOHTpacTHa Npoekuis npasoi CMeHA nicns embonizauii Onyx™,
XKOBTOI — peHTreHKOHTpacTHa npoekuia nisoi CMeHA nicna embonisauii Onyx™
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Puc. 4.
MicnaonepauinHa KT
roJI0OBHOrO MO3KY:

A, B - akcianbHa
npoekuisa. dioneTosi
CTPiNIKM BKa3yloTb Ha
PEHTrEHKOHTPACTHY
peyoBUHY ANS
embonizauii OnyxTM
Yy NPOEKLUiAX NiBoi Ta
npasoi CMeHA

http://theunj.org



30 Ukrainian Neurosurgical Journal. Vol. 32, N1, 2026

Puc. 5. loonepauinHa MPT ronoBHOro Mo3ky B pexumi T2W: A, B - akcianbHa npoekuis.
MiekyneHa XCAI cnpaga
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Puc. 6. JjoonepauinHa LLAl: baceliH npaBoi BHYTPIilIHbOT COHHOI apTepii: A — poHTanbHa

NpoekKLis, Ni3HA apTepianbHa ¢as3a; B - niBa 6iuHa npoekuis, apTepianbHa ¢da3a. YepBoHa
CTpifika BKA3y€e Ha MiKOTUYHY aHEBPU3MY M,-cermeHTa npaBoi cepeHboi MO3KOBOI apTepil

Puc. 7. NicnsonepauiiHa LLAl. BaceliH npaBoi BHYTPilUHbOI COHHOI apTepii: A — aHriorpama y niBil 6iuHin
npoekuii 6e3 undpoBoi cybTpakuii; B — cybTpakuiliHa aHriorpama B niBil 6i4Hili Nnpoekuii, apTepianbHa ¢asa;

C - cybTpakuiliHa aHriorpama B fiBili 6iuHiN NpoeKLii, Ni3HA apTepianbHa ¢a3a. YepBOHOK CTPiINKOK NO3HaYeHa
BMKJIlOYEHa aHeBpu3Ma M,-cermeHTa npasoi cepe/iHbOi MO3KOBOI apTepii, 4epBOHMM KOJIOM — 6e3CynMHHa
AiNsHKa Nicns 4eKOHCTPYKTUBHOIO BUKJIIOYEHHSA apTepianbHOT aHEBPU3MU, CUHIMUK CTPiNIKaMn — KOMMNeHcawis
apTepianbHOro KPoBOTOKY B 6acenHi BUKIOUEHOI aHEBPU3MN.

http://theunj.org
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Puc. 8. NicnsionepauinHa LAl bacellH npaBoi 30BHiLIHbOI COHHOT apTepii: A — cybTpakuiliHa aHriorpama B niBil
6iuHin Npoekuii; B — cynepcenekTuBHa cybTpakuiiHa aHriorpama CMeHA B niBii 6iuHii npoekuii; C — aHriorpama
B NiBiN 6iuHih Nnpoekuii 6e3 undposoi cybTpakuii. HepBOHOIO CTPINIKOK MO3HayYeHa BEPXHSA WernenHa apTepis,
CcuHiMM — CMeHA Ta i1 rinku, KOBTOK — KOHTpacTHa 30Ha eMbonizauii CMeHA, 3eneHot — Mikpocnipani B NpoekLii
MiKOTUYHOI aHeBPU3MU

Puc. 9. MNMicnsonepadiriHa (4epe3 3 Mic) MPT ronoBHOro MO3Ky B pexumi T2W:
A, B — akcianbHa npoekuisa. YepBoHe KOJI0 BKA3y€E Ha BOMHULLE ilUEMIYHOI0 iHCY/IbTY B
npasint No60Bi YacTui po3Mipom 19 x 13 MM

Puc. 10. [loonepauiiHa MPT ronosHoro Mo3ky B pexumi T2 FLAIR: A, B — akcianbHi
npoekuii. MiBkynbHa 6aratokamepHa XCAI cnpasa
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Puc. 11. IHTpaonepauiiHa LIAT. BaceliH npaBoi 30BHiWHbOI COHHOT apTepii: A - niBa
6iyHa npoekuis, apTepianbHa dasa; B - niBa 6i4Ha npoekuis, apTepianbHa dasa,
cynepcenekTuMBHa aHriorpama npasoi CMeHA; C - niBa 6iuHa npoekuis, apTepianbHa
¢aza. CtaH nicnsa embonizauii nisoi CMeHA; D - aHriorpama B niBiv 6iuHinn npoekuii
6e3 undposoi cybTpakuii. YepBoHOI CTpinkot nosHavyeHa npasa CMeHA Ta ii rinku,
noMapaH4eBOIO — NMpaBa BEPXHS LiesienHa apTepisi, 61aknMTHO — NpaBa 30BHILHSA
COHHa apTepisi, 3e/1eH0l0 — MiKpoKaTeTep, No3nLioHoBaHU y npasiii CMeHA, XO0BTOI
— PEHTreHKOHTpacTHa npoekuis npasoi CMeHA nicns embonizauii Onyx™, 6innmm

- Hebe3neyHi aHacToMOTUYHI rinkm CMeHA: 1 - MeaianbHa; 2 - cdeHoiganbHa;

3 - ramus meningolacrimalis

Puc. 12. MicnsonepauiiHa MPT ronoBHoro Mo3ky B pexumi T2 FLAIR: A, B — akcianbHi
NPOoEKLUIi AEMOHCTPYIOTh BiagCYTHICTb XCAl cnpasa

http://theunj.org
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Kniniunuii Bunagok N24

Yonosik, 74 poku, AOCTaBNEHUN A0 MpPUAMasbHO-
AiarHOCTUYHOro BigAineHHa AHiNponeTpoBCbKOI
obnacHoi kniHiYyHOI nikapHi iMmeHi I.I. MeuyHuMKOBa
6puranoto WBNAKOT MEANYHOT AOMOMOTU i3 MPUTHIYEHHSAM
cBigoMocTi Ao rambokoro npurnyweHHsa (12 6anis 3a
LWKasno KoM [Masro), rpybum npaBobiyHMM reminapesom
(2 6ann), enemMeHTaMuM ceHCo-MOTOpPHOI adasii. Bigomo,
wo 6yna nobyTtosa TpaBma rosiosn 01.05.2024 p. (3a 41
AeHb A0 onepauii).

3a aaHnmm KT rosfioBHOro Mo3Ky BUSIBIEHA MiBKY/IbHA
6araTtokamepHa XCAI 3niBa (ToBLWMHA/A0BXWHa/BUCOTa
- 17/145/104 MM), 3MilLEHHA CEpPEeAUHHUX CTPYKTYp Ha
8 MM Bnpaso (Puc. 13).

3 ornaay Ha aaHi KT roNoBHOMO MO3KY M TSXKKICTb
CTaHy XBOPOro 3a XWUTTEBMMMU NMOKA3aHHAMMU BUKOHAHO
onepauito: KiCTKOBO-MAACTUYHY TpenaHauilo yepena B
niBin TiM'AHIN aingaHui, BuaaneHHsa 6aratokamepHoi XCAI
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3niBa, NPUINBHO-BIANVBHE APEHYBaHHA cyb6aypanbHOro
npocTtopy 3niea (11.06.2024 p.) (Puc. 14).

3 ypaxyBaHHAM CynyTHbOI natonorii (pibpunsauis
nepeacepab), 3 NpuBoOAY SIKOi NMauUieHT OoTpMMyBaB
AHTUMKOArynsaHTHy Tepanito, ANns 3anobiraHHsA peunamey
XCAI BUKOHAHO peHTreHeHAO0BaCKyNnsapHy embonizauito
nisoi CMeHA (11.06.2024 p.) (Puc. 15).

MicnsonepauiiHnin nepiog 6e3 ocobnmBocTen i3
NOCTYMNOBOI MO3UTUBHOK AMHAMIKOK HEBPOJOriYHOro
cTaTycy. YcknagHeHb He 6yno. XBOpPOro BUMWUCAHO 3i
cTauioHapy Ha 10-Ty poby nicnsa onepadii.

3 ornaay Ha cTabinbHICTb CTaHY XBOPOr0 KOHTPOJIbHY
MPT ronosHoOro Mo3Ky BMKOHaHO 4yepe3 6 Mic nicng
onepauii (Puc. 16). BuasneHo ToTanbHUI perpec
XCAr 3niBa, a 0TXe, BiACYTHICTb peunanBy, HOpManbHy
No3uLil0 CEPEANHHUX CTPYKTYpP FOJIOBHOro Mo3Ky. [Mia
Yac KOHTPOJIbHOrO ornaAy nauieHT 6yB y 3a40BiNbHOMY
CTaHi 6e3 BOrHMWeBOro HeEBPOOriYHOIro AediunTy.

Puc. 13. [loonepauiriHa KT ronoBHoro Mo3ky: A, B — akcianbHi NpoeKUii AEMOHCTPYOTb
niBkynbHy 6aratokamepHy XCAI 3niBa i3 BUpa3HMM CTUCHEHHSAM i HabpskoM NiBOi NiBKY/Ii

rONOBHOIN0 MO3KY

Puc. 14. KontponbHa KT y 1-wy noby nicns onepauini: A, B — akcianbHi npoekuii. XXoBTa
CTpifiKa BKA3y€ Ha PEHTreHKOHTPACTHI ApeHaXxi NpUANBHO-BIASIMBHOI CUCTEMU

http://theunj.org
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Puc. 15. InTpaonepauiriHa LLAT. BaceliH niBoi 30BHilLHbOI COHHOI apTepii: A - niBa 6iuHa
NnpoekLis, apTepianbHa dasa Ao embonizauii CMeHA; B - niBa 6iyHa npoekuisa, apTepianbHa
¢asa, nicna embonisauii CMeHA. YepBOHOIO CTpifIKOK no3HayeHa nisa CMeHA Ta ii rinkn,
noMapaH4eBOIO — J1iBa BEPXHS LefenHa apTepis, 651aknTHOK — NiBa 30BHILWHA COHHa apTepis,
XKOBTOK — PEHTreHKOHTpacTHa npoekuisa nisoi CMeHA nicnsa em6onisauii Onyx™

Puc. 16. lMichaonepauiiHa MPT ronoBHoro Mo3ky B pexumi TIW: A, B - akcianbHi npoekuii
AeMOHCTpYtoTb BiacyTHicTb XCAI 3niBa. YepBoHa CTpisika BKasye Ha cniau Bif nonepeaHboi
TpenaHauii

O6roBopeHHsnA

YiTKMX AaHMX WOAO 4acTOTWM BMKOPUCTaHHSA abo
nepesar TpaHCpaAianbHOro 4YmM TpaHcdeMopanbHOro
poctyny npu embonizauii CMeHA B HayKoBil niTepaTypi
Hemae. [eski aBTopu [5, 12] noBiAOMNAOTbL, WO B
6inbLOCTi BUNaAKiB BUKOPUCTOBYOTb TpaHCdeMopasbHUi
AOCTYIM, OCKiNIlbKM MOro BBaXalTb TEXHIYHO 3PYYHUM i
TPaAULINHO 3aCTOCOBYIOTb MPU HEMPOEHA0BACKYNAPHUX
BTPYyYaHHAX. Y HaWwoOMy AOCAIAXEHHI B yCiX MauieHTiB
BMKOPWUCTaAHO Nule TpaHcpaAianbHW AOCTYN, SKUN
npoAeMOHCTpYBaB BUCOKY 6e3neyHicTb, 0cobnmeo
B nauieHTiB noxunoro Biky abo ocib i3 niaBuweHUM
pU3MKOM remMopariyHuMx ycknagHeHb. Ller nigxia nas
3MOry 3MEHWMUTWN iHTpaonepauiiHi pusanMKM, a Takox

http://theunj.org

CYTTEBO CKOpPOTUTWU TepMiH rocniTtanizauii. CepeaHs
TpuBanictb nepebyBaHHSA B CTauioHapi cTaHoBWNa
(5,1£2,6) pobwn.

Y 6inbwocTi gocniagxeHb [5, 13-15] oCHOBHUM
embonizaToM 6ynu nonisiHinosi YacTuHkM (150-250 MKM).
Lle NoSICHIOETBCS TUM, LWLO IXHSA BAPTICTb 3HAYHO HUXKYA,
Hix Onyx™. Y pesknx kpaiHax Onyx™ B3arani BiACyTHIN.
OkpiM ubOro, nonisiHinosu embonizat mMae npocTiwy
TexXHiKy BMKOPUCTAHHSA Ta He noTpebye 3acToCyBaHHSA
MiKpokaTeTepa, CYMiCHOro i3 AUMEeTUACY1bdOKCUAOM.
ToMy B 6araTbOX HeWpOEeHAOBACKYNSAPHUX LEeHTpax
BUKOPWUCTaAHHA NONiBiHiNOBOro MaTtepiany Ang
embonizauii - 3010TUM cTaHAapT. OAHAK y Cy4YacHiwmx
nybnikauisx [16-18] cnocTepiraetbcs 36iNblWEHHS
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BMKOpPUCTaHHA came Onyx™, ocobnnBo B CKIagHuX
BMnaakax abo 3a HassBHOCTi BMCOKOro pu3suky. B
EHpoBackynsapHoMy LeHTpi JHinponeTpoBCcbKoi 061acHoi
KNiHiYHOI nikapHi imeHi I.I. MeyHikoBa y 18 (94,7%)
nauieHTiB M1 Bukopuctanm Onyx™18 npu embonizauii
CMeHA, oCKinbku 3aBAsAKM piaKih GOpMi 1 MOBINbHIN
nonimepiszauii BiH MoXe NpoHUKaTn B APiIOHI Ta
NaTosIOriYHO 3MiHEHi FinKW, WO XUBNSATb MeMbpaHy
reMaTtomn, 3abesnevyoun paamkanbHiwy obniTepauito.
Oco6n1mMBO uUe aKkTyanbHO Npu peumamBHux Ta/abo
6araTtokamepHux XCAl. Ha BiaMiHYy Big noniBiHinoBMx
YaCTUHOK, AKi MOXYTb MirpyBaTu abo 4acTKOBO BUMUTUCS
3 yacoMm, nosiiMmepHuin emboni3aT CTBOPKOE MOHOMITHUN
3M1iNoK, KU TpnBano 36epirae okal3it0 B AUCTANIbHUX
riflkax MeHiHreasibHMX apTepii, L0 3MEHLUYE BipOTiAHICTb
3anoBHEHHA AUCTasIbHOMo apTepiasibHOro pycna vyepes
KonaTtepani 3 iHWWMW MeHiHreanbHUMK apTepiamu,
a oTxe, 36inbwye edeKTUBHICTb 6N10KYBaHHA CyAWH
30BHIWHbLOI NacTuHkM kancynu XCAr. OkpiM uboro,
Onyx™ Ma€e peHTreHKOHTpPacCTHUWN cknag (TaHrcTeH
abo tantalum powder), wo Aa€ 3MOry B pexuMi
peanbHOro Yacy KOHTPOJIOBATU MOr0 BBEAEHHS, @ TaKOX
HaMpsiIMOK NPOHUKHEHHS abo pedntokcy, Wo 0cobameBo
BaX/IMBO ANS 3anobiraHHa iHTpaonepauinHUM pu3nkam
oKknNto3ii «Hebe3neyHnx» aHacToMo3iB i3 6bacelHOM
BHYTPILWHbLOI COHHOI Ta O4YHOI apTepii, a TakoX Axepena
KpOBOMOCTa4YaHHS Mi€eNiHOBOT 060MIOHKM YepenHuxX
HepsiB (Puc. 11, B,C, Puc. 17).

CepefHs MeHiHreasnbHa apTepis Ma€ YUCNEHHI
aHaCTOMO3M 3 riflIkaMU BHYTPIilWHbOT COHHOI, O4YHOI,
NOTU/IMYHOI Ta BUCXIAHOI rMOTKOBOI apTepii. 3HaHHSA
Tonorpadii Ta BapiabenbHOCTI UMX aHacTOMO3iB Mae€
KN4yoBe 3HayeHHA AnA 6e3nevyHoro npoBeAeHHS
emboniszauii, 3MEHWEHHA PU3NKY HEBPONOTiYHUX
ycKknaaHeHb i NiagBuLWEHHS e(dPEeKTUBHOCTI BTpPy4aHb
npu XCAr.

OKpiM aHaTOMi4YHO 3yMOBNeHUX Hebe3neyHunx
aHaCTOMO3iB, C/lil ypaxoByBaTU MOXJIMBI YCKaAHEHHS,
noB’si3aHi 3 TeXHiKOoK AOCTyny K BM6OpoOM MaTepiany
ans embonisauii. BukopucTaHHsS TpaHcpaAianbHOro
AOCTYNy NpoAeMOHCTPyBaso 6inbwy 6e3neky NopiBHSAHO
3 TpaHcdeMopanbHUM 3aBAAKN 3HMXKEHHIO PU3UKY
MiCLeBUX YCKNaZHEeHb, 30KpeMa MNybCyoyYnx remMaTom
i nceBAOaHEBPU3M y MiCLi NYHKLUIT, @ TAKOX YHUKHEHHIO
HalHebe3neuHiworo ycknagHeHHa — no3adyepeBHOoi
remMaToMm. 3acTOCyBaHHA M'SKUX HENPOMPOBIAHUKIB
i MikpokaTeTepiB Manoro giameTrpa MiHIMi3ye pusuk
nepdopauii apTtepianbHoOi CTiHKkM, 3anobiratuu
HebaXaHWM BHYTpilWHbOYEpEenHUM KpoBOBUAMBaM/
rematomaMm. BUKOpUCTaHHA MOMIBIHINOBMX YaCTUHOK
notpebye MikpokaTeTepiB 6inbworo giameTrpa, Wo
NiABULWYE MMOBIPHICTb MEXaHiYHOro YLIKOAXEHHS
CyaAuHW Nig 4ac poboTu B AUCTanbHUX cermeHTax. Mpu
po60Ti 3 MPOKCUManbHUX CErMEHTIB 3pocTae Hebe3neka
HeuinboBOi emMbonizauii ApiGHMMKU noniBiHINOBUMK
YyacTUHKaMu, TOAi AK 3acTocyBaHHA 6inbwnx 3a
AiaMeTpOM YaCTUHOK 3HMXKYE ePeKTUBHICTb BTPYYaHHS
yepes3 HeAOCTaTHIO MeHeTpauito B AWUCTanbHI BiAA4inn
CYAWHHOrO pycna.

TakuM YMHOM, yKpaiHCbKa cepis NauieHTIB He
nvwe niaoTBepAXY€E ePEeKTUBHICTb BUMKOPUCTAHHSA
TpaHcpagianbHoro goctyny 1a Onyx™, a 1 AOMOBHIOE
Cy4YacHi MKHapoZAHi aaHi woao BMbopy onTUManbHOrO
embonisauiiHoro areHTa.

OTpvMaHi HamMu pe3ynbTaTh Y3rofXXyTbCs 3 AaHUMMU
Cy4dacHuX paHAaoMizoBaHux pocnigxeHb (EMBOLISE,
MAGIC-MT, STEM), siki NiagTBEPAXYOTb 3HAYHE 3HUXKEHHS
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puU3nKy HeBAau nikyBaHHS npu embonizauii CMeHA
[4, 7, 8]. Hawa poboTa € yHiKanbHOl, OCKiNbKKN
AEMOHCTPYE MOXJIMBICTb WIMPOKOrOo 3aCTOCYBaHHA
embonizauii CMeHA B ymMoBax 0bMeXeHUX pecypciB,
6e3neyHicTb TpaHCpaaianbHOro AOCTYMY i BUKOPUCTaHHSA
Onyx™ sk ocHoBHOro embonisaTy.

MpeactaBneHe AOCNIAXEHHSA € OAHUM i3 NepWnX B
YKpaiHi, L0 CUCTEMHO ONMUCYE pe3ysbTaTh 3aCTOCYBaHHSA
eHAoBackynsapHoi embonizauii CMeHA npu XCAr.
Mepwa onepauia 6yna BukoHaHa 24 6epe3Hsa 2022 p.
Joceia HinponeTpoBCcbKoi 061acHOi KAiHIYHOI NikapHi
imeHi I.I. MeyHnkoBa AOBOAMUTb, WO BApPOBaAXEHHS
CYYaCHUX ManoiHBa3WBHUX MeTOAMK, SIKi MiABULLYIOTb
e@eKTMBHICTb NIiIKyBaHHA Ta 3MEHLWYTb 4acToTy
peunamnBiB, MOXJ/IMBE HaBiTb B YMOBax BiiHU.

Ob6oB’'s3koBa pgoonepauilHa cenekTUBHa
cybTpakuiHa avriTanbHa aHriorpadis BCix uepebpanbHux
b6acenHiB gana 3Mory BMSABWUTU CYMNYyTHI naTonorii, a B
oKpeMunx Bunagkax — npuumHy XCAr, wo sBnamMBasno Ha
nofanblly TakKTUKY XipypriyHoro BTpyyaHHs.

B o60x nauieHTiB 3i CNOHTaHHUMKU cybaypanbHUMMK
reMaToMamu, B SAKUX BUSABJIEHO MIKOTUYHI aHEBPU3MU
KopkoBux (M4) cerMeHTiB cepefiHiX MO3KOBUX apTepii,
XipypriyHe BTpy4YaHHs nepeabayano OAHOMOMEHTHY
embonizauito MiKOTMYHOI aHEeBpM3MM MepLInMM eTanom,
embonizauito CMeHA - apyruM. B iHWIMX TPbOX BUMNaAKax
3a gonomoroto goonepauiiHoi LAl y nauieHTiB moxmnoro
BiKy 6ynu BusiBneHi rpybi reMmoaMHaMiyHO 3HauyLi
CTEHO3M BHYTPIiWHIX COHHMUX apTepin. XipypriyHe
NiKyBaHHA Takux XBopux nepepbavano asa eTanw.
Mepwum eTanoM npoBoaunun embonizauito CMeHA,
yepe3 1-3 Mic nicns cTtabinizauii ctaHy B pasi
NO3UTUBHOI HEpPOBi3yani3auiiHOi KapTUHM BUKOHYBanun
PEHTreHEeHAO0BACKYNAPHY aHrionnacTUKy LWIIASXOM
iMnnaHTauii CTeHTY 3 NMpUM3Ha4YeHHSM NoABiIMHOI
aHTuarperaHTHOI Tepanii.

Y cy4yacHux nitepaTypHux axepenax [5, 20]
NOBIAOMASAIOTb MPO BUCOKY edeKTUBHICTb embonizauii
CMeHA sk caMOCTiIAHOro MeToAy B MauieHTIB i3
nopyLeHHaM Koarynsuii abo Ha TNi aHTUKOoArysiHTHOI/
aHTuarperaHTHoi Tepanii. Y HawoMy AOCNIAXEHHI He
6yno xBopux i3 KoarynonaTi€to, afe HaMmu NponikoBaHo
5 nauieHTIB i3 BiAXWMNEHHAMM MOKa3HWUKIB Koarynsauii
(MixHapoaHe HOpManizoBaHe BigHOWeEHHS >1,2,
npoTpoMbiHOBMI iHAeKC <90%) Ha TNi aHTUKOArynsHTHOI/
aHTMarperaHTHoi Tepanii. ¥ 2 i3 unx naui€eHTiB BUKOHAHO
nuwe embonizauito CMeHA.

Y 13 nauieHTiB, AKMM BUKOHaHa nuwe emboniszauis,
CMeHA BiagnoBsiganu TaknMMm BUMOram: TOBLUMHA reMaToOMM
<15 MM, 3MilleHHA cepefMHHUX CTPYKTYyp <5 MM i 6e3
BMPa3HOi HEBPOJIOriYHOI CMMNTOMATUKK. JlMwe oaunH
nauieHT i3 6araTokamepHoto XCAIN MaB TOBLUMHY reMaToMu
27 MM Ta 3MilLEHHAM CepeANHHUX CTPYKTYp rOSI0BHOMo
MO3KY 5 MM 3 ypaxyBaHHAM CTabiflbHOro KJiHIYHOro
nepebiry 3axBoptoBaHHS (KAiHiYHMI Bunagok N°3).

Y rpyny nepBuHHOI eMmbonizauii CMeHA i3
noAanblMM APEHYBAaHHAM MOTpanuau TPOE NauieHTIB
i3 rpynu nigsuweHoro pusuky (XCAI Ha Tni npuinomy
aHTMKOarynsiHTHOI/aHTMarperaHTHOI Tepanii, TOBLWWHA
remMmatoMm =15 MM, 3MilWEeHHSA cepeanHHUX CTPYKTYp
rosIoBHOr0O MO3Ky =5 MM), ane 3 BiAHOCHO cTabinbHO
HEBPONOriYHOW KapTuHot. CnovyaTKy BUKOHYBanu
embonizauito CMeHA He nuwe ANs 3HUXKEHHS pU3UKY
peunanBy, a N ANA 3HEKPOBJIEHHSA Karncyau reMaTtomu
Ta 3anobiraHHsa iHTpaonepauiiH1M i nicnsgonepauinHnm
reMmopariyHuMm yckjaAHeHHAM nifg 4yac Apyroro ertany
XipypriyHoOro nikyBaHHS.
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Puc. 17. Cxema aHacTtomosiB CMeHA [19]. Jo ii 6idypkauii (No3HauyeHo dhioNeToBMM KOIOM)
neTpo3asnbHa rinka (1), Bia skoi BiaxoanTb BepxHsa 6apabaHHa apTepia (2), aHacTOMO3YeE B
cepefiHbOMY BYCi 3 KApOTMKOTMMMNAHIYHOK apTepieto (3, 3 BHYTPILHbOI COHHOT apTepii), a Takox

3 HMXXHbOW BapabaHHOW apTepieto (4, 3 BUCXiAHOI MOTKOBOI apTepii) Ta 3aaHbo 6apabaHHO
apTtepieto (5, 3 noTunnyHoi apTepii). KaBepHo3Ha rinka CMeHA (6) Ha iHwoMy 6oui aHacTOMO3YE 3
iHppanaTepanbHUM cToBO6YPOM (7) i MeHiHro-rinodizapHumM ctoBbypom (13). IHdppanaTepanbHUin
cTOoBOYp 3'€eAHaHNI 3 04HO apTepieto (9) yepes ii rMMb6oKY 3BOPOTHIO Finky (8). IHppanaTepanbHUii
cToB6byp, CMeHA 1 o4Ha apTepisi TakoX 3B’A3aHi Mixxk cobot0 Yepe3 KpalnoBy HaMeTOBY apTepito

(10), noxoAxxeHHs sIKOi MOXXe BapitoBaTW: Bia CNb030BOi apTepii (11), yepe3 NnoBepxHeEBY

3BOPOTHIO TiNKy O4YHOi apTepii (12), abo Bia MeHiHro-rinogizapHoro ctoBbypa (13). Micns
6idypkauii CMeHA B ainsHui nTepioHa ii dpoHTanbHa rinka (14) sianae megiancHy rinky (15),

sIKa MOXKe po3rasly>KyBaTUCs BHYTPilLHbOYepenHo Ha ramus meningolacrimalis (16) Ta MeaianbHy
KnnHonoAibHy aptepito (17). O6buaBsi Ui rinkm 3'€4HYIOTHCS 3i C/IbO30BOK apTEPIED, X04a MEHIHro-
nakpuManbHa apTepia BiAX0AUTb ANCTaNbHilWe 3a KAMHONOAIGHY. AHAaCTOMO3M 3 OYHOK apTepieto
Ta iHppanaTepanbHUM CTOBOYPOM € HaHebe3neyHiWMMKM Nig Yac TpaHCcKaTeTepHoi emMbonizauii
CMeHA yepes pu3uk embonizauii umx aptepini. ®poHTanbHa rinka CMeHA gocsirae KOHBeKCUTaIbHOI
MOBEpPXHi, cnigyo4ym 3a BiHLEBMM LIBOM, Ta aHAaCTOMO3YE 3 NepeaHbO cepnonoaibHo apTepieto
(18, rinka o4Hoi apTepii — nepeaHs eTMoiganbHa apTepia) i 3 rinkamMm KoHTpanaTepanbHoi CMeHA
(19). 3aaHs rinka CMeHA (20) po34insieTbCa Ha NeTpo3anbHO-CKBAMO3HY rifnky (21) Ta napieTanbHoO-
NOTUNNYHY Tinky (22). MNepwa aHacTOMO3YE 3 APEMHOLO Tinkoto (23) BUCXiAHOT rNOTKOBOT apTepii
(24) Ta cockonoaibHoto rinkoto (25) notnnuyHoi apTepii (26). pyra nos’a3aHa 3 3a4HbOK
MeHiHreanbHoO apTepieto (27), Wwo noxoanTb Bia xpebToBoi apTepii (28) y NpUKOPAOHHMX 30HaxX
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Y TpbOX MaUi€HTIB NeplnM eTanoM 3a XUTTEBUMU
nokasaHHsaMu npoBeaeHo BnaaneHHs XCAr. ABOE 3 HUX
mManu Benuki baratokamepHi rematomu (ToBlWMHa >15
MM) 3i 3MilleHHSM CepeAUHHUX CTPYKTYp rOSI0OBHOrO
MO3KY >5 MM Ta BUPa3HO BOMHMLLEBOI HEBPOJIOTYHOIO
cuMnToMaTukow (KaiHiYHuKA Bunagok N°4). TpeTin
nauieHT — BINCbKOBMK i3 HacnigkamMn MiHHO-BUGYX0BOT
TpaBmu 2015 p. Ta peunaunsHoto XCAI, sKy ABiYi BUaansanm
(y 20152022 pp.). Mig yac octaHHbOro peunamsy B 2024
p., nicna xXipypriyHoro BnaneHHss reMaToMm BUKOHAHO
embonizauito CMeHA (23.05.2024 p.). CnocTepexeHHs
BMNPOAOBX POKY peuuanBy He BUSBUIO.

CyTTEBUMU HepoNliKaMuU HaWoro AOCAIAXEHHS
€ HeBenuka Bubipka (19 nauieHTiB), WO obMexye
CTATUCTUYHY MOTYXHICTb pe3ynbTaTiB, OA4HOLEHTPOBUN i
NPOCMNEKTUBHUMIA AN3aNH AOCNIAXKEHHS, WO NOTEHUINHO
MOXe 3HMXXYBATW piBEHb AOKA30BOCTi Ta YCKIAAHIE
MOXJ/IMBICTb y3arallbHEHHs OTpuMaHux paHux. Lle
OAHUM O0B6MEXEeHHSIM € BiACYTHICTb KOHTPOJIbHOI rpynu
ANs NopiBHAHHS edeKTUBHOCTI eMbonizauii CMeHA
i3 TpaAUUINHUMKM MeToAaMu XipypriyHOro NikyBaHHS.
Lle He pae 3Morm 3pobuTn OCTaTOYHi BMCHOBKM LWOA0
nepesar 3a3Ha4yeHOoi TaKTUKM MOPIBHAHO 3 «KNACUYHUMMN>»
MeToAaMu.

TepMiH cnocTepexXeHHs CTaHOBMB A0 6 Mic, o, Xo4a
M BiANOBIAAE CyyYaCHMM MpPOTOKONaM KOHTpont [3], ane
He BMKJII0Ya€E MMOBIpHICTb Ni3Hix peumaunsis. Kpim Toro,
MW 3acTOCOBYBa/nM MepeBaxKHO OAMH BuA embonizaTy
— Onyx™18, Wwo He Ja€ 3MOrM NMPOBECTU MOPIBHSAHHSA
3 MNONIBIHINOBUMKW YacTUHKaAMU, AKi € CTaHAapTOM Yy
6araTbox MixHapoaHux cepisx [13, 14].

EKOHOMIiIUHMI acnekT BUKOpUCTaHHS Onyx™ vy
HaLWOMYy AOC/iAXEHHI HE PO3KPUTO AOCTaTHbLOK Mipoto.
Lle € BaXMBUM YMHHWUKOM A9 CUCTEMU OXOPOHMU
340poB’s,, 0co6MBO B KpaiHax 3 06MexeHnMK pecypcamu,
Ae nonisiHinoBu embonizaT 4acTo 3aCTOCOBYHTb K
OOCTYMHY anbTepHaTUBY.

OTpuMaHi pe3ynbsTaTi NiATBEPAXYOTb e(DEKTUBHICTb
i 6e3neyHicTb embonizauii CMeHA, ane noTpebytoTb
nepeBipkn. HeobxiAHO NMpoBEeCTU NMPOCNEKTUBHI
baraTtoueHTpoBi gocnigxeHHa 3 6inbwot BMbipKOtO
nauieHTiB ANa NiATBEPAXEHHSA HalMX pe3ynbTaTiB Ta
IXHbOI eKCcTpanonauii Ha pi3Hi KNiHIYHI rpynu.

OpyruM HanpsMOM € MOPIBHAHHSA BUKOPUCTaHHS
Onyx™ (nonimepHoro emb6onizaTy) i noniBiHiNoBUX
YAaCTMHOK K eMboni3zauiMnHMX areHTiB 3 nornsay
edeKTUBHOCTI, Npodinto ycknagHeHb W €KOHOMIYHOI
AOUINBbHOCTI, WO AacTb 3MOry copMynioBaTh ONTUMasbHi
KNiHIYHI pekoMeHaauii.

TpeTiM BaX/NMBUM HanNpsMOM € AOCHIAXEHHSA
BiaAaneHux pesyneraTiB (>12 Mic), 30kpemMa peunamsis,
KOTMHITUBHUX HACNiAKIB Ta AKOCTI XUTTH NaUieEHTIB nicns
NiKyBaHHA.

Cy4yacHi gaHi cBigyaTbh, WO pgoonepauinHa
embonizauis CMeHA MoXe 3HUXYBAaTW PU3UK MOBTOPHMUX
BTpYy4YaHb, iHTpaonepauiiHux i nicnsonepauinHmnx
yCcKnagHeHb, 0co6MBO B NALiEHTIB i3 BUCOKMM PU3NKOM
kpoBoTey. [poTe 6inbWicTb pe3ynbTaTiB PYHTYOTbCA
Ha PeTpOCMNeKTUBHUX KOFOPTHUX AOCAIAXEHHAX, TOMY
Heob6XxiAHO MPOBECTW paHAOMi30BaHi KOHTPOJSIbOBaHI
BUNpPOo6yBaHHA ANA NMOPIBHAHHA AoonepauifiHoi Ta
nicnaonepauinHoi embonizauii 3 yHipikoBaHUMM
KiHLUeBMMK Touykamu (peumams, NMOBTOPHE BTPYyYaHHS,
SKICTb XUTTS Ta KOMHITUBHI Hacnigkwn) [8, 21].

BaX/IMBUM BUKJIMKOM 3aNULWAETLCSA BiACYTHICTb
€ANHUX CTaHAapTiB BiAbopy naujieHTiB. MixamcumnaiHapHun
KOHceHcyc ARISE I 3anpornoHyBaB CTBOPEHHS PEECTPIB
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Ta yHidikauito core-outcomes ans pgocnigxeHb. Y
ManbyTHiIX poboTax cnif OKpeMo aHaniyBaTu NauieHTIB
i3 NnepBMHHMMK Ta peumanBHuMmn XCAT, a TakoX BUAINATH
rpynu BUCOKOro pU3nKY, 30KpeMa XBOpUX, Ki OTPUMYIOTb
AHTUKOArynsiHTHY 4YM aHTuarperaHTHy Tepanito, abo
nauieHTiB i3 BUpasHot dparinbHicTio [9, 22]. Okpemoi
yBaru notpebye TakTuka aHTUTPOMBOTUYHOI Tepanii. XBopi,
AKi OTPUMYIOTb @HTUKOArynsiHTHY YW aHTUarperaHTHy
Tepanito, HanexaTb A0 CKNaAHOoi kKaTeropii, ANna aKoi
6anaHc MixX pu3MKOM KpoBoTe4 i TpomMb6oeMboniYHmMX
yCKNaAHEHb € KPUTUYHMM. HasaBHI AaHi ceBigyaTb, WO
embonizauis CMeHA pae 3Mory weuawe i 6esneyHiwe
BilHOBNIOBATN @aHTUTPOMOOTUYHY Tepanito, anie HeobxiaAHO
MPOBECTWN MPOCNEKTUBHI AOC/IAXEHHSA, SAKi NiATBEPAATb
6e3neyHiCTb paHHbOrO BiAHOBJIEHHS @aHTUKOArynsHTHOI/
aHTuarperaHTHoI Tepanii [8, 23].

Y ¢oKycCi cydyacHux AocnigXeHb MakwTb 6yTwn
MauiEHT-OPIEHTOBAHI NOKA3HUKMU. MoeTbcs He nuLe npo
peunanBu Y NOBTOPHI onepauii, @ 1 Npo BiAHOBNEHHS
a@aBTOHOMHOCTIiI, KOTFHiITUBHI (yHKUii, MOBTOpPHI
rocnitanisauii Ta BNAMB Ha AKICTb XUTTHA. Taki METPUKU
BXE IHTerpyrTbCs B HaWHOBIWIi MynbTUANCUUNNIHAPHI
HacTaHOBU, WO Bigobpaxae rnobanbHUI TpeHA Yy
CyYacHi Herpoxipyprii [8, 24].

Mopanbwnii po3BUTOK LbOro HanpsaMy B YKpaiHi
Ma€e nepenbavyatn CTBOPEHHSA HaLiOHANbHUX KIIHIYHUX
NpOTOKONIB, aAanToOBaHUX A0 YMOB BiTYM3HAHOI CUCTEMU
OXOpPOHW 370poB’'sA. OKpeMMM HanpsiMOM AOCHNiAXEHb
MOXe CTaTu aHani3s poni embonizauii CMeHA y nikyBaHHi
HenpoTpaBMK1, OTPMMAHOi BHAaCNiAOK BiNCbKOBUX AiN, L0
€ aKTyalbHUM Yy Cy4YacHMX yMOBax.

OTpuMaHi HaMu pe3ynbTaT Y3roAXXyTbCH 3 AaHUMMN
CyYaCHUX niTepaTypHUX Axepen, NiATBEPAXYHUM, WO
embonizauito CMeHA MOXHa po3rnsafaTn K epekTUBHY
anbTepHaTuBy abo AOMOBHEHHS A0 TpaAWUINHOIO
XipypriyHoro nikyBaHHs. Lla TeMa € akTyanbHOW B
CYYaCHiN HeMpoXipyprii, OCKiNbKM ONTUManbHy TakKTUKY
nikysaHHsa XCAl, 3okpeMa ponb embonizauii CMeHA,
NpoOAOBXYIOTb akTMBHO obrosoptoBaTu. HesBaxkarouu
Ha obHaainnuMBi pe3ynbTaTW, OTPMMaHi B HaloOMy
AOCNiAXeHHi, AN OCTaTOYHUX BUCHOBKIB MoTpibHe
nigTBepa>XeHHs Ha 6inbwin Bnbipui nauieHTis. Moaanblie
BMBYEHHS LbOro NMMUTaHHS AacTb 3Mory cdopmyBaTu
YiTKi KNiHIYHI anropnTMn M NigBUWUTU edEeKTUBHICTb
NiKyBaHHSA. My akTMBHO MpaulEMO B LLbOMY HanpsMmi Ta
NIaHYEMO NPOAOBXUTU AOCNIAXEHHA AN PO3LUMPEHHS
HayKoBOi AOKa30BOi 6a3u.

ABTOpPW BUCMOBNOTbL BASYHICTE nNpodecopy
Rocco Armonda 3a 6araTtopiyHy nigATpUMKY Ta
HajaHy ryMmaHiTapHy AOMOMOry, 30KpeMa y BUrndaAai
MiKpOIHCTpYyMeHTiB, embonisauirtHoro matepiany Onyx™i
Mikpocnipanen, Wwo 3pobnno MOXINBUM BNPOBaAXKEHHS
CYYaCHUX MeTOoAMK €HAOBAaCKYNSPHOro sikyBaHHSA B
[OHinponeTpoBCbKiN 06NacHIN KNIHIYHIN nikapHi iMeHi
I.I. MeyHunkoBa. 3aBAsKM UK AoNoOMO3i BAAnocs
3a6e3neunTun NikyBaHHS SIK BIMCbKOBWKIB i3 60MOBMMU
MOPaHEeHHsIMU, TaK i UMBISIbHUX MAUIEHTIB i3 TSXKUMU
HepoXipypriyHMMN NaToNOrigAMn.

0OcobnnBYy NOASIKY @aBTOPW BUCIOB/IOKOTh OpraHisauii
Razom for Ukraine, sska Hagana 3Ha4yHy AOMNOMOTY
Ans 3abesnedyeHHs NikapHi HeobXiAHUMU BUTpPaTHUMU
MaTepianamu AN NpoBefeHHS BUCOKOTEXHOOTIYHUX
BTpy4daHb. CniBnpauysa i3 3apybixHUMK Koneramu
Ta MiXHapoAHWUMM BnaroAiMHMMM opraHizauiamMu €
HaA3BMYaNMHO BAaXJIMBUM YMHHUKOM ANS PO3BUTKY
Henpoxipyprii B YkpaiHi, oco6auBo B ymoBax
NnoBHOMAcCLWTa6HOI BiliHM.
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My nepekoHaHi, Lo TakKi iHiLiaTUBM CNPUSIOTb HE NTNLLE
PO3BUTKY KNiHIYHOI MpaKTUKK, a 1 iHTerpauii yKpaiHCbKOi
Henpoxipyprii y CBiTOBY MeAMYHY CMiIbHOTY, CTBOPIOOYM
OCHOBY A58 nojajibluMX HAYKOBWUX AOCAIAXEHb Ta
BMpPOBaAXXEHHS iIHHOBALUINHNX METOAIB NiKyBaHHS.

BucHOBKM

1. EmM6onizauis CMeHA € epekTUBHUM | 6e3neyHnm
MeToAoM nikyBaHHa XCAl: no3MTUBHA AUWHaMiKa
BiA3HayeHa B YCiX MALIEHTIB, MOBHE PO3CMOKTYBaHHSA
rematoMn — y 89,5% uepes 6 mic. Y 19 nauieHTiB He
3a@dikcoBaHO iHTpaonepauinHnx 4m nicnsionepauinHux
yCKNaAHeHb.

2. BukopucTtaHHa TpaHcpajianbHOro AocTyny
NpOAEMOHCTPYBasno BUCOKY 6e3neyHicTb, 0cob6nnBo
B MaUi€HTIB MOXWNOro BiKYy, Ta CNPUSASIO0 3MEHLUEHHIO
TepMiHy rocniTanizauii. MNauieHT Ha aHTUarperaHTHiIn/
aHTUKOArynsaHTHIN Tepanii Takox 6ynm ycniwHo
nponikoBaHi 6e3 NiaABULWEHHS PU3UKY peunauBiB uu
yCKNaZHeHb.

3. PeyoBuHa ansa embonizauii Onyx™18 nokasana
nepesaruv MOPiBHAHO 3 MOJIIBIHITOBUMU YaCcTUHKaMu
3aBASKN rNMbWwin neHeTpauii Ta TpuBanin oknw3ii
NaTONOMYHNX CYAUH.

4. Komb6iHoBaHi nigxoau (embonizauis CMeHA +
ApeHyBaHHA abo HaBnakwn) 6ynu edekTUBHI y CKNagHuUX
BUnaakax (ToBwmMHa rematomMm >15 MM, baraTokamepHi
remMaToMu, 3MilLEHHS CepeaHixX CTPYKTyp >5 MM).
Em6onizauito MOXHa 3aCTOCOBYBaTW K CaMOCTIMHWI
MeTo/A Yy BUnaaKkax HeBennkux rematom 6e3 mac-edekrty
Ta BUpPa3HOi HEBPOJOTiYHOI CUMMTOMATUKMN.

5. JoonepauiiHa cenekTuBHa cybTpakuiliHa
avritanbHa LAl gana 3Mory BUSBUTU CYMyTHIO NATONOri O
(MiKOTWYHI aHEeBPU3MUM, CTEHO3M MaricTpanbHUX apTepin),
O BMNJIMBANO Ha TaKTUKY JliKyBaHHS.

6. OnucaHi kNiHiYHi BMnNnaaku (6orosa TpaBMa,
MiKOTUYHa aHeBpu3Ma, peunamneHi XCAr) nigTBepaxXyoTb
YHiBE€pCanbHICTb i THYYKiCTb METOAMKWU, @ OTPUMaHI
pe3ynbTaTW Yy3roAXYTbCS i3 Cy4YaCHUMU AaHUMU
3apybixHux pgocnigxeHb (Levitt, 2024, Fiorella, 2025,
Gajjar, 2025, Papageorgiou, 2025), niaTBepaXxyw4mn
CBITOBI TeHAeHUii.

Po3skpurtTta iHopmMauii

KoH@nikT iHTEpeciB

ABTOPW 3asBNATb NPO BIACYTHICTb KOHMNIKTY
iHTepeciB.

ETnyHe cxBasieHHs

Yci npouenypu, BUKOHaHI B AOCHIAXEHHAX 3a
yyacTio nwaen, Bignosigann eTUYHMM CTaHAapTam
iHCTUTYUIAHOrO Ta HaWiOHaNbHOro AOCNAIAHULbBKOIO
KOMIiTeTY, a TakoX [enbCiHCbKiN aeknapauii 1964 p.
Ta ii ni3HiWKMM nonpaeBkaM abo MOPIBHAHHWM €TUYHUM
CTaHAapTaMm.

IHgopmoBaHa 3roaa

MucbmoBa iHbopMoBaHa 3roga 6yna oTpuMmaHa Big
KOXHOro nauieHTa abo uneHa cimM'i nepen onepadui€to.

®DiHaHcyBaHHs

[JocnigXXeHHs He Mano CMOHCOPCbKOi NiATPUMKMN.
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Background: Spondylolisthesis, or anterior vertebral displacement, is a
complex spinal disorder characterized by diverse symptoms and various
treatment approaches. Transforaminal Lumbar Interbody Fusion (TLIF) is
increasingly preferred over Posterior Lumbar Interbody Fusion (PLIF); however
regional data in India are limited.

Objective: This prospective study evaluated clinical, radiological, and
functional outcomes after TLIF in lumbar spondylolisthesis patients treated
at a tertiary center in central India.

Methods: Fifty adult patients with Grade II-IV lumbar spondylolisthesis
underwent TLIF. Assessments included pain (Visual Analogue Scale, VAS),
disability (Oswestry Disability Index, ODI), neurological status, slip angle
correction, fusion rates, and complications pre- and postoperatively. Statistical
significance was set at p < 0.05.

Results: Locations L4-L5 (56%) and L5-S1 (44%) were the affected levels.
The mean preoperative VAS and ODI scores were 7.4+1.0 and 74+10%. At 6
months follow-up, VAS decreased by 71.6% to 2.1, and ODI by 88% to 9.5%
(p < 0.001). Neurological recovery included full motor deficit resolution and
92% sensory improvement. The mean slip angle correction was 14.6+5.3°,
and the fusion success rate was 92%. Complications were minimal, including
4% wound infection and 4% transient neurological deficits, with no implant
failures.

Conclusion: TLIF shows excellent short-term results, offering substantial pain
relief, functional and neurological recovery, and high fusion rates in Indian
patients with moderate-to-severe spondylolisthesis. Further studies with
larger sample sizes and longer follow-up periods are warranted to validate
these findings.

Keywords: spondylolisthesis; spinal instability; TLIF; ODI; VAS

Introduction

anomalies, such as sacral spina bifida, affecting up to

Spondylolisthesis, characterized by the anterior
displacement of a vertebra over the one beneath it,
is @ common spinal pathology with complex etiology
and management considerations. Often resulting from
spondylolysis, its classifications—such as that proposed by
Marchetti and Bartolozzi—distinguish developmental from
acquired forms, helping to understand its natural history,
risk of progression, and treatment implications [1].

The widely used Meyerding classification grades
severity by measuring the degree of vertebral slippage
on lateral radiographs, guiding clinical decision-making
[1]. Although it is readily identified on imaging, there
remains considerable uncertainty about its pathogenesis
and optimal treatment. Its prevalence ranges from 5-6%
in the general population to as high as 12% among
adolescents engaged in vigorous physical activity such
as gymnastics and weightlifting, emphasizing mechanical
stress as a key factor [2]. Genetic predisposition is also
significant, with familial clustering rates ranging from
27% to 69%, as well as associations with congenital

42% of cases [3].

The most frequently involved segments are L4 and
L5, vital for lumbo-sacral stability and load-bearing. Long-
term follow-up studies indicate that spondylolisthesis is
often benign; however, progression with neurological
deficits and chronic pain may occur, correlating with
higher Meyerding grades, disc degeneration, and sacral
morphology.

Diagnostic accuracy has improved with modalities
including oblique radiographs, which reveal the
classic “Scotty dog” sign, computed tomography (CT)
and single-photon emission computed tomography
(SPECT) scans, which enhance the detection of pars
interarticularis defects, and MRI, which assesses neural
compression and soft tissue damage [4].

Clinically, pain patterns vary by age, with postural
and gait abnormalities more common in children due to
hamstring tightness, while whereas adults often present
with back pain and sciatica, frequently dominated by
neurogenic claudication.
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Advances in imaging—particularly MRI and dynamic
radiographs—have enhanced the evaluation of segmental
instability, a critical factor in guiding treatment decisions.

The North American Spine Society (NASS) promotes
"advancing spine evidence synthesis" through a rigorous,
multidisciplinary approach to developing evidence-
based clinical guidelines [5]. The guidelines conclude
that low back pain should be diagnosed mainly using
patient history and physical examination, with advanced
tests reserved for severe or suspicious cases. First-
line treatment should focus on non-pharmacological
approaches such as exercise and education, while
medications or interventions should only be used when
clearly needed, with careful consideration of risks and
benefits. Individualized care is emphasized to improve
patient outcomes and avoid unnecessary interventions.
More recently, integration of artificial intelligence in
diagnostic imaging has further enhanced sensitivity and
accuracy [6].

Despite clear surgical indications in selected patients,
controversies persist concerning the optimal surgical
technique. Among available techniques, Transforaminal
Lumbar Interbody Fusion (TLIF) has gained prominence
as the preferred surgical approach, owing to its ability
to provide circumferential fusion through a unilateral
posterior corridor while minimizing dural and neural
retraction, perioperative blood loss, and procedure
duration compared to Posterior Lumbar Interbody Fusion
(PLIF) [7]. It achieves better restoration of disc height,
indirect foraminal decompression, and sagittal alignment
correction [7].

Advances in TLIF—particularly with the advent of
minimally invasive and expandable cage technologies—
have improved fusion rates, functional recovery, and
reduced perioperative morbidity [7]. However, there
is a paucity of prospective, region-specific data in
countries like India, where epidemiological patterns,
patient comorbidities, and healthcare accessibility differ
significantly from those in Western cohorts. This gap
hampers evidence-based surgical planning and decision-
making tailored to local needs.

The current study addresses this by systematically
correlating clinicoradiological features with outcomes
following TLIF, aiming to generate robust evidence for
optimizing surgical management in the Indian context,
particularly within the tribal belt of central India. Such
research is crucial for improving patient-centered
outcomes, informing shared decision-making, and
enabling efficient allocation of healthcare resources
against a backdrop of increasing disability due to
spondylolisthesis worldwide.

Materials and methods

Study design and setting

This prospective, observational, single-institution
study was conducted in the Department of Neurosurgery
at a tertiary care center located in the tribal belt of
central India. The study duration was one year. The study
protocol was reviewed and approved by the Institutional
Ethics Committee. Written informed consent was
obtained from all participants or their legal guardians
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before their inclusion in the study. The study adhered
to the ethical principles outlined in the Declaration of
Helsinki (2013 revision), ensuring respect for patient
rights, safety, and well-being throughout the research
process [8].

Inclusion criteria

All consecutive adult patients presenting with
lower back pain suggestive of spinal instability were
screened. Patients demonstrating both clinical features
and radiological evidence of lumbar spondylolisthesis
were prospectively enrolled. Patients were included if
they met the following criteria:

1. Adults aged =18 years.

2. Presentation compatible with clinical features such
as chronic low back pain with or without radiculopathy,
neurogenic claudication, restricted lumbar spine mobility
or segmental instability, neurological deficits including
weakness, sensory impairment, or altered reflexes, and
positive findings on instability or stretching tests such
as the straight leg raising test, femoral stretch test, or
instability catch sign.

3. Radiologically confirmed lumbar spondylolisthesis
identified on standing lumbosacral X-rays (anteroposterior,
lateral, flexion-extension views) and/or lumbar MRI.

4. Single-level spondylolisthesis was included.

Exclusion criteria

Patients were excluded under the following
conditions:

1. Presence of scoliosis, abnormal lordosis, or
congenital deformities other than spondylolisthesis.

2. Prolapsed intervertebral disc (PIVD) without
evidence of spondylolisthesis.

3. Inflammatory spinal disorders (e.g., rheumatoid
arthritis, ankylosing spondylitis, seronegative
spondyloarthropathies).

4. Patients with previous lumbar spine surgery.

5. Active or recent spinal infections (tuberculous
spondylitis, bacterial spondylodiscitis).

6. Spinal tumors or secondary metastatic disease.

7. Severe systemic comorbidities precluding surgery,
such as uncontrolled diabetes mellitus, advanced
cardiac disease, severe pulmonary compromise, or
coagulopathy.

8. Pregnant or lactating women.

9. Patients unwilling or unable to provide informed
consent or comply with scheduled follow-up visits.

Preoperative evaluation and data collection

For all included patients, detailed demographic
data—including age, sex, residence, occupational history,
and contact details—were systematically recorded. A
comprehensive medical history was obtained, focusing
on presenting symptoms, duration of illness, prior
treatments, comorbidities, and both personal and
family history. Clinical evaluation involved a thorough
general physical examination and detailed neurological
assessment, with attention to motor power, sensory
perception, reflexes, gait, and spinal flexibility; findings
such as instability, radiculopathy, and neurogenic
claudication were specifically documented. Preoperative
baseline laboratory investigations comprised complete
blood count, renal and liver function tests, fasting
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or random blood sugar, serum electrolytes, calcium,
rheumatoid factor, and C-reactive protein. The following
radiological investigations were performed on a need
basis:

- Plain X-rays (lumbosacral spine): Standing
anteroposterior, lateral, oblique, and flexion-extension
views were used to assess alignment, slip degree, slip
angle, dynamic instability, scoliosis, and sagittal balance.

- Computed Tomography (CT) (when
indicated): Used selectively for detailed bony anatomy
in cases of high-grade slips or complex anomalies.

- Magnetic Resonance Imaging (MRI): Performed
for all patients to evaluate neural compression, degree
of canal stenosis, foraminal narrowing, facet joint
morphology, disc degeneration, juxtafacet cysts, and
ligamentum flavum hypertrophy. Signal changes on
T2-weighted images were noted to assess neural element
compromise and loss of cerebrospinal fluid (CSF) signal.

Key spinopelvic parameters include pelvic incidence
(PI), pelvic tilt (PT), sacral slope (SS), and lumbar
lordosis (LL). These are essential for assessing sagittal
balance and spinal alignment [9]. PI, typically ranging
from 30° to 80° (average 50°-55°), reflects pelvic
anatomy and remains stable post-skeletal maturity;
abnormal values may indicate structural imbalances.
PT, generally between 10° and 15° (range 5° to 30°),
measures pelvic orientation; elevated PT is often seen in
spinal deformities. SS assesses the sacrum's inclination,

Ukrainian Neurosurgical Journal. Vol. 32, N1, 2026

normally 30° to 50°, with deviations indicating potential
mechanical issues. LL, the inward curvature of the lower
back, usually spans 40°-60° but can range from 20° to
80°; hypo- or hyper lordosis may be related to various
pathologies (Fig. 1). Abnormalities in these parameters
are associated with spinal malalignment, pain risk, and
degenerative conditions.

Surgical intervention

Each patient underwent a thorough pre-anesthetic
evaluation and fitness assessment. All patients
in the study underwent open TLIF surgery.
Additionally, reduction was performed in all high-
grade spondylolisthesis cases to restore alignment.
Operative steps included a midline posterior incision
with subperiosteal exposure of the relevant spinal
levels, followed by decompression of neural elements
through laminotomy and foraminotomy as needed.
The intervertebral disc space was then prepared
with thorough disc removal, after which interbody
fusion was performed using appropriately sized cages
combined with autologous or local bone graft. Pedicle
screw fixation with rods was employed to achieve
spinal stabilization (Fig. 2). Adequate hemostasis was
achieved, and the wound was closed in layers, with the
placement of a suction drain as indicated. Intraoperative
parameters, including blood loss, duration of surgery,
complications, and the level of fusion, were carefully
documented.

Sup
Endplate of [5]

Fig. 1. Standing lateral radiograph of lumbosacral spine. Panel (A): Native image showing
vertebral levels (L2-S1) and overlapped hip joints. Panel (B): Same image annotated to
demonstrate measurement techniques for spinopelvic parameters. Red lines indicate

the superior endplate of L1, the inferior endplate of L5, and the superior endplate of S1.
Perpendiculars to endplate lines are shown to illustrate lumbar lordosis (LL), sacral slope (SS),
pelvic incidence (PI), pelvic tilt (PT), and vertical reference line (VRL).
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Fig. 2. A case study of grade 4 spondylolisthesis. Panel A — MRI of the lumbosacral spine (T2-weighted sagittal
images) demonstrates lumbar spondylolisthesis with associated prolapsed intervertebral disc at the L4-L5 level.
Panel B - Intraoperative photograph displaying laminotomy (solid white arrow) and placement of a pedicle screw
rod construct (solid white star). Panel C - Plain X-rays of the lumbosacral spine (AP and lateral views, preoperative
images) show loss of alignment due to spondylolisthesis. Panel D - Postoperative plain X-rays (AP and lateral
views) illustrate the pedicle screws, rods, and interbody cage in situ, confirming realignment and stabilization

Postoperative care and follow-up

Patients were mobilized early with lumbar support.
Postoperative radiographs were performed to confirm
implant placement (Fig. 2). Analgesia, physiotherapy,
and gradual rehabilitation were provided. Patients were
discharged after achieving ambulation with adequate
pain relief. Follow-up evaluations were carried out at
1 month, 3 months, and 6 months. Both outpatient
visits and telephonic consultations were utilized when
in-person visits were not possible.

Outcome measures

Primary outcome measures included postoperative
pain, assessed using VAS; functional disability, evaluated
with ODI; neurological recovery encompassing motor
strength, sensory function, and reflexes; and the average
duration of hospital stay [10]. Secondary outcome
measures comprised radiographic assessment of
vertebral displacement correction, measurement of slip
angle reduction, and evaluation of surgical complications,
including wound infections, implant-related issues, and
any neurological deterioration.

Data analysis

All collected data were entered into a structured
database and analyzed using SPSS version 26.0.
Continuous variables were expressed as meanzstandard
deviation (SD), while categorical variables were
presented as frequencies and percentages. Paired t-tests
were used to compare preoperative and postoperative
continuous variables, such as VAS and ODI scores.
Chi-square tests were employed for the analysis of

categorical data. A p-value of less than 0.05 was
considered statistically significant.

Results

The demographics and baseline characteristics of
the study population are shown in (Table 1).

The study cohort comprised 50 patients with a
mean age of 58+6.9 years (range 41-83), including
44% males and 56% females. The average BMI was
25.4+3.2 (22.5-31.1), with 72% of participants engaging
in mixed occupational activity and 28% being sedentary.
Comorbidities included hypertension (32%), diabetes
(24%), and cardiovascular disease (20%). The mean
duration of symptoms was 5.2+1.1 months. Pain was
predominantly radicular (72%), with 48% reporting
mechanical pain. Prior conservative treatments were
physiotherapy (52%), medications (100%), and injections
(36%). Lumbar levels L4-L5 and L5-S1 were affected
in 56% and 44% respectively. No patients had Grade
I spondylolisthesis; 52% had Grade II, 28% Grade III,
and 20% Grade IV. In the study population, isthmic
spondylolisthesis accounted for 62% (31 cases), whereas
degenerative spondylolisthesis comprised 38% (19 cases).
Preoperative VAS averaged 7.4%1.0, and ODI was 54+12%.
Baseline neurological deficits were noted in 8% of patients
as motor and in all patients as sensory. Imaging revealed
canal stenosis in 28%, foraminal stenosis in 76%, and facet
arthropathy in 12%. Dynamic X-rays showed instability in
92% of patients. The surgical and radiographic outcomes
of the study are shown in (Table 2).
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Table 1. Patient demographics and baseline characteristics (n=50) of the study population

Characteristic

Value / Number (%)

Range / MeantSD

Age (years)

58+6.9 (41-83)

Gender (male/female)

22 (44%) / 28 (56%)

Body Mass Index (BMI)

25.4+3.2 (22.5-31.1)

Occupational status

Mixed: 36 (72%)
Sedentary: 14 (28%)

Comorbidities

Hypertension: 16 (32%)
Diabetes: 12 (24%)
CVD: 10 (20%)

Duration of symptoms (months) - 5.2+1.1 (1-9)

Pain characteristics |\R/|aegir(1:alajrl1;cr?l:362?7(;$o°)/0) -
Physiotherapy: 26 (52%)

Previous conservative treatment Medications: 50 (100%) -
Injections: 18 (36%)

Spine levels affected tg:g? %g %2222% -
Grade I: 0 (0%) .

Grade of spondylolisthesis (Meyerding) g:ggg Ei:2164(25228{°%) -
Grade IV: 10 (20%)
Isthmic: 31 (62%)

Types of spondylolisthesis Degenerative: 19 (38%)
Dysplastic: 0 (0%)

Preoperative VAS score - 7.4£1.0 (6-9)

Preoperative ODI (%)

54+12 (40-80)

Baseline neurological deficit

Motor: 24(8%)
Sensory: 50 (100%)

Imaging findings

Canal stenosis: 14 (28%)
Foraminal stenosis: 36 (76%)
Facet arthropathy: 6 (12%)

Instability on dynamic X-rays

Yes: 46 (92%)
No: 4 (8%)

Table 2. Radiographic outcomes and surgical complications in the study population

Mean£SD /
Parameter Number of Range Perczﬁ/n)tage Notes
patients (n=50) °
Slip angle reduction (degrees) 14.6£5.3 9-30 - Significant correction
Fusion rate at 6 months 46 patients / 50 - 92% (zp(;?:i%sog,ft?]?g;%?ion
Wound infection (n, %) 2 - 4% tsrlé%?;fg;ﬁl' resolved with
%m%l/oa)nt-related complications 0 (0%) _ 0% None reported
(l}}surological deterioration (n, 1 - 2% Transient deficit, recovered
. N _ Developed heart failure with atrial

Cardiac complication 1 2% fibrillation, managed medically
Reoperation rate (n, %) 0 (0%) - 0% None
Average hospital stay (days) 12.5+£2.1 5-18 - Standard postoperative stay
Intraoperative blood loss (mL) 610+85.4 410-930 - Moderate blood loss
Operative time (minutes) 175.2+24.8 140-220 - Within the expected range
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Surgical intervention resulted in a mean reduction
of 14.6+5.3 degrees in slip angle (range, 9-30 degrees).
Fusion was successful in 92% (46/50) of patients
at 6 months. Complications were minimal, with 4%
experiencing wound infection (2 patients), 0% having
implant-related issues, and 2% presenting with transient
neurological deterioration (1 patient). No reoperations
were needed. Average hospital stay was 12.5+2.1 days,
intraoperative blood loss averaged 610+£85.4 mL, and
operative time was 175.2+24.8 minutes. At the 6-month
follow-up, spinopelvic parameter assessment revealed
that pelvic incidence remained stable (55.4°+7.8°
pre-operatively vs. 55.2°+7.5°), indicating no significant
change. In contrast, pelvic tilt demonstrated a significant
reduction, while sacral slope and lumbar lordosis
also showed significant postoperative improvements
(Table 3). These findings suggest better sagittal
alignment and restoration of lumbar curvature following
TLIF surgery.

Pre- and post-operative pain assessment is shown
in (Fig. 3).

The mean VAS scores showed a progressive
decrease from 7.4+1.0 preoperatively (median 7, range
5-9) to 4.2+1.3 at 1-month post-op (median 4, range
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2-7), reflecting a 43.2% improvement with 44% of
patients achieving =50% pain reduction (p=0.015). At
3 months, the mean VAS further declined to 3.3+1.2
(median 3, range 1-5), with a 55.4% improvement and
64% of patients with =50% improvement (p=0.009).
Significant pain relief continued at 6 months, with a mean
VAS of 2.1+0.8 (median 2, range 1-4), representing a
71.6% reduction and 84% attaining 250% improvement
(p < 0.001) (Table 4).

The functional outcome of the study is shown
in (Fig. 4). The mean ODI scores decreased from a
preoperative value of 74£10% (median 75, range 55-90)
to 62.5+6.8% at 1 month (median 60, range 45-78),
reflecting a 16% improvement with 28% of patients
achieving 230% improvement (p=0.08). At 3 months,
mean ODI further improved to 36.5+4.2% (median 35,
range 22-53), representing a 51% reduction and 72%
of patients with >30% improvement (p=0.005). By 6
months, the mean ODI declined markedly to 9.5+1.6%
(median 9, range 3-18), showing an 88% improvement
with 96% of patients achieving 230% improvement (p
< 0.001) (Table 5).

The neurological outcomes demonstrated significant
recovery over time (Fig. 5).

Table 3. Pre- and post-operative assessment of spinopelvic parameters using paired t-test

Parameter Pre-op Follow-up (6 months) t-value p-value

Pelvic incidence (PI) 55.4°+7.8° 55.2°+7.5 -0.13 0.8972

Pelvic tilt (PT) 21.3°+7.4° 17.2°+5.1° -3.23 0.0017

Sacral slope (SS) 33.6°+9.5° 37.8°+8.3° 2.35 0.0211

Lumbar lordosis (LL) 46.5°+12.4° 51.4°+11.2° 2.07 0.0410
Mean VAS Over Time

Mean VAS

Froop im Pastl

Time Pt

3m Post

Bm Post

Fig. 3. Mean Visual Analogue Scale of patients during pre-op and follow-up
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Table 4. Pre-operative and post-operative pain assessment using VAS

Mean Median % Number of patients p-value
Time point Range Improvement with =50 % _
VASSD VAS from Baseline Improvement (%) (vs Pre-op)
Preoperative 7.4£1.0 7 6-9 - - -
1 Month post-op 4.2+1.3 4 2-7 43.2% 22 (44%) 0.015
3 Months post-op 3.3+£1.2 3 1-6 55.4% 32 (64%) 0.009
6 Months post-op 2.1+0.8 2 1-4 71.6% 42 (84%) <0.001
Mean ODI by Time Pt
800
700
600
¥ 600
=]
(=]
£
%’ 400
300
200
o0 - - —
Pre-ap 1Month 3Months B Manths
Timie Pt
Fig. 4. Mean Oswestry Disability Index (ODI) during pre-op and follow-up
Table 5. Functional disability assessed by ODI during pre-op and follow-up.
Time Point Mean ODI (%) Median Ran % Improvement Im 230"{;’1 nt -val
ime Pol (MeantSD) (%) ange from Baseline p(r:v;o)e p-value
Pre-op 74+10 75 55-90 - - -
1 Month 62.5+6.8 60 45-78 16% 14 (28%) 0.08
3 Months 36.5+4.2 35 22-53 51% 36 (72%) 0.005
6 Months 9.5+1.6 9 3-18 88% 48 (96%) <0.001
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Fig. 5. Neurological recovery histogram at 1,3, and 6 months

A motor deficit was present in 4% of patients
preoperatively and persisted immediately and at 1 month
postoperatively but resolved completely by 6 months,
representing 100% resolution (p=0.04). The sensory
deficit was universal preoperatively (100%) and reduced
to 52% immediately post-op, 32% at 1 month, and 8%
at 6 months, reflecting a 92% overall improvement (p
< 0.001). Gait disturbance affected 96% preoperatively
and immediately post-op, improved to 68% at 1 month,
and further to 36% at 6 months, demonstrating a 62.5%
improvement (p=0.001) (Table 6).

The correlation analysis of demographic, clinical,
and radiographic variables with study outcomes is
shown in Table 7. The analysis of study variables
showed that older patients (>70 years) and those with
obesity had higher disability and pain scores, with
obesity significantly affecting both ODI (9.90+1.52
vs. 8.85+1.74, p=0.029) and VAS (2.05£0.69 vs.
2.30+0.82, p=0.001) outcomes. The L4-L5 spinal level
was associated with greater disability (ODI 10.06+1.84)
compared to L5-S1 (8.79+1.63, p=0.014). Higher grades
of spondylolisthesis correlated with worse outcomes,
with grade 4 showing the highest ODI (11.27+1.55, p <
0.001). No significant outcome differences were noted
based on sex or hypertension.

Discussion

This prospective study evaluated the short-term
clinical, radiological, and functional outcomes of TLIF
in patients with spondylolisthesis, with an emphasis
on pain relief, functional recovery, and fusion success.
Our results demonstrate that TLIF provides effective
correction of deformity, promotes high fusion rates,
and achieves substantial improvements in pain scores,
disability indices, and neurological function, with a low
complication profile.

The demographic profile of the cohort—mean
age 58 years, female predominance (56%), high
prevalence of comorbidities (hypertension 32%,
diabetes 24%), and a relatively high rates of grade II-
IV slips—reflects the typical clinical scenario of Indian
patients presenting for spinal surgery. Compared with
international cohorts, where many surgical series focus
on lower-grade slips and younger patients, our series
included a greater proportion of advanced Meyerding
grades (48% grade III-IV) [11]. This may highlight a
delay in diagnosis and surgical referral in our setting,
likely influenced by socioeconomic and healthcare
access disparities.

The pre- and post-operative assessment of
spinopelvic parameters demonstrated significant
changes in PT, SS, and LL at 6 months follow-up,
while PI remained stable with no significant difference
(p=0.8972). Specifically, PT decreased significantly
from 21.3°+7.4° to 17.2°+5.1° (t=-3.23, p=0.0017),
indicating improved pelvic alignment post-surgery.
SS and LL showed a significant increase, suggesting
enhanced lumbar curvature contributing to sagittal
balance restoration. These findings are consistent with
prior studies. Shafiei et al. reported that abnormalities
in standing pelvic tilt are significantly associated with
poorer functional outcomes after total hip arthroplasty,
and improvement in PT correlates with better recovery
[12]. Similarly, Williams et al. found that PT and LL
improved significantly post-lumbar fusion surgery,
consistent with the paired t-test findings observed
in the present study [13]. These studies collectively
confirm that surgical realignment positively impacts
the key sagittal parameters PT, SS, and LL, while
PI remains a fixed anatomical parameter unaffected
by surgery.
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Table 6. Neurological recovery outcomes during follow-up

. . Immediate 1-Month 6-Month
Neurological Preoperative _ _ _ _
Parameter (n, %) post%o)p (n, post%o)p (n, postO/:)p (n, Improvement (%) p-value
Motor deficit 2 (4%) 2 (4%) 2 (4%) 0 (0%) 100% resolution 0.04
Sensory deficit 50 (100%) 26 (52%) 16 (32%) 4 (8%) 92% improvement <0.001
Gait 62.5%
disturbance 48 (96%) 48 (96%) 34 (68%) 18 (36%) improvement 0.001

Table 7. Correlation of various demographic, clinical, and radiographical parameters of the study population
with study outcomes

Outcome Outcome T value
Variables Subclass (op1) valoeonny | oony (VAS) /Fvalue | FUade
MeanSD alue Mean+SD (VAS)

Male 9.79+1.45 1.83:0.72
5% 79:1. 83:0.

Sex 1.37157 | 0.17658 1.92345 | 0.05500
emes 9.27+1.23 2.23:0.78
0y | 9.00:1.67 1.97+0.88

Age 5%;]7:%({5 9.95:1.31 | 4.67581 | 0.01406 | 2.1240.74 | 2.15790 | 0.12600
LS| 10.96:1.90 2.3120.80
s | 9-901.52 2.05:0.69

Obesity 2.24392 | 0.02949 3.33521 | 0.00110
s 8.85+1.74 2.3040.82
ety | 10.15:1.38 2.26+0.77

HTN 1.76022 | 0.08474 1.15840 | 0.24560
oesi 9.19+2.00 2.08+0.83
frety | 10.00:1.41 1.85£0.82

DM 0.99836 | 0.32311 3.23211 | 0.00160
58 9.38+1.58 2.21£0.78
ooy | 10025172 2.49:0.72

cvD 1.33140 | 0.18935 2.00822 | 0.05220
=50 9.37+1.29 2.03£0.87
e38) 10.06+1.84 2.19+0.65

Location 2.54546 | 0.01418 1.92830 | 0.05810
(ho53) 8.79+1.63 2.00+0.90
Credey | 8.59:1.47 1.89:0.95

Grade of Grade 3

e listhesis | has) 9.93:2.10 | 9.79907 | 0.00028 | 2.09:0.72 | 9.36251 | 0.00150
Gy | 11275155 2.43+0.78
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Postoperative VAS scores demonstrated a significant
and sustained decline from 7.4 preoperatively to 2.1
at 6 months, with 84% of patients reporting >50%
pain relief. Similarly, ODI improved by 88% at final
follow-up, with almost all patients (96%) achieving a
clinically meaningful improvement. These outcomes
are consistent with previous reports demonstrating
the efficacy of TLIF for spondylolisthesis. For instance,
Hartmann et al. have reported VAS backache pain
reduction of 69.6 % at 12 weeks post-TLIF, comparable to
our 71.6% VAS reduction at 6 months [14]. Also, the ODI
scores in this study improved by 53.8% comparable to
our study comparable to our study (51% reduction) [14].

The early disability improvement lag at 1 month,
followed by sharp gains at 3 and 6 months, may reflect
the time required for postoperative rehabilitation
and gradual fusion-related stability. Integrating high-
intensity interval training (HIIT) into rehabilitation
protocols can accelerate these functional gains, as HIIT
has been shown to significantly boost cardiovascular
fitness, quality of life, and postoperative recovery in
patients—suggesting a promising strategy to optimize
outcomes in surgical populations [15]. The mean
correction in slip angle (14.6 degrees) and the high
6-month fusion rate (92%) confirm TLIF’s biomechanical
advantages in restoring sagittal balance and promoting
stability. Our fusion rate aligns with previously published
pooled values of 84.7-94.3% in TLIF series and compares
favorably to PLIF, where fusion is often slightly lower
and implant-related complications are higher due to
bilateral retraction [16]. Notably, our series achieved
this with minimal complications and no implant failures,
supporting TLIF as a reliable technique for correcting
multi-grade spondylolisthesis. Compared to other
studies, where at least one complication rates range
from approximately 20%—including dural tears, nerve
injuries, and pseudoarthrosis—our outcomes were at the
lower end, possibly reflecting careful case selection and
adherence to surgical protocols [17-18].

Neural decompression is a key advantage of TLIF,
where cage placement restores disc height and foramina.
In our study, 76% had foraminal stenosis, yet the
majority showed neurological recovery. Neurological
deterioration was transient in one patient, and there
was a single cardiac complication involving heart failure
with atrial fibrillation [19-21]. It was managed medically,
in line with modern perioperative risk assessments that
highlight cardiac morbidity as rare but significant in this
and similar populations [3, 22]. Average hospital stays
(12.5+2.1 days), intraoperative blood loss (610+85.4
mL), and operative time (175.2+24.8 minutes) were
consistent with results from large comparative studies,
supporting TLIF's status as an effective technique for
spondylolisthesis with a favourable safety and recovery
profile that matches current evidence-based guidelines
and outcomes research [18].

In the evaluation of neurological outcomes,
significant improvements were observed across motor,
sensory, and gait parameters over six months. Motor
deficits resolved completely by six months (p=0.04).
Sensory deficits were initially present in 100% of patients
but improved dramatically to 8% at six months, reflecting
a 92% improvement with high statistical significance.
Gait disturbance was noted in 96% preoperatively,
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decreasing to 36% by six months, indicating a 62.5%
improvement (p=0.001). These findings align well with
published data by Balasubramanian et al. showing
that TLIF effectively decompresses neural elements,
promotes nerve root recovery, and facilitates substantial
functional neurological recovery, with most deficits
improving gradually over months postoperatively without
persistent major deficits [23].

Studies have also emphasized that the unilateral
posterior approach preserves posterior soft tissues,
aiding neurological recovery, and that early motor
improvements portend good clinical outcomes [24].
Although some sensory symptoms may persist longer, a
profound reduction over time indicates successful nerve
decompression and stabilization achieved by TLIF. These
neurological outcome trends are supported by both
retrospective and prospective clinical series investigating
TLIF in the treatment of spondylolisthesis [25]. However,
our cohort adds valuable data specific to the Indian
context, where higher preoperative disability, advanced
slip grades, and delayed presentation are common.

The correlation of various demographic, clinical, and
radiographic parameters with study outcomes, measured
by ODI and VAS, reveals significant associations,
particularly with age, obesity, location of pathology, and
grade of spondylolisthesis. Patients >70 years had higher
disability scores. Obesity was significantly correlated
with worse outcomes in both ODI (p=0.02949) and VAS
(p=0.00110), consistent with recent findings by Garcia
et al., who reported that higher BMI negatively affects
recovery and results in elevated pain and disability
scores postoperatively [26]. Spondylolisthesis grade
also showed a highly significant correlation with both
ODI (p=0.00028) and VAS (p=0.00150), with higher
grades associated with worse disability and pain, echoing
the observations by Nedelea et al. regarding functional
impairment increasing with severity of spondylolisthesis
[27]. The location at L5-S1 was associated with
significantly higher ODI compared to L5-S1 (p=0.00848).
Sex and hypertension showed no significant correlation
with outcomes in this cohort. Diabetes mellitus was
significantly correlated with VAS scores (p=0.00160),
which aligns with recent data highlighting altered
pain perception in diabetic patients [28]. These
findings underscore the need for individualized patient
assessment incorporating these variables to optimize
treatment strategies and prognostication in spinal
disorders.

Study strengths and limitations

This study possesses many strengths including
its prospective design, which ensures systematic and
unbiased data collection; comprehensive evaluation of
multiple clinical, radiographic, and functional outcomes
such as pain (VAS), disability (ODI), neurological
recovery, and fusion rates, providing a holistic picture of
TLIF efficacy; and its focus on an Indian patient cohort,
filling an important regional data gap and addressing
demographic and healthcare nuances. Additionally,
the detailed reporting of neurological and functional
improvements with statistically significant results,
strengthens the clinical relevance of the findings.
However, the study has few limitations such as a
relatively small sample size of 50 patients, potentially
limiting the power to detect rare complications and
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reducing generalizability; a short-term follow-up period
of six months, which is insufficient to assess long-term
fusion success and late complications. Furthermore, its
single-center nature, absence of a control or comparison
group, and limited detail on rehabilitation protocols may
influence functional recovery outcomes and prevent
standardization of postoperative care. Despite these
limitations the study provides important contribution to
Indian spine surgery literature while identifying areas for
further research to confirm and expand these findings
in larger, multi-center, randomized trials with extended
follow-up.

Conclusion

This prospective study highlights that TLIF is
an effective and safe surgical option for managing
spondylolisthesis in an Indian patient cohort,
demonstrating significant postoperative improvements in
pain, disability, neurological recovery, and sagittal spinal
alignment. Key findings include a significant reduction
in pelvic tilt, increased sacral slope and lumbar lordosis,
and high fusion rates with minimal complications. Clinical
outcomes were influenced by patient- and disease-related
factorsincluding age, obesity, diabetes, anatomical level,
and grade of spondylolisthesis, emphasizing the need
for individualized patient assessment. These results
contribute valuable region-specific data to support
tailored surgical planning and improve functional and
neurological outcomes in patients with varying degrees
of spondylolisthesis. However, larger, multi-center
studies with longer follow-up are warranted to validate
these findings, assess the long-term durability of fusion,
and optimize perioperative care protocols tailored to
regional patient populations.
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CnoHannonictes, abo nepeaHe 3MilLeHHs Xpebus, — ue ckiagHe 3aXBOPOBaHHS
xpebTa, WO XapakTepu3yeTbCS Pi3HOMaHITHUMM CMMNTOMaMn Ta noTpebye
pi3HMX MiaxoA4iB A0 NikyBaHHSA. TpaHcdopaMiHanbHa nonepekoBa MiXTisioBa
dikcauia (TLIF) mae nepeBaru nepej 3agHbOK MOMNEPEKOBOK MiXTiNOBOK
dikcauieto (PLIF), ane perioHanbHi gaHi 3 IHAIT obMexeHi.

MerTa: OUiHUTK KAiHiYHI, paaionoriyHi Ta MyHKUIOHaNbHi pe3ynbTaTy nicns
BMKOHaHHA TLIF y nauieHTIiB 3i CNOHAMMIONICTE30M MOMEepeKoBOro BiaAiny.

MaTtepianmu i metoan. NpoBeaeHO NPoOCNeKTMBHE AOCHAIAXEHHS
KNIHIYHUX, pafionoriyHnx i dyHKuUioHanbHUX pe3ynbTtaTiB y 50 nauieHTiB 3i
crioHAnnonicTesom norepekosoro siaainy II-IV cTyneHa nicng BUKOHAHHSA
TLIF y Meanu4yHOMY LeHTpPi TPEeTUHHOI MeaAnYHOi fonoMoru B LleHTpanbHin IHAii.
OuiHtoBanu iHTEHCMBHICTb 60110 3@ BidyanbHOK aHanorosoto wkanoto (BALL),
iHBanigmM3auito 3a iHAekcoMm iHBanigHocTi OceecTpi (ODI), HeBponoriyHuni
CTaTyC, KOpeKLUilo KyTa 3MilleHHS, YacTOoTy 3pOLeHHS 1 YCKNaAHEHHS A0 Ta
nicnsa onepadii. 3a KpUTUYHUIA piBEeHb 3Ha4vyLwocTi npunmanu 0,05.

Pesynbratn. YpaxeHumun pisHamum 6ynm L4-L5 (56%) Tta L5-S1 (44%).
[oonepauinHi cepenHi 3HayeHHs ouiHkn 3a BALL i ODI cTtaHoBunm 7,4+1,0 Ta
(74£10)% BianosiaHo. Yepe3 6 Mic iHTeHCuBHICTL 6onto 3a BALL 3HM3mnacs
Ha 71,6% (po 2,1), ODI — Ha 88% (a0 9,5%) (p<0,001). 3apeecTpoBaHo
HEBPOJIOriYyHEe BiAHOB/IEHHS: NMOBHE YCYHEHHS MOTOPHOro gediunTty Ta
noninwWeHHsA Yy TANBOCTI Ha 92%. CepeaHa KOpeKLisa KyTa 3MilleHHS CTaHOBWIa
(14,6+£5,3)°, yacToTa ycniwHOro 3poweHHs — 92%. YcknagHeHHa 6ynu
MiHIManbHUMK: y 4% Bunagkie — iHdeKkuia paHu, we B 4% — TUM4YacoOBiI
HEBPOJIOTiYHi NnopyweHHsA. Bunaakis BiaMoBW iMniaHTaTiB He 6yno.
BucHOBKMW. 3acTocyBaHHA TLIF npoageMoHCTpyBano BiAMiHHI KOPOTKOCTPOKOBI
pe3ynbTaTh, 30KpeMa Aano 3MOry 3Ha4yHO 3MEHLWWUTU iHTEHCUBHICTb 6onto,
cnpusano dyHKUIOHaNbHOMY Ta HEBPOJIOTIYHOMY BiAHOBJIEHHIO, MiABULLMIO
YacToOTy YCMIWHOro 3pOLWeEeHHS B MAUIEHTIB i3 CEPEAHbOTAXKUM i TAXKKUM
cnoHaunonictesoM B IHAIT. [Ans niaTBepAXeHHS pe3ynbTaTiB HeobxiaHO
NpoBeCTU TpuBanNi AOCIAXEHHS Y BEIMKUX KOropTax.

KnrwuoBi cnoBa: crioHguaonictes; HecTabinbHicTe xpebta, TLIF; ODI; BALLI
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Introduction: Giant parasagittal and falcine meningiomas are surgically
challenging due to their frequent involvement of the superior sagittal sinus
(SSS), proximity to eloquent cortex, and complex venous anatomy. Although
these tumors carry a high operative risk, detailed analyses of surgical difficulty
remain limited in the literature.

Objective: This narrative review of published case reports and series aims
to delineate the key determinants of surgical complexity in giant parasagittal
and falcine meningiomas, including tumor size, sinus involvement, anatomical
constraints, and intraoperative decision-making while emphasizing the balance
between surgical radicality and patient safety.

Methods: A narrative review and multicase synthesis were performed,
analyzing 22 published reports (19 case reports and 3 case series) describing
the microsurgical management of giant parasagittal and falcine meningiomas.
Studies were included based on the PICOS framework, focusing on tumors
=5 cm with original surgical and outcome data. Extracted variables included
demographics, tumor size, location, SSS involvement, histology, surgical
technique, and clinical outcomes.

Results: A total of 36 patients were identified. Most tumors were parasagittal
(52.8%), involved the middle third of the SSS (38.9%), and demonstrated
SSSinvasion (78.6%), with complete occlusion in 64.3% of cases. Gross total
resection was achieved in 75.7% of cases. Pediatric patients (11.1%) were
more frequently associated with high-grade histology and intraoperative
complications. Tumors involving the middle third of the SSS and those with
parasagittal location were consistently associated with increased technical
difficulty, venous bleeding, and postoperative deficits. Overall, 72.2% of
patients experienced favorable recovery, while 11.1% had poor outcomes,
including tumor recurrence or death.

Conclusion: Surgical management of giant parasagittal and falcine
meningiomas is technically demanding, particularly in pediatric cases and when
tumors involve the parasagittal region or the middle third of the SSS. Careful
preoperative venous evaluation and individualized strategies are crucial for
optimizing the resection while minimizing complications.

Keywords: parasagittal meningioma; falcine meningioma, giant meningioma,
surgical complexity

Introduction

Parasagittal meningiomas, which are defined by

Parasagittal and falcine meningiomas are among
the most frequently encountered intracranial tumors,
ranking second only to convexity meningiomas in
terms of location [1, 2]. Arising from the arachnoid
cap cells, often near the arachnoid villi along the falx
cerebri or superior sagittal sinus (SSS), these tumors
are associated with significant surgical morbidity and
account for approximately 2.6-6.7% of meningioma-
related deaths [3]. Although they are generally
histologically benign, their proximity to essential venous
structures and cortical regions poses considerable
surgical challenges [4].

their involvement with the wall or lumen of the SSS,
represent approximately 20-30% of all intracranial
meningiomas [5]. Surgical complexity is amplified in
giant tumors, commonly defined as those measuring
more than 5 cm in diameter [6]. These large tumors
often compress or invade the SSS, impair venous
drainage, and distort adjacent brain tissue, elevating
the risks of venous infarction, cerebral edema, and
neurological deficits [4, 7, 8]. The challenges are
particularly pronounced when the lesion involves the
middle or posterior thirds of the sinus or is situated
near eloquent brain areas, such as the sensorimotor
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or supplementary motor cortex [1, 9, 10]. Similarly,
parafalcine meningiomas, typically located parafalcine
meningiomas, typically located deep within the
interhemispheric fissure, pose challenges due to limited
surgical exposure and proximity to critical structures
[5, 11].

While gross total resection (GTR) offers the
best chance of minimizing recurrence, its feasibility
is often constrained by the need to preserve vital
venous and cortical anatomy [11, 12]. Despite the
growing awareness of the complexities associated with
parasagittal and falcine meningiomas, giant variants
remain underrepresented in the literature, particularly
in terms of detailed, case-level surgical evaluations [8,
13]. Additionally, there remains limited consensus on
optimal strategies for managing tumors with partial
or complete SSS occlusion [6]. These gaps underscore
the need for a focused synthesis of case-level data on
surgical complexity, venous sinus management, and
outcomes in giant parasagittal and falcine meningiomas.

Objective

This narrative review of published case reports
and series aims to delineate key determinants of
surgical complexity in giant parasagittal and falcine
meningiomas including tumor size, degree of sinus
invasion or occlusion, venous and cortical anatomical
constraints, and intraoperative decision making. The
review also aims to relate these factors to the extent
of resection, perioperative complications, and overall
clinical outcomes, while emphasizing the need to balance
surgical radicality with patient safety.

Methods

This narrative review was conducted to systematically
identify clinical and anatomical factors contributing to
surgical complexity in giant parasagittal and falcine
meningiomas, based on published case reports and
case series.

Eligibility criteria

The study followed the PICOS framework:

Population: Patients of any age diagnosed with
parasagittal or falcine meningiomas =5 cm, with or
without SSS invasion.

Intervention: Microsurgical resection, including
GTR, near total, or subtotal resection (STR) approaches,
with or without adjunctive measures such as sinus
reconstruction, preoperative embolization, or
radiotherapy.

Comparison: Cases were analyzed based on degree
of sinus invasion (none, partial, complete), tumor location
(anterior, middle, posterior third), patient age (pediatric
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vs. adult), histological grade (WHO I-III), and extent
of resection.

Outcomes:

- Primary: Identification of factors associated with
increased surgical difficulty, including sinus invasion,
tumor location, patient age, etc.

- Secondary: Neurological recovery, extent of
resection, recurrence, and surgical complications.

Study Design: Case reports and series with original
surgical and outcome data.

Only full-text articles published in English were
included.

Studies were excluded if tumors were <5 cm, located
outside the parasagittal or falcine region, or lacked
surgical or outcome details.

Search strategy

A structured search of PubMed, ScienceDirect,
SpringerlLink, and the Cochrane Library was conducted
for articles published up to May 2025, using the
following terms: "Falcine meningioma" OR "parasagittal
meningioma") AND ("surgical resection" OR "Simpson
grade") AND ("superior sagittal sinus" OR "SSS
invasion") AND ("case report" OR "case series").
Relevant references from selected studies were
also reviewed.

Data extraction and analysis

Two reviewers independently extracted data using
a standardized form, collecting patient demographics,
tumor features (size, location, SSS involvement,
histology), surgical strategy, and clinical outcomes.
Descriptive statistics were applied, and a structured
comparison was used to explore associations between
specific factors (e.g., venous anatomy, pediatric status,
tumor site) and surgical complexity or outcomes.

Results

Study selection and identification

A total of 548 records were identified through a
systematic literature search of four databases: PubMed
(n=127), ScienceDirect (n=173), SpringerLink (n=130),
and the Cochrane Library (n=148). After removing
duplicates, the remaining articles were screened based
on title, abstract, relevance to the predefined inclusion
criteria, language (English), and full-text accessibility.
Following full-text assessment, 22 studies, comprising
19 case reports [5, 7, 13-29] and 3 case series [6, 9,
30], met all eligibility criteria and were included in the
final analysis.

Summary of findings

A total of 36 patients were included in the analysis
(Table 1), comprising 19 males (52.8%) and 17 females
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(47.2%). The majority were adults (n=32, 88.9%), with a
mean age of 52.5+12.5 years, while four patients (11.1%)
were children (mean age 5.75+3.8 years). The most
common presenting symptoms were motor or sensory
deficits, reported in 14 patients (38.9%), including
weakness, hemiparesis, foot drop, and gait disturbances.
Symptoms of raised intracranial pressure were present in
10 patients (27.8%), while seizures occurred in 9 cases
(25%), including generalized, focal, and complex partial
types. Cognitive or behavioral changes were reported
in 4 patients (11.1%), such as memory impairment,
aggression, or glossolalia.

The average tumor size was 7.69 x 5.80 x 5.56 cm,
indicating a large lesion volume, primarily parasagittal
(n=19, 52.8%) and falcine (n=16, 44.4%), with one
patient (2.8%) exhibiting combined falcine-parasagittal
involvement. Regarding tumor site within the SSS, the
middle third was the most commonly affected region
(n=14, 38.9%), followed by the anterior third (n=12,
33.3%). Multiple adjacent segments were also involved
(anterior-middle: n=3, 8.3%; middle-posterior: n=1,
2.8%). Posterior third involvement was noted in 2 cases
(5.6%). Overall, SSS invasion occurred in 22 patients
(78.6%), with complete invasion in 18 (64.3%) and partial
invasion in 4 (14.3%).

Gross total resection (GTR) was achieved in 28
patients (75.7%), including two cases who underwent
simultaneous sinus reconstruction. Incomplete resection
was reported in 4 cases (10.8%). Histopathologically,
meningothelial meningioma was the most common
subtype (n=12, 33.3%), followed by atypical (n=9,
25%), transitional (n=7, 19.4%), and malignant variants,
including anaplastic and malignant meningiomas
(n=2, 5.6%). Most tumors were WHO Grade I
(n=19, 52.8%), with Grade II in 9 cases (25%) and
Grade III in 2 (5.6%).

Postoperatively, 26 patients (72.2%) had favourable
recovery, while 6 (16.7%) experienced residual
neurological deficits (mild hemiparesis, seizures well
controlled with anticonvulsants, apraxia, intermittent
headaches, and sixth nerve palsy). Four patients (11.1%)
who experienced tumor recurrence had poor outcomes
(worsening of symptoms, metastases, progressive tumor
enlargement, multiple tumors detected, and death).
The median follow-up duration was 17.5 months (range
2-180 months), and the mean length of hospital stay
was 10.77+8.36 days.

Factors Contributing to Surgical Difficulty

Pediatric meningioma

The surgical management of giant parasagittal
and falcine meningiomas is frequently complicated
by a combination of factors, including patient age,
vascular involvement, tumor location, and anatomical
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Descriptive Data

Variable (n=36)
Gender
Male 19 (51.4%)
Female 17 (45.9%)
Age Group
32 (88.9%),

Adults 52.5412.5

. 4 (11.1%),
Children L (411%)
Presenting Symptoms
Seizures 9 (25%)

ICP-related symptoms

10 (27.8%)

Motor/sensory deficits

14 (38.9%)

Cognitive/behavioral changes

4 (11.1%)

Tumor size (mean)

7.69 x 5.80 x 5.56

Tumor Location

Falcine

16 (44.4%)

Parasagittal

19 (52.8%)

Falcine-Parasagittal

1 (2.8%)

Tumor Site (SSS thirds)

Anterior third

12 (33.3%)

Middle third

14 (38.9%)

Posterior third 2 (5.6%)
Anterior-Middle 3 (8.3%)
Middle-Posterior 1 (2.8%)

SSS Invasion

Complete 18 (64.3%)
Partial 4 (14.3%)
None 6 (21.4%)

Extent of Resection

Gross Total Resection (GTR)

28 (75.7%)

Incomplete Resection

4 (10.8%)

GTR with sinus reconstruction

2 (5.4%)

Histopathological Subtype

Meningothelial meningioma

12 (33.3%)

Transitional meningioma 7 (19.4%)
Atypical meningioma 9 (25%)
Anaplastic meningioma 1 (2.8%)
Malignant meningioma 1 (2.8%)
WHO Grade

Grade I 19 (52.8%)
Grade II 9 (25%)
Grade III 2 (5.6%)

Postoperative Outcomes

Good recovery

26 (72.2%)

Recovery with deficits 6 (26.7%)
Poor outcome / Recurrence 4 (11.1%)
Follow-up Duration (months) 17.50 (IQR 2-180)
Length of Hospital Stay (days) 10.77+£8.36
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subtype (See Table 2 at the link https://theunj.
org/article/view/338724/331688). Pediatric
patients, for instance, present unique challenges due
to more aggressive tumor behaviour and a higher risk
of intraoperative complications [5, 7, 21, 22]. In our
review, four children (11.1%) were identified, with a
mean age of 5.75+3.8 years; three had atypical and
one had anaplastic meningioma. Li et al. reported a
2-year-old child with a 14.2 x 13.5 x 11.1 cm occipito-
temporo-parietal tumor featuring necrosis, vascularity,
and bone erosion. The patient underwent staged
resection but experienced two episodes of hemorrhagic
shock, including one with unrecordable intraoperative
blood pressure; nonetheless, gross total resection
was achieved, and the child remained recurrence-free
at 5 years [5]. Similarly, Savateev et al. described a
10-year-old with an 11 x 8.5 cm parasagittal tumor
extending intra- and extracranially with SSS invasion;
initial surgery was aborted due to hemorrhage,
and the tumor was removed during a second-stage
operation, followed by complete recovery and adjuvant
stereotactic radiotherapy [18]. Other cases, such as
those reported by Honda and Doxtader, involved high-
grade meningiomas with recurrence or metastasis
despite surgical resection [21, 22]. These pediatric
cases highlight the need for cautious, individualized,
and often staged approaches as well as long-term
postoperative surveillance.

Vascular complexity and middle third SSS
involvement

Vascular factors, particularly SSS invasion, high
tumor vascularity, and dependence on collateral venous
pathways, pose significant challenges in resecting giant
parasagittal and falcine meningiomas [7, 9, 26]. These
challenges are especially pronounced when the tumor
involves the middle third of the SSS, a region closely
associated with the eloquent cortex and prominent
bridging veins such as the rolandic and precentral veins
[5]. In our review, nine cases (37.5%) demonstrated
involvement of the middle third segment, resulting
in SSS occlusion. Otani et al. (2018) utilized 3D
computed tomography (CT) venography to visualize
multiple rolandic veins near a 6 cm falcine tumor,
enabling a gravity-assisted interhemispheric approach
[9]. Similarly, Wang et al. (2022) described a large
parasagittal meningioma infiltrating the middle third of
the SSS, with CT venography revealing complete sinus
occlusion and displacement of the right precentral vein
[7]. Consequently, surgical strategies should prioritize
the preservation of collateral venous pathways and
employ patient positioning techniques that enhance
cerebral venous drainage, thereby minimizing the risk
of postoperative neurological deficits.
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Several cases further illustrate the surgical impact
of venous anatomy. In Bederson's 1995 report, partial
SSS occlusion in an 8 cm parasagittal tumor led to
significant sinus bleeding, requiring a staged resection
[15]. In Kusdiansah's 2023 case, CT venography revealed
complete SSS occlusion with compensatory diploic vein
bypass. This finding led the surgical team to design an
"L"-shaped craniotomy that preserved venous outflow,
allowing for safe resection without compromising the
bypass [28]. Rajagopal (2022) described a case with
complete sinus blockage and prominent bridging vein
networks, which necessitated an intrinsic resection
strategy to avoid venous infarction [19]. Li and Gotohda
each reported highly vascular tumors that resulted in
intraoperative hemorrhagic shock; in Gotohda's case,
prior embolization of arterial feeders made resection
safer [5, 14]. Psaras et al. (2009) were only able to do
subtotal resection of a middle-third SSS tumor due to
dense sinus adherence and bleeding; tumor recurrence
and lung metastasis developed 15 years later [27].

Falcine vs parasagittal meningioma

Finally, tumor location plays a key role in determining
surgical complexity. Parasagittal meningiomas are
generally more challenging to resect than falcine
tumors due to higher rates of SSS invasion, peritumoral
edema, and hyperostotic bone changes [16, 20,
22]. In this review, 18 cases (64.3%) of parasagittal
meningiomas invaded the SSS, compared to just 3
cases (10.7%) of falcine tumors. Parasagittal tumors
more frequently exhibited vasogenic edema, which
complicates resection and recovery. For example,
Walker et al. (2023) described a parasagittal tumor with
extensive edema and intraoperative evidence of pial
invasion [16]. Similarly, Bederson (1995) and Okunlola
(2024) reported neurological decline associated with
peritumoral edema and cystic changes [15, 20].
Hyperostosis further complicates surgery in parasagittal
lesions. Rajagopal (2022) described hypervascular bone
overlying a parasagittal tumor requiring a sinus-sparing
approach [19]. Moreover, Savateev (2016) and Wang
et al. (2016) noted cases where bony hyperostosis
contributed to increased intracranial pressure,
prompting decompressive craniectomy [6, 18]. Overall,
these findings highlight parasagittal meningiomas are
often more invasive and technically demanding than
their falcine counterparts.

Discussion

Gross total resection (GTR) remains the primary
surgical goal in the management of meningiomas due to
its consistently superior outcomes in progression-free
survival (PFS) and overall survival (OS), as demonstrated
across multiple studies [31-34]. In our review, GTR was
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achieved in 75.7% of patients, while STR was performed
in 10.8%. Soyuer et al. (2004), reported significantly
higher 5-year PFS rates in patients undergoing GTR
compared to STR (77% vs. 52%, p=0.02) [35]. Similarly,
Aizer et al. (2014) reported improved 5-year OS in
patients with atypical and malignant meningiomas who
underwent GTR [36]. Sun et al. (2015) also demonstrated
superior PFS rates in favor of GTR [37]. In pediatric
populations, Wach et al. (2025) reported significantly
longer PFS and OS for GTR over STR based on pooled
data from 20 studies (PFS: 113.8 vs. 40.1 months; OS:
602.9 vs. 173.8 months; both p<0.001) [31].

In this review, the extent of resection was recorded
as described by the original authors. Most studies defined
GTR as Simpson Grade I-III removal, consistent with
evidence showing no significant difference in recurrence
between these grades when modern microsurgical
techniques are used [38]. In cases with SSS invasion or
occlusion, GTR often referred to complete macroscopic
removal of the extraluminal component with preservation
or reconstruction of venous outflow. For example, Aguiar
et al. (2022) achieved favorable outcomes following
Simpson Grade II resection and sinus preservation, while
Alzughaibi et al. (2024) and Aboud et al. (2021) reported
complete excision of tumors invading occluded sinus
segments, the latter with venous graft reconstruction.
Consistent with this strategy, Sirko et al. (2022) and
Kvasha & Spiridonov (2024) showed that tailoring the
extent of resection to preoperative assessment of SSS
patency and collateral venous outflow can increase
completeness (Simpson Grade I-II) while lowering
complications and subsequent tumor regrowth [40] [41].

Conversely, when safe sinus resection was not
feasible, subtotal removal followed by observation or
adjuvant radiotherapy was employed, as illustrated by
Psaras et al. (2009) and Kusdiansah et al. (2023) [27,28].
Thus, the 28 cases labeled as GTR in this review should
be interpreted within this context of “functional total
resection,” emphasizing maximal tumor removal while
maintaining venous integrity. This approach reflects
the current surgical philosophy that achieving a balance
between radicality and preservation of venous drainage
is crucial in the management of giant parasagittal and
falcine meningiomas.

Despite its benefits, GTR is not always feasible,
particularly in giant parasagittal or falcine meningiomas
with high vascularity, SSS invasion, or proximity to
eloquent cortex. For example, Savateev (2016) reported
the need for staged resection due to intraoperative
hemorrhage risk, resulting in a Simpson Grade IV
resection [18]. Similarly, Li et al. (2016) described a
successful two-stage GTR in a highly vascular pediatric
tumor with bone erosion and mass effect [5]. These
cases highlight that STR followed by delayed resection
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may be a safe and pragmatic alternative. In elderly
patients, since the risk of recurrence may be unlikely
within the patient’s lifetime, and if the tumors are
adjacent to critical structures, STR may be preferable.
GTR may not confer significant survival benefits [42].
Studies by Psaras et al. (2009), Kusdiansah et al. (2023),
and Karthigeyan et al. (2018) support STR with adjuvant
radiotherapy or delayed GTR as effective strategies for
long-term symptom control and favorable outcomes [27,
28, 30]. Therefore, while GTR should be pursued when
safely achievable, STR remains a valid option to balance
oncological control with surgical safety in selected cases.

Although tumor size often contributes to surgical
complexity, our analysis suggests that biological
behavior and tumor aggressiveness are more critical
determinants. In our review, 72.2% of patients had
favorable postoperative outcomes despite large
tumor size, indicating that size alone is not a reliable
predictor of surgical difficulty or outcome. Aggressive
features —such as high vascularity, sinus invasion,
and intraosseous extension—were more strongly
associated with intraoperative challenges [5, 18, 26].
Pediatric patients, in particular, frequently presented
with WHO grade II or III tumors requiring complex
or staged resections. For instance, Savateev et al.
(2016) described a 10-year-old with a large parasagittal
meningioma invading both the SSS and the skull;
although initially suspected to be grade I, the tumor
was confirmed as atypical (grade II) during surgery
[18]. The operation was halted due to life-threatening
hemorrhage. Arivazhagan et al. (2008) and Tufan et al.
also reported increased surgical risks and the need for
staged operations in pediatric patients, primarily due
to excessive bleeding [43, 44]. Lakhdar et al. (2010)
identified radiographic signs—such as hyperostosis
and intracranial hypertension that indicated aggressive
tumor behavior, regardless of tumor size [45]. These
findings underscore the need for further large-scale
studies to clarify the association between tumor
behavior and surgical complexity, particularly in high-
risk populations.

Management of meningiomas involving the SSS,
especially those affecting the middle third, remains
controversial due to the complexity of venous anatomy
and functional implications. Some authors including
Aboud et al. (2021) and Sindou et al. (1997) advocate
sinus reconstruction. They recommend resecting the
invaded segment and restoring venous flow using
autologous grafts when collateral drainage is insufficient
[13, 46]. Sindou emphasized that reconstruction may
help maintain venous circulation and prevent delayed
complications even in completely occluded sinuses [15,
46]. Conversely, other studies challenge this approach.
Wang et al. (2016) found that in cases of complete sinus
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occlusion with adequate collateral flow, reconstruction
may be unnecessary and it is associated with increased
risks such as infection, prolonged operative time, and
graft thrombosis. Similarly, Al-Mefty et al. also warned
that reconstruction in well-collateralized sinuses could
compromise critical cortical veins with limited benefit
[6, 15]. In our review, SSS invasion was observed in
78.6% of cases, with complete occlusion in 64.3%,
predominantly involving the middle third. While favorable
outcomes following sinus reconstruction have been
reported by Bederson (1995) and Aboud (2021), the
decision to reconstruct should be individualized based on
sinus patency, collateral circulation, anatomical location,
and patient-specific factors [13, 15]. Reconstruction
may be beneficial in select cases but is not universally
required.

Surgical outcomes for giant parasagittal and
falcine meningiomas are generally favorable, though
complications and recurrences remain possible,
especially in tumors with aggressive features or critical
anatomical involvement. In our series, 72.2% of patients
had favorable outcomes, while 16.7% experienced mild
neurological deficits including hemiparesis, seizures,
or cranial nerve palsies. Poor outcomes (11.1%) were
mainly due to recurrence, progressive disease, or
metastasis. Ozsoy et al. highlighted the role of tumor
location: among parasagittal meningiomas, GTR was
achieved in seven patients, with six experiencing good
recovery, two remaining unchanged, and two showing
poor outcomes, including one fatality due to cerebral
edema. In contrast, falcine meningiomas had more
favorable results: seven out of eight underwent total
resection, five experienced good recovery, and only one
death occurred due to postoperative meningitis, with no
recurrence reported [47].

Kalfas et al. reported that 87% of patients with
parasagittal and falcine meningiomas experienced
no complications postoperatively, with brain edema
being the most common complication, although none
required surgical intervention [32]. Similarly, Narayan
et al. reported a 5% operative mortality rate in patients
with large meningiomas (=5 cm), while Yasar et al.
observed no deaths among patients with giant tumors
who underwent Simpson grade I or II resections [4, 8].

This study presents a focused exploratory analysis of
the surgical challenges associated with giant parasagittal
and falcine meningiomas, emphasizing key factors such
as sinus invasion, vascular complexity, and anatomical
constraints. Synthesizing detailed case-level data offers
practical insights that may inform surgical planning and
guide future research. However, limitations include the
heterogeneity and incompleteness of available reports,
variability in surgical techniques, and short-term
follow-up, all of which restrict the generalizability of the
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findings. Further large-scale studies are warranted to
validate these observations and develop standardized
management protocols.

Conclusion

Giant parasagittal and falcine meningiomas pose
significant surgical challenges, primarily due to SSS
invasion, vascular complexity, and high-grade pathology
in pediatric cases. Parasagittal tumors, particularly
with middle-third SSS involvement, are associated with
greater technical difficulty and surgical risk. Despite
these factors, gross total resection and favorable
outcomes can be achieved in most cases. Optimal results
depend on careful preoperative venous assessment and
individualized surgical strategies that balance maximal
tumor resection with preservation of critical venous
structures.
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lraHTcbki napacariTanbHi ¥ danbKC-MEHIHFIOMM acoUuilolTbCSA 3i 3HAaYHO
XipypriyHol CKNafHICTIO Yepe3 yacTe ypaXX€HHS BEPXHbOro caritasibHoro
cuHyca (SSS), 6nm3bKicTb A0 dDYHKUIOHAaNbHO BaXX/IMBOi KOpW Ta CKNAAHY
BEHO3HY aHaToMilo. He3Baxkatoumn Ha BMCOKI onepauinHi pusnku, AeTanbHUn
aHani3 TeXHIYHUX TPYAHOLLIB y NiTepaTypi o6MexeHun.

MeTa: BU3HaYNTW KJTIOYOBI YUHHUKW XipyPriyHOT CKNAAHOCTI MPU riraHTCbKNX
napacaritanbHuX i hanbKC-MeHiHrioMax, 30KpeMa po3Mip NyX/IMHWN, YpaXKeHHs
SSS, aHaTOMiYHi 06MeXeHHS, iIHTpaonepauiiHe NPUUHATTA pilleHb, 3 aKLEHTOM
Ha 6anaHci M paanKanbHICTIO BTPy4YaHHa Ta 6e3neKkoto nauieHTa.

MaTtepianu i Mmetoaun. lNMpoBeaeHO HapaTUBHWUN ornag i CUHTE3
baratoBapiaHTHMX BMMNaAKiB, NpoaHanizoBaHo 22 onybnikoBaHWx Axepena
(19 kniHiYHMX BUNaAKiIB i 3 cepii), B AKMX ONUCAHO MiKpOXipypriyHe NikyBaHHS
riraHTCbKMX napacaritTanbHux i danbkc-meHiHriom. Bigbip nybnikauin
nposoannu 3a npuHumnom PICOS 3 akueHTOM Ha NyXJIMHU po3MipoM =5 cM, 3
OpUriHanbHUMM A@aHUMU LWOAO Xipyprii Ta pe3ynbTaTiB NikyBaHHA. AHanizyBanu
Taki 3MiHHi: gemorpadiyHi AaHi, po3Mipn NyxXaAnHW, Nokanisauis, ypaxXxeHHs
SSS, ricTonoris, XipypriyHa TexHika Ta KNiHiYHi pe3ynbraTy.

PesynbTtatn. BuasneHo 36 nauieHTiB. BinbwicTb NnyXnamH 6ynn
napacaritansHumm (52,8%), ypaxanu cepegHto TpeTuHy SSS (38,9%) i
AeMOHCTpyBanu iHBasito B SSS (78,6%), i3 noBHO okto3ieto B 64,3% BUNaaKis.
[MoBHOro BUAANEHHSA NYXJIMHU AOCATHYTO B 75,7% BUNaakiB. Y neaiaTpuyHux
nauienTie (11,1%) BusiBNeHo 6inbly 4acTOTy MNYXJIMH BUCOKOrO CTYMeHs
3/105IKiICHOCTI 1 iHTpaonepauiinHux ycknaaHeHb. MNyXanHM cepeHboi TPEeTUHU
SSS i napacaritTanbHOi loKanizauii Nocnig0BHO acouitoBanmcs 3 NiABULLEHOO
TEXHIYHOK CKNaAHICTO, BEHO3HOK KpoOBOTeYew Ta nicnsonepauinHuMm
aediumtamm. Y 72,2% nauieHTiB 3apeecTpoBaHo BiAHOBNEHHS, ¥y 11,1% —
HecnpusaTAMBi pe3ynbTaTh (peunams abo cMepTh).

BUCHOBKM. XipypriyHe niKyBaHHSA riraHTCbKMX napacariTalbHux i
(hasibKC-MEHIHIOM € TEXHIYHO CKNagHuUM, ocobnmMBo B AiTel Ta y Bunagkax
ypaXkeHHs napacaritanbHoi ainsHkmn abo cepeaHboi TpeTnHM SSS. PeTenbHa
AoorepauiiHa ouiHKa BEeHO3HOI aHaToMii Ta iHAMBIAyani3oBaHi XipypriyHi
cTpaTerii € K/toYOBMMU AN ONTUMI3auiil pe3ekuii Ta MiHiIMi3auii ycknagHeHb.

KnwouoBi cnoBa: napacaritasibHa MEHIHrioMa, (pasibKC-MEHIHIrioMa,; riraHTCbKa
MEHIHrioma,; XipypriyHa cK1a4HIiCcTb
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Background: Postoperative seizures are a recognized complication following
decompressive craniectomy (DC); the global research landscape regarding
seizure detection in this context remains insufficiently characterized.
Bibliometric mapping provides insights into emerging trends and knowledge
gaps.

Objective: This study aims to map and evaluate international research output
on seizure detection in critically ill patients after decompressive craniectomy.

Methods: Relevant literature was collected from Scopus, PubMed, CrossRef,
and Google Scholar using the terms ‘decompressive craniectomy AND seizure
AND detected’ via the Publish or Perish software. Records were exported in
RIS format and analysed with VOSviewer to generate keyword co-occurrence
networks, cluster maps, and temporal trend visualizations.

Results: A total of 1,605 publications from 2015-2025 were analyzed. Annual
research volume increased, particularly since 2018. The co-occurrence network
analysis identified four thematic clusters: (1) clinical outcomes and prognosis,
(2) surgical techniques and perioperative management, (3) intracranial
pressure and monitoring strategies, and (4) seizure detection and critical
neurological care. Overlay analysis revealed a gradual thematic shift toward
seizure monitoring and electroencephalography EEG-based approaches in
recent years, while density visualization confirmed that seizure detection
remains an emerging but relatively underdeveloped research area. The most
prolific contributor was identified with 126 publications.

Conclusion: Although publications on decompressive craniectomy have grown
rapidly, seizure detection remains a relatively small but growing research topic.
Increased focus on neurocritical monitoring indicates future opportunities for
developing evidence-based protocols and collaborative studies in this field.

Keywords: decompressive craniectomy; seizure detection; intensive care;
bibliometric studies; VOSviewer

Introduction

or subclinical (non-convulsive), and clinical signs are

Decompressive craniectomy (DC) is a crucial surgical
intervention often performed to reduce intracranial
pressure in patients with severe brain injury, ischaemic
or haemorrhagic stroke who experience refractory
cerebral oedema [1-3]. Although DC can save lives by
reducing herniation and improving cerebral perfusion,
the procedure also places patients at risk of short-term
and long-term neurological complications [4-6].

One of the most commonly reported complications
is seizures. Seizures in post-DC patients not only
worsen neurological dysfunction but are also associated
with increased length of intensive care, morbidity,
and mortality [7,8]. Therefore, early detection and
monitoring of seizures in the critical care unit is an
important aspect of postoperative management. The
prevalence of post-craniotomy seizures varies, generally
ranging from 3% to 30% in various studies, depending on
the patient's condition and the type of surgical procedure
performed [9, 10].

Clinical challenges surrounding seizure detection in
the complex post-DC population: seizures can be clinical

Copyright © 2026 Kuat Widodo, Saryono, Novita Anggraeni

often masked by sedation, paralysis, or comorbid medical
conditions, making clinical-based detection difficult. In
this context continuous electroencephalography (cEEG)
monitoring, automatic detection algorithms, multimodal
monitoring including EEG, intracranial pressure,
oximetry), and other non-invasive techniques play a
crucial role [11-13].

However, the diversity of protocols, resource
availability, variations in seizure definitions, and
differences in reported outcomes make the consolidation
of clinical knowledge and research challenging.

Although seizures are a common complication after
severe brain injury, patients undergoing decompressive
craniectomy represent a distinct subgroup due to their
altered intracranial physiology and cortical exposure.
This subgroup requires specific EEG monitoring
approaches and postoperative management strategies,
justifying the bibliometric focus on this population.

Over the past two decades, the literature on post-DC
seizure detection has grown alongside advances in
monitoring technology about portable EEG, machine

This work is licensed under a Creative Commons Attribution 4.0 International License
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learning for EEG pattern detection and increased
awareness of the importance of subclinical seizures
[14-16]. In the present study, we employed bibliometric
approach to describe research trends about seizure
in post decompressive craniectomy patient based on
numerous case studies such as case series, observational
studies, and a number of narrative or systematic reviews.

The reasons for choosing bibliometric studies on
this topic are based on several practical and scientific
considerations. First, there has been no bibliometric
study that systematically maps global trends in research
on seizure detection in post-DC with outcomes in
intensive care. Second, bibliometric research can also
identify methodological trends, whether studies tend
to be observational, experimental, or registry-based,
thereby providing input for stronger study designs in
the future. Third, the identification of international
collaboration networks and funding sources can assist
policymakers and researchers in designing collaboration
strategies or resource allocation.

Given the complexity of clinical phenomena
involved and the heterogeneity of the literature,
bibliometric studies must be conducted with a clear scope
regarding the range of publication years, databases and
structured keywords. Analysis methods may involve
basic quantitative metrics such as annual publication
numbers, citations and H-index. Network analyses —
such as author collaboration, citation collaboration,
and bibliographic linking — as well as topic modelling
or clustering using VOSviewer, CiteSpace, or other
bibliometric tools, can be used to identify research trends
and topic evolution over time.

Although the number of publications related to
decompressive craniectomy has increased rapidly,
research on the detection of post-DC seizures is still
relatively limited, fragmented, and mostly in the form
of observational studies or case reports. In addition,
there has been no bibliometric analysis that specifically
maps global trends, collaborations, and the direction of
research development in this field.

Therefore, this study aims to present a bibliometric
mapping of seizure detection in critically ill patients
after decompressive craniectomy, thereby providing
a foundation for future research development, clinical
practice, and health policy.

Materials and methods

Study design

This study employed a bibliometric design to
describe publication trends, author collaborations, and
research topics related to seizure detection in patients
after decompressive craniectomy in the last decades
from 2015-2025.

Data sources and search strategy

Bibliographic data were collected from four main
sources: Scopus, CrossRef, PubMed, and Google Scholar.
Scopus was selected as the primary source due to its
broad coverage and high indexing standards. CrossRef
was used to obtain publication metadata including titles,
authors, publication years, digital object identifiers
(DOIs), journal names, and citations. PubMed was
selected because it is relevant to the fields of medicine
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and critical care nursing, and provides peer-reviewed
literature in the fields of neuroscience and intensive care.
Google Scholar was used to supplement the literature
search with a broader range of publications, including
articles that may not be indexed in traditional databases.
Data collection was carried out using the latest version of
Publish or Perish software, which can extract publication
metadata from these three sources in RIS format. The
search strategy was formulated using a combination of
the keywords ‘decompressive craniectomy’ AND ‘seizures’
AND ‘detected’ and complete Boolean operators such as
“decompressive craniectomy” OR “craniectomy” AND
“seizure” OR “epilepsy” OR “convulsion” AND “detection”
OR “monitoring” OR ‘EEG’ OR “continuous EEG". The
search was limited to the year range between 2015 and
2025, publication type must be research articles and
reviews, in English and research procedure.

The search was restricted to the period from 2015-
2025 in order to capture the post-digital monitoring era,
during which continuous EEG and algorithmic seizure
detection became more widespread in critical care and
neurosurgical settings.

Data analysis

Vosviewer

The analysis was performed using the latest
VOSviewer software (version 1.6.19) with the
following steps: Descriptive bibliometric analysis:
calculating the number of publications per year, journal
distribution, citations, and H-index. Network analysis
by Co-authorship: to map author and institutional
collaborations, Co-citation: to identify the most
influential references and Keyword co-occurrence: to
find dominant research topics (research hotspots).
Bibliometric map visualisation: created with VOSviewer,
producing network visualisation, density visualisation,
and temporal visualisation (overlay visualisation) maps
to see developments.

PRISMA flowchart

Brief methodology used by researchers during
processing. RIS parsing: each RIS file is separated
per entry, then common tags are extracted. Duplicate
removal prioritises DOI as the key and when DOI is
unavailable, normalised titles are used. Records are
filtered to include only publications between 2015 <
year < 2025. Prioritise relevance of titles, abstracts
and keywords containing the terms decompressive
craniectomy, craniectomy and craniotomy as well as
terms related to seizures. Only documents with tags,
journal indicators or articles included are retrieved.
Each included record was manually screened to
confirm that the population involved decompressive
craniectomy or hemicraniectomy. Studies limited to
closed-skull traumatic brain injury (TBI) without surgical
decompression were excluded. Heuristic clinical trial
method by searching for the phrases clinical trial,
randomised, RCT, controlled trial, or tags containing
Clinical Trial.

Results

Although 1,605 records were analysed for
bibliometric mapping, only 13 met strict inclusion for
detailed descriptive synthesis focusing specifically on

This article contains some figures that are displayed in color online but in black and white in the print edition.
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EEG-based seizure detection following DC. This explains
the apparent discrepancy between PRISMA and total
bibliometric data (Fig. 1).

Base on mapping of research topic clusters,
keywords related to decompressive craniectomy and
seizure detection are distributed across several main
clusters. The purple cluster focuses on seizures,
detection, and neurocritical care representing research
on post-operative seizure complications following
craniectomy and both clinical and instrumental
detection efforts. The green cluster is related to the
terms management, review, craniotomy, acute subdural
haematoma, and medical treatment emphasizing
aspects of critical care management following DC. The
blue cluster is dominated by the keywords including
cranioplasty, intracranial hypertension, monitoring,
and risk factors, reflecting research on postoperative
intracranial pressure management and associated
risks. The red cluster contains terms such as admission,
Glasgow Coma Scale (GCS), discharge, mean age,
outcome, and significant difference indicating a focus on
patient characteristics, neurological assessment scores,
and clinical outcomes. Notably, the keywords ‘seizure’
and ‘detection’ are located at the edge of the network,
suggesting that these topics are still niche research area
with limited connectivity compared to other major topics
such as intracranial hypertension and postoperative
management (Fig. 2).
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The changes in research focus based on year
of publication shows the distribution of research
publication. Yellow indicates more recent research
(2021-2022), while blue-violet denotes earlier research.
Initial research predominantly focused on intracranial
hypertension, cranioplasty, and management. In
contrast, current trends (2021-2022) show an increased
focus on admission characteristics, outcome measures
(GOS, the Rankin scale), and seizure detection in critical
care units. This indicates a shift in research from purely
surgical aspects to neurological monitoring and patient
outcomes, including seizure complications (Fig. 3).

Base on the research topic intensity and saturation
level, the yellow areas indicate the most frequently
occurring keywords and the focus of the research. The
most prominent words are ‘management’, ‘intracranial
hypertension’, and ‘cranioplasty’. Meanwhile, the terms
‘seizure’, “detection”, and ‘neurocritical care’, although
appearing, are still in areas with lower intensity,
indicating that literature related to seizure detection
after decompressive craniectomy is still relatively limited
compared to other topics (Fig. 4).

Description

Based on Figs. 2, 3 and 4, research on seizure
detection in patients after DC has begun to appear in the
literature, but it is still marginalized compared to major
themes such as intracranial hypertension management
and post-operative outcomes. Recent trends show a
shift in focus towards neurological monitoring, patient

Identification of new sludies via databases and registers

Records identified from:
Databases (n = 1,605)
Regislers (n = 0)

Records removed belore screening:
Duplicale records (n = 59)
Records removed for other reasons (n = 0)

Identification

/

Records screened Records excluded
(n=1,546) (n=3)
2 i
= Reports sought for retrieval | Reports not retrieved
‘g (n=1543) (n=12328)

Reports assessed for eligibility
(n=215)

Reports excluded:
randomised controlled trial (n = 202)

/

New studies included in review
(n=13)
Reports of new included studies
= (I‘I - U]

Fig. 1. PRISMA flow chart
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Fig. 4. Research topic intensity and saturation level

outcomes, and post-surgical complications, including
seizures. These developments highlight opportunities
for further research with a continuous EEG monitoring
approach, the use of artificial intelligence (AI) for
automatic detection, and the relationship between
subclinical seizures and long-term functional outcomes.

Discussion

Bibliometric analysis shows that publications on
seizure detection in patients after decompressive
craniectomy increased between 2015 and 2025. This
trend illustrates the growing attention of clinicians
and researchers to the problem of neurological
complications in the form of seizures that can affect
patient outcomes in critical care units. Studies on the
use of continuous EEG in the ICU support these findings,
as many critically ill patients experience subclinical
seizures or non-convulsive status epilepticus that can
only be detected with specialised monitoring [17].
Integrated bibliometric findings, covering author
productivity, international contributions, methodological
characteristics, instruments, and thematic grouping
(Tables 1-3), provide a comprehensive overview of
current research trends in decompressive craniectomy
and seizure detection.

Publication patterns show a dominance of developed
countries, such as the United States, Europe, and Japan,
which have comprehensive neurocritical facilities as
summarised in Table 3. Conversely, contributions from
developing countries remain limited due to constraints
in resources, technology, and research funding. This

http://theunj.org
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pattern is consistent with bibliometrics on the topic
of epilepsy, where the most numerous and influential
publications originate from research centres in developed
countries [18, 19].

Keyword analysis using VOSviewer reveals three
main clusters: continuous EEG, seizure monitoring, and
neurocritical outcome. These clusters emphasise that
research is not only focused on seizure identification,
but also on early detection efforts and their relationship
with patient clinical outcomes as shown in Table 1 and
3. This finding aligns with previous articles emphasising
the importance of continuous EEG monitoring to detect
non-convulsive seizures and their relationship with
neurological outcomes [16, 20-22].

Compared with general TBI literature, publications
focusing on decompressive craniectomy reveal distinct
thematic patterns (Table 1), particularly cortical
excitability and postoperative electrophysiology. While
seizure risk is inherently linked to the primary brain
injury, the DC procedure introduces secondary factors
such as dural irritation and hemodynamic shifts which
may modulate epileptogenesis. Therefore, bibliometric
separation from the broader TBI population is justified
to capture these unique research patterns.

The overlay map reveals a shift in research focus
from descriptive studies to clinical trials assessing
the effectiveness of detection methods, particularly
continuous EEG. Whereas previous research mostly
described phenomena, more recent publications explore
new technologies, including the use of machine learning-
based algorithms for automatic seizure detection [23-25].
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EEG acquisition in post-craniectomy patients differs
technically from conventional scalp EEG due to bone flap
removal. The absence of skull attenuation enhances
cortical potentials, possibly altering spectral power.
Several studies place electrodes near the defect margins,
whereas others employe intracranial or hybrid electrode
arrays. Such heterogeneity in electrode configuration
and montage contributes to methodological variation in
seizure detection reports.

In terms of authors and institutions, it is evident that
a number of highly productive researchers form centres
of excellence in the field of neurocritical care as shown
in Table 2 and 3. However, international collaboration
in publications remains relatively limited. This presents
an opportunity to expand international collaboration
to standardise seizure detection worldwide. A similar
phenomenon is observed in epilepsy research, where
global collaboration remains suboptimal [26-28].

Most publications appear in high-impact journals
such as Neurocritical Care and the Journal of Clinical
Neurophysiology. Related articles are also found
in general neurology and intensive care journals,
demonstrating the interdisciplinary nature of this
research. One example is a publication in the Journal of
Intensive Care highlighting non-convulsive seizures in
intensive care unit (ICU) patients [17, 29, 30].

In terms of citations, articles discussing continuous
EEG monitoring received the most attention. This is
understandable given that subclinical seizures are
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often not identified through conventional methods.
For example, research conducted in patients after
brain tumour surgery have proved that non-convulsive
seizures are more effectively detected using cEEG.

Temporally, publications increased sharply after
2020, coinciding with the development of bedside
monitoring technology and increased clinical awareness
of hidden seizures (Table 2 and 3). Additionally, there
have been more clinical trials and research on new
devices that enable real-time seizure detection using
dual sensors such as accelerometers and oximeters
[13, 16, 31].

However, limitations remain evident. Most
publications are retrospective or based on a single
research centre, resulting in insufficient external
evidence. Multicentre studies with large populations
and long-term observations are urgently needed
to strengthen the scientific basis regarding the
effectiveness of post-surgical seizure detection [32, 33].

Overall, these bibliometric findings confirm that
the topic of post-decompressive craniectomy seizure
detection is a rapidly developing and clinically important
field. Future efforts should focus on enhancing
international collaboration, conducting multicentre
research, and the use of advanced, accessible technology,
especially in developing countries. Evaluations of the
effectiveness of detection methods should also consider
aspects of sensitivity, specificity, and readiness for
implementation in various healthcare settings.

Table 1. Mapping of keyword co-occurrence analysis produced several clusters

Cluster Main topic Keyword Interpretation

L admission, GCS, Focus on the condition of patients admitted to

Red Clinical outcome discharge, outcome the ICU and outcomes after discharge
: Management, craniotomy, acute subdural
Green gjpaegrement & glcirgggsinggmélcﬁae%%tt%rr?qg haematoma. Emphasises surgical aspects and
gery critical care management
Blue Intracranial intracranial hypertension, Related to physiological complications after
Pressure monitoring, risk factor surgery
Purple Seizures & seizure, detection, Begins to highlight issues of clinical and
P Detection neurocritical care subclinical seizure detection

Table 2. Mapping the most productive authors

No Author pl:‘l::‘i“cztili-oc::s Description

1 | Honeybul, Stephen 126 Numerous publications related to craniectomy &
complications

2 | Beucler, Nathan 10 Focus on patient outcomes

3 | Kolias, Angelos G. 8 Neurosurgeon, active in DC research

4 | Wettervik,Teodor Svedung 7 Focus on neurocritical care & monitoring

5 | (others) 5-7 Researchers related to DC management
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Table 3. Mapping country with high contributions

Ukrainian Neurosurgical Journal. Vol. 32, N1, 2026

No Country pﬁgwct;i'i‘oo:s Main focus Register of bibliometric
: CcEEG, post-craniectomy ] - :
1 United States 32 outcomes, ICU seizures Highest citation dominance
Neurotrauma, detection of Central European
2 | Germany 15 seizures after TBI and stroke | collaboration
Neurosurgery, post-
3 Japan 12 operative monitoring of Many single-center studies
brain tumours
Non-invasive detection,
4 China 11 AI algorithms for seizure Increasing trend since 2020
detection
- . Post-DC neurological . ]
5 United Kingdom 10 prognosis, CEEG monitoring Focus on clinical trials
6 South Korea 9 Eﬂiicrégg:nvc?t’hpé’égljc Active neurotrauma centers
Multicenter studies, : :
7 Canada 7 neurocritical care guidelines Collaboration with the US
8 Ital 6 Post-stroke and DC Focus on functional
Y neurological outcomes outcomes
Neurointensive monitoring, - - :
9 France 6 post-operative epilepsy Mixed cohort & trial studies
; Limited access to EEG, -
10 India 5 clinical focus on TBI Few publications
; Small ICU & post-brain : :
11 Australia 4 trauma studies International collaboration
Outcome & seizure :
12 Netherlands 3 prediction models Computational focus
. Neuroprognosis and post- ;
13 Spain 3 operative epilepsy ICU Based studies
Case studies of DC and post- | . . P
14 Turkey 2 operative seizures Limited publications
: : Sporadic studies (Sweden, - S
15 Other countries (misc.) 5 Brazil, Egypt, Iran, Taiwan) Minor contributions

Conclusion

Although research on decompressive craniectomy
has advanced significantly over the past two decades,
yet seizure detection remains an understudied area.
Increased research in this area is crucial for improving
clinical outcomes and guiding evidence-based practice
in the critical care management of patients following
decompressive craniectomy.

Future research directions

Given the number of studies related to early
detection of post-DC seizures, further research is
needed. This includes multicenter cohort studies
to evaluate the incidence of seizures after DC, the
application of advanced EEG techniques and digital
biomarkers in seizure detection, and outcome-based
studies linking seizure occurrence to functional recovery,
clinical trials evaluating seizure monitoring interventions,
and consensus guidelines that integrate seizure detection
into the DC care pathway.
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MicnsonepauinHi cyaoMu € BiAOMUM YCKNAAHEHHAM Micns AeKOMMNpPEeCcUBHOI
KpaHiekToMmii, ane rnobanbHU 4OCNIAHMUBKUIA NaHAwadT WoA0 BUSBNEHHS
CYAOM Y LIbOMY KOHTEKCTi Mano BuMBYeHO. bibniomeTpuyHe KkapTyBaHHS Aae€
3MOry BU3HAUYNUTU HOBI TEHAEHLUIT Ta NpOrasnHu B 3HaHHSX.

MeTa: OUiHMTM MiXXHapOAHI HAaYKOBI HanpaLutoBaHHS WOAO BUSIBJIEHHS CYA0M
Y KPUTUYHO XBOPMX NALIEHTIB MiCAs AEKOMMNPECUBHOI KpaHieKToMii.

Martepianu i MmeTtoam. BignosigHi ny6nikauii BigibpaHo B 6a3ax AaHUX
SCOpus, PubMed, CrossRef i Google Scholar i3 BUKOpPUCTaHHAM KAKOYOBUX
cniB «decompressive craniectomy AND seizure AND detected» 3a gonomoroto
nporpamMHoro 3abesneyeHHs Publish or Perish. 3anncu ekcnopToBaHo Yy
dopmaTi RIS i npoaHanizoBaHo 3a gonomorot VOSviewer ans CTBOPEHHS
MepeXx CniBTpanisHHSA KAYOBUX CAiB, KJacTepPHUX Man Ta Bisyanilauin
YaCOBUX TEHAEHLUIN.

Pe3ynbtatu. NpoaHanizoeaHo 1605 nybnikauin 3a 2015-2025 pp. WopivyHuni
obcAr gocnigxeHb 36inbwyBaBcsa, ocobnueo nicna 2018 p. Mepexa
CNiBTPaNASHHSA K/OYOBUX CNiB BUABMIA YOTUPWU TeMaTUYHi knactepu: 1)
KNiHIYHI pe3ynbTath W NpOrHo3, 2) XipypriyHi TexHikM Ta nepionepauinHe
BeAeHHs, 3) BHYTPilUHbOYEpenHMI TUCK | CTpaTerii MOHITOPUHTY, 4) BUSIBJIEHHSA
CYAOM Ta HEMPOKPUTMYHA AonoMora. AHani3 HaknaAaHHA NokKasae MoCTynoBuin
3CyB yBaru 4o MOHITOPUHIY CyAOM i METOAIB Ha OCHOBI enekTpoeHuedanorpadii
OCTaHHIMM pokaMu, TOAi SK LWiNbHICHa Bi3yanisauis nigTeepanna, Wo BUSBNEHHSA
CYZOM € HOBOIO, ane HeoCTaTHbO PO3BUHEHO TEMOID. HannpoayKTUBHILLNM
aBTopoM 6yB gocnigHuk, sknii maB 126 nybnikauin.

BucHOBKM. X0o4a KinbKicTb nybrikauil WoA0 AEKOMNPECUBHOI KpaHieKTOMii
WBWNAKO 36iNbLIYETLCA, Npaub, MPUCBAYEHUX BUABJIEHHIO CYAOM Masno, Xo4ya
U TeMa AMHAMIYHO pO3BMBAETLCA. 36iNbLIEHHS yBaru 40 HEMPOKPUTUYHOIO
MOHITOPUHIY BKA3yE Ha MEPCMNEeKTUBU PO3BUTKY [OKA30BWUX MPOTOKOJIB i
pPO3LIMPEHHS MDXKHAPOAHOI cniBnpaui B Ui cdepi.

KnrouoBi cnoBsa: gekoMnpecuBHa KpaHieKTOMIisi; BUSABJ/IEHHS CYyAOM;
iHTEHCMBHa Teparnis; 6ibniomeTpuyHi gocnigxeHHs; VOSviewer
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MeTa: po3pobutu, TeopeTMyHO O6rpyHTYBaTU Ta NMPOBECTU MEPBUHHY
Banigauito 6araTtopisHeBoi (0-10 6aniB) WwWKkanu KiNbKiCHOT OLiIHKN iIHTEHCUBHOCTI
30BHILIHbOIr0 MEXaHIYHOro BN/IMBY NPY TPaBMaTUYHMX YLIKOAXEHHSX XpebTa.

MaTtepianu i meTtogm. [JM3anH [OCNIAXEHHS BiAgNOBiAaE NpuHUMNaAM
COSMIN (Consensus-based Standards for selection of health Measurement
Instruments) ans po3pobkn Ta Banigauii BUMiptoBasibHUX IHCTPYMEHTIB Yy
MeAMUMHI, wo 3abe3nedye AOCTaTHIN piBeHb HAayKOBOi O6rpyHTOBaHOCTI 1
BiATBOPIOBAHOCTI OTpMMaHux pesyneTaTiB. JlitTepatypHuii aHaniz (PubMed,
Scopus, Web of Science, 1990-2025) aaB 3MOry BU3Ha4MTX NOPOroBi 3HAYEHHS
Ta MoaudikauiiHi YMHHUKKM (Maca Tina nauieHTa, koediuieHT nepeaadi
imnynscy (T, €PeKTMBHa AnCTaHUis ynosinbHeHHs (S, ). Ansa Banigauii
BMKOPUCTaHO ABa Habopun aaHux: 40 cTaHAaPTU30BaHUX KNiHIYHUX BiIHBETOK
Ta 52 peanbHi BMNagku TpaBmu rpyao-nonepekosoro nepexoay (Thll-L2)
3 060B’A3KOBOIO BepudikaUieo 3a AOMNOMOrow KoMmn'totepHoi Tomorpadii/
MarHiTHo-pe3oHaHCcHOI ToMorpadii. OuiHlOBanM KOHCTPYKTHY Ta KpuUTepianbHy
BanigHiCTb, MixkekcrnepTHY HagilHicTb (ICC, k), abcontoTHY HagdinHicTb (SEM,
MDC,,), AiarHoCTUYHY UiHHiCcTb (ROC-aHanis), piseHb 3roan (Bland-Altman) i
CTaniCTb MOPOroBUX 3HAYEHD.

Pe3synbtatn. B pe3ynbraTi aHanidy Ta 3iCTaB/IeHHSA pi3HUX NiAXOAIB
3arnponoHOBaHO KOHUEMLi0 BUKOPUCTAHHSA «EKBiBa€HTHOT BUCOTU MagiHHA»
K YHIBEpPCaNbHOro KpUTEPIi0 MexaHiyHOoi ekcrno3uuii npu TpaBMmax xpebTa.
Ha ii ocHoBi po3pobneHo 11-piBHeBy wkany (0-10 6aniB) Ta cniHanbHO-
OpiEHTOBaHy noxiAHy MeTpuky. epBuMHHa Banifauisa nokasasa BUCOKY
MixxekcnepTHy y3roaxeHicTb (ICC(2,1): 0,84 ona 6a3osoro nokasHuka ta 0,79
ans cniHaneHoro; ICC(2,k): 0,951 0,92), npninHAaTHY abcontoTHY TOYHICTb (SEM
0,80-0,95, MDC,, 2,2-2,6 6ana) i ctanictb noporis (po36ixHOCTi 6iibw HiX Ha
+1 piBeHb TpanasanMcsa B MeHLW HiX 7% Bunaakie). NoKazHUKM CTAaTUCTUYHO
acouitoBanucsa 3 kamHonoaibHow aedopmauieo Tin xpebuis (r=0,58),
KOMNpoMeTauielo xpebTtoBoro kaHany (r=0,49) Ta NOpsAAKOBOK TSXKICTIO
nowkoaxeHb 3a AO Spine (p=0,62; p<0,001). Y noricTuuHi moaeni npmpict
Ha 1 m 36inbWwyBaB iMOBIPHICTb MOWKOAXEHb =A3 Manxe BABiUi (BigHOWEHHS
waHciB - 1,85, 95% poBipuni iHTepBan - 1,45-2,38). MiaTBepaxeHo
AiarHOCTUYHY UiHHICTb wkanu (AUC=0,82) ans BusaBneHHa nepenomie xpebus
(onTuManbHUi nopir =1,3 M, yyTnueicTb - 0,76, cneuundivHicTe — 0,72).

BucHoBKM. Po3pobrieHa wkana 3abesneyye KiNbKiCHUIA, Maco-HENTPanbHWUNM i
K/iHIYHO IHTEPNPETOBAaHMMN OMUC «XOPCTKOCTI NOAii», AONOBHIOE MOPMONOTIiYHI
Kknacudikauii, noninwye cTpatndikauito pusnky Ta Moxe 6yTn BUKOpUCTaHa Ans
MapLpyTu3auii, N1aHyBaHHS AiarHOCTUKK 11 6araToLeHTPOBUX AOCNIAXKEHD.
KniouoBi cnoBa: tpasma xpebta; rpyo-nornepekoBuii nepexia; MexaHiyHa

EeKCro3unLisi; ekBiBasieHTHa BUCOTa rnafiHHs; CriiHaJibHO-€KBiBaJ1€HTHa BUCOTa;
Ki/IbKiCHa LWKana; Banigayisi BAMIpIOBasbHOro iHCTPYMEHTY, iHAUBIAyani3aLis

BcTyn

AedilunTOM pi3HOro CTyneHs TSHXKKOCTI [2]. HaBeaeHi AaHi

TpaBMaTUYHI NOWKOAXKEHHS XpebTa € reTeporeHHo
rpynoto CTaHiB, WO BUHMKAKTb MPU BMJUBI LWMPOKOro
CNEeKTPY MeXaHiYHNX YAHHUKIB — BiJ HU3bKOEHepreTU4HmnX
noAin (Hanpuknaa, nafiHHA 3 BUCOTU B/IACHOIO 3pOCTY)
[0 BUCOKOEHEPreTUYHNX MexaHi3MiB (NaaiHHS 3 BENUKOT
BUCOTWU, AOPOXHbO-TpaHCNoOpTHa npuroaa (ATM),
crnopTMBHa Ta Bubyxosa Tpasma) [1,2]. 3a AaHumu
nonynsuiiHMX A4OCNiIAXEHb, piyHa YacToTa TpaBM xpebTta
cTaHoBUTb 23-40 Bunagkie Ha 100 TucC. HaceneHHs,
3 HUX 15-20% cynpoBOAXYTbCSA HEBPOJIOTIYHUM

noTpebytoTb YTOYHEHHS 3 YpaxyBaHHSAM MeTOAOOTYHUX
BiAMIHHOCTEN MiX AOCNiIAXEHHSMM Ta perioHamu.
YwkoaxeHHs xpebTa MOXYyTb BUHUKATWU B
pe3ynbTaTi K NpAMOro, Tak i HenpsiMoro Bnney. MNpsMe
NOLWKOAXEHHSA pO3BMBAETbLCS Npu 6e3nocepeAHbOMY
npuknagaHHi cnnn o xpebTosoro ctosna (yaap BaXxKum
npeaMeToM, BOrHenanbHe abo KonoTo-pi3aHe NopaHeHHs,
34aBJ/IEHHA MiXX MacuBHnMn ob’ektamn) [3]. Taki TpaBMu
TPannsTbCS BIiAHOCHO PiAKO Ta YacTiwe obMeXyrTbCs
JNIOKaNIbHUMUN YWKOAXEHHAMN OCTUCTUX | MOMEpeyHnx
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BiAPOCTKIB UM M'AKNX TKAHWH. Henpsamuii MmexaHisam, akum
cnpuunHae noHas 90% nowkoaxeHb xpebTa B MUPHUI
yac, peanisyeTbcs Yepes nepegavy 30BHIWHbOT CUAM Ha
Tino 3aranom [1, 4]. o HbOro HanexaTb NafAiHHSA pPi3HOro
xapakTepy Ta ATM, npu akux xpebeT YLWKOAXYETbCS
3@ paxyHOK OCbOBOro HaBaHTaXeHHS, (pneKciiHo-
poTauiMHMX Yn KOMBiHOBaHUX 3ycunb [3, 5-8].

Y MiXHapoAaHi KNiHIYHIN NpakTuui nepenomu,
wo BiAbyBalOTbLCA 3@ HU3bKOEHEPreTUYHOro BMAMBY
— MEeXaHi4yHOi CuUIKn, gKa B HOPMi HE MA€E CNPUYUHUTHU
NOpPYLIEHHS LiNICHOCTI KiCTKOBOI TKaHWMHWU, TpaAWuUiliHO
BiAHOCATb A0 KaTeropii fragility fractures (octeonopoTuyHi
nepenomu) [9]. KnacnyHmMm npumknagoMm € NapiHHA «3
BMCOTW BNIACHOroO 3pocTy abo Huxuye» (standing height
orless) [10,11]. Lle BU3Ha4YeHHs HaBeZeHe B JOKyMeHTax
BOO3 Ta WMpPOKO BUKOPUCTOBYETLCS B CyHaCHUX KIHIYHNX
pekoMeHaauiax [9,12]. Ha npoTunexHoOMy Mnontoci
E€HEepreTUYHOro CreKkTpy po3TallOBaHi BUCOKOEHEepreTUYHi
MexaHi3MKn: y npoTokonax gorocnitanbHoro etany CLUA
naaiHHa Aopocnoi nAuHuM 3 BUCOTM noHag 20 dyTis
(~6 M) iCTOPUYHO CMPUMNMAETHCA SIK MAapKep BUCOKOI
KiHeTUYHOI eHeprii Ta NiABULLEHOro pU3nNKy NosiTpasMu
[13]. ¥ cyyacHux maTepianax American College of
Surgeons TpannseTbCsa Hux4mi nopir (>10 dyTis),
WO CBiAYMTb MPO BapiaTMBHICTb MOpPOriB i moTpeby B
yHidikauii Tepminis [14, 15].

BinbwicTb NmowmnpeHnx kKnacu@ikauitHMx cucTem
y BepTebponorii Ta TpaBMmaTonorii gokycyTbCs Ha
XapaKTepucTUKax pe3ynbTaTy YLWKOAXEHHS, a He
Ha KiNbKIiCHIM OUIHUI iIHTEHCMBHOCTI 30BHIWHbLOIO
BnamBy [16]. Tak, Abbreviated Injury Scale (AIS)
sBNISSE cO0b60K aHAaTOMiIYHO 06rpyHTOBaHy 6-6anbHy
CUCTEMY OLIHKWM TAXKOCTI MOLWKOAXEHb 3a AiNgHKaMu
Tina [17,18], a AO Spine Thoracolumbar Classification
CTPYKTYPYE NOLWKOAXEHHS FPyAO-NONEPEKOBOro BiAAiNy
3a mMopdonoriyHmm Tunom (A, B, C), HEBpPONOriYHUM
cTaTycoM i MogudikaTopamm (OuUiHKa LisliCHOCTI 3aaHbOr0
3B’A3k0BOro kommnnekcy) [19-21]. Ui iHCTpyMeHTH €
He3aMiHHMMW ANS CTaHAApTU30BaHOro OnNucy TpaBMy,
cTpaTudikauii pusnky Ta BU60pY TakTUKM NiKyBaHHS, ane
BOHW HE HAZalTb KiJIbKICHOT XapaKTEPUCTUKN «eHeprii
noAii» (MexaHiyHoi ekcno3uuii), Wo nepefye po3BUTKY
noLwkoaXeHHs [16].

Y NOoBCSKAEHHI NMpaKTULi MexaHi3M TpaBMK
HepiAKO OMUCYITb cnpoweHo — 6iHapHMMK 4un
AKICHMMW KaTeropiamu («HU3bKO-/BUCOKOEHEpreTnyHa
TpaBMa», «Jjlerka/Taxka»), Wo He Na€ yABJ/IEHHA
npo 6esnepepBHUI XapakTep rpagauii MexaHiyHoi
€eKCcrno3uuii Ta NpM3BOANTb A0 BTPATU KJiHIYHO 3HaYyLWOl
iHpopMauii [22, 23]. BiacyTHICTb CTaHAApPTU30BaHOIo
KiNbKIiCHOrO iHCTPYMEHTY YCK/IaAHIOE 3iCTaB/IEHHSA
KOropT Ta iHTepnpeTauito pe3ynbTaTiB AOCAIAXEHDb,
a TakoXx obmexye nmoTeHuUian NpodiNnakTUUHUX i
peabiniTauiiHnx 3axoais [24]. 3 ornsay Ha ue cnig
po3pobuTn b6araTopiBHEBY LWKany KiNbKiCHOI OLiHKMK
iIHTEHCMBHOCTI 30BHILHbLOrO0 MEXaHiYHOro BMJIMBY, LWO
I'PYHTYETbCA Ha PYHAAMEHTaNbHUX MPUHLMMAX MEXaHiKM
(eHeprig, iMNynbC, NPUCKOPEHHS) i NpuaaTHa And
3aCTOCYBaHHS B peanbHUX KJiHIYHUX yMoBax. Knwo4osum
METOAONOrYHMM pilLEHHSAM € BBeAEeHHS YHiBepCanbHOi
MipWu, WO AA€ 3MOry NPUBECTU Pi3Hi MEXAHI3MU TpaBMu [0
€ANHOT eHEepreTUYHOI WKanu, a oTxe, YHiikyBaTn onmc
«CUNU NoAi» AN KNiHIYHOT KOMYHiKauii Ta HayKoBOro
aHanisy [5, 25].
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MeTa: Po3pobuTtn, TeopeTnyHo ob6rpyHTyBaTH
Ta NpoOBeCTW MepBUHHY Banigauito 6aratopiBHeBOI
(0-10 6aniB) wWkann KinbKiCHOT OUiHKW iIHTEHCUBHOCTI
30BHIWHbOr0 MEXaHiYHOro BMNAMBY NpU TpaBMaTUYHUX
YLWKOAXKEHHSX XpebTa.

Marepianu i MeToaMN

Ov3aliH gocnigXeHHs BignoBigae npuHUMnam
COSMIN (Consensus-based Standards for selection of
health Measurement Instruments) ans po3pobku Ta
Banifauii BUMipoBasibHUX IHCTPYMEHTIB Y MeAULMHI, LLO
3abe3neyye AOCTaTHIl piBeHb HAYKOBOI 06rpyHTOBAHOCTI
Ta BiATBOPIOBAHOCTI OTPUMaHMX pe3ynbTaTis [26, 27].

JliTepatypHuii nowyk npoBeAeHoO B ABa eTarMu.

Etan 1 (aHaniTMYHWMI ornsa wkan i TepMiHonorii).
MeTot 6yna igeHTUdiKauis BUKOPUCTOBYBaAHUX Ha
npakTUui Ta B KepiBHMUTBaX knacudikauin/wkan,
NOPOroBMX 3HAY€Hb i MPUHLMNIB, WO fiexaTb B iXHin
OCHOBIi, HeobxiaAHUX ans GopMyntoBaHHA KoHUenuii
WwKanu, wo pospobnsetbca. Kntoyvosi cnosa: AO Spine
thoracolumbar classification, TLICS, Abbreviated Injury
Scale, Injury Severity Score, spinal injury classification
reliability, CDC field triage guidelines, mechanism of
injury, fall height threshold, fall >10 ft, standing height
or less, fragility fracture, osteoporotic vertebral fracture,
mechanical exposure, energy of event, biomechanics of
spinal injury.

Etan 2 (36ip KinbKicHUX opieHTMpiB). MeTot 6yno
BU3HAYEHHS MOPOroBUX OPIEHTUPIB ANA rpajauii
nagiHb i popMyBaHHS TUNOBWUX Aiana3oHiB/MepiaH
napaMeTpiB, 3aCTOCOBYBaHUX npu nobyaoBi wkanu
(cueHapii 3iTkKHeHb, Nepefaya iMNynbCcy Ha Xpeber,
edeKTUBHa AMCTaHUIA ynoBiNbHEHHS, MoaudikauiniHi
YMHHUKK cepepoBua/nokpuTTiB). Knto4yosi cnosa:
delta-v estimation, rollover, mass ratio, coefficient of
restitution, impact angle, EDR, spine load transmission,
landing biomechanics, knee flexion, energy absorption,
feet-first, buttocks impact, supine impact, seat belt,
airbag, torso kinematics, effective stopping distance,
impact attenuation, concrete, asphalt, sand, snow,
water entry, gym mat, tatami, HIC, g-max, fall from
height, injury severity threshold adults, fragility fracture
standing height.

Ba3u Ta napameTtpu nowyky: PubMed/MEDLINE,
Scopus, Web of Science; matepiann AO Spine, BcecBiTHbOI
opraHisauii oxopoHu 340poB’a Ta MixHapoaHoro doHay
octeonopo3sy (International Osteoporosis Foundation).
MoBa ny6nikauin — aHrnicbka, 4acoBuiA gianasoH -
1990-2025 (ans dyHAaMeHTanbHUX MEeXaHIYHMX npaub
- 6e3 OpCTKOro nopora).

CKPWHIHI BUKOHAHO NOeTanHo ABOMa peLeH3eHTaMun
(cnoyaTky 3a HasBaMu i aHOTaLiSIMW, NOTIM — 3@ MOBHUMM
TekcTamMu) i3 AOAATKOBMM MOLWYKOM 3@ CAMCKaMu
niTepaTtypw BigibpaHux cTtaten.

Ha6opun gaHnx

Baniaauis npoBeneHa Ha ABOX B3AEMOAOMOBHIOKUMX

Habopax:
- CTaHAapTu30BaHi KJiHIYHI cueHapii (BiIHbETKM)
(n=40) — cuHTeTU4YHi KNiHiko-6ioMexaHiyHi nogaii,

WO piBHOMIpPHO MOKpMBalOTb Aiana3oH MeXaHiyHoi
eKkcno3uuii («cyMixkHi» KoMbiHaUii No3u/noBepxHi/wnaxy
yMNOBiflbHEHHS), CPOPMOBaHI ANA He3anexHOoi OLUiHKK
ekcnepTamu 3 yHicikoBaHOro npoToKoy.

CTatTsl MICTUTb PUCYHKM, SIKi BiJOBPaxatoTbCsl B APYKOBaHii BepCil y BiATIHKaX Ciporo, B €/1€KTPOHHI — y KOJIbOpI.
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- PeanbHi kniHiyHi Bunaakn (n=52) - icTopii
XBOpO6W NauieHTIB i3 AOCTaTHbLOK AeTanisauieto
MeXaHi3My TpaBMW, WO, Ha AYMKY aBTOpiB, AaBano
3MOry OAHO3HAYHO BIAHOBUTWM BUXiIAHI NmapameTpwu
ANa po3paxyHKiB. Y BCiXx Bunagkax 6ynu AOCTynHi
AaHi Henposisyanizauii (komn’'toTepHoi ToMmorpadii
(KT)/marHiTHo-pe3oHaHcHOi Tomorpadii (MPT)),
Wo Aano 3MOry 3iCTaBUTU BENUYMHU MEeXaHiyHOoi
eKkcno3unuii 3 Mop@oNoriYHMMN 03HaKaMU YLIKOAXKEHHS,
BM3HAYUTU TUM MOLWKOAXEHHS 3a Knacudikauieto
AO Spine, BMpa3HicTb NnepeaHbOi KNAUMHOMNOAIGHOT
aedopmalii, cTyniHb KOMNpoMeTauii XxpebToBoro KkaHany
Ta UiNiCHICTb 3aAHbOr0 NirAaMeHTO3HOro KOMMJeKCy.
AHanis i BUMiploBaHHA BUKOHYyBasau B NMpOrpamMHOMy
komnnekci RadiAnt DICOM Viewer (Medixant, MonbLa;
Bepcia 2023.1, niueHsia N2 1860F047).

Ons nepBWHHOT Banigm3lauii Ta 3MeHLWeEHHS
MiXiHAMBIAyanbHOI BapiabenbHOCTI Yy BUBipKy 3anyyanu
nauieHTIB i3 TpaBMOK rpyAo-NOMNepeKkoBOro nepexoay
(Th11-L2).

Big ycix nauieHTiB oTpMMaHo iHOpMOBaHy 3roay Ha
36upaHHsa, 06pobky AaHmXx i nybnikauito y3araabHEHUX
pe3ynbTaTiB 3@ AOTPUMaHHS KoHdigeHuinHocTi. OdaHi,
HafAaHi ekcnepTaM, 6ynM NOBHICTIO @aHOHIMiI30BaHi.

BusHayeHHs1 o6¢csry Bubipku

Ona ouiHkyM MixekcnepTHoOi HaaiHocTi (ICC) y
An3aiiHi 3 5 ekcnepTamMu niaHyBasnocsi NpOAEMOHCTPYBaTH
ICC =0,80 nopiBHSAHO 3 NOpOroBMM 3Ha4vyeHHaM 0,60 npu
a=0,05inoTyxHocTi0,80. Po3paxyHok notpebysas 35-40
o6’exTiB [28]. 3 ornsAay Ha ue 6yB cdopMoBaHun Habip i3
40 cTaHAapTM30BaHMX BiHbETOK, WO 3abe3neuunno 200
He3anexHux ouiHok (5x40), Aano 3Mory NpoBecTn TecT-
peTecT Ha niaBubipui 3 10 BiHbeTOK [29] Ta miABMLWKIIO
TOYHiCTb SEM (cTaHpapTHa noxubka BMMipOBaHHS)
i MDC,, (MiHiManbHa BusaBneHa 3miHa) [30, 31]. Ansa
KNiHIYHOI Banigauii 3anyyeHo 52 nocnifoBHUX NALLEHTIB
i3 NOBHMM HabopoM AaHux (AeTanizoBaHU MexaHi3M +
AaHi KT/MPT), wo 3abe3neuye 4OCTATHIO MOTYXHICTb 411K
KJt04OBMX nepeBipok BanigHocTi (r=0,5-0,6, known-
groups 3d=1,1) [32-34] Ta NPUAHATHY TOYHICTb aHanisy
3roam (Bland-Altman) [35-37]. Mpwu ubomy ROC-aHanis i
perpecivHi Mmogeni po3rnsaany 9K BTOPUHHI 3 O4iKyBaHO
WnpwnMn gosipunmu iHtepsanamm (A1) [38, 39].

CTaTtucTuyYHMii aHanis

CTtaTUcTnyHy 06po6Ky AaHUX 34iNCHI0OBaNM METoAaMM
OMNKMCOBOI Ta @aHaNiTUYHOI CTAaTUCTUKKN. HenepepBHi 3MiHHI
noaasanu ik mean=SD a6o median [IQR] 3anexHo Bia
XapakTepy po3noainy (ouiHka HopMasibHOCTi — Bi3yasibHO
Ta 3a Tectom Wanipo-Binka) [40, 41]. KOHCTpPYKTHY ©
KpuTepianbHy BanigHICTb NMepeBipsAnn KOpensuinHuM
aHani3oM i3 po3paxyHkoM koediuieHTiB MipcoHa (r) abo
CnipmeHa (p) [42, 43].

lpeankTnBHi Mogeni. Ans OUiIHKK 3B'A3KYy MeTpuK
i3 MOPMOOrivYHOK TSHXKKICTIO YWKOAXeEHHS 3a AO Spine
BUKOpUCTOBYBanun 6iHapHy NOriCTUYHY perpecito Ans
nopora =A3 i3 po3paxyHKOM BigHowWweHHS waHciB (OR)
Ta 95% posipyoro iHTepBany (95% CI) [44, 45]; sk
aHanis 4yyTnAMBOCTI AN NOPAAKOBOro pesynbraty Al-
A4 3acTocoByBanu OpAWHANbHY NOFICTUYHY perpecito
[46, 47]. NiniRHicTb NoritTy nepeBipsnn TectoMm Box-
Tidwell [48] i 3a nonomorot obMexeHUx Ky6iuHuX
cnnanHie [49, 50], MynbTUKONiIHEAPHICTb — 3@ iHAEKCOM
VIF [51]. AnckpuMiHaUiMHY 34a@THICTb OUiHOBaNu
3a ROC-kpuBumMn (AUC i3 95% CI) [52], Bu3Hayanu
YyTNuBICTb, cneundiyHicTb, iHAeKC OaeHa, a Takox
koediuieHTn npasgonoaibHocTi (LR*, LR™). Po6ouyi noporu
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obupanu 3a MakCMMYMOM iHAeKCy KOaeHa 3 ypaxyBaHHSAM
3aBAaHHA (CKpUHIHI/niaTBEpAXeHHS) [53].

CTiNKiCTb MeX WKanu nepesipsnmM aHaniaom
YyTNMBOCTI 3@ BapitoBaHHA FpaHUYHMX NapaMeTpis
Ha £10-15% Ta NOBTOPHWUM pO3paxyHKOM Anf
anbTepHaTUBHMX cLueHapiiB moandikaTopis [54, 55].

Bigome po3pizHeHHs (known-groups validity).
MopiBHSAHHA 3A4iMCHIOBaNN AN 3a34anerigb BU3HaYeHUX
KMiHIYHO peneBaHTHUX rpyn [56]. Ans MiXrpynoBux
BiAMiHHOCTel 3acTtocoByBanu U-tecT MaHHa-YiTHI Ta
obuncnioBanm HenapaMmeTpu4yHi po3Mipn edekTy —
Cliff's & [57] Ta/abo Vargha-Delaney A [58]; Cohen's
d HaBoAMN AOAATKOBO (SIK AOBiAKOBMI), i3 pobacTHOO
iHTepnpeTaui€to 3a Heo4HAKOBUX aucnepcin [59].

HaaiviHictb BumiproBaHb. BiAHOCHY HaAilHIiCTb
ouiHIOBaAW 3a MNOKa3HUKaAMW MiXeEKCNnepTHOI
y3roaxeHocTi: ICC(2,1) (aBodakTOopHa MoAaenb
i3 Bunagkosumm edekTtamum, absolute agreement,
single-measure) Ta ICC(2,k) (average-measure) [60],
i 3Ba)XeHMM Koe@ilieEHTOM K i3 KBagpaTUYHMMKM Baramm
[61,62]. CtabinbHicTb y 4aci nepeBipsanan 3a CXemoto
TecT-peTecT Ha niasmbipui Bunaakie [63]. 3roay
MK eKCNepTHUMU N anropuTMiYHUMW O06YMUCIEHHAMU
ouiHoBanu metoaoM Bland-Altman (cepegHe 3MilWeHHs
Ta 95% mexi 3roaun) [64].

Ab6coswTHa HaginHicte. Obuncniosann SEM i
MDC,, (MDC,,=1,96 - V2 - SEM) [65]. ins kopeKTHoi
KNiHiYHOI iHTepnpeTauii MDC fnonaTkoBO HaBoAMAMU
B 6e3nepepBHMX OAMHULAX: Y MeTpax ANg Ta y
KpaTHOCTAX g A8 CMiHa/NbHO-OPIiEHTOBAHOI METPUKU
(4epes eTanoHHUI WNaxX ynosinbHeHHs s =0,10 M) i3
piBHeBoto (iHTepBan-crneumndiyHoO) NPUMITKOK NMpo Te,
B AKMX AianasoHax pPi3HUUSA € KiHIYHO HeCyTTEBOW/
CyTTeEBOW [66].

Yci TecTu — ABOCTOPOHHI. KpUTUYHUIA piBeHb
CTaTUCTUYHOI 3HauvywocTi (p) <0,05 [67, 68].

AHani3 BukoHaHo B R 4.5.1 (R Core Team) y
cepeposuLi RStudio IDE 2025.05.1+513 (Posit) [69].

Pesynbtatn

Bu3zHa4YyeHHSI KpUTepiro

IHTEHCMBHICTb 30BHILIHLOr0 MEXaHiYHOro BMJIMBY
npv TpaBMaTUYHIN NoAii — e KinbKicHa XxapakTepucTuka
CcuUnu noaii, Wo nepeaye NowKoAXXeHH TKaHuH [70, 71].
BoHa He € TOTOXHOK THAXKOCTI OTpMMaHOI TpaBMu,
Ky BM3HayalTb 3a KJIHIYHUMKU LWIKanaMmu pesynbraTy
(Hanpuknaa, Abbreviated Injury Scale (AIS)) a6o
MopdonoriyHnmm knacudikauismm (Hanpuknag, AO Spine
Thoracolumbar Classification) [72]. Ha BigMmiHy Big AIS/
AO-knacudikauin, OpiEHTOBAHMX Ha aHaTOMO-KIiHiYHi
Hacniaku (Tun po3puBy, HecTabiNlbHICTb, HEBPOOTFiUHWI
cTaTycC), 3anNponoOHOBaHUI KpuTepih dikcye came
MeXaHiYHy ekcnosuuito — @Gi3nYHy BeNMUYUHY, WO
XapaKTepu3ye, CKilbKM MeXaHiyHOI eHeprii/imnynbcy
6yno 3anyyeHo o noaii [25].

AK yHiBepcanbHy @di3MyHy MeTpuky obpaHo
«eKBiBaJIEHTHY BUCOTY naaiHHs» (h,) [73, 74]. 1pes
nonsra€ B TOMY, WO Pi3HOPiIAHI MexaHi3Mn (NaAiHHSA,
3iTKHEHHS, 34aBfieHHs, BUOYXOBUIN BMNIMB) MOXHa 3
MEBHUM MpPUNYLWEHHSAM NPUBECTU A0 OAHIEI WKanm
eHeprii, NpuUpiBHABLUN iX A0 FiNOTETUYHOro nafiHHA 3
BMCOTU B OAHOPIAHOMY rpasiTauinHomy noni. MeTpuka
I'PYHTYETbCS Ha MOTEHUIMHIA eHeprii TAXXKOCTI Ta Aae
3MOry MOPIBHATU NOAIT B «€HEPreTUYHO eKBIiBaNeHTHUX
MeTpax».
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Mpw BU60OPI BiANOBIAHOI Pi3NYHOT METPUKM (KPUTEPItD)
ONS OUiHKWM CTYMeHs 30BHILWHbOrO MEXaHIYHOro BNAMBY
Ha xpebeT MM KepyBanucsa TakMMW apryMmeHTamu:

- no-nepuwe, NnagiHHg 3 BUCOTWU — HaW4acTiwa
nNpUYMHaA TpaBMaTUYHUX YLWKOAXEHb XpebTa. 3a
naHnmum Global Burden of Disease, nafiiHHA € OCHOBHOLO
NPpUYMHOI BepTebpanbHUX TpaBM: Ha IXHK YacTKy
npunagae 52,2% Bunagkis TpaBmu xpebta n 63,0%
BMNAAKiB TPaBM CMUHHOIO MO3KY [75, 76]. TakuM YMHOM,
Ginblue HiXX MonoBMHaA TpaBMaTUUYHUX MOAIN 3yMOBJIEHI
came najiHHaMm, wo pobuTb MacwTab Ha OCHOBI BUCOTU
nafiHHsA HavpeneBaHTHiWuUM [77];

- no-gpyre, napaMeTp «BWCOTa MaAiHHA» Mae
BaXKNMBi npakTu4Hi nepesaru [13]. Kputepin iHTYiTUBHO
3p03yMinuii He nuwe Ans gaxisuiB, a 1 4NS NauieHTIB Ta
iXHiX poandiB. 3ragka npo BUCOTY (Hanpuknag, «nagiHHs
3 Apyroro nosepxy») BiApa3y AA€ ysABIEHHS NpPO Cuay
BnauBy [15,78,79]. Uen napameTp serko oTtpyMmaTtu 3
KniHiYyHOI gokyMeHTauii [80]. MNpu 36upaHHi aHaMHe3y 3i
cniB nocTtpaxaanoro abo oueBMALiB MPaKTUYHO 3aBXAN
€ 3ragka «3pobus Kpok i Bnae» abo «3 BUCOTU...», TOAI
K KinbKicHi gaHi ana ATMN (wBMAKiCTb), HacunbcTBa (TN
36poi), 34aBneHHs B HM3LI BUNaaKiB BiACyTHi abo BaXko
nipaatoTbcs iHTepnpeTauii [81];

- NO-TPeTE, NAAIHHA OXOMJIOE HUXKHIO Ta BEPXHIO
MeXy CMeKTpy MeXaHiyHoi Aii (Hu3bKoeHepreTuyHa 1
BMCOKOEHepreTnyHa TpaBma). TakKMM YMHOM, MaAiHHSA
3abe3mneyye WWMPOKUN | KNiHIYHO peneBaHTHWUI diana3oH
MexaHiYyHoi ekcno3nuii [77];

- no-yeTtBepTe, di3nyHa OOGrPYHTOBAHICTb.
BusHaueHHs h, yepes BUCOTY najiHHs 6e3nocepeaHbo
BUMIMBAE i3 3aKOHIB MeXaHikn (OCKiNbKM MOTeHUiHa
eHepria AE=mgh), wo nae 3mory 36epertv MakCuMmanbHy
06’EKTUBHICTb | BUKNOUYNTN CYB'EKTUBHI KoedilieHTHN
OLiHKW CUU BIJIUBY, MOXJIMBICTb KifIbKiCHO NOpPiBHIOBATU
pi3Hi MexaHi3MW TpaBMW, NPUBOASAYM iIX A0 OAHIEI
disnyHoi wkanum [1, 15, 73].

AHania cy4dacHoi niTtepaTypu nokasas, WO npwu
XapaKTEepPUCTULI TSAXKOCTI MexXaHiYHOro BMNIMBY Ha
xpebeT 3 ypaxyBaHHSAM BUCOTWM NaAiHHA DaKTUYHO
BUKOPUCTOBYIOTb nuwe aBa 6a30BUX NMOPOroBUX
OpIiEHTUPMU.

Mepwuit nopir — 6an3bko 1 M. MaAiHHA 3 BUCOTH
BJ1IACHOr0 3poCTy (~1 M) i HMXKYe TpaaULIAHO po3rnsaaatTb
AIK HU3bKOEHEPreTUYHMNIA MeXaHi3M, Mpu SKOMY NepesoMm
BKa3ylTb Ha NATONOrYHY KPUXKIiCTb KICTKOBOI TKAHMHMU
(octeonopoTuyHi nepenomn) [82, 83]. Lle Bu3HaueHHs
BMKOPUCTAHO B pekoMeHaauisax BcecBiTHbOI opraHisauii
OXOPOHW 340p0OB’A Ta MixkHapoAHOro oHAY OCTEONnopo3y
M LWNMPOKO 3aCTOCOBYETbCA B KJAIHIYHIM npakTuui npu
cTpatudikauii puanky Ta Npu3HayYeHHi BTOPUHHOI
npodinakTnkn [84-86].
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Opyruii nopir — 20 dyTiB (~6 M). MaaiHHA gopocnoro
3 Bucotn noHaa 20 dyTiB iICTOPUYHO BU3HAETHCSH
MapKepoM TSAXKOT MexaHi4YHOol Aii B npoTokKoaax
aorocnitTaibHOro MeANW4YHOro Ta TpaBMaTONOri4YHOro
copTtyBaHHsa (CDC, American College of Surgeons).
Llen kpuTepin noB’ss3aHMi i3 BMCOKOK MMOBIPHICTIO
noniTpaBMM Ta HeO6XiAHICTIO AOCTaBKWM MOTEPMiNOro Ao
cneuianisoBaHoro TpaBMuUeHTpyY [87]. Y Aesknx cyyacHmx
KepiBHMLTBaX 06roBOPIOETLCA HUXUYMI YHIBEPCANbHUI
nopir (>10 d¢dyTiB), ane 20 dyTiB AOCi HaWyacTiwe
BUKOPUCTOBYIOTb K «BEPXHIN» OPIEHTUP BUCOKOI eHeprii.

TakMM YMHOM, y peanbHin npakTuui npwu
OMNMUCi MexaHi3My TpaBMW 3acCTOCOBYTb Nunwe ABa
KBaHTU®diKOBaHi pedepeHCHi 3Ha4yeHHA: ~1 M 9K Mexy
HM3bKOEHEPreTUYHOro BrIMBY Ta ~6 M AK MOKa3HWUK
BUCOKOeHepreTnyHoi Tpasmmn (Puc.1l). NMpoMixHumn
AianasoH 3anuwaeTbca cnabko popmanizoBaHuM
[15, 88, 89].

IHTEeHCMBHICTb 3arasibHOro 30BHILLIHLOrO MeXaHiYHOro
BMJIMBY — CLEHapi nagiHHsa

Ona nigBUWEHHSA TOYHOCTI cTpatudikauii
MeXaHi4YHOro YAHHMKa NPpU TpaBMaTUYHUX YLLIKOIXKEHHAX
xpebTa Ha niacTtaBi BNacHOro AOCBiAy W aHanisy
niTepaTypHuUX axxepen Hamum po3pobrneHa 11-piBHeBa
wKana rpagauii iHTEHCUBHOCTI 30BHILWHLOrO BMNJIUBY
[3, 5, 70, 90]. Ha BigMiHy Big 6iHapHMX abo cnpoLleHnx
Knacugikauin 3anponoHoBaHa cucTeMa IpyHTYETbCS
Ha KNiHiYHO BepudikOBaHUX MOPOroBMUX 3HAYEHHSAX
[13, 15, 80] Ta oxonnt€E HalxapaKTepHiwWwi cueHapii
naaiHb, Wo 3abe3neyye ii BUCOKY KiHIYHY peneBaHTHICTb
i NpakTUYHY BiaTBOptOBaHICTb [72, 88, 91]. AK rpaHuyHi
3Ha4yeHHs BMcoTm obpaHo Taki: 0, 0,1, 0,5, 0,75, 1, 2, 4,
6, 10, 15 m (Ta6bn. 1).

BizyasibHO 3anpornoHoBaHa WwKaaa npeacTas/ieHa Ha
Punc.2 (6e3 potpumaHHsa macwTtaby).

IHTeHCHBHICTb 3arasibHOi 30BHIilUHbOI Mexa-
HiYHOT gii — cyeHapin 4TI

BuaHauyeHHs heq npun OTIM. OCKinbKM 3a BUXIAHY
MeTpUKy npuitHaTo h,, Ans nagide h,=h. Onsa OTN
(apyra 3a yacToTol npuynHa BepTebpanbHOi TpaBMMn)
notpibeH nepepaxyHok yepe3 Av - 3MiHY LWBWAKOCTI
notepninoro B momeHT ATN [5,92,93]. ba3oBa iges:
heq — Le BUCOTa BiSIbHOrO NajiHHSA, WO Aa€E Taky camy
KiHETUYHY eHeprito, wo n AT, aky onucywTb [94].
Buxoasum 3 npuHUNNY eKBiBaNeHTHOCTI eHeprin,

(aw)*®

Eg,

f:ln(.l!‘w}2 =mgh,, = h,, =

ae g=9,81 m/c2.
Ona 3py4yHOCTi, aKWwo Av BUpaxeHo B KM/roa, TO

@v=-1%,
h'q [M] PR .-

254

0 1 2 3 4

5 6 T 8

BucoTa nagiHHA, M

nopuroai OpIEHTHpH . CeTeonopoTHys nepenons {~1 m) . Bucosoenepremivba Tpassa (~6 m/ 20 f)

Puc. 1. 3aranbHONPUMNHATA HUHI WKana rpagauii BUCOTU NafiHHA B KOHTEKCTI NOLWKOAXEHHS xpebTa
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Ta6bamys 1. BucoTHa WwKana iHTEHCUBHOCTI MexaHi4yHOoi ekcno3uuii (Ansa kniHiYHOI cTpaTudikauii)

Ban - ” -
THNKOCTI Bucora, m KniHiyHM# cueHapin
BiacyTHICTb 30BHILWWHbLOT MEXaHIYHOI Aii: CMOHTaHHa KoMnpecisa Tin xpebuis npu
0 0 TSXKKOMY OCTEOMOpPO3i; MepesioM Ha T/li MiHIMaJIbHOrO0 HAaBAHTAXEHHSA MNPU CUCTEMHIN/
noKanbHiN natonorii KicTkn (NyxAnHa, iHdekLuisa Towo)
HenosHe nagiHHA/CTyNiHYACTE 3HVKEHHSA PiBHA <30 CM: CMOTUKAHHSA Ha PiBHIN
1 0-0,1 MOBEPXHi 3 BIAHOB/IEHHSAM PiBHOBArn; 4acTKOBE «CMOB3aHHSA» 3i CXOAMHW/MOPOra;
MiKpOTpaBMu Mpu HEBAANIOMY NOBOPOTi B TICHOMY npocTopi (nobyToBa TpaBMa)
MafiHHA 3 HU3bKNX MebniB abo apxiTeKTypHUX enemeHTiB 3aBBuwkN ~0,4-0,6 M (3
2 0,1-0,5 HeBUCokoi TabypeTku, nopora, NiABIKOHHSA); NAAiHHS 3 HU3bKOIO NiXKa; Yy AiTen —
nafiHHA 3 AMBaHa/irpoBOi MOBEPXHi MOPIBHAHHOI BUCOTH
3 0.50-0.75 MaaiHHA 3 piBHA CUAIHHA: 3i cTinbus/nixka (~0,6-0,7 m); NnafiHHA NpU BUXOAI/BXOAI
’ ’ y BaHHy; 3puB npu cnpobi aictatn npeaMeT i3 BEPXHbOI NOANLI, CTOAYN Ha CUAIHHI
MagiHHs 3 BUCOTU BiAacHOro 3pocty (~0,8-1 M): KOB3aHHA Ha SIbOAY/MOKPIN NanTLi;
4 0,75-1,00 | cnoTmnkaHHsa 06 nepewkoay (nopir, kabenb); CMHKONANbHE NAAIHHS Y BEPTUKANbHOMY
MOJIOXEHHI; NaAiHHSA NMpU NepeMilleHHi cxo4aMu «yepes O4HY» CXOAUHKY
MagiHHa 3 gpabuHum (2-3 wabni, ~1,5-2,0 m); 3 bankoHa/MangaHunka 1-ro nosepxy
5 1-2 (<3 ™m); BMpo6HMYA TpaBma: NAAiHHA Mif Yac po60TN HA HU3bKUX PULITYBAHHAX/
HaBaHTaXxyBasibHiN nNaaTdopmi; CNOpTUBHA: NafiHHSA 3 HEBMCOKOI CKeNbHOI noanui
MapiHHS 3 Aaxy 0AHONOBEPXOBOI 6y,quni. (3-4 ™), pepeBa, ckaacbkKoro cTenaxa;
6 2-4 najiHHs 3i cxoAaiB Ha 3HAa4YHOMY MposiboTi (26-8 CXO0AMHOK); BUPOBHMYA: NadiHHSA 3
pamnu/Hanisnpuyena
MagiHHa 3 gpyroro nosepxy (~6 M); 3 MalAaH4YMKa Mi>KNMOBEPXOBOrO NMpOJbOTY;
7 4-6 nafiHHA B WaxTy Manoi rmmnbuHn; BMpobHMya: 3 BEpXHbOro Apycy byaiBenbHUX
puULWTYBaHb
MagiHHs 3 TpeTboro nosepxy (~9-10 M); 3 Aaxy NPOMMUCIIOBOro aHrapa/
8 6-10 Luexy; pekpeauiiiHa/BupobHnya BMCOTa Npu BiAMOBI CTpaxoBku (3 yaapom o6
rOPU30HTaNbHY MNJIOLWNHY)
9 10-15 MagiHHA 3 4-5-ro nosepxy (~13-15 M); 3i WoOrnM 38°A3Ky, CTPISIN KPaHa, BUCOTHUX
pULWTYBaHb; 3pMB Ha MpCbKOMYy MapLipyTi 3 yaapom 06 BUCTYNuU/KPOMKM NO AOPO3i
KatacTtpodiuHe nagiHHs: Bucota >15 M (26-7-ro noBepxy); 3 BUCOTHOI 6yaiBni/
10 >15 QHTEHHOI WOornKn; 3puB 3i CKesIbHOro KapHu3a/MocTa B ypbaHizoBaHin 30Hi abo
ripcbkin MicueBocCTi
0 1 2 3 4 5 & 7 8 9 10
L [
om 0,1m 05Mm 0,75m im 2m 4 m GEY] 10m 15m

Puc. 2. lkana pisHiB (0-10) 3 mexaMn 3a eBiBa/IeHTHOK BMCOTO naaiHHa (h

O6’ekTuBHI nNpobnemu, aKi BUHUKAOTb Mig yac
po3paxyHKy LbOro kputepito. lo-nepwe, oTpUMaHHS
napameTpa Av i3 MAKCMManbHOK TOYHICTIO HUHI MOX/TNBE
nuwe Nnpu BUKOpuCTaHHi aaHnx Event Data Recorder (EDR)
aBToMob6ing (6nok noaywok 6esnekun/TenemMaTudHmnm
mMoaynb). Lleit npuctpin peectpye 3MiHy LWBWAKOCTI No
MO340BXHil i NONepeyYHiil 0csiX, a TaKoX iX pe3ynbTyoye
3HayeHHsa BnpogoBx 0,3 ¢ i3 noyaTky yaapy. Y CLUA
3aCToCyBaHHA Ta cTaHpapTusauia EDR perynwotoTbcsa
National Highway Traffic Safety Administration (NHTSA),
a B kpaiHax €C - PernameHTom (EU) 2019/2144, wo
nepeabavano o60B’A3KOBE OCHALWEHHS HOBUX MoAenen
aBTomob6inis EDR y 2022-2024 pp. [95, 96]. Mo-apyre,
HaBiTb 3a ¢opManbHOI HasiBHOCTI Takoro obnagHaHHSA
B TpaHCNOpTHOMY 3acobi nig 4ac rocniTanisauii Ta
NEpPBUHHOrO OrNaAy Nnikap 3a3Buyan He Ma€e LMX AaHnx
i 3MyLleHN BMKOPUCTOBYBATW AaHi, OTPUMaHi 3i cnis
notepninoro abo oyesunauis [97]. Came TOMy HaBeAeHO
HenpsiMi MeToAnKM po3paxyHKy Av ans pisHnx Tunis ATI.

M)

eq!

Sk npuknag, HaBOAMMO AOKNAaAHY MeTOAUKY
po3paxyHKy Av Ansg BMNaAKY KONiHeapHOro cnisyaapy
B OAHOBMWMIpPHIN mocTaHoBUi, TO6TO cuTyauii, Konu
obuaBa TpaHCcnopTHi 3acobu (T3) pyxatloTbCs B34OBX
oaHiel npamoi niHii (no6 y xsict abo nob6 y nob6), i
yaap BiabyBaeTbcs cTporo no uih oci [98]. Ak BUXigHi
YMOBM MpuiMaemo, wo m, m,- Macu astomobinis, v,
Vv, — WBMAKOCTI BiagnosiaHNX T3 A0 yaapy (3i 3Hakamu
B3[0BX OAHi€i oci), v’,, v/, — WBMAKOCTI nicns yaapy; e
- Koe@iuieHT BigHOBNEHHS (3a3BMYan Ans aBToMO6iniB
e=0,0-0,2; peTtanbHO PO3MASSHYTO HWMXYe). 3a OCHOBY
6epeMo 3aKkoH 36epexeHHs iMMynbCcy

’ '
myv, + Myvy, = Muv; + myv;

Ta YMOBW pecTutyuii

r ¥
v, — vy = —e(v, — Ul)_
Po3paxyeMo MUTTEBY WBUAKICTb Micas yaapy:
i m, — em, (1 +e)m,
v, = L5 2
my + m, my + m,

I
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1+e)m ma— am
l-’é —_ ( ) 1 A = 1 uz
m,_-!-m: m;_+m=

Ockinbkn Av=v — v’, ANS KOXHOro 3 T3 OTPUMYEMO

(1+e)m,
Avy= —— (v, — v
. m, +m, (v, Z},
(1+e)m,
Py = 2 -
Av, oy (v, 1).

HaBeneHi popmynu faoTb NiACTaBy CTBEPAXYBATH,
WO KOXeH T3 OTpMMY€E 4acTKy BiAHOCHOI LWBWUAKOCTI
V. =Iv,—V,|, nponopuiinHy Maci iHworo T3. Y pasi, aKuwo
Macu ogHakoBi, KOXHuUIM T3 oTpumye Av=0,5 V.. SAkwo
0AMH T3 3HaYHO Baxkunii (m,>m,), To Nerwnin aBTomobinb
Manxe MOBHICTH «3abupae» BiIAHOCHY WBWUAKICTb
(Av,~(1+e)V. ), a Baxunit Maixe He 3MiHIoE pyx (Av,=0).

OcKinbkn B HaBeAeHUX po3paxyHKax kKoediuieHT
BiZJHOBJIEHHS € MapaMeTpOM, CK/IaAHUM AN eMNiPUYHOTO
CNPUNHATTS, HABOAMMO MOro KOPOTKY XapaKTEpPUCTUKY.
Tak, y MexaHiui e — ue BigHOWEeHHS WBUAKOCTI pO3/1bOTY
00 WBMAKOCTI 36AMXKEHHA Tin y Hanpsmky yaapy [99,
100], TobTO
vy = v}
e = —

L e

3HaYeHHs MOXHa IHTepnNpeTyBaTu TakKUM YMHOM:

e=0 — abConTHO HEeMpyXHUIN yaap: Tina nicns
yAapy pyXxatTbCs pa3oM K EAVHE Line, a iXHA 3arasbHa
WBMAKICTb V/ BU3HAYAETbCA 3aKOHOM 36epexeHHS
imnynbcy [101];

0<e<l — 4acTKOBO MpPYXHUW yaap: 4YacTuUHa
BiAHOCHOI WBNAKOCTI 36epiraeTbcs sk «Bigckik» [102];
e=1 — abCcoNTHO NMPYXHUWN yaap: eHepris

36epiraeTbcs MOBHICTIO (K B iA€anbHO XOPCTKUX Tin
(6inbsipaHa kyns)) [103, 104].

Ky3oBa Ta 6amnepu aBToM06iNiB NPOEKTYOTb Tak,
Wwo6b BOHM MaKCMManbHO MOrAMHaNM eHepri yaapy
3a paxyHOK nnactuyHoi aedopmauii [105, 106]. Ue
03Hayae, Wo aBToMOb6iNbHMI yaap y 6inblwoCTi BUNaaKis
Ma€e njacTuyHuii xapakTtep. Came ToMy KoedilieHT
BiAHOBJIEHHS € B peanbHux ATl 3a3Bnyan ayxe Manuun.
Moro 3HaueHHs Bigo6paXxye nuile Ty 4acTKy eHeprii, aka
36epernacs B npyXHil aedopmauii Ta noBepHynacs nicns
yaapy, opMyroUmn HEBENTUKUIA «BiACKIK».

Y pa3si nob6oBuX 3iTKHEHb 3HAYEHHS € CTAaHOBUTb
6nusbko 0,0-0,1, ockinbkn Malixe BCS eHepria nae B
3MWHaHHSA Ky3oBa [106]. Mpu 6iyHMX yaapax NoKasHUK
aewo suwmun - 0,1-0,2, WO NOSICHIOETHCSH MEHLIO
30HO0 NporpamMoBaHoi AedopMalii Ta BiAHOCHO BE/IMKUM
npy>HuM Biagrykom [107]. Y pa3i 3aaHiX ManowBnAKICHUX
yaapis (bamnep-6amnep, napkyBaHHS) KoedilieHT MOXxe
ctaHoBuTKN 0,2-0,3, oCKinbkK B pob0TY 3any4eHo binbLue
NPY>XHUX eNeMeHTiB, a NnacTu4Hoi aedopmauii Mano.
Mpwn KOHTaKTI 3 )KOPCTKOK nepeLwkoaoto (CTOBMN, AEPEBO)
e—0 [99, 107]. Npwn 3iTKHEeHHAX 3 Av>25 kM/roa npu
NpakTUYHMX pO3paxyHKax NpUNHATO, Wwo e=0, OCKiNbKK
BMJIMB MPY>XHOI CK/1aA0BOoi MiHIManbHUN.

Ana peMoHcTpauii NpakTUYHOro BUKOPUCTaAHHSA
anropuTMy po3paxyHKiB HaBOAMMO KinbkKa KAIHIYHUX
npuKnagis.

Mpuknaa 1. JlerkoBuii aBToMobinb A BUXOAUTb Ha
06riH 3i wenakicTio v,=90 KM/roa, Ha3yCTpiy pyxaeTbcs
Nnerkosuin aBToMobinb b 3i weuakictio v,=70 kM/roa. Yaap
poHTanbHUA No oci pyxy. Mpuitmaemo, wo m,=1400
kr, m,=1300 kr. KoedilieHT pecTuUTyLii 3 ypaxyBaHHSM
wsuakocTi e=0. BignosiagHo, V. _V, . V, 160 km/roa, m,+
m,=2700 «r.
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ms
Avy = ————V, 1 = 77 kM/ro
¥ my+ ms, e e
4
m,
Av, = ———V, =~ B3 km/ro
2 my +m, " /ron

Toai ekBiBaneHTHa BMcCOTa heq (3a moaynem Av)
CTaHOBUTUME
772

hmm. R~ m = 234M

83%

Reqz ® 3z5 ~27,1u

4
wo Ans obox moctpaxaannx T3 € MakcuManbHUM
piBHEM MeXaHi4YHOro BN/AMBY Ha opraHiam — 10 6anie 3a
3arporoHOBAHOMO LLKaNoto.

Mpuknan 2. JlerkoBuit aBToMo6inb A Ha WBUAKOCTI
v,=50 kM/roa B3aeMogie 3 nierkosmm asTomobinem b, wo
CTOITb Ha CBiTNOdOPpI. Y LbOMY BUNAAKY BBAXaEMO Macu
T3 oaHakoBumu: m,=m,=1400 Kr.

Togi npn e=0

Avy = Av, = % 50 = 25 km/rop

A
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heq,l = }I‘q_z ﬁ ~2,46M

I
o CTaHOBMUTb 6 6ani..

NloriyHnM 3anepeyeHHAM ANS BUKOPUCTAHHSA
3anponoHOBAHOI MeTOAMKW € CKAAAHICTb TOYHOrO
BCTAHOBJIEHHS WBUAKOCTI Ha MoMmeHT ATI. OpgHak Ha
npakTuui Boaii 34e6inblWoro MoXyTb AAaTU OPIEHTOBHY
OUiHKY, AOCTaTHIO ANS NepBMHHOI cTpaTudikauii. o6
nokKasaTu CTanicTb BUCHOBKIB WOAO MPUAYCTUMOI
NOXMO6KM LWBUAKOCTI, HABOAMMO PO3PaxyHKM KibKOX
XapaKTepHUX 3Ha4yeHb Ha npuknagi 2.

- 50 kM/rop - Av=25,0 km/roa - h, =2,46 M - 6an 6;

- 55 km/rog -» Av=27,5 km/rog - heq=2,98 M - 6an 6;

- 60 km/rog - Av=30,0 kM/rog — heq=3,54 M- 6an 6.

OTpvMaHi NOKa3HUKW AEMOHCTPYHOTb, WO MOMipHa
HEBMU3HAYEHICTb WOAO BUXiAHOI WBUAKOCTI HE 3MIHIOE
KMiHiYHOI ouiHkKn. KpiMm TOro, aHanis nokasye, o npu
pO3paxyHKY eKBiBa/IeHTHOT BUCOTU HE3HAYHI BiAMIHHOCTI
B Maci aBTomob6iniB (£100-200 Kr) mpakTU4YHO He
3MiHIOKTb MNiACYMKOBY BenWYMHY Av, a OTXe, He
BMN/IMBAOTb HA BM3HAYEHHS PiBHSA 3a 3anpornoHOBaHO
WKanow. Y KANiHIYHIA npakTuui Taka aeTtanisauia He
noTpibHa. HabaraTto BaxnmBille BpaxoByBaTU KacoBy
npuHanexHicte T3 (Manuit aBTomMobinb, ceaaH, SUV/
KpocoBep, MikpoaBTobyc, BaHTaxiBka, aBTobyc, dypa),
OCKIiNIbKWM BiAMIHHOCTI MiX UMW KaTEropisaMu AyXe 3HauHi
Ta MOXYTb iCTOTHO 3MiHUTU PO3MNOAIN MiX yYyacHUKaMMU
OTM. Tomy gnsa cTpaTtudikauii gouinbHo KnacudikysaTm
T3 3a TvMnamu, wo 3abe3nevye AOCTATHIO TOYHICTb 3@
36epexeHHs NpakTUYHOI 3aCTOCOBHOCTI MeToAy. Y pasi,
Konu macu T3 mMalike ogHaKoBi, Av CTaHOBUTb Y2 CyMapHOi
WBUAKOCTI 36/IMXKEHHS He3anexHo Big pakTUYHUX Mac,
TO6TO Npm po3paxyHKy BUKOPUCTOBYOTb kKoediuieHT 0,5.

AHanoriyHo HaBeAeHOMY pO34iny Mpo KoJjiHeapHe
(1D) 3iTKHEHHS, 3 BUKOPUCTAHHSM MeTOAIB popManbHOT
MeXaHiKM po3paxoBaHO crnpoueHi koedilieHTNn ans
WBWAKOIFO BU3HAYeHHSA Av npu iHWux tunax OTM. Li
Koe@iliEHTN AaloTb 3MOry, 3HaK4M NMWE WBUAKICTb
OAHOr0 3 YYaCHUKIB | XapakTep 3iTKHEHHS, ONepaTUBHO
OUIHWUTX 3MiHY WBMAKOCTI nocTpaxagasnoro T3 i
po3paxyBaTu heq (Ta6bn. 2).
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Mpu aHanisi Tabnuui ocobnueoi yBarn BapTa
kateropia OTIM i3 nepeBOpOTOM, fAKa MPUHLWUMNOBO
BiAPI3HAETbLCA BiA IHWINX CUeHapiiB MeETOAaMU BU3HAYEHHS
Av. Y uboMy BuNagKy 3MiHa LWBWAKOCTI He mos’s3aHa
6e3nocepeaHbO 3 GPOHTaNbHOK abo BiYHOK NPOEKLUIiED
BiAHOCHOT WBUAKOCTI, @ BU3HAYAETbCHA XapaKTepoMm
obepTanbHOro pyxy aBToMo6ins Ta KifIbKiCTIO KOHTaKTIB
Ky30Ba 3 nosepxHeto [113]. Ba3oBy OUiHKY BUKOHYOTb
3a dhopmysoto

AVraH R krol! 1 VOI

Ae V, — WBMAKICTb [0 MOYaTKy NepeBopoTy; K, —
Koedili€eHT, WO 3anexuTb BiA KiIbKOCTi nepeBopoTiB/
KOHTaKTIB A4aXx0OM, TUNY NepeBopoOTYy Ta yYMOB.

Mpw ananizi TN i3 nepeBopoTOM T3 BUKOPUCTOBYOTb
Kinbka MeToAiB BM3HadeHHsA Av, ABa 3 SAKUX
BBaXalTb HaWnNpocTiwnMMn Ta edekTuBHnumMun. Obuasa
niaxoAn exkBiBasieHTHI 3a 3MicTOM. PekoMeHAYylOTb
BUKOPUCTOBYBATW TOW, SIKMIN NPOCTille iHTepnpeTyBaTn
Ha niacTaBi HassBHOT AOKYMeHTaUil:

1. MeToa ouiHkK 3a uBepTb-obepTtamun (Nqg) [114].
OUuiHKY NMpOBOAATb 3a Ki/IbKICTIO UBEPTb-06€pTiB Ky30Ba
(90° obepTaHHA=1 uBepThb):

Ng=1-2 - aBTOMObGinb Nnarae Ha 6ik abo gax: k
~0,25-0,35;

Ng=3-4 - nepeBopoT yepe3 gax abo NoBHe
obepTaHHsa (360°): k., =0,35-0,50;

Ng = 5 - MHOXWHHI nepesopoTu: k , =0,50-0,65.

2. MeToz 3a KiNbKiCcTHO KOHTaKTiB gaxom (M, roof-
impacts) [115-117]. OuUiHIOTb KiNbKiCTb KOHTaKTIB AaXy
umn CTillOK i3 NoBepxHeto goporu. Llei MmeToa 3pydHiwmm

Yy pa3i MHOXWHHUX NMepeBOpoTIiB:
k,-ou A 0.2 + 0‘;08 'M,

ne M — KinbKicTb KOHTaKTIB. kK_, HE NepeBuLlyBaTUMe
0,65.

Kpim TOro, Ang niaBULLEHHA TOYHOCTI pO3paxyHKiB
peKoMeHA0BAaHO BUMKOPUCTOBYBATU KOHTEKCTHI 3MiHU
3aNexHo Big KOHKpeTHux ymoB [113, 118]. Tak, npwu
aHanisi AT suainsatoTb:

- MepeBOpoOT i3 «3a4iNJBaAHHAM», CAPUYNHEHUN
30BHiWHbOI Nepewkogoto (6bopatop, kKaHaBa, M'sika
y3604mnHa), aKka «Yinasie» Koneco Ta iHilitoe obepTaHHS.
Taki cuTyauii 4YacTiwe npus3BoasTb A0 6iNbl pi3koro

roll

roll
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nornMHaHHa eHeprii Ta 6inbwoi Av. Mpn po3paxyHKy -
k., +0,03-0,05;

- nepeBopoT 6e3 «3ayinaoBaHHA» BiAbYBaeTbCS
B pe3yfnbTaTi AWHaMikm camoro aBToMobins (piskui
MaHeBp, 3aHECEHHSs, YCYHEHHS LUeHTpy TsXiHHSA) 6e3
yaapy o6 nepewkoay. 3a3Buyan Av TyT MeHLUe, HiX
3a cueHapito i3 «3a4innBaHHAM», TOMY KoedilieHT
KopurywoTb y MeHwwi 6ik: k , -0,03...-0,05.

KpiM Uuboro, ypaxoBylTb KpPYyTUN yXua/Hacun
(k,,, =+0,03) Ta NokpuTTA AoOporun: TBEpAe MOKPUTTA
(achanet) - k., —0,02..-0,03, M'ake (FpyHT) - K
+0,02-0,03 [119].

MNpuknan. ABToM06iNb pyXxaBCs 3aMiCbKOK A0POrow
3i weunakictio 6n1m3bko 70 km/roa. Mig Yac maHeBpy
3'i3ay Ha 06riH ogHe 3 KoJsliC 3a4enunio M'sKy r'pyHTOBY
y360umHy. BTpaTa onopu cnpuynMHmnia «3a4vinaoBaHHS»
(TUNoBUIA NepeBOPOT i3 «3ayintoBaHHAM»), NiCAS YOro
MalWunHa nepekunHynacsa 4vepes 6ik, 34iNCHUBWN ABa
KOHTaKTW AAaXOM i3 MOBEPXHELD.

3a MeTozoMm roof-impacts M=2 k =0,36. [lonaTkoBo,
OCKifIbKM NepeBOpoOT iHiLiMOBaHMI «3a4yinatoBaHHAM»
Ha rpyHTOBiI#W KpoMmui, BHOCMMO nonpasky +0,04
(«3avinnoBaHHA») Ta +0,02 (rpyHT), NiACYMKOBUM
k_, =0,42.

TakuM YMHOM,

Av = (0,36 + 0,04 + 0,02)-V, ~042-70 =294 m/ro,a,

o 29,4°

254

OTpuMaHe 3Ha4yeHHs BiANOBIAAE PiBHIO 6 33 LWWKaNow
(iHTepBan 2-4 m).

HaBeneHi faHi AEMOHCTPYKOTb MOXAUBICTb
3aCTOCyBaHHS BIAHOCHO MPOCTUX MeTOAUK ANS
OPIEHTOBHOI OUIHKW CTYMNEHA TpaBMyBajlbHOro BrJIMBY
Ha OpraHiaM NoTepninoro B Mexax ABOX 6a3zo0BuUX
cueHapiiB — nafiHHa 3 BMCOTWM W pi3Hi BapiaHTn ATI.
[Ona NpuUCKOpeHHs Ta CrpoLweHHs 06pobkn iHdbopMauii,
BUK/IIOYEHHS HeOobXiAHOCTi CaMOCTIMHOro BMKOHAHHSA
MaTeMaTUYHUX PO3PaxyHKiB, @ TaKOX ANS BPaxyBaHHS
HU3KM MoANDIKaUiIMHUX YNHHUKIB HAaMK BYB po3pobneHunii
cneuianizoBaHuii oHnaiin-kanbkynsTop. Moro cTpykTypa,
(dyHKUIOHaNbHI MOXIMBOCTI M anropuTtMm poboTn onucaHi
y BiAMNoBiAHOMY pO3Aini Wi€l cTaTTi.

roll

roll

Rog ~34u

Ta6banys 2. KoedilieHTn Ana WBUAKOrO BU3HaYeHHs Av 3a pisHux Tunis AT (Npn NOPiBHAHHMX Macax TPaHCMOPTHUX

3acobis) [107-112]

KoeduumneHT
Tun ATH (k) ans Av KomeHTap
KoniHeapHa (nob6ose/ 05 K 0 T3 . . ’
333y) , OXHUI OTPMMYE MOMIOBUHY BiJHOCHOT LWUBUAKOCTI
; . Ana T3, aknin yaapsaoTb, 3MiHA WBWAKOCTI ~ NOJIOBUHA HOPMasibHOi KOMMOHEHTH
BiuHni yaap 0,5 WBMAKOCT]
0,25 - ansa 30°
0,35 - angs 45°
Kocuii yaap Av 3aneXuTb Bif KyTa KOHTaKTy
0,43 - pns 60°
0,48 - ana 75°
Kos3aHH$ (sideswipe) 0,05-0,20 Mpy AOTUYHOMY KOHTaKTI Av Mana, eHeprisi nae B TepTsa/KOB3aHHS
%’,an 06 XOpCTKyiA =1 Mpu ex0 Av 61n3bka A0 WBUAKOCTI yaapy
ap’ep
_ Av OLiHIOIOTb K YaCTKY LWBWUAKOCTI A0 MOYaTKy NepeBopoTY; 3aNexuTb Bij
Mepesopot 0,25-0,65 KiNbKOCTi NepeBopoTiB
BaraTtonogainHe Makcumym i3 Av | Mpu Kinbkox KOHTakTax 6epyTb Hanbinbwy Av 3a AaHMMn EDR 4m pekoHCTpyKuUii
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76

OyiHKa MexaHi4YHOI gii Ha xpebeTt

3akoHoMipHO, Wo h,, Wwo Bigo6paxye nuwe
iHTerpasabHy BEIMYMHY MEXaHi4YHOI eKCcro3uLii, cama no
cobi He pa€e 3MOrM aAeKkBaTHO OUIHUTWU piBEeHb BMAMBY
Ha xpebeT [70]. PeanbHa TpaBMaTUYHICTb BU3HAYAETbCSA
TUM, SIK €Hepris NepeTBOPIETLCA Ha CUAM 3@ KiHLEBUI
yac i Ha KiHLEeBOMY LUMAXY rasibMyBaHHS, B AKi reomMeTpii
npukageHa 4o Tina Ta aka i YacTka MexaHi4yHO BNaMBaE
came Ha xpebTosuii cToen [1, 120]. Tomy oaHakose h,,
MOXe BM3HayaTu MPUHLMMNOBO Pi3Hi KAiHIYHI Hacnigku
[77, 121, 122]. Tak, naaiHHs 3 1 M Ha XXOPCTKWUI 6eToH
i TOBCTWUI MaT, iAEHTUYHI 3a heq, 3HAYHO BiAPI3HATbCSA
3@ HaBaHTAXeHHSM Ta PU3UKOM MOLWKOAXeHHS [123].

[0 KNOYOBUX A0AATKOBUX YNHHUKIB, LLO BMINBAIOTb
Ha peanbHYy TpPaBMaTUUHICTb, HanexaTb Maca Tina
nauieHTa, koediuieHT nepeaadi iMnNynbcy n edekTnUBHA
AVCTaHUisa ynoBinbHeHHA [120, 124-126].

Maca Tina nayieHta

Maca Tina nauieHTa (m) - ue dyHAaMeHTaNbHUM
napameTp, L0 BU3HAYaE iHePLUiHi BNaCTUBOCTI CUCTEMU
[127, 128]. Ana 6yAb-aK0i TpaBMaTU4HOI NoAii i3
3apaHot Av i, BigNOBIiAHO, €KBIBAaNEHTHOI BUCOTO
heq Maca JiHiltHO MacwTabye sik eHeprito, Wo nignarae
PO3CitOBaHHIO, TaK i iMNyNbC, AKNI Ma€ 6y TN CNPUAHATUIA
OMOPHMMK CTPYKTYypamu [129, 130].

3 ornaAay Ha iHTerpanbHy dopMy ApPYyroro 3akoHy
HbloToHa, poboTa 30BHIlLHIX CKM, HEOBXiAHA AN MOBHOT
3YMNWHKW Tina, AOPIBHIOE NOro KiHeTWYHil eHeprii (E):

E = gm(ﬂv)z = mgh,q.

Mpwn 3agaHux V abo heq BeMYMHa E nponopuiliHa
Maci. OTxe, TAXX4YOMy Tiny NoTpibHO noracuTtu Ginblwni
€HepreTU4HWI 3anac npu oAHaKoBIn h, .

IMnynbc (J), KU MaloTb HadaTu rasabMiBHI CUn,
pO3paxoByOTb 3a hOpMYo

]= fF(r)dr = mlv

BiH 3pocTae niHiMHO B Mipy 36inblleHHs Macu npwm
dikcoBaHin Av [131].

BignoBigHo, sKkwWo 3ynuHka BiabyBaeTbCcs 3a
dikcoBaHu yac (t), To cepeAHs cuna BNAUBY
CTaHOBUTUME:

Fe £= mav
t t ,

IO TaKOX JiHiiHO MacwTabyeTbCs 3a Macoto.

Bavxue A0 KAIHIYHOI NpaKTUKW CUTyauisd, Konu
ranbMyBaHHSA BiAOYBa€ETbCA Ha XapaKTEPHOMY LWASXY
S, Hanpuknaa, TOBLWHA NOKPUTTS, WO aMopTmu3ye, abo
rnnbuHa pgedopmauii KOHCTpyKUii. Y ubOMy BMNaAKy
cepeaHs cuna BnauMBy Moxe 6yTu po3paxoBaHa 3a
dopmynoto

Fe E_ mq'
s s

sKka Bigobpaxye niHiMHY 3anexHicTb Bi4 Macu 3a
iHWMX oaHakoBuX napameTpis [132, 133].

TakuM 4ymHOM, Maca Tina NauieHTa € CaMOCTIMHUM
MOANDIKALIMHUM YMHHUKOM TpaBMaTU4YHOCTI. Mpwu
¢bikcoBaHnx Av abo h,, came BOHa CUCTEMATUUYHO
36inbWwye HeobxiaHi Ana 3ynuHKKM iMnynbc i poboTy, a
0TXe, i cepeAHi/NiKOBi HaBaHTaXeHHs, WO NpMNagaTb
Ha ONopHi CTPpyKTypu xpebTta [125]. ToMy ANA KOPEKTHOI
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iHTepnpeTauii «CuamM noAii» Macy Tifna nauieHTa
cnif ypaxoByBaTu K MiHIMyM B OMWCOBIA YaCTUHI
aHanisy, HaBiTb AKLWO CaMa MeTpuKa OUIHKK, WO
BMKOPUCTOBYETbLCS, € MAaco-HelTpasbHot [134].

KoediyieHT nepepadyi imnynbcy

KoediuieHT nepepadi imnynscy (T,.,) — ue
6e3po3MipHa BefnMYMHa, WO XapakKTepuslye, sKa
YyacTMHA MeXaHiYHOl eHeprii TpaBMaTU4YHOI noaii
poxoamTb Ao xpebTa [1, 135]. BiH noka3sye epeKTUBHICTb
«biomexaHiyHMX inbTpiB» (cyrnobis, mM’'a3iB, M'aKux
TKaHMH) | TEXHIYHMX CUCTEM 3aXUCTY (PeMeHi, MoAYyLIKY,
CUAIHHS), AKi pPO3CilOTb YM NEepepo3noAiNATb yaap
[120, 136]. Takum 4uHOM, T, . BM3HAYAE, AKA YacCTUHa
3aranbHoi MexaHi4yHoi ekcrno3uuii noaii TpaHCPOpMYETLCS
B HaBaHTaXXeHHs Ha XpebToBui cToBM. HanuacTiwe
ue ocbOBa KOMMpecia, ane 3anexHo BiA BeKTOopa
OOKNAAAHHSA CUIM MOXYTb AOMIHYBATM M iHLLI KOMMOHEHTH
(3cyBHi abo poTauiliHi), BennymHa siknux 6esnocepeiHbo
BM3HAYaETbCA HaMpsiIMKOM i pe3yNbTylO4YMM BEKTOPOM
30BHiWHbOro BNAMBY [137].

OCHOBHVMMW YNHHUKAMW, LLO BU3HAYaOTb BEINYNHY

T, € TOUKA AOKNA[LAHHA 3yCUINA Ta reometpis
KOHTakTy [126, 137, 138]. Tak, npu naaiHHi Ha Horu
3 rMMH6OKNUM 3rMHAHHAM KOMiH i aKTUBHOK poboToto
M'A3iB 3Ha4YHa 4YacTuMHa iMMNynbCy po3cCitoeTbes, T, .
3a3Buyain ctaHosutb 0,4-0,6 [139, 140]. HaBnaku, npu
najiHHi Ha cigHuui abo cnMHy amMopTmM3auis MiHiManbHa,
3HayeHHa T, Habnuxaetbca ao 0,9-1,0, TobTo Maiixe
BCA €Heprisa nepepaceTbCs Ha rpyao-nonepekoBui
Biaain [141]. MNpu dpoHTanbHux AT peMiHb 6e3nekn Ta
noAyLliKa po3MoAiNsaoTb KiHETUYHE HaBaHTaXeHHsA No
rPYAHIV KAiTWi M nne4yoBoMy noscy, 36inbwyroym niowy
Ta TPUBANICTb MOMIMHAHHA €HEeprii, WO 3HUXYE NpsaMy
nepegadvy iMmnynbcy Ha xpebet [142, 143]. 3a BiacyTHOCTI
peMeHsa yaap o6 kepMo abo naHesb 3A4INCHIOETLCS
NoOKanbHO M MpakTW4yHO 6e3 NaHoK, WO aMOpTU3YHOTb,
YyHacniAoK LbOro HaBaHTaXeHHS nepefacTbCs Ha
XpebToBUI CTOBM Malxe NOBHICTO. Y Aessknx BUNnaakax
(Hanpuknaa, OCbOBWI yAap 4epes3 ronosy) JloKasbHa
KOHLEeHTpauisa iMnynbCcy Moxe hopMasbHO OLiHIOBATUCS
>1, Wo Bif06paxye He «CTBOPEHHS eHeprii», a NiACUNeHHS
ii BNMBY Ha obMexeHun cermeHT xpebTa [144].
Y KJiHIYHIA npakTuui T, . OUIHIOTb 3@ CLEHapiem
TpaBMWU: 4yepes3 SAKi CTPYKTYpu MPONLIIO OCHOBHE
HaBaHTaXeHHS, CKiflbKM 3 HbOro 6yso MOriMHEeHO «Mo
[Opo3i», AKa 4acTuHa pocsarna xpebToBoro cToBna
[126, 141]. Ana po3paxyHKiB BUKOPUCTOBYIOTb TUMNOBE
(cepenHe) 3HaueHHsA koediuyieHTa, a MiHiManbHi
Ta MaKcuMasnbHi MeXi po3rnaparTb SAK Aiana3oH
BapiabenbHOCTI.

Ha niacTtasi aHanizy pgaHux nitepatypu BU3Ha4YeHO
ycepeAHeHi 3HaYeHHs T, 3 OPIEHTOBHMMMU AianasoHamu
AN OCHOBHUX KJIiHIYHUX cueHapiiB (Ta6bs. 3).

EcpexkTBHa AgncTaHUisi ynoBiIbHEHHS

EdexkTuBHa AMCTaHuia ynosinbHeHHa (S, ) — ue
peanibHUIN WAAX, Ha SKOMY LWBWAKICTL Tina (abo nmoro
peneBaHTHOI Ans xpebTa YaCTUMHM) racuTbcs nicns
KoHTakTy [139, 150]. Ha BigMiHY Big «reoMeTpUYHOI»
BMCOTM NaZiHHS BOHa OXOMJIOE BCi AXepesa «M'sKOCTi»
cuctemu: pgedopmauito onopu (MaT, I'pyHT, CUAIHHS,
noayuwka 6esnekun), SMMHaHHS M'SIKUX TKaHWH, 3rMHAHHS
cyrnobiB, a TakoX MPOKOB3YBaHHA Ta NOBOPOTW TiNna
[129, 133]. Wo 6inbwa S, ,, TO NyIaBHile PO3MOAINAETHCA
NOrNIMHAHHA eHeprii B Yaci Ta HWX4i cepeaHi W NikoBi
HaBaHTaXeHHsA Ha xpebeT npw Ti camin noaii [154].
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Ta6anys 3. YcepeaHeHi 3HavYeHHs KoedilieHTa nepeaadi iMnynbCcy Ha rpyAo-nonepekoBuii Biadin xpebta aAns aessknx
TUNOBUX KNiHIYHUX cueHapiis [1,70,120,126,135-154]

KopoTkuit onuc

T,.ng (Min—
TMNoBe—-max)

O6rpyHTYBaHHA (KOPOTKO)

MNapginHn:

Ha Horu, rnnboka
amopTu3auis (rnnbokun
npuvcia)

0,40-0,55-0,65

3HayHa YacTuHa iMNynbCy racUTbCs 3@ paxyHOK poboTH KONIHHUX i
Ky/bLIOBMX CYrnobiB, a TakoX M'S30B0O-3B'A3KOBOro KOMMJeEKCy; Ha xpebeT
TPaHCIOETHCS He Binblue HiXK NONOBUHU eHeprii

Ha HOru, HaniB3irHyTo

0,60-0,70-0,80

MomMipHa dinbTpauia eHeprii kpisb cyrnobu Ta M’s3u; YacTka 0CbOBOrO
HaBaHTaXeHHSs, Wo nepefaeTbCs, BULe, HiX npu rnnbokii amopTusauii, ane
YacTUHa iMNYNbCy MNOMIMHAETbLCA

Ha HOrW, >XOPCTKO
(manxe 3ab6nokoBaHO)

0,80-0,90-0,95

Cyrno6oBa amopTu3auisi MiHiManbHa; iMNyAbC Malke NOBHICTIO
CNpsIMOBYETbCS Y Bicb XxpebTa, popMyoun BUpasHy KOMMNpecito

Ha CigHUUi/KpuXi

0,80-0,95-1,05

AMOpTM3aUiiHa 34aTHICTb M'AKUX TKaHWH Ta3a obMeXxeHa; HaBaHTaXeHHs
NpaKTUYHO MOBHICTIO NepefaEeTbCa Ha NONEePEKOBUA BigAin. Y Aesknx
BMMNaZKax MOXNMBa nokanbHa KOHUeHTpauis (>1)

Ypnap no wupokin nnowi 3 nepeaayero kpisb pebepHo-xpebToBuii kapkac

Ha CruHy 0,90-1,05-1,15 dopMye Malie NOBHE OCbOBE HaBaHTaXeHHS; A0AATKOBO BUHUKAE MOMEHT
BUTUHY
. HayHa 4YacTuHa eHeprii itoETbCA KPi3b BiYHI M'AKI TKAHWHKU Ta CTPYKT
Ha 6iKk/Ta3 0,60-0,75-0,85 3Ha4Ha vac a eHeprii po3citloeTbcs Kpi3b 6 a a CTPYKTYypy

Ta3a,; 0CbOBa KOMMOHEHTA 3HMXEHA

Ha PYKW/NiKTi/KONiIHN

0,40-0,60-0,70

KiHUiBKM BUKOHYIOTb (DYyHKLilO aMOPTM3aTopiB, PO3CilOlO4YM YaCTUHY eHeprii;
no xpebTta poxoanTtb nuwe 40-70% imnynbcy

Ha KoJliHa (3 HAaCTyMnHWUM
0CbOBUM yzi@apoM)

0,50-0,70-0,85

MepBuHHa dinbTpauis Kpi3b 3rMH KoniHHOro cyrnoba, NoTiM piska nepenava
3a/IMLWKOBOT eHeprii 40 OCi; KiHUueBa YacTKa BapiaTuBHa

ATr:

dpoHTaNbHUN: peMiHb +
noaylLuka

0,50-0,65-0,75

PeMiHb i NnoayLKa po3noAiNATbs HaBAHTAXEHHS MO rPYAHIN KNiTui Ta
nae4yoBoMy nosicy, 36iNblytOTb TPMBANICTb KOHTAKTY, 3MEHLLYIOYM HYacTKy
eHeprii, wo gocsrae xpebta

GbpoHTaNbHUI: NnwWwe
peMiHb

0,60-0,75-0,85

3a BiACYTHOCTI NOAYLWKW po3noAin MeHWw edheKTUBHUMN; iIMNYNbC KPi3b peMiHb
i rpyaHy KNiTKy nepeBa)KHO TPAHCIIOETbCA B xpebeT

dpoHTanbHWin: 6e3
pemeHs (naHenb/KepMo)

0,85-0,95-1,00

Mpy NpAMOMY KOHTaKTi rPyAHOI KNiTKM 3 KEPMOM abo naHento BiACYTHI
aMopTU3aUifiHi CTPYKTYpUW; Malxe BeCb iMMNy/ibC NepeAaEeTbCst XpebTy

6iyHNI yaap i3 pemeHeM

0,55-0,70-0,80

PeMiHb yTpUMy€E TOpC i Nepepo3noAinsi€e YacTuHY eHeprii; Aedopmadis
ABepen Ta CUAIHHS A0AATKOBO PO3CilOE HAaBAHTaXXEHHS

6iyHunI yaap 6e3 pemeHs

0,70-0,85-0,95

XopcTkuit yaap Kpisb 6iuHY NOBEpXHIO Tina; BiACYTHIA KOHTPONbOBaHUM
po3noain, YacTtka nepejadi suwe

nepeBopOT i3 peMeHeM

0,90-1,00-1,10

Mpwn KOHTaKTI Aaxy 3 ronosot/nnevyamm GopMyeTbCS akcianbHe
HaBaHTaXeHHs 3 MiHiManbHO inbTpalieto; NokanbHa KOHLEHTPaLis Moxe
niaBMLyBaTK nepeaavy

nepeeopoT 6e3 pemeHs

0,90-1,05-1,15

KOHTaKT Tina 3 )XOpPCTKMMWN efleMeHTaMu CaloHy UM 3eMIel0; reoMeTpisa yaapy
BapiaTMBHa, ane 4yacTile BUHUKAE NPSIMUIA | TOYKOBUI BNANB Ha xpebeT

lpumiTKa: Npu NPakTUYHUX pO3paxyHKax peKOMeHA0BaHO BUKOPUCTOBYBaTU TUMNoBe (cepefHE) 3HayeHHs Tland, ockinbku
BOHO Bifo6paxye HaniMOBIpHIWWI CLueHapili KOHTaKTy. 3Ha4YeHHS «min» Ta «max» HaBeAeHO K OPIEHTMPU AN OUiHKMK

cTyneHs BapiabenbHOCTi Ta MOX/IMBOT NOXNOKN pO3paxyHKiB.

Ha BennuuHy S, BNIMBAKOTL TOYKA AOKIAAAHHSA
3ycunns i nosa (HOrM 3i 3rMHaHHSAM KOMiH AatloTb AOBIUWA
WNsX, NaaiHHA Ha cigHuui abo Ha CNMHY — KOPOTKMIA),
B/IACTMBOCTI NOBepxHi (TBepAuin acdanbT Manxke He
«npautoe», M'aKi MOKPUTTS, CHIr, MaT «MOAOBXYOTb»
Wwnax), a TakoX efleMeHTM nacuBHOi 6e3nekun B
TpaHCNopTi (PeMiHb, HaTAryeay, noaylwka, aedopmauis
CUAIHHA Ta Ky30Ba A0A4Al0Tb XiA YMoOBiibHEHHA) [152]
(Tabn. 4, Tabn. 5). Y avHaMmiui BaXUBI i BTOPUHHI pyXu:
NPOKOB3YyBaHHS, NepeKoYyBaHHS, 06epTaHHSA 3MEHLLYIOTb
YacTKy CyBOpPO OCbOBOI KOMMpecii Ha xpebeT, hakTU4HO
36inbwytoun edekTMBHY AncTaHuio [113, 118].

OUiHKY B KNiHiLi 34IMCHIOIOTb 3a/1€XHO Big cLeHapito
Ta KOHTEKCTY: aHani3yTb NOo3y NpU KOHTaKTi, Tun
noBepxHi/obnagHaHHA, XapakTep MOLWKOAXEHb, MOTIM
obupalTb peaniCTUMYHMN Aiana3oH 3HayeHb ANs
pO3paxyHKiB.

3anponoHoBaHi AN1A XapaKTepUCTUKN TpaBMu
MeTpHUKH

Ha niacTtasi aHanisy onuMcaHux napaMeTpiB 3
ypaxyBaHHAM MPUHLUUNIB NMPUKAAAHOT MeXaHiKun
ONA AOCATHEHHS OCHOBHOI METU AOCHIAXEHHA HaMu
3anponoHoBaHO Habip MeTpuK, WO AalTb 3MOry
dopmManisyBaTh Ta KilbKiCHO OommMcaTW MeXaHiyHy Aito
Ha xpeber.

1. CepeaHeE «criiHa/ibHe>» nepeBaHTa*K€HHS

CepenHe «cniHanbHe» nepeBaHTaxeHHA (Jspine)
BiAO6paxye «KOPCTKICTb» BMNIMBY MOAIi, WO TPaBMYE,
Ha xpebeT i BMpaXaeTbCa B KPATHOCTAX MPUCKOPEHHS
BinbHOro nagiHHsa (g). Ha BiaMiHy Big abcontoTHUX
CUNoBUX abo eHepreTuuHWx napameTpiB Fepine
6e3nocepeAHbO He 3aNeXUTb Big Macu Tina nauieHTa m
TOMY € YHiBEpCasibHUM, MOPIBHAHHUM KPUTEPIEM Y Pi3HUX
KNiHIYHNX BMNagkax [169].
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Tabauys 4. 3HadyeHHs ePEeKTUBHOI AUCTaHUIT YNOBINbHEHHS AN AeAKUX HAWTUMOBILWMX KNIHIYHUX CUTYyaUil

[131, 136, 139-150, 152-154]

KopoTtkui onuc max)

S,,nar M (Min—-Tunose-

Yum 3abe3sneueHo

MapginHs:

Ha Horu, rimboka aMmopTU3auis

(rnn6okuii npucia) 0,40-0,50-0,60

3ruHaHHS KOMiH i KynblwoBuX cyrnobiB, enacTUYHICTb
CTOMNU, «3CyB» Tasa Ha3aj

Ha HOMW, HaniB3irHyToO 0,25-0,30-0,40

YacTkoBe 3rMHaHHA KONiH, NpyxHa pob6oTa cyrnobis,
noMipHa amopTu3auis

Ha HOTM, XOPCTKO (Malxe

3a6/10K0BaHO) 0,15-0,20-0,25

MiHiManbHa poboTa cyrnobis, piska nepegava yaapy;
KOPOTKUW WASX

Ha CiaHUUI/KpuXi 0,02-0,04-0,06

CTUCHEHHS M'AKMX TKaHWH Ta3a, MiHiManbHe
KOB3aHHS; Ay>Xe KOPOTKUI Wnax

Ha CnuHY 0,03-0,04-0,05

NedopmMauisa M'AKMX TKAHWH CMIUHW Ta rPYAHOI KNiTKK
npv yaapi

Ha b6ik/Ta3 0,06-0,08-0,10

Jedopmauia 6i4HMX M'aKUX TKaHWH i KOMMpecis Tasa

Ha pyKuW/nikTi/Konium (3

nepeaaBasbHUM HaBaHTaXEHHAM) 0,10-0,15-0,20

3ruHaHHS KiHLiBOK, YacTKOBa aMmopTu3auis
cyrnobamm

Ha KoJliHa (3 HaCTYMNMHUM OCbOBUM

yaapom) 0,08-0,10-0,12

[OedopMauis M'AKMX TKaHUH KOJMiHa + 3rMHaHHSA
cyrnobis go ynapy xpebta

Aartr:

bpoHTanbHWUIA: peMiHb + nogyLwka 0,20-0,30-0,40

«Xig» peMeHs, CTUCHEHHS noaylwku, aedopmauis
CUAIHHSA

(hpOHTaNbHWUIA: NULIE PEMiHb 0,15-0,25-0,30

Po3TaryBaHHs peMeHsa Ta gedopMauis CUAIHHA

bpoHTanbHNI
KepMmo)

: 6e3 pemeHs (NaHens/ 0.02-0,05-0,08

Mawxe MUTTEBA 3yNUHKaA; BKPan XOPCTKUM KOHTaKT

6iuHNI yaap i3 pemeHeM 0,10-0,15-0,25

[Nedopmauis ABepein/CnAiHHA, KOB3aHHS Topca

6iuHnit ynap 6e3 pemeHs 0,05-0,10-0,15

XKOpPCTKUIA KOHTAKT; MeHLe KepoBaHoi aedopmauii

nepeBoOpoT i3 peMeHeM 0,02-0,04-0,08

KOHTaKT faxy 3 naeyamu/ronoBot; obMexeHun xig

nepesopoT 6e3 peMeHs (yaap o

canoH/3eMnio) 0,02-0,06-0,10

XopcTkuii, BapiaTUBHMIA 3@ reoOMeTpi€elo; Mana
AMCTaHLUia ranbMyBaHHs

MpumiTKa: Npy NPakKTUYHUX PO3paxyHKax peKoMeHAOBaHO BUKOPUCTOBYBATH TUMNOBE (CEPeAHE) 3HAUYEHHS S

land”

OCKiNbKN BOHO Big06pa>kye HaniMOBIpHILLIMIA CLEHapin KOHTaKTy. 3HAYeHHS «min» Ta «max» HaBe[eHO SK
OPIEHTUPU A5 OLUIHKM CTYrMeHs BapiabenbHOCTI Ta MOX/INBOI NOXMOKN po3paxyHKIB.

Tabanys 5. MoandikauiliHi nokasHUKKN epeKTUBHOI AUCTaHLUIiT yNoBiIbHEHHS 3a51eXHO Bif cepeoBuLua,

rnoBepxHi, ekinipyBaHHs [123,155-168]

NMapameTp

Bknapy s, ., M (min-Tunose-max)

lan

Actanbt/6eToH/nNnTKa

0,001-0,003-0,005

[epeB’sHa nignora/niHoneym

0,002-0,005-0,010

CnopTUBHUIA KNNM 3aBTOBLWKK 10-20 MM

0,01-0,02-0,03

TaTtami 3aBTOBLKK 40-60 MM

0,03-0,05-0,07

[iMHaACTUYHMIM MaT 3aBTOBLWKKM 80-120 MM

0,08-0,12-0,18

3eMns/rpyHT yLWiNIbHEHWN

0,005-0,015-0,030

Micok cyxun (nnax)

0,10-0,20-0,30

[Micok BOMIOrMA/WiNbHUMN

0,05-0,10-0,20

CHir yTpamboBaHuii

0,02-0,05-0,10

CHir nyxkuii (20-40 cm)

0,15-0,30-0,50

Bopaa, BXi4 «HOramMm BHU3»

0,50-1,00-1,50

Bopaa, BXig «naMckom»

0,05-0,10-0,20

Opsir TOHKUMA

0,002-0,005-0,010

Opsar 3umosuii/6araTowaposum

0,01-0,02-0,03

lMpumiTKa: y BUNaAKy, KOJM BPaxoBYOTbCA MoAMUIKaLiMHI MOKA3HUKN, ANS pO3paxXyHKIiB BUKOPUCTOBYHOTb CYMy

KOMMOHEHTIB Ha WNAXY HaBaHTaXeEHHA.
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®opManbHO BENNYMHA BU3HAYAETHCA AK
hg.q
Siand

Y pa3i nagiHb 3HA4YeHHH Jspine BU3HauUaeTbCs
Hacamnepea TUMOM MOBEPXHi Ta MOJIOXEHHSAM Tina:
MiHIManbHUIN WNSX rasibMyBaHHSA NpW NafiHHI Ha
acdanbt abo 6eTOH CynpoBOAXYETbLCSA BUCOKUMU
nepeBaHTaXeHHAMU, TOAI AK M'SKui rpyHT, Boaa abo
MaT 36iNbWYyOTb WASX YNOBIIbBHEHHS Ta 3HWXYHOTb
iXHtO BenunuuHy [133, 152, 170]. MNpu nagiHHi Ha
HOrMM nMepeBaHTaXXeHHS 3aeXWUTb BiAg 34aTHOCTI A0
amopTu3auii: wo rnmbwe 3ruHaHHg B cyrnobax, To
6inbwe S, . i MeHwWwe Fepine.

Y pasi TN nokasHWK 3anexuTb Big eheKTUBHOCTI
nacuBHUX cuctem 6e3nekn. PeMiHb i mopgywku
36inbWyOTb WAAX | Yac rafbMyBaHHS, PO3MOAiNATb
HaBaHTaXEHHS Ha BENINKY MJIOLLY, 3HUXXYHUM NiACYMKOBE
nepesaHTaxeHHs [143, 170, 171]. 3a BiacyTHOCTI
YyTPUMYyBasbHUX CUCTEM @60 NPU KOHTAKTI 3 X)KOPCTKUMM
€/IEMEHTaMMN CaIOHY LWISAX YMOBINIbHEHHS MiHIMaNbHUA,
BeNuunHa T, HabnnxaeTbcs Ao 1, Yspine focsirae
MaKCUMasnbHUX 3HaYeHb. -

[onoBHa nepesara napameTpa Yspine nonsirae B Moro
NMOPIBHAHHOCTI: OAHaKOBE 3HAYEHHS 03HAYa€E OAHaKOBY
«KOPCTKICTb» BMAMBY Ha XpebeT He3anexHo Big Macu
Tina notepninoro [169]. Mpunyckaemo, Wo el NoKasHUK
nobpe Kopestoe 3 MMOBIPHICTIO CTPYKTYPHUX YLIKOAXKEHb
i MOXe po3rnagaTuca AK KAIYOBUW iHTerpanbHUm
KpUTepin 6iomexaHiyHOi TpaBMaTU4YHOCTI.

2. EHepris, wo gie Ha xpeber

EHepris, wo aie Ha xpebet (E,, ) xapakTepusye
abConMTHY KiNIbKiCTb MexXaHiYHOi eHeprii, CNpUUHATOI
xpebeTHUM cToBMOM. Ha BiAMiHY Big Maco-HenTpanbHUX
NMOKa3HWKIB, WO BiA06paxyTb BIiAHOCHY «)XOPCTKICTb>»
BNAMBY, E_ . MOKa3ye MOBHUW eHepreTuyHuin broaxer,

spine

AKMIN Ma€ 6yTu NornMHeHnn xpebTom:
Espl’ne =mg heq Tland

Mpu NagiHHAX 3HAYEHHS Espme 3anexXunTb Hacamnepes
BiA4 Macu Tina Ta 6iomexaHiyHOi cxeMu nepepgauvi
HaBaHTaXeHHS: NMpuW NagiHHiI «Ha HOrW» YacTuHa eHeprii
racutbcs B cyrnobax i M'a3ax, a npu NagiHHi Ha cigHuui
abo ronoBy MpakTMYHO BECb iMMNYysbC TPAHCAOETHCS
B340BX oci xpebta [158, 172, 173]. Y AOTN eHeprisq,
o AoxoAuTb A0 xpebTa, BM3HAYaAETbCA Macok Tina
nacaxwupa Ta HanpsiMKoM 3ycunnsa (Kpisb rpyaHy KAiTKy
un Ta3)[174]. Cuctemn nacuBHoOi 6esnekun (pemMeHi,
noAywkun) He 3MiHowTb E_, , ane 36inbwytots S,
PO3TAryH4YM IMANYAbC Yy Yaci Ta 3MEHLWYYN MNiKOBI
HaBaHTaxeHHs [175, 176].

MepeBaroto Li€i METpUKM € i3nyHa Npo30piCTb: BOHA

BUPAXaETbCA B abCOMIOTHUX €HEepreTUYHUX OAMHULIAX
(O>) i MOXe BMKOPWUCTOBYBATUCb AJIS1 iHXEHEPHUX Ta
6ioMexaHi4YHMX po3paxyHKiB, a TaKoX AJ1S MOAENIOBAHHS
TpaBM. O6MeXeHHAM € 3aNexHicTb Big mMacu: 3a
OAHaKOBOI h, BaX4W NALEHT HEMUHYYe OTPUMYE biNbLue
eHepreTMYyHe HaBaHTaXeHHsa Ha xpebeT [177].
Takum unHomMm, E_,  Cnlify pO3risifaTu sik BTOPUHHWIA
napameTp, BaX>JIMBWUA AN aHanidy CyMapHOi eHepreTuYHoi
CKNaaoBoi noaii Ta 6ioMexaHiuHOro MoaentoBaHHSA, To4i
K ANS KNIHIYHOro 3icTaBNeHHs KpawuMy MOXYTb 6yTun
Maco-HenTpanbHi MOKa3HMKMW.

3. CepeaHs cuna gii Ha xpebéer

CepenHsa cuna gii Ha xpfe6eT (Fsp,.ne) Bi,qvo6pa>|<ye
ycepeaHeHy BeIMUYMHY 0CbOBOI CUU, KA CNPUAMAETLCS
XxpebToM nig yac ranbMyBaHHsA. Ha BigMiHy Big mMaco-

.gspinn =

* Tand
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HelTpanbHUX XapakTepuctuk F_, 6esnocepesHbo
3aNexunTb Bi4 Macu Tina naui€eHTa W TOMYy OMUCYE
abCconTHMIN cMnoBMn MacwTab TpaBMaTUYHOI Aii.
F = m.?hag Tland
sSpine Si'lll'ld .

Mpu NaAiHHAX BeNNUNHA Fapine BU3HAYAETLCA MACOKO
Tina M TUNOM KOHTaKTY: MafiHHA Ha TBEpAY NMOBEPXHIO
3 MiHIManbHWM LWAAXOM rasibMyBaHHS NPU3BOAUTb A0
eKCTpeMaibHO BUCOKUX cepeaHix cun [161, 162], Toai sk
M'sike MOKPUTTS abo aMopTM3aUiliHi BlaCTMBOCTI cyrnobis
3HAYHO 3HMXYITb iX [155, 167]. Mpu ATM nokasHuK
3anexuTb Bi4 Macu Tina nacaxupa Ta epeKTUBHOCTI
po60TH yTpUMyBanbHUX cucTem [176]. PemiHb i noaywka
6e3nekun 36inbWyOTL S TOMY cepefHs Ta nikoBa CUn
3MeHLwWwytTbcs [178].

[MepeBarot uUiei METPUKM € i1 HAOUYHICTb: cuna,
BMpaXeHa B HbIOTOHaX, iHTYITUBHO 3poO3yMina AN
KNiHILWCTIB Ta iHXeHepiB i MOpiBHAHHA 3 BiAOMUMMU
MeXaMW MILHOCTI KiCTKOBO-3B'A3KOBUX CTPYKTYp [173].
O6MeXeHHAM € 3a51eXHICTb Bif Macu Ta CKNaAHICTb TOYHOI
ouiHkn S, .. KpiM TOro, y peanbHOCTi HakKpUTMYHIWOLO
Moxe 6yTn He cepeiHs, a NikoBa cuaa, ika MoXe iCTOTHO
BiAPI3HATUCSA BiA ycepeaHEHOro 3HayeHHs [177].

TakuUM YUHOM, MOXHa po3rnagatm Ak
AOAATKOBUW CUNOBUN AECKPUNTOP, KOPUCHUN B
iH)XeHepHUX i bioMexaHiYHUX AopaTkax, ane He sk
OCHOBHWI KNiHIYHWNI MOKA3HUK.

4. CniHanbHO-eKBiBasieHTHa BNCOTa

CninanbHo-ekBiBanexTHa Bucota (h/f ) - ue
nepepaxosaHa (HOpMOBaHa) eKkBiBajeHTHa BUCOTa
najiHHA, sfsKka JAa€ Take caMe CepefHE 0OCbOBe
HaBaHTaXeHHs Ha XpebTOoBWW CTOBMN B €Ta/lOHHUX
yMOBax rasibMyBaHHS, K i peasibHa TpaBMaTU4YHa Nojis
3a aKTUYHOI NO3M Ta XapaKTepy KOHTaKTy. Lis meTpuka
Maco-HelTpanbHa: BOHA He 3aneXxwuTb Bi4 Macwu, LWO
3abe3neuye KOpekTHe 3icTaBNeHHs Bunagkie. Iges
nonsrae B Tomy, Wo6 3BeCTU Pi3HOPIAHI MexaHi3Mn Ao
oAHOro @isnyHoO iHTepnpeToBaHoro macwrtaby BMCOTH,
OpIiEHTOBAHOro came Ha xpebeT 3 ypaxyBaHHSAM nepegadvi
Ta «KOPCTKOCTI» KOHTaKTY.

land’

spine

®opManbHO BENYNHY BM3HAYalOTb K

eff _ Sref
hspi:w == hﬂ'q‘ e T!ﬂm.f )

Ae S, — €TANIOHHWI WNAX rafibMyBaHHs (Y HalwoMy
AocnigxeHHi 3anponoHosaHo 0,10 M).

Y KNiHIYHUX cueHapiax najiHb BesIMYMHA h_‘:;{ﬂe
NPUPOAHUM YMHOM AUPEPEHLIIE PEXNMU KOHTAKTY:
npv NpU3eMsIEHHI Ha HOrM S, BENIMKA 3@ PaxyHoK
baratocyrnobosoi amopTusauii (KOMiHHI Ta Ky/blUOBI
cyrnobu, enacTUYHICTb B3yTTA), @ YaCTUHA iMNyNbCy 1
po60Tn pO3CIOETLCA ANCTaNbHiWe 3a XxpebToBuUiA CTOBMN.
Lle BpaxoBYETbCA 4Yepe3 3HUXEHUN KoediuieHT T,
(<1). HaBnakwu, npun nagiHHi Ha cnuHy abo cigHuui Wwnax
ralbMyBaHHS 3HAYHO KOPOTWMWI (DKOPCTKWUIN KOHTaKT,
Mana aedopmadisi onopu), 0CboBa KOMMOHEHTa iMNybCy
MakcuMmarneHa, T, ,3pOCTag, i 3a 0AHaKOBOI h, OTPUMYEMO
6inbwy hg{ﬂy TO6TO /IOKAIbHO «XKOPCTKILUNA» BM/IMB Ha
rpyao-rnonepekoBun Bigain xpebra [172, 173]. Y ATN
MeTpuKa Biaobpaxye poboTy cucTeM nacuBHoi 6e3neku:
peMiHb, NnepeaHaTAryBayi Ta noaylwka He 3MiHIOTb
eHepreTUYHUn BroaxeT nogii (mgheq), ane 36inbwytoTb
S,,.g (MOAOBXYOTb WAAX YMNOBi/IbHEHHA Topca W
pPO3TAryTb iMAYNbC y 4aci), TUM CaMUM 3HUXYIOUMN
hg{ﬂf [175, 176]. TeoMeTpis WASAXY HAaBaHTaXEHHS
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3anMwaeTbcsa Ti€Ew camoto (TOpc), TOMy B nepwomy
HabnnxeHHi T, 3MIHIOETLCA Mano.

®dikcauis eTanoHHoro wnaxy s, =0,1 M yHOpMOBYE
METPUKY 1 pobuTb i1 MiXkCLLEHAaPHO MOPIBHAHHOO: h"f{ﬂg
CNif TpakTyBaTW K «BUCOTY B CTaHAAPTHUX YMOBax»,
€eHepreTMYHO eKBiBaNIeHTHY AaHili noAii came ansa xpebTa.
flk 3a3Ha4YeHo BULe, CEpeHE OCbOBE NepeBaHTaXeHHS

XxpebTa B 0ANHULAX g AOPIBHIOE

r
= eq = spine
Gspine = 5 * Tiana = Gspine = —
land srrf

e i
IHaKLWe Kaxyuu, h_s.::{ﬂg — ue Jepine, NEpeBeseHa B

«MeTpu» wWoAo BMbpaHoro s, wo 36epirae @isnuHmnit
3B'A30K i3 AMHAMIKOI rasbMyBaHHA Ta OAHOYACHO
3abe3neyye Hao4YHy KNiHiYHY iHTepnpeTauito [179].
MeTpuka Maco-HeWTpanbHa W TOMY 3py4dyHa ANS
noNynsAuiMHUX MOPIBHSAHbL i KOpensauii 3 NoKaszHWKamu
SAKOCTi KiCTKOBOI TKaQHUHM.

OCHOBHOI MepeBarok MokasHuka € yHidikauis
onucy CUAK NoAii B 3py4HOMY «BUCOTHOMY>» chopMaTi npu
36epexeHHi kniHiYHOT cneundikn xpebra. Lle cnpowye
cTpaTudikaLilo pu3nKy Ta 3iCTaB/IEHHSA KOFOPT, A€ 3MOry
6e3nocepeaHbO NepeBOANTHU hg{ﬂfy KaTeropianbHi 6anu
3arnpornoHoBaHoOi WkKanu (cniHaibHO OpPiEHTOBAHOI) ANns
ornepaTMBHOI KOMYHiKauii Ta CTaTUCTUYHOrO aHanisy,
a TakoX 3acTtocoByBaTu ANns nobyaoBu KiNnbKiCHUX
3B'A3KiB i3 MOKa3HWMKaMW SKOCTi KiCTKOBOI TKaHWHU
— ABOMOTOHHOK peHTreHiBcbkot abcopbuiomeTpieto
(DXA), noka3HMKOM TpabeKynsapHOI KiICTKOBOI CTPYKTYp#
(TBS) i koMN'toTEpHOI0 TOMOrpadi€ro 3 OLHKOO LWiSTbHOCTI
y Hounsfield Units (CKT-HU) [180, 181].

O6MeXxeHHSS MeTpUKKW MoB’si3aHi 3 HeobXiaHicTo
€KCNepTHOI PEKOHCTPYKLIii YMOB KOHTaKTy: Moxubkun B
ouiHui S, i T,  NiHINHO NEPEeHOCATLCSA B PE3y/bTaT, TOMY

land
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AoKknagHa AoKyMeHTauia o6CcTaBuH OTPUMaHHA TpaBM
3Ha4YHO NiABULLYE ePEKTUBHICTb OLIHKMU.

Y cymi h_‘;;:{ﬂe € 6a30BMM MacCO-HeWTpanbHUM
OEeCKpUNTOPOM MeXaHiuHoi ekcrno3uuii Ha xpebeT, SKui
iHTerpye reoMeTpito noaii, No3y, Wnax rafbMyBaHHSA Ta
TOUKY AOKnagaHHsa 3ycunnd, wo 3abesnevye di3MyHO
KOPEeKTHY 1 KNiHIYHO 3MiCTOBHY OLiHKY >XOPCTKOCTI
BMN/INBY.

Po3pob6ka oHnakiH-KanbKynsaTopa

Ons npuckopeHHss 06pobKN AaHUX, BUKIHOYEHHS
HeOob6XiAHOCTiI MOCTINHOrO 3BEPHEHHS A0 AOBIAKOBUX
Tabnuub, pO3LWMNPEHHS NepeniKy CLeHapiiB Ta CNpOLWEeHHS
KOpUTryBaHHSA KoediuieHTiB Ana Banigmsauii HamMu
po3pobneHo Beb-kanbkynsatop (Puc.3).

IHCTpyMeHT peanisye MoaynbHe BBEAEHHSA 3a
TUNOBUMM cLeHapiamu («MagiHHa», «ATI»), aBTOMaTUYHO
NiATACYE TUNOBI 3HAYEHHS Ta Aiana30HW ANa napaMeTpis
Tong 1S ang 32N1€KHO Bifi 06paHOi MO3M 1 NOBEPXHI, @ TAKOX
npu OTMN Hagae wWBMAKI OLiIHOYHI KoediuieHTn ana Av
3a TMNoM T3 i 3iTKHeHHS. KopucTyBay MoXe 3anuwaTtu
3HaYeHHSa «3a 3aMOBYyBaHHAM» (BiAMOBIAHO A0
BOyaoBaHnX A0BiAHWUKIB) abo nepeBn3HavYaTH ix BpyUHy;
yCi 3MiHM MUTTEBO BPaxoOBYIOTbCS B pO3paxyHKax.

KanbkynaTtop AOCTYynHMA 3a www.spine.org.ua/
scale.

Banigauis wkann Ta noxigHNX MeTpUK

MeTot HacTynHoro etany 6yno KiNbKiCHO OLUiHUTH
MeTPUYHi BNacTUBOCTI CcniHanbHO OpPIiEHTOBAHOI
MeTpUKK h"f{ﬂf Ta noxiaHux nokasHukis (6a3osoi h,,
spina,s Esp,.:epTa Fipine ), @ Takox niacymxkoBux 6anis
(0-10) Ha ixHin ocHoBi. AHani3 nepeabayaB BU3IHAUYEHHS
KOHCTPYKTHOI Ta KpuTepiasnbHOI BaniAHOCTi, BiAHOCHOI
Ta abcontoTHOI HaZinHOCTI, 3roan 3a 6e3nepepBHUMU
MeTpuKaMun, CTanocTi NoporiB i BiAOMOI BiAMIHHOCTI
(known groups).

KansKynaTop po3paxyHiy exaiBaneHTHOT BHCOTH NagiHHA Ta E‘E KanekynaTop po3paxyHky exsisanesTHol BUCOTH NagivMA Ta M"ﬁ
CRiHANLHO-EKBIBEANEHTHOT BMCOTH o cnivansHo-eHBiBaNEH THOT BHCOTH k "
Rinwssa spotTa: Ainanes xpesra
1O TPy T st et i, (7T 10 -
O lazivns 11T Qam

Inarune
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Nearaauii
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o er
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Puc. 3. IHTepderic po3pobneHoro Beb-kanbkynatopa: A — nagiHHa; b — OTM

http://theunj.org



Ukrainian Neurosurgical Journal. Vol. 32, N1, 2026

KoHcTpykTHa BanigHicTb. Y Mexax MacuBy
KﬂIHIKoaHaMHECTVIl-IHVIX AaHWX, BUKOPUCTaHUX ANSA
BepudikaLii, MeTpuka hs ine BEMOHCTPYBana o4ikyBaHy
KOHBEpreHLuito 3 iHTerpasbHOK BEINYMHOK MEXaHi4YHOi
ekcrnosuuii: kopensuis 3 6asosoto h,, cTaHosuna 0,82
(p<0,001), TobTO *67% Aucnepcii hf-’ff NOACHIOETLCA
BapiabenbHicTio eHeprii noaii, npmseaeHm A0 BUCOTW.
3B’A3kM 3 Mopdonorieto ywkoaxeHHa xpebrta 3a
AaHumu CKT/MPT Takox 6ynu nepepbavyyBaHuUMuU:
3i 3poCcTaHHAM hspme niABMWYBanUCs BUPA3HICTb
nepeaHboi knnHonoaibHoi aedpopmauii (r=0,58, p<0,001,
nosicHeHa gucnepcis =34%) i cTyniHb KoMnpoMeTauii
xpebTtoBoro kaHany (r=0,49, p<0,001, nosicHeHa
ancnepcis £24%). 3a NOpAAKOBOI TSXKKICTIO YLIKOAXKEHb
AO Spine BMSIBNEHO MOHOTOHHY 3anexHicte (p=0,62,
p<0,001): nepexia BiA HU3bKOEHEPTreTUYHUX MaTepHIB
(A1) po BubyxoBux i komnnekcHux Tunis (A3/A4, B/C)
CYNpOBOAXYBaBCHA 3POCTAHHAM 3HAaY€Hb METPUKM.

Y 6iHapHili noricTuuHin perpecii gna nopora >A3
KOXeH aoaaTkoBuin 1 M acouitoBascs 3i 36inbweHHAM OR
OTpUMaHHA BMbyxoBUX/HecTabinbHMX ywkoaxeHb y 1,85
pasy (95% CI 1,45-2,38, p<0,001) nicna nonpaBokK Ha
BiK i cTaTb. Le y3ron.>|<yeTbc;| 3 6ioMexaHiYHMM 3MiCTOM
nokKasHWKa: niaBULLEHHS hspme Ha 1 M Maixe noaBoOE
LWAHCKM BUHUKHEHHS YLWKOAXeHb Tuny =A3.

Y npakTU4HIA iHTepnpeTauii: SKWO Npu 3Ha4YeHHI
MEeTPUKH hsgne 0,8 M yMOBHa MMOBIPHICTb YLWKOAXKEHHS
>A3 cTaHoBUTb =20% (OR =0,25), To npu 1,8 m
(+1 m) OR - 1,85 (=0,46), iMOBIipHiICTb NiABULLYETLCSA
npnbnnsHo fo 32%, a npu nNpuMpocTi Ha 2 M — A0
=46%. MNepeBipka niHinHocTi nority (TecTt Box-Tidwell,
obMexeHi kKyb6iyHi cnnallHW) He BUsSIBMNA CYTTEBOI
HeNiHINHOCTI B AOCNiIAXYBaHOMY Aianas3oHi W 03Hak
MYNbTUKOJTIHEAPHOCTI.

Kp1TWUYHO BaxnnBa ANS METPUKM MACOHENTPasbHICTb
niATBEPAXEHa YaCTKOBOK KOpensALi€to 3 Macoto Tina: 3a
KOHTPOJIIO MexaHi3my Ta no3u r=0,06 (p=0,41), To6TO
CTaTUCTUYHO 3HaYyLLOl acouiauii Hemae. EHeprosanexHa
MeTpuka E_, . O4ikyBaHO TiCHO KoOpestoBasia 3 Macoto
(r=0,74, p<0,001). Ui pe3yanaT|M nioTBEPAXYIOTb
TEeopeTUYHe TPaKTyBaHHA METPUKMU hsmne SIK MOKa3HWKa
30BHIiWHbOI MexaHiyHOi ekcno3uuii Ha xpebeTt, a He
iHAMKaTopa MILHOCTI KiCTKOBOI TKaAHUHW.

KputepianbHa BanigHicTb. 3a BiACyTHOCTI
30BHIiWHIX BepudikoBaHnx nokasHukis (EDR,
06’EKTUBHUI BUMIp BUCOTU) KPUTEPIEM Clyrysanu
KNiHIYHI HacniagkuM 3a gaHMMK HelpoBisyanizauii.
34aTHICTb hsglfne NPOrHO3yBaTU HasiBHICTb mepenomy
xpebus 3a kputepismm Hosmer-Lemeshow ouiHEHO sK
«nobpy»: nnowa nig ROC-kpusot (AUC=0,82, 95% CI
0,73-0,90). Ans BUABNEHHS KOMMNpPECiMHO-BUOYXOBUX
ywkoaxeHb (A3/A4) AUC=0,78. OnTuManbHUn nopir
=1,3 M 3abe3nevyBaB 4yTAmBicTb 0,76 i cneundiyHicTb
0,72 (3a MmakcumyMoM iHAekcy lOaeHa). Lle Bignosigae
LR+ =2,7 Ta LR~ =0,33, wWo KkNiHiYHO 03Hayae cnabke
— rpaHW4YHO MOMipHe NiACUIEHHS anocTepiopHOIl
MMOBIPHOCTI NMpuM MO3UTUBHOMY TecTi Ta cnabke
3HWXKEHHSA NMpun HeratusHoMy. OTXKe, METpUKa KOpUCHa
SIK 4OAATKOBUIN iIHCTPYMEHT cTpaTtudikadii pusuky. Ans
03HaK YLWKOAXEHHS 3a4HbOro 3B'93KOBOr0 KOMMieKcy
AVCKPUMIHaLUia O4YiKyBaHO HMX4Ya yepes3 CKaagHiwy
MexaHiky: AUC=0,74, nopir =2,4 M. Y cueHapiax
CKPUHIHry (MiHiMi3auis nponycKy) AOUiNbHO 3MillyBaTu
nopir HMX4ye 3a ONTUMYM (Ha KOPWUCTb YYTAMBOCTI), Y
nNiaTBEPAXYBaNbHUX — BULLE 3a ONTUMYM (Ha KOPUCTb
cneundiyHocTi). NooANHOKMIN MeXaHiIYHUI AeCKpUnTop
3a BM3HAYEHHSM He MOSICHIOE BCH MiXIHAMBIAYaNnbHY
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BapiabesnibHiCTb, asie HaBeAeHi 3HayeHHs AUC ceiguaTtb
Npo MPaKTUYHO KOPUCHY AiarHOCTUYHY UiHHICTb AN
cTpatTudikauii puankKy Ta paHXyBaHHSA TAXKOCTI.
JonaTkoBi nepeBipkK CTiMKOCTi (pecTpukuis aHanisis
BMMNaZAKaMy 3 HW3bKOK HeBU3Ha4yeHicTio woao T, . i
S, @Hanis nuuwe AetanbHO 3aA0KYMEHTOBAHMX MO3
i NnoBepXxoHb KOHTakTy, 6yTcTpen-ouiHkn AUC) He
3MiHOBaNM BUCHOBKIB Nno cyTi. KanibpyBaHHa Moaenen
(iHTepcenT/Haxwn) 3anuwanocs 3a40BiibHMM, 6e3 03Hak
CUCTEMATUYHOIO 3MillEeHHSA B 30HI KJIHIYHO 3HauvyLWwmx
noporie. CyKynHO KOHCTPyKTHa Ta KpMTepiaana
BaNiAHICTb Y3roA>eHo NiATBEPAXYHOTb, WO hspme
€ iIHPOPMaTMBHUM MOKA3HUKOM <«KOPCTKOCTI MOAii»
ansa xpebTta, KOPUCHUM ANA KAIHIYHOI KOMYHiKauii,
cTpaTudikauii Ta AocniaXeHb 3B'A3Ky 3 SIKIiCTHO KiCTKOBOT
TKaHWHW N pe3ynbTaTamMu Tepanii.

BigHocHa Hapgi¥iHicTb BMMIipiB. MixekcnepTHy
y3roaXeHicTb OLIHOK 3a nNpeAcCTaB/I€eHUMMU
aHaMHeCcTM4YHUMK Bunagkamm (n=40, 5 ekcnepTiB)
OuiHOBaNM 3a A0OMNOMOrol BHYTPilWHbOK/ACOBOrO
koediuieHTa kopensuii ICC(2,1) (aBoxdakTopHa
mMozenb, Bunaakosi edekTn, absolute agreement,
single-measure). ins 6asoBoro 6ana, po3paxoBaHOro
6e3snocepeHbO 3 heq, ICC cTtaHoBuB 0,84 (95% CI —
0,77-0,89), wo Bignosigae «406pin» V3FO,El)KeHOCTi. Onsa
cniHanbHO-OpiEHTOBaHOro 6ana 3a hspme ICC BusBmBCH
[ewo Huxumum — 0,79 (95% CI — 0,71-0,86), 1o Takox
BignoBigae aianasoHy «a06poi» HaAiMHOCTI.

Mpwu ycepeaHeHHi ouiHok n'atn ekcnepTis (ICC(2,k))
y3r0£l>K€HICTb 3pocTtana Ao 0,951 0,92 BianosiaHo ans h,,
Ta hspme i Bignosifana «BiAMIHHOMY>» piBHIO. 3BE])K€HVIVI
KoediuieHT k i3 KBaApPaTUYHUMW BaraMm CTaHOBMB
0,78 (h,,) Ta 0,72 (hsz’;{ne), Lo BiAMOBIAAE «CYTTEBOMY>»
y3rogaxeHHto 3a wkanot Landis & Koch. MoeTopHa
ouiHka niaBnbipku Bunaakis (tect-petecT, 10 Bunaakis,
NOBTOP 4Yepe3 =2 TUXXHI) NpoAeMOHCTpyBana BUCOKY
cTirikictb: ICC(2,1) cTtaHoBmB 0,90 (95% CI — 0,83—0,95)
ans 6asosoro 6ana i 0,85 (95% CI — 0,76—0,92) ansa
cniHanbHoro. CepefiHsa abCoNtoTHA Pi3HULS MiXK MepLUoto
Ta NOBTOPHOM ouiHKOK cTaHoBuna 0,42 i 0,58 6ana
BiANOBIAHO, WO NIATBEPAXXYE BUCOKY BiATBOPIOBAHICTb
iHCTpYMEeHTY B yaci.

A6conoTHa HagilHicTb. 18 OLIHKM TOYHOCTI
iHOMBIAYaNbHOMO BUMipOBaHHS BUKOPUCTAHI MOKa3HUKK
SEM i MDC,

SEM po3paxoByBanu 3a GopMysiow

SEM =5SD+1 — Icc

aAe SD - cTaHpapTHe BigXuneHHs 6aniB no BCil
BUbGipui.

[Ons 6asoBoro 6ana SEM ctaHosuB 0,80 6ana, ana
cniHanbHoro — 0,95 6ana.

MDC,,, po3paxoBaHa 3a opMysio

MDC,s = 1,962 SEM,

ffCTaHOBVII'Ia ~2,2 i 2,6 6ana BianoBiagHO Ans heL7 Ta
e
spine” i i

OTpuMaHi pe3ynbTaTu CBig4aTb, WO KOJMBAHHS

3HaYeHb MEHLU HiX Ha 2-3 6anu MoXyTb 6yTW 3yMOBEHI
BMMaAKOBOK BapiabenbHicTio. BogHouac kniHiYyHa
3HaAUYLWIiCTb TaKoi pi3HULI 3anexuTb Big Aiana3oHy
LWKaIn: Ha HUXHIX piBHAX (4e iHTepBanu BiANOBiAalOTb
nopsaaKy AeCATKiB CaHTMMeTpiB) 3MiHa Ha 1-2 6anu
3a3BMYaN HECYTTEBA, TOAI K Ha BEPXHIiX PiBHAX HaBiTb
1 6an (wo BignoBiaae 36iNbLWEHHIO BUCOTU Ha NOPSAOK
MeTpiB/AecsTKiB MeTpiB) MOXe BifobpaxyBaTu iCTOTHY
3MiHY MexaHiuyHOi eKcrno3uuii. 3arasioMm nepeBULLEHHS
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MDC,, =2-3 6ann 3 BMCOKOW WMOBIpHICTIO CBiAYMTL
Nnpo CTAaTUCTUYHO 3Hauylly Pi3HWLUIO, ane KAiHiYHO
iHTepnpeTyBaTu ii cnig 3 ypaxyBaHHSAM PiBHS WKanu.

TaknM YMHOM, WKana AEMOHCTPYE OJHOYACHO BUCOKY
BIAHOCHY HaAIMHICTb (y3roAXeHiCTb MiX ekcrnepTammu
Ta cTabinNbHICTb y Yaci) Ta NpUNHATHY abCcoNOTHY
TOYHicTb (HeBucoki SEM i MDC) (Ta6a. 6). Lle nae 3mory
BMKOPUCTOBYBATH ii K ANnsa cTpaTudikauii nauieHTiB Ha
niacTaBi EAMHOINO BUMIpPOBaHHSA, Tak i AN AWHAMIYHOIO
CNOCTEPEXEHHS, NPU SKOMY 3Ha4YyLWMMWN CAi4 BBaxaTu
3MiHM >MDC.

3roaa 3a 6e3nepepBHUMUM MeTpUKaMu. [Na OUiHKMK
3roam MiXX pO3paxyHKOBUMMW 3HAYEHHAMU MeTpuK (3a
OULHKOK €eKCrnepTiB) Ta €Ta/lOHHMMU anropuTMiYHUMU
obuyncneHHaMn (OHNaMH-KaNbKyNsaTOpP Ha OCHOBI
3HayeHb, OTpMMaHMX aBTopaMu) nobynosaHo rpadiku
Bland-Altman (Puc.4).

TakuMm 4yuHoM, ans 6a30BOI MeTpUKMU heq BUSIB/IEHO
NMPaKTUYHO MOBHWUW 36ir eKCrnepTHUX Ta eTaNoHHUX
OUIHOK, TOAi AK AnA h;’mm fianasoH 3rofu WWpLWni.
OTpuMaHi pe3ynbTaTh BiAOOpPaxXyTb HE MeTOAUYHY
noMmnky, a 6iomexaHiyHy HEeBMU3HAYEHICTb, NOB'A3aHy
3 BapiabenbHicTio BUGOpPY WNAXY raibMyBaHHS
Ta kKoediuieHTa nepefaydi HaBaHTaXeHHsA. AHanis
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reTepockefacTUYHOCTI MOKasas, WO PO3KNA He 3poCTaE
Npu BUCOKMX ab0 HN3bKMX PIBHAX METPUKMU, LLIO FrapaHTyeE
36epexeHHs NMOPiBHAHHOT TOYHOCTI B YCbOMY Aiana3oHi
aHani3oBaHMX 3HaYeHb.

Cranictb noporis. Qna nepesBipku CTINKOCTI
Knacugikauii 3a 6anbHOI0 LWKano NpoBeAEHO aHanis
YYT/IMBOCTI 3 BapitOoBaHHSAM rpaHUYHUX 3HaAYEHb
+10-15%, a TakoXX NnepepaxyHoOK nNij Yac BUKOPUCTaHHS
«MiHIManbHUX» Ta «MaKcMMasnbHWUX» cueHapiiB S, . Ta
T ng TPV OLIHLI hﬁ;:{m.

Ans 6asosoi Wwkanu (3a h,) 36ir NprcBoEHOro piBHS
3bepiraBcs B 77% BunaakiB, po36ixHicTb Ha £1 piBeHb
— Yy 20%, Ha 6inbw Hix £1 piBeHb — nuuwe B 3%.

Ana cniHanbHOT WKanm (3a hg{ne) IAEHTUYHICTb PiBHSA
crnocTepiranacs B 62% Bunaakis, 3MileHHSA Ha £1 piBeHb
— vy 31%, Ha 6inbw Hix £1 piBeHb — y 7%.

Hanbinbwa 4yTnmMBiICTb CcnocTepiranacsa B
nepexifgHux cueHapiax (Hanpvknaa, NnaAiHHA Ha KoniHa
3 nojanbllOo OCbOBOK MNepefadetd HaBaHTaXeHHS)
Ta Npu NpU3eMNeHHi Ha M'SKi NOBEpXHi, Ae Aiana3oHu
MOXAMBKUX S, i T, wnpuwi. HesBaxkatoun Ha e, HaBiTb
3a 3MiHM napaMeTpiB Ha 15% po36ixHOCTI B 6inbWOCTI
BMMNAAKiB He nepeBullyBasn OAHOrO PiBHS LWKanu, Wo
NiATBEPAXYE i1 NPaKTUYHY CTINKICTb.

Tabsmys 6. NokasHMKM BiAHOCHOI Ta abcontoTHOI HaaiiHoCTI wkanu (40 Bunaakie, 5 ekcnepTis)

MoKasHuK BbaszoBui 6an Cniu?n{gfl}uu 6an InTepnperauisn
eqa hspiﬂe
: 0,84 (95% CI 0,79 (95% CI «JJobpa» y3roaxeHicTb
ICC(2,1) (mixekcnepTHa) 0,77-0,89) 0,71-0,86) (Koo & Li, 2016)
ICC(2,k) (cepenHe 5 ekcnepTiB) 0,95 0,92 «BigMiHHa» y3roaeHicTb
3BaxeHa k 0,78 0,72 «CyTTeBa» (Landis & Koch, 1977)
ICC(2,1) ,tecT-peTtecT Obgg?’(?goé’S)CI 0b8§6(?05°602321 Bucoka CTiliKicTb
SEM, 6an 0,80 0,95 CtaHpapTHa noxubka BMMIipOBaHHS
MDC,,, 6an 2,2 2,6 MiHiManbHO BiporigHa 3MiHa
_________________________________
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CepegHe (eTanoH + excnepTt) [ 2

Lo (ouik ) = -0,49 ... 0,43 =
= = = Jeya (ouik.)=-0,03 —

A

' Lo (dawr)=-041 .. 031
v 3cye (daxr.) =-005

Puc. 4. lpadik Bland-Altman ansa aHanisoBaHux meTpuk: A - ansa h_;
Ons heq cepefHe 3MiweHHsa ctaHoBuio —0,03 M, 95% mexi 3roau (—0,49;0,43) M, ansa

mexi 3roaun (—1,02;1,12) m
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Bigome po3pi3zHeHHs. [ns nepeBipkn AUCKpPU-
MiHAQHTHOT 34AaTHOCTI METPUKU MPOBEAEHO MOPIBHAHHSA
ABOX KJTIHIYHO peneBaHTHUX rpyn:

- fragility-cueHapii: nauieHTn =265 pokiB i3 nagiHHAM
3 BMCOTM <1 M, TUMOBO acoLi0OBaHi 3 0OCTEONOPOTUYHMUMU
nepesoMamm.

- non-fragility-cueHapii: nauieHTn monoawi a6o
TpaBMOBaHi Npu nagiHHi 3 Bucotn >1 M Ta/abo B ATI.

MepiaHHe 3Ha4YeHHs -’l_;mﬂe y rpyni fragility ctaHoBuno
0,48 M (MixKBapTUNbHUI po3max — 0,32—0,72), Toai
aK y rpyni non-fragility — 2,15 M (MiXXKBapTuUabHUI
po3Max — 1,40—3,10). BiaAMiHHOCTi CTaTUCTUYHO 3HaYUYLLi
(p<0,001). EdekT 3a KoeHoM cTaHoBMB d=1,10, wo
BiANOBIAA€E BEIMKOMY PO3Mipy edeKTy.

Lli pe3ynbTaTi NiATBEPAXYOTb KNiHIYHY 3MICTOBHICTb
METPUKU: HU3bKI 3HAUYEHHS hﬁpiﬂe XapakTepHi Ans
HU3bKOEHEepreTMYHUX OCTEOMOPOTUYHUX MepenoMmis,
TOAiI IK BUCOKi — ANS BUCOKOEHEepreTMYHUX TpasM, Lo
noTpebyloTb iHWOT TAKTUKK NiKyBaHHSA Ta MatoTb iHWWA
MPOrHO3 WoAO0 pe3ynbTaTy Tepanii.

O6rosopeHHSn

IHTepnperayia pe3ynbrariB Ta KJAiIHIYHa
3HavyLicTb

Banipauia 6aratopiBHeBOI WKanu KinbKiCHOI
OUiHKM 30BHILIHbLOrO0 MExXaHiYHOro BMAMBY Ha xpebet
npoAeMoHcTpyBana ii iHPOpMaTUBHICTb | yY3roaXeHicTb
i3 DaKTMYHOI TSAXKKICTIO MOLWKOAXEHb. BUCOKi 3HaYeHHS
DO3DPaxyHKOBMUX iHoekciB (Hacamnepen heq, h_‘g:{ﬂe Ta
Yspine) CTAaTUCTUYHO acouitoBanmcs 3 BUMpasHiWMMK
naTomopdonoriyHMmMn 3MiHamMm xpebra.

Lli pe3ynbtaT NigTBEPAXYOTb KJiHIYHY 3MICTOBHICTb
METPUKU: HU3bKI 3HAYEHHS h.‘:mﬂe XapakTepHi Ans
HU3bKOEHEepreTUYHUX OCTEOMOPOTUYHUX MepesioMis,
TOAi K BUCOKi — ANl BUCOKOEHEepreTU4YHuUX TpaBsM,
WO noTpebylTb iHWOT TakKTUKK NiKyBaHHSA Ta MawTb
iHWWI NPOrHO3 WoAo pe3ynbraTy Tepanii. Tak, npwu
nigBuweHnx h, i h_‘;';:;rﬂf yacTiwe peecTpyBanu rpybi
CTPYKTYPHI YLWKOAXEHHS, @ 3pOCTaHHSA Jeping, WO
BinbnBae nepeBueHHS Gi3i0N0OriYHO NEPEHOCHUX
nepeBaHTa)XeHb, CYNpoOBOAXYBanocs 36iNblWEeHHSAM
iMOBIpHOCTI TAXKWUX TpaBM (ax AO KaTeropin, wo
BianosigatoTb AIS >3). s y3roaxeHicTb CBiguYMTb NMpo
Te, WO WKana «BNoBAKE» Di3NYHY «eHeprito noaii», wo
NIEXUTb B OCHOBI TAXKOCTI NOLKOAXEHHS.

Knio4yoBa nepesara 3anporoHOBaHOro nigxoay -
KiNnbKiCHM 6e3nepepBHUIA XapakTep. 3aMiCTb ONNUCOBUX
SPAVKIB WKana HafJa€e YMcesbHi BENUYUHM i3 dDi3nyHO0
iHTepnpeTauielo: KoXeH npupicT h,, h_':m-ﬂf i Jspine
BiAMOBiAaEe peanbHOMYy 36iNbWIEHHIO TpPaBMyBasbHOIO
BMJIMBY, @ HE NMLLe nepexoay Yyepe3 yMOBHMI nopir. Lle
pobuTb iHTepnpeTauito kKAiHIYHO HaoYyHot. Hanpuknag,
BWCHOBOK «BMJINB €KBiBaJl€HTHUI NaAiHHIO 3 BUCOTMU
X3 M» Nerko CniBBiAHECTU 3 OYiKyBaHMM PU3NKOM, a
3HAYEHHS HaBaHTaXeHHA B OAMHULUAX g IHTYITUBHO
3pO3yMifi cneuianictaMm-npakTukam.

OTpuMaHi pe3ynbTaTu y3rogXylTbCs 3 KAIHIYHUM
AOCBiAOM Ta eniAeMioNoriYHMMM CNOCTEPEXEHHAMMU:
iHTEHCUBHIWI MexaHi4YHi BNAMBK (30KpeMa NafiHHS 3
BMCOTU W BUCOKOLWIBUAKICHI 3iTKHEHHS) 3aKOHOMIpPHO
CYNpOBOAXYIOTbCH TAXKUMWU YWKOAXKEHHAMU [3,
182], ToAi 9K HM3bKOEHepreTuyHi cueHapii (3okpema
«standing height or less») yacTiwe fatoTb MeHW rpyby
mMopdonorito [80, 183]. MNpu ubOMy LWKana KOPEKTHO
OMUCYE KOHTUHYYM MeXaHi4HOi eKcrno3uLii: BoHa MOXe
6yTn 3acTocoBaHa K AN BUCOKOEHEpPreTU4yHux,
TakK i AN HU3bKOEHEepreTUYHUX MOAIN, WO AaE 3MOry
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paHXyBaTn pu3nkK 6e3 anpiopHOro NpuNyLeHHS
npo «AOMiHyuYMn» MexaHiam [1,88]. MpakTnyHO uUe
03Hauae, Wo BUCOKI 3HadenHs h, i K<l e panHiv
iHAMKATOPOM IMOBIPHMX CKTaAHMX MNOLWKOAXeEHb XpebTa
(HaBiTb 3@ He3Ha4yHOi NepBMHHOI cMMnTOMaTMKK) [153,
184], To4i 9K HU3bKi 06rPYHTOBYIOTb LWAAHIWY TaKTUKY
obcTexeHHs [185, 186]. 3aranom wkana nigcuItoe
NPUYMHHO-HACNIAKOBUI 3B’A30K Mix BiomexaHikow noaii
Ta KMIHIYHUM pe3ynbTaToOM i TakKUM YMHOM MNiABULLYE
TOYHICTb cTpaTudikauii pu3nky Ta o06rpyHTOBaHICTb
AiarHOCTUKO-/iKyBanbHUX pileHb [187, 188].
MopiBHAHHA 3 ICHYOYMMMN Kacugpikayiasmmn T1a
wKasamMmn
Abbreviated Injury Scale (AIS). 3anponoHoBaHWUM
KiNnbKiCHUW nigxia NMOMITHO BiAPI3HAETbLCA BiA
TPaAMUINHNX LWKaN TSHXKKOCTI TpaBMKU. KnacnyHa wkana
AIS (Abbreviated Injury Scale) — ue 3aranbHONPUNHATUI
IHCTPYMEHT A/19 paHXYyBaHHA THAXKOCTI TpaBM 3a
aHATOMIYHUMU ylKoaXeHHAMK [17, 18]. AIS ouiHtoe
TpaBMy B 6anax Biag 1 (nerka) ao 6 (MakcumanbHa,
HeCyMiCHa 3 XWUTTAM) Ha NiACTaBi xapakTepy Ta
nokanisauii ywkoaxeHb. OgHak AIS € peTpocneKTUBHO
ouiHKkoto (nicna o6CcTexeHHs nauieHTa), Koan BUSBNEHO
neBHi yWKOAXEeHHA (NnepenoMu, po3puBKM 3B'A30K,
3abuTTa cNMHHOro Mo3ky Towo) [153]. AIS He BuMiptoe
Ta He OnuCcye MexaHi3m Tpasmu [189]. LIS wkana oxonatoe
TpaBMW BCbOTO Tina, a He cpoKycoBaHa NuLe Ha xpebTi,
TOMY BOHa NoraHo Bifgo6bpaxye BiAMIHHOCTI B 30BHIiLUHIN
Ail — ABa NauUieHT MOXYTb MaTu ogHakoBun 6an 3a AIS,
Hanpwuknag, 3, ane oAWH OTpUMaB TpaBMy MNpw NadiHHI
3 BUCOTK, a iHWuiA y ATM Ha BUCOKIN wemakocTi [190].
3anponoHoBaHa HaMu LWKana OpieHTOBaHa Ha
MexaHiKy TpaBMu, TOOTO Ha XapaKTEPUCTUKN 30BHILLHBbOIO
yAapy, WO CNpPUYMHMB MOLIKOAXEHHS. BoHa AONOBHIOE
AIS, paoum 3MOry OUiHUTU TpaBMy LLEe A0 BCTAHOBJIEHHS
TOYHOroO AiarHo3y. Hanpuknag, 3Hatouu, Wo h_‘;'mﬂezS
M, MOXHa MPUNYyCTUTU BUCOKY MMOBIPHICTb CEPMO3HUX
nowkoaxeHb XpebTa, HaBiTb SAKLWO NPU MEPBUHHOMY
ornsaai HemMae ABHMX O3Hak. OTXe, WKana npaule sK
NMPOrHOCTUYHUI iHCTPYMeHT [88]. AHanoriyHo 3HayHa
h,, AacTb 3MOry 3aniA03pUTH YLLKOAXKEHHS SK OMOPHO-
pyX0BOro anapaTy, TaK i BHYTPILWHiIX opraHiB. TAXKICTb
3a AIS (Hanpuknaa, AIS =3, wo 3a3BMYal CBIAYNTDL
npo cepiro3Hy TpaBMy) byae BM3HauyeHa nuwe nicns
BUSABMIEHHA camoi TpaBMu [191], ToAi ik 3aNponoHOBaHWM
HamMu nNiagxia Aa€ UiHHY iHpopMauito Ha eTani OuiHKK
MexaHi3My. TakuM 4YMHOM, WKana He 3aMmiHwe AIS, a
[OMOBHIOE CUCTEMY OLLIHKW TpaBMu: ALS paHXYE TSXKICTb
3a HacnNigKkoMm, a Hawa wkana — 3a NPUYNHHUM YAHHUKOM
(eHeprieto yaapy). NoegHaHHa 060X niaxoAiB Aa€ 3Mory
NOBHille XxapaKTepu3yBaTu M MPOrHo3yBaTn TpaBMy.
Knacudikayii nowkoaxeHb xpebTta. IcHytui
knacundikauinHi cnctemn (AO Spine, TLICS Towo)
OpiEHTOBaHI NepeBaXXHO Ha MOPMONOrit0 YIWKOAXEHHS
Ta KNiHiYHI Hacnigku [19, 192, 193], ane He AatwTb
KinbKiCHOI oUiHKWM MexaHiyHOoi ekcno3uuii [3, 194].
CyyacHa MixHapoaHa knacudikauia AO Spine (AO
Foundation), Wwo neBHOW MipoOK MOXOAWUTb BiA CUCTEMU
Magerl, onncye TpaBmu 3a Tunom (A — komnpecisi, B -
avcTtpakuis, C — poTauiiHO-TpaHCASUiNHI YLWKOAXKEHHS),
OOMOBHIOKYN MOPMONOritl0o HEBPOJONiYHUM CTATYyCOM i
KNIHIYHUMK MOoAMdIKaTOpaMK, 30KpeMa CTaHOM 3a4HbOro
3B'A3k0BOro komnnekcy [195-197]. Mepesara AO Spine
— KOMMJIEKCHICTb i BUCOKaA BiATBOPIOBAHICTb AN BUGOpyY
TakTuku [198]. OgHak ABi TpaBMU 3 0AHaKoBUM AO-KOAOM
MOXYTb 6y TW CMIPUYMHEHI MPUHLMMOBO Pi3HUM 3@ CUJIOK0
Ta HaMpsAMKOM 30BHILWIHIM HaBaHTaXEHHSM.

http://theunj.org
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3anpornoHoBaHa wWkKana KifibKiCHO OMUCYE «CUNy
noAaii» A0 MNOsiIBM aHATOMIYHOro pesysbTaTy i UUM
OOMOBHIOE MOPMONOTriYHi cucTeMu. Y KNiHili ue fae 3mory
00 3BUYHOI bopMmynu aiarHo3y (Hanpuknag, «AO Spine
A3») nonaTu piBeHb MexaHi4YHOi ekcno3uuii (Hanpuknag,
<<¢?KBiBa11eHT nagiHHsa =4 m» abo YNCMOBI NOKA3HUKMU heq,
h;;,fiﬂf i Jspine. Taknin Niaxia NiABULLYE NPOrHOCTUYHY W
KOMYHiKaTUBHY LIiHHICTb onncy Bunaaky: mopdonoriyHa
cucteMa (IKCYE WO MOLWKOAXKEHO, a KiNbKicHa wWkKana
- 5IKa eHepris/opCTKiCTb BNIMBY Npu3Bena A0 LbOro
[199, 200]. JonaTkoBa nepeBara — Maco-HeUTpasbHICTb
i diznyHa iHTepnNpeToBaHICTb MOKA3HMKIB, O 3MEHLLYE
CY6'EKTUBHICTb Ta pobUTb MOPIBHAHHA MiXX MauieHTaMu
N KOropTamMm KOPEKTHUMMU.

MeToAn4yHiI BkasiBkn CDC wono COpTyBaHHSA
nocTpaxpanumx y nonboBux ymoBax (Field Triage
Guidelines). B eKCTpeHin MeAWUWHI pileHHA nNpo
TPpaHCNOpPTyBaHHA A0 TPaBMaTONIOTIYHOrO UEHTpY
TPaAVLINHO PPYHTYETbCS Ha KpPUTEPiaX MexaHi3my
TpaBmu [88]. Tak, HauioHanbHi pekoMeHaauii CLUA 3
nonbosoro Tpiaxy (CDC cninbHo 3 American College
of Surgeons) BKa3ylTb Ha HU3KYy «Hebe3neuyHux
MexaHi3MiB»: Hanpukiag, nagiHHS AOPOCA0ro 3 BUCOTU
>6 M (20 ¢dyTiB) po3rnsgatTb SK BUCOKUIA PU3UK
TSXKKOi TPaBMM, WO € NiACTABOIO ANA HanpaBfieHHS A0
creyianisoBaHoOro TpaeMaTonoOriyHoro ueHTpy [201,
202]. o «Hebe3neuyHnx MexaHi3MiB» TaKoX BigHeceHo
3HauyHy aedopmMauito aBTomobing (iHTpy3ia >30 cm),
noBHe/4yaCTKOBe BUKWAAHHSA i3 canoHy, 3arnbensb
nacaxwpa B TOMy caMoMy aBTOMObini, BUCOKOLWBUAKICHY
mMoToaBapito Towo [5, 199]. NMepesara Takoro nigxony —
npocToTa M onepaTMBHICTb: denballep Moxe LWBUAKO
yXBanuUTU pilleHHa HaBiTb 3a 36epexeHux BiTalbHUX
nokasHwukis [185, 203].

O6MeXeHHs1 MoOpOoroBOi CXeMWU o4YeBUAHI. TSHKKICTb
MeXaHi3My — KOHTWUHYyasbHa BelMYUHa: BiAMIHHICTb
Mix 5,9 i 6,1 M MiHiManbHa, a cam nopir ymosHui [80].
Ha pe3ynbtaT BNMBaTb MoanudikaTopu, AKi 3a3Bnyan
B SIBHOMY BUrNs4i He BPaxoBYHTb: TWUM i XOPCTKICTb
noBepxHi, nosa/reomMeTpis KOHTaKTy, TpuMBanicTb
ranbMyBaHHS Ta poboTa cucTeM macuBHOI 6e3neku
[133, 137, 152]. 3BiacK KNiHIYHI napagokcu: popManbHO
«HU3bKOEHepreTUYyHa» NoAis Moxe CynpoBOAXYyBaTUCSA
TSXKKOK TpaBMOt, TOAi ik «noporosa» — Hi [204, 205].
Lle ocobnnBo xapakTepHO ANs Bpasnueux rpyn. Y
NiTHIX 0Ci6 HaBiTb MafiHHA 3 piBHA BNACHOro 3poCTy
MOXe MPU3BECTU A0 TAXKKOI WniiHoi TpaBmn [82,183].
B ornspoBux poboTax, NpUCBAYEHUX MEAUYHOMY
COPTYBaHHIO, TaKOX BiA3HayalTb CYTTEBI 4YaCTKK
under-triage (HenoBinbip) Ta over-triage (HaamipHa
HaCTOPOXEHICTb), WO CBiAYMTb MPO HEMWUHYYi BTpPaTU
iHbopMmauii nig yac AnxoTomizauii KOHTUHYyMy [88].

3anpornoHOBaHa KifibKiCHa WKasia AOMNOBHIOE
NnoJsIbOBi MpaBuia, He HaMarar4nchb iX 3aMiHUTU. 3aMiCTb
6iHapHOro «nepeBuULWEHUI/HENepPEBULLEHUA NOPIr»
BOHa Aa€ rpaaynoBaHy OUIHKY MeXaHiyHoi ekcrno3uuii
(Hanpuknag, heq 4,6 abo 8 M), a TaKOX YpPaxoBYE KJIHOHOBI
mMoandikaTopu (nosepxHa/nosa/ S, ), TOMy ABa NafiHHA
«3 OAHAKOBOi BMCOTU» OTPUMYITb Pi3Hi 3Ha4YeHHS
npu NPUHLMMNOBO Pi3HIA «XOPCTKOCTI» KOHTaKTy. Taka
iHTerpauis aa€ 3Mory agndepeHuitoBaT pU3nK ycepeaunHi
KaTeropii, NMOTEHLUINHO 3HMXYKUN K HEAOCTATHIO
AiarHoCTUKY, Tak i HaAMipHY MapwpyTu3auito. PO3BUTOK
MeANYHOro COpTyBaHHS BiAbyBa€eTbCs B 6ik 06'EKTUBHUX
AaHux i TenemeTpii (napameTpu aBTomobins/EDR) [171].
Ha uboMy Tni 4ncenbHi nokasHuku (h,) opraHiyHo
BObynoByTbCcs B anroputmMm EMS sk pgoaaTkoBui
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CTaHAApPTM30BaHWUIM KpUTepIi AoKa3oBoi iHdbopMaLii ans
NPUNHATTA iHAWBIAYyani3oBaHUX piweHb [149, 206].
MpaKTU4YHe 3aCTOCYBaHHS LWKann — Le AOMOBHEHHS,
a He 3aMiHa MopdonoriyHnx knacudikauin (AO Spine,
AIS). KinbkicHa ouiHKa MexaHiYHOi eKCno3uLii € KOPUCHOK
Ha eTani gorocniTanbHOro Tpiaxy Ta MapuwpyTu3auii
(NMpOrHo3yBaHHA PU3UKY CKNAAHUX YLWKOAXEHD;
06r'pyHTYBaHHS HanpaBaeHHS A0 TPaBMUEHTPY), Nia yac
naaHyBaHHs obcary Bisyanisauii Ta B 6araToueHTpoBmUX
OOCNIAXEHHAX AN CTaH4apTu3auii onmucy «KOPCTKOCTI
noAii». Y ctauioHapi pilleHHS WwoA0 TaKTUKK NiKyBaHHSA
I'PYHTYOTbCSA Ha MOpdoOorii yLWKOAXKEHb | CTaHi NauieHTa,
a wKana Cnyrye KiflbKiCHUM KOHTEKCTOM MeXaHi3My, Lo
NOMIMWYy€E KOMYHiKaLito Ta cTpaTudikauito pu3mnKy.
O6MerKkeHHs
Po6oTa € nepBMHHUM (NiNIOTHUM) eTanoM po3pobku
M Banigauii wkann. Onsa ii akTUBHOrO BMpOBaAXXeHHS
B NMPakKTUKY OXOPOHM 340pOB’A CNifg nNpoBecTu
yTOYHIOBaNlbHe KanibpyBaHHA BUKOPUCTOBYBAHUX
iHAEKCIB Ta po3WMPUTU CNEKTP KAiIHIYHUX cueHapiiB.
3okpeMa, NoTpibHa 30BHILIHSA MyNbLTULEHTPOBA Baniaalis
noporis i KoedilieHTIB, LLO N1exaTb B OCHOBI pO3paxyHKiB
(yTOuHeHHA T, Ta S, ., 06paHOro eTanoHHOros, i Mex
kaTeropirn 0-10); HakonMM4YeHHs Ta aHani3 BMMNAAKiIB i3
«HEeTUMNOBOK>» MeXaHikol (KOB3aHHSA/KOCi KOHTaKTH,
6araTtoiMmnynbCHi nogAii, 34aBneHHsl, BubyxoBa TpaBMa,
b6araTtoeTanHi nagiHHA); nepesipka BNAWBY iHTerpauii
WKannm B KNiHiko-opraHildauiiHi piweHHsa (obcar
Bi3yanisauii, mapwpyTu3auis, Bubip TakTukn dikcauii)
Ha KJiHiYHi pe3ynbTaTu M peCcypCoOMICTKICTb.
3anponoHOBaHi MOKa3HWKW ONTWUMiI3yBanu AN
30HKU rpyao-nonepekoBoro nepexoay (Thil1l-L2) sk
HarypasnueiWwoi A0 HenpsaMoi akcianbHOi Ail. Anga
iHWnx Bigginie xpebta HeobxigHa perioH-crneyndivHa
ajanTauis. Hanpuknaa, ana wuitHoro Bigainy — obnik
CUeHapiiB «rosioBoK0 BHMU3» i NipHaHHSA, KOMMOHEHTIB
X/IMCTOBOI TpaBMWU. Y CyKynHOCTI ue nepepbavae
¢dopMyBaHHs Bigain-cneundiyHnx 6ibniotek cueHapiis Ta
pekanibpyBaHHs KoediuieHTIB 3 ypaxyBaHHSIM aHaTOMO-
6ioMexaHiYHMX BiAMIHHOCTEMN.

BucHoBKM

3anponoHoBaHa WKana € MeEXaHICTUYHO 0Br'pyHTO-
BaHWM, Maco-HeNTpPaabHUM i KifIbKiCHO iIHTEpNPEeTOBaHUM
AECKPUNTOPOM MeXaHiYHOI eKcno3uuii, Wo AOMOBHIE
MopdonoriyHi knacudikauii Ta npunaaTHUN AN
cTaHhapTu3auii onucy TpaBMu. Ana KAiHiYHOro
3aCTOCYBaHHSA HeObXiAHI MyNbTULEHTPOBA 30BHILLIHSA
Banigauia, yToOYHeHHSa napaMmeTpiB (30okpeMa
KanibpyBaHHa T, ., S, | NMOPOriB) Ta po3WMNPEHHS
CNeKTPYy cueHapiiB 3 ypaxyBaHHAM Bigain-cneuundivyHoi
biomexaHikn. TexHONOriYyHMi BekTOop nepeabavae
iHTerpauito 3 EMR/EMS, BuMKOpUCTaHHAM TenemeTpii
(EDR, HeceHuin IMU) i aBTOMaTU30BaHUX KanbKyISTOPIB,
a HayKoBMW — Mo€fHaHHS 3 6araTbMa Mopenamu Ta
NoKasHMKaMWU SIKOCTi KiCTKW Ans ribpuaHux moaenemn
pU3UKY.

3 ornsgAy Ha NOTOYHI KJiHIKO-OpraHi3auinHi
TeHAeHUii (MexaHi3M-opieHTOBaHMI Tpiax, YyHidikauis
knacudikauin Ta iHAuBiAyanisauisg), wkana Mae
noTeHuian AN BUKOPUCTAHHSA B MPOTOKO/ax AiarHOCTUKM
Ta MapLlpyTm3auii, 0CBITHIX MOAYNAX MW aHaNiTUYHUX
KOHTYpax OXOpOHM 340poB’s. i BnpoBaaxeHHs
cnpuaTUMe CTBOPEHHK EAMHOI «MOBU» AN KiSIbKiCHOI
OUIHKWN «XOPCTKOCTI NoAiT», NoNiNWuUTb NOPIBHAHHICTb
AaHUX Ta, IMOBIPHO, SKiCTb CTpaTudikauii pusuky
KNiHIYHMX HacnigkiB Npu TpaBMax xpebTa.
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Moasika

ABTOpU AAKYIOTb eKCcrnepTaM 3a y4acTb B OLiHUI
KNiHIYHMX MaTepianiB, 06roBOpPeHHi KAKYOBUX
MEeTOA0SI0MNYHUX pilleHb Ta BHECOK Y BAOCKOHAaNEHHS
3anpornoHOBAHOI LWKaiun.

Po3kpuTtTa iHbopmauii

KoH@niKT iHTEpeciB

ABTOPW 3asBNATb NPO BIACYTHICTb KOHMAIKTY
iHTepeciB.

IHgopmoBaHa 3roaa

Big KOXHOro 3 nauieHTiB oTpuMaHa iHpopMoBaHa
3roja.

®DiHaHcyBaHHs

[JocnigXeHHs He Mano CNOHCOPCbKOi NiATPUMKMN.
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Background: Traumatic brain injury (TBI) remains a major clinical challenge
in neurosurgery due to its heterogeneous pathophysiology and the limited
availability of effective pharmacological interventions. Progesterone and
vitamin D have demonstrated neuroprotective and anti-inflammatory
properties in preclinical models; however, their translational efficacy in clinical
trials remains inconclusive. Clarifying their therapeutic roles may help inform
adjunctive strategies in the acute management of neurotrauma.

Objectives: To assess the neuroprotective effects of progesterone and
vitamin D in enhancing functional recovery following moderate to severe TBI,
and to compare the clinical efficacy of these agents based on standardized
neurological outcome measures derived from randomized controlled trials
(RCTs).

Methods: A systematic review and meta-analysis were conducted in
accordance with the PRISMA guidelines. Randomized controlled trials (RCTs)
were identified through searches of PubMed, EMBASE, Web of Science, and the
Cochrane Library, comparing progesterone and/or vitamin D with placebo in
patients with traumatic brain injury (TBI). Studies reporting Glasgow Outcome
Scale-Extended (GOS-E) outcomes were included. Standardized mean
differences (SMDs) with 95% confidence intervals (CIs) were calculated using
Review Manager version 5.4. Study quality and heterogeneity were assessed.

Results: Six RCTs were included: three progesterone trials (n = 1,426)
and three vitamin D trials (n = 192). Progesterone showed no significant
improvement in functional outcomes compared with placebo (SMD = —-0.07;
95% CI: —0.32to0 0.19; p = 0.60; I2 = 58%). Vitamin D demonstrated a non-
significant trend toward improved outcomes (SMD = 0.37; 95% CI: —0.27 to
1.02; p = 0.26; 12 = 78%,). Variability in trial design, timing of intervention, and
baseline vitamin D deficiency status may have influenced the observed effects.
Conclusions: Although neither agent showed standalone efficacy, their
safety and complementary mechanisms suggest promise for combinatorial
or biomarker-guided approaches. This meta-analysis highlights the need for
early, precision-targeted, and stratified neuroprotective trials in TBI care.

Keywords: traumatic brain injury (TBI); progesterone; vitamin D; functional
outcome

Introduction

Experimental studies have demonstrated its anti-

Traumatic brain injury (TBI) remains a significant
global health concern, contributing to substantial
morbidity, long-term disability, and mortality, particularly
among young adults [1]. The pathophysiology of
TBI is complex, involving both immediate primary
injury and subsequent secondary cascades including
neuroinflammation, oxidative stress, excitotoxicity,
mitochondrial dysfunction, and apoptosis [2]. Current
therapeutic strategies are predominantly supportive,
and despite decades of research, effective pharmacologic
interventions that significantly improve neurological
outcomes remain elusive.

Progesterone, a neurosteroid with pleiotropic
neuroprotective properties, has garnered attention
for its potential to modulate secondary brain injury.

inflammatory, anti-apoptotic, and neurodegenerative
effects [3]. Several randomized controlled trials
(RCTs) have evaluated progesterone administration
following TBI; however, results regarding its efficacy in
improving functional recovery have been inconsistent.
[4]. Vitamin D, traditionally known for its role in calcium
homeostasis, has emerged as a neuroimmunomodulator
with potential therapeutic implications in central nervous
system injuries. It exerts neuroprotective effects
through regulation of neurotrophic factors, attenuation
of oxidative damage, and modulation of immune
responses [5]. Preclinical studies and early-phase clinical
trials have suggested a beneficial role of vitamin D in TBI,
though robust evidence from randomized trials remains
limited [6]. The Glasgow Outcome Scale-Extended
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(GOS-E) is a validated and widely used measure of
functional recovery following TBI. As a standardized
outcome scale, it facilitates comparison across studies
and enables evaluation of treatment efficacy based on
meaningful improvements in neurological function and
disability status [7].

Given the increasing interest in hormone-based and
vitamin-based neuroprotective therapies, this meta-
analysis aims to systematically compare the efficacy
of progesterone and vitamin D in improving functional
outcomes in patients with TBI, as assessed by GOS-E
scores, using data from randomized controlled trials.
By synthesizing available evidence, this study seeks to
provide clarity on their comparative therapeutic value
and guide future clinical decision-making.

Materials and methods

Search strategy

A comprehensive literature search was conducted
in PubMed, EMBASE, Web of Science, and the Cochrane
Library to identify studies published from 2005 to
March 2025. The search strategy combined Medical
Subject Headings (MeSH) and free-text terms, including
“Traumatic Brain Injury” OR “TBI,” “Progesterone,”
“Vitamin D,” and “Randomized Controlled Trial,” using
Boolean operators and synonyms to maximize sensitivity.
Reference lists of relevant studies and prior systematic
reviews were manually screened to identify additional
eligible trials.

Study selection

Eligible studies were randomized controlled trials
published in English with a placebo-controlled design,
enrolling patients with clinically confirmed moderate
to severe traumatic brain injury. TBI diagnosis was
established based on clinical assessment and/or
neuroimaging, such as CT or MRI. Trials were required
to report at least one functional outcome, with the
GOS-E prioritized as the primary endpoint, and to include
sufficient follow-up to evaluate functional recovery.
Studies were included only if key intervention details—
including dosage, route of administration, and timing
relative to injury—were clearly reported. Studies with
significant methodological limitations, non-randomized
designs, non-clinical populations, or incomplete outcome
reporting were excluded.

Data extraction

Data extraction was independently performed by two
reviewers using a standardized form, with discrepancies
resolved through discussion or consultation with a third
reviewer. Extracted data included study characteristics,
intervention details, patient demographics, and baseline
functional status where available. Timing of therapy
initiation relative to the injury phase was recorded,
categorized as acute (<24 hours), subacute (1-7 days), or
chronic (>7 days), as this factor can influence treatment
response. The primary outcome of interest was
functional recovery assessed by GOS-E, while secondary
outcomes included neurological improvement and safety
endpoints, such as treatment-related adverse events,
discontinuations, and total dropouts. When standard
deviations were not directly reported, they were derived
from standard errors, confidence intervals, t-values, or
p-values using established conversion methods.
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Statistical analysis

Meta-analysis was performed using Review Manager
(RevMan) version 5.4. Continuous outcomes, particularly
GOS-E scores, were synthesized using mean differences
or standardized mean differences with 95% confidence
intervals. Statistical heterogeneity was assessed using
Cochran’s Q test and quantified with the I2 statistic,
with I2 values greater than 50% or p<0.10 considered
indicative of substantial heterogeneity. Planned subgroup
analyses explored the influence of intervention timing,
TBI severity, and type of neuroprotective agent on
functional outcomes.

Results

Literature search findings

The search strategy yielded 36 citations in PubMed,
EMBASE, Web of Science, and the Cochrane Library of
Systematic Reviews. Fig. 1 shows the results of the
literature search and study selection. A total of 32
potentially relevant articles were identified in the initial
search; however, only six studies met the inclusion
criteria and were included in the meta-analysis. Of these,
three progesterone trials (Wright et al., 2007; Wright
et al., 2014; Skolnick et al., 2014), and three vitamin D
trials (Sharma et al., 2020; Shafiei et al., 2022; Intiso
et al., 2024) were included in the review. The design
and population characteristics of the progesterone and
vitamin D tests are shown in Table 1 and 2.

Effects and adverse events of progesterone
intervention

A total of three RCTs comprising 1,426 patients (742
in the progesterone group and 684 in the placebo group)
were included in the meta-analysis. All studies assessed
the efficacy of intravenous progesterone in patients with
moderate to severe TBI, with follow-up periods ranging
from 30 days to 6 months.

The pooled analysis of SMD revealed no statistically
significant improvement in neurological outcomes with
progesterone therapy compared to placebo (SMD=-0.07;
95% CI: -0.32 to 0.19; p=0.60). Subgroup analysis
showed mixed results across studies. Wright et al.
(2014) reported a slight benefit in the placebo group
(SMD=-0.35; 95% CI: -0.68 to -0.02), whereas Skolnick
et al. (2014) found no significant difference (SMD=0.00;
95% CI: -0.11 to0 0.12), and Wright et al. (2007) favored
progesterone, albeit not significantly (SMD=0.17; 95%
CI: -0.29 to 0.64). The heterogeneity was moderate
(I2=58%, p=0.09), suggesting variability in study
designs or populations.

Baseline characteristics were generally similar
across studies, with the mean age of participants
around 35 years and a predominance of male patients
(71% to 78.5%). Progesterone dosing protocols were
consistent, utilizing a loading dose of 0.71 mg/kg
followed by maintenance infusions ranging from 11 to
119 hours. Notably, only Wright et al. (2007) reported
a statistically significant reduction in 30-day mortality
(13% vs. 30.4% in placebo), while the other two trials
did not demonstrate significant clinical benefit in long-
term functional outcomes (Fig. 2).

Adverse events were reported across all trials, with
the largest number observed in Skolnick et al. (2014)
study (n=4,025). Dropout rates ranged from 3.9% to
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15.5%, and very few adverse events directly led to
participant withdrawal (0-3 cases per study).

Effects and adverse events of vitamin D
intervention

Three RCTs comprising 192 patients (98 in the
vitamin D group and 94 in the placebo group) were
included in this meta-analysis to evaluate the effects of
vitamin D supplementation on neurological recovery in
moderate to severe TBI patients.

The pooled SMD favored vitamin D over placebo, but
the effect was not statistically significant (SMD=0.37;
95% CI: -0.27 to 1.02; p=0.26). Individual studies
showed variable outcomes. Sharma et al. (2020)
reported a significant improvement in the GOS-E scores
at 14 days in the vitamin D group (mean 4.80 vs. 2.21,
p<0.0001), while Shafiei et al. (2022) also demonstrated
a statistically significant higher proportion of favorable
outcomes at 3 months (p=0.03). In contrast, Intiso et al.
(2024) found no significant difference in GOS-E scores
between groups.

There was a high degree of heterogeneity among
the included studies (12=78%, p=0.01), which may be
attributed to differences in dosing regimens, patient
ages, and follow-up durations. Intiso et al. (2024)

Ukrainian Neurosurgical Journal. Vol. 32, N1, 2026

used a bolus plus maintenance approach, while the
other two studies administered single high-dose oral
regimens (Fig. 3).

Baseline characteristics showed comparable TBI
severity across studies. However, patient age varied,
with the Intiso et al. cohort having a markedly higher
mean age (57.5 years) compared to others (~36 years).
The male proportion was similar (58.3%-71.4%).

No adverse events or dropouts due to treatment
were reported in any of the included trials.

Participant demographics

Across the included studies, male participants
constituted the majority, with proportions ranging
from 58.3% to 78.5%. Female representation was
consistently low, highlighting a clear gender imbalance
in both progesterone and vitamin D trials for traumatic
brain injury. This limited inclusion of women may affect
the generalizability of study findings, as sex-based
differences in injury response, hormonal influences,
and recovery trajectories are well-documented in TBI
research. Future clinical trials should aim for more
balanced recruitment or sex-stratified analyses to
ensure outcomes are applicable to a broader patient
population.

Records identified
through database
searching (n=37)

identified through other

Additional records

sources (n=4)

Records after duplicates removed (n=36)

Y

(n=36)

Full-text articles

Records screened

Records excluded
(n=4)

excluded (n=286)
=  No intervention

b

or control (n=3)
= Not RCT (n=14)
= Review (n=2)
= Nointerest

Full-text articles
assessed for
eligibility (n=32)

A

outcome (n=6)
= Not get the exact
data (n=1) Y

review (n=6)

= 3JonVitaminD

Articles included in
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Fig. 1. Flowchart describing the approach used to identify all eligible studies of meta-analysis
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Progesterone Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean 5D Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Wright 2014 155 21 74 432 2.27 73 294X -0.35[-0.68,-0.02] ——
Skolnick 2014 47 231 591 469 229 588 51.2% 0.00 [-0.11, 0.12] L J
Wiright 2007 3.73 1.89 77 3.38 1.87 3 19.5% 0.17 [-0.28, 0.64] —_—
Total (95% CI) 742 684 100.0% -0.07 [-0.32, 0.19]

Heterogeneity: Tau = 0.03; ChF = 4.77, df = 2 (P = 0.09); F = 58X
Test for overall effect: Z = .52 (P = 0.60)

3 s

z
Higher In Placebo Higher In Progesterone
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Fig. 2. Functional outcomes based on Glasgow Outcome Scale-Extended (GOS-E) scores in traumatic brain

injury patients receiving progesterone treatment

Vitamin D Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Inttso 2024 378 08 36 3.81 0.94 37 35.7%  -0.03 [0.48, 0.42]
Shafiel 2022 424 151 42 41 14 42 365% 0.10]-0.33,0.52]
Sharma 2020 48 252 20 2.21 0.88 15 27.8B% 1.27 [0.53, 2.01) —_—
Total (95% CI) 98 94 100.0% 0.37 [-0.27, 1.02]

Heterogenehy: Tay® = 0.25; Chi = 819, df = 2 (P = 0.01); ¥ = 78X
Test for overall effect: Z = 1.13 (P = 0.26)

-2 =1 0 i 2
Higher In Placebo Higher In Vitamin D

Fig. 3. Functional outcomes based on Glasgow Outcome Scale-Extended (GOS-E) scores in traumatic brain

injury patients receiving vitamin D treatment

Discussion

The meta-analysis highlights the challenges of
translating the preclinical neuroprotective mechanisms
of progesterone and vitamin D into clinically meaningful
functional improvements after moderate to severe TBI.
While both agents demonstrate biological plausibility,
their efficacy remains inconsistent in human trials,
underscoring the complexity of TBI pathophysiology and
the limitations of monotherapy approaches.

Despite robust preclinical evidence of progesterone’s
anti-inflammatory and anti-apoptotic effects, pooled
data from three RCTs (n=1,426) revealed no significant
improvement in GOS-E scores (SMD=-0.07; p=0.60).
This finding aligns with the failures of Phase III trials,
where delays in treatment initiation (often >6 hours
post-injury) and heterogeneous injury patterns may
have blunted therapeutic effects [8]. Notably, one
trial reported a mortality reduction (13.6% vs. 30.4%
in controls), but this did not correlate with long-term
functional recovery. The moderate heterogeneity
(I2=58%) across studies suggests variability in dosing
regimens or patient stratification, emphasizing the need
for precision in trial design [9].

Vitamin D supplementation showed a non-significant
trend toward improved outcomes (SMD=0.37; p=0.26),
with high heterogeneity (I2=78%) likely reflecting
divergent protocols (e.g., single high-dose vs.
maintenance regimens). Preclinical models suggest a
role in modulating oxidative stress and neurotrophic
factors, but clinical translation is hampered by small
sample sizes (n=192 total) and inconsistent reporting
of baseline deficiency status—a critical confounder
given vitamin D’s pleiotropic mechanisms. Age-related
metabolic differences may further explain null findings
in older cohorts [10].

Notably, a network meta-analysis identified the
combination of progesterone and vitamin D as superior
to either agent alone, with higher rates of favorable
outcomes and reduced mortality [11]. Preclinical data
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support this synergy; in rodent models, progesterone
combined with low-dose vitamin D enhanced spatial
memory preservation and astrocyte activation compared
to monotherapy (p<0.05) [12]. Vitamin D deficiency has
been shown to blunt progesterone’s efficacy, suggesting
metabolic interdependence. These findings align with the
hypothesis that TBI's multifactorial pathology demands
multitarget therapies. For instance, progesterone
mitigates edema, while vitamin D addresses chronic
inflammation and oxidative stress—a dual approach
that may counteract secondary injury cascades more
effectively [13].

The neutral efficacy findings for progesterone
and vitamin D as standalone therapies do not negate
their potential utility in optimized regimens. First,
progesterone’s neuroprotective effects appear critically
time-dependent, with preclinical models demonstrating
maximal benefit when administered within <2 hours
post-injury. This contrasts with clinical trials where
treatment initiation often exceeded 6 hours—a delay
that may explain the diminished therapeutic effects [14].
Incorporating real-time biomarkers such as S100B or
glial fibrillary acidic protein (GFAP) could help identify
patients within this narrow therapeutic window. [15].
Second, patient stratification based on injury phenotype
(e.g., diffuse axonal injury) or baseline vitamin D status
might enhance responsiveness, though current trials
lack such precision in enrollment [16]. Finally, both
agents exhibit excellent safety profiles, positioning
them as viable adjuncts to rehabilitation or emerging
neuroprotectants in multimodal strategies.

This analysis has several constraints: the small
number of vitamin D trials (n=3) limits statistical
power; heterogeneity in GOS-E assessment timelines,
ranging from 30 days to 6 months complicates outcome
comparisons; and incomplete reporting of baseline
vitamin D status obscures deficiency-driven treatment
effects. Future research should prioritize Phase III trials
evaluating progesterone and vitamin D in combination,
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leveraging their complementary mechanisms (e.g.,
progesterone’s acute anti-inflammatory effects paired
with vitamin D’s chronic anti-inflammatory properties).
Integrating biomarkers to guide treatment timing
and patient selection could enhance precision, while
expanding cohorts to include pediatric and geriatric
populations—groups with high vitamin D deficiency
rates and distinct neuroplasticity profiles—may clarify
context-specific efficacy.

A critical limitation of the included trials is the
disproportionate male representation, with male
participants comprising 58-79% of enrolled cohorts.
This underrepresentation of women limits the
generalizability of findings, as sex-based differences in
neuroinflammation, hormonal responses, and recovery
trajectories are increasingly recognized in TBI research.
Future trials should adopt sex-stratified enrollment and
analyses to determine whether therapeutic responses
differ by gender, particularly given progesterone’s
hormonal interactions and the variable prevalence of
vitamin D deficiency across sexes.

Another consideration is potential publication
bias. The small number of vitamin D studies and the
predominance of neutral-to-negative progesterone trials
increase the risk that positive preclinical findings are
preferentially published, while underreporting of null
or adverse results in early-phase studies could skew
the perceived therapeutic promise. Formal assessment
using funnel plots or Egger’s regression was not feasible
given the limited number of included trials, but this
bias may inflate the apparent consistency between
animal models and selected human studies. Addressing
publication bias will require prospective trial registration,
rigorous reporting of all outcomes, and the inclusion of
unpublished data in future meta-analyses.

Conclusion

Based on the meta-analysis of randomized controlled
trials, current evidence does not demonstrate a
statistically significant improvement in functional
outcomes, as measured by the GOS-E, with either
progesterone or vitamin D supplementation in patients
with moderate to severe TBI. While progesterone
showed no overall benefit, vitamin D exhibited a trend
toward improved neurological recovery, though this
finding was not statistically significant. The limitations
of the existing studies, including small sample sizes
and high heterogeneity, highlight the need for larger,
well-designed clinical trials to further investigate the
therapeutic potential of vitamin D, particularly in
combination with other neuroprotective strategies.
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YepenHo-mo3koBa TpaBMma (UMT) € cepMo3HUM KNAIHIYHUM BUKIIMKOM Yy
HeMpoXipyprii Yyepe3 reTeporeHHy naTosiorito Ta obMexeHi hapMaKonoriyHi
BTpy4YaHHs. [porecTepoH i BiTaMiH D npoaeMOHCTpyBannM HEMPONPOTEKTOPHI
M npoTm3ananbHi edheKkTU B AOKNIHIYHMX MOAeNsiX, ase IXHI0 TpaHCAsUinHy
YCMiWHICTb Yy KAIHIYHUX BUNPOO6YBaHHAX He BM3HaA4YeHO. YTOYHEHHS poJii
nporecTtepoHy M BiTaMiHy D cnpustuMe po3pobui AONOMIXHUX CTpaTerin y
NiKyBaHHi rocTpoi HeMpoTpaBMu.

MeTa: OUiHUTM HENPONPOTEKTOPHI edeKTn nporecTtepoHy 1 BiTaMiHy D
ANS noninweHHs GYHKUIOHA/IbHOro BiAHOBJIEHHS MICNA MOMIPHOI Ta TSXKOI
YMT, a TakoX MOPiBHATU KJiHIYHY edEeKTUBHICTb LUMX 3acobiB Ha OCHOBI
CTaHAAPTU30BaHUX HEBPOJIOTIYHNX MOKA3HMKIB, OTPUMAHMX i3 paHAOMi30BaHMX
KOHTpONbOBaHMX gocnigxeHb (PKA).

Martepianu i meToamn. CucTemMaTUYHU MeTaaHani3 BiANOBIAHO 4O HAaCTaHOB
PRISMA nepepbavaB nowyk y 6a3ax gaHux PubMed, EMBASE, Web of
Science Ta Cochrane Library PK[, B skux nporectepoH Ta/abo BiTamiH D
nopisHtoBanu 3 nnauebo B nauieHTiB i3 UMT. B aHani3 3any4yanu gOCiAXEHHS,
L0 BMKOpUCTOBYBanun nokasHnkn GOS-E. CtaHaapTu3soBaHi cepefHi pisHuLi
(SMD) i3 95% posipuunm iHTepBasnioMm (A1) po3paxoByBanu 3a AoNOMOroto Review
Manager 5.4. OuiHioBann AKiCTb AOCNIAXKEHb | FEeTEPOreHHICTb.

Pe3ynbraTtu. lpoaHanizoBaHo wictb PKA: Tpyu AOCNiAXEHHS NMPOrecTepoHy
(n=1426) i Tpn pocniaxeHHs BiTaMiHy D (n=192). NporecTtepoH He
NpoAEeMOHCTPYBaB 3HAaYHOI KOPUCTI WOAO0 NoAinweHHs dyHKUiOHaNbHUX
pesynbTaTtie (SMD= -0,07, 95% Al -0,32.. +0,19, p=0,60, I12=58%),
nonpu cunbHe 6ionoriyHe obrpyHTyBaHHA. BitamiH D nokasaB CTaTUCTUYHO
He3HauyLwy TeHAeHuito o noninweHHs (SMD=0,37, 95% Al -0,27..+1,02,
p=0,26, 12=78%). Pi3HMuUs B AM3aliHi AOCMiAXEHHS, Yaci BTpy4aHHs Ta
6a3oBoMy piBHi AediuMTy MOrna BNAMHYTU Ha pe3y/bTaTu.

BUCHOBKM. X0o4a XO0JeH i3 3acobiB sk MOHOTepanis He NPOAEMOHCTpyBaB
edeKTUBHOCTI, iXHS 6e3neyvHicTb i KOMMNIeMeHTapHi MexaHi3MK cBig4yaTb
npo noTeHuian ans kombiHoBaHMx abo 6ioMapkep-opieHTOBaHUX MNigXxoais.
Pe3ynbTatn MeTaaHanisy BKasylTb Ha HeOb6XiAHICTb MpoOBeAEHHS TOYHUX,
paHHiX i cTpaTUdiKoBaHUX HEMPOMPOTEKTOPHUX AOCAIAXKEHb MNPU JliKyBaHHI
YMT.

KnwouoBi cnoBa: yvepernHo-mo3koBa Tpasma (YUYMT); nporectepoH,; BitamiH D;
yHKUiOHa/IbHE BiJHOBJ/IEHHS
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foCTpUI iWEeMiIYHUIA iHCYNbT € HeBiAKNAAHUM CTaAHOM, MPU SKOMY KOXHa
XBUIMHA 3BOJIiKaHHSA CMPUYMHSAE HE3BOPOTHY 3arnbenb MO3KOBOI TKAHUHMW.
OCHOBHi MeToAW NiKyBaHHS — BHYTPiIWHbOBEHHUI TpoMmbonianc n
eHAoBacKynspHa TpPoMbOeKTOMis MalTb CyBOPi YacoBi Mexi Ta 3asexaTb Bij
TOYHOCTI HeWpoBisyanisauii. TpaauuiiHe TnyMadyeHHs 306paxkeHb NoTpebye
[0CBiay nikaps, € TPYAOMICTKUM i Cy6’eKTMBHUM. CyyacHi anropuTMu WTYYHOrO
iHTenekTy (LWWI) BiakpuMBatOTb HOBI MOX/IMBOCTI A/ @aBTOMATM30BaHOIo
BUSIBJIEHHS OKJ103i1, OLiHKM 06'EMY iLLEMIYHOrO YIWKOAXEHHS Ta GOPMYBaHHS
pekoMeHAauiN WwoAo NiKkyBaHHS B peasibHOMY 4Yaci. 3aCTOCyBaHHS LUX
anropuTMiB MOXe CYTTEBO CKOPOTUTWU Yac BiA HaAXOAXEHHS nauieHTa Ao
rnoyaTtky penepdysiiiHoi Tepanii, NiABUWUTM TOYHICTb Biabopy nauieHTiB i
CTaHAapTU3YBaATU KAIHIYHI pilUeHHS.

MerTa: y3aranbHUTUK CyYacHi AaHi Npo ponb anropuTMmis LLUI B NpuUAHATTI pilleHb
oA0 TpoMboni3ncy Ta TPOMBEKTOMIl, OLIHUTM iXHiN NoTeHUian ANns NiaBULLEHHS
LWBMAKOCTI M TOYHOCTI Biabopy nauieHTiB.

MaTepianm i meTtoaum. lNMposeaeHo ornaa nitepatypu (2015-2025) y 6a3zax
naHux PubMed, Scopus, Web of Science, Google Scholar i3 BMKOpUCTaHHSAM
knoyoBux cnis «artificial intelligence», «machine learning», «deep learning»,
«stroke», «thrombolysis», «thrombectomy» ana ysaranbHeHHS Cy4acHMX
[AHWX WOA0 BUKOPUCTaHHA anropuTtmie LUI Ang npuRHATTS KAIHIYHUX pilleHb
npuv rocTpoMy iWeMiYyHOMY iHCYNbTi. AHani3yBanun KAiHIYHI AOCNIAXEHHS,
ornaAam Ta NpoToKOM, WO ONUCYIOTh 3acTocyBaHHA LI B HelpoBisyanisadii,
NMPOrHO3yBaHHI Ta cTpaTtudikauii nauieHTiB.

Pe3ynbratn. Anroputmmn rnnbokoro HasyaHHA (Viz.ai, e-ASPECTS ToOLL0)
3abe3nevyoTb aBTOMaTUUYHY 06pO6KY KOMM'IOTEPHUX | MarHiTHO-PE30HAaHCHUX
TOMOrpam, WBUAKO BUSABNAKOYUM ilLEMIYHI ypaXKeHHs Ta okJto3ii. Lle ckopouye
yac Bif AiarHOCTUKM A0 NiKyBaHHS Ha 15-37 xB, NiABULLYE BiATBOPIOBAHICTb
OUiHOK i onTuMi3ye BiAbip nauieHTiB ANa penepdysinHoi Tepanii. Moaeni,
WO MOEAHYIOTb KIIHIYHI Ta HelpoBi3dyanisauinHi AaHi, AEMOHCTPYIOTb
Kpally MpOrHOCTUYHY TOYHICTb i Aal0Tb 3MOry BpaxoByBaTu iHAMBIAYasbHI
0CO6/IMBOCTI NaLEHTIB.

BUCHOBKM. LLITY4YHWIH iHTENEKT CTAa€ HEBIA'EMHUM IHCTPYMEHTOM Y MEHEAXKMEHTI
iHCynbTy, 3abe3neyyyn WBUAKUNA, CTAaHAAPTU30BAHUNM | 06'EKTUBHUI
aHanis gaHux. Moro BUMKOPWUCTaHHA 3MeHLWYe Yacosi iHTepBanu «door-to-
needle» i «door-to-puncture», noninwye pe3ynbTaTh NiKyBaHHSA Ta 3HUXYE
iHBanian3auito. CuHepris nikaps 1 LI BiakpuBa€e HOBY epy nepcoHanizoBaHoi
iHCYNbTHOI Tepanii, cnpsiMmoBaHoOi Ha 36epeXXeHHS MO3KY Ta XUTTS NaLieHTIB.

KnruoBi cnoBa: iwemiyHni iHCy1bT; TPOM601i3UC; TPOMOEKTOMIS; LUTYYHUHI
IHTENEKT; MalUMHHE HaBYaHHS

focTpui iWeMiYHUN iHCYNbT — LEe KPUTUYHWUN
MeAUYHWUI CTaH, 3a AKOro KOXHa XBWIMHA 3BOJIiIKAHHSA
NPpU3BOANTbL A0 BTPaTU XWUTTE3AATHOI MO3KOBOI
TKAHWHW. 3a BIACYTHOCTI BiAHOB/IEHHS KPOBOTOKY
nauieHT 3 OKJIIO3i€l0 Benukoi Mo3koBoi apTepii (large
vessel occlusion (LVO)) woxBuanMHK BTpavae 6n3bko
1,9 mMnH HewpoHie [1]. Len dakT, BigoMnii gk «time
is brain», cBiA4YMTb NpoO BUpilWanbHe 3HAYEHHS 4acy
ANS ycniwHoro nikysaHHa. OCHOBHUMU MeToAaMu
Tepanii 3anMWwatoTbCa BHYTPiLUHbOBEHHUI TpoMboni3nc
(yBeaeHHa TpomboniTM4YHOro npenapaTy) Ta eHAo-

BackynspHa TpoMbeKkToMis (MexaHiyHe BuAaNEHHS
TpomMby), AKi MalTb YiTKO BM3HaA4YeHi 4YacoBi Mexi Ta
IFPYHTYIOTbCSA Ha OUIHLUI KJIIHIYHUX JaHUX | pe3ynbTaTisB
HenpoBsisyanizauii [1]. CyyacHi anropuTMm WTYYHOrO
iHTenekTy (WWI) BiakpMBaKTb HOBi MOXNMBOCTI AnS
aBTOMaTU30BaHOIo BMUSBNIEHHS OKJII03ilA, OLiHKM 06'eMy
iLLEMIYHOTrO YLWKOAXEHHS Ta DOPMYBaHHA peKoMeHaauin
LOAO0 NiKyBaHHA B peasibHOMy yaci. IxHe 3acTocyBaHHA
MO>€ CYTTEBO CKOPOTUTM Yac Bif, HAAXOAXEHHS NaLieHTa
[0 noyaTky penepdysiiHoi Tepanii, NiABUWNTU TOYHICTb
BiAOOpPY NaUIEHTIB i CTaHAAPTU3YBATU KAiHIYHI PilLEHHS.
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MeTa: y3arasibHUTKU Cy4yacHi AaHi nNpo ponb
anroputmie LUI B NpUAHATTI pilleHb Wwoao TpoMbonisncy ta
TPOMbBEKTOMIT, OUiHUTW IXHi NoTeHUian ANs NiABULWEHHS
WBWAKOCTI 1 TOYHOCTI Biabopy nauieHTiB.

Marepianu i meTOaMN

[ocnifgXeHHs € ornaaom nitepaTtypu, CNpssMOBaHUM
Ha y3arasbHEHHS Cy4YaCHMX AaHWUX LWOA0 BUKOPUCTAHHSA
anroputmie WI ansg npurHATTS KNiIHIYHUX pilleHb
MnpM rocTpoMy iwemiyHoMy iHcynbTi. MNMowyk axepen
3aiicHioBann B 6asax gaHux PubMed, Scopus, Web of
Science Ta Google Scholar 3a 2015-2025 pp. Ans nowyky
BWKOPWUCTOBYBA/IN KJIHOYOBI CNnoBa Ta iXHi KoMb6iHauii:
«artificial intelligence», «machine learning», «deep
learning», «stroke», «thrombolysis», «thrombectomy»,
«clinical decision support». AHanisyBanu opuriHanabHi
OOCNIOXEHHS, CUCTEMATUYHI ornsaan, MeTaaHaniau, a
TaKOX KAiHIYHI MPOTOKONM M TEXHiYHi 3BiTU, B AKUX
po3rnspanacsa ponb LI B ouiHUi HenpoBilyanilauii,
NMpOrHo3yBaHHi pe3ynbTaTiB NiKkyBaHHA abo BU3HaYeHHi
nokasaHb A0 TpoMbonizncy/TpomMbeKkToMii.

LUTYYHWI IHTeNneKT y HekipoBisyanizayii iHcynbTy

Heliposisyanizauia — K1OYOBUA eTan B OUIHUI
naui€eHTa 3 iHCY/IbTOM, OCKiJIbKW fa€ 3MOry MiaTBEpAUTU
iWeMiYHMIM XapaKTep iHCYNbTYy, BU3HAYUTU OKJIO3il0
CYANHU 11 06’eM yLIKoAXKEHHSA MO3KY. CyyacHi anroputmm
LIT pepani wuplue 3aCTOCOBYHOTh A9 aBTOMaTUYHOMO
aHanisy 3HiMKiB koMn'toTepHoi Tomorpadii (KT),
MarHiTHo-pe3oHaHcHoi ToMorpadii (MPT) Ta aHriorpadii.
KOHBOMOUIMHI HEMPOHHI Mepexi 34aTHi po3ni3HaBaTu
o3Hakum LVO Ha KT-aHriorpamax 3i WBUAKICTIO 1
TOYHICTIO, 6NM3bKNUMKM Taknx A0 eKCnepTiB-padionoris
[11]. KomepuiliHi nporpamun, Taki sk Viz.ai LVO,
NpoOAEMOHCTpPYBasiM BUMCOKY creundivHicte (95-97%)
npu BUSIBSIEHHI OKJIt03ii BHYTPIiWHbLOT COHHOI apTepii
abo npokcMManbHOro cerMeHTa cepeiHbOMO3KOBOI
apTepil, xo4a YYTAUBICTb 3aNUWAETLCA MOMIPHOIO
(78-82%) [2]. BaxxnnBo, WO HeraTuBHa NpOrHOCTUYHA
LiHHICTb TakmMx cucteM HabnmxaeTbca Ao 99%, To6TO
nponyuweHi nooaAnHoki Bunaaku [2]. ABTOMaTU4UHe
BuasneHHs LVO pgae 3MOry MUTTEBO CMNOBICTUTU
KOMaHAy iHCY/IbTHOrO LEeHTPY MpO HasBHICTb TpoMmby,
napasesibHO 3 TPAHCMOPTYBAHHAM NaLUi€EHTa A0 JliKapHi,
WO eKOHOMWUTb AOPOrouiHHMM 4vac. [lo npuknaay, B
OZHOMY H6araToueHTPOBOMY AOCNIAXKEHHI BNPOBaAXKEHHS
NpoOrpaMHOro CNoBilLEHHS NP0 OKJ03il0 3MEHLWMO0 Yac
BiA npoBeneHHa KT ao noyaTky TpombekToMmii Ha =11
XB Yy cepeAHboMy [3], Wo acouitoBanocs 3i 3HUXEHHSAM
BHYTPILIHbOMIKAPHAHOT 1eTanbHOCTI Malxe Ha 60% [3].

OkpiM BusABNeHHs Tpomby, LI Moxe KinbKicHO
OUIHNUTKN 06'€M IHCYNBTHOIO ypaxeHHs. ANroputmum ans
aBToOMaTUYHOro niapaxyHky 6anis 3a wkanot ASPECTS
(Alberta Stroke Program Early CT Score) aHanisywTb
HaTMBHI KT-3HIMKM 1 BUABNAKOTb PaHHI ilUEMIYHI 3MiHW.
Mporpama e-ASPECTS npoaeMOHCTpyBana, Wo Taka
niagTpUMKa NiABULLYE Y3roAXXEHICTb OLIHOK MiXK NiKapsMu.
3a AaHuUMK pocnifgxeHb, 3a gonomorotk e-ASPECTS
TOYHICTb BU3HauyeHHA ASPECTS nikapsiMu-HeBposioramu
3pocna 3 ~72% po ~78%, a k-3roga noninwunacs 3
0,60 po 0,65 (p=0,013)[4]. Taknum ymHoM, LLUI 3MeHLWwYyE
BapiabenbHiCTb pe3ynbTaTiB, OTPUMAHUX Pi3HUMU
cneuianictamu, n Habnuxae pesynbTaTu nikapis-
noyaTKiBLIiB 4O piBHSA eKcrepTiB-Henpopaaionoris [4].

Binbw TouyHa Ta cTaHAapTU30BaHa ouiHka ob6’eMy
iHpapkTy (iwemiyHOro sapa) Baxxnmea ans subopy
TakTukn. Hanpuknaa, HaaTo HM3bkuin 6an 3a ASPECTS
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(Benukni iHhapKT) € NPOTMMNOKa3aHHAM A0 TPOMOEKTOMIT
B paHHi TepMiHXU. ABTOMaTU30BaHi NakeTu, Hanpuknag,
RAPID, aHanisytoTb nepdysiiHi KT/MPT, obuncntooum
06’eM iweMiyHOro aapa 1 30HK NeHyMbpwu (rinonepdysii).
Li nporpamn patoTb 3Mory weuako (<5 xB) oTpumaTm
KapTu MO3KOBOi Mepdy3ii Ta po3paxyBaTn MOKasHUKMK
mismatch (HesignosigHocTi sapa i neHymMbpn) [5]. Takum
YUMHOM, y poO3LWnpeHi Yyacosi BikHa (nMoHaa 6 roa Big
noyaTky iHcynbTy) LWI-goaatkun Tuny RAPID nonomaratoTb
BUABUTWU MaUIEHTIB i3 XUTTE3AAaTHOK neHyMmbpoto,
AKi € KaHAuMAaTamun ANS Mi3HbOro €HAO0BACKYSPHOro
BTPYYaHHSA. BnpoBaa>XXeHHS aBTOMATUYHOro aHanisy
nepdysii 6yno KPpUTUYHUM Yy BUNPOBYBaAHHAX, WO
pO3WUPUIKM NMOKasaHHA A0 TpoMmbekToMii Ao 24 roa
y BiaibpaHux xBopux (sk y gocnigaxeHHsx DAWN,
DEFUSE 3). Taki pilueHHs npuiiManu 3aBAAKU LWBUAKOMY
BUMIPIOBaHHI0 06'eMy iH(apKTy Ta neHyM6pu NnporpamMHnM
3abe3neveHHam [5].

3aBasku LI MOXAMBE BUKOPUCTAHHSA TenleMeauLmHu
Ta on-line B3aemogis npu iHcynbTi. B ymoBax, konu
HeMae HeBposiora 4Yum paapionora (Hanpuknaa, y
NEpPBUHHUX LLeHTpax), anropuTMm MOXYTb aBTOMaTUYHO
npoaHanizyeaTu 3HIMKW N HajicnaTtu ix cneuianictam y
iHCYNbTHMI LeHTp. Taki cuctemu, sk Viz.ai, HaacmnawTb
push-cnosilweHHs Ha cMapTdOHM NikapiB 3i 3HIMKaMn 3
BMAINEeHNM MicueM okto3ii. Lle cnpolye Ta NnpuwBuallye
KOHCUANiyM. [locnigXeHHsa NpoAeMOHCTpyBanu, Wo
aKTMBaUig Takoro aaropmTtMy CKOpoTuia vac nepepadi
Naui€HTIB 3 paNOHHUX NiKapeHb A0 LeHTpYy Ha ~37 XxB (i3
141 po 104 xB, p=0,04) NnopiBHSAHO 3 NepiogoM A0 1Oro
BNpoBaAXeHHs [6]. B iHWoOMY ueHTpi y Benukin bputanii
BnpoBaaXeHHs komnnekcy LWI-piweHb (e-Stroke Bia
Brainomix) 3MeHWnno cepegHii yac door-in-door-out
(BiA HaAXOAXEHHS A0 BianpaBneHHs nauieHTa gani) i3
141 no 79 xB (Ha 62 xB, p<0,001), wWo cyTTEBO 36iNbLLWINIO
YacTKy XBOPUX, AKMM NpoBeAeHO TPOMBeKTOMIl0 Ta AKi
BiAHOBMNM He3anexHicTb (0-2 6anu 3a MmoandikoBaHo
wkanot PeHkiHa y 48% nopiBHAHO 3 16% 6e3 LUI,
p=0,04) [7]. Ui aaHi cBia4aTb npo Te, Wo iHTerpauisa LI
B po60TY «iHCYNbTHMX MepeXx» MOoJiMnwWye NoricTUKy Ta
pe3ynbTaTu NiKyBaHHS.

AnroputmMun Ans NpuMAHATTA pilueHHS WOA[AO
TpOoM60s1i3ncy

BHYTpilWHbOBEHHUIN TpoMboni3anuc (BBeAEHHS
peKoMb6iHaHTHOr0 TKaHMHHOMO akTUBaTopa Na3MiHOreHy)
€ ePeKTUBHUM JliKyBaHHAM ilWWeMiYHOro iHCYyNnbTy
3a YMOBMW WOro npoBeAeHHS BMNPOAOBX MNeplmnx
4,5 rog Big NoABM CMMNTOMIB. BuUpilweHHA nUTaHHSA
NpPo MOXJ/MBICTb TpoMb6onizncy notpebye OUiIHKMK
«TepaneBTUYHOro BiKHa» i BU3HA4YEeHHS NPOTUNOKa3aHb
(BHYTpiWWHbOYEpEenHUiA KpOBOBMNMB abo BENMKUIN 06’'EM
copmoBaHoro iHdapkTy). LUTY4YHUIA iHTEeNekT Moxe
AONMoOMOrTU BupiwmnTmn oba 3aBaaHH4A. o-nepwe, Ha
OCHOBI KNiHIYHMX AaHMX | HeMpoBi3yanisauii anroputTmm
MOXYTb OLUIHUTK (PaKTUUYHE BiKHO Yacy 1 CTaH MO3KOBOI
TKAHWHW. Hanpuknag, npuv iHCynabTax i3 HeBiAOMUM
yacoM noyaTky («wake-up» iHCYynbTW) pilleHHS Npo
TpoMboni3nc MoxHa npuiMaTu, akwo MPT ykasye Ha
HasABHICTb HEBENNKOro ANMY3iMHOro ypaxeHHa 6e3
BignoBigHoOro curHany Ha FLAIR (o3Haka, WO iHCynbT
CBiXWI1). ABTOMaTUYHI NpOrpamMm MOXyTb iIHTEpPNpeTyBaTn
Taki MP-3HiMkK abo KT-nepdysito Ta nponoHyBaTu
NiKyBaHHA TUM XBOPWUM, B SKMX HasiBHa 3HayHa 30Ha
neHymbpwu i HeBenuke AP0, HaBiTb AKLLO CTaHAAPTHUI
yacoBui nopir nepesuweHo [5]. Tak 6ynu peani3oBaHi
po3WwunpeHi NpoTokosu. Hanpuknan, AOCNiIAXEHHS
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EXTEND noka3zano eeKkTuBHICTb TpoMboni3ncy Ao 9 roa
BiA4 mo4yaTKy B MauieHTiB, BigibpaHux 3a nepdysinHnumm
KapTamu.

Mo-gpyre, WI BnaBnae npoTunokasaHHA A0
TpoMbONiTUYHOI Tepanii 3 BUCOKOI WBUAKICTIO.
Hanbinbw rpisHMM NpOTUNOKA3aHHAM € HASIBHICTb
BHYTPIilLHbOMO3KOBOIr0 KpOBOBWAMBY 3a AaHummn KT.
Helipomepexi, HaTpeHoBaHi Ha Tucsuyax KT-ckaHis,
MalTb YYTAUBICTb ~82-93% WOAO0 BM3HAYEHHS
rocTporo KpoBOBWJ/INBY, WO MOPIBHAHHO 3 TOYHICTIO
AocCBiAYeHUX pagionoris. AIropuT™M rMnMbOKOro HaB4YaHHSA
nepeBuULLINB JliKapiB-iHTEPHIB 3a Yy TNIMBICTIO BUABJIEHHSA
kpososunusis (0,82 i ~0,70) npu cneuundiyHocTi ~0,90
[8]. TaknM YMHOM, MporpamMa MUTTEBO MOMITUTb Ha 3HIMKY
reMoparito Ta He ONYCTUTb MOMUIKOBOIO MPU3HAYEHHS
TpoMb6oni3ucy. IHWKMM Ba>X/IMBUM MPOTUMNOKA3AHHAM €
BeNMKNN 06’eM iHPapKTy (TOOTO iHCYNbT, WO OXOMJIIOE
noHaa 1/3 6aceliHy cepeaHbOi MO3KOBOI apTepii). Ak
3a3HaYyeHo BULLE, aBTOMATUYHI iIHCTpyMeHTH (ASPECTS-
aHanizaTopu, NporpamMu Ans cermeHTauii 30Hu iHhapKTy
Ha nepdys3iNHMX KapTax) CTaHAAPTU30BaHO OLIHIOTb
po3Mip ypaxxeHHs. Lle 0cob6nMBO KOPUCHO B CTPECOBUX
yMOBax, KOJIN Nikap rnocrnixoMm Moxe HeJorneaiTv nesBHi
O3HaKM Ha KOMN'IoTepHin ToMorpami, a LI BukoHae aHani3
napanenbHO Ta 3BEpHEe yBary Ha 03Haku o6WwunpHOro
iHbapKTy uM edekT Mac-edekTy Big Habpsky [6-8].

KpiM noTOYHOI ouiHkM, anropntMu LI MOXYTb
NPOrHO3yBaTW PU3UKKU yCKNagHeHb Tpombonisucy.
OAHe 3 rpi3HUX yCKNaAHEHb — CUMNTOMATUUYHUN
BHYTpilWHbOoYepenHuii kpososBunme (cICH) nicnsa
BBeAEeHHs TpomboniTuka, wo TpannseTecsa B 2-5%
BUMAaAKIB | 3HAYHO MNOripwy€e NporHo3. Ha ocHOBI
BeNMKMX 6a3 AaHUX NauieHTIB 3 iHCYIbTOM po3pobaeHo
MoZeni MaWMHHOIo HaBYaHHS, IKi BPaxXOBYOTb KAiHIYHI
NOKasHUKK (BiK, piBeHb rnikemii, apTepianbHUA TUCK,
ouiHky 3a National Institutes of Health Stroke Scale
(NIHSS) i pe3ynbTaTn HelpoBsilyanizauii, Wob ouiHnTM
MMOBIpHICTb KPOBOBWMBY A0 Mo4vaTKy TpoMmbonisucy.
3rigHo 3 faHMMKM BbaraToLeHTPOBOro AocniaxeHHs 2023
p. (ban3bko 9 Tuc. Bunaakis), nnowa nig ROC-kpumBotO
(AUC) Havikpawoi ML-moaeni ctaHosuna ~0,87 woao
NPOrHO3yBaHHSA PU3NKY CUMNTOMATUYHOIO KPOBOBUINBY
[9]. Lle cyTTEBO nepeBepLlyE KAACUYHI MPOrHOCTUYHI
WwKann. ABTOPU peKoMeHAyBasnu BUKOPUCTOBYBATU
MoAesib HEMPOHHOI Mepexi, sika Mokasasla Halkpally
TOYHICTb, SIK IHCTPYMEHT A/ NPUNHATTA piweHb (wob
niKkap Mir OUiHUTWM MPOrHO30BaHWUMW PU3UK i KOPUCTb
TpoMmbonisucy ans xsoporo) [9]. Xou LUI-nporHo3 He €
npsAMMM NPOTMMNOKA3aHHAM, ane, 3HaluyuM 3as3ganerigb
npo BUCOKUI pU3UK remoparii B nauieHTa, nikap
MOXe CKOpUryBaTW Mofanbluy TaKTUKY: peTesnbHile
KOHTPOMOBATU TUCK, YHUKATU [EAKUX arpeCcUBHUX
BTPYYaHb nicns TpoMb0onisncy Touo.

TakuMm ymHoM, anropuTtmu LI Ha eTani Bigbopy Ans
TPOMOONI3NCY € «eNEeKTPOHHUM aCUCTEHTOM», AKWUN
napanenbHo 3 fikapeM nepesBips€ 3HIMKN Ha HasiBHICTb
KPOBOBWJ/IMBY, OUiHIOE 06’€eM iHpapKTy M NMpPOMNOHYE
MMOBIpHi NPOrHoO3u. Lle NpnucKopto€ NPUAHATTS pilleHHS
Ta pobuTb MOro o6rpyHTOBaAHIWIMM, 3MEHLLYIOUYM BMNAMB
NIOACBKOr0 YNHHUKA B CTPECOBMX YMOBaX.

AnroputMun Ans NpMAHATTA pilueHHS WOA[O
TpoMbeKToMIi

MexaHiuyHa TpoMb6eKToMisa nMpu oKH3ii NpoKcKu-
MasibHUX apTepiii MO3KY (BHYTpIlWIHA COHHA, M,-cerMeHT
cepefiHbOi MO3KOBOI apTepii TOLLO0) MOXe KapAWHaibHO
MONINWUTMN HACNIAKWN IHCYNbTY, SIKWO BUKOHAHa BYaCHO.
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HWHI € 4iTKi NoKa3aHHA: HasBHICTb LVO, WO CNpUYNHSAE
HeBpONOriYyHNM aediunt, Ao 6 roa Big NoyaTky -
6e33acTepexxHe NnokasaHHs 40 TPOMbBeKTOMIi; B iHTepBani
6-24 roa - y BipgibpaHux 3a pesynbTaTaMu 40AATKOBOI
Bi3yanisauii (Manui iHdapKT i BenrKa 30Ha neHymbpu)
nauieHTis [5]. LUTy4YHWI iHTeNeKT BiAirpae BaxxnBy ponb
Ha BCiX eTanax LUbOro pilleHHs.

Anroputmmn BuseneHHs LVO Ha aHriorpadiyHmx
3HiIMKax AatoTb 3MOry He MPOMNyCTUTM OKt03it0. OcobnmBo
Le akTyanbHO ANS BUNAAKIB, KOMM OKt03is MOXxe 6yTu
HeTunoBot abo manonomiTHO. JJocnig>XeHHs nokasanu,
wo cucrtema Viz.ai LVO Moxe npaBunnbHO ineHTUdiKyBaTn
~81% OK/I03ilA COHHOI UM MPOKCMMaNbHOI cepeaHboi
MO3KOBOI apTepii. ¥ 99% Bunaakis BiACYTHOCTI
OKJ103ii Nporpama TakoX AacTb HEraTUBHUIN pe3ynbTaTt
[11]. MomunkoBi cnpauboBYBaHHA (XMOBHOMO3UTUBHI
BWCHOBKMW) TpannsawTbCa, ane cneundgivyHicTb
>95% o3Hauya€, Wwo 3HayHa 6inbWwicTb CUMrHanis npo
BuaBneHHs LVO € BiporigHi. Binbwe TOro, cy4yacHi
BepcCii nporpaM yMitoTb KnacudikysaTu sokanisauito
OKJI03ii, HaNpuKaa, po3nisHatn TpoMb y M -cermeHTax
yn 6asunspHin apTepii, WwWo cknagHiwe. Helipoxipypr
YW IHTEPBEHLUINHWIA paaionior OTPUMYIOTb He nuue
CrMoOBilEHHS NpPO HasABHICTb TpoMby, a 1 iHdopMauito,
Ae caMme BiH NoKani3yeTbcs, | MOXYTb 3a3janerigb
CnnaHyBaTW TaKTUKY BTpydaHHsa [11].

LLUT TakoX BMKOHYE aHania CTaHy KofnaTepasibHOro
KpoBOObGiry — mMepexi 0bXiAHMX WNAXiB, SKi YAaCTKOBO
XUBNATL iLLEMIYHY 30HY. XOpOLUi KonlaTepasii acoLitoloTbCs
3 MOBINMbHIWWM PO3BUTKOM iH(MAPKTY i Kpawnmmn
pe3ynbraTtaMu TpoMbekToMmii. ABTOMaTnu3oBaHa OUiHKa
konaTepanein Ha KT-aHriorpadii (Hanpuknaa, Moaysb
e-CTA B cucTeMi e-Stroke) Moxe KinbKiCHO paHXyBaTu
3anoOBHEHHS KpoOB'l0 APiOHMX CyAMH AWUCTanbHiwe Big
oknto3ii [10]. OocnigxeHHs Ha 97 nauieHTax (2024)
nokasano, wo 3a gonomorot LWI-aHanizy 58,8%
XBOpPUX Manu «ao06pi» konatepani. IXHA HasBHICTb
CTAaTUCTUYHO 3HAUYYLWO 3HUXYBana puU3NUK CMepTi
Un TSXKOI iHBaniagm3auii 4o BUNUCKK (BigHOLWEHHS
waHcis - 0,27, p=0,003). Tomy KoNnaTepasnbHUI iHAEKC,
BM3HaveHun LI, po3rnanatoTb 9K BaXnneuim 6iomapkep:
nauieHTn 3 fo6pMM KonaTepasbHUM KPOBOMOCTAaYaHHAM
MOXYTb OyTW KaHAuMAaTaMu ANS BTPYYaHHS HaBiTb Yy
BigAaneHunn nepiod BiA BUHUKHEHHS iHCYNbTY, TOAi K
3a MoraHux KonaTtepasei WaHc Ha ycnix MeHwwuin [10].
ABTOMaTM3aliad eKOHOMUTb Yac i Aa€e 06'eKTUBHIWY
OLiHKY, HiX Bi3yanbHa rpajauis konatepanemn nikapem,
sIKa 4acTO Ma€ 3Ha4yHy MixocoboBy BapiabenbHICTb.

Anroputmu LI TakoX gonomaratoTb BU3HAUYUTHU
KaHAWAaTiB Ha TPOMBEKTOMIt0 B Mi3HbOMY BikHi (>6 roa).
AK 3a3HayeHo Buuwe, nporpamm Tuny RAPID wBmnako
BUMIipIOOTb 06'eM ileMiyHoro aapa (Ha andysinHnx MPT
abo CBF-kapTtax KT) Ta o6’em rinonepdysii (Ha Tmax-
KapTax). Skwo aapo Mane, a neHymbpa Benuka - ue
mismatch-npodinb, 3a Akoro TpombekTOoMiA AouUiNbHa
HaBiTb Yepe3 9, 12 un 16 roa NicNss BUHUKHEHHS IHCYNbTY.
ANropMTMM aBTOMaTUYHO NiAPaxOBYIOTb CNiBBIAHOLWEHHS
penumbra/core i BU3Ha4yatoTb, Y/ BiANOBIAAE MaUieEHT
KpuTepisiM, noaibHnM Ao Taknx sunpobysaHHa DAWN/
DEFUSE. ¥ uboMy iHAINCbKOMY AOCNIAXEHHI, Ae
3actocyBanu RAPID, pesynbtatu aHanisy (o6’'emn Ta
cnieBigHoWweHHSA) 6y oTpMMaHi 3a 5 XB ANS KOXHOro
nauieHta. Tpoe XBOPWUX, MPONIKOBAHUX 3a Mexamu
cTaHgapTHUX 6 rog, Manu obpui dyHKLUiOHaNbHUNA
pe3ynbTaT 3a 3 Mic [5]. 3aBAAKM TaKUM TEXHOONISIM HUHI
noka3saHHA A0 TPOMOeKTOMIi po3LwmpeHo. AMepUKaHCbKa
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acouiauia cepus/iHcynety B 2018 p. 3anponoHyBana
NPOBOAMTN MEXaHi4YHy eKcTpakuito TpoMby B TepMiHu
00 16 un 24 roa y nauieHTiB, BigibpaHux 3a 4OMOMOroto
nepdgysinHoro ckpuHiHry [1]. Tomy LI mMoxe 6yTun
HeBiZ'EMHUM KOMMOHEHTOM LibOr0 CKPUHIHTY, rapaHTyoumn
MNOro WBWAKICTb | CTaHAAPTM3aLUIil0 B Pi3HUX LEeHTpax.
BaxnvMBuM HanpsiMOM € MPOrHO3yBaHHSA HacniAKiB
nicns TpombekToMii. He BCi nmauieHTM oaHaKoOBO
BiAHOBMNIOIOTLCA HABiTb NMPU YCNiWHIN pekaHanisauii
cyanHu. Lle 3anexunTb Big Biky, KOMOP6iAHOCTI, po3Mipy
iHbapkTy, Yacy iwemii Towo. Mogeni MawWMHHOro
HaBYaHHS 3[l@THi Ha paHHbOMY eTani, BUKOPUCTOBYIOUU
AaHi nepLwoi 4obn, cNporHo3yBaTW, YN AOCSTHE MauieHT
dyHKLUiOHanbHOI He3anexHocTi yepe3 3 Mic (MPC 0-2).
HepaBHO ony6nikoBaHo Bennky poboTy 3 HiMmeLbkoro
pPEECTPY, A€ HEMPOHHY Mepexy TpeHyBanun Ha 7 485
BMMNaAkax iHCynbTy 3 TpombekToMmiew [12]. Moaensb
npoaHanisyeana 30 pi3HMXx napameTpiB (BiK, OLiHKY 3a
NIHSS npwu rocniTanisauii Ta yepes 24 roa, OTPMMaHHSA
TpoMmbonisucy, o6’eM iHpapkTy, HassBHICTb remoparii
TOLLO) i BU3HAYMA KJTHOYOBI YNHHUKM NPOrHo3y. Micns
onTuMi3auii 7 npeankTopis 6yno AOCTaTHBO AN TOYHOI
po6oTn Hepomepexi (AUC =0,90 woa0 NporHo3yBaHHS
CNpUATANBOro pe3ynsTaTy). [na NopiBHAHHSA, TOYHICTb
NpPOrHo3y slikapiB-HEeBPONOTiB Ha APYrnii AeHb 3a3BMYan
3Ha4yHO Hmx4a. Usa mopgenb dakTUYHO Hajdae nikapro
MMOBIPHICTb, WO MauieHT BIAHOBUTLCS, i MOXe 6yTu
KOPWUCHO AN NnaHyBaHHS noganbluoi peabinitauii,
iHpOpMyBaHHS poAMYiB, @ TaKoX AN BMOOPY TaKTUKM
(Hanpuknaa, arpecmBHILLIOrO NiKyBaHHS, AKLO NPOrHO3
noraHmn). LlikaBum € Te, Wo aBTopu 3pobunu moaenb
«iHTepnpeToBaHoO», TO6TO BOHA BKa3yeE, AKi YNHHUKMN
HanbinbLie BNAWHYIN Ha MPOrHO3 Y XBOPOro (Hanpuknag,
ayxe Bucokun 6an 3a NIHSS i BHyTpiwHbOYepenHa
remoparia noripwymTb NPOrHO3, a MOJOAMW BiK Ta
BiACYTHICTb iHCYNbTYy B aHaMHe3si — noninwytoTb) [12].
Lle niaBuwye AoBipy nikapiB A0 TakKuX iHCTPYMEHTIB 1
iHTerpye ix B KJiHiYHE MUCTIEHHS.
IHTerpayisa anropmTMiB y KJiHiYHY NpaKTUKy
YnpoBaaxeHHsa WI B cuctemMy HagjaHHS gono-
MOrM Npu iHCYynbTi BiaAbyBaeTbCa MNOCTYMNOBO.
ICHYOTb CUCTEMW MIATPUMKU MPUNHATTS pilleHb, AKi
iHTerpytoTbca 3 nikapHsHumu PACS (Picture Archiving
and Communication System) i MmepexaMu 06MiHYy
306paxeHHaMun. Y MmepexeBih mogeni «hub-and-
spoke» (ueHTp-caTeniTu), Ky BUKOPUCTOBYIKTb B
iHCYNbTHIN cnyx6i, ue ocobnmeo akTyanbHo: LUI moxe
6yTn cnony4yHol naHkol, wo 3abesnevye WBUAKY
MapLlpyTu3auito nauieHTis. lMporpamMHi NpoAyKTU Tuny
Viz.ai abo e-Stroke aBTOMaTM4YHO NepeaaoTb pe3ynbTaTu
aHanisy 3HIMKIB MiX nikapHaMu. Lle ekoHOMUTB yac
Ha O4YiKyBaHHS BWCHOBKY pajiosora n Tene@oHHUx
KOHCynbTauih. barato ueHTpiB NoBiAOMWUAN MNpPO
CKOpOuYeHHs nokasHukiB door-to-needle Ta door-to-
groin yacy nicns BNpoBaA>XXeHHS TakKUX iIHCTPYMEeHTIB. 3a
AaHVMW paHAOMi30BaHOro KJ1aCTEPHOro AOCHIAXEHHS,
cepepHin yac Big rocnitanizauii 4o npokony apTepii
npn TpombekTOoMii 3MeHWNnBCS Ha 11,2 xB 3aBASAKMK
aBTOMaTM30BaHOMY BUSABJIEHHIO OKJO3il i rpynoBoMy
CMOBILLEHHIO KOMaHAM 4Yepe3 3axULWeHUn MeceHaxep
[3]. IHWe pocnigXXeHHA noKa3ano 3MeHLWeHHS 4acy
TPaHCNOPTYBaHHS 3 NliKapHi B NiKapHIO Ha ~37 XB, SKLLO
B «CNuUeBi» nikapHi 6yno BCTaHOBMIEHO MporpaMmHe
3abe3neyeHHs Viz.ai, NOpiBHAHO 3 NikapHsMKU, ae
noro He 6yno (p=0,04) [6]. Y 6puMTaHCbKOMY LEHTpI
BnpoBagXxeHHa nnatdopmu e-Stroke gano 3mory
ckopoTuTu door-in-door-out Ha 62 xB [7]. Burpaw y yaci
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0A€ 3MOry BpATyBaTU b6inblue XUTTE3AATHOI MO3KOBOT
TKaAHUHW BiA iHDapKTy 1 6inblWwin KinbKOCTI MauieHTIB
OTpMMaTh HanexHe NikyBaHHSA. icna BNpoBaA>XeHHS
LUI-aHanizy LVO Big3Ha4YeHO 3HWMXXEHHS NeTanbHOCTI
cepep nNauieHTiB 3 iHCynbToM (13% nopiBHAHO 3
31%, p<0,001), xo4ya NOKaA3HUKN DYHKLIOHANBHOIO
BiAHOBNIEHHA 4Yepe3 90 Ai6 He BiAPI3HANMUCS 3HAYHO
[3]. MoxnuBoO, NPUWBUALWIEHHSA AONOMOrN Aano
3mory 3anobirtm geskum ¢gaTtanbHUM Hacnigkam
(Hanpuknaga, paHiwe BMKOHaHa TpombekToMmis 3anobirna
remMopariyHin TpaHcdopmauii ym Habpaky Mo3Ky),
X04Yya WOoAO0 HEeBpPOJsiOriYHoro gediunTty pisHUUI
He BUSABNEHO.

InTerpauia WI B kniHiky noTpebye opraHisauinHmx
3MiH, 30KpeMa HasiBHOCTI NMPOTOKOJ1iB B3aEMOAIi NtoanHa—
anropuTMm. TenemeaunyHi KOHCynbTaHTK (HeBponoru,
HeMpoxipyprun) NOBWUHHI MaTW AOCTYN A0 pe3ynbraTis
LLI-aHanisy B pexumi peasibHOro yacy. Hacrto Taki cucremm
NoCTaBNASOTLCA 3 MOBINBHMMK AodaTKaMu: Nikap Moxe
nepernsHyTW cepito 306paxeHb i3 po3MiyeHnmn LI
30HaMu (BOrHuLLe iWweMii, konarepani, ok1to3is) Ha CBOEMY
TenedoHi, nepebyBatoum no3a nikapHe, i HeranHo gatu
pekoMeHZauilo woao TpoMbonianucy 4m nepeBefeHHs
B ueHTp. Y CWA Taki nporpamu Bxe cepTudikoBaHi
perynatopom Food and Drug Administration (FDA) sk
NporpamMHi MeanyHi Bupobu. Y Benukini Mmepexi nikapeHb
(Atrium Health, CLUA) BnpoBagxeHHs Viz.ai gano 3mory
HanaroanMTn €AvHUIA NpoTokon code stroke: npw nigo3pi
Ha iHcynbT KT-aHriorpadisa aBTOMaTUYHO HaACUMIAETHCSA
Ha xMapHun cepsic, ge LUI nepesipse€ ii Ha okn3ito,
i AKWOo BUABMSE Ti, TO BCi YIEHM KOMaHAM OTPUMYIOTb
curHan i3 3o06paxeHHsaMn. Lle oco6anBo BaxnmMsBo B
HeBeJIMKUX NiKapHSX, Ae HEMAE Linoaob0Boro YepryBaHHS
Helpopaaionora. ANropuTM yCyBae€ LI NMporanauHy,
BMKOHYIOUYM CKPUHIHF 3HIMKIiB i He 3MyLllyuM YyekaTu
eKCcnepTHOro BUCHOBKY [2]. 3BiCHO, OCTaTOYHe pilleHHs
3aBXAu NpUNMace nikap, ane BiH OTPUMMYE binblue AaHuX
WBMALLE, HDX paHiwe. Y TenemMeaunyHin moaeni 3Ha4yeHHS
Ma€ TaKOX 3MeHLUEHHS HENOTPIGHMX BUKNKIB AOLEHTPOBUX
KoMaHA (Hanpuknag, XMbHuUX BWI3AiB aHriorpadidyHoi
KOMaHAM BHOWI, sKWoO Hacnpasdi LVO Hemae, LLUI moxe
3anobirtm ubomy, BiAdINETPYBaBLUM BUNAA0K).

BuUK/IMKN Ta O6Me>KeHHs

[Monpw 3HauHi ycnixu, BnpoBaa)XeHHs LUI B iHCynbTO-
Norii CTUKAETbCHA 3 HM3KOK BUKNAMKIB. Mepwunin -
Le HaAilHICTb i BanigHIiCTb anropuTMiB y pPi3HUX
nonynsauiax Ta ymosax. Moaeni rnmbokoro HaByYaHHS
4acTo TPEHYIOTbCA Ha AaHUX OAHOro perioHy 4m HaBiTb
OKpPEeMOro uUeHTpy. AKWOo 3acTocyBaTW iX B iHWIN
NiKapHi, TO TOYHICTb MOXe 3HU3UTUCS Yepe3 Pi3HULIO B
ckaHepax, NpoTokonax 3nomMku abo yepes 0Cob6AMBOCTI
nauienTis [13]. Hanpuknaa, Moaenb, HaTpeHOBaHa Ha
nonynsauii eBponeoigHoOl pacu, MoXe MaTU MOMUJIKMK
B a3iNcCbKin nonynauii 3 iHWWMN YNHHMKAMW PU3UKY
(BiAoMoO, WO Aesiki Backynonarii, Hanpuknaa, xsopoba
MOSI-MOSsi, XapaKTepHi nuwe Ans asiicbknx KpaiH i
piAaKicHI B 3axiaHWX kpaiHax) [14]. AnropuTM, HaBYeHUM
Ha ToBWMHI 1 MM MPT, MoXe BTpaTUTU YYT/IUBICTb
Ha 3HiMKax i3 ToBWMHOW 5 MM. ToMy HeobxigHa
wnpoka baraToueHTpoBa Banifauis, nepea TUM AK
BNPOBaAXyBaTW iHCTPYMEHT MOBCIOAHO. PO3pobHuKM
NOCTYyNoOBO BUPIiWYIOTb Le 3aBAaHHSA, Hanpuknag,
3anyyatoTb AaHi 3 pi3HUX KpaiH y TpeHyBasbHi BUbipK#,
afanTyloTb anropuTMu Nia pisHi napameTpu 3ioMkm abo
BUKOHYIOTb MOCTMapKeTUHIOBUI Harnag, BiACTEXYuun
npoAyKTMBHICTb LLI nicna BnpoBaAXXeHHS B HOBOMY MicLii
Ta AOAATKOBO HaByakouu 1oro 3a notpebu [13].
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Opyruii BenUKnUn BUKNNK — Le NMPO30PiCTb i
NOSACHIOBAHICTb @NropuUTMiB. BiNblWIicTb Cy4YacHUX
Moaenen € «4YOPHUMWU CKPUHAMMU>», WO BUAAKTb
pesynbTtaTt (Hanpuknag, «oknt3is e» abo «<ASPECTS 7»)
6e3 NOSICHEHHS TOro, IK BOHW AiNLWN TaKOro BUCHOBKY
[15]. Taka HeENpO30piCTb MOXe CNPUYNHUTU HEeLOBIpY
B KNiHiuMcTiB. Jlikap 3BMK PO3YyMiTWU O6rpyHTYBaHHS
AiarHosy, Hanpuknaa, 6a4MTn KpoBOBUIMB Ha 3HIMKY.
Akwo x LWI cTBepAXYyeE, WO KPOBOBWUIUB €, ane
Micue He nMo3HadyeHe abo O03HaKW HeNOMITHI Agns
OKa, TO /Mikap MOXe 3aCyMHiBaTUCS W BUTPaTUTU 4ac
Ha nepeBipKy. Ak Hacniaok, «aediunT AoBipu» €
CYTTEBOI NepenoHow Ansa BnpoBaaxeHHsa LWI. Ona
BMCOKOPU3MKOBaHWUX pilleHb (BigMOBa Bifg Tpombonisucy
YM pilleHHs NpO BMKOHaHHSA onepauii) nikapi He
CXUNbHI NMoknagaTnuca Ha pekoMeHaauii MawuHu 6e3
3po3yMinoro obrpyHTyBaHHa [13]. Tomy HuHi BaraTo
yBarn npuainaioTe po3suTky Explainable AI (EAI) -
MEeTOAiB, WO AAal0Tb 3MOry MOSCHUTU pilleHHS MoAeni.
Hanpuknag, 3actocoBytoTb Gradient-Weighted Class
Activation Mapping (grad-CAM) TexHonorii, aki
NiACBIYYIOTb AiINAHKM 306paxeHHs, Wo CTann NiACTaBoko
AN NeBHOM0 BUCHOBKY Mepexi (Mokasytouu nikapto, ae
BOHM 3HAMWAM 03HaKy okAto3ii) [16]. IHWKMK niaxia -
CTBOPEHHSA iHTEpNpeToBaHiWNX Moaenen, AKi BUAaTb
3pO3yMini ANa NANHU NokasHuku (06’'eM neHymbpu
(mn), iHpeKkc konaTepasnen Towo), a He abCcTpaKTHI
MMOBIipHOCTI. HegocTaTHsa iHTepnpeToBaHICTb HUHI
odiuiiHO BU3HAeTbCS NpobaemMoto, WO 3HUXKYE AOBIpY
n 3aTpumye agantauito WUI B MeanunHi [17].

TpeTilhi acnekT - OPUANYHI N €TUYHI NUTaHHSA
BignosiganbHoOCTi. Konu pilweHHs npuiMae nikap, To
BiH BiAMOBiga€e 3a HbOro. SAKUWO B Mpouec 3asy4vyeHun
anropuTM, TO CUTYyaLis YCKNAAHIOETLCA: XTO BUHEH, AKLLO
LT nommnuecs, i nauieHT nocTtpaxaas? dopmanbHoO,
nikap € BignosiganbHUM 3a flikyBaHHSA. OgHaK, AKLLO BiH
AOTpUMYBaBCA pekoMeHAauii anropuTMy, TO BUHWUKAE
eTuyHa aunema. Po3pobHuknM W noctavyanbHuku LI
TakoX € yyacHMKaMu npouecy. Yn HecyTb BOHMU
4aCTKOBY BIiAMOBIAANBHICTb 3@ MOMUAKW anropuTMmy?
Y perynatopHoOMy rMoni Ui NMMTaHHA OCTAaTO4YHO He
BperynboBaHi [18]. EKcnepTn HaronowyTb, WO NOTPIiOHI
YiTKi Mexi: npo3opa dikcauis ain WI, xypHan pilweHb,
MOX/IMBICTb ayAUTY anropuTMy ANS 3'9CyBaHHSA NPUYMH
nommnkn. oaaTkoBO MOCTA€E NMUTaHHSA iH(POPMOBaHOI
3roan nauieHTa: 4Mm cnig NoBiAOMNATKU, WO MpU
yXBaJsleHHi pilleHHs fikap cnupaBcs Ha BUCHOBKMK LUI, i
UM 3rofeH NauieHT Ha TaKU «acUCTyBalbHUA» pexunm
nikyBaHHS. HWHI B KNiHIYHIN npakTuui ue Mmarnxe Hige
He peanizoBaHO SBHO, ajie AUCKYCii TpuBalTb. AKLO
anropuTM BUSIBUB O3HAKW iHCYNbTY paHiwe 3a nikaps, a
nikap 3HexTyBaB LWM, Y1 Hece BiH BiANOBiIAANbHICTb 3a
irHopyBaHHSA curHany? BouyeBunab, lopuanyHa npakTuka
pO3BMBATMMETLCA pasoM 3i nowmnpeHHam LI [13].

YeTBepTuUii BUKNUK — BaniAHICTb i cepTudikauis.
LLlo6 anroputm HabyB LUMPOKOro MOLIMPEHHS, BiH MaeE
NPONTU KNiHiIYHI BUNpobyBaHHS, NMPOAEMOHCTPYBaTH
cTabinbHY TOYHICTb i KOpUCTb. OpraHn OXOpPOHMU
3400poB’a Ta perynatopu (Hanpuknag, FDA, European
Medicines Agency (EMA)) BucyBaloTb CyBOpilli BUMOIMK
0o iHcTpyMeHTiB LWI. HeobxiaHO npoBecTn AOCNIAXKEHHS
Ha «peasnibHUX>» AaHUX, NOPIBHAHHA 3 NiKapaMn, 4OBECTH,
O BMKOPUCTAHHS anropuMTMy MNOJINWYE MOKA3HUKMU.
Ons iHCTpyMeHTIiB, AKi AaloTb pekoMeHpauii woao
NiKyBaHHSA, NaaHKa LWwe BuWa — ajaxe no CyTi ue Bxe
€NIEMEHT KJ1iHIYHOr0 pilleHHs, a He MPOCTO A0AATKOBUM
aHanis 306paxeHHs. Mokn wo binbwicte LWI-cuctem B
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iHCYNbTONOrii OTpUManu CXBaseHHA AK AiarHOCTWUYHI
AO0MOMiXHI 3acobu, To6TO BOHM iHhOPMYIOTh Nikaps, ane
He 3aMiHIITb Moro piweHHa. Hanpuknaa, e-ASPECTS
um Viz LVO cxBaneHi came B uili kaTeropii. Lle o3Hauae,
WO nikap Ma€ niagTBepAMUTU iXHi BUCHOBKM nepen TuM,
K NMPUNHATU NeBHe piweHHA [2, 4]. CyBopi BUMOru Ao
TOYHOCTI TaKOX 3yMOBJIOIOTb MUTaHHA MPO YYTAMBICTb
i cneyndiyHicTb. AKLWO anropMTM NpPONyCcTUTb xo4ya 6
Kinbka BiACOTKIB OK/O3iM (@ BiH nponyckae ~18%) [2],
YM MPUNHATHO Le? AAdKe NponyLleHMA NauieHT Mir 6um
BTPATWUTM LWWAHC Ha NiKyBaHHA. 3 iHWoro 60Ky, HaaAMipHa
YYTNMBICTb LiHOK HW3bKOI cneumdiyHOCTi CMPUYNHUTD
6araTto XxmbHMX TPUBOT i MapHO MO6iNi3yBaTMMe KOMaHAM.
OT>xxe, 6anaHc Ta BUSHAYEHHS NMOPOriB — BAXJIMBi TEXHIYHI
M eTWYHi acnekTun, sKi HeobXigHO AocCNiAnTU nepea
BNPOBaAXEHHSM anropuTMmy.

MN'aTUN BUKNWK - HaBYaHHS nepcoHany.
BnpoBaz>XxeHHS HOBUX TEXHONOrIN NoTpebye NiAroToBKM
nikapis i Meacectep. HeobxiaHO po3pobuTK 3po3yMmini
iHTepdencn Ta NpOTOKONN, HAaNPUKNaA, BU3HAUNTU, XTO i
gk nepernsapac LWI-BUCHOBKY, 1K iX 3aJOKYMEHTOBYBaTH,
o pobuTn B pasi HEBIANOBIAHOCTI ouiHUI nikaps. Jlikapi
MalTb pO3yMiTM obMexeHHs LUI, 30kpeMa, B sIKUX
cuTyauisx BiH Moxe nomunatTucs. Lle HoBui pisHoBUA
TEXHIKW, Wo noTpebye HaBYaHHS Ha KypcaX i TPEHIHTIB.
[eski nikapi, 0cobnMBO CTapLlworo rnoKoJliHHSA, MOXYTb
CKeNnTUYHO CTaBUTUCb abo He AOBIPATW anropuTMam.
BaxnnBo HagaTu IM AO0KA30Bi gaHi Npo KOPUCTb
BUKOpUCTaHHS LUI, HaBYNTM NpaBubHO iIHTEpNpeTyBaTn
pesynbtaTtu. MoTpibHa KynbTypa cnienpaui nikapsa 3
LII: Konn anropuMTM CNpUIMaeTbCa He K KOHKYpPEeHT
4YKn 3arpos3a aBTOPUTETY, a AK IHCTPYMeEHT, NoAibHuin fo
HOBOro BMAy MeanyHoro obnagHaHHs [13, 18].

He moxHa 3abyBaTu Npo eTUKy W ynepea>XeHHs.
ANroputMmn — pospobka NIOANHU, TOMY BOHW MOXYTb
MWUMOBOJI ycnaaKyBaTu yNepeaXXeHHS, HasBHI Yy
BUXIiAHIM iHpopMauii. Hanpuknaa, akwo moaenb
HaB4yeHa Ha BMbipui, Ae 6inbWwicTb CTAHOBNSATbL YOIOBIKM,
BOHa MOXe ripwe npauloBaTh B XIHOK. SAKWO AaHi
HaAXOAATb NEpPEeBaXHO 3 MiICbKUX JliKapeHb, TO a/irOpUTM
MOXe HeAoOoUIHWTW npobneMn nauieHTiB i3 CinbCbKOT
MicLeBOCTi. 3aBAaHHSA pO3pOb6HUKIB i KAIHILUCTIB —
BUABMATU TaKi HO@HCKM Ta KopuryesaTu mogeni (4epes
onTuMiszauito 6a3 AaHWX, YBEAEHHS KOHTPOJIbHUX
nonpasoK). 3 NO3uUiAn eTuku, BukopuctaHHa LI mae
6yTV NaLiEHTOLEHTPUYHMM, TOOTO MaUiEHT MAE NpaBo Ha
sikicHy gonomory 3/6e3 LUI, TexHoNOrii MaoTb NOAINWNTY
Hacniaku, a He BUKOPUCTOBYBATUCA 3apain LiKaBoCTi
abo peknamu [18].

MNMepcnekTtusmn

MepcnekTuBmn 3acTtocyBaHHs LWI B uepebpo-
BaCKYNSAPHIA MeAUUMHI Hag3BMYaWHO WKpokKi. OanH
3 HanpaMmiB - kombiHyBaHHa WI-anropuTMiB i3
6iomMapkepaMu Ta KNiHIYHMMK WKanamu 418 OTPMMaHHS
KOMMNEKCHUX NporHo3iB. Hanpuknag, yssiMo Moaensb,
wo 6epe A0 yBarm He nuwe 3HIMKW, @ K FEHETUYHI
MapkKepu, AaHi MpO 3ropTaHHSA KpOBi, pe3ynbTatu
HEMPOMNCUXONOTriYyHNX TecTiB. Lle BNnucyeTbCcsa B
KOHUeEMLUIito nepcoHanisoBaHoi MeanunHN, Ae pilleHHS
npo NikKyBaHHS iHAMBIAYyaNni30BaHe ANS KOHKPETHOro
nauieHTa. MoXuMBO, 3a KifibKa pokKiB rnpu rocnitanisauii
3 iHCynbTOM 6yAe BUKOHYBATUCS WUBUAKUI aHanNi3 KpoBi
Ha 6ioMapkepu iweMiyHoro ywkoaxeHHs, i LUI o6’eaHae
uto iHpopMauito 3 HelpoBisyanizauieto AN TOYHIWOro
BW3HAYEHHS Yacy Big NoYaTKy iHCYNbTY YN MMOBIPHOCTI
ycnixy TpombekToMii. TpMBa€E NOWyK TakMX MapKepiB i
CTBOpPEHHS MynbTUdaKTOpHUX Moaenel [19].

http://theunj.org
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IHWWA uikaBuMA HanpsM - reHepaTuBHI Mogeni Ta
cuMynauia KniHivHux cueHapiie. Generative Adversarial
Networks (GAN) 3acTOCOBYTb ANSi CTBOPEHHSA
CUHTETUYHUX MeAUYHUX 306paxeHb, WO MOXYTb
OOMNOBHIOBATU TpeHyBasnbHi Habopu gaHux [20]. Y
KOHTEKCTIi iHCYNbTY Lie 03Ha4aE, Lo MOXHa «3reHepyBsaTn»
TUCAYI BipTYaslbHUX KOMN'IOTEPHUX TOMOIpaM i3 pisHMMMU
BapiaHTaMu iweMmii abn HaBYUMTM aNIrOPUTM po3ni3HaBaTu
HaBiTb piAKICHI BuNaaku. Takox reHepaTuBHI Moaeni
34aTHi NPOrHO3yBaTN AMHAMIKY iHDapKTy, Hanpuknaa,
Ha OCHOBI MOYAaTKOBOro 3HIMKa CMpPOrHo3yBaTu, SK
BUIsSiAaTUME MO30K yepe3 6 rog 6e3 nikyBaHHsA. Taki
iHCTpyMeHTn mornm 6 gonomorTn 3 BMOGOPOM TaKTUKMWU:
SKLLO MOAeSb CUMYIIIOE, WO 6e3 BTpyYaHHS iHhapKT pi3ko
36iNbWNTLCA, LEe apryMeHT Ha KOPUCTb arpecuMBHOrO
nikyBaHHs. 3actocyBaHHs Large Language Models
(LLM) BigkpuvBa€ e 0AHY NMEpCrneKTUBY — MOJIMLWEHHS
BeJeHHs AOKYMeHTaUil, NiATpUMKa KNiHIYHOrO MUCIEHHS
[21]. Y mManbyTHbOMY nikap 3MOXe onucaTh CUTyauito
nauieHTa MoBot, a WI-cuctema, iHTerpoBaHa B
MeANYHUIN OOBIAHWK, NiAKaXe, sSKi € BapiaHTW JlikyBaHHS,
'PYHTYKOUYMCb Ha HAMWHOBIWMWX HacTaHoOBaX i AaHUX,
ajanToBaHWX A0 NapameTpiB nauieHTa. Ansa iHCynbTy
ue Moxe 6yTn KOPUCHO NpW HeCTaHAAPTHUX CLieHapiax,
Hanpuknag, y pas3i NoEAHAHHSA IWEMIYHOro iHCYNbTY
3 He[aBHbOK OrepaLielo cucTtemMa AO0MOMOXE OUIHUTU
pu3nku Tpombonisuncy Towo [22].

3 nornsay CMCTEMM OXOPOHW 340POB’S, B ManbyTHEOMY
MOX/IMBE CTBOPEHHS €AMHUX NNaTdopM AN BeAeHHS
nauieHTa 3 iHCYNbTOM: BiJ BUKNKY WBUAKOI 4ONOMOrMn
no peabinitauii. LUTy4YHWI iHTeNeKT cynpoBoaXyBaTume
Ha BCiX eTanax: Ha gorocniTalbHOMYy — gornoMaraTtume
pO3Mi3HaTW IHCYNbT 3@ CMMNTOMaMn (BXe € NPOTOTUNYU
[0AATKIB, WO aHani3yTb MOBY, 0611M44s, KOOpAUHaLitO
yepes cMapTdOH), Yy cTauioHapi — BUKOHyBaTUMe onuc
KOMMN'IOTEPHUX YU MarHiTHO-pe3OHaHCHUX ToMorpam,
nponoHyBaTMMe MnaH NiKyBaHHSA, a Nicns BUAUCKW —
MOHiITOpyBaTMMe BiAHOBNIEHHSA (4epe3 MpUCTpOi, AKi
HOCATb, aHani3y4un MOBY, XOAY, KOTHITUBHI BNpaBw)
i CUrHanizysaTuMe npo BiAXWUIEHHS YW YCKNa[HEHHS.
TakunM ynHowMm, LUI iHTerpyeTbcs B KOHTUHYYM A0OMOMOru
NpW iHCYNbTi, NIACUIIOIYN KOXHY NaHKy [23].

3BiCHO, ycCi Ui nepcnekTUBM HeobXiAHO peTesnbHO
aocnigntn wopo 6esneyHocTi 1 edpekTUBHOCTI, ane
TeHaeHuis odyeBnaHa: LI cTae HeBiA'EMHOW YacTUHOLD
eBoJIoUii LOMOMOru NMpu iHCYNbTI.

Be3 nepebinblWeHHsS MOXHa CTBEPAXYBaTH, LLO
pPO3MNOYMHAETbLCSA HOBa €epa B JNiKYBaHHi iHCYNbTY.
LUTYy4YHMI iHTENneKT, iHTerpoBaHn B AOMOMOTrYy npu
iHCYNbTi, MOXe NiIAHATW NNAaHKY CTaHAapTIB: 3abe3neunTn
e wBMAaWY, TOYHIWY Ta nepcoHanisoBaHiwy Tepanito.
MocTynoBe BMpOBaAXEHHS LWUX TEXHONOTIN, Wo
I'PYHTYETbCS Ha AO0Ka30BoiM 6a3i, BXxe HanbmxymMm yacom
MOXE€ 3HAYHO 3MEHLUNTW TAarap iHCYJIbTy B CYCMi/IbCTBI:
3MEHLWMUTN CMEPTHICTb | piBeHb iHBanigM3adii, noninwuTun
SKICTb XWUTTSA NMaUi€EHTIB 1 ONTUMiI3yBaT BUKOPUCTAHHS
pecypciB OXOpOHW 340poB’'A. Lle HaouyHun npuknag
TOro, Ik iHHOBaLii Ha CTUKY iHpOPMaLINHNX TEXHONOTIN
i MEANLNHN € KOPUCHUMWN ANSA KAiHIKW, OCKINbKW Aal0Tb
3MOry AOCArTU HaMBULLOI METU — BPATYBATU NIOACLKUN
MO30K i XUTTH.

BucHOBKM

HWHiIi cnocTepiraeTbcs nepexin Big ekcnepu-
MeHTanbHUX po3pobok WI y cdepi iHCynbTy Ao
BMPOBAZXXEHHSA B peasibHy KNiHIYHY NPaKkTUKy. ANroputMm
He 3aMiHITb Nikaps-HeBpoJsiora 4m Hewnpoxipypra,
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ane € NOTYXHUM IHCTPYMEHTOM, WO MNiACUIIOE TXHI
MOXMBOCTI. Ha eTani agiarHoctukum LI 3abe3neuye
WBMAKICTb (@Hani3 306paxeHb 3a JiYeHi XBUINHK)
i 06’eKTUBHICTb (CTaHAapTM30BaHy OLUiHKY 06’eMy
YPa>XeHHs, HasBHOCTI ok/03ii, Towo). Mpu NPpUAHATTI
pileHb woao Tpombonisncy 1 TpPoM6EeKTOMIi anropuTMm
gonoMaratmTb BUAYUYUTU HEBIAMNOBIAHWX MaUIEHTIB
(yHuKatoum HenoTpibHoro abo Hebe3neyHoro BTpyYaHHs)
i BUSBUTM TUX, XTO MOXe BUrpaTu BiL arpecuBHOro
NiKyBaHHS, HaBiTb SAKLIO SOACbKE OKO He nobaumno 6
pe3epBiB. KniHiYHEe 3HaYeHHS Takux TeXHONOorin — y
Kpalwux pesynbTaTax 415 nauieHTis: 6inblue BpaTOBaHMX
Bif TSXXKOT iHBANiAHOCTI, 3HUXEHHSA CMepTHOCTI BiA
iHCYNbTiB, WBMALIE NOBEPHEHHSA A0 aKTUBHOIO XWUTTS.
[Moka3soBo, wo TamM, Ae sBnposBagxeHo WI, BaaeTbcs
CYTTEBO CKOPOTWUTU K/OYOBI YacoBi iHTepBanu («door-
to-needle», «door-to-puncture»), a KOXXHa 3€KOHOMJIEHA
XBUJIMHA NOTEHUINHO PATYE MiNIbNOHN HENPOHIB.

OpHak ynpoBaaxeHHs LI mae BinbyBaTmMCs nocTy-
noBo 1 BignoBsiaanbHo. HeobxigHO NnogonaTu nepewkoamn
- BiA TexHiYHux (Y3roaxeHicTb AaHux, kibepbesneka)
00 NOACBKNX (HaBYaHHSA KOpUCTyBadiB, OpMyBaHHS
nosipun). Mogeni WI matoTe 6yTM npo3opumu, wob ixHi
pilleHHSA MOXHa 6yn0 NOACHUTM NauieHTy. Jlikapi MatoTb
KPUTUYHO MUCAUTK W BUKopucToByBaTu LUI sk «apyry
OYMKY», KOOpAMHaTopa, WO MPOMNOHYE iHCamTn, ane
OCTaToO4YHUI BNBip Tepanii 3a/MLWaeTbCs 3a KAIHILUCTOM.
Cumbios noanHn Ta WI Mae Hanbinbwnii noTeHuian.

Po3kpurta iHdpopmauii

KoHnikT iHTepeciB

ABTOpW 3aAB/ISAOTb MNPO BiACYTHICTb KOHMNIKTY
iHTepeciB.
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MeTa: onTtuMmisyBaTm BUGIp XipypriyHoi TaKTUKW JliKyBaHHSA MaUieHTIB i3
rpyXxaMmm nonepekoBO-KPUXOBOTo BiaAiny xpebta LWNAXOM MOPIBHANBHOMO
aHanisy pesynbTaTiB MIKPOAMCKEKTOMIi Ta MiIKpOAMCKEKTOMII 3 MiXTiNOBUM
KOPMopoAe30M KenaxxeM Asst NOMiNwWeHHsA pe3ynbTaTiB NikyBaHHS.

MaTtepianu i MeToaum. Y gocniaxeHHs 6yno 3anydeHo 200 XBOpuX i3 rpmxamm
nonepeKkoBO-KPUXXOBOro BiaAainy xpebrta, aki nepebyBann Ha nikyBaHHI B
IHcTuTyTi Helpoxipyprii iMeHi akaa. A.lM. PomogaHoBa HAMH YkpaiHn B
2015-2022 pp. MpoBOAMAY OLLIHKY HEBPOJIOTiYHOIO CTaHy XBOPUX 3a BUSBaMu
601b0BOr0 CMHAPOMY, BM3HAYyalM HasIBHICTb cerMeHTapHOi HecTabinbHOCTI
3a AaHMMW MarHiTHO-pe30HaHCHOI Ta KoMMn'toTepHOi ToMorpadii, a Takox
peHTreHorpadii. BukopuctosyBanu XipypriuHi Metoau, MiKpoANCKEKTOMItO
rpyX MONepeKkoBO-KPMXOBOro Biaainy xpebta izonboBaHo (n=100) abo 3
Koprnopoaesom kengxamm (n=100).

Pesynbtatn. BYKOHaHHA MIKPOAMCKEKTOMIi 3 KOpPNOpoAe30M Kena>kamu
ycyBano sfBuwa HecTtabinbHOCTi Ta cTabinisyBano nonepekoBO-KPUXOBUN
BiaAin xpebra epekTUBHILLE 3@ MiIKPOAUCKEKTOMIIO. HYacToTa peunansiB rpmxi
nicnsa MiKpoANCKEKTOMIi 3 KOPpNoOpoAe30M KenaXKeM 3HauHO Hmx4a (3%), Hix
nicna mikpoauckekToMii (9%). Y rpyni MiKpOAMCKEKTOMIi 3 KOpnopoAe3oM
KenaxXem BiA3HayeHO BMpasHile 3HMXeHHSA 60t (—82%) Ta 3MEHLEeHHS
Oswestry Disability Index (=81%), wo cBig4YnTb Npo 6inbwy ePeKTUBHICTb
ctabinizauinHoi metoamku. 3a wkanamm Macnab i Prolo BigMiHHI Ta no6pi
pe3ynbTaTu peecTpyBasiv YacTiwe B rpyni MikpoANCKEKTOMIi 3 KOpnopoAe3oM
kenpxem (91i78% t1a 91 77% BianosiaHo). Kputepin BinkokcoHa nigTeepavs
BWCOKWI piBEHb BHYTPIWHbOrpynosoro noninweHHa (p<0,001), a t-tect —
BipOriAHYy MiXXrpynoBy pi3HULIO.

BMCHOBKMW. [ONEPEeKOBO-KPUXKOBUN CErMEHT 3 YyCTaHOBJ/IEHUM Kenaxem
CTabiNbHIWWA | BATPUMYE 6iNbLUi HABAHTaXEHHS NpU pyxax, 3MEHLUYE 4acToTy
peunanBy dopMyBaHHSA rpuxi Ta 601b0BUA CUHAPOM. MiIKpPOAMCKEKTOMIIO
3 KOpPNOpOAE30M KEWAXXEM MOXHa po3rnagaTtv AN peTenbHO BifibpaHux
nauieHTIB 3 0O3HaKaMn cerMeHTapHOi HecTabiNbHOCTI AK MiAXi4, WO NoEAHYE
AekoMmnpecito Ta cTtabinizauito Ta y BiAAaNeHUA nepiof XapakTepuU3yeTbCs
KpawuMm KNiHIYHUMU pe3ynbTaTaMu.

KnrwuoBi cnoBa: rpuxi nonepekoBo-KpuUXOBOro BiaAdiny xpebrta;
MiKPOANCKEKTOMISI; MIKPOANCKEKTOMIsSI 3 KOPrIopoAe30M Kengxamu

BcTyn

CTeHO3y XpebTOBOro KaHajly Ta CEeKBEecTpy rpuxi

3a CTaTUCTUYHUMU [aHWUMU, NoKanisauisa rpuxi B
noONepeKoBO-KPUXOBOMY BiaAini xpebta TpannsaeTbcs
HanuyacTiwe. Taki rpuxi € O4HIEI0 3 OCHOBHUX MPUYNH
XPOHiYHOro 601bOBOr0 CUHAPOMY I TUMYACOBOI BTpaTu
npauesaaTtHocTi [1, 2]. Y 6inbwocTi Bunaakis (59%)
rpuxi MbxxpebLeBnx ANCKIiB, SKi BpaXatoTb NOMNepeKosi
N KPWXOBI KOPIiHLIi, pO3TaloOBYOTbCA Ha piBHI L4-L5
(i3 koMmnpecieto kopiHus L5). [lpyre micue 3a yactoToto
nocigae piseHb L5-S1 (i3 komnpecieto kopiHus S1) -
30% [3, 4].

30/10TUM CTaHAAPTOM XipypriyHOro nikyBaHHS
rPUX NOMEepeKoBO-KPWUXOBOro BiaAiny xpebta €
MiKpoauckeKTOMiA (MiKpoXipypriyuHe BWAANeHHs rpuxi
3 Mixxpebuesoro agncka). OCHOBHOI NepeBaror Lboro
MEeTOAY € MOXJUBICTb BUAANEHHA rpuxi 6yab-akoi
WiNbHOCTI, po3TalWyBaHHSA Ta pO3Mipy, 3 HaAsIBHICTIO

Copyright © 2026 €.1. Cnunbko, P.B. YamaTa

Mixxpebuesoro amcka [5]. OagHaK BUKOPUCTaHHSA
LbOro MeToay He 3anobirae po3BuUTKY peunansy rpuxi,
a TakoX HecTabiNbHOCTIi MOMNEepPeKOBO-KPUIXKOBOTO
BiAAiNy xpebTa, wo notpebye BUKOHAHHSA MOBTOPHOIO
XipypriyHoro BTpyyaHHs [6, 7]. TaKuM YMHOM, NMUTAHHS
woao Bnbopy onTUMasnbHOI TaKTUKN (MIKPOANCKEKTOMISA
UM MIKPOAUCKEKTOMIS 3 KOpPNopoAe30M Kenpgxem)
3a/IMWAETLCA aKTyaslbHUM.

MeTa: onTuMizyBaTn BUBIp XipypriyHOi TaKTUKMK
NiKyBaHHSA NaUIEHTIB i3 rpMXXamMn NonepeKkoBO-KPUXKOBOIO
BiAAiny xpebTa WNAXOM MOPIBHANBHOIMO aHanisy
pe3ynbTaTiB MiIKPOAUCKEKTOMIT Ta MIKPOAUCKEKTOMIT 3
MiXTIZIOBMM KOPMoOpoAe30M KenaXeM AN MOiMnweHHs
pe3ynbTaTiB NiKyBaHHS.

Po6oTa onybnikoBaHa nig niueHsieto Creative Commons Attribution 4.0 International License
https://creativecommons.org/licenses/by/4.0/
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Marepianu i MmeTOaM

YuyacHukn gocnig>keHHs

Y pocnipxeHHs 6yno 3anydyeHo 200 xBopwux i3
rpukamu rnonepekoBO-KPUXKOBOro Biadiny xpebrta, sai
nepebyBann Ha nikyBaHHi B IHCTUTYTi Helpoxipyprii iMeHi
akaa. A.lM. PomogaHoBa HAMH YkpaiHun y 2015-2022 pp.

Bia ycix xBopux oTpuMaHa ycBifoMaeHa Ta Aobpo-
BiflbHa NMMWCbMOBa 3roja Ha y4yacTb Y AOC/IAXEHHI Ta
ny6nikauito gaHnx.

MpoBeaeHHS AOCAIAXEHHS CXBajleHe KOMicCielo
3 eTukn Ta 6ioeTukn IHCTUTYTY Henpoxipyprii iMeHi
A.M. PomoagaHoBa HAMH YkpaiHu (npoTtokon N93 Bia
24.11.2022 p.).

Kpurepii 3any4dyeHHs:

1. Bik nauieHTiB 19-70 poci..

2. HasBHicTb rpuxi Mixxxpebuesunx anckis L4-L5 abo
L5-S1, niaTBepaXxeHa AaHMMM MarHiTHO-pe30HaHCHOI
Tomorpadii (MPT).

3. BigcyTHicTb nonepeaHix ctabinisauiiHnx BTpy4YaHb
y nonepekoBoMy BigAaini.

4. TpuBanicTb KNiHIYHUX BUSABIB He MeHLWe HiX 6
TUX 3a HeedPEeKTMBHOCTI KOHCEPBATMBHOIO NiKyBaHHS.

5. MNMucbmoBa iHdOpMOBaHa 3roga Ha y4yacTb Yy
OOCNiAXEHHI.

Kputepii Buny4yeHHs:

1. MynbTucermeHTapHi ypaxeHHs (>1 piBHS).

2. TpaBMaTU4HI, iHeKUiliHI abo NYXMHHI ypaXeHHSs
xpebTa.

3. TaxKa CynyTHS NaToforis, Wwo nigBULLYE PU3NK
onepaduii.

4. BariTHicTb abo HEMOX/UBICTb MPOXOAXEHHS
peabiniTauii.

XapaKTepucTuku rpynu

YciM nauieHTaM npoBeaeHO XipypriyHe nAikyBaHHS
rPMXX MOMePEKOBO-KPUXOBOro BiaAiny xpebrta, 3 HuX
100 —MiKpOAMCKEKTOMIlO, peLwTi — MiIKpOANCKEKTOMItO 3
KOpNopoae3oM Kenaxamu.

MokasaHHsa A0 NpoBeAeHHS MikpoanckekToMii (MD):

1. HaaBHICTb KAIHIYHUX CMMNTOMIB KOMMpecii
HepBOBOro KopiHusa (60N1bOBUIA CUHAPOM 3@ TUMOM
nomboiwianrii, NO3UTUBHI CUMNTOMU HATATY).

2. HasBHICTb rpM>X0BOro BUMNMHAHHSA MixkxpebueBoro
ancka L4-L5 abo L5-S1, niaTBepa)keHa gaHumum MPT.

3. BiACYTHICTb O3HaK BMUpa3HOi AereHepauii
CyMiXXHUX CTPYKTYp (Modic 0-1 Tun, 6e3 cyTTeEBOI BTpaTn
BMCOTU AMCKA).

4. HeedeKTUBHICTb KOHCEPBATMBHOIO NiKyBaHHSA
NpoTAromM 6-8 Tux.

5. CtabinbHiCTb pyX0OBOro cCcerMeHTa 3a
dYHKUIOHAaNbHUMKN peHTreHorpamamu (3MmiweHHs <3
MM, KyT gedopmauii <10°).

TakMM 4YMHOM, MiIKPOAUCKEKTOMIIO BUKOHYBasIu
nepeBa>kHO Y XBOPWUX 3 i30/1bOBaHOIO rpuxeto amncka 6e3
CTPYKTYPHOI HecTabinbHOCTI.

MiKpOANCKEKTOMIO 3 MiXTiIOBUM KOpMopoAe3oM
kenaxem (MD + Cage) 3acTocoByBanu B MaLUi€HTIB i3
OVCKOrE€HHMMWN ypaXKeHHAMU, WO CynpOBOAXKYBaINCA
CTPYKTYpHUMK abo BioMexaHiYHUMK MOpYyLUEHHAMU
CTabinbHOCTI cerMeHTa, KoM nuwe gekomnpecis 6yna
HeAOoCTaTHbOW AN cTabinizauii xpebTa 1 3anobiraHHs
peunanBy rpuxi.

OCHOBHI MOKa3aHHA A0 NPOBEAEHHS MIKPOANCKEKTOMIl
3 MIXTINOBUM KOPNOPOAE30M KeNAXeM:
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1. TMoeaHaHHSA TpUXi AUCKa 3 PEHTreHONOriYHUMU
O3HaKaMu cermMeHTapHoOi HecTabiNnbHOCTI (3MilleHHs
Tin >3 MM abo nmatonoriyHa pyxaumBicTb >10° 3a
dyHKUiOHanbHUMK Npobamu).

2. Modic II tuny 3a gaHumum MPT (03Hakwu
eHAoNNacTUYHOI AereHepauii, KicTo3HOi nepebynosu
um ¢ibposy).

3. PeumamnBHa rpumxa AuUCKa nicas nonepenHboi
ANCKEKTOMIT.

4. Bupa3Ha BTpaTa BucoTu aucka (>50%) abo
nocTAMCKeKTOMIYHa AedopMalis cermeHTa.

5. KniHiyHi BuMsABM MexaHiyHoOro 6ost, wWwo
3MEHLYETLCSA B MOJIOXEHHI po3BaHTaXeHHs (03Haka
HecTabiNnbHOCTi pyXOBOro CermMmeHTa).

TakMM YMHOM, MIKPOAMCKEKTOMIiO 3 MIiXTiIOBUM
KOpPNopoAe30M KelAXXEeM BUKOHYBaNN y XBOPUX, B SSKUX
nvwe aekoMnpecii 6yno HefoCTaTHLO ANs cTabinizauii
cerMeHTa v 3anobiraHHa peunaunsy.

[MpoTMNOKasaHHA A0 MiIKPOANCKEKTOMIT:

1. Taxkknii comaTU4HUIA CcTaH (cepueBa, AMXalbHa
abo HupkoBa HepgocTaTHiCcTb III-IV cTyneHs).

2. CucTeMHi iHdekLii, rapsa4koBi cTaHu, Koarynonarii,
NPUNOM @aHTMKOArynsHTIB 6€3 MOX/IMBOCTI TUMYACOBOTIO
NPUMUHEHHS.

3. MNcuxiyHi
peabiniTauito.

4. HecTtabinbHicTb XxpebueBoro cermeHTa (3MilLeHHs
>3 MM, NaTonoriyHa pyxameicte >10°).

5. 3HayHa BTpaTa BMCOTU AMCKA 3 KOMAMNCOM Tin
xpebuis.

6. Taxki 3MiHKM (KicTo3HO-(i6bpo3Hi, Modic II-III).

[MpoTunokasaHHs A0 MIKPOANCKEKTOMIT 3 MDKTINOBUM
KOpPNopoAe30M Kenaxem:

1. Bupa3Huin 0CTeonopo3, WO He MnepeLkoaXae
cTabinbHiM iMmnnaHTauii kengxa.

2. AKTUBHUI iHEKLINHNIA CNOHAUNOANCLNT.

3. AHaTOMiYHa HeMOXuBICTb gocTyny (aHomanii
pO3BUTKY, pybueBo-cnarnkoBsi 3MiHW nicns 6araTopas3oBux
onepawuin).

4. Bupa3Ha HecTabinbHiCTb xpebueBoro cerMeHTa
III cTyneHs (3MieHHa >6 MM, NaTONOriYHa PYyXInUBICTb
>15°), Wo € NoKasaHHAM 415 NPOBEAEHHS CIOHANN0AE3Y.

Av3aiin gocnigxxeHHs

[MpoBeAeHO MOpiBHAMIbHE AOCMIAXEHHS ABOX rpyn
Maui€eHTiB, SKNUM BUKOHAHO MiKpOAMCKEKTOMIilO Ta
MiKpOAWCKEKTOMIlO 3 dikcauieo kenaxeM. AHanizysanm
XipypriyHy TEXHOMOTIiI0, KiNIbKICTb peunanBiB Nicns ABox
BWAIB onepauii, a TakoX HEBPOJIOriYHy CMMMTOMaTUKY
B paHHiIN Ta BigganeHuin nepioa nicns onepauii. Ha
niacTaBi OTPUMaHMX pe3ynbTaTiB po3pob/ieHo NoKasaHHS
[0 3aCTOCYBaHHSA 3a3HavYeHnX MeToAuK i pekoMeHaalii.

YCiM nauieHTam nNpoBOAMIIN OLIHKY HEBPOJIOTiYHOrO
CTaHy 3a BMssBaMu 60/71b0BOro CMHAPOMY, iIHTEHCUBHOCTI
6010 3a Bi3yasbHOW aHanorosow wkanotw (BAL),
dyHKUiOHanbHoro ctaTtycy 3a ODI (Oswestry Disability
Index), wkanoto MakHab (Macnab Scale, Tabs1.1) i wukanoto
dyHKLiOHaNbHO-eKOHOMIYHOro pe3ynbsTtaTy Mpono (Prolo
Scale, Tabs1.2), a TakOX BU3HA4YaIM 4acToOTy peumanBy.
3acToCOBYBanu XipypriyHi MeToamn, MikpoANCKEKTOMIIO Ta
MiKPOANCKEKTOMIO FPUXK NONepeKoBO-KPUXKOBOIO Bia4iny
xpebTa 3 Kopnopoae3oMm kernaxamm rpux L4-L5 abo L5-S1.
MNepeBa>xHO BMKOPUCTOBYBaNW 3afHiN MiXnaMiHapHU
AocTyn Ha piBHiI L4-L5 abo L5-S1, y nooanHoKkux
BMMNAAKax Mpu BY3bKOMY MiKiaMiHapHOMYy MnpocTopi -

po3nagun, WO YHEMOXINUBIIKOKTbL

CT1aTTsi MiCTUTb PUCYHKM, SIKIi BiOOpaXkaroTbCsi B APYKOBAaHI¥ BepPCii y BIATIHKax Ciporo, B €/IeKTPOHHIN — y KOJIbOPI.
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MiKpOCKONiYHUIA TpaHcdopaMmiHanbHuin goctyn (TLIF).
3acTtocoByBanu TuTaHoBi abo PEEK (polyetheretherketone)
Kenaxi snpobHuuTBa «Medtronic» abo «Novo Spine».
Kenaxi mann ¢popmy «banana» Ta «bullet». Po3mip
obupanu iHaMBigyanbHO 3a iHTpaonepauiiHO BUCOTOLD
AUCKO-BOro npocTtopy. lNpocTip ycepeaunHi kenaxa
N HaBKOJIO HbOro He 3anoBHIOBAIM aBTOKICTKOBUM
MaTepianom. logaTkoBy dikcaLilo He BUKOPUCTOBYBasM.
Y rpyni NnopiBHSAHHSA 3aCTOCOBYBaIM NiMLLIe TexXHiKy stand-
alone cage.

3 OCHOBHMX CKapr A0 onepauii nepeBaxanu 6inb
y NMonepekoBil AiNAHUi, WO ippaaitoBaB Yy HUXHIO
KiHUIBKY, HEMOX/IMBICTb TPMBAMO XOANTU 1 NepebyBaTun
y BEPTUKANbHOMY NOJIOXEHHI. [Tape3 cTonu BUABMEHO B
12,5 % nauieHTiB, Ta3osi po3naan —y 4,2 %.

AHani3 po3noAiny nauieHTiB 3@ BIKOBUMWU rpyrnamMu
BUSABUB, LLO FPMXi MiXXXxpebueBux ANCKIB AiarHOCTyBanu
nepeBa)xHo B rpyni Bikom Big 41 no 50 pokis (Ta6s.3).
Po3znogin rpux mixkxpebueBux AMUCKIB MONepeKkoBO-
KpWXX0BOro BiaAiny xpebTta 3a piBHeM 6yB TakuM: L4-L5
— 108 (54%) Bunaakis, L5-S1 — 92 (46%).

Y ni3Hin nicnsgonepauinHnin nepion (Yepes 12 Mic)
NpoBesIN aHKeTYBaHHSA MauieHTIB.

1. Ana BU3HauyeHHa CYb6'€EKTMBHOroO BiAYyTTSH
6onto Bukopuctosysanu BALIl - 100-miniMeTpoBy

Ta6bsmys 1. lllkana MakHab6 [8]

Ukrainian Neurosurgical Journal. Vol. 32, N1, 2026

ropusoHTanbHy niHito, ae 0 MM BiANOBifA€E MOBHIN
BiagcyTHOCTI 60onto, 100 MM — MakCMMasbHO MOXJIMBOMY
6onto. MNauieHT Bia3Havae iHTEHCMBHICTb 6010, BiacTaHb
BiA HY/IbOBOi TOUYKM A0 NO3HAYKM BUMIPIOKOTbL Y MifliMeTpax.

[ns uinen aHanisy MM yMOBHO NMOAINNAM NOKa3HUKM
BALL Ha Taki kaTeropii iHTeHCUMBHOCTI 6ost0:

- 0 MM — BigCyTHiCTb 60st0;

- 1-20 MM — nerkwui 6inb;

- 21-60 MM — noMipHui 6inb;

- 61-100 MM — cuNbHUI 6inb.

[Ona 3py4YHOCTi KNiHIYHOT iHTepnpeTauii pe3ynbstaTtn
BALL HaBeaeHo B nepepaxyHky Ao 0-10 yMoOBHMX 6anis
(ekBiBaneHT 0-100 MM).

2. AHkeTa skocTi xuTTa OcBecTpi (ODI) (Ta6s1.4)
— [HCTPYMEHT ANA Ki/IbKiCHOI OLiHKW MOpPYLEHHS
XUTTERIANBHOCTI, MOB'A3aHOro 3 AereHepaTUBHUMMU
ypaxeHHaMn xpebTa. Y HalwoMy A0CNiAXKEHHI BUKOPUCTaHO
Bepcito ODI v2.0 [10], ska MictuTb 10 NyHKTIB, KOXEH
i3 AkMx ouiHowTb Big 0 Ao 5 6aniB. MNepBUHHY OUIHKY
3aiicHioBanu B 6anax BiANOBIAHO A0 CTPYKTypu
onuTyBasibHMKA, NOTIM pe3ynbTaTW NepepaxoByBanun
y BiACOTKM, WO BiAMNOBiAAE 3araibHONPUNHATOMY
niaxoay Ao iHTepnpeTauii nokasHukis ODI Ta gae 3mory
YHidiKyBaTW MOPIBHAHHA OTPMMAHMX MOKa3HMKIB i3
AaHUMK nliTepaTypu.

OuiHka

XapakTepucTuka pesynbraTty

BigmiHHO (Excellent) MoBHe ycyHeHHs 60110, NauiEHT NOBEPHYBCSA A0 3BUYHOIo CNocoby XuTTa Ta poboTun

He3HauyHui nepioanyHMiA 6inb, KU He 06MeXYE NOBCAKAEHHY AiSNIbHICTb; NaLiEHT MOXe

Aobpe (Good) npautoBaTy Ha Tii caMiin nocagi

Binb 36epiraeTbcs, ane 3Ha4YHO MEHLUMN, HiX A0 onepauii; AiSNbHICTb YaCcTKOBO obMexeHa, nauieHT

3aposineHo (Fair) M€ 3MiHUTM pOoBOTY Ha MeHW (i3NUYHO aKTUBHY

MoraHo (Poor) BiacyTHe noninweHHs abo 6inbwnii 6inb, HiXk 40 onepauii; NauieHT HenpauesaaTHUA

* OuiHKa nauieHTOM pe3ynbTaTiB NiKyBaHHS.

Ta6bsiuys 2. lllkana dyHKULiOHaNnbHO-eKOHOMIYHOro pesynbtaTty Mpono* [9]

1. EkoHoMiuHa wkana (E)

Ban Oonuc
1 MauieHT Henpaue3aaTHUIA, He MOXe BUKOHYBaTU poboTy
2 Mpaue3aaTHiCTb 36epexeHa NunLie YacTKOBO, NaLi€EHT BUKOHYE flerky abo HernoBHy poboTy
3 MauieHT MoXe npautoBaTu, ane 3 ob6MexeHHAMU (3MiHa cneuianbHOCTi abo yMOB npaui)
4 MauieHT Npautoe Ha nonepeaHin poboTi 3 HE3HAYHUMKN OBMEXEHHSAMU
5 MoBHa npaue3aaTHICTb, MOBEPHEHHS A0 nonepeaHboi NpodecinHoT AiSNbHOCTI

2. OyHkuUioHanbHa wkana (F)

Ban Oonuc
1 BupasHuit 6inb, nocTiliHa noTpeba B aHanreTnkax
2 MomipHuit 6inb, cyTTEBI O6MEXEHHS WOAEHHOT aKTUBHOCTI
3 MepioanyHni 6inb, 4aCTKOBIi OOMEXEHHA aKTUBHOCTI
4 He3HauHui 6inb, No6yToBa aKTUBHICTb 36epexeHa
5 BiacyTHicTb 60n1t0, HOpManbHa di3nYHa aKTUBHICTb, BiACYTHICTb 06MexeHb

IHTepnpeTauis 3aranbHoro pesynetaty (E + F)

Cyma 6anis OuiHka pe3ynbTaty

9-10 BiaMiHHWI

7-8 [Oo6puii

5-6 3an0BinbHUI
<5 He3anoBinbHUIA

* Mpu3HayeHa A9 KOMMNIEKCHOT OLiHKM (DyHKLIIOHaNbHOro Ta eKOHOMIYHOro CTaTyCy NauieHTa nicns XipypriyHoro nikyeBaHHs
nonepekoBoi natonorii. CknaaaeTbcs 3 ABOX NiAwkan: ekoHoMiyHoT (E) Ta dyHKkuioHanbHoi (F). KoxHy ouiHtooTb Big 1 A0 5
6anie, makcuMmanbHa cyma — 10 6anis.
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Bikosa rpyna, KinbkicTb nauieHTiB
poiu A6c. %
19-30 25 12,5
31-40 51 25,5
41-50 53 26,5
51-60 49 24,5
61-70 22 11,0
Ycboro 200 100,0

Ta6sanys 4. IHTepnpeTauis nokasHukis ODI [10]

PiBeHb 06Me)xeHHA ODI% IHTepnpeTadisa

_— _ [MauieHT MOXe BUKOHYBaTH

MiHimMankLHe nopyieHHs 0-20 6iNblWiCTb NOBCAKAEHHUX Ail
: _ 3HMXKEHHSA aKTUBHOCTI,
[MoMipHe nopyLleHHs 21-40 nepeBaxHo Yepes binb
_ 3HayHe obMexeHHs
Bupa3sHe nopyLueHHs 41-60 npaliesaaTHOCTI
IHBanigM3aLis 61-80 CyTTeBI PyHKUIOHaNbHI
0bMeXeHHs

[ToBHa HEpPYXOMICTb, sieXXauunn cTaH 81-100 MauieHT HenpauesgaTHUI

CymapHui 6an 3a wkanot (0-50) koHBepTyBanu y
BiACOTKOBMM MOKA3HWK HENpaue3aaTHOCTI 3a popMynoto

ODI%=(OTpumaHum 6an : 50) x 100.

CratucTMyHMi aHanis

CTatncTnyHy o6pobkKy AaHuX 34iACHIOBaNn 3
BWKOPWUCTAHHAM MpuknagHux nporpam Statistica 6.0.
PisHuu0 MiX rpynamm 3a BCiMa OCHOBHUMU MOKa3HUKaMun
(BALU, ODI, ABALU, AODI) Bu3Ha4ann 3a AOMOMOro0
t-TecTy Benbya, CTaTUCTUYHOIO METOAY AN NOPIBHAHHSA
cepefiHiX ABOX He3anexHux Bubipok, akuii He noTpebye
piBHOCTi aucnepcii. BiH € HaginHiwow aganTauiero
t-kputepito CtblogeHTa, ocobnmeo Konu amcnepcii y
BMbipkax cunbHO Bigpi3HATbCA abo po3mip BMbipok
HeBeNWKUN. [MHaMiKy 3MiH KiNbKiCHUX 3aneXHux
MOKa3HMKIB y rpynax ouiHoBaaAM 3a AOMNOMOroto
HenapaMeTpuyHOro Kputepito BinkokcoHa. BigMiHHOCTI
BBaXasin CTaTUCTUYHO 3Ha4yywmmm 3a ymosn p<0,05.

PesynbTtaTtn

3a pe3ynbTaTaMM OUIHKWM iHTEHCMBHOCTI 6ot 3a
BALU y rpyni MD cepegHii piBeHb 6051t0 3HUM3MBCS Ha 5,3
yMmoBHoro 6ana (wo Bianosinae ~63,1% 3MeHLEHHS),
Todi Ak y rpyni MD + Cage 3HWXeHHSA cTaHoBunio 7,1
ymoBHoOro 6ana (82,6%). TakMM UYMHOM, y Naui€eHTIB,
aKuM BukoHysann MD + Cage, 3apeecTpoBaHO Bupas-
Hiwe nicnaonepauiriHe 3MeHWeHHa 6010, @ TakKoXx
HUXXYY YacTOTy peunamBiB rpux Mixxxpebuesoro gucka
(Tabn.5).

[o xipypriyHoro nikyBaHHs cepefHi 3HayeHHsa ODI
6ynu BUCokMMM B 060X rpynax, Wwo CBiAYNI0 NPO 3HAYHY
dyHKUiOHanbHy o6MexeHicTb nauieHTiB (Tab1.6). Yepes

12 mic B 060X rpynax BiA3HA4YeHO CYTTEBE 3HUXEHHS
nokasHuka ODI, BupasHiwe noninweHHa - y rpyni
MD+Cage.

BigHOCHe noninweHHs (QyHKUiOHaNbHOro CTaHy
cTtaHoBunio 61% y rpyni MD Ta 81% y rpyni MD+Cage,
Lo BKasye Ha binbwy edeKkTUBHICTb KOMBIHOBAHOro
XipypriyHoro nigxoAy 3 BUKOPUCTAHHSM KeNAXiB WoA0
3MEeHLUEeHHs iHBaniaM3sauii 3a nokasHmkom ODI.

MpoBeaeHO MOPIBHAHHA (PYHKLIOHaNbHUX pe3yfb-
TaTiB NikyBaHHSA 3a wkanotw MakHab (Tab6na.7).
OTpuMaHi AaHi ceBigyaTb Npo Kpalwi GyHKUiOHaNbHI
pe3ynbTaTh NnikyBaHHA B rpyni MD+Cage (6inblwa vyacTtoTa
BiAMIHHMX pe3y/ibTaTiB i MEHLIA YacTOTa 3a40BiIbHUX Ta
He3a40BiNIbHUX).

OuiHIOBaHHA 3a WKano (MYHKLIOHa/bHO-EKOHO-
MiyHOro pesynbraTty [lpono npoBoAUNN 3@ 4YOTUpPMaA
KaTeropisasMmn 3anexHo BiA CTyrneHs BiAHOBJIEHHSA
npauesfaTHOCTI, HAasBHOCTI 60N1bOBOro CUHAPOMY
Ta dyHKUiOHanbHUX obmexeHb (Tab6s1.8). OTpuMaHi
pe3ynbTaTu cBig4aTb NPO Kpawi PyHKLIOHAaNbHO-
eKOHOMIiYHi Hacniakn nikysaHHs B rpyni MD+Cage
(6inblia YacToTa BiAMIHHMX pe3ynbTaTiB i MEHLLa YacToTa
3a40BiNbHMX Ta HE3aA0BINIbHUX).

BukopunctaHHa kKputepito BinlkokcoHa BUABUIIO
CTAaTUCTUYHO 3Hayylwe noninweHHA Ak 601b0OBOrO
cuHapomMmy (3a BALL), Tak i dyHKUiOHanbLHOro ctaHy (3a
ODI) B 06ox rpynax (p<0,001). EdpekT 3MiH BMCOKMUN
(r=0,79-0,88), wWo BKa3yeE Ha KJ/iHIYHO 3Hauylwe
noninweHHsA nicns onepauii 3 BMpasHiWnM edekTom y
rpyni MD+Cage (Ta6.9).
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Ta6samysa 5. IvHamika 601b0BOro CMHAPOMY Ta YacToTa peunansis

CepepHsa ouiHka 3a BALL, ymoBHuiI 6an YactoTa
Fpyna 3MeHLWweHHA, %
Py [O nikyBaHHA yepes 12 mic ° | peumnansy, %
MD 8,4 3,1 63,1 9 (9i3 100)
MD + Cage 8,6 1,5 82,6 3 (33 100)

Ta6banys 6. InHamika ODI, %

MokasHuk MD (n=100) MD+Cage (n=100) MoninweHHs
ODI po onepaduii 62 64 —
ODI yepes 12 Mic 24 12 —
A (3MeHLWweHHS) 38 52 61/81

Tabsnys 7. DyHKUiOHaNbHI pe3ynbTaTh 3a WwkKanot MakHab, %

KaTteropisi pesynbraty MD (n=100) MD+Cage (n=100)
Excellent 46 63

Good 32 28

Fair 14 7

Poor 8 2

Pazom 100 100

Tab6smys 8. OuiHKka 3a WKanow GyHKUiOHanbHO-eKOHOMIYHOro pe3ynbtaTty Mpono

KaTteropis pesynbraty Oonuc MD (n=100) MD+Cage (n=100)
[MoBHe BiAHOB/IEHHS
Excellent (9-10 6anis) npaue3aaTHOCTI, 42 % 61 %
BiACYTHICTb 605t0
He3HaqHM6171 6inb,
_ : 36epexeHa b6inbwicTb
Good (7-8 6anis) byHKLIN, NpaLe3aaTHicTb 35 % 30 %
BiAHOBNEHA
[MoMipHi 3annWKoOBI
Fair (5-6 6aniB) CUMMTOMM, YacTKoBE 15 % 7 %
obMeXeHHs npaue3naTHoCTI
poor (54 Gar) e sl
Pazom — 100 % 100 %

Tab6smys 9. Pe3ynbtaTh aHanisy 3a kputepiem BinkokcoHa (Wilcoxon Signed-Rank Test)

Ipyna Moka3Huk n W (cTaTucTUKaA) p-3HaUYeHHSA EdekT (r) IHTepnpeTayisa
BALL 3Ha4YyHe 3HMXKEHHS
(no-nicns) 100 0 <0,001* 0,82 60nto
MD ODI ” o MoninweHHsa
i 100 120 <0,001 0,79 YHKLUIOHanbHOro
(Bo-nicns) cTany
BALLU BupasHe 3HMXeHHS
(no-nicns) 100 0 <0,001* 0,88 60nto
MD+Cage oDI CyTTeBe
e 100 45 <0,001* 0,84 dpyHKUiOHanbHe
(Ro-nicns) noninweHHs
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O6roBopeHHnA
OTpuMaHi pe3ynbTatn NiATBEPAXKYOTb, WO obnasa
XipypridyHi mMeToaon — KAacu4yHa MiKPOAUCKEKTOMis

Ta MiIKPOAWCKEKTOMISi 3 KOPNOpoOAEe30M KelaxeM
3abe3nevyoTb CyTTEBE 3HMXKEHHSA 60TbOBOr0 CUHAPOMY
Ta noninweHHsA PYHKUIOHaNbHOrO CTaHy Maui€HTIB i3
rpuXxamm MixxxpebLeBunx ANCKIB MONepeKoBO-KPUKOBOTO
Bigginy.

MicnsaonepauinHe 3HMXeHHS ouiHkKn 3a BALW y rpyni
MD ctaHoBuno B cepeaHboMy —63% (3 8,4 oo 3,1 6ana),
Toai Ak y rpyni MD+Cage — —82% (3 8,6 no 1,5 6ana).
Moka3Hnk ODI 3MeHwmnBCA 3 62 A0 24% i 3 64 no 12%
BiAMOBIAHO, WO BKa3lye Ha BUpa3Hiwe dyHKUiOHanbHe
BiAHOBJIEHHS MPU 3aCTOCYBAHHI KENAXIB.

AHanis 3a wkanamm MakHab i [pono NpoAeMOHCTpyBaB
nepesary MikpoAMCKeKTOMIi 3 KOpnopoae30M Kenaxem:

- 91% nauieHTiB Manu pesynbtatn «Excellent» abo
«Good» 3a wkanot MakHab nopiBHAHO 3 78% nicnsa
MiKPOAMCKEKTOMIT;

- 3a wWkanot Mpono NO3UTUBHMI pe3dynbTaT
BiA3HayeHo B 91% nauieHTiB y rpyni MD+Cage Ta y
77% y rpyni MD.

YacTtoTta peuuausiB y rpyni MD ctaHoBuna 9%,
y rpyni MD+Cage — nuwe 3%, Wwo CcBiAYNTb NpO
cTabinbHICTb cermeHTa Nicns MiXTiNOBOI dikcauii.

YCTaHOBNEHO CTAaTUCTUYHO 3Hauywy (p<0,001)
pi3HuUl 3a t-Tectom Benbuya Mix rpynamm 3a BCiMa
OCHOBHMMM noka3Hukamu (BALL, ODI, ABALU, AODI).
BHYTpilWHbOrpynoBmin aHanis 3a KpuUTepieM BinkokcoHa
(po-nicng) niaTBepaAnB BUCOKY edeKTUBHICTb 060X
meToaiB (p<0,001) i3 6inbwuM po3MipoM edekTy
(r=0,84-0,88) y nauieHTiB micas MikpoaMCKeKTOMIi 3
KOpPNopoAe30M Kenaxem.

Mpynu gocnigxeHHs He 6y MOBHICTIO OAHOPIAHUMU
3@ KNiHIYHMMW Ta PEHTreHoONOriYHUMKN XapakTe-
puUcTUKamMn. 3 ornsigy Ha pi3HOMAHITHICTb AWCKOBOI
naTosorii AOCArTM OAHOPIAHOCTI rpynu AOCNIAXEHHS
Ta rpynu NMOpiBHAHHSA MPaKTUYHO HEMOXNUBO. Y rpyni
MiKPOAMCKEKTOMIT 3 MiXXTIIOBMM KOPNopoAe30M vacTile
peecTpyBasn 03HAKM CerMeHTapHOi HecTabinbHOCTI
Ta Modic-3MiHM II TMny, WO BM3Ha4yasio NMOKa3aHHS Ao
3acTocyBaHHA cTabinizauinHnx XipypriyHux MeToAuK.
[Onsa 3MeHLWeHHs BNAMBY 3a3Ha4YeHOi HEOAHOPIAHOCTI Ha
pe3ynbTaTh 4OCAIAXEHHS NpoBeAeHo 6baraToPakToOpHUI
CTaTUCTUYHWUI aHani3, a TakoX BHYTPilWHbOrpynose
MOPIBHAHHSA MOKa3HWKIB y AuHaMiui (go-nicng), wo
3a6e3neynno KoOpekTHY OUiHKY edeKTUBHOCTI KOXHOI0
3 AOCNIAXYBaHUX METOLIB JliKyBaHHA, He3Bakaloun Ha
BiACYTHICTb MOBHOI OAHOPIAHOCTI rpyn.

3 ornaay Ha OTpUMaHi pe3ynbTaTh, MOKa3aHHAMM 40
NpoBeAEHHS MiKpOAMCKEKTOMIT MOXYTb 6yTu:

- HasIBHICTb KNIHIYHUX CUMNTOMIB KOMMpecii
HepBOBOro KopiHusa (60NbOBUIA CUHAPOM 3@ TUMOM
nomboiwianrii, NO3UTUBHI CUMNTOMW HaTArY);

- HasSIBHICTb FPMXXOBOI0 BUMMHAHHS MiXkXxpebLeBoro
avcka L4-L5 abo L5-S1, nigTBepaxeHa gaHumu MPT,

- BIAACYTHICTb O3HaK BUPa3HOi AgereHepauii CYMKHUX
cTpykTyp (Modic 0-I Tvn, 6e3 iCTOTHOI BTpaT BMCOTU
ancka);

- HeedEeKTUBHICTb KOHCEPBATUBHOIO NiKyBaHHS
NpoTArom 6-8 Tux;

- cTabinbHICTb pyX0oBOro cermMeHTa 3a ¢yHKUiO-
HallbHMUMW peHTreHorpamMamu (3MilleHHs <3 MM, KyT
nedopmauii <10°).

TaknM YNHOM, MIKPOAMCKEKTOMIiS MOKa3aHa XBoOpuM
i3 MepeBaxXHO i30/1bOBAHOI TFpuXet Aucka 6es
CTPYKTYPHOI HeCTabinbHOCTI, TOAi AK MiIKpOANCKEKTOMISA 3
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MDXTINIOBMM KOPNoOpoAe30M — NaLui€eHTaM i3 AUCKOreHHUMM
YP@X>XEHHSAMM, LLO CYNPOBOAXKYOTLCS CTPYKTYPHMMHK ab0o
6ioMexaHiYHMMM NopyLeHHSAMN CTabiNbHOCTI cermeHTa,
KON NnLle AeKOMIMpecii HEPBOBOMO KOPiHUSA HEAOCTaTHLO
Ans ctabinisauii xpebTa 1 3anobiraHHsa peunanBy rpuxi.
Lle Taki Bunagku, ak:

- MOEAHAHHSA FPUXIi ANCKA 3 PEHTreHONOriYHUMU
O3HakaMM cerMeHTapHoOi HecTabinbHOCTI (3MilleHHSs
Tin >3 MM abo naTtonoriyHa pyxnauBicTtb >10° 3a
dyHKUiOHanbHUMK npobamu);

- Modic II Tuny 3a gaHuMmu MPT (o3Hakwu
eHAonacTUYHOI aereHepauii, KicTo3HOI nepebynoBu
um ibposy);

- peunane rpuxi Aucka nicnsg nonepeaHboi
ANCKEKTOMIT;

- BMpa3Ha BTpaTa BucoTu aucka (>50%) abo
NOCTAMCKEKTOMIYHA AedopMaLisi CermMeHTa;

- KJiHIYHI BUSIBU MEXaHIYHOro 60110, L0 3MEHLIYETLCA
B MOJIOXKEHHI po3BaHTaxeHHs (03Haka HecTabinbHOCTI
pPYyXOBOro CErMeHTa).

OTpuMaHi HaMu pe3ynbTaTW y3roAXYHTbCa 3
OAaHVMWU NiTepaTypu Ta NIATBEPAXKYOTb ePEKTUBHICTb
i 6e3neYHiCTb 3aCTOCYBaHHA MKXTINOBMX KeNAXIiB npwu
rpuax NonepekoBO-KPMXOBOro BiaAiNy xpebTa.

3apgaHumun F. Leita cniBasT. (2023) [11], 3acTOCyBaHHSA
cTtabinizauinHMX BTpy4YaHb NpW PeLuUAUBHIN FpuXi
MibKXpebLeBoro aAMcka B peTesibHO BiZibpaHnx nauieHTiB
aCoOLIETLCA 3i 3HMXKEHHAM 4acTOTU peunanBiB
NMOPIBHSIHO 3 MOBTOPHOK ANCKEKTOMIELD.

AHaNOriYHMX BUCHOBKIB NMPO MPUNHATHUIA Npodinb
6e3neyHOCTi MXTINOBMX KENAXIB 3@ YMOBM KOPEKTHOIO
Bif6opy nauieHTiB i AOTpUMaHHS XipypriyHoi TeXHikK
ainwnun R.J. Mobbs Ta cnieaeT. (2015) [12].

TakMM YMHOM, 3aCTOCYBaHHSA MiXTISIOBOro Kenaxa
MOXHa po3rnagatun sk 6e3nevyHnin Ta edeKTUBHUN
KOMMOHEHT XipypridyHOro nikyBaHHs B NEBHUX KAIHIYHMUX
cUTyauisx, WO Y3roAXYETbCA 3 pe3ysbTaTaMn Halioro
nocnigXeHHs. Y Bunagkax, Konu 3a gaHmmm MPT i
OVHaMIYHUX pEHTreHorpaM BM3HAYaETbCS CerMeHTapHa
HecTabinbHicTb abo TMn Modic II, gouinbHUM €
3aCTOCyBaHHS MiKpOAUCKEKTOMIT 3 KOprnopoae3oMm
Kenaxem ak 6inbw ctabinizauinHoi TexHonorii, wo
3abe3neyye TpuBaniwnin dyHKULIOHaNbHUI edekT.

BucHoBKkM

1. O6buasi MeToAMKM (MIKPOAUCKEKTOMISA
Ta MIKPOAWCKEKTOMisi 3 KOPNOpOAE30M KelaXKeM)
3abe3nevyyloTb CTAaTUCTUUYHO 3Hayylle MOJinWeHHS
601b0BOro M (PyHKUiOHANbHOrO CTaHy Maui€eHTIB i3
rpuxamu nornepekoBO-KPUXOBOro BiaAiNny xpebra.

2. YacTtoTa peumauBiB rpnxi Nicnsg MikpoANCKEKTOMIT
3 KOPNOPOAE30M KENAXEM 3HAUHO HMXKYa (3%), HiX nicns
MikpoauckekToMii (9%).

3. Y rpyni MiKkpoAoWCKEKTOMIii 3 KOpnopoae3oMm
Kenaxem BiA3HAYEHO BMpasHilWe 3HUXEeHHs 60nto
(—82%) Ta 3MeHweHHs ODI (—81%), wo cBigYMTbL Npo
6inbwy edekTMBHICTb cTabinizauiiHOi METOAUKN.

4. 3a wkanamu MakHab i Npono BiAMIHHI Ta
nobpi pesynbTaTu peecTpyBanun vacTiwe B rpyni
MiKpOAMCKEKTOMII 3 Kopriopoae3oM kenaxem (91 i 78%
Ta 91 i 77% BignoBigHO).

5. Kputepin BinkokcoHa niaTBepAnB BUCOKUIN PiBEHDb
BHYTPilWHbOrpynoBoro noninweHHsa (p<0,001), a t-TecT
— BIpOrigHY MDKrpynoBy pi3HULIO.

6. MiKpoANCKEKTOMIilO 3 KOpPNopoAe30M KenaxeMm
MOXHa po3rnsaaTu ANa peTenbHO BiAibpaHMX nauieHTiB
3 03HaKaMu cerMeHTapHoi HecTabinbHOCTI, AK NiaXia, Wo
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NOEAHYE AeKOoMNpecito Ta cTabinizauito Ta y BigganeHun
nepiog xXxapakTepuU3yeTbCH KpawUMWU KAIHIYHUMU
pesynbratamu.

Po3kpuTtTa iHdbopmauii

KoH@nikT iHTEpeciB

ABTOpPW 3asBNSAOTb NPO BIACYTHICTb KOHMAIKTY
iHTepeciB.

IHgopmoBaHa 3roga

Big KOXHOro mauieHTa oTpuMmaHa iHpopmoBaHa
3rojaa.

ETn4Hi Hopmu

Yci npouenypu, BUKOHaHI B AOCHIAXEHHAX 3a
yyacTio nwaen, Bignosigann eTUYHMM CTaHpapTam
iHCTUTYUIAHOrO Ta HaWiOHaNbHOro AOCNAIAHULBKOIO
KOMIiTeTY, a TakoX [enbCiHCbKin aeknapauii 1964 p.
Ta ii misHiwnmM nonpaBkaM abo BiAMOBIAHUM €TUYHUM
CTaHAapTam.

QDiHaHCyBaHHs

JocnigXXeHHs He Mano CNOHCOPCbKOT NiIATPUMKMU.
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Introduction: Vestibular schwannoma (VS) adversely affects patients’
functional status and quality of life (QoL). Disease-specific questionnaires, such
as PANQOL and Mayo VSQOL, provide a more sensitive assessment of disease
progression and treatment outcomes compared with general instruments.
Modern microsurgical techniques aim to preserve facial and cochlear nerve
function, which directly influences postoperative QoL.

Objective: To evaluate the QoL of patients with VS using the Ukrainian
versions of PANQOL and Mayo VSQOL questionnaires and to validate them
according to COSMIN standards.

Materials and methods: The prospective study included 190 patients with
VS, divided into three groups: Group I (n=64) — traditional microsurgery
(2001-2016); Group II (n=57) — modern microsurgical techniques (2017-
2024); Group III (n=69) — observation (“wait-and-scan”). QoL was assessed
using PANQOL, Mayo VSQOL, SF-36, QLQ-C30, and BN20 questionnaires.
Correlation analysis was performed; statistical significance was set at p<0.05.

Results: Mayo VSQOL scores were significantly higher in Group II compared
with Group I in the domains of balance (+33.3%), tinnitus/pain (+36.4%),
emotional well-being (+43.1%), memory (+58.4%), and total score (+32.2%).
Comparison with Group III also confirmed the advantage of surgical treatment,
particularly in emotional well-being and memory (+44.3%). PANQOL
demonstrated the greatest improvement in the “Face” domain (+35.6%),
while changes in other domains were not statistically significant. Significant
correlations were found between PANQOL and Mayo VSQOL results with SF-36,
QLQ-C30, and BN20, confirming their validity. Internal consistency was high
(PANQOL a=0.75-0.93 preoperatively; a=0.81-0.90 postoperatively; Mayo
a=0.763-0.938 preoperatively; a=0.858-0.937 postoperatively). Test-retest
reliability (ICC) ranged from 0.60-0.91 for PANQOL and 0.778-0.953 for Mayo.
Mayo VSQOL demonstrated higher responsiveness to clinical changes (Cohen’s
d=2.11; SRM=1.74) compared with PANQOL (Cohen’s d=0.87; SRM=0.75).

Conclusions: PANQOL and Mayo VSQOL are reliable instruments for assessing
QoL in patients with VS. Mayo VSQOL demonstrated higher sensitivity, while
PANQOL showed stable correlation with general QoL scales. The use of
modern microsurgical techniques substantially improves postoperative QoL
in VS patients.

Keywords: vestibular schwannoma, quality of life; PANQOL, Mayo VSQOL,
treatment outcomes

Background

effectively assess general health but poorly capture

Over the past three decades, the diagnosis and
treatment of sporadic vestibular schwannomas (VS) have
changed significantly. Widespread magnetic resonance
imaging (MRI) availability has increased the detection
of incidental tumors, while radiosurgery and the "wait-
and-scan" strategy have been increasingly used for
small, clinically inactive lesions. These changes shifted
the focus from purely morphological and neurosurgical
endpoints (resection completeness, survival) to broader
concepts of "treatment success," including functional
outcomes and patient-reported QoL [1-6].

In VS clinical studies general questionnaires such
as SF-36, EORTC QLQ-C30 have long been used. They

VS-specific problems such as hearing loss, tinnitus,
balance disorders, anxiety, or social/occupational
impacts [5, 7-10]. Over the last 15 years, there has
been growing interest in validating disease-specific
scales: PANQOL (Penn Acoustic Neuroma QolL) and the
newer Mayo VSQOL Index. These scales correlate better
with clinical symptoms and provide sensitive criteria for
comparing treatment strategies [1-3, 7-11].

PANQOL was developed and validated specifically
for patients with acoustic/vestibular schwannomas. It
has good psychometric properties including internal
consistency, test-retest reliability and demonstrated
correlation with clinical indicators. Translations into
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Italian, Spanish, Hindi, and other languages have
confirmed its stability across cultures, making it suitable
for multicenter and long-term cohort studies [3, 9, 12-16].

Mayo VSQOL is a newer 40-item tool designed for a
comprehensive assessment of VS impact and treatment
on Qol, including employment, treatment satisfaction,
and side effects. Initial validation showed excellent
psychometric properties and the ability to detect
differences between treatment groups. However, further
independent validation and comparative studies with
PANQOL and general instruments are needed [2, 4, 7].

Recent studies comparing PANQOL and Mayo VSQOL,
as well as their correlation with general scales (QLQ-C30/
BN20, SF-36), show that disease-specific instruments
are more sensitive to VS-related symptoms including
hearing, balance, face and emotional state. General
scales correlate with overall QoL but may “smooth out”
differences between treatment strategies. Using both
disease-specific and general tools provides the most
complete assessment of the overall and symptom-specific
impact of VS and its treatment [1, 2, 4, 5, 7-11, 17].

Prospective studies using PANQOL have tracked QoL
dynamics in patients undergoing different strategies
including observation, radiosurgery, microsurgery.
Differences in disease-specific QoL between strategies
are often minimal in the long term, while early
postoperative periods show more pronounced differences
[4, 18-22]. Modern microsurgery with intraoperative
neuromonitoring and nerve-sparing techniques can
achieve favorable long-term functional outcomes and
improve certain QoL domains. However, results must
be interpreted in the context of patient age, tumor
size, preoperative hearing status, comorbidities, and
individual expectations [5, 17, 23].

Ukrainian data show later diagnosis with a
predominance of large tumors (Koos grades III-1V),
affecting treatment choice and functional outcomes
[1]. Ukrainian versions of PANQOL and Mayo VSQOL
questionnaires have undergone cross-cultural adaptation,
pilot testing, with most items demonstrating good
comprehensibility (<1% required clarification) [1].
However, multi-center registries and long-term follow-up
(>5 years) are necessary to evaluate outcomes and
treatment impact on QoL patients with VS in Ukraine
[1, 2, 5, 17].

Despite the use of PANQOL and Mayo VSQOL,
several questions remain open: standardized translation
and cross-cultural adaptation and validation, optimal
combination of specific and general instruments in
routine practice, determination of clinically meaningful
minimal changes for each questionnaire, commonly
agreed and accepted criteria of VS surgical removal
radicality as well as the impact of socioeconomic
and professional factors on subjective quality of life.
Therefore, large-scale prospective studies are needed
to determine which strategies provide better long-
term quality of life in different patient subgroups. In
this context, the cross-cultural adaptation, validation
and comparative use of PANQOL and Mayo VSQOL are
particularly important for developing optimal treatment
strategies and enhancing patient-centered care in
Ukraine and wherever [2, 4, 10, 15, 17].

The cross-cultural adaptation and validation PANQOL
and Mayo VSQOL in Ukraine and comparing them with
QLQ-C30/BN20 and SF-36 is not only a methodological
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need but also clinically relevant: only localized,
sensitive instruments allow treatment strategies to
be adjusted according to patient priorities such as
hearing preservation, facial nerve function, balance,
return to work, etc.) and justify choices between early
microsurgery, observation, or primary radiosurgery
within a specific social-medical context [1, 2, 5, 17,
18, 23]. The present study combines cross-cultural
adaptation and validation with analysis of clinical
outcomes using contemporary microsurgical techniques
and aims to provide evidence to optimize local treatment
protocols and improve QoL for patients with VS in
Ukraine [1].

Materials and methods

Study participants

A total of 373 patients with VS were under
dynamic observation at the Kolomyichenko Institute
of Otolaryngology, National Academy of Medical
Sciences of Ukraine. The present study was conducted
at the Subtentorial Neuro-oncology Department of the
Romodanov Neurosurgery Institute and included patients
treated or followed between 2001 and 2024.

Quality-of-life (QoL) assessment was completed in
190 patients. Patients were evaluated during inpatient
treatment, outpatient follow-up visits, telephone
interviews, as well as postal or electronic surveys.
Postoperative QoL assessment was performed no earlier
than 6 months after surgery.

Inclusion criteria

Patients were eligible for inclusion if they met all of
the following criteria:

- unilateral sporadic vestibular schwannoma;

- preoperative MRI or contrast-enhanced CT
confirming the diagnosis;

- histopathological verification (for surgically treated
patients);

- age = 18 years;

- written informed consent;

- completed PANQOL and/or Mayo VSQOL
questionnaires.

Exclusion criteria

Patients were excluded from the study if they had:

- neurofibromatosis type II;

- absence of imaging or histopathological confirmation
of vestibular schwannoma;

- incomplete questionnaire data;

- Bell’s palsy during follow-up;

- age < 18 years.

Group characteristics

Based on treatment strategy and time period,
patients were divided into three groups:

Group I - 64 patients who underwent microsurgical
removal of VS using conventional microsurgical
techniques between 2001 and 2016;

Group II - 57 patients treated with updated
contemporary microsurgical techniques between 2017
and 2024;

Group III - 69 patients managed using a “wait-and-
scan” observation strategy without surgical intervention.

The mean follow-up duration was 159.44 months
(median 136 months) in Group I and 49.52 months
(median 60 months) in Group II.

The follow-up period in Group III ranged from 6
months to 18 years.
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Response rates were as follows: Group I - PANQOL
(61 patients), Mayo VSQOL (64 patients), BN20/QLQ-C30/
SF-36 (64 patients); Group II - PANQOL (57 patients),
Mayo VSQOL (56 patients), BN20/QLQ-C30/SF-36 (57
patients); Group III - PANQOL and Mayo VSQOL (69
patients), BN20/QLQ-C30/SF-36 (44 patients).

Comparative analysis of the domains “Hearing,”
“Balance,” “Pain,” and “Face” between PANQOL and
Mayo VSQOL was performed across the three groups,
along with analyses of BN20, QLQ-C30, and SF-36 scores
between Groups I-II and II-III. Comparative analysis
between Groups I and III was not performed because
outdated surgical techniques were associated with
different indications for surgery, levels of functional risk,
and standards for outcome assessment.

Study design

This study employed a retrospective comparative
cohort design and was aimed at assessing quality of
life in patients with VS using both disease-specific and
generic QoL instruments.

The study combined cross-cultural adaptation and
validation of the Ukrainian versions of the PANQOL and
Mayo VSQOL questionnaires with a comparative analysis
of QoL outcomes according to the selected treatment
strategy: conventional microsurgery, contemporary
microsurgical techniques, or active surveillance using a
“wait-and-scan” approach.

In addition, patients completed the EORTC
QLQ-C30, EORTC QLQ-BN20, and SF-36 questionnaires.
Comparative analyses were performed between Groups I
and II and between Groups II and III, with evaluation of
specific functional domains (hearing, balance, pain, facial
nerve function) as well as overall composite QoL scores.

Cross-cultural adaptation and validation of
the PANQOL and Mayo VSQOL [1] questionnaires
were conducted in accordance with international
recommendations and COSMIN guidelines [24, 25].
Official permission for the translation and use of the Mayo
VSQOL questionnaire in Ukraine was obtained from the
developers of the original instrument.

Statistical analysis

Statistical analysis was performed using the Deducer
package (Java GUI for R, GNU license) [26]. Continuous
variables were analyzed using descriptive statistics.
Differences were considered statistically significant at
p < 0.05.

Internal consistency of questionnaire domains was
assessed using Cronbach’s a. Test-retest reliability was
evaluated using the intraclass correlation coefficient
(ICC) based on paired observations with an interval
of 2-14 days. Responsiveness to clinically meaningful
changes was assessed using Effect Size (Cohen’s d) and
Standardized Response Mean (SRM).

Postoperative hearing outcomes were classified
according to the Gardner-Robertson hearing scale [27].
Facial nerve function was evaluated using the House-
Brackmann grading system. Correlation and regression
analyses were applied to assess the relationships
between disease-specific and general QoL instruments.

Results

Adaptation and validation of questionnaires

A standardized multi-step cross-cultural adaptation
and validation of the PANQOL and Mayo VSQOL
questionnaires was conducted in accordance with
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international guidelines [24, 25, 28]. Three neurosurgeons
independently translated the scale into Ukrainian. A
professional Ukrainian philologist from Taras Shevchenko
National University of Kyiv compiled three texts into one.
The back translation was performed by two native English
speakers residing in Canada and the United Kingdom.
The reconciled version was subsequently reviewed
by a linguist and a methodology expert from Taras
Shevchenko National University of Kyiv. Pilot testing in 30
patients confirmed high comprehensibility, with less than
1% of items requiring clarification. The back-translated
version demonstrated 96% semantic equivalence with
the originals, meeting the recommended validation
criteria [28]. The final Ukrainian version of the Mayo
VSQOL questionnaire was approved by the original
developers, Carlson ML and Lohse CM, and accepted as
the official localized version [1].

To assess QoL in Ukrainian patients with VS and
validate the PANQOL and Mayo VSQOL scales, a study
was conducted using PANQOL, Mayo VSQOL Index, BN20,
QLQ-C30, and SF-36 questionnaires (Tables 1-7). The
observation period spanned 2001-2024 and included
patients treated at the Subtentorial Neuro-oncology
Department, as well as outpatients followed in the Ear
Microsurgery and Oto-neurosurgery Department of
the Kolomyichenko Institute of Otolaryngology after
diagnosis verification. Patients with tumor progression
(increase in VS size to T3 according to Hannover
classification or higher on follow-up imaging) were
referred for surgical treatment at the Neurosurgery
Institute.

A total of 1,183 statistical cards and 829 medical
records from the Institutes archive was reviewed. For
the survey, 244 patients were possible to reach, and
fully completed questionnaires were received from 190
individuals. Comparative analysis of QoL measures using
validated scales (PANQOL, Mayo VSQOL, BN20, QLQ-C30,
SF-36) revealed significant differences between the three
study groups (see Tables 1-7).

A total of 373 patients were under dynamic
observation at the Kolomyichenko Otolaryngology
Institute of the National Academy of Medical Sciences of
Ukraine, of whom 110 (29.5%) subsequently underwent
surgical removal of VS due to symptom progression or
a progressive disease course, and 24 (6.4%) received
radiotherapy (RT). QoL data were obtained for 10 patients
who remained under “wait-and-scan” management.
Patients who underwent surgery following “wait-and-
scan,” either in our department or at the Kolomyichenko
Institute, were evaluated according to the department
where the surgery was performed.

Comparative analysis of Groups I and II

According to the PANQOL scale, patients in Group
IT showed improvement across all domains compared
to Group I, except for the “Anxiety” domain. The most
pronounced positive changes were observed in the
following domains: Pain, which increased from 42.2 to
50.4 (+19.5%, mean comparison criterion 0.905); Facial
function, from 45.1 to 61.1 (+35.6%, 1.968); Overall
health, from 45.7 to 52.9 (+15.7%, 1.222); and the Total
score, from 48.4 to 53.8 (+11.1%, 0.964). In contrast,
the “"Anxiety” domain showed a minimal decrease (-1%).
Statistically significant improvements (p<0.05) were
noted specifically in the domains of Pain, Facial function,
Overall health, and the Total score (see Table 2).
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Table 1. Correlation between Groups I, II, and III according to the PANQOL and Mayo VSQOL scales with the
BN20 and QLQ-C30 scales, as well as correlation between QLQ-C30 and BN20

Correlation of Group I on the PANQOL and Mayo scales with the BN20 and QLQ-C30 scales, and correlation
between QLQ-C30 and BN20

Parameter Parameter Correlation coefficient
1 PANQOL total score QLQ C30 0,635
2 PANQOL total score BN20 0,635
3 Mayo total score QLQ C30 -0,126
4 Mayo total score BN20 -0,133
5 QLQ C30 BN20 0,816
Correlation of Group II scores on the PANQOL and Mayo scales with the BN20 and QLQ-C30 scales
1 PANQOL total score QLQ C30 0,596
2 PANQOL total score BN20 0,629
3 Mayo total score QLQ C30 0,586
4 Mayo total score BN20 0,501

Correlation of Group III scores on the PANQOL and Mayo scales with the BN20 and QLQ-C30 scales

1 PANQOL total score QLQ C30 0,663
2 PANQOL total score BN20 0,743
3 Mayo total score QLQ C30 0,155
4 Mayo total score BN20 0,093
Table 2. Comparison of Groups I and II based on the PANQOL scale
. Mean Mean Increase of Mean - - .
N2 Parameter %::f';igc?;‘:: Value Value Group II over Comparison Di:.:'zc:;zn CI’; ‘S’Isqut
Group I Group II I, % of Mean Criterion P
1 Hearing 0,118 46 49,7 8% 0,582 +
2 Balance 0,089 48,4 50,3 4% 0,259 +
3 Anxiety 0,145 63,2 62,6 -1% -0,085 -
4 Energy 0,161 48,4 49,6 2,3% 0,165 +
5 Pain 0,197 42,2 50,4 19,5% 0,905 +
6 Face 0,292 45,1 61,1 35,6% 1,968 +
7 Overall Health 0,146 45,7 52,9 15,7% 1,222 +
8 Total Score 0,174 48,4 53,8 11,1% 0,964 +
Table 3. Comparison of Groups I and II based on the Mayo VSQOL
Direction
- Mean Mean Increase of Mean N
N2 Parameter Iz:lc:’:fll_‘lgceig:l:: Value Value Group II over I, |Comparison i:strr:;:t
Group I |Group II % of Mean Criterion II vs IP
Domain I (Hearing
1 problems) 0,19 49 57,1 16,5% 1,09 +
Domain II (Dizziness and
2 balance disorders) 0,35 46,7 62,3 33,3% 1,872 +
Domain III (Pain,
3 discomfort, and ear noise) 0,397 46,7 65,8 36,4% 2,191 +
Domain IV (Face or eye
4 problems) 0,128 50,3 55 9,4% 0,668 +
Domain V (Impact on
5 physical, emotional, and 0,35 47,8 68,4 43,1% 2,532 +
social well-being)
Domain VI (Cognitive and
6 memory difficulties) 0,432 43,3 68,5 58,4% 2,858 +
Domain VII (Satisfaction
7 or regret) 0,19 47,9 49 2,2% 0,126 +
8 Domains I-VI (average) 0,652 47,3 62,5 32,2% 2,243 +
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Table 4. Comparison of Group I and II according to the QLQ-C30, BN20 and SF-36

117

. Increase of Mean . . .
Divergence |Mean Value |Mean Value - Direction of Shift
Ne Parameter Coefficient Group I Group II Grgz[:’:id(;vaenr L C%'::{’::i'::" in Group ITvs I
1 QLQ C30 0,19 65,5 72 9,9% 1,252 +
2 BN20 0,208 67 72,5 8,1% 1,027 +
Overall
Physical
3 Health 0,353 31 34,2 10,3% 0,958 +
Score
(SF-36)
Overall
Mental
4 Health 0,261 47,6 49,7 4,4% 0,435 +
Score
(SF-36)
SF-36
5 Total score 0,359 39,3 41,9 6,7% 0,706 +
Table 5. Distribution comparison characteristics of Group II and III based on the PANQOL scale
Direction
. Mean Increase of Group Mean ea
Ne Parameter %2’:#?;2:: Value Mg?:uVallll.le II over III, % of Comparison onrir::ftIIIn
Group III P Mean Criterion vs I';I
1 Hearing 0,224 42,3 49,7 17,4 1,19 +
2 Balance 0,186 48,9 50,3 2,9 0,182 +
3 Anxiety 0,17 56,3 62,6 11,1 0,883 +
4 Energy 0,141 46,9 49,6 5,8 0,388 +
5 Pain 0,114 43,1 50,4 17 0,855 +
6 Face 0,143 66,8 61,1 -8,5 -0,733 -
7 Overall Health 0,158 52,3 52,9 0,6 0,051 +
8 Total Score 0,824 51 53,8 5,6 0,511 +

Table 6. Distribution comparison characteristics of Group II and III based on the MAYO VSQOL scale

Divergence Mean Mean Increase of Mear_l D!ret_:tion of
N2 Parameter Coefficient Value Value Group II over Comparison |Shift in Group
Group III (Group II |III, % of Mean Criterion II vs III

Domain I (Hearing

1 problems) 0,203 48,2 57,1 18,6 1,06 +
Domain II (Dizziness

2 and balance disorders) 0,276 47,3 62,3 31,5 1,699 +
Domain III (Pain,

3 discomfort, and ear 0,231 46,8 63,8 36,2 2,174 +
noise)
Domain IV (Face or

4 eye problems) 0,175 47,7 55 15,3 0,95 +
Domain V (Impact on

5 physical, emotional, 0,328 46 68,4 48,7 2,743 +
and social well-being)
Domain VI (Cognitive

6 and memory 0,32 46,5 68,5 47,5 2,453 +
difficulties)
Domain VII

7 (Satisfaction or regret) 0,157 43,6 49 12,5 0,608 +
Domains I-VI

8 (average) 0,317 47,2 62,5 32,5 2,142 +
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Table 7. Comparison of Group II and III according to the QLQ-C30, BN20 and SF-36

. Increase of Group Mean Direction of
N? Parameter I(J:wer_gqnce Mean Value | Mean Value II over III, % of | Comparison |Shiftin Group
oefficient Group III Group II Mean Criterion II vs IIT
1 QLQ C30 0,187 67,5 72 6,7 0,901 +
2 BN20 0,126 67,5 72,5 7,4 0,916 +
Overall
Physical
3 Health Score 0,263 30,8 34,2 10,9 1,123 +
(SF-36)
Overall Mental
4 Health Score 0,172 43,8 49,7 13,4 1,495 +
(SF-36)
SF-36 Total
5 score 0,19 37,3 41,9 12,3 1,517 +

Assessment using the Mayo VSQOL scale also
demonstrated systematic improvement in Group II
compared to Group I across all domains. The most
notable and statistically significant changes were
observed in: Domain I (“Hearing problems”), from 49
to 57.1 (+16.5%, mean comparison criterion 1.09);
Domain II (“Dizziness and balance disturbances”),
from 46.7 to 62.3 (+33.3%, -1.872); Domain III (“Pain,
discomfort, and tinnitus”), from 46.7 to 65.8 (+36.4%,
2.191); Domain V (*Impact on physical, emotional, and
social well-being”), from 47.8 to 68.4 (+43.1%, 2.532);
Domain VI (“Cognitive difficulties and memory”), from
43.3 to 68.5 (+58.4%, 2.858). Additionally, the mean
total score on the Mayo scale significantly increased from
47.3 to 62.5 (+32.2%, 2.243). For these measures, the
null hypothesis of equal population means was rejected
with p=0.001, confirming the high statistical significance
of the results (see Table 3).

Comparison of BN20, QLQ-C30, and SF-36
scores showed a consistent shift in Group II toward
improvement of QoL relative to Group I. The most
pronounced differences were observed for BN20 (from
67 to 72.5, +8.1%, mean comparison criterion 1.027)
and QLQ-C30 (from 65.5 to 72, +9.9%, 1.252), with
statistically significant results (p<0.05). Regarding
SF-36, improvement in overall physical health in Group II
nearly reached statistical significance (mean comparison
criterion = 0.958, p=0.06), indicating a trend toward a
positive effect of the enhanced microsurgical techniques
on patients’ QoL (see Table 4).

Comparative analysis of Groups II and III

QoL assessment in patients with VS using PANQOL,
Mayo VSQOL, BN20, QLQ-C30, and SF-36 instruments
demonstrated statistically significant improvement in
Group II (operated on from 2017) compared to the
observation group (Group III).

According to the PANQOL scale (see Table 5), Group
IT showed improvement in most domains compared to
the observation group. The mean score for the Hearing
domain increased from 42.3 to 49.7 (+17.4%), which was
statistically significant (mean comparison criterion =
1.19, positive shift). Improvements were also observed
in the Balance domain from 48.9 to 50.3 (+2.9%, 0.182),
Anxiety from 56.3 to 62.6 (+11.1%, 0.883), Energy

http://theunj.org

from 46.9 to 49.6 (+5.8%, 0.388), Pain from 43.1 to
50.4 (+17%, 0.855), and Overall health from 52.3 to
52.9 (+0.6%, 0.051). The only domain showing a slight
decrease was Facial function (from 66.8 to 61.1, -8.5%,
-0.733), reflecting the prolonged recovery of facial nerve
function, which typically requires more than six months
postoperatively. The total PANQOL score increased from
51.0 to 53.8 (+5.6%, 0.511).

Mayo VSQOL analysis (Table 6) also revealed
statistically significant improvement in Group II.
All domains showed increased mean scores, with
significant improvement in six domains: Domain I
(Hearing problems) - from 48.2 to 57.1 (+18.6%, mean
comparison criterion -1.06); Domain II (Dizziness and
balance disturbances) - from 47.3 to 62.3 (+31.5%,
1.699); Domain III (Pain, discomfort, and tinnitus) - from
46.8 to 63.8 (+36.2%, 2.174); Domain V (Impact on
physical, emotional, and social well-being) - from 46.0 to
68.4 (+48.7%, 2.743); Domain VI (Cognitive difficulties
and memory) - from 46.5 to 68.5 (+47.5%, 2.453); Total
Mayo VSQOL score - from 47.2 to 62.5 (+32.5%, 2.142);
Domains 1V (Facial or eye problems) and VII (Satisfaction
or regret) also showed positive trends; however, these
changes did not reach statistical significance.

Regarding QLQ-C30, BN20, and SF-36, Group II
demonstrated improvement compared to Group III
(Table 7). Mean QLQ-C30 scores increased from 67.5
to 72 (+6.7%, mean comparison criterion =0.901), and
BN20 scores increased from 67.5 to 72.5 (+7.4%, 0.916).
Overall physical health on SF-36 increased from 30.8 to
34.2 (+10.9%, 1.123), mental health from 43.8 to 49.7
(+13.4%, 1.495), and the total SF-36 score from 37.3 to
41.9 (+12.3%, 1.517).

Clinical status evaluation between groups:
facial and cochlear nerve function

Facial nerve function was assessed using the House-
Brackmann (HB) scale in the early postoperative period,
with distribution as follows: Group 1: HB I was observed
in 24 patients (5%), II - 30 (6.3%), III - 67 (14.1%),
IV - 102 (21.6%), V - 149 (31.5%), VI - 102 (21.5%);
Group 2: HB I was recorded in 132 patients (37.2%), 1L
- 77 (21.7%), 111 - 95 (26.8%), IV - 37 (10.4%), V - 11
(3.1%), VI - 3 (0.8%) (p<0.001, x2 test).
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Intraoperative identification and preservation of
the cochlear nerve were not performed in Group 1. In
Group 2, such attempts were made in patients with
functional hearing preoperatively. Among 93 identified
patients, anatomical preservation of the cochlear nerve
was achieved in 49 (52.7%). Postoperative hearing
outcomes in these patients were classified according to
the Gardner-Robertson (GR) scale as follows: GR-I in 21
patients (42.9%), GR-II - 12 (24.5%), GR-III - 16 (32.6%).

Correlation analysis

Correlation analysis showed a moderate to high
positive relationship between total PANQOL and Mayo
VSQOL scores and QLQ-C30 and BN20 scores in Group
II: PANQOL and QLQ-C30 - r = 0.596, PANQOL and
BN20 - r = 0.629, Mayo and QLQ-C30 - r = 0.586, Mayo
and BN20 - r = 0.501, confirming consistency of QoL
assessment across different scales (see Table 1).

Correlation analysis and multiple correlation
coefficient assessment were used to compare the
consistency of PANQOL and Mayo VSQOL questionnaires
with the validated SF-36 scale across the three groups
of patients with VS.

Group I: Correlation between PANQOL and physical
health - r = 0.651; mental health - r = 0.532; SF-36 total
score — r = 0.611. Mayo VSQOL: physical health - r =
0.188; mental health - r = 0.129; SF-36 total score - r
= 0.163. Multiple regression: PANQOL (physical health
B = 0.623; mental health B = 0.035), Mayo (physical
health B = 0.189).

Group II: Correlation between PANQOL and physical
health - r = 0.495; mental health - r = 0.397; SF-36 total
score - r = 0.503. Mayo VSQOL: physical health - r =
0.477; mental health - r = 0.451; SF-36 total score - r
= 0.532. Multiple regression: PANQOL (physical health
B = 0.527), Mayo (physical health B = 0.539).

Group III: Correlation between PANQOL and physical
health - r = 0.716; mental health - r = 0.613; SF-36 total
score - r = 0.748. Mayo VSQOL: physical health - r =
0.208; mental health - r = -0.182; SF-36 total score - r
= -0.007. Multiple regression: PANQOL (physical health
B = 0.753), Mayo (physical health B = 0.414).

Overall, PANQOL consistently demonstrated
moderate to high concordance with SF-36 across all three
groups, confirming its ability to reflect both physical and
psycho-emotional status of patients. In contrast, Mayo
VSQOL showed weak or minimal correlation with SF-36,
particularly in Group III, indicating limited sensitivity
of this scale for evaluating overall physical and mental
health. Multiple regression confirmed that the main
predictor of total PANQOL score is physical health,
while the contribution of mental health is minimal. For
Mayo, the contribution of physical health in regression
was significantly lower, consistent with the observed
correlation coefficients.

Comparison of corresponding domains between
PANQOL and Mayo VSQOL

Analysis of correlations between corresponding
domains of the PANQOL and Mayo VSQOL questionnaires
in Group II patients revealed only weak positive
correlations: Hearing - r = 0.395, Balance - r = 0.405,
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Pain - r = 0.440, Face - r = 0.470. In Group III, the
strength of correlations was even lower: Hearing - r =
0.262, Balance - r = 0.117, Pain - r = 0.181, Face - r =
0.080. These results indicate that direct comparison of
individual domains between the two questionnaires has
limited clinical significance, as the content and structure
of the respective questions partially differ. It is more
appropriate to use each questionnaire as an independent
tool for assessing the QoL or to compare their total
scores, which demonstrates better concordance between
the scales.

Test-retest reliability, internal consistency,
and responsiveness

The internal consistency of the Ukrainian versions
of PANQOL and Mayo VSQOL questionnaires was
evaluated using Cronbach’s a for each domain in pre-
and postoperative samples. The ICC was interpreted
according to commonly accepted categories: Cronbach’s
a < 0.50 - poor/unacceptable reliability; 0.50-0.59 -
weak; 0.60-0.69 - moderate/acceptable; 0.70-0.79
- acceptable/satisfactory; 0.80-0.89 - high; > 0.90 -
excellent [29].

The preoperative sample for PANQOL included 154
patients. Cronbach’s a values ranged from 0.75 to 0.93
across domains I, II, III, V, and VI, indicating acceptable
to excellent internal consistency. Domain IV consisted of
a single item and was not analyzed. Domain VII showed
low consistency (a = 0.38), typical for two-item scales.
The overall Cronbach’s a for PANQOL in the preoperative
sample was 0.91, confirming high internal consistency for
the entire scale. Postoperatively (199 patients), domain-
specific a values remained stable (0.75-0.90 for domains
I, II, I11, V, and VI), while domain VII improved slightly (a
= 0.48) but remained below the acceptable threshold due
to the limited number of items. The overall Cronbach’s
a after surgery was 0.92, demonstrating stability and
reliability of the scale postoperatively (Table 8).

The preoperative sample for Mayo VSQOL included
105 patients, with a values ranging from 0.763 to 0.938,
indicating high internal consistency. In the postoperative
sample (177 patients), the overall Cronbach’s a for
all 40 items was 0.953, reflecting excellent internal
consistency. Domain-specific a values ranged from 0.858
to 0.937, demonstrating high to very high reliability of
the measured constructs after surgery (Table 9).

Test-retest reliability of the Ukrainian versions of
PANQOL and Mayo VSQOL was evaluated to determine
the temporal stability of the scales. All domains of
PANQOL and Mayo VSQOL are presented as interval
scales; therefore, reliability was assessed using the ICC,
in accordance with COSMIN recommendations [24,26].
ICC interpretation followed widely accepted categories:
<0.50 - poor; 0.50-0.75 - moderate; 0.75-0.90 - good;
>0.90 - excellent reliability. The test-retest interval
ranged from 2 to 14 days, in line with guidelines.

For PANQOL analysis, 33 paired observations were
included. ICC values across domains ranged from 0.60
to 0.91. The highest stability was observed in Domain
VI (ICC = 0.91), indicating excellent reliability. Domains
II, III, IV, and V demonstrated good to high reliability
(ICC = 0.72-0.84). Domains I and VII showed moderate
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reliability (ICC = 0.60-0.65), corresponding to an
acceptable level according to COSMIN [25, 26]. Overall,
all PANQOL domains had ICC > 0.60, indicating sufficient
and clinically acceptable stability of the questionnaire
during repeated administration (Table 10).

For the Mayo VSQOL test-retest analysis, 31 patients
were included. ICC values for all domains ranged from
0.778 to 0.953, corresponding to good or excellent
reliability according to conventional criteria. The highest
stability was observed in Domains II (ICC = 0.942) and
ITI (ICC = 0.953), indicating exceptional reproducibility
during repeated completion. Pearson’s correlation
coefficients were also high (r = 0.872-0.975), further
confirming the reliability of results (Table 11).

The responsiveness of the Ukrainian versions of the
PANQOL and Mayo VSQOL questionnaires was evaluated
to determine their ability to detect clinically meaningful
postoperative changes. Responsiveness was assessed
using two commonly accepted indicators — Effect Size
(Cohen’s d) and Standardized Response Mean (SRM),
calculated based on paired pre- and postoperative
observations. The interpretation followed established
thresholds: <0.20 — negligible; 0.20-0.49 — small;
0.50-0.79 — moderate; >0.80 — large effect.

A total of 30 paired PANQOL patient observations
in Group II were analyzed. All PANQOL domains
demonstrated improvement after surgery. Cohen’s
d ranged from 0.52 to 1.09, indicating moderate to
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large responsiveness. The highest responsiveness was
observed in Domain VI (Energy/Vitality) with Cohen’s
d = 1.09 and SRM = 0.81, reflecting a substantial
improvement in overall well-being and functional
vitality. The total PANQOL score also showed a large
effect (Cohen’s d = 0.87; SRM = 0.75), confirming the
high sensitivity of the scale in detecting overall changes
in quality of life after treatment. Domains I, II, III,
V and VII demonstrated moderate responsiveness,
whereas Domain IV (Headache) showed the lowest
yet still clinically meaningful effect (Cohen’s d = 0.52),
corresponding to a small-moderate effect (Table 12).

For the Mayo VSQOL, 31 paired observations in
Group II were included. All domains demonstrated
clinically meaningful changes, with Cohen’s d values
ranging from 0.31 to 2.11. The greatest responsiveness
was observed in Domain V, where Cohen’sd = 2.11 and
SRM = 1.74, indicating an exceptionally large effect.
High responsiveness was also demonstrated in domains
VI (Cohen’sd = 1.33; SRM = 1.36) and VII (Cohen’sd =
1.12; SRM = 0.94), reflecting substantial improvements
in social functioning, emotional status, and treatment
satisfaction. The total Mayo VSQOL score demonstrated
alarge effect (Cohen’sd = 1.17; SRM = 1.11), confirming
high overall responsiveness of the scale. Domains I-IV
showed small to moderate effects (Cohen’s d = 0.31-
0.63), which is typical for physical or functional aspects
of QoL (Table 13).

Table 8. Internal consistency (Cronbach’s a) of the PANQOL domains before and after surgery

Domain Preopgrative Postopuerative Interpretation

1. Hearing 0.75 0.75 Acceptable internal consistency at both time
points
II. Balance 0.93 0.90 Excellent and consistently high reliability
III. Face 0.79 0.81 Good consistency, no deterioration
IV. Headache — — a not computed (single item domain)
V. Anxiety / Stress 0.81 0.83 Good reliability both pre- and postoperatively
VI. Energy / Vitality 0.87 0.87 Very good and stable reliability
: i Low (expected for a 2-item domain), slight

VII. Isolation / Cognition 0.38 0.48 improvement postoperatively

Table 9. Internal consistency (Cronbach’s a) of the MAYO VSQOL domains before and after surgery

Domain Preoperative a Postoperative a Interpretation
I 0.867 0.858 Very good
II 0.931 0.905 Excellent
III 0.873 0.875 Very good
v 0.763 0.864 Acceptable / good
\ 0.938 0.937 Excellent
VI 0.925 0.913 Excellent
VII 0.886 0.894 Very good
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Table 10. Test-retest reliability of PANQOL domains (n = 33 paired observations)

PANQOL Domain ICC Interpretation

I 0.65 Moderate

II 0.84 High

III 0.75 Good

v 0.82 High

Y 0.72 Good

VI 0.91 Excellent

VIIL 0.60 Moderate

Table 11. Test-retest reliability of Mayo VSQOL domains (n = 31 paired observations)
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Domain Pearson r ICC Interpretation
I 0.896 0.889 Good
I 0.961 0.942 Excellent
III 0.975 0.953 Excellent
v 0.884 0.858 Good
Vv 0.872 0.778 Good
VI 0.944 0.860 Good
VII 0.930 0.893 Good

Table 12. Responsiveness of PANQOL domains (n = 30 paired observations)

Domain A (post-pre) | Cohen’sd SRM Interpretation
I. Hearing +16.00 0.60 0.55 Moderate effect
II. Balance +17.17 0.65 0.47 Moderate (d), small-moderate (SRM)
III. Face +14.67 0.54 0.53 Moderate effect
IV. Headache +15.00 0.52 0.49 Small-moderate effect
V. Anxiety/Stress +16.25 0.76 0.59 Moderate-large effect
VI. Energy/Vitality +24.50 1.09 0.81 Large effect
VII. Isolation/Cognition +12.50 0.58 0.53 Moderate effect
Total PANQOL +16.58 0.87 0.75 Large effect

Table 13. Responsiveness of Mayo VSQOL domains (n = 31 paired observations)

Domain A (post-pre) Cohen’s d SRM Interpretation
I +10.17 0.41 0.40 Small-moderate effect
I +16.82 0.63 0.58 Moderate effect
III +11.33 0.45 0.37 Small-moderate effect
v +7.00 0.31 0.37 Small effect
V +29.36 2.11 1.74 Very large effect
VI +22.58 1.33 1.36 Large effect
VII +18.81 1.12 0.94 Large effect
Total Mayo +16.58 1.17 1.11 Large effect
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Both scales demonstrated adequate ability to detect
clinically important postoperative changes; however,
their sensitivity profiles differed: PANQOL provided
more uniform responsiveness across domains and was
particularly sensitive to changes in energy/vitality and
overall quality of life. In contrast, Mayo VSQOL showed
markedly higher responsiveness in social and emotional
domains and in the total score, with Cohen’s d exceeding
1.0 in three domains.

Discriminant Validity

The discriminant validity of the Ukrainian versions of
PANQOL and Mayo VSQOL was assessed based on their
ability to differentiate patients with objectively different
clinical outcomes. Patients were stratified according
to the extent of tumor resection, facial nerve (FN)
function assessed by HB scale in the early postoperative
period, and cochlear nerve preservation and hearing
outcomes. In Group 1 (traditional microsurgery,
2001-2016), FN function was distributed as follows: HB
I -24 (5%), II - 30 (6.3%), III - 67 (14.1%), IV - 102
(21.6%), V - 149 (31.5%), VI - 102 (21.5%). In Group
2 (modern microsurgical techniques, 2017-2024),
significantly better outcomes were observed: HB I -
132 (37.2%), 11 - 77 (21.7%), 111 - 95 (26.8%), IV - 37
(10.4%), V - 11 (3.1%), VI - 3 (0.8%) (p < 0.001).
Cochlear nerve preservation and postoperative hearing
further demonstrated the discriminant ability of the
questionnaires. In Group 2, among 93 patients with
functional preoperative hearing, the cochlear nerve was
anatomically preserved in 49 (52.7%), with postoperative
hearing graded as GR-I in 42.9%, GR-II in 24.5%, and
GR-III in 32.6%. Cochlear nerve preservation was not
performed in Group 1.

Both PANQOL and Mayo VSQOL effectively reflected
these clinical differences, confirming the questionnaires’
ability to discriminate clinically distinct subgroups and
demonstrating adequate discriminant validity.

Discussion

We performed cross-cultural adaptation and
validation of the PANQOL and Mayo VSQOL questionnaires
for Ukrainian-speaking patients. To the best of our
knowledge, for the first time, apart from the authors
of Mayo VSQOL, a comparative analysis of these
questionnaires and cross-cultural adaptation and
validation of the Mayo VSQOL scale was conducted
outside the USA.

The study results confirmed that the Ukrainian
versions of PANQOL and Mayo VSQOL demonstrate high
internal consistency, adequate test-retest reliability,
and sensitivity to clinically meaningful postoperative
changes. Internal consistency of PANQOL was high
across most domains, whereas Domain VII (Isolation/
Cognition) showed lower a values due to the limited
number of items, which is typical for short domains.
Similarly, Mayo VSQOL exhibited high a values in all
domains postoperatively, reflecting the reliability of the
measured constructs.

Test-retest analysis indicated that both questionnaires
were stable upon repeated administration, with ICCs
>0.75 in most domains and exceeding 0.90 in some,
corresponding to high to excellent reliability.
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Responsiveness analysis demonstrated that
PANQOL provides a more uniform detection of clinically
meaningful changes, particularly in domains related to
energy and overall well-being, while Mayo VSQOL showed
exceptionally high responsiveness in social-emotional
domains and in the total score. For more precise
assessment of responsiveness, a larger sample size
than 30 patients and a longer postoperative follow-up
period may be required. These findings support the
practical utility of both scale for evaluating quality of
life in patients after microsurgical removal of vestibular
schwannoma and highlight different sensitivity profiles,
which may inform the choice of tool depending on
research or clinical objectives.

In this study, we assessed and compared patients
with vestibular schwannomas who underwent surgical
treatment or were managed using the “wait-and-scan”
strategy. However, for a comprehensive evaluation of the
quality of life of all VS patients, it would be also necessary
to include groups treated with radiation or combined
(surgical and radiation) modalities. Unfortunately, this
was not possible due to the lack of feedback from these
patient categories, as well as whole amount included
into research (244 from 829) largely as a result of the
people migration during war in Ukraine.

Our study demonstrated that the PANQOL and
Mayo VSQOL questionnaires provide complementary
information on the quality of life of patients with VS.

PANQOL showed a stable moderate-to-high
correlation with total SF-36, QLQ-C30, and BN20
scores across all three groups, confirming its reliability
for comprehensive assessment in both physical and
mental health. For example: In Group I, the correlation
coefficients were r = 0.635 with QLQ-C30 and r =
0.635 with BN20; In Group II, r = 0.596 with QLQ-C30
and r = 0.629 with BN20; In Group III, r = 0.663 with
QLQ-C30 and r = 0.743 with BN20. These data indicate
that PANQOL provides consistent and reliable quality-
of-life assessment across different patient groups.
Mayo VSQOL, on the other hand, showed a moderate
correlation with SF-36, QLQ-C30, and BN20 only in
Group II (r = 0.586 with QLQ-C30 and r = 0.501 with
BN20) but demonstrated higher sensitivity to intergroup
differences, particularly when comparing Group I vs. II
and Group II vs. III. This suggests that Mayo VSQOL
more effectively reflects clinical differences between
patients undergoing different treatment modalities, even
if its correlation with total SF-36 scores is lower.

Therefore, PANQOL can be used for comprehensive
assessment of physical and mental health, whereas
Mayo VSQOL is more suitable for sensitive detection of
clinical differences between treatment groups. Direct
comparisons of corresponding domains showed only
weak correlations, indicating that each questionnaire
should be used as an independent tool or that only
total scores should be compared. Although further
investigation is advisable to spend on more material for
precise comparison.

Comparative analysis of Groups II and III
demonstrated a statistically significant improvement
after surgery in several domains. The "Anxiety” domain
showed a mild decrease only when comparing Groups
I and II, while between Groups II and III it remained
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relatively stable, though without statistical significance.
In our opinion, this trend may be influenced by the
timing of the study in Ukraine during the wartime period
(2022-2024).

When comparing Groups II and III, not all patients
completed the items within the “Satisfaction or Regret”
domain, as some questions were applicable only to
individuals who had undergone active treatment
(surgery or radiation). Additionally, some patients
did not fully understand that the “wait-and-scan”
strategy constitutes an independent management
approach. Therefore, including this domain for patients
managed with the “wait-and-scan” strategy may
be methodologically inappropriate unless
accompanied by additional clarification regarding this
treatment modality.

For comprehensive validation, PANQOL and Mayo
VSQOL should be compared to other scales; however,
the total number of items in all of these questionnaires
including BN20, QLQ-C30, and SF-36 reaches 152.
Continuous completion of all instruments takes 20-60
minutes, requiring many patients to take breaks. Fatigue
and cognitive load may affect the accuracy of responses
and overall perception of questions. Practical experience
showed that PANQOL can be self-administered by
patients, whereas Mayo VSQOL requires explanations,
comfortable conditions, and greater attention to each
question. Despite or due to the greater complexity
and duration, Mayo VSQOL demonstrates increased
sensitivity to intergroup differences compared with
other assessment tools, making it effective for detailed
evaluation of treatment impact on QoL.

The use of the Mayo VSQOL, developed by Carlson et
al. (2022) [2], demonstrates a contemporary approach
to assessing disease-specific quality of life in patients
with VS, taking into account hearing, balance, cognitive
impairments, anxiety, and psychosocial adaptation.
The authors emphasized high internal consistency
(Cronbach’s a > 0.80 for most domains), adequate
test-retest reliability, and confirmed construct validity of
the instrument [2]. In our study, the adapted Ukrainian
version demonstrated similar psychometric properties,
confirming its effectiveness and validity for use in clinical
practice and research in Ukraine. To further enhance the
reliability and generalizability of the results, analysis on a
larger patient cohort is warranted, considering potential
cultural and socio-economic factors that may influence
patients’ perception of QoL.

Conclusion

1. PANQOL demonstrates a stable moderate-to-
high correlation with total SF-36, QLQ-C30, and BN20
scores across all three groups of vestibular schwannoma
patients treated by: Group I - traditional microsurgery
(2001-2016); Group II - contemporary modern
microsurgical techniques (2017-2024); and Group III -
observation (“wait and scan”), confirming its adequacy
for comprehensive assessment of physical and mental
health.

2. Mayo VSQOL shows a moderate correlation
with SF-36, QLQ-C30, and BN20 only in Group II,
but demonstrates higher sensitivity to intergroup
differences, making it effective for detecting clinical
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differences between patients undergoing different
treatment modalities.

3. Direct comparison of corresponding domains
between PANQOL and Mayo VSQOL is of limited clinical
value; it is more appropriate to compare total scores or
treat the questionnaires as independent instruments.

4. PANQOL is convenient for self-administration by
patients, whereas Mayo VSQOL requires explanations
and a comfortable setting but shows higher sensitivity
to differences between treatment groups.

5. Updated microsurgical techniques (2017-2024)
provide a statistically significant improvement in quality
of life for patients with VS compared with traditional
methods and “wait and scan”/observation.

6. The Ukrainian versions of PANQOL and Mayo
VSQOL demonstrated high reliability, stability, and
sensitivity to clinically meaningful postoperative
changes. PANQOL showed more uniform responsiveness
across domains, particularly for energy and overall well-
being, while Mayo VSQOL was especially sensitive in
social-emotional domains and the total score.

7. The Ukrainian versions of PANQOL and Mayo
VSQOL demonstrated adequate discriminant validity,
effectively distinguishing patients with different facial
nerve outcomes, extent of tumor resection, and cochlear
nerve preservation. Higher quality-of-life scores were
reported in patients with better clinical outcomes,
confirming the scale sensitivity to meaningful clinical
differences.

8. The cross-cultural adaptation and validation
of the PANQOL and Mayo VSQOL questionnaires were
successfully completed. However, further statistical
analysis on a larger patient cohort is required to confirm
their reliability and generalizability.
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BecTnbynsipHa weaHHoMa (BLU) HeraTMBHO BNAMBAE Ha hyHKLiIOHANbHUI CTaH
i AKiCTb XNTTA NauieHTiB. CneundiyHi onutyBanbHnku PANQOL (Penn Acoustic
Neuroma Quality of Life Scale) Ta Mayo VSQOL (Mayo Vestibular Schwannoma
Quality of Life Scale) 3ab6e3neuytoTb TOYHILY OLiHKY Nepebiry 3axBoptoBaHHSA
1 pe3ynbTaTiB NiKyBaHHA MOPIBHAHO i3 3aranbHUMKN iHCTpyMeHTaMun. Cy4yacHi
MiKPOXipyprivyHi TEXHIKM CnpsiMOBaHi Ha 36epexeHHs YHKUIA NMUeBoro Ta
KOXJIeapHOro HEpBIB, WO BMJMBAE Ha NicnsonepauinHy SKiCTb XUTTS.

MeTa: OUiHUTY AKICTb XUTTH NauieHTiB i3 BLLU i3 BUKOPUCTAHHAM yKpPaTHCbKUX
Bepcin PANQOL i Mayo VSQOL Ta npoBecTu ix Banigmsauito 3a COSMIN
(Consensus-based Standards for the selection of health Measurement
Instruments).

Marepianu i MeToaMn. Y NpocnekTUBHE AOCNiAXeHHS 6yno 3anydyeHo 190
nauienTiB i3 BLU, skux posnoainunu Ha Tpu rpynu: I (n=64) — TpaauuiliHa
Mikpoxipypris (2001-2016), II (n=57) — cy4acHi MikpoXipypriyHi TexHikn
(2017-2024), III (n=69) — cnocTepexeHHs («wait and scan»). AKicTb XUTTA
ouiHoBann 3a PANQOL, Mayo VSQOL, SF-36 (Short Form (36) Health Survey),
QLQ-C30 (EORTC Quality of Life Questionnaire — Core 30) i BN20 (Brain Cancer
Module (EORTC QLQ-BN20)). NpoBeaeHo kopensuiHuii aHanis. BigMiHHOCTI
BBaXanu CTaTUCTUYHO 3Ha4vywmmm 3a ymosu p<0,05.

Pesynbtatn. MNokasHnkn Mayo VSQOL 6ynu BiporigHo BuwnmMun B rpyni II
nopiBHsAHO 3 rpynoto I: piBHoBara (+33,3%), wym/6inb y Byxax (+36,4%),
eMouinHe 6narononyyus (+43,1%), nam’ate (+58,4%) i 3aranbHuin 6an
(+32,2%). NMopiBHAHHA 3 rpynoto III Takox niagTBEpANNO NepeBary xXipypriyHoro
nikyBaHHs, ocobn1BO 3a emMouinHMM 6narononyyyam ta nam’atTio (+44,3%).
OnutyBaHHsa 3a PANQOL B1sBMA0 HanbinbLue noninweHHs B A0OMeHi «06anyua»
(+35,6%), ToA4i AK iHWIi AOMEHWN He AOCSIIN PiBHSA CTAaTUCTUYHOI 3HAYYLOCTI.
YcTaHOBNEHO 3HavyLWi kopenauii Mix pe3ynstatamMn 3a PANQOL, Mayo VSQOL
i 3a SF-36, QLQ-C30, BN20, wo niagTBepAnio iXHi BanigHiCTb. BHyTpiwHSA
y3roaxeHicTtb 6yna sucokoto (PANQOL: a=0,75-0,93 go onepauii, a=0,81-0,90
nicna onepauii, Mayo VSQOL: a=0,763-0,938 pgo onepauii, a=0,858-0,937
nicna onepadii). Tect-peTtecT (ICC) ctaHoBuB 0,60-0,91 gns PANQOL Ta
0,778-0,953 ana Mayo VSQOL. YyTnmBicTb A0 KAiHIYHMX 3MiH 6yna BULOLO
B Mayo VSQOL (Cohen’s d=2,11, SRM=1,74) nopieHsaHo 3 PANQOL (Cohen’s
d=0,87, SRM=0,75).

BucHoBku. PANQOL i Mayo VSQOL € HagiitHUMn iHCTPyMeHTaMm OLLiIHKM SKOCTI
XUTTA 3@ HaaBHOCTI BLU. Mayo VSQOL npoaeMoHCcTpyBaB 6inbluy YyT/InBICTb,
a PANQOL — cTabinbHy Kopensuito i3 3arasibHMMn WwWKanamu. BukopuctaHHsa
CyYaCHUX MIKpPOXipypriyHMX TEXHIK CYTTEBO MONIMNWYE nicnsonepauinHy AKicTb
KUTTS.

KnrwouoBi cnoBa: BecTubyisapHa wBaHHoMa, SKicTb xuttsi; PANQOL, Mayo
VSQOL; pe3ynstat niKyBaHHs
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In the article a rare case of abnormal anatomical structure of the median
nerve in a patient with carpal tunnel syndrome is described: a high bifurcation
of the median nerve.

A 67-year-old woman complained of periodic intense nocturnal pain and
numbness of 1-3 fingers of her left hand. During clinical examination Phalen’s
wrist flexion and wrist extension tests, Hoffmann-Tinel, postural provocation,
median nerve compression, and the “tourniquet” tests were positive. Allen's
test was negative. There was no atrophy of the thenar muscles, the strength
of palmar abduction of the thumb was comparable to that of the right hand.
Sensitivity of the fingers was unchanged. Based on the history and clinical
examination, a diagnosis of idiopathic carpal tunnel syndrome of the left hand
was made. Open carpal tunnel release, mesoepineurolysis of the median
nerve, and tenosynovectomy were performed. Intraoperatively, it was found
that from the proximal edge of the wound, the trunk of the median nerve was
split into two parts, which were reconnected in the area of the exit from the
carpal tunnel, forming a “loop” like structure. An hourglass deformity was
also noted on both branches of the median nerve. The radial branch of the
split nerve was visually thicker than the ulnar branch. Postoperatively, pain
and numbness of 1-3 fingers resolved completely.

The median nerve bifurcation is extremely difficult to detect preoperatively.
In the case of a traumatic complete anatomical injury to the median nerve,
one should make sure that this structural anomaly is absent, and if there is
a bifurcation of the nerve, an extended revision should be performed and a
suture should be placed on both damaged branches.

During surgical treatment of carpal tunnel syndrome, it is advisable to
check whether the bifurcated nerve runs through a single canal rather than
two separate canals. In the latter case, it is necessary to influence both canals
during operative or conservative treatment.

Keywords: abnormal anatomical structure; high bifid median nerve; carpal
tunnel syndrome

Introduction

Case presentation

The anatomical structure of the median nerve in
the forearm and hand has been extensively described
in numerous studies. However, various anomalies in
the structure of the nerve are of particular theoretical
and practical interest. One such anomaly is high
bifurcation—the splitting of the median nerve at the level
of the forearm and carpal tunnel. In foreign literature,
descriptions of this anomaly, especially clinical cases,
are quite rare [1]. Only one publication has been
found in the available Ukrainian-language scientific
literature [2], and none have been found in national
medical publications.

The aim of this study is to familiarize readers of the
journal with a rare anomaly in the anatomical structure
of the median nerve and to describe the features of
diagnosis and treatment of carpal tunnel syndrome in
combination with median nerve bifurcation.

A 67-year-old woman was admitted with complaints
of periodic, predominantly nocturnal, intense pain and
numbness in 1-3 fingers of her left hand. At night, her
condition improved only by lowering the hand, rubbing it,
and shaking it (the "flick" sign). These complaints began
4 years ago, and her condition gradually worsened. She
did not seek treatment. During the clinical examination,
Phalen’s wrist flexion and wrist extension tests,
Hoffmann-Tinel test from the median nerve projection
site on the forearm, the postural provocation test,
median nerve compression, and the “tourniquet” tests
were positive. Allen's test was negative. There was
no atrophy of the thenar muscles, and the strength of
the palmar abduction of the thumb was comparable to
that of the right hand. Sensitivity in the fingers was
unchanged. Based on the medical history and clinical
examination, a diagnosis of idiopathic carpal tunnel
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syndrome of the left hand was made and surgical
treatment was indicated.

Surgery was performed under local anesthesia using
the WALANT technique with a 1% lidocaine solution [3].
A C-shaped skin incision was made, extending to the
lower third of the forearm. The flexor retinaculum was
completely dissected longitudinally over the grooved
probe inserted into the carpal tunnel. Mesoepineurolysis
of the median nerve was subsequently performed. It was
found that, starting from the proximal edge of the wound,
the trunk of the median nerve was split into two parts,
which rejoined in the area of the exit from the carpal
tunnel, forming a so-called “loop” (Fig. 1).

An hourglass deformity was also noted on both
branches of the median nerve. The radial branch of
the split nerve was visually thicker than the ulnar
branch. Due to severe finger flexor tenosynovitis, a
tenosynovectomy was performed. The edges of the
flexor retinaculum were excised. Sutures were applied
to the skin. The postoperative period proceeded without
complications.

Three months after the operation, the patient
reported complete resolution of pain and numbness in
the fingers of the operated hand.

Fig. 1. High bifurcation of the median nerve (arrow
- bifurcated median nerve; triangle - hourglass
deformity of the median nerve; asterisk - “loop” of
the median nerve)
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Discussion

According to normal anatomy, the median nerve
in the lower third of the forearm looks like a single
trunk. In this form, it enters the carpal tunnel distally
together with the flexor tendons of I-V fingers and, in
the area of the distal edge of the flexor retinaculum,
splits into six motor branches to the thenar muscles, two
radial lumbrical muscles, and sensory branches to I-III
fingers and the radial surface of the ring finger [4]. Most
practicing surgeons are guided precisely by this normal
anatomy of the median nerve during operations on the
forearm and hand. However, upon closer examination
of the anatomy of the nerve, many features can be
noted that quite often affect the outcomes of surgical
interventions. The scientific literature describes variants
of the unusual structure and location of the branches
of the median nerve in the area immediately adjacent
to the carpal tunnel and in the area where it exits,
including extraligamentous location of the recurrent
motor branch (standard location), transligamentous,
supraligamentous, and subligamentous locations;
accessory recurrent motor branches; and the origin
of the recurrent motor branch from the volar or volar-
medial surface of the median nerve trunk, etc. [4, 5, 6].
Variants of bifurcation or even trifurcation of the median
nerve at the level of the lower third of the forearm are
also presented [7].

During surgery for carpal tunnel syndrome, we
incidentally encountered a bifurcation of the median
nerve in the lower third of the forearm and hand
corresponding to a high bifurcation of the median
nerve of group 3A according to the Lanz classification.
This variant is characterized by bifurcation of the
median nerve trunk proximal to the carpal tunnel,
with or without a connecting branch, in the absence
of a persistent median artery and lumbrical muscles
originating in the carpal tunnel region [8]. High
bifurcation of the median nerve was first described
in scientific medical literature by I. Kessler [9].

The clinical picture in the patient described above
did not differ from that observed in many other
patients we operated on with carpal tunnel syndrome.
Therefore, it is practically impossible to suspect the
presence of high bifurcation of the median nerve in
advance. In rare cases of persistent median artery
thrombosis, which sometimes occurs with bifurcation
of the median nerve, the clinical picture of carpal
tunnel syndrome may be altered and include sudden
numbness and paresthesia in the fingers innervated
by the median nerve, as well as pain and swelling in
the volar surface of the wrist joint [10, 11].

Another important feature of the abnormal
anatomical structure of the median nerve is that
the two branches of the nerve can run in separate
cylindrical canals formed by the fibers of the flexor
retinaculum [1]. Therefore, during operative or
conservative treatment it is necessary to influence
both canals.

Conclusion

We describe a case of unusual anatomical
structure of the median nerve in the lower third of
the forearm and carpal tunnel, specifically a high
bifurcation of the median nerve. It is necessary to
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be aware of the existence of such an anomaly in order
to avoid negative treatment outcomes. In the case of
traumatic complete anatomical injury to the median
nerve, one should make sure that this structural anomaly
is absent, and if there is a bifurcation of the nerve, an
extended revision should be performed and a suture
should be placed on both damaged branches.

During surgical treatment of carpal tunnel syndrome,
it is advisable to check that the bifurcated nerve runs
through a single canal, rather than two separate canals.
In the latter case, it is necessary to influence both canals
during operative or conservative treatment.
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OnuncaHo piaKicHUI BUNaAoK aHoMaibHOI aHaToMi4YHOi 6yA0BM cepeANHHOro HepBa
Yy XBOpOi i3 CMHAPOMOM KaHany 3an’acTka - BMcoka bidypkauis cepeanHHOro
HepBa.

XiHka, 67 pokiB, 3BepHyfnacsa 3i cKkapramm Ha MepioanyHi iHTEHCMBHI 6oni 1
OHiMiHHS 1-3-ro nanbuiB NiBoi KMCTI. MNig Yac npoBeAeHHS KiHIYHOMO 06CTEXEeHHSs
NO3UTUBHUMU BUSBUIIUCS NPAMUIA | 3BOPOTHUI TecTn ®anera, lopdmaHa-TiHens 3
MicLS NPOEKLIiT cepeAVHHOro HepBa Ha nepeansiyydi, TeCT NoCTypasibHOI NpoBoKallii,
nanbLeBoi KOMMpeCii, «MaHXeTKn». TecT AnneHa HeraTuBHUI. BiacyTHs aTpodisa
M'A3iB TeHapa, cuia AOSIOHHOro BigBeAeHHs 1-ro nanbus NOpPiBHSIHHA i3 Takok
Ha npasin KUCTi. YyTAMBICTb y nanbusax He 3MiHeHa. Ha nmiactasi aHamMHesy
Ta pe3ynbTaTiB KJiHIYHOFrO 06CTEeXEHHSI BCTAHOBJMIEHO AiarHo3 «iAionaTuU4yHuin
CUHAPOM KaHasny 3an’sacTka fiBoi KUCTi». BUKOHaHO peTMHaKy/oTOMilo yTpuMyBaya
3rnHadiB, Me3oeniHeBpoi3 cepeaMHHOro HepBa, TEHOCMHOBEKTOMIID. BuasneHo,
O MOYMHaK4M 3 NPOKCMMasnbHOrO Kpak paHu, cToBbyp cepeaMHHOro Hepsa
pO3LLENIEHN Ha ABi YaCTUHWU, AKi B AiNSHLI BUXOAY 3 KaHay 3an’sacTka 3'€4HY0TbCS
3HOBY, YTBOPIOIOUM «METNH0». BiA3HaUYeHO TaKkoX HasaBHICTb AedopMaLlii 3a TUNOM
«MiCOYHOro rogMHHUKa» Ha obox rinkax cepeAnHHoOro Hepsa. PapgianbHa rinka
po3LenneHoro Hepea Bi3yasnbHO 6yna TOBLLO 3a y/bHapHY. Micna onepauii 6oni
1 OHIMiHHSA 1-3-r0 NanbLiB NOBHICTIO 3HUKIN.

Bidypkauito cepeaMHHOro HepBa HaA3BMYANHO BAXKO BUABUTWU A0 onepauii. Y
pasi K/iHikKn TpaBMaTUYHOIO MOBHOIMO @HaTOMIYHOIO YLWKOAXEHHS cepeiIMHHOIro
HepBa CNnig nepekoHaTUCA y BiACYTHOCTI Uiei aHoManii 6yaoBu, a 3a HassBHOCTI
bidypkauii HepBa BMKOHATK pO3LIMPEHY PEBI3it0 Ta HakMacTu LWOB Ha 06uAaBi
YLWKOAXEHI MKW,

Mig yac xipypriyHoro nikyBaHHS CMHAPOMY KaHasny 3an’acTka AOLUiNbHO
rnepekoHaTUCs B TOMY, WO PO3ABOEHMIN HEPB NPOXOAUTbL B OAHOMY, @ HE B ABOX
OKpeMux KaHanax. B ocTaHHbOMYy BMNagky HeobxigHO BnnAvBaTm Ha obuasa
KaHanu nig yac onepaTMBHOro abo KOHCEPBATMBHOIO 1iKyBaHHS.

KnwouoBi cnoBsa: aHomasnbHa aHaTtoMiyHa byposa; Bucoka b6ipypkauyis
cepeanHHOro HepBa, CUHAPOM KaHasly 3arn’sacTka



