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Oco6ucTnit BHECOK aBTOPIB
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36upaHHa Ta onpauloBaHHS MaTepianis,
nposeAeHHst 06CTexeHb, aHanis oTpu-
MaHUX JaHWX, HanucaHHSA TeKCTy cTaTTi:
lOpint Manamapuyk.

Ao3Bin komicii 3 nutaHb 6ioeTukun: ao-

CNigXXeHHSA CxBasieHe KOMICIEW 3 nuTaHb

€TUKM HayKOBUX AOCNiAXeHb, eKcrnepu-

MeHTasIbHMX po3poboK Ta HayKoBMX TBOPIB
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OLIHKA OB’EMY

CTPYKTYP rOJIOBHOIO MO3KY Y XBOPUX HA
MHOX>XWHHWW CKNEPO3 AITEN

SIK MOXXJ/IMBUA MAPKEP PAAIOJIONTYHUX
KPUTEPIiB ;IATHOCTUKU XBOPOBMU

TeTtdHa Herpuu?, lOpin Manamapuykt?

1/IbBiBCbKUK HaALiOHaIbHUM MEANYHNI YHIBEPCUTET
imeHi flannna anvybkoro, JlbBiB, YkpaiHa
2MegunyHui UeHTp CesATOI NapackeBu, JIbBiB, YKpaiHa

Y cTaTTi HaBeAeHi pe3ynbTaTh AOCMIAXEHHS rpynu AiTen, xBo-
pUX Ha MHOXMHHUI cknepo3 (MC) i3 BU3HAUYEHHSM pajionoriy-
HuX 6ioMapKkepiB LbOro 3axBOpPKOBaHHA. Pa3oM i3 TpaauuUinHK-
MW NOCMIAOBHOCTSIMU MarHiTHO-pe3oHaHcHoi ToMorpadii (MPT)
6yna npoBeaeHa MarHiTHO-pe3oHaHCHa BOJIIOMETPIS CTPYKTYp
rosioBHOro Mo3ky. MPT rosioBHOro Mo3kKy € OCHOBHWM MeTOAOM
Bizyanisauii npu MC. O6cTexeHHs NpoBOAATbL i3 3aCTOCYBaHHAM
Tpaanuininx MPT-nocnigoBHocTenn (T1-3BakeHi 306paxkeHHs,
T2-3BaxkeHi 306paXkeHHsi, NOCTKOHTPACTHI T1-3Ba)keHi 306pa-
XKEHHS), WO BOHWM HEeobXiaHi AN AiarHOCTUYHOMO NiATBEPAXEH-
Ha MC 3rigHO 3 KpuTepiaMn Mak[oHanbaa (B OHOBJEHIN pe-
Aakuii 2017 poky). Okpim Toro, MPT € npoBigHMM MeTOAOM ANS
nNiaTBeEpAXXEHHA 3aroctpeHb MC 3 BUKOPWUCTAHHAM MOCT KOH-
TpacTHux T1-3BaxxeHUX 306paxKeHb, Aato4n 3MOry OUiHUTKU ne-
pebir 3axBOplOBaHHS.

I3 pO3BUTKOM HOBITHIX TexHosOrin 3'aBunocsa binblie MoXan-
BOCTelN Ansa BCcebiyHOro obCTexeHHsa nig yac nposeneHHs MPT
rOSIOBHOrO MO3KYy MpMW Pi3HUX NaTosorisx, 3okpeMa 1 npu MC,
3aBASAKN BUKOPUCTAHHIO CyYacHUX NepefoBux MEeTOAMNK, OAHIEID
3 AKUX € BONIIOMETPIA (BM3HAYEHHS 06’€EMIB) CTPYKTYp FO/IOBHO-

ro Mo3ky. lNpoBeaeHe AOCNiIAXEHHS 3acBig4YnIo, WO B rpyni Agiten, xsopux Ha MC, BusiBneHe cra-
TUCTUYHO BiporigHe 3MeHLWeHHA 06'eMiB TanaMyciB rosJloOBHOMO MO3KYy MOPIBHSAHO 3 KOHTPOJIbHOO
rpynoto, Ta 36inbweHHs 06’eMiB rinokamnis. Ha cborogHi HEMA€ KOHCEHCYCY WOAO BUKOPUCTAHHS
HOBITHIX MeToAnK MPT ansa giarHocTuku Ta KoHTposto nepebiry MC, 3okpeMa y AiTen, ogHak, Ha
Hawy AYMKY, TakKi METOANKM B ManbyTHbOMY He fiue CNpUSTUMYTb MOJIMNWEHHIO Ta NpUWBUA-
LWeHHI aiarHoctmkn MC, a n 3MOXYTb MPOrHO3yBaTh Moro nepebir.

PaHHA Ta cBoeyacHa pagjiofioriyHa AiarHOCTMKA AaCTb 3MOry TAKOX YAOCKOHaNUTU MEHEeOXMEHT
MC Ta cyTTEBO NMOKpALWMUTUN AKICTb XUTTH XBOpUX Ha MC y ANTA4YOMY Ta AOPOC/IOMY Billi.

Knro4yoBi csioBa: MHOXWHHUIA CKNepo3, AiTW, HEpoBi3yani3alis, BO/IOMETPis ro/I0OBHOMO MO3KY.
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ASSESSMENT OF BRAIN STRUCTURE VOLUMES
IN CHILDREN WITH MULTIPLE SCLEROSIS

AS A POTENTIAL MARKER OF RADIOLOGICAL
DIAGNOSTIC CRITERIA

Tetiana Nehrych?, Yuriy Palamarchuk?:2

1Danylo Halytsky Lviv National Medical University, Lviv,
Ukraine
2St. Paraskeva Medical Center, Lviv, Ukraine

This article presents the results of an original study conducted
on a cohort of pediatric patients with multiple sclerosis (MS),
with radiological biomarkers of the disease assessed. In addition
to conventional magnetic resonance imaging (MRI) sequences,
brain structure volumetry was performed using advanced MRI
techniques. Brain MRI remains the primary imaging modality
for MS. The examination includes standard MRI sequences—
T1-weighted, T2-weighted, and post-contrast T1-weighted
images—which are essential for diagnostic confirmation of MS
in accordance with the 2017 revision of the McDonald criteria.
Furthermore, MRI is the leading method for identifying MS
exacerbations through post-contrast T1l-weighted imaging,
allowing clinicians to monitor disease progression.

With the advancement of imaging technologies, more
comprehensive diagnostic opportunities have emerged,
particularly in the context of MS, through the use of advanced
modalities such as volumetric analysis of brain structures. The
present study demonstrated a statistically significant reduction
in thalamic volumes and increased hippocampal volumes in
children with MS compared to the control group. Currently,
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there is no consensus regarding the routine application of advanced MRI methods for MS diagnosis
and monitoring, particularly in pediatric populations. However, we believe that such techniques
have the potential not only to improve and expedite MS diagnostics but also to contribute to the
prediction of disease trajectory.

Early and timely radiological assessment may enhance MS management and significantly improve
the quality of life for both pediatric and adult patients.

Keywords: multiple sclerosis, children, neuroimaging, brain volumetry.
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BcTtyn
MHOXWHHUI cknepo3 (MC) - ue aBTOIMYHHe
HelnpoaereHepaTvBHe, 3anajibHe 3aXxBOplo-

BaHHS LleHTpasnbHOi HepBoBoi cuctemn (LHC),
npyv $SKOMY BHACMIAOK PpYWHYBAHHSA Mi€NiHO-
BOi 060NIOHKWN HENPOHIB BUHUKAKOTb MHOXWH-
Hi BOrHMWA pAeMienidizauii y 6inin pe4yoBUHI
roJIOBHOIMO Ta CAMHHOIO MO3KY, a AeCTpyKuis
AKCOHIB Npu3BOAUTL A0 MYNbTU(POKATbHUX
ypaxeHb LUIHC. KniHi4HO ue nNposiBNSETbLCSA K
AediunT y BCiX HEBPONOriYHMX (PYHKLiOHasb-
HUX CUCTEMaX, WO MOXe BUHMKaTKM abo eni-
304M4HO (5K aediunT peumamsis), abo Sk no-
CTiiHMM nepebir 3 nporpecyBaHHaM. Xoya MC
BBaXatoTb XBOpOob6OK Monoaunx nwoaen, aepani
yacrTiwe ii BuABNAOTb y aiten [1]. MaToreHes
3aXBOPIOBaAHHA A0 KiHUA He BCTAHOBJIEHUN,
npoTe OAHWUM i3 MOXJIMBUX UYUMHHUKIB € iMy-
HO-ONOCepeaKOBAHMIN 3anasbHUIA Mpouec K
HacniAoK aKTMBaLil ryMopanbHOI Ta KNITUHHOI
iMYHHOI BiAMOBIAI, WO Npnu3BoanTb A0 3arnbeni
AKCOHIB Ta NOSIBU MHOXWHHUX BOrHuw, y 6inin
pe4yoBuHI [2-4].

Y cBiTi HanivyTb 6M3bKO 2,8 MiNblOHa 0~
aen i3 MC. Ua xBopoba ypaxa€ He nuvwe ao-
poCNuMX; WOHamMeHwe 27 TUC. AiTen Ta nia-
niTkiB BikoM o 18 pokiB xuByTb i3 MC [1; 2].
OiarHoctnka MC y piten € 6inbWw CknagHow
HIXK Y AOPOC/INX Yepe3 YacToTy IHWKUX AUTAUYMX
po3/1agiB 3i CXOXMMU CUMNTOMaMUM Ta XapakTe-
puctukamm [6-7]. MNeaiaTpn MOXyTb He 6yTu
06i3HaHi 3 guTaumm MC, 60 BOHM He 0YiKYyTb
BUSBUTM Moro y agiten [8]. OaHak 3aBAasiku
Aepani wupwin obizHaHocTi npo aAntauunii MC
cepen HeBPOJIOriB Ta PO3BUTKY HOBITHIX Aia-
FHOCTUYHUX TEXHOMOri, WO CnpusalTb NOro
BUSIBJIEHHIO, KiNbKiCTb Aiten 3 agiarHosom MC
HeyxunbHO 3pocTae [9].

CraHoM Ha 2020 pik B YkpaiHi Hanivysann 20
924 ocobu, wo iM 6yB BCTaHOBAEHWI AiarHos
MC. YacTtka xBopux Ha MC xiHOK y Hac cTa-
HOBUTb 67%, 4onoBikiB — 33%, wo 36iracTb-
cA 3i cBiTOBOK cTaTUCTMKO. KislbKiCTb HOBUX
Bunagkis MC Wopoky B YKpaiHi cTaHOBUTb 3.7
Ha 100 Tuc. HaceneHHsa. On9 NOPIBHAHHSA, Yy
Monbwi uer nokasHWK CTaHOBUTL — 4.5 Bu-
naakis Ha 100 TuC. HaceneHHs Wopoky, y Hi-
MeyuunHi - 17.6, y Yexii - 6.5, y KaHagi - 12.2,
y Hopserii - 11.0, y CWLA - 7.9 [5; 10].

IMyHONoOriyHi MeToan 3a OCTaHHIN 4Yac nocinu
BaXX/IMBe MicLe B paHHii giarHoctuui MC [11].
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BoaHo4yac BaxnmBo Mpoueayporo B AiarHoc-
TUYHOMY NAHLUIO3iI € MarHiTHO-pe30HaHCHa TO-
morpadia (MPT) ak npoBigHWin MeTo4 Henpo-
Bi3yanisauii npn BcTaHoBMEHHI giarHo3dy MC y
AOpOCnX Ta AiTe Ta MOHITOPUHry edeKkTuB-
HOCTi npu3HadeHoro sikyBaHHs [7; 12]. Ha
CbOroAHi YiTKO BM3HayeHa AiarHoCTUYyHa poJsib
MPT npu MC Ha ocHoBi KpuTepiiB Mak[oHanb-
Aa (B oHoBneHin peaakuii 2017 poky) 3 BMKO-
PUCTaHHAM TpaauuiiHuUX nocnigoBHocTen (T2
3BaXkeHi 306paxeHHs, T2 weight images (WI);
306paxeHHs, 3BaXKeHi 3@ NMPOTOHHOK LWUiNbHI-
cTto, PD WI; T1 3BaxeHi 306paxeHHsa, T1 WI;
306paxeHHs, 3 NpurHiveHHam MP curHany Big
pianHn, FLAIR; nocT KOHTpacTHi T1 3BaxkeHi
306paxxeHHs, post Gd T1 WI) [13-14]. KpuTe-
pii Mak[JoHasibAa AatoTb YiTKi HACTAaHOBM LWOA0
BCTaHOBJ/IEHHSA AiarHO3y Ta OUiHKM nporpecy-
BaHHA MC [6; 13-14]. OgHak i3 pO3BUTKOM
Moxnmeocten MPT nposegeHo 6arato cnpob
BMKOPUCTATWU HOBITHI MeToankn MPT (Advance
MRI Technics) He nuwe Ans OUiHKW nporpecy-
BaHHS xBopobu, ane 1 ansa cnpob cnporHosy-
BaTW LWBUAKICTb Ta TAXKiCcTb nepebiry MC [15-
16]. OpgHieto 3 TakMX METOAWK € BOJOMETPIs
ronosHoro Mo3ky (Brain Volumetry) [17-18].
MpoTe Wwe n AoCi He BU3HA4YeHi MPOrHOCTUYHI
MOXJIMBOCTI MOpHOOMETPUYHUX IHAEKCIB FOM0B-
Horo Mo3ky npu MC, ocobnueo y giten [14].
ToMmy ix ponb noTpebye yTouHeHHs. OKpim TOro,
BEJ/INKE 3aLliKaBNeHHS BUKIIMKAE AOCNIAXEHHSA
Kopensuii 3MiHM 06’eMiB CTPYKTYyp rOSIOBHOIO
MO3KY Y aiten 3 MC K AiarHOCTUYHOIO YWH-
Huka MC 3 ogHoro 60Ky, i K npeauMkKTopa npo-
rpecyBaHHs XBOpobW — 3 iHLWOro, SAKWO Taki
3MiHM MOXIMBO gocnianTtn [19; 20-22].

MeTa

Jocnigntn MOXNMBOCTI NiABULLEHHA edek-
TUBHOCTI AiarHOCTUKN MHOXWHHOMO CK1epo3y
3aBAsKM BCTAHOBJIEHHIO 3MiH MOKa3HUKIB BO-
noMeTpii anga rpynu agitenr, xsopux Ha MC B
CTPYKTYpax rOJIOBHOMO MO3KY, MOPIBHAHO 3
KOHTPOJIbHOIO Ipymnoto AiTen.

MaTepianu Ta metoamn

Yci 0b6CTeXXeHHsi, BMKOHaHi B MeXax Ui€i po-
601K, 6ynn cxBaneHi KOMICiEl0 3 NuTaHb 6io-
MeAUYHOl eTUKM JIbBIiBCbKOro HauioHaslbHOro
MeANYHOro YyHiBepcuteTy iMeHi [aHuna la-
NMUbKOro, npoBeAeHi 3rigHO 3 MUCbMOBUMU
3rogaMm y4yacHuKIB i BiAMoBiAHO A0 NPUHLUMUNIB
b6ioeTnkn, BUKNageHux y FenbCiHCbKIN aekna-
pauii «<ETMYHI npuHUMnn MegnyHmnx oCnigXeHb
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Introduction

Multiple sclerosis (MS) is an autoimmune,
neurodegenerative, and inflammatory
disease of the central nervous system (CNS),
characterized by the destruction of the myelin
sheath of neurons, leading to the formation
of multiple demyelinating lesions in the white
matter of the brain and spinal cord. Axonal
damage results in multifocal CNS involvement.
Clinically, MS presents with deficits in various
neurological functional systems, which may
manifest episodically (as relapses) or follow
a progressively worsening course. Although
MS is commonly considered a disease in
young adults, it is increasingly diagnosed in
children [1]. The pathogenesis of MS remains
incompletely understood; however, one of the
proposed mechanisms involves an immune-
mediated inflammatory process resulting from
the activation of humoral and cellular immune
responses, which contributes to axonal
damage and the appearance of multiple white
matter lesions [2-4].

Globally, approximately 2.8 million individuals
live with MS. The disease affects not
only adults—at least 27,000 children and
adolescents under the age of 18 are diagnosed
with MS [1-2]. Diagnosing MS in pediatric
patients is more challenging than in adults due
to the higher prevalence of other childhood
disorders with similar clinical and radiological
features [6-7]. Moreover, pediatricians may
be unfamiliar with MS, as it is still perceived as
a rare condition in children [8]. Nonetheless,
growing awareness among neurologists and
advances in diagnostic technologies have led
to a steady increase in the number of pediatric
MS diagnoses [9].

As of 2020, 20,924 individuals in Ukraine
had been diagnosed with MS. The gender
distribution of MS patients in Ukraine is
consistent with global statistics: 67% are
women, and 33% are men. The incidence rate
in Ukraine is 3.7 cases per 100,000 population
per year. For comparison, the rate in Poland
is 4.5, in Germany—17.6, Czechia—6.5,
Canada—12.2, Norway—11.0, and the USA—
7.9 per 100,000 population annually [5; 10].

In recent years, immunological methods have
played an important role in the early diagnosis
of MS [11]. Alongside these developments,
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magneticresonance imaging (MRI) remainsthe
leading neuroimaging modality for establishing
the diagnosis of MS in both adults and children,
as well as for monitoring treatment efficacy
[7; 12]. The diagnostic value of MRI is clearly
established by the McDonald criteria, which
rely on conventional sequences (T2-weighted
images, proton density-weighted images [PD

WI], T1l-weighted images, fluid-attenuated
inversion recovery [FLAIR], and post-
gadolinium contrast T1l-weighted images),

with the most recent revision published in
2017 [13-14]. These criteria provide detailed
guidance for diagnosing MS and assessing its
progression [6; 13-14].

However, as MRI capabilities evolve, many
attempts have been made to apply advanced
MRI techniques not only for assessing disease
progression but also for predicting the speed
and severity of MS [15-16]. One such technique
is brain volumetry [17-18]. Nonetheless, the
prognostic potential of morphometric brain
indices in MS—especially in children—remains
unclear [14]. Therefore, their diagnostic and
prognostic roles require further clarification. Of
particular interest is the study of correlations
between volumetric changes in brain structures
in pediatric MS patients, both as diagnostic
markers and as potential predictors of disease
progression, if such associations can be reliably
demonstrated [19; 20-22].

Objective. To investigate the potential for
improving the diagnostic effectiveness of
multiple sclerosis by identifying volumetric
changes in brain structures in a group of
children with MS compared to a control group
of healthy children.

Materials and Methods

All  examinations conducted within the
framework of this study were approved by
the Biomedical Ethics Committee of Danylo
Halytsky Lviv National Medical University
and were performed in accordance with
written informed consent obtained from
all participants, adhering to the principles
of bioethics outlined in the Declaration
of Helsinki: Ethical Principles for Medical
Research Involving Human Subjects.

To evaluate structural changes in the brains of
children with multiple sclerosis—specifically to
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3a yyacTio ntogen>». 3aa15 OUiHKU CTPYKTYPHUX
3MiH rONIOBHOr0 MO3KY AiTen, xBopux Ha MC, a
camMe — BM3HAYeHHS noro atpodii, yciMm obcre-
KeHnMm byna npoBeseHa MarHiTHO-pe3oHaHCHa
ToMorpadisi rofloBHOro0 MO3Ky. Y npoLeci BUKO-
HaHHS OOCMIAXEHHS OonpaubOBaHMA Ta 3anpo-
Ba)KeHM MoandikoBaHWi npoTtokon ans MPT
aiarHoctukn MC 3 BUKOpPUCTaHHAM anapaty
Siemens Magnetom AMIRA A Tim+Dot System
(Hanpy>eHicTb MarHiTHoro nons 1.5T, cepTtu-
dikat BignosigHocti N° UA.101.MD.3.0473-
22.01, TepMiH aii no 11.05.2026). OuiHky 06’e-
MYy CTPYKTYp rOJIOBHOIMO MO3KY 3A4iMCHI0OBaNN 3a
[O0MoMOrot cepsicy volBrain, BUKOPUCTOBYOUN
3D T1 3BaxkeHi 306paxeHHs 3 aHOHIMi3aui€lo
Ta OuiHKOK 06’€EMy CTPYKTYp FOSIOBHOMO MO3-
Ky (www.volbrain.net). PagionoriyHy ouiHKy
BUABJ/IEHUX 3MiH NMPOBOAW/IN 3 BUKOPUCTAHHAM
nporpamMHoro 3abe3nedyeHHs RadiAnt DICOM
Viewer (www.radiantviewer.com).

Pesynbtatn pocnig)xeHHsA

Cepepn 39-Tn ob6CTEXEHMX HAMU AiTein, XBOpUX
Ha MC, nepwi CMMATOMW 3aXBOPIOBaHHSA 6ynu
nomiyveHi y Biui 8-18 pokiB, cepen HUX -y 3
AiTen nepwi cumntomMn 6ynn BUSBNAEHI Yy MO-
noawomy wkinsHomy Biui (8-10 pokis). Cnis-
BigHOLWEHHSA MK XBOopuMM Ha MC piByaTammu
Ta xjonusMu crtaHoBuno 2.25:1. CepegHin
BiKk 0b6CTeXeHuX HaMu aiten, xBopux Ha MC,
ctaHoBuB 14.90+2.45 pokiB. JO KOHTPOJIbHOI
rpynu yBinwnu 26 aitein BignoBigHOro BiKy Ta
ctaTi. Cepen obcrexeHoi nonynauii giten i3
MC 3adikcyBanu Taki CMHAPOMM 1AOro AebloTy:
petpobynbbapHuii HeBpuTt (PBH), Mo30oukoBuUiA
CUHAPOM, YYTAMBI po3najn, pyxosi po3naawu,

Original research: Clinical sciences

ypaxxeHHsa cTtoBbypa Mo3Ky. ChiBBiAHOLIEHHS
MOHOCWHAPOMHOro AebiTy A0 noAiCMHAPOM-
Horo pebtoTty craHosBuno 8.75:1. [NpoBiaHM-
Mn cnHgpomamm MC 6ynu: PBH, mMo3oukoBuii
CUHAPOM, YYTAMBI po3najn, pyxoBi po3naawm,
ypaxeHHsa ctoBbypa mMo3Ky. NpoBigHUI MOHO-
cnHapom 6yB BUSBNeHU y 36-Tu AiTel, a ABa
i 6inbwe cMHapoMn — y 3-0X AiTen, cniBBia-
HOWeHHS cknano 12:1. 18-Tu giten, xBOpuUX
Ha MC, 6ynu ouiHeHi Ha 1.5 6ana 3a wkanow
EDSS, wo ctaHoBUTb 46%; 7 aiten — 2.0 6anun
(18%), 8 gmiten — 2.5 6ana (21%), 3 piten -
3.0 6anun (7.5%), 2 pitenr — 4.0 6anun (5%), 1
antnHa - 4.5 6ana (2.5%). Y 1abnuui 1 Ha-
BeJleHi NMOopiBHAHHA cepefHiX 3HayeHb MaKpo-
MOKA3HMKIB BOJIIOMETPIl MNPOMIXKXHOIO MO3KY Y
Aiten, xBopux Ha MC, Ta y KOHTPOJbHIW rpyni.

3a pgaHumu Tabnuui 1, BuaABMAKM Hanbinbly
KiJIbKICTb BIipOriAHMX 3MiH MOKa3HWUKIB BO-
NoMeTpii MiX rpynot aiten, xBopux Ha MC,
Ta KOHTPONbHO rpynoto. Ui BiaMiHHOCTI 6ynu
BUSIBJIEHI Y ManUX CTPYKTypax, WO HasexaTb
[0 Cipoi peqyoBMHU MiAKIPKN BEIUKUX MiBKY/b
Ta NMPOMIKHOIroO MO3Ky, a caMe — y TanaMmyci.

Y npaBoMy Ta N1iBOMY TasiaMyCi NOKa3HWUKWN BO-
nomeTpii y rpyni giten, xsopux Ha MC, 6ynu
MeHLi 3a BiANOBIAHI 3HAYEHHHA KOHTPOJIbHOI
rpynu, i us BiAMIHHICTb 6yna CTaTUCTUYHO 3Ha-
UYLLOK K Y abCOMIOTHUX 3HAYEHHAX, TaK i Yy
BiAHOCHUX (puc. 1). CepefHe apudMeTUyHe
3HaYeHHs 3aranbHoro ob’eMy TanamyciB CcTa-
HoBMAO 11.09+1.83 cm3 y rpyni aiTen, XxBopux
Ha MC, wo 6yno BiporigHO HMX4Ye Takoro B
KOHTpOAbHIM rpyni: 12.00+1.18 cm3 (p=0.02).

Tabavysa 1

CepegHi 3HaueHHA MaKpPONOKa3HUKIB BOJIOMETPIii NPOMi>XXHOro MO3KYy Yy AiTeHn,
XBOpuxX Ha MC, Ta y KOHTPOJIbHIN rpyni

MokasHukK

Mpyna PesynbTar p
Tanamve. cm? KOHTPOJbHa rpyna 12.00+1.18 0.02*
e 4iTn, xBopi Ha MC 11.09+1.83 0,02
KOHTpOJibHa rpyna 0.84%0.07 0.01*
T %
anamye, % AiTn, xBopi Ha MC 0.78+0.11 0,01
NpaBuii TanaMye. cm? KOHTpOJIbHa rpyna 5.92+0.77 0.01*
P ye JiT, xBOpi Ha MC 5.45+0.95 0,01
. KOHTpOJSibHa rpyna 0.42+0.05 0.01%*
n %
pasuit Tanamyc, o nitn, xBopi Ha MC 0.38+0.06 0,01
NliBwit TanaMmye. om’ KOHTPOJbHa rpyna 6.08+0.49 0.01*
ye AiTn, xBopi Ha MC 5.63+0.93 0,01
- KOHTPOJbHa rpyna 0.43+0.03 <0.00%*
N %
IBUK TanaMyc, 7o AiTn, xBopi Ha MC 0.40+0.06 0,00
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detect signs of atrophy—all participants under-
went brain magnetic resonance imaging (MRI).
During the study, a modified MRI protocol for
MS diagnostics was developed and imple-
mented using a Siemens Magnetom AMIRA A
Tim+Dot System with a magnetic field strength
of 1.5T (Certificate of Conformity No. UA.101.
MD.3.0473-22.01, valid until May 11, 2026).

Brain structure volumetry was performed us-
ing the volBrain platform (www.volbrain.net),
which processes anonymized 3D T1-weighted
images and provides volumetric analysis of
brain structures. Radiological interpretation
and assessment of the detected changes were
conducted using the RadiAnt DICOM Viewer
software (www.radiantviewer.com).

Results

Among the 39 children with multiple sclero-
sis (MS) included in our study, the onset of
initial symptoms occurred between the ages
of 8 and 18. In three patients, symptoms be-
gan at a younger school age (8-10). The fe-
male-to-male ratio among children with MS
was 2.25:1. The mean age of MS patients was
14.90 £ 2.45. The control group consisted of
26 age- and sex-matched healthy children.

The initial clinical manifestations in the MS
group included retrobulbar neuritis (RBN), cer-
ebellar syndrome, sensory disturbances, mo-
tor disorders, and brainstem involvement. The
ratio of monosymptomatic to polysymptomatic
disease onset was 8.75:1. The most common
debut syndromes were RBN, cerebellar syn-

Original research: Clinical sciences

drome, sensory and motor disturbances, and
brainstem lesions. Thirty-six children had a
single presenting syndrome, and three had two
syndromes, yielding a ratio of 12:1.

Expanded Disability Status Scale (EDSS)
scores among children with MS were as fol-
lows: 18 children (46%) scored 1.5; 7 children
(18%) scored 2.0; 8 children (21%) scored
2.5; 3 children (7.5%) scored 3.0; two chil-
dren (5%) scored 4.0; and one child (2.5%)
scored 4.5. Table 1 compares the average vol-
umetric macroparameters of the diencephalon
of children with MS and the control group.

According to the data in Table 1, the most sta-
tistically significant volumetric differences be-
tween the MS and control groups were found
in the small structures of the deep gray mat-
ter of the cerebral hemispheres and dienceph-
alon, particularly in the thalamus.

Volumetric measurements of both the right
and left thalami were significantly lower in
children with MS compared to the control
group. These differences were statistically sig-
nificant in absolute and relative values (Figure
1). The mean total thalamic volume in the MS
group was 11.09 £ 1.83 cubic cm, which was
significantly lower than the control group val-
ue of 12.00 + 1.18 cubic cm (p = 0.02).

A significant difference was also observed for
the right and left thalami separately: the mean
volume of the right thalamus in the MS group
was 5.45 £+ 0.95 cubic cm versus 5.92 £ 0.77

Table 1

Mean Volumetric Macrometric Values of the Diencephalon

in Children with Multiple Sclerosis and the Control Group
Parameter Group Mean £+ SD (cub. cm/ %) p-value
o e oot
Thalamus, % C;gt;c;lt?er:tip g:ggig:gi b0t
Right thalamus, cub. cm C;rs]t;;lt?er:;p Eiiig;; 06'0011*
Right thalamus, % C;I;t;;ltigerr?;p ggziggz 00.?011*
Left thalamus, cub. cm Cl\(/)lgt;c;lt?er:;p gggig:g 06.0011*
Left thalemus, % S patints 04050.06 000
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11,09

5,45 5,63

CepenHi 3HaYeHHS BOIIOMETPIi, cM?

Tanamycn, cM® (*)  Ilpasuii Tanamyc, cm?® (*) JliBuii Tanamyc, cm® (*)

® KonTponbHa rpymna XBopi Ha MC pnitn

* BiporifHa pi3HMUS NoKasHWKiB Mix rpynamu (p<0.05)

PucyHok 1. MMopiBHAHHSA cepeHiX 3Ha4YeHb BOJIIOMETPIT
Tanamyca y rpyni agiten, xsopmx Ha MC, Ta y KOHTPOJIbHIl
rpyni, cm3

Original research: Clinical sciences

BiporiaHa pisHMUA NpocTexXyBanaca TakoX AK
y NpaBoMy, Tak i y niBOMy Tanamycax: Ans npa-
BOIro cepefHe 3HauYeHHs ctaHoBuo 5.45+0.95
CM3 nopiBHAHO 3 5.92+0.77 cM3® y KOHTPONb-
HiM rpyni (p=0.01); a ang nisoro — 5.63+0.93
CM3 NOpiBHAHO 3 6.08+0.49 cM3 y KOHTPONbHIN
rpyni (p=0.01).

Y Tabnuui 2 HaBeaeHi gaHi NopiBHAHHSA cepea-
HiIX 3Ha4YyeHb MaKpPOMOKa3HMKiB 06’eMiB Hai-
BaXJ/IMBILLNX CTPYKTYp NiMBi4HOI cucTtemun ro-
NIOBHOro MO3Ky Yy AiTer, xBopux Ha MC, Ta y
KOHTPOJbHIN rpyni.

Tabamys 2

CepeaHi 3Ha4YEeHHA MaKpPOMNOKa3HUKIB BOJIIOMETPIi CTPYKTYp NiM6iyHOI cucremm

roJIOBHOr0O MO3KYy Yy rpyni gitei, xeopux Ha MC, Ta y KOHTPOJIbHil rpyni

Moka3HuK

lnokamn, cm3

Finokamn, %

Mpaswuii rinokamn, cm3

Mpaswuii rinokamn, %

NiBuit rinokamn, cm3

NiBui rinokamn, %

MuraanuvHa, cm3?

MurpanuvHa, %

MpaBa MuraanunHa, cm3

MpaBa murganuHa, %

NiBa muroanuHa, cm3

NiBa murganuHa, %

Mpunerne saapo, cm3

Mpunerne aapo, %

MpaBe npunerne aapo, cm3

Mpase npunerne a4po, %

NiBe npunerne agpo, cm3

Nise npunerne a4apo, %

pyna PesynbTaT p
KOHTPOJIbHa rpyna 7.37+0.99 0.03*
nitTn, xBopi Ha MC 7.91+£0.90 0.03
KOHTpOJSibHa rpyna 0.52+0.06 0.01*
AnitTn, xsopi Ha MC 0.56+0.05 0.01
KOHTPOJibHa rpyna 3.67+0.58 0.04*
nitTn, xBopi Ha MC 3.97+0.46 0.04
KOHTpOJIbHA rpyna 0.26+0.04 0.01*
Aitn, xsopi Ha MC 0.28+0.03 0.01
KOHTPOJibHa rpyna 3.70+0.47 0.049%*
Aitn, xsopi Ha MC 3.94+0.45 0.05
KOHTpOJibHa rpyna 0.26+0.03 0.03*
AitTn, xBopi Ha MC 0.28+0.02 0.03
KOHTPOJibHa rpyna 1.62+0.30 0.10
Aitn, xsopi Ha MC 1.74+0.25 0.10
KOHTpOJibHa rpyna 0.11+0.02 0.08
AitTn, xBopi Ha MC 0.12+0.02 0.08
KOHTPOJbHa rpyna 0.82+0.15 0.16
nitTn, xBopi Ha MC 0.88+0.15 0.16
KOHTpOJibHa rpyna 0.06+0.01 0.29
AitTn, xBopi Ha MC 0.06+0.01 0.29
KOHTPOJibHa rpyna 0.79+0.16 0.07
nitTn, xBopi Ha MC 0.86+0.11 0.07
KOHTpOJibHa rpyna 0.06+0.01 0.18
AitTn, xBopi Ha MC 0.06+0.01 0.18
KOHTPOJbHa rpyna 0.74£0.14 0.16
nitTn, xBopi Ha MC 0.69+0.15 0.16
KOHTpOJSibHa rpyna 0.05+0.01 0.20
AiTn, xBopi Ha MC 0.05+0.01 0.20
KOHTPOJbHa rpyna 0.36+0.08 0.07
nitTn, xBopi Ha MC 0.33+0.07 0.07
KOHTpOJibHa rpyna 0.02+0.01 0.61
AiTn, xBopi Ha MC 0.02+0.01 0.61
KOHTPOJbHa rpyna 0.38+0.07 0.19
nitTn, xBopi Ha MC 0.36+0.08 0.19
KOHTpOJIbHA rpyna 0.03+0.01 0.08
aitn, xsopi Ha MC 0.02+0.01 )
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11,09

Average volumetric
measurements, cm?

5,45 5,63

Thalamus, cm? (*)  Right thalamus, cm? (*)  Left thalamus, cm? (*)

H Control group = MS patients

Figure 1 Comparison of mean thalamic volume between
children with multiple sclerosis and the control group (cm3)

* Statistically significant difference between groups (p <
0.05)

Original research: Clinical sciences

cubic cm in the control group (p = 0.01); for
the left thalamus, the volume was 5.63 + 0.93
cubic cm compared to 6.08 £ 0.49 cubic cm in
the control group (p = 0.01).

Table 2 presents the average volumetric values
of key structures within the limbic system in
children with MS and the control group.

According to Table 2, the MS group exhibited
significant volumetric changes in the limbic
system compared to the control group. These
changes were primarily observed in the
hippocampi. The total hippocampal volume

Table 2

Mean Volumetric Macrometric Values of Limbic System Structures in Children
with Multiple Sclerosis and in the Control Group

Parameter Group Mean £ SD (cm3/ %) p-value
Hippocampus, cub. cm Control group 7.37%0.99 %%
MS patients 7.91+0.90 0.03
Hippocampus, % S patants 0562005 S0
Right hippocampus, cub. cm C;;t:';ltiger:tusp gg;igzz 0(5?(?4*
Right hippocampus, % S patants 0282003 o1
Left hippocampus, cub. cm C;;t:‘;ltiger:tusp g;gig:; 00032*
Left hippocampus, % S ptents 0382002 .05
Amygdala, cub. cm C;;t:;lt?er:tusp 1342;8;(5) 818
Amygdala, % C;gtg;lt?er:tip giéiggg 882
Right amygdala, cub. cm C;;t;;lt?err?tusp ggéigig 812
Right amygdala, % ijgt;c;lt?er:tip 8866;881 ggg
Left amyadala, cub. cm S patients Caee01r 007
Left amygdala, % C;gtgc;lt?el‘:tusp 8866‘;881 812
Nucleus accumbens, cub. cm Control group 07420, 14 o6
! MS patients 0.69+0.15 0.16
.05+0.
Nucleus accumbens, % c;rsmt;c;t?er:tusp 88;:881 8%3
Right nucleus accumbens, cub. cm C;r;t:;ltiger:tl.;p gggiggg 88;
Right nucleus accumbens, % C;r;t;cgt?er:tusp 8g§iggi 82}
.38=+0.
Left nucleus accumbens, cub. cm C;r;t:;ltiger:tl.;p ggziggg 813
.03+0.
Left nucleus accumbens, % C;r;t;cgtiger:tusp 882:881 0.08
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BignosigHo go Tabnuui 2, y niMb6iyHin cuc-
TeMi BUABWUIIN 3MiIHW MOKA3HUKIB BONOMETPIl
y rpyni giten, xsopux Ha MC, nopiBHAHO i3
KOHTPOJIbHOI rpynoto. BiporigHi 3MiHW cTO-
CYIOTbCA rinokamniB — rMoKa3HWKK BOJIlOME-
Tpii y rpyni giten, xsopux Ha MC, 6ynun cta-
TUCTUYHO 3HayywWwo 6iNbWMMKM 3@ NOKA3HUKU
KOHTPOJIbHOI rpynu: 3aralbHuin 06’em rino-
KaMmnis y rpyni giten, xsopux Ha MC, cTa-
HoBMB 7.91+0.90 cM3, i 6yB BiporigHO Bu-
LWUMM NOPIBHAHO 3 KOHTponeM 7.37+0.99 cm3
(p=0.03). BiporigHe 36inbleHHA NpOCTeXY-
BaslocH AK ANS npasol, Tak i 1iBOT CUMETpUY-
HUX AOiNSHOK.

BoaHoyac NOKa3HWKW BOJIIOMETPIl MUrgasauH
Ta npunernux a4ep He Manau 3Hadywmx Bia-
MiHHOCTEN y rpyni aiten, xsopmux Ha MC, no-
PiBHAHO 3 KOHTPOJIbHOIO rpynoto: 1,74+0,25
cm3 npotn 1.62+0.30 cm3 (p=0.1) y murganm-
Hax Ta 0.69+0.15 cm3 npotn 0.74+0.14 cm3
(p=0.16) y npunernux saapax. BigcyTHicTb
BiporigHOl pi3HMLI NOKAa3HWKIB BOJIIOMETPIl
npocTexyBanacsa sik npasopyd, Tak i niBopyy
(Tabn. 2, puc. 2).

O6roBopeHHA

OTpuMaHi pe3ynbTaTn AOCNIAXKEHHS CBig4aTb
Npo HAasABHICTb 3HAYYLKMX CTPYKTYPHUX 3MiH
y FONOBHOMY MO3KYy AiTel, XxBopux Ha MC,
L0 MOXe BiairpaBaTv BaX/MBY poOJib Yy paH-
HilW AiarHOCTULI Ta NporHo3yBaHHiI nepebiry
XBOpobu. 30KpeMa, CTaTUCTUYHO 3Haudyle
3MeHLeHHs 06’eMiB TanamyciB y XBOpUX Ha
MC piTelh NOPIBHAHO 3 KOHTPO/IbLHOK FPYMNoOo
CBiAYNTb MPO paHHIO AereHepauilo LUMx Bax-
JIMBUX CTPYKTYp, BiAMOBiAAabHUX 3@ onpauto-
BaHHS CEHCOPHOI iHdopMauii [23]. Tanamycu
MOXYTb 6yTW OAHMMWU 3 MeplKnX AINSHOK, WO
OEMOHCTPYHOTb O3HAKKM MaToONONYHUX 3MiH Ye-
pe3 Bpa3/uBICTb A0 npoueciB AeMieniHisauil
Ta BTpATU HENPOHIB.

He MeHLW UikaBUM € Take CMOCTEpPEeXeHHSs, sK
36inbweHHa o06’emiB rinokamnis y rpyni aiten,
XBOpUX Ha MC, MNOpPIiBHAHO 3 KOHTPOJIbHO
rpynoto. Llen deHomeH MOXxe CBIiAYMTM Mpo
ajanTauito Mo3Ky — cnpoby 36epertn nam’saTb,
HaBYanbHi @GYHKUIT Ta 3aranbHy KOrHITUBHY
PE3NCTEHTHICTb. Takui apganTauinHWii Mexa-
Hi3M, iMOBIipHO, Bigob6pa)kae akTuBauUilO Hel-
ponnacTUYyHMX MnpoueciB, CNpsAMOBaHMX Ha
NigTPUMaHHSA QYHKUIOHANbHOT LiNICHOCTI LeH-
TpanbHOI HEPBOBOi cUCTEMU [24].
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s 7,91

. 3’97

Ipasuii rinokami, cm? (*)

*)

. 3’94

Tinokamu, cM? (*) JliBmii rinokamm, cMm

CepeHi 3HaYCHHS BOTIOMETPIT,

= KoHTposbHa rpymna
*- BiporigHa pi3HMUS NokasHuMKiB NoMix rpynamm (p<0.05)

XBopi Ha MC nitn

PucyHok 2. MopiBHAHHSA cepeaHiX 3Ha4YeHb BOMIOMETPIl
rinokamnie y rpyni giten, xsopux Ha MC,
Ta Yy KOHTPOJbHIM rpyni, cm3

Migxig 4O BUKOPUCTAHHA BOTIOMETPIT AK HOBIT-
HbOT MeToaMKM MPT y UbOMY AOCNIAXEHHI AaB
MOXIIMBICTb BUSBUTW BaxMBi MOP@ONOrivHi
3MiHU, WO MOXYTb 3a/IMWIATUCA HEMOMIYEHNUMN
MpuY BUKOPUCTAHHA CTaHAApPTHUX NOCNIAOBHO-
cten MPT. Cyu4acHi TexHonorii HelpoBisyani-
3auii BigKpMBaKOTbL HOBI MOXNWBOCTI ANd fe-
TaSbHOrO aHanily CTPyKTyp roNIOBHOrO MO3KY,
WO B MepcrnekTusBi MOXe A0MOMOIrTU He nuwe
B AiarHOCTULUI, ane N y NporHo3yBaHHi nepebi-
ry MC y popocnux Ta aitei. Bapto 3a3HauunTu,
L0 BiACYTHICTb KOHCEHCYCY LWOAO 3aCTOCyBaH-
HS LUMX METOAMK Y K/iHIYHIM NpakTuui cboroa-
Hi He 3aBaXa€ HaM 3 ONTUMI3MOM AUBUTUCH Y
ManbyTHE - iHTerpauia TpaauuiiHuX Ta ne-
penoBux TEXHOOMYHUX NiAXOAIB MOXe CTaTu
K/lo4eM A0 HanpautoBaHHS 6inbll TOYHMX Ta
iHAMBIAYaNbHUX CTpaTeriin AiarHOCTUKK Ta, SK
HacnigokK, MoKpawmTn NnikyeBaHHs [6; 15].

BapTo TakoX BiA3HA4YUTKU, WO Halle AOCiAXeH-
HA Ma€ neBHi obMexxeHHs. Ob6car Bubipkn € Bia-
HOCHO HEBEJIMKWUM, L0 MOXEe BMN/JIMBATU Ha CTa-
TUCTUYHY 3HAYYLWiCTb OTPUMAHWUX pe3y/ibTaTiB.
KpiM TOro, BUKOpUCTaHHS BOMOMETPIi B KNiHIUHI
npakTuui notpebye ctaHaapTu3auii NpoToKoniB
Ta nojanbLuoi Banigm3aLii METOANKU, 30KpEMA B
KOHTEKCTI AiarHOCTMKW Ta MOHITOPUHIYy nepebiry
MC vy pitei. Takox HEO6XiAHUA KOHCEHCYC Y Nn-
TaHHAX CTaHAapTM3auii HoOpM ans o6’eMiB CTpyK-
Typ FOJIOBHOIO MO3KY 3aeXxHo Bif Biky. OaHaK
pe3ynbTaTV AOCAIAXEHHSA CBig4aTb Npo Te, WO
iHTerpauisa HOBITHIX MeToauk MPT Moxe craTtu
BaX/IMBUM KPOKOM [0 BAOCKOHANEHHS AiarHoc-
TWUYHOrO asIroOpUTMYy, L0 YMOXNMBUTb CBOEYACHE
BUSABJIEHHSA MATOJIOMYHUX 3MiH Ta MPOrHO3yBaH-
HA nepebiry 3axsBoptoBaHHSA [25].

MigcymMoBylOUM, MOXHa CTBEPAXYBATU, LLO
BOJIIOMETPIA rOJIOBHOIMO MO3KY € MepCrneKTUB-
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in children with MS was significantly greater
than in the control group: 7.91 £ 0.90 cubic
cm versus 7.37 £ 0.99 cubiccm (p = 0.03). A
statistically significant increase was noted for
both right and left hippocampi.

In contrast, the volumetric measurements of
the amygdala and nucleus accumbens showed
no significant differences between the MS and
control groups: 1.74 £+ 0.25 cubic cm versus
1.62 £ 0.30 cubiccm (p = 0.1) for the amygdala
and 0.69 = 0.15 cubic cm versus 0.74 £+ 0.14
cubiccm (p = 0.16) for the nucleus accumbens.
No statistically significant lateral differences
were observed (Table 2, Figure 2).

Discussion

The results of this study demonstrate significant
structural changes in the brains of children
with multiple sclerosis (MS), which may play
an important role in early diagnosis and
prediction of disease progression. Specifically,
the statistically significant reduction in
thalamic volumes observed in children with
MS compared to the control group suggests
early degeneration of these critical structures
responsible for processing sensory information
[23]. The thalamus may be among the first
regions to exhibit pathological alterations
due to its vulnerability to demyelination and
neuronal loss.

Equally noteworthy is the finding of increased
hippocampal volumes in children with MS
relative to healthy control groups. This
phenomenon may reflect a compensatory
brain adaptation to preserve memory, learning
functions, and overall cognitive resilience.
Such an adaptive mechanism likely indicates
the activation of neuroplastic processes
designed to maintain the functional integrity
of the central nervous system [24].

The application of volumetry as an advanced
MRI technique in this study enabled the
detection of important  morphological
changes that may remain unnoticed when
using conventional MRI sequences alone.
Modern neuroimaging technologies offer new
opportunities for detailed structural analysis of
the brain, which in the future may support not
only the diagnosis but also the prognostication
of MS progression in both pediatric and adult
populations. Although there is no consensus
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regarding using advanced MRI techniques
in routine clinical practice, we believe that
integrating traditional and advanced imaging
approaches may be key to developing
more precise and individualized diagnostic
strategies, ultimately improving patient
outcomes [6; 15].

Hippocamp, cm? (*) Right hippocamp, cm? (*) Left hippocamp, cm?
*)

Average volumetric measurements, cm

= Control group

* Statistically significant difference between groups (p <
0.05)

MS patients

Figure 2 Comparison of mean hippocampal volume between
children with multiple sclerosis and the control group (cm3)

It is important to acknowledge certain
limitations of this study. The sample size
was relatively small, which may affect the
statistical power of the findings. Furthermore,
the clinical implementation of brain volumetry
requires standardized protocols and further
validation of the method, especially in the
context of diagnosing and monitoring MS in
pediatric patients. There is also a need for
consensus regarding normative volumetric
values for brain structures according to age.

Nevertheless, this study’s findings support the
potential value of integrating advanced MRI
methodologies as a critical step in enhancing
diagnostic algorithms. This integration could
enable the timely identification of pathological
changes and support the prediction of disease
progression [25].

In conclusion, brain volumetry appears to be
a promising radiological tool that expands
the capabilities of traditional neuroimaging in
multiple sclerosis. The observed reduction in
thalamic volumes and increased hippocampal
volumes may serve as important neuroradio-
logical markers reflecting early pathogenic
processes. Future research involving larger
cohorts and long-term follow-up is necessary
to clarify these associations and to facilitate
the development of personalized treatment
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HOKO MEeTOAMKOK PpaniosioriyHol AiarHOCTUKM,
sIKa PO3LUMPIOE MOXIMBOCTI TPAAULIAHOI Hen-
poBi3yanisauii nNpu MHOXWHHOMY CKJ/1epo3i.
3MeHLWeHHA 06’eMiB TanamyciB Ta 36inNblIeHHS
06’eMiB rinokamnis MOXyTb CAYyryBaTU BaX/in-
BUMU HENPOPaAioNnoriyHMMK Mapkepamu, LWo
BiATBOPIOIOTbL NMNAaTOreHEeTUYHI NpoLecn Ha paH-
HbOMY eTani xBopobu. MNoganbLui AoCNioXKEHHS
3 6inbwnMK BUGipKaMu Ta AOBrOTpMBANMUM MO-
HITOPMHIOM AOMOMOXYTb YTOUYHUTU Ui 3B'A3KU
Ta CNpUATUMYTb HanpaulBaHHIO iHAUBIAYab-
HUX MiaxoAiB A0 NiKyBaHHSA, wWo, 6e3yMoBHO,
[AcCTb 3MOry MOKpaWMUTU AKICTb XUTTA AOPOC-
nunx Ta aiten, xsopmux Ha MC [9].

BucHoBKkM

BontomeTpia rorioBHOro Mo3ky, K HoBa iHHOBa-
uiriHa metogmka MPT, B o6paHOMy HamMu Jocni-
J>KEHHI fana 3Mory AoCniauTu CTPYKTYpPHI 0Co-
61MBOCTI NaToMOriyHMX 3MiH, WO BigbyBatTbCs
y FOJIOBHOMY MO3KY AiTel, XBopux Ha MC.

BcTtaHoBieHe BiporigHe 3MeHLWeHHSA NOKa3HU-
KiB BOJIIOMETPIil ro/IOBHOr0 MO3KYy ANA Fpynu
XBOpuX Ha MC piten y TanamycCi NOpPiBHAHO 3
TaKMMWN CaMUMU MNOKA3HMKAMWU KOHTPOJIbHOI
rpynu. OTpuUMaHi pesynbTaTy CBigyaTb, WO na-
TONOTIYHUI MpPOLEC MOXe BMANMBATU Ha 3MeH-
WeHHa 06’eMy NigKIpKOBUX CTPYKTYP, AKi nNpu
Bi3yanizauii TpaguuiiHuMn Mmetoamkamm MPT
BBaXaloTb HE 3MIHEHUMMU.

Original research: Clinical sciences

OkpiM uUbOro, BAanNOCs BUABUTWU BiporigHe
36inbweHHa 06’eMiB 060x rinokamnie y rpy-
ni aiten, xsopmx Ha MC, NOPIBHAHO 3 KOH-
TPOJIbHOIO rpyrnoto. Lle cnocrepexeHHA Moxe
CBIAYMTN NpO Te, WO OAHI CTPYKTYypwW ronos-
HOroO MO3KYy 4acTKOBO nepebupatoTb Ha cebe
GYHKUIT NpU ypaXKeHHI iHWKX: Tak y HaloMy
BUMNAAKy TasaMmycu, SK LEeHTpW orpautoBaH-
HS CEHCOPHOI iHopMaLii, MMOBIPHO 3a3HalTb
YLWKOAXKEHHS, WO 3MEeHLYE iXHin 06'eM uepe3s
BTpaTy HeMpoOHiB. BoaHouyac 36inbweHHs o6'e-
My rinokamnis Moxe 6yTn cnpoboto Mo3ky 36e-
perti abo NoKpawmTn NaM’aTb Ta MOXJIUBICTb
HaBYaHHSA, He3BaXkatun Ha Ui TpyAHOLLI.

ToMy o04yeBMAHO, WO MiHiMasbHi 3MiHUM CTPYK-
TYp rOMOBHOMO MO3KY MMOBIPHO KOMMEHCYTLCS
Moro pesepBamMy, LLO MEPELIKOMKAE 3@ TaKuX
YMOB BCTaHOBWTM BipOrigHy KOpensauito MiX Bi3y-
anisoBaHnUMM 3MiHaMn Ha MPT i KNiHIYHUMK 03-
HakaMM Ta CUMMNTOMAMU, AKi MPOCTEXYHTbCA Y
nauieHTiB, ocobnmeo y aitel B aebroTi xBopobu.

OpHak, Ha Halwe nepeKkoHaHHs, BUSBNIEHHS
3MEHLUEHHS CTPYKTYp rOfI0BHOMO MO3KY nopsas
i3 Ki/IbKICHUMM MNOKA3HMKAMWU YypaXKeHb Mnpwu
nposefeHHi MPT MOXyTb MaTW BaXX/IMBE 3Ha-
UEeHHS AN po3yMiHHS pPO3BUTKY Ta nepebiry
MC y giteli. Ue nutaHHg notpebye 6inbw raun-
6okoro gocnig)XeHHs B ManbyTHbOMY, WO, 3a
YMOBMU LWBUAKUX 3MiH Y TEXHONOrIAX, MOX/INBE
BXe HanmbAMX4nMM vacom.
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strategies, which will ultimately improve the
quality of life for both children and adults liv-
ing with MS [9].

Conclusions

Brain volumetry, as an advanced and innova-
tive MRI technique, enabled the investigation
of structural features of pathological changes
occurring in the brains of children with mul-
tiple sclerosis (MS) in the present study.

A statistically significant reduction in brain
volumetric parameters was identified in the
thalami of children with MS compared to the
control group. These findings suggest that the
pathological process may affect subcortical
structures whose changes may not be detect-
able using conventional MRI techniques.

In addition, a significant increase in hippo-
campal volumes was observed in children with
MS relative to healthy controls. This finding
may indicate that certain brain structures
may partially compensate for the dysfunction
of others. In our case, the thalami—respon-

Original research: Clinical sciences

sible for sensory information processing—are
likely affected, with volume loss resulting
from neuronal damage. At the same time, in-
creased hippocampal volume may represent a
compensatory mechanism aimed at preserv-
ing or enhancing memory and learning cap-
acity despite underlying damage.

Its intrinsic neuroplastic reserves may func-
tionally compensate for subtle structural
changes in the brain. This compensation may
hinder the establishment of a clear correlation
between MRI-visible changes and the clinical
signs and symptoms, particularly in pediatric
patients at the onset of the disease.

However, we believe that the identification of
brain structure reduction alongside quanti-
tative lesion metrics on MRI may be signifi-
cant for understanding the development and
course of multiple sclerosis in children. This
issue requires further in-depth investigation,
which may become feasible in the near future
due to rapid technological advancements.
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