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CAPABILITIES OF MAGNETIC RESONANCE IMAGING IN PARKINSON'S DISEASE
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Pestome. apxuncon racannueu (I1K) mapkazuil acab musumMuHune CypyHKAIU Oe2eHepamué Kacauiueu Oyiuo,
HUZPOCMpUaman muzumoazy HeUpoHIapHuHe npoepeccus wyKonuwu ouian magcugnanaou. I1J] maprasuti acab muzumu-
HUHZ CYPYHKAIU NPOSPECCUS HEUPOOe2eHEpaAmus Kacaiiueu 0yaub, 0opamunepeux HeupoHIapHUHE Oe2eHepayusiCu ny-
Gatinu xapakam Oy3unuwU, KOZHUMUE OUCPYHKYUS 8a 8ecemamus Oy3uruwiiapea oaub kenaou. Knunux mawxuc ooamoa
anomamiaap namuoo Oyneanudan Ketiur KYuuiaou, amMmo 3aMOHABUU Helpo8U3yaIu3amcus YCyaiapu, wy HCymiaoan mae-
Hum-pezonarc momoepagust (MPT) kacanruxnu spma anukiaut UMKoHUAmMuHY 6epaou. Yuby maxonaoa I1/{oa MPTHune
OUASHOCMUK AXAMUSMU, HCYMAAOaH, Huepocoma-1 cuenanunu anuxiaw, oupgysuon menzop maceupnaw (JTH) ea gynk-
yuonan MPT (pMPT) maxnun Kuaunean. Byeyneu Kynda KacairukiapH 9pma AHUKAAW, KUECU MAWXUCIAU 84 KeYUil-
HU 6ax01au He8POLOSUSHUHE MYXUM MYAMMOIApuoan oupu 6yiub Koimokoa. AHbanasuii KIuHUK OUaeHOCMUKA YCyulapu
IIKnu pugooicnanean O60CKuunapoa anukiauiea uUMKoOH 0Oepca, Helpooe2eHepamud JiCapaéniapHu dpmda aHUKIAuL 6d
Gapxraw yuyH 10K0pUu aHUKIUKOA2U HEUPOSU3YATUZAMCUSL YCYALAPU MAAA0 SMULaou.

Kanum cyznap: Ilapxuncon kacainueu, maenum pezonauc momoepagpusi (MPT), nuepocoma-1, ougpysuon mensop
momoepagpus (JJTH), ¢pynrxyuonan MPT (pMPT), netipooezenepamcusi.

Abstract. Parkinson's disease (PD) is a chronic degenerative disorder of the central nervous system characterized
by the progressive loss of neurons in the nigrostriatal system. PD is a chronic progressive neurodegenerative disease of
the central nervous system that leads to motor impairments, cognitive dysfunction, and autonomic disturbances due to the
degeneration of dopaminergic neurons. Clinical diagnosis is usually made after symptom onset; however, modern neu-
roimaging techniques, including magnetic resonance imaging (MRI), provide an opportunity for early disease detection.
This article analyzes the diagnostic value of MRI in PD, including nigrosome-1 signal detection, diffusion tensor imaging
(DTI), and functional MRI (fMRI). Today, early detection, differential diagnosis, and assessment of disease progression
remain crucial challenges in neurology. While traditional clinical diagnostic methods allow for the identification of PD in
advanced stages, high-precision neuroimaging techniques are required for the early detection and differentiation of neu-
rodegenerative processes.

Keywords: Parkinson’s disease, magnetic resonance imaging (MRI), nigrosome-1, diffusion tensor imaging (DTI),
functional MRI1 (fMRI), neurodegeneration.

Introduction. Parkinson’s disease (PD) is the se-
cond most common neurodegenerative disorder after Alz-
heimer’s disease. According to epidemiological studies,
more than 10 million people worldwide live with this con-
dition. The disease primarily develops after the age of 60,
although early-onset PD cases also occur. The main patho-
physiological mechanism in PD is the degeneration of neu-
rons in the substantia nigra pars compacta (SNpc). The
reduction in dopamine production leads to dysfunction in
the basal ganglia, thalamus, and cortical regions.

PD diagnosis is based on clinical criteria, making
early-stage detection challenging. Modern neuroimaging

techniques, including MRI, serve as valuable tools in this
regard.

Scientific studies on Parkinson’s disease (PD) indi-
cate that modern neuroimaging technologies, particularly
magnetic resonance imaging (MRI), play a crucial role in
diagnosing and dynamically assessing this disease. This
chapter analyzes key scientific works on the significance
of structural, functional, and advanced MRI techniques in
PD diagnosis. Research in the field of neuroimaging con-
tinues to expand the capabilities of MRI in diagnosing PD.
Several studies have demonstrated that MRI enables the
identification of characteristic changes associated with PD:
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Nigrosome-1 Signal — Schwarz et al. (2014) proposed the
loss of the nigrosome-1 signal as a diagnostic marker in
PD patients. The sensitivity of this method was estimated
at 90%, while its specificity was reported to be 92%. If the
loss of the nigrosome-1 signal is observed in the early
stages of the disease, it may indicate an increased risk of
PD progression (Schwarz et al., 2018).

Diffusion Tensor Imaging (DTI) — Studies conduct-
ed by Vaillancourt et al. (2020) have identified a decrease
in fractional anisotropy (FA) and an increase in mean dif-
fusivity (MD) in Parkinson’s disease (PD) patients. It was
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found that basal ganglia atrophy and decreased FA are as-
sociated with the severity of the disease (Karagulle et al.,
2020).

Functional MRI (fMRI) — Lehericy and colleagues
(2020) reported disrupted basal ganglia-thalamo-cortical
connections and a reduction in default mode network
(DMN) activity in PD patients. Functional MRI results
showed that neuronal changes associated with dopamine
deficiency could be detected even in the early stages of the
disease through fMRI (Herz et al., 2014).
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Fig 1. fMRI activity map of healthy individuals and patients with Parkinson's disease. In the healthy brain, normal connec-
tivity is observed, whereas in Parkinson's disease, there is reduced activity in the basal ganglia and motor cortex, along
with disruption of neural networks

Table 1. Study groups

Group Number of participants (n) Average age (M+-SD) Gender (M/F) Dlsea(liligrl;;atlon
Parkinson's dis- 50 62.345.1 28122 47+13
ease group
Control group 30 61.2+47 16/14 -
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Fig. 2. The sequence of stages for participant selection, MRI scanning, data processing, and statistical analysis
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Fig. 3. MRI of the substantia nigral in progressive supranuclear palsy: atrophic changes

Materials and Methods. This study involved a to-
tal of 80 participants, divided into two groups: the Parkin-
son’s disease (PD) group and the control group. PD group:
50 patients diagnosed with idiopathic Parkinson’s disease,
based on the UK Parkinson's Disease Society Brain Bank
Clinical Diagnostic Criteria. Control group: 30 neurologi-
cally healthy individuals matched by age and gender.

All participants underwent MRI on a 3.0 Tesla
scanner using the following sequences:

Structural MRI (T1- and T2-weighted imaging) to
assess brain anatomy and rule out other pathologies.

Susceptibility-Weighted Imaging (SWI) for detec-
tion of nigrosome-1 signal in the substantia nigra.

Diffusion Tensor Imaging (DTI) to measure frac-
tional anisotropy (FA) and mean diffusivity (MD) in the
basal ganglia and related white matter tracts.

Functional MRI (fMRI) using a resting-state BOLD
sequence to evaluate basal ganglia-thalamo-cortical con-
nectivity and activity in the default mode network (DMN).

DTI data were corrected for eddy currents and head
motion, then FA and MD maps were generated.

SWI data were visually inspected for the pres-
ence/absence of nigrosome-1 signal by two independent
neuroradiologists blinded to the clinical diagnosis.

fMRI data were preprocessed with motion correc-
tion, normalization, and spatial smoothing. Resting-state
networks were identified via independent component anal-
ysis (ICA).

Statistical comparisons between groups were per-
formed using SPSS v26. Independent t-tests were used for
continuous variables, and chi-square tests for categorical
variables. A p-value < 0.05 was considered statistically
significant. Correlation analyses were conducted between
imaging parameters and disease severity (as measured by
the Unified Parkinson's Disease Rating Scale, UPDRS).

Results. Nigrosome-1 Signal Analysis (SWI). In
88% of Parkinson’s disease (PD) patients, the Nigrosome-
1 signal was absent in the substantia nigra pars compacta,
which is indicative of dopaminergic neuronal degeneration.

The diagnostic performance of this marker was as
follows: Sensitivity: 91%, Specificity: 89%, Area under the
curve (AUC): 0.93. These findings demonstrate the high
clinical value of SWI in the early diagnosis of PD.

Diffusion Tensor Imaging (DTI) Results. Patients in
the PD group showed a significant decrease in fractional

anisotropy (FA) in the substantia nigra and
pedunculopontine nucleus (p< 0.01). Additionally, an in-
crease in mean diffusivity (MD) was observed, reflecting
progressive neuronal degeneration and disruption of white
matter integrity in these brain regions.

Functional MRI (fMRI) Results. Resting-state fMRI
analysis revealed a reduction in functional connectivity
within the cortico-striatal and thalamo-cortical networks in
the PD group. These findings suggest early functional al-
terations in motor and cognitive networks associated with
dopamine deficiency in Parkinson’s disease.

Discussion. The results of this study demonstrate
that magnetic resonance imaging (MRI) is a crucial tool for
diagnosing Parkinson's disease and assessing its neuro-
degenerative processes. Advanced technologies such as the
loss of Nigrosome-1 signal, diffusion tensor imaging
(DTI), and functional MRI (fMRI) enhance the sensitivity
and specificity of the diagnosis. MRI findings help in early
detection of PD, assessing the progression of the disease,
and differentiating it from atypical parkinsonism syn-
dromes.

Advantages of MRI examination

High diagnostic sensitivity and specificity:

— The loss of Nigrosome-1 signal is highly specific
to Parkinson’s disease, allowing early detection of the dis-
ease using SWI and T2-GRE images*.

— DTI can identify changes in the microstructure of
the basal ganglia and substantia nigra.

— fMRI allows assessment of neural network dys-
function and differentiation of Parkinson's disease from
other neurodegenerative diseases.

Plays a significant role in differential diagnosis:

— MRI is essential in distinguishing Parkinson’s
disease from atypical parkinsonism syndromes (MSA,
PSP, CBD).

— In MSA-P cases, putamen atrophy and iron accu-
mulation can be detected, while in PSP, the "hummingbird
sign" may be identified.

Allows assessment of neurodegenerative processes
and monitoring of disease progression:

— The degree of neurodegeneration in Parkinson’s
disease can be dynamically assessed using MRI.

— This helps in early diagnosis, predicting the de-
velopment of the disease, and developing personalized
treatment plans.
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Disadvantages of MRI examination method:

High cost and limited availability:

— Advanced MRI technologies (7T MRI, DTI,
fMRI, SWI) typically require high technical standards and
are not available in all clinics.

— In some countries or regions, due to the high cost
and rarity of high-resolution MRI scans, Parkinson's dis-
ease is diagnosed based on clinical symptoms.

Insufficient sensitivity in early-stage diagnosis:

— In the early stages of Parkinson's disease, the
Nigrosome-1 signal may not have completely disappeared,
making it difficult to make an accurate diagnosis using
MRI.

— The degeneration of dopamine neurons may ini-
tially be subtle, meaning the disease may not show clear
structural changes at early stages.

Lack of complete reliability in differential diagno-
sis:

— While MRI helps distinguish atypical parkinson-
ism syndromes from Parkinson’s disease, in some cases,
clinical and radiological findings may not align.

— For example, in some PSP and MSA patients, the
loss of Nigrosome-1 signal may not be clearly observed,
which requires additional clinical and laboratory methods
for analyzing MRI results.

Motion artifacts and individual differences:

— Due to movement disorders in Parkinson’s disease
patients, there may be a reduction in MRI image quality.

— In some cases, MRI results may vary due to the
patient’s individual brain structure and physiological
changes, making diagnosis more challenging.

Complexity in image analysis and interpretation:

— Analyzing MRI images requires highly skilled
specialists and complex algorithms.

— Al-based automated diagnostic systems are not
yet fully developed and are used in a limited manner in
practice.

Conclusion. The results of this study indicate that
magnetic resonance imaging (MRI) is a crucial tool for
diagnosing Parkinson's disease and assessing its stages of
progression. Various MRI techniques allow the detection
of structural and functional changes in the substantia nigral
pars compacta (SNpc).

In conclusion, MRI plays a significant role not only
in diagnosis but also in evaluating the dynamics of the dis-
ease and making differential diagnoses in Parkinson’s dis-
ease. Therefore, the further development of MRI technolo-
gies and their broader application in clinical practice are
essential for early detection of neurological diseases and
improving the quality of life for patients.
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BO3MOKHOCTH MATHHTHO-PE3OHAHCHOH
TOMOI'PA®HH ITPH BOJIE3HH ITAPKHHCOHA

Xyooiibepouesa I.M., Amemosa A.C., Xamuoos O.A.

Pe3tome. Bonesnv Iapxuncona (BII) - smo xponu-
yeckoe OezeHepamueHoe pacCmpolcmeo YeHMpPAalbHOU
HEPBHOU CUCMeMbl, XapaKmepusyloujeecs npozpeccupyio-
weti nomepeu HelpoHo8 8 Huzpocmpuiinot cucmeme. I/ -
9MO XPOHUHECKoe npozpeccupyioujee HelupoodeceHepamus-
Hoe 3ab01e6anue YeHMpaibHOl HEPEHOU CUCEMbl, KOMO-
poe npugooum K 08U2amenbHoIM HAPYUWEHUAM, KOSHUMUG-
HbIM OUCHYHKYUAM U 8e2emMaAMUGHbIM HAPYUWEHUAM BCLe0-
cmesue dezenepayuu dogamunepauieckux Heliponos. Kuu-
HU4ecKull OouazHo3 o00bIYHO CMAGUMCS NOCAEe NOAGNEHUs
CUMRINOMO8, OOHAKO COBPEMEHHbIE Memoobl HeUuposu3ya-
AUAYUY, BKTIOUASL MASHUMHO-DE3OHAHCHYIO MOMOZPAPUI0
(MPT), npedocmagnsiom 803MO*CHOCIb PAHHE20 8blssile-
Hus 3a60neeanus. B oannou cmamve ananuzupyemcs ou-
aenocmuyeckasa yennocmos MPT npu I1/], eéxnouaa obua-
pyoiceHue  cueHana — Huepocomwl-1,  oughghysuonmno-
menzopuyo momoepagpuio (ATH) u ynxyuonanvuyro
MPT (@MPT). Cecoons panuee gviasnenue, ougpepenyu-
anvHas OUAZHOCMUKA U OYEHKA NpocpeccupoBanus 3a6o-
Je6aAnUs OCMAIOMCA BANCHEUWUMU 3a0a4aAMU 8 HEe8POJIO-
euu. B mo epems xax mpaouyuonnvie memoovl KiuHuue-
CKOU OUAeHOCMUKYU No360Js110m 6bisa61ams 1] na no3onux
cmaousx, Olsl pawHeeo GblsAGNeHUs U oupgepenyuayuu
HelpoOe2eHepamuBnblX npoyeccog mpebyiomcs GblCOKO-
mounbsle HetPOBU3YATUIAYUOHHBLE MEMOObL.

Kniouegvie cnosa: bonesnv Ilapkuncona, mazHum-
Ho-pe3oHaHcHas momoepagus  (MPT), nuepocoma-1,
oughgysuonno-menzopnas momoepagpus (ATH), ¢ynxyuo-
nanvnas MPT (QMPT), netipodezenepayus.
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