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ABSTRACT

BACKGROUND: Parkinson's disease is a neurodegenerative disease, in second place in terms of incidence in the world after
Alzheimer's disease. It is currently believed that the presymptomatic stages of Parkinson's disease are mainly associated with
degeneration of the subcortical and vegetetive nervous systems, and lesions of the cerebral cortex appear on later stages of
the disease, however, it is of interest to study in more detail the involvement of the pathways of the brain in the pathological
process in depending the disease progression.

OBJECTIVE: to study features of damage to the brain pathways during the progression of Parkinson's disease by magnetic
resonance tractography.

MATERIAL AND METHODS: 88 patients with Parkinson's disease were examined (stage Il disease — 42 people, stage Il —
46 people according to the Hoehn and Yahr scale). The control group consisted of 35 people who did not differ in gender.
All patients included in the study underwent a neurological examination, as well as magnetic resonance imaging of the brain
with diffusion tensor imaging.

RESULTS: We found that with increasing stage of Parkinson's disease, there was a significant increase in fractional anisotropy
in the hippocampus, insular cortex, and inferior and superior temporal sulcus cortex in patients with Parkinson's disease; we
also noted a significant decrease in putamen fractional anisotropy.

CONCLUSION: the tractography study of the brain pathways during disease progression is a promising method that allows us
to clarify in the pathogenesis of Parkinson's disease, including the role of extra-nigral pathology in the development of some
non-motor disorders.
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progression; tractography.
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AHHOTALMSA

AktyanbHocTb. bonesHb [lapkuHCOHa — HeiipoaereHepaTuBHOe 3abosneBaHue, MO YacTOTe BCTPEYAEMOCTM HaxoAsLieecs
Ha BTOpoM MecTe B Mupe nocre 6onesnn AnbureiiMepa. B HacTosiLee BpeMs cuuTaeTcs, YTo NpeAcUMNTOMHbIE CTaguu 6o-
ne3Hu [MapKUHCOHa B OCHOBHOM CBfA3aHbI C flereHepauuei NoAKOPKOBOM 1 BereTaTMBHOW HEPBHOI CUCTEM, @ MOPAXEeHUS KOpbl
roIOBHOr0 Mo3ra MosBAsoTCA Ha bonee no3pHMx cTapusx 3abonesaHus. OgHaKo NpencTaBnseT uHTepec bonee AetanbHoe
U3y4YeHWe BOBNEYEHUS NPOBOAALLMX MyTel FONIOBHOr0 MO3ra B NaTOIOMMYECKMIA NPOLLECC NpK NPOrpeccMpoBaHun bonesHu.
Lienb uccnepoBaHus. M3yuntb 0cobeHHOCTU U3MeHEHUS (DPaKLMOHHOW aHU30TPONMM Pa3iMYHbIX OTZENO0B rOfI0BHOTO MO3ra
npu nporpeccupoBaHuy bonesHn MapKMHCOHa Mo AaHHBIM MarHUTHO-PEe30HAHCHOW TpaKTorpaduy.

Martepuansl u MeToabl. bbino obcnenoBao 88 nauvenToB ¢ 6onesHbto MapkuHcoHa (Il ctapus 3aboneBaHus — 42 yenoBe-
Ka, Il cTagusa — 46 yenoBek no Lwkane XeH u Apa). pynny cpaBHeHUst cocTaBuM 35 YeNoBeK, He OTIMHABLUMXCA N0 Moy
1 Bo3pacTy. BceM BKJIOUEHHBIM B UCCiej0BaHMe NaLMeHTaM NPOBOAMUAMCE HEBPOJIOTMYECKU OCMOTP U MarHUTHO-Pe30HaHC-
Has ToMorpadus rofloBHOro Mo3ra C BbINOSHEHWEM AU(dY3HO-TEH30pPHON BU3yanu3aumu. [laHHble TpakTorpadum npoeum-
POBaUCh Ha CTaHAAPTHYI0 MacKy rosIoBHOMO Mo3ra.

PesynbTathl. C yennyennem crapum 6onesuu MapkuHcoHa Hamm bbino 06HapyKeHo y naLMeHToB 40CTOBEPHOE YBENUYEHWe
(paKLMOHHON aHM30TPOMKUM TMNMOKaMNa, KOpbl OCTPOBKOBBIX U3BUMMH, @ TakxKe Hbl0 0TMeYeHO [LOCTOBEPHOE YMeEHbLLEHHE
(paKLMOHHON aHM30TPOMUW CKOPJTYMbI.

3aksioyeHune. TpakTorpadums SBNSETCS MEPCMEKTUBHBIM UCCNEL0BaHMEM, MO3BOMSHLWMM YTOYHUTb NaToreHe3 bGomnesHu
[apKUHCOHa, B TOM YMC/IE POSib IKCTPAHUrPasbHO NaToNOrK 1S Pa3BUTUS PAAA HEMOTOPbIX HapYLLUEHWIA.

KnioueBble cnosa: 6enoe BeLlecTBO rofioBHOr0 Mo3ra; 60ne3Hb MapKWHCOHa; KOpa rofoBHOMO M03ra; MarHUTHO-pe3o-
HaHCHas ToMorpadms; NporpeccupoBaHue; TpakTorpadus; GppaKLUMOHHAA aHU30TPOMNKS.
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BACKGROUND

Parkinson’s disease (PD) is a neurodegenerative dis-
order with the second-highest incidence worldwide, after
Alzheimer's disease. The clinical manifestations of PD
mostly result from the demise of dopaminergic neurons
within the substantia nigra (SN). However, as this dis-
ease advances, neurodegenerative transformations occur
in nearly all brain structures [1].

Several studies on PD, alongside morphometric in-
dices, have evaluated the brain’s structural connections
using diffusion-tensor magnetic resonance imaging
(DT MRI). This technique enables the assessment of mi-
crostructural brain disorders in vivo and relies on mea-
suring the magnitude and directionality of water molecule
diffusion within each voxel of the image. Water diffusion
occurs along a preserved axon fiber because it has an
insulating myelin sheath, indicating its direction and in-
tegrity. This is the basis for acquiring DT images. DT MRI
visualizes and quantitatively evaluates the condition of
brain conductive pathways [2].

The quantity of DT MRI studies in patients with PD is
quite less. Nonetheless, available data demonstrate that
this approach can enhance the quantity and value of the
diagnostic information obtained.

A study [3] discovered that cognitive disorders in
patients with PD are linked to specific characteristics
of brain tractography. A reduction in working memory
capacity was consistently associated with reductions in
fractional anisotropy (FA) of the brain’s conductive path-
ways in the left temporal region, head and tail of the right
hippocampus, head of the left hippocampus, knee of the
corpus callosum, and left orbitofrontal region. The “dis-
ruption of ascending fibers within the corpus callosum”
may serve as a neuroimaging biomarker for dementia
progression in PD.

Langley et al. used DT MRI data from 20 patients with
stage lll PD assessed according to the Hoehn and Yahr
scale and from 17 healthy volunteers [4]. The authors
identified changes in regional FA within the SN. A sub-
stantial decline in the FA of the SN was observed in pa-
tients with PD compared with that in control participants,
specifically in rostral areas more than in caudal sections.
Abnormalities were observed in the SN of the hemisphere
opposite to the limbs, exhibiting the most significant neu-
rological symptoms.

The role of extranigral pathology in causing nonmotor
disorders and the link between cognitive disorders and
psychotic symptoms were observed by the staff of the
Department of Nervous Diseases of the Academy [5, 6].
However, the precise progression of the conductive path-
way changes from PD stages Il to lll remains inadequate-
ly understood.

The discrepancy in the obtained results can be at-
tributed to the limited sample of patients studied and
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variances in the methodologies employed. In most
studies, structural interrelationship disorders were
found in patients with PD, mainly in the SN and stria-
topallidal complex and in some cases in the cerebel-
lum. In addition, patients with cognitive impairments
exhibited a decrease in FA within the left temporal
region, hippocampus, and corpus callosum. These ob-
servations hint at the possible nature of disease pro-
gression and potentially introduce new therapeutic
approaches.

If the confirmed data from subsequent studies de-
monstrate that the measurement of FA of the listed tracts
can be useful for the differential diagnosis of various
parkinsonism syndromes, the data can help in prescrib-
ing appropriate therapy at an earlier stage.

Currently, cortical lesions manifest in the later stages
of the disease. However, there remains interest in study-
ing the precise involvement of brain structures in the
pathological process during disease progression [7].

This study aimed to examine the distinctness of le-
sions in cerebral conductive pathways during the pro-
gression of PD using MR tractography data.

MATERIALS AND METHODS

Eighty-eight patients with PD were assessed based
on the diagnostic criteria set by the British Brain
Bank [8]. These patients were divided into 2 groups
according to the disease stage and criteria stipulated
by the Hoehn and Yahr scale: 42 patients with stage Il
and 46 with stage Ill. All study participants were re-
ceiving therapy with dopaminergic drugs at the time of
inclusion.

The control group comprised 35 individuals of com-
parable age who exhibited initial symptoms of cerebral
circulation insufficiency.

The patients were subjected to neurological examina-
tions that included evaluations of their motor functions.
The degree of motor disorders, such as hypomimia, gait
disorders, posture, trunk bradykinesia, rigidity, tremor,
and postural instability, was measured according to Sec-
tion lll (motor functions) of the Unified PD Rating Scale
(Fahn S, Elton S, et al.), a dedicated tool for diagnos-
ing such disorders. The clinical stage of the disease was
evaluated using the Hoehn and Yahr scale. All patients
and controls underwent DN MRI.

A 3.0-T brain MRI was conducted using an 8-channel
head coil on a Philips Achieva machine. The obtained re-
sults were projected onto a standard brain mask.

FA was measured on a scale from 0 to 1, where 0 in-
dicates unrestricted diffusion and 1 represents the com-
plete directional movement of all water molecules along
the conductor’s axis. The functionality of a white matter
conductor is contingent on its FA level, which is directly
related to its integrity.
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Statistical analysis was performed on 390 gray and
white matter structures. Data were processed using
Statistica 10.0 from StatSoft.

Data with normal distribution were described us-
ing the mean (M) and standard deviation (SD). Reliable
differences were determined by a significance level of
p < 0.05.

RESULTS

Statistically significant differences were discovered
in the FA of several brain regions in patients with PD
and controls. Specifically, the left hippocampus, short
gyrus islet cortex, inferior temporal sulcus cortex, puta-
men, right superior temporal tract, left middle temporal
tract, left and right red nucleus (RN), and subthalamic
nucleus (STN) on the left showed significant variation
(Table 1).

As the PD stage increased, a significant increase in FA
was found in the left hippocampus, insular gyrus cortex,
superior and inferior temporal sulci, right and left RN,
and left STN. Moreover, the FA of the putamen on the left
side consistently decreased.

Patients with PD showed a significant decrease in
the FA of the rubrospinal tract, medial longitudinal fas-
ciculus, and inferior cerebellar peduncle on the right side
(Figures 1-3).
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DISCUSSION

The use of DT MRI in PD studies is limited; how-
ever, evidence indicates that the progressive decline in
the function of various tracts can disrupt the integrity of
the conductive pathways between cortical and subcortical
regions associated with specific cognitive functions [9].

The study identified significant increases in the FA in
certain gray matter structures of the brain in patients
with PD. Specifically, the left hippocampus, insular gyrus
cortex, and inferior and superior temporal sulcus cortices
showed notable changes.

According to Chen et al., FA values were reported to
be higher in the hippocampus and temporal gyrus regions
of the cerebral cortex in patients with PD than in healthy
controls [10]. The hippocampus and temporal cortex are
responsible for cognitive functions, which suggests that
the increase in FA may be attributed to compensatory
functions.

Herz et al. conducted a meta-analysis of functional
neuroimaging studies on motor tasks and reported
consistently reduced FA in the posterior putamen of
patients with PD while performing motor tasks [11].
In this study, we replicated these findings by observing
a nearly twofold decrease in FA in the left hemisphere
of patients with stage Il PD according to the Hoehn
and Yahr scale.

Table 1. Fractional anisotropy indices of the brain regions investigated in patients with Parkinson’s disease that showed significant

differences
Structure Compi;ison group, Stage Il on the Hoehn Stage Il on the Hoehn p-value
+ 5D and Yahr scale, M + SD and Yahr scale, M+ SD
Left hippocampus - 0.194 + 0.004 0.216 + 0.007 0.024
Insular cortex gyri - 0.179 + 0.004 0.197 + 0.004 0.014
Inferior temporal cortex 0.226 +0.127 0.236 + 0.007 0.268 + 0.005 <0.05
Superior temporal cortex 0.248 + 0.006 0.249 + 0.006 0.276 + 0.005 <0.05
Left putamen - 0.340 + 0.004 0.196 + 0.007 0.046
Left RN - 0.415 + 0.017 0.489 + 0.022 0.023
Right RN - 0.474 + 0.01 0.532 +0.02 0.026
Left STN 0.358 + 0.046 0.531 +£0.03 0.512 £ 0.036 <0.05
Right rubrospinal tract 0.431 £ 0.422 0.402 +0.38 - 0.009
Rght medlial longhtudinal 0.46 + 0.44 0421+ 0.4 - 0.037
Right inferior cerebellar 04 +0.39 0.37 + 0.35 B 0.047

peduncle
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In addition, patients with PD exhibited an increase in
FA within both the left and right RN and STN regions.

The RN is an objective subcortical center that plays
a pivotal role in movement coordination. Its bilateral
connection with the cerebellum and cortex allows it to
proficiently participate in motor control. Presumably, in-
creased FA amplifies RN activity to compensate for the
dysfunctional thalamostriatocortical circuit.

STN plays a crucial role within the basal ganglia—
thalamocortical circuit. Studies have suggested that STN
overactivity may be responsible for the symptoms of
PD [12]. Moreover, Wang et al. reported that problems
concerning basal ganglia and thalamocortical connec-
tions may result in bradykinesia and rigidity [12].

Patients with newly diagnosed and moderately severe
PD exhibit heightened functional connectivity between the
STN and sensorimotor cortex, which implies that these
changes occur in early disease stages [13]. This study
revealed that the FA of the left hemisphere of the STN
increases with disease progression.

In addition to the gray matter, modifications affect
the neuronal pathways of the brain. Patients diagnosed
with stage Il PD showed FA reduction in the rubrospinal
tract, medial longitudinal bundle, and inferior cerebellar
peduncle on the right.

The Mormina et al. study analyzed the FA of the con-
ductive pathways of patients with PD at the base of the
peduncles and cerebellar hemispheres, comparing re-
sults from those with the disease for more than 5 years
to healthy volunteer controls [14]. A decrease in FA was
found in the cerebellar hemispheres of patients with PD,
likely due to the inclusion of patients with longer disease
duration.

Another study discovered an association between
higher PD stages and longer disease duration with cer-
ebellar white matter changes and decreased FA [15].

The medial longitudinal fasciculus belongs to the
global coordinator and cognitive system [16]. The mal-
function of this pathway causes coordinator and postural
disorders in PD and cognitive decline.

Furthermore, patients with PD exhibited a decrease
in FA within the rubrospinal tract. The rubrospinal tract
primarily transmits information related to the nature of
purposeful movements and the occurrence of tremors
that are symptomatic of PD.

CONCLUSIONS

The data indicate a reduction in the FA in the
brain's conductive pathways and subcortical forma-
tions, implying their dysfunction. By contrast, FA
increases in different cortical regions. The latest
established finding is a result of the cortical compen-
satory response to lesions of the conductors and basal
ganglia.
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Comparison group Stage Il PD

Fig. 1. Visual comparison of the right inferior cerebellar peduncle
between the controls and patients with stage Il Parkinson's di-
sease (PD) using the Hoehn and Yahr scale

Comparison group Stage Il PD

Fig. 2. Visual comparison of the right rubrospinal tract between the
controls and patients with stage Il Parkinson’s disease (PD) using
the Hoehn and Yahr scale

Comparison group

Stage II PD

Fig. 3. Visual comparison of the right medial longitudinal fascicle
between the controls and patients with stage Il Parkinson's di-
sease (PD) using the Hoehn and Yahr scale

Thus, MR tractography augments the amount and cali-
ber of diagnostic information acquired from patients with
PD and serves as a method of evaluating disease pro-
gression. Moreover, this approach enhances and broad-
ens the understanding of PD causes.
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