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Abstract

Background Parkinson’s disease (PD) is the most common movement disorder and the second most common neu-
rodegenerative disease. The aim of our study was to compare gray—white matter changes (GWC) between Parkinson’s
disease (PD) patients and age-matched healthy control group as well as comparing GWC between different stages

of PD (early and complicated). Our study was prospective cross-sectional case—control observational study with ana-
lytic component conducted on twenty patients and ten controls without any signs or symptoms of PD or any history
of PD in first-degree relatives. All patients and controls were tested for history taking with stress on resting tremors,
rigidity, gait abnormalities, postural instability and any symptoms of cognitive impairment, clinical examination
including general examination and neurological examination. Also diffusion tensor imaging (DTI) with fiber tracking
(tractography) and susceptibility-weighted MR imaging were performed for all cases.

Results As regards DTl and evaluation of fractional anisotropy (FA) and mean diffusivity (MD) values between PD
cases and healthy controls, the cases group showed significant decrease in FA values at substantia nigra on both sides
and left cingulum as well as significant increase in MD values at substantia nigra on both sides and corpus callosum.
Also, there are significant decrease in FA values at substantia nigra on both sides and significant increase in MD values
at substantia nigra on both sides and right cingulum in late parkinsonism when compared to early parkinsonism.

A cutoff FA value of 0.945 at right substantia nigra and cutoff FA value of 0.585 at left substantia nigra showed signifi-
cant AUC that could differentiate between cases and controls. Also cutoff MD value of 0.791 at right substantia nigra
and cutoff MD value of 0.813 at left substantia nigra showed significant AUC that could differentiate between cases
and controls.

Conclusions Diffusion tensor imaging showed valuable role in evaluation of gray-white matter changes in Parkin-
son’s disease. Also, it helps to assess degree of gray—white matter changes when comparing late parkinsonism to early
parkinsonism through evaluation of FA and MD values at corpus callosum, substania nigra, and cingulum.
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Background
Parkinson’s disease (PD) stands as the most prevalent
movement disorder and the second most prevalent neu-
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patient’s overall quality of life. Cognitive impairments, for
instance, are frequently observed in individuals with PD
and may even manifest early on, although they tend to be
more prevalent in the advanced stages of the disease [1,
2].

The course of Parkinson’s disease, while unrelenting,
exhibits significant variability and unpredictability. The
deterioration observed in clinical symptoms is a manifes-
tation of the continuous degeneration of the nigrostriatal
system, yet its progression remains elusive and inconsist-
ent. It remains uncertain whether the symptoms of Par-
kinson’s disease are a result of age-related neuronal loss
combined with a temporary neurodegenerative injury or
an ongoing neurodegenerative process. Studies examin-
ing the progression of PD through pathological analysis
have been restricted in their scope. The focus of clinical
studies on the progression of Parkinson’s disease (PD)
has primarily been on patients in the early stages of the
illness, while neglecting those with severe and long-last-
ing conditions. These studies have predominantly relied
on cross-sectional data and utilized the Unified PD Rat-
ings Scale (UPDRS) or similar clinical measures to track
the advancement of the disease [3, 4].

The challenge in clinical studies lies in examining func-
tional status while also considering the impact of anti-
Parkinson drugs on symptoms, which can complicate
the ability to attribute clinical changes solely to disease
progression. This creates a difficulty in isolating the true
effects of the disease on patients.

The assessment of white matter using DTI is a valuable
tool that plays a critical role in the early diagnosis of Par-
kinson’s disease, potentially having a significant impact
on the quality of life for patients. The assessment of
patients over time and the evaluation of disease progres-
sion and treatment response can be facilitated by examin-
ing abnormalities in white matter. It is worth noting that
these markers can also provide interesting insights. The
presence of iron differs across various regions affected by
neurodegenerative diseases. Iron could potentially have a
significant impact on the neuropathology associated with
these diseases [5].

Hence, the concentration and distribution of iron in
deep brain nuclei could serve as potential biomarkers
in Parkinson’s disease. Iron has the ability to alter the
magnetic properties of tissues in which it accumulates.
Susceptibility-weighted imaging (SWI), a new MRI tech-
nique, is capable of detecting the magnetic susceptibility
of tissues, allowing for the identification of iron-related
information in neurodegenerative parkinsonism. This
makes SWI a promising tool for detecting Parkinson’s
disease [6].

The blurring between the boundaries of gray and white
matter, known as gray—white matter contrast (GWC),
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is measured using T1-weighted MRI images. While the
exact neurobiological reasons for this measure are not
fully understood, some studies have suggested that GWC
could indicate local differences in tissue integrity and
myelin degradation. This could be due to increased water
content in the white matter or iron deposition. Changes
in GWC have been linked to aging, with a decrease in
contrast observed mainly in the frontal and temporopa-
rietal regions. GWC appears to be particularly associ-
ated with age-related variations in myelin content at the
boundary between gray and white matter in lightly myeli-
nated areas [7].

The authors suggested that GWC could potentially
serve as a valuable method for monitoring myelin dete-
rioration in important brain regions among patients
in clinical settings. As a result, GWC could serve as an
indirect indicator of alterations in the brain’s histological
characteristics that could greatly influence neurodegen-
erative processes. In individuals with Parkinson’s disease
(PD), MRI has shown cortical atrophy primarily through
voxel-based morphometry and cortical thickness meas-
urements, as well as changes in white matter using diffu-
sion tensor imaging [8].

The aim of our study was comparison of GWC between
PD and age-matched healthy controlled group as well
as comparison of GWC between different stages of PD
(early and complicated).

Methods

Our study included individuals with Parkinson’s disease
who were 30 years of age or older and exhibited at least
two of the following symptoms: resting tremor, bradyki-
nesia, rigidity, and postural instability (with one of the
symptoms being resting tremor or bradykinesia). These
individuals were examined on the same day as the MRI
or within 1 week of the MRI, and had no history of sur-
gical treatment or deep brain stimulation. Patients with
claustrophobia or MRI artifacts were not included in our
study.

All participants, both patients and healthy controls
(senile with no clinical signs of parkinsonism), under-
went a standardized protocol conducted by a single neu-
rologist. This protocol included a thorough history taking
focusing on resting tremors, rigidity, gait abnormalities,
postural instability, and any signs of cognitive impair-
ment. A clinical examination, which encompassed a gen-
eral assessment and a neurological examination using the
Unified Parkinson’s disease rating scale [9] and Modified
Hoehn and Yahr Scale [10], was also performed. Patients
who were taking anti-Parkinson medications were
assessed after being off the medication for 12 h to ensure
they were in a “defined off” state.
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Early Parkinson’s disease (PD) is characterized by
patients who receive a diagnosis of PD within 4.5 years
of the disease’s onset. On the other hand, complicated
PD refers to patients who experience the typical motor
symptoms of PD in addition to other motor or non-
motor complications. These complications can be either
related to the disease itself (such as freezing) or to the
treatment (such as dyskinesias or hallucinations) [11, 12].

The disease severity was evaluated through MR
imaging, which included non-contrast conventional
sequences such as T1-weighted, T2-weighted, and FLAIR
sequences in axial, sagittal, and coronal planes. Addition-
ally, diffusion tensor imaging (DTI) with fiber tracking
(tractography) and susceptibility-weighted imaging were
performed. The MR imaging system used was the Intera
Achieva by Philips-Netherlands, operating at 1.5 Tesla
with an 8-channel head coil.

The diffusion tensor imaging (DTI) protocol consisted
of axial plane imaging with 3D T2 (TR: 4700, TE: 85) and
3D PD (TR: 3400, TE: 13), slice thickness of 2 mm, spac-
ing of 0, matrix size of 256 X 256, FOV of 24 cm, and NEX
of 2. DTI was performed with 12 directions (TR: 8000,
TE: min), slice thickness of 5 mm, spacing of 1, matrix
size of 128 X128, and FOV of 26 cm.

Post-processing of DTI involved measuring FA and
MD at substantia nigra, corpus callosum, and cingulum
in both case and control groups. Two experienced neuro-
radiologists of 10 and 25 years’ experience at the way of
conjoint reading performed manual region of interest
(ROI) analysis and tractography. ROI analysis allowed for
the measurement of FA and MD at specific locations on
MRI slices.

Two methods of determining regional FA and MD
in specific tracts were manual region of interest (ROI)
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analysis and tractography. Region of interest analysis ena-
bles the measurement of FA and MD at predefined loca-
tions on particular slices of a magnetic resonance image.

Regions of interest (ROIs) were manually positioned
over the substantia nigra, corpus callosum tractogra-
phy, and cingulum tractography. The cingulum was split
into two regions on both sides. Fiber tracts had to pass
through the furthest points of each segment and a point
in the middle. The left and right tracts were examined
individually, and the values were averaged across the
specified area of interest. For the substantia nigra, the
left and right tracts were also analyzed separately, and
the values were averaged over the defined area of interest
(Figs. 1, 2, 3, 4).

Statistical analysis

Data analysis was conducted using SPSS software, ver-
sion 25 (SPSS Inc., PASW statistics for windows version
25. Chicago: SPSS Inc.). Qualitative data were presented
using number and percentage. Quantitative data were
described using median (minimum and maximum) for
non-normally distributed data and mean+standard
deviation for normally distributed data after checking
for normality using the Kolmogorov—Smirnov test. The
significance of the results was considered at the level of
<0.05. Chi-square, Fischer exact test, and Monte Carlo
tests were utilized to compare qualitative data between
groups as appropriate. Kruskal-Wallis and Mann—Whit-
ney U tests were used to compare between two studied
groups and more than two studied groups, respectively,
for non-normally distributed data. Wilcoxon signed-
rank test and Friedman test were employed to com-
pare between more than two studied periods. Student
t-test was used to compare two independent groups for

196

Fig. 1 A 60-year-old senile female. A DTT of corpus callosum revealed FA value =0.492 and MD value=0.967. B DTT of cingulum revealed FA

value=0.468 and MD value=0.831 at right side, FA value=0.438 and MD value =0.838 at left side C DTT of SN revealed FA value=0.917and MD

value=0429 at right side, FA value=0.529 and MD value =0.867 at left side
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Fig. 2 A 64-year-old senile male patient with late parkinsonian disease complained of resting tremors and dyskinesia. A Sagittal T2-colored image
with DTT of corpus callosum revealed: thinning of anterior part of body of corpus with lost cortical fibers at genu, body, and splenium (FA=0.381,
MD=0.995). B DTT of cingulum revealed: mild thinning of both tracts (right cingulum FA=0.316, MD=0.843 and Left cingulum FA=0.308,
MD=0.878). C SWI of substantia nigra revealed: mild thinning of SN on both sides with irregular borders and lost swallow tail sign. D Axial T2 DTI
of SN revealed: reduced FA value on both sides (right SN FA=0.2, MD=0.858 and left SN FA=0.123, MD=1.120)

normally distributed data. Spearman’s rank-order corre-
lation was used to determine the strength and direction
of a linear relationship between two non-normally dis-
tributed continuous variables and/or ordinal variables.
Receiver operating characteristics curve (ROC curve)
was utilized to calculate the validity (sensitivity and spec-
ificity) of continuous variables with the calculation of the
best cut off point. Predictive values and accuracy were
assessed using cross-tabulation.

Results

The current research involved 20 patients diagnosed with
PD and 10 healthy individuals who were matched with
the patient group in terms of age and sex.

The cases group showed significant decrease in right
substantia nigra FA, left substantia nigra FA, left cingu-
late FA and significant increase in right substantia nigra
MD, left substantia nigra MD and corpus callosum MD.
No significant difference was found between studied
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Fig. 3 A 68-year-old senile female patient with late parkinsonian disease complained of bradykinesia and rigidity. A Sagittal T2-colored image
with DTT of corpus callosum revealed: lost cortical fibers of corpus callosum, more evident at body (FA=0.349, MD=1.079). B DTT of cingulum
revealed: thinning of right tract and mild thinning at left tract (right cingulum FA=0.308, MD=0.838 and Left cingulum FA=0.312, MD=0.861). C
Axial T2 DTl of SN revealed: reduced FA value on both sides (right SN FA=0.485, MD=0.989, and left SN FA=0.455, MD=1.130)

Fig. 4 A 54-year-old male patient with early parkinsonian disease complained of resting tremors. A Sagittal T2-colored image with DTT of corpus
callosum revealed: thinning of corpus callosum, more evident at body with lost cortical fibers (FA=0.458, MD=0.987). B DTT of cingulum revealed:
thinning of both tracts, more evident at left side (right cingulum FA=0.363, MD=0.778, and left cingulum FA=0.305, MD=0.774). C DTT of SN
revealed: mild reduced FA value on both sides (right SN FA=0.510, MD=1.038, and left SN FA=0.502, MD=0.901)

cases regarding right cingulate FA, right cingulate MD,
left cingulate MD and corpus callosum FA (Table 1).

There were significant decrease in right substantia
nigra FA, left substantia nigra FA and significant increase
in right substantia nigra MD, left substantia nigra MD
and right cingulate MD in late parkinsonism when com-
pared to early parkinsonism. However, no significant dif-
ference was found regarding left cingulate FA and MD as
well as corpus callosum FA and MD between two groups
(Table 2).

Receiver operating characteristic (ROC) curve was
conducted to assess validity of corpus callosum MD and
left cingulate FA in differentiating between cases and
control groups. Only corpus callosum MD at cutoff value
of 0.926 showed significant AUC that could differentiate

between cases and controls with sensitivity 95% and
specificity 80% (Table 3). Also, ROC curve was conducted
to assess validity of right cingulate FA in differentiating
between early and late stage of Parkinson. Right cingulate
MD had nonsignificant AUC (Table 4).

MUPRDS showed significant positive correlation with
left cingulate MD and left substantia nigra MD among
cases group. Also, it showed significant negative correla-
tion with right and left substantia nigra FA among cases
group. However, no significant correlation was found
between MUPRDS and other parameters (Table 5).

Disease duration showed significant positive corre-
lation with right and left substantia nigra MD among
cases group. Also, it showed significant negative correla-
tion with right and left substantia nigra FA among cases
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Table 1 Comparison of FA, MD values between studied groups

Casesgroup Control group  Test of

n=20 n=10 significance
Rt cingulate FA 0368+£0.058  0.404+0.095 t=128,p=0.212
Rt cingulate MD 0.883+0.087  0.832+0.082 t=1.51,p=0.142
Lt cingulate FA 0356+£0.054 0415+0.084 t=2.32,p=0.028*
Lt cingulate MD 0.878+0.07 0.847+0.054 t=1.17,p=0254
Corpus callosum 0.399+0.107  0459+0.101 t=148,p=0.15
FA
Corpus callosum 1.054+0.08 0.928+0.09 t=3.62,p=0001*
MD
Rt substantia 0.563+0.26 0.896+0.16 t=3.63,p=0.001*
nigra FA
Rt substantia nigra  0.888+0.15 0.693+£0.10 t=3.62,p=0.001*
MD
Lt substantia nigra  0414+0.104  0.720+0.136 t=6.85,p=0.001*
FA
Lt substantianigra  0.945+0.178  0.726+0.106 t=3.59,p=0.001*
MD

Rt right, Lt left, FA fractional anisotropy, MD mean diffusivity
t: Student t test, *statistically significant

Table 2 Comparison of FA, MD values between cases with early
and late stage of Parkinson

Early Late Test of significance
n=10 n=10
Rt cingulate FA 0353+0.04 0.383+007 t=1.16,p=0.263

Rt cingulate MD

Lt cingulate FA

Lt cingulate MD
Corpus callosum FA

0.844+0.029 0921£0.109 t=2.16, p=0.045*
0.342+0.049 0371+0.057 t=122,p=0.238
0.857+0.03 0.898+0.099 t=1.27,p=0222
0425+0.149 0.374+0.019 t=1.06,p=0.305

Corpus callosumMD ~ 1.05£008  1.06+009 t=0.379,p=0.709
Rt substantia nigra 0.774+£0.19 0.352+0.12 t=595,p<0.001*
FA

Rt substantia nigra 0.769+0.11 1.01£008 t=5.60,p<0.001*
MD

0481+0.086 0.347+0.07
0.818+0.085 1.08+0.15

Lt substantia nigra FA t=3.69, p=0.002*

Lt substantia nigra t=4.66,p<0.001*

MD

Rtright, Lt left, FA fractional anisotropy, MD mean diffusivity
t: Student t test,

*statistically significant
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group. However, no significant correlation was found
between disease duration and other parameters (Table 6).

Receiver operating characteristic (ROC) curve was con-
ducted to assess validity of right and left substantia nigra
FA in differentiating between cases and controls. At cut-
off value of 0.945, the right substantia nigra FA showed
significant AUC that could differentiate between cases
and controls sensitivity 90% and specificity 80%. Also, at
cutoff value of 0.585, the left substantia nigra FA showed
significant AUC that could differentiate between cases
and controls with sensitivity 95% and specificity 90%.
ROC curve was conducted to assess validity of right sub-
stantia nigra MD and left substantia nigra MD in differ-
entiating between cases and controls. At cutoff value of
0.791, the right substantia nigra MD showed significant
AUC that could differentiate between cases and controls
sensitivity 80% and specificity 90%. Also, at cutoff value
of 0.813, the left substantia nigra MD showed significant
AUC that could differentiate between cases and controls
with sensitivity 80% and specificity 70% (Table 7).

As regards SWI, about 20% of cases of parkinsonism
revealed morphological changes at substantia nigra in the
form mild thinning, irregular margins, and lost swallow
tail sign.

Discussion

Parkinson’s disease (PD) is a progressive and chronic
degenerative neurological disorder. It is characterized by
the degeneration of dopamine neurons in the substantia
nigra (SN) along with the loss of their axons that connect
to the striatum through the nigrostriatal pathway. This
results in a deficiency of the neurotransmitter dopamine,
leading to the primary motor symptoms of PD [13].

In early stages of PD, structural brain imaging using
conventional MRI (cMRI) with visual assessment of T2-
and T1-weighted sequences typically appears normal.
Therefore, its main purpose is to identify or rule out
other underlying conditions that may be causing parkin-
sonism [14].

Diffusion tensor imaging (DTI) is a non-invasive neu-
roimaging technique based on MRI that can analyze the
diffusivity of brain tissues based on motion of water mol-
ecules, particularly along axons. Fractional anisotropy

Table 3 Validity of Corpus callosum MD and left cingulate FA in differentiating between cases and control groups

AUC (95%Cl) p value Cut off value Sensitivity % Specificity %
Corpus callosum MD 0.850 0.002* 0.926 95.0 80.0
(0.674-1.0)
Left cingulate FA 0.685 0.104 0.421 85.0 95.0

(0.472-0.898)

AUC area under curve, Rt right, Lt left, FA fractional anisotropy, MD mean diffusivity,*statistically significant
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Table 4 Validity of right cingulate FA in differentiating between
early and late stage of parkinsonism

AUC p value Cut off Sensitivity  Specificity
(95%Cl) value % %
Right 0.755 0054  0.849 70.0 80.0
cingulate  (0.531—
MD 0.979)
MD mean diffusivity

Table 5 Correlation between FA, MD values, and MUPRDS
among cases

MUPDRS Cases group

n=20

r p value
Rt cingulate FA —0.006 0.981
Rt cingulate MD 0419 0.066
Lt cingulate FA 0.100 0.676
Lt cingulate MD 0.523 0.018*
Corpus callosum FA -0.168 0480
Corpus callosum MD 0.197 0.406
Rt substantia nigra FA -0.764 <0.001*
Rt substantia nigra MD 0.399 0.08
Lt substantia nigra FA -0.525 0.018*
Lt substantia nigra MD 0473 0.03*
Rtright, Lt left, FA fractional anisotropy, MD mean diffusivity
r: Spearman correlation coefficient, *statistically significant
Table 6 Correlation between FA, MD values, and disease
duration among cases
Disease duration Cases group

n=20

R p value
Rt cingulate FA 0.147 0.537
Rt cingulate MD 0421 0.07
Lt cingulate FA 0.242 0.304
Lt cingulate MD 0.234 0.320
Corpus callosum FA —0.096 0.686
Corpus callosum MD —-0.058 0.809
Rt substantia nigra FA —-0.727 <0.001*
RT substantia nigra MD 0615 0.004*
LT substantia nigra FA —0.505 0.023*
LT substantia nigra MD 0.566 0.009*

Rt right, Lt left, FA fractional anisotropy, MD mean diffusivity
r: Spearman correlation coefficient, *statistically significant

(FA) measures diffusivity in different directions and pro-
vides insight into the microstructural organization of
the brain’s tensors. Mean diffusivity (MD) indicates the
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overall movement of water molecules in the brain. DTI is
commonly used to identify changes in white matter, but
it can also detect abnormalities in gray matter. It may be
able to detect these changes earlier than traditional MRI
methods. Studies using DTI have shown changes in dif-
fusivity in subcortical structures and decreased FA in the
substantia nigra in individuals with Parkinson’s disease
[15, 16].

The aim of the present study was to compare GWC
between PD and age-matched healthy control group and
also compare GWC between different stages of PD (early
and complicated).

The present study was cross-sectional case—control
observational study with analytic component. Data were
obtained prospectively from twenty patients and ten con-
trols presented to the outpatient clinic of the neurology
department at our institution. All patients and control
were matched in age, sex, residence, risk factors, and dis-
ease duration; thus, no other factors can affect scope of
our results.

The present study showed that the mean age of the
cases and controls was 60.40 + 11.09, most of them were
males (75%).

In line with our research, the average age at previous
study of both cases and controls was around 63.7 years.
There was an equal distribution of gender in both groups,
with 59.5% males and 40.5% females [17].

Parkinson’s disease is characterized by a clinical syn-
drome known as parkinsonism from the motor stand-
point. This syndrome universally includes four cardinal
features: bradykinesia, rest tremor, rigidity, and postural
and gait impairment [18].

The current research demonstrated a notable dis-
tinction between the subjects and controls in terms of
Hoehn and Yahr and MDS-UPDRS. Consistent with our
results, Uribe et al. [19] found no significant variations
between the groups in terms of age, gender, or education.
Patients with Parkinson’s disease scored notably lower
than healthy individuals in cognition and memory. Mild
cognitive impairment was present in 44% of the patients,
with 8% of the PD sample exhibiting deficits in the lan-
guage domain.

Schrag et al. [20] demonstrated that tremor was the
predominant symptom of PD, with 41% of patients
reporting it to their GP, compared to less than 1% of
controls. Constipation was experienced by 37% of PD
patients versus 23% of controls, depression by 18% versus
10%, fatigue by 15% versus 8%, dizziness by 14% versus
9%, anxiety by 12% versus 7%, and shoulder stiffness or
pain by 12% versus 9%.

Previous research has also indicated that bradykine-
sia, rest tremor, rigidity, and loss of postural reflexes are
the motor symptoms most frequently associated with
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Table 7 Validity of substantia nigra FA and MD values in differentiating between cases and controls

AUC (95%ClI) p value cut off value sensitivity % specificity %
Rt substantia nigra FA 0.892 (0.776-1.0) 0.001* 0.945 90.0 80.0
Lt substantia nigra FA 0.970 (0.909-1.0) <0.001* 0.585 95.0 90.0
Rt substantia nigra MD 0.872(0.745-1.0) 0.001* 0.791 80.0 90.0
Lt substantia nigra MD 0.850 (0.710-0.990) 0.002* 0.813 80.0 70.0

Rt right, Lt left, FA fractional anisotropy, MD mean diffusivity

*statistically significant

Parkinson’s disease. However, as the disease progresses,
other clinical features may also become apparent,
including bulbar dysfunction, neuro-ophthalmological
abnormalities, and respiratory disturbances [21].

In terms of fractional anisotropy (FA) and mean dif-
fusivity (MD) values among the groups under study,
Hope et al. [22] stated that elevated MD levels are typi-
cally attributed to an increase in extracellular space, the
impact of atrophy, demyelination, or loss of structural
organization. Their research findings suggested a rise
in MD levels in regions associated with Parkinson’s dis-
ease pathology.

Our current study revealed that MDS-UPRDS
showed significant positive correlation with left cin-
gulate MD and left substantia nigra MD among cases
group. Also, it showed significant negative correlation
with right substantia nigra FA and left substantia nigra
FA among cases group. However, no significant cor-
relation was found between MDS-UPRDS and other
parameters.

In line with our findings, previous studies observed
that high MD of the SN [23], contralateral Put [24], GP
[25, 26], Genu corrected with motor dysfunction. Low
FA of the SN (7-12), NST [27], thalamic tract (ante-
rior nucleus) [28] correlated with motor dysfunction
(UPDRS-III).

Several studies, including those using PPMI data, have
found strong correlations between reduced FA in the
substantia nigra and the worsening of motor symptoms,
as measured by the motor exams (part-III -UPDRS)
[29-33].

Youn et al. [34] demonstrated that Parkinson’s disease
patients experiencing freezing of gait exhibited elevated
MD values in subcortical regions like the basal ganglia in
comparison to those without gait freezing.

In line with our findings, a study conducted by Zhan
et al. [35] examined 12 patients with Parkinson’s disease
and 20 healthy individuals using the DTI technique. The
study revealed that the FA values in the right and left sub-
stantia nigra, right and left internal capsule, and left puta-
men were lower in Parkinson’s disease patients compared
to the control group, which aligns with our findings.
Additionally, their study found that the MD values in the

substantia nigra and putamen were higher in Parkinson’s
disease patients than in the healthy control group.

In a study conducted by Schwarz et al. [36], it was dis-
covered that the mean diffusivity (MD) in the substantia
nigra (SN) region was elevated in patients with Parkin-
son’s disease compared to the control group.

Kamagata et al. [37] showed that FA was significantly
lower in patients with PD than in healthy controls in the
anterior cingulate fiber tract. There were no significant
mean diffusivity differences among the groups.

Contrarily, Vogt [38] showed that diffusion tensor
imaging shows reduced fractional anisotropy throughout
the entire cingulum bundle in parkinsonian disease.

It has been shown that the deterioration of the corpus
callosum genu is linked to PD dementia [39], as well as
executive and attention dysfunctions [40]. DTI of the
corpus callosum (in the body and the splenium) can help
differentiating PD patients according to their cognitive
status (normal, mild cognitive impairment, or dementia).

Receiver operating characteristic (ROC) curve was
conducted to assess validity of corpus callosum MD and
left cingulate FA in differentiating between cases and
control groups. Only corpus callosum MD at cutoff value
of 0.926 showed significant AUC that could differentiate
between cases and controls.

Wiltshire et al. [41] have also found that using DTI to
examine the corpus callosum, specifically in the body
and splenium, can assist in distinguishing between PD
patients based on their cognitive abilities (normal, mild
cognitive impairment, or dementia). In this regard, MD
was shown to be more precise than FA.

Moreover, we found that with increased disease dura-
tion, there is significant positive correlation with right
and left substantia nigra MD and Rt cingulate MD in late
parkinsonism when compared to early parkinsonism.
Also, it showed significant negative correlation with right
and left substantia nigra FA among cases group. How-
ever, no significant correlation was found between dis-
ease duration and other parameters.

Based on our research, a recent longitudinal study
using DTT found an increased rate of abnormalities in the
substantia nigra (SN) of patients with Parkinson’s disease
(PD) over a 19.3-month period. Ofori and colleagues [42]
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also observed significant increases in free water (FW) in
the posterior SN after 1 year of follow-up in PD patients.
This increase in FW was further confirmed using data
from the Parkinson’s Progression Markers Initiative
(PPMI) study, which showed consistent FW increases in
PD patients over the course of 4 years compared to no
changes in the control group.

Contrarily, some studies have found the opposite that
the FA of SN is not a diagnostic biomarker of PD [43].

In our study, ROC curve was conducted to assess valid-
ity of right and left substantia nigra FA in differentiating
between cases and controls. At cutoft value of 0.945, the
right substantia nigra FA showed significant AUC that
could differentiate between cases and controls sensitivity
90% and specificity 80%. At cutoff value of 0.585, the left
substantia nigra FA showed significant AUC that could
differentiate between cases and controls with sensitivity
95% and specificity 90%. As long as showing that at cut-
off value of 0.791, the right substantia nigra MD showed
significant AUC that could differentiate between cases
and controls sensitivity 80% and specificity 90%. At cut-
off value of 0.813, the left substantia nigra MD showed
significant AUC that could differentiate between cases
and controls with sensitivity 80% and specificity 70%.
Measures of diffusivity were less frequently reported, and
often no significant overall differences were detected.

In the same way, Huang and colleagues [44] examined
FA in diagnosing PD and found that the results indicate a
low diagnostic accuracy with an area under the curve of
0.516 (P=0.880). The cutoff value is 0.311, with a sensi-
tivity of 56.3% and specificity of 62.5%.

Vaillancourt et al. [45] also demonstrated that by uti-
lizing high-resolution DTI, they were able to identify
greater reductions in FA in the caudal regions of the
substantia nigra (SN) compared to the middle or rostral
regions. This distinction allowed for the differentiation
between individuals with Parkinson’s disease (PD) and
controls with 100% sensitivity and specificity.

Limitations

Limitations of study included small sample size. Also,
some cases of parkinsonism were unable to complete
MRI examination.

Conclusions

Diffusion tensor imaging showed valuable role in eval-
uation of gray—white matter changes in Parkinson’s
disease. Also, it helps to assess degree of gray—white
matter changes when comparing late parkinsonism to
early parkinsonism through evaluation of FA and MD
values at corpus callosum, substania nigra, and cingu-
lum. PD patients showed significant decrease in right
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and left substantia nigra FA and left cingulate FA as
well as significant increase in right and left substan-
tia nigra MD and corpus callosum MD. Also, there are
significant decrease in right and left substantia nigra
FA and significant increase in right and left substantia
nigra MD and right cingulate MD in late parkinsonism
when compared to early parkinsonism. SWI had also
additional role in evaluation of morphological changes
of SN in Parkinson’s disease.
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