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Abstract

Parkinson's disease (PD) is a chronic and progressive neurological disorder. A tetrad of bradykinesia, rigidity,
tremor and postural instability are the core features of the disease. The aim of this study was to evaluate stereo-
logical changes in the brain of patients with PD and compare them with that of healthy controls. This case-control
study was conducted on 29 patients with PD and 12 controls (C) in Zahedan, Iran. All subjects enrolled into the
study through the convenience sampling method. MRI images of the brains of two groups in frontal and sagittal
axis with consecutive Smm distance slices were captured. Parameters including total volume (V) and volume den-
sity (Vv) of different parts of the brain were estimated based on Cavalries’ point counting stereological method. To
analyze the data, descriptive statistics, Mann-Whitney U-Test applied for comparing the PD and C groups were
used. Significance level was set at p<0.05. Our study showed that the volume of the brain and total volume and
volume density (Vv) of cerebral hemispheres, cerebellum, ventricles, hippocampus, pons, mid brain and superior
cerebellar peduncles in the PD group did not indicate significant difference from the control group. Total volume
of brain stem in PD group wasn t significantly different from the control group. The volume density of brain stem
(p=0.012) and total volume and volume density of middle cerebellar peduncle (p< 0.0001) in PD group were sig-
nificantly larger than the control group. This study shows that PD stereological parameters related to volume and
volume density of middle cerebellar peduncle and volume density of brain stem were significantly larger in patients
compared to the controls. Therefore, stereological parameters can be used for early diagnosis and probably for
follow-up in patients with PD.
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Introduction

Parkinson’s disease (PD) is one of the most
common and partially treatable degenerative
movement disorders. It is the second common
age-related neurodegenerative disease after Alz-
heimer’s disease. PD is defined as progressive
and irreversible degeneration of dopaminergic
neurons in the substantia nigra pars compacta
(SNPC) (1, 2). Progressive degeneration of those
neurons causes reduced dopamine production in
the striatum. This event leads to motor and be-
havioral disorders in the PD patients (3). Usually
it is idiopathic in etiology; however, other causes
such as medications, toxins, vascular infarction,
life styles, head trauma, infections and inheri-
tance are reported to be the causative agents. It
has been shown that the oxidative stress plays
a crucial role in PD pathogenesis (3). Basically,
loss of dopaminergic neurons in PD patients is
the main reason for tremor at rest, bradykinesia,
rigidity, slow involuntary reactions and postural
imbalance (4). At first, symptoms appear slowly
and, seem to be due to normal aging, however,
after years of progression, clinical features of the
disease are well established and make the diag-
nosis easy and feasible. Disease progression may
be more rapid in some people. Other than clin-
ical features, diagnosis is not possible based on
routine imaging and laboratory findings. There-
fore, in those patients early diagnosis based on
detection of quantitative changes in brain MRI
results, is incredibly crucial (5).

Although PD is a common disorder in el-
derly, it is rare before age 50, but its incidence
increases in elderly people (2). Its prevalence
dramatically increases after 60, as 1 to 2% of
the people are affected in this age (6). World-
wide, studies revealed that the prevalence of
PD ranges from 31 to 347 per 100,000 people.
In US it is about 150 per 100,000 in all ages
and reaches to approximately 800 per 100,000
at 70 to 85 (7). Epidemiological studies in Iran

showed that its prevalence is medium -to-high
and estimated to be more than 200 per 100,000
people (8). It is actually more frequent in men
than women and progresses faster in male than
female patients (5).

Nowadays, magnetic resonance imaging
(MRI), positron emission tomography (PET) and
single-photon emission computed tomography
(SPECT) are available and MRI is commonly
used for clinical trials to differentiate idiopathic
PD from other types of PD such as vascular and
other structural lesions. Moreover, reduced T,
and FLAIR hyperintense signals in MR imaging
helps to differentiate PD from multiple system-
ic atrophy (MSA) and progressive supranuclear
palsy (PSP). Despite the presence of diagnostic
criteria for diagnosis of PD and atypical parkin-
sonian disorders (APDs) such as MSA, MSA-C,
PSP and corticobasal degeneration (CBD), clin-
ical differentiation of these diseases is challeng-
ing (9). Therefore, differentiating between PD
and APDs for clinical evaluation of disease and
response to treatment and evaluation of prog-
nosis has a determinative role. In degenerative
disorders such as PD and Alzheimer’s disease
that are associated with selective regional vol-
ume loss (atrophy), quantitative volumetric
brain measurements by MRI images for clinical
applications are very useful and practical (10).
Quantitative volumetric measurements by MRI
are used widely for determining the disease pro-
gression and response to treatment (11).

Stereological methods which are widely used
in many fields of medical sciences, may also be
useful in neuro-morphological studies in central
nervous system (12). Estimation of volumes of
various brain regions, numbers of neurons and
glial cells, length of vessels and nerve fibers in
histological sections are the major parameters
reported in other studies (13). It can also be ap-
plied on MRI images to obtain quantitative data
useful for early detection or for following up
the clinical course of chronic and progressive
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diseases and finally the effects of drugs and re-
sponse to treatment (14).

In many studies, stereological methods sug-
gest approaches for measurement of the quan-
titative parameters of brain in degenerative dis-
eases like as PD, AD and schizophrenia, neuro-
psychiatry and normal aging (15, 16). In most
cases foundation of PD diagnosis were based on
clinical findings but MRI-based volumetric was
used for evaluating the volume and morpholog-
ical changes of this neurological disease (16,
17). Stereological measurements are relatively
simple, cheap, unbiased and reliable techniques
based on point counting approach useful for dif-
ferentiating PD from other neurodegenerative
diseases (18).Therefore, the aim of this study
was to investigate-stereological changes of dif-
ferent parts of the brain in patients with Parkin-
son’s disease compared to control group.

Materials and Methods

Patients

In this case-control study, stereological
changes of the brain in 29 patients with Parkin-
son’s disease were compared to 12 healthy in-
dividuals without any history of neurological or
psychiatric disorders.

The study was performed after getting
approval of the Ethics Committees of Zahedan
University of Medical Sciences (No: 90-518).
Written informed consent was obtained from all
participants before starting the study according
to the protocol of the Dean for Research Affairs
of the university.

Patients were entered the study based on
clinical diagnosis of PD. The disease should be
diagnosed at least 6 months earlier in the Univer-
sity hospital clinic by one of the authors. Other
mimicking disorders were ruled out by standard
diagnostic procedures and/or clinical findings.
Demented patients as well as alcoholics and
smokers were excluded from the study.

MRI and stereological procedure

The study was performed on high-resolu-
tion 1.5 Tesla MRI Scanner (GE systems, Paris).
FLAIR (Fluid Attenuated Inversion Recovery)
MR images from the brains of patients and con-
trol groups in frontal and sagittal axis with con-
secutive Smm slides thickness without gap were
prepared. Then stereological grids containing or-
ganized points were superimposed on brain MRI
images randomly and points hit to desired brain
structures estimated by using Cavalieri’s point
counting method (19). (Figure 1)

Cavalieri’s point counting method was em-
ployed to estimate the volume of the brain and
its components using the formula:

Z1p X a/pXt
M2

Where V is the estimation of the volume of
any desired object, > P is the sum of the number
of points hitting that object slices, a/p is the area
associated with each point in the stereological
grid, t is the mean distance between the captured
slices, and M is the linear magnification of the
image. Then, an estimate of the volume density
(Vv) of the brain components in the reference
space (total brain) was obtained using:

Vv =P (part)/P (ref)

Where, P (part) is the number of test points
falling in each component profiles and P (ref) is
points hitting to the total brain (20).

Statistical Analysis

The authors made a standardized report
sheet in which collected data were entered step-
by-step as described earlier. All statistical anal-
yses were performed in SPSS software for Win-
dows (version 21, Chicago, IL, USA). After an
evaluation of assumption for normal distribution
we calculated values of arithmetic mean, stan-
dard deviation and 95% confidence interval for
the mean of different variables. Then the authors
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Figure 1. Point counting method on MR image from a sagittal section of the human brain

carried out descriptive statistics to perform de-
mographic analyses, and inferential statistics by
using unpaired two samples /-test and nonpara-
metric test of Mann-Whitney U for comparing
age, sex, and other measured values between
two groups. Comparisons were labeled statisti-
cally significant at the conventional p-value of
less than 0.05.

Results

The results showed that the mean age for pa-
tients was 60.1£14.39 and for healthy controls
was 60.1749.49 year. The ratio of males to fe-
males in the PD group was 20 to 9 and in healthy
control group 8 to 4. There were no significant
differences in terms of mean age and gender be-
tween both groups (p>0.05).

The current study indicated that there were
no significant differences in terms of total brain

volume, total volume and volume density of each
cerebral hemisphere, cerebellum, ventricles,
hippocampal formation and pons between PD
and healthy study groups (p>0.05). The volume
density of brain stem in the PD group revealed
18.75% increment compared to the control in-
dividuals. The total volume and volume density
of middle cerebellar peduncle in PD group were
respectively 96.7% and 100% greater than con-
trols (p<0.0001). (Table I)

Discussion

In the current study we investigated the
stereological changes of different parts of the
brain in patients with PD and compared them
with a healthy control group. The findings
showed that the total brain volumes, total vol-
ume and volume density of the cerebral hemi-
spheres, cerebellum, ventricles, hippocampus
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Table 1. Stereological parameters of different parts of the brain in Parkinson’s (PD) and control groups

Stereological parameters Pg}il;;)lp Con(tllln:ll%;'oup ;liil::;;i p-value
Total brain volume 1249.3+159.32 1319.4£112.37 -5.31 NS
Cerebral hemispheres

Total volume (mm?) 867.9+114.45 937.1£120.76 -7.38 NS
Volume density (%) 69.9+7.60 34.54+2 41 -1.82 NS
Left Cerebral hemisphere

Total volume (mm?) 413.48+41.82 392.754+120.76 5.28 NS
Volume density (%) 33.43+5.83 34.54+2.41 -3.21
?;f;tvgzxgzﬁri‘%m‘s"here 447.61480.47  431.65+132.94 3.69 NS
Volume density (%) 35.12+5.33 35.20+4.15 -0.23 NS
Cerebellum

Total volume (mm?) 129.7+19.53 130.3+17.24 -0.46 NS
Volume density (%) 10.4+1.52 98+1.32 6.12 NS
Cerebral ventricles

Total volume (mm?) 31.02+£10.02 30.334£9.33 2.27 NS
Volume density (%) 2.33£0.09 2.2440.06 4.00 NS
Left ventricle

Total volume (mm?) 16.05+5.19 15.02+4.66 6.86 NS
Volume density (%) 1.34+0.53 1.1840.36 13.55 NS
Right ventricle

Total volume (mm?) 13.21+4.83 14.61+4.03 -9.58 NS
Volume density (%) 1.12+0.47 1.12+0.29 0.00 NS
Brainstem

Total volume (mm?) 23.3+£5.15 21.3+4.11 9.38 NS
Volume density (%) 1.9+0.34 1.6+£0.29 18.75 0.012*
Hippocampus

Total volume (mm?) 9.75+2.53 11.1+2.89 -12.16 NS
Volume density (%) 0.75+0.16 0.85+0.21 -11.76 NS
Pons

Total volume (mm?) 10.8+3.64 10.3+3.43 4.85 NS
Volume density (%) 0.84+0.24 0.80+0.21 5.00 NS
Middle cerebellar peduncle

Total volume (mm?) 13.1+4.42 6.66+2.32 96/7 0.0001*
Volume density (%) 1.0+£0.3 0.5+0.17 100 0.0001*
Superior cerebellar peduncle

Total volume (mm?) 5.21+0.72 5.29+0.88 -1.5 NS
Volume density (%) 0.97+0.19 0.83+0.39 16.87 NS

NS: Not Significant

and pons in PD and healthy control groups
were not statistically different. The volume
density of the brain stem and total volume and
volume density of middle cerebellar peduncle

in PD group were significantly greater than the

other group.

PD is determined as an asymmetrical and
progressive disease, the symptoms mostly oc-
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curring on the affected side contralateral to the
cerebral striatal lesion (21). Many studies have
shown that changes in the surrounding struc-
tures of ventricles, such as hippocampus and
basal ganglia may be involved in ventricular
enlargement. Lewis and colleagues showed that
the lateral ventricles in PD patients on the side
contralateral to the symptomatic limbs got en-
larged earlier and faster than the ipsilateral side.
However, those asymmetries were not seen in
the control group (22). Ventricular enlargement
is often considered as a non-specific marker due
to neurodegeneration and is associated with cog-
nitive deficits in PD (23, 24). From pathophysi-
ological point of view, a reduction in the amount
of neurotransmitters projected to the higher cor-
tical and subcortical centers such as putamen,
globus pallidus, caudate nucleus, and thalamus
can cause symptoms in patients. It has been sug-
gested that a reduction in the level of neurotrans-
mitters such as dopamine, acetylcholine and
serotonin for any reason may cause volumetric
changes in the surrounding structure of lateral
ventricles. Malfunction of the system may show
itself in the same way (25).

Results of the current study showed that total
ventricular volumes and volume density of lat-
eral ventricles were not statistically significant
between PD and control groups. It seems that
as the disease progresses, changes in ventricular
volumes and adjacent structures become clearer
but those changes cannot be considered as indi-
cators of early diagnosis of PD.

Previous studies have shown that structural
anomalies and volumetric changes of subcortical
regions of the brain, may be a radiological man-
ifestation of various neurological and neuropsy-
chiatric disorders such as Parkinson, Alzheimer
and Huntington’s diseases (26). Therefore, it
seems that quantitative anatomical information
of involved regions can be useful and may be
necessary for early diagnosis, treatment and pre-
diction of prognosis (27).

Previous studies have shown structural
changes in PD patients in different lobes of the
cerebral cortex and subcortical regions. Vol-
ume reduction in cortical and subcortical areas
were reported in PD patients in comparison with
healthy individuals (28, 29). Although these
qualitative studies reported volumetric changes
in cerebral structures of PD patients, however,
some of the MRI-based quantitative volumetric
studies using point counting methods, reported
that voxel-based morphometry and volumetric
comparisons did not reveal significant group dif-
ferences (30-32). In the current study, we used
Cavalieri’s point counting method and it was also
shown that there were no significant differences
in cerebral hemispheres and cerebellar volumes.
The reason of this contradiction could be due to
low sample sizes in various studies, wide vari-
ability imaging analysis techniques, use of differ-
ent methods to calculate the volume with high-
ly rater-dependent (33). However, MRI-based
volumetric techniques and quantitative research
are increasingly used to identify subtle changes
in diagnosis, differential diagnosis by comparing
them with healthy people (17, 34). We think that
quantitative analysis based on estimation of vol-
umetric changes is a more accurate measure for
judgment and evaluation of neurodegenerative
disorders compared to the qualitative analysis.

In our study there was no statistical signifi-
cant difference between volumes of pons, cere-
bellum and superior cerebellar peduncle in both
groups.

In the study of Gama et al., pons, midbrain,
middle and superior cerebellar peduncle volumes
in PD patients were analyzed and compared with
progressive supranuclear palsy (PSP), multiple
system atrophy (MSA) of the cerebellar and Par-
kinson variants. Their results showed that the
volume of these areas were significantly higher
than idiopathic PD (35). It must be emphasized
that comparisons were not performed between
PD and control groups.
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Paviour et al. reported total volume of the
brain, frontal lobe, cerebellum, midbrain, pons,
superior cerebellar peduncle, left ventricle and
the third ventricle in PD patients and compared
them with patients with PSP and MSA-Parkinson
variants and healthy controls. The midbrain vol-
ume was significantly smaller in PSP. The fron-
tal lobe was significantly smaller in PSP in com-
parison to PD and control patients. The volume
of the third ventricle was prominently greater in
PSP than in the control group. The lesser volume
of the cerebellum and pons in MSA Parkinson
variants was remarkable, too. The volume of the
midbrain in MSA Parkinson variants was consid-
erably smaller than PD and control group (36).
In the above mentioned study there wasn’t any
statistically significant difference in the volumet-
ric parameters. In our study the volume density
was also calculated for all parts of the brain. The
volume density of brainstem in PD patients was
higher than the control group.

Overall, it seems that volumetric changes in
different areas of the brain are likely induced by
multiple factors. Those changes can be associ-
ated with compensatory processes, pathophysio-
logical, pharmacological, disease duration, types
of PD and different etiologies and other psycho-
logical disorders (37). In this regard, prospective
studies are recommended to elucidate the rela-
tionship between volumetric changes of differ-
ent regions of the brain and the effects of those
changes on the severity of the clinical manifes-
tation of PD symptoms. Those may help better
understanding of the basic mechanisms of Par-
kinson’s progression, diagnosis and treatment.

The results of the current study showed there
were no significant differences between hip-
pocampal volumes in PD patients and control
group which is the major finding in dementia and
occurs in one third of patients with PD. Hippo-
campus is a part of the limbic system and its per-
formance on learning and memory is widely ac-
cepted (38). Meanwhile PD is characterized by

degeneration of dopaminergic neurons. As a re-
sult of this neuronal degeneration, motor and be-
havioral symptoms such as tremor, rigidity and
postural imbalance occurs in PD patients(1, 3).
Neuronal loss and hippocampal atrophy mainly
occur as the earliest symptoms of AD findings.

Joelving et al. stated that there was not any
difference between numbers of neurons, glial
cells and the volume of gray matter in the hip-
pocampus of PD patients and the control group.
Furthermore, neuronal and glial cells loss and
gray matter volume of hippocampus in patients
and healthy individuals are almost the same
(39). Their results were consistent with our find-
ings. Korbo et al. also reported the same and
proposed that dementia might not be associated
with hippocampal atrophy and cell loss (38). It
seems that major atrophy in hippocampus for-
mation and volume loss are not a part of the gen-
eral pathologic picture in PD (39).

Jubault and his colleagues reported that there
was a significant reduction in the volume of white
matter which was overlapped with the tip of the
caudal pons and rostral medulla oblongata in
PD patients compared to the control group. This
may be the first identifiable stage of the disease.
In their patients the white matter gets atrophy by
aging but there was no evidence of atrophy in
gray and white matter of the brainstem (40). The
results of the current study showed there were
no significant differences in brainstem volumes
between PD patients and control group. It has
been shown that degeneration of dopaminergic
neurons in substantia nigra pars compacta and
ventral area of tegmentum of midbrain was the
main cause of PD symptoms (1, 41). Thus, due
to loss of dopaminergic cells in the above men-
tioned areas, it can be expected that reduction of
gray matter volume of the brainstem particularly
the midbrain occurs in PD in comparison with
control subjects. In our study the brainstem vol-
ume density was significantly higher in PD pa-
tients. This may reflect the volumetric changes
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of total brain and other structures in PD patients
compared to the controls.

According to the results of the present study,
stereological investigations showed volumet-
ric changes in some parts of the brain such as
volume density of brainstem, total volume and
volume density of middle cerebellar peduncle in
patients with PD compared to the healthy group.
It seems that stereological studies can be poten-
tially used as precise and quantitative methods
for early diagnosis and probably for follow-up of
the treatment process in patients with PD. In this
regards further studies with a larger sample size
and more variables are recommended.
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