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Abstract

Background: Parkinson’s disease (PD) is a common neurodegenerative disease. Most studies have found that the
histopathological lesion is not only localized at the extrapyramidal area (basal ganglia) but also at the cortex in PD
patients. Voxel-based morphometry (VBM) based on the voxel as a unit is described for quantitative detection of
density and volume of brain tissue. In this study, VBM was used to investigate the brain gray matter changes
associated with motor symptoms in PD patients.

Methods: Twelve outpatients with PD and 12 healthy controls were recruited in our hospital from September 2013
to March 2014. VBM was performed on the whole brain of all subjects. Image processing and statistical analysis
were performed using SPM8. A two-sample t test and multiple regression analysis were performed. Results were
displayed with a threshold of P < 0.01, corrected by false discovery rate (FDR) correction and cluster size >30 voxels.

Results: Comparing control healthy subjects with the patients, the data showed that PD patients had reduced gray
matter volume in the postcentral gyrus, the right supramarginal center, superior temporal gyrus, precentral gyrus,
Brodmann area 41, transverse temporal gyrus, Brodmann area 3, and inferior parietal lobule. The data also found
that between gray matter volume and UPDRSIII in PD patients, there were negative correlations in the right middle
frontal gyrus, BAO6, right precentral gyrus, right superior frontal gyrus, and medial frontal gyrus, and between gray
matter volume and Hoehn-Yahr (HY) in PD patients, there were negative correlations in the right middle frontal
gyrus, right superior frontal gyrus, BA6, and right precentral gyrus.

Conclusions: These data supported that extensive changes associated with motor symptoms in the gray matter
volume was mainly located in the related area of movement, which had obvious relevance with the progression
of PD.
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Background
Parkinson’s disease which was first described by the Brit-
ish physician James Parkinson in 1817 is a common neu-
rodegenerative disease, mainly in the elderly. It is
estimated that the morbidity rate was 1.7 % in the eld-
erly over the age of 65, and PD patients are 1.7 million
over the age of 55 in our country [1]. PD results from
the degeneration and loss of dopaminergic neurons and
the forming of Lewy body. Because of the lack of clear
imaging diagnosis in clinical studies, more and more
scholars begin to find out the imaging changes in PD
with the development of modern imaging technologies.

The ways to study the macrostructure of the brain
by magnetic resonance imaging (MRI) are VBM and
hand-drawn regions of interest (ROIs), which can be
used to find out the change of cortex and subcortical
structures in PD patients. The VBM was first formally
proposed in 2000 by the British scientist Ashburner
[2], which is immediately concerned by many
scholars, now has been widely used in the analysis of
brain structure differences. VBM is a morphometry
method as voxels for the unit, which should be used
after all individuals in the study group of brain MRI
gradient echo T1-weighted image are spatial normal-
ized to an identical 3D space, and then the high-
resolution, high-definition, high gray matter of brain
structure images anatomically divide into gray matter,
white matter, and cerebrospinal fluid. The individually
segmented components of brain tissue are analyzed
between each voxel group by a parametric statistical
test so that the density and volume of brain gray
matter and white matter can be detected quantita-
tively, and the anomaly of brain morphology was ana-
lyzed quantitatively. Spatial normalization, brain tissue
segmentation, smoothing, statistical modeling, and hy-
pothesis testing—these several steps are the processes.
The advantages of VBM compared with ROI mea-
surements is more automation, comprehensiveness,
objectivity, and repeatability. Nagano-Saito et al. [3]
found the gray matter atrophy in parahippocampal
gyrus and inferior frontal gyrus in PD patients by
VBM. Geng et al. [4] found that the putamen volume
decreases in advanced PD by the use of ROI method,
showing negative relation with Hoehn-Yahr staging.

In this study, VBM was used to investigate the brain
gray matter changes associated with motor symptoms in
PD patients.

Methods

Clinical and demographic testing of samples

Twelve right-handed PD patients including 11 males and
1 female were recruited from the Department of Neur-
ology in The First Affiliated Hospital of Fujian Medical
University, excluding other diseases. The PD patients
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Table 1 The clinical information of PD patients and NCs

Index PD patients NCs

Age (year) 66.00 +£4.22 63.17 £4.11
Gender (male/female) 111 111
Disease course (year) 775+478 -

HY 2.58 £0.90 -

UPDRSIII 20.58 + 885 -

were diagnosed by the UK Parkinson’s Disease Society
Brain Bank clinical diagnosis of idiopathic Parkinson’s
disease standard, and excluding other diseases. There
was no statistically significant difference in age and gen-
der between the right-handed normal controls and PD
patients, and all the participants were willing to partici-
pate in this research after signing informed consent. All
patients came in off all medications for at least 6 h for
imaging and testing. The general situation such as age,
gender, education level, medications, and disease course
was registered. Unified Parkinson’s Disease Rating Scale
(UPDRS) and Hoehn and Yahr (HY) were also recorded
for describing the severity of the PD. The study was ap-
proved by the local Ethics Committee of The First Affili-
ated Hospital of Fujian Medical University, and written
informed consent was obtained from all patients and
healthy volunteers prior to the examination.

MRI data acquisition

VBM is based on high-resolution structural 3D MR im-
ages and is designed to investigate significant regional
differences with voxel-wise statistics in the context of
Gaussian random fields. MRI was performed on a Sie-
mens scanner operating at 3.0 T. A 3D structural MRI
was acquired for each subject using a T1-weighted gradi-
ent echo MP-RANGE sequence (TR 2530 ms; TE
3.39 ms, flip angle=7°, thickness=1.33 mm, space =
0.5 mm, FOV 256 x 256 mm, matrix = 256 x 192). Con-
ventional T1 MR imaging showed no morphological

Table 2 The decreased gray matter volume in PD patients

Brain regions BA Cluster size
Right postcentral gyrus 3/1/2 382
Right supramarginal center 40 275
Right superior temporal gyrus 22 205
Precentral gyrus 4 120
Right transverse temporal gyrus 41 95
3 42
Inferior parietal lobule 39/40 50

BA Brodmann area
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Fig. 1 The decreased gray matter volume in PD patients. The threshold for display was set to P < 0.01, cluster >30, corrected by FDR
A

abnormalities or artifacts in the patients and health
controls.

Data processing and statistical analysis

Data preprocessing and analysis were performed with
SPM8 (Welcome Department of Imaging Neuroscience,
London, UK) running under Matlab (Mathworks,
Sherborn, MA, USA). Preprocessing of the data included
spatial normalization, segmentation, modulation, and
spatial smoothing with Gaussian kernel.

The images aligned with the stereotactic space defined
by the Montreal Neurological Institute (MNI) were cor-
rected for non-uniformities in signal intensity and parti-
tioned into gray matter, white matter, and cerebrospinal
fluid. Subsequently, all images were smoothed by an iso-
tropic Gaussian kernel of 8 mm full-width at half max-
imum (FWHM).

Voxel-by-voxel two-sample ¢ test using the general lin-
ear model (GLM) was used to test for regionally specific
gray matter difference between groups. Findings were
considered significant at a voxel-level of P<0.01, cor-
rected for FDR. Voxel-based multiple regression analysis
was performed by SPM8 with voxel-wise gray matter
volume as a dependent variable and UPDRSIII and HY
scores as a covariate of interest.

Results

Clinical and demographic characteristics

There were no statistically significant differences in gen-
der, age, and education level between PD patients and
normal controls (NCs) (Table 1). The UPDRSIII score
range was between 9 and 33 points, and the disease

course ranged from 3- to 20-year duration. The clinical
manifestations of PD patients were tremor, stiffness, ri-
gidity, and both.

The difference of the two groups in gray matter volume
Compared to the NCs, PD patients exhibited a de-
creased gray matter volume in the right postcentral
gyrus, right supramarginal center, right superior tem-
poral gyrus, precentral gyrus, BA41, right transverse
temporal gyrus, BA3, and inferior parietal lobule and
no increased volume of gray matter (two-sample ¢
test, P<0.01, false discovery rate (FDR) corrected)
(Table 2, Fig. 1).

Correlations between UPDRSIII score, Hoehn-Yahr, and
gray matter volume

Between gray matter volume and UPDRSIII in PD pa-
tients, there were negative correlations in the right mid-
dle frontal gyrus, BA06, right precentral gyrus, right

Table 3 The negative correlation between gray matter volume
and UPDRSIII score

Negatively related brain regions BA Cluster size
Right middle frontal gyrus 260
6 134
Right precentral gyrus 4 108
Right superior frontal gyrus 80
Medial frontal gyrus 34

BA Brodmann area
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Fig. 2 Negatively correlated brain region between gray matter volume and UPDRSIII in PD patients. The threshold for display was set to P <0.01,

superior frontal gyrus, and medial frontal
(P <0.01, FDR correction) (Table 3, Fig. 2).
Between gray matter volume and Hoehn-Yahr (HY)
in PD patients, there were negative correlations in the
right middle frontal gyrus, right superior frontal
gyrus, BA6, and right precentral gyrus (P<0.01, FDR

correction) (Table 4, Fig. 3).

gyrus

Discussion

MRI neuroimaging can study the changes of brain
structure on the human body, and the main research
methods are ROI method and VBM method. ROI
method is the process that delineates the interested
area firstly, then extracts the volume or density in-
formation of the region from each subject, and fi-
nally picks the differences of ROI up through
statistical methods. It has the advantage of dividing
accurate brain structure; however, too much human
intervention and subjectivity is the disadvantage, and
different classified criteria of ROI will seriously affect
the final result, which is difficult to compare be-
tween different studies. The study of brain structure
is moving forward with the use of VBM method.
The image of each subject is registered to a standard
template, and then a researcher can look for differ-
ences in the brain regions without any prior assump-
tions [5, 6]. This method has been used after the
beginning of this century firstly, although the accur-
acy has been questioned and controverted, is recog-
nized and increasingly widely used, and has become
commonly used in the field of neural cognitive

Table 4 The negative correlation between gray matter volume
and UPDRSIII score

Negatively related brain regions BA Cluster size
Right middle frontal gyrus 171
Right superior frontal gyrus 124
BAG6 114
Right precentral gyrus BA4 40

BA Brodmann area

science as its simple operation and objective [7, 8].
But the shortcomings of this method are that only
structural changes in the brain regions have been
found and whether these specific brain areas can still
distinguish between patients and normal subjects is
unknown. DARTEL algorithm used in this study is a
new method in 2007 by SPM Crown, which employs
tens of thousands of parameters to standardize the
shape of each brain and improve the image accuracy
in different individuals and operational simplicity [9].

Parkinson’s disease results from the degeneration
and loss of dopaminergic neurons and the forming of
Lewy bodies (Lewy body) [10], which have been con-
firmed by pathological studies; however, PD lesions are
not confined in the nigra, and with the progress of the
disease, the pathological changes gradually to the lim-
bic system and extensive neocortex, because of the for-
mation of Lewy bodies in local neurons, the loss and
necrosis of neuron, so that the brain morphology
changes.

In this study, we found that gray matter volume was
extensively decreased in PD patients, which conform to
the pathological mechanism in PD patients. Dyskinesia
is a typical clinical manifestation of PD, and studies
show that the output of extrapyramidal disorders
caused by Parkinson’s disease is often accompanied
with changes in cortical motor function [11]. The vast
majority of motor function in the cerebral cortex areas
is located in the frontal, parietal cortex, mainly located
in the medial frontal gyrus, postcentral gyrus, and most
of the contact between the fibers in the basal ganglia
and cortex are projected onto the area [11]. In this
study, we found that the motor function-related brain
areas appear gray matter volume reduction, and PD
dyskinesia severity was negatively correlated with its
decrease. Pan et al. [12] use the meta-analysis study in
17 VBM studies of Parkinson’s disease brain cortical at-
rophy, and a comprehensive analysis found that signifi-
cant regional gray matter volume reduction is mainly
located on the left inferior frontal gyrus (BA47) ex-
tended to the left temporal (BA38) and left insula
(BA13) in PD patients.
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Fig. 3 Negatively correlated brain region between gray matter volume and HY in PD patients. The threshold for display was set to P <0.01,

There is an abnormality on brain structure imaging
in PD, which may be helpful to early diagnosis and
prognosis in PD.

Conclusions

We found that the change of brain gray matter struc-
tures associated with motor symptoms in PD patients
was mainly located in sports-related area and had a rela-
tionship with the progression of the disease by VBM.
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