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Research Highlights 

(1) Motor symptoms can affect the quality of life in patients with Parkinson’s disease, although 

non-motor symptoms have the greatest impact on quality of life. 

(2) Gray matter images of 32 Parkinson’s disease patients and 25 healthy controls were compared 

using voxel-based morphometry to investigate the correlation between brain structural loss and 

non-motor symptoms in Parkinson’s disease. 

(3) Comparison of gray matter images showed that gray matter volume was significantly diminished 

in patients with Parkinson’s disease compared with normal controls, including the bilateral temporal 

lobe, bilateral occipital lobe, bilateral parietal lobe, bilateral frontal lobe, bilateral insular lobe, bilat-

eral parahippocampal gyrus, bilateral amygdale, right uncus, and right posterior lobe of cerebellum. 

(4) Voxel-based morphometry can accurately and quantitatively display the loss of gray matter 

volume in patients with Parkinson’s disease. 

 

Abstract  
Voxel-based morphometry can be used to quantitatively compare structural differences and func-

tional changes of gray matter in subjects. In the present study, we compared gray matter images of 

32 patients with Parkinson’s disease and 25 healthy controls using voxel-based morphometry 

based on 3.0 T high-field magnetic resonance T1-weighted imaging and clinical neurological scale 

scores. Results showed that the scores in Mini-Mental State Examination and Montreal Cognitive 

Assessment were lower in patients compared with controls. In particular, the scores of 

visuospatial/executive function items in Montreal Cognitive Assessment were significantly reduced, 

but mean scores of non-motor symptoms significantly increased, in patients with Parkinson’s dis-

ease. In addition, gray matter volume was significantly diminished in Parkinson’s disease patients 

compared with normal controls, including bilateral temporal lobe, bilateral occipital lobe, bilateral 

parietal lobe, bilateral frontal lobe, bilateral insular lobe, bilateral parahippocampal gyrus, bilateral 

amygdale, right uncus, and right posterior lobe of the cerebellum. These findings indicate that 

voxel-based morphometry can accurately and quantitatively assess the loss of gray matter volume 

in patients with Parkinson's disease, and provide essential neuroimaging evidence for multisystem 

pathological mechanisms involved in Parkinson’s disease. 
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INTRODUCTION 

    

Parkinson’s disease is a selective degenera-

tive disorder of dopamine-generating cells in 

the substantia nigra (a region of the midbrain), 

significantly reduced dopamine in the corpus 

striatum, and Lewy bodies in the substantia 

nigra and locus ceruleus, resulting in func-

tional abnormalities in the basal ganglia and 

cortical circuits
[1-3]

. However, the precise 

mechanisms of Parkinson’s disease remain 

poorly understood. In addition to typical mo-

tor symptoms such as shaking, slowness of 

movement, hypermyotonia, and difficulty with 

walking and gait, complex non-motor symp-

toms, including abnormalities in cognition, 

mental behaviors, autonomic nerves and 

sensory perception, are also evident in Par-

kinson’s disease
[4-5]

.  

 

In particular, cognitive disturbances such as 

executive dysfunction, memory loss, depres-

sion, indifference, anxiety and somnipathy 

are important clinical manifestations. In some 

patients with Parkinson’s disease, some 

non-motor symptoms even appear earlier 

than motor symptoms or in the  early stage 

of Parkinson’s disease, and the non-motor 

symptoms have the greatest effect on the 

quality of patient life
[6-8]

. 

 

The diagnosis of Parkinson’s disease is 

mainly based on clinical motor system criteria 

and the Levodopa challenge test. However, 

shaking, slowness of movement and muscle 

rigidity can also be found in secondary Par-

kinson’s disease and Parkinsonism-Plus. As 

the clinical manifestations are similar in early 

Parkinson’s disease patients, the incidence 

of misdiagnosis is high. Nevertheless, be-

cause treatment and prognosis of these dis-

orders are different, correct diagnosis is im-

portant.  

 

Because of the strong compensatory ability 

of the substantia nigra-corpus striatum do-

pamine system, symptoms are not obvious in 

patients with dopaminergic neuron degener-

ation or loss less than 50%. However, obvi-

ous motor symptoms in patients indicate that 

the dopaminergic neuron loss has reached 

70–80%
[9]

, implying that the disease has 

progressed to the middle to advanced stage. 

Early definite diagnosis and appropriate 

neuroprotection may delay disease pro-

gression. Thus, a specific, objective and 

sensitive examination method for early di-

agnosis of Parkinson’s disease is very im-

portant for treatment and delaying progres-

sion. 

 

Voxel-based morphometry can be used to 

quantitatively compare brain gray matter 

structures across subjects, and display the 

volume of gray matter loss in abnormal brain 

areas to reflect possible functional chang-

es
[10]

. Voxel-based morphometry is a statis-

tical analysis of the entire brain with no bias, 

and enables in vivo study of brain structures 

in the absence of evaluation of structural 

and morphological changes in brain areas. 

 

Gray matter abnormalities have been found 

in the temporal lobe, occipital lobe, frontal 

lobe, parietal lobe and limbic system in pa-

tients with Parkinson’s disease. Previous 

studies of voxel-based morphometry mainly 

investigated the pattern of gray matter loss 

between patients with Parkinson’s disease 

and normal controls, but with differing re-

sults. For example, gray matter atrophy was 

only observed in the left caudate nucleus in 

one study
[11]

, but was also found in the su-

perior temporal gyrus in a separate study
[12]

.  

 

Gray matter atrophy was also reported in 

regions in the frontal lobe including the su-

perior frontal gyrus, middle frontal gyrus, 

inferior frontal gyrus and medial frontal 

gyrus
[13-15]

, and in the superior temporal 

gyrus
[12, 14-15]

, parahippocampal gyrus
[13]

 and 

hippocampus
[16]

. Evidence of frontal lobe 

and parahippocampal gyrus gray matter 

atrophy in the limbic system during Parkin-

son’s disease progression (Hoehn & Yahr 

scores > 2) was also reported
[13]

, in addition 

to atrophy in the parietal lobe
[17]

, cingulate 

gyrus
[16]

 and caudate nucleus
[11]

. By contrast, 

other studies have reported no evidence of 

regions of gray matter loss in patients with 

Parkinson’s disease compared with con-

trols
[11, 17]

. Ding et al 
[18]

 also used voxel-based 
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morphometry to assess white matter changes in Par-

kinson’s disease patients with dysosmia, and found an 

increase in white matter intensity in the right occipital 

lobe, left posterior part of cingulate gyrus, left occipital 

lobe and left paracentral lobule, and an increase in white 

matter volume in the bilateral occipital lobe, left posterior 

part of cingulate gyrus and left paracentral lobule; olfac-

tory dysfunction was not correlated with age or course of 

disease. These findings indicate that dysosmia is the 

result of central neurodegeneration in patients with Par-

kinson’s disease. 

 

The variation in these studies may be a result of the 

number of diseases, course of disease and severity of 

disease. Moreover, different voxel-based morphometry 

techniques were applied. There are two main types of 

voxel-based morphometry techniques: standard voxel- 

based morphometry and optimized voxel-based 

morphometry prior to statistical parametric mapping 

5
[19-20]

. The standard voxel-based morphometry uses a 

built-in template of statistical parametric mapping, while 

the optimized morphometry uses a self-designed tem-

plate to reduce the influence on the results. In the pre-

sent study, we used the template from Montreal Neu-

rological Institute for registration
[21]

, and used statistical 

parametric mapping 5 software to compare the gray 

matter structure of the entire brain between patients 

with Parkinson’s disease and normal controls using 

voxel-based morphometry. We also analyzed the mor-

phological changes in the brain of patients based on 

their clinical neurological scale scores to investigate the 

correlation between complex clinical symptoms and 

neuroimaging in Parkinson’s disease patients. These 

data provide essential neuroimaging evidence for po-

tential pathological multisystem mechanisms involved in 

Parkinson’s disease. 

 

 

RESULTS 

 

Quantitative analysis of participants  

A total of 32 patients with Parkinson’s disease and 25 

healthy controls were included. All subjects completed 

the experiments and were included in the final analysis. 

The patients received oral administration of benzhexol  

(2 mg) at 1 hour prior to scanning to control tremor. 

 

Baseline data of participants 

The patients and controls were matched in terms of age, 

gender and education background. The mean scores of 

Montreal Cognitive Assessment and Mini-Mental State 

Examination were significantly lower in patients com-

pared with normal controls (P < 0.001 and P < 0.05, re-

spectively), while the scores of non-motor symptoms 

were significantly higher in patients compared with nor-

mal controls (P < 0.05; Table 1). 

 

Comparison of Mini-Mental State Examination and 

Montreal Cognitive Assessment between patients 

and controls 

Analysis of Montreal Cognitive Assessment item scores 

showed that the mean of total scores of 

visuospatial/executive function and the mean of total 

scores of abstraction and delay were significantly lower 

in patients compared with normal controls (P < 0.001, P 

< 0.01, respectively). However, there were no differences 

between two groups in total scores of denomination, 

attention, language and orientation (Table 2). 

 

Analysis of Mini-Mental State Examination items showed 

that the mean scores of visuospatial function (0.47 ± 0.51; 

P < 0.001), calculation (3.47 ± 1.68; P < 0.01) and lan-

guage (0.88 ± 0.34; P < 0.05) were all significantly lower 

than the normal controls (Table 3). 

 

Comparison of non-motor symptoms between 

patients and normal controls 

The scores of non-motor symptoms were significantly 

higher in patient groups compared with controls (P < 

0.001). All 32 patients presented typical non-motor 

symptoms of 2–13 items, while the controls exhibited 0-3 

items of non-motor symptoms. In the patient group, fre-

quent micturition (71.9%, n = 23), constipation (65.6%,  

n = 21), slowed attention (56.2%, n =18), dyssomnia 

(53.1%, n = 17), recent memory loss (46.9%, n = 15) and 

illusion (6.3%, n = 2) were found. By contrast, in the 

normal group the incidence of recent memory loss (44%, 

n = 11) was the highest, followed by nocturia increase 

(31.2%, n = 10), slowed attention (21.9%, n = 7) and 

dizziness (21.9%, n = 7). 

 

Gray matter abnormalities in the entire brain of 

Parkinson’s disease patients  

The gray matter volume was significantly diminished in 

patients with Parkinson’s disease compared with normal 

controls, including the bilateral temporal lobe (right inferior, 

middle and superior temporal gyrus, right middle temporal 

gyrus), bilateral occipital lobe (right cuneate lobe, lingual 

gyrus, fusiform gyrus and left middle occipital gyrus), bilat-

eral parietal lobe (right precuneus, left postcentral gyrus), 

bilateral frontal lobe (inferior frontal gyrus, medial frontal 

gyrus, orbital gyri, and gyrus rectus), bilateral insular lobe, 

bilateral parahippocampal gyrus, bilateral amygdale, right 

uncus and right posterior lobe of the cerebellum.  
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The loss of hemisphere volume was asymmetric, and the 

volume of the gray matter in the right hemisphere was 

significantly diminished (Table 4, Figure 1). No brain 

areas with increased gray matter volume were found. 

 

 

DISCUSSION 

 

Voxel-based morphometry 

Voxel-based morphometry is an automatic measurement 

technique for the brain. It can objectively, accurately and 

quantitatively investigate the structure of the entire brain 

and show the relationships between different brain areas 

and abnormal brain structures. This technique is useful for 

investigating structural changes in the brain following 

nervous system disease with uncertain pathological 

mechanisms
[25]

. Moreover, it is highly reproducible. Voxel- 

based morphometry is strongly influenced by variability. 

Variation among individuals in samples and errors in pre-

treatment can reduce the sensitivity of differences be-

tween groups. Segmentation error may also occur in tis-

sues with displacement, and the gray matter structure of 

the cortex adjacent to the brain ventricle may migrate due 

to extension of the ventricular system. In addition, more 

attention should be paid in smoothing as high-level 

smoothing can improve the ability of voxel-based 

morphometry to detect gray matter differences, although 

redundant smoothing can reduce the ability to accurately 

localize the changes. A smoothing kernel of 4–12 mm is 

generally used
[26-27]

. The sample sizes for group analysis 

using voxel-based morphometry are typically 14–20
[28]

; 

large samples sizes can increase the reliability of results. 

 

Abnormality in gray matter structure 

In the present study, we observed significant differences 

between patients and controls in scores of non-motor 

symptoms, Montreal Cognitive Assessment and Mini- 

mental State Examination.  

Table 1  Comparison of clinical baseline data among subjects  

 

Group n 
Gender 

(M/F, n/n) 

Age 

(year) 

Education level 

(year) 

Non-motor 

symptom (score) 

MoCA 

(score) 

MMSE 

(score) 

Hoehn & Yahr 

(score) 

Patient 32 17/15 69.97±9.44 8.63±3.55 7.04±3.29 20.81±4.50 25.66±3.04 1.98±0.81 

Control 25 14/11 66.88±7.57 8.80±4.08  2.04±1.46  24.76±3.80  27.56±2.92 – 

χ2/t χ2 = 0.02 t = 1.33  t = –0.17 t = 5.71 t = –3.51 t = –2.39 – 

P P > 0.05 P > 0.05 P > 0.05 P < 0.001 P < 0.001 P < 0.05 – 

 
Gender comparison between groups was analyzed using Chi-square test. Age, education level, non-motor symptoms, Mini-Mental State Exami-

nation (MMSE) and Montreal Cognitive Assessment (MoCA) were expressed as mean ± SD and were compared using two-sample t-test. M: 

Male; F: female. 

Table 2  Comparison of Montreal Cognitive Assessment (MoCA) scores between patient and control groups  
 

Item Patient (n = 32) Control (n = 25) t P 

MoCA total scores 20.81±4.50 24.76±3.80 –3.51  < 0.001 

Total scores visuospatial/executive function   1.84±1.59  3.76±1.05 –5.46  < 0.001 

Total scores of denomination   2.84±0.37  2.87±0.47  0.03  > 0.05 

Total scores of attention  4.56±1.32  4.96±1.06 –1.23  > 0.05 

Total scores of language  2.47±0.92  2.64±0.57 –0.87  > 0.05 

Total scores of abstraction  1.16±0.72  1.68±0.48 –3.13  < 0.01 

Total scores of delay  1.38±1.45  2.60±1.38 –3.22  < 0.01 

Total scores of orientation   5.69±0.78  5.64±0.64  0.25  > 0.05 

 

Data are expressed as mean ± SD. Two-sample t-test was used. 

Table 3  Comparison of Mini-Mental State Examination (MMSE) scores between patient and control groups  
 

Score Patient (n = 32) Control (n = 25) t P 

Total scores of MMSE 25.66±3.04 27.56±2.92 –2.39 < 0.05 

Language  0.88±0.34  1.00±0.01 –2.10 < 0.05 

Calculation  3.47±1.68  4.40±0.91 –2.67 < 0.01 

Visuospatial function  0.47±0.31  0.88±0.33 –3.69  < 0.001 

 
Data are expressed as mean ± SD. Two-sample t-test was used. 
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Table 4  Brain areas with abnormal gray matter volume in patients with Parkinson's disease  
 

Abnormal brain area BA 
Cluster 

size 

MNI coordinate 
T 

X Y Z 

Right insular lobe BA13 3 191 46  7  0 3.97 

Right superior and middle temporal gyrus BA38  46  11 –7 3.90 

Right inferior frontal gyrus BA47  50 22  0 3.88 

Right inferior temporal gyrus BA20 1 870 39 –9 –41 3.95 

Right fusiform gyrus   47 –18 –31 3.91 

Right middle occipital gyrus, precuneus  3 485 51 –66 –10 3.84 

Right middle temporal gyrus    57 –61  –1 3.71 

Right medial frontal gyrus BA9, 10 1 826 5  59  10 3.62 

Right parahippocampal gyrus, amygdale, uncus BA34 1 239 12  –6 –22 3.50 

Right posterior lobe of cerebellum, clivis    289 27 –70 –17 3.29 

Right orbital gyri, and gyrus rectus     458 6  35 –24 3.07 

Left orbital gyri, and gyrus rectus   –2  43 –23 3.01 

Left insular lobe BA13 3 956 –44   8 –4 4.18 

Left parahippocampal gyrus and amygdale BA22, 34  –53   9 –4 4.02 

Left inferior frontal gyrus BA45   230 –47  25  2 3.77 

Left parietal lobe, postcentral gyrus    276 –61 –21  14 3.17 

Left medial frontal gyrus    389 –5  46  22 3.17 

Left middle occipital gyrus  BA19   248 –52 –72   3 3.15 

 

BA: Brodmann area. MNI: Montreal Neurological Institute. X, Y, Z : peak coordinate of activated brain areas; cluster value: serial voxel quantity in 

activated areas; T value: area under T distribution curve in activated areas. Extensive gray matter atrophy was found in brain areas of patients 

with Parkinson's disease compared with normal control. 

Figure 1  Statistical parameter map (two-sample t-test) of gray matter volume between patient (n = 32) and control (n = 25) 
groups (volume of gray matter was reduced in the patient group).  

(A) Three-dimensional brain images of comparison between patient and control groups. Shadow represents atrophic brain areas 
in Parkinson's disease patients.  

(B) Three-dimensional coronal image in MNI standard coordinate of statistical analysis results using pseudo-color. The 
pseudo-color represents atrophic brain areas in the patient group.  

(C) Coronal template map in MNI standard coordinates of the statistical analysis results using pseudo-color. Shadow and color 
represent atrophic brain areas in the patient group. MNI: Montreal Neurological Institute. 

A  

B  

C  

SPM(T55) 
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Extensive gray matter loss was previously reported in 

brain areas of Parkinson’s disease patients compared 

with normal controls, including the bilateral temporal 

lobe, occipital lobe, parietal lobe, frontal lobe and limbic 

system. Further, these reductions in gray matter volume 

were asymmetric in both hemispheres; i.e., the gray 

matter volume was significantly reduced in the right 

hemisphere, indicating a correlation with complex clin-

ical symptoms in Parkinson’s disease patients with 

multisystem effects. There is also neuropathological 

evidence that that following neuronal Lewy body for-

mation, local neuronal loss, necrosis, gliosis and corti-

cal atrophy gradually occur in the limbic system and 

frontal, parietal, occipital and temporal lobes, resulting 

in a series of complex clinical symptoms, including non- 

motor systems
[29]

.  

 

Parkinson’s disease not only involves the substantia 

nigra-corpus striatum dopamine system, but also alters 

the distribution of the dopamine system at other sites, 

as well as non-dopamine systems such as the sero-

tonergic and noradrenergic systems
[30]

. This may ex-

plain the occurrence of extensive brain area atrophy in 

Parkinson’s disease patients. Previous studies have 

also demonstrated a reduction in metabolism in the 

bilateral parietal lobe, bilateral occipital lobe, frontal 

lobe and temporal lobe
[31-35]

.  

 

Voxel-based morphometry was previously used to inves-

tigate brain anatomical structural changes related to 

special clinical symptoms in Parkinson’s disease patients. 

For example, Feldmann et al
 [36]

 found that the volume of 

the bilateral orbital and frontal cortex and gyrus rectus 

were significantly reduced in Parkinson’s disease pa-

tients with depression, indicating that regional dysfunc-

tion is a major cause of the depression symptoms. Poor 

memory was also reported to be associated with gray 

matter atrophy in the left hemisphere (uncus, middle 

temporal and fusiform gyri), left putamen and right tem-

poral lobes
[37]

.  

 

In addition, dopamine non-responsive motor signs and 

executive function were associated with caudate atro-

phy, and executive function was associated with gray 

matter atrophy in the middle temporal gyri, the left 

precuneus and the cerebellum
[37]

. Kassubek et al 
[38]

 

found that gray matter was increased in the nucleus 

ventralis intermedius of the thalamus contralateral to 

the tremor side in unilateral Parkinsonian tremor pa-

tients, and that the volume reductions were significantly 

correlated with tremor amplitudes, suggesting that the 

thalamus is important for tremor generation. 

Ramirez-Ruiz et al 
[39]

 also reported a progressive gray 

matter volume decrease in Parkinson’s disease patients 

without dementia in the limbic system (hippocampus, 

parahippocampal gyrus) and paralimbic regions (insular 

lobe and cingulate gyrus), while patients with dementia 

exhibited gray matter volume reductions predominantly 

in the neocortical regions. These data suggest that cor-

tical atrophy is a substrate for dementia in Parkinson’s 

disease. 

 

Because of the complex and varied clinical manifesta-

tions of Parkinson’s disease and different clinical data 

in studies, there are often varying results. Nevertheless, 

the atrophic brain areas in Parkinson’s disease patients 

observed in the present study were consistent with 

previous studies. Thus, we conclude that extensive 

brain morphological changes in Parkinson’s disease 

patients form part of a complex pathological mechanism 

in Parkinson’s disease. In addition, we found a reduc-

tion in the volume of the bilateral amygdala in Parkin-

son’s disease patients.  

 

The afferent and efferent fibers of the amygdala are 

complex and provide association between sensory and 

emotion-behavior executive systems. The major function 

of the amygdala is related to emotion and motivation 

generation, internal organ activity, learning and memory 

formation and sleep and wakefulness. The loss of bilat-

eral amygdala volume may contribute to cognitive dis-

turbances in our patients, and suggests that some Par-

kinson’s disease patients may develop cognitive im-

pairment in the early stage. 

 

In summary, we found extensive loss of gray matter 

volume in Parkinson’s disease patients, resulting in 

damage in the function of corresponding brain areas 

(based on neurological scale results), consistent with 

clinical characteristics of Parkinson’s disease. In addition, 

this study provided important neuroimaging evidence for 

in vivo observation of the distribution abnormal gray 

matter features in Parkinson’s disease.  

 

Further investigation and wide application of voxel-based 

morphometry can provide a greater understanding of 

brain morphological abnormalities in Parkinson’s disease, 

as well as potential mechanisms.   

 

 

SUBJECTS AND METHODS 

 

Design 

A case-control study. 
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Time and setting 

The experiments were conducted in the Department of 

Radiology, Affiliated Hospital of Nantong University in 

China, and data processing and analysis was conducted 

in the Department of Medical Image Engineering, Nan-

tong University, China from January 2011 to April 2012. 

 

Subjects 

Patients with Parkinson’s disease were recruited from 

the Affiliated Hospital of Nantong University in China 

between January and December 2011.  

 

Diagnostic criteria of Parkinson’s disease 

All patients were diagnosed by an physician engaging in 

extrapyramidal disease in the Department of Neurology, 

according to the diagnostic criteria of Parkinson’s Dis-

ease Society Brain Bank, London: overview and re-

search
[40]

 (at least three of the following): unilateral onset; 

rest tremor present; progressive disorder; persistent 

asymmetry affecting side of onset most; excellent re-

sponse (70–100%) to levodopa; severe levodo-

pa-induced chorea; levodopa response for 5 years or 

longer; and clinical course of 10 years or longer. In addi-

tion, patients with Parkinson’s syndrome or Parkinson-

ism- Plus were excluded. 

 

Inclusion criteria of Parkinson’s disease 

All patients who met the diagnostic criteria were as-

sessed using the Mini-Mental State Examination and 

Montreal Cognitive Assessment to eliminate those with 

dementia. Moreover, the Geriatric Depression Scale and 

Activities of Daily Living were used to evaluate and ex-

clude those subjects with severe depression or poor 

activities of daily life.  

 

Non-motor symptoms were assessed using the 

Non-motor Symptoms Questionnaire. Hoehn & Yahr 

staging was used for Parkinson’s disease staging. In 

addition, patients with other diseases that can affect 

evaluation of brain function were excluded. Finally, 32 

patients were included, comprising 17 males and 15 

females, aged 51–87 years, with education for 0–15 

years and course of disease for 1–11 years. All subjects 

were right handed. 

 

The normal control group comprised 25 healthy people, 

aged 53–79 years, with education for 0–14 years. They 

were all right handed, and matched for age and gender 

with the patient group. Subjects were selected from re-

tired employees of the hospital and families of the in-

cluded patients. They had no definite nervous system 

disease, no dental prosthesis that may have affected 

image quality, and no abnormalities in routine brain MRI 

examination. The normal control group was subjected 

to Mini-Mental State Examination, Montreal Cognitive 

Assessment and Non-motor Symptoms examinations.  

 

Written informed consent was obtained from all subjects 

according to the Administrative Regulations on Medical 

Institution, issued by the State Council of China
[41]

.  

 

Methods 

Magnetic resonance examination  

A GE HDX3.0T superconducting magnetic resonance 

scanner (GE Healthcare, Fairfield, CT, USA) with an 

8-channel head coil was used for the examination.  

 

The 3D T1 images of subjects were acquired by a 3D fast 

spoiled gradient echo sequence, with the following pa-

rameters: repetition time 7.3 ms; echo time 3.4 ms; in-

version time 450.0 ms; flip angle 12°; number of excita-

tions 1; slice thickness 1.2 mm; slice gap 0; field of view 

24 cm × 24 cm; matrix 256 × 256; voxel 0.47 mm ×  

0.47 mm × 1.20 mm; and 124 slice axial images in total. 

In addition, conventional magnetic resonance scanning 

was conducted in all subjects (axial T2WI, flu-

id-attenuated inversion recovery imaging, diffusion 

weighted imaging). A physician from the Department of 

Radiology read the acquired images, and no morpho-

logical abnormalities were found. 

 

Data processing 

All data were processed in Matlab 7.1 platform (Depart-

ment of Medical Imaging Engineering of Nantong Uni-

versity; MathWorks, Natick, MA, USA) using the voxel- 

based morphometry 5 tool box (http://dbm.neuro.uni- 

jena.de/vbm/) in the statistical parametric mapping 5 

software (SPM5, 

http//www.fil.ion.ucl.ac.uk/spm/software/spm5).  

 

Acquired three-dimensional data were preprocessed as 

follows: (1) image inversion: the raw data in DICOM 

format was transmitted to NIFTI format; (2) registering 

and correction: the transmitted images were registered to 

the standard template of Montreal Neurological Institute 

using the voxel-based morphometry 5 software package, 

and the registered images were corrected to 1 mm
3 
pix-

els; (3) segmentation: the 3D images were segmented 

into gray matter, white matter and cerebrospinal fluid, 

and the segmented gray matter images were subjected 

to volume modulation, equal to the tissue volume of the 

original images; (4) smoothing: the modulated gray 

matter and white matter were smoothed using an 8 mm 

full width at half maximization Gaussian kernel to im-
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prove signal to noise ratio of images. 

 

Gray matter structures in the entire brain were compared 

between the groups using a two-sample t-test from the 

SPM software. A P < 0.005 (non-corrected) and con-

nected brain areas > 200 voxel were considered statis-

tically significant. Brain areas with statistically significant 

voxel, activation volume (cluster size), activation intensity 

(t value from the two-sample t-test; T value was posi-

tively correlated with intensity) and Montreal Neurological 

Institute coordinates were recorded using xjView8.2 

software (http://www.alivelearn.net/ xjview8/). Corre-

sponding Brodmann areas of gray matter structures were 

confirmed. 

 

Statistical analysis 

Measurement data were expressed as mean ± SD. The 

data were analyzed using SPSS 17.0 software (SPSS, 

Chicago, IL, USA). Differences in gender between 

groups were compared using chi-square test, and com-

parison of the other measurement data was conducted 

using two sample t-test. A value of P < 0.05 was consid-

ered statistically significant.  
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