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Abstract
Neuroimaging studies have shown structural and functional abnormalities in parts of the 
cortico-striato-thalamo-cortical (CSTC) brain circuitry in patients with obsessive-compulsive 
disorder (OCD). However, little is known about changes in the interhemispheric functional 
homotopy in the resting-state in OCD. This study used a voxel-mirrored homotopic connectivity 
(VMHC) approach combined with resting-state functional magnetic resonance imaging to 
investigate changes in interhemispheric functional homotopy in 60 OCD patients and 60 
healthy controls. Compared with the healthy controls, the OCD patients showed decreased 
VMHC values in the thalamus. The results suggest that changes in functional homotopy in 
the CSTC circuitry may be involved in the pathophysiologic mechanism of OCD. Our findings 
provide new evidence of abnormalities in the CSTC circuitry in OCD.
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Introduction

Obsessive-compulsive disorder (OCD) is a 
debilitating disorder characterized by recurrent 
and persistent thoughts, images or urges 
(obsessions), and/or repetitive, time-consuming 
behaviors and rituals (compulsions) [1]. The 
prevalence rate of OCD is about 2%–3%, 
and about 50 million people worldwide suffer 
from the disease [2]. Patients with OCD find 
it difficult to control unwanted thoughts and 
behaviors, which cause great distress and can 
have serious effects on their work, study and 
interpersonal communication [1]. Therefore, 
there is increasing interest in understanding the 
neural mechanisms underlying OCD. 

Although the mechanisms of OCD are still 
unclear, previous studies have used advanced 
neuroimaging approaches to reveal structural 
and functional brain changes in OCD 
patients. Decreased gray matter volumes in the 
orbitofrontal cortex, dorsolateral prefrontal 
cortex and anterior cingulate cortex, and 
increased gray matter volumes in the putamen, 
caudate and thalamus have been reported in 
previous OCD studies [3,4]. Local abnormal 
regional functional characteristics in the 
orbitofrontal cortex, anterior cingulate cortex, 
caudate and thalamus have been detected in 
OCD patients [5-7]. Moreover, changes in the 
resting-state functional connectivity (RSFC) 
among these brain regions have also been 
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cortex, and reduced RSFC between the 
orbitofrontal cortex and the striatum, and in 
the dorsomedial prefrontal cortex [27-31]. 
SSRI treatment also elevates the small-world 
efficiency, modular organization, and degree of 
connectivity in OCD patients [32]. However, 
whether SSRI change the functional homology 
between cerebral hemispheres in OCD patients 
in a resting-state remains unclear. 

In the present study, we used RS-fMRI combined 
with the VMHC approach to explore changes in 
interhemispheric functional homotopy in OCD 
patients. We compared the VMHC differences 
between OCD patients and healthy controls 
(HCs), and between SSRI-treated and drug-
naive OCD patients. The study aimed to discover 
changes in the spontaneous functional homology 
within the CSTC circuitry, and to examine 
whether SSRI treatment affects the altered 
functional architecture in OCD. Moreover, 
given the importance of interhemispheric 
interaction for cognitive processing, we expected 
to find a relationship between altered VMHC 
values and the clinical characteristics of OCD 
patients. 

Material and Methods 

 � Subjects

Sixty-five OCD patients were recruited from 
the Qiqihar Mental Health Center and the 
Fourth Affiliated Hospital of Qiqihar Medical 
University. Data from five patients were excluded 
because of poor quality (see data acquisition and 
preprocessing). Of the remaining 60 patients, 20 
had taken no medication for OCD and 40 were 
on stable doses of SSRI at the time of the scan. 
Sixty age- and gender-matched HCs from the 
local community were also recruited. All patients 
and HCs were right-handed, 18–60 years old 
and were diagnosed with the Structured Clinical 
Interview for DSM-IV Axis I Disorders Patient 
Edition and Non-patient Edition, respectively. 

The Yale-Brown Obsessive Compulsive Scale 
(Y-BOCS) [33], the 17-item Hamilton Rating 
Scale for Depression (HAMD) [34] and the 
Hamilton Anxiety Rating Scale (HAMA) [35] 
were used to assess the clinical characteristics 
of all subjects. Patients who scored ≥ 16 on 
the Y-BOCS scale and < 18 on the HAMD-
17 scale were included. None of the patients 
had a major physical disease, a history of 
neurological disorders or a history of psychiatric 
disorders other than OCD. The HCs had no 

reported [8-11]. In sum, previous neuroimaging 
studies emphasize the abnormal structure and 
function of the cortico-striato-thalamo-cortical 
(CSTC) circuitry in OCD. It is also noteworthy 
that both increased and decreased fractional 
anisotropy values in the corpus callosum were 
reported in a diffusion tensor imaging study in 
OCD patients [12], which suggests that changes 
in the microstructure of the corpus callosum 
are involved in the process of obsessions and 
compulsions [13]. The corpus callosum, which is 
the largest area of white matter and is composed 
of association  fibers in both hemispheres, 
plays an important role in interhemispheric 
communication and cognitive processes [14]. 
Altered white matter integrity in the corpus 
callosum may affect interhemispheric functional 
interactions [14-16], which are important 
for the integrity of brain functions [17]. 
However, OCD-related alterations in functional 
interactions between the cerebral hemispheres 
are rarely explored directly. 

Resting-state functional magnetic resonance 
imaging (RS-fMRI) can reveal patterns of 
coherent spontaneous or intrinsic brain 
activities, and can be used to directly explore 
interhemispheric functional interactions. As one 
of the most essential properties of the brain’s 
intrinsic functional architecture, functional 
homology reveals highly correlated spontaneous 
activity between corresponding regions of the 
cerebral hemispheres, and can be evaluated using 
the RSFC approach [18-20]. A new measure, 
voxel-mirrored homotopic connectivity 
(VMHC), can quantify the homotopic patterns 
of RSFC by providing a voxelwise measure 
of connectivity between each voxel in one 
brain hemisphere and its mirrored voxel in the 
other [17]. Recently, the VMHC method has 
provided a variety of new disease-related findings 
on functional homology in cocaine addiction 
[15], schizophrenia [21], major depressive 
disorder [22,23], bipolar II disorder [24], autism 
[25] and drug-naive somatization disorder [26]. 
These findings demonstrate that VMHC can be 
regarded as a reliable and feasible measure to 
detect alterations in the functional homology 
between cerebral hemispheres in OCD patients. 

Selective serotonin reuptake inhibitors (SSRI) 
are commonly used to treat OCD patients. 
Previous studies have shown that SSRI alter 
the structure and function of brain areas within 
the CSTC circuitry, such as decreased thalamic 
volume and local spontaneous activity in the 
dorsolateral prefrontal cortex and orbitofrontal 
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neurological illness, major physical diseases, 
psychiatric disorders or family history of major 
psychiatric disorders. The study was approved 
by the Research Ethics Committee at Qiqihar 
Medical University. Written informed consent 
was obtained from all subjects. 

 � Data acquisition and preprocessing

The RS-fMRI images were acquired using a 
3.0-Tesla GE 750 Signa-HDX scanner (General 
Electric Healthcare, Waukesha, Wisconsin) at 
the Third Affiliated Hospital of Qiqihar Medical 
University. An echo-planar imaging sequence 
was used for the RS-fMRI scans. The parameters 
were 33 axial slices, TR = 2000 ms, TE = 30 ms, 
FA = 90°, thickness/gap = 3.5/0.6 mm, FOV = 
200 × 200 mm2, in-plane resolution = 64 × 64 
and 240 volumes in total (8 min). All subjects 
were instructed to close their eyes and to lie as 
still as possible and relax but avoid falling asleep 
during scanning.

Data Processing & Analysis for (Resting-State) 
Brain Imaging (DPABI) [36] software was used 
for image preprocessing, including removal of 
the first 10 time points, slice timing, realigning, 
nuisance covariates regression (six head motion 
parameters, global mean time course, white 
matter time course and cerebrospinal fluid time 
course), normalized using the echo-planar image 
template and resampled to a voxel size of 3×3×3 
mm3 and smoothed with a 4-mm full-width half-
maximum Gaussian kernel. Then, the signal was 
linearly detrended and band pass filtered at 0.01-
0.08 Hz to reduce low frequency drifts and high 
frequency physiological noise (i.e., respiratory 
and cardiac) [37]. The scrubbing procedure was 
conducted with a framewise displacement (FD) 
measure (with a threshold of 0.5 together with 
one preceding and two subsequent volumes) 
[38]. The FD of head position calculates the 
sum of the absolute values of the differential of 
the realignment estimates in the six parameters, 
which indicate the translational and rotational 
displacements of the head from a fixed position in 
space. Rotational displacements were calculated 
at a 50 mm radius [38]. Five OCD patients 
were excluded because more than 33% of the 
volumes were removed. We got the T1 images 
in Montreal Neurological Institute (MNI) space 
for each subjects, and created a mean T1 image 
template by averaging across all the subject. The 
mean T1 template was averaged with its flipped 
version to create a symmetric T1 template. Then, 
we normalized the T1 image in MNI space for 
each subject to the symmetric T1 template and 

applied the transformations to compute the 
homotopic connectivity [17]. 

 � Voxel-mirrored homotopic connectivity

VMHC analysis was also performed using 
DPABI software [36]. Individual VMHC 
maps were computed as the Pearson correlation 
between a given voxel and a corresponding voxel 
in the mirrored hemisphere. The correlation 
values were transformed to standard z-values to 
achieve normality. The resultant values generated 
the VMHC maps and were used for within group 
and group-level (between OCD patients and 
HCs) comparisons. The results of one-sample t 
tests were used to identify the individual VMHC 
maps. Independent two-sample t tests were 
performed on the VMHC maps within a mask 
generated by selecting the voxels that showed 
significant VMHC in any of the two groups. 
Considering that SSRI may affect the resting-
state spontaneous interhemispheric functional 
homotopy, two-sample t tests were used to 
compare differences in the VMHC results 
between SSRI-treated and drug-naïve OCD 
patients, between drug-naïve OCD patients and 
HCs, and between SSRI-treated OCD patients 
and HCs, respectively. Gaussian Random Field 
theory correction was used to assess statistical 
significance, with a voxel p value of < 0.001 and 
a cluster p value of < 0.05 (two tailed).

 � Seed-based functional connectivity in 
the resting-state

Brain regions showing significant between-
group VMHC difference were defined as seed 
ROIs. A reference time-course was obtained 
by averaging the time series of all voxels in 
each ROI. Pearson’s correlation analysis was 
conducted between each ROI reference time-
course and the time series of all other voxels 
in the whole brain in a voxel-wise manner. 
Six head motion parameters, the global mean, 
white matter and cerebrospinal fluid time-
course were regressed. The resulting r values 
were normalized to Z-values to facilitate the 
comparison. For each group, one-sample t 
tests were used to identify the individual z 
maps. Independent two-sample t tests were 
performed on the functional connectivity 
maps for each seed within a mask generated 
by selecting the voxels that showed significant 
positive or negative functional connectivity in 
any of the two groups (combined set of one-
sample t-test results). The significance level 
was set at p < 0.05 (Gaussian random field 
corrected, two-tailed). 
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 � Correlations between VMHC and clinical 
symptoms in OCD patients

Partial correlation analysis was used to assess 
the relationship between clinical symptoms 
(YBOCS total, obsession and compulsion scores) 
and VMHC values that showed significant 
group differences. The total HAMA and HAMD 
scores and framewise-dependent values were 
considered as covariates to control for comorbid, 
nonspecific anxiety, depression symptoms and 
average motion. The threshold was set at p < 
0.05/3 (0.017) (Bonferroni corrected). 

Results

Demographic and clinical data 

The subjects’ demographic and clinical data are 
displayed in Table 1. The patients and controls 
showed no significant differences in age, sex, 
years of education or framewise-dependent 
values (all p > 0.05). 

 � Group differences in VMHC between 
OCD patients and HCs

Figure 1A and Table 2 show the group 
comparisons of VMHC values between the 
OCD patients and HCs. The OCD patients 
exhibited significantly lower VMHC values in 
the thalamus than the HCs. No region showed 
greater VMHC values in the OCD group than 
in the HC group. 

 � Seed-based functional connectivity in 
the resting-state

As mentioned above, the thalamus exhibited 
lower VMHC values in the OCD group. We then 
explored the whole brain functional connectivity 
with the bilateral thalamus as the ROI. For 

the right thalamus, the left thalamus showed 
decreased positive functional connectivity in 
OCD patients (Table 2 and Figure 1B). For 
the left thalamus, no brain regions showed a 
difference in positive or negative functional 
connectivity in OCD patients. 

 � Group differences in VMHC and 
functional connectivity in SSRI-treated 
and drug-naïve OCD patients 

Drug-naïve OCD patients exhibited significantly 
lower VMHC values in the orbital frontal cortex 
and increased positive functional connectivity 
between the left thalamus and right superior 
parietal lobule than the HCs (Table 3 and 
Figure 2). SSRI-treated OCD patients showed 
no difference in VMHC and functional 
connectivity values compared with the HCs. No 
brain regions showed differences in VMHC and 
functional connectivity values between SSRI-
treated and drug-naive OCD patients.

 � Relationship between VMHC and 
clinical symptoms

The VMHC values in the thalamus were positively 
correlated with the scores for compulsion (r = 
0.882, p = 0.021), but the correlation was no 
longer significant after Bonferroni correction (p 
> 0.017) (Figure 1C). 

Discussion

In the current study, we investigated the 
alterations in interhemispheric functional 
homotopy in OCD patients using the VMHC 
approach with a relatively large sample. As 
hypothesized, we found that OCD patients 
showed decreased VMHC in the thalamus (a key 
node in the CSTC circuitry) compared with the 

Table 1: Demographic and clinical data of participants.
      OCD 
 (n = 60)

          HCs
 (n = 60)   p  

Age (years) 28.90 ± 8.46 28.24 ± 7.31  0.649
Gender (male/female) 44/16 44/16   1.000
Education level (years) 13.47 ± 2.69 14.07 ± 2.86  0.240
Illness duration (months) 79.55 ± 70.68
Y-BOCS score 
Total 23.65 ± 7.91 1.00 ± 0.76   < 0.001
   Obsessions 13.58 ± 3.69 0.23 ± 0.50   < 0.001
Compulsions 10.07 ± 6.11 0.77 ± 0.70   < 0.001
HAMD score 9.88 ± 5.86 1.33 ± 1.02   < 0.001
HAMA score 12.45 ± 7.82 1.18 ± 1.14 < 0.001
Mean FD 0.12 ± 0.55 0.14 ± 0.74 0.082
Note: Data reflect mean ± standard deviation (range). OCD, obsessive-compulsive disorder; HCs, healthy controls; Y-BOCS, Yale-Brown Obsessive–
Compulsive Scale; HAMD, 17-item Hamilton Depression Rating Scale; HAMA, Hamilton Anxiety Rating Scale; FD, framewise displacement. 
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Figure 1: Brain regions showing altered VMHC values in OCD patients. B. Brain regions showing altered functional connectivity with the right 
thalamus in OCD patients. The threshold of Figure 1 A and B was p < 0.05 (Gaussian random field corrected, two-tailed). C. The scatter map shows 
a positive correlation between VMHC values in the thalamus and the scores for compulsion. 

Table 2: Brain regions showing altered VMHC values and functional connectivity in OCD patients.

Brain regions Brodmann area Cluster size (voxels) MNI coordinates
(x, y, z) t value

VMHC
Thalamus 26 ±12, -6, 12 -4.05
Positive functional connectivity in the resting-state with the right thalamus 
Thalamus 33 -12, -9, 12 -4.35

Note: VMHC, voxel-mirrored homotopic connectivity; OCD, obsessive-compulsive disorder; MNI, Montreal Neurological Institute. The threshold was set at 
voxel p value < 0.001, a cluster p value < 0.05 (GRF corrected, two tailed)

Table 3: Brain regions showing altered VMHC values and functional connectivity in drug-naïve OCD patients.

Brain regions Brodmann area Cluster size (voxels) MNI coordinates
(x, y, z) t value

VMHC
Orbital frontal cortex 11 22 ±15, 15, -21 -5.46
Positive functional connectivity in the resting-state with the left thalamus 
Superior parietal lobule 5 78 18, -51, 72 4.59
Note: VMHC, voxel-mirrored homotopic connectivity; OCD, obsessive-compulsive disorder; MNI, Montreal Neurological Institute. The threshold was set at 
voxel p value < 0.001, a cluster p value < 0.05 (GRF corrected, two tailed)
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HCs. Inconsistent with our hypotheses, no brain 
regions showed a difference in VMHC between 
the SSRI-treated and drug-naive patients, and 
we found no significant relationship between 
VMHC values and clinical symptoms in the 
OCD patients. Further analysis demonstrated 
that the right thalamus showed decreased positive 
functional connectivity with the left thalamus in 
OCD patients. To the best of our knowledge, 
this is the first study to use VMHC analysis to 
explore functional homotopy in OCD patients.

As an important part of the CSTC circuitry 
and a sensory and motor gateway, the thalamus 
provides specific channels from the basal ganglia 
to the cortical motor areas, and is responsible 
for sensory inputs and interactions between the 
cortex and basal ganglia, thus permitting the 
thalamus to mediate cognition and behavior 
[39,40]. The decreased interhemispheric 
VMHC values in the thalamus found in the 
present study indicate a reduced functional 
strength between the left and right sides of the 
thalamus. The decreased strength of homotopic 
RSFC in the thalamus may lead to dysfunction 
in the communication or integration of 
cognitive and behavioral information between 
the bilateral thalamus [17]. Furthermore, 
the inefficient gating at the thalamic level 
may result in hyperactivity within the CSTC 
circuitry in OCD [41], which could be involved 
in its pathophysiological  mechanism. In the 
present study, although the positive correlation 
between decreased VMHC in the thalamus 
and compulsion disappeared after Bonferroni 
correction, we speculate that the impaired 
intrinsic interhemispheric functional homotopy 

in the thalamus might be associated with the 
regulation of compulsive behavior. Previous 
studies have also demonstrated increased gray 
matter volume, decreased regional spontaneous 
neuronal activity and homogeneity, and reduced 
glutamate level in the thalamus, which were 
also related to the clinical symptoms of OCD 
[3,6,7,12,42]. Taking these findings together, 
we have reason to speculate that the anatomical 
and functional abnormalities in the thalamus 
are widely implicated in OCD, and our findings 
provide new evidence that abnormalities in the 
CSTC circuitry underlie the pathophysiological 
mechanisms of OCD. 

To explore the effect of SSRI on the intrinsic 
functional homology between cerebral 
hemispheres, we compared the VMHC values 
between with SSRI-treated and drug-naive 
OCD patients and found no differences in 
VMHC in any brain region. Previous studies 
have demonstrated that SSRI treatment 
affects the thalamic volume [30,31], but our 
results suggest that it may have no effect on 
the interhemispheric functional homology of 
OCD. However, we only compared the intrinsic 
functional homology between SSRI-treated and 
drug-naive OCD patients, rather than comparing 
the same group of patients before and after SSRI 
treatment. In present study, it’s interesting that 
drug-naïve OCD patients exhibited significantly 
lower VMHC values in the orbital frontal cortex 
and increased positive functional connectivity 
between the left thalamus and right superior 
parietal lobule, however, SSRI-treated OCD 
patients showed no any difference in VMHC 
values and functional connectivity compared 

Figure 2: Brain regions showing altered VMHC values in drug-naïve OCD patients. B. Brain regions showing altered functional connectivity 
with the left thalamus in drug-naïve OCD patients. The threshold was p < 0.05 (Gaussian random field corrected, two-tailed).
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with the HCs. It is cautious to infer that SSRI 
may affect the reduced functional homology in 
the CSTC circuitry in OCD patients because the 
sample is inconsistent. The effect of SSRI on the 
intrinsic interhemispheric functional homotopy 
in OCD patients should be further explored in 
longitudinal studies with the same OCD sample. 

We also found that the right thalamus showed 
decreased positive functional connectivity 
with the left thalamus in the OCD patients. 
Functional connectivity refers to the temporally 
correlated activity between remote brain regions, 
and positive functional connectivity may 
integrate neuronal activities for similar goals 
[43]. Decreased positive functional connectivity 
may suggest that the cooperative and integrative 
relationship between the left and right thalamus 
may be destroyed, which may diminish 
the filtration and suppression of irrelevant 
information in the thalamus [44], resulting in the 
excessive, unnecessary thoughts and behaviors 
shown by OCD patients. The decreased positive 
functional connectivity between the right and 
left thalamus may further support the decreased 
intrinsic interhemispheric functional homotopy 
in the thalamus in OCD patients. However, 
there were no brain regions showing altered 
resting-state functional connectivity with the left 
thalamus as seed in the OCD patients. Previous 
researches found that the left and right brain 
regions with changed VMHC values showed 
different resting-state functional connectivity 
pattern [22], and the left and right thalamus may 
have diverse whole-brain functional connectivity 
patterns in Alzheimer’s disease [45]. Based on 
the present research results, we infer that the left 
and right thalamus with changed VMHC values 
may also have different functional connectivity 
pattern at resting-state in OCD patients. 

The present study was strengthened by the 
relatively large sample size. However, some 
limitations should be taken into consideration. 

First, neuropsychological data, especially 
cognitive and behavioral information, were 
not collected in our study. The relationship 
between deficits in functional homotopy and 
cognitive dysfunction should be investigated in 
future research. Second, white matter diffusion 
and gray matter volume were not analyzed in 
the present study, which makes it impossible 
for us to know the relationship between 
VMHC and white matter diffusion or gray 
matter volume. Therefore, multimodal MRI 
technology involving voxel-based morphometry, 
diffusion tension imaging, and RS-fMRI is 
needed to integrate structural and functional 
interhemispheric connectivity and thus explore 
the pathophysiology of OCD in greater depth. 

Conclusions

In summary, the present study revealed decreased 
VMHC values in the thalamus in OCD patients, 
suggesting that changes in the functional 
homotopy in the CSTC circuitry might be 
involved in the pathophysiological mechanism 
of OCD. Our findings provide new evidence of 
abnormalities in the CSTC circuitry in OCD, 
which should improve the understanding of 
OCD. 
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