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A B S T R A C T

Background: Subcortical nuclei are important components in the pathology model of obsessive-compulsive
disorder (OCD), and subregions of these structures subserve different functions that may distinctively contribute
to OCD symptoms. Exploration of the subregional-level profile of structural abnormalities of these nuclei is
needed to develop a better understanding of the neural mechanism of OCD.
Methods: A total of 83 medication-free, non-comorbid OCD patients and 93 age- and sex-matched healthy
controls were recruited, and high-resolution T1-weighted MR images were obtained for all participants. The
volume and shape of the subcortical nuclei (including the nucleus accumbens, amygdala, caudate, pallidum,
putamen and thalamus) were quantified and compared with an automated parcellation approach and vertex-
wise shape analysis using FSL-FIRST software. Sex differences in these measurements were also explored with an
exploratory subgroup analysis.
Results: Volumetric analysis showed no significant differences between patients and healthy control subjects.
Relative to healthy control subjects, the OCD patients showed an expansion of the lateral amygdala (right
hemisphere) and right pallidum. These deformities were associated with illness duration and symptom severity
of OCD. Exploratory subgroup analysis by sex revealed amygdala deformity in male patients and caudate de-
formity in female patients.
Conclusions: The lateral amygdala and the dorsal pallidum were associated with OCD. Neuroanatomic evidence
of sexual dimorphism was also found in OCD. Our study not only provides deeper insight into how these
structures contribute to OCD symptoms by revealing these subregional-level deformities but also suggests that
gender effects may be important in OCD studies.

1. Introduction

Obsessive-compulsive disorder (OCD) is a common psychiatric dis-
order with obsessions and compulsions as the main symptom profile
and has a worldwide lifetime prevalence rate of 1–3% (Adam et al.,
2012; Hirschtritt, et al., 2017; Ruscio et al., 2010). Since the early
studies, OCD has been associated with the circuitry referred to as the
cortico-striato-thalamo-cortical (CSTC) pathway, particularly inter-
connection across frontal cortical areas (prefrontal and orbitofrontal
cortex), the ventral striatum (nucleus accumbens), ventral pallidum and
mediodorsal thalamus (Menzies et al., 2008). With the emergence and

evolution of modern brain imaging technologies, additional brain re-
gions, especially the amygdala and dorsomedial and dorsolateral
striatum (caudate and putamen, respectively), are joining refined neu-
rocircuitry models of OCD (Atmaca et al., 2008; Gottlich et al., 2014;
Marsh et al., 2015; Ullrich et al., 2018).

Previous in vivo structural magnetic resonance imaging (MRI) stu-
dies of patients with OCD have largely been volume-based or voxel-
based, which is not sufficient to detect morphometric alterations at the
subregional level of these aforementioned subcortical nuclei. However,
a subregional-level analysis may of particular importance for the
complex anatomical and functional nature of these structures.
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Subregions of subcortical nuclei have proven to subserve connections
between different and sometimes overlapping regions of the cortex and
thalamus, forming organizationally parallel and functionally segregated
circuits (Alexander et al., 1986). For instance, the dorsal and ventral
subregions of the caudate are involved in the dorsolateral prefrontal
(dlPFC) circuit and orbitofrontal cortex (OFC) circuit, respectively
(Alexander et al., 1986). External and internal segments of the pallidum
(GPe and GPi) are separately recruited in the direct and indirect
pathways as part of the intraconnections of the basal ganglia, and are
responsible for reinforcement and punishment in the reward system,
respectively (Gunaydin and Kreitzer, 2016; Kravitz et al., 2012). Hence,
a subregional analysis of these subcortical nuclei in OCD may provide
deeper insights into how these abnormalities contribute to OCD
symptoms and will enrich the pathology model of OCD. A prior study
with a large sample of OCD patients used cross-sectional images to
represent basal ganglia anatomy, and they reported deformations in the
basal ganglia of OCD patients that may not be accompanied by changes
in volume (Pujol et al.,2011). Few articles using surface or vertex-based
analyses have found subregional-level abnormalities in the caudate and
thalamus; however, these results were inconsistent, possibly due to the
small sample size or confounding effects of medication (Choi et al.,
2007; Kang et al., 2008; Shaw et al., 2015; Zarei et al., 2011).

Variations in subcortical brain structures and morphology might be
affected by clinical and environmental factors, such as age, medication
status and comorbidity (Boedhoe et al., 2017; de Wit et al., 2014;
Hu et al., 2017), but another considerable proportion of the variation is
contributed by sex (Zohar et al., 1999). Sexual dimorphism in patients
with OCD has been demonstrated in symptom profile and genetic as-
sociation studies (Alvarenga et al., 2015; Mathis et al., 2011;
Taylor, 2013). In addition, gender differences in subcortical nuclei were
also demonstrated in a meta-analysis (Rijpkema et al., 2012;
Ruigrok et al., 2014). Therefore, gender as a factor should be taken into
consideration in studies of OCD (Mattina and Steiner, 2016;
Zohar et al., 1999). However, gender differences have rarely been in-
vestigated in patients with OCD using neuroimaging approaches.

In the current study, we recruited a relatively large sample of
medication-free, non-comorbid adult patients with OCD that minimized
the confounding effects of medications and sex- and age-matched
healthy control (HC) subjects, aiming to investigate (1) subregional
deformities in subcortical nuclei that are involved in the current CSTC
circuit, including the putamen, caudate and nucleus accumbens, pal-
lidum, thalamus and amygdala, using an automatic segmentation and
vertex-wise shape analysis protocol; and (2) gender differences in
morphometric alterations in these structures using a subgroup analysis
stratified by gender. We hypothesize that specific subregions of these
subcortical nuclei are involved in the pathology of OCD and that male
and female patients show distinct patterns of subcortical abnormalities.

2. Materials and methods

2.1. Participants

This study was approved by the Research Ethics Committee of West
China Hospital, Sichuan University, and fully informed written consent
was obtained from each participant. All participants were right-handed
and native Chinese speakers. A total of 94 OCD patients diagnosed
using DSM-IV criteria were recruited from the Mental Health Center in
West China Hospital of Sichuan University. Clinical diagnoses were
established via the Structured Clinical Interview for DSM-IV Axis I
disorders (SCID) by two experienced psychiatrists (B. Li and W. Tang).
The Yale-Brown Obsessive Compulsive Scale (YBOCS) was used to as-
sess the severity of OCD symptoms, whereas the 17-item Hamilton
Depression Scale (HAMD) and 14-item Hamilton Anxiety Scale (HAMA)
were used to rate depressive and anxiety symptoms, respectively.
Among these patients, 14 previously received medication for OCD (4
were on clomipramine hydrochloride, 3 on paroxetine hydrochloride, 3

on fluoxetine hydrochloride, 3 on sertraline and 1 on three types of
drugs including clomipramine hydrochloride, paroxetine hydrochloride
and quetiapine fumarate) but had been medication-free for more than
four weeks before the MRI scan, while the remaining patients recruited
were medication-naïve. The exclusion criteria were as follows: (1)
younger than 18 or older than 60 years of age; (2) psychiatric co-
morbidity assessed using the SCID; (3) any history of major physical
illness, cardiovascular disease or psychiatric or neurological disorder;
(4) current or any history of substance abuse or dependence; and (5)
pregnancy.

Ninety-five age- and sex-matched HCs were recruited from the local
area using poster advertisements and were screened using the SCID
(non-patient edition) to confirm the absence of any current or historical
psychiatric and neurological illness and the absence of a history of
psychiatric illness among first-degree relatives.

2.2. Image acquisition

For all subjects, high-resolution, T1-weighted images were acquired
using a volumetric 3-dimensional spoiled gradient recall (SPGR) se-
quence via a 3.0 T MRI system (EXCITE, General Electric, Milwaukee,
WI, USA) with an eight-channel phased array head coil. The acquisition
parameters included TR=8.5ms, TE=3.4ms, flip angle=12°, and slice
thickness=1.0mm. A field of view (240×240 mm2) was used with an
acquisition matrix comprising 256 readings of 128 phase encoding steps
that produced 156 contiguous coronal slices with a slice thickness of
1.0 mm. The final matrix size of T1-weighted images was automatically
interpolated in-plane to 512×512, which yielded an in-plane resolu-
tion of 0.47×0.47 mm2. Foam padding and earplugs were used to
reduce head motion and scanner noise.

2.3. Image analysis

FIRST (Patenaude et al., 2011), a model-based segmentation and
registration module implemented in FSL (Jenkinson et al., 2012) soft-
ware (version 5.0.9, which can be downloaded at the official website:
https://fsl.fmrib.ox.ac.uk/) was used to automatically segment the
subcortical nuclei, including the nucleus accumbens, caudate, pallidum,
putamen, amygdala and thalamus (Fig. 1). Briefly, all subcortical nuclei
were segmented using the run_first_all script, which includes initial
whole brain image registration, brain tissue extraction, signal intensity
normalization, and segmentation of structures with optimal settings for
each structure (by default). Whole brain images were registered to a
common space based on the nonlinear MNI152 template, while shape
variance was reserved after registration. In the second stage, a sub-
cortical mask built from manual segmentation of 128 subjects was used
to exclude regions outside the subcortical structures. After alignment,
meshes were generated by a deformable model that iteratively updates
the vertex locations according to a weighted sum of displacements
(Patenaude et al., 2011). After the meshes were generated, localized
shape changes were directly compared by analysing vertex locations,
which considers the differences in mean vertex position between the
groups. To exam the quality of the segmentations, label images were
masked on original T1-weighted whole brain images and were visually
checked. We followed ENIGMA quality control protocol for subcortical
shape (http://enigma.usc.edu/), and consistency was obtained between
two independent researchers (Zhang L and Hu X). Subjects (OCD group:
11 out of 94; HC group: 2 out of 95) showing inaccurate segmentation
were rolled out in the following analysis. Vertex analysis was then
conducted with bvars files (outcome files of run_first_all), and meshes
were reconstructed in the MNI space (–useReconMNI). The output files
of the vertex analysis were then used in the statistical analysis.

Volumes of structures were extracted with the run_first_all output
files. Furthermore, total intracranial volume (ICV) was obtained by
FreeSurfer software (V. 6.0) (http://surfer.nmr.mgh.harvard.edu/),
using its standard recon-all pipeline (Fischl et al., 2002)
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2.4. Statistical analysis

Statistical analysis for demographic data was conducted using the
Statistical Package for the Social Sciences (SPSS, version 17.0) software.
Differences between the OCD and HC groups were examined using a
two-sample t-test for continuous variables and a chi-square test for
categorical variables. Additionally, differences in the YBOCS (obses-
sion, compulsion and overall), HAMA and HAMD scores between male
and female patients were further examined using a two-sample t-test.

The differences in nuclei volumes between groups were compared
using analysis of covariance (ANCOVA) with age and ICV as covariates.
Additional ANCOVA was used to compare volume differences between

gender subgroups (male patients vs. male HCs, female patients vs. fe-
male HCs) also adjusted for age and ICV. A false discovery rate (FDR)
correction was used to correct for multiple testing.

Statistical analysis of nuclei shape was conducted using the im-
plemented module “randomise” in FSL (Winkler et al., 2014). To
compare the differences in the shape of the nuclei between OCD pa-
tients and HCs, we built a general linear model with diagnosis as the
independent variable and the meshes of nuclei as dependent variables
(2-sample t-test design), and we then ran a permutation test. Threshold-
free cluster enhancement (TFCE) (Smith and Nichols, 2009), a method
for finding "clusters" in data without defining the clusters in a binary
manner, was used for thresholding option, and the family-wise error
(FWE) rate was controlled with multiple test corrections (the number of
permutation tests was set at 5000). A separate t-test model was built to
test shape differences between gender subgroups. This procedure was
repeated between medication-naïve patients (n=69) and 93 HCs to
exclude a possible medication effect.

To test correlations between clinical variables with subcortical nu-
clei vertex shape in the patient group, we built a linear regression
model with all clinical variables as independent variables and meshes
as dependent variables. For heuristic purposes, the Monte Carlo method
was used in “randomise” to correct for multiple testing (the number of
permutation tests was set at 500). This correlation test was repeated
separately in male patients and female patients.

3. Results

3.1. Demographics

Demographic information regarding the groups of participants is
displayed in Table 1. There were no significant differences between all
OCD patients and all HC participants in terms of age and gender.

There were no significant differences between the male and female
OCD patients in terms of demographics and most clinical symptoms.
However, YBOCS scores were significantly higher in the male patients
than in the female patients (p=0.03, Table 1).

Fig. 1. An example of a vertex analysis from a healthy subject
using FSL. Subcortical nuclei were segmented from the whole
brain T1-weighted images using FSL software, and the output
files containing mesh parameters for each subcortical struc-
ture from each subject were then used for subsequent volu-
metric and shape analyses.

Table 1
Demographic and clinical variables.

OCDN=83 HCN=93 P values

Age, years, mean (S.D.) 29.1 (8.8) 28.1 (10.8) 0.75
Male 27.6 (8.1) 26.9 (11.0) 0.66
Female 31.0 (9.3) 30.0 (10.4) 0.53
Sex (m/f) 47/36 57/36 0.53

Illness duration, years, mean (S.D.) 7.5 (5.8) NA –
Male 7.4 (5.5) 0.90⁎

Female 7.6 (6.2)
YBOCS score, mean (S.D.) 21.6 (5.4) NA –
Male 22.4 (5.3) 0.03⁎

Female 20.6 (5.5)
Obsession score, mean (S.D.) 13.3 (5.0) NA –
Male 14.4 (4.7) 0.60⁎

Female 11.9 (5.1)
Compulsion score, mean (S.D.) 8.29 (5.2) NA –
Male 8.0 (5.2) 0.14⁎

Female 8.6 (5.3)
HAMA score, mean (S.D.) 9.17 (4.7) NA –
Male 8.9 (4.6) 0.61⁎

Female 9.5 (5.0)
HAMD score, mean (S.D.) 9.53 (5.5) NA –
Male 9.4 (4.7) 0.81⁎

Female 9.7 (6.5)

Note: YBOCS, Yale-Brown Obsessive Compulsive Scale; HAMA, Hamilton
Anxiety Scale; HAMD, Hamilton Depression Scale. *Significance for t-test be-
tween male and female patients.
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3.2. Volume

There were no significant volume differences in any nuclei between
all OCD patients and all HCs, after FDR correction for multiple hy-
pothesis testing (Supplementary Table 1 & 2). However, the p values for
the right amygdala (p=0.005) and left pallidum (p=0.037) reached
the nominal threshold of significance (p<0.05). The right amygdala
(p=0.007) and left accumbens areas (p=0.036) showed significance
at the nominal threshold between the male patients with OCD and the
male HCs (Supplementary Table 2).

3.3. Shape

As revealed by vertex-wise shape analysis, all subcortical nuclei

showed a trend of lateral shifting in all patients with OCD compared
with that in all HCs (Supplementary Figure 1). In particular, the ex-
pansion of subregions of the right amygdala and right pallidum sur-
vived FWE correction (Figs. 2 and 3). Subsequent subgroup analysis by
gender showed gender differences in the nuclei of the amygdala and
caudate. The right amygdala showed significant deformation in the
male patients with OCD compared with the male HCs, but this effect
was not observed in the female patients with OCD (as compared with
the female HCs) (Fig. 2). The left caudate showed significant com-
pression on the dorsal medial subregion only in female patients with
OCD as compared with female HCs (Fig. 4). To exclude possible age
effect, the group comparison was repeated with age as a covariate, and
the results remained stable. These deformations remained significant in
the comparison between medication-naïve patients and HCs

Fig. 2. Subregional deformity of the right amygdala in patients with OCD compared with healthy control subjects. The relative position of the right amygdala in the
whole brain is shown in the first row, followed by vertex-wise comparison results between the OCD and HC groups. The results of the subgroup analysis by gender are
shown in the bottom line. Additional analyses between only medication-naïve subjects and HCs are shown, and the results remained stable. All p values shown were
corrected for FWE.
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(Supplementary Figure 2)
Significant associations were also found in patients with OCD be-

tween clinical variables and subregional deformations of some nuclei.
First, a longer illness duration was associated with the bilateral ex-
pansion of the lateral pallidum, as shown in all OCD patients (Fig. 3).
This association between illness duration and deformation in the pal-
lidum was found only in the female patients in the subsequent analysis
by gender subgroup (Supplementary Figure 3). A longer illness duration
was also associated with compression on the medial putamen (right
hemisphere, all OCD patients), and this effect was stronger in the

female patients with OCD than in the male patients with OCD (Sup-
plementary Figure 4).

Second, the severity of the overall clinical symptoms, as evaluated
by the YBOCS scores, was associated with measures of the amygdala
and pallidum (Supplementary Figure 4). Severe OCD symptoms were
associated with compression on the medial side of the left amygdala
and compression on the lateral pallidum on the right hemisphere in
patients with OCD. These aforementioned associations were found in all
OCD patients.

Fig. 3. Subregional deformity of the
pallidum was observed in OCD patients
compared with healthy control sub-
jects, and this deformity was associated
with longer illness duration. In addi-
tion, compression in the medial pal-
lidum was associated with a higher se-
verity of OCD symptoms, as evaluated
by the YBOCS score. All p values shown
were corrected for multiple testing.

Fig. 4. Subregional deformity was significant in female patients with OCD compared with female healthy control subjects, but there were no differences in the male
patients. The p values shown were corrected for multiple testing using the FWE method.
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4. Discussion

In the present study, we found shape deformations but not the vo-
lume differences in the subcortical nuclei in OCD using a relatively
large sample of medication-free patients. The right amygdala and right
pallidum were found to be significantly deformed in patients with OCD
compared with those in the HCs. Meanwhile, deformation in the pal-
lidum was associated with both illness duration and OCD symptom
severity, and deformation in the amygdala was associated with OCD
symptom severity. Interestingly, in the male patients with OCD, there
was a significant deformity in the amygdala compared with male HCs,
while in the female patients with OCD, there was a significant defor-
mity in the caudate compared with female HCs. These aforementioned
findings provide neuroanatomic evidence of OCD pathology that has
not been detectable by the traditional volumetric approach.

Although the amygdala was not included in the traditional CSTC
circuit, which is called the ‘OCD circuit’, it joined this circuit recently
for its well-established role in anxiety regulation, fear learning and
reinforcement learning that may be implicated in OCD and for its rich
interactions with the CSTC circuit (Baxter and Murray, 2002;
LeDoux, 2003, 2007; Milad and Rauch, 2012). However, the amygdala
consists of several functionally distinct subnuclei that may differentially
contribute to OCD symptoms, and this possibility had not been pre-
viously clarified in human subjects (LeDoux, 2007). A recent animal
study found that increased thalamo-amygdala activity was associated
with OCD-like behaviours in mice, and this hyperactivity in the tha-
lamo-amygdala projection was associated with specific morphometric
alterations (increased total spine number on dendritic branches) of the
lateral amygdala (LA) (Ullrich et al., 2018). Based on the LA function
and recent pathology theory of OCD (Huang and Reichardt, 2001;
Johansen et al., 2010; Milad and Rauch, 2012), the regional enlarge-
ment of the LA found in our study could contribute to OCD symptoms
by increasing fear conditioning, although this speculation should be
verified in future studies. More importantly, it provided important
subregional information that may not be detectable by previous volu-
metric analyses (Atmaca et al., 2008; Szeszko et al., 2004, 1999).

A larger volume in the pallidum was previously reported in patients
with OCD without much information about the location of regional
change in this pivotal structure (Boedhoe et al., 2017; Fouche et al.,
2016). In the present study, we found an expansion of the dorsal pal-
lidum, also known as the external segment of globus pallidus (GPe),
combined with a compressed ventral pallidum, or the internal segment
of globus pallidus (GPi). In addition, the expansion of the caudal end of
the right pallidum survived correction for multiple testing, and this
expansion on the bilateral caudal end of the pallidum was associated
with a longer illness duration. Similar results have been found in
medicated OCD patients (Shaw et al., 2015). Compression of the ventral
pallidum was also associated with higher YBOCS scores and obsession
scores in patients with OCD.

In the classical model of intrinsic connectivity of the basal ganglia,
the striatum serves as the primary input nucleus, which can be sub-
divided into a direct pathway for persistent reinforcement and an in-
direct pathway for transient punishment (Gunaydin and Kreitzer, 2016;
Kravitz et al., 2012). The GPe is an important structure in both direct
and indirect pathways, but the GPi is only involved in the indirect
pathway (Gunaydin and Kreitzer, 2016). Our present findings may in-
dicate a disruption between the direct pathway (reinforcement) and
indirect pathway (punishment) in the reward system in patients with
OCD. The involvement of both the GPe and GPi in the pathology of OCD
is supported by the observation that anti-compulsive effects were only
observed when both the entopeduncular nucleus and globus pallidus
(the rat equivalent of the primate GPi and GPe) were stimulated in a rat
model of OCD (Djodari-Irani et al., 2011; Klavir et al., 2011). However,
this speculation remains to be tested in the future studies.

It is also worth noting that most significant deformations in OCD
patients as compared with HCs are located in the right hemisphere,

suggesting there might be a laterality effect in OCD pathology. Function
of the amygdala had been shown to be hemisphere-specific in previous
studies. For example, the left amygdala is more frequently reported to
exhibit greater activation than the right amygdala in emotion-related
tasks, while the right amygdala has been shown to be associated with
pain processing (Baas D, et al., 2004; Ji G & Neugebauer V, 2009). Our
finding of volume reduction in the right amygdala in OCD is consistent
with some previous studies (Szeszko et al., 1999, 2004). Moreover,
since right amygdala deformation was found only in male patients,
while left caudate deformity was only found in female patients, we
postulated this lateral effect might be gender-specific. The underlying
mechanism is worth exploring in future studies.

Subgroup analyses stratified by gender found that in the male pa-
tients with OCD, compared with the male HCs, the deformity was sig-
nificant in the amygdala, while in the female patients with OCD,
compared with the female HCs, the deformation of the subcortical
nuclei was only found in the left caudate, presenting as compression
within the dorsolateral head and extending to the tail of the caudate.
This particular subregion of the caudate may participate in processes
subserving spatial memory, which is impaired in patients with OCD
(Alexander et al., 1986; Morein-Zamir et al., 2010). Research has re-
ported significant sex-by-group interactions in the performance of non-
verbal memory tasks in OCD patients, and male patients showed more
severe impairments than female patients (Segalas et al., 2010). Whether
impairment of spatial memory was more profound in female patients is
currently unknown, but there are some clinical features we do know
that are different in female and male OCD patients. For example, early-
onset (before puberty) OCD is more likely to affect males than females,
but late-onset (adult) OCD affects more females than males
(Taylor, 2011). Female patients are more likely to show symptoms
along the dimension of ‘contamination/cleaning’, while male patients
have a higher frequency of sexual and religious obsessions
(Cherian et al., 2014; Zhang et al., 2013). Our findings might provide a
neural basis for the gender differences in the pathology underlying
OCD. In male patients, the amygdala abnormality was more profound,
while in female patients, implicated differences in the dorsolateral
prefrontal circuit was more significant.

The biological meaning of shape alterations in subcortical structures
is not clear currently. However, pioneering studies have indicated
possible genetic variants that could influence the localized morpho-
metry of subcortical structures. Hibar et al. reported five genetic var-
iants that influence the morphometry of the putamen and caudate nu-
clei using data collected by the Enhancing Neuro Imaging Genetics
through Meta-Analysis (ENIGMA) consortium (Hibar et al., 2015).
These variations in genes could influence the morphometry of sub-
cortical nuclei through various methods, for example, by altering the
foetal development process or influencing the synaptic density of re-
lated brain regions. In another study comparing subcortical morpho-
metry across OCD patients, their unaffected siblings (which represent a
population with a high genetic risk for the disorder) and healthy control
subjects also showed similar alterations in brain morphometry that
could indicate a genetic basis for brain morphometry (Shaw et al.,
2015). While findings in the current study cannot fully reveal the bio-
logical mechanism of the pathogenesis of OCD, we expect these findings
could provide insights for future studies.

Although we were able to locate subregional impairments in the
amygdala and pallidum by vertex-wise analysis, which provides a
deeper understanding of how these structures contribute to OCD
symptoms, there are limitations in our present study. First, our sample
excluded OCD patients with comorbidities. This would help identify
OCD-specific features, but the results may not be applicable to the
general OCD population. Particularly, the exclusion of patients with
comorbid neurodevelopmental disorders such as Tourette's syndrome or
autism may induce bias in the sample, especially for male patients.
Second, some patients (14 out of 83) had been medicated before re-
cruitment. Although they had been medication-free for over four weeks,

L. Zhang, et al. NeuroImage: Clinical 24 (2019) 102040

6



and we conducted an additional analysis between medication-naïve
patients and HCs finding effects that were similar to those for the
comparison between all of the patients and HCs, the long-term effects of
the drugs on brain morphometry and shape cannot be excluded. Third,
some of the deformities of the structures correlated with clinical mea-
surements but did not survive multiple testing corrections. Hence, the
correlations found in the current study should be interpreted with
caution. Finally, we admit that the approaches used to generate and
compare the meshes might affect the results. However, we believe that
the performance of the vertex-based shape analysis in FSL, which was
used in this study, is relatively reliable (Hibar et al., 2015).

5. Conclusion

In the current study, with a large sample of medication-free OCD
patients, we found a characteristic expansion in the LA and dorsal
pallidum. Further, our exploratory analysis provides neuroanatomic
evidence of sexual dimorphism in OCD, which had been overlooked in
the literature. Taken together, we are able to locate subregional im-
pairments in the amygdala and pallidum by vertex-wise analysis and,
by combining known functions of these subregions, we provide insight
into how these structures contribute to OCD symptoms.
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