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Background: There is a paucity of neuroimaging data in pediatric-onset obsessive-compulsive disorder (OCD). This multimodal neuroimaging study aimed to identify structural gray (GM) and white matter (WM) microstructure changes in pediatric OCD.
Methods: We obtained structural and diffusion tensor magnetic resonance images from 26 OCD patients and 26 matched healthy
adolescents. We carried out a series of image analyses including, volumetric and shape analysis of subcortical gray structures, as well as
voxel-based morphometry on GM volume and fractional anisotropy of the WM.
Results: Patients had increased GM volume in the caudate bilaterally and right putamen. Shape analyses revealed specific hypertrophy of
the dorsal caudate in pediatric OCD. The striatum was larger in healthy boys compared with healthy girls, whereas such a gender effect was
not seen in the OCD group. OCD subjects showed higher fractional anisotropy values in left inferior longitudinal fasciculus, bilateral superior
longitudinal fasciculus, right inferior fronto-occipital fasciculus, bilateral corticospinal tract, corpus callosum splenium and genu, bilateral
forceps major, bilateral forceps minor, left cingulum, and right uncinate fasciculus. OCD symptom severity was positively correlated with GM
volume in right insula, posterior orbitofrontal cortex, brainstem, and cerebellum and inversely correlated with widespread reduction in
cortical GM volume. Furthermore, symptom severity positively correlated with increased WM fractional anisotropy in various WM tracts,
including the anterior limb of the internal capsule.
Conclusions: Adolescents with OCD had a wide range of GM and WM changes compared to healthy control subjects that are broadly
consistent with those identified in the adult OCD literature but are more extensive.
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bsessive-compulsive disorder (OCD) is characterized by repetitive unwanted thoughts (obsessions) or repetitive actions (compulsions). OCD is relatively common, affecting
approximately 2% of adults (1). It is relatively rare in the very young,
but its prevalence increases to adult rates at puberty and affects
around 1% of children and adolescents overall (2). Early-onset OCD
appears to include a substantial proportion of individuals who,
when treated, experience symptom remission before early adulthood (3). Pediatric OCD differs from adulthood OCD in terms of its
gender ratio (more frequent in boys) and patterns of comorbidity
(younger patients are more likely to present with comorbid tic
disorders and attention-deficit/hyperactivity disorder). Furthermore, early-onset OCD exhibits greater familial loading and heritability than adult-onset OCD, indicating a stronger genetic component (3,4). There is some inconsistent evidence indicating that
patients with early onset may be less likely to respond to serotonin reuptake inhibitors (5,6), although these findings may be
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confounded by the presence of tic-related cases (3,7). Conversely, early- and late-onset cases seem to benefit equally from
cognitive-behavior therapy (8). Thus, whether early-onset OCD
constitutes a neurobiologically or clinically different subtype of
OCD remains a matter of debate (3).
Cumulative evidence from 2 decades of functional and structural neuroimaging research in adult OCD has implicated specific
cortico-striato-thalamic circuits in the mediation of symptoms (9 –
13). A relatively small number of neuroimaging studies have been
conducted in children and adolescents with OCD (14). To a large
extent, their findings have been consistent with those of the adult
OCD literature and implicated components of same the corticostriato-thalamic loops. However, some differences may also exist
(14 –16), which may either reflect brain maturation or simply methodological issues. Clearly, there is a need to increase the neuroimaging evidence base for pediatric OCD. In particular, more studies on
white matter integrity are needed to understand the potential alterations in short- and long-range tracts that interconnect discrete brain
regions. Although a handful of diffusion tension imaging (DTI) studies
have been conducted in adult OCD (17–19), to date, no studies have
examined white matter microstructure in pediatric OCD.
The current multimodal neuroimaging study employed a
range of structural neuroimaging methods in the same participants, including volumetric and shape analyses of subcortical
gray matter structures as well as voxel-based morphometry on
gray matter volume and fractional anisotropy of white matter in
a well-characterized sample of children and adolescents with
OCD and matched control subjects. We tested the hypothesis
that adolescents with OCD would display alterations in the same
the cortico-striato-thalamic loops and white matter tracts previously implicated in adult OCD. We hoped the results would shed
some light on the question of whether pediatric OCD is a neurobiologically meaningful variant of OCD.
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Table 1. Demographic and Clinical Characteristics of the Sample

Sex (male/female)
Age (mean ⫾ SD)
Handedness (left/right)
Age at Onset of Symptoms in Years (mean ⫾ SD)
Disease Duration in Years (mean ⫾ SD)
CY-BOCS—Obsessions (mean ⫾ SD)
CY-BOCS—Compulsions (mean ⫾ SD)
YBOCS—Total (mean ⫾ SD)
BDI Score (mean ⫾ SD)
Full-Scale IQ (mean ⫾ SD)
Cerebrospinal Fluid, mm3 (mean ⫾ SD)
Total Gray Matter, mm3 (mean ⫾ SD)
Total White Matter, mm3 (mean ⫾ SD)
Total Brain Volume, mm3 (mean ⫾ SD)
Medication
Fluoxetine
Sertraline
Citalopram
Aripiprazole

OCD Patients
(n ⫽ 26)

Control Subjects
(n ⫽ 26)

14/12
16.6 ⫾ 1.5
3/23
11.2 ⫾ 2.8
5.3 ⫾ 3.4
9.7 ⫾ 3.9
9.8 ⫾ 3.9
19.5 ⫾ 7.6
9.8 ⫾ 7.3
109.4 ⫾ 12.5
24,875 (9717)
910,027 (52,578)
812,086 (55,541)
1,721,753 (63,662)
(15/26)
11
3
1
1

14/12
16.5 ⫾ 1.4
3/23
—
—
—

—
110.8 ⫾ 10.3
24,231 (12,308)
877,379 (41,505)
823,093 (63,525)
1,7004,113 (57,277)

Statistic
2 ⫽ .0
t50 ⫽ .09
2 ⫽ .0

t46 ⫽ .43
t49 ⫽ .2
t50 ⫽ 2.48
t50 ⫽ .67
t50 ⫽ 1.2

p Value
1.0
.93
1.0

.66
.83
.02a
.50
.21

BDI, Beck Depression Inventory; CY-BOCS, Children’s Yale–Brown Obsessive Compulsive Scale; OCD, obsessivecompulsive disorder.
a
Significant group difference.

Methods and Materials
Participants
Twenty-six adolescents (14 males, 12 females) aged 12 to 18
years were recruited from the Highfield Adolescent Unit, Oxford,
and the national specialist pediatric OCD clinic at the Maudsley
Hospital, London. All children underwent a detailed clinical assessment carried out by psychiatrists and psychologists experienced in
the assessment of pediatric OCD. Diagnoses were made from the
clinical history and the results of a structured interview with the
Children’s Yale–Brown Obsessive Compulsive Scale (CY-BOCS [20]),
according to ICD-10 criteria. Mean pretreatment score on the CYBOCS was 20.5 (range 12–33), indicating moderate symptom severity. Exclusion criteria included intellectual disability, comorbid tic
disorders (including Tourette syndrome), autism-spectrum disorder, attention-deficit/hyperactivity disorder, affective disorders or
other anxiety disorders. The main demographic and clinical characteristics of the sample are shown in Table 1. The majority of participants in the OCD group (n ⫽ 16) were being treated with a selective
serotonin reuptake inhibitor (SSRI), with a mean duration of treatment of 5 months (range 2–12); one child was on two SSRIs at
assessment time (being crossed over from one drug to the other),
and another was on an SSRI augmented with a dopamine antagonist (aripiprazole). All patients received cognitive-behavioral therapy (mean 8 sessions, range 4 –10) but remained at least moderately impaired at the time of the scan. The control group comprised
26 sex, age, handedness, and IQ-matched healthy control subjects
screened using the Child Behavior Checklist and the CY-BOCS. Intellectual ability was estimated with the Wechsler Abbreviated
Scale of Intelligence (21). The study was approved by the local
ethics committees, and written informed consent was obtained
from all participants and parents.
Image Acquisition
All participants underwent whole-brain T1-weighted and diffusionweighted scanning using the same 1.5-T Sonata MR imager (Siemens, Erlangen, Germany) with a standard quadrature head coil
www.sobp.org/journal

and maximum 40 mT m-1 gradient capability. All subjects were
scanned with a three-dimensional T1-weighted fast low angle shot
magnetic resonance imaging) sequence using the following parameters: coronal orientation, matrix 256 ⫻ 256, 208 slices, 1 ⫻ 1
mm2 in-plane resolution, slice thickness 1 mm, echo time/repetition time ⫽ 5.6/12 msec, flip angle ␣ ⫽ 19°.
Diffusion-weighted images were obtained on the adolescent
cohort (first and second time points) using echo-planar imaging
(spin-echo echo planar imaging, echo time/repetition time ⫽ 89/
8500 msec, 60 axial slices, bandwidth ⫽ 1860 Hz/vx, voxel size 2.5 ⫻
2.5 ⫻ 2.5 mm3) with 60 isotropically distributed orientations for the
diffusion-sensitizing gradients at a b-value of 1000s mm2 and 5 b ⫽
0 images. To increase signal-to-noise ratio, scanning was repeated
three times, and all scans were corrected for head motion and eddy
currents using affine registration before being averaged.
Image Analyses
The entire image analysis in this study was carried out using
different tools from FMRIB Software Library (FSL) software (Oxford
Centre for Functional Magnetic Resonance Imaging of the Brain
Software Library, http://www.fmrib.ox.ac.uk/fsl) (22). We used a
combination of structural and diffusion tensor image analysis. Brief
description of each step is described in the following sections.
Voxel-Wise Morphometry
Structural data were analyzed with FSL-VBM, a voxel-based morphometry (VBM)-style analysis (23,24) carried out with FSL tools
(22). First, structural images were brain-extracted using BET (25).
Next, tissue-type segmentation was carried out using FAST4 (26).
The resulting gray-matter partial volume images were then aligned
to Montreal Neurological Institute (MNI) 152 standard space using
the affine registration tool FMRIB’s Linear Image Registration Tool
(FLIRT) (27,28), followed by nonlinear registration using FMRIB’s Nonlinear Image Registration Tool (FNIRT) (29,30), which uses a b-spline
representation of the registration warp field (31). The resulting images
were averaged to create a study-specific template, to which the
native gray matter images were then nonlinearly reregistered. The
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registered partial volume images were then modulated (to correct
for local expansion or contraction) by dividing by the Jacobian of
the warp field. The modulated segmented images were then
smoothed with an isotropic Gaussian kernel with a sigma of 3 mm.
Finally, voxel-wise general linear modeling (GLM) was applied using
permutation-based nonparametric testing and threshold-free cluster enhancement, correcting for multiple comparisons across space
using false discovery rate (FDR) method (32).
Shape Analysis of the Basal Ganglia
FIRST (part of FSL) was used to segment automatically subcortical gray matter structures, including nucleus accumbens, caudate,
putamen, and pallidum (33). In brief, FIRST is a probabilistic adaptation of the active appearance model (34). The method is informed
by the shape and intensity variations of a structure from a training
set for the purpose of automatically segmenting the structure. A
multivariate Gaussian model of vertex location and intensity variation is used and is based on having point correspondence across
subjects (same number and labeling of vertices across subjects).
The necessary correspondence is imposed during the parameterization of the labeled images with a deformable model. The model
is fit to new images by maximizing the posterior probability of
shape given the observed intensities.
To assess any changes in the shape of basal ganglia, we used
vertex-wise analysis, which is part of the previously described FIRST
tool (33). In brief, FIRST creates a surface mesh for each subcortical
structure using a deformable mesh model. The mesh is composed
of a set of triangles, and the apex of adjoining triangles is called a
vertex. The number of vertices for each structure is fixed so that
corresponding vertices can be compared across individuals and
between groups. Although the vertices retain correspondence, the
surfaces reside in the native image space and thus have an arbitrary
position. Therefore, the surfaces must all be aligned to a common
space before investigating any group differences. The mean surface
from the FIRST models (in MNI152 space) is used as the target to
which surfaces from the individual subjects are aligned after removal of rotation and translation. Group comparisons of vertices
were carried out using F statistics controlling for the participants’
age and gender (33).
Diffusion Tensor Imaging
BET was used for brain extraction of the T1-weighted images,
and FLIRT was used to perform affine alignment of the diffusion and
T1-weighted images. Effects of eddy current and head motion were
reduced by registering all the diffusion-weighted images to a nondiffusion-weighted reference image using an affine, 12 degrees of
freedom registration. The second and third DTI volumes were registered into the first volume and averaged to increase signal to
noise ratio.
Voxel-wise statistical analysis of the fractional anisotropy (FA)
data was carried out using Tract-Based Spatial Statistics (TBSS) (35),
part of FSL. In brief, FA images were created by fitting a tensor
model to the raw diffusion data using FMRIB Diffusion Tool (part of
FSL), and then brain-extracted using BET (25). All subjects’ FA data
were then aligned into a common space using FNIRT, the nonlinear
registration tool from FSL, which uses a b-spline representation of
the registration warp field (30). Next, the mean FA image was created and thinned to create a mean FA skeleton that represents the
centers of all tracts common to the group. Each subject’s aligned FA
data were then projected onto this skeleton, and the resulting data
were fed into voxel-wise cross-subject statistics. Finally, voxel-wise
GLM was applied using permutation-based nonparametric testing
and threshold-free cluster enhancement, correcting for multiple

comparisons across space using false discovery rate (FDR) method
(32). The thresholded statistical images were “thickened,” filling
them out into the local “tracts” seen in the mean FA map.
Behavior-Imaging Correlations
We studied association between symptom severity, as measured with the CY-BOCS and gray matter volume/fractional anisotropy. We used a linear regression model to examine if gray matter
volume or FA value would predict CY-BOCS scores while controlling
for age, gender, and depression scores. The result was corrected for
multiple comparisons using false discovery rate (p ⬍ .01) after applying threshold-free cluster enhancement (36).

Results
Gray Matter Volume and White Matter Microstructure
VBM group comparison of regional gray matter volume showed
that OCD subjects had greater gray matter volume in caudate nuclei, right posterior putamen, and right globus pallidus than controls (Figure 1 and Table S2 in Supplement 1). Group comparison of
FA maps using TBSS showed that OCD participants had higher
FA in left inferior longitudinal fasciculus (ILF), bilateral superior
longitudinal fasciculus (SLF), right inferior fronto-occipital fasciculus (IFOF), bilateral corticospinal tract (CST), corpus callosum
splenium and genu, bilateral forceps major, bilateral forceps
minor, left cingulum, and right uncinate fasciculus (Figure 1 and
Table S1 in Supplement 1).
To examine whether the observed group difference was driven
by medication use, we carried out a region of interest analysis of the
significant regions that were found in whole brain analysis and
compared medicated (n ⫽ 16) with unmedicated (n ⫽ 10) OCD
participants using TBSS and FSLVBM. This analysis showed no difference between groups, suggesting that there was no significant
effect of medication on regional gray matter volume or FA changes
(data not shown).
Shape Analysis Using Vertex-Wise Comparisons
Vertex-wise shape analysis showed patches of hypertrophy on
the rostral-ventral aspect of caudate nucleus, medial aspects of
putamen and pallidum, as well as lateral aspect of putamen in OCD
when compared with control subjects (Figure 2). However, only the
area on the dorsal aspect of left caudate survived correction for
multiple comparisons using FDR.
Further shape analyses by sex within the control group showed
that the medial aspect of right putamen and right pallidum were
larger in healthy boys compared with healthy girls. These changes
survived FDR correction for multiple comparisons. This gender effect was not seen in OCD participants (Figure 2).
Correlations with Symptom Severity
Voxel-wise assessment of the relationship between total CYBOCS severity scores and gray matter volume/white matter FA was
conducted. Symptom severity correlated negatively with widespread reduction in cortical gray matter volume in ventromedial
(anterior orbitofrontal), ventrolateral (pars opercularis), dorsolateral prefrontal cortex, medial and anterior temporal cortex, central
operculum, and brainstem, as well as the parietal and occipital
regions and right thalamus. A few brain regions showed a positive
correlation between the gray matter volume and symptom severity.
These included bilateral cerebellar cortex, right insula, and left posterior orbitofrontal cortex, extending to the subgenual cingulate cortex
and the ventral striatum (Figure 1 and Table S2 in Supplement 1).
Symptom severity was positively correlated with white matter
FA in various regions, particularly in the left uncinate fasciculus,
www.sobp.org/journal
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Figure 1. Top left panel: voxel-based morphometry (VBM) analyses. Red-yellow indicates control greater than obsessivecompulsive disorder (OCD) subjects, and
dark/light blue indicates OCD greater than
control subjects; color coding indicates 1-p
value range .95–1.0. Bottom left panel: relationship of gray matter changes with
symptom severity (Children’s Yale–Brown
Obsessive Compulsive Scale scores) in
OCD. Red-yellow indicates positive correlation, and dark/light blue indicates negative
correlation. Top right panel: Tract-Based
Spatial Statistics analyses (TBSS). Red-yellow indicates control greater than OCD
subjects, and dark/light blue indicates
OCD greater than control subjects; color
coding indicates 1-p value range .95–1.0.
Bottom right panel: Relationship of white
matter fractional anisotropy changes with
Children’s Yale–Brown Obsessive Compulsive Scale symptom severity in OCD. Redyellow indicates positive correlation and
dark/light blue indicates negative correlation. See Tables S1 and S2 in Supplement 1
for coordinates.

corticospinal tract, superior longitudinal fasciculus, forceps major,
forceps minor, superior corona radiata, splenium, anterior thalamic
radiation, posterior limb of the internal capsule (Figure 1 and Table
S2 in Supplement 1). Interestingly, the increased FA within the
posterior limb of internal capsule extended all the way to the motor
cortex bilaterally, suggesting that it is mostly related to corticospinal tracts. There was a significant negative correlation in left hippocampal cingulum adjacent to entorhinal cortex bilaterally.

Discussion
This study uniquely employed multimodal structural neuroimaging including high resolution T1 and DTI to characterize the
extent of gray and white matter brain abnormalities in pediatric
OCD. Voxel-based morphometry revealed increased regional gray
matter volume in the caudate nucleus bilaterally and right putamen. Furthermore, vertex-wise shape analysis showed hypertrophy
on the rostral-ventral aspect of caudate nucleus, medial aspects of
putamen and pallidum, as well as lateral aspect of putamen, although only the area on the dorsal aspect of left caudate survived
correction for multiple comparisons. The basal ganglia have long
been hypothesized to play a key role in the mediation of obsessivecompulsive symptoms (37). Indirect evidence is available from focal
lesion studies, disorders of known basal ganglia pathology, and,
more recently, from neuroimaging studies. Indeed, several metaanalyses of both structural (11,12,38) and functional (13,39) neuroimaging studies have confirmed that OCD is characterized by increased regional gray matter volumes and metabolism/activation
in the striatum. Furthermore, a recent meta-analysis of VBM studies
reported that studies that included individuals with more severe
www.sobp.org/journal

OCD were significantly more likely to report increased gray matter
volumes in the striatum (11).
The results also revealed an abnormal laterality pattern in which
the medial aspect of right putamen and right pallidum were larger
in healthy boys compared with healthy girls, whereas such gender
effect was not seen in the OCD group. Similar findings were reported in adult OCD (40), as well as in other OCD-related disorders
such as Tourette’s disorder (41,42) and body dysmorphic disorder (43). Taken together, the results suggest developmental
abnormalities in the basal ganglia in pediatric OCD, which are
consistent with prevailing cortico-striato-thalamic models of the
disorder (9,10,13,44).
Symptom severity (CY-BOCS score) was positively correlated
with gray matter volume in right insula and left posterior orbitofrontal cortex, extending to the subgenual cingulate cortex and the
ventral striatum, cerebellum, and the brainstem. Paralimbic brain
regions have consistently been implicated in OCD and other anxiety disorders in the adult neuroimaging literature (44). The finding
of a positive correlation between symptom severity and increased
gray matter in the brainstem is consistent with a previous study that
reported increased gray matter volume in the midbrain in adults
with OCD (45). Rauch et al. (44) found a strong correlation between
relative regional cerebral blood flow in the brainstem during symptom provocation and subjective anxiety scores across various anxiety disorders, including OCD. Thus, these findings may reflect nonspecific brain correlates of anxiety in pediatric OCD.
Symptom severity was also negatively correlated with gray matter volume in ventromedial (anterior orbitofrontal), ventrolateral
(pars opercularis), and dorsolateral prefrontal, and medial and an-
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Figure 2. Vertex-wise shape analysis. Images in the left column show gender effect in control, and in the middle column show (absence of) gender effect in
obsessive-compulsive disorder (OCD) controlling for age. Right column shows vertex-wise group comparison, OCD greater than control group controlling for
age, gender, and Children’s Yale–Brown Obsessive Compulsive Scale severity score. These figures show areas of hypertrophy in the dorsal caudate and medial
aspect of left putamen and pallidum in OCD compared with control subjects (F values are corrected; degrees of freedom ⫽ 3,46). Ant., anterior; Post., posterior;
Rt., right; Lt., left; stat., statistic.

terior temporal, as well as parietal and occipital regions and thalamus. The most widely accepted neuroanatomic model of OCD
proposes the involvement of a direct and an indirect cortico-striatothalamic pathway (46 – 48). In the direct pathway excitatory glutamatergic neurons project to the striatum, which in turn activate
inhibitory gamma-aminobutyric acidergic neurons to modulate the
internal part of the globus pallidus. This results in a decreased
inhibition (disinhibition) of the thalamus and thus an increased
excitatory effect on the ventral prefrontal cortex. In the indirect
pathway, the striatum projects an inhibitory signal to the external
part of the globus pallidus and the subthalamic nucleus, sending an
excitatory signal to the internal part of the globus pallidus. The net
effect is an increased inhibition of the thalamus and decreased
excitation on the dorsal prefrontal cortex. On the basis of functional
neuroimaging results, imbalance between these frontal-striatal circuits might mediate OCD symptomatology (9). The results of functional neuroimaging studies in OCD broadly support this view,
showing increased activation of limbic and ventral frontal-striatal
regions at rest and in response to disease-relevant information and
decreased responsiveness of dorsal frontal-striatal regions during
executive performance (49,50). Furthermore, a resting-state functional connectivity study found significantly increased functional
connectivity in ventral frontal-striatal networks, coupled with de-

creased connectivity in dorsal frontal-striatal networks in adult OCD
patients compared with controls (51). Recent insights from cognitive and affective neuroscience suggest complex interactions between the dorsal and the ventral frontal-striatal circuits in OCD (10).
Dorsal frontal-striatal dysfunctions mainly concern executive processes, such as planning and conflict monitoring and emotional
regulation problems in OCD. Planning strongly relies on an intact
dorsal frontal-striatal circuit (premotor and dorsolateral prefrontal
cortices, thalamus, and basal ganglia) and visuospatial (precuneus
and parietal cortices) system. OCD patients show impaired planning performance, correlating with decreased responsiveness of
the dorsal frontal-striatal circuit and enhanced recruitment of presumably compensation and stress-related brain regions, such as
the anterior cingulate cortex (52). Proper functioning of the dorsal
and medial prefrontal regions (e.g., the dorsal part of the anterior
cingulate cortex, the medial prefrontal cortex, and the dorsolateral
prefrontal cortex) is also important for the regulation of emotional
responses (53,54).
OCD patients had significantly higher FA values in various white
matter tracts, including the left inferior longitudinal fasciculus, bilateral
superior longitudinal fasciculus, right inferior fronto-occipital fasciculus, bilateral cortico-spinal tract, corpus callosum splenium and
genu, bilateral forceps major, bilateral forceps minor, left cingulum,
www.sobp.org/journal
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right uncinate fasciculus, and left cerebellar and brainstem white
matter. Furthermore, symptom severity (CY-BOCS scores) correlated positively with increased FA in the left uncinate fasciculus,
corticospinal tract, superior longitudinal fasciculus, forceps major,
forceps minor, superior corona radiata, splenium, anterior thalamic
radiation, and posterior limb of the internal capsule. These results
are more extensive but broadly consistent with the findings in adult
DTI studies in OCD that have reported abnormalities in the anterior
limb of the internal capsule (55,56), cingulum bundle (57,58), corpus callosum (59), medial prefrontal (17,18), parietal (17,57), and
occipital (57) white matter. Regarding the direction of the findings,
several of the adult OCD studies reported reduced rather than
increased FA in OCD compared with healthy controls (53,57,59).
However, it is important to note that the adult DTI literature is
characterized by small samples and varied methods. Consequently,
the findings have been inconsistent and contradictory. For example, several studies also reported higher FA in adult OCD patients
(18,55,56).
The finding of a positive correlation between symptom severity
(CY-BOCS) and increased FA in the anterior limb of the internal
capsule, the medial portion of which includes the anterior thalamic
radiation carrying nerve fibers between thalamus and prefrontal
cortex may be of particular theoretical and clinical relevance because it has long been hypothesized to be implicated in OCD. Adult
patients with severe treatment-refractory anxiety and OCD are
sometimes offered capsulotomy, an ablative surgical intervention,
which employs either radiofrequency heating (thermo-capsulotomy)
or gamma radiation (gamma-capsulotomy) to lesion this structure.
Some patients (approximately 50%) seem to benefit from this intervention, although controlled studies have not been conducted (60).
The finding of a significant FA increase in the cingulum is consistent
not only with a large body of literature implicating the cingulate
cortex in OCD (12) but also with the efficacy of cingulotomy for
severe forms of anxiety including treatment-resistant OCD (61). The
uncinate fasciculus, which connects medial temporal structures,
such as the hippocampus and amygdala, with the orbitofrontal
cortex is also relevant because both structures have been implicated in OCD and related emotional disorders (10).
Taken together, the implication of multiple white matter tracts
in pediatric OCD is consistent not only with the traditional neurobiological model of OCD but also with recent data suggesting that
brain systems, other than the hypothesized frontostriatal neural
circuits, such as the parietal cortex or the limbic system, are also
likely to be implicated in pediatric OCD (10,17). The findings support a developmental hypothesis of OCD that is characterized by
hyperconnectivity of different brain regions. The process of brain
development from childhood to adulthood is accompanied by myelination that continues into the third decade of life, particularly in
the frontal lobe (62). Thus, OCD may be characterized by premature
myelination. Increased FA may also reflect increased crossing fibers
or less organized connectivity in participants with OCD. The specificity of these findings is unclear because many of the brain systems
implicated in pediatric OCD are likely to be involved in a range of
neurodevelopmental and emotional disorders. This seems logical,
because many of these disorders share both genetic and environmental risk factors (63).
Limitations
The main limitation of this study is that approximately half of the
sample was on medication at the time of the study, although subgroup analyses indicated that medication status did not influence
the findings. We could not examine the potential impact of the
various symptom dimensions of OCD because small numbers prewww.sobp.org/journal
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cluded meaningful examination of symptom types. It is clear, however, from a growing literature that the major symptom dimensions
of the disorder are mediated by at least partially distinct neural
substrates (64). Finally, the cross-sectional nature of the study does
not allow firm conclusions about the causality of the reported abnormalities, whether they precede the onset of the symptoms, or
whether they are a consequence of the disabling symptoms of the
disorder. Longitudinal research and the study of unaffected relatives (65) may help shed some light on this question.
Conclusion
Children and adolescents with OCD display a wide range of gray
matter and white matter abnormalities that are broadly consistent
with those identified in the adult OCD literature but seem more
extensive. Longitudinal research is necessary to determine how
different developmental brain patterns are associated with the persistence of OCD, its response to treatments of various modalities,
and its long-term outcome.
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