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Obsessive-compulsive disorder (OCD) is a prevalent and often severely disabling illness with onset generally in childhood or

adolescence. Although white matter deficits have been implicated in the neurobiology of OCD, few studies have been conducted in

pediatric patients when the brain is still developing and have examined their functional correlates. In this study, 23 pediatric OCD patients

and 23 healthy volunteers, between the ages of 9 and 17 years, matched for sex, age, handedness, and IQ, received a diffusion tensor

imaging exam on a 3T GE system and a brief neuropsychological battery tapping executive functions. Patient symptom severity was

assessed using the Children’s Yale-Brown Obsessive-Compulsive Scale (CY-BOCS). Patients with OCD exhibited significantly greater

fractional anisotropy compared to matched controls in the left dorsal cingulum bundle, splenium of the corpus callosum, right

corticospinal tract, and left inferior fronto-occipital fasciculus. There were no regions of significantly lower fractional anisotropy in patients

compared to controls. Higher fractional anisotropy in the splenium was significantly correlated with greater obsession severity on the CY-

BOCS in the subgroup of psychotropic drug-naı̈ve patients. Among patients, there was a significant association between greater fractional

anisotropy in the dorsal cingulum bundle and better performance on measures of response inhibition and cognitive control. The overall

findings suggest a pattern of greater directional coherence of white matter tracts in OCD very early in the course of illness, which may

serve a compensatory mechanism, at least for response inhibition functions typically subserved by the cingulum bundle.
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INTRODUCTION

Obsessive-compulsive disorder (OCD) is an anxiety dis-
order characterized by recurrent and persistent obsessions
or compulsions that are recognized as excessive or
unreasonable, cause marked distress, are time consuming,
and/or interfere with normal functioning (American Psy-
chiatric Association, 1994). The disorder can be severely
disabling and usually begins in childhood (Pauls et al,
1995), with prevalence rates among children and adoles-
cents reported to be as high as 2–4% (Kiejna et al, 2002).
Despite the prevalence and severity of the disorder,
neuroimaging and neuropsychological research in OCD is
limited and few studies have examined the disorder in
children and adolescents close to illness onset.

Neurobiological models of OCD propose aberrations in
frontal–striatal–thalamic–cortical loops in the pathogenesis
of OCD in adults and children, including abnormalities of
the anterior cingulate cortex, orbitofrontal cortex, thalamus,
and basal ganglia (Harrison et al, 2009; Insel, 1992; Maia
et al, 2008). Although structural and functional abnormal-
ities of the gray matter nodes comprising these circuits have
been repeatedly implicated, findings have been inconsistent
regarding the precise locations of neuroanatomical ab-
normalities as well as the direction of findings. A review of
pediatric studies (Huyser et al, 2009) concluded that several
studies of children and adolescents with OCD indicate
abnormalities of the putamen, globus pallidus, and thala-
mus (eg, Rosenberg et al, 1997b; Szeszko et al, 2004),
whereas studies of adults tend to implicate the caudate
nucleus and orbitofrontal cortex (eg, Robinson et al, 1995;
Szeszko et al, 1999). The results of two recent meta-
analyses, including adult and pediatric samples, however,
both implicated less anterior cingulate gray matter in OCD;
one study reported smaller volumes in bilateral anterior
cingulate/dorsal medial frontal gyri and greater volumes of
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bilateral lenticular nuclei (Radua and Mataix-Cols, 2009)
and the other study identified smaller volume in the left
anterior cingulate and bilateral orbitofrontal cortex, and
greater volumes of the bilateral thalami. (Rotge et al, 2009).

There is now increasing evidence that the white matter
pathways comprising cortical–striatal–thalamic–cortical
loops may also be abnormal in OCD. The majority of
diffusion tensor imaging (DTI) studies in OCD to date have
investigated white matter tract coherence in adults (see
Fontenelle et al (2009) for a review), but these studies of
adults with OCD have been inconsistent, with some studies
reporting lower (Garibotto et al, 2010; Nakamae et al, 2011;
Saito et al, 2008; Szeszko et al, 2005) or higher (Li et al,
2011; Yoo et al, 2007) fractional anisotropy (FA) in patients,
while other studies reported significant variation depending
on the specific white matter bundle or region of interest
examined (Cannistraro et al, 2007; den Braber et al, 2011;
Menzies et al, 2008).

The inconsistency in adult white matter findings in OCD
may be associated with confounding factors, such as cohort
effects, drug exposure, illness duration, and treatment
history. For example, Yoo and colleagues (2007) found
greater white matter integrity (higher FA) in adult OCD
patients compared to controls in the corpus callosum, the
internal capsule, and the white matter superolateral to the
right caudate that was no longer evident following 12 weeks
of citalopram treatment. A potential advantage of using
child cohorts to examine the neurobiology of OCD is that
it limits confounds such as medication history and illness
duration. Moreover, the use of child cohorts permits the
examination of potential abnormalities early in the course
of the illness when the brain is still under considerable
development. To date, however, only one study has
examined a pediatric OCD sample using DTI. Zarei and
colleagues (2011) examined adolescents with OCD com-
pared to age-matched controls and reported higher FA in
patients in multiple white matter tracts, including the left
inferior longitudinal fasciculus, right inferior front-occipital
fasciculus, corpus callosum splenium and genu, the left
cingulum bundle, and bilateral corticospinal tract.

Executive functioning deficits, such as response inhibi-
tion and set shifting, are often reported in adults with OCD
(Abramovitch et al, 2011; Bannon et al, 2002; Chamberlain
et al, 2006; Penades et al, 2007) and have been linked
to aberrations in frontal–subcortical circuitry, especially in
the anterior cingulate. Response inhibition, in particular,
may deserve particular attention in OCD, as an inability
to inhibit recurrent, intrusive thoughts and/or repetitive
behaviors appears to be a core illness feature (Bannon et al,
2002). It should be acknowledged, however, that not
all studies have implicated response inhibition deficits in
OCD (Beers et al, 1999; Ciesielski et al, 2011; Krishna et al,
2011). Specifically, Beers and colleagues (1999) found no
cognitive impairments in psychotropic medication-naı̈ve
children with OCD compared to age-matched controls,
and Krishna and colleagues (2011) found no significant
difference in performance between psychotropic medica-
tion-naı̈ve adults with OCD and matched controls on the
majority of neuropsychological tests, including measures
of set shifting and response inhibition. Moreover, little
research has been directed at discerning the functional
correlates of white matter pathology in OCD.

In this study, we examined white matter abnormalities in
OCD in a child and adolescent cohort of patients using DTI
and the relationship between abnormal white matter
integrity and their clinical and neuropsychological corre-
lates. We hypothesized that patients with OCD would have
greater fractional anisotropy (FA) in white matter bundles
comprising frontal–striatal–thalamic–cortical circuitry, in-
cluding the cingulum bundle and internal capsule, and that
these white matter aberrations would be correlated with
symptom severity and executive functioning in patients.

MATERIALS AND METHODS

Participants

In all, 23 pediatric patients with a DSM-IV diagnosis of OCD
and 23 healthy controls matched for sex, age, handedness,
and IQ participated in this study. All participants were
between the ages of 9 and 17 years. Demographic and
clinical characteristics for the sample are illustrated in
Table 1. Diagnoses were based on the Schedule for Affective
Disorders and Schizophrenia for School-Age-Children,
Present and Lifetime Version (K-SADS-PL) (Kaufman
et al, 1997). All pediatric OCD patients underwent a detailed
clinical assessment by a licensed psychologist experienced
in the assessment of OCD. Four patients had a comorbid
major depressive disorder, four had comorbid anxiety
disorders (two had social anxiety disorder and two had
panic disorder), and five met the criteria for attention
deficit hyperactivity disorder. Nine patients were psycho-
tropic drug-naı̈ve at the time of the scan, two were free of
treatment with psychotropic drugs for at least 30 days
before the scan, and the remainder were being treated with
selective serotonin reuptake inhibitors (SSRIs) (n¼ 12).
All healthy controls were assessed using the K-SADS-PL
and were determined to be free of any current or past
psychiatric disorder. Exclusion criteria for all participants
included: (1) MRI contraindications; (2) significant medical
illness; (3) prior psychosurgery; (4) DSM-IV diagnosis of
Tourette syndrome, schizophrenia, schizoaffective disorder,
delusional disorder, brief reactive psychosis, bipolar dis-
order, substance-use disorder, or mood disorder with
psychotic features; (5) DSM-IV mental retardation; and
(6) pregnancy. All procedures were approved by the North
Shore-LIJ Institutional Review Board and written informed
consent was obtained from all parents along with written
assent from participants.

Clinical/Neuropsychological Assessments

All children with OCD were interviewed using the
Children’s Yale-Brown Obsessive-Compulsive Scale (Scahill
et al, 1997). All participants also completed the Multi-
dimensional Anxiety Scale for Children to evaluate general
anxiety symptoms and severity. Handedness was assessed
using the Edinburgh Handedness Inventory. Intellectual
ability was estimated using the Wechsler Abbreviated Scale
of Intelligence. All participants were administered a brief
neuropsychological battery tapping executive functions,
including the Stroop Color Word Test, the Wisconsin Card
Sorting Test (WCST-64), the Controlled Oral Word
Association Test (COWAT), and the Trail Making Test
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(TMT). Neuropsychological data were unavailable for one
patient; one control subject was missing data from the TMT
and one control subject was missing data from the WCST.

We converted all scores to z-scores based on the reference
group of 23 healthy volunteers. To minimize Type 1 error,
we first computed a global executive functioning score for
each subject based on the z-scores from the full battery of
tests. This global executive functioning score was comprised
of the interference score from the Stroop Color Word Test,
categories completed on the WCST, total fluency score on
the COWAT, and time to completion on Trails B of the
TMT. To assess specifically response inhibition and
cognitive control, we also computed a cluster score
comprised of performance on the two measures requiring
stimulus–response selection despite competing streams of
information, the Stroop Color Word Test, and Trails B of
the TMT. All tasks were given equal weight in the equations.
We used Pearson’s product moment correlations to
examine the clinical and neuropsychological correlates of
FA measures with a set to 0.05 (two-tailed).

DTI Procedures

All participants received an MR imaging exam on a GE Signa
HDx 3.0 T system. Participants were scanned using
anatomical sequences for segmentation and sequences for
DTI. The DTI sequence included volumes with diffusion
gradients applied along 31 non-parallel directions and five
volumes without diffusion weighting (TR¼ 14 000 ms,
TE¼min, matrix¼ 128� 128, FOV¼ 240 mm). Each vo-
lume consisted of 51 contiguous 2.5-mm axial slices
acquired parallel to the anterior–posterior commissural line
using ramp sampled, spin-echo, single-shot echo-planar

imaging. Data acquisition used parallel imaging with an
acceleration factor of 2.

DTI Processing

Images were corrected for Eddy current-induced distortions
and head motion using the Eddy current correction routine
in FSL. Using the brain extraction tool in the FMRIB
software library (Smith, 2002), non-brain tissue was
removed from the images. Diffusion tensor components
for each brain pixel were then calculated and FA maps were
determined for all subjects using FSL. We used the DTIFIT
tool with the weighting option in FSL to fit a diffusion tensor
model to the raw diffusion data at each voxel. The FA maps
were then registered to the Montreal Neurological Institute
template (MNI-152: 1� 1� 1 mm3) using a 12-parameter
affine transformation (FLIRT) (Jenkinson et al, 2002).
Images were smoothed using an 8� 8� 8 mm3 kernel, and
compared group-wise (OCD vs healthy volunteers) using
SPM5 (http://www.fil.ion.ucl.ac.uk/spm/software/spm5/).
Our statistical approach involved using the p-value based
on the spatial extent of the nearest cluster (Friston, 1997).
Thus, in this study we used a voxel-level threshold of
po0.005, a cluster size threshold of 250 contiguous voxels,
and finally a cluster extent correction of po0.05 to
determine significant findings. Following the identification
of clusters, we computed mean FA values in each cluster for
all subjects, and additionally used these clusters as seed
regions in visualizing the white matters tracts that differed
between groups as described previously (Uluğ et al, 2009; Vo
et al, 2012). In this approach, all diffusion-weighted images
from all subjects in a group are registered to the template,
and the gradient vectors are reoriented for tensor calcula-
tion. All data in each group of subjects are processed
together to calculate the eigenvectors and to visualize the
group tracts. Specifically, we used the Track Vis software
(www.trackvis.org) to map white matter tracts starting from
the significant clusters in patients and healthy volunteers.
Fiber tracking parameters were identical for the two groups.

RESULTS

Fractional Anisotropy

Patients with OCD exhibited significantly higher FA
compared to matched healthy volunteers in four white
matter tracts: the left dorsal cingulum bundle (p¼ 0.005;
kE¼ 638), the splenium of the corpus callosum (p¼ 0.007;
kE¼ 567), the right corticospinal tract (p¼ 0.008; kE ¼ 552),
and the left inferior fronto-occipital fasciculus (p¼ 0.043;
kE¼ 286) (see Figures 1–4 and Table 2). No regions of
significantly lower FA in the patients compared to healthy
volunteers were identified at this threshold. Post hoc
analyses revealed no significant differences in FA between
medicated and psychotropic drug-naı̈ve OCD subjects in
these four regions. For the areas of higher FA, radial
diffusivity was significantly lower in patients than controls
in all four white matter regions: the left dorsal cingulum
bundle (t¼ 2.98; p¼ 0.005), the splenium (t¼ 3.88;
po0.001), the right corticospinal tract (t¼ 3.88; po0.001),
and the left inferior fronto-occipital fasciculus (t¼ 4.28;
po0.001). Axial diffusivity was significantly higher in

Table 1 Sample Characteristics

Patients with
OCD (n¼ 23)

Healthy
volunteers
(n¼23) d.f. Statistic p-Value

Age 14.3 (2.1) 14.2 (2.2) 44 t¼�0.23 NS

Sex (M/F) 13/10 12/11 1 w2¼ 0.09 NS

Handedness (R, L) 19/4 17/6 1 w2¼ 0.51 NS

Full-scale IQ 106.0 (15.1) 106.8 (11.1) 43 t¼ 0.84 NS

MASC 42.14 (22.43) 39.73 (16.25) 41 t¼�0.41 NS

CY-BOCS obsessions 13.09 (2.92)

CY-BOCS compulsions 13.78 (2.28)

CY-BOCS total 26.87 (4.48)

Medication status

Psychotropic
med naı̈ve

9

Past SSRI(s) 2

Current SSRI(s) 12

Abbreviatons: CDRS, Children’s Depression Rating Scale; CSF, cerebrospinal
fluid; CY-BOCS, Children’s Yale-Brown Obsessive Compulsive Scale; MASC,
Multidimensional Anxiety Scale for Children; NS, not significant; SSRI, selective
serotonin reuptake inhibitor.
Notes: Data are presented as mean±SD within parentheses, unless otherwise
indicated. There were missing data for the following variables: IQ (1 patient);
MASC total (2 patients, 1 volunteer).
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patients than controls in the left dorsal cingulum bundle
(t¼ 2.91; p¼ 0.006) and the left fronto-occipital fasciculus
(t¼ 2.40; p¼ 0.021).

Neuropsychological Functioning

There was a trend for patients to perform worse than
controls on the global measure of executive functioning

(t (41)¼ 1.97, p¼ 0.055). No significant difference in
performance between the patients and controls was
demonstrated on the cluster score for response inhibition/
cognitive control (t (42)¼ 1.22, p¼ 0.23). Post hoc analyses
comparing group performance on each of the individual
tests of executive functioning revealed that the patients and
controls only differed significantly on categories completed
of the WCST (t (42)¼ 1.97, p¼ 0.013). We examined this

Figure 1 Inferior fronto-occipital fasciculus (IFOS). (a) Voxels showing significant cluster of higher fractional anisotropy (FA) in left posterior IFOS in
obsessive-compulsive disorder (OCD) patients compared to controls. (b) Group tractography of the left inferior IFOS with fibers passing through the
significant cluster of higher FA.

Figure 2 Corticospinal tract. (a) Voxels showing significant cluster of higher fractional anisotropy (FA) in the right corticospinal tract in obsessive-
compulsive disorder (OCD) patients compared to controls. (b) Group tractography of the right corticospinal tract with fibers passing through the significant
cluster of higher FA.
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effect further by comparing performance of the medicated
and psychotropic drug-naı̈ve patients separately. Findings
revealed that the patients taking SSRIs completed signifi-
cantly less categories than controls on the WCST (t
(31)¼ 2.96, p¼ 0.006). There was, however, no significant
difference on this measure between the psychotropic
medication-naı̈ve patients and the controls. There was no
significant difference between the medication-naı̈ve patients
and the control group on any of the measures.

Correlations with Symptom Severity

There were no significant correlations between symptom
severity and the four FA measures in patients. Subgroup
analyses, however, revealed that FA in the splenium was
significantly and positively correlated with total obsessions
on the CYBOCS in the subgroup of psychotropic drug-naı̈ve
patients (r (7)¼ 0.67, p¼ 0.047), but not in the subgroup of
medicated patients (r (12)¼�0.07, p¼ 0.841). However, the

Figure 3 Splenium of corpus callosum. (a) Voxels showing significant cluster of higher fractional anisotropy (FA) in the splenium in obsessive-compulsive
disorder (OCD) patients compared to controls. (b) Group tractography of the splenium of the corpus callosum with fibers passing through the significant
cluster of higher FA.

Figure 4 Cingulum bundle. (a) Voxels showing significant cluster of higher fractional anisotropy (FA) in the left dorsal cingulum bundle in obsessive-
compulsive disorder (OCD) patients compared to controls. (b) Group tractography of the left cingulum bundle with fibers passing through the significant
cluster of higher FA.

White matter abnormalities in pediatric OCD
P Gruner et al

2734

Neuropsychopharmacology



difference between these two correlations was not statisti-
cally significant (z¼�1.74; p¼ 0.08; two-tailed).

Correlations with Neuropsychological Measures

Higher FA in the left dorsal cingulum bundle correlated
significantly and positively with the global executive
functioning score (r (20)¼ 0.43, p¼ 0.047) and the response
inhibition/cognitive control cluster score (r (20)¼ 0.67,
p¼ 0.001) among patients, but not healthy volunteers (r
(19)¼�0.03, p¼ 0.90; r (19)¼ 0.06, p¼ 0.79). There was a
significant difference in the correlations between FA in the
left dorsal cingulum bundle and the response inhibition/
cognitive control domain score between the patient and
healthy control groups (z¼ 2.29; p¼ 0.02; two-tailed).
Higher FA in the left dorsal cingulum bundle was correlated
significantly with better performance on the Stroop Color
Word Test (r (20)¼ 0.46, p¼ 0.032) and Trail Making
TestFPart B (r (20)¼ 0.43, p¼ 0.045) among patients,
but not with WCST (r (20)¼�0.07, p¼ 0.76) or COWAT
(r (20)¼ 0.27, p¼ 0.23) performance. Post hoc analyses
indicated that higher FA in the left dorsal cingulum bundle
and better response inhibition/cognitive control perfor-
mance was significant in the psychotropic drug-naı̈ve
patients (r (7)¼ 0.76, p¼ 0.018), but not in the medicated
patients (r (9)¼ 0.39, p¼ 0.23), although the difference
between these correlations was not statistically significant
(z¼ 1.08; p¼ 0.28; two-tailed).

DISCUSSION

Our data provide strong evidence for abnormalities in
several white matter tracts in pediatric OCD and suggest
that they are present early in the course of illness and before
extensive pharmacological intervention. Our results are
highly consistent with Zarei and colleagues (2011), who also
reported higher FA in several white matter tracts in
adolescents with OCD, including the four regions identified
in this study. While the study by Zarei and colleagues (2011)
found more extensive regions of greater FA in adolescents
with OCD than the current study, our data provide evidence
for higher FA within select white matter regions earlier in
the course of illness (our cohort was, on average, 2.3 years
younger) and examines the neuropsychological correlates of
these abnormalities. Moreover, investigation of axial and
radial diffusivity in post hoc analyses in our study revealed

that axial diffusivity was significantly higher and radial
diffusivity significantly lower in patients compared to
controls. Taken together, our results may be indicative
of axonal- and myelin-related pathology, respectively
(eg, Song et al, 2002, 2003, 2005) or related to alterations
in fiber architecture in patients, and thus may have
implications for furthering our understanding regarding
white matter deficits in OCD. An important advantage
of our study compared to several other DTI studies in
OCD includes the use of healthy volunteers indivi-
dually matched to OCD patients for potentially con-
founding variables, including age, sex, and intellectual
functioning.

Our findings are consistent with the hypothesis that
myelination may be occurring prematurely in children and
adolescents with OCD (Zarei et al, 2011). These data thus
support the hypothesis that OCD may be a neurodevelop-
mental disorder (Huyser et al, 2009; Rosenberg and
Keshavan, 1998) with potentially differing patterns of
pruning and myelination occurring throughout development
and raises the intriguing possibility that these abnormalities
could serve as biomarkers in the disorder. While there
is a critical need for longitudinal studies to confirm these
initial findings, several cross-sectional studies support the
possibility for a developmentally mediated dysplasia in
OCD, although findings have not always been consistent
regarding the direction of associations. For example,
Rosenberg and colleagues (1997a) found that psychotropic
medication-naı̈ve children with OCD lacked age-associated
increases in corpus callosum size observed in healthy
children. In contrast, Carmona and colleagues (2007)
reported a positive relationship between age and left
caudate gray matter volume in children with OCD, but not
in healthy children.

There is increasing evidence implicating the anterior
cingulate in children and adults with OCD, including
findings of two recent meta-analyses: one that found less
gray matter in the bilateral anterior cingulate (Radua and
Mataix-Cols, 2009) and another that found less gray matter
in the left anterior cingulate (Rotge et al, 2009). Moreover,
functional neuroimaging studies have consistently reported
greater brain activity in the anterior cingulate in adult
patients with OCD during symptom provocation (Adler
et al, 2000; Breiter et al, 1996; Rauch et al, 1994), during
executive functioning tasks in both pediatric (Huyser et al,
2010) and adult samples (van den Heuvel et al, 2005), and in

Table 2 White Matter Regions of Higher FA in Pediatric OCD Patients Compared to Healthy Controls

Region
Peak MNI
coordinates Cluster size

(voxels)
FA Group Tracts

x y z Control OCD po Control OCD

1 Left inferior fronto-occipital fasciculus �32 �70 24 286 0.286±0.106 0.403±0.086 0.0001 664 1114

2 Right corticospinal tract 22 �32 50 552 0.340±0.087 0.457±0.054 0.0001 4004 8253

3 Splenium of corpus callosum 4 �29 22 567 0.496±0.138 0.638±0.108 0.0005 5557 6993

4 Left cingulum bundle �14 9 30 638 0.292±0.090 0.391±0.103 0.001 2671 4036

The peak coordinates, cluster size, FA value, post hoc p-value, and the number of tracts of each significant cluster are provided. Given the same tractography setting
such as FA threshold, seed volume, etc, the number of group tracts represents all the visualizable tracts in the entire group of subjects.
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adults while at rest (Swedo et al, 1989). In addition, recent
studies indicate altered functional connectivity of the
anterior cingulate in pediatric OCD patients (eg, Fitzgerald
et al, 2010). Prior DTI studies in adults have reported lower
FA within the cingulate region (Cannistraro et al, 2007;
Garibotto et al, 2010; Szeszko et al, 2005), thus highlighting
potentially critical sampling differences in child vs adult
patient populations (or possibly methodological differ-
ences) that may be strongly relevant to the interpretation
of neurobiological models of OCD. Moreover, inconsisten-
cies may be partially due to differences in medication and
treatment histories of patients, given prior findings that
reported higher FA in adults with OCD may be reduced
through treatment with SSRIs (Yoo et al, 2007). Our
findings thus extend this prior DTI work in adult OCD by
implicating the white matter comprising the left cingulum
in pediatric patients and providing a potential mechanism
through which aberrant connectivity could relate to gray
matter structural alterations.

The finding of higher FA in the corpus callosum among
patients converges with empirical findings from structural
(Fontenelle et al, 2011; Mac Master et al, 1999; Park et al,
2011; Rosenberg et al, 1997a) and diffusion tensor (Bora
et al, 2011; Fontenelle et al, 2011; Nakamae et al, 2011; Saito
et al, 2008) neuroimaging studies implicating abnormalities
in this region in OCD. In particular, several studies noted
abnormalities specifically in the splenium among patients.
For example, Park and colleagues (2011) reported greater
area and thickness in the caudal portion of the splenium
in adults with OCD compared to healthy volunteers and
Rosenberg and colleagues (1997a) reported greater
splenium size in psychotropic drug-naı̈ve pediatric
patients with OCD that correlated with symptom severity.
It is noteworthy that both human and animal studies
indicate that the splenium interconnects the corpus
callosum with posterior parietal and occipital cortices
(de Lacoste et al, 1985; Jarbo et al, 2011; Pandya et al,
1971; Putnam et al, 2010), thus implicating abnormalities
in posterior brain regions that could play a role in a wide
range of OCD phenomenology involving visual process-
ing, including increased attention towards irrelevant
details (Koch et al, 2012).

Our findings also indicate higher FA in OCD patients in a
posterior region of the left inferior fronto-occipital fascicu-
lus. The inferior fronto-occipital fasciculus is one of the
major efferent and afferent projections to the frontal lobes.
It runs from the lateral portion of the frontal lobe to the
posterior parietal and occipital cortex, transversing the
external and extreme capsules of the basal ganglia along the
way and is the only direct connection between the occipital
and frontal lobes (Garibotto et al, 2010; Wakana et al, 2004).
As Garibotto and colleagues (2010) point out the involve-
ment of the parietal and occipital cortex in OCD, although
less well established, could play a role in OCD clinical
phenomenology, including distressful, intrusive imagery
(Garibotto et al, 2010) and excessive visual attention to
OCD-related themes.

Despite findings of white matter abnormalities in OCD,
their functional correlates have not been well-investigated
either in pediatric or adults cohorts. We found that higher
FA in the left dorsal cingulum bundle in patients was
correlated with better performance on two measures of

response inhibition/cognitive control, the Stroop Color
Word Test, and Trails B of the TMT. Importantly, this
portion of the cingulum bundle is believed to play a critical
role in cognitive functions, including response selection
and cognitively demanding information-processing tasks.
Specifically, the corresponding portion of the anterior
cingulate is known to be activated by cognitively demanding
tasks that involve stimulus–response selection despite
competing streams of information (Bush et al, 2000), such
as the Stroop Color Word Test and Trails B of the TMT. The
finding that higher FA in this region was correlated with
better performance among patients, in the absence of group
differences in neuropsychological functioning on these
tasks, is consistent with the hypothesis that these abnorm-
alities may serve a compensatory mechanism, thus allowing
patients to perform commensurate with healthy individuals
in the face of competing and conflicting information. The
finding that greater dorsal left dorsal cingulum bundle FA
was associated with greater response inhibition and
cognitive control may seem inconsistent with the finding
that greater splenium FA was associated with greater OCD
symptoms, but it is important to acknowledge that these
findings were observed in different tracts that may have
differing effects on OCD phenomenology.

The overall findings of this study implicate a pattern of
higher FA in OCD in childhood and adolescence. Although
we did not identify significant differences in FA between
medicated and psychotropic drug-naı̈ve patients, it is
conceivable that FA differences are more robust in children
and thus less affected by the relatively short treatment
histories of children, and/or that higher FA in pediatric
OCD is related to premature myelination and is not
consistent across the lifespan. Investigation of subgroup
analyses regarding medication effects revealed that there
was a positive relationship between FA in the splenium and
symptom severity in the subgroup of patients who were
psychotropic drug-naı̈ve, but not in the subgroup of
patients who were being treated with SSRIs. In addition,
we found that the effect of greater dorsal left dorsal
cingulum bundle FA being associated with greater response
inhibition and cognitive control was driven by the
psychotropic drug-naı̈ve patient group, and was less robust
in medicated patients. It is, however, important to exercise
caution in interpreting these results given the reduced
statistical power of the small sample sizes and the fact that
the correlations in medicated patients and psychotropic
drug-naı̈ve patients were not significantly different from
each other. The pattern of results in this study suggests the
possibility that medication may be subtly altering the course
of white matter development in ways that affect the relation-
ship between white matter and its clinical correlates. It is
worth noting, however, that Zarei and colleagues reported that
symptom severity correlated positively with greater FA in
white matter tracts in various regions across their entire
sample of adolescents with OCD, only a portion of whom were
medication naı̈ve. Longitudinal studies are necessary to
determine how developmental aberrations in white matter
in OCD may change with age and/or treatment history.

There were several limitations to this study that should be
acknowledged. Our sample included both medicated and
psychotropic drug-naı̈ve patients and subgroup analyses
limit our power to draw firm conclusions regarding the
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potential effects of medications. The age range of our
sample was broad, including both prepubescent children
and adolescents and the effects of hormonal measures on
white matter indices could not be investigated. We also note
that higher FA could conceivably result from partial
voluming in surrounding structures. Moreover, it should
also be acknowledged that we did not employ cardiac
gating, which could have potentially affected our
findings particularly with regard to the corpus callosum,
that smoothing could diminish accuracy regarding the
localization of findings, and that our FA results could
be affected by the use of linear registration algorithms
(Smith et al, 2006).

In sum, we report a pattern of higher FA within white
matter tracts of pediatric OCD patients suggesting that
white matter abnormalities play a role in OCD pathogenesis
early in the course of the disorder. Moreover, our findings
suggest that higher FA in the cingulum bundle may be
serving a compensatory mechanism, allowing pediatric
patients to inhibit certain pre-potent responses and perform
commensurate with healthy individuals in the face of
competing and conflicting information.
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