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Clinical use of functional magnetic resonance imaging (fMRI) in obsessive-compulsive disorder (OCD) is limited
by a relative absence of fMRI task development, standardization, and normative performance databases. We inves-
tigated the fMRI-based verbal fluency test (f-VFT) by quantitatively evaluating brain activation patterns in OCD
participants (8 females and 4 males) compared with a normative database (16 females and 16 males). At the group
level, OCD participants and references had highly similar activation in left-hemisphere language regions, includ-
ing the precentral/premotor cortex, thalamus, basal ganglia, and inferior frontal gyrus/frontal operculum. At the
interindividual level, however, the OCD group had highly variable activation patterns in the dorsal and ventral
regions of the pre-supplementary motor area (pre-SMA) that may correspond with differences in demographic
and clinical variables. Further, there were significant correlations in the OCD participants between pre-SMA dorsal
and ventral activation and between dorsal pre-SMA activation and perfectionism. Our findings suggest consider-
able functional anatomical overlap in left-hemisphere language regions between OCD participants and references
but significantly higher pre-SMA interindividual variability in OCD compared to the reference group that may be
relevant in clinical fMRI application and the theoretical understanding of OCD.

Keywords: Verbal fluency; Controlled oral word association test; Obsessive-compulsive disorder; Functional
neuroimaging; Neuropsychology; Pre-supplementary motor area; Individual differences; Functional magnetic
resonance imaging; fMRI.

Obsessive-compulsive disorder (OCD) is a poten-
tially debilitating neuropsychiatrie condition char-
acterized by recurrent intrusive thoughts, impulses,
or obsessions that cause marked anxiety and dis-
tress extending beyond worries of real-life prob-
lems. According to the National Comorbidity
Survey Replication Study, OCD has a lifetime
prevalence of 1.6% (Kessler, Berglund et al., 2005)
and a 1-year prevalence of 1.0% (Kessler, Chiu,
Demler, Merikangas, & Walters, 2005) in the USA.

The development of neurophysiological models
for OCD is an area of continuing research. Several
biological markers, including candidate genes, for
OCD have been proposed (Shugart et al., 2009;

Wang et a l , 2009; Wendland et al., 2009), although
the identification of specific genes involved in OCD
remains elusive (Menzies et al., 2008). The lack
of clear biological markers for OCD can result
in imprecise diagnosis, impede treatment innova-
tion, and hinder the theoretical understanding of
OCD. Providing a non-invasive approach assess-
ing brain function in OCD, functional magnetic
resonance imaging (fMRI) has identified several
abnormalities in OCD, has been used with OCD
participants to establish changes in cerebral blood
flow after capsular stimulation (Nuttin et al., 2003),
and is increasingly recognized as an objective
and reliable endophenotypic measurement in OCD
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(Jezzard & Buxton, 2006; Menzies et al., 2007;
Mitterschiffthaler, Ettinger, Mehta, Mataix-Cols, &
Williams, 2006; Rauch, 2003). As such, fMRI offers
the potential to better understand the neurobiol-
ogy associated with OCD and to provide biological
markers of OCD and its subtypes.

Although the use of fMRI in OCD is incom-
pletely developed (Taylor, Stern, & Gehring, 2007),
fMRI studies of OCD show abnormal regional
brain activation in orbitofrontal-subcortical cir-
cuitry (Menzies et al., 2008; Rotge et a l , 2008).
However, additional abnormal activation associ-
ated with OCD in the parietal cortex (Menzies
et al., 2008) suggests that models of OCD
focusing primarily on orbitofrontal-subcortical
circuitry may be incomplete. Further, because
of known neuropsychological deficits in OCD
(Burdick, Robinson, Malhotra, & Szeszko, 2008;
Henry, 2006), fMRI studies based on specific
and sensitive cognitive tasks (Allen & Fong,
2008a, 2008b; Menzies et al., 2008; Rotge et al.,
2008) not limited to strictly off-on symptom
provocation paradigms (that may produce false
positive findings from non-specific correlates of
anxiety) (Breiter & Rauch, 1996) with exclu-
sive use of washing- or disgust-related material
(Mitterschiffthaler et al., 2006) may provide a
more precise accounting of the neurophysiology
and neuropsyehology of OCD. Impeding the neuro-
physiological and neuropsychological understand-
ing of OCD, however, is the lack of normative
performance databases by which to interpret brain
activation maps in OCD (Allen & Fong, 2008a,
2008b; Brown, 2007; Desmond & Chen, 2002;
Mitterschiffthaler et al., 2006; Seghier, Lazeyras,
Pegna, Annoni, & Khateb, 2008). In particular, care
must be taken to ensure that fMRI task develop-
ment, standardization, and implementation neither
inadvertently generate a bias toward the prevailing
pathophysiological models of OCD (Desmond &
Chen, 2002; Menzies et a l , 2008; Rauch, 2000;
Rotge et al., 2008) nor bias the interpretation
of fMRI results in terms of their implications
for clinical science (Allen & Fong, 2008a, 2008b;
Desmond & Chen, 2002; Jezzard & Buxton, 2006;
Maia, Cooney, & Peterson, 2008).

The recent development of fMRI-based,
cognitive-testing protocols and normative
activation databases based on common
neuropsychological paradigms addresses many
of the methodological issues (Allen & Fong, 2008a,
2008b) associated with understanding neurophysi-
ological and neuropsychological function in OCD

and may improve the investigational and clinical
application of fMRI in OCD (Breiter & Rauch,
1996; Mitterschiffthaler et al., 2006). The norma-
tive activation database represents a normative
brain map (i.e., distribution of activation values
within functionally defined brain regions) that
enables clinical quantitative assessment of specific
functional brain activations (expressed in terms
of a pattern of z-scores across regions) in clini-
cal populations. Further, the recently developed
fMRI adaptation of the classic neuropsychological
phonemic fiuency FAS test (f-VFT) has been used
to reliably assess the functional integrity of brain
regions of interest in participants with traumatic
brain injury (Allen & Fong, 2008b). Despite deficits
in verbal ñuency in OCD (Henry, 2006), the
f-VFT along with its normative activation database
developed by Allen and Fong (2008b) has not been
examined for its potential utility to understand
task-induced brain activation in OCD.

In this study, we used the f-VFT to quantita-
tively compare brain activation patterns in OCD
with previously obtained normative reference data
with the objective to determine whether the f-
VFT could provide a cognitive endophenotype of
OCD to improve diagnostic precision in OCD and
to enhance the understanding of cognitive func-
tion in OCD. Specifically, the normative data were
derived from individual participants and structured
for the purpose of providing statistical evaluation
of individual OCD participants. Thus, rather than
relying on group activation comparisons alone,
the analyses in this study focused on individual
differences among OCD participants with respect
to a reference group with similar demographic
characteristics.

Previous fMRI-based verbal ñuency tasks in
healthy controls suggest involvement of the left
inferior frontal gyrus (IFG), the medial prefrontal
cortex, including the pre-supplementary motor area
(pre-SMA) (Allen & Fong, 2008b; Crosson et al.,
1999), and the dorsal anterior cingulate (dAC)
(Allen & Fong, 2008b; Costafreda et a l , 2006).
Likewise, a previous study using the FAS test to
compare control subjects with OCD participants
(Pujol et al., 1999) found primary activation in these
areas for both groups, with relative hyperactiva-
tion in left IFG for OCD participants, a region
implicated in neurophysiological models of OCD
(Maia et al., 2008; Menzies et a l , 2008; Rotge et al.,
2008). Based on these studies, we hypothesized
that OCD participants would exhibit greater peak
activation compared to the normative data in the
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medial prefrontal and left IFG during f-VFT per-
formance. Consequent findings could potentially
advance basic empirical research and support fMRI
as a promising radiological application for the diag-
nosis, monitoring, treatment, prognosis, and theo-
retical understanding of OCD.

METHODS

Participants

Normative references

Thirty-two volunteers (16 male, 16 female; mean
age = 25.04, SD = 4.23) whose fMRI data had been
previously collected formed the reference group
(Allen & Fong, 2008a, 2008b). All normative partic-
ipants had no history of tieurological impairments
or significant psychological pathology as assessed
by screening questionnaires developed to identify
neurological and psychological disorders. Further,
all normative participants had no reported past
or current psychotropic medication use. All nor-
mative participants had completed at least 1 year
of college and were in good academic standing at
a university with high admission and continuance
standards. All normative participants consented to
release pre-admission records of ACT (or SAT)
scores. Analysis of mean scores (with SAT con-
verted to ACT equivalents) revealed overall high
performance, with a mean of 30 (SD = 4.30) for
females, and 29 (SD = 2.16) for males, with no sig-
nificant difference between sexes (/ = 1.38, /? >. 1 ).

OCD group

Twelve participants (8 women and 4 men) pre-
viously diagnosed with OCD were recruited from
a university-affiliated community clinic and coun-
seling center through referrals from their thera-
pists and advertisement. As assessed after referral
for study participation, all OCD participants met
Diagnostic and Statistical Manual IV (DSM-IV)
(American Psychiatric Association, 2000) criteria
for OCD evaluated using the Structured Clinical
Interview for DSM-IV (First, Spitzer, Gibbon, &
Wilhams, 1997). Further, all the OCD partici-
pants had OCD as their primary diagnosis, a
current full-scale 10 score > 80 determined by
the Wechsler Abbreviated Scale of Intelligence
(Wechsler, 1999), and were on stable doses of any
medication for at least 4 weeks. Exclusion criteria
for OCD participants were presence of a significant

medical condition or neurological disorder, history
of substance abuse, bipolar disorder, schizophre-
nia, history of significant head injury (i.e., loss
of consciousness greater than 5 minutes or sig-
nificant post-concussional syndrome), pregnancy,
metal implants, history of electroconvulsive ther-
apy, or history of corticosteroid use. We did not
exclude potential OCD participants with comor-
bid major depression, generalized anxiety disorder,
or panic disorder. OCD participants' characteris-
tics are presented in Table 1. All participants pro-
vided signed written informed consent following a
complete description of the study. The appropri-
ate institution review boards approved the study.
Participants received no compensation.

Ciinicai measures

General intelligence in the OCD participants was
estimated using the Wechsler Abbreviated Scale
of Intelligence (Wechsler, 1999). At the time of
scanning, all participants completed three ques-
tionnaires designed to measure the existence and
severity of various OCD symptoms and features:
first, the Yale-Brown Obsessive Compulsive Scale
(Y-BOCS) is a structured-interview measure-
ment designed to measure global and specific
symptom severity (Goodman, Price, Rasmussen,
Mazure, Delgado et al., 1989; Goodman, Price,
Rasmussen, Mazure, Fleischmann et al., 1989),
second, the Obsessive-Compulsive Inventory-
Revised (OCI-R) is a self-report measure designed
to assess the frequency and distress of partic-
ular symptom categories of OCD (Foa et al.,
2002), and third, the Perfectionism Inventory
(PI) is a self-report measure designed to assess
perfectionism in eight areas (Concern Over
Mistakes, High Standards for Others, Need
for Approval, Organization, Perceived Parental
Pressure, Planfulness, Rumination, and Striving
for Excellence) with two sum scales (Conscientious
Perfectionism and Self-Evaluative Perfectionism)
and a composite index (Hill et a l , 2004).

Functionai imaging tasi< - f-VFT

Full details of the f-VFT are available else-
where (Allen & Fong, 2008b). Briefly, the f-
VFT was adapted from the classic verbal-fluency
neuropsychological task 7^45', a measure of exec-
utive functioning within the domain of language
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production in which participants are instructed
to generate as many words as possible in a lim-
ited amount of time under restricted search con-
ditions (Allen & Fong, 2008b). Prior to the exper-
iment, participants were informed that incorrect
responses include proper names and variations of
previously produced words. One challenge in adapt-
ing the standard FAS paradigm for fMRI use is
that it requires overt vocal responses, which would
create unacceptable head motion. Although some
novel solutions using overt responses with 'paced'
or 'compressed' paradigms have been proposed,
these solutions may restrict fluency. For example, in
the paced paradigm, participants are not allowed
to freely generate words, as in standard fluency
tests. Instead, on each trial, participants generate
a single-word response and then hold that word
in working memory while waiting for a designated
response opportunity, typically every 4 to 6 sec-
onds. Moreover, the total number of words partic-
ipants may generate is limited by a pre-designated
number of response opportunities. As such, overt
designs may elicit significant brain activation asso-
ciated with cognitive processes that go beyond the
essence of the task, such as increased response inhi-
bition, motor preparation, and sustained attention
(Basho, Palmer, Rubio, Wulfeck, & Muller, 2007;
Costafreda et al., 2006). Following previous fMRI
studies of verbal fluency, therefore (Allen & Fong,
2008b; Crosson et al., 1999), our design uses covert
responses.

During the f-VFT, participants viewed a back-
projection screen via a system of angled mirrors
in which a word generation prompt was presented:
'Think of words that begin with the letter...' (2 sec-
onds). Immediately following the prompt, partici-
pants were presented a target letter cue ( 18 seconds)
and required to covertly generate as many words
as possible, under the rule restrictions, associated
with that target letter until the cue disappeared.
In each 20-second test block, a word-generation
prompt was presented, followed by a letter cue,
and an 11-second comparison block, in which par-
ticipants were instructed to count covertly from
1 to 10. The f-VFT consisted of the target let-
ters 'F' , 'A', 'S', 'B', 'M', 'H', 'G', and 'L', and
has a concurrent/convergent validity coefficient of
0.89 and 0.85 in samples of individuals with and
without neurological/cognitive impairment, respec-
tively (Allen & Fong, 2008b). For OCD partici-
pants, we retroactively administered the classic FAS
verbal fluency task outside the scanner following
the f-VFT.

Imaging acquisition and preprocessing
procedure

All MRI sequences were acquired in a single
scanning session using a 1.5-T magnetic reso-
nance scanner (GE Twin Speed; GE Healthcare,
Milwaukee, WI). Participants were explained the
f-VFT task requirements just prior to scanning.
Functional images were acquired at 23 contigu-
ous axial locations using an EPI blood oxygen
level-dependent (BOLD) sequence with the follow-
ing critical parameters: TR = 2000; TE = 40 ms;
slice thickness = 5 mm; in-plane voxel resolu-
tion = 3.75x3.75; and a 64x64 matrix of individual
sample points, producing a total of 64x64x23 vox-
els for the entire brain coverage. Although par-
ticipants in the reference group were scanned
from 1 to 2 years prior to the OCD participants,
their imaging data was obtained from the same
MRI machine, and scanning conditions, includ-
ing calibrated receiver values, were kept as uni-
form as possible across sessions. Conventional pre-
processing and statistical analyses were performed
using MRIcro and SPM5 (http://www.fil.ion.ucl.
ac.uk) software packages. Preprocessing proce-
dures included acquisition-time realignment, using
sync interpolation, followed by motion correction
with EPI distortion unwarping. No head move-
ment exceeded 1-mm translation or 1° rotation
displacement. After motion/distortion correction,
all functional volumes were spatially normalized
and resampled using the Montreal Neurological
Institute templates implemented in SPM5 and spa-
tially smoothed with an 8-mm FWHM Gaussian
kernel in order to increase signal-to-noise ratio
and to reduce the effects of moderate interindi-
vidual variability in brain anatomy. High resolu-
tion 3D SPGR and T2 axial FLAIR MRI scans
revealed no detectible brain abnormalities in any
OCD or reference participants determined by a
board-certified neuroradiologist. Participants' T-
1 weighted SPGR anatomical MRIs were then
coregistered and normalized to their mean func-
tional image in order to perform participant-
specific functional region analyses that take into
account individual variability in cortical landmark
organization.

Statistical analyses

Participant-level analyses were performed for all
participants. Group-level random-effects (RFX)
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analyses were performed for both the reference and
OCD groups. Given the large difference in sample
sizes between the groups, and the known hetero-
geneity of symptom severity levels and subtypes
within the OCD group, no between-group inferen-
tial analyses were performed. Instead, a functional
region analyses approach (Allen & Fong, 2008b)
was used to extract activation profiles from each
OCD participant for quantitative assessment with
respect to a normative data map for the f-VFT,
derived from an identical functional region extrac-
tion process using the normative participants.

Participant-level analysis

A time-series ANCOVA implemented in
SPM5 was used to test each voxel, for each par-
ticipant, against the null-hypothesis that changes
in BOLD signal in that voxel over the duration of
the experiment did not significantly correlate with
the temporal sequencing of the f-VFT. A boxcar
waveform convolved with a synthetic hemodynamic
response function with a 4-second lag-to-peak was
used to model task-related activation. The data
were high-passed filtered in time, using a set of
discrete cosine basis functions with a cut-off period
of 128 seconds, and conditioned for temporal
autocorrelations using ARl correction. For each
participant, /-values for the contrast test condi-
tion versus counting condition were computed
for each voxel, using the parameter estimates of
the ANCOVA. The resulting three-dimensional
contrast map from each participant was saved for
further participant-level functional region analysis
as well as for random effects (RFX) group-level
analysis.

Group-level analysis

Activation at the group level was analyzed using
the RFX approach in which the value of the sum
of the contrast weights for each voxel from each
participant's ANCOVA was entered as a single
data point in a second-level i-statistic computation,
with the mean value for each voxel across partici-
pants modeled as the effect term and the variance
between participants modeled as the error term
(Penny, Holmes, & Friston, 2004). Significant acti-
vation peaks at the group-level are reported with a
critical family-wise-error corrected/7-value of <.O5,
and a voxel cluster extent threshold of 8.

Functional region analysis

Our procedure for establishing functional region
designations and extracting activation values from
individual participants was described in detail
by Allen and Fong (2008a). Briefly, a parcella-
tion scheme modified from Tzourio-Mazoyer et al.
(2002) was used to designate approximately 48 func-
tional regions for each hemisphere and then applied
to each participant's structural image. Participant-
individual i-maps from the ANCOVA estimates
were smoothed (to condition outlier peaks) and
overlain on each participant's custom-parcellated
structural image. Activation peaks and cluster
extents were analyzed for each region for each
participant, yielding region reliability indices and
significance inclusion thresholds. For the most part,
this procedure yields similar results, in terms of
significantly activated brain regions, to conven-
tional group-level analysis. Departures from group-
level analyses (e.g., RFX analysis) tend to occur
in large functional brain regions (e.g., dorsolat-
eral prefrontal cortex), with greater tendencies for
intersubject variability. Following the procedures
described by Tzourio-Mazoyer et al. (2002), means
and standard deviations of extracted scores were
computed across the normative participants and
used to derive a normalized distribution of z-
scores for each region. Following functional region
analysis of each OCD participant, extracted acti-
vation values were used in two ways. First, the
activation value from each functional region was
converted into a z-score, relative to the norma-
tive distribution for that functional region, yield-
ing an activation profile of z-score-levels for each
participant. Second, the regional z-scores were
entered into analyses where correlations between
brain activations and demographic variables, as
well as measures of FAS, Y-BOCS, OCI-R, and
PI were investigated using Pearson's coefficient of
correlation.

RESULTS

Demographic characteristics of the OCD
participants

The average age of the OCD participants was
23.6 years (range 15-29 years, SD = 6.5 years).
The average Verbal IQ was 126.8 (SD = 11.6), the
average Performance IQ was 115.6 (SD = 8.4), and
the average Full-scale IQ was 123.7 (SD = 7.4).
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With the exception of one, all OCD participants
were right handed, and nine of the 12 partici-
pants were on at least one psychotropic medication.
Comorbidity in this sample was high. Only two
participants did not have comorbidity, and eomor-
bid diagnoses among the remaining 10 participants
were major depression, generalized anxiety disor-
der, specific phobia, social phobia, panic disor-
der without agoraphobia, attention-deficit hyper-
activity disorder, and posttraumatic stress disorder
(Table 1).

Normative participants group-ievei analysis:
RFX model

The group RFX activation for the norma-
tive participants is displayed in Figure 1 and
summarized in Table 2. Consistent with pre-
vious studies (Costafreda et al., 2006), activa-
tion was found almost exclusively in left hemi-
sphere language areas associated with lexical form
retrieval/selection and covert articulation. Peak
activations included the precentral/premotor cor-
tex, inferior frontal gyrus/frontal operculum, basal

TABLE 2
Normative participants: Group-level random-effects model

activation foci (p < .05, FWE corrected)

Anatomical region MNI (x. y. z) t-Seore

Medial pre-supplementary motor area
Dorsal
Ventral

Left inferior frontal gyms/Frontal
operculum

Right frontal operculum/
Anterior insula

Left precentral gyrus/Premotor area
Superior
Inferior

Left thalamus
Left basal ganglia

-4 , 4, 63 9.25
-5,14,51 9.71
-44, 32. 9 7.77

35,18,3 5.07

-30,-8,65 7.95
-47, 5, 30 9.24

-10,-13,13 7.01
-15,5,14 6.32

Note: Premotor area, portions of superior and niiddle frontal
gyri corresponding to BA 6.

ganglia, and thalamus. Additionally, two distinct
robust activations were observed in the dorsal and
ventral regions of the medial pre-supplementary
motor area (pre-SMA). Functional region analy-
ses confirmed the presence of both these peaks in
normative participants.

Figure 1. Normative participants: Group-level random-effects model activation foci (p < .05, FWE-corrected). [To view this figure in
color, please visit the online version of this Journal.]
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Figure 2. OCD participants: Group-level random-effects model activation foci (p < .05, FWE-corrected). [To view this figure in color,
please visit the online version of this Journal.]

OCD participants group-ievei anaiysis: RFX
model

The group RFX activation for the 12 OCD par-
ticipants (displayed in Figure 2 and summarized
in Table 3) shows a highly convergent pattern of
activation with the normative participants. As men-
tioned, a between-group inferential test for sig-
nificance differences would not be appropriate.
Furthermore, the within-group RFX analysis itself
should be interpreted with caution, given the
known heterogeneity of symptom severity levels,
subtypes, comorbidities, and medications in the
OCD group.

OCD Participants: Subject-ievei functionai
region analysis

Using the methods for establishing rehable func-
tional region boundaries described elsewhere
(Allen & Fong, 2008a), 10 functional regions were
identified from the normative data. These regions
coincide to a large degree with regions containing
suprathreshold peaks on the RFX analysis, as

TABLE 3
OCD participants: Group-level random effects-model

activation foci (p <.O5, FWE corrected, see text for further
description of threshold methods)

Anatomical region

Medial pre-supplementary motor area
Dorsal
Ventral

Left inferior frontal gyrus
Left frontal operculum/Anterior Ínsula
Right frontal operculum/Anterior

Ínsula
Left precentral gyrus/Premotor area

Superior
Inferior

Left thalamus
Left basal ganglia

MNI
(X, y, z)

- 5 , 10, 62
-7 , 24, 45
-50,29, 11
-37, 15, 10

35, 18,6

-50, 1,43
-49, 16,22
-14,-8, 13
-15,7,8

t-Score

11.23
9.10
7.68
8.01
6.36

9.06
8.78
7.31
6.75

Note: Premotor area, portions of superior and middle frontal
gyri corresponding to BA 6.

presented in Table 3. Following functional region-
based activation value extraction procedures for
all 12 OCD participants, the resulting functional
region activation profiles were inspected on a
participant-by-participant basis for unusual or
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notable patterns and trends. Specifically, each
region was examined for excessive variation across
participants using successive standard deviation
thresholds (i.e., 1.5, 2, 2.5, 3). Based on this anal-
ysis, it was determined that all regions showed
normal distributions of activation across the
12 participants, with the notable exception of
two regions - the dorsal and ventral pre-SMA.
Activation levels in these two regions showed highly
unusual fluctuation across participants. As shown
in Table 4, z-scores in the dorsal pre-SMA range
from -1.79 to -1-3.84 and from ^ . 4 4 to -1-3.51 in the
ventral pre-SMA.

Given the indications of unusual variance in
pre-SMA regions in the OCD group (Figure 3),
variance in i-scores from the functional region
extraction procedure (one smoothed peak score
for each participant) was analyzed for between-
group differences for each region using F tests
of equality of variances with a one-tailed a priori
hypothesis that the OCD group showed a higher
variance than the reference group. Compared with
the reference group, outcomes on this analysis
were significantly different for the ventral pre-SMA
(F = 7.43,/) <.OO1) and dorsal pre-SMA (F = 3.65,
p <.OO5) in OCD participants, while all other
functional regions were not significantly different
(Table 5).

Because of the notably unusual pattern of acti-
vation variation observed in the dorsal and ventral
pre-SMA in this sample of OCD participants, and
suggestions that the pre-SMA is a brain structure of
interest in OCD (Yucel et a l , 2007), the two peaks
in this region were selected as variables for fur-
ther correlational analysis with demographic and
clinical variables.

OCD participants: Correlational analysis

Assessed with FAS (1 minute per letter) outside
the scanner on a different day within 12 months
after fMRI imaging, OCD participants produced
a mean of 25.90 words {SD — 8.85) and norma-
tive participants 47.10 words (SD = 10.83). The
FAS performance was not significantly correlated
with the dorsal {r = .2l,p>.05) or ventral {r = .21,
p>.05) pre-SMA activations, or any clinical mea-
sures or demographic data (age, education, IQ),
with the exception of the OCI-R Washing index
(r=.60,/7<.05)(Table4).

There was significant correlation in the OCD
participants between dorsal and ventral activations

in the pre-SMA (r = .70, p <.O5), suggesting
that activation magnitude in the dorsal region
tends to increase with activation in the ventral
region (Table 4). Additionally, there were significant
positive correlations between the dorsal pre-SMA
activations and the following indices: the OCI-R
Washing index {r = .63, p <.O5 (Table 4)), the PI
Need for Approval index (r = .59, p <.O5), the
PI Striving for Excellence index (r = .58, p <.O5),
and the PI Total Score (r = .58,/) <.O5 (Table 4)).
We found marginally significant positive correlation
between the dorsal pre-SMA and the PI Concern
over Mistakes index (r = .55, p = .06) and the PI
Self-Evaluation index {r = .55, p = .06) (Table 6).
No significant relationship was found between the
ventral pre-SMA activations and any other clinical
measures (Y-BOCS, OCI-R, and other PI indices),
demographic data (age, education, IQ), or OCD
symptom category or severity.

DISCUSSION

The present study compared brain activation of
OCD participants to a reference group of healthy,
demographically matched participants using the f-
VFT. While the use of ACT scores as an estimate
of intellectual ability in the reference group and
the use of IQ scores in the OCD group precludes
a direct comparison of intellectual ability between
the two groups, z-scores based on ACT and IQ
scores were similar between the reference group
(z = 1.68) and the OCD group (z = 1.57), indicating
generally comparable intellectual function between
the two groups.

Our use of the f-VFT enabled the investigation
of the functional variability of brain regions asso-
ciated with phonemic fluency processes. We found
that during f-VFT performance, participants with
OCD, as a group, exhibited normal activations
in left-hemisphere language regions, including the
precentral/premotor cortex, thalamus, basal gan-
glia, and inferior frontal gyrus/frontal operculum.
However, at the individual level, we found that
OCD participants manifested highly variable acti-
vation levels in two distinct clusters: the dorsal and
ventral regions of the pre-SMA. Additionally, OCD
participants exhibited equivalently variable demo-
graphic and clinical symptoms, including OCD
symptom severity (mild to severe), symptom cat-
egory (hoarding, obsessing, washing, checking,
ordering), comorbidities, and medications.

The findings of extensive overlap in brain activa-
tions between OCD participants and the reference
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Figure 3. Variance range and distribution of extracted smoothed-peak í-scores in ventral pre-SMA for reference and OCD groups.
Note: Individual f-scores are rounded to whole-number range bins on the A-axis. Number of subjects/peaks per bin is plotted on the
>'-axis.

TABLE 5
Comparison of variance between OCD and reference groups for extracted smoothed-peak i-scores within

10 functional regions

Funetionai regions

Ventral pre-SMA
Dorsal pre-SMA
L pars trianguiaris
L frontal operculum
L inf parietal lobe
L inf precentral gyrus
L pars opereuiaris
L thalamus
L basal ganglia
L posterior temporal

OCD

Min.

0.00
5.46
3.83
2.01
4.22
4.17
4.38
2.11
3.41
2.89

Group

Max.

14.68
14.61
10.67
8.64

11.04
10.48
10.90
7.95
7.53
6.48

Variance

19.62
12.45
4.79
3.81
5.10
4.54
5.29
2.01
2.24
1.70

Reference Group

Min.

5.21
5.15
4.05
3.82
2.25
4.79
4.69
2.20
1.96
2.36

Max.

11.99
11.45
10.63
10.33
9.23

13.72
15.16
8.88
8.58

11.16

Variance

2.64
3.41
2.78
2.37
3.66
3.71
5.43
3.02
2.63
3.33

F(ll, 31)

7.43
3.65
1.72
1.61
1.39
1.23
0.97
0.66
0.85
0.51

P

<.OO1
<.005
>.l
>.l
>.l
>.l
>.l
>.l
>.l
>.l

Note: f-tests for equality of variances (one-tailed) reveal significant between-group differences in ventral and dorsal
pre-SMA.
Min., minimum /-score; Max., maximum i-score; pre-SMA, pre-supplementary motor area; L, left; inf, inferior.

group highlight the interrelationships of the func-
tional anatomy and degree of 'normality' of func-
tional responses between the groups, as elicited
by the f-VFT. Of particular relevance, the sub-
stantial variability in activations within the pre-
SMA (compared to other regions) underscores

interindividual variability as a potential source of
functional variance in the OCD group that may be
associated with the heterogeneity of OCD symp-
tom severity, symptom category, comorbidities,
medications, and demographic variables. Although
we did not find significant correlations between
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TABLE 6
OCD participants' Perfectionism Inventory Scores

Subject

1
2
3
4
5
6
7
g
9
10
11
12
Mean
SD

CM

30
35

33
29
30
39
25
31
IS
40
26

8
28.67''

8.87

HSO

11
27
21
19
21
32
18
19
15
33
19
8

20.25
7.51

NA

37
34
38
28
27
37
36
35
17
33
29

8
29.92»

9.12

0

16
33
11
19
29
39
11
25
25
20
19
26
22.75

8.45

PP

25
34
28
29
29
39
14
13
18
30
31
8

24.83
9.45

P

27
32
26
32
30
34
23
33
32
14
33
15
27.58

6.95

R

30
26
28
30
32
31
25
26
20
35
18
12
26.08

6.57

SE

22
26
15
23
26
26
25
24
15
24
24
13
21.92''
4.76

Consc

11.10
16.89
1.59

13.49
15.24
18.64
11.39
14.56
12.34
13.21
13.80
8.70

12.58
4.35

Self-Evaluative

15.79
16.59
16.38
15.04
15.32
18.80
12.95
13.60
9.48

17.88
13.32
4.71

14.16=
3.87

Total

26.88
33.48
26.97
28.53
30.57
37.44
24.35
28.14
21.82
31.09
27.12
13.42
27.48=

6.03

Note: CM, Concern over Mistakes; HSO. High Standards for Others; NA, Need for Approval; O. Organization; PP. Perceived Parental
Pressure; P, Planfulness; R, Rumination; SE, Striving for Excellence; Consc, Conscientious Perfectionism Sum Scales (HSO, O, P, SE);
Self-Evaluative, Self-Evaluative Perfectionism Sum Scales (CM, NA, PP. R).
"Pearson correlation between the dorsal pre-SMA activations and NA score, r = .59,p <.O5. uncorrected.
''Pearson correlation between the dorsal pre-SMA activations and SE score, r = .5i,p <.O5. uncorrected.
'^Pearson correlation between the dorsal pre-SMA activations and Total score, r = .58,p <.O5, uncorrected.
''Pearson correlation between the dorsal pre-SMA activations and CM score, /• = .55, p = .06, uncorrected.
•^Pearson correlation between the dorsal pre-SMA activations and Self-Evaluative score, r = .55. p = .06. uncorrected.

pre-SMA activations and many of these variables,
we did find correlation between pre-SMA activation
and several subscales of perfectionism and wash-
ing. Further, inconsistent functional neuroimaging
findings may partly result from the heterogeneity
in diagnostic classification inherent within OCD
(Menzies et al., 2008; Mitterschiffthaler et al.,
2006; Saxena et al., 2003), ineluding symptom
structure (Bloch, Landeros-Weisenberger, Rosario,
Pittenger, & Leckman, 2008). Consistent with
our findings of substantial variability in activa-
tion among the OCD participants are findings
from other studies of neuropsychiatrie disorders in
which there is substantial individual variability in
functional brain anatomy (Hariri, 2009; Hasnain,
Fox, & Woldorff, 1998; Taylor et al., 2007; Xiong
et al., 2000). In fact, the emphasis on 'group aver-
ages' (Robinson, 2004), as opposed to analysis of
individual participants within a diagnostic group
(Hariri, 2009), not only may explain the widespread
abnormalities and discrepant findings in OCD
(Maia et al., 2008) but also renders the clinical use
of fMRI in neuropsychiatrie disorders a challeng-
ing endeavor. Our findings of substantial variabil-
ity within the OCD group emphasize the impor-
tance of attention to interindividual overlap and
differences in interpreting fMRI activations, consis-
tent with the well-established nomothetic and idio-
graphic approach taken in the neuropsychological

evaluation of neuropsychiatrie disorders (Lezak,
1995; Strauss, Sherman, & Spreen, 2006). Taken
together, each OCD participant's demographic
characteristics, brain activation, and clinical char-
acteristics highlight the notion that the underlying
neural activation distributions in OCD are both
continuous and interdependent, mediated by both
distinct and overlapping neural activation systems.
This notion is generally consistent with the fMRI
findings by Mataix-Cols et al (2004), who found
distinct and partially overlapping neural correlates
across the symptom categories of washing, check-
ing and hoarding. The implication is that the rele-
vance of both distinct and overlapping individual
brain activation profile may serve as important
predictors of vulnerability to OCD.

Functional neuroimaging studies have identi-
fied interindividual brain activation variability as
important markers of the pathophysiology of anxi-
ety disorders (Hariri, 2009). Relative to other brain
regions, our findings of considerable variability in
the pre-SMA hyperactivations in the OCD group,
particularly the dorsal region, is therefore a next
step in identifying potential neurobiological sources
of interindividual variability in OCD. The pattern
and region of variability may appear unexpected
at the outset because the pre-SMA regions have
been generally associated with complex motor con-
trol function (Picard & Strick, 1996). Nonetheless,
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several important fMRI studies have focused on
the contribution of the pre-SMA to the execution
of word production, specifically semantic fluency
(name a 'ñower' or an 'animal') (Alario, Chainay,
Lehericy, & Cohen, 2006; Crosson et al., 1999;
Tremblay & Gracco, 2006). Moreover, there is
growing recognition that pre-SMA activations in
human and animal studies are associated with cog-
nitive control (i.e., executive function), including
response inhibition, set-shifting, rule learning, and
conflict or error-monitoring (Isoda & Hikosaka,
2007; Lau, Rogers, Haggard, & Passingham, 2004;
Nachev, 2006; Nachev, Kennard, & Husain, 2008;
Nachev, Wydell, O'Neill, Husain, & Kennard,
2007), for which the classic phonemic fluency task
and f-VFT were putatively designed to measure
(Allen & Fong, 2008b; Strauss et al., 2006). The
relationships between the pre-SMA region and cog-
nitive control are further supported by human and
animal studies of disruption or lesions in the con-
fined pre-SMA region that resulted in inhibited
behavioral response (Floden & Stuss, 2006; Nachev
et al., 2007; Rushworth, Hadland, Paus, & Sipila,
2002) and increased response error rate (Drewe,
1975; Nakamura, Sakai, & Hikosaka, 1999; Picton
et al., 2007). Indeed, a recent study found robust
pre-SMA hyperactivation in the OCD group com-
pared with matched controls in response to an
inhibitory/intereference task (Yucel et al., 2007).
However, it should be noted that we did not con-
sistently find pre-SMA hyperactivation across all
OCD participants, likely due to interindividual clin-
ical or endophenotypic variability.

We found significant correlation between the dor-
sal and ventral pre-SMA activations in the OCD
group. Because no study has directly investigated
the functional subregions of the pre-SMA, we can
only speculate that activations in these pre-SMA
subregions may be functionally connected in OCD.
That is, in OCD patients, high dorsal pre-SMA
activation was related to high ventral pre-SMA
activation, whereas low dorsal pre-SMA activa-
tion was related to low ventral pre-SMA activation.
Clearly, additional studies are needed in examining
the functional anatomy ofthe pre-SMA subregions
and its relation to OCD and its subtypes.

There are few published findings about pre-SMA
activations and behavioral correlates in OCD. The
substantial activation variability across individu-
als in this region provided an appropriate avenue
to retrospectively conduct correlational analyses
between the dorsal and ventral activation in the
pre-SMA and clinical and demographic measures.

We found that the magnitude of the dorsal pre-
SMA BOLD response to f-VFT positively corre-
lated with participants' perfectionism, as indexed
by the proximal (Concerns over Mistakes, Need
for Approval, and Striving for Excellence) and
composite (Self-Evaluation and Total Score) indi-
cators of the Perfectionism Inventory, as well as
washing tendencies as indexed by the OCI-R.
Previous studies have established that perfectionism
is a significant contributor to obsessive behefs in
OCD (Moretz & McKay, 2009; Taylor, McKay, &
Abramowitz, 2005), even after accounting for other
symptoms, including depression (Wu & Cortesi,
2009). As such, perfectionism may be a key dimen-
sion in OCD along which obsession varies and
by which OCD can be subtyped. To our knowl-
edge, no group studies to date have examined the
associations between functional brain activations
and perfectionism in OCD. Although our func-
tional region analyses provide preliminary evidence
for a correlation between obsessive-compulsive
perfectionism and washing and pre-SMA activation
in response to the f-VFT, it is important to note
that there is appreciable interindividual variability
in other clinical variables in our sample (e.g., symp-
tom severity, category, medications and comorbidi-
ties), making the generalization of our findings
imprecise, a limitation compounded to the low sta-
tistical power in this study because of small sample
size. However, the interindividual clinical variabil-
ity in our sample also underscores the salience of
the finding of high interindividual variation in task-
induced activation in the dorsal and ventral pre-
SMA regions. The patient sample all met criteria
for OCD. Had we relied simply on group aver-
ages, we would have concluded that there were no
differences in activation patterns between the refer-
ence group and OCD participants, when in fact the
OCD participants showed considerable variation
compared to the reference group in task-induced
dorsal and ventral pre-SMA activation, variation
in activation suggesting that the dorsal and ventral
pre-SMA regions may be relevant in understanding
OCD in certain subtypes of OCD patients. Thus,
our findings should be extended or complemented
by future studies including a larger sample examin-
ing the relationships between perfectionism, brain
activations, clinical variables (e.g., symptom sever-
ity, category, medications and comorbidities), and
OCD at both group and interindividual levels is
needed.

Although the OCD subjects performed worse
on the FAS than did the reference group, we did
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not find a significant correlation between the OCD
participants' pre-SMA hyperactivations and FAS
performance. This may be due to the low power
in our study, a clinically heterogeneous sample,
anxiety levels (characteristic of OCD) inside the
scanner, and/or the fact that participants' FAS per-
formance data was retroactively collected within
12 months following their brain scans. Nonetheless,
FAS performance was below a z-score of zero
(range between -1.4 and 1.2) in 9 out of 12 OCD
participants compared to the reference group, sug-
gesting variable phonemic fluency performance in
OCD. This variable phonemic fluency performance
may partly explain previous conflicting reports of
either normal or impaired verbal fluency perfor-
mances in OCD (Bannon, Gonsalvez, Croft, &
Boyce, 2006; Henry, 2006; Mataix-Cols et a l , 2006).
Further, performance on the FAS was not signif-
icantly correlated with any clinical measures or
demographic data (age, education, IQ), with the
exception of the OCI-R Washing index, in con-
trast to the significant positive correlations between
the dorsal pre-SMA activations and the OCI-R
Washing index, the PI Need for Approval index,
the PI Striving for Excellence index, and the PI
Total Score. Even though we found no significant
associations between the ventral pre-SMA activa-
tions and any other clinical measures (Y-BOCS,
OCI-R, and other PI indices), demographic data
(age, education, IQ), or OCD symptom or sever-
ity our findings together suggest that the dorsal
and ventral pre-SMA may be a region of interest
for better understanding OCD and its associated
neurobiology.

The findings of variable pre-SMA activations
in our sample are not necessarily in contrast to
a number of existing fMRI studies that found
hyperactive dorsal anterior cingulate gyrus (dAC)
(Maltby, Tolin, Worhunsky, O'Keefe, & Kiehl,
2005; Nabeyama et al., 2008; Nachev, 2006; Rotge
et al., 2008; Ursu, Stenger, Shear, Jones, & Carter,
2003), a subregion of the medial prefrontal cor-
tex involved in response inhibition, and conflict-
or error-monitoring in OCD (Maia et al., 2008).
In OCD patients, hyperactivation in the dAC
appears to extend into the pre-SMA (Yucel et al.,
2007), raising the question whether the pre-SMA
region has a central or peripheral etiology of OCD.
However, due to inconsistent labeling schemes
across studies, many previous studies of cogni-
tive control processes reported dAC activation
peaks that would clearly fall within the pre-SMA
regions (Brown & Braver, 2005; Nachev et al., 2008)

according to our labeling scheme. Nonetheless,
cytoarchitecture studies have found that the dAC
and pre-SMA, together with the SMA proper,
are reciprocally connected with the primary motor
cortex and involved in motor planning (Biber,
Kneisley, & LaVail, 1978; Braak, 1976; Vogt &
Vogt, 2003), suggesting that these regions may be
structurally and functionally linked. Additionally,
the pre-SMA and the dAC are parts of a wider
frontal cognitive-motor network (Dum & Strick,
2002) involved in conflict monitoring (Taylor et al.,
2007). Further, studies of conflict monitoring show
significant variability in localizing the dAC by
as much as 6 cm and extending into the pre-
SMA region (Taylor et al., 2007). As such, future
neuroimaging studies may need careful anatomical
labeling and examination of the relationships
between pre-SMA and dAC activations, and their
behavioral correlates, in OCD.

Our findings of variable pre-SMA activations
in response to the f-VFT task provide prelimi-
nary evidence of altered medial frontal function-
ing in OCD. Our findings complement an fMRI
study in which deficits of verbal fluency, but not
of naming and comprehension, remained 1 year
after surgical removal of the pre-SMA region of
a woman with drug-resistant epilepsy (Deblieck
et al., 2003). Further, fMRI has been used in parcel-
ing out the pre-SMA region from the medial pre-
frontal cortex in identifying epilepsy surgery candi-
dates (Chassagnon, Minotti, Kremer, Hoffmann, &
Kahane, 2008) and in presurgical evaluation of
patients with intractable, partial motor seizures
(Hanakawa et al., 2001). While clinical fMRI in
OCD needs considerably more study at this jutic-
ture, our current findings of significantly varied
pre-SMA activation levels in response to the f-VFT
protocol highlight initial efforts in applying fMRI
for individualized diagnosis, treatment, and prog-
nosis, as well as advancing empirical research in
OCD.

Limitations in our current clinical fMRI study
include the use of a single cognitive protocol of the
f-VFT and the focus of our functional region anal-
ysis on the pre-SMA, inferior frontal gyrus, frontal
operculum, precentral gyrus, thalamus, and basal
ganglia in both the OCD and reference groups.
Nevertheless, our functional region-based investi-
gation focusing on the effects of a specific sig-
naling region on the brain circuitry in OCD was
driven by the standardized f-VFT protocol, devel-
opment of a normative f-VFT brain activation
database, and an a priori hypothesis based on prior
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evidence. Continued large-scale, whole-brain map-
ping of OCD at group and individual levels using a
sequence of standardized cognitive tasks is needed
in future studies. Second, we did not systematically
quantify the amount between the neural overlap
and variability for each individual in response to
f-VFT. Future studies quantifying interindividual
neural variability in OCD may provide a valuable
extension to this study.

In this small fMRI study using a verbal task
in OCD compared to a reference group, we found
considerable interindividual overlap and variability,
particularly in the pre-SMA, in neural signaling in
response to the f-VFT cognitive task, suggesting
that OCD may be mediated by variability within
the normative range of neural systems and behav-
ior. Clinical measures of perfectionism correlated
with pre-SMA activation, and activation patterns
in the dorsal and ventral regions of the pre-SMA in
OCD were highly correlated. Clinical use of fMRI
to understand individual neural differences and
overlap in OCD may inform clinically and theoret-
ically relevant issues and assist in developing indi-
vidualized diagnosis, monitoring, treatment, and
prognosis.
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