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Issues surrounding the cognitive neuroscience
of obsessive-compulsive disorder

KEVIN D. WILSON
University of Pennsylvania, Philadelphia, Pennsylvania

Obsessive-compulsive disorder (OCD) has been studied extensively in recent years, with increased
emphasis on understanding OCD'’s biological substrates. There has been significant progress in docu-
menting abnormal brain function in OCD patients, particularly in the orbitofrontal cortex, basal gan-
glia, and thalamus. Similar progress has broadened our understanding of the cognitive and behavioral
manifestations of the disorder, including deficits in set shifting, hyperattention, and visuospatial con-
struction abilities. Unfortunately, these results have not been replicated consistently. This report com-
prises a review of previous attempts to characterize the neurobiology and neuropsychology of OCD,
and a discussion of several factors in OCD research that can help to explain previous inconsistencies.

Obsessive-compulsive disorder (OCD) is a relatively
common form of psychopathology with a lifetime preva-
lence of 2%—3% (Robins et al., 1984). Although the ana-
tomical and behavioral regularities of the disorder have
been studied extensively over the past 20 years, there has
been relatively little success in the attempt to establish
how the former give rise to the latter. Popular models of
OCD have drawn upon a variety of disciplines, including
learning theory (Mowrer, 1960), cybernetics (Pitman,
1987) and psychoanalysis (Fenichel, 1945). Often, how-
ever, these models have had relatively little to say about
the dysfunctional aspects of the OCD brain. This is due
in part to the fact that, until recently, the neuroanatomical
substrates of OCD were poorly understood. Although OCD
researchers had long suspected the involvement of the
frontal cortex and basal ganglia in OCD neuropathology,
there was little empirical evidence to support such claims.
Only through the use of modern neuroimaging techniques
have many of these suspicions been confirmed.

Neurobiological studies of OCD have produced a wealth
of data, but the inability to consistently replicate results
has left many questions unanswered. Neuropsychological
studies have similarly generated much information, but
with equal uncertainty. An adequate theory of OCD must
integrate the findings from each of these two disciplines,
but any such integration would be premature at the mo-
ment, given the variability present within each. The goal of
this review is therefore not to provide an all-encompassing
theory of OCD expression, but rather to delineate several
factors that may explain the discrepancies among previ-
ous studies of OCD. Consideration of these factors will
help clarify the relevant neurobiological and neuropsycho-
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logical features of OCD. Only then will an adequate the-
ory of the cognitive neuroscience of OCD be possible.

PHENOMENOLOGY OF OCD

OCD is grouped under the general heading of anxiety
disorders. The DSM—-IV (American Psychological Asso-
ciation, 1994) defines OCD as “recurrent obsessions or
compulsions that are severe enough to be time consum-
ing (i.e., they take more than 1 hour a day) or cause marked
distress or significant impairment.” It defines obsessions
as “persistent ideas, thoughts, impulses, or images that
are experienced as intrusive and inappropriate and that
cause marked anxiety or distress.” It defines compulsions
as “repetitive behaviors ... or mental acts . .. the goal of
which is to prevent or reduce anxiety or distress, not to
provide pleasure or gratification.” Unfortunately, these be-
haviors are performed with excessive frequency, or with
little direct connection to the original purpose of the action.

OCD is differentiable from obsessive-compulsive per-
sonality disorder (OCPD) by feelings of inappropriate-
ness with respect to the obsessive and compulsive be-
haviors. Whereas OCD patients find these thoughts and
behaviors to be intrusive and inconsistent with their val-
ues and belief systems (ego-dystonic), OCPD patients
maintain that these thoughts and actions are consistent
with their self-image (ego-syntonic) (Hembree, Foa, &
Kozak, 1994). Although as many as 50% of OCD patients
meet the criteria for OCPD (Rasmussen & Tsuang, 1986),
the two remain quite distinct in etiology, maintenance,
and treatment.

One of the most striking features of the disorder is the
degree of regularity in obsessional thoughts and com-
pulsive behaviors. According to the DSM-IV, the most
common obsessions are fear of contamination, thoughts
of aggression, pathological doubt, excessive focus on bod-
ily functions, need for order, and sexual imagery. The man-
ual reports a similar regularity in compulsive behaviors,
the most common being washing and cleaning, counting,
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checking, requesting or demanding assurances, repeti-
tion of previously performed actions, and ordering. Al-
though some patients experience a single thought obses-
sionally, a majority experience more than one obsession
or compulsion either simultaneously or over the course
of illness (Rasmussen & Tsuang, 1986).

Initial presentation of OCD typically occurs in ado-
lescence or in the early twenties (Black, 1974), with the
average onset occurring between ages 6 and 15 years for
males and between ages 20 and 29 years for females.
There is evidence for a genetic component, with concor-
dance rates considerably higher for monozygotic twins
than for dyzygotic twins (Stanley & Prather, 1993). Sim-
ilarly, first-degree relatives of OCD patients are at higher
risk for psychopathology, with 25% being themselves di-
agnosed with OCD (Maxmen & Ward, 1995).

It is estimated that as many as 80% of OCD patients
suffer from depression (Rasmussen & Tsaung, 1986),
making it the most common co-occurring psychopathol-
ogy in OCD (Barlow, 1988). Tic disorders are also com-
mon: Tourette’s syndrome is evident in 10%—-15% of
OCD patients (Pauls, Leckman, Towbin, Zahner, & Co-
hen, 1986). Up to 13% of female OCD patients are di-
agnosed with eating disorders (including anorexia and
bulimia nervousa) (Maxmen & Ward, 1995). Further-
more, anxiety disorders (e.g., panic disorder), delusional
disorders, hypochondriasis, and personality disorders
(e.g., histrionic) (Hembree et al., 1994), as well as Hunt-
ington’s disease, Sydenham’s chorea, and postencephalitic
Parkinsonism (Cummings, 1993) have all been docu-
mented in cases of OCD. The overlap between schizo-
phrenia and OCD appears to be relatively small, with less
than 3% of OCD patients being diagnosed as schizo-
phrenic (Black, 1974).

Several treatment options are currently available for
OCD. Rational-emotive (Warren & Zgourides, 1991),
psychoanalytic (Oppenheim & Rosenberger, 1991), and
cognitive therapies (Salkovskis & Warwick, 1985) have
all been relatively unsuccessful. For example, Turner and
Michelson (1984) estimate that 20%—40% of OCD pa-
tients show improvement with psychotherapy. Behav-
ioral interventions, including exposure therapy and desen-
sitization, have been more successful in clinical settings
(Williams & Chambless, 1994), with reviews estimating
that 60%—80% of OCD patients improve with behavioral
interventions (Turner & Michelson, 1984).

Pharmacological treatments of OCD have become
widely available in recent years. Selective serotonin re-
uptake inhibitors (SSRIs) such as clomipramine (Ana-
flaxine), fluoxetine (Prozac), and flouvoxamine (Floxy-
fral) have been the most successful agents in alleviating
OCD symptoms (Perse, Greist, Jefferson, Rosenfeld, &
Dar, 1987). Response rates, however, are far from ideal.
For example, approximately 70% of OCD patients re-
spond to clomipramine treatment, with typical patients
seeing only a 40% reduction in symptoms (Turner &
Michelson, 1984). Relapse occurs in approximately 85%
of patients after termination of treatment.

Severe cases of OCD can be treated surgically. Several
procedures, including thermocapsulotomy, cingulotomy,
subcaudate tractatomy, and limbic leukotomy (Jenike
etal., 1991) have all been documented as effective in reliev-
ing OCD symptoms, but each presents a host of poten-
tial complications. Although quite effective in most cases,
the potential negative side effects justify their use only in
the most intractable and debilitating cases.

NEUROIMAGING OF OCD

Recent advances in neuroimaging techniques have led
to a number of significant findings in the OCD literature
(for a more complete review, see Trivedi, 1996). In several
studies, researchers have looked for structural abnormal-
ities that differentiate OCD patients and controls by using
methods such as MRI and CT. In other studies, research-
ers have looked for differences in regional brain activity
during symptom provocation or in association with par-
ticular treatments, using methods such as PET, SPECT,
and fMRI. Although a number of conflicting results will
be reviewed here, the majority of studies suggest neuro-
pathology in three regions: the orbitofrontal cortex, the
basal ganglia (specifically, the head of the caudate nu-
cleus), and the thalamus.

Structural Brain Imaging Studies

Insel, Donnelly, Lalakea, Alterman, and Murphy (1983),
using CT, conducted one of the earliest neuroimaging
studies of OCD. These authors compared 10 OCD pa-
tients and 10 healthy controls on a number of brain mea-
sures, including ventricular size and hemispheric asym-
metry, and found no significant differences between
groups. Behar et al. (1984) conducted a similar CT study,
using 16 adolescent OCD patients, but reported ventric-
ular enlargement in the patient group relative to controls.
This finding was not replicated, however, by Luxenberg
et al. (1988), who found no significant difference in ven-
tricular size between OCD and control subjects (n = 10
in each group), although these authors did note a non-
significant trend in that direction. Nevertheless, Luxen-
berg et al. did find smaller caudate nuclei in the OCD
patient group relative to controls. Kellner et al. (1991), in
contrast, reported no difference between OCD patient and
control subjects on a number of volumetric measures, in-
cluding caudate nucleus size.

In a more recent study, using MRI, Scarone et al. (1992)
found increased caudate nucleus volume in the right
hemisphere of OCD patients (n = 20) relative to controls
(n = 16), although the OCD patients in this study were
all being treated with SSRIs at study. In contrast, Stein
et al. (1993), using CT, compared a group of OCD (n =
16) patients and control (n = 8) subjects and found no cau-
date nucleus abnormalities. The authors did note, however,
that a subgroup of OCD patients exhibiting high neuro-
logical soft signs showed lateral ventricle enlargement.

Using MRI, Calabrese, Colombo, Bonfanti, Scotti, and
Scarone (1993) found greater T, signal asymmetry in the



caudate nuclei of OCD patients relative to controls. This
contrasts with Garber, Ananth, Chiu, Griswold, and Old-
endorf (1989), who reported equivalent T, signal sym-
metry in OCD patient and control subject groups. Robin-
son et al. (1995) found reduced caudate volume in a group
of OCD patients relative to controls (n = 26 in each
group), but did not exclude depressed or medicated OCD
patients. Using MRI, Jenike et al. (1996) found a nonsig-
nificant trend toward reduced caudate volume in a group
of OCD patients, as well as a significant reduction in total
brain white matter, a significant increase in total cortex,
and a significant increase in opercular volume. Finally,
Aylward et al. (1996) found no significant abnormalities
in the lateral ventricles and caudate nuclei of 24 OCD
patients relative to controls (n = 21).

Although abnormalities have been reported in the lat-
eral ventricles and caudate nucleus, these results are not
universal. A number of factors may be responsible for this
confusion, including (1) differences in neuroimaging
techniques, (2) differences in patient population charac-
teristics, and (3) variable exclusion criteria, particularly
with respect to depression and medication. For example,
of the three studies in which caudate nucleus abnormal-
ities were reported, in one, the 20 OCD patients had all
received medication at the time of scanning (Scarone
et al., 1992); in another, medicated and depressed OCD
patients were included (Robinson et al., 1995); and in
one, the subjects were atypical childhood-onset OCD pa-
tients (Luxenberg et al., 1988; see Alyward et al., 1996,
for further comment). Attempts to increase methodolog-
ical consistency across studies will certainly improve the
replicability of previous results.

Functional Brain Imaging

Functional neuroimaging studies of OCD have con-
centrated on three paradigms: resting-state brain metab-
olism, symptom provocation, and behavioral or drug
treatment interventions. While structural neuroimaging
studies have suggested caudal and ventricular abnormal-
ities, functional neuroimaging studies have focused on
dysfunctional brain circuits involving the caudate nucleus,
the orbital frontal cortex, and the thalamus.

Resting-state brain metabolism. In a number of stud-
ies, researchers have looked at baseline differences in
metabolic activity between OCD patients and controls.
Baxter et al. (1988) used PET to compare 10 nonmed-
icated OCD patients (with no history of depression) with
10 control subjects matched for age and gender. The au-
thors reported increased overall metabolic activity in the
cerebral hemispheres, as well as increased activity in the
orbital gyri and caudate nuclei. In two more recent stud-
ies, PET revealed increased activity in the orbitofrontal
regions, but no differential activity within the candate
nuclei (Nordahl etal., 1989; Swedo, Schapiro, et al., 1989).

Using PET, Martinot et al. (1990) found decreased
metabolic activity within the prefrontal lateral cortex, as
well as in the striatum and thalamus, in a group of 16 OCD
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patients. However, 10 of the 16 patients were undergoing
drug treatment at the time of the study.

Using SPECT, Machlin et al. (1991) found increased
metabolic activity in the medial frontal regions of 10
OCD patients, all of whom were medication free and had
no history of major depression. The authors noted that
activity in the orbitofrontal regions was not significantly
different between patient and control subjects.

In a more recent study, Rubin, Villanueva-Meyer,
Ananth, Trajmar, and Mena (1992) employed SPECT to
compare groups of OCD and control subjects (# = 10 in
each group) and found increased perfusion in the or-
bitofrontal cortex bilaterally, as well as decreased meta-
bolic activity bilaterally in the caudate nucleus. Finally,
Lucey et al. (1995), using SPECT, compared 30 OCD pa-
tients with 30 healthy control subjects and found de-
creased metabolic activity in the right caudate nucleus
and the right thalamus, as well as in several cortical areas,
including the right inferior frontal cortex.

Many of the criticisms leveled at structural neuro-
imaging studies hold true for functional neuroimaging
studies of OCD as well. The large number of conflicting
reports may be the result of marked differences in patient
selection criteria, differences in patient characteristics
(e.g., disease onset, symptom subtypes, or gender), or
neuroimaging techniques. Nevertheless, abnormal base-
line activity in the orbitofrontal cortex, caudate nucleus,
and thalamus are suggested in a number of studies.

Symptom provecation. Provocation studies provide a
more direct examination of aberrant brain activity asso-
ciated with obsessive-compulsive episodes. They also al-
low the OCD patient to serve as his or her own pre-episode
control, although in many studies, groups of healthy con-
trol subjects have also been employed. Results consis-
tently suggest the involvement of the orbitofrontal cortex
and caudate nucleus.

Zohar et al. (1989) scanned a group of OCD subjects,
using !33Xe inhalation under one of three conditions:
rest, imaginal flooding, or contamination exposure. The
results showed that whereas imaginal flooding was asso-
ciated with increased cerebral blood flow (rCBF) in most
cortical regions, actual contaminant exposure was asso-
ciated with decreased CBF, particularly in the parietal and
temporal regions. Using PET, Rauch et al. (1994) found
that a symptom-provoked state produced significantly
greater brain activation in the right caudate nucleus, in
the left anterior cingulate gyrus, and bilaterally in the or-
bitofrontal cortex. In addition, there was a nonsignifi-
cant trend toward greater activation in the thalamus as-
sociated with the symptomatic state.

McGuire et al. (1994) also used PET to examine dif-
ferences associated with symptom-provoked obsessional
states. The authors reported increased rCBF in the or-
bitofrontal cortex and in several regions of the basal gan-
glia, including the caudate nucleus, the putamum, and
the globus pallidus. In addition, increased rCBF was re-
ported in the thalamus and the cingulate gyrus. Breiter
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et al. (1996) provide the only fMRI study to date of TCBF
during symptom provocation. The authors report signif-
icant activation in the orbitofrontal, anterior cingulate,
and insular cortex, as well as in the right caudate nucleus
and left lenticulate.

Symptom provocation studies provide the strongest
and most consistent evidence of basal ganglia, orbito-
frontal, and thalamic involvement. Cumulatively, the re-
ports demonstrate abnormally elevated activity in the or-
bitofrontal cortex and caudate nucleus of OCD patients
in response to symptomatic episodes. In addition, abnor-
mal activity in the cingulate gyrus and thalamus has been
reported in some studies.

Treatment studies. Neuroimaging studies have also
been used to examine changes in brain activity associated
with behavioral or drug therapy in OCD. These reports, to-
gether with symptom provocation studies, provide com-
pelling evidence concerning the dynamic changes in brain
activity associated with the ebb and flow of OCD episodes.

The majority of neuroimaging studies of treatment inter-
vention involve drug therapy, with subjects being scanned
prior and subsequent to the intervention. Except for the
studies done by Hoehn-Saric, Pearlson, Harris, Machlin,
and Camargo (1991) and Rubin, Ananth, Villanueva-
Meyer, Trajmar, and Mena (1995), who used SPECT, all
the studies presented below used PET methodology.

Baxter et al. (1987) treated 10 OCD patients with trazo-
done (an antidepressant) coupled with an MAO inhibitor
and found increased activity in the right caudate nucleus
relative to a pretreatment baseline. In a more recent report,
Baxter et al. {1992) examined the effects of drug treatment
(fluoxetine) and behavioral therapy on rCBF and found
that activity in the right caudate nucleus decreased sig-
nificantly in subjects who responded to treatment, re-
gardless of form (i.e., pharmacological or behavioral). In
addition, activity was significantly correlated in the or-
bital frontal cortex, caudate nucleus, and thalamus be-
fore, but not after, successful treatment. Schwartz, Stoes-
sel, Baxter, Martin, and Phelps (1996) also examined the
effects of behavioral modification on brain metabolism
and found decreased metabolic rates in the caudate nucleus
bilaterally in OCD responders. The authors also found
that correlated activity in the caudate nucleus, orbital gyri,
and thalamus decreased significantly after treatment.

Other groups have looked at the effects of SSRIs on
brain activity in OCD patients. Benkelfat, Nordahl, Sem-
ple, and King (1990) found decreased activity in the left
caudate nucleus and right orbitofrontal cortex following
a 16-week trial of clomipramine. Hoen-Saric, Pearlson,
etal. (1991) found decreased activity in the medial-frontal
cortex following a 12- to 16-week trial of fluoxetine.
Swedo et al. (1992) found decreased activity in the or-
bitofrontal cortices (both left and right), but not caudate
nucleus, after 1 year of clomipramine treatment. Perani
etal. (1995) treated 11 patients with fluvoxamine, fluoxe-
tine, or clomipramine and found decreased activity in the
cingulate cortex after 12 weeks. Rubin et al. (1995) also

examined the effects of clomipramine on rCBF and found
decreased metabolic activity in the orbitofrontal, postero-
frontal, and dorsal parietal regions following treatment.

Treatment studies suggest that changes in the OC ex-
perience that result from pharmacological or behavioral
intervention are accompanied by corresponding decreases
in regional CBF in certain brain regions, including the
orbitofrontal cortex, caudate nucleus, and thalamus. These
results complement symptom-provocation studies, which
have consistently shown increased activity in these same
regions in response to obsessive or compulsive episodes.
Despite differences in neuroimaging techniques, patient
characteristics (e.g., gender, disease onset, and symptom
subtypes), and exclusion criteria, neuroimaging studies
of OCD indicate a number of brain regions that seem to
be intimately involved in OCD expression, including the
orbitofrontal cortex, the basal ganglia and the thalamus.

NEUROPSYCHOLOGY OF OCD

In the last 15 years, efforts to characterize the cognitive
neuropsychology of OCD have been quite successful.
Although neuropsychological testing provides a less di-
rect examination of the neuropathology of OCD than
does neuroimaging, the results provide complementary
information. Neuropsychological testing also allows re-
searchers to document the range and severity of cognitive
dysfunction in OCD patients. Indeed, a broader under-
standing of the cognitive manifestations of the disorder
(i.e., beyond the cognitive deficits most evident during
symptom expression) will be critical for establishing a
cognitive neuroscience of OCD.

Neuropsychological testing is currently aimed at multi-
ple levels of cognitive function, ranging from more “basic”
sensorimotor programming to the highest level “execu-
tive” functions. Whereas many of the preliminary inves-
tigations were inspired by the paucity of results in this
area, more recent efforts have been motivated by specific
predictions based on neuroanatomical considerations.
This has resulted in a complement of studies that not
only catalogue the neuropsychological profile of OCD,
but that provide critical empirical tests for current mod-
els of OCD.

Sensorimotor and Attentional Mechanisms
Cognitive deficits in OCD occur quite early in both the
sensory and motor pathways. Deficits in sensory input
gating (Swerdlow, Benbow, Zisook, Geyer, & Braff,
1993) as well as in saccadic eye movement programming
(Sweeney, Palumbo, Halper, & Shear, 1992; Tien, Pearl-
son, Machlin, Bylsma, & Hoehn-Saric, 1992) have both
been established in OCD. Several reports have also
demonstrated abnormal attentional mechanisms in OCD
patients (e.g., Towey et al., 1994). Although it is true that
saccadic programming, sensorimotor gating, and atten-
tion have all been linked to orbitofrontal cortex and basal
ganglia function (and thus provide confirmation of neuro-



imaging results), interpretation of these results with re-
spect to OCD symptomology is not at all clear. Oculo-
motor programming deficits provide an excellent example.

Proper oculomotor (e.g., saccadic) programming re-
lies on normal basal ganglia function. Diseases of the
basal ganglia, such as Huntington’s disease, have been
shown to disrupt oculomotor programming (Cummings,
1993). Given the ability of Huntington’s disease to in-
duce OCD, and given the establishment (through neuro-
imaging) of basal ganglia dysfunction in OCD (e.g.,
Baxter, Schwartz, Guze, Bergman, & Szuba, 1990), sim-
ilar oculomotor deficits might be expected in OCD pa-
tients. Tien et al. (1992) and Sweeney et al. (1992) each
describe a series of experiments designed to test this hy-
pothesis. Tien et al. reported that OCD subjects showed
greater error rates and greater numbers of inaccurate
saccades in a goal-directed antisaccade task. There was
no difference, however, in overall reaction time, saccadic
velocity, or accuracy of saccades in a visually guided sac-
cade task. The authors conclude that this performance is
consistent with disruption of basal ganglia function, but
they offer no connection between oculomotor program-
ming deficits and OCD symptomology.

Sweeney et al. (1992) reported similar results, with
OCD patients having difficulty in smooth tracking of
targets, an increased rate of “reversal saccades” to com-
pensate for target overshooting, and an increased rate of
“square-wave” (intrusive) saccades while attempting to
maintain fixation. The authors concluded that the results
were consistent with dysfunction in the basal ganglia and
frontal regions, but no connection was made between
these results and OCD symptom expression.

The preceding examples are typical of neuropsycho-
logical testing in OCD: Strides in documenting neu-
roanatomical, cognitive, and behavioral deficits have not
necessarily shed light on the mechanisms that produce
the disorder. To be sure, not all deficits witnessed in OCD
are fundamentally involved in the expression of the dis-
order. Indeed, some deficits co-occur because of shared
neural substrates. This is perhaps the greatest challenge
in constructing an adequate account of the mechanisms
of OCD: knowing which deficits are intimately related to
OCD expression and which are merely concomitant.

More relevant to OCD symptomology, Swerdlow et al.
(1993) hypothesized that the inability of OCD patients to
gate inappropriate thoughts (obsessions) may reflect a
more central sensorimotor gating deficit. Their depen-
dent measure was the prepulse inhibition (PPI) of a star-
tle reflex. Normally, a startle response can be suppressed
when the startling stimulus is preceded by a weak “pre-
pulse.” Deficient sensorimotor gating, however, reduces
the PPL Striatal dysfunction could produce such a defi-
cit, since this area is known to be important in the nor-
mal suppression of the startle reflex, and interestingly,
the striatal regions have been implicated in OCD pathol-
ogy. Thus, the underlying neuroanatomy of OCD may
produce a general deficit in gating sensorimotor stimuli.

Swerdlow et al. (1993) reported that OCD patients did
in fact show a deficit in sensorimotor gating, as mea-
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sured by a reduction in PPI, but they were careful to note
that the relationship between their results and the inabil-
ity of OCD patients to inhibit obsessional thoughts is un-
clear. That is, whether a general deficit in sensorimotor
gating produces, or simply accompanies, the inability to
suppress the particular obsessions experienced by OCD
patients remains uncertain. Their findings nevertheless
appear relevant to the cognitive and behavioral phenom-
enology of OCD.

Swerdlow et al.’s (1993) findings reflect, perhaps, an
early attentional disturbance in OCD patients. Nelson,
Early, and Haller (1993) conducted a more direct exam-
ination of the attentional processes of OCD patients using
a Posnerian attention task (Posner, Nissen, & Ogden,
1978). In this task, a central fixation cross is flanked by
two target locations. Subjects are required to respond to
atarget in either location as quickly as possible. On each
trial, target presentation is preceded by a location cue
that is valid, invalid, or noninformative (neutral). Typi-
cally, responses are faster in the valid cue condition than
in the neutral condition. Similarly, responses are faster in
the neutral condition than in the invalid condition.

Although the performance of OCD patients was in
most respect equivalent to that of control subjects, there
was a marked difference in their inhibition of return. /n-
hibition of return refers to the finding that valid precu-
ing normally produces benefits in reaction time, long in-
tervals between valid cue and target presentation actually
produce a cost. This inhibition of return is a common
finding in the Posnerian attentional task, and it reflects,
perhaps, an inherent preference for novelty. In Nelson
et al.’s (1993) study, unlike control subjects who exhib-
ited normal inhibition of return, OCD patients showed a
decreased inhibition of return for targets presented in the
left visual field, and no inhibition of return for targets
presented in the right visual field.

Nelson et al. (1993) interpret their results as a disrup-
tion of the “novelty bias” in OCD patients, which could
reflect a general impairment in the ability to suppress at-
tended stimuli, such as obsessional thoughts. They con-
clude that this deficit may reflect a “breakdown of the
gating mechanism allowing normally ignored, exoge-
nous stimuli to occupy endogenous resources” (p. 194).
Clearly, this finding suggests a possible mechanism by
which obsessional thoughts fail to be suppressed in OCD
patients, but again, any such mechanism is strictly spec-
ulative. Furthermore, this account does not address the
specificity of obsessional thoughts—-a qualification which
will resurface repeatedly in this examination. That is, a
general impairment in the ability to suppress “normally
ignored, exogenous stimuli” does not explain the marked
specificity of obsessional thoughts, both within (i.e., pa-
tients normally experience only one thought obsession-
ally) and across (i.e., the range of obsessional thoughts
is remarkably narrow) patients.

The examination of sensorimotor and basic attentional
mechanisms in OCD patients has been helpful in con-
firming the involvement of certain brain regions but has
contributed relatively little to our knowledge of the na-
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ture of OCD symptoms. Analysis of higher cognitive func-
tions may prove more helpful in establishing such a link.
Nevertheless, any indication of higher level cognitive dys-
function must be interpreted with respect to hyperacti-
vation of attentional mechanisms.

Traditional Neuropsychological Testing

Two results appear consistently across studies of higher
level cognitive functions in OCD patients—namely, im-
pairments in visuospatial and cognitive set-shifting abil-
ities. The relationship between these findings and possible
deficits in more basic attentional mechanisms remains
unclear. It should be noted that for many of the measures
discussed below, both positive and negative results have
been reported (e.g., OCD patient performance on the Wis-
consin Card Sorting Task [WCST] has been reported as
impaired [Head, Bolton, & Hymas, 1989] and as within
normal ranges [Abbruzzese, Bellodi, Ferri, & Scarone,
1995], depending on the study). Similar disagreement
about laterality of impairment also exists (e.g., primar-
ily left hemisphere [Flor-Henry, Yeudall, Koles, & Ho-
warth, 1979] involvement in some reports, and primarily
right hemisphere [Insel et al., 1983] involvement in oth-
ers). Nevertheless, several common themes have emerged.

Flor-Henry et al. (1979) offered perhaps the first ex-
tensive examination of neuropsychological test perfor-
mance in OCD. The research was motivated largely by
the lack of clear documentation of cognitive deficits in
OCD patients. The authors compared the performance
of OCD patients with age- and education-matched con-
trols, on tests of spatial abilities, frontal lobe function-
ing, verbal fluency, and a range of similar tasks. Although
they found no significant difference on tasks such as Ver-
bal Fluency and the Vocabulary and Block Design sub-
tests of the WAIS, they did note differences on others
tasks such as Raven’s Coloured Progressive Matrices,
tactual performance tasks, the Purdue Pegboard task, and
the Digit Span and Digit Symbol subtests of the WAIS.
The authors argued that this pattern of difficulties most
likely reflected frontal dysfunction, primarily in the left
hemisphere.

Several of Flor-Henry et al.’s (1979) initial findings
were not consistently replicated. Insel et al. (1983), for
instance, attempted to replicate the results with a group
of 18 OCD patients. Results from only 1 of 11 neuro-
psychological tests (a nonvisual spatial organization test)
were replicated, although it must be noted that Insel et al.
used normative data, not control subjects, in their repli-
cation study. The authors argued that their findings were
more accurately represented as a deficit in spatial per-
ception, and therefore more consistent with right, rather
than left, hemisphere damage.

Behar et al. (1984) conducted a similar study and found
that OCD patients were impaired on several visuospatial
tasks, including the Stylus Maze task, the Money Road
Map Test (MRMT), and the Rey-Osterrieth complex fig-
ure task. The authors suggested a visuospatial deficit and

right-hemisphere asymmetry but also highlighted the
role of the frontal cortex.

In an attempt to address the discrepancies between pre-
vious findings, Head et al. (1989) administered several
tests aimed at assessing the visuospatial and set-shifting
abilities of 15 OCD patients. The authors used the Mod-
ified Wisconsin Card Sorting Task (MWCST) to assess
set-shifting ability, the Block Design subtest of the WAIS
(WAIS-BD) to assess spatial abilities, and the MRMT to
assess both set-shifting and visuospatial abilities within
the same task. Reliable differences on the MWCST, the
WAIS-BD, and the MRMT were found, leading the au-
thors to propose that OCD patients had difficulties in
nonverbal tasks that required set-shifting. Results of more
general tests of set-shifting and visuospatial skills were
equivocal, leading the authors to withhold any conclusions
about more general impairments in either domain.

The results of early efforts to capture the neuropsy-
chological profile of OCD patients were inconsistent in
many cases. Researchers in more recent studies have at-
tempted to address these inconsistencies and in some
cases have provided plausible explanations for previous
discrepancies. For example, Martinot et al. (1990) noted
inconsistencies with respect to laterality of impairment
and frontal lobe functioning in OCD patients. They argued
that these discrepancies could be due to poor experimen-
tal control of several factors: (1) the use of depressed ver-
sus nondepressed OCD patients, (2) medicated versus
medication-free patients, and (3) control subjects versus
normative data. They therefore compared the perfor-
mance of nondepressed OCD patients (using medicated
and medication-free subgroups) with age-matched con-
trol subjects on a variety of neuropsychological tests.

Five general areas of cognitive function—namely, lan-
guage, mental control, global memory, attention, and
praxis—were tested (Martinot et al., 1990). Language abil-
ities, assessed by tests of verbal fluency, appeared normal
as did performance on several tests of attentional abili-
ties, including the Trail Making and Graphic Alternating
Sequence tasks. The authors did, however, find impair-
ment in the Stroop task as well as several memory tasks,
including the Rey Figure and Rey Verbal Learning tasks.
The authors concluded that with experimental control of
the considerations mentioned above, OCD patients showed
a selective attentional deficit.

Boone, Ananth, Philpott, Kaur, and Djenderedjian
(1991) conducted a similar study addressing the follow-
ing cognitive areas: visual spatial skills, memory and at-
tention, frontal lobe functioning, and intelligence. They
found no significant differences between 20 nondepressed
OCD patients and control subjects on tests of intelligence,
attention, verbal memory, or frontal lobe tasks. Interest-
ingly, the frontal lobe tasks included the WCST. They did,
however, note significant deficits on several nonverbal
visual memory tasks, such as the Hooper Visual Organi-
zation and Rey—Osterrieth Complex Figure tasks. The
authors concluded that these impairments were consis-



tent with basal ganglia dysfunction, and possibly right
hemisphere laterality.

The apparent disagreement concerning frontal lobe
functioning led Hoehn-Saric, Harris, et al. (1991) to exam-
ine the possibly causal role of pharmacological treatment
in the development of frontal syndrome symptoms in
OCD. They, like Martinot et al. (1990), were concerned
with poor experimental control in previous reports, spe-
cifically in the use of medicated patients. The authors
hypothesized that fluoxetine, a commonly prescribed drug
in the treatment of OCD, produced symptoms that were
characteristic of frontal lobe syndrome. Thus, deficient
performance by OCD patients in frontally mediated neuro-
psychological tests may have resulted from the treatment
of these patients, rather than from the disorder itself.

Hoen-Saric, Harris, et al. (1991) administered a series
of neuropsychological tests to an OCD patient before
and after treatment with fluoxetine. The subject scored in
the normal range on all tests prior to medication, includ-
ing Verbal and Design Fluency, Complex Figure Copy
and Recall, Verbal Learning, Stroop, and Trail Making
tasks. Performance on tests of sustained attention and in-
hibition of prepotent responses (the Stroop and Trail
Making tasks) were unaffected during treatment. Perfor-
mance on tasks that involved the generation of novel re-
sponses, set-shifting, and memory were all impaired dur-
ing the administration of fluoxetine. The authors argued
that symptoms of frontal lobe syndrome were not intrin-
sic to the disorder, but rather were the result of pharma-
cological intervention. The authors argue in conclusion
that this result is capable of explaining several inconsis-
tencies in previous research.

Another group (Christensen, Kim, Dysken, & Hoover,
1992) examined the neuropsychological functions of 18
OCD patients specifically in the areas of verbal abilities,
visual spatial abilities, recent verbal memory, recent non-
verbal memory, and executive function. The authors found
deficits in tests of recent nonverbal memory, as well as
visuospatial reasoning. They did not, however, find def-
icits in tasks involving executive functions, verbal abili-
ties, or recent verbal memory. Although they are careful
to note that speeded performance had a profound impact
on a variety of tasks, the most obvious deficiency was
within the domain of recent nonverbal memory. They
argue further that this pattern of impairment is consistent
with damage to mesial temporal areas of the right hemi-
sphere, possibly in the limbic and paralimbic regions.

In many of the studies presented above, the perfor-
mance of OCD patients was assessed on a wide variety
of neuropsychological tasks without a specific model of
etiology. In more recent examinations, driven by specific
theories of OCD etiology, researchers have attempted to
ask more focused questions about performance on spe-
cific tasks. These attempts have also focused more di-
rectly on the relationship between symptom expression
and neuropsychological test performance, with the for-
mer often generating predictions for the latter. Two ex-
amples are presented below.
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Brown, Kosslyn, Breiter, Baer, and Jenike (1994) ex-
amined the performance of OCD patients on several tasks
under the assumptions of signal detection theory. They
tested a group of OCD patients on a task that required
discrimination of real and imagined words, with the hy-
pothesis that OCD patients are less capable of discrimi-
nating between real and imagined events. That is, they
hypothesized that OCD patients are more greatly im-
paired in discriminating between actually performing an
action as opposed to only imaging it, and that this in-
ability underlies OCD symptom expression. Contrary to
their predictions, however, OCD patients showed greater
ability to discriminate between real and imaged events
in a signal detection task, as measured both by subjects’
sensitivity to stimuli (¢’ ) and by criteria for decision ().

Abbruzzese et al. (1995) conducted a more recent in-
vestigation of cognitive neuropsychological test perfor-
mance in OCD patients. The authors hypothesized that if
orbitofrontal cortex (OFC), as opposed to dorsolateral
prefrontal cortex (DLPFC) was implicated in OCD, pa-
tients should show deficits on OFC-dependent tasks
(such as the object alternation tasks, or OAT), but not on
DLPFC-dependent tasks (such as the WCST). Consistent
with their hypothesis, Abbruzzese et al. found that 25
OCD patients were impaired on the OAT but not the
WCST. As a control, they also found that 25 schizophrenic
patients, who are presumed to have only DLPFC dam-
age, were impaired on the WCST but not the OAT.

Taken together, neuropsychological testing has sug-
gested several problems in OCD: hyperactivation of at-
tentional systems, difficulties with cognitive set-shifting,
and visuospatial deficits. In contrast, general intelligence,
verbal skills, and executive functions (with the exception
of set-shifting) all remain preserved in OCD.

MODELS OF OCD

Modeis of OCD expression have focused on a number
of issues, including the production and execution of goal-
directed motor programs, malfunction of behavioral in-
hibition systems, and the release of species-specific adap-
tive behaviors. Although many of these models account
for the general characteristics of OCD, they often lack the
requisite specificity to explain the very constrained na-
ture of OCD symptomology.

Pitman (1987) draws on cybernetic research to develop
the notion of a malfunctioning homeostatic system in
OCD, using the analogy of a thermostat. Accordingly, per-
ceptual systems are compared with internal reference
signals, and an error signal denotes deviation of the for-
mer from the latter. The system, experiencing this error
signal, recruits the behavioral output system in an at-
tempt to reduce the discrepancy between the actual and
desired states.

OCD is thought to result from persistent, high error
signals in this model (Pitman, 1987). These error signals
arise from several possible malfunctions: Internal con-
flict between two control systems, intrinsic comparator
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malfunction, and attentional disturbances could each
produce unwarranted error signals. According to the the-
ory, these signals are manifested as obsessional thoughts
which drive the behavioral output system into effecting
compulsive behaviors. Despite the compulsive behav-
iors, however, the high error signal is never sufficiently
reduced.

Pitman (1987) notes that the basal ganglia have been
implicated in the production of behavioral (motor) out-
put, and that the limbic system can be viewed as an “in-
ternal comparator” within the goal-directed behavioral
system, thereby providing a neuroanatomical basis to his
theory. He does not, however, provide an explicit role for
the orbitofrontal cortex, nor does he address the speci-
ficity with which obsessive thoughts appear.

Another model of OCD symptom expression is pre-
sented by Baxter et al. (1990), who argue for the role of
the striatum in the production of obsessive symptoms.
The claim is that “striatal dysfunction may lead to ad-
ventitious thoughts and sensations and actions that are
normally suppressed with little conscious effort by site-
specific regions of the striatum” (p. 24). Hyperactivity
within the orbitofrontal regions, it is argued, reflects the
recruitment of cortical mechanisms in an (unsuccessful)
attempt to inhibit these thoughts. The authors highlight
the similarity between OCD patients, who are unable to
prevent intrusion of obsessional thoughts, and Hunting-
ton’s patients, who are unable to prevent intrusion of un-
wanted motor programs. This similarity may reflect an
overlap in basal ganglia dysfunction in both groups.

Although concerned with the same neuroanatomical
circuits as Baxter et al. (1990), Rapoport (1991) offers a
very different model of OCD symptomology. On the basis
of animal research addressing the effects of caudate nu-
cleus lesions, Rapoport argues that compulsive behav-
iors are experienced before obsessional thoughts in OCD,
and that the latter are undertaken as justifications for the
inappropriate nature of the former. The theory assumes
that damage to the caudate nucleus releases an excess of
certain species-specific, fixed-action patterns that have
evolutionary significance. An example is grooming be-
havior, which in many lower species (as well as our own)
is crucial to survival. Such “species-typical self-protective
behaviors” (p. 7) are normally regulated by the circuits
connecting regions of the cortex, thalamus, and basal
ganglia. Dysfunction within this system (particularly in
the caudate nucleus) causes excessive release of such be-
haviors, which are characterized as compulsive behav-
iors. According to the theory, obsessional thoughts arise
as a justification for the inappropriate behaviors in which
the OCD patient engages.

Rapoport (1991) offers several examples of analogous
behavioral phenomena in lower animals. For example,
acral lick dermatitis (in dogs) and excessive preening (in
birds) are examples of excessive and ritualistic behav-
iors performed in a manner similar to the rituals of OCD
patients. Interestingly, Rapoport demonstrates the effec-
tiveness of pharmacological agents, specifically SSRIs,

in the treatment of such behavioral problems in lower an-
imals, suggesting some consistency across species.

While Rapoport (1991) more directly addresses the
specificity and family resemblance of obsessional thoughts
and compulsive behaviors, the theory lacks evidence for
the described temporal relationship in humans. Further-
more, it cannot account for OCD cases in which the com-
pulsive behaviors are not externally observable, evolution-
arily adaptive behaviors, such as prayer, counting, and
checking in some cases (e.g., a patient who obsesses about
hitting a pedestrian while driving, and who retraces his
route while driving to check for such occurrences).

Researchers are beginning to consider the importance
of information processing and cognitive dysfunction in
the origin of OCD. Stein and Hollander (1992, 1994), for
example, have argued for the importance of adopting a
cognitive science approach to OCD, combining results
from a variety of disciplines in explaining how the cog-
nitive as well as the behavioral symptoms of OCD arise.
They argue that connectionist simulations of OCD may
provide crucial insights into the role of information pro-
cessing in the emergence of OCD. They also note the
success of connectionist modeling in other areas of psy-
chopathology research (e.g., Cohen & Servan-Schreiber’s
[1992] connectionist model relating the biological and
cognitive deficits in schizophrenia) and appeal for simi-
lar models in OCD research.

DISCUSSION

Researchers have made tremendous progress in un-
derstanding OCD over the past decade, particularly with
respect to the neuroanatomy and neurophysiology of the
disorder. Nevertheless, a major stumbling block is the in-
ability to consistently replicate findings, in both the neu-
roimaging and the neuropsychological testing literature.

The failure to consistently replicate findings in OCD
research may result from a number of methodological dif-
ferences between studies, including differences in the
criteria for excluding medicated or depressed OCD pa-
tients. Differential results may also reflect differences in
the underlying neuropathology of OCD subgroups. Spec-
ifically, it is possible that distinct OCD patient subgroups
manifest different impairments within the circuit con-
necting the orbitofrontal cortex, the basal ganglia, and thal-
amus. Although aberrant brain activity during OCD epi-
sodes likely occurs throughout this circuit, the sources
of the dysfunction might be different for different patients.
These differences would show up most clearly in struc-
tural neuroimaging or baseline functional neuroimaging
studies, when the circuit is not actively engaged.

In recent theories, researchers have attempted to di-
vide OCD patients into obsessive and compulsive sub-
groups (Baer, 1994; Hantouche & Lancrenon, 1996). On
the basis of symptomology and OCD inventory scores,
these studies have tended to place patients into one of
three groups: purely obsessional (i.e., patients with ex-
cessive sexual, religious, or violent imagery), purely com-



pulsive (i.e., patients with counting or checking rituals as
well as patients with symmetry or order obsessions), and
mixed (i.e., patients with contamination fears or exces-
sive washing or grooming). It is possible that these sub-
groups exhibit different neuropathologies within the or-
bitofrontal-basal-thalamic-cortical circuit, and that these
differences underlie some of the inconsistencies within
the OCD literature.

Lesion studies have demonstrated that damage to the
orbitofrontal cortex produces disinhibition, inappropri-
ate behavior, or emotional displays; inappropriate re-
sponses to environmental cues; and utilization behavior
{Cummings, Gosenfeld, Houlihan, & McCaffrey, 1983;
Kolb, 1977; Lhermitte, Pillon, & Serdaru, 1986; Logue,
Durward, Pratt, Piercy, & Nixon, 1968; Rolls, 1985).
OCD patients with purely obsessional or purely compul-
sive symptoms display such characteristics. The inabil-
ity to inhibit thought patterns, particularly deviant or in-
appropriate ones, is characteristic of many of these
patients. In addition, checking, counting, and hoarding
rituals can all be seen as a type of utilization behavior or
as an inappropriate response to environmental cues. These
two OCD patient subgroups therefore share much in com-
mon with “orbitofrontal” patients.

Neurological studies have demonstrated the link be-
tween damage to the basal ganglia and compulsive behav-
iors in a number of excessive motor disorders, including
Sydenham’s chorea (Swedo, Rapoport, et al., 1989), Hun-
tington’s disease (Cummings & Cunningham, 1992), and
Tourette’s syndrome (Insel, 1992). Rapoport has simi-
larly reported that the basal ganglia may be involved in
disorders of species-specific grooming or washing behav-
iors such as excessive hair pulling (trichotillomania) and
excessive nail biting in humans, and acral dermatitis or
excessive preening in animals (Rapoport, 1991). OCD pa-
tients with fears of contamination or washing and groom-
ing compulsions (i.e., the “mixed” variety) can similarly
be characterized as having dysfunctional grooming or
washing behaviors and therefore share much in common
with these “basal ganglia” patients.

Although OCD episodes most likely result from aber-
rant activity within the entire frontal-basal-thalamic loop,
the origin of abnormal activity may be different in dif-
ferent cases. OCD symptoms may be triggered by dysfunc-
tional orbitofrontal activity in some cases and by dys-
functional basal ganglia activity in others. Thus, brain
imaging or neuropsychological testing may find differ-
ent patterns, depending on the source of dysfunction. If
the patient group draws more heavily from one group
than from another, we might expect to find differences in
the observed neuropathology. That is, resting-state meta-
bolic studies and structural neuroimaging studies may
find a greater incidence of orbital frontal deficits in OCD
patients who experience purely obsessional or purely com-
pulsive symptoms and a greater incidence of basal gan-
glia dysfunction in OCD patients with mixed sympto-
mology (i.e., those with contamination fears or washing
and grooming rituals). Unfortunately, relatively few neuro-
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imaging studies report the specific symptoms experi-
enced by subjects (with the notable exception of symp-
tom provocation studies).

Potential differences in the underlying neuropathology
among OCD subtypes is one of a number of potential
confounds in current OCD research. The effects of med-
ication, the inclusion of depressed OCD patients, gender
differences, and differences between childhood- and adult-
onset OCD also must be considered in interpreting the
results of previous investigations. Until these factors are
systematically explored in an empirical manner, any the-
ory of OCD neuropathology and symptom expression
will be premature.

Our review of the neuroanatomy and neuropsychology
of OCD suggests several directions for further research.
One priority is a more systematic exploration of several
patient selection criteria, including the use of medication,
the exclusion of depressed OCD patients, the age of dis-
ease onset, the patient’s gender, and the symptoms expe-
rienced by each subject. Greater uniformity in selection
criteria across study will no doubt improve the replica-
bility of previous results. Specifically, attention to these
details will confirm the precise role of the orbitofrontal
cortex, the basal ganglia, and the thalamus in OCD
expression.

Another important issue in OCD research is that of
understanding the role of set-shifting impairments and
hyperattention in the emergence of OCD. That is, are the
cognitive impairments causally related to OCD, or vice
versa, or do both emerge simultaneously? It seems likely
that the two reflect a common underlying mechanism,
but this mechanism has not been studied experimentally.
Furthermore, serious attempts to relate visuospatial def-
icits to OCD phenomenology are needed. Visuospatial
deficits have been considered only in light of what they
may tell us about possible underlying neurcanatomy. A
more complete analysis, however, with examination of
the relationship between this deficit and OCD sympto-
mology seems imperative.

One of the most difficult features of OCD, and one for
which little has been said, is the rather restricted nature
of obsessional thoughts. Although it is possible to con-
ceive of obsessions taking many forms, remarkably few
types have been reported. An adequate theory must ac-
count for this restricted class of potential obsessions and
characterize the family resemblance they share. Few the-
ories have attempted to describe these characteristics, but
cognitive neuroscience may uncover valuable clues about
the nature and basis of obsessional thoughts in particu-
lar, and OCD in general.

CONCLUSIONS

The question still remains: By what brain mechanisms
do the particular symptoms experienced by the OCD pa-
tient arise? Although research on OCD has flourished at
many levels, a successful integration of this information
is still lacking. Before any such integration can be fruit-
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ful, however, several aspects of OCD research method-
ology need to be addressed systematically. In this review,
it is suggested that medication, depression, gender, dis-
ease onset, and symptom subtype may all conspire to
produce differential results, particularly in the neuro-
imaging literature. Systematic exploration of these fac-
tors will reveal the true neurobiological factors relevant
to OCD expression, and only then will an adequate the-
ory of OCD emerge.

Greater concentration on the cognitive aspects of OCD,
and specifically on the information-processing charac-
teristics, is also necessary. Although many of the currently
popular models take aim at the production of compulsive
behaviors, a more focused examination of the nature and
inception of obsessional thoughts is equally important. It
seems imperative, therefore, that greater emphasis be
placed on understanding the nature of obsessional thoughts
and on their emergence within the framework of general
cognition.

Substantial evidence has been gathered concerning
the biological and cognitive foundations of OCD, but our
task is far from complete. Functional neuroimaging has
implicated the orbitofrontal cortex, basal ganglia, and
thalamus in the expression of OCD. Neuropsychological
studies have highlighted impairments in cognitive set-
shifting, hyperactivation of attentional systems, and
visuospatial deficits. These findings offer guidance for
constructing a cognitive neuroscience of OCD, but fur-
ther work will be necessary before any such theory is
possible.

Our knowledge of the nature of OCD is growing rap-
idly. Neurobiological studies of OCD, although rela-
tively recent, have made great strides. To be sure, only
through further such empirical investigation will an ad-
equate account of OCD emerge. It can be concluded, how-
ever, that a greater emphasis on methodological consis-
tency and an integration of results from neuroimaging
and neuropsychological testing will be critical before
any such account can be possible.
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