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eral studies have targeted brain regions hypothesised to be 
involved in the pathogenesis of OCD, showing the existence 
of dysfunctional connectivity in the corticostriatothalamo-
cortical circuitry. Improvements in spatial resolution of neu-
roimaging techniques may contribute to a better under-
standing of the neurocircuitry of OCD and other anxiety dis-
orders.  Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 Obsessive-Compulsive Disorder: Diagnostic Criteria 
and Epidemiology 
 Obsessive-compulsive disorder (OCD) is a common 

psychiatric disorder affecting more than 1% of the popu-
lation worldwide  [1] . It is included in the group of anxiety 
disorders in the DSM-IV  [2] , but there is considerable
debate whether this should continue in the DSM-5  [3–
7] . The hallmark symptoms of OCD include intrusive 
thoughts (obsessions) as well as ritualistic behaviour 
(compulsions). The lifetime prevalence of OCD is 2–3% 
in the general population  [8] , with no difference in gender 
distribution; however, juvenile-onset OCD tends more 
often to be familial and to have a higher prevalence in 
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 Abstract 

  Background and Aim:  Obsessive-compulsive disorder 
(OCD) is a severe, highly prevalent and chronically disabling 
psychiatric disorder that usually emerges during childhood 
or adolescence. This paper aims to review the literature on 
functional neuroimaging in OCD, analysing the reported 
dysfunctional connectivity in the corticostriatothalamocor-
tical circuitry.  Method:  This study included papers published 
in peer-reviewed journals dealing with functional imaging in 
OCD.  Results:  Striatal dysfunction, mainly of the caudate nu-
cleus, leads to inefficient thalamic gating, resulting in hyper-
activity within the orbitofrontal cortex (intrusive thoughts) 
and the anterior cingulate cortex (non-specific anxiety). 
Compulsions consist of ritualistic behaviours performed to 
recruit the inefficient striatum and neutralise unwanted 
thoughts and anxiety. Functional neuroimaging findings are 
discussed against the background of specific cognitive im-
pairments, mainly regarding visuospatial processing, execu-
tive functioning and motor speed. Cognitive deficits are par-
tial and specific, matching imaging data.  Conclusions:  Sev-
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boys  [9, 10] . Its clinical presentation in children and 
adults is generally similar  [2] , but comorbidities differ 
 [10] . Its usual onset is in late adolescence or early adult-
hood, although it may occur from childhood to advanced 
age  [11] . Onset is usually gradual. The course follows a 
chronic but fluctuating pattern, often related to stressful 
life events  [12, 13] . Epidemiological surveys suggest that 
50% or more people with OCD have at least one comor-
bid psychiatric disorder, most commonly an anxiety dis-
order or unipolar depression. Alcohol abuse/dependence 
is higher in OCD than in the general population  [14] .

  Functional Neuroimaging Techniques Used to Study 
OCD 
 Functional imaging studies are most useful to clarify 

the neural substrate underlying the pathophysiology of 
OCD. Positron emission tomography (PET), single pho-
ton emission computed tomography (SPECT), proton 
magnetic resonance spectroscopy ( 1 H-MRS) and func-
tional magnetic resonance imaging (fMRI) are the most 
frequently used techniques for this purpose.

  In the late 1980s, various groups  [15–17]  carried out 
PET studies and showed differences between OCD pa-
tients and healthy volunteers ( table 1 ). SPECT has been 
first used in OCD by Machlin et al.  [18] . They found al-
terations in the medial frontal cortex (MFC). This tech-
nique uses conventional nuclear medicine planar imag-
ing and a gamma camera to provide three-dimensional 
rendering ( table  2 ). fMRI first used the paramagnetic 
contrast agent gadolinium  [19] , and subsequently non-
contrast-based techniques  [20–22] . Since then, fMRI has 
been increasingly employed in psychiatric research and 
neuroscience. To evaluate brain functions after exposure 
to stimuli, fMRI is often combined with one or more 
tasks (i.e. verbal word fluency test, spatial item-recogni-
tion tasks, go/no go task, Stroop task, etc.). The use of 
cognitive or behavioural paradigms as circuitry-specific 
probes highlights the advantages of fMRI in pursuing 
this goal.

  Studies comparing baseline scans with scans after ef-
fective treatment suggest that alterations are OCD state 
dependent as improvement in symptoms is associated 
with reestablishing a normal activation pattern  [23–25] . 
Imaging studies of brain response to symptom provoca-
tion suggested direct frontal-subcortical circuit involve-
ment in obsessions and compulsions  [26–30] . However, 
these functional alterations could represent only part of 
a more widespread, latent, prefrontal dysfunction requir-
ing different behavioural challenges to be detected  [31, 
32] . Our aim has been to review functional neuroimaging 

studies of OCD, and to analyse the dysfunctional con-
nectivity reported for the corticostriatothalamocortical 
circuitry ( table 3 ).

  Method 

 We searched the Medline and PsycINFO databases combining 
‘obsessive-compulsive disorder’ with other keywords like ‘posi-
tron emission tomography’, ‘functional magnetic resonance im-
aging’, ‘single photon emission computerized tomography’ and 
‘magnetic resonance spectroscopy’. Papers were included if they 
satisfied standards for adequate methodology, diagnostics (DSM 
or ICD) and population inclusion (patients with OCD and at least 
healthy controls). Papers published in peer-reviewed journals 
dealing with functional imaging in OCD were included. Papers 
were excluded: if they did not clarify a method for diagnosing 
OCD, or if OCD was not the principal diagnosis; if severe psychi-
atric comorbidity was present that could have influenced OCD 
findings; if the imaging methods were unspecified or inadequate-
ly described, and if they were reviews or meta-analyses (but their 
reference lists were searched anyway). Further papers that did not 
appear in the above databases were searched from reference lists 
of papers retrieved.

  Data Analysis 
 Our search yielded a total of 714 papers in the National Library 

Database/PubMed and 187 papers in PsycLIT as of June 1, 2010; 
the latter overlapped with the former by more than 95%. A large 
number of papers were irrelevant and emerged from the search 
due to its overinclusiveness. By restricting the search for key-
words to the title of papers, the yield in PubMed was limited to 82 
relevant papers, which we considered too restrictive. We therefore 
decided to scan all papers found, and eventually kept for analysis 
and discussion 143 of them that were actually neuroimaging stud-
ies, 125 of which were fMRI studies, 6 were PET, 7 were SPECT 
and 5 were MRS studies. Most irrelevant studies were excluded by 
simply focusing on their title and abstract; 53 were not immedi-
ately excluded from our analysis and our above criteria were ap-
plied to exclude them. Thirty-five did not focus on OCD (i.e. the 
focus lay on other diagnoses and obsessive-compulsive symptoms 
or OCD were only comorbid), 13 included patients with severe 
comorbidity, 4 did not use an adequate classification of symp-
toms, and 1 was excluded for multiple reasons.

  The 143 included studies reported data on 755 patients with 
OCD. Original articles assessed several neuroimaging techniques 
(MRS: 3.5%; fMRI: 87.42%; SPECT: 4.89%; PET: 4.19%). Most 
studies (81.6%) compared OCD patients with healthy or other 
controls; some focused on intragroup comparisons (28.6%), oth-
ers compared OCD with other disorders (10.2%). In OCD pa-
tients, these studies showed alterations: in the cingulate cortex 
(32.6%); in the ventrolateral prefrontal (10.2%), dorsolateral pre-
frontal (32.6%) and orbitofrontal (51%) cortices; in other pre-
frontal areas (10.2%); in the insular (10.2%), frontal, parietal and 
temporal (63.3%) cortices; in the thalamus (20.4%); in the cerebel-
lum (8.2%); in the striatum (40.8%) including the caudate nuclei 
(18.4%) and the putamen (4%); in the amygdala (8.2%); in the hip-
pocampal/parahippocampal region (6.1%), and in other brain re-
gions (8.2%).
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  When suspecting population overlap, for example in patients 
and controls whose details appeared in more than one study by 
the same research group, we kept the results of the most recent 
study and with the higher sample size, provided that the same 
methodology was used. In case the older or smaller-sized studies 
contained more data than the more recent ones, we kept the older 
papers.

  Results 

 Cingulate Cortex Dysfunction 
 Structural MRI had shown the involvement of the cin-

gulate cortex in OCD in the context of a more general 
corticolimbic-striatal circuitry alteration  [33] . Functional 
studies were in the same direction; MRS showed the ex-
istence of neuronal loss or impairment in the anterior 
cingulate cortex  [34] . A SPECT study found increased 
cingulate perfusion ratios relative to the whole brain  [18] , 
whereas PET studies found cingulate hypermetabolism 
in patients with OCD  [17, 35] .

  The hyperactivity of the anterior cingulate cortex that 
has been identified by functional studies has been inter-
preted as a non-specific index of heightened alertness and 
anxiety  [17, 18]  as the anterior cingulate cortex is believed 
to signal to the prefrontal decisional (‘executive’) cortex 
anticipatory mismatching between a desired and an ac-
tual state and calls for implementation of effective strate-
gies. Hyperactivity in the anterior cingulate cortex is 
aimed at preventing errors; the anterior cingulate cortex 
is active during cognitive verification processes that con-
trol that everything is going all right, but in OCD patients 
this activity is not set off when the desired result has been 
achieved. Despite the fact that the performance of OCD 
patients is unimpaired in many cognitive tasks  [36] , an-
terior cingulate hyperactivity ensues in signalling a con-
flict when there is none, thus explaining some symptoms 
like constant doubt and need for repetition although one 
recognises the correctness of one’s own performance. 
Hyperactivation in the anterior cingulate cortex of OCD 
patients relative to healthy controls was found in an fMRI 
study while subjects were tested in a conflict-generating, 
continuous performance test graded for degree of con-
flict, but only under the higher-conflict conditions, and 
this was independent from task-related anxiety  [37] . 
Overall, these findings are consistent with hyperactivity 
and inability to dampen activity after success of the con-
flict-monitoring system in OCD.

  Fitzgerald et al.  [38]  subjected OCD patients and 
healthy controls to fMRI during a flanker interference 
test that was unable to trigger active OCD symptoms and 

found greater hyperactivation of the rostral anterior cin-
gulate cortex during conflict in the patient group, which 
correlated with background OCD symptom severity in 
the patients. It appears that a basic alteration in conflict-
ing stimulus processing in the anterior cingulate cortex 
is present in OCD patients even when their symptoms are 
not manifest.

  The role of the cingulate cortex in OCD has been ex-
plored by Maltby et al.  [39]  using a ‘go/no go’ inhibition 
task. In this task, the subject is required to abstain from 
responding to a certain cue while he/she has to respond 
as fast as possible to another cue that is presented at a 
much higher frequency, thus constituting a sort of habit 
that is learned (a prepotent response). The no go cue is a 
highly conflicting condition. The subject may commit an 
error either by responding to the no go cue (commission 
error) or by not responding to the go cue (correct reject). 
The result was that OCD patients responded with hyper-
activation, relative to controls, of both rostral and caudal 
portions of the anterior cingulate cortex only to no go er-
rors, i.e. when they were required to inhibit a prepotent 
learned action, lending further support to the hypothesis 
of hyperactivity of action-monitoring brain areas in 
OCD. The caudal anterior cingulate cortex is believed to 
be involved in the recognition of the conflicting nature of 
a stimulus, whereas the rostral anterior cingulate portion 
would be linked to the affective response to a conflict. 
Based on these data, Maltby et al.  [39]  concluded that in 
OCD there is a relative inability to inhibit a learned re-
sponse, and an exaggerated response to it, rather than the 
incapacity to complete an initiated action.

  However, using a different inhibition task, the Stroop 
colour word naming test, which involves the inhibition of 
a spontaneous prepotent learned response, both Nakao et 
al.  [40]  and Nabeyama et al.  [41]  found decreased ante-
rior cingulate activation in OCD patients relative to con-
trols during task performance.

  Viard et al.  [42] , using event-related fMRI, compared 
regional brain activity of healthy controls with adoles-
cents and young adults with childhood-onset OCD. They 
investigated conflict task performance, involving the 
presentation of two consecutive and possibly conflicting 
prime and target numbers. The image dataset of the pa-
tients was further analysed according to whether they
resisted or yielded to symptoms during the scans. They 
identified a subregion of the anterior cingulate gyrus 
where OCD patients showed more activation than healthy 
controls. Symptom-resisting and symptom-surrendering 
OCD patients did not differ in activation of the anterior 
cingulate cortex, but rather bilaterally activated the pre-
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cuneus-pulvinar-paracentral lobule circuitry. It appears 
from this study that OCD patients abnormally amplify 
the brain circuitry involved in repetitive visual stimulus 
discrimination, and that these activations may depend on 
a patient’s ability to resist obsessions  [42] .

  Adler et al.  [43]  subjected patients with OCD to pa-
tient-targeted innocuous and OCD symptom-provoking 
stimuli (like supposedly infected material to compulsive 
washers) and found higher activation of the right anterior 
cingulate cortex under the symptom-provoking condi-
tion.

  These fMRI findings match those of several previous 
structural, neuropsychological and functional studies 
suggesting that dysfunctions of the anterior cingulate 
cortex  [17, 29, 44, 45]  play a role in OCD symptomatology. 
However, the direction and extent of activation depends 
upon the function explored and the task employed.

  Dysfunctions of the Prefrontal Cortex: Ventrolateral 
Prefrontal Cortex and Dorsolateral Prefrontal Cortex 
 The functions of the lateral prefrontal cortex (LPFC) 

were studied according to stimulus type (verbal vs. object 
or spatial)  [46, 47]  and process type (maintenance or ma-
nipulation)  [48, 49] . The ventrolateral prefrontal cortex 
(VLPFC), which includes Broca’s area (Brodmann areas, 
BA, 44, 45 and 47), supports processes that convey, sus-
tain and match information during working memory 
tasks. The dorsolateral prefrontal cortex (DLPFC), which 
includes BA 9 and 46, is involved in the processing of spa-
tial and non-spatial information maintained in working 
memory, i.e. monitoring, manipulation and higher-level 
planning. A third executive control process, after main-
tenance in the VLPFC and manipulation in the DLPFC, 
is run by the anterior prefrontal cortex (frontopolar) in-
cluding BA 8 and 10  [50] .

  Models of LPFC interactions with the anterior cingu-
late cortex may suggest that the LPFC serves to reduce 
conflict by filtering responses unrelated to task demands, 
although further research is needed to evaluate the rela-
tionship between the LPFC and the anterior cingulate 
cortex in action monitoring  [39] . An increase in VLPFC 
activity may be a sign of working memory loading (the 
number of items kept available) and of recovery of ab-
stract rules used for problem solving  [51] . Moreover, 
VLPFC activity is selectively increased during arithmetic 
computations, mainly when people attempt to resolve a 
conflict between externally presented answers and inter-
nally computed solutions  [52] . This network may explain 
the increased bilateral activity of the VLPFC associated 
with task load in OCD patients compared with control 

subjects  [39, 53] . In OCD patients, fMRI under the re-
versed-contrast condition (such as task repeat minus task 
switch) showed significant differences in ventromedial 
prefrontal cortex activities compared with healthy sub-
jects  [54] .

  In an fMRI study, van der Wee et al.  [55]  found de-
creased performance only at the highest task level in 
OCD patients compared with controls during perfor-
mance of a spatial N-back task. Functional imaging 
showed similar bilateral DLPFC and parietal cortex ac-
tivities in both groups, from which the authors concluded 
that spatial working memory in OCD was not abnormal.

  On the other hand, several fMRI studies using the N-
back task  [56] , Stroop and N-back tasks  [57]  or an off/on 
exposure paradigm  [43]  showed greater activation of the 
DLPFC in OCD patients than in control subjects. It seems 
that DLPFC activation is greater in recent-onset OCD pa-
tients compared with patients with chronic, stabilised 
disease. In general, OCD patients seem to have some kind 
of disorder of spatial cognition, attention and non-verbal 
memory.

  In OCD patients, Nakao et al.  [56, 57]  found greater 
activation in the right DLPFC, left superior temporal gy-
rus, left insula and cuneus than in control subjects. Fur-
thermore, the patients with cleaning/washing compul-
sions showed greater activation in the right thalamus and 
left postcentral gyrus during the N-back task. According 
to these data, there might be a close relationship between 
checking rituals and memory-related neuropsychological 
dysfunction  [56, 57] .

  For several investigators, different brain networks 
might be involved in checking and washing rituals. 
Symptom severity and symptom subtypes such as obses-
sions/checking might affect neuropsychological function 
and related brain activities.

  Levine et al.  [58]  studied the neurobiological differ-
ences between patients with schizophrenia and high or 
low levels of obsessive-compulsive symptomatology; they 
did not find significant differences in signal activation of 
the left DLPFC. However, they found a subgroup of pa-
tients with schizophrenia in whom MRI activation of the 
left DLPFC during a word fluency challenge task was sig-
nificantly associated with severity of OCD symptomatol-
ogy. In this subgroup, as OCD symptomatology in-
creased, the activation of the DLPFC decreased.

  Dysfunctions of the Orbitofrontal Cortex 
 The network involving orbitofrontal cortex (OFC) and 

striatal structures is important for motivational behav-
iour, and may be involved in the pathophysiology of OCD 
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 [45, 59] . Several functional imaging studies  [26, 28, 29, 43, 
60] , using symptom provocation designs, have reported 
orbitofrontal-striatal functional abnormalities in OCD, 
hypothesised to reflect its role in ritualistic behaviour.

  Selective serotonin reuptake inhibitors and dopamine 
antagonists showed some efficacy in OCD  [30, 61] , and 
intact transmissions of serotonin (5-hydroxytryptamine) 
and dopamine have been associated with normal OFC 
functioning  [62]  and reward processing in the ventral 
striatum  [63] , respectively.

  Reward and punishment perception appears to be ab-
normal in OCD. When experiencing obsessions, patients 
are always conscious that they are committing a kind of 
error. Moreover, they give the impression of feeling insuf-
ficiently relieved by compulsive behaviour that serves a 
rewarding goal  [59] .

  A number of neuropsychological tasks addressing 
particular OFC functions have shown impaired perfor-
mance in patients with OCD compared with healthy con-
trols  [64–67] . Structural neuroimaging studies of OCD 
showed inconsistent OFC abnormalities in OCD patients 
compared with healthy controls. OFC volumes were re-
ported to be increased  [68]  or decreased  [69] . Inconsis-
tency was also confirmed by functional imaging studies 
showing increased  [16, 70]  or decreased  [71]  OFC activi-
ty in OCD patients compared with healthy volunteers. 
Symptom provocation studies showed increased OFC ac-
tivity  [60]  along with both increased  [29, 60]  and de-
creased  [72]  caudate activity.

  fMRI studies showed decreased responsiveness in 
the right medial and lateral OFC during a reversal learn-
ing task  [73] , exaggerated OFC activation during implic-
it sequence learning  [74]  and after provocative stimu-
li  [43] , and asymmetrical patterns of activation in lat-
eral OFC during high-conflict trials  [39] . In the first of 
these studies, the reduction in the number of correct 
 responses relative to healthy controls in OCD patients 
was paralleled by adequate behaviour on receiving pun-
ishment and with regard to affective switching  [73] .
On reward outcome, patients showed decreased respon-
siveness in the right medial and lateral OFC as well as
in the right caudate nucleus (border area of the ventral 
striatum) when compared with controls. During affec-
tive switching, OCD patients recruited the left poste-
rior OFC, bilateral insular cortex, and bilateral dorsolat-
eral and bilateral anterior prefrontal cortex to a lesser 
extent than controls  [73] . The inverse correlation exist-
ing between OCD symptoms and extent of activation
in the left OFC appears to suggest that orbitofrontal 
structures may be active in inhibiting symptom pro-

vocation, which is consistent with previous findings
 [29, 43] .

  During high-conflict trials, fMRI showed in some 
studies that activation patterns in the lateral OFC were 
asymmetrical, favouring the left side during both error 
and correctly rejected, high-conflict trials  [39] . Other 
studies reported that OFC activation was generally bilat-
eral in OCD, but might tend towards increased activation 
on the left side  [75] . It was advanced that the asymmetries 
observed represented excessive tone in contralateral 
OFC-caudate projections  [39] . However, animal studies 
support ipsilateral preponderance of OFC-caudate pro-
jections  [75] .

  Remijnse et al.  [76]  analysed 20 unmedicated OCD-
free patients with major depressive disorder (MDD), 20 
unmedicated MDD-free patients with OCD, and 27 
healthy controls. Patients underwent a self-paced reversal 
learning task according to an event-related design during 
fMRI. OCD patients showed blunted response of the 
OFC-striatal loop during reward, and in the OFC and 
anterior insula during affective switching. This is consis-
tent with differential neural patterns in MDD and OCD 
in frontal-striatal and paralimbic structures in this task. 
These findings are consistent with those of several previ-
ous structural, neuropsychological and functional stud-
ies suggesting that dysfunctions of the OFC  [25, 26, 29, 
44, 45, 64, 77]  play a role in OCD symptomatology.

  Dysfunctions of the Frontal, Parietal and Temporal 
Cortices 
 Decreased baseline cerebral blood flow in the superi-

or frontal cortex  [60, 78]  may be associated, in OCD pa-
tients, with activation after exposure to provocative stim-
uli  [29, 43] . Activation of the right hemisphere, mostly of 
the right inferior frontal gyrus, is physiological during 
response inhibition. In OCD patients this activation is of 
poorer quality both in the inferior and medial frontal 
gyri  [79] . Adaptive and inhibitory control of behaviour is 
critically regulated by the MFC, which includes the dor-
sal anterior cingulate cortex and the supplementary mo-
tor area (SMA), which is just about 25 mm posterior to 
the dorsal anterior cingulate cortex. Its activity might re-
flect the processing of response to conflict, as suggested 
by studies using both flanker-type interference tasks  [80]  
and response inhibition tasks  [81] . Abnormally high 
MFC activity has been a consistent finding in functional 
neuroimaging studies of OCD. However, the precise re-
gions and the neural alterations associated with this ab-
normality remain unclear.
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  Yücel et al.  [82]  conducted a cross-sectional study 
combining volume localised proton MRS and fMRI with 
a task encompassing inhibitory control processes (the 
Multi-Source Interference Task), designed to activate the 
MFC. In this study, compared with controls, OCD pa-
tients had a greater relative activation of the SMA and 
deactivation of the rostral anterior cingulate cortex dur-
ing high- versus low-conflict (incongruent  1  congruent) 
trials. Patients with OCD also showed reduced levels of 
neuronal  N -acetylaspartate in the dorsal anterior cingu-
late region, which correlated inversely with their blood 
oxygen level-dependent activation of the MFC.

  Hyperactivation of the MFC during high/low-conflict 
conditions in patients with OCD may be a compensatory 
reaction to neuronal deficiency in the region. This asso-
ciation may somewhat clarify the nature of inhibitory 
control deficits that are commonly seen in OCD  [82] . 
Fitzgerald et al.  [38]  found conflict-related SMA/pre-
SMA activation in controls, but not in OCD patients. As 
this greater activation in controls was not predicted, the 
finding is difficult to interpret.

  The frontal cortex, especially Broca’s language area 
and the surrounding cortex, is physiologically activated 
during word generation tasks, mostly when those tasks 
are phonologically guided (i.e. when subjects are required 
to generate words beginning with a designated letter) 
 [83–85] . Several studies have confirmed the utility of 
fMRI in studying frontal activation during this type of 
verbal fluency in normal individuals  [85–89] . In OCD 
patients, previous neuropsychological studies reported 
verbal fluency ranging from normal to only mildly al-
tered  [90, 91] .

  People showing activation in frontal and parietal brain 
areas may suffer working memory deficits. Henseler et al. 
 [92]  scanned 11 patients and 11 matched controls while 
they performed three verbal and spatial item-recognition 
tasks. OCD patients exhibited significantly greater task-
related activation in several frontal and parietal brain ar-
eas involved in working memory. Working memory in 
OCD patients may be weakened by interference from re-
gions supporting OCD-related processing. On the other 
hand, working memory disturbances may contribute to 
the expression of the typical behaviours of OCD patients 
 [92] . It is interesting that hyperactivity of the superior 
right parietal lobe also correlates with severity of disor-
der  [93] .

  Some findings may indicate that OCD patients have 
functional differences related to the perception of bio-
logical motion. In OCD patients, alterations in visual as-
sociation areas were found after exposure to provocative 

stimuli  [43] ; abnormal activation was found in temporal 
areas and in the right postcentral gyrus  [94] . Jung et al. 
 [94]  studied 15 patients with OCD and 15 age- and IQ-
matched healthy volunteers. All subjects participated in 
a biological motion task in which they performed a 1-back 
conflict task. Patients with OCD showed increased acti-
vation in the right superior and middle temporal gyri and 
in the left inferior temporal and fusiform gyri, as well as 
reduced activation in the right postcentral gyrus (BA 40), 
compared with healthy controls. They also exhibited in-
creased activation in the ventral visual system including 
the inferior temporal and fusiform gyri.

  Furthermore, during fMRI while performing a plan-
ning task, OCD patients showed increased posterior tem-
poral and parietal cortical activity relative to controls, ex-
plained as compensatory mechanisms  [53] . Exploratory 
analysis of individual fMRI scans employing an ‘off/on’ 
exposure paradigm showed activation within the lateral 
temporal cortex and the left medial temporal aspect of 
the hippocampus and insula in over 50% of subjects  [43] . 
Aberrant hippocampal recruitment during implicit se-
quence learning in OCD patients versus healthy controls 
was reported in an fMRI study using the serial reaction 
time (SRT) task  [74] . The insula is a paralimbic region 
that plays a role in mediating emotional states including 
anxiety and disgust. It is possible that clinical improve-
ment after treatment, accompanied by decreased anxiety, 
leads to decreased activation in this area  [93] .

  Taken together, these findings are consistent with those 
of a number of earlier structural, neuropsychological and 
functional studies suggesting that dysfunction of the tem-
poral cortex  [78, 95] , in particular of the anterior temporal 
cortex  [96, 97]  and of superior regions of the temporal cor-
tex  [26] , is involved in OCD symptomatology.

  Basal Ganglia 
 Dopamine-serotonin interplay is important in both 

the OFC and basal ganglia. Serotonin regulates executive 
functions in the OFC, like inhibition and flexibility, by 
preventing possible interfering salient stimuli from being 
responded to during tasks targeted at other goals  [98] , 
thus allowing dopamine-mediated, rewarded behaviour 
to proceed. Dopaminergic activity in the ventral striatum 
controls reward processing  [63, 73, 99] , whereas striatal 
serotonergic impairments or OFC lesions cause compul-
sive behaviour that is inhibited by increasing intrasynap-
tic serotonin content  [100] . Recent SPECT studies report-
ed abnormal dopamine transporter density and irregular 
D 2  receptor binding in the basal ganglia in OCD  [101, 
102] .
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  Basal ganglion disinhibition due to an altered balance 
between indirect, inhibitory and direct excitatory corti-
costriatothalamocortical circuits has been advanced to 
explain OCD symptoms  [45, 103] . There is evidence that 
the basal ganglia are critical for implicit sequence learn-
ing  [44] . Patients with Huntington’s or Parkinson’s dis-
ease show poor performance in the SRT task  [104] , which 
provides a measure of implicit sequence learning.

  Striatum 
 Some morphometric studies reported enlarged  [69] , 

normal  [105]  or diminished  [106]  striatal volumes in 
OCD patients, whereas functional imaging studies dur-
ing the resting state showed increased  [16, 70]  or de-
creased  [71]  activity in the OFC, and decreased  [107]  or 
increased  [16, 108]  activity in the caudate nucleus. PET 
studies, using an implicit learning task, showed striatal 
dysfunction in OCD  [109, 110] .

  The caudate nucleus projects to the OFC, the anterior 
cingulate cortex and the thalamus. It has been proposed 
to play a central role in the corticolimbic-basal ganglia-
thalamus network; network dysfunction may be associ-
ated with OCD symptoms  [45] . During Stroop test per-
formance, OCD patients showed weaker activation than 
healthy controls both in the anterior cingulate cortex and 
in the right caudate nucleus  [111]  in the absence of neu-
ropsychological impairment. In a subgroup of patients 
with recent-onset OCD, the same group of researchers 
found caudate nucleus hypoactivity to be related to atten-
tion, and right DLPFC hyperactivity to be related to de-
layed visual recall  [56, 57] . Higher caudate nucleus activa-
tion in OCD patients during conflict processing has been 
reported in one study  [38] . Caudate nucleus hyperactivity 
in OCD  [15, 16, 112]  could be related to excitatory projec-
tions from the pre-SMA/SMA region.

  Patients with OCD fail to recruit brain systems that 
are typically responsible for unconscious information 
processing  [44] . This hyperactivation involves the frontal 
and temporal cortices as well as the cingulate cortex, in-
sula, caudate and lenticular nuclei and amygdala  [44] , 
supporting that the neurophysiology of OCD involves 
hyperactivation of a neural feedback circuit that includes 
cortical, paralimbic, limbic and striatal structures  [45, 79, 
113] .

  Adults with OCD show frontostriatothalamocortical 
circuitry hypoactivation during response inhibition. The 
thalamus and related circuitry may play a role in the ex-
pression or intensity of OCD symptoms, whereas right 
frontal subregions may be involved in symptom suppres-
sion  [79] . In an fMRI study, patients with recent OCD 

onset showed weaker activation of the right caudate nu-
cleus than healthy controls during Stroop task perfor-
mance  [57] .

  Both children and adolescent OCD patients, studied 
by fMRI during the performance of simple and complex 
sequences and compared with healthy controls, showed 
significant bilateral hyperactivation in the middle frontal 
gyrus. After 6 months of pharmacological treatment and 
with clear clinical improvement, activation in the left in-
sula and left putamen decreased significantly  [93] . Other 
studies reported a decreased responsiveness of dorsal 
prefrontal-striatal circuits during planning in OCD pa-
tients compared with healthy controls, reflecting basal 
ganglion dysfunction in OCD in implicit learning  [109, 
114] .

  Some investigators reported delayed responding  [115, 
116]  or reduced performance  [53, 117]  in planning tasks, 
whereas others found no differences in planning between 
OCD patients and healthy controls  [118, 119] . Inconsis-
tencies may reflect methodological differences in task 
implementation, such as mental performance versus the 
use of a touch screen, or providing feedback versus no 
feedback  [115, 120] . During planning tasks, fMRI showed 
that OCD patients failed to recruit dorsal prefrontal-stri-
atal regions as compared with controls  [53] .

  Amygdala 
 Among other functions, the amygdala is involved in 

visual recognition of fearful expressions, whereas the fu-
siform gyrus is implicated in recognition of facial iden-
tity. Use of the fearful versus neutral expression contrast 
during fMRI allows studying the physiological function 
of the amygdala. Recent PET findings in normal people 
suggest that the amygdala has a role in emotional mem-
ory  [121] .

  Alternative conceptualisations, however, emphasise 
the role of the amygdala in rapid threat assessment. The 
activation of the amygdala in symptom provocation stud-
ies may reflect a quantitative versus qualitative distinc-
tion related to the magnitude of the threat perceived. It 
seems that paralimbic-limbic activation, particularly 
concerning the amygdala, is much more prominent in 
fMRI studies than in PET investigations of OCD  [44] .

  Cerebellum 
 The cerebellum is crucial for movement coordination 

and motor learning. Recent anatomical and functional 
studies support its involvement in a variety of cognitive 
functions such as attention, verbal learning and memory, 
and cognitive planning  [122–125] .
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  Nonhuman primates possess pontine projections to 
the cerebellum from association areas in the prefrontal 
cortex  [126] , posterior parietal region  [127] , parahippo-
campal region  [128]  and cingulate gyrus  [129] . The exis-
tence of a ‘cerebellar cognitive affective syndrome’ was 
postulated by Schmahmann and Sherman  [130] . This 
syndrome shows deficits of executive function, visual 
spatial ability and memory. Such cognitive impairments 
in patients with cerebellar lesions may be due to altera-
tions to the network linking prefrontal, temporal, poste-
rior parietal and limbic cortices with the cerebellum. Ap-
parently, regions believed to be crucial for interference 
processes are connected anatomically with the cerebel-
lum. Specifically, fMRI activation was found in OCD in 
cerebellar regions during a ‘focused-attention’ task, inde-
pendent of motor activation, and during a Stroop task 
 [131] . Like the Stroop task, this task requires cognitive 
control to ignore irrelevant information. Cerebellar hy-
peractivity  [40, 132]  or hypoactivity  [41]  was found in 
OCD patients compared with a group of healthy controls. 
After symptom improvement, increased cerebellar acti-
vation was found  [41] , even when preceded by hypoactiv-
ity  [111] .

  Few studies have described the relationships between 
obsessive-compulsive symptom improvement, neuropsy-
chological performance and alterations in a wide range
of brain activities involving the cerebellum. Metabolic 
changes in the putamen, cerebellum and hippocampus 
significantly correlated with symptom improvement 
 [133] . Symptom improvement after behaviour therapy 
(BT) seems to be significantly associated with increased 
activation of the cerebellum and parietal lobe, and de-
creased activation of the OFC, middle frontal gyrus and 
temporal regions during fMRI while performing the 
Stroop task. The performance of the task itself improves 
after BT  [41] . Briefly, dysfunctions of the posterior brain 
regions, especially the cerebellum, are involved in the 
pathogenesis of OCD; these functions may recover with 
obsessive-compulsive symptom improvement.

  Discussion 

 Corticostriatal Pathophysiological Model 
 According to a model focusing on the corticostriato-

thalamocortical circuitry  [134] , primary OCD alteration 
lies within the striatum (specifically, the caudate nucle-
us). This leads to inefficient gating at the level of the thal-
amus, which results in hyperactivity within the OFC
(associated with intrusive thoughts) and hyperactivity 

within the anterior cingulate cortex (corresponding to 
non-specific anxiety). Compulsions are viewed as ritual-
istic behaviours that are performed to recruit the ineffi-
cient striatum so as to finally achieve thalamic gating, 
and consequently neutralise unwanted thoughts and 
anxiety.

  PET and SPECT studies in OCD patients compared 
with healthy controls consistently found increased activ-
ity within the orbitofrontal and anterior cingulate corti-
ces  [17, 18, 23, 135] , and showed differences in caudate 
regional activity  [16, 18] . Successful treatment of OCD 
patients with drugs, BT or their combination is associ-
ated with attenuation of abnormal regional brain activity 
within the OFC, anterior cingulate cortex and caudate 
nucleus  [17, 35, 136, 137] . Some evidence suggests that 
lower pretreatment activity in the OFC predicts better re-
sponse to serotonergic reuptake inhibitors  [23, 28, 138, 
139] . Imaging studies showed that regional cerebral blood 
flow and glucose metabolic rates within the posterior
cingulate cortex positively correlate with subsequent
response to treatment with fluvoxamine  [138]  or cingu-
lotomy  [140] , respectively. Symptom provocation studies 
with PET  [29]  or with fMRI  [114]  have also shown in-
creased brain activity within the anterior/lateral OFC 
and anterior cingulate cortex in OCD. Cognitive activa-
tion studies using PET and fMRI that probed the func-
tional integrity of the striatum in OCD found that OCD 
patients failed to sufficiently recruit the striatum, which 
is physiologically activated during completion of the SRT 
task  [110, 114] . Patients with OCD may utilise frontal-
temporal systems as well as explicit information process-
ing strategies to compensate for frontal-striatal dysfunc-
tion and corresponding implicit information processing 
deficits, thereby potentially contributing to the phenom-
enon of intrusive thoughts  [140] . Aberrant hippocampal 
activation has recently been observed in the absence of 
deficient striatal recruitment in OCD  [74] , suggesting the 
possibility that aberrant hippocampal function plays a 
primary role in OCD.

  The heterogeneity of OCD prompts a decomposition 
of the OCD phenotype, so to respect the distinct contri-
butions of various symptom dimensions  [74, 141, 142] . 
Hence, general models of OCD are not likely to apply to 
all cases. Data gathered on the various symptom dimen-
sions or subtypes of OCD call for multifaceted models 
that reflect these various aspects of the disorder. A four-
factor model of OCD symptom dimensions  [143]  repre-
sents a refinement of the model first presented by Baer 
 [144] . The model by Leckman et al.  [143]  has now been 
essentially replicated across an impressive array of subse-
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quent studies  [12, 117, 145] . This model envisages four 
dimensions/subtypes, i.e. obsession and checking, sym-
metry and ordering, cleanliness and washing, and hoard-
ing. Using this four-factor model, investigators have 
found that symptom dimensions are relatively stable over 
time  [146]  and that they are associated with differential 
response rates to treatment  [117, 146] , possibly reflecting 
different genetic underpinnings  [147–149] . Neuroimag-
ing data suggests that distinct profiles of regional brain 
function may be associated with each of the various 
symptom factors  [74, 108, 150] . Corticostriatal network 
dysfunction was also reported in children and adoles-
cents affected by OCD  [151, 152] . Woolley et al.  [153]  
studied a group of adolescents by fMRI during the Stop 
task, an inhibition task similar to a go/no go task, show-
ing in OCD adolescents reduced activation with respect 
to matched controls in brain areas connected via the in-
ferior and orbital frontostriatothalamic pathways. In the 
OCD group, stop failures were associated with reduced 
activation in the mesial and dorsolateral prefrontal cor-
tex, including the anterior cingulate gyrus. During the 
more cognitive inhibition tasks, the OCD group showed 
reduced activation in inferior frontal (Switch task) and 
temporoparietocerebellar regions (motor Stroop and 
Switch tasks). The findings confirm frontostriatal net-
work abnormalities during motor response inhibition, 
but in addition show that tasks requiring more cognitive 

forms of inhibitory control (such as selective and flexible 
attention) were associated with abnormal functioning in 
extrafrontal temporal, parietal and cerebellar brain re-
gions.

  These findings of frontostriatothalamic hypoactiva-
tion during motor inhibition support that a dysregulation 
of orbitofrontostriatal pathways mediating inhibitory 
control functions underlies alterations in OCD  [153] . 
They are also in line with reported structural and bio-
chemical abnormalities in paediatric OCD in the frontal 
lobes, basal ganglia and thalamus  [154, 155] , which have 
been shown to correlate with severity of OCD symptoms 
 [156] . The complexity of the circuitry involved in OCD 
( fig. 1 ) makes heterogeneity possible in that a deficit may 
be present at any point of the pathway and may trigger 
dysfunction in the other areas connected.

  An issue for future research is whether the dorsal pre-
frontal-striatal dysfunction is specific to OCD or extends 
to other neuropsychiatric disorders such as anxiety dis-
orders, basal ganglia disorders, Tourette syndrome and 
MDD. The latter is characterised by impairment of vari-
ous executive functions such as verbal fluency and atten-
tional set shifting  [157] .

  However, in MDD, dorsal prefrontal baseline perfu-
sion is decreased rather than increased  [158] . In addition, 
MDD is not associated with striatal alterations  [159] . 
Whereas depressive symptoms frequently cooccur in 
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OCD, cognitive deficits in OCD are not associated with 
comorbid depression  [115, 116] , suggesting different 
pathophysiological mechanisms in OCD with respect to 
MDD  [53] .

  Cognitive Impairments in OCD 
 Neuropsychological studies  [115, 116, 160]  showed 

cognitive impairments in OCD, mainly regarding visuo-
spatial processing, executive functioning and motor 
speed. Other cognitive domains appear to remain intact, 
demonstrating a specific, rather than a general, cognitive 
deficit.

  Executive functioning implies different subdomains 
of higher-order cognitive functioning. Planning, intend-
ed as the ability to achieve a goal via a series of intermedi-
ate steps, is an essential component of higher-order cog-
nitive processing such as problem solving. By a neuronal 
network model, Dehaene and Changeux  [161]  proposed 
several hierarchical levels coding for specialised subpro-
cesses of planning such as plan generation, working 
memory, and internal evaluation and reward. Some sub-
processes seem to be relatively independent of task load, 
whereas other subprocesses are mainly involved at higher 
levels of planning behaviour.

  A test frequently used to probe planning processes is 
the Tower of London task, adapted from the Tower of
Hanoi task  [162, 163] . This task has been used in several 
studies to investigate planning in healthy controls, using 
PET  [164–167] , SPECT  [168, 169]  and fMRI  [170–174] . 
The results of these imaging studies confirm the involve-
ment of the DLPFC and parietal-occipital regions during 
planning.

  No differences were found in accuracy between OCD 
patients and controls  [118, 119] . However, when OCD pa-
tients provided erroneous responses, they were spending 
more time than controls in generating alternative solu-
tions or in checking the next response  [119] . The results 
of two studies by Purcell et al.  [115, 116]  – who compared 
the neuropsychological profiles of patients with OCD, 
panic disorder and MDD with healthy controls, finding 
specific deficits of executive functions only in OCD pa-
tients, namely spatial working memory, spatial recogni-
tion and motor initiation and execution – highlight the 
importance of task implementation.

  Mataix-Cols et al.  [117]  found impaired performance 
relative to controls also in subclinical obsessive-compul-
sive individuals; performance impairment correlated 
with symptom severity, particularly regarding checking 
behaviour. Although motor speed was decreased, OCD 
patients showed a normal ability to manage and execute 

a sequence of goal-directed moves in a planning task 
when using a touch screen which provided external vali-
dation of ongoing performance. In contrast, when the 
task had to be performed mentally, OCD patients were 
significantly impaired  [53] . It is still not clear whether 
impaired executive functioning is a specific OCD trait or 
whether it is secondary to mood-related or anxiety-relat-
ed symptoms, but the fact that disorders with such symp-
toms do not show such impairments  [115, 116]  prompts 
us to consider the first hypothesis as more likely.

  Conclusions 

 Several studies have been targeting brain regions hypoth-
esised to be involved in the pathogenesis of OCD, show-
ing the existence of dysfunctional connectivity in the 
corticostriatothalamocortical circuitry. However, when 
people with OCD are tested by cognitive tasks exploring 
domains other than executive functions such as inhibi-
tion or flexibility, alterations also in memory function 
and in structures associated with it come to the fore. 
Hence, future studies should focus on other brain regions 
as well to determine their involvement in OCD. Other 
major foci should comprise the disentangling of OCD 
from other frequently occurring comorbid conditions 
like MDD and attention deficit hyperactivity disorder, 
and the establishment of similarities and differences, as 
well as the subtyping of OCD according to neuroimaging 
data, which would help in classifying and treating the 
disorder better. 

 Improvements in spatial resolution of neuroimaging 
techniques may contribute to a better understanding of 
the neurocircuitry of OCD and other anxiety disorders. 
However, currently available data allow to conclude that 
there is an overlap between the pathophysiology of other 
anxiety disorders and OCD. Hence, on the grounds of the 
suggestions coming from functional neuroimaging, it 
would be premature to separate OCD from other anxiety 
disorders in the DSM-5 and create a new spectrum.

  Focusing upon separate symptoms of OCD is not ap-
propriate when investigating alterations in OCD as these 
symptoms may also be present in other mental disorders, 
being supported by different biological mechanisms and 
bearing different psychopathological meanings. Individ-
ual symptoms in OCD patients may reveal something 
about functioning of the OCD while such symptoms are 
experienced, but they are unable to provide clues to gen-
eral patterns of OCD brain functioning. Our analysis – 
differently from meta-analyses that by their nature have 
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