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Introduction
Although abnormalities of the anterior cingulate cortex
(ACC) have been implicated in a number of psychiatric disorders, including schizophrenia, obsessive–
compulsive disorder, depression, post-traumatic stress
disorder and autism,1–3 it is still unclear how these
abnormalities relate to the diversity of cognitive, emotional and behavioural disturbances seen in these disorders. Various authors have put forward models of
ACC function4,5 that assume a single overarching role
for the region, models which we term “unitary” models. Although these models are based on strong empirical evidence, they are nevertheless incomplete accounts
of ACC involvement in cognitive, affective and motor
processes. This has led to the interpretation of results
without due consideration of the accumulating evidence to suggest that there are at least 3 major functional subdivisions of the ACC.1,6,7 In this paper, we
argue that future investigations and interpretations of
ACC function in psychiatric research need to take
better account of the structural and functional heterogeneity of this region. 1,6–9 This approach may help

develop a more comprehensive theory of ACC function to explain the various patterns of symptoms, cognitive and emotional deficits, as well as neuroimaging
findings, across a number of psychiatric disorders. We
also make suggestions for the design and interpretation of future studies concerning the ACC in psychiatric disorders that may provide important new insights into the neurobiological basis of these disorders.

Anterior cingulate function
The ACC is far from being a functionally homogenous
region. Although Broca10 initially emphasized it as a
chief component of the limbic lobe (an area where
internal drives and emotions are integrated with
higher cognitive functions), recent research implicates
the ACC as a pivotal component of circuits that also
underlie functions such as attention, learning, language
and motor behaviour.1,3 It is generally agreed that there
are at least 3 major functional subdivisions of the ACC
(i.e., affective, cognitive and motor components1,6,7),
each of which has different patterns of underlying connectivity and cytoarchitectonic properties (Fig. 1).1,3,7
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Such details are particularly relevant when considering
the precise localization and clinical correlates of neuropathological changes and suggest that the ACC is likely
involved in many aspects of human behaviour, rather
than having a specific role.1,3,7

The limbic and paralimbic anterior cingulate cortex
Based on the cytoarchitecture and connectivity of the
ACC, one of the major functional distinctions is between the ventral limbic-ACC (cingulate proper) and
the dorsal paralimbic-ACC (paracingulate).7,11 In fact, in
30%–60% of individuals, these 2 functional regions are
roughly separated by the paracingulate sulcus.11,12 In
these cases, the paracingulate forms a separate gyrus
on the medial surface of the brain (Fig. 1), as opposed
to being buried in the walls of the cingulate sulcus.

However, despite this dorsoventral functional segregation, unitary models of ACC function4,5 tend to describe
just 1 ACC function that is particularly relevant to the
paracingulate. For example, in a recent article, Sanders
and colleagues5 selectively reviewed and provided a
model of ACC dysfunction to explain the cognitive deficits seen in schizophrenia. Using evidence of task performance after cingulotomy in a patient with obsessive–
compulsive disorder (OCD),13 as well as neuroimaging
studies utilizing theory of mind tasks,14 these authors
hypothesize that the role of the ACC is to monitor signal mismatches between behaviour and goals. Further,
they propose that a disturbance of the ability to monitor signal mismatches between behaviour and goals
may reflect certain symptoms seen in schizophrenia
such as disorganized language and social and existential dysfunction. However, the 2 lines of evidence used

Fig. 1: Anatomical, cytoarchitectonic and functional properties of the anterior cingulate
cortex. It is typically comprised of 2 tiers (cingulate and paracingulate) with 3 functional subdivisions: (i) A rostral affective/visceral region (aff-ACC), located inferior and anterior to the
genu of the callosum (Brodmann’s Areas [BA] 25, 24a-b, 32), which has extensive reciprocal
connections with the orbito-frontal cortex and amygdala. This region regulates autonomic
and endocrine functions and is also involved in higher-order functions, such as conditioned
emotional learning, assessments of motivational content and assigning emotional valence to
internal and external stimuli; (ii) A dorsal cognitive region (cog-ACC) lying superior to the
callosum (BA 24a’-b’, 32’), which has extensive reciprocal connections with other frontal and
temporal areas, especially the dorsolateral prefrontal cortex and hippocampus. This region is
primarily involved with response selection and cognitively demanding information processing;
(iii) A caudal motor region (mot-ACC) deep within the cingulate sulcus (BA 24c’, 24c’g) has
extensive connections with the primary/supplementary motor and parietal regions and plays
a role in premotor/skeletomotor functions (adapted from Mega and Cummings, 1997).27
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to support this model (i.e., ACC function during theory
of mind tasks and ACC dysfunction after cingulotomy)
are both associated with the functional integrity of the
paracingulate.13–16
On the basis of a comprehensive series of functional
neuroimaging studies, Carter and colleagues4,8 have put
forward a similar but more detailed notion of ACC
function. They propose that during normal cognition,
the ACC serves a specific evaluative function, detecting
response competition or “conflict” and indicating the
need to implement strategic processes to reduce the
conflict and maintain performance. Although Carter
and colleagues do not distinguish between the subregions of the ACC that are activated during their tasks,
the foci of activation tend to be in the depths of the cingulate sulcus or on the surface of the paracingulate
gyrus (i.e., are paralimbic). We argue that this model of
ACC function is also primarily relevant to the paracingulate. As such, although our understanding of the
functional role of the paracingulate has increased significantly over the past decade, the specific role of the cingulate proper is yet to be elucidated, and this will only
be possible if conscious attempts are made to focus on
this subregion (i.e., where possible, discriminating
between activations in the cingulate and those in the
paracingulate, as well as using/designing tasks to
specifically probe the cingulate proper).

The affective, cognitive and motor influences
of the anterior cingulate cortex
Both Bush et al6 and Picard and Strick17 have collated
the findings of a number of functional imaging studies
and shown that separate subregions of the ACC are involved in emotion (rostral-ACC) and in cognition and
motor control (dorsal- and caudal-ACC, respectively).
These important studies provide an anatomical framework for the study of ACC function and are another
indication that unitary models of ACC function are not
sufficiently complex to explain the involvement of this
region in many aspects of human behaviour or how
they relate to the behavioural disturbances and symptoms seen across a number of psychiatric disorders. For
example, functional neuroimaging studies consistently
show that schizophrenia is associated with decreased
ACC activation18,19 and that OCD is associated with increased ACC activation.2,20,21 If the ACC merely monitors signal mismatches between behaviour and goals
(as suggested by Sanders and colleagues), then it is
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possible that these findings reflect the under- and overexpression of the same cognitive process such as attention (e.g., decreased attentional responsiveness [schizophrenia] v. increased attentional responsiveness [OCD]
to mismatches between behaviour and goals). However, given the functional heterogeneity of the ACC, it
is also possible that the findings reflect different cognitive processes, such as attention and emotion, operating in different directions (e.g., decreased emotional
responsiveness [schizophrenia] v. increased attentional
responsiveness [OCD] to mismatches between behaviour and goals). Alternatively, the symptoms and dysfunction seen in schizophrenia and OCD may be due to
dysfunction in a number of subregions of the ACC. For
example, schizophrenia may be associated with a decreased input of information to both the affective and
cognitive subregions of the ACC, leading to a lack of
integration between the individual’s attentional and
affective or motivational state. Such dysfunction may
result in disturbed or reduced goal-directed behaviour
and manifest in the form of negative symptoms (e.g.,
apathy, avolition, hypoarousal and anhedonia). In contrast, OCD may be associated with increased input into
these ACC subregions, leading to excessive goaldirected behaviours, reflected as uncontrollable
thoughts and anticipatory anxiety. To start addressing
these issues, one needs to carefully examine the precise
location of ACC dysfunction (i.e., rostral v. dorsal v.
caudal and limbic v. paralimbic), because this is likely
to indicate whether the dysfunction reflects a cognitive
or affective process as well as which interconnected regions may also be involved in driving the dysfunction.
As illustrated in Fig. 1, and recently reviewed by
Koski et al22 and Bush et al,6 the functional characteristics of the ACC subdivisions and their effective and
functional connections with other brain regions are beginning to be defined. This information can be used in
the context of other relevant information about a disorder to guide interpretations about abnormalities in activation patterns associated with these subdivisions.6,7,19,23

Future directions
Considering the subregion, direction, side, nature
and extent of dysfunction
That the ACC has been implicated in a number of
psychiatric conditions involving a diversity of cognitive and emotional disturbances suggests that it is a
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vulnerable part of an important and common pathway
involved in the cognitive and emotional regulation of
behaviour. This may suggest that ACC dysfunction has
a nonspecific association with psychopathology, but it
is also possible that the same region is involved in a
different manner in different disorders. For example,
the nature of the symptoms or behavioural disturbances seen in various psychiatric disorders may be
dependent on the subregion implicated (i.e., rostral v.
dorsal v. caudal; limbic v. paralimbic), as well as the direction (e.g., increased, decreased, disorganized), side
(i.e., left, right, bilateral), nature (e.g., cellular, neurochemical, structural, connectivity, metabolic) and
extent (e.g., single v. multiple subregions, side and nature) of abnormality. The number of possible combinations suggests that different patterns of abnormalities
within the ACC may indeed be associated with the different behavioural disturbances and symptoms seen in
psychiatric disorders. Whether this is the case will be
determined on the basis of future studies that give due
consideration to these issues.

An integrated approach and considering the individual
within the group
Until recently, most neuroimaging studies used a single or 2-dimensional approach to psychiatric research
(e.g., functional imaging measures in isolation or combined with structural measures) and conducted groupaveraged (pooled data) analyses. These studies are
useful, but many related questions are often left unanswered (e.g., whether ACC hypoactivation is due to
underlying structural anomalies, such as reduced volume, disturbed connectivity, neurochemical anomalies,
or to interindividual variability or artifact). We propose
that studies utilizing multiple but complimentary
neuroimaging modalities concerning the micro- (magnetic resonance spectroscopy, diffusion tensor imaging) and macrostructural (magnetic resonance imaging
[MRI]) properties of the ACC, together with dynamic
(functional-MRI and electrophysiological) data assessing the same region are now required to advance this
field of research. Most importantly, these investigations should be performed concurrently in the same
individual to minimize the confounds of interindividual differences but, at the same time, allow for comprehensive analyses of individual data. Such multimodal
within-subject studies are now feasible with recent
developments in MRI technology and tasks designed

to probe specific subregions of the ACC.24–26 This approach will enable us to definitively answer questions
concerning the relation between different patterns of
ACC dysfunction and how they might relate to the diversity of symptoms and behavioural disturbances
seen in various psychiatric disorders and thereby provide important new insights into the neurobiological
basis of psychiatric disorders.

Conclusions
There is now extensive evidence from the neuroimaging literature linking ACC dysfunction to a number of
psychiatric disorders, including schizophrenia, OCD,
depression, bipolar disorder, post-traumatic stress
disorder and autism. Given the involvement of the
ACC in many cognitive and affective processes, this is
not surprising and suggests that the ACC is a vulnerable part of an important and common pathway
involved in the cognitive and emotional regulation of
behaviour. However, models of ACC function are
incomplete, and precisely how ACC dysfunction is
related to the diversity of symptoms and behavioural
disturbances seen in psychiatric disorders is still unclear. To achieve a better understanding of ACC function (and dysfunction), we must consider the structural
and functional heterogeneity of the ACC when designing studies and interpreting findings related to this
structure. Further, we need to expand and test the initial cognitive and neurobiological theories of these psychiatric disorders using integrated multimodal neuroimaging approaches and tasks designed specifically
with ACC heterogeneity in mind. By doing so, and giving consideration to the individual within the group,
we can more precisely localize the regions of ACC dysfunction and better identify their clinical correlates,
and thereby understand their implications for various
psychiatric disorders, and potentially, the individual.
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