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Objective: The anterior cingulate cortex (ACC) is an important part of

the limbic system involved in emotions, cognition and executive

function. The ACC has structurally distinct subregions, both micro-

scopically and functionally, that have been implicated in several major

psychiatric disorders. However, a structural analysis of these sub-

regions with magnetic resonance imaging (MRI) has not been done.

Our main purpose was to develop an MRI-based parcellation method

of the ACC that permits us to explore plausible abnormalities in 4

functionally relevant subregions: dorsal, rostral, subcallosal and

subgenual.

Methods: The reliability study for gray matter volume and surface

area of each subregion was performed on 14 randomly selected MR

scans by 3 different raters. Our method posits to conserve the

topographic uniqueness of individual brains and is based on our

ability to visualize both the 3-dimensional rendered brain and the 3

orthogonal planes simultaneously with BRAINS2 software. We devel-

oped rules to hand-trace regions of interest (ROI) to surround

contiguous areas of gray matter for dorsal, rostral, subcallosal and

subgenual regions. The ACC was then parcellated into these 4 distinct

subregions (8 when both right and left hemispheres were measured).

Results and discussion: The intraclass R coefficients for gray matter

volume of each subregion ranged between 0.85 and 0.93. The current

study describes a new highly reliable and reproducible topography-

based parcellation method of the ACC into its dorsal, rostral,

subcallosal and subgenual regions.

Conclusions: This new parcellation method provides a new means of

exploring the role of the functionally and structurally distinct

subregions of the ACC in schizophrenia, depression and various other

brain illnesses.
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Introduction

The anterior cingulate cortex (ACC) is structurally complex

and important in behavioral neuroscience and neuroimaging, yet

no studies to date have identified a reliable method to measure

the morphology of the functionally distinct subregions of this

area. The ACC is one of the largest parts of the limbic system,

embedded within the frontal cortex (MacLean, 1990), which

coordinates frontal lobe activity with subcortical drive from the

basal ganglia (Mega and Cohenour, 1997). It plays a major role

in executive cognitive, attention and motor functioning as well as

mediating emotions (Devinsky et al., 1995; Paus, 2001; Yucel et

al., 2003). Based on lesion and stimulation studies, the ACC has

been shown to be associated with personality change, apathy,

inattention and even akinetic mutism (Bancaud et al., 1992;

Cohen et al., 1999; Nemeth et al., 1988; Tow and Whitty, 1953).

These changes have been correlated to changes in regional blood

flow and metabolism in the ACC (Bush et al., 2000; Drevets,

1999; George et al., 1995; Mayberg et al., 1999; Skaf et al.,

2002).

The ACC contains a number of anatomically and functionally

distinct regions (Devinsky et al., 1995; Dum and Strick, 1991;

Shima and Tanji, 1998; Vogt et al., 1995). Several lines of evidence

from functional imaging and lesion studies suggest a broad

division of the ACC into dorsal and ventral areas (Bush et al.,

2000; Koski and Paus, 2000; Paus, 2001; Yucel et al., 2003). The

dorsal aspect of the ACC has been found to be strongly associated

with specific motor, attention and cognitive functions (MacDonald

et al., 2000), whereas the ventral aspects of the ACC (rostral,

subcallosal and subgenual regions) are involved with emotions,

mood and autonomic functions (Mayberg et al., 2002).

There are distinct cytoarchitectural and functional connectivity

differences between the dorsal and rostral regions of the ACC

(Devinsky et al., 1995; Koski and Paus, 2000). The presence of

spindle-shaped neurons within the rostral ACC is a recent

evolutionary specialization that is only found in humans and the

great apes (Allman et al., 2001; Nimchinsky et al., 1995).
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Since severe mental illness appears to be unique to the human

condition and it seems to arise from a combination of both

environmental stress and genetic predisposition, improved under-

standing of the structural MRI abnormalities in this region may be

important. Indeed, both structural and functional anomalies of the

ACC have also been described in several major psychiatric

syndromes including schizophrenia, depression and obsessive-

compulsive disorder (Ashton et al., 2000; Benes, 1993; Sigmunds-

son et al., 2001; Suhara et al., 2002; Theberge et al., 2003).

Antidepressant medication responses can be quantified through

functional imaging of the rostral and subgenual regions of the ACC

(Drevets et al., 1997; Mayberg et al., 2000). Metabolic and

electrical changes in the rostral and subgenual regions of the ACC

have been described in depression and even help predict clinical

response to antidepressant treatment (Mayberg et al., 2002;

Pizzagalli et al., 2001). Similarly, decreased dorsal ACC activity

has been found in patients at high risk of developing schizophrenia

and can predict who will go on to have the disorder (Morey et al.,

2005). Decreased subcallosal ACC activity has also been described

in patients with severe depression (Drevets, 1999).

The only volumetric studies on an ACC subregion have been on

the subcallosal/subgenual region in patients with mood disorders

(Coryell et al., 2005; Drevets et al., 1997). The relevant area in

these studies included the ACC immediately ventral to the genu of

the corpus callosum and extending to where the putamen is first

seen within the basal ganglia. However, this delineation excluded a

significant portion of Brodmann’s area 25, which has strong

anatomical links with the ventral tegmental area, periaqueductal

gray, hypothalamus and dorsal medulla (Freedman et al., 2000).

The subgenual ACC which includes Brodmann’s area 25 is

overactive in depression (Mayberg et al., 2002). Suppression of

activity in area 25 with continuous electrical stimulation has been

shown to alleviate treatment-resistant depression (Mayberg et al.,

2005).

There are methods for parcellating the ACC as a whole for

imaging purposes (Crespo-Facorro et al., 1999), but there are no

established reliable guidelines for parcellating its functionally

distinct areas: rostral, dorsal, subgenual and subcallosal. The main

purpose of this study was then to develop a reliable magnetic

resonance image (MRI)-based parcellation method of the ACC

based on reliable topographic landmarks that permits us to explore

plausible structural abnormalities in functionally relevant ACC

subregions. Our method posits to conserve the topographic

uniqueness of individual brains and is based on our ability to

visualize both the 3-dimensional rendered brain and the 3

orthogonal planes simultaneously with BRAINS2 software (Mag-

notta et al., 2002). We developed rules to hand-trace regions of

interest (ROI) to surround contiguous areas of gray matter for

dorsal, rostral, subcallosal and subgenual regions. The ACC was

then reliably parcellated into these 4 distinct subregions (8 when

both right and left hemispheres were measured).
Methods

Subjects

A set of 10 MR scans were randomly selected for tracing the

ACC regions. An additional 4 scans representing each of the 4

ACC sulcal variations were also included for a total of 14 MR

scans. The MRI scans were obtained from a database pool from the
University of Iowa Mental Health Clinical Research Center. This

included healthy volunteers recruited from the community and

individuals diagnosed with schizophrenia. A mixture of subjects

was included because the method was developed for application to

studies that include both schizophrenia and healthy controls.

MRI acquisition

MR scans were obtained for each subject with a standard T1-

weighted three-dimensional spoiled gradient recall acquisition

sequence on a 1.5 T General Electric Signa scanner (GE Medical

Systems, Milwaukee, WI) (TE = 5, TR = 24, flip angle = 40-,
NEX = 2, FOV = 26, matrix = 256 � 192, 1.5-mm slice thickness).

The two-dimensional PD and T2 sequences were acquired as

follows: 3.0 or 4.0 mm thick coronal slices (TE = 36 ms (for PD)

and 96 ms (for T2), TR = 3000 ms, NEX = 1, FOV = 26, matrix =

256 � 192). The in-plane resolution is 1.016 � 1.016 mm for the

three modalities.

Image processing

MR data were visually assessed for quality and movement

artifacts, and MR scans were repeated if needed. The scans were

then processed on Linux workstations with locally developed

BRAINS2 software (Magnotta et al., 2002). The T1-weighted

images were spatially normalized and resampled to 1.0 mm3 voxels

so that the anterior–posterior axis of the brain was realigned

parallel to the ACPC line and the interhemispheric fissure aligned

on the other two axes. The T2 and PD-weighted images were

aligned to the spatially normalized T1-weighted image (Woods,

1992). The data sets were then segmented using the multispectral

data and a discriminate analysis method based on automated

training class selection (Harris et al., 1999). The tissue-classified

image was then used to generate a triangle-based iso-surface using

a threshold of 130 representing pure gray matter, which corre-

sponds to the parametric center of the cortex (Magnotta et al.,

1999). This triangulated surface was used as the basis for our

calculations of volume.

Rules for defining ACC subregions

The ACC was divided into 4 subregions, dorsal, rostral,

subcallosal and subgenual using major landmarks which define

three vertical planes, A, B and C (Fig. 1). Plane A defines the

posterior end of the rostral ACC, thus separating the latter from the

anterior limits of both the dorsal and subcallosal ACC. It is drawn

on the coronal plane, one slice forward from the slice in which the

two sides of the anterior corpus callosum are no longer connected

through the genu (Fig. 7b). Next, plane B defines the posterior

boundary of the subcallosal ACC, separating it from the subgenual

ACC. Plane B is drawn one coronal slice before the putamen is

seen within the basal ganglia (Figs. 9c and 10b). Occasionally, this

plane may be drawn separately for the left and right sides

depending upon when the putamen is first present on each side.

To make this subtle distinction, one has to go back and forth

through several slices within this region. Plane C defines the

posterior boundary of the dorsal ACC. It is drawn in the sagittal

plane as a vertical line through the middle (or tip) of the first gyrus

anterior to where the ascending marginal sulcus (ascending ramus)

joins the prominent cingulate sulcus (CS) horizontally (Fig. 6a).

This plane is drawn between the anterior and posterior commissure



Fig. 3. The second ACC variation is a double cingulate throughout the

dorsal, rostral, and subcallosal subregions.
Fig. 1. The ACC is divided into 4 distinct structural and functional

subregions by using 3 vertical planes A, B, and C to define: dorsal, rostral,

subcallosal, and subgenual subregions of the ACC.
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that are automatically generated with BRAINS2 software. This

differs from the Crespo-Facorro et al. (1999) method in that their

plane is determined by looking at the top of the brain on the axial

view and finding the central sulcus and placing the plane there.

The actual tracing of the ACC subregions is then done by

creating a region of interest (ROI) on alternating serial coronal

slices (every 2.0 mm). The ROI of gray matter is drawn as a circle

with a beginning and an end around the cortical surface ribbon (in

purple; Fig. 6b). The white matter included in these slices is not

included in these analyses. The sagittal, coronal and transaxial

slices are also examined to obtain an overall view of the ACC. We

also leave the surface view on to help better delineate the

boundaries of these subregions.

Since there are considerable variations in the sulcal patterns of

the cingulate between individuals on the macroscopic level

(Caviness et al., 1999; Ono et al., 1990; Yucel et al., 2002), we

examined and photographed 34 post-mortem brains to fully assess

the large variations in the cingulate and paracingulate gyri that

have been described of this area. We have identified 4 examples of

these variations. The first example is a single anterior cingulate
Fig. 2. The first ACC variation is a minor secondary sulcus in the dorsal

ACC.
with a minor secondary sulcus in the dorsal region (Fig. 2). In this

first example, the secondary minor sulcus may or may not be

present at plane C. The second example is double cingulate with a

secondary sulcus present throughout the dorsal, rostral and

subcallosal regions (Fig. 3). Here, the secondary sulcus is present

at plane C and is deeper and thus considered the major sulcus. The

third example is of a second cingulate that starts within the dorsal

region and becomes the prominent cingulate within the rostral and

ventral ACC regions (Fig. 4). This switch occurs when the

secondary CS becomes the deepest sulcus, which may or may

not be more superior than the slice at plane C. The secondary

cingulate may also not be present until the rostral region, but

continues as the main cingulate within the subcallosal area. The

fourth example is of a secondary cingulate that emerges within the

dorsal region of the ACC anterior to plane C but disappears as the

primary cingulate continues on in the rostral and subcallosal

regions (Fig. 5).

The rule for distinguishing a true second cingulate from a

paracingulate gyrus relates to whether the second CS becomes the

deepest sulcus within the dorsal or rostral region when viewed on

the coronal view. Otherwise, the secondary or external gyrus is
ig. 4. The third ACC variation is a secondary minor cingulate that starts in

e mid-dorsal ACC region and becomes the prominate cingulate cortex

ithin the rostral and subcallosal/subgenual ACC regions as the primary

ingulate cortex dissapears.
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Fig. 6. Parcellation scheme for the dorsal ACC. (a) The dorsal ACC is

separated from the posterior cingulate cortex by plane C and by the rostral

ACC by plane A. Plane C is drawn in the saggital plane as a vertical line

through the tip of the first gyrus anterior to the where the ascending ramus

becomes horizontal, while plane A is drawn one slice forward past where

the two sides of the corpus callosum are no longer connected through the

genu; (b) the ROI for the dorsal ACC is then traced separately on the left

and right sides, on alternating coronal slices from the deepest point of the

callosal sulcus and the deepest point of the cingulate sulcus moving forward

anteriorly from plane C; (c) it is traced until 1 slice posterior of plane A.

Fig. 5. The fourth ACC variation is a secondary minor cingulate that starts

in the dorsal ACC region and dissapears as the primary cingulate cortex

continues in the rostral and subcallosal/subgenual ACC regions.
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considered to be a paracingulate sulcus and is not included as part

of the ACC. Whenever a secondary cingulate sulcus emerges

within the dorsal or rostral region as the deepest sulcus, the

transition is often gradual for several slices. When tracing this

transition area, it is important to look at the surface view to ensure

a smooth ROI tracing of the area. Additionally, a second cingulate

is often only present on one side of the brain.

Dorsal ACC

We always start with placement of plane C to define the

posterior boundary of the dorsal ACC and to separate the posterior

cingulate cortex from the ACC. Plane C is drawn in the sagittal

plane as a vertical line through the middle (or tip) of the first gyrus

anterior to where the ascending marginal sulcus (ascending ramus)

joins the prominent CS horizontally (Fig. 6a). This junction

corresponds closely to the cytoarchitectural boundary between

anterior cingulate area 24 and posterior cingulate area 23 (Vogt et

al., 1995). The dorsal ACC is traced on alternating coronal slices

starting at plane C and moving anteriorly forward. The left and

right sides are parcellated separately on the coronal view. The left

side of the dorsal ACC is usually bigger than the right. The anterior

margin of the dorsal ACC is then delineated as 1 slice posterior to

plane A drawn vertically at the rostral edge of the genu of the

corpus callosum, i.e. where the portions of the corpus callosum in

each hemisphere are no longer connected. The deepest point of the

callosal sulcus and the deepest point of the cingulate sulcus

constitute the inferior and superior inner and the outer boundary of

the ACC in each coronal slice, respectively (see Figs. 6b–c). Using

these criteria, the dorsal ACC corresponds very closely to area 24V
of Vogt (1992, 1995).

Rostral ACC

The posterior margin of the rostral ACC starts at plane A (Fig.

7a). Plane A is placed where the forceps minor of the corpus

callosum is no longer connected through the genu on the coronal

view (Fig. 7b). The rostral ACC is then traced on alternating

coronal slices. The anterior boundary occurs when the cingulate

gyrus is no longer present anterior for each side (Figs. 7c–d).

Often, the anterior-most boundary of the rostral ACC ends at a

different point for each side. If there is a double CS present

rostrally, the boundary is determined on the coronal slice where the



Fig. 7. Parcellation scheme for the rostral ACC. (a) The rostral ACC is separated from the dorsal ACC by plane A. (b) Plane A is drawn one slice forward past

where the two sides of the corpus callosum are no longer connected through the genu, best visualized on the coronal plane; (c) it is also traced from the deepest

point of the callosal sulcus and the deepest ponit of the cingulate sulcus on alternating coronal slices until the cingulate gryus is no longer present on each side

at its most anterior point, (d) in this example, the left side is present 2 slices anterior to the right.

Fig. 8. The rostral ACC may contain a double cingulate in which case the

surface view can help approximate the border of this region when the

deepest sulcus of the double cingulate (determined on the coronal view)

extends beyond the natural C shape of the ACC.

L.M. McCormick et al. / NeuroImage 32 (2006) 1167–1175 1171
deepest sulcus is present (Fig. 8). The superior frontal gyrus should

not be included, which is best determined on the surface view. The

rostral ACC thus defined corresponds topographically to areas 24a,

24b and 24c of Vogt et al. (1995) and others. Occasionally, there

may be a protrusion of the anterior portion of the rostral ACC in

which case tracing the ROI should approximate the normal C-

shape of the ACC (best determined on the surface view). When a

bridging gyrus is present, the superior boundary of the rostral ACC

is best determined on the coronal slices by the deepest sulcus that

binds the dorsal and rostral ACC.

Subcallosal ACC

The subcallosal region always includes only the continuation of

the rostral cingulate gyrus (areas 24a and 24b) wrapping around the

corpus callosum (Fig. 9a). A secondary gyrus may be included

only if the secondary sulcus is the deepest sulcus seen on the

coronal plane as long as the secondary gyrus is not actually the

medial frontal cortex (see Crespo-Facorro et al., 1999). When the

deepest sulcus ventral to the corpus callosum includes the medial

frontal cortex, the inferior boundary of the subcallosal ACC (the



Fig. 9. Parcellation scheme of the subcallosal ACC. (a) The subcallosal

ACC is an extension of the ACC ventrally and is separated anteriorly from

the rostral ACC by plane A and posteriorly from the subgenual ACC by

plane B. Plane B is drawn one slice posterior to where the putamen is first

visualized within the basal ganglia; (b) the ROI for the subcallosal ACC is

then traced separately for the left and right sides on alternating coronal

slices moving forward posteriorly from plane A; (c) and extends to plane B.

Fig. 10. Parcellation scheme of the subcallosal ACC. (a) The subgenual

ACC is separated anteriorly from the subcallosal ACC by plane B. (b) The

first slice of the subgenual ACC ROI is drawn one slice posterior to plane B

where the putamen is first visualized within the basal ganglia; (c) the ROI

for this region is also traced on every coronal slice from the deepest point of

the callosal sulcus and the deepest ponit of the cingulate sulcus until the

cingulate gryus is no longer present on each side at its most posterior point.
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Table 1

ACC regional volumes (cc) for each tracer and the differences between the three tracers

ACC subregions Right hemisphere mean (SD) Left hemisphere mean (SD)

Tracer 1 Tracer 2 Tracer 3 Differences Tracer 1 Tracer 2 Tracer 3 Differences

Dorsal 4.33 (0.94) 4.47 (0.89) 4.02 (0.82) 0.95 (0.40) 3.61 (0.62) 3.61 (0.64) 3.53 (0.50) 0.07 (0.93)

Rostral 3.15 (1.14) 2.93 (1.00) 3.05 (1.24) 0.12 (0.88) 2.08 (0.87) 1.80 (0.75) 2.07 (0.87) 0.51 (0.60)

Subcallosal 0.71 (0.17) 0.66 (0.20) 0.59 (0.19) 1.45 (0.25) 0.64 (0.24) 0.63 (0.27) 0.60 (0.22) 0.13 (0.88)

Subgenual 0.67 (0.17) 0.66 (0.17) 0.70 (0.19) 0.16 (0.86) 0.67 (0.20) 0.65 (0.22) 0.71 (0.20) 0.29 (0.75)

ACC = anterior cingulate cortex; SD = standard deviation.
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ventral CS) is actually defined by a smaller sulcus. This inferior

boundary should also be continuous with the ventral portion of the

rostral ACC. The superior boundary is defined at the margin where

the gray matter intersects with the white matter of the corpus

callosum. The anterior margin of the subcallosal ACC is drawn on

the coronal view, one slice behind plane A. This is also the slice

defining the anterior border of the dorsal ACC (Fig. 9b). The

posterior boundary is drawn at plane B on the coronal plane, which

is one slice anterior to where the putamen first becomes present

within the basal ganglia (Fig. 9c).

Subgenual ACC

The subgenual region is a posterior continuation of the

subcallosal region but usually expands into a vertically oriented

gyrus, the paraterminal gyrus, before merging into the caudal end of

the gyrus rectus and the anterior perforated substance (Fig. 10a).

Brodmann (1909) and most subsequent authors (e.g. Vogt and Vogt,

1919; Rose, 1928; Sarkissov et al., 1955) placed area 25 or its

equivalent in the paraterminal gyrus. As with the subcallosal ACC,

the superior boundary is defined at the margin where gray matter

intersects with white matter of the corpus callosum. The anterior

margin of the subgenual ACC starts where the putamen is first seen

within the basal ganglia, one slice behind plane B (Fig. 10b). This

corresponds well with the point of transition between the horizon-

tally oriented subcallosal continuation of the cingulate gyrus and the

beginning of the more vertical cytoarchitectural area of the para-

terminal gyrus (e.g. Vogt and Vogt, 1919; Rose, 1928). The posterior

boundary is drawn on the coronal planewhere the paraterminal gyrus

disappears medially (Fig. 10c). The inferior boundary is located at

the tip of the lower-most gyrus on the medial surface. This overlaps

(or at least merges) with the Crespo-Facorro et al. (1999)—defined

straight gyrus (aka gyrus rectus). Often, this inferior border is not

continuous with the inferior boundary of the subcallosal ACC and

instead merges with the straight gyrus. As with the anterior border of

the rostral ACC, both the anterior and posterior border of the

subgenual ACC may differ between the two hemispheres. We

suggest that this smaller region of the ACC actually be traced on

every slice rather than every other one as with the other regions.
Table 2

ACC regional surface (mm2) for each tracer and the differences between the thre

ACC subregions Right hemisphere mean (SD)

Tracer 1 Tracer 2 Tracer 3 Diffe

Dorsal 1110.69 (195.31) 1152.58 (203.44) 1160.79 (230.65) 0.95

Rostral 715.30 (282.17) 635.57 (230.41) 699.84 (276.66) 0.12

Subcallosal 160.43 (56.84) 165.65 (56.43) 173.55 (60.74) 1.45

Subgenual 177.95 (37.19) 150.82 (34.02) 154.74 (39.65) 0.16

ACC = anterior cingulate cortex; SD = standard deviation.
Reliability

BRAINS2 software was used to visualize 2D slices of the

brain with surface, coronal and sagittal views. Three raters (S.Z.,

L.M. and M.B.) traced the subregions within the ACC using all

of these views to guide parcellation within the specified

landmarks discussed above. Before the reliability study began,

two of the raters worked on several brains for setting all the

conventions and anatomical landmarks that had been utilized for

methodological development in order to reduce the legitimate

differences in anatomical judgments by raters. The set of brains

on which the raters ‘‘practiced’’ was entirely different from the set

of brains on which the reliability study was done. A unique set of

14 brains was used to trace each of the ACC subregions. These

included brains that have at least one side with 1 of the 4 major

sulcal variations. The mean cortical gray matter volume (cm3)

and surface area (mm2) measurements of each ACC and the mean

differences between the three tracers are shown in Tables 1 and 2,

respectively.

Inter-rater reliability for all subregions was calculated with

intraclass R coefficients for cortical gray matter volume and

surface area measurements (Table 3). The lowest reliability was in

the right subgenual ACC surface at 0.77, while the highest

reliability was 0.94 in the right subcallosal ACC surface.
Discussion

The current study describes a new highly reliable and

reproducible topography-based parcellation method for subdivid-

ing the ACC into 4 subregions: dorsal, rostral, subcallosal and

subgenual. This method was developed for two purposes: to

provide a quantitative assessment of cortical surface and gray

matter volume in reliable anatomical regions using MRI and to

provide functionally relevant ROIs in coregistered functional

MRI, positron emission tomography and electroencephalography

studies. We have drawn on the strengths of the existing method

of Crespo-Facorro et al. (1999) but made adaptations and
e tracers

Left hemisphere mean (SD)

rences Tracer 1 Tracer 2 Tracer 3 Differences

(0.40) 1029.44 (144.09) 991.85 (164.57) 979.82 (153.61) 0.07 (0.93)

(0.88) 470.63 (185.20) 421.96 (177.98) 448.42 (185.31) 0.18 (0.84)

(0.25) 183.83 (58.50) 183.93 (66.47) 187.84 (56.62) 1.34 (0.88)

(0.89) 141.58 (55.07) 126.20 (49.29) 126.34 (54.28) 0.29 (0.75)



Table 3

Intraclass R coefficients for gray matter volumes of 4 ACC subregions in a

sample of 14 brains by three raters

ACC subregions Intraclass R

Volume Surface

Right Left Right Left

Dorsal 0.85 0.91 0.89 0.87

Rostral 0.89 0.86 0.90 0.87

Subcallosal 0.88 0.93 0.94 0.92

Subgenual 0.85 0.86 0.77 0.88

ACC = anterior cingulate cortex; R = regression.
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improvements. We found that the previous method for defining

plane A left significant variation between raters and that the

rules for including paracingulate gyri were also quite variable.

We have defined plane B as the point at where the putamen is

first seen within the basal ganglia to incorporate the same

boundaries of the subcallosal ACC that is used by Drevets

(personal communication). This is different than the plane B

used by Crespo-Facorro et al. (1999). Instead, our plane B

separates the ventral aspect of the ACC into subcallosal and

subgenual regions, whereas plane A located more anteriorly,

divides the rostral and dorsal regions of the ACC at a point

where the corpus callosum is no longer connected. We have also

incorporated Brodmann’s area 25, previously left out of previous

ACC parcellation methods, into our subgenual region. In our

sample of normal controls and patients with schizophrenia, we

did not find any obvious or identifiable differences in the

subcortical and cortical landmarks that would cause regional

volume differences.

We have made every effort to incorporate the microscopically

defined borders of Brodmann’s areas 24 and 25 described by

Devinsky et al. (1995) into this MRI parcellation method. The

superior cingulate gyrus or paracingulate gyrus was included in

previous parcellation method of Crespo-Facorro et al. (1999). A

second cingulate or paracingulate gyrus may be present in about

35–40% of individuals (Ono et al., 1990; Paus et al., 1996; Vogt

et al., 1995). Due to the fact that there is such large variability in

paracingulate and double cingulate sulci (Paus et al., 1996), we

defined our posterior plane (plane C) by the first gyrus

intersection with the primary CS. We did not include the

paracingulate gyrus in our parcellation method because it

represents Brodmann’s area 32 (e.g. Vogt et al., 1995). However,

we did account for variations in the presence of a double

cingulate within the ACC proper (see Figs. 4 and 6). Thus, we

developed these reliable conventions to reduce interobserver

differences in anatomical judgments and feel that we developed

more stringent guidelines for including the entire ACC, as well as

the large variations that occur primarily in the dorsal and rostral

portions of the ACC and for reliably dividing the functionally

relevant subregions of the ACC.

The major disadvantage of this method is that it is still somewhat

time-consuming as it takes about 30 min to parcellate each brain.

Since the subcallosal and subgenual ACC volumes are relatively

small areas, small errors in parcellating the regions can be

exaggerated. Thus, reliability needs to be established for each rater

prior to individual parcellation projects. In the future, an automated

method to conduct parcellation of these ACC subregions may be

available. Furthermore, probability maps in Talairach space would

represent an important refinement of our method.
The ACC parcellation method presented here uses a landmark

(the putamen) outside of the region of interest. Our anatomical

analysis of post-mortem brains (see also Paus et al., 1996), for

which we report 4 variant patterns, suggests that the cingulate

sulcal patterns are not consistent enough to use as internal

landmarks. We believe that an easily recognizable external

reference point such as the putamen probably introduces less

variability in defining subregions of the ACC than relying on

local sulci. Furthermore, subcallosal volumetric studies using the

methods developed by Drevets et al. (1997) also use the

putamen as the anterior boundary of this region. Alternative

landmarks, such as the internal genu of the corpus callosum,

could be used to demarcate the anterior boundary of the

subcallosal ACC.

In conclusion, we have presented here a reliable topography-

based MRI parcellation method of the frontal lobe that will allow

us to use a new approach in understanding the role of separate

ACC subregions in the pathophysiology of psychosis and other

brain illnesses. Since structural neuroimaging studies have failed

to provide a clear picture of ACC abnormalities in schizophrenia,

we felt that a more thorough approach to the anatomy of this

region was needed. We hope that this method will help clarify

the existence of subtle gross structural abnormalities in the

specific subregions of the ACC that might reflect underlying

neuropathological processes in schizophrenia and other illnesses.

We hope that a more accurate parcellation system of the ACC

will help improve the spatial resolution of coregistering

functional imaging studies with structural volume differences in

these subregions.
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