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Abstract
Objective—The anterior cingulate cortex (ACC) plays an important role in emotion, and studies
in animals have shown changes in ACC structure with early life stress. The purpose of this study
was to measure volume of the ACC in PTSD.

Method—Magnetic resonance imaging (MRI) was used to measure ACC volume in 8 subjects
with abuse-related PTSD and 13 healthy subjects without PTSD. ACC volume included
Brodmann’s area [BA] 24 and 32.

Results—Right ACC volume in PTSD patients was significantly smaller than in non-PTSD
subjects.

Conclusion—These results are consistent with smaller ACC volume in PTSD.
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1. Introduction
Posttraumatic stress disorder (PTSD) is a highly prevalent disorder affecting 8% of the
population by some estimates (Kessler et al., 1995). Understanding the neurobiology of
PTSD is important for the development of new treatments for this disorder. The medial
prefrontal cortex, a brain area which makes up a part of the frontal lobe, plays an important
role in the negative feedback regulation of hypothalamic–pituitary–adrenal (HPA) activity
during physiologic and behavioral stress. In recent animal studies, repeated restraint stress or
corticosterone injections induced apical dendritic reorganization by reducing total branch
number of pyramidal neurons in the anterior cingulate cortex (ACC) (Radley et al., 2005;
Cerqueira et al., 2005a,b). Furthermore, neuroimaging studies demonstrated functional and
morphologic abnormalities in ACC of the patients with PTSD. Brain functional studies
using positron emission tomography (PET) or functional magnetic resonance imaging
(fMRI) showed decreased function in ACC (Bremner et al., 2004; Bremner et al., 1999;
Yang et al., 2004; Lanius et al., 2003; Shin et al., 2001), and morphometric MRI studies
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demonstrated smaller volume of the ACC (Rauch et al., 2003; Yamasue et al., 2003) in
comparison to non-PTSD subjects. However, volumetric studies of ACC in PTSD using
MRI have had conflicting findings; one study using the conventional manual tracing method
found significant volume reduction in pregenual ACC but not in dorsal ACC (Brodmann’s
area [BA] 24) (Rauch et al., 2003), and the other using voxel-based analysis found a gray-
matter volume reduction in dorsal ACC (Yamasue et al., 2003). Additionally, there was no
difference in ACC volume between acute PTSD and healthy subjects but was found shape
differences in a recent study (Corbo et al., 2005). However, no studies have examined the
effects of early childhood abuse and PTSD on ACC volume. The purpose of the current
study was to clarify the structural changes of ACC in subjects with abuse-related PTSD.

2. Method
Magnetic resonance imaging was used to measure ACC volume in 8 subjects with abuse-
related PTSD (7 women and 1 man, mean=43 years, S.D.=7) and 13 control subjects without
current or past history of PTSD or other psychiatry disorder (12 women and 1 man,
mean=37, S.D.=8). The 8 subjects with PTSD met DSM-IV criteria for current PTSD,
according to the Clinician Administered PTSD Scale (CAPS; mean score=70, S.D.=37). All
of the subjects were recruited in New Heaven, Connecticut, USA. Psychiatric disorder was
assessed using the Structured Clinical Interview for DSM-IV (SCID). Five of the patients
had a past history of major depression, and two had a current panic disorder or the past
history of it, and one subject had a past history of alcohol abuse.

Magnetic resonance images were acquired by using methods described in detail elsewhere
(Vermetten et al., 2003). The measurement were performed on all coronal slices which were
bounded below (Fig. 1): [1] the most rostral coronal plane containing the genu of the corpus
callosum, [2] the most caudal coronal plain containing the clear view of the anterior
commissure, [3] the callosal sulcus, [4] the cingulate sulcus, [5] the paracingulate sulcus,
referring to the atlas of Talairach and Tournoux (1988), the diagram of Vogt et al. (1995)
and the probabilistic map of Paus et al. (1996). The gray and white matter boundaries were
distinguished by differential signal intensities in the T1-weighted images.

Within the area, we described above (dorsal ACC), volume was measured in the two ways;
the one was “Whole ACC” volume which mostly included both BA 24 and 32 (the area
between [3] and [5]), and the other was “Partial ACC” volume which mostly included only
BA 24 (between [3] and [4]). We have previously reported good inter-rater reliability
(ICC=0.67, P <0.05) for measuring ACC (Bremner et al., 2002).

Statistical analysis was performed using one-way analysis of variance (ANOVA), and the
threshold was set to P=0.05.

3. Results
As shown in Fig. 2, the absolute volumes of “Whole ACC” volume in patients with PTSD
were: Right: 1112.2 ± 183.8; Left: 1116.4 ± 196.5, and in non-PTSD controls: Right: 1376.3
± 295.4; Left: 1334.6 ± 302.5 (mm3; AVE ± S.D.). The volumes of “Partial ACC” volume
in patients with PTSD were: Right: 780.6 ± 150.4; Left: 802.7 ± 226.0, and in non-PTSD
controls: Right: 822.1 F170.6; Left: 764.8 ± 119.6 (mm3;AVE±S.D.). According to these
results, “Whole ACC” volume on the right side in PTSD patients was significantly smaller
(19.2%) than in non-PTSD controls (P <0.05). On the left side, “Whole ACC” volume in
PTSD was smaller (16.3%) than in the non-PTSD but was not statistically significant. There
was no significance between the volumes of both right and left in “Partial ACC” volumes.
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4. Discussion
In the present study, right dorsal ACC volume in PTSD, including both BA 24 and 32, was
significantly smaller than in non-PTSD. This area corresponds to the region of decreased
function reported for ACC in functional imaging studies (Bremner et al., 2004; Yang et al.,
2004; Lanius et al., 2003; Shin et al., 2001). In addition, there was no significant difference
in partial ACC volume, including only BA 24 in PTSD in comparison to the non-PTSD
controls. This result mostly agrees to a previous report using the conventional manual
tracing method, which is similar to ours (Rauch et al., 2003). Furthermore, our findings
suggest that volume reduction in BA 32 may be of greater magnitude than in BA 24 in the
area of dorsal ACC.

On the other hand, there is considerable variability of pattern and asymmetry in human
cingulate and paracingulate sulci (Paus et al., 1996). Future studies are needed to replicate
the current findings. In addition, the current study does not address whether the changes are
stress-related or are related to a pre-existing difference in brain structure. These questions
can be addressed in longitudinal studies.

These results, interpreted in conjunction with other functional and structural imaging
studies, suggest that PTSD is associated with altered function and structure of the ACC.
Alterations in this brain region may underlie changes in emotion that are a part of PTSD.
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Fig. 1.
Boundaries for the ACC are illustrated. [1] The most rostral coronal plane containing the
genu of the corpus callosum, [2] the most caudal coronal plain containing the anterior
comissure, [3] the callosal sulcus, [4] the cingulate sulcus, and [5] the paracingulate sulcus.
Within this area of dorsal ACC, volume was measured in the two ways; the one was “Whole
ACC” volume which included both Brodmann’s area [BA] 24 and 32 (the area between [3]
and [5]), and the other was “Partial ACC” volume which included only BA 24 (between [3]
and [4]).
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Fig. 2.
Whole ACC volume (BA 24 and BA 32) in subjects with abuse-related PTSD and non-
PTSD. Whole ACC volume was significantly reduced on the right side in PTSD compared
with non-PTSD (*P <0.05).
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