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Objective: The corpus callosum, the largest white matter tract
in the brain, is a midline structure associated with the forma-
tion of the hippocampus, septum pellucidum, and cingulate

cortex, which have been implicated in the pathogenesis of

schizophrenia. Corpus callosum shape deformation, therefore,

may reflect a midline neurodevelopmental abnormality.

Method: Corpus callosum area and shape were analyzed in 14

first-episode psychotic patients with schizophrenia, 19 first-epi-

sode psychotic patients with affective disorder, and 18 normal

comparison subjects.

Results: No statistically significant corpus callosum area differ-

ences between groups were found, but there were differences

in the structure’s shape between the patients with schizophre-

nia and the comparison subjects. A correlation between width

and angle of the corpus callosum was found in patients with af-

fective disorder.

Conclusions: Corpus callosum shape abnormalities in first-ep-

isode psychotic patients with schizophrenia may reflect a mid-

line neurodevelopmental abnormality.

(Am J Psychiatry 2002; 159:866–868)

The corpus callosum, the largest white matter tract in
the brain, is a midline structure whose development is as-
sociated with the formation of the hippocampus, septum
pellucidum, and cingulate cortex, all of which have been
implicated in the pathogenesis of schizophrenia (1).
Moreover, the development of cortical-cortical and sub-
cortical-cortical connections determines the pattern of
brain growth and shape (2). Deformations in corpus callo-
sum shape, therefore, may reflect a midline neurodevelop-
mental abnormality. Recent studies by DeQuardo et al. (3)
and Downhill et al. (4) found corpus callosum shape alter-
ations in schizophrenia.

We evaluated corpus callosum area and shape in first-
episode psychotic patients with schizophrenia, first-epi-
sode psychotic patients with affective disorder, and nor-
mal comparison subjects. We included psychotic patients
with affective disorder to assess the specificity of corpus
callosum shape deformations to schizophrenia. For our
shape measure we used a two-dimensional skeletoniza-
tion model employed in the field of computer vision (5).

Method

Subjects were 14 first-episode psychotic inpatients with
schizophrenia (11 men, three women), 19 first-episode psychotic
inpatients with affective disorder (14 men, five women), and 18
comparison subjects (16 men, two women). The diagnoses of the
patients with affective disorder were bipolar disorder, mania (N=
12), bipolar disorder, mixed (N=4), and major depression (N=3).
Comparison subjects were recruited through newspaper adver-

tisements. Diagnostic information and inclusion and exclusion
criteria are detailed elsewhere (6). All subjects provided written
informed consent before study participation.

The mean ages of the study subgroups were 28.1 years (SD=7.8)
for the schizophrenia group, 25.8 (SD=5.8) for the affective disor-
der group, and 24.5 (SD=4.5) for the comparison group (F=1.54,
df=2, 48, p=0.22). The socioeconomic status of patients with
schizophrenia was lower than that of the comparison subjects, in
accord with the effects of their illness (F=4.74, df=2, 48, p=0.01).
Parental socioeconomic status for the schizophrenia group was
lower than that of the comparison group and the affective disor-
der group (F=5.83, df=2, 48, p=0.005), though all groups ranged
between middle and upper class.

Patients were assessed with the Brief Psychiatric Rating Scale
(BPRS), the Global Assessment Scale (GAS), and the Mini-Mental
Status Examination (MMSE).

Magnetic resonance (MR) images were acquired on a 1.5-T
General Electric system (General Electric Medical Systems, Mil-
waukee) (echo time [TE]=5 msec, repetition time [TR]=35 msec,
one repetition, nutation angle=45°, field of view=24 cm, acquisi-
tion matrix=256×256×124, with dimensions 0.9375×0.9375×1.5)
(for additional details, see Hirayasu et al. [6]).

For MR post-processing image analysis of area, a midsagittal
slice was chosen that included the clearest view of the corpus cal-
losum, aqueduct, tectum, septum pellucidum, and falx. The best
midsagittal slice and two slices laterally on each side of the mid-
sagittal slice (N=5 slices) were then segmented. Area was com-
puted by summing pixels in each slice for the entire corpus and
for four sections (genu, midbody, isthmus, and splenium [7]).
Group differences in the best midsagittal slice, the average of five
slices, and the subsections were compared by using analysis of
variance. Analyses of covariance (ANCOVA) were performed to
control for the effects of age and overall head/brain size.
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For MR post-processing image analysis of shape, a two-dimen-
sional skeleton of the corpus callosum was extracted by using the
same best midsagittal slice and one slice laterally on each side of
the midsagittal slice (N=3 slices) (top part of Figure 1). Width and
curvature were measured at eight equidistant points. Likelihood
of group membership was assessed by using a classification anal-
ysis in which we examined each of the two-by-two classifications:
normal versus affective disorder, normal versus schizophrenia,
and affective disorder versus schizophrenia. We used bootstrap
methods to obtain standard errors for the two-by-two classifica-
tions statistics. We obtained 100 bootstrap resampling repeti-
tions, yielding chi-square statistics (df=16) with standard error es-
timates on the basis of the 100 bootstrap repetitions.

Results

No statistically significant differences in area between
the groups were found for the best midsagittal slice (F=
1.03, df=2, 48, p=0.54), average of five slices (F=1.92, df=2,
48, p=0.18), or subdivisions of the genu (F=0.14, df=2, 48,
p=0.72), midbody (F=1.24, df=2, 48, p=0.29), isthmus (F=
1.17, df=2, 48, p=0.30), or splenium (F=0.20, df=2, 48, p=
0.66). Using ANCOVA to control for the effects of age and
size of the intracranial cavity, we found no significant
differences in area between groups. As there are gender
differences in corpus callosum size (7), we excluded 10
female subjects in one analysis; there were no area differ-
ences between the schizophrenia and comparison groups
(F=0.26, df=1, 25, p=0.61) or between the affective disorder
and comparison groups (F<0.01, df=1, 28, p=0.96). For all
groups, there were no statistically significant correlations

between area and lateral ventricular volumes, nor be-
tween area and MMSE, BPRS, or GAS scores or chlorprom-
azine equivalents of medication received by the subjects.

For analysis of shape, an angles-and-widths multino-
mial regression model was used (on the basis of the eight
equidistant points used to extract the skeleton image) to
obtain the classification data for examining each of three
two-by-two classification tables. The three two-by-two
contrasts (comparison versus affective disorder, compari-
son versus schizophrenia, and affective disorder versus
schizophrenia) were estimated by bootstrap methods,
with chi-square statistics (df=16) defined as the mean chi
square among all 100 bootstrap repetitions. The contrast
between the comparison and schizophrenia groups was
statistically significant (χ2=30.6, df=16, p<0.02). The other
contrasts were not statistically significant (comparison
versus affective disorder: χ2=19.3, df=16, p=0.25; affective
disorder versus schizophrenia: χ2=20.3, df=16, p=0.21).
The lower part of Figure 1 shows prototypic corpus callo-
sum shapes for each diagnostic group.

For shape measures, there were no statistically signifi-
cant correlations of average angle and width with area, lat-
eral ventricular volumes, or scores on the clinical mea-
sures (MMSE, BPRS, GAS). In the affective disorder group
only, as the width decreased, the angle decreased (r=0.89,
df=18, p<0.02), i.e., as the corpus callosum width nar-
rowed, the shape became more curved.

FIGURE 1. Process of Skeleton Extraction and Prototypic Shapes of the Corpus Callosum in First-Episode Psychotic Patients
With Schizophrenia or Affective Disorder and Normal Comparison Subjectsa

a The skeleton was derived by calculating the points along the corpus callosum that were equal to the distance from a given point within the
structure to the closest point on the outline of the corpus callosum (e.g., distances r1 and r2 in the top part of the figure). Specifically, a disk,
in blue in the figure (e.g., A1 and A2) is placed inside the segmented corpus callosum and expanded until it touches the outline of the corpus
callosum on opposite points of the outline. The center of this expanded disk thus defines a point that, combined with the other points de-
fined in the same way, becomes a skeleton, or curve, that defines the shape in two dimensions. Skeletons were extracted from the best mid-
sagittal slice and from one slice laterally on each side of the midsagittal slice to increase reliability in shape description. In the lower part of
the figure, the prototypic shapes of the corpus callosum in the three diagnostic groups show the greatest difference between groups on the
basis of angle and width measurements at the eight sampled points.
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Discussion

Corpus callosum area and shape were evaluated in first-
episode psychotic patients with schizophrenia and with
affective disorder and normal comparison subjects by us-
ing two-dimensional shape analyses. No differences were
found in corpus callosum area among the three groups, al-
though differences in shape were observed between the
patients with schizophrenia and the comparison subjects.
In addition, in the affective disorder group only, as corpus
callosum width narrowed, the angle decreased, resulting
in a more curved shape. These findings, while intriguing,
need to be confirmed in an independent group of study
subjects. Moreover, an insult to the developing brain dur-
ing the time of rapid growth of the corpus callosum may
partially account for these findings, although this explana-
tion is speculative.
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