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A novel index to estimate the corpus callosum
morphometry in adults: callosal/supratentorial-
supracallosal area ratio

Nuri Erdogan, Harun Ulger, ibrahim Tuna, Aylin Okur

PURPOSE

To prospectively investigate the feasibility of a new
index (callosal/supratentorial-supracallosal area ratio)
in morphometric analysis of the corpus callosum in
adults.

MATERIALS AND METHODS

The callosal and supratentorial-supracallosal ar-
eas of 50 healthy volunteers were measured on T1
weighted midsagittal magnetic resonance images.
Mean value and variation coefficient for the index
was calculated. In a limited subset of subjects (n=25),
an interobserver agreement study was conducted to
estimate the reproducibility of the index.

RESULTS

There was a statistically significant difference between
the area for corpus callosum and supratentorial-sup-
racallosal regions in males and females, although the
calculated ratio (index) had no sex-difference. When
compared to the literature, the variation coefficient
was relatively lower (12.0%), with good interobserv-
er agreement (Pearson correlation analysis, r=0.83).

CONCLUSION

Callosal/supratentorial-supracallosal area ratio might
serve as a reliable index in morphometric analysis of
the corpus callosum in adults.
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ture that provides communication between cortical and subcorti-

cal neurons of the two cerebral hemispheres (1). Histologically, it
consists of myelinated nerve fibers. Morphology of the CC is affected
in cases of injury of the communicating neurons or cerebral white mat-
ter. It is designated as agenesis or hypogenesis if it is affected before the
development is complete and atrophy if it occurs after the completion
of development, respectively (2, 3). Magnetic resonance (MR) images in
the sagittal plane can be used in detecting the developmental stages and
acquired changes of the CC.

In this study, areas of the CC and supratentorial-supracallosal (ST-SC)
regions were measured on the midsagittal MR images of healthy volun-
teers, and a novel morphometric index (CC/ST-SC) was assessed with
the ratio of these two measurements. For detecting reproducibility of
this index, variation coefficient in the study group and interobserver
agreement were calculated. Similar studies are present in literature, but
the denominator of the suggested indexes is different (4, 5). A novel
index with a better correlation between observers and a lower variation
coefficient, in comparison to those in the literature, can provide a more
efficient tendency for expression of changes in the midsagittal CC area
quantitatively.

The corpus callosum (CC) is the most important commissural struc-

Materials and methods

MR images of 50 healthy volunteers (23 male, 27 female) were evalu-
ated prospectively in this study. Mean age of the volunteers was 33.4
years (range, 18-50 years). Examinations were performed on a 1.5T MR
Gyroscan NT (Philips Medical Systems, Best, the Netherlands) and T1
weighted sagittal and FLAIR sequences were obtained. The purpose of
FLAIR sequences was to exclude those subjects that might have had fo-
cal incidental hyperintensities in white matter. People over 50 years of
age were not included in the study to exclude the possibility of senile
atrophy. T1 weighted MR images were then transferred to another work-
station for area measurement. Parameters for T1 weighted images were
as follows: FOV: 230 mm, matrix: 256x256, slice thickness: 5 mm, in-
terslice gap: 1 mm, NEX: 2-3, TR/TE: 562/14 msec. Parameters for FLAIR
sequence were: FOV: 300 mm, matrix: 256x256, slice thickness: 5 mm,
interslice gap: 1 mm, NEX: 2, TR/TE: 4700/100 msec.

One of the midsagittal T1 weighted images which best demonstrated
the CC was then selected for evaluation. First, the area inside of a closed
line crossing the CC was calculated. Later, ST-SC areas were calculated
and proportioned (Figure). While ST-SC ratio was calculated, lines that
passed from the inner lamina of dura and calvarium were paid particular
attention. The aim of this approach was to not affect the results with
cortical gray matter changes. Area measurements were calculated auto-
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Figure. Sagittal T1-weighted MR image demonstrates the area measurements for index

calculation.

matically by the device and had a sen-
sitivity of 0.01 mm?.

Index consisting of the areas of CC
and ST-SC regions and the ratio of
these areas (CC/ST-SC) were calcu-
lated separately for males and females
and the effect of gender on the results
was investigated statistically (Student’s
t test). In a limited subset of subjects
(n=25), an interobserver agreement
study was conducted to estimate the
reproducibility of the index.

Results

Areas of CC and ST-SC regions were
656.7483.5 mm? and 8734.4+708.7
mm? for males and 608.4+84.2 mm?
and 8149+654.5 mm? for females, re-
spectively (Table). There was a statisti-
cally significant difference between the
area of CC and ST-SC regions in males
and females (p<0.05). Both CC and
ST-SC areas were larger in males. The
index consisting of the ratio of two
areas was close between males and fe-

males (0.075+0.009 and 0.074+0.009,
respectively) and there was no gender
difference (p>0.05). Variation coeffi-
cient (standard deviationx100/mean
value) was 12% for the group (n=50).
In a limited subset of subjects (n=25),
mean index value for the first observer
was 0.078+£0.0078 and 0.076%0.0070
for the second observer. The difference
between results was not statistically
significant (p>0.05). Correlation coef-
ficient depicting interobserver agree-
ment was +0.83 (Pearson correlation
analysis).

Discussion

There are many factors affecting
the morphology of the CC. The most
important ones are developmental
anomalies, myelination disorders, and
degenerative, ischemic, or traumatic
loss of axons (6-8). Other factors are
gender (9, 10), age (10), demographic
differences such as being right- or left-
handed (11), schizophrenia (12), and

Table. Statistical data of the index values of the callosal and supratentorial-supracallosal

areas, and the ratio of the areas in adults

Females (n=27)

Males (n=23)  Total (n=50) t-test

Callosal area (mm?)

608.4+84.2

656.7+ 83.5 631.5486.7 p<0.5

Supratentorial-supracallosal area (mm?) 8149.0+654.5 8734.4+708.7 8429.0+737.3 p<0.5

Ratio

Variation coefficient

0.074+0.009

0.12

0.075+0.009  0.074+0.009 p>0.5

0.12 0.12
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alcoholism (13). Changes in configura-
tion of the CC may be diffuse or focal.
Subjective evaluation of these changes
is expressed in routine MR reports.
Numerical expression of changes, es-
pecially focal, is different. Anatomic
segmentation studies are supposed to
detect focal changes, but use of such
measurements is not practical (14).
In this study, the reproducibility of a
novel index, which is dependent upon
measurement of the entire CC, was
investigated instead of focal changes.
Similar studies of these measurements
are present in the literature (4, J).
Rauch and Jinkins proportioned the
CC area to the mean of the axial and
sagittal cerebral areas (5), Laissy et al.
proportioned the CC area to the mid-
line internal sagittal surface, including
the posterior fossa and brain stem (4).
Description of the index measured by
Laissy et al. is more similar with the
index we suggest than is Rauch and
Jinkins' (4, 5). The only difference is
thatin our study ST-SCregion's area has
been used for calculation of the ratio.
This was done because the dura mater
makes a good reference line for dis-
crimination of the supratentorial area.
Variation coefficient of the ratio calcu-
lation (12%) in our study was relative-
ly lower than the value calculated for
healthy adults in the study by Laissy et
al. (17.4%) (4). In addition to this, high
interobserver agreement suggests that
the reproducibility of the calculation
is high (+0.83). Some points should be
emphasized about the index, however.
The purpose of the CC/ST-SC area ratio
is not to compare the CC to the size of
other neuronal structures. Our purpose
was to increase the reproducibility of
the ratio by using a low variable int-
racalvarial-calvarial structure. For this
reason, particular attention was paid
that lines demonstrating ST-SC area
cross the dura mater or inner lamina
of calvarium. The study group we used
for calculation of the index consisted
of adults. In pediatric groups, incom-
pleteness of the CC development or
relatively high incidence of anomalies
like craniosynostosis and microcepha-
ly makes the measurements of CC and
ST-SC areas variable. For this reason, a
pediatric equivalent of the suggested
index should be investigated in future
studies.

In conclusion, the index we are sug-
gesting might serve as a reliable tool in
morphometric analysis of the CC for

Erdogan et al.



evaluation of conditions such as de-
velopmental deficiency (hypogenesis)
or atrophy secondary to diffuse white
matter loss, although it is not sensitive
to focal changes of the CC.
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