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Effects of age and gender on spatial orientation of human corpus callosum in healthy Koreans
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The changes in the corpus callosum (CC) with age and gender remain largely subject to dispute, which might come
from the different strategies for analyzing the size and shape of CC. We have investigated this issue by measuring
some variables reflecting the spatial orientation of CC on magnetic resonance imaging in Koreans, which minimize
individual variances in the brain. The subjects were composed of young adults in their twenties (51 male, 59 female)
and elderly adults in their sixties and seventies (60 male, 71 female). The total area of CC, length and height of CC,
the central angle and the four angles suggested by Oka et al. were measured. The whole area and the central angle of
CC were not significantly affected by age and gender. The height and length of CC were significantly greater in
elderly people. The angle connecting genu, upper notch of pons and splenium was significantly larger in the elderly
group. Furthermore, all four angles were significantly different between male and female subjects. These results
confirm that the spatial orientation of CC is influenced by age and gender.
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Introduction

The corpus callosum (CC) is the largest structure
among commissural fibers connecting both cerebral
hemispheres to exchange information. It has been
proposed that the role of the CC is to coordinate
many neurological behaviors, and the CC in human is
known to contain 200—350 million nerve fibers (Sperry
1982).

Many studies have examined the correlation of CC
with gender (DeLacoste-Utamsing and Holloway 1982;
Clarke et al. 1989), language dominance (Clarke et al.
1993) and hand preference (Witelson and Goldsmith
1991), and neurological problems such as autism (Piven
et al. 1997), schizophrenia (Panizzon et al. 2003),
epilepsy (Hermann et al. 2003) and dyslexia (Hynd
et al. 1995) have been suggested to be related to the
morphology and function of CC.

Sexual dimorphism of the CC is one of the long-
standing issues. Some studies reported gender differ-
ence in size and shape (DeLacoste-Utamsing and
Holloway 1982; Sullivan et al. 2001; Allen et al.
2003), whereas others failed to reveal gender difference
in CC morphology (Bishop and Wahlsten 1997). This
controversy might come from different analysis strate-
gies and a lack of standards for the size and shape of
CC (Dubb et al. 2003). In addition to size, the effect of
gender on the spatial orientation of CC was evaluated
through adult magnetic resonance imaging (MRI)

analysis by Oka et al., who reported that the splenium
of CC is lower in males than in females (Oka et al.
1999), and Hwang et al. reported that male neonates
have significantly greater heights of CC compared with
female neonates based on ultrasonographic studies
(Hwang et al. 2004).

In addition to the effect of gender, there have
been some controversies on the effect of aging on the
changes in CC. Witelson reported that aging led to a
reduction in area (Witelson 1989), and others found
that the reduction in area was followed by decreasing
length as well (Byne et al. 1988; Allen et al. 1991).
On the other hand, an increased length of CC with
aging has also been reported (Sullivan et al. 2002;
Suganthy et al. 2003). Furthermore in addition to
increased length of CC with aging, an increased
height of the CC was also observed by Takeda et al.
(2003).

The above reports suggest that length and angle
are useful parameters for characterizing CC, in addi-
tion to area and thickness, which have been employed
in many studies. Individual differences could be
minimized if we measure angular parameters, because
they are determined by the relative configuration of
neighboring structures. Therefore, we investigated the
effect of aging and gender on the CC with linear
and angular parameters in neurologically healthy
Koreans.
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Materials and methods
Subjects

This study included 241 subjects, comprising mixed
healthy young and old Korean adults (Table 1). After
volunteers were given an explanation of the study’s
purposes and methods, brain images were obtained by
MRI, showing healthy profiles after neurological
examination and minimal mental status examination.
Inclusion criteria were no neurological signs, no
intracranial lesions on MRI, and no history of
neurological illness, current or past psychiatric illness,
alcoholism, or drug addiction problems.

MRI protocol

Magnetic resonance imaging was performed on 1.5-
tesla Magnetom vision (Siemens, Erlangen, Germany).
The following parameters were used for the volumetric
acquisition: TR =9.7 ms, TE =4 ms, flip angle 12
degrees; slice thickness: continuous 1.5 mm, matrix
512 x 512. The files were saved as a DICOM format
and imported into V-work 3.5 program (Cybermed
LTD, Seoul Korea). The midsagittal slice of each brain
image volume was manually extracted and saved for
further analysis (Figure 1).

To measure area and length, the midsagittal
section image was imported into Adobe Photoshop
7.0 and processed for further analysis. The processed
image was transferred to Scion Image (Scion Corpora-
tion), and length (L), height (H), whole area of CC (S)
and some angles of CC were measured as follows
(Figure 2). A line (L) was drawn through the inferior
borders of the splenium and genu, and a second (H)
line was drawn vertical to this base line (L) to the
highest point of CC. The CC was inscribed into
he minimum rectangle. The apex angle (CA) of the
isosceles triangle was estimated based on the method
of Tomaiuolo et al. (2002): it was measured by
calculating the value of the vertex angle of the
isosceles triangle which had the same base and height
of the minimum rectangle circumscribing the CC
(Figure 2A).

To understand the spatial characteristics of the CC,
four angles (A, B, C, D) were measured (Figure 2B)
according to Oka et al. (1999) with a minor modifica-

Table 1. Subject summary.

Male  Mean age Female Mean age Total

Age n n n

20-30 51 24.6+2.9 59 249428 110
60-75 60 69.3+34 71 68.7+3.3 131
Total 111 130 241
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Figure 1. Midsagittal image of human MRI. The huge white
mater in the center of the MRI is the corpus callsoum (CC);
the length (L) and height (H) were defined as shown to
measure CC.

tion. The upper notch of the pons was used for the
analysis point. Four lines (1-4) were drawn as in
Figure 2B; a line (1) connecting the inferior margin of
genu and splenium of CC, a line (2) connecting the
analysis point and the inferior margin of genu, a line
(3) connecting the analysis point and the inferior
margin of splenium, and a line (4)extrapolated to the
dorsal of the brain stem. Angle A is the upper side
between line 2 and line 3 at the upper notch of the
pons. Angle B is the anterior upper angle between line
1 and line 4. Angle C is the anterior lower angle
between line 1 and line 3. Angle D is the anterior
upper angle between line 2 and line 4.

Statistical analysis

The data collection was undertaken by a double-blind
method. Total area of CC, length and height of CC,
central angle and the four angles were reported as
mean +standard deviation for continuous variables
and number for categorical variables. Because most of
the measures for CC were not shown to have a non-
normal distribution by the Kolmogorov-Smirnov
goodness-of-fit test, they were compared by parametric
analysis using a two-way ANOVA test. All reported
P values are two-sided, and P values of less than 0.05
were considered to indicate statistical significance. The
SPSS program (for Windows, version 10.0.5) was used
for the statistical analysis.

Results

Effect of age
ANOVAs performed for individual parameters revealed
that the variables width (F(1, 237) =53.93, P <0.001),
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Figure 2. Schematic presentation of the parameters observed. On the midsagittal section (A), the total area (S) of corpus
callosum (CC), height (H) and width (W) were measured with Scion Image. The CC was inscribed into the minimum rectangle.
The vertex angle of the isosceles triangle was estimated (CA). To understand the spatial characteristics of CC, four angles were
measured (B) after Oka et al. (1999). The upper notch of the pons was used for the analysis point. Four lines were drawn as in B:
line 1 connecting the inferior margin of genu and splenium of CC, line 2 connecting the analysis point and the anterior inferior
margin of genu, line 3 connecting the analysis point and the posterior inferior margin of splenium, and line 4 was extrapolated to

the dorsal of the brain stem.

helght (F1’237 21983, P<0001), A (F1’237 27069,
P <0001), and D (F15237 = 1942, P <0001) were
significantly larger in the old group than in the young
group. On the other hand, the variable C (F 537 =46.35,
P <0.001) was significantly smaller in the old group
than in the young group. The variables S (F 237 =2.82,
P=0.09), B (F127=130, P=0.25 and CA
(F1237=0.45, P=0.50) showed no significant differ-
ence between old and young groups (Table 2).

Effect of gender

ANOVAs indicated that the variables width
(F1,237 = 872, P =0003) and C (F] 237 =2570,
P <0.001) were significantly larger in male subjects
than in female subjects. On the other hand, the
variables A (F1’237 2752, P=0007), B (F1’237 2825,
P =0.004) and D (F;37=4.34, P=0.038) were sig-
nificantly smaller in male subjects than in female
subjects. The variables S (Fy,37=1.21, P=0.27),

Table 2. Effects of age and gender on the parameters of the corpus callosum.

Young Old P value
Region  Men (n=51) Women (n =59) Men (n =60) Women (n="71) Age Gender  Age x gender
S (mm?) 674.01+122.75  630.72+114.87 621.11 +125.78 627.61 +144.66 0.094 0.271 0.137
L (mm) 70.35+4.36 66.48 +£6.27 73.64 +5.44 73.40+5.11 <0.001 0.003 0.010%*
H (mm) 25.77+3.04 25.284+2.92 27.87+4.10 27.22+3.68 <0.001* 0.209 0.867
A(°) 100.54 +5.75 101.09+7.12 106.58 +-10.08 111.35+6.16 <0.001 0.007 0.031*
B(°) 78.48 +4.02 80.77+4.34 78.55+3.88 79.434+4.66 0.255 0.004* 0.203
C(?) 51.34+4.80 49.15+6.21 48.00+5.22 43.46+4.13 <0.001*  <0.001* 0.077
D(°) 50.29+4.22 50.98 +4.84 52.37+4.37 54.18+4.88 <0.001* 0.038* 0.353
CA(°) 107.824+5.91 106.75+5.57 106.19+6.64 107.32+5.99 0.502 0.972 0.163

Means +SD. S, whole area of corpus callosum; L, width of corpus callosum; H, height of corpus callosum. Angles A, B, C, D and CA (central

angle) are illustrated in Figure 2.
*Two-way ANOVA showed statistical significance with P <0.05.



helght (F1,237 = 158, P =020), and CA (F1,237 =0001,
P =0.97) showed no significant difference between men
and women (Table 2).

Effect of age by gender

ANOVAs revealed a significant gender by age interac-
tion between age and gender in the variables width
(F1‘237 2679, P 20010) and A (F1‘237 =472, P=
0.031) (Table 2). On the other hand, the variables S
(F1237=2.22, P =0.13), height (£} 237 =0.02, P =0.86),
B (Fi237=1.63, P=0.20), C (F; 237 =3.15, P =0.077),
D (F1!237 =086, P=035) and CA (F1’237 = 195, P=
0.16) showed no significant interaction between aged
and gender (Table 2).

Discussion

There are many studies which have investigated the
effects of aging and gender on CC, and they have been
focused mainly on the size of CC. In this study,
however, we analyzed the difference in spatial arrange-
ment of CC according to age and gender. The spatial
orientation of CC is a relative parameter to reflect the
relationship among the neighboring brain structures,
whereas the area of CC implies a direct functional
correlation. Because the size could be affected by age,
constitution and environment, careful consideration is
required to normalize the data when absolute para-
meters such as area and volume are used. However,
angular parameters are relative and contains an
inherent control for individual differences because of
the above features. Therefore, the use of angular
parameters adopted in this study could be a useful
approach in evaluating CC morphology (Oka et al.
1999).

In the present study, we failed to observe difference
in whole CC size (S) between young and old age
groups. Previous studies reported that the area of CC is
decreased with aging (Weis et al. 1993; Parashos et al.
1995) whereas other studies reported that the size of
CC is relatively stable up to the seventies (Driesen and
Raz 1995; Sullivan et al. 2001). Lee et al. reported no
difference in CC volume between the twenties and the
forties in Koreans (Lee et al. 2009), in partial agree-
ment with our present results, although the age
distribution of the subjects is slightly different.

In the present study, the length and height of CC
were found to be increased in the sixties and seventies
age-group, in good agreement with previous reports
(Sullivan et al. 2002; Suganthy et al. 2003; Takeda et al.
2003). In addition, the degree of lengthening of CC was
more remarkable in women than men; however, some
studies have reported that the length of CC is reduced
in women (Byne et al. 1988; Hopper et al. 1994).
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A lengthening of CC in the elderly group was found in
this study, but the total area of CC was not different
between young and old groups, which could suggest
that the white matter of the cortical neuron might be
spared during spatial changes of CC with aging.
Furthermore senile neuronal atrophy may mainly occur
in somas and be less affected in axons, which should be
confirmed by future experiments. The CC is located
just above the lateral ventricles. The enlargement of
lateral ventricles during aging has been suggested to
relate to spatial changes of CC (Pfefferbaum et al.
2000; Takeda et al. 2003).

We have analyzed some angular parameters to
understand the spatial organization of CC with aging,
and found that angles A and D were significantly larger
in the old-age group, although angle C was smaller in
the old-age group. Considering the geometry involved
it is highly likely that the increase in the length of CC
shifts line 1 anteriorly and line 3 posteriorly, which is
supported by the results of this study. The change of
angle A with aging was more evident in women than
men, which is a parallel finding of a lengthening
pattern. The central angle (CA) and angle B did not
show any difference in young and old groups. The
wider CA in William’s syndrome has been suggested to
be associated with premature termination of brain
development and overall reduction of parieto-occipital
area (Tomaiuolo et al. 2002). In the present study, we
showed that the CA of CC was stable with aging, which
might be used as a diagnostic parameter for evaluating
abnormal brain development and atrophy.

Sexual dimorphism in the corpus callosum is the
subject of a long-standing dispute (DeLacoste-Utams-
ing and Holloway 1982; Bishop and Wahlsten 1997;
Hwang et al. 2004), being focused mainly on the size
and shape of CC. In the present study, we failed to
observe any gender difference in the total area of CC.
We focused on the spatial organization of CC, which
was investigated by the four angles suggested by Oka
et al. (1999). The angles A, B and D were larger in the
female group, whereas the angle B was larger in males,
indicating that CC has a different spatial distribution
according to gender, in good agreement with the study
by Oka et al. (1999). Nevertheless Oka et al. reported
that males had larger angles of A and C in their CC,
whereas female CC showed larger angles of B and D.
The different trend of the angle A might have been due
to differences in composition of the subjects; the
subjects of this study were young (20-30 years) and
aged individuals (6075 years), whereas the age range
of the subjects of the study by Oka et al. was 20-50
years old (Oka et al. 1999). Based on the angular
differences in male and female subjects, we can deduce
that lines 3 and 4 were shifted counter-clockwise. This
spatial difference might have resulted from differential



278 S.J. Hwang et al.

development of the cerebral cortex, interhemispheric
connectivity and laterality of neurocognitive functions
between men and women (Oka et al. 1999; Ullmann
et al. 2008).

In this study, we demonstrated the expansion of
spatial dimensions of CC with aging. Also, we con-
firmed that the spatial orientation of CC is different
according to gender. These results suggest that spatial
orientation could be an important factor in studies of
the corpus callosum.
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