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Morphometry of the corpus callosum
in Chinese children: relationship
with gender and academic performance

Abstract Background: The corpus
callosum has been widely studied,
but no study has demonstrated
whether its size and shape have any
relationship with language and cal-
culation performance. Objective: To
examine the morphometry of the
corpus callosum of normal Chinese
children and its relationship with
gender and academic performance.
Materials and methods: One hundred
primary school children (63 boys, 37
girls; age 6.5-10 years) were ran-
domly selected and the standardized
academic performance for each was
ascertained. On the mid-sagittal
section of a brain MRI, the length,
height and total area of the corpus
callosum and its thickness at differ-
ent sites were measured. These were
correlated with sex and academic
performance. Results: Apart from
the normal average dimension of the
different parts of the corpus callo-

sum, thickness at the body-splenium
junction in the average-to-good
performance group was significantly
greater than the below-average per-
formance group in Chinese language
(P=0.005), English language
(P=0.02) and mathematics
(P=0.01). The remainder of the
callosal thickness showed no signifi-
cant relationship with academic
performance. There was no signifi-
cant sex difference in the thickness of
any part of the corpus callosum.
Conclusions: These findings raise the
suggestion that language and math-
ematics proficiency may be related to
the morphometry of the fibre con-
nections in the posterior parietal
lobes.
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Introduction

The corpus callosum is the main interhemispheric
commissure of the brain consisting of approximately
180 million fibres, most of which connect homologous
cortical areas. Its functions include unifying sensory
fields and organizing bimanual motor output [1],
memory [2] and facilitating language and auditory
functions [3]. It provides for interhemispheric integra-
tion, which is an important function for creativity and
intelligence [4]. Language information for writing also
seems to flow across the corpus callosum [5]. Global

and permanent alexia appears related to lesions
involving the splenium [6]. Apraxia is likely related to
the flow from the left hemisphere to the right across
the posterior corpus callosum [7]. The region of the
cerebral cortex that is involved in neural disorders may
possibly be deduced from the location of callosal
thinning. Callosal abnormalities have been reported in
a wide variety of diseases, such as neurofibromatosis
[8], spastic diplegia [9], autism, chronic alcoholism,
multiple sclerosis [10, 11], Down syndrome [12], cere-
brovascular diseases, tumours, chemotherapy and
infection.

-
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The corpus callosum is topographically organized,
with projections from the various cortical areas localized
to particular regions of this midline structure [13]. The
size of the corpus callosum can reflect the abnormalities
that originate in the cerebral cortex, and it acts as a
sensitive indicator of the cerebral cortical state [14].
However, no study has demonstrated whether the size
and shape of the corpus callosum have any relationship
with language performance.

The size of the corpus callosum in the postnatal
period is largely determined by the degree of myelination
of those fibres [13]. Postnatally, the corpus callosum
undergoes a tremendous burst of growth during the first
1-4 years, with myelination proceeding in a posterior to
anterior sequence [14, 15]. The study by Yakovlev and
Lecours [16] indicated that myelination of the corpus
callosum reached adult levels between the ages of 7 and
10 years. However, some studies found increasing
callosal area even in the third decade [17, 18].

Apart from age, sex differences in callosal mor-
phometry have also been studied. A ‘thicker, more bul-
bous splenium in women than men has been reported
[19], but other studies have shown no significant differ-
ence in corpus callosal thickness between genders [20,
21]. It has been documented that females tend to out-
score males on language-related measures such as
reading and vocabulary [22], while males generally dis-
play better mathematical ability [23] than females.
Nevertheless, even in areas where sex differences are
suspected, the differences are subtle and show large
variation. For instance, Friedman [24] and Halpern and
LaMay [25] showed no male—female differences in gen-
eral verbal ability and arithmetic skills and argued that
none of the evidence for a biological basis for such a
difference had been proven. Thus, the relationship be-
tween sex differences and language and mathematics
performance in terms of neurophysiological data awaits
investigation.

The objective of the present study was to assess the
morphometry of the corpus callosum in normal Chinese
children and evaluate its relationship with sex and aca-
demic performance.

Materials and methods
Subjects

One hundred primary school children (63 boys, age 6.5~
10 years, mean 8.08 years; 37 girls, age 6.5-9 years,
mean 7.69 years) were recruited to participate in an
MRI brain examination program. They were normal
Chinese children attending primary I-III classes in for-
mal mainstream primary education in three regional
primary schools in Hong Kong. Exclusion criteria for
entry into the MRI brain examination included a history

of medical, neurological or psychiatric disorders and
left-handedness. The study was approved by the Ethics
Committee of the Chinese University of Hong Kong.
Written informed consent was obtained from the school
children and their parents.

All school children in mainstream primary schools in
Hong Kong have to participate in an academic perfor-
mance test (Hong Kong Attainment Tests) in the Chi-
nese language, English language and mathematics
standardized by the Hong Kong School Authority. This
is a well-established representative assessment of aca-
demic performance generally practiced in Hong Kong.
The standardized examinations, covering Chinese,
English and mathematical skills, are categorized by
grades into the 9 years of compulsory and free education
in Hong Kong. The tests are administered by individual
schools each year (generally in June) to assess the gen-
eral standards of students at each level. For each subject,
pupils’ performance from a random sample (based on
the date of birth, i.e. roughly 1 of 30 of the total pop-
ulation) of each school is collected by the education
authority to compile and monitor the general standard
of the year, and for cross-year comparisons and other
purposes, e.g. educational research.

One hundred Chinese and English language and 68
mathematics test results were obtained from the school
authorities. Mathematics test results were not available
in the youngest group of 32 children in primary I, as the
standardized mathematics test was not, as a rule, applied
to primary I students. The performances were allotted to
an average-to-good performance group and a below-
average performance group using the median result as
the discriminator.

MRI technique

The MRI examination was performed using a 1.5-T
imager (Gyroscan ACS NT, Philips Medical Systems,
Best, The Netherlands) using a standard head coil. From
the survey scans, T2-weighted (T2-W) mid-sagittal sec-
tions through the anterior and posterior commissures
and axial sections through the third ventricle were ob-
tained for measurements. The T2-W images were ac-
quired using the following parameters: TR/TE 3,000/
120 ms, slice thickness 3 mm, matrix 128%x256, number
of excitations 3, field of view 230 mm.

Image analysis

The total area of the corpus callosum was measured by a
manual tracing method using the mid-sagittal image
(Fig. 1). The most inferior points of the rostrum and
splenium were connected by a tangent (A). This line
served as the reference line for the subsequent steps [26].
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Fig. 1 The mid-sagittal section is defined as the image through the
anterior and posterior commissures. The total area of the corpus
callosum was measured by manual tracing. The most inferior
points of rostrum and splenium were connected by a tangent (A).
This line served as a reference line for the subsequent steps. CH was
the maximum length of the corpus callosum perpendicular to line
A. CL was the maximum length of the corpus callosum parallel to
line A

The callosal height (CH) was the maximum length of the
corpus callosum perpendicular to line A. The callosal
length (CL) was the maximum length of the corpus
callosum parallel to line A. Because the corpus callosum
shows high topographical variability, Weis et al. [26]
divided the corpus callosum into equidistant fifths by
vertical lines. The first fifth corresponds to the genu; the
second, third and fourth fifths correspond to the ante-
rior, mid and posterior parts of the body; the final fifth
corresponds to the splenium (Fig. 2). The thickness of
the genu (CLA) and splenium (CLF) were defined as the
maximum width of the genu and splenium parallel to
line A. The thickness of the body perpendicular to line A
was measured at its anterior junction with the genu
(CLB), at the junction of the anterior third and posterior
two-thirds (CLC), at the junction of the anterior two-
thirds and the posterior third (CLD), and at its junction
with the splenium (CLE).

Total intracranial volume was estimated by model-
ling the head as an oblate spheroid [27]. This analysis
was based on the distance between inner skull margins
on three brain slices to represent x, y and z axes. The x-
and y-axis lengths were defined as the left and right ex-
treme and anterior to posterior extreme respectively
from an axial slice at the level of the third ventricle. The
z-axis length was defined as the superior margin of the
brain to the line projected from the anterior to posterior

Fig. 2 The corpus callosum was divided into five parts by
equidistant vertical lines. The thickness of the genu (CLA) and
splenium (CLF) were defined as the maximum extension of the
genu and splenium parallel to line A. The thickness at the junction
of the divided parts was measured: CLB junction of genu and body,
CLC junction of anterior third and posterior two-thirds of the
body, CLD junction of anterior third and posterior two-thirds of
the body, CLE junction of body and splenium

clivus in the mid sagittal section. The resulting voxel
count was then transformed into a volume (ml) using the
formula: volume=4/3xnxX/2xY/2xZ/2. The adjusted
parameters of the corpus callosum were defined as true
parameters of the corpus callosum divided by the
intracranial volume.

Statistical analysis

Age differences in the parameters of the corpus callo-
sum, with and without intracranial volume adjustment,
were assessed by Pearson correlation. Sex differences in
the parameters of the corpus callosum, with and without
intracranial volume adjustment, were assessed by Stu-
dent’s t-test. Sex differences in the academic results were
also evaluated by Student’s ¢-test. To evaluate the rela-
tionship of the morphometry of the corpus callosum
with academic performance, Student’s z-test was em-
ployed. For all statistical analyses, a two-tailed P value
of <0.05 was regarded as significant. The parameters of
the corpus callosum were compared with and without
intracranial volume adjustment.

Interobserver variation was assessed by another
researcher who measured 40 randomly selected chil-
dren. The correlation coefficient was used for assess-
ment.
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Table 1 Linear dimension of different parts of corpus callosum

Boys, Girls, All children,

n=63 (mm) n=37 (mm) n=100 (mm)
CLA 9.41 (£1.56) 9.25 (£1.31) 9.35 (£1.47)
CLB 6.58 (£1.27) 6.19 (£1.42) 6.44 (£1.33)
CLC 5.59 (£0.98) 5.33 (£0.80) 5.49 (£0.92)
CLD 4.60 (£0.83) 4.40 (£1.07) 4.53 (£0.96)
CLE 6.40 (£1.39) 5.89 (£1.83) 6.21 (£1.58)
CLF 8.98 (£1.47) 8.70 (£1.49) 8.88 (£ 1.47)
CL 60.92 (£5.16) 60.50 (£6.56) 60.77 (£5.69)
CH 22.11 (£2.76) 21.10 (£3.14) 21.74 (£2.93)

The thickness of the genu (CLA), body at its anterior junction with
the genu (CLB), at the junction of the anterior third and posterior
two-thirds (CLC), of the anterior two-thirds and the posterior third
(CLD), the posterior junction with the splenium (CLE), and sple-
nium (CLF)

Dimension given as mean + SD

CL callosal length, CH callosal height

Results

The average total callosal area in the mid-sagittal plane
measured 538.14+17.3 mm? . The average CL was
60.8+1.12 mm and the CH was 21.7+0.57 mm. Ta-
ble 1 illustrates the thicknesses of the different segments
of the corpus callosum. No statistically significant dif-
ference was shown between the two independent
observers for all measurements in the 40 randomly se-
lected subjects. The interobserver correlation coefficients
for CH, CL and thickness, callosal area and estimated
intracranial volume for the 40 randomly selected sub-
jects were 0.88, 0.99, 0.92 and 0.87, respectively. The
results indicate strong interobserver agreement with re-
gard to the morphometric measurements.

Age differences in different parameters of the corpus
callosum

There was no significant correlation between age and
CH (r=0.039, P=0.7) and length of the corpus callo-
sum (r=0.039, P=0.700) in the age range studied. The
total callosal area also showed no significant age dif-
ferences (r=0.134, P=0.18). Considering callosal
thickness, there was a weak but significant correlation

between CLC and age (r=0.201, P=0.045). The thick-
ness of the remainder of the corpus callosum showed no
significant  correlation with age (r=0.018-0.180,
P>0.05).

Sex differences in different parameters of corpus
callosum and academic performance

There was no significant sex difference in the height
(CH) either with (P=0.231) or without (P=0.096)
intracranial volume adjustment. There was also no sig-
nificant sex difference in the length (CL) with (P =0.352)
or without (P=0.731) intracranial volume adjustment.
Total callosal area (CC) also showed no significant sex
difference (P=0.235), a relationship maintained after
adjustment for intracranial volume (P =0.495). There
was no significant sex difference for the thickness of
different portions of the corpus callosum (P >0.05), with
or without intracranial volume adjustment.

There were no significant sex differences in academic
performance in Chinese (P=0.09), English (P=0.19) or
mathematics (P=0.11).

Academic performance difference in different
parameters of corpus callosum

Table 2 shows the average thickness of different seg-
ments of the corpus callosum in the average-to-good and
below-average performance groups in Chinese, English
and mathematics. There were significant differences for
CLE between the average-to-good and below-average
performers in Chinese (P =0.005), English (P=0.019)
and mathematics (P=0.011). The other parameters,
including thickness of the other body segments, total
area, height and length of corpus callosum, showed no
significant difference (P> 0.05) between the two groups.

Discussion

The corpus callosum provides for interhemispheric
integration, which is an important function for creativity

Table 2 Thickness of different parts of corpus callosum in relation to academic performance in English, Chinese and mathematics

Thickness Good Poor t-test Good Chinese Poor Chinese #-test Good Poor t-test
(mm) English English (P-value) (P-value) Mathematics Mathematics (P-value)
CLE 6.58+1.55 585+1.53 0.019 6.64 +£1.55 5.77+1.49 0.005 6.524+1.56 5.524+1.59 0.011
CLA 9.19+ 1.46 9.51+ 1.48 0.281 9.58+ 1.52 9.11+ 1.39 0.104 9.87+ 1.60  9.21+ 1.35 0.700
CLB 6.33+1.31 6.54+£1.35 0434 6.65+1.47 6.21+1.14 0.096 6.65+1.56 6.31+1.31 0.344
CLC 537+£0.89 5.62+095 0.182 5.63+0.88 5.35+0.95 0.137 5.47+1.01 5.56+1.00 0.709
CLD 4.53+1.07 4.52+0.84 0.967 4.55+1.09 4.50+0.80 0.760 4.55+0.86 4.27+0.81 0.168
CLF 8.89+1.51 897+x144 0.535 8.98+1.34 8.78+1.60 0.489 8.77+1.49 8.77+1.53 1.00

Dimension given as mean + SD
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and intelligence [4]. The functional topography of the
fibres in the human corpus callosum is still not fully
understood. The temporal, parietal and occipital lobe
fibres are believed to cross in the splenium and the
caudal part of the corpus callosum [28-30]. Language
information for writing seems to flow across the corpus
callosum [31]. Of similar functional interest is the pos-
terior body of the corpus callosum, which carries fibres
connecting the posterior parietal and temporal regions
of the two hemispheres involved in language function
[32, 33]. Several clinical studies have also alluded to this
hypothesis. Global and permanent alexia and apraxia, as
well as other disorders of language, have been shown to
relate to the interference of flow from the left hemisphere
to the right across the posterior corpus callosum [6, 7].
Egaas et al. [34] examined 51 autistic patients (age 3—
42 years) and found that the overall size reduction in the
corpus callosum was concentrated in the posterior sub-
regions where parietal lobe fibres are known to project
[13]. As the symptoms of autism include limited verbal
and non-verbal communication, an association of lan-
guage performance and size of the posterior corpus
callosum is suspected. Our findings of a significant dif-
ference in the thickness of the posterior part of the
corpus callosum with respect to language performance
in the standardized tests in Chinese and English are
consistent with the hypothesis that language function
may be related to the structural make-up of the corpus
callosum.

The thicker posterior body of the corpus callosum is
also associated with better performance in mathematics.
Mathematical intuition may depend on the interplay of
both word association and visual-spatial processing, the
network of which both involve the parietal lobes [35].
Processing Arabic digits has been shown by PET to
produce activation of the occipitoparietal areas bilater-
ally [36]. fMRI studies reveal activation unique to cal-
culation in both inferior parietal lobules [37]. Bilateral
intraparietal areas show greater activation on fMRI
during approximation, whereas bilateral angular regions
are more active during exact calculation [38]. The
bilateral nature of the neural substrates in the parietal
and parieto-occipital regions involved in mathematical
skills underlies the role of the interconnecting fibres in
the posterior part of the corpus callosum. Our findings
also suggested that the area of the corpus callosum in-
volved in calculation may be the posterior part of the
corpus callosum, i.e. where the posterior parietal,
occipital and temporal lobes on both sides are inter-
connected. Although the corpus callosum has been
suggested to have an important function for creativity
and intelligence [4], the current study is, to our knowl-
edge, the first to evaluate the relationship of calculation
and the morphometry of corpus callosum.

Quantitative electron microscopy studies in the rhe-
sus monkey indicate that new callosal axons do not

develop postnatally [39]. This reasonably suggests that
myelination is the most likely reason for age-related
increase in the size of the corpus callosum in humans.
The association of academic performance with the
thickness of the posterior body of the corpus callosum
may be explained by the functional changes that
accompany myelination of axons traversing the corpus
callosum. Myelination of axons determines the speed of
pulse transmission along the nerve fibres. The current
findings of a significant relationship between the pos-
terior corpus callosal thickness and language and
mathematics performance may be accounted for by the
thicker and better myelinated posterior part of the cor-
pus callosum, allowing for higher speed of nerve trans-
mission and a more efficient neural network concerned
with the task. The myelination of fibre tracts around the
peritrigonal region involving the association areas of the
posterior and inferior parietal and posterior temporal
cortex is known to be delayed in the first decade, with a
possible delay up to the second decade, as compared to
the rest of the cerebral hemispheric white-matter tracts
[40]. It is likely that the interconnecting fibres in the
posterior corpus callosum would show a similar pattern
of delay in myelination, subject to individual variation.
In the present study, there was no significant rela-
tionship between the total callosal area and age from 6.5
to 10 years old. Only the subdivision of thickness of the
corpus callosum at the mid-portion (CLC) showed sig-
nificant increase with age. This suggests that age is not a
confounding factor and the thicker the posterior part of
the corpus callosum, the better the academic perfor-
mance. Thompson et al. [41] have found that in subjects
aged 6-15 years, the highest growth rates were consis-
tently attained in temporoparietal systems which are
functionally specialized for language and for under-
standing spatial relations [41]. The range of age of
the school children in our study may be too narrow for
the effect of this increase in size to be detected, except at
the mid-portion where the most rapid increase in size
may have occurred. A larger sample may be needed to
evaluate further the increase in size of the corpus
callosum in the narrow age range targeted in the present
study. However, our results do imply that from 6 to
10 years old, the mid-portion in the corpus callosum
contributes most of the development of that structure.
The current study demonstrated no significant sex
difference in the morphometry of the corpus callosum in
children between 6 and 10 years old, which is consistent
with the childhood findings of Giedd et al. [4]. Allen
et al. [42] also found no sex difference in the corpus
callosal area or its subdivisions in children from 2 to
16 years old. However, they suggested that the shape of
the splenium was consistently wider or more bulbous in
girls than boys. Clarke et al. [43] evaluated 28 brains
derived from autopsy, ranging from 20 weeks’ gestation
to 14 years old and found that boys had significantly
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larger corpus callosal area than girls. The discrepancy
with our results may arise from the differential growth of
the corpus callosum in the different periods of childhood
between the two sexes. The lack of significant sex dif-
ferences in corpus callosum morphometry in the current
study does not provide morphometric evidence (at least
in the corpus callosum) for neurophysiological differ-
ences between males and females proposed for their
differential performance in language and mathematical
skills.

In conclusion, there is a significant relationship be-
tween the thickness of posterior body of the corpus
callosum and academic performance in Chinese lan-
guage, English language and mathematics. The finding

suggests that language and mathematics proficiency is
related to the morphometry of the fibres interconnecting
both posterior parietal lobes and both temporal lobes.
Whether the better performance associated with a
thicker posterior body of the corpus callosum is due to
differences in myelination of these crossing fibres has to
be addressed by further study. The present study does
not lend support for a morphometrical callosal differ-
ence between males and females to account for their
differential performance in language and mathematics.
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