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Abstract: It is important to have normative values for morphometric measurements of the corpus callosum (CC)
according to sex, age and certain diseases. No documented data exist regarding the anatomical characteristics of the
CC in Down syndrome patients. Thus, this magnetic resonance imaging (MRI) study was performed to provide an
overview of the effect of age and sex on the size of the CC in Saudi Arabian individuals with and without Down
syndrome. The longitudinal and vertical length of the brain and CC were measured using MRI of a midsagittal
section of 100 normal subjects (50 males, 50 females) and 50 Down syndrome patients (25 males, 25 females). Our
work divided into five age groups: from 1 until 6 years, from 6 to less than 12 years old, from 12 to less than 18
years old, from 18 to less than 30 years old and 30 years or older. The diameters of the brain and CC were
significantly longer in normal individuals than in Down syndrome patients. The diameters of CC, longitudinal
diameter of the genu and length of the splenium were larger in males than in females, but these differences were not
significant. The diameters of the brain were significantly longer in males than in females. This study showed that
various parameters in Down syndrome patients vary with the values documented in the normal population.
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1. Introduction and morphology is an area of interest to researchers
The human corpus callosum (CC) is the largest (Mourgela et al., 2007; Peterson et al., 2001).
and most prominent and important anatomical Additionally, Bermudez and Zatorre, (2001)
functional commissure between the two hemisphere in found a significant difference in the size and
the brain. The CC provides neural communications morphology of the CC between genders. However,
between the activities of both cerebra and has a Luders et al. 2006 did not find a significant difference
unique structure with a geometric arrangement in their study.
(Mourgela et al., 2007). The CC appears in the midline sagittal section of
The activities of the frontal cortex of both the adult brain as an arch of white matter
cerebra and their neural communications are approximately 10 cm in size; its anterior part is 4 cm,
controlled by the genu and rostrum. Additionally, and its posterior part is 6 cm (Standring and
most of the motor and primary sensory cortex in both Crossman, 2005).
hemispheres coordinates via the body of the CC, Anatomists and  neuroradiologists  have
while the fibers of the other lobes cross the CC frequently faced a problem regarding the lack of a
through the splenium. The CC plays a role in collective documented quantitative reference of the
behavior, memory, learning and some cognitive size of the normal CC for different ages and genders.
functions (Paul et al., 2003; Quigley et al., 2003). Moreover, little is known about changes in the size
Multiple studies have reported that CC and tissue characteristics of its sub-regions in different
morphology and size may change due to various age groups (Keshavan et al., 2002).
diseases (Yasar et al., 2006), such as Alzheimer’s It has been found that the longitudinal diameter
disease (AD) (Teipel et al.,2002; Head et al., 2016), of the CC is larger in males, and the anterior part of
leukoaraiosis (Yamauchi et al., 2000), Williams's the CC reduces with age due to atrophic changes in
syndrome (Tomaiuolo et al.,2002), dyslexia (von the hemispheres (Gupta et al., 2008; Suganthy et al.,
Plessen et al., 2002), Tourette’s syndrome (Plessen et 2003). Other findings showing sex differences in CC
al., 2004), Down syndrome (DS) (Teipel et al., 2003), morphology across the lifespan (Prendergast et al.,
depression (Lacerda et al., 2005 ), schizophrenia (Narr 2015) and development changes in CC observed in
et al., 2002) and HIV (Thompson et al., 2006). early of life (Tanaka-Arakawa et al., 2015).
The sizes of different organs, including the CC, Morphological features of selected DS patients
differ according to race/ethnicity in different areas in Typical features in an individual with DS include
the world, and the identified differences in CC size short stature and obesity with a small, rounded head
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(microcephaly and brachycephaly), flattened occipital
bone and sloping forehead. In infants, the fontanels
are large and slow to close. Radiologic examination
may reveal hypoplasia of the maxillary sinuses and
absence of the sphenoidal and frontal sinuses. The
nasal bones are hypoplastic with a flattened nasal
bridge in the face is characteristic, with a rounded
shape (Head et al., 2016).

Individuals with DS develop a clinical syndrome
of Alzheimer disease that has almost identical
neuropathological characteristics to those of non-DS
patients with Alzheimer disease (AD) (Lacerda et al.,
2005).

The main difference is the earlier age of onset in
DS individuals (Mann, 1988).

No documented data exist regarding the
anatomical characteristics of the brain and CC in DS
patients; therefore, this study was performed to
measure the differences in these dimensions relative
to normal subjects.

2. Material and Methods

This descriptive study was conducted on 150
subjects, including 75 males and 75 females, aged 1 to
45 years, from February2016 to June2016, who had
normal magnetic resonance imaging (MRI) findings.
All participants provided informed consent. The study
included100 normal subjects (50 males, 50 females)
and 50 DS patients (25 males, 25 females),
ascertained by karyotyping.

The subjects were chosen from the MRI
scanning unit of the radiology department according
to a chronic headache survey and mild delayed
milestones of growth. The inclusion criteria consisted
of no cerebrovascular lesions, tumor or head accidents
or history of neurological disease.
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Fig 1: 31 year old Saudi gittal brain MRI.
The subjects were divided into five age groups,
including group 1 (less than 6 years old), group 2
(from 6 to less than 12 years old), group 3 (from 12 to
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less than 18 years old), group 4 (from 18 to less than
30 years old) and group 5 (30 years or older). The size
of the brain and CC were measured. MRI was
performed using a mid-sagittal view of the cerebral
hemispheres (figure 1 and figure 2).

The following diameters were measured:

CCAP: Length of the CC from the most anterior
to the most posterior point, passing through the point
of maximal curvature of the inner border of the genu
(figure 3).

BAP: Longitudinal diameter of the brain
between the most anterior and most posterior points of
the cerebral hemisphere at the level of the CC (figure
4).

FG: From the genu of the CC to the frontal pole
of the brain (figure 4). SO: From the splenium of the
CC to the occipital pole of the brain (figure 4).

Fig 2: 31 year old Saudi Female mid-sagittal brain
MRI.

A )
Fig. 3 Measurements of corpus callosum (CC) length
(A, B, C, D) from the most anterior to the most
posterior point, passing through the point of maximal
curvature of the inner border of the genu (CCAP).
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Fig. 4 Measurements of longitudinal diameter of the
brain between the most anterior and most posterior
points of the cerebral hemisphere at the level of the
CC from E to H (BAP), from the genu of the CC to
the frontal pole of the brain from E to F (FG), from
the splenium of the CC to the occipital pole of the
brain from G to H (SO).

Statistical analysis
We present descriptive statistics, standard
deviations, ANOVA and a critical test of significance.

3. Results
Age-related differences

The mean value of BAP from the medial aspect
showed a significant increase in first 3 age groups.
These findings appeared as a slopping increase until a
plateau was reached, while the insignificant increase
in the last 2 groups exhibited a linear appearance.

13.16 + 0.039 cm in group 1 normal,12.86+
0.102 cm in groupl DS

14.73 + 0.024 cm in group 2 normal,14.16+
0.063cm in group2 DS

16.01 + 0.049 cm in group 3 normal,15.82+
0.089 cm in group3 DS

16.34 + 0.045 cm in group 4 normal,16.14+
0.076 cm in group4 DS

16.44+ 0.077 cm in group 5 normal, 15.71+
0.033 cm in group5 DS

The mean value of CCAP showed a statistically
significant increase from group 1 to group3. These
findings appeared as a slopping increase until a
plateau was reached, while the insignificant increase
in the last 2 groups had a linear appearance.

6.56 £ 0.039 cm in group Inormal, 6.16 + 0.082
cm in groupl DS

7.03+ 0.044 cm in group 2 normal, 6.79 + 0.039
cm in group2 DS
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7.61 £ 0.026 cm in group 3 normal,7.43 + 0.087
cm in group3 DS

7.54+ 0.056 cm in group 4 normal, 7.32 + 0.044
cm in group4 DS

7.51% 0.052 cm in group 5 normal, 7.13 + 0.059
cm in group5 DS

Linear index: The mean value of the linear index
was a ratio greater than 2:1, and no significant
difference (linear appearance) was observed among
different age groups, gender groups and the normal
and DS groups.

The mean value of FG is described below.

2.56 £ 0.03 cm in group 1 normal, 2.46 + 0.08
cm in groupl DS

3.03 = 0.32 cm in group 2 normal, 2.81 £ 0.03
cm in group2 DS

3.51 £0.22 cm in group 3 normal,2.98 +(0.17 cm
in group3 DS

3.84 £ 0.26 cm in group 4 normal,3.22 + (.44 cm
in group4 DS

4.01 = 0.09 cm in group 5 normal, 3.03 + 0.29
cm in group5 DS

The mean value of SO is described below.

5.01 £ 0.19 cm in group 1 normal, 4.76 + 0.15
cm in groupl DS

5.23 £ 0.22 cm in group 2 normal, 4.90 + 0.22
cm in group2 DS

5.54 £ 0.32 cm in group 3 normal, 5.08 = 0.37
cm in group3 DS

5.83 + 0.29 cm in group 4 normal, 5.22 + 0.17
cm in group4 DS

6.11 £ 0.12 cm in group 5 normal, 5.02 = 0.24
cm in group5 DS

The ratio wasapproximatelyl:1.5.

A positive correlation (r = 0.69) was noted
between the distance between the SO, rather than the
vertical brain diameter (r = 0.45),

Sex-related differences

In the present study, sexual dimorphism was not
observed in most of the CC parameters measured.

The mean of the longitudinal dimensions and
measured ratios tended to be smaller in women in the
normal population, but for DS individuals, no inter-
sex differences were observed in the mean value for
any of the measurements.

BAP (males = 16.09£ 0.32 cm, females = 15.73
+ 0.24cm, P < 0.05)

CC length (males= 7.59 £ 0.21 cm, females=
7.19£0.16 cm, P <0.08)

FG (males = 3.79 = 0.15 cm, females = 3.42+
0.18 cm, P < 0.07)

SO (males = 5.78 £ 0.15 cm, females = 5.38%
0.33 cm, P < 0.06)

No sex difference was found in the splenium
diameter.
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A decrease of size in the CC diameter was
observed in group 5, but it was present only in males.
This result is possibly related to atrophic changes in
the brain, which are more notable in DS males.

4. Discussions

According to our data, neither sexual
dimorphism nor significant differences in the CC
dimensions were observed. Nonetheless, the
dimensions of the CC were larger in males than in
females.

Additionally, a positive correlation was found
between the CC and brain longitudinal diameters. In
recent years, several studies using MRI scans have
been performed to determine the diameters,
morphology and sex-related differences of the CC in
individuals in various areas of the world (Mourgela et
al., 2007; Narr et al.,2002; Paul et al., 2003; Peterson
et al., 2001: Prendergast et al., 2015).

Takeda et al. (2003) found that the mean
longitudinal and vertical diameters of the CC were
69.7 £ 4.15 and 25.9 £ 2.90 mm, respectively, in
Japanese males and 69.4 + 4.33 and 25.8 £ 2.80 mm,
respectively, in Japanese females, but with no
significant difference between the sexes. They also
reported that the length of the CC is in a state of
continuous change in different age groups, but the
width decreases in some structures, yielding a
stretched appearance (Takeda et al. 2003).

In contrast, Suganthy ef al. (2003) concluded
from 100 subjects that the mean longitudinal diameter
of the CC in males was significantly greater than in
females (72.6 £5.2 mm in Indian males, 70.6 £ 4.0
mm in Indian females). Suganthy also reported that
only the length of the CC increased with age, and no
change with age occurred in the diameters of other
areas of the CC (Suganthy et al. 2003).

According to geographic distribution, Gupta et
al. (2009) found (using MRI) that the mean
longitudinal diameter of the CC in the Indian
population was 7.57 cm in men and 7.1 cm in women,
and the mean width was 3.27 cm in men and 2.59 cm
in women. They also reported that the mean width of
the splenium of the CC was 1.15 cm in men and 1.17
cm in women. Furthermore, Gupta found that the CC
was smaller in the Indian population than in the
Caucasian population but larger than in the Japanese
population (Gupta et al.2009).

In our study, a positive correlation (r = 0.69) was
noted between the SO rather than the vertical brain
diameter (r = 0.45), but the BAP exhibited a strong
positive correlation with the CC length. Thus, the
various dimensions of the brain change correlatively
with each other.

All the components inside the cranial cavity are
in a state of continuous change to preserve its
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symmetrical appearance; therefore, all diameters of
the brain and CC vary with age, resulting in symmetry
between the brain and the size of the CC. This
relationship is similar to the results of studies by
Estruch et al. (1997) and Mourgela et al, (2007).
Therefore, it might not be correct to attribute
differences in hemispheric functions between the
sexes to callosal connections.

The DS population exhibits neuropathological
complications similar to AD or atrophic changes that
begin in the temporal lobe, and CC atrophy may be a
marker for AD (Mann, 1988).. Additionally, the DS
population exhibits increased ventricular volume with
aging (Kesslak et al., 1994). A positive correlation (r
= 0.69) was noted between the SO and CC length,
which is similar to the findings of a study by Teipel et
al., (2003). Additionally, Lawlor reported the same
finding obtained by CT scans.
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