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SUMMARY
The aim of this study is to establish age and
sex based-reference values of corpus callosum
(CC) length and its distances to the fornix
and anterior commissure. Brain MRIs of 214
subjects, who had normal MRI scans according
to radiologists’ reports, were reviewed
retrospectively. Scans were obtained from April
2013 until April 2014 at Jordan University
Hospital, Radiology Department (Amman,
Jordan). The antero-posterior (longitudinal)
dimensions of the CC (AB), the vertical distance
between the anterior commissure and the most
superior point of CC (CD), the distance between
the genu and the fornix (AE), and the angle
between AB (the longitudinal dimension of the
CC) and AD (the distance from the genu to the
anterior edge of the anterior commissure) (BAD)
were measured and subjected to statistical
analysis. Regardless of sex, CC length and other
parameters (CD and AE) increased dramatically
with age in children and adolescents (≤ 18years).
A significant negative correlation was found
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between age and BAD angle in females only. We
observed a continuous increase in CC length
after childhood in both sexes, with a slower
rate of growth in females. Sexual dimorphism
was observed in AB and BAD angle in infants
(≤ 2years) and AE in the adolescent group (12
to 18 years old). A local reference of CC length
and its distances to nearby structures were
established. Sexual dimorphisms of some CC
parameters were more evident during the early
years of life. Our data also indicated important
sex differences in the development of the CC.
Such knowledge is essential in evaluating the
normal neurological development of the CC and
the pathological conditions affecting it.
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INTRODUCTION
The corpus callosum (CC) is the largest white
matter structure in the human brain. It connects
the right and left cerebral hemispheres in a mostly
homotopic fashion. The CC lies in the midsagittal
plane between the two hemispheres with the fornix and the third ventricle related to it inferiorly
(Griffiths et al., 2009). The growth and shape of the
CC are determined by several factors including
age, prematurity, genetics, handedness, childhood
neglect, and gender (Garel et al., 2011; Nosarti et
al., 2004; Teicher et al., 2004; Westerhausen et al.,
2004; Woldehawariat et al., 2014).
Neurologists can use CC dimensions and its relation to the nearby structures to compare with
certain neurological and psychological disease
entities (Luders et al., 2010; Woldehawariat et al.,
2014). Most of the studies on the size and shape of
CC were performed outside the Middle East and
other countries to confirm the genetic and racial
factors in anthropometry. In our study population, the mean CC length was similar to the data
recorded from Iranian and Turkish populations
(Mohammadi et al., 2011; Unlu et al., 2014), but
was higher than the data from the Japanese (Takeda et al., 2003), indicating that ethnicity could play
an important role in CC size (Mohammadi et al.,
2011).
Alterations in the size and morphology of the CC
are commonly documented in several psychiatric
disorders. For example, alterations in the size and
shape of the CC were reported in patients with
schizophrenia and bipolar disorder (Downhill et
al., 2000; Walterfang et al., 2009). Furthermore,
schizophrenia patients had reduced CC total area
and length when compared with controls (Unlu
et al., 2014). Fractional anisotropy (a diffusion
tensor imaging measure that reflects the degree
to which white matter fibers are aligned in a
specific direction) of the genu, splenium and
total corpus callosum was significantly reduced
in autism (Alexander et al., 2007). Additional
studies provide preliminary evidence of impaired
neural connectivity in the CC and other major
fiber tracts in autism (Barnea-Goraly et al., 2004;
Jou et al., 2011). A reduction in the CC area was
also found to be associated with impulsivity, as
well as suicidal behavior (Cyprien et al., 2011;
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Moeller et al., 2005). Thus, CC morphometric
data may indirectly reflect underlying pathologic
processes. In this study, our aim is to investigate
the possible sex-related differences in the length
of the CC, its morphometric relationship to nearby
structures (the fornix and anterior commissure)
and the postnatal developmental changes based
on cross-sectional MRI data from healthy
Jordanian children and adults.

MATERIAL AND METHODS
Cerebral MRIs from the midsagittal plane were
collected from April 2013 until April 2014 at
Jordan University Hospital, Radiology Department
(Amman, Jordan). Informed consent was obtained
from all study participants or their legal guardians,
and ethical approval was obtained from the
Academic Research Council of the Faculty of
Medicine, University of Jordan, according to the
ethical principles of the Declaration of Helsinki.
Two hundred and fourteen normal MRIs were
obtained from 95 males and 119 females (mean
age ± SD: 27.0±21.8 and 27.9±19.5 years, respectively). The subjects of the sample were selected
from those referred for advanced evaluation of
the brain by MRI and proved to be negative. Only
normal MRI scans (according to the radiologists’
reports) were included.
Exclusion criteria
For our study, the following exclusion criteria
were used: a) intracranial lesions, masses or
head injury on the MRI, b) demyelination and
degenerative diseases (multiple sclerosis), c) history
of neurosurgery, d) previous cerebrovascular
accidents, e) history of neurological or psychiatric
diseases (epilepsy, autism, depression, dementia,
schizophrenia and bipolar disorder), and g) CC
anomalies (hypoplasia, dysplasia, and complete
agenesis). None of the participants had ever received
psychopharmacotherapy.
Using 18 years as the beginning of adulthood,
the subjects were divided into two main groups:
group 1) children and adolescents (≤ 18 years),
and group 2) adults (>18 years). To study the developmental sexual dimorphism of the CC, each
of these two groups was further subdivided into

Maher T. Al-Hadidi et al

subgroups on the basis of age as follows: infancy
(birth to 2 years old), early childhood (3-8 years
old), middle childhood (9-11 years old), adolescence (12-18 years old), young adulthood (19-39
years old), middle adulthood (40-60 years old),
and late adulthood (>60 years old).
Procedure
A Siemens Magnetic Vision Plus (1.5 Tesla)
(Siemens, Erlangen, Germany) was used in T1
sequence (TR=600, TE=14) with a 512x512 matrix
and 32 cm FOV. Twelve sagittal images scanning
from right to left were performed in two minutes
for each patient while in a supine position. The
sagittal images were parallel to the axial plane of
the CC. The obtained images were reconstructed at
5 mm slices with a verified inclination of less than
1° from the midline. The best image showing the
CC was selected. The parameters were measured
by Syngo Fast View software (Siemens Medical
Solutions, Department SW, Erlangen, Germany)
on the same slice image and recorded to the
nearest millimeter. The distances were measured
directly from the MRI screen and documented on
printed images. The anteroposterior length of the
corpus callosum (AB) was taken as the distance
between the anterior edge of the genu and the
posterior edge of the splenium. The distance
from the anterior edge of genu to the anterior
edge of the fornix (AE) was measured, and the
anterior edge of its column was considered at the
bifurcation above the anterior commissure. The
maximum height (CD) of the CC was taken as the
vertical distance from the anterior commissure to
the dorsal edge of the CC. The angle (BAD) formed
by the meeting of the longitudinal dimension of
CC (AB) and the distance from the genu to the
anterior edge of the anterior commissure (AD)
was also measured (Fig. 1).

version 19 (IBM Corp, Armonk, NY, USA). The
means (± standard deviation) were calculated,
and males and females in the various age groups
were compared.
Differences in continuous variables between
the two independent groups were assessed using
the two-tailed t test. Relationships between each
dimension and the ages were assessed using the
Spearman’s Rho coefficient. The significance
threshold was set at 0.05. All measurements
showed excellent interobserver reliability, with
intraclass correlation coefficients ranging from
0.76 to 0.83. The XY scatter plots were generated
using Microsoft Excel 2010 and the figures were
generated using Adobe Illustrator CC 2014.

Fig. 1.- MRI showing the anteroposterior length measurement of the corpus
callosum and its relation to the fornix and anterior commissure. AB: The
length of the corpus callosum from the anterior edge of the genu to the posterior edge of the splenium. AE: The distance from the anterior edge of genu
to the anterior edge of the fornix at its bifurcation above the anterior commissure. CD: The maximum height from the anterior commissure to the
dorsal edge of the CC. BAD: The angle formed by the meeting of AB and AD
(the distance from the genu to the anterior edge of the anterior commissure).

RESULTS
CC development from childhood to adulthood

Three senior radiologists (each with at least 10
years of experience in brain MRI) took all of the
measurements (three values for each parameter)
and the combined mean values were used in the
subsequent analysis of each data set.

MRIs from children and adults who were 18
years of age or younger were examined separately
for age-related changes in CC length, and its morphometric relationship to the fornix and anterior
commissure was also examined.

Statistical analysis

In males, the Spearman’s Rho coefficient
between age and CC parameters showed a
positive relationship in children and adolescents

The data was entered into a spreadsheet and analyzed using the IBM SPSS Statistics for Windows,
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(≤ 18 years). A very strong positive correlation
was evident with AB (r = 0.8), a moderate positive
correlation was evident with CD (r = 0.5), and a
very strong positive correlation was evident with
AE (r = 0.8). These correlations were statistically
significant (p<0.001). A very weak negative
correlation between age and BAD angle was also
observed (r = -0.1), but it was not statistically
significant (p>0.05) (Fig. 2).

In female children and adolescents (≤ 18 years),
a strong positive correlation was noted with
AB (r = 0.8), and moderate positive correlations
were evident with CD (r = 0.33) and AE (r = 0.5).
However, the correlation between age and BAD
angle was much stronger in females than males,
and a moderate negative correlation was noted (r
= -0.4) (Fig- 2). All correlations were statistically
significant (p<0.05).

Fig. 2.- Scatter plots showing the correlations between age and: A: AB, B: CD, C: AE, and D: BAD angle in childhood and adolescence (0-18 years). Regression
lines represent the lines of best fit. r: Spearman’s Rho coefficient. P values were calculated using the two-tailed t-test, n=88.

Fig. 3.- Scatter plots showing the correlations between age and: A: AB, B: CD, C: AE, and D: BAD angle in adulthood (19-70 years). Regression lines
represent the lines of best fit. r: Spearman’s Rho coefficient. P values were calculated using the two-tailed t-test, n=126.

18

Maher T. Al-Hadidi et al

In adult males (>18 years), a moderate positive
correlation was evident with AB (r = 0.6). Weaker
positive correlations were evident with CD and AE
(r = 0.3), and a statistically insignificant positive
correlation was observed with BAD angle (r = 0.1)
(Fig. 3).
In adult females (>18 years), a weak positive
correlation that was still statistically significant
was noted between age and AB (r = 0.3, p<0.05).
Weak positive correlations that were statistically
insignificant were noted between age and both CD
(r = 0.1) and AE (r = 0.2) (p>0.05). A statistically
insignificant, weak positive correlation was noted
between age and BAD angle (r = 0.1) (Fig. 3).
Gender and age-related differences in CC length
and its morphometric relationship to the fornix
and anterior commissure
The mean values (± SD) of CC length and
distances to the fornix and anterior commissure
in males and females of the different age
subgroups are shown in Table 1. For most of
the CC parameters, males tended to have higher
mean values than females. In contrast, the BAD
angle was higher in females. A comparison of
mean CC parameters between males and females
(using the two-tailed t-test) showed a statistically
significant difference (P<0.05) in the longitudinal
dimension of the CC (AB) and the BAD angle in
only the infant subgroups (birth - 2 years old).
The distance between the genu and the fornix (AE)
was also significantly different between genders
in the adolescent group (12-18 years old).
DISCUSSION
CC dimensions and its distances to the nearby
structures can be used by neurologists to compare
the findings in patients with certain neurological
and psychological disease entities (Luders et al.,
2010; Woldehawariat et al., 2014). Most of the
studies on the size and shape of CC were performed
on Caucasian (Mourgela et al., 2007), East Asian
(Hwang et al., 2004), Iranian (Mohammadi et al.,
2011) and Indian populations (Gupta et al., 2008).
Few studies have been performed using Middle
Eastern individuals. In a previous study, Yasin and
Farahani (2015) reported that genetic and racial
factors, in addition to educational background, play

a significant role in CC size. The authors suggested
that such research should be conducted in the
Middle East and other countries to confirm the
genetic and racial factors in anthropometry. In our
study population, the mean CC length was similar
to the data recorded from Iranian and Turkish
populations (Mohammadi et al., 2011; Unlu et
al., 2014). Our values, however, still higher than
the data from the Japanese (Takeda et al., 2003),
indicating that ethnicity could play an important
role in CC size (Mohammadi et al., 2011).
Currently, many factors are thought to influence
the variations observed in human CC morphology.
The first factor considered in our study was
the age of the participants. According to 3D
ultrasounds of the fetal CC, rudimentary fibers of
the CC begin to appear at the fetal midline in the
12th week of gestation (Pashaj et al., 2013). The
number of callosal fibers is already fixed around
birth, but structural changes continue to occur in
the CC during postnatal development (Luders et
al., 2010; Tanaka-Arakawa et al., 2015). Our data
showed a rapid increase in CC length until 18
years, but slower growth in adults of both sexes
(>18 years).
Numerous studies have reported that CC length
changes significantly with age (Luders et al.,
2010; Mohammadi et al., 2011), and our findings
confirm this observation. However, few studies
have reported data on CC morphology in infants.
A study of healthy children with ages ranging
from 1 day to 15 years reported rapid growth until
three years of age, followed by continuous slower
growth (Garel et al., 2011). In the study by Garel et
al., the fronto-occipital diameter (anteroposterior
diameter of the CC) and the thickness of the
genu and isthmus were measured, but they
did not directly assess the size of the CC. On the
other hand, a recent MRI study of 114 healthy
individuals with ages ranging from 1 month to 25
years reported significant, non-linear, age-related
increases in the absolute area of the overall CC
and its subregions: rostrum, genu, rostral body,
anterior midbody, posterior midbody, isthmus and
splenium. The growth rate then started to flatten
during adolescence and adulthood in both sexes
(Tanaka- Arakawa et al., 2015). Our results echo
their findings, but we further showed a continued
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increase in CC length after the childhood period
in both sexes, with a greater slowing of growth
in females. Using MRI, Vannucci et al. (2017)
reported that genu, body, splenial and total corpus
callosal areas increased by 40-100% during first
year of life. Comparing genu and splenium, they

demonstrated that the genu expanded to a greater
extent than the splenium during the first 6 years,
while the splenium expanded to a greater extent
between 7 and 18 years. They attributed these
age-related differences to the consequence of
differential axonal myelination. Sex differences

Table 1. Gender and age-related differences in CC length and its relation to the fornix and anterior commissure in Jordanians.
AB
Male

CD
Female

Male

AE
Female

Male

BAD
Female

Male

Female

(0-2 years)
(4 males &
6 females)
Range

55.3±7.1 48.9±5.6

24.0±3.7 21.8±5.0

20.4±3.6 18.6±3.1

29.1±4.7 36.5±8.9

44-65

18-28

14-26

23-40

P value

0.0214*

0.2323ǂ

0.2149ǂ

0.0206*

(3-8 years)

60.8±6.0 60.1±7.6

25.6±2.9 26.1±3.4

24.8±2.5 23.9±2.7

29.2±4.5 31.6±6.3

Range P value

45-72
45-70
0.7669ǂ

21-30
20-32
0.6999ǂ

18-28
18-29
0.3579ǂ

20-39
0.223ǂ

(9-11 years)

62.5±3.5 64.0±3.5

29.8±4.0 25.6±2.9

26.3±1.9 23.8±2.5

31.5±9.9 30.0±7.4

Range P value

59-66
60-69
0.5461ǂ

25-34
22-29
0.1135ǂ

25-29
22-28
0.1491ǂ

21-44
21-39
0.8011ǂ

(12-18 years)

70.2±5.6 67.0±3.5

28.4±4.1 25.6±3.8

28.7±3.1 24.3±3.6

26.9±3.3 27.1±7.4

Range P value

58-79
63-74
ǂ
0.0819

24-38
19-32
ǂ
0.0738

26-37
18-28
*
0.0019

20-31
14-42
ǂ
0.9491

(19-39 years)

67.5±3.0 68.6±4.0

26.8±2.3 28.8±4.2

27.5±2.8 26.9±2.4

27.9±5.5 28.9±7.5

Range P value

62-73
0.288ǂ

23-30
21-39
0.0512ǂ

23-33
0.477ǂ

21-43
15-51
0.5937ǂ

(40-60 years)

72.2±4.9 69.4±5.2

29.6±3.6 29.6±4.7

29.1±3.3 27.6±2.7

28.6±5.2 31.0±5.0

Range P value

62-83
55-79
0.0606ǂ

22-38
19-44
0.9572ǂ

26-40
23-32
0.0802ǂ

19-44
0.11ǂ

(> 60 years)

73.6±4.4 66.3±2.9

29.3±5.4 27.9±3.9

30.6±4.9 28.6±3.2

27.6±3.5 28.3±6.1

68-82
0.197ǂ

68-82
21-32
0.5837ǂ

25-40
24-32
0.3858ǂ

23-32
19-39
0.7935ǂ

40-57

13-33

15-25

24-55

(8 males &
9 females)
23-44

(9 males &
11 females)

(13 males &
15 females)

(14 males &
20 females)
62-80

22-32

(16 males &
22 females)
22-44

(31 males &
36 females)
Range P value

63-76

* Extremely significant, ǂ not significant, all dimensions in millimeters.
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seem to exist during the development of the CC.
The significant increase in the CC parameters in
males explains the significant increase of the BAD
angle in females.
Geometrically, the meeting of the AD line with
a longer AB line (at A point) produces a more
acute angle than the meeting of the same AD
line with a shorter AB line (at a closer A point),
which will produce a wider angle. Our results
support the idea that structural changes of the
CC continue to occur throughout life, but the
most dramatic changes happen during childhood
and adolescence. Progressive fiber myelination,
regressive pruning processes, glial proliferation
and ongoing maturation and modeling of the
axonal cytoskeleton may underlie these changes
(Luders et al., 2010). The adult group in the
present study ranged in age from 19-70 years
and a wider age range of participants could have
yielded different results. Westerhausen et al.
(2011) suggested sexual dimorphism in the microstructural architecture of the CC. They claimed
that clusters of significantly-higher fractional
anisotropy and lower diffusion strength in males
compared to females were detected in the genu
and truncus of CC.
The literature concerning sexual dimorphism of
the CC is not in agreement about sex differences
in callosal size and shape (Ardekani et al., 2013;
Gupta et al., 2008; Luders et al., 2010). In one
study, the only parameter that showed significant
gender dimorphism was the length of the CC,
being longer in males (Suganthy et al., 2003).
In Iran and Japan, however, no statistically
significant differences between the sexes were
found (Mohammadi et al., 2011; Takeda et al.,
2003). In our study, the male to female differences
in the longitudinal dimensions of the CC were
not statistically significant. Of the parameters
measured, only the longitudinal dimension of
the CC and BAD angle in infants (≤ 2 years) and
the distance between the genu and the fornix
(AE) in adolescents (12-18 years old) exhibited
sexual dimorphism. This may be explained by
a significant difference in the growth of the CC
parameters in adolescents between sexes, which
may be attributed to hormonal factors. Guz et al.
(2019) studied sexual parameters as regards CC

including: lengths of longitudinal cross-section of
CC, CC thickness in the narrowest place (isthmus),
the largest linear dimension of the brain from the
frontal pole to occipital pole, the longitudinal
cross-section area of the CC and cerebral crosssection area. They demonstrated that in all age
groups studied, there were statistically-significant
differences in the values of the analysed
parameters and ratios of CC size between males
and females.
Several studies have reported the presence
of significant sex differences in callosal
measurements.
DeLacoste-Utamsing
and
Holloway (1982) reported a sex difference in the
shape and surface area of the CC, especially in its
splenium. They related such observation due to
gender differences in the degree of lateralization
for visuospatial function, since the splenium
contains peristriate, parietal and superior
temporal fibers. In Korean neonates, Hwang et al.
(2004) reported no significant gender differences
in the width and total area of the CC, but the height
of the CC was greater in males and the splenium
was thicker in females. Similar results were
also obtained in a Turkish population where the
splenium was found to be wider in females than
in males (Aydlnlioglu et al., 1996). In an Indian
study, morphometric measurements of the CC
and its subregions showed sexual dimorphism in
several parameters: 1) a longer CC in males, 2) a
longer distance between the genu and the fornix
in older males, and 3) a longer distance between
the splenium and superior colliculus (Gupta
et al., 2008). Another earlier study reported
significantly higher ratios between the whole
brain and the total CC including the genu, the
posterior midbody, and the splenium in females
than males (Tanaka-Arakawa et al., 2015).
Little is yet known about the morphometric
relationship between CC and nearby structures.
In our study, the distances from the CC to the
fornix and anterior commissure (CD and AE
respectively) were also traced from infancy to late
adulthood. In both sexes, CD and AE exhibited
significant increases with advancing age until
18 years. However, the angle formed by the
longitudinal dimension of the CC and the distance
from the genu to the anterior edge of the anterior
21
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commissure (BAD) decreased significantly with
age in female children and adolescents only.
In adulthood, the CD continued to increase
significantly with age in males only. These data
suggest age-related sex differences during the
structural maturation of the brain. Myelination
processes could also affect the anatomical
relationship between the CC and the nearby
structures. Additionally, gonadal hormones and
sex chromosomes could contribute to differences
between the sexes. Schmied et al. (2020) studied
sex differences in brain-size adjusted CC area and
thickness in ages of 6-24 months and reported a
steeper rate of growth in males versus females.
They reported that CC thickness was significantly
associated with underlying microstructural
organization. However, they observed that there
were no sex differences in the association between
microstructure and thickness, suggesting that
the role of factors such as axon density and/or
myelination in determining CC size is generally
equivalent between sexes.
Our study was limited, because we did not measure the thickness of the CC and its subregions. We
only measured the length of the CC, as it is easily
applicable in daily clinical practice. However, more
detailed analyses of the callosal subregions should
be conducted to establish a normative reference
in our population and to understand the complex
changes in CC morphometry throughout life. In addition, our results only reveal differences between
people of different ages rather than changes in the
same individuals over time. Therefore, a longitudinal study of these changes could provide more insight into developmental changes in the CC.
In conclusion, this study offers a reference of
CC length, and its distances from the anterior
commissure and fornix are established. In
addition, sexual dimorphisms of some CC
parameters were more evident during the early
years of life. Our data also indicated important
sex differences in the development of the CC.
Such knowledge is essential in evaluating the
normal neurological development of the CC and
the pathologies affecting it. Further studies with
increased numbers of samples can give more
evidence concerning these parameters.
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