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ABSTRACT

Introduction: The Corpus Callosum (CC) is the largest commissural
bundle connecting the two cerebral hemispheres which is involved
in learning, memory, thinking, three-dimensional visual ability,
executive functions as well as behavioural patterns. Exact
morphometric dimensions are a prerequisite before surgical
interventions and stereotactic approaches to the foramen of Munro
and also in cases of callosectomy for intractable epilepsy as
inconsistencies exist regarding gender and age related changes of
CC. Also, most published studies are from the western world and
very few studies are from South-east Asia and India.

Aim: To study the morphometry of CC and possible age, gender
related variations using Magnetic Resonance Imaging (MRI) in
the North Indian population.

Materials and Methods: An observational, cross-sectional study
was done in Dr. Ram Manohar Lohia Institute of Medical Sciences,
Lucknow, Uttar Pradesh, India from January 2019 to October 2019.
A total of 200 head MRI scans, using PACS (Picture Archiving and
Communication System) System Viewer software were evaluated.
In all the scans, length, height, minimum and maximum thickness
of CC were studied. The data were statistically analysed using

INTRODUCTION

The morphometric analysis of physiologic variations in CC morphology
is important. These variations may cause problems in diagnosis
and treatment of neuropsychiatric disorders, dysmyelinating and
demyelinating disorders, pre-and perinatal trauma, or hypoxic injury
[1-3]. The CC forms a massive arched inter-hemispheric bridge in
the floor of the median longitudinal cerebral fissure which connects
cortical as well as subcortical regions of the right and left-sides of
the brain and plays an essential role in the integration of information
between the two hemispheres. The human CC has been divided
anterio-posteriorly into four main parts, including the genu, the
rostrum, the body or trunk, which is frequently subdivided into anterior,
middle, posterior, and the splenium. Variations in morphology of CC
have been quoted in a wide range of neuropsychiatric disorders [4,5].

Neurologists and anatomists have debated and researched on
morphometry of CC and the association of the variations with
intelligence and comprehension. Researchers have shown that it is
involved in many advanced features of the brain, such as learning,
memory, thinking, three-dimensional visual ability, executive functions
as well as behavioural patterns [6,7].

Interestingly, such results point out towards possible relation
between morphometry of CC with the difference in cognition and
behavioural pattern seen in males and females. Hence, sexual
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STATA Software for age and gender-related differences. Student’s
t-test, one-way Analysis of Variance (ANOVA), linear regression
and Pearson correlation coefficient were applied.

Results: The study showed decrease in thickness of body, rostrum
and splenium with age, linked to generalised degeneration of
cortical neurons or atrophy of white matter with advancing age.
Also, there was increase in length with age, possibly due to age
mediated structural dilatation in lateral ventricles. Statistically
significant sexual dimorphism was observed as a larger CC
length in males (74.24+4.26 mm) than females (72.67+4.16 mm)
(p-value <0.001) and larger brain length in males (171.75+5.51 mm)
as compared to females (163.70+5.75 mm) (p-value <0.001).
Males also showed greater splenial thickness (10.15+1.79 mm)
in comparison to females (9.68+1.51 mm) (p-value <0.001) which
may represent the importance of distribution of fibres of visual
cortex in males due to larger occipital lobe.

Conclusion: The present study documented morphometry of
normal CC in different gender and age groups and observed
sexual dimorphism, especially greater CC length and splenial
thickness in males than females. With age increase in the length
and decrease in thickness of CC was seen.

Keywords: Ageing, Atrophy, Brain, Cognition, Commissural bundle

dimorphism of CC became an emerging topic of interest among
the scientific communities. Despite the earlier work done on CC
and its relationship with gender, there is no unanimity in literature
concerning the same. Many studies have found significant sex
differences in the length, shape and area of the CC of males and
females; with males having larger gross dimensions [8-12].

Such results are again reasoned with contradictory studies, one
attributing the apparent callosal dimorphism to individual difference
in brain size [13,14] while the other concluded that the observed
results in callosal anthropometric measurements are real and
would remain significant even after adjusting for the main proposed
confounders, including brain size [15]. However, there are several
reports where no sex related differences in the size and various other
measurements of CC have been reported [16-18]. Inconsistencies
also lie regarding age related changes of CC. Hence, despite
rigorous investigations on gender-related variations of CC, much
controversy still exists in the literature.

In surgical interventions and stereotactic approaches to the foramen
of Monro or third ventricle and callosectomy for intractable epilepsy,
MRI especially T1 weighted images, are required as a preoperative
measure for determination of the extent of callosectomy as well
as for postoperative evaluation. Past studies have taken lesser
morphometric parameters, insufficient sample size or in some cases,
diseased subjects without their proper medical history, which have
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led to disparities in results. Also, most published studies investigated
gender and age related CC variations in the western countries and
few studies addressed it in any Southeast Asian country like India
[18-20Q]. In view of the importance of the dimensions of CC, present
study aimed to address these issues to study the morphometry of
CC and possible age, gender-related variations using MRI in the
North Indian population.

MATERIALS AND METHODS

An observational, cross-sectional study was done in Department
of Anatomy, Dr. Ram Manohar Lohia Institute of Medical Sciences,
Lucknow, a Multispecialty referral Institute in Uttar Pradesh, India
from January 2019 to October 2019. Prior clearance was taken from
the Institutional Ethics Committee (IEC No.96/18 Date 03/05/19)
and for using data from Institutional PACS System, approval with
waliver of consent was accorded.

Inclusion criteria: Head MRI scans of 200 individuals (109 males
and 91 females), aged between 20-80 years, who were referred
to the institute for head MRIs and were reported to have normal
images by the Radiologist, were included in the study.

Exclusion criteria: Scans with pathological findings like tumours,
infections, trauma, hydrocephalus, demyelinating lesions, and
congenital anomalies and those younger than 20 and older than 80
years were excluded from the study.

Sample size calculation: Since this was an Indian Council of
Medical Research (ICMR) Short Term Studentship (STS) project with
data collection over a period of two months, convenience sampling
method was used to take a sample size of 200 subjects.

Study Procedure

Demographic data such as age, gender were collected for all the
individuals. PACS System Viewer software was used to measure
and record the dimensions by a single observer. Given parameters
[21] were measured with abbreviations as shown in [Table/Fig-1].

1. BL Brain Length; as maximum length from the occipital to the frontal pole
of the cerebrum for each hemisphere-BL1 and BL2, respectively

2. CL Length of CC

3. CTmid | Thickness of CC in the middle, at the centre of CC length

4. | Tr Maximum thickness of rostrum below the genu segment

5. | Ts Maximum thickness of splenium starting at posterior most point of CC

6. | CH Height of CC; as the distance between a line through the inferior
borders of rostrum and splenium and a line parallel to that

7. | Tbmax | Maximum thickness of the body of CC (anywhere)

8. | Tbmin | Minimum thickness of the body of CC (anywhere)

9. MA b Maximum thickness of the anterior part of CC excluding rostrum
and genu

10. | MP b Maximum width of the posterior part of CC excluding splenium

1. | GA Distance between anterior most point of CC and anterior commissure

12. | CA Shortest distance from anterior most point of CC to the cortex surface

13. | CT Shortest distance from top most point of CC to the cortex surface

14. | CP Shortest distance from posterior most point of CC to the cortex surface

15. | FC Distance from frontal pole to anterior most point of CC

16. | OC Distance from occipital pole to posterior most point of CC

[Table/Fig-1]: List of parameters of Corpus Callosum (CC) measured along with

their abbreviations.

MRI images of the following are shown in [Table/Fig-2-4]. The subject
scans selected were further divided into age groups of 20-39 years,
40-59 years and 60-80 years. All measurements were taken in the
mid-sagittal plane using method described by Mitchell TN et al., by
determining mid points of posterior and anterior commissure [22].
T1 weighted MRI images obtained from GE Healthcare 3.0T MRI
scanners were manually studied on the SYNAPSE PACS viewer
software available with the institute.

www.jcdr.net

[Table/Fig-2]: MRI image showing various morphometric dimensions taken. CL is
the length of corpus callosum. MA b measured maximum thickness of the anterior
part of corpus callosum excluding rostrum and genu; CT mid measurement of
thickness of CC in the middle, at the centre of CC length; MP b measured the
maximum width of the posterior part of corpus callosum excluding splenium.

length 34 38 mm

length 41 96 mm

[Table/Fig-3]: MRI image showing various morphometric dimensions taken with
respect to corpus callosum and brain dimensions. FC is the distance from frontal
pole to anterior most point of CC; CA is the shortest distance from anterior most
point of CC to the cortex surface; GA is the distance between anterior most point
of CC and anterior commissure; CP is the shortest distance from posterior most
point of CC to the cortex surface; OC is the distance from occipital pole to posterior
most point of CC; CT is the shortest distance from top most point of CC to the
cortex surface.
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[Table/Fig-4]: MRI image showing height of corpus callosum taken.
Measurements taken in mm.

STATISTICAL ANALYSIS

The data were statistically analysed for age and gender-related
differences and checked for correlation by STATA Software
(STATA Inc.). Student’s t-test, one-way ANOVA, linear regression
and Pearson correlation coefficient were used to analyse the data.
The p-value <0.05 were considered significant.

RESULTS

The study analysed MRI scans of 200 subjects (109 males and 91
females) with mean age 49.05+19.7 years, ranging from 20-80 years.
The average CC length (CL) was found to be 73.53+4.28 mm
(95% Cl-62.92-82.53), while CC thickness at midpoint (CT mid)
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was 4.41+1.08 mm (95% CI-2.28-6.59) and CC height (CH) was
24.87+2.86 mm (95% CI-19.4-32.59) [Table/Fig-5].

Measurement Mean+SD (mm) Range
BL 1 168.09+6.90 153.18-183.55
BL2 167.59+7.11 152.53-185.6
CL 73.53x4.28 62.92-82.53
CT mid 4.41+1.08 2.28-6.59
Tr 5.96+1.16 3.77-8.86
Ts 9.94+1.68 6.13-13.5
CH 24.87+2.86 19.4-32.59
Tb max 5.16+1.03 3.05-7.55
Tb min 3.49+0.87 1.98-5.47
MA b 4.54+0.97 2.43-7.26
MP b 4.41£1.02 2.16-7.72
GA 30.63+2.30 21.98-37.68
CA 35.17+£3.19 23.79-43.03
CT 36.58+3.46 27.54-47.8
CcP 44.40+3.64 34.44-52.17
FC 37.08+3.02 28.71-44.39
OoC 56.87+6.14 42.93-78.49

[Table/Fig-5]: The dimensions of the various parameters, their SD and range

within 95% confidence limits.

The study observed statistically significant sexual dimorphism with
a larger CC Length (CL) and Brain length (BL1, BL2) in males as
compared to females. The difference in CC length and Splenial
thickness (Ts) among males and females was statistically significant.
The mean value of Tbmax, MP b, MA b and GA were also higher
among males but the difference was not found significant [Table/Fig-6].

Males (N=109) | Females (N=91) Difference
Measurement Mean+SD (mm) | Mean=SD (mm) (95% Cl) p-value
BL1 171.75+5.51 163.70+5.75 8.06 (6.48,9.63) <0.001
BL2 171.50+5.50 162.92+5.91 8.57 (6.98,10.17) <0.001
CL 74.24+4.26 72.67+4.16 1.57 (0.39,2.75) <0.001
CT mid 4.40+1.06 4.43+1.10 -0.03 (-0.33,0.27) 0.846
Tr 591+1.24 6.03+1.05 -0.12 (-0.44,0.20) 0.457
Ts 10.16+1.79 9.68+1.51 0.47 (0.01,0.94) <0.001
CH 24.55+2.78 25.26+2.92 0.47 (0.01,0.94) 0.082
Tb max 5.26+1.05 5.04+1.01 0.22 (-0.07,0.51) 0.137
Thb min 3.48+0.87 3.49+0.87 0.00 (-0.25,0.24) 0.979
MA b 4.63+0.91 4.43+1.03 0.00 (-0.25,0.24) 0.136
MP b 4.45+1.07 4.35+0.95 0.10(-0.19,0.38) 0.490
GA 30.92+2.20 30.29+2.38 0.62 (-0.02,1.26) 0.057
CA 35.83+3.06 34.37+3.18 1.46 (0.59,2.34) 0.001
CT 36.77+2.71 36.35+4.20 1.46 (0.59,2.34) 0.390
CP 45.51+3.27 43.07+3.64 2.44(1.48,3.41) <0.001
FC 37.76+2.64 36.26+3.25 1.50 (0.68,2.32) <0.001
0oC 59.21+5.19 54.06+6.02 5.15(3.59,6.71) <0.001

[Table/Fig-6]: The comparison of morphometric values of CC among males and

females.
unpaired student t-test

In present study, it was observed that there was decrease in
thickness of Body (CTmid), Rostrum (Tr) and Splenium (Ts) with
age which may be linked to generalised degeneration of cortical
neurons or atrophy of white matter with advancing age. Present
study also observed increase in length of CC (CL) with age, possibly
due to age mediated structural dilatation in lateral ventricles and
its association with CC [Table/Fig-7].

Linear correlation between morphometric brain measurements and
age measured over a continuous scale is depicted in [Table/Fig-8,9].
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20-39 years 40-59 years 60-79 years
(Mean=SD) (Mean=SD) (Mean=SD) p-
Variables N=80 (mm) N=64 (mm) N=56 (mm) value
BL 1 165.46+5.73 167.32+7.69 172.73+4.97 <0.001
BL 2 165.45+6.37 166.83+7.58 171.53+5.95 <0.001
CL 73.02+3.60 72.60+4.99 75.31+3.80 <0.001
CT mid 4.94+0.75 4.43+1.14 3.64+0.94 <0.001
Tr 6.54+0.98 5.84+1.26 5.28+0.82 <0.001
Ts 10.73+1.14 10.24+1.47 8.45+1.62 <0.001
CH 24.43+2.78 24.95+2.45 25.41+3.31 0.143
Th max 5.72+0.76 5.12+0.95 4.39+0.97 <0.001
Tb min 3.87+0.71 3.45+1.02 2.99+0.60 <0.001
MA b 5.07+0.64 4.57+0.96 3.75+0.83 <0.001
MP b 4.88+0.93 4.37+0.92 3.77+0.88 <0.001
GA 30.31+2.14 30.22+2.27 31.56+2.33 <0.001
CA 34.97+3.26 34.28+3.04 36.46+2.90 <0.001
CT 37.11+£2.30 36.25+4.00 36.20+4.10 0.208
CP 44.34+3.13 44.00+3.94 44.95+3.95 0.358
FC 37.28+2.90 36.25+2.82 37.72+3.25 0.021
OoC 56.82+4.88 55.89+6.56 58.06+7.08 0.154

[Table/Fig-7]: The age-related differences and variations with age in three different
age groups.
ANOVA test
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[Table/Fig-8a-f]: The relationship of dimensions of CC with age (p-value <0.05).
Linear correlation has been depicted by calculating Pearson-correlation (r).
(a) Variation of brain length with age. (r=0.39); (b) Variation of CC length with age.

(r=0.18); (c) Variation of thickness of body of CC with age (r=-0.48); (d) Variation
of distance between anterior most point of CC and anterior commissure with age
(r=0.21); (e) Variation of thickness of rostrum with age (r=-0.45); (f) Variation of
thickness of splenium with age (r=-0.52).

Pearson Pearson

Variables correlation (r) p-value | Variables correlation (r) p-value
BL 0.39 <0.001 MA b -0.54 <0.001
CL 0.18 0.010 MP b -0.43 <0.001
CT mid -0.48 <0.001 GA 0.21 0.002
Tr -0.45 <0.001 CA 0.18 0.01
Ts -0.52 <0.001 CT -0.09 0.205
CH 0.12 0.09 CP 0.06 0.398
Tb max -0.49 <0.001 FC 0.05 0.482
Tb min -0.41 <0.001 OoC 0.07 0.326

[Table/Fig-9]: Pearson correlation of various parameters of brain with age.
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Morphometric brain measurements Tr, Ts, Tb max, Tb min, MA b,
MP b had statistically significant (p<0.001) negative correlation
with age; while CT had a non significant negative correlation.
Morphometric brain measurements BL, CL, CA, GA had a
statistically significant positive correlation with age; while CH, CP,
FC, OC had a non significant positive correlation with age.

[Table/Fig-10] depicts the unadjusted and gender adjusted coefficient
obtained by linear regression of morphometric brain measurements
with age. BL, shows the highest increase with increasing age
(0.157 mm with each year increase in age) and Ts shows the
maximum decrease with increasing age (-0.051 mm with each year
increase in age). The gender adjustment of coefficient did not have
any effect over the statistical significance.

Unadjusted Gender adjusted B
Variables coefficient p-value coefficient p-value
BL1 0.157 <0.001 0.155 <0.001
BL2 0.128 <0.001 0.126 <0.001
CcL 0.046 0.009 0.045 0.009
CTmid -0.030 <0.001 -0.030 <0.001
Tr -0.031 <0.001 -0.031 <0.001
Ts -0.051 <0.001 -0.051 <0.001
CH 0.020 0.087 0.020 0.082
Tb max -0.030 <0.001 -0.030 <0.001
Tb min -0.021 <0.001 -0.021 <0.001
MA b -0.030 <0.001 -0.030 <0.001
MP b -0.026 <0.001 -0.026 <0.001
GA 0.028 0.003 0.028 0.003
CA 0.032 0.013 0.032 0.012
CcT -0.018 0.223 -0.018 0.221
CP 0.012 0.424 0.011 0.422
FC 0.009 0.458 0.009 0.464
oC 0.026 0.312 0.024 0.292

[Table/Fig-10]: Linear regression values of various dimensions of CC with age.

DISCUSSION

Normal shape, size and topographic location of CC has been well
worked upon by researchers like Anagnostopoulou S et al., and these
studies have been mostly done on formalin fixed preserved brains
[17]. Only a few MRI studies [23-26] have been documented to study
normal morphometry in different populations as shown in [Table/Fig-11].

Investigations of sex differences in CC size have yielded mixed
results. One of the initial studies to document sexual dimorphism
was conducted by Bean RB in American population who suggested
that “exceptional size of the CC may mean exceptional intellectual
activity” to account for measurable differences between men and
women [18]. DelLacoste-Utamsing C and Holloway RL concluded
by measurements of cross-sectional area of CC in 14 postmortem
brains (5 females and 9 males) that on an average, “relative to brain
size,” the CC mid-sagittal area (CCA) in females may be larger than
in males [8]. Their results were reviewed in another autopsy data
which also stated that “splenium, posterior section of CC, is more
bulbous in women than men” [10].

Oka S et al., from a study in Japanese population also supported by
correlating callosal morphometry with dimorphism of brain length for
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both the genders [27]. Contrarily, reviews done by George BA et al.,
and Bishop KM and Wahlsten D concluded that there is no evidence
suggesting a significant sex difference in the size of the CC at all
[28,29]. A recent study by Abdolmaleki A et al., in Iranian population
found apparently larger callosal dimensions in male participants
but also provided evidence regarding the confounding effect of
brain volume on the observed sexual dimorphism [15]. Hence,
a concluding perspective for the given variations could be that
“smaller brains may have relatively larger CC regardless of gender”
and since average brain size in females is smaller than in males, the
observations may be accounted for by comparison of groups with
different average brain sizes and not due to gender. Studies done
by Peter M and Jancke L et al., in German population, MclLeod
NA et al., in American population, Bermudez P and Zatorre RJ in
Canadian population and Bruner E et al., on Spanish population,
justify that any observed difference between groups is not gender
specific but may be due to differences in brain size [30-34]. Study
by Tepest R et al., has employed a variety of methodologies for
measurement and normalisation due to confounding factors but
have yielded disparate results [35].

The present study observed statistically significant sexual dimorphism
with a larger CC length and brain length in males as compared to
females. A longer CC in males is also reported earlier in the following
studies [16,17,36-42]. However, even after adjusting for brain length
using covariate, regression and ratio analysis on a subset of men
and women with matched intracranial size, Sullivan EV et al., in
American population observed larger size of CC in male subjects
[40]. Hence, this information could not be a simple artefact and might
have biological significance regarding the connectivity differences in
male and female brains. The present study also found that females
had lesser thickness of splenium as compared to males, which may
be accounted for by the fact that in males, the occipital lobe is larger
with more number of fibres from visual cortex contributing to a thicker
splenium in males. Previous studies try to conclude greater splenial
width in females but fall short of evidence to support the presence of
sex related differences in size of splenium, either in absolute size or
irrespective of difference in the overall brain size in two sexes [8-11,29].
This result was also in contrast to the findings where no such gender
related difference in splenium was found in Indian studies [19,20,39].
Other than this CA, CP, FC and OC were found to be greater in males
signifying their greater brain size. Studies done by Peters M, Smith
RJ and Byne W et al., have noted considerable variation in size and
shape of CC among individuals and have advocated using a large
sample size to demonstrate a significant gender difference which
has been addressed in the present study [30,36,41].

Takeda S et al., worked on determination of indices of CC associated
with normal ageing in Japanese individuals [37]. Similar study by
Gupta E et al., found chronological decrease in width of genu and
rostrum in Indian females specifically [38]. The result of length and
width of CC of present study are comparable with findings from
other population [8-12] and in concordance with Indian studies
[19,20], that is decrease in thickness of body, rostrum and splenium
with age linked to generalised degeneration of cortical neurons or
atrophy of white matter with advancing age. Also, contrary to general
belief that CC shrinks with age this study found an increase in length
of CC with age, possibly due to age mediated structural dilatation
in lateral ventricles. As depicted in [Table/Fig-12], this finding was

S. Sample | Mean/Median age | Brain length CC length CC height CC body Splenium
No. Author, publication year, place size (years) (mm) (mm) (mm) thickness (mm) | thickness (mm)
1. Present study, 2023 (India) 200 49.05+£19.7 167.12+£7.62 | 73.53+4.28 | 24.87+2.86 5.16+1.03 9.94+1.68
2 Chuks A et al., 2023 (Nigeria) [23] 200 43.57+£19.02 159.37+6.1 75.94+4.9 24.77+4.0 5.64+1.4 11.01+1.7
3 Allouh MZ et al., 2020 (Jordan) [24] 100 20-45 157.4+6.55 68.45+4.1 6.15+0.8 16.65+2.4
4. Arda KN and Akay S, 2019 (Turkey) [25] 436 47.05+19.8 68.0+4.9 24.7+3.1 5.81+1.1 13.6+0.9
5 Junle Y et al., 2008 (China) [26] 286 40-49 70.74+4.4 24.59+2.7 6.33+0.9 11.563+1.3

[Table/Fig-11]: Racial comparison of the morphometric measurements of the Corpus Callosum (CC) within different ethnic backgrounds [23-26].
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Pearson’s coefficient
S. Publication CC CC Body width at | Splenium | Rostrum | Body width | Body width
No. Author Sample size | Population year length height mid point width width anteriorly posteriorly
1. Present study 200 North Indian 2023 0.18 0.12 -0.48 -0.52 -0.45 -0.54 -0.43
2. Arda KN and Akay S, [25] 436 Turkish 2019 0.11 0.07 - -0.11 - -0.31 -0.19
3. Chuks A et al., [23] 200 Nigerians 2023 0.22 0.25 -0.14 -0.21 -0.10 B =
4, Suganthy J et al., [20] 100 South Indian 2003 0.28 - -0.21 -0.44 - - -

[Table/Fig-12]: Comparison of Pearson’s coefficient for age related morphometric changes of the Corpus Callosum (CC) within different ethnic backgrounds [20,23,25].
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morphometry with age in the same subjects. [21] GuptaT, Singh B, Kapoor K, Gupta M, Kochhar K. Age and sex related variations
in corpus callosal morphology. Nepal Med Coll J. 2008;10(4):215-21.
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