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Background: The aim of the study was to analyse changes in the size of the
corpus callosum (CC) depending on age and sex and to establish the reference
values of the morphometric indices of the CC in the Polish population.
Materials and methods: The results of magnetic resonance studies of 1108
patients performed in the years 2010-2014 were analysed. Two independent
radiologists evaluated cerebral images to exclude deviations from normal state.
In patients divided according to sex and to 10 age groups, measurements of CC
and brain dimensions were made and morphometric indices were calculated.
Results: The results of measurements related to the following parameters: lengths
of longitudinal cross-section of CC (CD), CC thickness in the narrowest place —
isthmus (EF), the largest linear dimension of the brain from the frontal pole to the
occipital pole (AB), the longitudinal cross-section area of the CC (A1) and cerebral
cross-section area (A2) as well as CD/AB and A1/A2 ratios are summarised in
7 figures and 3 tables.

Conclusions: It was demonstrated, that in all age groups there are statistically
significant differences in the values of the analysed parameters and ratios of CC
size. It was indlicated, that there are no statistically significant differences between
men and women in the CD, EF and A1 parameters related to CC size, and the
profiles of variations of these parameters are very similar. It was proved that the-
re are statistical differences between women and men in parameters/indicators
concerning of the brain size. (Folia Morphol 2019; 78, 1: 24-32)

Key words: corpus callosum, magnetic resonance, morphometry,
age groups, sex

INTRODUCTION the right and left hemisphere of the brain, thus in-

The corpus callosum (CC) i.e. commissura magna tegrating their activities and providing the ability to

is a white matter band located at the bottom of the perform complex functions [9]. For this reason, this
longitudinal fissure of the brain that connects the two structure has been frequently and continues to be
hemispheres of the brain. It plays a very important screened for morphological and morphometric eval-
role, allowing information to be transmitted between uation [10, 19] and to determine the correlation of
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its developmental disorders and pathological states
with the occurrence of specific clinical symptoms
[2, 17, 26]. The numerous reports link the presence
of morphological abnormalities of the corpus callo-
sum with mental disorders, speech dysfunction and
dyslexia, seizures [7], autism [12], Alzheimer’s disease
[15], cognitive processes [22] and other pathologies
[26, 27]. There are also reports linking variants of
the shape and size of the CC to gender and age and
also to the size of the brain [1, 4-6, 8, 10, 13, 14,
18, 19, 28, 30, 32, 33]. The importance of researches
on morphology and the function of CC underline the
fact that in 2012 a separate organisation dedicated
to the development of researches to understand the
role of this structure and to help people with devel-
opmental disorders of the CC was invoked — National
Organisation for Disorders of the Corpus Callosum
(NODCQC) [24].

The aim of the study was to analyse the changes
of CC size depending on age and sex and to estab-
lish the reference values of morphometric indicators
concerning CC in the Polish population.

MATERIALS AND METHODS

The analysis was performed on 1108 patients,
including 529 women and 579 men magnetic reso-
nance (MR) studies results, performed in the Magnetic
Resonance Unit in the years 2010-2014, diagnosed
with scanner Philips Achieva 1.5T. All of these indi-
viduals, on the basis of the information contained
in the referral, had no central nervous system (CNS)
injury or CNS diseases or pathology. In each patient
also performed a morphological evaluation of the
brain image with particular emphasis on the corpus
callosum; the evaluation was performed by two ra-
diologists independently evaluated without finding
any deviation from the normal state. Patients were
divided into 10 age groups (0-5/6-10/11-15/16-
20/21-30/31-40/41-50/51-60/61-70 /> 70), in each
group. The men:women (M:W) ratios were close to
1:1, with the exception of 0-5/6-10 and 11-15, where
men predominated (95:57/71:53/65:59/50:57/51:51/
50:50/50:51/50:62/52:50/50:50).

Corpus callosum measurements were obtained
based on MR studies performed in the frFSE sequenc-
es in T2-dependent images in sagittal plane, along
the midline of the head (midsagittal).

The following linear measurements and surface
areas were performed in sagittal plane of the brain
(Fig. 1A, B):
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Figure 1. A, B. Scheme of linear measurements and areas of
corpus callosum and brain.

— CD — length of longitudinal section of corpus

callosum;

EF — thickness of corpus callosum in the narrow-

est place — isthmus;

— AB — largest linear dimension of the brain on
the level CD.

Measurements of the cross-sectional areas:

— A1 — cross-sectional area of corpus callosum in
midline plane (midsagittal);

— A2 — cross-sectional area of the brain in midline
plane (midsagittal).

In addition, the parameters expressing relative
ratios of measured structures were added. The in-
troduction of these parameters was aimed obtaining
indicators independent from the dimensions of the
head/brain.
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Figure 2. CD value in age groups, depending on sex.
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Figure 3. Values of AB parameter in age groups, depending on sex.

The following relative ratios were calculated:

— A1/A2 —i.e. the ratio of the area of the cross-sec-
tional area of corpus callosum to the area of the
cerebral cross-sectional area in the midline;

— CD/AB — i.e. the ratio of the length of the corpus
callosum to the length of the brain in the sagittal
section of the midline.

The collected material was subjected to statistical
analysis. The analysis was based on a two-way analysis
of variance, Tukey’s HSD test, and a non-parametric
analysis at the final stage using the Kruskal-Wallis
ANOVA test.

RESULTS

Figures 2-8 and Tables 1-3 show selected, impor-
tant parameters of this analysis. The CD parameter
(length of the longitudinal section of CC) was ana-
lysed by sex and subsequent age groups. Results are
shown in Figure 2.

The analysis of the CD parameter shows that this
value varies with age, wherein for the size of CC rapid
increase in the age of 010 is characteristic, followed by
a short plateau phase over a period of 11-15 years, then
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Figure 4. Values of EF parameter in age groups, depending on sex.
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Figure 5. Value of CD/AB parameter in age groups, depending on sex.
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Figure 6. Value of A1 parameter in age groups, depending on sex.

the parameter values gradually increase to achieve the
peak in a period of 41-50 years of age. After 50 years
of age, this parameter gradually decreases to increase
again in patients over 70 years of age. There are also
differences in CD parameter values depending on sex.
There is no difference in CD values in the ages of 0-10
whereas between 11 and 70 years of age the value of
this parameter is slightly higher for men than for wom-
en, but these differences are not statistically significant.
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Figure 8. Value of A1/A2 parameter in age groups, depending on sex.

The AB parameter (the largest linear dimension
of the brain from frontal to occipital) was analysed
by sex and subsequent age groups. The results are
summarised in Figure 3.

The value of AB parameters rapidly increases in the
period of 0-10 years of age in both men and women.

Then we observe a quiet growth phase up to 15 years
of age in women and up to 30 years of age in men
followed by a decrease in the value of AB parameter
in both sexes of similar severity during the 50s. It is
worth noting that the value of the AB parameter for
41-50 years of age in both sexes is half the value of
this parameter from 0-10 years of age. In the period
of 51-70 years of age AB parameter values in both
sexes remain stable. Over the lifetime, the values of
AB parameter are higher for men than for women,
which is statistically significant.

The analysis of the EF parameter (thickness of CC
in the narrowest place — isthmus) was performed
on the basis of sex and age groups. The results are
summarised in Figure 4.

For the EF parameter, there is a gradual increase
in its value in both sexes up to 40 years of age, fol-
lowed by a gradual decline in its value over the age
of 70, while the EF value for both sexes in the age
group above 70 years of age corresponds to its value
in the age of 10-15 years. It is worth adding that in
the period 15-20 years the absolute value of the EF
parameter is higher in men, while in the period 21-30
years and 51-70 years it is higher in women, which is
not statistically significant. Between 0-15 years of age
and 31-40 years of age the values of this parameter
in both sexes are very similar.

A CD/AB index corresponding to the ratio of the
CC length to the length of the brain in cross-section-
al area in the midline was generated and analysed
according to sex and age groups. The results are
summarised in Figure 5

The CD/AB indicator shows gradual linear growth
in subsequent age groups in both sexes. Only in the
period of 11-15 years of age and 41-60 years of age

Table 1. Statistical differences of parameters values depending on sex — nonparametric approach

Variable Sum of ranks U z p Z without p N weight
Women Man margi vahies Women Men
CD 280513.5 3184515 1445325  -0.9069  0.364449 -0.9069 0.364436 521 573
EF 288966.0 308905.0  144454.0 0.8683 0.385231 0.8688 0.384984 520 573
AB 231242.0 367723.0 952610  -10.3472  0.000000 -10.3473 0.000000 521 573
Al 283952.5 3150125 1479715  -0.2480  0.804118 -0.2480 0.804118 521 573
A2 2205145 378450.5 845335  -12.4025  0.000000 -12.4025 0.000000 521 573
A1/A2 255731.5 3432275 1197565  -5.6539  0.000000 -5.6539 0.000000 521 573
CD/AB 319203.0 2797620  115311.0 6.5057 0.000000 6.5057 0.000000 521 573

Abbreviations — see text. U Mann-Whitney Test (with the correction to continuity) (Total base) in relation to variable: sex. Marked results are significant with p < 0.05000. Disregard the

incidents: 35; 277; 297; 311; 357; 367; 445; 482; 634; 684; 766; 856, 886; 1031
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Table 2. Mean values (mv) and standard deviations (sd) of the analysed parameters and indexes divided for age groups in women.

The values are presented in mm for CD, EF, AB measurements, in mm? for A1 and A2 measurements

Parameters Age groups

<5 5-10 11-15 16-20 21-30 31-40 41-50 51-60 61-70 > 170
CD—mv 59.89 65.31 65.29 67.17 68.08 68.49 68.54 68.47 68.93 70.05
CD—sd 6.0 5.1 1.0 4.0 4.0 6.0 54 4.6 45 47
EF —mv 241 2.62 2.95 3.01 3.62 3.65 3.44 317 312 297
EF —sd 0.9 1.1 1.0 0.9 0.8 1.0 1.1 1.1 1.0 08
AB—mv 144.80 154.34 155.46 153.90 152.12 150.97 150.13 150.96 149.90 150.54
AB—sd 94 8.2 85 12 14 6.1 6.9 11 6.1 6.7
Al—mv 404.38 507.63 540.89 549.58 593.38 598.30 57217 572.06 558.60 537.62
Al—sd 102.86 78.04 97.80 79.48 101.97 91.80 100.05 130.80 107.17 89.44
A2 —mv 824020 904800 911940 886330 884640 830450 852220  8675.10 844940  8403.70
A2 —sd 1050.1 910.2 1422.2 1464.6 763.8 674.0 790.7 3115 7312 766.2
A1/A2—mv 0.047 0.055 0.057 0.061 0.065 0.066 0.065 0.066 0.063 0.063
A1/A2 —sd 0.011 0.009 0.015 0.014 0.013 0.011 0.013 0.005 0.017 0.011
CD/AB—mv 0.41 0.42 0.42 0.44 0.45 0.45 0.46 0.45 0.46 0.47
CD/AB —sd 0.029 0.027 0.041 0.027 0.022 0.040 0.031 0.027 0.028 0.030

Abbreviations — see text

Table 3. Mean values (mv) and standard deviations (sd) of the analysed parameters and indexes divided for age groups in men.

The values are presented in mm for CD, EF, AB measurements, in mm? for A1 and A2 measurements

Parameters Age groups

<5 5-10 11-15 16-20 21-30 31-40 41-50 51-60 61-70 >10
CD—mv 61.03 65.83 66.45 68.59 69.24 69.63 69.85 69.43 68.84 70.68
CD—sd 5.7 5.8 4.6 6.2 5.4 5.0 4.7 37 4.8 49
EF —mv 240 2.12 3.04 3.60 345 3.66 3.23 313 2.93 2.76
EF —sd 1.0 1.0 1.1 0.9 1.0 0.8 12 1.2 1.1 0.9
AB—mv 151.17 158.03 157.35 159.39 159.87 158.17 156.27 156.77 155.43 156.62
AB—sd 8.0 15 8.8 9.1 11 18 6.4 6.0 10 6.4
Al—mv 456.15 527.48 522.40 559.67 616.43 628.07 785.57 567.79 540.85 527.60
Al—sd 113.12 91.10 93.19 108.52 89.57 83.33 102.28 110.03 112,12 95.48
A2 —mv 8980.19  9636.24 971623  9900.90  9932.21 971074  9681.67 877254  8931.23  8933.86
A2—sd 1043.5 1069.4 1336.4 730.6 543.7 707.2 703.7 242.7 776.6 705.6
A1/A2 —mv 0.048 0.053 0.052 0.055 0.061 0.064 0.062 0.065 0.058 0.057
A1/A2 —sd 0.012 0.011 0.014 0.010 0.010 0.008 0.013 0.004 0.015 0.011
CD/AB—mv 0.40 0.42 0.42 043 043 0.44 0.45 0.44 0.44 0.45
CD/AB —sd 0.032 0.031 0.024 0.032 0.029 0.027 0.026 0.023 0.028 0.029

Abbreviations — see text

in women and 41-70 years of age in men its value
stabilises. In all age groups except 11-15 years, the
value of this parameter in women is higher than in

men, which is statistically significant.
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The A1 parameter (cross sectional area of CC
in cross sectional area in the plane passing through
the midline) was analysed by sex and subsequent age
groups. The results are summarised in Figure 6.
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Similarly to the EF parameter, the A1 parameter
reaches its peak in both sexes in the 31-40 years of
age group, and the final value in the > 70 year of
age group in both sexes corresponds to that of the
11-15 years of age period. The value of this parameter
is higher in men in age groups 0-5 years and 21-50
years, and in women aged 11-15 and 60-70 years,
which is not statistically significant.

The analysis of the A2 parameter (area of the
cerebral cross section in the plane passing through
the midline) was performed, depending on sex and in
subsequent age groups. The results are summarised
in Figure 7.

The changes of A2 parameter values in the fol-
lowing age groups were similar to those of the AB
parameter. The phase of rapid growth in the period
of 0-10 years of age can be distinguished, followed
by the quiet growth phase, which reaches peak in
11-15 years of age in women and in 21-30 years of
age in men. In subsequent age groups, the A2 value
gradually decreases, with men experiencing a rapid
decline in the 51-60 years of age group and a slightly
lower decrease in the 41-50 years of age group. Af-
ter a short stabilisation of A2 parameter in women
within the age of 41-50 years, its value gradually
decreases until the age over 70 years. In men, the
value of this parameter gradually slightly increases
between 51 and 70 years of age. Over the lifetime, the
absolute value of A2 parameter is higher in men than
in women, which is statistically significant, and the
differences are the highest in the age range of 16-50
years. In the age range of 51-60 years, AB parameter
values approach to each other in both sexes, and in
the subsequent age groups the AB parameter value
in men gradually increases.

The A1/A2 index (the ratio of cross-sectional area
of CC to cross-sectional area of the brain in the mid-
line) was calculated and analysed depending on sex
and subsequent age groups. The results are summa-
rised in Figure 8.

The A1/A2 index values show a gradual increase
in the age group of 0-40 years, with linear growth in
women and with temporary stabilisation in men over
11-20 years of age. In both sexes, the stabilisation of
the value of this parameter is visible in the period of
41-60 years of age, whereas in the subsequent age
groups a slight decrease occurs. The absolute value
of the A1/A2 index in all age groups (except 0-5) is
higher in women than in men, which is statistically
significant.
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In all age groups, there are statistically significant
differences in all analysed measurements in the par-
ametric and nonparametric approach. On the other
hand, within the analysed differences concerning
sex, insignificant differences for sex in CD, EF and A1
measurements were demonstrated in the nonpara-
metric approach. For all other parameters (AB, A2, A1/
/A2, CD/AB) the sex differences in the nonparametric
approach were statistically significant, as illustrated
in the Table 1.

The range of the reference values (mean values
and standard deviation) for the performed meas-
urements and calculated indexes in the age groups
and for women and men are presented in the Tables
2 and 3.

DISCUSSION

The aim of the study was to analyse changes in
the size of the CC, depending on age and sex. The
point was to determine the morphometric parameters
that are useful in the radiologist’s day-to-day opera-
tion when assessing the CC. Many publications refer
to the varied pathology of the CC and analyse the
correlations of its disorder with certain diseases, but
the works on population norms related to the size of
the CC is less common in the literature. Some previ-
ous works showed greater [6, 13, 14, 28] or similar
[1,4,5, 16, 33] size of CCin women compared to men.
In these works [5, 6, 14, 16, 28, 30, 33], the area of
CCin the midline plane (midsagittal), was measured,
which was a prerequisite for performing similar meas-
urements in our work. Measurement of CC volume is
much more difficult due to the difficulty of precisely
defining the CC side limits and requires the use of
dedicated software, which, although available, it is
not widely used [18]. In own elaboration, the focus
was on simple linear measurements and CC surface
measurements, also demonstrating some correla-
tions with the sex differentials of these parameters.
It was demonstrated, that there are no statistically
significant differences between women and men in
terms of parameters related to the size of the CC,
such as the length of its sagittal cross section (CD),
the thickness in the isthmus (EF), or the area of the
sagittal cross section (A1), which is consistent with
previous works on CC morphometry [6, 11, 20, 21,
32]. Lee et al. [18] measured the volume of CC in the
20-year-old and 40-year-old groups of women and
men in the Korean population, showing a significantly
greater volume of CC in men than in women in the
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analysed age groups while there was no significant
difference in CC volume between the 20-year-old and
40-year-old groups [16]. Takeda et al. [32] conclude
that, like other authors, they did not show sex dif-
ferences in measured CC size indexes in the Japanese
population. The meta-analysis by Dreisem and Raz [6],
describing 43 works published in the twentieth cen-
tury, has shown that the area of CC is indeed higher
in men than in women; however, the area of CC
cross-section in relation to cerebral size was higher
in women than in men. A similar conclusion can be
drawn from Mitchell’s study and the results obtained
in our study, where the ratio of the area of the CC
cross-section to the area of the cerebral cross-section
(A1/A2), in midsagittal plane is higher in women,
similarly as the length of CC cross-section in relation
to the length of the brain cross-section (CD/AB) in this
plane [20]. The interesting work by Tanaka-Arakawa et
al. [31] indicates the dynamic and non-linear increase
in dimensions of individual CC areas during the first
2 years, indicating the existing sex differences in the
rate of development of individual CC parts during this
period of life. Our study also found that in both sexes
dynamic development of CC over a period of 0-10
years of age; however, the analysed parameters of
CC size did not show significant differences between
sexes, which is probably related to averaging meas-
urements in the 0-5 age group. Suganthy et al. [29] in
2003 studied the Indian population for differentiation
of CC parameters. One aspect of the study was the
assessment of the CC (CD) cross sectional length in
the age groups, which was found to be statistically
significantly higher in men (tested groups: 18-40,
40-60 and > 60 years of age) than in women. In
our work, this tendency was evident; however, in the
statistical analysis it was not significant in particular
age groups. An interesting issue that had not been
unambiguously explained was the fact that the CD
parameter increased in the age group over 70 years
of age. While initially fast (up to 10 years) and then
mild increase in this parameter (up to 50 years of age)
can be explained by the increasing amount of nerve
fibres within CC and interhemispheric connections,
which after 50 years of age begin to decline, it is the
fact that in the age group over 70 years of age again
gaining higher value is probably due to the atrophic
processes of the other brain structures, as a result of
which the shape and morphology of the CC change.
Similarly as in our study, gradual slight elongation
in CC with age was observed and no significant sex
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differences in CC (A1) surface area. Also Mohamma-
di et al. [21] in the work on the Iranian population
showed differences in the cross-sectional length of
the CC (CD), but they were not statistically significant.
Due to the differences in the assessed age groups in
individual studies [11, 18, 20, 21, 29, 31], the exact
comparative assessment of the CD parameter in dif-
ferent populations is not reliable. In the work of 2015,
Prendergast et al. [25] performed a detailed analysis
of the changes in CC region size (described by Witel-
son [34]) based on age and sex, finding differences
between men and women only in the size of the genu
of CC. Also in Mourgel et al’s [23] work concerning
the Greek population, although a small 41-member
group, no statistically significant differences in CD
dimension of CC between age groups of 45-65 and
66-80 years of age were found. In this work, the di-
mensions of CC were compared with the brain sizes
in midsagittal plane, which led to a conclusion that
these dimensions do not significantly change during
life (age groups 24-80). Also the CD/AB ratio was an-
alysed in our material, which value in patients group
up to 50 years of age increased linearly and stabilised
in the age group of 51-70. The variability of the CD/
AB indicator is most likely due to the rapid growth
of CC size in comparison with the other structures of
the brain in the period of 0-50 years of age, and sub-
sequent stabilisation of its value may be associated
with cerebral atrophy. Arkedani et al. [3] in his work
of 2013 proves that after a statistical correction of the
size of the brain, the A1 (CCA) dimension in women
is greater than in men. This conclusion was not found
statistically significant in our analysis. Analysis of
parameters related to brain size (AB, A2, CD/AB and
A1/A2) showed that there is statistically significant
difference between women and men, where the ab-
solute values of AB and A2 parameters are higher
in men and CD/AB and A1/A2 indexes are higher in
women, so the sizes of the CC in women in relation
to dimensions are relatively greater. Similar results
related to brain size can be found in the work of other
authors [13, 20, 23]. Moreover our analysis found that
the values of parameters related to brain size (AB, A2)
rapidly increased in age groups of 0-10 years,
which reflects a rapid increase in brain size in this
life time. There are also interesting differences in
the peak in both parameters (AB, A2) between men
(21-30 years) and women (11-15 years), suggesting
that the brain in women reach their target size earlier
than in men.
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CONCLUSIONS
In all age groups, there are statistically significant
differences in the values of the analysed param-
eters and their ratios to the size of the CC and
brain — what means, that the size of the CC varies
considerably throughout human life.
. There are statistically significant differences be-
tween women and men in terms of the following
parameters and indicators AB, A2, A1/A2, CD/AB.
. There are no statistically significant differences
between women and men in the measurements of
corpus callosum: CD, EF and A1, and the variation
profiles of these parameters depending on age in
women and men are very similar.
. The length of sagittal cross-section of corpus cal-
losum (CD) in the period of 0-10 years of age
increases rapidly and then grows slowly reaching
a peak of 41-50 years of age and grows again
slowly in the age group over 70 years.
. The thickness of corpus callosum in the narrow-
est place (EF) reaches the peak within the period
30-40 years of age, and then gradually decreases,
reaching in the age group over 70 years the size
as within the period of 11-15 years of age.
. The cross-section area of corpus callosum (A1)
rapidly increases to 10 year of age, reaches the
peak of its size within the period of 31-40 years
of age and then gradually decreases, to finally
reach in the age over 70 the size at the level of
11-15 years of age.
. AB and A2 parameters related to brain size reach
the peak of its size in different period in women
(11-15 years of age) and in men (21-30 years
of age).
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