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Background: Evaluation of morphological and size changes related to various patho-
logical conditions of the corpus callosum (CC) requires the data about sex dimorphism 
of the CC. The purpose of our study is to define potential morphological sex differen-
ces of the CC by the use of polar coordinate system as a system of measurements.
Materials and methods: After division of the CC into three equal segments by 
the use of polar coordinate system, we investigated the length of the hemisphere 
(A-A’), the CC size as its midsagittal section area (CCA), the size of its segments  
(C1, C2, C3), thickness of the thinnest part of the CC (TCC) and the angular 
coordinate (a angle) of dorsal point of the TCC in a sample of 30 human brains 
magnetic resonance images (15 males and 15 females, age 20–50 years). 
Results: We found significantly larger CCA, C3 segment and the TCC in males. 
Statistically significant correlation in both, males and females, was found between 
parameters of the CCA and of all of its segments (C1, C2, C3), the C1 and C2, the 
C2 and C3 segments, as well as like as between the C2 and TCC. Sex differences 
were also in findings of significant correlation between the C1 and C3 segments, 
between CCA and TCC, and of significant negative correlation between the  
a angle and A-A’ only in females. 
Conclusions: We concluded that the use of polar coordinate system appropriately 
reflects the anatomical and encephalometric characteristics of human CC. (Folia 
Morphol 2015; 74, 4: 414–420)

Key words: human brain, sex dimorphism, corpus callosum, magnetic 
resonance imaging, encephalometry

INTRODUCTION
Corpus callosum (CC), the largest interhemispheric 

connection of human brain, contains commissural, 
perforating and decussating fibres [14, 21]. In addi-
tion to exclusively diagnostic and neuropathological 
purposes, the morphological studies of the CC could 
obtain additional data about human brain functio-

ning and disorders [24]. Before the introduction of 
magnetic resonance imaging (MRI) autopsy studies 
of the CC [9, 17, 19, 20, 28] as well as all subsequent 
imaging studies on living persons resulted only in the 
general conclusion [4, 10] that the CC is very variable 
in its form and size. After the introduction of MRI, 
increased number of studies did not finally resolved 
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the problem of relationships of the CC morphology 
to sex, handedness and age. Generally, in MRI studies 
there are obvious lack of standards and vast diversity 
of methods applied for quantifying the size and for 
defining the shape of the CC and its subdivisions. 
For discussion and overview of conflicting results, as 
well as for exhaustive reviews of errors and nume-
rous causes of potential false conclusions see several 
papers [1, 3, 10, 12, 18, 28]. In short, there are three 
main areas of important methodological problems: 
1) sampling and subject material, 2) measurement 
procedure, and 3) appropriateness of using absolute 
or relative values [6].

In the studies of the CC size and morphology, in-
cluding measurements of midsagittal surface area, 
were used: straight-line method (genu-splenial line, 
intercommissural line and Chamberalin’s line) [6], 
curved-line method, bent line method (centre of gra-
vity, medium line from the rostrum to splenium) [4], 
and radial gravity method [3]. These methods included 
different subdivisions of the CC, like subdivision in  
7 subareas using the length of the CC [28] or the inter-
commissural line [26], division in 4 unequal subareas 
using intercommissural line [15], and the indexes, like 
slenderness index [4] or callosal ratio [26].

In addition to the size measurements, the CC 
shape was studied by spatial normalisation (based 
on an elastic wrapping of Tailarach atlas) as common 
reference system for intersubject comparisons [7], by 
Jacobian determinant maps, showing the shape but 
not size differences between images (results depen-
ding on the template used) [8], or by skeletal shape 
analysis [24]. The shape of the CC was quantified 
using elliptic Fourier analysis for a global evaluation of 
the shape independent of the size, spatial orientation, 
and relation to reference planes [10].

These methodological controversies influenced the 
findings about sex differences of the CC. So, a dramatic 
sex differences in the shape of the CC were observed, 
but without conclusive evidence of sexual dimorphism 
[1]. In most of older women there was a slender and 
almost symmetrical CC [10]. Females tend to have 
a smaller CCA, with its larger posterior fraction, the 
more slender CCs, the more bulbous splenium [4], 
larger splenium, and different pattern of age related 
changes [8]. We can add our previous finding of highly 
significant correlation between the CC area (CCA) and 
perimeter of the CC only in males [25].

The aim of our study is to define potential morp-
hological sex differences of the CC by the use of polar 

coordinate system. In available literature we did not 
find any of the studies which used this method. We 
have chosen this approach because it is based on the 
CC appearance as arching hippocampal formation 
around the upper part of the circumference of a circle, 
with temporal lobe curving further round with the 
developmental hippocampal rotation [11].

MATERIALS AND METHODS
Investigated sample consisted of 30 healthy sub-

jects, 20–50 years of age (15 females and 15 males; 
average age of male subjects 35.86 ± 7.98 years; of 
females 34.26 ± 8.74 years). Patient images were 
selected from routine examinations at Institute of 
Clinical Radiology, Clinical Centre of Banja Luka in 
accordance with Ethical Principles for Medical Rese-
arch Involving Human Subjects [29].

Serial MR scans in sagittal, coronal and axial planes 
were obtained using Signa HDxt 3.0 T, (General Elec-
tric Healthcare, USA), T1W flair sequence, 3 mm thick 
slices, without applied contrast medium. Software 
used for image analysis was the AW Server2, (Gene-
ral Electric; USA), Versio AWS-2.0-5.0. Two neurora-
diologists in all cases independently selected same 
midsagittal images as the most precise for this study.

For the study of the CC morphology we specifically 
defined polar coordinate system [5]. Polar axis was 
defined as the line passing through two points: the ro-
stral point presented by the inferiormost point of the 
anterior part of the CC, and the caudal point presen-
ted by the inferiormost point of the splenium (Fig. 1).  

Figure 1. Magnetic resonance imaging brain midsagittal scan with 
added polar coordinate system; A-A’ — length of the hemisphere 
(in mm) along polar axis; angular coordinates B and G at angles of 
60o; segments of corpus callosum: C1 (angle AOB), C2 (angle BOG) 
and C3 (angle GOA); d — dorsal point of the thinnest segment of 
corpus callosum. Angle a (AOd) is angular coordinate of the point d.
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Hemispheric tangent (A-A’) is the distance along the po-
lar axis between most anterior point of frontal lobe (A) 
and most posterior point of the occipital lobe (A’). The 
midpoint of A-A’ along polar axis was defined as the pole 
(centre) of this system (point O) (Fig. 1). This system (total 
field of 180o) we divided the CC by radial coordinates B 
and G (at angles of 60o and 120o) into three-equal seg-
ments (C1, C2, C3): C1 — angle AOB = 60o, C2 — angle 
BOG = 60o and C3 — angle GOA’ = 60o (Fig. 1). Follo-
wing steps were the measurements of: the lengths of the 
hemisphere (in mm), the total surface of the midsagittal 
CC section area (CCA in mm2), its segments C1, C2, C3 
and the thickness of the thinnest part of the CC (in mm). 
Finally, the position of the dorsal point (d) of the thinnest 
part of the CC (TCC) was defined as angular coordinate  
(a angle — AOd) in relation to polar axis.

Statistical analysis

Standard statistics included arithmetic means with 
maximal and minimal values, and standard deviations. 
Distribution of parameters was tested by Kolmogorov-
-Smirnov test for equality of variances. Significance 
of differences in obtained values in relation to age 
and to sex was tested by Student t-test for small 
samples (p < 5%).

RESULTS
Distribution of all parameters was found to be  

a normal distribution (p = 0.342) and there were not 
statistically significant differences in age between se-
xes by Student t-test (p = 0.605). Obtained values for 
15 males (M) and 15 females (F) are shown in Table 1.

Variability analysis of measured parameters  
in relation to gender

Significance of differences in relation to gender 
was tested using Student t-test for small samples  
(p < 0.05). Results of measurements and of statistics 
(t values) are shown in Table 2. In Table 2 statistically 
significant differences (p > 0.05) between males and 
females (indicated by asterisks) were found for the 
CCA, C3 and for the TCC, being larger in males. All 
these parameters were significantly larger in males 
comparing with females (Table 2).

Analysis of Pearson’s coefficient  
of linear correlation

Significant correlation, both in males and in fe-
males, was found between parameters CCA and C1, 
CC and C2, CCA and C3, as well as between C1 and 

C2, C2 and C3 segments. Also, both in females and 
males, significant correlation between C2 and TCC 
was found. Sex differences were in findings of only 
in males positive significant correlation between the 
TCC and a angle, and of only in females significant 
correlations between the CCA and TCC, between 
C1 and C3, and of significant negative correlation 
between a angle and A-A’ (length of hemisphere). 
Pearson’s coefficients of linear correlation in males 
and females are presented in Tables 3 and 4.

DISCUSSION
In the available literature we did not find any study 

of the CC morphology using polar coordinate system. 
The use of the centre of gravity [4], very similar to 
our method, showed larger posterior fraction of the 
CC, more slender CCs and more bulbous splenium 
in females. This seems opposite to our finding of  
a larger C3 segment in males, but exact definition of 
the splenium [12] is probably most complex problem 
in studies of the CC morphology. Age range in our 
sample, without old subjects, excluded possibility of 
significant age effect [12], where most of the older 
women had a slender and almost symmetrical CC 
[10], with the tendency of the splenium to expand 
with age [8]. The genu-splenial line, which we used 
as polar axis, represents the middle position between 
two extremes (intercommissural and Chamberalin’s 
lines) of three orientation systems and in fact may 
prove to contain the fewest number of confounding 
variables [6].

In studies of the CC sex dimorphism it is not al-
ways clear if the general concept of sex dimorphism 
includes only size differences, only shape differences 
or both of them. Also, the question of the size can 
be related to general differences in body and brain 
size [15]. Forebrain volume approximately 10% larger 
in men as compared with women had significant 
correlation with CCA [26], which corresponds to our 
finding of significantly larger CCA, C3, and of TCC in 
males (Table 2). Our finding of significant correlations 
between the CCA and its segments (C1, C2, C3) in 
both sexes suggests to adequate subdivision of the 
CC in polar coordinate system we used. Our previous 
finding of insignificantly larger CCA in females on 
autopsy material [25] can be related to better discri-
mination of tissues on dissection, and to the different 
involvement of the medial longitudinal striae, more 
variable than the lateral ones, with individual features 
which make the supracallosal pattern variable [22]. 
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Table 2. Measured parameters in males and females. Statistically significant differences between males and females are indicated by 
asterisks

Parameter Mean ± standard deviation Maximal Minimal t

Males Females Males Females Males Females

A-A’ [mm] 157.41 ± 7.388 152.28 ± 7.64 169.10 165.7 147.7 136.4 0.0

CCA [mm2]* 665.046 ± 82.70 598.22 ± 83.33 778.2 790.30 468 475.1 0.0

C1 [mm2] 319.3 ± 46.21 286.706 ± 51.20 410.2 408.9 232.2 210.6 0.036*

C2 [mm2] 129.86 ± 25.066 117.23 ± 22.10 170.6 153.2 91.2 80.3 0.1

C3 [mm2]* 215.88 ± 29.92 194.28 ± 21.63 267.8 239.1 144.6 159.2 0.031*

TCC [mm]* 4.337 ± 0.746 3.667 ± 0.739 5.5 5.2 2.9 2.2 0.015*

a angle 111.95 ± 9.34 111.33 ± 9.39 129.2 134.2 96.3 91.8 0.8

Abbreviations as in Table 1

Table 1. Sample and results of all measured parameters

N Sex Age A-A’ [mm] CCA [mm2] C1 [mm2] C2 [mm2] C3 [mm2] TCC [mm] a angle

1 M 33 152.6 673.8 343.5 127.5 202.8 4.9 116.8

2 M 39 165.7 778.2 410.2 170.6 197.4 5.3 118.6

3 M 42 152.1 468.0 232.2 91.2 144.6 4.7 118.1

4 M 22 162.7 608.7 294.2 112.9 201.6 4.2 112.2

5 M 28 160.8 651.7 299.6 119.4 232.7 4.7 129.2

6 M 20 149.0 706.3 314.4 159.8 232.1 5.5 117.9

7 M 40 149.1 737.6 331.3 154.0 252.3 4.7 107

8 M 47 153.8 694.8 296.4 150.1 248.3 5.1 124.8

9 M 42 162.3 669.9 358.7 92.2 219.0 2.9 107

10 M 30 151.2 540.9 251.9 101.2 187.8 3.3 110.5

11 M 40 153.5 629.8 289.9 133.3 206.6 4.6 96.3

12 M 32 164.7 772.5 343.5 161.2 267.8 3.9 102.8

13 M 40 147.7 697.3 363.2 128.8 205.3 4.0 114.2

14 M 40 169.1 631.5 298.3 119.9 213.3 3.5 97.8

15 M 43 166.9 714.7 362.2 125.8 226.7 4.3 106.1

16 F 44 142.1 619.7 311.8 108.7 199.2 3.5 134.2

17 F 33 147.5 475.1 210.6 80.3 184.2 3.1 109.7

18 F 42 154.1 790.3 408.9 153.2 228.2 4.6 117.4

19 F 28 153.9 558.5 250.6 111.8 196.1 2.8 91.8

20 F 26 165.7 720.9 355.6 126.2 239.1 3.7 107.0

21 F 27 136.4 548.7 225.1 113.6 210.0 3.9 119.0

22 F 50 149.4 621.9 302.3 117.6 202.0 3.7 107.4

23 F 29 153.7 521.4 271.9 90.3 159.2 2.2 113.0

24 F 25 150.3 609.2 274.5 142.1 192.6 3.7 110.2

25 F 27 154.1 504.9 245.6 88.9 170.4 3.8 117.2

26 F 35 159.9 619.3 299.8 128.4 191.1 3.9 109.0

27 F 51 159.7 590.0 311.6 98.8 179.6 2.8 99.1

28 F 38 151.3 670.9 312.9 151.9 206.1 5.2 113.0

29 F 30 145.3 591.3 271.1 130.4 189.8 4.0 112.2

30 F 29 160.8 531.2 248.3 116.3 166.6 4.1 109.8

A-A’ — length of hemisphere along the polar coordinate (in mm); CCA — surface area of total midsagittal section of the corpus callosum and of its segments (C1 — anterior segment, 
C2 — middle, C3 — posterior segment); TCC — thickness of the thinnest part of the CC; a angle — angular coordinate of the dorsal point (d) of thinnest part of the CC in polar coordinate 
system; M — males; F — females
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However, the average CCA was significantly larger in 
females after controlling for brain size and age, espe-
cially in the young adults [2], as well as the adjusted 
size of the CC for forebrain volume, without effect 
of handedness [26].

The question of shape without defined quanti-
tative parameters is difficult to completely resolve 
because of potential presence of the combination of 
size and shape differences. The shape eludes morpho- 
metrists, because they often apply inadequate 
methods. Conventional metric approach allows only 
for the assessment of local modifications and does 
not take the whole structure of the organs into acco-
unt [10]. Our findings of negative correlation between 
alpha angle and the length of hemisphere (A-A’) only 
in females, as well as of significant positive correlation 
between C1 and C3, and between the CCA and TCC 
also only in females, correspond to observed greater 
slenderness and a smaller ideal CC thickness in fema-
les [4]. Significant correlation between C2 and TCC 
we found only in males can be related to our previo-
us finding of highly significant correlation between 

CC perimeter and CCA only in males, suggesting to  
a greater irregularity of the CC contour in males, what 
is a kind of sex dimorphism [25].

The often investigated region called the isthmus 
of the CC, larger in male right-handers [28], unfor-
tunately was not identically defined in all studies. In 
subdivision of the CC identical as by Witelson [28], 
but using the line parallel to intercommissural line, 
subdivision A6 named isthmus segment, was propor-
tionally larger in women [7, 26]. However, in division 
of the CC in 4 unequal subareas using same line, third 
one was called isthmus [15]. Only the female isthmus 
was the exception, being not different in size, while 
in all cases using 3 different methods mentioned 
above differences between the CC subareas were 
significant [6]. The CC subdivisions, including isthmus 
are arbitrary, while any partitioning method should be 
based on an anatomical rationale. Anatomy, including 
the development, directions and structure of callosal 
fibres, vascular bed and glia, must be fundamen-
tal in considering functional significance of the CC. 
Using the method of Witelson [28], among 5 different  

Table 3. Pearson’s coefficients of linear correlation in males. Statistically significant correlations are indicated by asterisks

Age A-A’ CCA C1 C2 C3 TCC a angle

Age 1 0.078 0.057 0.170 –0.064 –0.051 –0.130 –0.200

A-A’ 0.078 1 0.237 0.327 –0.012 0.159 –0.303 –0.269

CCA 0.057 0.237 1 0.855* 0.813* 0.762* 0.258 –0.038

C1 0.170 0.327 0.855* 1 0.519* 0.385 0.089 –0.042

C2 –0.064 –0.012 0.813* 0.519* 1 0.609* 0.616* 0.063

C3 –0.051 0.159 0.762* 0.385 0.609* 1 0.060 –0.092

TCC –0.130 –0.303 0.258 0.089 0.616* 0.060 1 0.536*

a angle –0.200 –0.269 –0.038 –0.042 0.063 –0.092 0.536 1

Abbreviations as in Table 1

Table 4. Pearson’s coefficients of linear correlation in females. Statistically significant correlations are indicated by asterisks

Age A-A’ CCA C1 C2 C3 TCC a angle

Age 1 –0.023 0.326 0.465 0.048 0.107 0.049 0.066

A-A’ –0.023 1 0.250 0.383 0.073 –0.020 –0.068 –0.525*

CCA 0.326 0.250 1 0.941* 0.800* 0.808* 0.540* 0.110

C1 0.465 0.383 0.941* 1 0.614* 0.630* 0.355 0.121

C2 0.048 0.073 0.800* 0.614* 1 0.609* 0.753* 0.052

C3 0.107 –0.020 0.808* 0.630* 0.609* 1 0.470 0.086

TCC 0.049 –0.068 0.540* 0.355 0.753* 0.470 1 0.326

a angle 0.066 –0.525* 0.110 0.121 0.052 0.086 0.326 1

Abbreviations as in Table 1
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vertical partitions of the CC distinguished by diffusion 
tensor tractography [27], the lowest anisotropy was 
found in regions III (fibres to the primary motor cor-
tex) and IV (the posterior one-third minus posterior 
one-fourth of the CC) [13]. These regions are related 
to the isthmus or to the TCC in our study. In subdi-
vision of the CC into 3 segments, higher anisotropy 
in males than in females was in posterior third than 
in the genu region, reflecting not only differences in 
the CC size, but also in its macro- and microstructure 
and in water diffusion [27].

Interesting are our findings of significantly larger 
TCC in males, and of significant correlation between 
the CCA and TCC only in females. By autopsy studies 
the TCC was determined as 4.49 mm (2.5–7 mm) 
[17], or 0.46 cm [19], what can be more precise from 
our current MRI findings (males 4.33 mm; females 
3.66 mm), because of better anatomical resolution 
of the CC boundaries than MRI. We recommend the 
use of the TCC [17] as a simply and clearly defined 
[19] parameter which best represents the total size 
of the CC and should be considered as a more precise 
parameter than insufficiently defined isthmus. It is in 
relatively constant position in different individuals and 
databases, in region anterior of the splenium (see Fig. 6  
in [12]). Variable fornix attachments to the CC (if pre-
sent) located mainly (77%) in the third quarter of 
callosal length and in 19% in its fourth quarter [17], as 
like as involvement and size of the longitudinal striae 
and pericallosal vessels [12, 20] can bias the results 
in applied methodology. Therefore the templates, as 
used in Jacobian determinant maps showing the shape 
differences, with variations of results depending on the 
template used [7, 8], are not accurate because they do 
not consider individual anatomy of the CC.

Our method, using polar coordinate system, better 
corresponds to the anatomy of the CC, which backwar-
ds growth reflects the sequence of the CC development 
[16] is related to the caudal growth of the cerebral he-
mispheres [23]. It is also coincident with temporal lobe 
curving further round with the hippocampal rotation 
[11]. Combined with our previous studies of the CC, 
our results point to the use of proposed parameters 
and the necessity of careful consideration of obtained 
results in relation to individual anatomy of the CC.

CONCLUSIONS
We concluded that the use of polar coordinate 

system appropriately reflects the anatomical and en-
cephalometric characteristics of human CC.
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