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INTRODUCTION

	 The Corpus callosum (CC) is the main structure 
that occupies between two cerebral hemisphere and 
provide the connection between cortical and sub-
cortical neurons.1-4 It includes approximately 200 
million myelinated fibers. The functions of the CC 
can generally be thought of as integrating the ac-
tivities of the left and right cerebral hemispheres.5 
The sexual dimorphism of the CC started with the 
original report de Lacoste-Utamsing and Hollo-
way.6 The size and shape of the adult CC may show 
variety according to gender and age.7 Several stud-
ies have indicated that CC development continues 
to progress throughout adolescence.8,9 Despite dec-
ades of research, there is still no agreement over the 
presence of gender-based morphologic differences 
in the human CC.5
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ABSTRACT
Objective: The corpus callosum (CC) is an important structure of connecting the two cerebral 
hemispheres. The purpose of this study was to examine the morphometry of the CC of normal 
cases and its relationship with gender and age.
Methodology: Morphometric measurements of the corpus callosum were made on MR imaging 
in the mid-sagittal plane in 42 male and 48 female total 90 healthy subjects, age range was 6-17 
year-old. Age of the cases were divided into three group as 6-9, 10-13 and 14-17 year-old. The 
length was measured by drawing a straight line at greatest antero-posterior diamater of CC, a 
perpendicular at its midline, anterior, posterior and medium segments of CC were measured. In 
addition as a result of these morphometric measurements index of corpus callosum (CCI) was 
calculated for every cases. Statistical analysis was performed by One-Way ANOVA- Tukey test, 
Independent Sample t test, Kruskal-Wallis test and Mann - Whitney U test.
Results: Without considering sex between the age group, antero-posterior, anterior, posterior 
and medium segments diamaters of CC was found statistically significance (p<0.05) while 
analysis of CCI values was not found significant (p>0.05).
Conclusions: These datas can be used as morphometric guide, for evaluation of the CC specially 
in years 6-17 age group.
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	 In this study, CC diamaters were measured 
according to age and gender that can show 
variability, in normal cases ages between 6-17 year-
old. In addition CC index was calculated for each 
case using measured parameters, and obtained 
index also evaluated relationship between the each 
group.

METHODOLOGY

	 This study carried on Magnetic Resonance Imag-
ing (MRI) appearance belong to 42 male, 48 female, 
total of 90 children cases retrospectively after ethi-
cal approval. Evaluated MRI belonged to 6-17 year-
old cases obtained from Cumhuriyet University, 
Department of Radiology, (dated between 1 march 
and 30 April of 2007-2008). Our study included nor-
mal subject’s MRI appearances who had no serious 
history of pathological diagnose and no cerebral 
dephormity that could affect our measurements. 

Considering the gender subjects were grouped as 
6-9, 10-13 and 14-17 year old, 2001 modal 1, 5 Tesla 
(Exelart, Toshiba, Tokyo, Japan) of MRI was used 
for radiological examination besides using stand-
ardt cranial band. Measurements were calculated 
on midsaggital and T1 sections of MRI as described 
by Figueira by et al.10

	 Corpus callosum index (CCI) was obtained on a 
conventional best midsaggital T1W image, using 
a simple orthogonal semi-automated system, by 
drawing a straight line at greatest anteroposterior 
diameter of CC and a perpendicular at its midline, 
owing to points a, b and c (Fig.1). Anterior (aa’), 
posterior (bb’), medium (cc’) segments and cd 
length of CC were measured and normalized to 
its greatest anteroposterior diameter (ab), CCI 
was found for each cases, one by one, from the 
calculated measurements by (aa’ + bb’+ cc’) / ab 
=  CCI Formula. Obtained data transferred to SPSS 
(ver: 13.0) programme. Statistical analysis was 
performed by One-Way ANOVA- Turkey test, 
Independent Sample t test, Kruskal-Wallis test and 

Fig.1: Determination of corpus callosum index, using 
a midsagittal slice on a T1W brain MRI. Anterior (aa´), 
posterior (bb´) and medium (cc´) segments of CC were 
measured and normalized to its greatest anteroposterior 
diameter (ab).

Table-I: Comparison of the CC 
measurements according to age group.

	 6-9 (n=30)	 10-13 (n=30)	 14-17 (n=30)	 Result
	     ±S	        ±S	        ±S

ab	 61.26 ± 6.04	 63.50 ± 5.09	 66.26 ± 4.97	 F= 6.47
				    *p= 0.002
aa’	 11.20 ± 1.60	 11.76 ± 1.86	 11.73 ± 1.55	 F= 1.07
				    p= 0.347
bb’	 9.96 ± 2.05	 10.66 ± 2.33	 11.56 ± 2.35	 F= 3.79
				    *p= 0.026
cc’	 5.86 ± 1.222	 6.46 ± 1.19	 6.76 ± 1.33	 F= 4.02
				    *p= 0.021
cd	 16.10 ± 2.46	 17.03 ± 2.87	 18.23 ± 2.89	 F= 4.52
				    *p= 0.013
CCI	 0.44 ± 0.04	 0.45 ± 0.05	 0.45 ± 0.04	 F= 0.84
				    p= 0.432

Table-II: Comparison of the CC measurements according to age group and gender.
	 6-9	 10-13	 14-17
	 Male	 Female	 Result	 Male	 Female	 Result	 Male	 Female	 Result
	 ±S	 ±S		  ±S	 ±S		  ±S	 ±S

Ab	 61.13±7.95	 61.40±3.52	 p=0.868	 64.42±3.39	 62.68±5.89	 p=0.285	 65.38±5.96	 66.94±4.13	 p=0.424
aa’	 11.20±2.00	 11.20±1.14	 p=0.798	 11.85±2.03	 11.68±1.77	 p=0.768	 11.61±1.75	 11.82±1.42	 p=0.654
bb’	 9.80±2.59	 10.13±1.40	 p=0.950	 10.35±1.78	 10.93±2.76	 p=0.865	 11.23±2.58	 11.82±2.21	 p=0.308
cc’	 5.73±1.53	 6.00 ±0.84	 p=0.560	 6.42±1.01	 6.50±1.36	 p=0.763	 6.38±1.55	 7.05±1.08	 p=0.289
Cd	 16.33±2.66	 15.86±2.32	 p=0.645	 17.42±3.00	 16.68±2.79	 p=0.485	 19.15±2.96	 17.52±2.71	 p=0.233
CCI	 0.43±0.05	 0.44±0.04	 p=0.633	 0.44±0.05	 0.46±0.05	 p=0.183	 0.44±0.04	 0.45±0.03	 p=0.391
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Mann - Whitney U test. Data expressed in tables 
as arithmetical mean ( ) ± standart deviation (S), 
based on 0.05.

RESULTS

	 Data of ab, aa’, bb’, cc’, cd and CCI values that 
belong to 90 subjects is showed in Table-I without 
considering the gender. 
	 According to age group without considering the 
gender, in comparison between parameters of ab, 
bb’, cc’ and cd and age, differences between age 
group results was found to be statistically signifi-
cant (p< 0.05). While there was a difference in ab, 
bb’, cc’ and cd parameters between the age group 
of 6-9 and 14-17, there was no difference between 
other ages. Similarly among the age group, aa’ and 
CCI values did not show difference. Data of the ab, 
aa’, bb’, cc’, cd and CCI, according to age group and 
gender had been given in Table-II.
	 In 6-9, 10-13 and 14-17 age group that belong to 
male and female, values of ab, aa’, bb’, cc’, cd , CCI 
does not show important significance (P> 0.05). 
Values belong to male and female without consid-
ering the age group are given in Table-III. 
	 In comparison of all male and female without sep-
aration of age group it did not find any difference. 
Data belonging to male according to age group is 
given in Table-IV and to female in Table-V.
	 In male cases only cd measurement showed dif-
ference between the 6-9 and 14-17 age group.
	 In comparison of ab, bb’, cc’ parameters of female, 
and age group, differences between the group was 
found important (p< 0.05). Age group that com-
pared with ab, bb’, cc’ parameters whereas there 

was a difference in 6-9 / 14-17 age and 10-13 / 14-17 
age group but 6-9 / 10-13 age group did not show 
difference. In female cases also could not found dif-
ference between the age group and parameters of 
ab, cd and CCI.

DISCUSSION

	 The development of the CC has been described 
to begin at approximately 8 to 10 weeks of 
gestation.11,12 Number of collosal fibers are fixed 
at birth, however, structural changes at corpus 
collosium continues due to myelinination of 
fibers during postnatal devolopment, redirection, 
pruning and myelination.13 The complete formation 
of CC continues to enlarge throughout infancy, 
childhood, and young adulthood.14 Schaefer et al 
stated that growing of CC continues till the 15 year 
age and during this period it could be reflections of 
increasing the myelinisation of CC.15 On the other 
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Table-III: Comparison of the CC measurements 
according to gender.

	 Male n=42	 Female n= 48	 Result
	     ±S	       ±S

Ab	 63.54 ± 6.36	 63.79 ± 5.14	 t= 0.20
			   p= 0.841
aa’	 11.54 ± 1.91	 11.58 ± 1.47	 t= 0.09
			   p= 0.922
bb’	 10.42 ± 2.36	 11.00 ± 2.27	 t= 1.16
			   p= 0.247
cc’	 6.16 ± 1.39	 6.54 ± 1.18	 t= 1.37
			   p= 0.171
Cd	 17.57 ± 3.03	 16.72 ± 2.66	 t= 1.40
			   p= 0.165
CCI	 0.44 ± 0.04	 0.45 ± 0.04	 t= 1.58
			   p= 0.116

Table-IV: Comparison of the CC measurements 
belong to male cases according to age group.

	 6-9 (n=15)	 10-13 (n=14)	 14-17 (n=13)	Result
	     ±S	      ±S	      ±S

Ab	 61.13 ± 7.95	 64.42 ± 3.39	 65.38 ± 5.96	 KW= 2.41
				    p= 0.298
aa’	 11.20 ± 2.00	 11.85 ± 2.03	 11.61 ± 1.75	 KW= 0.58
				    p= 0.748
bb’	 9.80 ± 2.59	 10.35 ± 1.78	 11.23 ± 2.58	 KW= 1.33
				    p= 0.512
cc’	 5.73 ± 1.53	 6.42 ± 1.01	 6.38 ± 1.55	 KW= 2.41
				    p= 0.289
Cd	 16.33 ± 2.66	 17.42 ± 3.00	 19.15 ± 2.96	 KW= 6.39
				    *p= 0.041
CCI	 0.43 ± 0.05	 0.44 ± 0.05	 0.44 ± 0.04	 KW=0.291
				    p= 0.865

Table-V: Comparison of the CC measurements
 belong to female cases according to age group.

	 6-9 (n=15)	 10-13 (n=16)	 14-17 (n=17)	 Result
	 ±S	 ±S	 ±S

Ab	 61.40 ± 3.52	 62.68 ± 5.89	 66.94 ± 4.13	 KW=12.88
				    *p= 0.002
aa’	 11.20 ± 1.14	 11.68 ± 1.77	 11.82 ± 1.42	 KW=1.72
				    p= 0.422
bb’	 10.13 ± 1.40	 10.93 ± 2.76	 11.82 ± 2.21	 KW=1.33
				    *p= 0.028
cc’	 6.00 ± 0.84	 6.50 ± 1.36	 7.05 ± 1.08	 KW=2.48
				    *p= 0.029
Cd	 15.86 ± 2.32	 16.68 ± 2.79	 17.52 ± 2.71	 KW= 6.39
				    p= 0.191
CCI	 0.44 ± 0.04	 0.46 ± 0.05	 0.45 ± 0.03	 KW= .291
				    p= 0.263
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hand Simon et al claimed growing of CC continues 
untill the 18th year-old.16  Pujol et al have measured 
CC area in 90 people by two years and withen 
14 people aged 11-19 years in their first scanning 
found out CC area as 535±93 mm2 and 591+106 mm2 
(24.7± 5.0) in second scanning.8

	 In our study without considering the gender, 
according to age group we observed enlargement 
of CC continued and excluding the aa’ other 
parameters showed statistical significant between 
the 6-9 age and 14-17 age group (p< 0.05). 
	 aa’ parameter showing the genu width is observed 
similar in three age groups. Genu region is linked 
with the prefrontal cortex which is responsible 
for higher cognitive functions.17 Prefrontal cortex, 
however, is one of the most recently conpleted 
structures.18 Therefore, the lack of difference in 
genu region among age groups may reflect the 
development of prefrontal cortex. A similar view by 
Luders et al is given who stated that growth at back 
is more dominant to growth in front ,moreover, 
front growth may start in late adoleseent period 
when frontal lobe is actively developed.13 Keshavan 
et al, examining 109 healthy people age ranking 
7-32 and differently from our study has reported 
that between children and adolescent and again 
between adolescent and young adults, the genu 
region is significiently increasing.17 However, 
in this study, the distrubition of age groups is 
children as: 7-12, adolescents as: 13-20, young 
adults as: 21-32. obviously doesnt match with the 
age group in our study. Additionally, in the same 
study, observed signal intensity has decreased from 
childhood to young adult age, but this decrease has 
been reported significient only between children 
and young adults.17 Giedd et al, in their study 
has reported that withen CC ,especially posterior 
regions are increasing at age 5-18.19

	 The sexual dimorphism of the human corpus cal-
losum (CC) is currently controversial, possibily be-
cause of difficulties in morphometric analysis.20 The 
controversies may be due to differences in sex, age, 
or race of subjects under study or differences in the 
method of measurement. In the studies, there are 
groups stating that there are differences between 
male and female in respect to CC morphometry,7,21 
as well as the groups stating no difference.5,22,23 Hol-
loway found that splenial portion of the corpus cal-
losum was larger and more bulbous in females than 
in males.6 Ferrario et al have reported that effects 
are meaningful considering the age increase, while 
no meaning in respect to genders.24  Ozdemir et al in 
their study, have reported that there is not a signifi-
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cient difference due to gender on general shape of 
the corpus callosum.25

	 In this study comparison of gender parameters 
both without separating age group and by 
separating age group all used parameters in both 
two conditions, there was no statistical difference 
between the male and female cases. However, it 
was found statistical significant in ab,bb’ ve cc’ 
parameters between the 6-9 and 14-17 age group 
in female cases, in male caseses showed statistical 
significant only in cd parameter between the same 
age group. 
	 Figueira et al, in their controlled study with 
normal group have shown that corpus callosum 
index (CCI) can be used in long term observation 
of patients with multiple sclerosis.10 With this fact, 
in order to evaluate CC as a whole, in our study,we 
used Figueira et al formulated CCI in their study. In 
all three age groups, CCI results were similar, and 
no difference is observed due to gender. There are 
so many reasons which may affect CC morphology; 
such as, demiyelizan deseases, congenital 
anomalites, cerebral infarct.26 In such cases, for 
evaluation, besides the quantitative methods of 
area, length, width, we believe usage of a reliability 
proven index will be useful.
	 As a result, we observed that CC except from 
genu regions is being developed significiently from 
childhood to adult ages and in this growth, the gen-
der does not make difference. We concluded that in 
studies subjected to CC in respect to pathological 
differences, it will be useful to consider the same 
age group data.

REFERENCES
1.	 Georgy BA, Hesselink JR, Jernigan TL. MR imaging of the 

corpus callosum. AJR Am J Roentgenol. 1993;160(5):949-
955.

2.	 Takeda S, Hirashima Y, Ikeda H, Yamamoto H, Sugino M, 
Endo S. Determination of indices of the corpus callosum 
associated with normal aging in Japanese individuals. 
Neuroradiology 2003;45(8):513-518.

3.	 Peterson BS, Feineigle PA, Staib LH, Gore JC. Automated 
measurement of latent morphological features in the human 
corpus callosum. Hum Brain Mapp. 2001;12(4):232-245.

4.	 Dubb A, Gur R, Avants B, Gee J. Characterization of sexual 
dimorphism in the human corpus callosum. Neuroimage 
2003;20(1):512-519.

5.	 Lenroot RK, Giedd JN. Brain development in children and 
adolescents: insights from anatomical magnetic resonance 
imaging. Neurosci Biobehav Rev. 2006;30(6):718-729.

6.	 Holloway RL, de Lacoste MC. Sexual dimorphism in the 
corpus callosum: an extension and replication study. 
Human Neurobiol. 1986;5:87–91.

7.	 Suganthy J, Raghuram L, Antonisamy B, Vettivel S, 
Madhavi C, Koshi R. Gender and age-related differences 
in the morphology of the corpus callosum. Clin Anat. 
2003;16(5):396-403.



412   Pak J Med Sci   2012   Vol. 28   No. 3      www.pjms.com.pk

8.	 Pujol J, Vendrell P, Junqué C, Martí-Vilalta JL, Capdevila 
A. When does human brain development end? Evidence 
of corpus callosum growth up to adulthood. Ann Neurol. 
1993;34(1):71-75.

9.	 Rauch RA, Jinkins JR. Analysis of cross-sectional area 
measurements of the corpus callosum adjusted for brain 
size in male and female subjects from childhood to 
adulthood. Behav Brain Res. 1994;64(1-2):65-78.	

10.	 Figueira FF, Santos VS, Figueira GM, Silva AC. Corpus 
callosum index: a practical method for long-term 
follow-up in multiple sclerosis. Arq Neuropsiquiatr. 
2007;65(4A):931-935.

11.	 Barkovich JA, Kjos BO. Normal postnatal development of 
the corpus callosum as demonstrated by MR imaging. Am J 
Neuroradiol 1988;9:487-491.

12.	 Barkovich JA, Norman D. Anomalies of the corpus 
callosum: correlation with further anomalies of the brain. 
Am J Roentgenol. 1988;51:171-179.

13.	 Luders E, Thompson PM, Toga AW. The development of 
the corpus callosum in the healthy human brain. J Neurosci. 
2010;18;30(33):10985-10990.

14.	 Dubovsky EC, Booth TN, Vezina G, Samango-Sprouse 
CA, Palmer KM, Brasseux CO. MR imaging of the corpus 
callosum in pediatric patients with neurofibromatosis type 
1. Am J Neuroradiol. 2001;22(1):190-195.

15.	 Schaefer GB, Thompson JN, Bodensteiner JB. Quantitative 
morphometric analysis of brain growth using magnetic 
resonance imaging. J Child Neurol. 1990;5:127-130.

16.	 Simon JH, Schiffer RB, Rudick RA, Herndon RM. 
Quantitative determination of MS-induced corpus callosum 
atrophy in vivo using MR imaging. Am J Neuroradiol. 
1987;8:599-604.

17.	 Keshavan MS, Diwadkar VA, DeBellis M, Dick E, Kotwal R, 
Rosenberg DR, et al. Development of the corpus callosum 
in childhood, adolescence and early adulthood.  Life Sci. 
2002;70(16):1909-1922.

18.	 Diamond A. Close interrelation of motor development 
and cognitive development and of the cerebellum and 
prefrontal cortex. Child Dev. 2000;71(1):44-56.

19.	 Giedd J, Castellanos FX, Rajapakse JC, Vaituzis AC, 
Rapoport JL. Sexual dimorphism of the developing human 
brain. Prog Neuropsychopharmacol Biol Psychiatry. 
1997;21(8):1185-1201.

20.	 Clarke S, Kraftsik R, Van der Loos H, Innocenti GM. Forms 
and measures of adult and developing human corpus 
callosum: is there sexual dimorphism? J Comp Neurol. 
1989;280(2):213-230.

21.	 De Bellis MD, Keshavan MS, Beers SR, Hall J, Frustaci K, 
Masalehdan A, et al. Sex differences in brain maturation 
during childhood and adolescence. Cereb Cortex. 
2001;11(6):552-557.

22.	 Leonard CM, Towler S, Welcome S, Halderman LK, 
Otto R, Eckert MA, et al. Size matters: cerebral volume 
influences sex differences in neuroanatomy. Cereb Cortex. 
2008;18(12):2920-2931.

23.	 Takeda S, Hirashima Y, Ikeda H, Yamamoto H, Sugino M, 
Endo S. Determination of indices of the corpus callosum 
associated with normal aging in Japanese individuals. 
Neuroradiology. 2003;45(8):513-518.

24.	 Ferrario VF, Sforza C, Serrao G, Frattini T, Del Favero C. 
Shape of the human corpus callosum in Childhood. Elliptic 
Fourier analysis on midsagittal magnetic resonance scans. 
Invest Radiol. 1996;31(1):1-5.

25.	 Ozdemir ST, Ercan I, Sevinc O, Guney I, Ocakoglu G, 
Aslan E, et al. Statistical shape analysis of differences in the 
shape of the corpus callosum between genders. Anat Rec. 
(Hoboken) 2007;290(7):825-830.

26.	 Hayakawa K, Konishi Y, Matsuda T, Kuriyama M, 
Konishi K, Yamashita K, et al. Development and aging of 
brain midline structures: assessment with MR imaging. 
Radiology. 1989;172(1):171-177.

Authors Contribution:

Mehmet Ilkay Kosar, conceived the idea, did exami-
nation of the images and manuscript writing.
Vedat Sabanciogullari, did manuscript writing and 
editing.
Fatma Hayat Erdil, did statistical analysis.
Mehmet Cimen, did review and gave final approval 
of manuscript.
Mehmet Atalar, Keziban Karacan did data collection 
and examination of the images.

Mehmet Ilkay Kosar et al.


