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Abstract 
Background and Aim: In spite of the effect  
of the left hemisphere domination on first langu-
age acquisition in human, studies suggest activi-
ties and the role of both hemispheres in learning 
second language. Therefore learning a second 
language requires more communication between 
the two hemispheres. Regarding the role of the 
corpus callosum as the only data-centric inter-
face between the two hemispheres, the aim of 
this study was to evaluate and compare the vol-
ume of the corpus callosum in monolingual and 
bilingual individuals. 
Methods: This cross-sectional study was cond-
ucted on 24 samples, 16 simultaneous bilinguals 
(eight Kurdish-Persian, eight Turkish-Persian) 
and eight monolinguals with age range of 18 to 
30 years, all right handed, and in equal numbers 
in both sexes (female and male), volume of cor-
pus callosum determined by MRI. Data was 
analyzed by parametric and non-parametric sta-
tistical tests. 
Results: The volume of corpus callosum is sma-
ller in monolinguals in comparison with bilin-
guals, in which a significant difference was obs-
erved (p=0.04). 

Conclusion: According to the language data 
transmission and the rate of processing by  
the corpus callosum between two hemispheres, 
it seems for improving the quality of aural reha-
bilitation, the findings of present study will be 
useful before performing programs like auditory 
training, language learning, and by development 
of neuroplasticity which is often decoded by sti-
mulus that occur in the hemisphere in contrast 
to the dominant hemisphere. 
Keywords: Corpus callosum; bilingualism; 
neuroplasticity 
 
Introduction 
There are several studies on second language 
structural effects on anatomical and physiologi-
cal features of the brain. Brocca was the first 
researcher that talked about of the left hemis-
phere of the human brain as the dominant hemi-
sphere in language processing. According to his 
results, this phenomena was observed in 90-
95% of the right handers and 70% of the left 
handers [1]. Other studies have been conducted 
by using medical imaging techniques; they bel-
ieve that in the language-learning process and 
after evolution of auditory memory, another 
important factor is lateralization. Based on this 
hypothesis, learning first language (L1) after a 
while transfers from right hemisphere to left 
hemisphere and remains in this side until the 
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end of life [2]. 
Recent investigations show that in bilingual 
people, in addition to special area activity in  
left hemisphere in the meantime of the first lan-
guage processing (L1), there are also other spe-
cific areas in the right hemisphere which have  
a very important and effective role in the second 
language (L2) processing. The f-MRI findings 
confirm that learning L2 mainly occurs in both 
hemispheres. It is obvious that right hemisphere 
activities are more related to the second langu-
age than to the first language [3]. Among the 
hypotheses, about L2, the simultaneous utili-
zation of the both hemispheres is important  
in the processing of the second language [3]. 
The main point is the high functionality of com-
munication between both hemispheres in langu-
age switch, which has direct effect on proce-
ssing ability of L2. Certainly primary auditory 
cortices of right and left hemispheres have no 
direct relation to each other but corpus callosum 
acts as a connector between them. In response  
to learning and using it, the human brain makes 
adaptations preparing multi-lingualism. These 
adaptations can appear in the form of reinforce-
ment in the areas of first language [3-9], or by 
formation of new neural cortical networks in 
specific areas in cortex [10-14]. 
Corpus callosum is the main conduit for inf-
ormation flowing between two hemispheres, 
which is made of axonal fibers. It is said that, 
there are 200 to 300 million axons in corpus 
callosum [15-17]. Up to now lots of studies 
have been done about the connector between 
two hemispheres and corpus callosum, that 
show effects of genetic and pathological factors 
such as handedness [18], sex [19], head traumas 
[20], autism [21], multiple sclerosis [22], schiz-
ophrenia [23], Tourette syndrome [24], dyslexia 
[25], Attention deficit hyperactivity disorder 
(AD/HD) [26], learning disabilities [27], on the 
size of corpus callosum. 
However, research on the nervous system neur-
oplasticity as a result of a second language func-
tion and simultaneous activities of the two hem-
ispheres in L2 processing had been neglected.  
In the study that was conducted by Porter et  
al. [cited in 28] aiming for evaluation and 

investigation of the size of corpus callosum in 
monolinguals and bilinguals, but, in fact, they 
only evaluated two-dimensional size of corpus 
callosum. 
In different studies, also, it has been shown that 
the size of corpus callosum is affected by fac-
tors such as a combination of experience, envi-
ronment and genetics, and shows flexibility [29-
32]. In an example, in the study conducted by 
Castro-Caldas et al. [33] it is explained that in 
literate women, the size of corpus callosum in 
the part of posterior mid-body in comparison 
with illiterate women is significantly larger. 
In regards to this flexibility of nervous system, 
we can expect that following bilingualism and 
learning second language, and also cooperating 
two hemispheres in processing second language, 
causes increasing size of nervous fibers existing 
in some parts of corpus callosum. Therefore, 
this study aimed to investigate the volume of 
corpus callosum in Persian monolinguals and 
bilinguals (Kurdis and Turkis), with this res-
earch hypothesis that there is significant diffe-
rence between monolinguals and bilinguals. 
 
Methods 
This cross-sectional study was conducted on 16 
simultaneous bilinguals (eight Kurdish-Persian, 
eight Turkish-Persian) and eight monolinguals; 
all were right handed, age range 18 to 30 (mean 
and SD: 21.24, 1.7 year). Tests performed on 
audiology clinic (Audiology Department), Sch-
ool of Rehabilitation, Tehran University of 
Medical Sciences. The other inclusion criterias 
were having normal hearing thresholds, no his-
tory of head trauma, neurologic and otologic 
diseases. For avoiding interference of other fac-
tors which could affect hemispheric processing, 
none of cases were musician and painter. Some 
cases who showed no tendency to continue their 
cooperation, or claustrophobia (fear from being 
in MRI tunnel) were excluded. 
At first we described the program process for 
cases who were willing to participate in this res-
earch, then they filled a form consenting to par-
ticipate in this research. And completed case 
history form (including individual characteris-
tics, way of language learning, mother language 
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as a first language and second language), place 
of birth, first and second language learning env-
ironment, and the manner of learning second 
language, too. 
All of participants should complete the questio-
nnaire about the bilingualism process. We must 
mention that all samples including Kurdish-
Persian and Turkish-Persian bilinguals, first lea-
rned mother language. It is obvious that this 
process (L1 acquisition) has occurred for all bil-
inguals in natural learning ways. Also, in five  
or six year olds, due to preschool entry, they 
begin to learn L2 (Persian language), of course 
we should not ignore the role of media in 
Persian language learning in all samples from 
childhood. So, we can say that bilinguals in pre-
sent study are mostly simultaneous bilinguals. 
They have been asked about English language 
learning; nearly all of them began to learn 
English after the age of 10. But we tried not to 
participate the people who are completely fluent 
in four English language skills (reading, writing, 
listening and speaking). Although researchers in 
this study believed that there are no change  
in results of research for bilinguals fluent in 
English, because changes will occur in right 
hemisphere activity. In monolingual participants 
none of them was perfect on all four skills. 
In order to evaluate the health of peripheral hea-
ring system, we performed pure tone aud-
iometry (PTA) for all participants by using  
the clinical audiometer AC40, (Interacoustic, 
Denmark), and acoustic immittance audiometry 
by Zodiac (GN Otometrics, Denmark). The par-
ticipants who met the inclusion criteria were 
determined right handed by Persian version  
of Edinburgh questionnaire. Finally the corpus 
callosum volume was measured by the techni-
cian who knew nothing about the project, by 
using the 3 Tesla magnetic resonance imaging 
(MRI) device (Simense, Germany) in Khatam-
ol-Anbia hospital in Tehran. 
For measuring the corpus callosum volume, the 
Image J software (Wayne Rasband, Maryland, 
USA) was used. This software was designed by 
National Health Institute, and is proven useful 
in areas such as hematology. 
Slices with highest contrast of corpus callosum 

were chosen, in order to precise measuring and 
determining the best slice. Since these slices 
were stable in all samples thereby the software 
errors could be omitted in this way. 
In order to determine the volume of corpus 
callosum, first borders of corpus callosum iden-
tified by the software, and then multiplied by 
the section thickness (3 mm), to obtain corpus 
callosum volume. Then total volume obtained 
by summating volume of corpus callosum in 
those slices which software could identified 
corpus callosum borders. 
We used software to determine the borders of 
corpus callosum. This software by using the 
amount of contrast changing of corpus callosum 
with its adjacent areas in the white matter of  
the brain, which was imaged at a different slice, 
allows the possibility of determining the exact 
corpus callosum border. Fig. 1. Shows a sample 
of measuring and determining corpus callosum 
borders by software. 
For describing the findings in total data and for 
subgroups in separate, mean and standard 
deviation were used. Normality of distribution 
in corpus callosum volume was tested by 
Kolmogrof-Smirnof test. For comparing the vol-
ume of corpus callosum between two groups, if 
they had the test assumptions, we used the para-
metric independent t-test; otherwise nonpara-
metric Mann-Whitney test was used. 
 
Results 
Twenty four cases take part in this study, 16 
bilinguals (eight Kurdish-Persian and eight 
Turkish-Persian) and eight Persian mono-
linguals. The age range was 18 to 30 years old 
(mean and SD: 21.24, 1.7). The volume of 
corpus callosum was measured totally and in 
each subgroups separately (Table 1). The mean 
and standard deviation in females was 
179928.33, 33528.5 respectively and in males 
176876.4, 7242.02 respectively. 
Although corpus callosum volume has normal 
distribution in monolinguals and all bilinguals 
separately, there was no normal distribution  
in Persian-Turk participants. Independent t-test 
shows the mean of corpus callosum volume 
(mm3) in bilingual is Significantly larger than 
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monolingual (p=0.04), with 95% confidence int-
erval (-882.8, 58853). 
Between two bilingual groups, due to abnormal-
ity in the Turk group, for comparing Persian-
Turk and Persian-Kurd groups, nonparametric 
Mann-Whitney is used. No significant differe-
nce observed in results (p=0.959), see Table 1. 
To compare corpus callosum volume between 
sex, regardless of monolingual or bilingual, ind-
ependent t-test was used, as we compare the 
mean of corpus callosum volume between 12 
female and 12 male (Fig. 2), which it showed no 
significant difference (p>0.05). 
 
Discussion 
Finding of this research represents that bilingua-
lism may affect the total volume of the corpus 
callosum. It seems that brain processing followi-
ng the organization after multilingualism in cor-
tex, needs to increase homotopic relationship 
between the two hemispheres. 
The results of this study are consistent with the 
results of Dehaene et al. [10], Gomez-Tortosa  
et al. [11]; Kim et al. [8]; Paulesu et al. [12]; 
Perani et al. [13]; Rodriguez-Fornells et al. [14]; 

Simos et al. [9]. These researches believe that 
second language input, leads to the formation  
of new neural networks in the brain. Dimond et  
al. mentioned that, it is likely that the corpus 
callosum has an effect on language processing 
[34]. Of course today, these findings according 
to data obtained based on f-MRI from resear-
ches, is not totally accepted, but it seems by the 
role of this brain region in transfering the langu-
age data between two hemispheres and activity 
of hemispheres in bilingualism, the data transfer 
rate between the two hemispheres, because of 
myelination of axons of corpus callosum will be 
increased. Albert and Obler [35] reported that, 
bilaterality is more in bilinguals than monolin-
guals. 
A study was conducted on language laterality 
and its effect on the corpus callosum by 
Westerhausen et al. [36], they performed this 
research on 89 participants by using f-MRI and 
investigated the relationship between two hemi-
spheres. Their results showed no significant dif-
ference in the size of corpus callosum. It seems 
that the main reason of difference between their 
results and our findings are due to the lack of 

Fig.1. Sample of measurement and determination of corpus callosum border by software. 
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attention to handedness and hemispheric domi-
nance. In their study the participants were in 
both from right handed and left handed groups, 
therefore hemispheric dominant interference 
could affect the results. Also, they did not mea-
sure the volume of corpus callosum and only the 
size of the corpus callosum was considered. 
Vaid and Lambert [37], Sussman et al. [38] beli-
eve that right hemisphere activity is more in bil-
inguals than in monolinguals. 
Thereby, in Barton et al. [39] study there  
was no difference between English monolingu-
als and English-Hebrew bilinguals. Also, Tzeng 
et al., compared English-Chinese bilinguals with 
Chinese monolinguals, and results revealed  
no significant difference in speech recognition 
score [40]. 
The reason of different and large extent of 
findings might be due to factors such as age of 
onset of bilingualism and level of dominance to 
second language [41]. 
The important difference in this study with sim-
ilar studies is the exact determination of corpus 
callosum volume. In present study, researchers 
believe that regarding the brain growth in all 
three dimensions, only measuring the size of 
corpus callosum in two-dimensional MR image, 
could not demonstrate real corpus callosum 
volume. Therefore in addition to preserving 
measure of two-dimensional image of corpus 
callosum, measuring of corpus callosum volume 
was considered in our study and the results were 
investigated. 
In present study the selected bilinguals were 

fluent in both languages. All bilinguals were 
fluent in all four language skills in both langu-
ages. This is very important in this study beca-
use the base of most researches is free of such 
important point. This point is so important that 
even with the addition of one of the skills rather 
than four language skills the results will surely 
be affected. For instance, Silverberg et al. [42] 
has reported that right hemisphere activity in the 
English-Hebrew bilingual children who were 
supported to learn for two years regarding read-
ing of English language in comparing to chil-
dren who were learning four to six years are 
less. 
The results of present study almost confirm the 
Vaid findings. He reported that bilinguals who 
informally acquired second language (L2) from 
the environment, revealed more right hemisph-
ere activity. So this study also regards that in 
informal learning, right hemisphere activity inc-
reases and consequently corpus callosum volu-
me becomes bigger due to transferring more sti-
muli [43]. 
As mentioned, by learning second language and 
the activity of new sections in right hemisphere 
and remaining activity in left hemisphere, mos-
tly both hemispheres are involved in the second 
language processing. This kind of process undo-
ubtedly needs both hemispheres’ effective relat-
ionship that mostly occurs from pathway  
of corpus callosum. According to the affirma-
tion of the theory of neuroplasticity in corpus 
callosum, and increasing data transfer between 
two hemispheres, gradually over time, the 

Table 1. Measures of central tendency and statistical dispersion of corpus callosum volume (mm3) in 
different language and sex groups 
 

    Male    Female  

Group    
Mean 
(SD)  

Median  Minimum  Maximum    
Mean 
(SD)  

Median  Minimum  Maximum  

Bilingual  
Kurdish-
Persian  

187478.50 
(48966.52)  

202673.0  116472.00  228096.00    
185268.75 
(34702.74)  

189675.00  141597  220128  

  Turkish-
Persian  

177425.25 
(45619.75)  

195445.5  109860  208950    203261.5 
(19462.27)  

195775.5  189805.00  231690.00  

Mono 
lingual  

Persian  165725.5 
(17047.06)  

165446.00  145797  186213    151254.75 
(26051.61)  

143139  130494  188247  
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flexibility of the nervous system occurs in 
corpus callosum and it shows increasing in the 
volume. 
This study had some limitations; the most imp-
ortant one being high costs of MR imaging and 
no insurance covering and also image artifacts. 
To reach better and more confident results we 
suggest conducting similar studies but in bigger 
size of participants. We do suggest for deter-
mining the kind of bilingualism, using questio-
nnaire and precise case history as well, and it’s 
better to examine the results on different kinds 
of bilingualism. 
 
Conclusion 
It seems due to receiving further input by 
bilingualism, also the role of right hemisphere 
in learning second language, the neuroplasticity 
of bilingualism in these people by connecting 
left and right hemisphere, has caused increasing 
on total corpus callosum volume. According to 
the role of corpus callosum on language, data 
transferring specially in bilinguals, the rate of 
processing of data which alternates between the 
two hemispheres, also in hemispheric function, 
it seems, in order to improve the quality of audi-
tory rehabilitation (before performing programs 
like auditory training, rehabilitation of central 
auditory processing disorder (CAPD) and langu-
age learning, with development in the flexibility 

of the nervous system which is often decoded 
by stimulus occurrence in the hemisphere in 
contrast to the dominant hemisphere), would be 
useful. So we can expect an improvement in 
rehabilitation programs following the increase 
of the processing rate. Most of the rehabilitation 
programs build up with the aim to improve inc-
omplete brain activity through the flexibility of 
the nervous system. Researches in this study 
suggest that according to the role of the two 
hemispheres processing in data transfer rate dur-
ing the time, rehabilitation programs should be 
designed in such a way that flexibility of the 
nervous system in that program is in a parallel 
role rather than serial. Also this is an important 
point to be investigated in a separate research. 
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