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Abstract

Corpus callosum (CC) is the largest fi ber pathway linking the two cerebral hemispheres of the brain. 
These connections through the CC are either homotopic that connect the same or similar areas on each 
hemisphere or heterotopic that connect functionally similar, but anatomically different areas in two 
hemispheres. That means it plays an important role in integration and communication of hemispheres. 
As having morphological differences among people, being a structure that completes its myelinization 
later and because of its functional importance, it appeal to researchers. The aim of this review was to 
evaluate the functional anatomy of the CC. By the use of tractographies and functional MRIs, topographic 
organization of CC and the effect of neurodevelopmental and neurodegenerative processes may be well 
understood.
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Introduction

The corpus callosum (CC) is the largest interconnection 
between the brain hemispheres. The interhemispheric 
connections through the CC may connect functionally same 
or similar areas in the hemispheres. Nowadays by the help of 
the higher imaging techniques it has been shown that these 
fi bers exhibit a topographic organization [1]. In the literature 
CC is examined in detailes according to it’s dimensions, parts, 
morphology, age and gender differences and also according to 
the changes related to the neuropsychiatric diseases [1-7]. It 
has now been accepted that the morphological change of the 
brain development is affected by growth, development, aging, 
environmental factors and diseases [8,9]. The CC is one of 
the very important structures that is affected by these factors 
and these changes appeal to researchers [1-4]. In this review, 
we will investigate the signifi cant studies related with the 
morphological differences and changes of the CC. 

In classical anatomy textbooks [10], CC is divided into fi ve 
parts: rostrum, genu, body, isthmus and splenium. Fibers of 
the CC have a topographical organisation based on structural 
connectivity. Map of these cortical tracts within the CC can be 
obtained by in vivo imaging techniques [1,11]. But borders of the 
topographies, number and diameter of the fi bers in each tract, 
accurate route of the fi bers cannot be evaluated by now. These 
topographical maps might help us to understand the effects of 
damage on CC in neurodevelopmental and neurodegenerative 
diseases. 

Increased total callosal area would be because of 
myelination, fi ber thickness, increased density of fi bers and 
increased number of fi bers. When we consider the development 

of CC, it has been established that there was not an increase in 
the number of fi bers after birth. Controversial to that, during 
this period there has been a decrease in the number of axons 
because of some regressive reasons. This developmental 
callosal analysis was declared by Koppel and Innocenti [12], 
by a quantitative electron microscobic study in the cat and by 
LaMantia and Rakic [13], in the developing rhesus monkey. 
According to these studies during the early postnatal life, in 
both rhesus monkey and cat, there is a loss of callosal fi bers; 
lasting at least for 3 or 4 months postnatally. Now we know 
that this process might extend beyond the fi rst year of life in 
human [8,9,14]. 

Especially by the developing imaging techniques like 
functional magnetic resonance imaging (fMRI), many studies 
related with the fi ber organisation and functional anatomy of 
the CC have been produced. Zarei et al. [1], used diffusion tensor 
imaging (DTI) tractography to produce a two-dimensional 
map of the CC of 11 right-handed healhty subjects in the mid-
sagittal plane. By using DTI tractography they observed an 
antero-posterior topography of interhemispheric connections 
within the CC and compared volumes between hemispheres. In 
this study, cortical connections were successfully traced within 
CC in all subjects and they found the antero-posterior locations 
of the connections: connections of the prefrontal cortex were 
located within the genu and anterior part of the body; premotor 
followed by motor and sensory connections were located in the 
midbody region; parietal, temporal and occipital connections 
were located at posterior parts of the CC in orderly (Figure 
1). They have found no effect of hemisphere and gender for 
absolute CC volume. Wahl et al. [11], also have found results that 
are in agreement with other previous DTI studies examining 
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callosal topography. Wahl et al. [11], have demonstrated that 
novel MRI and tractographies can be effectively combined to 
investigate the link between structure and function in vivo in 
human subjects. Their results suggest that the role of the CC in 
interhemispheric integration, as it relates to structure, should 
be re-examined in light of the new approaches to studying 
the morphometry and morphology of the CC like transcranial 
magnetic stimulation technique.

This map may be useful in the study of interhemispheric 
interactions as well as the study of neurodegenerative 
disorders. Hynd et al. [6], studied morphology of CC of the 
MRIs of dyslexic children. Analysis of the corpus callosum 
revealed that the anterior region of interest (the genu) was 
signifi cantly smaller. Moreover signifi cant correlations 
existed between reading achievement and the region-of-
interest measurements for the genu and splenium. Measured 
intelligence, chronologic age, and gender were not related to 
region-of-interest measurements of the corpus callosum in 
this study. Wang et al. [5], studied magnetic resonance images 
of the corpus callosum in adolescents with Down and Williams 
syndromes. They have found a distinct rounded CC and 
decreased width of rostrum from the MRIs of Down syndrome 
adults. CC of subjects with Williams’s syndrome generally 
resembled the control group. In another study Yamauchi et al. 
[7], studied the pattern of atrophy in frontotemporal dementia, 
progressive supranuclear palsy, and Alzheimer’s disease. In 
this study they have found that atrophy of the corpus callosum 
was not specifi c to any degenerative dementia, the patterns 
of the atrophy are different among patients with FTD, PSP, 
or early onset AD. They revealed that the patterns of callosal 
atrophy might refl ect characteristic patterns of neocortical 
involvement in each degenerative dementia. 

Witelson [2], has studied the hand and sex differences in the 
human CC in a postmortem morphological study. In this study, 
she has subdivided the midsagittal surface of the callosum 
into seven regions, roughly approximating the topography of 
callosal fi bres in relation to their cortical fi elds of origin and 
termination. This possible functional organisation has been 
supported by many animal and clinical experiments previously 
and also by developing imaging techniques like fMRI nowadays 
[1,15-19]. Witelson [2] was measured midsagittal area of the 
CC in 50 autopsy brains. They found sex differences in many 
aspects of CC anatomy: 

1. Handedness was a factor in callosal size in males and 
this result was consistent with the general hypothesis 
of females having less clear lateralization than males,

2. Females did not have a larger CC or a larger splenium,

3. Among all the CC regions, only the genu and the anterior 
body region were found to be larger in absolute size in 
males,

4. CC size decreased with aging in males but not in females.

Although isthmus and posterior body regions showed 
a signifi cantly greater area in, the mean area values were 
tended to be larger in all seven subregions in left handers. 
In one region, the isthmus, the absolute area tended to be 
larger in females. Left handers have a greater prevalance and 
a greater degree of bihemispheric representation of language 
and spatial conceptual skills. This situation requires greater 
interhemispheric communication for greater bihemispheric 
functional representation. In this study, only the isthmus was 
larger in females with right handers. 

In almost all studies males were tended to have larger 
callosal sizes [2-4]. Whether there are gender differences in 
the size or the morphology of the CC is still a question. In spite 
of all these discussions; De Lacoste-Utamsing and Holloway 
[20], have measured the midsagittal callosal area in 14 
postmortem brains and they found that females had greater CC. 
This difference was prominent in splenium and they explained 
the situation as a result of the cognitive and speech abilities 
of women. Holloway and De-Lacoste [21], have repeated the 
same study (n=16) and they have found that genu, anterior 
body and total area of CC were greater in men and isthmus 
was greater in women when compared with right-handed men. 
Hand preference did not make any difference among women 
and there was a decrease in size in men with aging. But in both 
studies number of the groups were very small and this was 
decreasing the valubility of the results. 

Berrebi et al. [22], studied total callosal area, perimeter 
and thickness of the CC in newborn rats. They found that all 
measurements were greater in male brains. One group of rats 
was handled 110 days, other group was handled for 215 days in 
the same study and the results were compared with a control 
group. At 110 days handling stimulation increased callosal 
parameters and resulted in a more regular CC in males, but this 
effect was no longer apperent in 215 days. Within the CC region 
specifi c effects were found, suggesting that certain fi bers of 
CC were involved. It has been shown that animals given extra 
stimulation in early life have more lateralized brains [23,24]; 
thus at least in this experiment, increased callosal size and 
regularity is associated with greater hemispheric specialisation. 
Denenberg et al. [23,24] has postulated in his study that 
handling stimulation increases the size of the CC and this 
increase means more competition between the hemispheres 
which result in laterality. 

All these studies provide evidence that the morphometry of 
CC is important in the diagnosis of many neurological diseases. 

Areas of the CC: 1 Rostrum, 2 Genu,3. Anterior body, 4. Midbody, 5. Posterior body, 6. Isthmus, 7. Splenium

Figure 1: Topographical parts of the CC.
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It has been discussed that these measurements might also be 
related to with the impairment of functional interactions both 
within each hemisphere and between the two hemispheres. 
The degree of the impairment diminishes the cognitive, verbal 
and executive performances. In the clinical trials normal and 
pathological developmental processes and effects of some 
diseases on these processes very striking subjects. White 
matter is essential for impulse conduction, for that reason the 
white matter plasticity widens the area of research beyond the 
electrophysiology in the absence of pathology. But much work 
needs to be done to explore these interesting networks. This 
includes determining the nature of the white matter structural 
changes in both normal processes and in the pathological 
processes in the next years. Imaging and cellular and molecular 
modalities reveal that white matter changes with possible 
functional and psychological disorders are important for the 
normal CC function and for the clinical conditions.
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