Int. J. Morphol.,
35(4)1429-1436, 2017.

Corpus Callosum and Ventricle: MRI Determination of Dementia
in Turkish Population and Healthy Geriatric Subjects
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SUMMARY: The aim of this study was to identify the values of corpus callosum sections and ventricles in Dementia and
healthy geriatric subjects using magnetic resonance imaging (MRI) and to establish both gender differences and diffeesmces betw
groups. The MRI results of 163 geriatric subjects (81 healthy individuals; 82 Dementia subjects) aged 60-89 years weFaestudied.
midsagittal and axial images were used for measurements of the corpus callosum and lateral ventricle, respectively omgai. The
values of the widths of genu, body, splenium, height of the corpus callosum, longitudinal dimension of the corpus callwsim and
were 8.741.53 mm, 5.3%0.75 mm, 9.3%#1.33 mm, 25.422.89 mm, 70.983.86 mm, 148.8%¥6.67 mm and 8.541.93 mm, 5.3%0.84
mm, 9.741.17 mm and 25.62.88 mm, 72.414.99 mm, 153.663.00 mm in females and males of healthy geriatric age, respectively.
The same measurements were found to bet®.86 mm, 4.380.76 mm, 7.941.38 mm, 24.423.11 mm, 69.044.52 mm, 149.187.13
mm and 7.551.98 mm, 4.561.02 mm, 8.681.58 mm, 23.963.51 mm, 73.423.81 mm, 155.3838.39 mm in females and males with
Dementia, respectively. Additionally, the means of the frontal horn width and Evans index measurements were lower irriagddthy ge
subjects, whereas the transverse inner diameter of the skull were higher in healthy geriatric subjects than dementidstibfentss.

The observations presented in this report have defined anatomic parameters of healthy and dementia geriatric subjettstteat need
taken into consideration for reference data to determine sex discrepancies, and be helpful for radiologists and clinicians.
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INTRODUCTION

The corpus callosum (CC) is an important compadfto four parts: the rostrum; the genu, the splenium and the
white matter band, anatomical and functional nerve fibrd¥dy (Georget al; Hallamet al, 2008). Furthermore, sub-
contacted in between two cerebral hemispheres. It consigtgions of the CC (i.e., genu, rostrum, trunk, isthmus,
of transversely situated hard myelinated nerve fibers andsiglenium) are thought to play seperately different roles in
located in middle cerebrum (Georgyal, 1993; Bourekas cognition (Oteet al). Many of the fibers provide homotopic
et al, 2002; Malloyet al, 2007; Frederiksen, 2013). Theconnections between two hemispheres, but some atypical
CC develops during 8 and 20 weeks of gestation (Karakd®ers link functionally with different cortical areas (Hofer
et al, 2011). This structure of CC provides that it is les& Frahm). The right and left cerebral hemispheres prefrontal
vulnerable to ischemic lesions than gray matter (Bourek&8rtex contacts with genu and rostrum. Additionally, the
et al). The CC which includes more than 300 million fiberspremotor and suplementary motor cortical regions, primary
takes on a supplemental task in transfering sensory, mot®tor and sensory cortex of the two hemispheres relate with
and cognitive information between homologues regions the CC body. Parietal, temporal and occipital fibers of
the hemispheres (Hofer & Frahm, 2006; &tal, 2006). If hemispheres cross the CC via splenium (Mohametaadi
disease affects the CC, there are some problems as visg8ft1). The variations in morphology of CC are seen in
somesthetic, hearing, kinesthetic and function impairmefzheimer disease (AD), depression, schizophrenia,
(Laissyet al, 1993). Some methodologies divide the CGlyslexia, autism (Karakat al; Mohammadiet al). It is
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stated that it is not a natural aging result, It refers prese
of pathological neurodegeneration which leads to cogniti
decline and loss of functional abilities. It deviates from wh{
may be expected at a given age. However, normal aging
also associated with decline in cognitive function and atrop
in grey and white matter (Millegt al, 1980; Frederiksen;
Frederiksen & Waldemar, 2012). It was reported that t
CC morphology has been studied very frequently wit
magnetic resonance imaging (MRI) and these studies ha
shown that both abnormalities in CC and cognition a
behavior are correlated with each other (Miéeal; Otaet

al.). Ventricular dimension is one of the significan
measurements for evaluation of neurological diseases 3
ventricular growth signifies deviation of brain parenchymd
structure (Karakast al).

The purpose of this study was to document the nd
mal values of corpus callosum sub-regions and latergly. 1. Midsagittal T2-weighted Spln Echo MRI (TR:3600, TE:87
ventricles using MRI in healthy and Alzheimer diseasgs) of measurement areas of dementia and healthy geriatric
geriatric females and males in our population and to identifybjects. (G) The width of the genu. (B) The width of the body. (S)
the sex differences. The width of the splenium. (CCL) The length of the corpus callosum

from anterior to posterior. (CCH) The maximum height of the cor-
pus callosum. (LDB) The longitudinal dimension of the brain.

MATERIAL AND METHOD
(G)  The width of the genu
(B) The width of the body

This study was carried out from the 163 geriatri¢S) The width of the splenium
subjects (81 healthy individuals, 45 females and 36 mald§€CL) The length of the corpus callosum from anterior to
82 Dementia subjects, 38 females and 44 males) aged 60p838terior
years over a period of 2 years between January 2015 4@CH) The corpus callosum maximum height
January 2017. (LDB) The longitudinal dimension of the brain.

Two measurements were determined using T2-

All the test procedures were approved by ethicseighted Turbo spin echo MRI. The measurements were as
committee. Cranial MRI findings were evaluated by #&llows (Fig. 2).
radiologist and anatomist. The healthy geriatric subjects were
selected by criteria of optimal health. Moreover, inclusiofFH ) Frontal horn width
criteria for healthy geriatric subjects were no history of TIDS) The maximum transverse inner diameter of the skull
oncologic illness, no hemiplegia, no intracranial lesions, rat the same level
Parkinson disease, psychiatric or medical illness. The
inclusion criteria for Dementia subjects were diagnosed with After these measurements, Evans’ ratio was
dementia. MRI was performed using a 1.5 T MRI systemalculated. This index was determined by maximum width
(Siemens; Essenza, Erlangen, Germany). Brain MRI protodmtween the frontal horns of the lateral ventricles divided
including axial T2-weighted turbo spin echo (TR:3600by the maximum transverse inner diameter of the skull.
TE:87 ms; slice thickness 5 mm; gap 1.5 mm) and sagittdloreover, the ratio of the width of the body to the length of
T2-weighted spin echo (TR:3600, TE: 87 ms; slice thickne#ise corpus callosum (B/CCL) and the ratio of the width of
5 mm; gap 1.5 mm) was used. The measurements wéne body to the height of the corpus callosum (B/CCH) were
performed from digital MRl images on a hospital usingvaluated in the present study. Taketlal, reported that
caliper function with x2 magnification. Using the midsagittaévaluation of these ratios may provide an accurate
T2-weighted spin echo image, the following parameters afterpreting of normal or pathological changes of the cor-
corpus callosum (CC) sub-regions were evaluated (Karakgss callosum (Takedzt al, 2003).
et al; Laissyet al; Mohammadiet al; LeMay, 1984;
O’Hayonet al, 1998; Guptat al, 2009; Mourgelat al., The data were divided into two groups: dementia and
2007; Gupteet al, 2008) (Fig. 1). healthy geriatric subjects. Estimations were expressed as
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millimeters. The SPSS 21.0 program was used for statisti¢amales than dementia females, while the same measurement
analysis of the measurement results. From theses lower in healthy males than in dementia males.
measurements, means, standard deviations (SD), minimé&mcording to these results, there were statistically
and maximum values were calculated. p< 0.001, p<0.01 asidnificantly differences in the width of the genu, body,
p<0.05 were considered statistically significant. splenium, the corpus callosum maximum height, frontal horn
width and the Evans index values in between two groups.
On the other hand, the longitudinal dimension of the brain,
frontal horn width and the maximum transverse inner
diameter of the skull findings also were statistically
significant difference between sexes in two groups.
Furthermore, while there were statistically difference in the
only width of the splenium and the length of the corpus
callosum from anterior to posterior parameters of dementia
group, the mean values of these parameters were similar to
healthy geriatric subjects. Additionally, the mean values of
Evans’index were found as 0.28.03 (females, 0,2,03;
males:0,280,03 ) in dementia group, whereas these values
were calculated 0.20.02 (females, 0,260,02; males,
0,2#0,02) in healthy geriatric group. These values were
lower in healthy geriatric subjects than in dementia subjects
(Table ). On the other hand, B/CCL and B/CCH values were
calculated as 0.062 (females, 0.063 and males, 0.062) and
0.075 (females, 0.078 and males, 0.073) in dementia and
healthy geriatric subjects (Table ).

Fig. 2. Axial T2-weighted Turbo Spin Echo MRI (TR:3600, TE:87
ms) of a measurement areas of dementia and healthy geriafifSCUSSION
subjects.

In this study, we measured several corpus callosum
RESULTS parameters, ventricular size and Evans index (calculated with
formula) in both healthy geriatric and dementia subjects and
compared our findings to both sexes and other populations.
The mean age of 81 healthy individuals (45 femalggoreover, there is an increase in the number of people aged
and 36 males) was 68:82.27 years and 68.88.38 years 65 years or over as society is getting older. So, these type
in females and males, respectively. The same values of 8@dies including geriatric population are significant in terms
subjects suffer from dementia (38 females and 44 malex)showing the discrepancies in both dementia and healthy
were 74.927.19 years and 73.86.85 years in females and geriatric subjects at the same age with the use of MRI.
males, respectively.
Morphological deviations in the CC are often found
MRI results of corpus callosum and ventricular sizén diseases such as Alzheimer’s disease, dementia,
(mm) in healthy geriatric and dementia subjects were showlrpression, autism, and schizophrenia (Véial, 1993;
in Table I. From the 163 MRI images, various dimensionSalatet al, 1997; Yamauchét al, 2000; Karakaset al;
of corpus callosum and ventricular size were measurédederiksen & Waldemar; Frederiksen). Also, it was declared
(Figs.1 and 2). The mean scores of the widths of genu (&g atrophy in CC might be evaluated with Magnetic
body (B), splenium (S), the corpus callosum maximurResonance Imaging (MRI) measurements and callosal
height (CCH) and the maximum transverse inner diameteirophy pattern may be practical which might especially
of the skull (TIDS) were higher in healthy geriatric subjectshow the pattern of cortical involvement related with
than in dementia subjects, whereas the longitudinabgnitive impairment in degenerative dementia (Yamauchi
dimension of the brain (LDB), the frontal horn width (FH)et al, 2000; Hallarret al). Atrophic changes of the CC in
and Evans ratio (FH/TIDS) were lower in healthy geriatridegenerative disease such as Alzheimer’s disease (AD) are
subjects than in dementia subjects. Moreover, the lengthrobre severe than changes seen in healthy older adults. These
the corpus callosum (CCL) were found in higher in healthwere reduced total callosal area and stressed regional
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Table I. MRI results of corpus callosum and ventricular size (mm) in healthy geriatric and dementia subjects.

Groups Healthy group:81 Dementia group:82
Measurements Mean+tstandard deviation Mean+standard deviation

Sexes Females (n=45) Males (n=36) Females (n=38) Males (n=44)
Age (years) 68,82+6,27 68,83+6,38 74,92+7,19 73,09+6,85
Genu width (G) 8,74+1,53 8,51+1,93 6,90+1,66 7,55+1,98
Significance of sexes in the same group (p) >0,05 >0,05
Significance of two groups (p) <0,001

Body widh (B) 5,37+0,75 5,37+0,84 4,3340,76 4,56+1,02
Significance of sexes in the same group (p) >0,05 >0,05
Significance of two groups (p) <0,001

Splenium width (S) 9,37+1,33 9,74+1,17 7,94+1,38 8,60+1,58
Significance of sexes in the same group (p) >0,05 <0,05
Significance of two groups (p) <0,001

Corpus callosum length (CCL) 70,99+3,86 72,4144,99 69,01+4,52 73,42+3,81
Significance of sexes in the same group (p) >0,05 <0,001
Significance of two groups (p) >0,05

Corpus callosum height (CCH) 25,42+2,89 25,67+2,88 24,42+3,11 23,96+3,51
Significance of sexes in the same group (p) >0,05 >0,05
Significance of two groups (p) <0,01

Longitudinal dimension of the brain (LDB) 148,87+6,67 153,66+8,00 149,18+7,13 155,38+8,39
Significance of sexes in the same group (p) <0,05 <0,001

Significance of two groups (p) >0.05

Frontal horn width (FH) 33,81+3,27 36,75+3,37 35,76+3,89 37,624+4,27
Significance of sexes in the same group (p) <0,001 <0,05

Significance of two groups (p) <0,01

maximum transverse inner diameter of the skull (TIDS) 128,10+5,41 133,46+6,51 127,15+45,54 132,52+7,48
Significance of sexes in the same group (p) <0,001 <0,001

Significance of two groups (p) >0,05

Evans’index 0,26+£0,02 0,27+0,02 0,28+0,03 0,28+0,03
Significance of sexes in the same group (p) <0,05 >0,05

Significance of two groups (p) <0,01

B/CCL 0,078+0,014 0,073+0,012 0,063+0,012 0,062+0,013
Significance of sexes in the same group (p) p>0,05 p>0.05

Significance of two groups (p) p<0,001

B/CCH 0,220+0,045 0,207+0,035 0,181+0,042 0,193+0,048
Significance of sexes in the same group (p) p>0,05 p>0,05

Significance of two groups (p) p<0,001

degeneration which was seen mostly in the anterior alotated in median sagittal section of the brain is an important
posterior regions (Yamaucht al; Hallamet al). It was compact white matter band (Geoefyal; Bourekast al;
reported that this type atrophic changes in the CC in nGB@uganthyet al., 2003). Sometimes, the degenerative
mal aging appear to be analogous to patterns of corticdianges in CC can develop in time. The atrophic changes
degeneration in AD (Hallanet al). Additionally, in inthe CC are seen in normal aging and dementia. Moreover,
literature it was shown that the progression of clinicathis seems to be similar to cortical degeneration in
disease severity was correlated with the progression Alzheimer's disease. The connection between regional
atrophy of the CC (Yamauchkt al; Henselet al, 2002; callosal atrophy and cortical degeneration was declared in
Henselet al, 2004; Kabayt al., 2009). other degenerative diseases such as frontotemporal
dementia and in progressive supranuclear palsy (Haflam
The CQwhich includes more than 300 million fibers,al.). Dementia is a chronic syndrome, characterized by a
takes on a supplemental task in transfering sensory, mofapgressive, relapse in intellect condition such as memory,
and cognitive information between homologues regions laarning, orientation, language and judgement because of
the hemispheres (Hofer & Frahm; @tizal). CC which is disease of the brain. It mainly affects older people (age of
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65 years). It is one of the major causes of disability late and 9.8 mm, 6.2 mm and 11 mm in males aged from 12 to
life. This syndrome is related to diseases in the brai# years in France (Lais®f al), whereas same values

(Prabakar & Porkumaran, 2012). One of the most seen typesre 10.0 mm, 5.58 mm and 9.94 mm in females and
of dementia is the senile dementia of the Alzheimer typ8.79 mm, 5.54 mm and 9.97 mm in males in Japanese
This type is observed in approximately 50 % of all patienfopulation (Takedat al). However, corresponding values

with dementia. The other reported dementia cases are muititwo studies performed in healthy Turkish subjects were
infarct dementia (15-20 %) and mixed forms of dementid,3.28 mm, 7.64 mm and 12.52 mm in females and 13.23
normotensive hydrocephalus, supranuclear palsy (Loebr&m, 6.89 mm and 11.90 mm in males respectively and
Gandolfo, 1983). 11.2 mm, 5.9 mm and 12.2 mm in healthy subjects aged

between 20 and 83 years (Kal&tyal; Karakas et al).

MRI is a useful and necessary reference method ¥ghen we analyzed our data including witdh of genu, body
evaluate the CC or plan surgery lack of the risk of invasivand splenium were found to be 8.74 mm, 5.37 mm and
procedures or ionizing radiation and shows differences :173 mm in females and as 8.51 mm, 5.37 mm, and 9.74
morphology related to sex, aging and pathologic conditiomsm in males, respectively. We found some differences in
(Suganthyet al; Guptaet al; Karakas,et al). Studies the average values of width of genu, body and splenium
using MRI showed some sex differences in the size of above studies with our healthy geriatric population: The
dimensions of CC (Witelson, 1989; Saddital; Dubbet French population, Japanese population and Turkish
al., 2003; Suganthgt al; Guptaet al; Karakaset al). population having greater values (Laistyl; Takedeaet
Moreover, females have larger splenium, greater width af.; Kabayet al; Karakaset al). On the other hand, the
trunk, and larger isthmus (Sugan#tyal). But, males have width of genu, body and splenium values were 7.4 mm,
larger callosal area, genu and anterior trunk area (Witelsgh8 mm and 8.7 mm in France population suffer from brain
Suganthyet al; Guptaet al). On the contrary, it was atrophy (Laissyet al), whereas these dimensions were
reported there was no sexual difference in thg,9 mm, 3.9 mm and 9.2 mm in Alzheimer patients of
measurements of CC in Japanese subjects (&atd). Turkish population (Kabagt al). When we analyzed our
On the other hand, Gupé&d al. declared that most of the findings in subjects suffer from dementia, same values
CC parameters (except CC length) were found to be simiere 6.90 mm, 4.33 mm and 7.94 mm in females and
lar in both sexes in both autopsy and MRI. There was fouidd65 mm, 4.56 mm and 8.60 mm in males respectively.
only larger CC length in males as compared to females@ur results are different from those of these investigations
the MRI group. This was explained in that it was possiblwhen comparing the width of genu, body and splenium
related to larger brain size in males (Sugasettal, 2003; results: French subjects with brain atrophy having greater
Guptaet al, 2008). However, it was declared that thevalues than ours (except the width of genu) and Turkey
differences in the CC were more associated with age thaopulation with Alzheimer having greater values than ours
sex (Suganthgt al). In MRI scans, It was found that width (except the width of body). Also, Gupea al, reported
of rostrum and splenium were greater in older femalékat there was a significant difference in thickness of
(Guptaet al). In Greek population, there was a statisticallyostrum, genu and maximum width of CC in adult and
significant reduction in the longitudinal dimensions of theenile age (>60) of females and It was found that thickness
CC after age 45. But, there was no significant differenad different parts of CC decreased with age after 60 years
between 45-65 and 66-80 years (Mourgetaal). (17). When we investigated our data in terms of sex
Additionally, Suganthy reported that the CC was reducetiscrepancies females’ genu, body and splenium values
with age and there were decreases in length and CC amgare found lower than males in dementia subjects. In
This arises from atrophy of cortical neurons, loss of whiteontrast, in healthy geriatric subjects, the mean value of
matter with aging (Suganthet al). It was analogous with width of genu were found higher in females than males,
various literature findings that proposed the splenium siz¢hereas the mean value of splenium and body of females
difference between sexes (Holloway & de Lacoste, 198@/ere similar to males.

Yoshiet al, 1986; Piveret al,, 1997; Sala¢t al; Dubbet

al.; Junleet al, 2008; Karaka®t al). However, it was Maximum length of CC was measured from anterior

generally reported that males have larger bodies themposterior of CC on midsagittal section (Yamaugttal;

females (Sullivaret al, 2001). We found the same resultKarakaset al). The mean values of maxium length of CC

in dementia group but in healthy geriatric subjects, theere found as 75.70 mm and 71.00 mm in males and females

results were similar with two sexes. Indian subjects, respectively (Gupéd al.). Same
measurements were reported to be 71.0 mm and 70.3 in

The mean values of width of genu, body andranian males and females, whereas these dimensions were
splenium were 9.4 mm, 5.8 mm and 10.6 mm in femalésund to be 70.2 mm and 68.4 mm in Greece males and
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females, respectively (Mourgedd al; Mohammadet al). Ventriculomegaly or ventricular enlargement is
Moreover, these were declared as 69.7 mm and 69.4 in ppaevalent in most neurodegenerative disorders like
les and females in Japanese population (Takedb). The Alzheimer, mild cognitive impairment, schizophrenic
same values were 73.05 mm and 71.27 mm in males goatients and results from passive enlargement of the late-
females in Turkey, respectively (Karakas, al.). The ral, third and fourth ventricles following brain
corresponding values were declared as 74.9 mm parenchymal narrowing. Ventricular enlargement is
Portuguese population (Gongalves-Ferretral, 2001). In  strongly correlated with decreases in cognitive performan-
our study, same meaurements were 73.42 mm-69.01 mntan (Karakas et al; Apostolovaet al., 2012). Also,
males and females of dementia and 72.41 mm-70.99 mnvientricular changes in time are associated with aging both
males and females of healthy geriatric, respectively. in cognitively normal and diseased populations
(Apostolovaet al). Lateral ventricular enlargement is
Due to these data in males we found somevaluated with Evans index. If this index is 0.3 or greater,
differences in the mean values of maximum corpusshows narrowing of cerebro spinal fluid space at high
callosum height of Indians, Iranians, Greece populatiomidline areas (Hiraokat al, 2008). We determined this
Japanese population, Portuguese population and Turkiedex was maximum width between the frontal horns of
adult population with our healthy geriatric male populatiorthe lateral ventricles divided by the maximum transverse
The Iranian and Japanese having lower, and Indian, Gredoeer diameter of the skull (LeMay; O’'Hayaat al;
Portuguese and Turkey adult females having greater vali¢isaokaet al; Karakas.et al). In normal subjects over
than ours. Similarly, when we analyzed our data in healthlye age of 60, Evans ratio is usually equal to or less than
geriatric female population we observed that there afe29 (LeMay; O’Hayonret al). The Evans ratio was
differences in Iranian, Greek, Japanese, Turkish adwehlculated as 27.1 and 26.2 in male and females in Japanese
females, Portuguese population and our population dagepulation. This index was found as 0.25 both in Turkish
But, our results are similar to those in Indian femaleadult females and males aged between 20-50 years
Moreover, when comparing the literature findings with thigKarakas et al). The average values of Evans ratio were
paper of dementia male population scores of Turkish aduliggher in dementia subjects than in healthy geriatric
and Greek population were similar to our this data. Thaubjects. This result is in concordance with the literature
maxium length of CC our female dementia population wefandings (LeMay; O’Hayoret al).
found lower than above literature except the Greek
population. The maximum height of CC were measured The ratio of the width of the body to the length of
from two points: Between the inferior points of the rostrurthe corpus callosum (B/L) and the ratio of the width of the
and splenium to #top point of CC. Distance between thesbody to the height of the corpus callosum (B/H) were
lines were taken as a reference (Takedal; Karakasget evaluated in the present study. Taketal, reported that
al.). Moreover, mean values of maximum height of CC werevaluation of these ratios may provide an accurate
reported between 21.8 mm and 25.9 mm (Gongalves-Ferramgerpreting of normal or pathological changes of the cor-
et al; Takedaet al; Guptaet al; Karakas.et al). In this pus callosum. B/L measurement was found as 0.063 and
study, this value was 25.67 mm-24,42 mm in males aitd062 in females and males in dementia subjects,
females of healthy geriatric and 23.96 mm-24.42 mm irespectively. The corresponding values were calculated as
females of dementia subjects, respectively. 0.078 and 0.073 in females and males in healthy geriatric
subjects, respectively. Additionally, the ratio of the width
The mean values of brain length were measured abthe body to the height of the corpus callosum (B/H)
148.87 mm and 153.66 mm in healthy geriatric females andlue of dementia subjects were 0.181 and 0.193 in females
males, respectively whereas the corresponding values wared males, and 0.220 and 0.207 in females and males
149.18 mm and55.38 mm in Dementia geriatric subjectshealthy geriatric subjects, respectively. In a Japanese
The averages of the longitudinal dimensions of brain wepopulation B/L values 0.081 and 0.080 in females and
reported as 158.3 mm and 164.6 mm in Iranian females amales, respectively, whereas B/H values were 0.219 and
males, respectively (Mohammaei al). The same 0.217 in females and males, respectively (Talatdd).
measurements were declared as 154.4 mm and 151.4 mrAatording to these data, we found differences in two ratio
Greek males and females, respectively (Mourgetd). The measurement of Japanese population with our results: They
corresponding values were found as 152.53 mm and 150H2ve higher values than us. Also, in this paper two index
mm in males and females in Turkish adults. These measuremtsasurements were lower in dementia subjects than in
showed discrepancy from our results. However, thigealthy geriatric subjects. We think that these discrepancies
longitudinal dimension of therain was higher in dementia may originate from race, age and sex, diseases such as
subjects than in healthy geriatric subjects in this paper. dementia, Alzheimer.
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As a conclusion, the observations presented in thREFERENCES
study have defined anatomic parameters that need to be taken
into consideration to evaluate CC atrophy problems and
guidelines for determine the reference values in terms #fostolova, L. G.; Green, A. E.; Babakchanian, S.; Hwang, K. S.; Chou, Y.

geriatric population. Also, this paper can provide crucial ' 1092 A. W. & Thompson, P. M. Hippocampal atrophy and
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radiologist or neuroscientist about assessment of pathologicalS'one: H- W. & Kehagias, D. Lesions of the corpus callosum: MR
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changes in the CC and ventriculer region using with MRI. -z "5 "Roentgenol., 179(251-7, 2002.

Moreover, due to aging society these kinds of studigsibb, A.; Gur, R.; Avants, B. & Gee, J. Characterization of sexual
including geriatric subjects are getting more and more dimorphism in the human corpus callosieuroimage, 20(1312-9,

important each day. The obtained data can be used as th&%%3
P . y . . . Ftrederiksen, K. S; Waldemar, G. Corpus callosum in aging and
reference values in evaluating the brain region. Furthermore, .o ,rodegenerative diseasisurodegener. Dis. Manag., 2893-502,
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