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BIEGON, A., J. L. EBERLING, B. C. RICHARDSON, M. S. ROOS, S. T. S. WONG, B. R. REED AND W. J. JAGUST. 
Human corpus callosum in aging and Alzheimer's disease: A magnetic resonance imaging study. NEUROBIOL AGING 15(4) 
393-397, 1994.--The involvement of the corpus callosum in aging and Alzheimer's disease (AD) is not clear. We measured cross 
sectional areas of the entire corpus callosum (CC), as well as the front 20% (genu), middle 60% (body), and posterior 20% (splenium) 
of the structure from a midsagittal MRI slice in AD patients (N = 20), and young (N = 16) and old (N = 13) control subjects. We 
found that mean CC area in young controls was 570 4 107 mm 2. Aging did not significantly affect the mean area of the CC (562 - 
98 mm2). A small, significant reduction was seen in AD in comparison to the young control group (480 -- 133 mm2). However, AD 
is accompanied by a large and statistically significant reduction in the genu area in comparison to both young and old control subjects. 
A trend toward an age-dependent reduction in the body area is also accentuated in AD patients who showed significantly smaller 
callosal bodies than young controls. We conclude that selective changes within the corpus callosum accompany aging and AD 
pathology. 
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THE CORPUS callosum (CC) is the major connection between the 
cerebral hemispheres. An intact corpus callosum is essential for 
the integration of information between the two hemispheres. Dis- 
ruption or atrophy of the corpus callosum, as in "split  brain" or 
multiple sclerosis patients, is accompanied by specific cognitive 
and neuropsychological deficits (3,14,20,22). 

Alzheimer's disease (AD) is accompanied by both severe and 
progressive cognitive loss and brain atrophy (4,5). A variable 
degree of cognitive loss as well as some brain atrophy are also 
associated with normal aging (5). Despite the well documented 
changes in the cerebral hemispheres and ventricular system that 
occur in both aging and AD, relatively little is known about 
changes in the corpus callosum. The advent of nuclear magnetic 
resonance imaging (MRI) techniques has facilitated the measure- 
ment of callosal integrity and size in living patients. Midsagittal 
brain slices have been used for quantitative examination of 
changes in callosal cross sectional area as well as the areas of the 
genu, isthmus, and splenium, in a variety of conditions including 
psychiatric disorders, multiple sclerosis, dyslexia, and normal de- 
velopment (1,15,17,21). We have chosen this approach to exam- 
ine the possible effects of AD on the corpus callosum and its 
components, by comparing a group of AD patients to a group of 
age-matched controls. An additional group of young controls was 
studied to examine the effects of aging. 

METHOD 

Subject Selection 

Twenty AD patients were recruited from a university dementia 
clinic and were part of a longitudinal study of changes in brain 
structure and function in AD. All patients met current criteria for 
probable or possible AD (18), and in addition were free of all 
significant medical illnesses and were taking no psychoactive 
medications. A standard laboratory evaluation to exclude revers- 
ible causes of dementia was performed on each subject and all 
patients showed impairment in multiple areas of cognitive function 
using an extensive neuropsychological battery. 

Three patients were severely demented (MMSE of 10 or less), 
9 were moderately demented (MMSE 11 to 20), and 8 were mildly 
demented (MMSE of 21 or greater). Seven patients had early onset 
dementia (before 65) and 13 were late onset cases. All patients had 
a CT or MRI scan before participating in this MRI protocol, and 
in all cases the scans were normal or revealed cerebral atrophy or 
a small number of hyperintense regions on T2-weighted MRI 
scans. 

A total of 31 control subjects were recruited from the commu- 
nity by advertisement, and were divided into a group of 16 young 
controls (YC) and a group of 15 " o l d "  controls (OC) using a 
cutoff at age 50. To create an age matched group for comparison 
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FIG. 1. Corpora callosa of young and elderly controls and AD patients. The range of sizes and shapes of corpus callosum found among 
young, elderly, and AD patients participating in the study is illustrated by representative images which were acquired as described in 
the text. Top row: Range of CC sizes in young healthy controls. The CC on the left (male, 29 years old) is among the largest in the 
study population. The CC on the right (female, 30) is the smallest in the young control group. Middle row: Range of CC sizes among 
healthy elderly subjects. The image on the left (female, 63 years old) represents a group of elderly controls with large, mostly intact 
callosa. The image on the right (female, 76 years old) shows one of the smallest callosa in this group. Some ventricular enlargement, 
cortical atrophy and thinning of the body of the CC can be seen in both images, when compared to the young controls. Bottom row: 
Range of CC sizes among AD patients. The patient on the left (female, 61 years old) has the best preserved CC in the AD group. Still, 
the genu is smaller than in the age matched control above. The patient on the right (female, 74 years old) represents a group of AD 
patients with extensive degeneration of the genu coupled with ventricular enlargement. 
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with the AD patients, two control subjects aged 50 and 52 who 
were included in correlational analyses of CC with age were ex- 
cluded from the group comparison with AD patients (Table 1). All 
control subjects were interviewed and were free of any medical or 
psychiatric illnesses, were taking no medications, and had full 
social and occupational functional levels. The institutional review 
boards of all participating institutions approved the procedures for 
obtaining informed consent for both patients and controls. 

MRI Procedure 

MRI scans were obtained using a 0.5 Tesla magnet with a 
standard spin echo study using a TE = 33 ms and TR = 0.4 s. 
The slice thickness was 1.0 cm, with a field of view of 25.6 cm 
and a resolution of 1 mm in-plane. This protocol was not designed 
specifically for callosal measurements but rather as a means for 
orienting subsequent axial and coronal studies. Subjects were 
placed in the magnet with their head immobilized using a plastic 
form-fitting mask. A single midsagittal slice was chosen for anal- 
ysis. This was followed by multi-slice acquisitions in the transax- 
ial and coronal planes which were not analyzed in the current 
study. The whole procedure took 45 min. 

Data Analysis 

The midsagittal slice was chosen based on anatomical land- 
marks. From our data base of MRI scans of AD patients and 
controls, an experimenter blind to the age and diagnosis of the 
subjects (AB) picked only those slices (and cases) with a midline 
representation of the corpus callosum, as judged by the appearance 
of the cortical mantle surrounding the structure (no white matter), 
the presence of an undistorted spinal cord in the field of view, and 
the appearance of cerebellum, fourth ventricle and colliculi. Those 
sections which showed evidence of head rotation were not used. 

The MRI slices were displayed and analyzed on a SPARC 
workstation using VIDA (University of Pennsylvania), an image 
processing and analysis software package. Initially, grey level 
histograms were obtained from a sample region deep in the CC and 
from sample regions in surrounding grey matter. These histograms 
were used to select thresholds for region growing. When thresh- 
olding and region growing failed, segmentation was completed 
manually, and the CC grey level set to 255. A grey level histogram 
of the segmented image was then used to compute the cross- 
sectional area of the CC (1 pixel = 1 mmZ). A digital ruler was 
then "anchored" to the most anterior point of the callosum, i.e., 
a point lying at the tip of the genu. The ruler was then swivelled 
toward the posterior end of the callosum, in parallel to the position 
of the structure in the field of view. The resulting line pointed 

TABLE 1 

SUBJECT CHARACTERISTICS 

Young Old AD 
Controls Controls Patients 

n 16 13 20 
Age (years, mean --- SD) 33.4 --- 5.9* 64.8 +-- 9.0 70.1 --- 7.4 

Range 26-41 54-78 55-79 
Sex (m/f) 8m/8f 6m/7f 6m/14f 
Handedness (l/r) 1/15 0/13 1/19 
MMSE (mean +- SD) - -  - -  17 +-- 7.2 

Range 9-25 

* F(2, 46) = 119.7, p = 0.0001; significantly different from old con- 
trois and AD patients, Scheff6 and Fisher PLSD post hoc tests. MMSE = 
Mini Mental State Examination Score. 

either straight across or diagonally up or diagonally down, de- 
pending on the patient's head position. The position in which the 
intersection of the posterior end of the splenium produced the 
longest distance was then used as supplying the longest axis of the 
callosum. The longest axis of the structure was then measured, and 
the anterior 20% defined as genu, the middle 60% defined as body 
and the posterior 20% defined as splenium (e.g., Duara et al. (10). 
Each subregion was assigned a different grey level and its area was 
then computed from a final grey level histogram. The experi- 
menter (AB) performing the analysis and area measurements was 
blind to the diagnosis and sex of the subjects. The reproducibility 
of the measurements was found to be better than 95%: a subset of 
four scans was measured twice by the same experimenter. A sub- 
set of 8 scans was independently measured by a student assistant. 
In both cases, the two sets of measurements agreed within <5%.  

In addition to measurements of the areas of various segments of 
the corpus callosum, we also computed the ratio of the genu and 
body to splenium in each subject. These ratios control for varia- 
tions in the size of the whole brain between subjects. 

Statistical Analysis 

The multivariate analyses of variance (MANOVA) was per- 
formed to evaluate callosal area measurements and ratios. Because 
this result was significant, a series of two-way (group × sex) 
analyses of variance (ANOVA) for each dependent variable 
were run to assess possible sex differences. A series of one-way 
ANOVAs, and Fisher PLSD and Scheff6 posthoc tests (a = 0.05) 
were used to evaluate group differences. Chi-square tests were 
used to evaluate categorical data. 

RESULTS 

The chi-square test revealed that the three groups did differ on 
sex, (X 2 = 1.68, p = 0.43). An overall MANOVA (including 
group, gender, and regions) comparing callosal measurements was 
significant (p = 0.0001). The two way (group × sex) ANOVAs 
revealed no significant (p > 0.05) sex effects or group × sex 
interactions. Whereas the mean values for genu and body tended to 
be lower in females than in males, the differences were not sig- 
nificant. Two-way repeated measures ANOVA by group and re- 
gion revealed significant effects of group (p < 0.05) and region (p 
< 0.0001) and a highly significant group by region interaction (p 
< 0.0001). 

Subsequent one-way ANOVAs of CC size and ratios revealed 
significant, region specific effects of both age and AD (Table 2). 
The cross-sectional area of the whole CC showed a small, non- 
significant reduction with age and a further reduction in AD, such 
that total CC area was significantly lower in AD when compared 
to young but not old controls. Whereas there was no significant 
decrease in the size of the genu with age, this region was strongly 
affected by AD. Mean genu area in AD patients was 30-35% 
lower when compared to old and young controls, respectively, a 
highly significant difference. The size of the body of the CC was 
diminished with aging as well as AD. However, a significant 
reduction in body cross-sectional area was seen only when AD 
patients we compared to young controls as the trend observed in 
the elderly control group did not reach statistical significance. The 
decrease in mean body area was smaller than the decrease in genu 
area and amounted to 14%--22% in old controls and AD patients, 
respectively. 

Subdividing the control subjects to young and old with a cutoff 
age of 60 rather than 50 did not change the observed pattern of 
changes in callosal measurements. Again, the only subregion 
showing a trend towards decreased size with age was the body of 
the callosum. This was also confirmed by correlation analysis: 
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TABLE 2 

EFFECTS OF AGE AND AD ON CORPUS CALLOSUM MEASUREMENTS 

Callosal Young Old 
Measurement Controls Controls AD Patients 
(Mean-+ SD) (n - 16) ~n = 13) ~n = 20) 

Total (mm 2) 570 -+ 107 562 -+ 98 480 ± 133" 
Genu (mm 2) 176 -+ 34 166 + 40 115 -+ 345 
Body (mm 2) 224 -+ 45 192 ÷ 45 174 _+ 58~ 
Splenium (mm 2) 171 -+ 36 204 +- 39 190 ÷ 65 
Genu/Splenium 1.04 -+ 0.12 0.83 -+ 0.19§ 0.63 _+ 0.19 il 
Body/Splenium 1.33 -+ 0.18 0.94 ± 0.18~ 0.95 -+ 0.265 

Young and old controls defined in Table I. 
* F(2, 46) = 3.34, p = 0.04; significantly different from young controls, Fisher PLSD post hoc test. iF(2, 

46) = 14.8, p = 0.0001; significantly different from old and young controls, Scheff6 and Fisher PLSD post 
hoc tests. $F(2,46) = 4.3, p < 0.02; significantly different from young controls, Scheff6 and Fisher PLSD post 
hoc tests. §F(2, 46) = 24.9, p = 0.0001; significantly different from young controls and AD, Scheff6, and 
Fisher PLSD post hoc tests. Isignificantly different from old and young controls, Scheff6 and Fisher PLSD post 
hoc tests. ¶F(2, 46) = 14.2. p = 0.0001 ; significantly different from young controls, Scheff6, and Fisher PLSD 
post hoc tests. 

While the Pearson correlation coefficients between age and whole 
callosum and genu were small and nonsignificant (R = - 0.03, p 
= 0.8; R = - 0 . 1 ,  p = 0.6, respectively), the body area was 
significantly negatively correlated with age (R = - 0 . 3 6 ,  p = 
0.05). 

The size of the splenium did not appear to decrease at all with 
either aging or AD, and, in fact, the area of the splenium in the OC 
and AD groups was larger than in young controls although not 
significantly. Because there were no significant differences in 
splenium area across the three groups, we used the splenium as a 
denominator, representative of individual differences in overall 
brain size, to compute individual ratios of CC measurements. 

Comparison of genu/splenium and body/splenium ratios across 
the three groups reaffirmed the finding of age-related decreases in 
the mean area of the body and severe degeneration of the genu in 
AD. MMSE results did not correlate significantly with any of the 
callosal measurements. 

DISCUSSION 

Using magnetic resonance imaging, we have shown here that 
the human corpus callosum is affected by both age and AD in a 
specific, region-selective manner. No significant sex differences 
were observed in our study population or in any of the subgroups 
(young and elderly controls and AD patients). Although the range 
of normal values encountered in the subjects included in this study 
is quite wide, both the mean values for cross sectional area of the 
whole CC (approximately 600 mm z) and the range of values (300- 
800 mm z) are in good agreement with previously reported MRI 
studies of callosal size in healthy individuals (8). 

The cross sectional area of the total CC in our sample did not 
appear to be reduced with age and was only slightly reduced with 
AD (--15% mean reduction when compared to OC). However, 
different callosal regions were affected differentially by aging and 
dementia. We found a significant ( - 3 0 % )  decrease in the area of 
the genu in the AD patients, compared to a small (6%), nonsig- 
nificant difference between young and old control groups. Because 
considerable brain atrophy is expected in AD, one could argue that 
the decrease in genu merely reflects a generalized, nonspecific 
decrease in brain and callosum size. If that were the case, the 
group differences would disappear when individual ratios of cal- 
losal measurements, rather than absolute measurements, were 
compared. This does not appear to be the case in our sample 

because the decrease is even more significant when genu/splenium 
ratios in AD patients are compared to those computed for age- 
matched elderly controls. 

The effects of age alone appear to be most pronounced in the 
body of the CC. This region was the only one showing a signifi- 
cant negative correlation with age in the control group. 

These results, taken in conjunction with other work reported in 
the literature, suggest that the effect of age on callosal size is 
complex. While we, and others (16,21) using MRI found that 
there was no effect of age alone on total callosal area, there are 
also reports of age effects on this variable (8). Doraiswamy et al. 
(8) suggest that differences in the literature may be explained by 
the variable exclusion of older patients with white matter lesions 
from some studies, because these lesions are likely to reduce the 
size of the large white matter tracts. In this respect, it is worth 
noting that our older subjects were relatively free of these lesions. 
In addition, however, our results suggest that while large, statis- 
tically significant declines are not seen in total callosal area, dif- 
ferent portions of the CC are variably affected by aging, with the 
body showing the greatest effect. 

Trends for smaller CC, genu, and body in women when com- 
pared to men were observed in all groups (AD, old, and young 
controls) but were not statistically significant. This finding is in 
agreement with a published large scale MRI study of sexual di- 
morphism of the CC, where no gender differences were found 
(19). In general, published studies evaluating the size of the CC in 
human brains have been contradictory, with one postmortem study 
reporting greater callosal area in women (7), which was not en- 
tirely confirmed in another post mortem study and MRI studies 
(8,19,24). Although technical factors and sample variability may 
explain some discrepancies, it is also possible that the relationship 
between CC size and total brain size may confound the interpre- 
tation of results. 

Our results confirm a previous report showing reduced CC size 
in AD (25). However, genu, body, and splenium measurements 
were not included in previous studies of the effect of AD on CC. 
The region-specific decreases reported here are intriguing. The 
mechanism underlying a region-specific CC degeneration is not 
known. It is possible that progressive ventricular enlargement with 
resultant compression of callosal fibres contributes to the observed 
findings. Another likely explanation is that changes in CC thick- 
ness reflect degeneration of axons of cortical neurons lost during 
the disease process (23). If the latter explanation were true, and 
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given the topography of the CC (6), the implication would be that 
neuronal loss due to age and AD is more significant in frontal and 
parietal cortical regions (connected by the genu and body, respec- 
tively) than in the posterior cortical regions such as the occipital 
cortex connected via the splenium. In this respect, it is interesting 
to note that functional PET studies of AD patients repeatedly show 
decreases in brain metabolism in parietal, temporal, and frontal 
cortical areas with relative sparing of the occipital cortex (9,13), 

findings which parallel structural studies of the distribution of 
Alzheimer neuropathology in postmortem tissue (2,11,12). 
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