Midsagittal MR Measurements of the Corpus Callosum in Healthy
Subjects and Diseased Patients: A Prospective Survey
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PURPOSE: To determine quantitatively a possible corpus callosum (CC) involvement in normal
aging and white matter diseases. METHODS: Midsagittal size and signal of CC were recorded
prospectively from 243 routine MR brain examinations. A midline internal skull surface (MISS)
and subcutaneous fat signal intensity were measured to calculate CC/MISS and CC/fat ratios.
Four groups of subjects were studied: 124 apparently healthy subjects, 45 patients with multiple
sclerosis, 13 patients with a noncerebral cancer under chemotherapy, and 37 AIDS patients.
RESULTS: Mean surface area of CC in controls was 6.36 cm?®. It was significantly larger in men
than in women (P < .05), but CC/MISS ratio was not. Elderly controls >70 years and AIDS
patients displayed significant CC atrophy, as well as multiple sclerosis subjects with long-standing
disease or with a severe chronic progressive form. CONCLUSION: CC substance loss identification
should not be based on visual inspection or on absolute area, but by means of a CC/MISS ratio.
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The corpus callosum (CC) is a major anatomi-
cal and functional commissure linking the two
cerebral hemispheres. When disease affects a
previously normal CC, interhemispheric discon-
nection symptoms occur that include visual, som-
esthetic, kinesthetic, auditory, and complex func-
tion impairment. Typical features of the callosal
syndrome include unilateral ideomotor apraxia on
the side of the dominant cerebral hemisphere,
homolateral tactile dysnomia, contralateral hand
difficulties, and homolateral ear and visual extinc-
tion on dichotic tests (1, 2). The introduction of
magnetic resonance imaging (MR) has permitted
the evaluation of CC abnormalities in vivo. Con-
genital involvement such as CC agenesis, dysge-
nesis, and hypoplasia are the most frequent cal-
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losal anomalies, and these malformations have
been documented extensively with the use of MR
(3-5). CC has also been measured on midsagittal
MR in healthy subjects (5-8), and its size subjec-
tively compared on visual inspection with patients
suffering from multiple sclerosis (MS) (7, 8),
trauma, vascular diseases or tumors (5). In these
conditions, studies have provided information on
CC atrophy as the result of insults from many
causes (5). This atrophy was best demonstrated
and compared with clinical status in MS (5,
7-10). However, only one of these studies (8)
compared patients with normal subjects matched
by age and sex.

Because MR also provides useful information
concerning white matter involvement we under-
took a prospective study of CC in healthy subjects
and in patients with various diseases known to
affect cerebral white matter (10-16), ie, MS, cere-
brovascular diseases, tumors, chemotherapy (ex-
cept for brain tumor), and infection. The rationale
of this study was to determine, in each of these
diseases, if CC atrophy was relevant, by compar-
ing the mean surfaces of CC and the CC/midline
internal skull surface (MISS) ratios measured on
midsagittal MR plane; and to evaluate a possible
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Fig. 1. lllustration of midsagittal image measurements: A, CC area; B, whole skull surface; C, CC thickness at genu, body, and
splenium.

demyelination by means of a CC/subcutaneous
fat signal intensity ratio.

Materials and Methods

This survey was prospectively undertaken in a series of
243 consecutive subjects, including 131 males and 112
females, ranging in age from 12 to 85 years (average, 44
years). The control population consisted of 124 subjects,
including 63 males and 61 females ranging in age from 12
to 74 years (mean age, 37.5; SD, 15). Controls included 46
healthy volunteers and 78 patients referred for functional
disorders, in whom neurologic, laboratory, and MR exami-
nations were normal.

Exclusion criteria from the control group included peri-
ventricular high-signal areas in the elderly, and, for both
groups, suboptimal scan quality, inadequate midsagittal
images, and anomalous development of the CC (eg, callosal
agenesis, dysgenesis, or hypoplasia; Chiari 1 or Dandy-
Walker malformations; and sphenoidal encephaloceles). In
the group of diseased patients, 119 individuals met inclu-
sion criteria: 51 females and 68 males, ranging in age from
15 to 85 years (average, 52 years). From this diseased
group of patients had been excluded all the patients known
previously to have, or in whom MR depicted, space occu-
pying diseases, whether those involved CC or not, including
tumors, aneurysms, and arteriovenous malformations.

The final diagnosis was obtained in these diseased pa-
tients by the following criteria: 1) In MS, by a typical history
of progressive neurologic deficits, alterations in evoked
potentials, a positive cerebrospinal fluid (CSF) examination,
and the absence of risk factors for other diseases. 2) In
human immunodeficiency virus (HIV) carriers, patients with
or without brain infection were included; when present, this
disease was confirmed by imaging methods completed
either by surgery, laboratory data, response under antitox-
oplasmosis antibiotherapy, or from several sources. 3) In
the mixed population under chemotherapy, patients having

received brain irradiation or intrathecal chemotherapeutic
agents at the time of MR examination were excluded. Only
patients in whom MR examination was unremarkable (eg,
without brain metastasis or white matter involvement) were
incorporated. 4) The atrophic group was selected from a
population of variously diseased patients, according to MR
data. This population consisted in three Parkinson syn-
dromes, six cerebrovascular diseases, four chronic alcohol
abusers, two Alzheimer diseases, three posttraumatic, one
brain radiation, two AIDS, and three MS cases. The AIDS
and MS patients from this subgroup were not incorporated
in the respective AIDS and MS corresponding subgroups
of this study. Brain atrophy was confirmed, but not quan-
tified, when it was subjectively suspected on axial T2
images (17). This confirmation was obtained by means of
measurements extrapolated and simplified from those of
Cala et al, and Meese et al (18, 19): bifrontal ventricular
span at the level of the head of caudate nuclei and internal
cranial diameter at the level of frontal horns for a ventric-
ular/brain ratio (Evans index); width of the anterior portion
of the interhemispheric fissure and of one of the two insular
cisterns.

The MR scans of the 243 subjects were obtained with a
0.5-T imager (MR max; GE Medical Systems, Milwaukee,
WI). All studies were performed using a circular, emitting-
receiving polarized head-coil. The routine imaging se-
quences consisted of 7-mm thick contiguous sagittal gra-
dient-echo 400/20 (TR/TE) sections with a flip angle of
90°, and noncontiguous (intersection gap of 1 mm) axial
spin-echo 2000/50-100 images. Additional coronal acqui-
sitions were obtained occasionally for further information.
The matrix was 256 X 256 in the sagittal plane, 192 X
256 in the axial plane and the field of view was 250 mm.
Two signal averages were used.

The following measurements were made on the midsag-
ittal T1-weighted sections in each subject, by means of
areas within irregular regions of interest, or with a cursor
for determination of diameters (Fig. 1): 1) surface area of
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TABLE 1: Average values in healthy subjects
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Healthy Subjects Males Females Sianifi
n=124 n =63 n =61 ARERERS

Mean age 37.46 = 1550 37.30% 16.15 37.62 + 14.92 NS
Mean CC surface (cm?) 6.36 = 1.19 6.54 + 1.26 617 £1.07 001 € P<..05
Mean genu thickness (mm) 9.6+ 1.9 98x 19 94+1.9 NS
Mean body thickness (mm) 6% 11 62%13 b8 1 0.01 < P<.05
Mean splenium thickness (mm) 108+ 1.5 AL 5y 106 + 1.4 NS
Mean callosal length (cm) 7.06 = 0.48 7152 033 7.01 #0535 NS
Mean internal skull surface (cm?) 143.19 = 13.92 148.56 = 13.56 137.66 + 12.83 P< .01
CC/MISS ratio (%) 4.46 + 0.78 4.45 + 0.86 4.47 £ 0.71 NS
Mean CC signal 212+ 33 209 + 32 215 35 NS
Mean subcutaneous fat signal 294 + 51 301 = 60 310 + 41 NS
Mean CSF signal 61.69 = 8.3 57.57 % 8.1 65.95 + 8.6 NS
CC/subcutaneous fat ratio (%) 69.4 + 6 69.5+ 6 69.3 £ 6 NS
CC/CSF signal ratio (%) 3.45 + 05 36305 3.26+£05 NS

Note.—NS, nonsignificant (P > .05).

CG; 2) length of CC, from the anterior-most part of the
genu to the posterior-most part of the splenium; 3) thick-
ness of genu, corpus, and splenium; 4) mean signal inten-
sity of the whole CC area, of the genu, and of the splenium;
5) midline internal skull surface (inner table, foramen mag-
num, clivus, sellar diaphragm, jugum sphenoidale); hyper-
ostosis frontalis interna was not observed even in the elderly
women, although the presence of this process, which tends
to spare the midline, would have caused negligible or no
effect on MISS measurement; 6) mean signal intensity of
the subcutaneous fat at the level of the craniocervical
junction. The background noise was also measured for
each image on the right-hand side of the screen, behind
the cranioservical junction, using a constant region of
interest. Additionally, (CSF) signal intensity was recorded
inside the fourth ventricle on T1 images in the last 130
subjects.

The measurements were made twice each by two radi-
ologists in the first 20 subjects, and the results were
reviewed. Intraobserver and interobserver variability was
negligible, so that further measurements were only per-
formed once in each patient; they were made without
knowledge of clinical status. All these measurements were
recorded on a computerized spreadsheet (Microsoft Excel),
and CC/MISS, CC area/subcutaneous fat and CC/CSF
signal intensity ratios were calculated for each subject.

Calculations (ANOVA) of average values were made for
each item in normal and pathologic subcategories, as well
as their standard deviations.

The Student’s t-test for unpaired samples was then
calculated to determine if significant differences were pres-
ent between healthy and diseased subsets. Each subgroup
proved to be homogeneous for sex and age ratios, respec-
tively by x® and Student’s t-tests. 1) Average values for
CC normal surface, diameters, and CC/MISS ratio were
calculated for normal volunteers, and patients with normal
clinical and MR evaluations, for each sex and age group. A
preliminary validation that normal subjects and volunteers
offered similar values needed to be obtained prior to further
investigations. 2) Overall determination of significant dif-
ferences between normal females and males, and for sex

and age groups (Student'’s t-test), were performed. 3) Com-
parison between normal and pathologic subsets was con-
ducted: i) For an available comparison, a subset of normal
subjects statistically identical for age and sex to each
pathologic group was preselected by the following criteria:
mean age (Student’s t-test for unpaired samples with P >
.3); sex ratio (x® with P> .3); i) From these data, significant
differences were calculated for: CC surface; CC/internal
surface skull ratio. 4) Average measurements of CC/sub-
cutaneous fat and of CC/CSF ratios were also performed
in normal and pathologic cases to define indirectly a poten-
tial demyelination.

Results
Normal Subjects

Mean CC midsagittal surface area was 6.36
cm?, and mean length was 7.06 cm. Mean di-
ameters for the genu, the body, and the splenium
were respectively 9.6, 6, and 10.8 cm. The MISS
was 143.19 cm?, and the CC/MISS ratio 4.46%.
Average CC/subcutaneous fat ratio was 0.7 (SD,
0.06). CC/CSF ratio was 3.45 (SD, 0.5).

There was no difference in age or gender be-
tween volunteers and normal patients. No statis-
tical differences were demonstrated in the meas-
urements, so we could validate the appropriate-
ness to combine these subgroups. Differences
between males and females with their levels of
significance are summarized in Table 1; they
include surface area of CC (.01 < P < .05),
diameter of the body (.01 < P < .05), the callosal
length and MISS (P < .01), but not CC/MISS
ratio (Fig. 2).

Similar comparisons between age subsets de-
picted differences in all measurements only for
those groups more than 70 years in age: mean
surface area of CC, splenium diameter, and CC/
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Fig. 2. This healthy 33-year-old man
(A) has a 5% greater callosal area than
that of this healthy 47-year-old woman
(B). However, in both of them, there is
an identical CC/MISS ratio of 4.5%.

A

MISS ratio (P < .01); genu and body diameter
(.01 < P<.05). In fact, the mean surface area of
CC and CC/MISS ratio showed a significant de-
crease only in males (r = —.34 and —.004, P =
.05 and .02, respectively) (Fig. 3).

In each gender, the MISS did not differ with
aging. So did callosal, subcutaneous fat, and CSF
signal intensities, and hence, CC/subcutaneous
fat and CC/CSF ratios. These measurements
were validated on the hypothetical basis of a
constant background noise; for comparison, this
background noise was comprised in all the sub-
jects between 5 and 13 arbitrary units (mean, 9.3;
SD, 2.9).

Comparison with Diseased Patients

MS. The MS study group included 26 women
and 19 men, ranging in ages from 23 to 65 years
(mean, 40.55 years; SD, 12.16 years). The dura-
tion of disease ranged from 2 months to 14 years
(15 had had initial symptoms for less than 6
months; eight patients had MS for less than 5
years, 12 between 5 and 10 years, and 10 more
than 10 years). The group was homogeneous by
age and sex with control subjects. No significant
differences were demonstrated in any of the
measures as compared to normal individuals
(Table 2). Average CC/subcutaneous fat ratio was
0.64 (SD, 0.04).

Long-standing and/or severe disease. Within
the 45 MS cases included above, a subgroup of
14 patients suffered from long-standing and/or
severe disease. The median age of this population
was slightly higher than that of other MS subjects
(44 years). 10 of these patients had MS for 10 or
more years (long-standing disease) and were clas-
sified as having relapsing-remitting (secondary
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progressive) MS, while four patients suffered from
severe chronic progressive (primary progressive)
MS. These patients (Fig. 4A) exhibited significant
CC atrophy and a low CC/subcutaneous fat ratio
(Table 3).

Irregularities of the inner callosal arcuature
were recognized in eight patients of this MS
subgroup.

Chemotherapy. This group of cancer patients
had no brain metastases. Three patients received
chemotherapy for lung cancer, two for breast
cancer, two for hepatic metastases from colorec-
tal cancer, two for laryngeal cancer, two for
mediastinal lymphoma, and two for melanoma.
None had received chemotherapy intrathecally.
There were four females and nine males, with a
mean age of 39.8 years (SD, 12.7). Eleven sub-
jects had completed their treatment within 1 year
of the MR examination, and two subjects more
than 2 years previously. Six had received one
presumably neurotoxic drug, and two patients
had received two (either methotrexate, cisplatin,
cytararabin, or vinblastine sulfate). Although this
sample was small, all measurements displayed
significant differences when compared with nor-
mal individuals (Table 2).

Within this group moreover, two patients (one
with breast carcinoma, one with lung carcinoma)
underwent MR at 6- and 8-month intervals, re-
spectively, during the course of chemotherapeu-
tic regimens. They were examined using the same
MR imaging parameters, the same field of view,
and the same magnification each time. We ob-
served that callosal area had decreased, as well
by means of measurements as by the superim-
position of the callosal images before and after
treatment which revealed a noticeable callosal
size reduction.
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Fig. 3. Simple regression analysis curves of CC area (upper panels) and CC/MISS ratio (lower panels) as a function of age in healthy
women (/eft panel) and men (right panel) more than 20 years of age. Absolute and relative callosal decrease are only significant in men.

TABLE 2: Average values in diseased individuals: comparison with normal values

o 2845 Significance Ir:1fe=ct|307n Significance Che?:tr;ezrapy Significance Bral: :t;:)‘phy Significance
Mean age 40.55 = 12.16 NS 37.8 £ 10.41 NS 39.8 +12.73 NS 61.1 = 18.9
Mean CC surface (cm?) 6.09 £+ 1.49 NS 5+ 0.92 P<.01 5.48 + 0.98 P<.01 537 £ 1.65 P<.0l
Mean genu thickness (mm) 92+1.8 NS 7.66 = 1.8 P< .01 848 +192 01<P<.05 74+26 P< .01
Mean body thickness (mm) 57+ 1.5 NS 4.73 £ 091 P<.01 5107 #£/0.72: 01 <.P<.05 48+ 15 P< .01
Mean splenium thickness 99+21 .01<P<.05 938+ 1.77 P< .01 998+ 129 01<P<.05 87x24 P< .01
(mm)
Mean internal skull surface  143.64 £+ 13.8 NS 46.83 = 14.1 NS 139.38 #:11.9 NS 143.9 +15.3 NS
(cm?)
Mean callosal length (cm) 7.02 = 0.44 NS 7.1 £ 0.56 NS 7.04 = 0.49 NS 7 £ 0.46 NS
CC/MISS ratio (%) 423 = 1.1 NS 3.41 £ 0.6 P< .01 3.85 £0.71 P< .01 3.73+£1.09 P<.01
Mean CC signal 215+ 41 NS 205 + 49 NS 201 + 38 NS 208 + 34 NS
Mean subcutaneous fat signal 334 *+ 66 NS 270 =73 NS 309 + 62 NS 305 + 74 NS
Mean CSF signal 62.3 = 10.1 NS 60.92 = 9.4 NS 54 + 10 NS 64.89 + 8.6 NS
CC/Subcutaneous fat signal 64.2+5 NS 8023 .01<P<.05 65+ 4 NS 68 + 4 NS
ratio (%)
CC/CSF signal ratio (%) 3.45+ 0.7 NS 3.09 + 0.6 NS 371 %05 NS 3.34 = 0.06 NS

Note.—NS, nonsignificant (P > .05). Determination of control subsets homogeneous for age and sex by x* test.

Infection. Within this group of 37 AIDS pa-
tients, there were 26 males and 11 females,
ranging in age from 16 to 60 years (mean age,
37.8 years; SD, 10.6). There were 23 HIV carriers

and 14 AIDS-related complex or AIDS patients.
Twenty-one patients complained of subjective

signs or were referred for brain examination be-

cause of diffuse inflammatory signs, while the
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Fig. 4. A, Long-standing MS in a 63-
year-old man: CC atrophy (CC/skull ratio
3.2%) without inner callosal irregularities,
and possible CC demyelination (CC/sub-
cutaneous fat ratio less than 0.6%).

B, HIV encephalitis in a 23-year-old
woman: important CC atrophy is present
(CC area is 3.8 cm?, CC/skull ratio 3.5%).
The signal of CC is visually normal, and
there is a discordance between the CC/
CSF and CC/subcutaneous fat ratios
(3.2% and 0.8%, respectively).

TABLE 3: Measurements in longstanding and/or severe chronic
progressive MS cases

Significance®

Number of patients 14

Mean age 43.86 £ 7 NS
Mean CC surface (cm?) 474 £ 1.43 P< .01
Mean genu thickness (mm) 7.44 + 1.56 P<.01
Mean body thickness (mm) 434+ 1.14 01 <P<.05
Mean splenium thickness (mm) 8.39 £ 2.19 P<.01
Mean internal skull surface (cm?) 142.7 £ 14.2 NS
Callosal length (cm) 7.01 = 0.49 NS
CC/MISS ratio (%) 3.3+ 0.77 P< .01
CC/Subcutaneous fat signal ratio (%) 0.62 £+ 0.04 NS
CC/CSF signal ratio (%) 3.16:+:0.4 NS

Note.—NS, nonsignificant (P > .05).
? Determination of control subsets homogeneous for age and sex by
2
X~ test.

remaining had neurologic impairment. Nine pa-
tients had brain toxoplasmosis; four of them were
under treatment or exhibited sequelae. One pa-
tient exhibited typical clinical and MR features of
progressive  multifocal leukoencephalopathy.
Twenty MR examinations were unremarkable,
while the latter seven exhibited focal high signal
intensity areas within the deep white matter.

Overall CC atrophy (confirmed by CC/internal
skull surface ratio), as well as reduction in all CC
diameters, was highly significant. One 28-year-
old HIV female patient had two normal MR ex-
aminations at 1-year intervals, with the exception
of a decrease in CC area of 28%.

The relative hyperintensity of CC in AIDS pa-
tients was significant also, 16% higher than that
of the normal subgroup (Table 2). Mean CC/
subcutaneous fat ratio was 0.81 (Fig. 4C). How-
ever, this group displayed a mean signal intensity
of subcutaneous fat 15% lower than that of the

AJNR: 14, January/February 1993

control group, in contrast with equivalent CSF
and background noise signal intensities. Further-
more, the CC/CSF signal ratio was not signifi-
cantly different from that of normal subjects.
Thus, this abnormal CC/subcutaneous fat ratio
was not significant. Irregularities of the external
callosal arcuature were observed in six patients.

Brain atrophy. Among the mixed cases of
diseased patients, 24 (nine females, 15 males)
had moderate to severe generalized brain atrophy.
This group included three patients with MS, 18
with vascular diseases, one with a tumor, and
four with AIDS. Measurements exhibited a signif-
icant callosal atrophy (Table 2), compared to
normal subjects.

Discussion

CC is the major pathway for association fibers
between the two cerebral hemispheres. The anat-
omy and embryology of this commissure have
been studied extensively (3, 4, 20).

Normal Subjects

The size of CC has variably been evaluated in
vivo on midsagittal MR (5-8), either in normal
individuals, or in pathologic conditions. This
measurement was compared with brain size in
some studies (5, 6), but never with skull size.
These studies provided varying results in the
measurements of normal subjects, owing to the
mode of calculations (whether on a hard copy,
by slide projection, or by means of the imaging
system software) and, to a lesser degree, to dif-
ferences in age of the population selected. The
mean CC surface was 7.2 cm® in one study (6),
and 6.01 cm? in another (8). Both included con-
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trols aged more than 18 years. In the present
group of 124 controls, all measurements were
determined directly using standard MR max
software.

We are aware of some criticisms that the meth-
odology of the present study may provoke. In-
deed, our measurements incorporated patients
with “functional” disorders (dizziness, headaches,
migraine, visual, or ear disturbances); whether
such patients have normal CCs or not is contro-
versial. The interindividual comparison in this
subgroup did not display any difference between
the controls and these normal subjects; however,
this can represent a potential pitfall in our study.

The choice of a CC/MISS ratio for the evalua-
tion of callosal atrophy was preferred to that of
CC/brain ratio as measurements are easier along
the inner table, and brain atrophy is neglected.
By chance, we did not observe hyperostosis fron-
talis interna in elderly women, which could have
affected this ratio, although this abnormality sel-
dom affects the midline. More controversial is the
effort to identify a potential callosal demyelination
by means of a CC/subcutaneous fat and a CC/
CSF signal ratio. Each have their advantages and
drawbacks. The subcutaneous fat signal was
measured peripherally in the head coil, while CSF
signal was measured close to the CC. Despite
these different measurement locations, neither of
these two ratios differed significantly between
controls and patients. The background noise was
quite constant, and did not thus represent a bias
in these results.

We did not compare the CC sizes of left- and
right-handers, a controversial subject at the origin
of numerous papers. The first author who raised
the possibility of a difference in callosal area was
Witelson, based upon her work on autopsy spec-
imens (21). Her work included three parameters:
the degree of hand preference, age, and gender.
More recent results from MR measurements ex-
hibit no significant differences between these two
subgroups, but most of them were based on the
side of handedness or, more simply, the writing
hand, so that no comparison is available at the
present time (5, 6). Thus, sufficient data have not
yet been collected to determine if an increased
callosal connectivity is present in left-handers.

Comparisons between female and male cal-
losum have also been performed using MR. Some
studies (5, 8) have seemed to favor the hypothesis
that CC carries a different number of fibers be-
cause of a bigger callosum in males. These dif-
ferences are contradicted by results obtained in
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another study of 104 normal adults (6). Our data
appear to agree with the latter study, since the
CC/MISS ratios of the two genders were identical
because of a smaller skull size in females.

In elderly subjects, brain atrophy is common
(19, 22). CSF spaces with large ventricles and
sulci are the indirect witnesses of neuron loss in
normal aging. Involvement affects primarily su-
perior frontal and temporal gyri, precentral gyrus,
striatum, and basal ganglia (17, 22). However,
these changes have not been widely documented
with special concern for CC. The decrease of
callosal size we observed with aging, without
associated brain atrophy, is a somewhat interest-
ing data. It is suggested that callosal decline
predominantly affects elderly men, in the absence
of brain atrophy; one could hypothesize, like
Witelson (21), that callosal size is under hormonal
control.

MS

Dietemann et al (9) subjectively evaluated the
size and morphology of CC in MS, and correlated
the involvement of CC with the duration and
severity of the disease. Simon et al found signif-
icant differences between controls and MS pa-
tients, in both the mean thickness of CC (7), and
its area (8). The association of MS (5-8) and
callosal atrophy has been described with a prev-
alence ranging from 2% to more than 50%. This
atrophy has essentially been determined visually,
however. We demonstrated quantitatively, fol-
lowing the works of Dietemann et al, that CC
atrophy occurs mainly in long-standing MS cases,
after 10 years of evolution. In more recently
affected patients, no significant callosal difference
with controls was identified, except in those pa-
tients with severe progressive MS.

The involvement of the CC described in se-
verely affected MS brains is usually described as
focal, extensive CC demyelination (7, 8). CC/
subcutaneous fat ratio seems to be an interesting
measure for evaluating this demyelination, as it
demonstrated a diminution in both long-standing
and severe progressive MS, compared to controls
as well as to recent MS cases (with a significance
of only P < .05, probably due to the small
sample). It is obvious that demyelination is best
observed on T2-weighted sagittal images, as de-
scribed by Gean-Marton et al (10).

The focal lesions of the CC depicted by MR
techniques, such as low signal intensity areas or
inner callosal arcuatures, probably represent re-
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gions of demyelination and/or gliosis. The similar
signal intensity of these lesions compared with
that of other noncallosal periventricular lesions
suggests a common underlying neuropathologic
basis (eg, demyelination and/or gliosis), or MR
changes in tissue water content as a result in
myelin loss and decreased brain volume (8). How-
ever, the elective localization of MS plaques to
the inner callosal arcuature seems specific to this
disease: focal lesions radiate from the ventricular
surface into the overlying CC, thus creating an
irregular inferior margin (10). Patients with MS
seldom exhibit brain atrophy without CC atrophy,
while CC atrophy may occur with or without even
mild brain atrophy (9). This was the case in all
the long duration MS cases we observed, except
two. This atrophy in MS seems, then, to be the
direct consequence of the demyelinating and de-
structive process itself, and of the loss of callosal
axons and wallerian degeneration (8-10, 23). This
is particularly noticeable in those cases of patients
with atrophy of CC related to direct involvement
from the demyelination: the CC appears with
some inner irregularities (8-10). In fact, only pa-
tients with contiguous white matter plaques ex-
hibited inner callosal irregularities within our MS
group.

In particularly severe cases, the inner callosal
border can be nearly isointense with CSF on the
T1 images, making it difficult to obtain a precise
measurement (8). This is the reason for which
exploration of the CC on T2-weighted spin-echo,
sagittal sections, is recommended; the long TR/
short TE delineates best callosal lesions from fluid
at its junction with the septum pellucidum and
from the adjacent ventricular system (10). We did
not observe such cases in our patient population.

This study supports the results of previous
studies which found that significant atrophy of
the CC occurs in long-standing MS, and that CC
atrophy occurs earlier than brain atrophy in the
course of the disease.

Chemotherapy

Leukoencephalopathy has been described in
relation with several chemotherapeutic drugs
(methotrexate, cisplatin, arabinosyl cytosine, car-
mustine, and thiotepa), and with radiotherapy.
Among them, methotrexate treatments seem to
be the most responsible for white matter involve-
ment. MR easily depicts such lesions, even in
patients without neurologic impairment (16).
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Two forms have been described: high signal
intensity patchy lesions of the white matter that
seem to be reversible soon after the completion
of the treatment (16); and brain atrophy without
signal abnormalities at a later stage, which are
hypothesized to be nonspecific sequelae (15).

In the series of Lien et al (16) of 22 neurologic
symptom-free patients treated by methotrexate
and cisplatin for bone osteosarcoma, five exhib-
ited a callosal involvement, while 12 had white
matter lesions.

AIDS

AIDS is a great concern. Brain atrophy, al-
though not the most frequent, is one of the most
common imaging findings seen in these patients,
whether associated or not with focal high signal
intensity areas within the white matter (14).

HIV enters the central nervous system in a very
early stage of infection. HIV encephalopathy af-
fects 60% of AIDS cases; it is far more frequent
than progressive multifocal encephalopathy, an-
other cause of CC involvement (24). HIV enceph-
alopathy is attributed to direct infection of the
central nervous system with HIV (12, 14). It in-
volves primarily the deep white matter of the
frontal lobes in a bilateral, but not always sym-
metric, manner.

The areas of demyelination that occur in the
course of the disease have been studied micro-
scopically on autopsy specimens; they are varia-
bly associated with gliosis, macrophage infiltra-
tion, and multinucleated giant cells (12). At the
initial stage of myelin pallor, cerebral atrophy is
usually absent. It is thought that this atrophy is
probably the consequence of a loss of white
matter. As deep white matter is the most promi-
nent site of involvement, the associative myelin-
ated fibers of the CC are at great risk of involve-
ment as well. This atrophy is far less frequently
seen by neuropathologists than by neuroradiolo-
gists in vitro, so the question of intercurrent
factors such as dehydration secondary to alco-
holism (25), and chronic drug abuse (26), is raised.
In a series of 17 patients, autopsy revealed spe-
cific involvement of CC in seven, all had HIV
encephalopathy (13).

In AIDS dementia complex (ADC) studied with
3 ‘p nuclear magnetic resonance spectroscopy
(27), it has been demonstrated that phosphate
metabolite deficiency was present, consistent
with the hypothesis that brain cell function was
affected by a direct, generalized HIV-associated
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toxic process; this phenomenon was not in rela-
tion with brain atrophy. Despite the absence of
neurologic symptoms in the majority of the AIDS
patients (except one with ADC) analyzed in the
present series, a significant CC atrophy was pres-
ent, while brain atrophy was visually present in
only two cases. Consequently, this atrophy seems
to be relatively independent of brain atrophy that
occurs later in the course of the disease, usually
when ADC is already present.

The mean high signal intensity of the CC prob-
ably remains normal during the course of this
disease. The abnormally high CC/subcutaneous
fat ratio is indeed a poor witness of callosal
myelination, owing to a decrease in signal inten-
sity of the subcutaneous fat; it is well known that
energetic resources in AIDS patients decrease
during the course of this disease. Thus, CC/CSF
ratio, similar in normal subjects and those pa-
tients, seems to be the best indicator of the
absence of CC demyelination.

From this analysis, it may be suggested that
CC atrophy can permit an early detection of the
involvement of the CNS by HIV.

Conclusion

When CC involvement is suspected, it should
not be estimated on visual inspection alone, but
by means of several measurements including a
CC/MISS ratio. This study does not address the
question of specificity of CC lesions encountered
in this panorama of diseases. In MS and infection,
atrophy seems to evolve in parallel with the
severity of the disease and/or its duration. Mor-
phologic alterations are not specific. This CC
substance loss (as determined by measuring (area
of CC)/(MISS) ratios) is a significant but nonspe-
cific finding. Measuring both CC/MISS, T1 (and
perhaps T2-weighted) CC/CSF ratios may help
to distinguish between axon loss and demyelina-
tion. One could hypothesize that CC atrophy
without abnormal signal intensity would predict
axonal loss only: on the opposite, abnormal signal
intensity without CC atrophy would witness alter-
ations of myelination alone, while signal involve-
ment associated with CC atrophy would indicate
both axon loss and demyelination. This hypoth-
esis, however, remains yet speculative. Further
MR imaging studies are required to determine if
signal intensity measurements have a real diag-
nostic value, and to improve our comprehension
upon callosal involvement.
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