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Decline in Corpus Callosum Volume among
Pediatric Patients with Medulloblastoma:

Longitudinal MR Imaging Study

Shawna L. Palmer, Wilburn E. Reddick, John O. Glass, Amar Gajjar, Olga Goloubeva, and Raymond K. Mulhern

BACKGROUND AND PURPOSE: A decline in intrahemispheric cerebral white matter volume
in children treated for brain tumors with cranial irradiation has been well documented. It was
hypothesized that the development of the corpus callosum, the largest white matter commissure
of the brain, would also be adversely affected after treatment with cranial irradiation in
pediatric patients treated for medulloblastoma.

METHODS: After diagnosis, 35 patients (22 male and 13 female patients) with histologically
proved medulloblastoma were treated by maximal surgical resection, risk-adapted craniospinal
irradiation, and chemotherapy. Using quantitative measurement techniques with MR imaging,
corpus callosum volume was measured at multiple time points for each patient during a 4-year
period.

RESULTS: Quantitative MR imaging analyses of 239 examinations in 35 patients showed, in
contrast to normal development, that the total midsagittal corpus callosum area decreased with
time from craniospinal irradiation (–18.0 mm2/y; P < .0001). After examination of seven corpus
callosum subregions, significant declines were also observed: genu (–2.2 mm2/y; P � .03),
rostral body (–2.0 mm2/y; P � .04), anterior midbody (–1.4 mm2/y; P � .005), posterior midbody
(–1.2 mm2/y; P � .004), isthmus (–2.4 mm2/y; P � .001), and splenium (–5.0 mm2/y; P � .007).

CONCLUSION: The greatest deviation from normal development occurred in the most
posterior subregions of the corpus callosum: the isthmus and the splenium. These corpus
callosum subregions, associated with fibers traversing from the temporal, posterior parietal,
and occipital lobes, are normally expected to have the highest rate of growth during childhood.
However, these regions also received the highest total dose of irradiation, providing a possible
explanation for atypical corpus callosum development observed in these 35 patients treated for
medulloblastoma.

Standard therapy for medulloblastoma includes max-
imal surgical resection of the tumor and postopera-
tive craniospinal irradiation (CSI), including a boost
to the posterior fossa, with adjuvant chemotherapy. It

has been well documented in the literature that CSI is
associated with several CNS abnormalities, such as
cerebral atrophy, focal and diffuse white matter le-
sions, and enlarged ventricles (1). Patients treated
with surgery and CSI exhibit reduced white matter
volume compared with that of patients treated with
surgery alone (2). In addition, loss of intrahemi-
spheric white matter volume has been shown to be
dose dependent, with those receiving conventional
CSI doses (36 Gy) exhibiting steeper declines than
those receiving reduced CSI doses (23.4 Gy) (3). It is
generally accepted that damage to the microvascula-
ture and accompanying injury to glial cells are among
the underlying mechanisms involved in such damage
(4). As the primary white matter commissure of the
brain, consisting of approximately 180 million myelin-
ated axons (5), the corpus callosum is vulnerable to
CSI-related damage. The corpus callosum mediates a
large number of cortical processing areas in each
hemisphere. Damage could therefore interrupt these
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important pathways, leading to difficulties in neuro-
cognitive performance.

Using quantitative measurement techniques with
MR imaging (6, 7), the present study focused on
measures of the corpus callosum obtained at multiple
time points for each patient. The primary objective
was to examine the growth patterns of the corpus
callosum during a 4-year period since the start of
treatment with CSI among pediatric patients with
medulloblastoma and to compare these patterns with
known normal growth patterns (8). Considering the
CSI dose distribution used in the treatment of me-
dulloblastoma, it was hypothesized that the posterior
regions of the corpus callosum would show the great-
est deviations from normal development. A second-
ary objective was to examine the impact of two known
risk factors in this population: young age at the time
of CSI treatment and higher CSI dose (3, 9, 10). It
was hypothesized that those who were younger at the
start of the CSI treatment and those who received
higher (conventional) dose CSI would show greater
deviations from normal development than those re-
ceiving reduced dose CSI.

Methods

Patient Characteristics
Patients were drawn from an internal review board–ap-

proved institutional protocol for newly diagnosed medulloblas-
toma arising in the posterior fossa. Patients in whom medullo-
blastoma was diagnosed after three and before 21 years of age
and who were 1 or more years from the start of therapy were
considered eligible for the study (n � 36). After presentation,
all patients were treated by maximal surgical resection of the
tumor. All patients then received risk-adapted CSI (11). Pa-
tients at average risk (those with total tumor resection and no
dissemination) received 23.4-Gy CSI, and patients at high risk
(those with either subtotal tumor resection or metastatic dis-
ease) received an up-front phase II window of topotecan and
then 36- to 39.6-Gy CSI. All patients also received a posterior
fossa boost to 55.8 Gy. Six weeks after completion of the
radiation treatment, patients at average risk and patients at
high risk started adjuvant chemotherapy that comprised four
cycles of high-dose cyclophosphamide, cisplatin, and vincristine.
After each chemotherapy cycle, infusion of peripheral blood stem
cells or autologous bone marrow was performed (12).

Each patient underwent protocol-driven serial MR imaging
examinations. These examinations were scheduled to occur
every 3 months for the first 2 years and every 6 months for the
next 5 years. Multiple images were collected for all 36 of the
eligible patients. However, for the purpose of this analysis, each
patient had to undergo at least three MR imaging examinations
for inclusion in the study. One patient had excessive motion
during four of his five MR imaging examinations, which pre-
vented accurate processing; that patient was therefore excluded
from the study. Examinations showing evidence of progressive
disease, and any subsequent examinations, were not included in
the analysis. MR studies included 239 examinations of 35 pa-
tients (range, three to 13 examinations per patient; median,
seven examinations per patient).

MR Imaging
Imaging was performed on a 1.5-T Magnetom (Siemens

Medical Systems, Iselin, NJ) whole-body unit with the standard
circular polarized volume head coil. T1-weighted images were
acquired in the sagittal plane as 5-mm-thick sections with a

1-mm gap. A single sagittal image was selected as the midline
section for analysis. Criteria for choosing the midline section
were the patency of the cerebral aqueduct and the presence of
the septum pellucidum.

Quantitative MR Image Processing
Using a fully automated segmentation algorithm (7) and

manual classification, the area of the corpus callosum was
derived from the midline sagittal section. The corpus callosum
and immediate surrounding tissue was first manually desig-
nated as the region of interest. Segmentation of the region of
interest, the process by which the area is decomposed into
similar regions on the basis of signal intensity by an automated
algorithm, was then completed. The segmentation procedure,
linear vector quantitization, used T1 signal intensities as input
to produce nine output vectors. Each of the nine output vectors
from the segmented image was then classified as either corpus
callosum tissue, partial volume of corpus callosum and gray
matter, partial volume of corpus callosum and CSF, or back-
ground. The vectors associated with the partial volume region
were set to zero to produce an equivalent null vector. The
segmentation algorithm was executed again, forcing each pixel
in the null vector to be assigned to the nearest output, classified
as either corpus callosum or background. This resulted in two
regions: corpus callosum, which was colored green, or back-
ground, which was colored black. A histogram for the color
green was then completed to determine the number of pixels
present. The pixel count was multiplied by pixel area, resulting
in corpus callosum area for the midline section.

Using linear distances to divide the corpus callosum (13),
areas of seven corpus callosum subregions were also calculated
(Fig 1). After segmentation and classification of the corpus
callosum, divisions were automatically placed on the image by
a C-language software program specifically designed to run on
a UNIX system. This software first found the longest antero-
posterior line in the corpus callosum image. The slope of this
line was then calculated, and perpendicular lines to delineate
the seven subregions were then placed along the anteroposte-
rior line. After transfer of the image to a personal computer,
the seven subregions were then individually selected with the
standard tools of Photoshop, and pixel counts were obtained.
With image dimension and field-of-view information, these
pixel counts were then converted to area measures. Total post-
processing time for each MR image was approximately 12 to 15
minutes.

All segmentation and classification in this study was com-
pleted by one observer (S.L.P.). To test accuracy, total volume
measures derived from traditional hand-tracing techniques by
an expert observer (W.E.R.) were completed on 10 randomly
selected cases, each traced five times. These measures were

FIG 1. Corpus callosum subregions. 1, rostrum; 2, genu; 3,
rostral body; 4, anterior midbody; 5, posterior midbody; 6, isth-
mus; and 7, splenium. Based on division of the longest antero-
posterior (A-P) line.
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compared with those derived from the automated segmenta-
tion and manual classification process (S.L.P.), resulting in a
correlation coefficient of r � 0.98 (P � .001). Intraobserver
reliability (S.L.P.) was established with five randomly selected
cases, each processed five times. The intraclass correlation
coefficient for consistency was 0.94 (P � .0001). Twenty MR
imaging examinations were randomly selected from the dataset
and independently processed by two trained observers (S.L.P.,
W.E.R.) by using the automated segmentation and manual
classification process to establish interobserver reliability. A
correlation of 0.97 was derived by using the Spearman-Brown
method of deriving effective reliability (14).

Researchers from the National Institutes of Health have
used the same method of corpus callosum division to obtain
normal age-related patterns of corpus callosum growth (8). For
purposes of comparison, the growth patterns obtained from the
normal population were plotted against the growth patterns
obtained from the patients with medulloblastoma.

Statistical Analysis
The primary objective was to examine the growth pattern of

the corpus callosum area over time since the start of CSI.
Growth curve analysis of longitudinal data, as used in this
study, is a common application of random-effects models. The

regression model from each patient is assumed to be a random
deviation from the population regression model. This approach
emphasizes the explanation of within-person variation by the
natural development process, with each patient serving as his
or her own control (15–20).

The primary covariate included in the model was time from
CSI. The two plausible risk factors for this population, young
age at CSI treatment and higher CSI dose, were also included
in the model. For the purpose of analysis, patients were as-
sessed according to median age at the start of CSI (�6.88 years
versus �6.88 years) and CSI dose (23.4 Gy versus 36–39.6 Gy).

All analyses tested the null hypothesis (slope � 0). This was
considered a conservative approach compared with normal
neurodevelopmental expectations of the corpus callosum, as
analysis of historical controls show an increasing pattern of
development over time (8).

Results

Patient Characteristics
Of the 35 eligible patients with medulloblastoma, 22

were at average risk and 13 were at high risk. Twenty-
two patients were male and 13 female; 24 were Cauca-

FIG 2. Expected growth (mm2/y) for the normal population (dashed line) and obtained growth among the patients with medulloblas-
toma (solid line) over time (in years) from the start of craniospinal irradiation. A, total corpus callosum; B, rostrum; C, genu; and D, rostral
body.
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sian, eight African-American, and three Hispanic. The
mean age at the start of CSI was 7.68 years (SD � 3.25
years; median, 6.88 years; range, 3.2–17.2 years). At the
time of their most recent MR imaging examination,
patients were a mean of 9.61 years of age (SD � 3.77
years) and were a mean of 1.92 years from the start of
their radiation therapy (SD � 0.97).

Corpus Callosum Measures
The growth patterns for the midsagittal corpus cal-

losum areas obtained from the medulloblastoma pa-
tient group were compared with the growth patterns
of the midsagittal corpus callosum areas expected in
the normal population (8). For each corpus callosum
region, the rate of change for the medulloblastoma
patient group was negative in contrast to the rate of
change in the normal population that showed an in-
creasing pattern over time. Normal developmental
expectation for total corpus callosum is a significant
gain of 12.2 mm2/y (P � .0001). In contrast, the

patient with medulloblastoma experienced a signifi-
cant loss of 18.0 mm2/y (P � .0001) (Fig 2A). Al-
though the rostrum and genu of the normal popula-
tion showed insignificant increases over time, in the
medulloblastoma patient group, the rostrum showed
an insignificant decrease, and the genu showed a
significant decrease (P � .03) (Fig 2B and C). The
normal population exhibited a significant increase for
the rostral body (P � .04). In contrast, the medullo-
blastoma patient group showed a significant loss for
the rostral body (P � .04) (Fig 2D). The pattern of
growth for the anterior and posterior midbody among
the normal population showed a significant increase
(P � .0001), whereas the pattern of growth among the
medulloblastoma patient group showed a significant
decrease (P � .005 and P � .004, respectively) (Fig
3A and B). For the isthmus, a significant increase is
expected within the normal population (P � .0001);
however, the medulloblastoma group showed a sig-
nificant decrease (P � .001) (Fig 3C). Finally, the

FIG 3. Expected growth (mm2/y) for the normal population (dashed line) and obtained growth among the patients with medulloblas-
toma (solid line) over time (in years) from the start of craniospinal irradiation. A, anterior midbody; B, posterior midbody; C, isthmus; D,
splenium.

AJNR: 23, August 2002 MEDULLOBLASTOMA 1091



splenium showed a significantly increasing pattern in
the normal population (P � .0001), whereas it showed
a significantly decreasing pattern in the medulloblas-
toma group (P � .007) (Fig 3D).

Analysis of Risk Factors
The trajectory of change in the corpus callosum

area was modeled over time from the start of CSI.
Both risk factors, CSI dose and age at the start of CSI,
were included in the model. Patients who received
reduced CSI doses of 23.4 Gy (n � 22) were com-

pared with those who received conventional doses of
36 to 39.6 Gy (n � 13). No sufficient evidence was
found to conclude that CSI dose had an impact on
corpus callosum development. The average volumes
declined at similar rates in both groups (Table 1).

Patients with medulloblastoma who were at or be-
low the median age at the start of CSI (�6.88 years)
were compared with those who were above the me-
dian age at the start of CSI (�6.88 years). Although
the younger patients showed a trend toward greater
declines over time than did patients in the older
group, no statistically significant effects were found
for age at CSI; both groups declined at similar rates
for all corpus callosum regions (Table 2).

Discussion

To our knowledge, the present study is the first to
evaluate patterns of corpus callosum development
among children treated for brain tumors, specifically
35 patients who received CSI during treatment for
pediatric medulloblastoma of the posterior fossa re-
gion. Using the longitudinal analyses of 239 MR im-
aging examinations, the total midsagittal area of the
corpus callosum was found to significantly decrease
across time since the start of CSI. Examination of the
corpus callosum subregions revealed that significant
declines in the midsagittal area had occurred over
time since the start of CSI for the genu, rostral body,
anterior midbody, posterior midbody, isthmus, and
splenium. These declining patterns were in marked
contrast to expected positive corpus callosum growth
in the normal population. Normal development of the
corpus callosum reflects an anterior to posterior pat-
tern, with the most anterior regions (rostrum, genu)
reaching a plateau during the early preschool years
(5, 8). Total corpus callosum volume continues to
increase throughout the adolescent years, largely fa-
cilitated by moderate growth of the anterior and pos-
terior midbody and robust growth of the posterior
isthmus and splenium regions (5). These differential
patterns of corpus callosum growth are thought to be
the direct result of myelination of callosal axons
present at birth.

Quantitative MR imaging techniques have been
used to examine corpus callosum volumetry in special
settings to measure response to both external envi-
ronmental and internal organic conditions. Although
enriched environments were found to relate to in-
creased corpus callosum size in rats (21), prenatal
cranial irradiation has been found to cause callosal
neuronal death, postnatal axonal elimination, and, in
many cases, especially for those receiving high doses,
completely restricted corpus callosum development
(22). In studies of the human corpus callosum, a
reduced corpus callosum area, associated with demy-
elination, has been shown among patients with adre-
noleukodystrophy, the most common leukodystrophy
in children (23). MR imaging in this population shows
T2 prolongation during early stages of the disease
that may indicate demyelination, inflammatory infil-

TABLE 1: Differences in slopes between patients who received re-
duced (23.4 Gy) or conventional (36–39.6 Gy) craniospinal irradia-
tion doses

CC Region CSI Dose (Gy) Slope* Significance†

Total Reduced �20.0 0.52
Conventional �16.0

Rostrum Reduced 0.2 0.29
Conventional 1.4

Genu Reduced �0.1 0.20
Conventional �4.6

Rostral body Reduced �2.4 0.55
Conventional �1.2

Anterior midbody Reduced �1.6 0.81
Conventional �1.2

Posterior midbody Reduced �1.4 0.98
Conventional �1.4

Isthmus Reduced �2.0 0.75
Conventional �2.2

Splenium Reduced �7.0 0.17
Conventional �2.4

Note.—CC indicates corpus callosum; CSI, craniospinal irradiation.
* Change in CC size per year since start of CSI (mm2).
† Testing H0: slope (reduced) � slope (conventional); P � .05,

two-tailed test.

TABLE 2: Differences in slopes between patients who were younger
(<6.8 years) or older (>6.8 years) at the start of craniospinal
irradiation

CC Region Age at CSI Slope* Significance†

Total Younger �24.0 0.27
Older �16.0

Rostrum Younger �0.6 0.24
Older 1.0

Genu Younger �4.4 0.56
Older �2.4

Rostral body Younger �1.8 0.92
Older �2.0

Anterior midbody Younger �2.2 0.42
Older �1.2

Posterior midbody Younger �1.4 0.97
Older �1.4

Isthmus Younger �2.8 0.56
Older �2.0

Splenium Younger �13.4 0.09
Older �4.8

Note.—CC indicates corpus callosum; CSI, craniospinal irradiation.
* Change in CC size per year since start of CSI (mm2).
† Testing H0: slope (reduced) � slope (conventional); P � .05,

two-tailed test.
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trate, or both. A reduction in posterior corpus callo-
sum regions (24) and anterior corpus callosum re-
gions (25) has been shown among autistic persons.
Similar results have also been found among those
with attention deficit hyperactivity disorder (26–28).
Reduced total midsagittal area and reduced splenium
and isthmus area of the corpus callosum have also been
found among patients with Williams syndrome (29).

The posterior regions of the corpus callosum are
expected to have the highest rate of potential growth
during childhood (5, 8). Because the medulloblas-
toma tumor bed is in the posterior fossa region, the
posterior regions of the corpus callosum are expected
to receive highest amounts of irradiation during CSI.
Therefore, irradiation exposure may explain the
greater deviations from normal development seen in
the posterior regions of the corpus callosum. Previous
literature has shown differential dose effects on white
matter volume and that these white matter changes
tend to increase as time from treatment lengthens (3).
The present study shows a relatively early deviation
from normal corpus callosum development but fails
to find a significant difference between CSI dose
subgroups. Differences between the two subgroups
may be more marked over time. Reevaluation of the
data as more time elapses from initiation of treatment
is warranted.

Decline in corpus callosum volume stemming from
treatment for medulloblastoma may have neuropsy-
chological implications. In a late effects study of 19
adolescents who had experienced traumatic brain in-
jury, it was found that corpus callosum area measures
were strongly correlated with measures of intellectual
functioning, verbal learning and memory, visuospatial
ability, executive functioning, and visual reaction time
(30). In a familial study of three persons who were
found to be acallosal, difficulties with memory and
verbal ability were shown (31). The steepest declines,
along with the greatest deviations from normal devel-
opment, among the medulloblastoma patient group
of the present study occurred in the most posterior
subregion of the corpus callosum: the splenium. A
recent study of patients with callosal lesions showed a
clear relation between splenium lesions and left ear
suppression of consonant-vowel syllables in a dichotic
listening task (32). The authors speculate that dam-
age to the splenial region of the corpus callosum
resulted in disruption to the interhemispheric transfer
of auditory information.

The present results serve as a foundation for future
studies of lesion-behavior relationships with irradia-
tion dose maps to evaluate dose-tissue response. Con-
firmation of early signs of tissue injury during CSI
that increase the risk for later neurocognitive prob-
lems may stimulate reconsideration of the treatment
plan and initiation of appropriate cognitive remedia-
tion programs. Future studies using dosimetry map-
ping of irradiation disbursement along with specific
neurocognitive evaluation among this population are
planned.

Conclusion
In the normal brain, corpus callosum continues to

develop in an anterior to posterior pattern well into
the 2nd decade of life. In the present study, however,
patients with medulloblastoma showed a decline in
corpus callosum volume during a 4-year period start-
ing with initiation of CSI therapy. Although the most
anterior regions of the corpus callosum did not sig-
nificantly deviate from normal development, the most
posterior regions of the corpus callosum showed the
greatest declines and the greatest deviations from
normal development. Because the tumor bed is in the
posterior fossa region, the posterior regions of the
corpus callosum receive a higher concentration of
irradiation. The subregion-specific changes in corpus
callosum volume suggest a differential response to
CSI dose exposure. Damage to the corpus callosum
interferes with the function of interhemispheric path-
ways. Performance of patients with medulloblastoma
on neurocognitive tasks requiring interhemispheric
transfer of information warrants future investigation.
Confirmation of such relationships could stimulate
development of alternative treatment plans and ap-
plication of cognitive rehabilitation programs specif-
ically tailored for these patients.
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