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ADULT BRAIN

Defining the Normal Dorsal Contour of the Corpus Callosum
with Time

K.L. Krause, ““'D. Howard, ““D.R. Pettersson, “S. Elstrott, ““'D. Ross, *#).T. Obayashi, ““R. Barajas Jr, “’A. Bonde, and "*).M. Pollock

ABSTRACT

BACKGROUND AND PURPOSE: Morphological changes of the corpus callosum have been associated with a large number of congenital
neurocognitive and psychiatric disorders. Focal defects or notches of the dorsal surface of the corpus callosum have not been well characterized.
Our purpose was the following; 1) to characterize the dorsal contour of the corpus callosum during the life span, 2) to characterize the relationship
of contour deviations to neighboring vessels, and 3) to determine whether contour deviations are congenital or acquired.

MATERIALS AND METHODS: We retrospectively reviewed normal sagittal T1-weighted brain MR images. A “notch” was defined as a
concavity in the dorsal surface at least 1 mm in depth. The corpus callosum was considered to be “undulating” if there were >2 notches,
including an anterior and posterior notch. The presence of a pericallosal artery and its relationship to a notch were assessed.

RESULTS: We reviewed 1639 MR imaging studies, spanning 0—89 years of age. A total of 1102 notches were identified in 823 studies; 344
(31%) were anterior, 660 (60%) were posterior, and 98 (9%), undulating. There was a positive correlation between the prevalence (P < .001)
and depth (P = .028) of an anterior notch and age and a negative correlation between the prevalence of a posterior notch and age (P <
.001). There was no difference between patient sex and corpus callosum notching (P = .884). Of the 823 studies with notches, 490 (60%)
were associated with a pericallosal artery (P < .001).

CONCLUSIONS: The prevalence and depth of notches in the anterior corpus callosum increase significantly with age; this finding suggests
that most notches are acquired. There is a significant positive association between the presence of a corpus callosum notch and adjacent

pericallosal arteries, suggesting that this may play a role in notch formation.

ABBREVIATIONS: CC = corpus callosum; FAS = fetal alcohol syndrome

he corpus callosum (CC) is the midline commissural white

matter tract that connects the 2 cerebral hemispheres. It is
located at the depth of the interhemispheric fissure and forms the
roof of the lateral ventricles. It is divided into 5 named sections
from anterior to posterior: rostrum, genu, body, isthmus, and
splenium."* The CC is the largest white matter tract in the brain,
with approximately 180 million callosal fibers,” which allow so-
phisticated interhemispheric communication. With such physio-
logic importance, the CC has a blood supply from both the ante-
rior and posterior circulation by way of a number of different
pericallosal vessels.*”

The MR imaging characteristics of the CC and neighboring ves-
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sels have been well-described® and are becoming more detailed as
MR imaging technologies continue to advance. In turn, a number of
reports also describe the MR imaging characteristics of a wide variety
of congenital and acquired CC pathologies, such as fetal alcohol spec-

1,2,6-

trum disorders.">*"" Thus, the intrinsic morphology of the CC has

become the subject of intense investigation and debate in its associa-
tion with multiple cognitive and neuropsychiatric disorders.”'>"'*

The MR imaging characteristics of the dorsal callosal contour
and its intimate association with pericallosal blood vessels have
not been well studied or described in the literature. Given that the
morphology of the CC is so carefully scrutinized in a number of
pathologic conditions, our objective was to investigate the normal
dorsal morphology of the CC during the human life span, its
anatomic relationship to neighboring vessels, and whether any
contour deviation is a congenital or acquired etiology.

MATERIALS AND METHODS

Study Population

This retrospective, single-center study was approved by the insti-
tutional review board with a waiver of patient consent. Initially,
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FIG1. A, Midline sagittal TI-weighted image shows an example of a
normal corpus callosum without evidence of anterior or posterior
notching. B, A “notch” was defined as a depression in the dorsal sur-
face whose depth was at least Tmm from a tangential (dashed) line to
the surface of the CC. The solid arrow line shows a 3-mm-deep an-
terior notch. C, Three areas of notching indicated by the white arrows
correspond to an undulating configuration. D, Midline sagittal TI-
weighted image shows that a 3-mm anterior notch (arrow) is present.
The flow void from the pericallosal artery is visualized extending into
the notch (arrowhead).

3800 consecutive brain MR imaging examinations with reported
impressions containing the keywords “normal” or “no acute pro-
cess” were reviewed. These data were then screened for all radio-
graphically normal study findings, spanning patient ages 1 day (0
years) to 90 years, that contained a diagnostic-quality midline
sagittal T1-weighted image. Studies were excluded for any patho-
logic process, including but not limited to developmental anom-
alies, hydrocephalus, intracranial hemorrhage, infarction, en-
cephalomalacia, demyelinating disease, trauma, malignancy, any
surgical intervention, or motion-limited examinations.

A team of neuroradiologists and neurosurgeons then visually
inspected the dorsal surface of each CC on a midline sagittal T1-
weighted image. A CC was designated “normal” if the dorsal sur-
face contained no notching (Fig 14). A “notch” was defined as a
focal concavity in the dorsal surface the depth of which was at least
1 mm from a tangential line to the surface of the CC (Fig 1B). The
notch was noted to be in either the anterior or posterior half of the
body of the CC. The CC was considered “undulating” if there
were >2 notches, including both an anterior and posterior notch
(Fig 1C). The depth and location of the notch was recorded. Each
image was also examined for the presence of a visible pericallosal
artery flow void and whether the artery was seen within the notch
(Fig 1D).

Statistical Analysis

Subjects were sorted by age and grouped into 5-year increments,
starting at age zero. A Poisson regression model was used to de-
termine whether the prevalence of a notch changes with time, and
a Spearman p correlation was used to determine whether the
depth of a notch changes with time. A Student ¢ test was used to
determine whether patient sex affects the depth of anterior and

Retrospective review summary of brain MR imaging studies,
notch count, and position

Review Summary

Brain MR imaging studies reviewed (No.) 1639
Brain MR imaging studies, with notches (No.) 823
Notches identified in 823 MR imaging studies (No.) 102
Female (No.) (%) 919; 56
Notch identified 460; 50
Male (No.) (%) 720;44
Notch identified 363; 50
Anterior position (No.) (%) 344; 31
Posterior position (No.) (%) 660; 60
Undulating, >2 notches (No.) (%) 98;9
Pericallosal artery notch association (No.) (%) 490; 60

posterior notches. x” tests were used to determine whether sex or
the presence of a blood vessel significantly affects the presence of
a notch. Logistic regression was used to determine whether age is
a significant predictor variable for undulation, with undulation
as a binary dependent variable. Logistic regression was also used
to determine whether age is a significant predictor variable for the
occurrence of anterior and posterior notches. Statistical analysis
was undertaken using SPSS Statistics, Version 24 (IBM, Armonk,
New York), and P values were considered significant at <.05.

RESULTS

Retrospective review revealed 1639 unique brain MR imaging
studies that met study inclusion criteria; 919 (56%) were female
patients and 720 (44%) were male. Ages ranged from 0 to 89 years.
There was a total of 1102 notches identified in 823 MR imaging
studies; 344 (31%) were located in the anterior half, and 660
(60%) were in the posterior half of the corpus callosum. There
were 98 (9%) studies that demonstrated an undulating pattern.
From the total of 919 females and 720 males, 460 females (50%)
and 363 males (50%) demonstrated evidence of a notch. There
was no significant difference between sex and the prevalence of a
notch (P = .884) (Table).

The prevalence of an anterior or posterior notch was signifi-
cantly affected by age (Fig 2). There was a significant positive
correlation between the prevalence of an anterior notch and ad-
vancing age (P < .001, OR = 1.095; 95% CI, 1.067-1.123), so the
odds of an anterior notch increased by 1.1 times for each age
category. Conversely, there was a significant negative correlation
between the prevalence of a posterior notch and age (P < .001,
OR = 0.967; 95% CI, 0.948—-0.987), so the odds of a posterior
notch decreased by 0.967 for each age category. Age was also
found to be a statistically significant predictor of undulation of
the corpus callosum (P = .002, OR = 1.106; 95% CI, 1.008—
1.025). We then specifically examined the 0- to 1-year of age sub-
population cohort (1 = 24) to determine the earliest prevalence of
notches. This subpopulation had a 12% prevalence of an anterior
notch and a 21% prevalence of a posterior notch.

Age had a variable effect on the depth of the notch (Fig 3). The
average depth of the anterior notch over all age groups was 1.5
mm, and that of the posterior notch was 1.7 mm. The depth of the
anterior notch significantly increased [Rs(345) = 0.118, P = .028]
with increasing age. In contrast, age had no significant effect on
the depth of the posterior notch [Rs(658) = 0.019, P = .622]. Sex
also did not affect the depth of either the anterior [t(343) = 1.613,
P = .147] or posterior [t(656) = —0.253, P = .330] notch.
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FIG2. Scatterplot of prevalence versus age in 5-year increments. The posterior notch prevalence (red squares and red line) decreases with time,
R? = 0.29. The anterior notch prevalence (blue diamonds and blue line) increases with time, R* = 0.60. The undulating pattern prevalence (green

triangles and green line) also increases with time, R = 0.28.

There were 604 (37%) studies in which a pericallosal artery
flow void was identified. In 490 of the 823 (60%) studies in which
a CC notch was present, a pericallosal artery flow void was signif-
icantly associated with the presence of a notch (P <.001) (Table).

DISCUSSION
To our knowledge, this is the first study describing the MR imag-
ing characteristics of the dorsal CC surface across the human life
span. Here we demonstrate that notching of the dorsal CC surface
is present in infancy in up to 21% of individuals, suggesting that it
can be a physiologic anatomic feature. This study shows that the
strongest correlation is between an anterior notch prevalence and
increasing age. The posterior notch and undulating pattern had a
moderate correlation. These dynamic age-related changes suggest
that notching is an acquired anatomic feature in most individuals.
It has been previously demonstrated that the morphology of
the CC does not remain static with time. Tanaka-Arakaw et al'®
reported that the callosal growth from 0 to 25 years of age is
nonlinear; there is an initial marked growth in the total cross-
sectional area in the first few months to years of life, which then
plateaus during later childhood and adolescence. Then, after 16
years of age, the total area of the CC progressively declines
throughout the life span.'®'® Furthermore, the individual com-
ponents of the CC develop at different rates.” There is an initial
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growth of the genu beginning at birth to 5-6 years, followed by
subsequent growth of the splenium until 10-12 years.'>*° Al-
though debated in the literature, these changes do not seem to be
sex-dependent. Multiple studies have demonstrated that there is
not a consistent statistical change in the absolute callosal area
between men and women throughout the life span.'>'*2%-?

Our study also supports the dynamic evolution of the CC with
time. Our data suggest that as patients age, the prevalence and
depth of an anterior notch in the dorsal callosal surface increase
significantly. The depth of the anterior notch is most shallow dur-
ing childhood and adolescence and then gradually increases with
advancing age. It seems conceivable that as the CC ages and its
midline cross-sectional area diminishes, the notch depth and thus
its prominence become more obvious.

In contrast, however, the prevalence of the posterior notch
decreased with age in our study, and the depth did not signifi-
cantly differ with time. It is known that in the older population,
the total white matter volume and the corpus callosum cross-
sectional area decrease across time.'°'® Concurrently, there is
also a compensatory increase in the ventricular volume from
brain atrophy, leading to a more rounded contour and relative
flattening of the posterior callosal surface compared with the
younger population.”* Hypothetically, this flattening of the CC
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FIG3. Scatterplot of notch depth (millimeters) versus age. No significant difference is seen in the depth of the posterior notch with increasing
age (R* = 0.01). There is a significant increase in the depth of the anterior notch with increasing age (R* = 0.39).

with time could account for the decreasing prevalence of a poste-
rior notch with increasing age. The posterior notch in the younger
population was frequently a manifestation of having a thicker
splenium than in the older population. In these younger patients,
the thicker splenium created a measurable notch based on our
methodology, which may also account for the decreasing preva-
lence with increasing age. Alternatively, the decrease in notching
posteriorly with age might be due to atrophy of the posterior body
and splenium of the CC due to biparietal pathologies.

We found that the prevalence of an anterior notch at any age is
significantly correlated with the presence of a neighboring blood
vessel. The CC is supplied by an extensive network of anastomos-
ing vessels between the anterior and posterior cerebral arteries.
The rostrum, genu, and body are mostly supplied by the perical-
losal artery, a branch of the anterior cerebral artery. As demon-
strated in a gross anatomic study by Tiire et al,* in 60% of speci-
mens, the pericallosal artery was entirely within the callosal
sulcus, coursing along the superficial dorsal aspect of the CC.
Another 30% of specimens demonstrated vessels with an irregular
course through the callosal sulcus, and only 10% were not associ-
ated with the CC at all. The terminal segment of the pericallosal
artery then anastomoses with the posterior pericallosal artery, a
branch of the posterior cerebral artery, which supplies most of the
splenium.

Given this extensive, intimate association between the perical-

losal vasculature and dorsal callosal surface, our data suggest that
the etiology of a callosal notch on MR imaging may be an effect of
the pericallosal artery either directly indenting or focally obscur-
ing the CC along its course or falling into an adjacent notch.
Arteries are well-known for distorting adjacent white matter
structures such as the pons and medulla in cases of dolichoectasia
of the vertebral artery.” It seems plausible that with time, hyper-
trophy or increased tortuosity of the pericallosal artery could sim-
ilarly distort the contour of the adjacent CC surface. Increased
tortuosity of the vessel with time could account for the increasing
prevalence of undulation of the dorsal surface as the CC accumu-
lates additional notches. This finding may be compounded by
normal callosal atrophy with aging. As the cross-sectional area of
the CC diminishes with time, the vessels lose their normal support
from the callosal surface. This, in turn, could lead to a vessel “fall-
ing” into an adjacent notch or “draping” of pericallosal vessels
over the CC, further providing the appearance or deepening of a
callosal notch on MR imaging. Similarly, the increase in anterior
notching prevalence with age might be due to the much larger
diameters of the proximal A2 vessels than the smaller, less pulsa-
tile posterior vessels.

Describing the dorsal contour of the CC with time in a large
population can help us better classify findings as normal, ab-
normal, acquired, or congenital. The morphology of the CC
has been suggested to play a role in a number of different
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neurocognitive and psychiatric disorders. In particular, the
CC has been widely studied in fetal alcohol syndrome
(FAS),>'>!%2%27 which affects approximately 2%—5% of the
population in the United States.”®*” An article by Riley et al,”
from 1995, postulated that focal abnormalities or what we refer
to as “notches” of the CC might be secondary to insults that
occur after its complete formation. The Riley article itself does
not address or describe these focal abnormalities but, ironi-
cally, remains highly cited in the medicolegal literature for
establishing focal abnormalities of the CC as part of the FAS
spectrum.” When we further analyzed our patients younger
than 1 year of age to determine the percentage of our popula-
tion that might have congenital notches, there was a 12% an-
terior notch prevalence and a 21% posterior notch prevalence.
The discrepancy between the low prevalence of FAS in the
population (2%—-5%) and high prevalence of notches of the CC
in our earliest age group (12%-21%) suggests that notching is
unlikely to be directly associated with FAS. However, the sig-
nificance of the prevalence discrepancy may be limited by the
small sample size of patients younger than 1 year of age (n =
24) in our study and thus may warrant further investigation to
more accurately define these percentages.

It follows that this study is intrinsically limited by its nar-
row focus of only examining the dorsal surface of the CC.
Furthermore, this was not a longitudinal study because single
patients were not followed across time to track their potential
development of notches. Additionally, this patient population
represents a regional sample, and a similar analysis in a differ-
ent region might result in different values. This is a purely
radiographic study, and although each subject was examined
for any intracranial pathology, we do not have any data that
describe the clinical functionality of these patients. Other more
global observations that may influence CC morphology, such
as callosal area or total cerebral volume, were not quantified.
Furthermore, we only measured the absolute depth of the
notch but did not measure the depth relative to the thickness of
the CC. Studies containing small-vessel ischemic changes or
studies with generalized cerebral atrophy were not excluded.
These are both states that could influence CC volume. Finally,
the study relied on flow voids to locate the pericallosal artery
and did not have dedicated angiographic correlates. These
could be areas of future study.

CONCLUSIONS

Analysis of >1600 brain MR imaging studies suggests that the
presence of a dorsal callosal notch can be a common anatomic
variant, affecting 50% of both men and women. The correlation
of a posterior notch and an undulating pattern with age was mod-
erate, while there was a strong correlation of anterior notch prev-
alence with age. The prevalence and depth of a notch are dynamic
phenomena that change throughout the life span, providing evi-
dence that notching can also be an acquired finding that, atleast in
some cases, is the result of normal aging. Furthermore, the pres-
ence of a notch can also be associated with a neighboring perical-
losal artery.
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