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Abstract

Background In the medicolegal literature, focal concavities or notching of the corpus callosum has been thought to be associated
with fetal alcohol spectrum disorders. Recent work suggests corpus callosum notching is a dynamic and normal anatomical
feature, although it has not yet been defined in early life or infancy.

Objective Our purpose was to characterize the dorsal contour of the corpus callosum during the first 2 years of life by defining the
prevalence, onset and trajectory of notching on midsagittal T1-weighted images.

Materials and methods We reviewed retrospectively 1,157 consecutive patients between birth and 2 years of age. Corpus
callosum morphology was evaluated and described. A notch was defined as a dorsal concavity of at least I mm in depth along
the dorsal surface of the corpus callosum. Patient age as well as notch depth, location, number and presence of the pericallosal
artery in the notch were noted.

Results Two hundred thirty-three notches were identified in 549 patients: 36 anterior, 194 posterior and 3 patients with undula-
tions. A statistically significant (R=0.53, Beta=0.021, P=0.002) positive correlation between posterior notch prevalence and age
in months was noted. A positive correlation between age and depth of the posterior notch was also statistically significant
(r=0.32, n=179, P<0.001). A trend for increased anterior notch prevalence with age was identified with significant correlation
between visualized pericallosal artery indentation and anterior notching (=0.20, n=138, P=0.016). Sub-analysis of the first
month of life showed corpus callosum notching was not present.

Conclusion The presence of posterior notching increased significantly with age and was more frequent than that of anterior
notching. Corpus callosum notching was absent in the first week of life, building on prior studies suggesting corpus callosum
notching is acquired. This study provides baseline data on normative corpus callosum notching trajectories by age group during
early life, a helpful correlate when associating corpus callosum morphology with disease.

Keywords Anomaly - Brain - Children - Corpus callosum - Fetal alcohol spectrum disorders - Magnetic resonance imaging -
Notching

Introduction

The corpus callosum is the largest white matter tract in the brain
and the dominant commissure, facilitating transmission and syn-
thesis of information between the two cerebral hemispheres.
Approximately 200 million fibers within the corpus callosum
interconnect all the major subdivisions of the cerebral cortex,
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supply the corpus callosum arise from both the anterior and
posterior circulation, with large diameter arteries in contact with
the corpus callosum in some locations [5, 6].

Corpus callosum morphology evolves with changes in mid-
sagittal size, thickness, structural integrity and myelination over a
life span [1, 3, 7-15]. While the number of corpus callosum
fibers is determined around the time of birth, corpus callosum
volume demonstrates alternating phases of expansion and shrink-
age depending on varying degrees of axonal myelination, redi-
rection and pruning [3]. On magnetic resonance imaging (MRI),
corpus callosum signal intensity is associated with myelination,
while thickness reflects the number of fibers and associated my-
elin volume [16, 17].

Corpus callosum thickness can serve as an important devel-
opmental feature with thinning suggestive of underlying disease
[17]. Abnormal development of the corpus callosum has been
implicated in adverse motor outcomes [18], impaired numerical
processing [19], poor spatial integration [20], attention deficit/
hyperactivity disorder [21], autism spectrum disorder [22],
schizophrenia [23, 24], fetal alcohol spectrum disorders
[25-28] and the pathogenesis of certain forms of epilepsy [I,
29-31]. Focal thinning or concavity of the corpus callosum, what
we refer to as notching, has been implicated as a diagnostic
feature of fetal alcohol spectrum disorders in the medicolegal
literature [32]. A 1995 article by Riley et al. [25] remains highly
cited in medicolegal literature for establishing focal abnormalities
of the corpus callosum as part of the fetal alcohol spectrum [25,
32]. Subsequent literature suggests focal thinning or concavity of
the corpus callosum, which we refer to as notching, to be an
indicator of brain damage from fetal alcohol exposure [32, 33].
As a result of this literature and the clarity and ease of corpus
callosum imaging on MR, isolated concavity or notching on a
defendant’s corpus callosum is used in the U.S. court system
when trying to introduce fetal alcohol spectrum disorders as part
of a legal defense strategy [32].

Given the dynamic growth patterns of normal corpus
callosum development, we sought to build upon recent work
on corpus callosum notching in a normal population [34] by
examining the prevalence of these notches in a large cohort
within the first 2 years of life. Previous studies by Krause et al.
[34] analyzed corpus callosum thickness and notching using
the same methodology as employed here and included a broad
age distribution, but infants were underrepresented in their
sample. The objective of our study was to investigate notching
prevalence during the first years of life to gain insight into the
developmental trajectory of notching and to determine if
notching is a congenital or acquired finding.

Materials and methods

Institutional review board approval was obtained with a waiv-
er of patient consent. Potential subjects for this retrospective
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cohort study were obtained from a search of the PACS imag-
ing archive for all MRI examinations of the brain performed at
our institution, a major tertiary care university medical center.
The PACS system was queried for all consecutive brain MRI
examinations on patients up to 2 years of age between Jan. 1,
2014, and Dec. 31, 2016, containing the keywords “normal”
or “no acute process.” Patients were included if they contained
diagnostic-quality midline sagittal T1-weighted images with-
out cerebral pathology. Exclusion criteria included but were
not limited to cerebral malformation, developmental abnor-
malities, hydrocephalus, intracranial hemorrhage, infarction,
encephalomalacia, demyelinating disease, trauma, malignan-
cy, surgery, and pre- and perinatal hypoxic ischemic injury.

All MRIs were performed using 1.5-T or 3-T machines.
T1-weighted sagittal slices were obtained with 1- to 4-mm
section thickness. For each radiographically normal patient,
the morphology of the corpus callosum was evaluated using
a previously described protocol [34]. The midsagittal dorsal
contour of the corpus callosum was inspected by a team of
neuroradiologists and neurosurgeons for any focal concavity
or notch, and all notches were then reviewed by the senior
author (J.M.P. with 17 years of experience in neuroradiology).
A notch was defined as a focal depression or concavity mea-
suring greater than 1 mm in depth from a tangential line to the
dorsal surface of the corpus callosum (Fig. 1). In addition to
depth, each notch was categorized as having either an anterior
or posterior location relative to the mid-body of the corpus
callosum (Fig. 2). Each notch was reviewed for a pericallosal
artery flow void contacting the nadir of the notch (Fig. 3). A
corpus callosum was designated normal if the midsagittal dor-
sal surface was flat or convex and contained no notches. A
corpus callosum was considered undulating if there were more
than two notches, of which the deepest anteriorly and poste-
riorly were measured.

Fig. 1 Sagittal T1-weighted MRI in an 18-month-old girl demonstrates
how the notch depth (solid line) was measured along a tangential line
(dashed line) to the dorsal surface of the corpus callosum
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Fig. 2 Sagittal T1-weighted MRI in a 15-month-old boy shows a 2-mm
anterior notch (arrow) on the dorsal surface of the corpus callosum

Statistical analysis was performed to determine associa-
tions between age, notch presence, depth and an associated
artery in the notch. MRI examinations were sorted by patient
age at the time of imaging and grouped into 2-month incre-
ments. Notch prevalence for each age group was obtained by
dividing the number of examinations with notching by the
total number of imaging exams in the age group. Anterior
and posterior notching data were analyzed both cumulatively
and independently using the 2-month interval age group as the
independent variable in linear regression models. Pearson cor-
relation analysis was used to determine whether the depth of a
posterior notch changed with time. Spearman’s Rho was used
for anterior notch depth changes with time. Anterior and pos-
terior notch depth were analyzed separately. Pearson correla-
tion was considered significant at the 0.01 level (2-tailed).
Spearman’s Rho test was used to determine if the presence
of'a flow void along the dorsal contour of the corpus callosum

=

»

Fig. 3 Sagittal T1-weighted MRI in a 9-month-old girl shows the
pericallosal artery extending into a 1-mm anterior notch (arrow)

significantly correlated with the presence of an anterior notch.
Sub-analysis of notch prevalence within the youngest popula-
tion grouped into 1-week increments over the first month of
life was additionally performed. Statistical analysis was per-
formed using SPSS Statistics, Version 24 (IBM, Armonk,
NY). P-values <0.05 were considered significant.

Results

MRI examinations from 1,157 patients were reviewed. Five
hundred forty-nine patients met the inclusion criteria and were
classified. Two hundred thirty-three notches were identified in
those 549 patients: 36 anterior, 194 posterior and 3 patients
with undulations. The prevalence of anterior, posterior and
undulating notches was 6.6%, 35.3% and 0.5%, respectively
(Table 1). Overall notch prevalence for the entire population
was 42.4%.

Both anterior and posterior notch prevalence increased
with age. The linear regression model found a statistically
significant association between posterior notch prevalence
and age (R?=0.53, Beta=0.021, P=0.002). There was no sta-
tistically significant association between anterior notch prev-
alence and age despite a trend of increased anterior notch
prevalence over time (Fig. 4).

Posterior notch depth significantly increased with patient
age in our study population (Fig. 5). A statistically significant
positive correlation between patient age group and posterior
notch depth was identified (#=0.32, n=179, P<0.001). There
was no statistically significant correlation between patient age
and anterior notch depth (»=0.008, n=14, P=0.98).

Anterior notches were associated with the presence of the
pericallosal artery in the notch.

The pericallosal artery flow void contacted the nadir of the
anterior notch in 29 of the 36 cases. Using the Spearman’s
Rho correlation test, we found there was a significant correla-
tion between visualization of the artery and the presence of an
anterior notch (7=0.20, P=0.016, n=138).

Table 1 Summary of brain MRI examinations, notch count, position
and depth

Brain MRI examinations reviewed (n) 1,157
Brain MRI examinations included (1) 549
Notches identified () 233
Anterior position (1) 36
Anterior prevalence (%) 6.6
Posterior position (1) 194
Posterior prevalence (%) 353
Undulating, >2 notches (1) 3
Undulating prevalence (%) 0.5
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Prevalence versus age
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Fig. 4 Prevalence versus age demonstrates a significant rapid increase in prevalence of the posterior notch with age (R°=0.547). There is a trend for
anterior notch prevalence to increase with age, but this does not reach statistical significance (R2:0.187)

MRI examinations of the 62 patients younger than
1 month were evaluated by age groups for the first, sec-
ond, third and fourth weeks of life and were comprised of
19, 24, 9 and 10 patients, respectively. No notching was
identified within the 1st or 4th week of life. Highest pos-
terior notch prevalence was 11% (n=1) during the third
week of life. Anterior and posterior notches were both
present in the second week of life, seen in 8% (n=2) and
4% (n=1), respectively. There was no undulating mor-
phology present during the first month of life (Table 2).

Fig. 5 Posterior notch depth

Discussion

A thorough understanding of the spectrum of normal anatom-
ical morphology informs neuroimaging diagnosis. Whereas
generalized thinning of the corpus callosum may indicate un-
derlying disease [17], alteration in focal callosal thickness or
notching may represent normal anatomical variability in the
course of dynamic structural development. To our knowledge,
this is the first study describing the normal MRI appearance of
the dorsal surface of the midline corpus callosum during early
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Table 2 First month of life by week

Age by week 0 1 2 3
# Total 19 24 9 10
#(%)  Anterior notch prevalence 0 2 (8) 0 0
#(%)  Posterior notch prevalence 0 14) 1(11) 0
# Undulating notch prevalence 0 0 0 0

life. Corpus callosum notches were a common finding during
the first two years of life, appearing in 42% of MRI studies in
this age group. However, no notches were present in scans of
children performed during the first week of life. The preva-
lence of posterior notching and posterior notch depth both
significantly increased with age during the first 2 years of life
(Figs. 3 and 4). The prevalence of anterior notching increased
during early life without reaching statistical significance.
However, there was a significant positive correlation with
the presence of the pericallosal artery in the anterior notch.

Our study complements a study by Krause et al. [34] that
described the prevalence of callosal notching throughout the
life span but had a relatively small number of subjects in the
group ages 0-2 years. In a retrospective review of 1,639 MRI
examinations in patients ranging in age from 0 to 89 years,
Krause et al. [34] demonstrated a statistically significant cor-
relation in both the prevalence and depth of anterior notching
as age increased. Conversely, they found a significant de-
crease in the prevalence of posterior notching as age in-
creased. When they analyzed their 0- to 1-year-old population,
Krause et al. [34] found that anterior and posterior corpus
callosum notch prevalence reached 12% and 21%, respective-
ly. However, the significance of this finding was limited by a
small sample size [34]. Our data, combined with the Krause
et al. [34] study, suggest that posterior notch prevalence rap-
idly increases over the first 2 years of life, peaks at 10—
15 years of age and then gradually decreases in prevalence
throughout the rest of life. The significant increases in poste-
rior notch prevalence during the 4- to 6-month age group (Fig.
4) are likely a manifestation of disproportionate increases in
the thickness of the splenium also described by morphological
studies [17, 35, 36]. Posterior notch prevalence plateauing at
10—15 years of age is also supported by prior morphological
studies that showed a differential age-related growth of the
corpus callosum during embryological development until a
critical period around 9—12 years old [3, 37, 38].

While the prevalence of the posterior notch is dynamic and
likely the result of early thickening of the splenium followed
by stabilization [36], the anterior notch prevalence appears
strongly associated with the pericallosal artery contacting the
dorsal surface of the corpus callosum and extending into the
notch. In our study, the pericallosal artery was seen in 29 of the
36 (81%) anterior notches. Krause et al. [34] found the
pericallosal artery in 490 of 823 (60%) anterior notches.

While there was a trend in our data for anterior notch preva-
lence to increase with age, it did not reach statistical signifi-
cance. We believe this result is secondary to the relatively
short time frame and small number of anterior notches in our
study. Our data in combination with the Krause et al. [34]
study suggests that anterior notches are slowly accumulated
over the human lifetime and many (60-80%) are associated
with the pericallosal artery. It may be that progressive in-
creases in arterial tortuosity from the neonatal period through
infancy and into adulthood contribute to the increased preva-
lence of anterior notches with advancing age [39] in a mech-
anism similar to development of brainstem deformity second-
ary to dolichoectatic vertebral arteries.

One of the aims of the study was to determine if notches
were congenital or acquired. Our study demonstrated mean
anterior and posterior notch prevalence across all age groups
from birth to 2 years of age of 6% and 35%, respectively. If
notches were a congenital manifestation reflecting the in utero
environment, then notches should have a constant prevalence
in the population and be seen in the earliest age groups. Our
study shows that posterior notches are highly dynamic with a
significant increase in prevalence with age while anterior
notches are slowly accumulated over time. Of note, we could
not identify any notches in the first week of life. These data
suggest both anterior and posterior notches are acquired and
represent manifestations of normal development and growth.

Fetal alcohol spectrum disorders have been associated with
anomalies of the corpus callosum for decades [25, 27]. In the
medicolegal realm, the diagnosis of fetal alcohol spectrum
disorders has been considered on the basis of a solitary mor-
phological feature: focal concavity (notching) of the corpus
callosum [32]. In an era where the U.S. judicial system may
accept brain imaging as evidence of injury or preexisting con-
ditions [32], the importance of differentiating spectrums of
normal morphology from pathology is paramount. Our study
does not directly address the prevalence of notching in fetal
alcohol spectrum disorders, but the overall prevalence of
notches in our population is much higher than the expected
prevalence of fetal alcohol spectrum disorders, which is re-
ported to have a prevalence of 2-5% of the U.S. population
[40, 41]. This discrepancy between the reported fetal alcohol
spectrum disorders prevalence and notch prevalence, along
with the dynamic changes of notch prevalence associated with
increasing age, makes it unlikely for notching to be secondary
to fetal alcohol spectrum disorders.

Intrinsic limitations of our study relate to the narrow focus
of examining the dorsal surface of the corpus callosum in the
cohort ages 0-2 years. Additionally, an inherent selection bias
may be present by the retrospective nature of including studies
from a hospital database. We did not collect or analyze data on
the gender of the patients in relation to the prevalence of
notches. Some previous studies revealed gender-specific dif-
ferences in callosal morphology, but the influence of gender
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has been inconsistent [3, 35-37]. However, because there was
no difference between patient gender and corpus callosum
notching (P=0.88) in the Krause et al. [34] study addressing
corpus callosum dorsal morphology, we did not collect gender
information in the current study population. The study is also
limited by the relatively small sample sizes in the first month
of life; our youngest patients were often excluded due to mo-
tion artifacts, which obscured visualization of the corpus
callosum. We did not collect data on interobserver reliability.
However, all notches were reviewed by the senior author, a
neuroradiologist with 17 years of experience. Another limita-
tion was our reliance on the appearance of flow voids on T1-
weighted imaging to infer the presence of the pericallosal
artery in the anterior notch rather than using dedicated angio-
graphic imaging; however, the relative lack of angiographic
studies in our patient group necessitated this. Furthermore, our
study relied on radiographically normal imaging in a group of
patients sent for clinical imaging rather than normal healthy
volunteers. As a purely radiologic study, associations between
notches and developmental, intellectual or behavioral mile-
stones were not correlated. Functional deficits of the corpus
callosum may not always be associated with sagittal midline
morphology changes and would potentially go unrecognized
in our study [42, 43].

Conclusion

This manuscript provides the first comprehensive characteri-
zation of the dorsal contour of the corpus callosum in the
group ages 02 years. We found posterior notching was more
frequent than anterior notching and that posterior notch prev-
alence significantly increased with age during the first two
years of life. Progressive tortuosity of physiological
pericallosal artery development may play a role in the devel-
opment of anterior notching while age-related changes in
myelination and axon caliber may account for changes ob-
served in posterior notch development. Importantly, corpus
callosum notching was absent in the first week of life, building
on prior studies suggesting that corpus callosum notching is
acquired. These data will be helpful for comparison to corpus
callosum morphology associated with abnormal development
during early childhood.
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