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BACKGROUND AND PURPOSE: It is desirable to develop a bedside method for assessing
cerebral development in the very premature infant to monitor the effectiveness of interventions
aimed at improving cerebral development. Our aim was to describe the growth trajectory of the
corpus callosum (CC) on cranial sonography in very premature infants.

METHODS: We recruited 100 very-low-birth-weight infants admitted to a single regional level
III neonatal intensive care unit from November 1998 to November 2000. Cranial sonography
images of the CC were obtained for 64 (32 boys) infants (mean gestational age, 28 weeks; range,
23–33 weeks) in the first week of life and at term equivalency. The growth rate of the CC was
compared in the 64 study infants to the expected growth rate of 0.20–0.27 mm/day from
antenatal data and correlated with clinical outcome at 2 years of age by using Mental
Development Index (MDI) and Psychomotor Development Index (PDI).

RESULTS: The average growth rate of the CC was half of that expected from antenatal data.
Mean growth rates were similar for all gestational ages (mean, 0.11 mm/day; range, 0.05–0.29;
P � .4). The CC at term equivalency was longer for those in MDI class 2 (mean, 44.3 mm)
compared with MDI class 3 (mean 40.2 mm; P � .003) as well as for PDI class 2 versus 3 (P �
.017).

CONCLUSION: Measurement of the length of the CC at cranial sonography is reproducible.
Those with poorer neurodevelopmental outcomes have a shorter CC at term equivalency. The
CC grows at a much lower rate postnatally than in utero among very premature infants.

Much current research activity is directed toward
finding methods for protecting the premature brain
from injury and optimizing normal cerebral structural
development (1–4). The clinical manifestation result-
ing from brain injury or impaired development in the
preterm infant is frequently not apparent until 2 years
of age or older (5–7). Although MR has greater
sensitivity than cranial sonography at detecting
periventricular leukomalacia (PVL), particularly the
noncystic form (8), the portability, ease of use, and
lower cost of sonography mean that it is likely to be

the preferred imaging technique in the early postnatal
period for very premature infants. It is therefore de-
sirable to develop a sonography method for assisting
in the evaluation of cerebral structural development.
This would assist in monitoring the effectiveness of
any future neuroprotective strategies aimed at im-
proving cerebral growth and development.

We chose to study the corpus callosum (CC) for
several important reasons. The first is that it is readily
visible at cranial sonography and has been shown to
be a rapidly growing brain structure, with almost
linear growth from 20 weeks to 40 weeks gestation (9,
10), thus enhancing our sensitivity to change in struc-
tural development. The second major reason for se-
lecting the CC for investigation was that the CC is a
major white matter pathway, and thinning of the CC
is a recognized corollary of white matter injury (7, 11,
12). White matter injury or periventricular leukoma-
lacia (PVL) is the major neuropathologic form of
brain injury in the premature infant (13), particularly
in those with a birth weight �1500 grams. Oligoden-
droglial cell precursors in the periventricular white
matter seem to be very susceptible to injury (13),
probably mediated by free radicals, leading to necro-
sis or apoptosis depending on the magnitude of the
injury (14). The absolute size of CC in adolescents
who were premature is smaller than controls but does
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not correlate well with neurodevelopmental outcome.
We hypothesized that the rate of growth particularly
in the early postnatal period may be more important
than the absolute size of the CC. Thus, the aim of this
study was to determine how CC growth could be
measured at cranial sonography and to detect any
trends in growth in very premature infants.

Methods
Subjects. Subjects consisted of 100 very-low-birth-weight

(VLBW) infants admitted to a single regional level III neonatal
intensive care unit from November 1998 to November 2000
recruited into a longitudinal study of neuroimaging in the
preterm infant. This comprised 91% of infants eligible for
recruitment. Cranial sonogram was performed routinely on day
4–7 of life and then at 6 weeks of age. Other sonograms were
performed for clinically indicated reasons, such as prolonged
episodes of desaturation, sudden drop in hemoglobin level, and
follow-up of intraventricular hemorrhage. A further cranial
sonogram was performed at 40 weeks corrected gestational
age, at the same time as a volumetric MR image. Of the 100
infants, we excluded 36 (18 boys) because the radiographs were
missing (13), scans had not been performed at appropriate time
(22), or the CC was inadequately imaged for measurement
purposes (1). The study group comprised 64 (32 boys) subjects
with a mean gestational age of 28 weeks (range, 23–33 weeks).
The mean birth weight was 1086 grams (range, 630–1475
grams). There was no statistical difference in birth weight or
gestational age between those included and those excluded
from the study. Full neurologic and psychomotor assessment
was performed for 55 infants (one later died, and 8 were lost to
clinical follow-up). Each of these 55 subjects underwent mental
and psychomotor assessment at 2 years of age. Mental Devel-
opment Index (MDI) and Psychomotor Developmental Index
(PDI) based on Bayley scoring (15) were assigned. The MDI
evaluates memory, problem solving, and language. The PDI
tests control of gross muscle groups and fine motor manipula-
tions. MDI and PDI scores are grouped into classes based on
SD of 15. Class 1 is �100, class 2 is 85–100, class 3 is 70–85, and
class 4 is �70. Of the 55, 24 were male; steroids were admin-
istered antenatally to 47; 12 showed intrauterine growth retar-
dation; 17 had premature rupture of membranes; 18 were from
multiple births; and 19 were delivered by caesarean section.
Postnatally, 33 needed intermittent positive pressure ventila-
tion for as long as 62 days (mean, 7 days); 17 were still oxygen
dependent at 36 weeks corrected gestational age; 19 were
treated with indomethicin for patent ductus arteriosus; and one
developed necrotizing enterocolitis. Ten control babies born at
term were assessed by measuring the length of CC at cranial
sonography. For controls, MDI and PDI scores were assessed
at 2 years of age.

Measurement of the CC. We obtained 2D measurements of
the CC, because they do not require complex image processing
and can be easily measured by using standard image viewing
software. Only midline sagittal images of the CC were used in
this study. All images were digitized by using a Vidar Diagnos-
tic Pro Plus digitizer (Wise Healthcare Systems, Wiltshire, UK)
at a resolution of 150 dots per inch in 12-bit gray-scale format.
The length and height of the CC were measured at one third of
the distance between the extreme margins of the genu and
splenium (Fig 1). This point was selected rather than the
splenium because we had found poor correlation between sple-
nium depth at sonography and white matter volume assessed at
MR in previous work (16). The digitized images were cali-
brated according to the scale on each image, and the CC length
and height were measured by using ImageJ software (National
Institutes of Health, Bethesda, MD).

A subgroup of 16 infants was selected for initial study to
determine the most useful method of measuring the CC. The

16 infants had a mean gestational age at birth of 27 weeks
(range, 25–31 weeks). Each of the 16 infants had between 2 and
5 sonograms between birth and term equivalency. A total of 65
sonograms were assessed. In this sample of 16 infants, the
length of CC correlated much better with gestational age (R �
0.782; P � .001) than the height of the CC (R � 0.062; P �
.624). The CC length was therefore selected for measurement
in the complete study group.

For the whole study group of 64 infants, CC length on the
first postnatal scan was plotted against gestational age and
compared with the published values of normal CC length ob-
tained at endovaginal obstetric sonography (9, 10), calculated
as the slope of the published data points (0.20–0.27 mm/day).
The CC length was measured at sonograms obtained within 5
days of birth and within 7 days of term equivalency. The growth
rate in mm/day was calculated by dividing the difference in
length by the number of days between scans. Nine infants were
born at 23–25 weeks, 35 at 26–29 weeks, and 20 at 30–33 weeks
gestation. Growth rates in different age groups were compared
by using analysis of variance. A second examiner measured
length of CC on all sonograms of all infants (including the
sample group of 16), from the digitized images on the PACS.
Intraclass correlation coefficients and Bland-Altman plot (17)
within SPSS version 12.0 (SPSS, Chicago, IL) software were
used to assess intraobserver and interobserver variation. Sta-
tistical analysis was by Student t test and analysis of variance.

The regional ethics committee approved all aspects of this
study, and informed consent was obtained from all parents.

Results
Measurement of the CC. The most reproducible

dimension of the CC to measure at cranial sonogra-
phy was its length. For the intraobserver reliability,
the intraclass correlation (ICC) was high—0.993
(95% confidence interval [CI] 0.988, 0.997)—which
indicates good intraobserver reliability. Interobserver
correlation was also high; mean agreement was �0.35
mm (SD � 0.96 mm). The 95% limits of agreement
were �2.2 mm (95% CI �2.42, �2.06) to 1.5 mm
(95%CI 1.36, 1.72). The difference between the 2
readers was 1 mm or less for 85 of the 93 measure-
ments performed.

FIG 1. Sagittal midline cranial sonographic image shows the
method for measuring height (double-headed arrow), and length
(single-headed arrow) of the CC.
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CC length was also a discriminating feature among
premature infants of different ages. CC length corre-
lated moderately well with gestational age at birth
over the 23–33 weeks age range (R2 � 0.48). The
slower the CC grew, the shorter it tended to be at
term equivalency (R2 � 0.39; Fig 2). The length of CC
at term equivalency had a mean of 41 mm (range,
37–47 mm; mode, 38 mm) for infants born at 23–25
weeks gestation, a mean of 42 mm (range, 37–47 mm;
mode, 41 mm) for infants born at 26–29 weeks ges-
tation, and a mean of 44 mm (range, 35–57 mm;
mode, 42 mm) for infants born at 30–33 weeks ges-
tation. The length of the CC at term equivalency was
significantly greater for control babies (range, 44.4–
49.9 mm; mean, 45.6 mm) than for infants born at
23–29 weeks (P � .003). The mean length of the CC
at term equivalency was greater for those who had
antenatal steroids (mean length 42.9 mm vs 40.1 mm;
P � .02). There was no difference for any of the other
antenatal or postnatal clinical variables.

Growth Rate of CC. The average growth rate of the
CC of 0.11–0.13 mm/day from birth to term equiva-
lency was only half of that expected of 0.20–0.27
mm/day derived from published data on corpus cal-
losal growth in utero (9, 10). The mean growth rate of
the length of the CC was 0.11 mm/day (range, 0.07–
0.17 mm/day; SD, 0.03 mm/day) for infants born at
23–25 weeks gestation, mean of 0.11 mm/day (range,
0.06–0.18 mm/day; SD, 0.03 mm/day) for those born
at 26–29 weeks, and mean of 0.13 mm/day (range,
0.05–0.29 mm/day; SD, 0.07 mm/day) for those born
at 30–33 weeks (Fig 3). There was much greater
variance in growth rate among the 30–33-week group
compared with the remainder (P � .001), though

there was no statistical difference in mean values
across these 3 age ranges (P � .4). Some of the infants
�30 weeks gestation at birth had average growth
rates approaching the expected normal range (0.20–
0.27 mm/day; 9, 10). In all the rest, the growth rate
was well below, sometimes as much as 4-fold lower
(Fig 3). The growth rate of the CC was greater in
those who had steroids antenatally (mean growth 0.15
mm/day vs 0.11 mm/day; P � .02) or who had intra-
uterine growth restrictions at birth (mean growth rate
0.14 mm/day vs 0.11 mm/day, P � .04). There was no
association with sex, multiple birth, premature rup-
ture of membranes, or mode of delivery. In the post-
natal period, there was no association of growth rate
of CC with oxygen dependency at 36 weeks corrected
age or with indomethicin treatment.

Length of CC and Psychoneuromotor Outcome. The
mean length of CC at term equivalency was greater
for those in MDI class 2 (mean, 44.3 mm; SD, 3.0
mm) compared with MDI class 3 (mean, 40.2 mm;
SD, 2.6 mm; P � .003), and it was also greater for
those in PDI class 2 (mean, 44.2 mm; SD, 3.1 mm)
compared with PDI class 3 (mean, 41.7 mm; SD, 3.1
mm; P � .017). Gestational age at birth had no
influence on these differences: mean gestational age
for classes 2 and 3 for MDI and PDI were the same
(mean, 27 weeks; P � .8).

CC Growth Rate and Psychoneuromotor Outcome.
There was no correlation between growth rate of the
CC and MDI or PDI scores or classes for the study
group as a whole or when analyzed by gestational age
bands, yet the only infant in PDI class 4 (untestable
because of the level of disability) had the lowest CC
growth rate (0.05 mm/day).

FIG 2. Plot of postnatal growth rate of length of CC related to gestational age at birth in 64 very premature infants (32 boys) born at
23–33 weeks gestation. Dotted line represents the lower of 2 published growth rates of length of CC at prenatal sonography (13, 14).
Growth rates are much lower (as much as 4-fold) in the very premature infant. Growth rate is from birth to term equivalency. The CC
was measured by using cranial sonography.
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Discussion
The principle finding in our prospective observa-

tional study of very premature infants is that the CC,
on average, grows at only half the expected rate from
birth to term equivalency. CC growth was in the
normal range only in some of the boy infants �30
weeks gestational age, though very low growth rates
were seen in all age groups. A second major finding
was that those with poorer outcomes had a shorter
CC at term equivalency, regardless of gestational age
at birth.

Our study also demonstrated that, in the neonatal
brain, the most reproducible dimension of the CC at
cranial sonography was its length. Thinning of the CC
is a feature of adolescents born prematurely, and
thinning of the CC has been noticed as early as term
equivalency on MR and sonography (7, 11, 12). The
length of CC, though significantly shorter than in
controls, does not correlate with white matter loss as
strongly as cross-sectional measurements in adoles-
cents (11). Our cross-sectional dimensions of the CC
in premature infants were not sufficiently reproduc-
ible to be of use. We postulated that the length of the
CC was likely to be affected by any reduction in white
matter tracts during the preterm growth phase, be-
cause increasing bulk of CC in this time period is in
part due to development of the posterior third of the
body of the CC (auditory fibers) and the splenium
(visual fibers) (11). Recent data from a study of ad-
olescents suggests that poor verbal skills in boys born
very prematurely are associated with poor develop-
ment of the posterior CC (18).

Possible explanations for our finding of slowing in
growth of the CC are, first, that we are detecting a
normal phenomenon—namely, that the growth of the
CC is slower after 26 weeks gestation or that there is
a very wide range of normal. This would contradict
evidence from prenatal sonography showing a consis-
tent growth in length of the CC in vivo in the human
fetus (9, 10) and laboratory studies based on animal
and human brain data that have shown that the cel-
lular growth of the forebrain, brain stem, and cere-

bellum are similar and logarithmic in the second half
of pregnancy (19). Alternatively, it may be that the
CC grows at a different rate ex utero than in utero.

Measurement error seems to be an unlikely expla-
nation, because the intraobserver and interobserver
variation were very low in our study. There are clear
limitations in our 2D measures. Because we were
trying to measure the growth of the CC, the most
useful measure to have made would be the volume of
the entire structure. This would be feasible if a tomo-
graphic imaging technique such as MR imaging were
being used, but that is impractical, in light of the
single-section nature of sonography studies. The next
most useful measure, in light of the limitations of
sonography, would be to measure the area of the CC
in a midline sagittal scan. Various techniques for
obtaining an accurate and reliable measure of this
area were investigated. The most promising is the
method of active contour modeling, or snakes, in
which an energy-minimizing spline conforms to the
region of interest by finding a stable solution to the
balance of internal and external forces (20). We hope
to apply this method in the future; however, because
of the limitations in image acquisition we have to
proceed with a more straightforward measure, which
has the potential advantage of being more universally
applicable in daily clinical practice.

A third possible explanation for our observation of
the reduction in CC growth in preterm infants is that
the changes in growth rate of the CC truly reflect
growth and maturation of the white matter itself. Our
findings support such an explanation but do not prove
it. The CC length at term equivalency is related to its
growth rate (Fig 2), in that the growth rate of the CC
is lower in all babies born at �30 weeks gestation;
there is a more restricted range of growth of CC in
the babies born at 23–30 weeks than in those born at
30–33 weeks.

It is possible that the relative slowing of growth
from birth in very premature infants reflects a less
benign, ex utero environment with perinatal expo-
sures and diffuse cerebral white matter injury reduc-

FIG 3. Plot of postnatal growth rate
of length of CC related to length of CC
at term equivalency in 64 very prema-
ture infants born at 23–33 weeks ges-
tation. Growth rate is from birth to term
equivalency. The CC was measured at
cranial sonography. The slower the CC
grows, the shorter it tends to be at
term equivalency (linear regression
R2 � 0.39). Symbols correspond to n-
week gestation.
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ing white matter growth. If so, then, from our data, it
would appear that the CC in only some of the older
premature infants overcomes the insults or deficits in
this environment to reflect normal growth.

We have demonstrated that postnatal growth of the
CC differs from growth in utero. Is the rate of growth
of the CC in the postnatal period normal or abnormal
in these very premature infants? We would need to
compare the postnatal growth of the CC in preterm
and full-term infants to decide this, though there is no
obvious reason to think that normal brain growth
should differ substantially between preterm and full-
term infants. Our finding that those with poorer out-
comes had a shorter CC at term equivalency is further
evidence suggesting that lower growth of the CC
postnatally is an abnormal finding, particularly for
those born very early as the length of CC at birth is
directly related to gestational age.

We found that antenatal steroid administration was
associated with a slightly improved growth rate of CC
and with a slightly longer CC at term equivalency.
This suggests that antenatal steroids have a mildly
beneficial effect on postnatal brain growth in very
premature infants, at least up until term equivalency.
This finding supports other work suggesting antenatal
steroid use is associated with a reduction in intraven-
tricular hemorrhage and improved neuromotor out-
come (21, 22).

The disadvantages of our study are that we have
not assessed growth of the CC in our control group of
full-term infants, we have not established a method
for assessing thinness of the CC, and we have not
established whether the apparent reduction in growth
is temporary or sustained throughout the infant
period.

Our aim was to find an easily reproducible mea-
surement of the CC at sonography. We have achieved
that aim. We have also demonstrated that marked
differences in growth of CC length occur among very
premature infants. We have found that premature
infants with poorer outcomes at 2 years of age have a
shorter CC at term equivalency than those with better
outcomes. We have not demonstrated any relation-
ship between CC growth and neurodevelopmental
outcome at 2 years of age. It is clear that the rela-
tionship between neuromotor outcome and brain
growth is not a straightforward quantitative one. The
next part of our research is to analyze the patterns of
growth of CC in the weeks between birth and term
equivalency to determine how early and at what stage
we can detect reduced growth and whether there is
any critical stage when corpus callosal growth affects
outcome.

Not all premature infants with white matter injury
develop neurodevelopmental problems, and those
with appreciable CC thinning can compensate for
early damage to the CC (23) or may be left with
specific learning disabilities (24). Despite this, it is
desirable to prevent or at least minimize white matter
injury by developing effective neuroprotective strate-
gies. These include magnesium sulfate (2, 4), devel-
opmental care of the preterm infant (25), selective

hypothermia (or head cooling) (26), erythropoietin
(1, 27) as well as more specific antioxidants (28), and
neuropeptides (29). Measuring the length and rate of
growth of the CC at cranial sonography may be a
useful bedside technique for assessing early the effec-
tiveness of these strategies.
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