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Abstract We investigated the relationship between the
morphology of the corpus callosum (CC) and IQ in a
healthy sample of individuals in their late teens and early
twenties. The relationship between the area of the CC, mea-
sured at the midline, and 1Q showed regional differences.
We observed that a higher estimated performance IQ was
associated with smaller area in the posterior regions of the
CC, a finding that differs from a positive association previ-
ously observed in a somewhat older adult sample. In con-
trast, higher estimated verbal IQ was associated with
decreased fractional anisotropy of the genu, an anterior por-
tion of the CC. Age effects were also observed such that
older age was associated with larger CC area. Our results
suggest that CC morphology is related to cognitive perfor-
mance, which may have implications for clinical popula-
tions in whom CC morphology is atypical.
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Preface

In this paper we examine the relationship between intelli-
gence, as measured by a brief IQ test, and the morphology
of the corpus callosum (CC), which connects homologous
areas of the left and right hemispheres of the brain and is
the largest fiber tract in the human brain (Hynd et al. 1991;
Hoptman and Davidson 1994; Banich 2003; Innocenti and
Bressoud 2003). An examination of the structure of the CC
and its relationship to behavior is particularly apt for this
special issue in honor of Prof Giovanni Berlucchi, who has
been a pioneer in describing the functions of the CC. In his
early work, Prof. Berlucchi conducted ground-breaking
research that characterized the function of the CC in cats
(Berlucchi 1965, 1966) and demonstrated its importance in
binding together two halves of the visual world (Berlucchi
and Rizzolatti 1968). He eloquently reviewed how the anat-
omy and physiology of the CC supports visual function
(Berlucchi 1972) and has shown how interhemispheric inte-
gration influences the processing of information in other
brain regions, such as the superior colliculus (Antonini
etal. 1979). This work was extended by looking at the
larger role of the CC in learning in cats (Berlucchi et al.
1979) and examining issues of interhemispheric transmis-
sion in humans (Tassinari et al. 1983). The implications of
such transmission in humans have also been considered,
such as in work noting that the visuo-motor transfer of
information is the longest lasting sign of callosal discon-
nection after traumatic brain injury (Peru etal. 2003).
Finally, with his keen appreciation for the history of sci-
ence, he considered how the work of Roger Sperry on the
CC and that of David Hubel and Torsten Wiesel on visual
processing, all three of whom received the Nobel prize in
1981, fits into the tradition of neuroscientific research dat-
ing back to Cajal (Berlucchi 2006). We are honored to be
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able to contribute a paper to this special issue in honor of
Prof. Berlucchi’s retirement as his work has informed both
this particular article and the larger program of research in
the Banich laboratory for years.

Introduction

Research with split brain patients, who have had the CC sev-
ered for the treatment of epilepsy, and those with agenesis of
the CC, where the CC does not develop fully or is completely
absent, has indicated that the CC is crucial to the interhemi-
spheric transfer of information (Sperry et al. 1969; Kreuter
etal. 1972; Dimond 1976). In addition to binding together
the two halves of the sensory world that are represented in
opposite hemispheres, the CC also appears to play a role in
attentional control (see Banich 2003, for a review). As ini-
tially described by Banich and Belger (1990), interaction
between the hemispheres is beneficial to task performance
under conditions of high attentional demand but is detrimen-
tal to performance under conditions of low demand. Based
on a large body of empirical work (e.g., Banich and Belger
1990; Belger and Banich 1992, 1998; Weissman and Banich
1999, 2000), Banich and Brown (2000) argued that three fac-
tors determine whether interhemispheric interaction is bene-
ficial or detrimental to task performance. One factor is the
degree to which the callosal transfer of information increases
the time required for processing information. A second factor
is the extent to which a task’s computational complexity
taxes the processing resources of a single hemisphere. The
third factor is the capacity of an individual’s CC to transfer
information between the hemispheres.

According to this model, it is generally beneficial for
information to be processed by a single hemisphere when a
task is computationally simple. Because the transfer of
information between the hemispheres engenders a cost in
time, it will be faster for a single hemisphere to perform the
task when it has the capacity to do so. However, when tasks
are more demanding, interhemispheric interaction leads to
better task performance because the processing load can be
divided between the hemispheres. Hence, the benefit of
recruiting additional resources by using both hemispheres
outweighs the time cost of CC transfer, making it advanta-
geous compared to within-hemisphere processing (for a
review, refer to Banich 1995, 1998, 2003; Banich and
Brown 2000). However, atypical morphology of the CC,
which can occur with multiple sclerosis (Pelletier et al.
2001), schizophrenia (Shenton etal. 2001), Alzheimer’s
disease (Wang et al. 2005), traumatic brain injury (Mathias
etal. 2004), and attention deficit hyperactivity disorder
(Valera et al. 2006; Hutchinson et al. 2008), may compro-
mise the ability of the CC to effectively distribute the pro-
cessing load. As a result, interhemispheric interaction may

@ Springer

be less advantageous in boosting task performance on com-
plex tasks.

Given this model, one might expect a relationship
between performance on cognitive tasks and CC structure.
In fact, there is evidence supporting such a relationship
between 1Q and CC morphology in studies of clinical popu-
lations in which the CC is affected. For example, two
patients with tumors located in the splenium of the CC have
been found to have impaired performance IQ but relatively
intact verbal IQ (Osawa et al. 2006). In another study, the
area of the CC in males who were diagnosed with lacunar
infarction (stroke) and white matter abnormalities was pos-
itively correlated with both performance and verbal 1Q
(Yamauchi et al. 1994). In addition, CC area was smaller in
these patients. The authors concluded that intellectual
decline is associated with atrophy of the CC after stroke.

A similar relationship has been observed in a number of
developmental studies. Adolescents with mental retarda-
tion, and by definition low 1Q, are more likely to show thin-
ning of the CC (Spencer et al. 2005) and reduced white
matter density in the posterior CC (Spencer et al. 2006).
Other studies have found a relationship between CC size
and IQ in children and adolescents who were born pre-term,
such that a smaller CC was associated with a lower 1Q (e.g.,
Peterson et al. 2000; Caldu et al. 2006; Allin et al. 2007,
Narberhaus et al. 2007). Similarly, in individuals with epi-
lepsy, a larger posterior CC area has been associated with
higher IQ (Strauss et al. 1994). Therefore it is possible that
1Q and CC morphology are related, particularly for poster-
ior regions of the CC.

Not withstanding these findings, the evidence for an
association in neurologically intact individuals is generally
equivocal. In a large sample of healthy individuals ranging
in age from 6 to 88 years, a measure related to CC morphol-
ogy (which was interpreted to represent a thinner and more
concave anterior body of the CC) was associated with
higher 1Q, while conventional measures of CC size were
not (Peterson etal. 2001). Similarly, other studies have
failed to find a relationship between CC area and IQ,
including a study by Nosarti et al. (2004) of neurologically
intact 14- to 15-year olds and one by Tramo et al. (1998)
who examined this issue in monozygotic twins. Moreover,
two studies that used voxel-based morphometry to examine
white/gray matter volume failed to find a significant rela-
tionship between white matter in the CC and intelligence
(Haier et al. 2004, 2005).

In contrast, other studies have found a relationship
between IQ and the CC in healthy individuals. In a twin
study, Hulshoff Pol etal. (2006) examined which brain
regions show a high degree of heritability and are related to
1Q, a trait which is also known to be heritable (Plomin and
Spinath 2004). They examined monozygotic and dizygotic
twins and found that the structure of the CC was highly



Exp Brain Res (2009) 192:455-464

457

heritable (0.82) and that CC white matter density shared a
genetic origin with IQ, such that greater white matter den-
sity was correlated with higher 1Q. However, they also
found that environmental influences were associated with
white matter density of the anterior CC, suggesting that not
all portions of the CC have equal genetic influence.

Moreover, Luders et al. (2007) found significant positive
correlations between IQ and the thickness of the CC across
the posterior portion of the CC (posterior body, isthmus,
anterior portion of the splenium) and across a portion of the
anterior midbody in healthy adults. In their study, thickness
was measured as the distance between points on the superior
and inferior surfaces of the CC on the midsagittal section of
the brain. Interestingly, these relationships were less pro-
nounced for females. In contrast, Allin et al. (2007) observed
that higher IQ was associated with a smaller posterior section
of the CC in adolescents (mean age of 15) and adults (mean
age of 22) who were controls for a sample of individuals born
pre-term. In this latter study, the CC was divided into quar-
ters (anterior, midanterior, midposterior, posterior). One pos-
sible explanation for the differences in the direction of the
relationship between the CC and IQ reported by Luders et al.
(2007) and Allin et al. (2007) is that the age of participants
varied in these two studies. The CC continues to develop
throughout adolescence and into early adulthood (Giedd
etal. 1999; Thompson etal. 2000; Barnea-Goraly et al.
2005). As such, the relationship between CC size and IQ may
vary depending on an individual’s age.

Given these contradictory findings, the goal of the pres-
ent study was to examine the relationship between CC area
and IQ in a group of individuals aged 14-25. There were
two main objectives. First, we wanted to determine whether
the results of Allin et al. (2007), which showed a negative
relationship between IQ and posterior CC area, could be
replicated in a sample whose ages spanned the two ages
(age 15, age 22) examined in their study. Second, we inves-
tigated the potential influence of age on CC area and its
relation to IQ. In doing so, we explored whether the rela-
tionships between CC area and integrity differed for esti-
mates of verbal 1Q (VIQ,) and performance 1Q (PIQ.),
given that these aspects of intelligence have been found to
be somewhat dissociable, and whether patterns differed for
males and females given reports of gender differences in
CC size (Bishop and Wahlsten 1997; Sullivan et al. 2001).
This study should improve our understanding of CC devel-
opment and its relationship to intellectual abilities.

Method

This study was approved by the Colorado Multiple Institu-
tional Review Board and was conducted in accordance with
the Helsinki Declaration.

Participants

Thirty-one males and 40 females from the general commu-
nity, aged between 14 and 25 years (mean age = 19.2,
SD = 3.3), participated in this study.

MRI acquisition and analyses

T-1 weighted 3D-SPGR anatomical images were collected
on a 3T GE-Signa MR scanner (repetition time =9 ms,
echo time=2.012ms, flip angle=10° inversion
time = 500 ms; 220 mm field of view, 256 x 256 matrix,
0.8594 mm x 0.8594 mm in-plane resolution, 124 slices,
1.7-mm slice thickness). Slices were acquired coronally.
These images were used to determine CC area. In addition,
DTI images were obtained using single shot echo planar
sequence of 25 gradient directions, each with a weighting
of b= 1,000 s/mm? and NEX =2, along with one volume
without diffusion weighting. The acquisition matrix was
128 x 128 and the images were zero-filled to 256 x 256
(repetition time = 10,000 ms, echo time =85 ms, flip
angle =90°, 128 x 128 matrix, 1.09 mm x 1.09 mm in-
plane resolution, 20 slices, 4 mm slice thickness).

1Q measurement

Participants completed the two subtest version of the
Wechsler abbreviated scale of intelligence (WASI), con-
sisting of the Matrix Reasoning and Vocabulary subtests
(Wechsler 1999). Matrix Reasoning provides an estimate of
performance 1Q (PIQ,) and Vocabulary provides an esti-
mate of Verbal 1Q (VIQ,).

CC measurement

The midsagittal slice was defined as that slice in which the
cerebral aqueduct could be observed most clearly. The CC
in that slice was then traced and divided into five regions,
using a semi-automated algorithm developed by BLJ. Hofer
and Frahm’s (2006) five subdivisions of the CC were uti-
lized because they are based on the origins and projections
of the fibers in the CC, as determined by tractography.
These regions are defined by drawing a line between the
most anterior and posterior points of the CC. Divisions are
placed perpendicular to this line, at 1/6, 1/2, 2/3, and 3/4 of
its length, thus dividing the CC into five regions. These
subdivisions connect, from anterior to posterior (1) prefron-
tal regions, (2) premotor and supplementary motor regions,
(3) primary motor cortices, (4) primary sensory cortices and
(5) parietal, temporal, and occipital cortices.

Although one rater (ADH) conducted all of the CC mea-
surements, intra-rater and inter-rater reliability of the CC
measurements were assessed in a subset of 33 participants
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from the current sample. Intra-rater reliability was assessed
by having ADH redo the area measurements for these par-
ticipants, while being blinded to the original scores. When
these measurements were compared, total CC size had an
inter-class correlation coefficient of 0.98 and reliability
coefficients for the CC regions ranged from 0.95 for region
3 to 0.98 for regions 1, 2 and 5. Inter-rater reliability was
calculated for the CC measurements of the first author
(ADH) and the fifth author (ANB), yielding coefficients of
0.91 for total CC size and between 0.85 for region 4 and
0.95 for region 1 for CC regions. Thus, this method had
very good intra-rater and inter-rater reliability.

Whole brain volume (WBV) was additionally calculated
to control for differences in CC size that may be related to
more general differences in brain size and volume. WBV
was calculated using unnormalized volumes from SIENAX
in FSL (Smith et al. 2002, 2004).

Diffusion tensor imaging

Diffusion tensor imaging (DTI) data, yielding a measure of
fractional anisotropy (FA), was also obtained to examine
the white matter integrity of the CC. FA is a measure of the
diffusion of water molecules along the direction of the axon
and provides a quantitative metric of white matter integrity.
Our approach was to examine two regions that we believed
would provide a representative measure of FA within the
CC, one located in the genu and one in the splenium. This
approach was exceedingly conservative in order to ensure
that we were obtaining a measurement from CC tissue that
was not influenced by partial volume effects, which would
occur if a voxel contained both CC and surrounding tissue.
Because our axial slice thickness was 4 mm, we restricted
our analysis to FA in the thickest part of the genu and the
splenium that contained voxels entirely within the CC.

To obtain FA measures in the genu and splenium,
regions of interest (ROIs) that encompassed each of these
regions separately were manually defined based on FA
maps. Manual determination was required to define these
areas due to the variation in size and shape of the CC across
individuals and, as a result, the ROIs varied in size. These
ROIs were square in-plane but varied in the number of
slices that were included. When defining the ROI, the fol-
lowing constraints were applied. Where possible, the ROI
was drawn to at least one or two voxels past the obvious
border of the CC with non-callosal tissue, which could be
easily determined because the FA in the CC is much higher
than in the surrounding tissue. In the y direction, the ROI
was drawn to end at regions in which the CC appeared sig-
nificantly thinner and/or the FA values for a voxel sug-
gested partial volume effects. In the x direction, boundaries
were drawn to be centered on the midline of the CC. The
sizes of the ROIs ranged from 3,174 to 28,717 voxels, with
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an average of 8,896 voxels (SD = 4,442) for the genu and
ranged from 2,304 to 8,060 voxels, with an average of
4,928 (SD = 1,188) for the splenium.

We then determined the number of voxels within this
ROI that met a set of criteria suggesting that they indeed
represented CC tissue. First, because CC fibers at the mid-
sagittal slice are oriented along the x axis, the primary
eigenvector could not deviate more than 11.48° from the x
axis. Second, based on mean and SD of FA values from
controls (mean age = 39) in a DTI study of CC morphology
undertaken for other purposes (Rotarska-Jagiela et al.
2008), the voxel had to have an FA of at least 0.6 in order to
ensure that the voxel was CC white matter. Although the
sample in the Rotarska-Jagiela study was older than ours, it
represents the values that would be observed in a “mature”
CC. Finally, it was important that the voxels in the slices
above and below the voxel in question had an FA value
indicating that at least a portion of it contained white matter
of the CC. Therefore, based on FA values from Rotarska-
Jagiela et al. (2008), the third requirement was that the
neighboring voxels had an FA of at least 0.35, which would
indicate that at least part of the volume in that voxel repre-
sented white matter of the CC. The threshold for the neigh-
boring voxels and the x component of the primary
eigenvector were varied in a subsample of participants to
ensure that our results were not driven by the choice of
thresholds (Hutchinson et al. 2008, unpublished data). Only
results for FA > 0.35 and x < 11.48° are presented because
variations in these parameters did not affect the results. The
voxels identified by the algorithm were checked visually to
confirm that they were located in the CC and that no voxels
that were obviously part of the CC had been excluded by
the algorithm and, consequently, were not contained in the
ROLI. One of our dependent measures was the number of
voxels within the ROI that met the criteria for being mid-
line CC tissue (i.e., FA > 0.6 and primary eigenvector could
not deviate more than 11.48° from the x axis).

We also took a second approach to obtaining a represen-
tative index of peak FA within each ROI. The peak FA
value within the ROI was determined and then a standard
size slab (3 x 3 x 1 voxels in the x, y and z directions,
respectively) was drawn around that peak. Hence, we
obtained two measures for each ROI: one that provided an
index of how many voxels were likely to meet our criteria
for representing “mature” midline CC tissue, and one that
provided an estimate of the peak FA value within the ROI.

Results

The CC measurements for this sample are presented in
Table 1. The total CC area measurements observed were
within the range of CC measurements observed in the
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Table 1 Midsagittal CC area measurements using Hofer and Frahm’s
(2006) divisions

Total CC 1 2 3 4 5 WBYV x 10°® mm?

(cm?)
Mean 6.29 1.59 1.82 0.85 040 236 1.20
SD 0.94 0.26 0.27 0.18 0.08 0.36 0.11

samples of healthy controls examined by other studies
[5.10 cm? (Zanetti et al. 2007) to 6.51 cm? (Miyata et al.
2007)]. Therefore, the CC measurements in the current
sample appear to be comparable to those in other studies.

Relationship between CC area and age

Our goal was to determine the specific relationship between
age and CC area. WBV was associated with increased CC
area (r=0.29) and modestly associated with age
(r=—0.06) in our sample. Thus, to determine whether
there was any relationship between CC area and age that
could not be accounted for by WBV, we calculated partial
correlations controlling for WBV. There was a positive
relationship between total CC area and age (r=0.28,
P =0.02) (see Fig. 1). Interestingly, although regions 1, 2,
4 and 5 showed small to medium positive (albeit non-sig-
nificant) correlations with age, region 3, which connects the
primary motor cortices, was significantly negatively corre-
lated with age. This correlation represents a moderate rela-
tionship (Cohen 1988) and remained significant after
correcting for multiple comparisons. However, this rela-
tionship may be gender specific, as there was a negative
correlation for females (r=—0.51, P =0.001) but not for
males (r = 0.06, P = 0.78). Moreover, this was the only sig-
nificant correlation between area for any region of the CC
and age for female participants. In contrast, the size of
regions 1 (r=0.36, P=0.05) and 2 (r=0.39, P=0.04)
were significantly correlated with age in males, as was total
CC size (r=0.46, P=0.01), such that a larger CC was
associated with older age in males. However, these correla-
tions did not remain significant after Bonferroni corrections
for multiple comparisons.

Whole CC
r=.28,p=.02*

Fig. 1 Correlations between CC area and age, controlling for whole
brain volume. *P < 0.05

Relationship between FA and age

Partial correlations were conducted between measures of FA,
which serve to index CC integrity, and age with WBV entered
as a covariate. There were no significant correlations between
FA measures of CC integrity and age for the group as a
whole. However, when males and females were considered
separately, there was a significant positive correlation
between the number of voxels that met the criteria in the genu
and age for males (r = 0.49, P = 0.008), which remained sig-
nificant after correcting for multiple comparisons.

Relationship between CC area and 1Q

In our sample, estimated FSIQ (FSIQ,) ranged from 79 to
140 with a mean of 106.9 (SD = 10.8). The Matrix Reason-
ing subtest scaled score (which was used as an estimate of
performance 1Q, PIQ,,,) ranged from 6 to 17, with a mean
of 11.9 (SD = 2.2) and the Vocabulary subtest scaled score
(which was used as an estimate of Verbal 1Q, VIQ,,)
ranged from 3 to 19, with a mean of 10.8 (SD = 2.6).

The relationships between total CC area and IQ esti-
mates were examined in three ways: (1) by simple bivariate
correlations, (2) by partial correlations, controlling for
WBYV because WBV was modestly related to FSIQ.
(r=0.19), PIQ, (r=0.34) and VIQ,, (»=0.05), and (3)
by correlations controlling for both WBV and age due to
the relationship between CC area and age discussed above
(see Table 2).

Because prior studies have noted a relationship with pos-
terior sections of the CC, we initially focused on this
region. To do so we divided the CC in half calculating the
anterior half as the sum of areas 1 and 2, and the posterior
half as the sum of areas 3, 4 and 5. This analysis revealed a
significant negative correlation between FSIQ,, and the
posterior half that passed Bonferroni correction both when
WBV (r=-0.25) and when WBV and age (r=—0.24)
were considered as covariates. No relationship was
observed for the anterior half.

To examine the nature of this relationship in more detail,
we investigated the relationship between PIQ, and VIQ,
with each of the CC regions (areas 1-5). A negative corre-
lation was observed for the simple bivariate correlation
between the area of region 3 and PIQ., (r=—0.26,
P =0.031). Although this correlation was not significant
after Bonferroni corrections, it passed Bonferroni correc-
tion when WBV was entered as a covariate (r=—0.37,
P =0.002) (see Fig. 2). Negative correlations (that did not
pass Bonferroni corrections) were also found between
PIQ, and the area of regions 4 and 5, possibly suggesting a
larger relationship between PIQ, and posterior regions of
the CC. There were no significant correlations between
VIQ, and CC area.

@ Springer



460

Exp Brain Res (2009) 192:455-464

Table 2 Correlations between PIQ and VIQ estimates and CC area and fractional anisotropy (FA) with no covariates, WBV alone, and WBV and

age entered as covariates

No covariates

Covariate: WBV

Covariate: WBV and age

PIQ VIQ PIQ VIQ PIQ VIQ

CC area

Total CC 0.01 —0.04 —0.10 —0.05 —0.21 —0.12
1 0.12 0.01 0.02 —0.01 —0.06 —0.06
2 0.00 —0.01 —0.11 —0.03 —0.19 —0.08
3 —0.26 -0.19 —0.37* -0.20 —0.30 —0.15
4 —0.06 —0.03 —0.18 —0.05 —-0.25 —0.09
5 —0.15 —0.13 -0.25 —0.15 —0.28 —0.16
CCFA

Genu: # voxels 0.05 —-0.27 —0.08 —0.30 —0.15 —0.35%
Genu: Mean FA 0.04 -0.24 —0.06 —0.26 —0.08 —0.27
Splenium: # voxels —0.05 —0.01 —0.07 —0.01 —0.15 —0.05
Splenium: Mean FA —0.07 0.09 —0.06 0.09 —0.04 0.11

WBYV whole brain volume, CC corpus callosum, FA fractional anisotropy
# Voxels represents the number of voxels in the ROI that met our criteria for being considered CC tissue; Mean FA represents the mean FA of the

voxels so identified as callosal tissue

* Significant after Bonferroni corrections for multiple comparisons (P < .05)
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Fig. 2 The relationship between PIQ, (adjusted for WBV and age)
and the size of region 3 (adjusted for WBV and age)

When males and females were considered separately,
none of the correlations remained significant after Bonfer-
roni corrections for multiple comparisons, possibly due to
reduced statistical power associated with the smaller group
sizes.

Relationship between FA and IQ

The relationships between CC integrity, as indexed by our
two FA measures, in the genu and splenium and estimates
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Fig. 3 The relationship between VIQ, (adjusted for WBV and age)
and FA (number of voxels) in the genu (adjusted for WBV and age)

of IQ were examined in the same manner as CC area (see
Table 2). Lower VIQ., was associated with increased
integrity, as indexed by both measures of FA for the genu.
These correlations were also present when controlling for
WBYV alone and both WBYV and age. However, after correc-
tions for multiple comparisons, the only effect that
remained significant was the relationship with the number
of voxels identified in the genu when controlling for both
WBYV and age (see Fig. 3). There were no significant corre-
lations between PIQ,,, and FA.
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Discussion

The present study provides insight into some of the factors
that are associated with CC morphology. Consistent with
the findings of Allin etal. (2007), our data suggest that
smaller areas in posterior regions of the CC are associated
with higher intelligence. This effect was significant for
region 3 with a trend for regions 4 and 5, and appears to be
mediated by PIQ, (rather than VIQ,), an issue which we
discuss in more detail below. In our study, participants’
ages ranged from 14 to 25 with a mean age of 19, spanning
the two developmental time points—ages 15 and 22—
examined by Allin et al. (2007). Although our results and
those of Allin et al. (2007) are in accord, they conflict with
the findings of Luders et al. (2007) who reported that higher
IQ was associated with a thicker posterior CC in healthy
adults with a mean age of 28. Our study differed from that
of Luders et al. (2007) who examined CC thickness, rather
than CC area and integrity (as was done in the current
study). However, this difference seems unlikely to account
for the conflicting results, especially given that our results
are consistent with those of Allin et al. (2007).

A more likely explanation for the difference in findings
is that they arise from developmental factors. Although it
had been traditionally thought that the CC reached maturity
by early adolescence (Yakolev and Lecours 1967), more
recent work suggests a maturational gradient that extends
into young adulthood (Giedd et al. 1999; Thompson et al.
2000; Barnea-Goraly et al. 2005). We propose, based on
prior work done in our laboratory (for a review refer to
Banich 1995, 1998, 2003; Banich and Brown 2000) that
during adolescence and early adulthood, the negative rela-
tionship between CC measures and IQ relates to the pro-
cessing capacity of each hemisphere. By this account, when
an individual has a high IQ, there is less need to recruit the
other hemisphere to increase the computational power
available to complete complex tasks than in lower IQ indi-
viduals. Therefore, if youth and young adults with a high
IQ have had less need and therefore less experience in
requiring interhemispheric interaction to meet task
demands, their CC fibers may not have needed to become
as myelinated as in less intelligent individuals.

There is precedent for the idea that individual differences
in experience can affect the myelination of the CC. For
example, adults who began musical training before the age
of 7 have been reported to have a larger anterior half of the
CC (Schlaug et al. 1995) and musicians display a signifi-
cantly greater FA in the genu of the CC (Schmithorst and
Wilke 2002). Moreover, individuals who are illiterate have
been shown to have a thinner posterior midbody, which is
thought to contain fibers connecting parietal regions that
are involved in reading (Castro-Caldas et al. 1999). In a
similar manner, less of a requirement to integrate informa-

tion between the hemispheres in adolescents and young
adults with higher IQs may result in less myelination.

However, an explanation is also needed for the findings
of Luders et al. (2007) who found that, in an older sample, a
larger posterior CC area was associated with higher I1Q.
Considering that as one ages the repertoire of abilities to be
performed becomes more demanding, our account would
suggest that it is likely that within-hemisphere resources
will become less able to meet task demands. Under such
conditions, there will be an increased benefit from the
recruitment of the other hemisphere through interhemi-
spheric interaction. If individuals with a higher IQ can han-
dle more cognitively demanding tasks, with time there may
be a switch to increased reliance on interhemispheric inter-
action. The net result would be the relationship observed by
Luders et al. (2007): a larger CC is associated with a higher
1Q. This hypothesis could be effectively examined in future
studies that take a longitudinal examination of the relation-
ship between CC area and IQ during young adulthood.

We also found that integrity of white matter (as mea-
sured by FA) in the genu, but not the splenium, was related
to 1Q. More specifically increased FA in the genu, which
connects prefrontal regions, was associated with lower
VIQ.. This finding demonstrates the value in examining
both CC area and integrity because the relationship with
different aspects of 1Q (VIQ., PIQ.) varied for these
different measures. What is notable is the consistency in
that both relationships with area and FA are negative, such
that larger CC size or increased FA (which is thought to
index myelination among other aspects of CC morphol-
ogy), are each associated with decreased 1Q, most likely for
the reasons described above.

It is not clear in the present study why there is an associ-
ation of PIQ., with aspects of posterior CC morphology
and an association of VIQ, with aspects of anterior CC
morphology. One possible explanation is that the processes
tapped by each subtest used to provide estimates of VIQ
and PIQ rely on different brain regions and hence show
different relationships with regions of the CC. For example,
the Matrix Reasoning subtest, requires spatial processing
that relies on parieto-temporal areas of the brain, connected
through more posterior regions of the CC. In contrast, the
Vocabulary subtest may rely on temporal and more impor-
tantly frontal regions involved in language and semantic
processing, which do send fibers through the splenium but
may send some fibers through the genu. But as noted
below, the different associations of VIQ, and PIQ. with
CC morphology must be interpreted cautiously.

The limitations of our study should be considered as well.
The current sample size is relatively modest and will need to
be replicated with a larger sample. Furthermore, although
our findings were consistent across CC regions and whether
covariates were included or not, they did not always reach

est
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significance when taking multiple corrections into account.
Our FA measures were also restricted to the genu and the
splenium preventing an examination the potential relation-
ship between IQ and FA of the CC midbody. In addition,
our estimates of IQ were not drawn from the WAIS but
rather we used the two subtest version of the WASI, which
is a short form of the WAIS intended for use in screening,
research or reassessments (Axelrod 2002; Psychological
Corporation 1999). Hence, our measure of FSIQ,;, VIQ.
and PIQ,,, provide a quick estimate of intellectual abilities.
We should note that because of the limitations of the WASI,
the fact that PIQ,, seemed to be a better predictor of posterior
CC area than VIQ_ and that VIQ_ was a better predictor of
FA in the genu should be interpreted cautiously.

Conclusions

The present study found some evidence for a relationship
between IQ and CC size, with smaller posterior regions of
the CC being associated with higher PIQ,. This finding is
consistent with prior research of Allin et al. (2007) who,
although it was not the focus of their study, found a similar
relationship with IQ in individuals whose age was compa-
rable to that of the current sample. Although our finding is
at odds with that of Luders et al. (2007), who report that a
larger posterior CC is associated with higher IQ in a sample
whose mean age was about 10 years older than ours, we
propose that it may reflect continued development of the
CC. We also found a relationship between estimated VIQ
and the integrity of the genu, once again negative in direc-
tion. These findings emphasize the need to consider the
regions of the CC separately, as they not only connect
different brain regions but they also appear to have different
relationships with IQ and age. They also highlight the
importance of measuring both CC size and integrity.
Finally, this study suggests that differences in CC size can
have consequences for cognitive processing. As such, it
raises the possibility that atypical CC morphology observed
in some clinical populations, such as multiple sclerosis
(Pelletier et al. 2001), schizophrenia (Shenton et al. 2001),
Alzheimer’s disease (Wang et al. 2005), traumatic brain
injury (Mathias et al. 2004), and attention deficit hyperac-
tivity disorder (Giedd et al. 2001) may have implications
for the cognitive profile of deficits observed in these
groups.
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