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Structural Organization of the Corpus Callosum Predicts the
Extent and Impact of Cortical Activity in the Nondominant
Hemisphere

Mary Colvin Putnam, Gagan S. Wig, Scott T. Grafton, William M. Kelley, and Michael S. Gazzaniga

Department of Psychological and Brain Sciences, Center for Cognitive Neuroscience, Dartmouth College, Hanover, New Hampshire 03755

Diffusion tensor imaging (DTI) and functional magnetic resonance imaging (fMRI) were combined to examine the relationship between
callosal organization and cortical activity across hemispheres. Healthy young adults performed an incidental verbal encoding task
(semantic judgments on words) while undergoing fMRI. Consistent with previous studies, the verbal encoding task was associated with
left-lateralized activity in the inferior prefrontal cortex (LIPFC). When subjects were divided into two groups based on fractional anisot-
ropy (FA) values in the anterior corpus callosum (DTI), individuals with low anterior callosal FA were found to exhibit greater activity in
a homologous region within the right inferior prefrontal cortex (RIPFC) relative to those with high anterior callosal FA. Interestingly,
whereas the magnitude of RIPFC activity did not negatively impact subsequent verbal memory performance for individuals with low
anterior callosal FA, greater RIPFC activity during verbal encoding was associated with poorer subsequent memory performance for
individuals with high anterior callosal FA. Together, these findings provide novel evidence that individual differences in callosal organi-
zation are related to the extent of nondominant cortical activity during performance during a lateralized task, and further, that this

relationship has consequences on behavior.
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Introduction

Research with complete callosotomy (“split-brain”) patients has
clearly demonstrated that the absence of the corpus callosum
prevents the integration of lateralized cognitive functions (Gaz-
zaniga, 2000). Yet, the relationship between the structural orga-
nization of the corpus callosum and lateralized cortical process-
ing in the intact brain remains relatively unknown. Early studies
reported an inverse relationship between callosal size and cortical
asymmetry, particularly in men (Witelson and Goldsmith, 1991;
Aboitiz et al., 1992a). More recently, studies have demonstrated
that the strength of hemispheric asymmetries declines in normal
aging (for review, see Cabeza, 2002), and that this process may be
associated with callosal degeneration (Persson et al., 2006). To-
gether, this research suggests that the structural organization of
the corpus callosum may contribute to the distribution of pro-
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cessing resources between the hemispheres. The current study
combines both diffusion tensor imaging (DTI) and functional
magnetic resonance imaging (fMRI) to compare both the extent
of nondominant cortical activity during performance of a later-
alized task in healthy young adults with high and low relative
callosal organization [defined as per fractional anisotropy (FA)
values] and the impact of this nondominant cortical activity on
task performance.

To assess the relationship between callosal organization (FA)
and nondominant cortical activity, we took advantage of the well
documented material-specific hemispheric asymmetry for mem-
ory encoding (Kelley et al., 1998; Wagner et al., 1998a; Wig et al.,
2004). Healthy young adults performed an incidental verbal en-
coding task while undergoing fMRI. In this population, activity
in the left inferior prefrontal cortex (LIPFC) has been consis-
tently observed during encoding of verbal material (Kelley et al.,
1998); furthermore, LIPFC activity selectively predicts subse-
quent verbal memory (Wagner et al., 1998b). In contrast, healthy
older adults performing verbal encoding tasks often demonstrate
LIPEC activity (dominant) and right inferior prefrontal cortex
(RIPFC, nondominant) activity (Cabeza et al., 1997; Logan et al.,
2002; Stebbins et al., 2002). Increased nondominant activity has
been associated with decreased FA values in the anterior corpus
callosum (Persson et al., 2006). As such, one might expect healthy
young adults with lower anterior callosal FA values to demon-
strate greater RIPFC activity during verbal encoding.

Based on the research described above, it is clear that LIPFC
activity during encoding predicts subsequent verbal memory,
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however, the impact of any observed RPIFC activity during ver-
bal encoding on subsequent memory in young adults is more
difficult to predict. Studies of healthy young adults and split-
brain patients have demonstrated that when the two hemispheres
are simultaneously engaged in competing tasks, the performance
of each hemisphere declines (Holtzman and Gazzaniga, 1982,
1985; Franz et al., 1996), suggesting that nondominant cortical
activity may be detrimental to lateralized task performance. In
contrast, additional studies have reported a bilateral processing
advantage in young adults as task difficulty increases (Belger and
Banich, 1992, 1998; Weissman and Banich, 2000) and some early
fMRI studies of verbal encoding in older adults showed that in-
creased RIPFC activity was associated with better subsequent
memory (Reuter-Lorenz et al., 2000). However, more recent
studies of older adults have challenged these findings (Logan et
al., 2002; Persson et al., 2006). Given this conflicting evidence, we
predicted that the overall impact of RIPFC activity during verbal
encoding on subsequent memory should be negative, but may
vary based on individual differences in sex and callosal
organization.

Materials and Methods

Participants

Twenty-six participants (15 male; mean age, 18.9 years) were recruited
from the Dartmouth community. Data from 14 additional participants
were excluded because of technical problems encountered at the time of
scanning (13 participants), or corrected recognition performance <2.5
SDs below the mean (one participant). All participants were strongly
right handed as measured by the Edinburgh Handedness Inventory
(Oldfield, 1971). Participants reported no significant abnormal neuro-
logical history and all had normal or corrected-to-normal visual acuity.
Participants were either paid for their participation or received course
credit. All participants gave informed consent in accordance with the
guidelines set by the Committee for the Protection of Human Subjects at
Dartmouth College.

Experimental task and behavioral data analysis

Participants performed an incidental verbal encoding task while under-
going fMRI. In two functional runs, participants viewed single words
presented on the screen and were asked to determine whether the words
were concrete or abstract. 240 words (120 abstract, 120 concrete) were
chosen using the MRC Psycholinguistic Database (http://www.psy.
uwa.edu.au/mrcdatabase/uwa_mrc.htm). All words were within one SD
of mean familiarity (mean, 488; SD, 99). Concrete words were within 1-2
SDs above mean concreteness and abstract words were within 1-2 SDs
below mean concreteness (mean, 438; SD, 120). Eighty words (40 ab-
stract, 40 concrete) were presented within each functional run. Words
appeared at the center of the screen for 2000 ms. Participants were asked
to indicate (via left- and right-handed key presses) whether the word was
abstract or concrete. In each run, forty fixation trials were pseudoran-
domly intermixed with the word trials so that each trial type (concrete,
abstract, fixation) followed each other trial type equally often. Fixation
trials consisted of a central cross-hair presented for 2500 ms and intro-
duced “jitter” into the time series so that unique estimates of the hemo-
dynamic responses for the trial types of interest could be computed (Fris-
ton et al., 1999).

After the two encoding runs, participants were given a surprise recog-
nition memory test. This took place inside the scanner during the collec-
tion of anatomical images. Participants viewed all 160 words that had
been presented during functional imaging along with 80 nonstudied new
words (40 abstract, 40 concrete). Each word was presented individually at
the center of the computer screen for 2000 ms. In a two-step recognition
memory test, participants were asked to indicate via button press
whether or not they remembered the word to be old, and then whether
this judgment was with high- or low- confidence. Across participants, the
240 words were counterbalanced between the study and test phases to
prevent item effects.
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During analysis, participants’ responses were divided into four cate-
gories: high-confidence hits (correctly responded “old” with high confi-
dence), low-confidence hits, high-confidence misses (incorrectly re-
sponded “old” with high confidence), and low-confidence misses. Mean
corrected recognition (proportion of hits vs proportion of false alarms)
was calculated for each participant.

Neuroimaging parameters and analysis

All images were acquired using a 1.5T GE Signa scanner (General Electric
Medical Systems, Milwaukee, WI) using a standard head coil. All neuro-
imaging took place at the Dartmouth Brain Imaging Center.

Anatomical imaging. Anatomical images were acquired using a high-
resolution three-dimensional spoiled gradient recovery sequence [SPGR;
128 sagittal slices; repetition time (TR), 7.7 ms; echo time (TE), 3 ms; flip
angle, 15°% voxel size, 1 X 1 X 1.2 mm]. Using SPM99 (Wellcome De-
partment of Cognitive Neurology, London UK), each individual’s high-
resolution image was normalized to the Montreal Neurological Institute
(MNI) template.

Diffusion tensor imaging. Diffusion tensor imaging used a diffusion
weighted single-shot spin echo-planar imaging (EPI) sequence. Sixty
slices were imaged (slice thickness, 2.5 mm; field of view, 240 mm; matrix
size, 128 X 128). For each slice, six diffusion-weighted images (b = 1000
s/mm?) and 1 reference image (b = 0 s/mm *) were acquired (Basser and
Pierpaoli, 1998). The sequence was repeated eight times and data were
averaged on the scanner. FA images were constructed off-line using Mat-
lab (The MathWorks, Sherborn, MA) scripts implementing formulas
described by Basser and Pierpaoli (1996). Using SPM99 (http://www.
fil.ion.ucl.ac.uk/spm/software/spm99/), each individual’s FA image was
coregistered to his or her high-resolution image using a two-step process.
The first step coregistered each participant’s T2-weighted reference im-
age (b = 0) to the mean EPI image from the functional runs, already
coregistered to the high-resolution image. The second step coregistered
the FA image to this mean EPI image. After coregistration, the FA images
were spatially normalized to the International Consortium for Brain
Mapping (ICBM) 152 brain template (Montreal Neurological Institute)
and smoothed using a 2 mm full-width at half maximum (FWHM)
Gaussian kernel.

For each participant, mean anterior callosal FA was extracted from a
6-mm-diameter sphere located at (0, 29, 4), the border of the genu and
rostrum. This region was chosen because the genu and rostrum connect
the prefrontal cortices (de Lacoste et al., 1985; Wakana et al., 2004),
including the inferior prefrontal cortical areas of interest. The selection of
this region was unbiased by participants’ performance or cortical activity
levels.

Functional imaging. Functional images were collected in two runs us-
ing a gradient spin EPI sequence sensitive to BOLD contrast (T2*) (TR,
2500 ms; TE, 35 ms; flip angle, 90°% 3.75 X 3.75 mm in-plane resolution).
During each functional run, 124 volumes of axial images (25 slices, 4.5
mm slice thickness, 1 mm skip between slices) were acquired. Data were
processed and analyzed using SPM99. EPT images were corrected for slice
timing and motion, coregistered to the individual’s high-resolution scan,
spatially normalized using the ICBM 152 brain template (Montreal Neu-
rological Institute), and spatially smoothed using a 8 mm FWHM Gauss-
ian kernel. All coordinates were converted to the standardized coordinate
system used by the Talairach Atlas (Talairach and Tournoux, 1988)
(http://imaging.mrc-cbu.cam.ac.uk/downloads/MNI2tal/mni2tal.m).
Talairach coordinates are used throughout this paper.

For each participant, general linear models were used to compute
parameter estimates (f3) and -contrast images for each comparison at
each voxel. The models combined the two functional runs into one ses-
sion, included task effects (modeled with a canonical hemodynamic re-
sponse function and its temporal derivative), the mean for each func-
tional run, a linear trend for each functional run, and motion parameters
to model effects of head movement. Included task effects of interest were
high-confidence hit trials and miss trials. Miss trials included high and
low-confidence misses as well as low-confidence hits. Low-confidence
hits were treated as guesses, as participants accurately distinguished be-
tween hits and misses when they indicated high confidence (98.9% cor-
rect), but were at chance in distinguishing between hits and misses when
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they indicated low confidence (53.6% correct).
Thus, there was no real difference between low-
confidence hits and low-confidence misses, so
low-confidence hits were included with misses.

These individual contrast images were then
submitted to a group-level random-effects anal-
ysis to create mean t images ( p < 0.001, uncor-
rected; minimal cluster size, 5 mm?). An auto-
mated search algorithm identified a peak region
with the LIPFC associated with word encoding
based off a contrast of all trials versus baseline
[peak activity centered at (—53, 16, 24), Brod-
mann’s Area (BA) 44]. No homologous activity
within the RIPFC was observed in this group
map.

To examine the possibility that individuals
with high and low anterior callosal FA values
might differ in the degree to which they elicited
RIPFC activity, a median split was performed to
divide participants into high and low callosal FA
groups using each individual’s mean FA value
extracted from the anterior callosal region of in-
terest. Eleven participants were assigned to the
high-FA group (FA > 0.72; mean FA, 0.77; five
male; mean age, 18.8 years) and 11 participants
were assigned to the low-FA group (FA < 0.72;
mean FA, 0.62; six males; mean age, 18.6 years).
Four participants’ FA values were identical to
the median and were not assigned to either
group. Two independent group-level random
effects analyses were then performed to examine
activity during word encoding (all vs baseline),
one for the high anterior callosal FA group and
one for the low anterior callosal FA group ( p = 0.001, minimal cluster
size of five contiguous voxels). Only low anterior callosal FA individuals
exhibited activity in the RIPFC [peak activity centered at (53, 15, 19), BA
44].

Thus, two cortical ROIs were defined from the mean ¢ image compar-
ing all word encoding conditions to baseline; each condition contributed
equally to the generation of ROIs. The LIPFC ROI was centered at (—53,
16, 24) and the RIPFC ROI was centered at (53, 15, 19). These cortical
ROIs are located in homologous regions of BA 44 (see Fig. 1).

For all 26 participants, mean parameter estimates within each cortical
ROI were then calculated separately for all conditions relative to baseline
(all conditions vs baseline), hits relative to baseline (hits vs baseline), and
misses relative to baseline (misses vs baseline) using spherical ROIs (8
mm radius) centered at the peak activity locations. These signal intensi-
ties were examined statistically. Specifically, a multiple regression model
including the variables of callosal organization, sex, and corrected recog-
nition memory scores was used to predict RIPFC activity during verbal
encoding (all conditions vs baseline). Partial correlations were then used
to determine the relationship between each predictor variable and RIPFC
activity during verbal encoding (all conditions vs baseline) while control-
ling for the other two predictor variables.

Figure 1.
baseline), LIPFC activity was observed across all participants. No corresponding RIPFC activity was observed. b, Bottom left,
Although both high- (red color scale) and low-callosal organization (green color scale) groups exhibit LIPFC activity during verbal
encoding, only the low-callosal organization group exhibits homologous RIPFC activity. Bottom right, Changes in signal ampli-
tude (in percent) during verbal encoding in the LIPFC (—53, 16, 24) and RIPFC (53, 15, 19) ROs for the high- and low-callosal
organization groups. Error bars indicate SEM.

Results

Inferior prefrontal cortical activity in the high- and low-
callosal organization groups

Across all participants, LIPFC activity, but not RIPFC activity,
was observed during incidental verbal encoding (Fig. 1a). To
examine the possibility that individuals with high and low ante-
rior callosal FA might differ in levels of RIPFC activity, a median
split based on mean FA within the anterior corpus callosum was
performed to divide participants into high and low anterior cal-
losal FA groups (11 participants in each group). To compare
BOLD activity during verbal encoding (all conditions vs baseline)
between the two hemispheres as a function of callosal organiza-
tion, a 2 X 2 mixed factorial ANOVA [group (high FA, low FA)
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by hemisphere (left, right)] was performed. There was a main
effect of hemisphere; both the high and low anterior callosal FA
groups demonstrated greater LIPFC activity than RIPFC activity
during encoding (F, 5oy = 19.8; p < 0.001). There was also a
main effect of group; the low-FA group exhibited greater cortical
activity than the high-FA group regardless of hemisphere (F, ,,
= 24.1; p < 0.001). There was no interaction between group and
hemisphere (F, 5, = 1.1; p = 0.32). Critically, only the low-FA
group demonstrated significant RIPFC activity during verbal en-
coding (mean, 0.59). The high-FA group did not demonstrate
significant RIPFC activity during verbal encoding (mean, —0.1)
(tao) = 2.37; p < 0.03) (Figs. 1b,c).

To determine whether both the high and low-FA groups dem-
onstrated the expected difference of memory (DM) effect in the
LIPFC [greater activity during subsequently remembered words
(hits) than during subsequently forgotten words (misses)], a 2 X
2 mixed-factorial ANOVA [group (high FA, low FA) by trial type
(hits, misses)] was performed. There was a main effect of trial
type; both groups demonstrated greater activity during hits than
during misses (F; o) = 20.1; p < 0.001). There was no main
effect of group (F(, ,5) = 1.24; p = 0.28) and no interaction be-
tween group and trial type (F(, 5o, = 1.72; p = 0.20). Thus, both
the high- and low-callosal organization groups demonstrated a
significant DM effect within the LIPFC (Fig. 2).

Critically, the high and low anterior callosal FA groups did not
differ in overall corrected recognition performance (high-FA
group, mean, 0.75; low-FA group, mean, 0.79; t,,, = 1.01; p =
0.33). However, in the high-FA group, RIPFC activity during
verbal encoding (all conditions vs baseline) negatively correlated
with corrected recognition scores (r = —0.67; p < 0.03). In the
low-FA group, RIPFC activity during verbal encoding (all condi-
tions vs baseline) did not correlate with corrected recognition
scores (r = —0.16; p = 0.65) (Fig. 3). Thus, the impact of RIPFC
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Figure3.  Subsequent verbal memory and RIPFC activity during encoding (all conditions vs
baseline) in the high- and low-callosal organization groups. In the high-callosal organization
group, greater RIPFCactivity during encoding was associated with poorer corrected recognition
scores ( p < 0.03). In the low-callosal organization group, there was no significant correlation
between RIPFC activity during encoding and corrected recognition scores ( p = 0.65).

activity during verbal encoding on subsequent recall depended
on the extent of anterior callosal organization (FA).

Predicting nondominant cortical activity across

all participants

A continuous assessment of the data across the entire population
of healthy young adults (multiple regression) demonstrated that
levels of RIPFC activity during verbal encoding (all conditions vs
baseline) were predicted by the variables of anterior callosal FA
values, sex, and corrected recognition scores (F; 5 = 4.9; p <
0.01, adjusted R? = 0.32). Greater anterior callosal FA was asso-
ciated with less RIPFC activity (8 = —0.54; p < 0.01) (Fig. 4a).
Greater corrected recognition scores were associated with less
RIPFC activity (B = —0.45; p < 0.02) (Fig. 4b). Finally, being
male was associated with less RIPFC activity and being female was
associated with greater RIPFC activity (8 = 0.39; p < 0.05), al-
though RIPFC activity in males (mean, 0.04) and females (mean,
0.40) was not significantly different (t,,) = 1.33; p = 0.2). Addi-
tionally, there were no sex differences in corrected recognition

Left Inferior Prefrontal Cortex

Activity in the LIPFC during encoding of words that were subsequently remembered (hits) and during the encoding
of words that were subsequently forgotten (misses). a, Left, Across all participants, LIPFC activity was higher during hits than
during misses (hits vs misses) ( p << 0.001). b, Right, Changes in LIPFC signal amplitude (in percent) during hit trials (hits vs
baseline) and miss trials (misses vs baseline) for the high- and low-callosal organization groups. There was asignificant difference
of memory effect (greater LIPFC activity during hits than during misses) for both groups at a threshold of p << 0.05. Error bars
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performance (t,4) = 0.92; p = 0.4) or an-
terior FA values (.4, = 0.50; p = 0.6).
Partial correlations were calculated to
determine whether the correlations be-
tween RIPFC activity and each predictor
variable were significant while controlling
for the other two predictor variables. Con-
trolling for sex and corrected recognition
performance, anterior callosal FA values
negatively correlated with RIPFC activity
(r = —0.55; p < 0.01). Controlling for sex
and anterior callosal FA values, corrected
recognition performance negatively corre-
lated with RIPFC activity (r = —0.48; p <
0.02). Controlling for anterior callosal FA
values and corrected recognition perfor-
mance, sex correlated with RIPFC activity,
such that being male was associated with
less RIPFC activity and being female was
associated with more RIPFC activity (r = 0.44; p < 0.05).

B Hits
O Misses

Low CC FA

Control analyses

To test whether anterior callosal FA values, sex, and corrected
recognition scores predicted cortical activity in general, anterior
callosal FA values, sex, and corrected recognition scores were
entered into a multiple regression as predictor variables of LIPFC
activity. The regression model did not predict LIPFC activity
(F325) = 0.45; p = 0.72; adjusted R> = —0.07).

To test whether anterior callosal FA values specifically predict
RIPFC activity in conjunction with sex and corrected recognition
scores, a multiple regression was performed with mean FA values
from a 6 mm-diameter posterior callosal region [centered at (0,
34, 17)], sex, and corrected recognition scores entered as predic-
tor variables. A posterior callosal region in the splenium was
selected to avoid fibers connecting the prefrontal cortices. The
regression was not significant (F; ,5) = 1.71; p = 0.19, adjusted
R*=10.08).

To test whether differences in RIPFC activity between the high
and low anterior callosal FA groups could be accounted for by
chance, individuals were randomly assigned to the high- and low-
callosal organization group RIPFC activity levels were compared
between the two groups using the 2 X 2 mixed-factorial ANOVA
[group (high FA, low FA) by hemisphere (left, right)] described
above. Across multiple simulations, RIPFC activity varied ran-
domly between the two groups, demonstrating that the observed
difference in RIPFC activity between the high and low anterior
callosal FA groups was not attributable to chance.

Finally, the results described above used a RIPFC ROI that was
defined based on the activity level of the low-callosal organization
group. An alternative approach to defining the RIPFC ROI would
have been to use the actual anatomical homolog of the LIPFC
ROL. This method was not chosen initially because there is grow-
ing evidence that the two hemispheres are not entirely symmetric
(Keller et al., 2007), and also because this method might have
failed to fully capture the nature of cortical activity in the non-
dominant hemisphere of individuals with low anterior callosal
FA. Yet, to ensure that the chosen method did not unduly bias the
results, the above analyses were replicated using activity levels in
the anatomical RIPFC homolog to the LIPFC ROI (53, 16, 24).

The pattern of cortical activity during verbal encoding (all
conditions vs baseline) was the same in both RIPFC ROIs. Activ-
ity within the two ROIs did not differ for either the high or
low-FA groups (high, £,5, = 0.71, p = 0.49; low, ¢,,) = 0.19,p =
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0.86). Thus, overall, the results were quite ~ *°
similar as those described above using the 1
original RIPFC ROI; however, certain
analyses failed to reach statistical signifi-
cance at p < 0.05. During verbal encoding
(all conditions vs baseline), both the high
and low anterior callosal FA groups dem-
onstrated greater LIPFC activity than -0
RPIFC activity (F; 50y = 21.6; p < 0.001), .5
and there was no interaction between o
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0.0

5 6

group (high and low FA) and hemisphere
(LIPEC, RIPFC) (F, 5, = 0.67; p = 0.42).
Also as described above, RIPFC activity
during verbal encoding (all conditions vs
baseline) negatively correlated with cor-
rected recognition scores in the high-FA
group (r = —0.63; p < 0.04), and had no
impact on corrected recognition scores in the low-FA group (r =
—0.05; p = 0.89). There was a significant trend for only the
low-FA group to demonstrate significant RIPFC activity during
encoding (0, = 1.81; p < 0.09). Across the entire study popu-
lation, a multiple regression predicting RIPFC activity using the
variables of anterior callosal FA values, sex, and corrected recog-
nition scores also failed to reach statistical significance (F; ,5) =
1.68; p = 0.2), however a partial correlation revealed a significant
trend for anterior callosal FA values to predict RIPFC activity in
the anatomical homolog (r = —0.38; p = 0.07). Thus, although
some of these analyses failed to reach statistical significance, it is
clear that when the RIPFC ROl is based on the anatomical, rather
than functional, homolog of the LIPFC ROI, the overall pattern
of results is the same.

Figure 4.

Discussion

The present study illustrates that that within a population of
healthy young adults, individual differences in callosal organiza-
tion, as measured by fractional anisotropy values, predict the
extent and impact of nondominant cortical activity during per-
formance of a lateralized task. Specifically, individuals with lower
FA values in the anterior corpus callosum were more likely to
demonstrate RIPFC activity during a verbal encoding task. Also,
in this subset of individuals, RIPFC activity was not associated
with a cost to subsequent verbal memory performance (corrected
recognition scores). In contrast, when individuals with greater
FA values in the anterior corpus callosum demonstrated RIPFC
activity, there was a negative impact on subsequent verbal mem-
ory performance. Altogether, these findings suggest that the rel-
ative strength of interhemispheric connections is critical in deter-
mining the distribution of processing resources between the two
hemispheres, and that within a population of healthy young
adults, there is significant variation in this relationship.

From a methodological perspective, the use of DTI to charac-
terize individual variation in the anatomical structure of the cor-
pus callosum represents a significant advancement. Historically,
the size of the corpus callosum has been used to measure inter-
hemispheric connectivity and shown to be inversely proportional
to functional lateralization. Previous studies documented that
women and left-handers had larger corpora callosi (DeLacoste-
Utamsing and Holloway, 1982; Witelson, 1985, 1989; Holloway
and de Lacoste, 1986), and were also less lateralized than men and
right-handers, particularly with respect to language function
(McGlone, 1980; Hecaen et al., 1981; Bryden, 1982; Kimura,
1983). However, callosal size may not reflect the number or type
of callosal fibers connecting the two hemispheres (Tomasch,

=)

Anterior Callosal Fractional Anisotropy

8 & 5 & a 3 9 1.0

Corrected Recognition

Anterior callosal organization, task performance, and sex predict RIPFC activity during word encoding. Left, Greater
fractional anisotropy in the anterior callosal region of interest (0, 29, 4) was associated with less RIPFCactivity ( p << 0.01). Right,
Greater corrected recognition scores were associated with less RIPFCactivity ( p << 0.02).

1954; Aboitiz et al., 1992b). FA promises to be a more accurate
means of quantifying interhemispheric connectivity than callosal
size, as FA values depend on the characteristics of the underlying
axonal microstructure (e.g., axon size, extent of myelination)
(Basser and Jones, 2002; Bozzali et al., 2002; Chepuri et al., 2002;
Takahashi et al., 2002; Ciccarelli et al., 2003) that are directly
related to the speed of axonal transmission (Waxman and Ben-
nett, 1972).

Combined with measures of cortical activity obtained from
fMRI, this more specific means of characterizing the anatomy of
the corpus callosum makes it possible to better understand the
nature of functional lateralization. If functional lateralization is
conceptualized as the extent to which the two hemispheres oper-
ate in isolation while performing certain tasks, then the current
results suggest that greater fractional anisotropy values through
the corpus callosum is associated with increased functional later-
alization. In these highly lateralized individuals, nondominant
cortical activity may reflect resource competition between ho-
mologous cortical regions, which is then detrimental to task per-
formance. In less lateralized individuals, nondominant cortical
activity may reflect either the recruitment of additional process-
ing resources of independent intrahemispheric processing, but
has no overall impact on task performance.

Several aspects of the current findings support an inhibitory
role of callosal fibers in regulating processing resources between
the two hemispheres. Inhibitory models of interhemispheric
communication predict that greater interhemispheric connectiv-
ity enables greater inhibition of the nondominant hemisphere
(Kinsbourne, 1970; Cook, 1984). The observed inverse relation-
ship between fractional anisotropy and nondominant cortical
activity (increased fractional anisotropy is associated with de-
creased activity in the nondominant hemisphere) is consistent
with this hypothesis. Second, nondominant cortical activity in
the high-FA group was associated with a performance cost, sug-
gesting that in this group, greater inhibition of the nondominant
hemisphere is required to minimize interference during perfor-
mance of a lateralized task. Finally, the low-FA group tended to
exhibit greater cortical activity in both hemispheres (although
this was not significant in the dominant hemisphere), suggesting
that relatively weaker interhemispheric connectivity is associated
with reduced reciprocal inhibition of the two hemispheres. How-
ever, we would like to emphasize that the present study was not
designed to explicitly test whether the nature of callosal interac-
tions is inhibitory or excitatory, and it certainly seems reasonable
to assume that both types of communication exist in the intact
human brain. Indeed, as noted in the introduction, there is evi-
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dence to suggest that the impact of nondominant cortical activity
on the performance of a lateralized task may depend on task
demands; under some circumstances, bilateral activity is associ-
ated with performance decline (Holtzman and Gazzaniga, 1982,
1985; Franz et al., 1996), and under different circumstances, bi-
lateral cortical activity is associated with performance enhance-
ment (Belger and Banich, 1992, 1998; Weissman and Banich,
2000). Furthermore, one might expect that successful inhibition
of the nondominant hemisphere might be associated with greater
activity in the dominant hemisphere, and this pattern was not
observed. Thus, the current study is limited in its ability to disso-
ciate between the inhibition and excitation views of callosal in-
teraction, but strongly suggests that the strength of callosal con-
nections determines the effectiveness of interhemispheric
communication. Furthermore, as described above, previous re-
search suggests that task demands may determine whether cal-
losal connections mediate inhibition or excitation of the non-
dominant hemisphere.

Related to this, it is also possible that the nature of interhemi-
spheric communication varies depending on the cortical areas
that are involved in performing the task. To date, most studies
examining individual differences in patterns of laterality, includ-
ing the current study, have tended to use tasks for which there is
a well established pattern of hemispheric asymmetry. Such tasks
primarily elicit differences in cortical activity levels of the pre-
frontal, and to a lesser extent, medial temporal cortices (Kelley et
al., 1998; Wagner et al., 1998a). Although this may partially re-
flect the serendipitous course of research, it does seem that par-
ticular areas of the brain, including the frontal lobes, are more
likely to exhibit lateralized functions. This may be related to the
unique ontology and phylogeny of the frontal lobes, and the an-
terior corpus callosum connecting them.

Finally, as also mentioned in the introduction, the frontal
lobes and the anterior corpus callosum seem to be particularly
vulnerable to age-related changes (Raz et al., 1997; Resnick et al.,
2003; Head et al., 2004), suggesting that callosally mediated dy-
namics between the two hemispheres shift across the lifespan.
Consistent with this, a series of studies has demonstrated that
hemispheric asymmetries decline with age (Cabeza et al., 1997;
Logan et al., 2002; Stebbins et al., 2002), and that increased non-
dominant cortical activity is associated with decreased fractional
anisotropy in the anterior corpus callosum (Persson et al., 2006).
The current results suggest that the strength of interhemispheric
connectivity, and the associated activity in the nondominant
hemisphere during performance of a lateralized task, varies even
within a population of healthy young adults. This finding raises
the possibility that in some older adults, the pattern of reduced
functional lateralization and reduced fractional anisotropy in the
corpus callosum represents a stable state across adulthood rather
than age-related changes. Thus, when interpreting age-related
changes in functional lateralization, the possibility of longstand-
ing individual differences in the strength of callosal connections
and cortical activity should be addressed.

In summary, the present study combines two neuroimaging
techniques, fMRI and DTI, to paint a complex picture of the
nature of hemispheric asymmetries in the intact human brain.
During verbal encoding, greater fractional anisotropy in the an-
terior corpus callosum was associated with less RIPFC activity,
suggesting that under these task conditions, the corpus callosum
may mediate inhibition of nondominant cortical activity. Fur-
thermore, the anatomical organization of the corpus callosum, as
measured by fractional anisotropy, predicted the impact of non-
dominant cortical activity on task performance, suggesting that
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the strength of interhemispheric connectivity and functional lat-
eralization determines behavioral performance. Future research
is needed to determine whether this relationship holds across task
conditions and the developmental lifespan, but the current re-
search strongly suggests that individual differences in the rela-
tionship between the anatomical organization of the corpus cal-
losum and associated patterns of cortical activity should
integrated into this research.
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