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Abstract

Although not consistently replicated, a substantial number of studies suggest that left-handers have
larger callosal regions than right-handers. We challenge this notion and propose that callosal size is
not linked to left-handedness or right-handedness per se but to the degree of handedness
lateralization. To test this hypothesis, we investigated the thickness of the corpus callosum in a large
data set (n=361). We analyzed the correlations between callosal thickness and the degree of
handedness lateralization in 324 right-handers and 37 left-handers at 100 equidistant points across
the corpus callosum. We revealed significant negative correlations within the anterior and posterior
midbody suggesting that larger callosal dimensions in these regions are associated with a weaker
handedness lateralization. Significant positive correlations were completely absent. In addition, we
compared callosal thickness between moderately lateralized left-handers (n=37) and three equally
sized groups (n=37) of right-handers (strongly, moderately, and weakly lateralized). The outcomes
of these group analyses confirmed the negative association between callosal size and handedness
lateralization, although callosal differences between right- and left-handers did not reach statistical
significance. This suggests that callosal differences are rather small, if examined as a dichotomy
between two handedness groups. Future studies will expand this line of research by increasing the
number of left-handers to boost statistical power, and by combining macro- and micro-structural, as
well as functional and behavioral measurements to identify the biological mechanisms linking
callosal morphology and handedness lateralization.
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Introduction

Novel findings in the mid-eighties indicated a significant relationship between callosal size
and handedness, with larger corpora callosa in left-handers and ambidextrous individuals than
in right-handers (Witelson, 1985). This observation was followed by a substantial number of
studies investigating the link between callosal morphology and handedness. Several analyses
confirmed the larger callosal dimensions in left-handers or non-consistent right-handers
(Witelson, 1989; Denenberg et al., 1991; Witelson and Goldsmith, 1991; Habib et al., 1991;
Driesen and Raz, 1995; Moffat et al., 1998; Tuncer et al., 2005; Josse et al., 2008). However,
other studies did not detect any significant differences between right- and left-handers or non-
consistent right-handers (Kertesz et al., 1987; O'Kusky et al., 1988; Steinmetz et al., 1992;
Hines et al., 1992; Clarke and Zaidel, 1994; Steinmetz et al., 1995; Jancke et al., 1997; Preuss
et al., 2002; Luders et al., 2003; Anstey et al., 2007). Interestingly, a few investigations,
although rare, even revealed larger callosal sizes in right-handers (Hopper et al., 1994; Jancke
et al., 1997; Westerhausen et al., 2004). A number of explanations may account for these
discrepancies in results from different studies, such as different sample sizes, different methods
for measuring hand preference and/or performance, different handedness classifications and
cut-off scores for handedness categories, different callosal measurements and definitions of
callosal subregions, and the (non-)adjustments of callosal measures for individual brain size.

Another largely uninvestigated source for discrepancy appears to be the degree of individual
handedness lateralization within and across studies. More specifically, the anatomy of the
corpus callosum has been advocated as a potential marker for functional lateralization (Clarke
etal., 1993; Morton and Rafto, 2006; Josse et al., 2008). Thus, if the degree and not the direction
of lateralization mattered the most, and if a subject sample contained right- and left-handers
with rather similar degrees of lateralization, studies might have revealed no differences in
callosal size. In contrast, if the sample contained right- and left-handers with largely differing
degrees of lateralization, studies might have revealed differences between both groups. If we
assume that a weaker functional lateralization is associated with an increased demand on inter-
hemispheric communication (e.g., via callosal fibers), then callosal dimensions should be
increased in less lateralized individuals (provided that callosal size correlates positively with
the amount of information transferred between hemispheres). Since left-handers are usually
less lateralized than right-handers (Driesen and Raz, 1995; Corballis, 2009), one might predict
that most studies would report larger callosal dimensions in left-handers, rather than in right-
handers. This seems to have led to the overly general conclusion that left-handers have larger
callosal regions than right-handers.

We challenge this notion and propose that callosal size is not linked to left-handedness or right-
handedness per se but to the degree of handedness lateralization (Corballis, 2009). Thus, if we
were to compare more lateralized right-handers with less lateralized left-handers (the typical
constellation), we should detect larger callosal dimensions in left-handers. In contrast, if we
were to compare more lateralized left-handers with less lateralized right-handers (the atypical
constellation), we should detect larger callosal dimensions in right-handers. To test this
hypothesis, we generated three different samples of right- and left-handers: Two of these
samples resembled the typical and the atypical constellations described above; the third sample
contained right- and left-handers who had similar degrees of handedness lateralization. We
then applied a surface-based mesh-modeling technique to compare the thickness of the corpus
callosum between right- and left-handers at 100 equidistant points across the entire midsagittal
surface. In addition, we conducted point-wise correlation analyses to establish whether callosal
thickness and degree of handedness lateralization are significantly linked. We hypothesized
larger callosal dimensions in less lateralized individuals regardless of the direction of their
handedness.

Neuroimage. Author manuscript; available in PMC 2011 August 1.
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The overall sample of the present study included 361 healthy subjects (156 men and 205
women), ranging between 44 and 49 years. This sample was drawn from the PATH Through
Life Project designed to study the risk and protective factors for normal aging, dementia and
other neuropsychiatric disorders (Anstey et al., 2005). The present study focuses on the middle-
age sample of the PATH Project, composed of 2530 individuals randomly selected from the
population of Canberra, Australia. A subsample of 656 participants were offered a magnetic
resonance imaging (MRI) scan, which 503 accepted, and 431 eventually completed (Wen et
al., 2009). The reasons for not undergoing MRI after having initially agreed included
subsequent withdrawal of consent, medical conditions contradicting MRI, and claustrophobia
or other anxiety about the procedure. There were no differences in age, sex, and years of
education between those who had an MRI scan and those who did not. One scan was lost due
to a technical fault, giving a total number of 430 scans. For the current analysis, another 69
scans were excluded due to movement artifacts, poor scan quality, neurological disorders and
missing handedness data, leaving 361 scans. The study was approved by the ethics committees
of the Australian National University, Canberra and the University of New South Wales,
Sydney, Australia. All participants gave written informed consent to be included in this study.

Handedness Measurement

Handedness® was determined based on the Edinburgh Handedness Inventory (EHI; Oldfield,
1971). The EHI entails reporting hand use for ten actions such as writing, striking a match,
holding a broom, etc. on a five-point scale (—2 always left, —1 mostly left, O either, +1 mostly
right, +2 always right). A handedness coefficient ranging from —1 (exclusively left-handed) to
+1 (exclusively right-handed) is computed by averaging all scores and dividing by 2. The
resulting values ranged between —1 and +1 and revealed (i) the direction of handedness, with
negative values indicating left-handedness and positive values indicating right-handedness;
and (ii) the degree of handedness, with values closer to —1 and +1 indicating a stronger
lateralization than values closer to 0.

Image Acquisition

T1-weighted 3-D structural MRI images were acquired in coronal plane using a Fast Field
Echo (FFE) sequence on a 1.5 Tesla Gyroscan scanner (ACS-NT, Philips Medical Systems,
Best, The Netherlands). About mid-way through this study, for reasons outside the researchers'
control, the original scanner (scanner A) was replaced with a similar Philips scanner (scanner
B). The scanning parameters were kept essentially the same. The first 163 subjects were
scanned on scanner A with the following parameters: TR = 8.84 ms, TE = 3.55 ms, 8° flip
angle, matrix size = 256x256, slices = 160, field of view (FOV) = 256x256 mm. Slices were
contiguous with a slice thickness of 1.5 mm. For the remaining 268 subjects scanned on scanner
B, the TR =8.93 ms and TE = 3.57 ms values were slightly different in order to improve image
quality, but all other parameters were exactly the same. To ensure the reliability and
compatibility of the data, we compared the subjects scanned on the two scanners on socio-
demographic and imaging parameters. There were no significant differences on age or years
of education, but significantly more women were scanned on scanner B than A (p=0.003). The
gray matter (GM), white matter (WM), and cerebrospinal fluid (CSF) volumes obtained from
the two scanners did not differ significantly.

1Since the EHI questionnaire does not reveal anything about the quality of left- and right-hand performance, it might be more precise to
use the term “hand preference”. However, to be consistent with the existing literature, we will use the term “handedness” instead
throughout the manuscript.

Neuroimage. Author manuscript; available in PMC 2011 August 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Luders et al. Page 4

Image Preprocessing and Callosal Outlining

Images were placed into the Talairach standard space using automated 6-parameter rigid-body
transformations (Collins et al., 1994) to correct for differences in head alignment. In addition,
automated radio-frequency bias field corrections were applied (Sled et al., 1998) to correct for
intensity drifts caused by magnetic field inhomogeneities. The corpus callosum was then
outlined automatically based on the Chan-Vese model for active contours (Chan and Vese,
2001) using the LONI pipeline processing environment (Rex et al., 2003). This resulted in two
midsagittal callosal segments (i.e., the upper and lower callosal boundaries) for each subject,
as detailed elsewhere (Luders et al., 2006a; Luders et al., 2006b; Luders et al., 2007).
Subsequently, each callosal segment was overlaid onto the MR image from which it had been
extracted and visually inspected to insure that automatically generated callosal outlines
followed precisely the natural course and boundaries of the corpus callosum. Contours that did
not match this criterion were corrected manually by one rater (N.C.).

Callosal Thickness Measurements

To obtain highly localized measures of callosal thickness, anatomical surface-based mesh
modeling methods were employed (Thompson et al., 1996a; Thompson et al., 1996b). That is,
the upper and lower callosal boundaries were resampled at regular intervals to render the
discrete points comprising the boundaries spatially uniform. Then, a new segment (i.e., the
medial core) was automatically created by calculating a spatial average 2D curve from 100
equidistant surface points representing the upper and lower callosal boundaries. Finally, the
distances between 100 surface points of the medial core and the 100 corresponding surface
points of both the upper and the lower callosal boundaries were computed. These regional
distances indicate callosal thickness with a high spatial resolution (i.e., at 100 locations
distributed evenly over the callosal surface).

Brain Volume Measurements

To measure brain and tissue volumes, the T1-weighted images were processed with Freesurfer
(http://surfer.nmr.mgh.harvard.edu/; Fischl et al., 2002; Fischl et al., 2004) and automatically
separated into the different tissue types. Using the tissue-classified partitions, GM, WM, and
CSF volumes were determined in dm3 as the sum of voxels representing GM, WM, and CSF,
respectively. Intracranial volume (ICV) was calculated by summing up GM, WM, and CSF
volumes.

Overall Sample and Subsamples

The overall sample of this study (n=361) contained 324 right-handers and 37 left-handers (i.e.,
10.25%), which corresponds to the usual prevalence of left-handedness in the normal
population (Annett, 1973; Raymond et al., 1996). Sample-specific descriptive statistics are
provided in Table 1. In addition, we created four equally-sized subgroups of interest: one left-
handed (LH) group (moderately lateralized) and three right-handed (RH) groups (strongly,
moderately, and weakly lateralized). The number of subjects in each group (n=37) and the ratio
of males to females (16:21), was determined based on the total number of available left-handers
(n=37) and their gender distribution (16 males; 21 females). The moderately lateralized LH
group (moderate LH) contained left-handers with EHI scores ranging from —1.0 to —0.05
(mean: —0.60; SD: 0.30). The moderately lateralized RH group (moderate RH) was created to
resemble the moderate LH group as closely as possible, where the lowest EHI scores started
only at 0.2 (rather than at 0.05). Thus, the moderate RH group contained right-handers with
EHI scores ranging from 0.2 to 1.0 (mean: 0.62; SD: 0.27). In contrast, the strongly lateralized
RH group (strong RH) contained right-handers with the highest EHI scores of 1.0 (mean: 1.0;
SD: 0.00). The weakly lateralized RH group (weak RH) contained the right-handers with the
lowest EHI ranging from 0.2 to 0.5 (mean: 0.34; SD: 0.08). Group-specific descriptive statistics

Neuroimage. Author manuscript; available in PMC 2011 August 1.
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are provided in Table 1. The four subgroups were used to generate three specific subsamples
(n=74) containing right- and left-handers with either similar degrees of handedness
lateralization (moderate RH / moderate LH) or different degrees of handedness lateralization
(strong RH / moderate LH; weak RH / moderate LH). Right- and left-handers in all three
specific samples did not differ significantly with respect to the ratio of males and females, age,
and brain size.

Statistical Analyses

First, we converted the directional EHI-handedness measures into absolute values (i.e., all final
EHI-scores were positive). Then, we calculated the correlation coefficients between the
absolute EHI-scores and callosal thickness at 100 surface points within the overall sample
(n=361), while co-varying for ICV. Subsequently, using the three specific subsamples (n=74),
we compared callosal thickness between right- and left-handers (a) when right-handers were
more lateralized (strong RH versus moderate LH), (b) when left-handers were more lateralized
(weak RH versus moderate LH), and (c) when right- and left-handers were similarly lateralized
(moderate RH versus moderate LH), while co-varying for ICV.

Supplemental Analysis

Results

Correlations

To explore the possibility that correlations between callosal thickness and handedness
lateralization might be affected by the direction of handedness, we tested for an interaction
between the degree of handedness lateralization (i.e., the absolute handedness scores) and the
direction of handedness (i.e., left- versus right-handed), while co-varying for ICV. Given the
small sample size of left-handers (n=37) this analysis is considered exploratory.

As demonstrated in Figure 1a, we detected negative correlations between callosal thickness
and absolute handedness scores across almost the entire corpus callosum, except for the
splenium. Negative correlations imply a greater callosal thickness with decreasing handedness
lateralization, regardless of the direction of handedness. As further demonstrated (Figure 1b),
negative correlations were significant at p<0.05 across the anterior and posterior midbody.
There were no significant positive correlations. When mapping effect sizes (Figure 1c),
negative correlations were pronounced across the anterior and posterior midbody, and in the
callosal anterior third.

Group Comparisons

There were no significant differences when comparing callosal thickness between right- and
left-handers, in any of the three specific comparisons (significance maps not shown). However,
as illustrated in Figure 2, when mapping effect sizes (top panel) and illustrating the direction
of group effects (bottom panel), differences between handedness groups became apparent with
thicker callosal regions in subjects who are less lateralized. More specifically, when comparing
more lateralized right-handers with less lateralized left-handers (strong RH versus moderate
LH), we detected a predominantly larger thickness in left-handers (Figure 2a). In contrast,
when comparing more lateralized left-handers with less lateralized right-handers (moderate
LH versus weak RH), we detected a predominantly larger thickness in right-handers (Figure
2b), although parts of the splenium and isthmus were still thicker in left-handers. When
comparing similarly lateralized right- and left-handers (moderate RH versus moderate LH),
we detected a regular pattern of alternating directional effects across the callosal surface.
Interestingly, this pattern did not extend into regions surrounding the posterior and anterior
bend of the corpus callosum, and the splenium and anterior third were larger in right-handers.

Neuroimage. Author manuscript; available in PMC 2011 August 1.
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Supplemental Findings

We detected a significant interaction between the degree and direction of handedness
lateralization suggesting a different relationship between callosal thickness and handedness
lateralization in right- and left-handers. However, the observed differential effect was confined
to a small region of the splenium (Supplemental Figure 1). This region did not overlap with
any of the regions where significant negative correlations between callosal thickness and
handedness lateralization were detected (Figure 1).

Discussion

We investigated the morphology of the corpus callosum with high regional specificity to
resolve the question whether there is a link between callosal size and the degree of handedness
lateralization. We hypothesized that callosal regions would be larger in individuals with less
lateralization regardless of the direction of their handedness. In agreement with our hypothesis,
we revealed significant negative correlations between callosal thickness and absolute
handedness scores. Negative correlations imply an increasing callosal thickness with
decreasing handedness lateralization. This supports the assumption that greater functional
lateralization is associated with decreased demands on inter-hemispheric communication (e.g.,
via callosal fibers) which, in turn, is reflected in decreased callosal dimensions.

Our findings (partly) contrast with Moffat et al. (1998) who did not detect any correlations
between callosal size and the degree of handedness (examined in left-handers only); with Habib
(1991) who detected positive correlations between callosal size and handedness degree
(examined as absolute values); and with Witelson and Goldsmith (1991) who detected negative
correlations between callosal size and handedness degree (examined as directional values)z.
These discrepancies in findings might be due to various differences across studies including
(but not limited to) the following: the number of subjects (=16 vs. n=22 vs. n=53 vs.
n=361*3), the modality of the imaging data (i.e., post mortem vs. in vivo*), the a priori
definition of callosal segments (i.e., radial vs. perpendicular parcellation schemes vs. no a
priori definition*), the callosal measurement of interest (i.e., segment-specific area vs. point-
wise thickness*), the tests employed for measuring handedness (i.e., Annett vs. Waterloo vs.
Edinburgh*), the inclusion of brain size corrections (i.e., not applied vs. applied*). The
dependency of study outcomes on these factors should not be underestimated, especially since
it was previously demonstrated that a re-analysis of the same data revealed different outcomes
solely due to applying different measurements related to handedness and callosal morphology
(Kertesz et al., 1987; Denenberg et al., 1991). Importantly, to circumvent the risk of defining
callosal sections with controversial fiber distribution (Hofer and Frahm, 2006), to avoid
shaped-induced biases (Tomaiuolo et al., 2007), and also to increase the spatial resolution of
callosal measurements, the current study did not rely on any parcellation scheme. Instead, we
applied a well-validated approach to compute 100 point-wise indicators for callosal thickness
across the whole corpus callosum.

Our assumption that callosal size is a marker for handedness lateralization regardless of
handedness direction was further substantiated when we compared right- and left-handers
directly. As suspected, when we compared less lateralized left-handers with strongly lateralized
right-handers, the majority of callosal regions were larger in left-handers. In contrast, when
we compared less lateralized right-handers with more lateralized left-handers, callosal regions
were predominantly larger in right-handers. Finally, when we compared similarly lateralized

2Witelson and Goldsmith also detected negative correlations when focusing on absolute values. Thus, their outcomes agree with findings
of the current study. However, Witelson and Goldsmith concluded that there were too few individuals with handedness scores less than
zero to justify treating magnitude and direction as two separate dimensions (Witelson and Goldsmith, 1991).

The asterisks denote the setup for the current study.

Neuroimage. Author manuscript; available in PMC 2011 August 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Luders et al.

Page 7

right- and left-handers, we detected a regular pattern of alternating directional effects across
large parts of the corpus callosum. The same inverse relationship between callosal size and
handedness lateralization is also implied in outcomes of other studies revealing larger callosal
regions in left-handers or in non-consistent right-handers (i.e., individuals who are typically
less lateralized) than in consistent right-handers (Witelson, 1989; Denenberg et al., 1991;
Witelson and Goldsmith, 1991; Habib et al., 1991; Driesen and Raz, 1995; Moffat et al.,
1998; Josse et al., 2008).

Regional Specificity

Significant negative correlations between callosal thickness and handedness lateralization were
confined to callosal sections across the anterior and posterior midbody. Pronounced negative
correlations became also evident in the callosal anterior third when mapping effect sizes. In
agreement with respect to the affected callosal segments, previous studies revealed handedness
effects in the callosal anterior third (Habib et al., 1991; Westerhausen et al., 2004; Josse et al.,
2008), the anterior midbody (Denenberg et al., 1991; Habib et al., 1991; Hopper et al., 1994;
Jancke et al., 1997; Westerhausen et al., 2004; Josse et al., 2008), and the posterior midbody
(Witelson, 1989; Hopper et al., 1994; Jancke et al., 1997; Moffat et al., 1998; Westerhausen
etal., 2004).

Post mortem studies as well as in vivo examinations based on fiber tractography suggest that
the anterior and posterior midbodies are involved in transferring motor information (Witelson,
1989; Hofer and Frahm, 2006; Park et al., 2008). Thus, the smaller callosal thickness in
individuals with a strong hand preference is possibly associated with a diminished inter-
hemispheric communication between the hand areas of the motor cortex, or between the motor
cortices in general. Supporting this idea, a study in musicians has shown that professional
pianists and string instrument players (i.e., individuals highly skilled in bi-manual motor
coordination) had larger corpora callosa (Schlaug et al., 1995). However, a positive link
between callosal size and number of crossing fibers has been confirmed mainly for small
diameter fibers, while motor regions are, perhaps, rather connected through large diameter
fibers (Aboitiz et al., 1992). Thus, the observed negative correlation between callosal size and
handedness lateralization might be driven by individual brain organization and the degree of
functional lateralization, in general (Witelson, 1989). For example, some studies provide
evidence that ambidextrous people or left-handers (who are usually less lateralized with respect
to handedness) are also less lateralized with respect to language functions (Pujol et al., 1999;
Soros et al., 1999; Knecht et al., 2000). Interestingly, the current study also revealed
pronounced negative correlations between callosal size and handedness within the callosal
anterior which contains a high number of small diameter fibers (Aboitiz et al., 1992). These
anterior callosal sections are not specifically related to handedness, but are known to connect
prefrontal regions (Witelson, 1989; Hofer and Frahm, 2006; Park et al., 2008). Since prefrontal
regions are largely involved in processing higher-order cognitive information (Jung and Haier,
2007), the observed negative link in anterior callosal regions might provide a hint that these
higher-order cognitive processes are also differently organized in individuals with different
degrees of handedness lateralization.

Surprisingly, we also detected group effects (albeit not significant) in a direction that tended
to contradict the proposed negative correlation between callosal size and handedness
lateralization. For example, we observed a thicker splenium in strongly lateralized left-handers.
Thus, it could be that other functions, regulated by parietal, temporal, and occipital regions
(Witelson, 1989; Hofer and Frahm, 2006; Park et al., 2008), have been re-organized in an
opposing manner (i.e., a larger thickness in more lateralized individuals) as a consequence of
handedness lateralization in order to minimize interference among different neuronal networks
and optimize brain function. While this hypothesis requires testing in future analyses, the

Neuroimage. Author manuscript; available in PMC 2011 August 1.
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apparent non-conformity of the observed association between handedness and callosal
morphology re-emphasizes the existence of region-specific relations (rather than a single
overall relationship). That is, different segments of the corpus callosum appear to be differently
linked to the degree of functional lateralization, as also implied in a previous study analyzing
the relationship between corpus callosum size and various anatomical asymmetries (Luders et
al., 2003).

Magnitude and Significance

In our correlation analysis we established that there is a significant negative link between
callosal size and the lateralization of handedness, regardless of handedness direction. This link
was confirmed when we compared right- and left-handers and systematically altered the degree
of lateralization in both handedness groups. Although the direction of the group effects were
largely in agreement with our hypothesis (i.e., larger callosal regions in less lateralized
individuals), none of them was significant. This agrees with prior studies that also failed to
reveal any significant differences between right- and left-handers (Kertesz et al., 1987;
Steinmetz et al., 1992; Hines et al., 1992; Clarke and Zaidel, 1994; Steinmetz et al., 1995;
Jancke et al., 1997; Preuss et al., 2002; Luders et al., 2003; Anstey et al., 2007). The
diminutiveness of the group effect is in further agreement with studies looking at associations
between callosal morphology and other functional lateralizations. For example, Josse et al.
reported that the effect of callosal size on language lateralization “was not affected by whether
the effects of handedness was factored out or not” (Josse et al., 2008).

Altogether, this seems to suggest that callosal differences between right- and left-handers,
although existent, are rather small. Even so, group effects might become stronger when
handedness groups differ in the degree of their lateralization. Thus, it is possible that previous
studies which compared similarly lateralized right- and left-handers did not reveal group
effects, while studies which compared differently lateralized right- and left-handers were able
to detect significant regional differences. For example, even studies which consciously
excluded individuals with only little degrees of lateralization, such as larger than —7 and smaller
than +7 on a 14-point scale (Westerhausen et al., 2004), might have included right- and left-
handers with different degrees of lateralization in the upper range (e.g., more lateralized left-
handers in studies which detected larger callosal regions in right-handers).

Limitations and Implications for Future Studies

We revealed negative correlations between callosal thickness and the degree of handedness
lateralization, and we observed increased callosal dimensions in less lateralized groups of right-
and left-handers (i.e., regardless of the direction of handedness). These outcomes agree with
our hypothesis that a weaker functional lateralization is associated with increased callosal
dimensions. However, replication using a larger number of left-handers is clearly needed to
boost statistical power. This will determine whether the established negative correlations truly
exist regardless of the direction of handedness. Moreover, when comparing handedness groups,
increasing the number of right- and left-handers will resolve whether the current study was
only underpowered (and therefore did not reveal any significant differences between right- and
left-handers), or whether the differences are rather negligible in general, if examined as a
dichotomy between two handedness groups. Regardless, future studies of handedness will
ideally determine both the direction and the degree of handedness lateralization, rather than
analyzing individuals of merely opposite laterality (Corballis, 2009).

The current study was based on handedness information acquired via administering
questionnaires only. As handedness is best predicted by combining “preference measures and
several performance measures that tap into different elements of motor performance” (Brown
et al., 2006), future studies might consider complementing self-reports of handedness with
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observational measures of hand preference or with actual measures of hand performance, such
as indicated by pegboard or finger-tapping tasks. The current study generated a subsample of
right- and left-handers with similar degrees of handedness lateralization (i.e., —0.6 and +0.6).
Although closely matched, these two mean handedness scores represent rather moderate
degrees of handedness. It would be interesting to find out if the observed regular pattern of
alternating directional effects can be replicated in extreme right- and left-handers, classified
as—1and +1.

Last but not least, further research is necessary to establish whether links between callosal size
and handedness are directly driven by callosal motor pathways, or whether laterality of other
functions might contribute to the observed negative correlations. Alternatively, callosal
thickness and functional lateralization of handedness might be completely devoid of any causal
relationship with each other, but simply underlie the same developmental mechanisms (Habib
et al., 1991). Future studies will expand this line of research by complementing indicators of
callosal macro-structure with descriptors of callosal micro-structure, possibly based on callosal
fiber tracking using diffusion tensor imaging (DTI) (Westerhausen et al., 2004). In addition,
DTI and functional MRI may be combined to investigate the relationship between callosal
organization and cortical activity across hemispheres (Putnam et al., 2008).
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Correlations between Callosal Thickness
and Absolute Handedness Scores
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Figure 1.

Correlations between callosal thickness and handedness lateralization within the overall
sample. (a) The callosal map and color bar encode the r-values that depict the magnitude and
direction of correlations between absolute handedness scores and callosal thickness. (b) The
callosal map and color bar encode the p-values that depict significant negative correlations at
p<0.05. (c) The callosal map and color bar encode the beta effect sizes that depict the magnitude
and direction of the correlation. The posterior region of the corpus callosum is located on the
left; the anterior region points to the right.
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Callosal Thickness Differences between Right-Handers (RH) and Left-Handers (LH)
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sal thickness differences between right- and left-handers within the three specific
les. (a) More lateralized right-handers versus less lateralized left-handers (strong RH
s moderate LH). (b) More lateralized left-handers versus less lateralized right-handers

(moderate LH versus weak RH). (c) Similarly lateralized right- and left-handers (moderate RH

versu
depic
color

s moderate LH). Top: The callosal maps and color bar encode the beta effect sizes that
t the magnitude and direction of the group differences. Bottom: The callosal maps and
bar encode the direction of the group differences, regardless of its magnitude.
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Sample-specific descriptive statistics

Table 1

Group Subjects | Males : Females | Mean + SD for Age | Mean + SD for ICV
(in years) (in dm?3)
Overall Sample
Total 361 156 : 205 46.88 £ 1.37 1.54+0.16
RH 324 140 : 184 46.85 +1.38 1.54+0.15
LH 37 16:21 47.16 £1.32 1.55+0.17
Subgroups

Moderate LH 37 16:21 47.16 £1.32 1.55+0.17
Weak RH 37 16:21 46.97 £1.30 1.56 +£0.17
Moderate RH 37 16:21 46.97 +£1.42 1.52+0.15
Strong RH 37 16:21 46.86 £ 1.40 1.58 +£0.18

RH = Right-handers; LH = Left-handers

SD = Standard Deviation

ICV = Intracranial VVolume
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