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Sexual dimorphism in interhemispheric relations: 
anatomical-behavioral convergence 
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An embryogenetic hypothesis states that hemispheric specialization is inversely 
related to callosal connectivity (Geschwind and Galaburda, 1985). We tested this 
hypothesis (i) anatomically by relating postmortem planum temporale asymmetry 
to regional callosal morphology and (ii) behaviorally by relating the right visual 
field advantage in a lateralized lexical decision task with associative primes to 
regional callosal morphometry using magnetic resonance imaging (MRI). The 
postmortem study showed a significant negative correlation between planum 
temporale asymmetry and the number of small diameter fibers in the isthmus of the 
corpus callosum, but only for males. The MRI study showed a significant negative 
correlation between the right visual hemifield advantage for associated words and 
the cross section size of the isthmus of the corpus callosum, but again only in 
males. There was no sex difference in either the anatomical asymmetry, the behav
ioral asymmetry, or the callosal morphology. These convergent results suggest 
that there is a sexual dimorphism in interhemispheric relations in humans. 

Key terms: anatomical-behavioral convergence, callosal connectivity, hemispheric 
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INTRODUCTION 

The prevai l ing view about sex differences in 
interhemispheric relations is that males are 
more lateralized and females are better con
n e c t e d b e t w e e n t h e h e m i s p h e r e s (e.g., 
McGlone , 1980). This view can be interpret
ed both anatomical ly and behavioral ly. Ana
tomically, we can look for sex differences in 
cortical asymmetr ies or in regional callosal 
size. Behavioral ly , we can look for sex dif
ferences in behavioral laterality effects or in 
b e h a v i o r a l m e a s u r e s of i n t e r h e m i s p h e r i c 
transfer. Both interpretations are more com
plex than they may first appear. Anatomi
ca l ly , it is not c l ea r wh ich a s y m m e t r i e s 
should correspond to which functions. Simi
larly, the functional decompos i t ion of the 
human corpus cal losum is still largely un

known. And how do we identify a greater 
anatomical connectivi ty through a putat ive 
callosal channel? Is larger simply bet ter? Be
haviorally, a significant behavioral laterality 
effect may reflect differences in hemispher ic 
competence and/or in callosal transfer, de
pending on the task. And, again, it is not clear 
which ca l losa l channe l s ac tua l ly m e d i a t e 
interhemispheric transfer in a part icular task. 
Much previous data on sex differences in 
in t e rhemisphe r i c re la t ions fail to add res s 
these complex i t i e s or lead to conf l i c t ing 
findings. 

Hemispheric independence and callosal 
channels 

The anatomic model of behavioral laterality 
ef fec ts d i s t i n g u i s h e s t h r ee c a t e g o r i e s of 
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t a sks : (1) "ca l lo sa l r e l a y " t asks that a re 
exclus ive ly specia l ized to one hemisphere 
and require callosal relay of stimuli projected 
to the " w r o n g " hemisphere before processing 
can take place, (2) "direct access" tasks that 
can be processed independently, if different
ly, in either hemisphere , and (3) tasks that 
require interhemispheric interaction. Surpris
ingly many lateralized tasks are direct ac
cess, and one common index of hemispheric 
i n d e p e n d e n c e is a s t a t i s t i ca l i n t e r a c t i o n 
( "p rocess ing d i s soc ia t ion" ) be tween s o m e 
independent st imulus variable (e.g., Word-
ness [words, nonwords] in a lexical decision 
task) and visual hemifield of st imulus pre
sentation (Zaidel, 1983: Zaidel et al, 1990). 
Thus , predict ions about the relationship of 
hemispher ic special izat ion to callosal con
nectivity must refer to behavioral laterality 
effects in "direct access" tasks. Even so, such 
tasks can incorporate interhemispheric pr im
ing effects, resource sharing or other interac
tions that complicate the predict ions (Iaco-
boni and Zaide l , 1995; Iacoboni , R a y m a n 
and Zaidel , M s submit ted) . 

Behavioral , anatomical and physiological 
evidence, both in clinical and in normal pop
ulat ions, now converge on the view that the 
human corpus ca l losum consists largely of a 
set of modali ty- , material- , or function-spe
cific channels that interconnect homotopic 
cortical regions in the two cerebral hemi
spheres (Zaidel et al, 1990). The anteropos
terior a r rangement of those channels respects 
the anteroposterior arrangement of the cor
responding cortical regions: going in a cau
dal-rostral direction, the splenium intercon
nects visual cort ices, the is thmus probably 
interconnects auditory cortices and superior 
temporal lobes, the posterior midbody inter
connects somatosensory cortices, the anterior 
midbody interconnects motor cort ices, and 
the genu may transfer control signals (in
c l u d i n g inh ib i to ry ones ) b e t w e e n frontal 
cortices. 

Anatomy 

Sexual dimorphism in the corpus ca
llosum. Wha t are the available data? Most of 
t h e p u b l i s h e d i n f o r m a t i o n c o n c e r n s the 
s p l e n i u m and the i s t h m u s of the co rpus 
cal losum. De Lacoste and Hol loway (1982) 

first found a thicker splenium in females than 
in males . Whi le three studies found a more 
bulbous splenium in females (Allen et al, 
1991; S Clarke et al, 1989; Reinarz et al, 
1988), the majority of studies did not find 
significant sex differences in splenial mea
sures (Byne et al, 1988; Demeter et al, 1988; 
Going and Dixson, 1990; Habib et al, 1991; 
O 'Kusky et al, 1988; Oppenhe im et al, 1987; 
Prokop et al, 1990; Steinmetz et al, 1992; 
W e b e r and W e i s , 1986; W i t e l s o n , 1989; 
Yoshi et al, 1986). The normal ized is thmus 
(corrected by total callosal area) was found 
to b e l a r g e r in f e m a l e s t h a n in m a l e s 
(Steinmetz et al, 1992; Wite lson, 1989), and 
the min imum body width, which is invari
ably in the is thmus, was similarly larger in 
females (Byne et al, 1988). However , other 
researchers found no sex differences in the 
size of the is thmus (Allen et al, 1991 ; Hab ib 
et al, 1991; Oppenhe im et al, 1987) or even a 
larger i s thmus in males (Denenberg et al, 
1991). All of these studies, whe ther post
mor tem or in vivo magnet ic resonance imag
ing (MRI) , relied on morphometr ic measures 
of cross sectional areas of callosal regions, 
but none analyzed the number and type of 
callosal fibers. Thus , differences in corpus 
cal losum size could reflect differences in the 
number of fibers, types of fibers or both. In 
the rat, sex differences in the size of the 
corpus cal losum reflect differe? ces in both 
number and type of callosal fibers (Juraska 
and Kopcic, 1988). Whethe r similar relat ions 
exist in humans was unknown but is now 
addressed in the present exper iment . 

Sexual dimorphism in anatomical 
asymmetries. It is k n o w n that the h u m a n 
brain demonstrates anatomical asymmetr ies 
in regions related to Wern i cke ' s area, part ic
ularly the Sylvian fissure and the p l a n u m 
temporale (Geschwind and Levi tsky, 1968; 
Galaburda et al, 1987). Fur thermore , there is 
some evidence that these anatomical asym
metries are associated with the direction and 
degree of lateralization of language functions 
(Rattcliff et al, 1980; Strauss et al, 1985; 
Wi te l son and Kigar , 1988) . The re is a lso 
some evidence that anatomical asymmetr ies 
a re l a r g e r in m a l e s ( W a d a et al, 1 9 7 5 ; 
McGlone , 1980; Kertesz et al, 1987, 1992), 
a l though other reports indicate only mini 
mal sex differences (Witelson and Kigar, 1992). 
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Behavior 

Sex differences in callosal transfer. Potter 
and Graves (1988) used a variety of tasks to 
compare in terhemispher ic transfer be tween 
(left and right handed) males and females 
and found better visual transfer in females, 
and an interaction of sex and handedness in 
somesthet ic transfer. But interpretations of 
those results are limited by the fact that the 
exper iments contained only interhemispheric 
condit ions with no intrahemispheric controls. 
Exper iments in our laboratories have failed 
to find any systematic sex differences in in
terhemispher ic functions. Clarke and Zaidel 
(1994) found no sex differences in visual or 
textural discrimination transfer. Clarke et al 
( 1 9 9 3 ) , a n d W e e k e s et al ( 1 9 9 5 ) u s e d 
dichotic l istening to nonsense syllables and 
neither found evidence for sex differences in 
callosal relay of the left ear signal ( though 
both found involvement of sex with the lat
erality effect). Eviatar et al (1995) examined 
whether sex affects the bilateral distribution 
advantage in the Banich adaptat ion of the 
Posner-Mitchel l letter compar ison task (i.e., 
faster compar isons be tween than within the 
hemispheres) and found a greater bilateral 
advantage in (right handed) males than fe
males , suggest ing that males have a greater 
flexibili ty of t emporary functional d iscon
nect ion suppor t ing the bi lateral advantage 
t h r o u g h p a r a l l e l p r o c e s s i n g . F i n a l l y , 
Mat teson (1991) teased apart the effects of 
sex and cognit ive style in interhemispheric 
pr iming in a lateralized pr imed lexical de
cision task and found an effect of style but 
not of sex (Zaidel et al, 1995). Thus, there is 
no compel l ing evidence for greater function
al callosal connectivity in females although 
few callosal channels , believed to be asso
c ia ted wi th t he se i n t e r h e m i s p h e r i c t a sks , 
have been assessed systematically. 

Sex differences in hemispheric com
petence. M c G l o n e ( 1 9 8 0 ) r e v i e w e d bo th 
pathological and normal data and concluded 
that left hemisphere specialization for lan
guage is greater in males than in females. 
But conflicting reviews showing no sex dif
ferences in behavioral laterality effects ap
p e a r e d s u b s e q u e n t l y ( F a i r w e a t h e r , 1982 ; 
Hiscock et al, 1990, 1991 ; Voyer , 1994). 
Boles (1984) found no sex differences in 

threshold word recognit ion exper iments us 
ing accuracy as a dependent variable and hy
pothesized that sex differences in behavioral 
laterality effects are more likely to occur for 
speeded suprathreshold tasks that are sensi
tive to strategy shifts and use latency as a 
dependen t var iab le . In turn , Hea ley et al 
(1985) bel ieved that males are more late
ralized in word recognition exper iments with 
nonverbal responses, such as manual lexical 
decisions, whereas females are more latera
lized in experiments that involve language 
product ion, such as naming. However , a re
view of some 30 lateralized lexical decision 
experiments in our lab revealed no consistent 
sex differences using either response mea
sure (Zaidel et al, 1995). Similarly, a meta
analysis of a series of 10 lateralized tachis-
toscopic lexical decision and naming experi
ments showed that latency is not more likely 
to show sex differences, al though lexical de
cision was more likely than naming to show 
greater lateralization in males . 

The Geschwind-Galaburda hypothesis 

A provocat ive hypothesis first art iculated in 
G e s c h w i n d a n d G a l a b u r d a ( 1 9 8 5 ) a n d 
elaborated in Galaburda, Rosen and Sherman 
(1990) argued that intrahemispheric and in
terhemispher ic connect ivi t ies are inversely 
correlated and that both are related to ana
tomical and functional asymmetr ies . Thus , 
they purported to account for both intrahemi
spheric and interhemispheric sex differences 
in language organization. Specifically, great
er asymmetry was said to be associated with 
decreased callosal connect ivi ty and with a 
dec rease in the s ize of the n o n d o m i n a n t 
hemisphere , as well as with increased intra
hemispher ic connect iv i ty . This sugges t ion 
is based on the negat ive corre la t ions seen 
be tween the density and relat ive extent of 
callosal terminations and volumetr ic asym
metries in the somatomotor cortex of the rat 
(Rosen etal, 1989, 1990). 

G a l a b u r d a et al ( 1 9 9 0 ) p r o c e e d e d to 
hypothes ize that ma les (and left handers ) 
have more symmetr ic brains, s tronger inter
hemispheric connectivity and weaker intra
hemispher ic connect iv i ty than females, so 
that they rely on bilateral language modules , 
whereas females rely more on L H modules . 
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They accoun ted for the smaller l inguist ic 
laterality effects in females by the facts that: 
(a) the female system, including the right 
hemisphere , is more efficient; (b) the female 
right hemisphere is less connected and hence 
less dependent on both callosal information 
and the left hemisphere ; and (c) in females, 
the p roces s ing of left v isual field (LVF) 
stimuli can be moni tored more effectively 
using other wel l -connected modules in the 
right hemisphere . 

Suffice to say that this unusual account 
seems to presuppose that there is better lan
guage competence in the right hemisphere of 
females than of males , that hemifield tachis-
toscopic test ing opera tes largely by direct 
access, and that efficient linguistic process
ing in males is a lways dependent on inter-
hemispher ic exchange . Thus , this account 
blurs the dist inction between direct access 
and callosal relay tasks. However, the hypoth
esis concern ing the relat ion of anatomical 
and functional asymmetry to anatomical and 
func t iona l ca l losa l connec t i v i t y d e s e r v e s 
further attention. 

Callosal facilitation vs inhibition 

Model s of laterality effects which assume 
that the corpus ca l losum serves pr imari ly 
excitatory functions (e.g., Berlucchi , 1983; 
Sper ry , 1962) versus pr imar i ly inhibi tory 
func t ions (e.g., C o o k , 1984 ; D e n e n b e r g , 
1983) lead to different predict ions concern
ing t h e r e l a t i o n s h i p b e t w e e n d e g r e e s of 
callosal connectivi ty and of behavioral lat
erality effects. The basic excitatory model 
pos i t s that the corpus ca l losum serves to 
share information between the cerebral hemi
spheres. In this view, laterality effects should 
decrease with greater cal losal connectivi ty 
s i nce i n t e r h e m i s p h e r i c sha r ing of infor 
mation would tend to mask underlying hemi
spheric differences in tasks that require in
t e r h e m i s p h e r i c e x c h a n g e . O the r la teral i ty 
models argue for a role of the corpus callo
sum in maintaining independent processing 
in the two hemispheres (e.g., Cook, 1984; 
Kinsbourne , 1982; Zaidel et al, 1990), such 
as the act of "shie ld ing" the influences of one 
h e m i s p h e r e f r o m t h e o t h e r ( L i e d e r m a n , 
1986). This latter view is compatible with an 
interhemispheric inhibitory role of the corpus 

ca l losum. He re , la teral i ty effects may be 
heightened by the presence of greater cal lo
sal connectivity, since interhemispheric inhi
bit ion would highl ight the differences be
t w e e n the h e m i s p h e r e s . P h y s i o l o g i c a l l y , 
most , if not all, callosal fibers are excitatory 
in nature (Innocenti, 1986). However , inhibi
tory influences could be produced by post-
callosal inhibitory interneurons. In sum, the 
inhibitory model predicts that laterality ef
fects should be positively related to degree of 
cal losal connect iv i ty , whi le the exc i ta tory 
mode l p red ic t s a nega t ive r e l a t ionsh ip in 
lateralized tasks that involve callosal transfer. 

Evidence to date is scant and inconsistent , 
and has been primari ly based on the dichotic 
listening task. Kertesz et al (1987) found no 
relationship be tween the laterality effect in 
d ichot ic l i s tening to n o n s e n s e c o n s o n a n t -
vowel (CV) syllables and total midsagi t ta l 
callosal area. O 'Kusky et al (1988) found a 
negat ive correlat ion be tween the laterali ty 
index in dichotic listening to words and both 
midsagittal callosal area and the area of the 
anterior cal losum. Hines et al (1992) found a 
marginal ly significant nega t ive corre la t ion 
be tween the behaviora l laterali ty index in 
dichotic listening to nonsense CV syllables 
and the combined area of the splenium and 
the i s thmus . H o w e v e r , C la rke (1990) and 
Clarke et al (1993) used a dichotic nonsense 
C V syl lables test w h o s e in t e rhemisphe r i c 
structure had been analyzed in pat ients with 
c o m p l e t e c e r e b r a l c o m m i s s u r o t o m y a n d 
found a nega t ive cor re la t ion b e t w e e n the 
right ear score and anterior callosal regions, 
consis tent with the cal losal inhibi t ion hy
pothesis. 

Organization of the paper 

In the first experiment , we will explore post
mortem sex differences in p lanum temporale 
asymmetry, in regional callosal morphology 
and morphomet ry , and in the relat ion be 
tween them. W e will focus on the is thmus of 
the co rpus c a l l o s u m w h i c h i n t e r c o n n e c t s 
perisylvian cortex in the two hemispheres . 
In the second exper iment , we will explore 
parallel sex differences in lateralized lexical 
decision, believed to be processed in superior 
poster ior t empora l cor tex , and in regional 
M R I c a l l o s a l m o r p h o m e t r y , a n d in the 



Biol Res 28: 27-43 (1995) 31 

relation be tween them. In this way we focus 
on behaviors and anatomical structures and 
behaviors that are presumed to correspond to 
each other. In particular, we focus on a behav
ioral task bel ieved to reflect relative, rather 
than abso lu t e , h e m i s p h e r i c specia l iza t ion , 
i.e., h emisphe r i c i ndependence (direct ac
cess) . Together , the two exper iments provide 
convergent evidence for sexual d imorphism 
in the relat ion be tween hemispher ic special
ization for word recognit ion, p resumed to be 
processed in perisylvian cortex, and callosal 
c o n n e c t i v i t y t h r o u g h the i s t h m u s , w h i c h 
interconnects this specialized cortex. 

The exper iments are based on parts of the 
d o c t o r a l d i s s e r t a t i o n s of D r F r a n c i s c o 
Aboit iz (1991) and Dr Jeffrey Clarke (1990), 
r e spec t ive ly , and s o m e of the resul ts are 
reported, together with other data, in Aboitiz 
et al (1992a, b , c) and in Clarke and Zaidel 
(1994) . Some of these data have been pre
sented in Zaidel et al (1995) . 

E X P E R I M E N T 1: 
P O S T M O R T E M A N A T O M Y 

INTRODUCTION 

In this section we discuss sex differences in 
the sizes of the left and right p lanum tem-
pora le and their asymmetry ; in the sizes of 
different parts of the corpus cal losum; in the 
fiber composi t ion of these parts ; and in the 
relat ionships among these asymmetr ies , the 
callosal morphometry , and the callosal mor
p h o l o g y (Aboi t iz et al, 1992a) . The first 
quest ion is whether gross callosal morpho
m e t r y ref lec ts ca l losa l m ic ro s t ruc tu r e , in 
terms of number and types of fibers in dif
ferent par t s of the co rpus ca l l o sum . T h e 
second ques t ion is whe the r coupl ings be 
tween anatomical asymmetr ies in language 
areas and cal losal macros t ructure (by par
tition of a cross-sect ion of the callosal area) 
are duplicated in parallel coupl ings between 
anatomical asymmetr ies and callosal micro-
structure. 

METHODS 

Aboit iz (1991) studied 4 0 human brains (20 
females , 20 males) , of people aged 25 to 60 

years old w h o died from nonneuro log ica l 
causes , obtained from the Inst i tute of Pa
thology, Hospital San Juan de Dios , Santia
go, Chile. The mean age for the males was 
48.5 years (SD = 11.47; range: 32-66) and 
the mean age for females was 45.1 years (SD 
= 14.1; range: 22-68) . The brains were fixed 
in formalin and their surfaces photographed 
from their medial and lateral aspects . F rom 
these p ic tures , measures of the c ross -sec
tional area of the corpus ca l losum as well as 
of the length of the Sylvian fissure in each 
hemisphere were obtained. 

In this study, the length of the Sylvian 
fissure was calculated as the curved distance 
between the first gyrus of Heschl and the end 
of the superior branch of the Sylvian fissure 
(Aboitiz et al, 1992a). Hesch l ' s gyrus was 
a lso m e a s u r e d to the end of the infer ior 
branch, and to the branching point of the Syl
vian fissure. However , these measures did 
not yield interesting relations and are conse
quent ly omi t t ed . Al l these m e a s u r e m e n t s 
were done us ing both a mechanica l curvi-
meter and a computer ized digit izing system. 
The linear depth of the p l anum tempora le 
(called DPT) , was calculated by a geometr ic 
app rox ima t ion of the surface a rea of the 
p lanum (see Aboit iz et al, 1992a). The re
sults were essentially similar to those obtain
ed with Sylvian fissure measurements . 

An absolute measure of asymmetry was 
used, defined as the magni tude of the dif
ference between the left and right values (L-
R) , regardless of sign (that is, regardless of 
which side was larger). In addition, an asym
metry coefficient (L-R)/ (L+R) was determin
ed, but as (L-R) did not correlate with (L+R) , 
the coefficient did not yield results that dif
fered from (L-R) alone. 

The tracings of the corpora cal losa were 
subdivided fol lowing Wi te l son (1989) ac 
cording to straight length (see Aboit iz , 1992; 
Aboitiz et al, 1992a). The different callosal 
portions are, (1) anterior third (genu), (2) the 
area between the anterior third and middle of 
the callosal length (anterior mid-body) , (3) 
the area between the middle of the callosal 
length and the posterior third (posterior mid-
body) , (4) the area between the beginning of 
the posterior third and the beginning of the 
posterior fifth ( isthmus), and (5) the posterior 
fifth (splenium). 



32 Biol Res 28: 27-43 (1995) 

Addit ional ly, the corpora callosa from a 
subsample of 20 brains (10 females, 10 ma
les) were further processed for light micro
scopy study (Aboitiz et al, 1992b,c). Trans
v e r s e s e c t i o n s at 5 u m in t e rva l s in the 
sagittal p lane of the whole ca l losum were 
stained for myelin sheaths (Loyez procedure) 
and neurofibrils (Holmes procedure) . F rom 
this microscopic mater ia l , the densi t ies of 
fibers of different sizes were de te rmined: 
larger than 0.4 um, larger than 1 um, larger 
than 3 um, and larger than 5 um in internal 
diameter . These counts were made in 54 x 54 
um fields across 11 regions in the corpus 
ca l losum (see Aboit iz, 1992; Aboitiz et al, 
1992b, c) . Measured diameters are est imated 
to shrink by 6 5 % after the tissue is fixed and 
embedded in paraffin. Under the microscope, 
fibers were counted in three different areas at 
each locus (a counting area was defined by a 
reticle inserted in the microscope ocular) . In 
each of these areas, two counts were always 
made , and the correlations between the pairs 
were high (r > 0.9). The standard deviations 
among the three different counting areas in 
each locus were usually be low 5 % of the 
mean. 

p ro po r t i o n of i n d iv id u a l s wi th r i g h t w a r d 
asymmetr ies was very similar in both sexes 
(Table I) . The depth of the p lanum temporale 
(DPT) showed a significant sex difference [F 
(1,38) = 6 .51 , P < 0.02] . P l anum area showed 
a tendency to be larger in males [F (1,38) = 
3.49, P < 0.07] . N o interaction was found 
between side and sex for any var iable [F 
(1,38) < 0.7, P > 0.4] . 

Sylvian fissure length did not depend on 
brain weight in either males or females, nor 
did Sylvian fissure asymmetry (L-R) depend 
on t o t a l S y l v i a n f i s s u r e l e n g t h ( L + R ) . 
Finally, in both males and females, the Syl
vian f issure a s y m m e t r y , r ega rd l e s s of its 
direction, correlated with the size of the right 
hemisphere rather than with the size of the 
left hemisphere , and the correlat ions did not 
differ s ignif icantly from each other . Th i s 
p a t t e r n c o n t r a s t s wi th tha t p r o p o s e d by 
Galaburda et al (1987), who suggested that 
the smaller side determines the size of the 
asymmetry . 

Callosum size 

Although cal losum size was about 6 % larger 
in males , the difference was not significant. 

RESULTS T A B L E I 

T a b l e I s h o w s t h e m e a n s and s t a n d a r d 
deviat ions of the measurements of the Syl
vian fissure (SF) in males and females. W e 
did not detect significant side differences in 
the length of the Sylvian fissure, measured 
up to the end of its superior ramus . However , 
there were significant side effects when the 
depth of the p lanum temporale (DPT) was 
included in order to est imate the surface area 
of the p lanum temporale . Also, in agreement 
with Rubens et al (1976) and Witelson and 
Kigar (1992) , the asymmetry levels of the 
measures ending in the inferior branch and in 
the bifurcating point were significant, favor
ing the left [ F ( l , 3 8 ) > 4 . 4 0 ; P < 0 . 0 5 ; 
Aboit iz , 1991). However , these measures did 
not y ie ld in te res t ing re la t ions wi th o ther 
brain structures. 

N o significant sex differences were found 
in any measure of the Sylvian fissure, al
though on the average males had slightly 
larger measures than females. Likewise , the 

Measurements of the Sylvian fissure 

Sylvian fissure 

length 

Males + Females (n ; 
Left 
Right 
Left > Right 
Left < Right 

Females (n = 20) 
Left 
Right 
Left > Right 
Left < Right 

Males (n = 20) 
Left 
Right 
Left > Right 
Left < Right 

:40) 
46.4 ± 10.8 
4 2 . 9 + 1 1 . 4 

(26) 
(14) 

44.4 ± 10.9 
41.3 ± 13.5 

(13) 
(7) 

48.3 ± 10.5 
44.5 ± 8.8 

(13) 
(7) 

29.7 + 2.7 
29.0 ± 2.4 

(14) 
(6) 

Means ± SD's, in mm. Number of subjects within paren
theses. 
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Concern ing specific cal losal segments , the 
is thmus had the largest sex difference, favor
ing males [ 1 3 % ; F ( l , 3 8 ) = 4 .67; P < 0.05] . 
N o callosal segment was larger in females. 
T h e s e sex d i f f e rences d i s a p p e a r e d w h e n 
measures were corrected for total cal losum 
size or brain weight . Across all studies there 
was a posi t ive correlation between cal losum 
size and brain weight (r(38) = 0 .32. P < 
0.05), but this disappeared when the sexes 
were examined separately. 

There was a significant correlation, only 
in males , be tween the size of the genu and 
brain weight (r(18) = 0.49, P < 0.05) that 
persisted when genu area was corrected for 
total ca l losum size (r = 0.52, P < 0.05). At 
the same t ime, in males , splenial area cor
rected for total ca l losum size showed a com
plementary negat ive correlat ion with brain 
weight (r = -0 .45 , P < 0.05). 

Relation between Sylvian fissure length and 
regional callosum size 

To determine a possible link between later
alization and interhemispher ic connect ions, 
correlat ions were determined between asym
metries in the Sylvian fissure and the size 
of different callosal regions. When callosal 
measurements were correlated with the ab
solute values of Sylvian fissure asymmetr ies , 
a significant negat ive correlation was found 
b e t w e e n Sy lv ian f issure a s y m m e t r i e s and 
is thmus size (real value or normal ized for 
total ca l losum size) in m a l e s on ly ( f e m a l e s : 
- 0 . 1 7 > r > - 0 . 2 4 , P > 0.05, n = 2 0 ; m a l e s : 
- 0 . 5 1 > r > - 0 . 5 3 , P < 0.05, n = 20). The 
other ca l losum regions had near-zero cor
relat ions with asymmetr ies (Fig 1). Recall 
that these corre la t ions were obtained only 
when using the Sylvian fissure measurement 
up to the end of the superior branch (see 
Aboit iz etal, 1992a). 

The same relations were found when using 
p lanum temporale area est imations, although 
in this case significance levels rose to P < 
0.01 (see Aboit iz et al, 1992a). 

Fiber composition of the corpus callosum 

Using the subsample of 20 brains, the total 
number of fibers of different sizes was cal
culated in each callosal segment and then 

correla ted with the magn i tude of cerebral 
asymmetr ies (Aboit iz et al, 1989, 1992c). 

The total callosal fibers es t imated under 
l ight mic roscopy were (mean ± SD) 160 
million ± 25 million fibers, a number slightly 
smal ler than the 2 0 0 mi l l ion repor ted by 
Tomasch some t ime ago (1954) , using the 
s a m e m e t h o d o l o g y . E lec t ron m i c r o s c o p i c 
examination of one corpus ca l losum revealed 
a low propor t ion of nonmye l ina t ed fibers 
(less than 10%), and increased the es t imate 
of total fibers to 177 mill ion. Fiber density 
did not correlate with callosal area and hence 
an increased cal losal area indica ted more 
fibers crossing through, with the except ion of 
the very large diameter fibers (larger than 3 
and 5 um, which constitute less than 0 .2% of 
callosal fibers). These human findings con
trast with results from monkeys , in which 
cal losum size was found to be unrelated to 
the number of cal losum fibers (La Mant ia 
a n d R a k i c , 1990). 

W e d id no t d e t e c t sex d i f f e r e n c e s in 
callosal fiber composi t ion or in numbers of 
fibers in any cal losum segment. 

Notation 

r -1 - . 5 5 -.43 0 .43 .55 1 

P .01 .05 0 .05 .01 

Males 
(N=20) 

Females 
(N=20) 

Fig 1. Experiment 1, postmortem study. Correlations 
between the absolute values of Sylvian fissure asymmetry 
and cross section areas of regions of the corpus callosum. A 
= anterior corpus callosum. AB = anterior body. PB = poste
rior body. I = isthmus. S = splenium. 
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Correlations between perisylvian 
asymmetries and fiber numbers 

N o correlation was obtained between Sylvian 
fissure asymmetr ies and the numbers of large 
fibers ( larger than 3 and 5 |im) in any ca-
Uosum segment , suggest ing that these fibers 
do not tend to functionally interconnect those 
perisylvian areas. 

Smaller diameter fibers had a relation to 
a s y m m e t r i e s that pa ra l l e l ed the m o r p h o -
metric findings. Figure 2 shows that in the 
is thmus of males only, asymmetr ies had a 
significant, negat ive correlation with the total 
n u m b e r of fibers larger than 0.4 um, and 
especially with fibers larger than 1 urn (but 
smaller than 3 um). The sex difference in the 
corre la t ion be tween Sylvian fissure asym
metry and H o l m e s coun t was significant . 
However , and not predicted by the morpho
met ry , in females a symmet r i e s cor re la ted 
negatively with total fibers larger than 0.4 
um in the anterior splenium (Aboitiz, 1992; 
see Fig 2) , which is adjacent to the is thmus. 

Notation 

(Note that the area of the splenium did not 
have a s ignif icant cor re la t ion with a sym
metries.) Summariz ing, in the is thmus of ma
les and in the anterior splenium of females, 
the n u m b e r of f ibers smal le r than 1 um 
(about 8 0 % of ca l losa l f ibers) co r re la t ed 
negatively with asymmetr ies . On the other 
hand, only in the is thmus of males did fibers 
larger than 1 um but smal le r than 3 um 
(about 9 9 . 9 % of cal losal f ibers) cor re la te 
negatively with asymmetr ies . 

DISCUSSION 

It seems that, in the posterior Sylvian fissure, 
the segments closer to Hesch l ' s gyrus tend to 
be more asymmetr ic towards the left side, 
while if the superior ramus is included, the 
d i f f e rence t e n d s to d i s a p p e a r . H o w e v e r , 
when the area of the p lanum temporale is 
taken into account, the measure that includes 
the super ior branch acqui res a s ignif icant 
size asymmetry towards the left s ide. Al-

-.735 -.602 +.602 +.735 

Fibers > .4 |am 
.67 

Males 
(n=10) 

Fibers > 1 um 
- . 8 

.04 

Females 
(n=10) 

Fig 2. Experiment 1, postmortem study. Correlations between the absolute values of Sylvian fissure asymmetries and total 
fibers larger than 0.4 ptm and larger than 1 um in diameter (indicated in ten million fibers) in the callosal regions for males and 
for females. 
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though the superior branch did not yield sig
nificant asymmetry values, it was the only 
Sylvian fissure measure whose asymmetr ies 
has a significant correlation with callosal size 
and fibers. It is important to r emember that a 
non-direct ional measure of asymmetr ies was 
used. 

N o significant sex differences in the Syl
vian fissure were found, despite a robust sex 
difference in brain weight . This may be inter
preted as due to the high variance of these 
measures . Note that Sylvian fissure length 
was independent of brain weight. W e did not 
detect sex differences in the degree of asym
metr ies either. Wi te lson and Kigar (1992) 
obtained similar results in their sample. The 
only measure that indicated a sex effect was 
the depth of the p lanum temporale (DPT), 
and this may have been a consequence of its 
dependency on brain weight . These findings 
differ from W a d a et al (1975) and McGlone 
(1980) w h o claim that males have larger ana
tomical asymmetr ies than females, and also 
from Geschwind and Galaburda (1985) and 
Galaburda et al (1990) who theorize that fe
m a l e s s h o u l d s h o w l a r g e r a n a t o m i c a l 
asymmetr ies than males . 

Wite lson (1989) and Clarke (1990) found 
a sex difference in the is thmus in favor of 
females. In this sample, males had a larger 
is thmus than females, a difference that disap
peared when correct ing for brain size. Clarke 
(1990 and see Exper iment 2 below) found 
that a m e a s u r e of the m i n i m a l c a l l o s u m 
width was larger in females. In the present 
exper imen t , the same analys is was made , 
result ing in a nonsignificant difference in fa
vor of males . N o sex differences in splenium 
size, even if corrected for total area (S Clarke 
et al, 1989) were found either. 

In males , a correlation was found between 
the magni tude (not direction) of asymmetr ies 
in perisylvian areas and the size of the isth
mus of the corpus cal losum. This cal losum 
region apparently includes fibers connecting 
those areas (De Lacoste et al, 1985; Pandya 
and Seltzer, 1986; Witelson, 1989). 

N o sex differences were found in the re
gional fiber composi t ion of the corpus ca
l losum. This result is interesting considering 
the robust difference in brain weight between 
the sexes. Peters (1988) argues that sex dif
ferences in brain weight relate to cort ical 

areas that receive and send project ions to 
sensory and motor surfaces and not to as
sociation areas, which may compr ise the bulk 
of the cal losum projections. Hence , the lack 
of significant differences in cal losal struc
ture. Furthermore, it is still unclear whether 
the larger male brain (and presumably the 
larger cortex) includes a larger n u m b e r of 
cortical cells. F r o m cross-species compar i 
sons, it is known that brain cell number in
c r eases at a s l ower ra te than b ra in s ize 
(Jerison, 1973). Haug (1987) reported that 
cell density is smaller in the larger cortex of 
human males than in the smaller cortex of 
females, resulting in a similar number of total 
neurons in the two sexes. If this report turns 
out to be correct, it would not be surprising 
that there are no sex differences in cal losum 
area, since similar numbers of neurons would 
project through the corpus callosum. 

Aboitiz found a reduction in the number 
of cal losum fibers as brain asymmetr ies in
creased, paralleling the morphometr ic studies. 
Overall , these findings agree with Rosen et 
al (1989), who found in the rat an inverse 
relation between volumetr ic asymmetr ies in 
the somatomotor cortex and the extent of 
callosal terminals connect ing these regions. 

T h e r educ t ion of ca l losa l c o n n e c t i v i t y 
with growing asymmetry may be explained 
in terms of a more extensive perinatal retrac
t ion of ca l losa l t e r m i n a l s in a s y m m e t r i c 
brains (see Galaburda et al, 1990). In the 
perinatal period of placental mammal s , there 
is a dramatic retraction of the exuberant neo
na ta l p ro j ec t i ons t h r o u g h the c o r p u s ca
l losum (Innocenti , 1986). It is believed that 
connect ions between different brain regions 
across the corpus cal losum tend to be el im
inated, among other things, by their lack of 
functional and topographic congruency with 
their synapt ic counterpar ts (Aboi t iz et al, 
1992a, c) . A more asymmetr ic brain would 
have more points of incongruency be tween 
the hemispheres than a more symmetr ic one, 
which would lead to a more dramatic retrac
tion process . 

Some recent reports propose that a smaller 
corpus cal losum induces the process of hemi
s p h e r i c s p e c i a l i z a t i o n d u r i n g p o s t n a t a l 
development (Lassonde et al, 1990; Wite lson 
and N o w a k o w s k i , 1991). Howeve r , ana to
mical asymmetr ies are evident as early as the 
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seventh gestational month (Chi et al, 1977) 
or even before (Fontes, 1944), while the pro
cess of callosal fiber retraction occurs in the 
perinatal per iod (S Clarke et al, 1989). A 
l ikely poss ibi l i ty is that , after ana tomica l 
a s y m m e t r i e s h a v e i n d u c e d an i n c r e a s e d 
retraction of axons in the cal losum, the re
duced corpus cal losum itself plays a role en
hancing the incipient lateralization, by con
s t ra in ing the c o m m u n i c a t i o n be tween the 
hemispheres . 

T o s u m m a r i z e , a l t hough Abo i t i z et al 
(1992b) d id not detect sex differences in 
ca l losum fine structure, there were sex ef
fects in the relations between fiber composi
tion and anatomical asymmetr ies (Aboitiz et 
al, 1992c). First, the cal losum regions that 
e v i d e n c e d a nega t i ve cor re la t ion of total 
fibers with asymmetr ies were different for 
females and males: in females it was the an
terior sp lenium whi le in males it was the 
is thmus (Figs 1 and 2). This finding may in
dicate (1) that a different topographic pro
ject ion exists be tween perisylvian areas in 
the two sexes; (2) that different areas are 
asymmetr ic in females and males , even if in 
both cases this results in a similar difference 
in Sylvian fissure length; or (3) that both the 
i s thmus and the anterior splenium include 
fibers connect ing perisylvian areas in the two 
sexes, the difference resulting from a sam
p l i n g e r ro r d u e to a l im i t ed n u m b e r of 
subjects (10 of each sex). Further studies will 
help to elucidate this question. Meanwhi le , 
one may tentatively conclude that there is 
g rea te r i n t e rhemisphe r i c cogn i t ive ( ra ther 
than sensory ) i n d e p e n d e n c e and poss ib ly 
greater in t rahemispher ic cogni t ive connec
tivity in males (cf Galaburda et al, 1990). 
Here, cognitive connectivity is determined by 
the number of small diameter fibers, which 
p r e d o m i n a t e be tween associa t ion cor t ices , 
whereas sensory connectivity is determined 
by large diameter fibers which predominate 
between sensory and motor cortices (Aboit iz 
etal, 1992b). 

There is also the dramatic negat ive corre
lation of asymmetr ies with fibers larger than 
1 um in the i s thmus, seen only in males (Fig 
2). The differences be tween the correlation 
values in the two sexes were significant in 
this case. Again, (1) it could be that these 
fibers do not connect perisylvian areas in 

females, or (2) that the number of these 
fibers is insensit ive to the development of 
asymmetr ies in females. In either case , the 
finding suggests that in males the relatively 
fast interhemispheric transfer of lateralized 
functions (i.e., related to the larger fibers) 
will be especially reduced with increasing 
lateralization. 

Pe rhaps , sexual d i m o r p h i s m for h ighe r 
cortical functions is established at a relati
vely late stage of embryogenes is when the 
absolute dimensions of anatomical structures 
are already determined but when their rela
tive internal organization is still plastic. By 
analogy, it may follow that individual dif
ferences in higher cognit ive functions reflect 
relatively late reciprocal rearrangements of 
neural structures. 

E X P E R I M E N T 2 : 
B E H A V I O R A N D M R I 

INTRODUCTION 

This experiment seeks converging evidence 
from live subjects for the pos t -mor tem data 
on the r e l a t i o n s h i p b e t w e e n a n a t o m i c a l 
asymmetry and callosal connect ivi ty . In this 
case, behavioral asymmetry on a lateralized 
lexical decision task takes the place of anato
mical asymmetry in the p lanum temporale , 
and regional callosal morphometry takes the 
p l a c e of r e g i o n a l c a l l o s a l f i b e r c o u n t s 
(Clarke and Zaidel , 1994). Based on the find
ings from the first experiment , we expect re
gional callosal morphometry to index cog
nitive callosal connectivity be tween associa
tion cortices in the two hemispheres rather 
than s e n s o r y / m o t o r c o n n e c t i v i t y b e t w e e n 
p r imary s e n s o r y / m o t o r co r t i ce s . S i n c e in 
Exper iment 1 we found a negat ive correla
tion be tween perisylvian asymmetry and the 
number of smaller diameter fibers in the pos
terior cal losum, we would also expect a ne
ga t ive cor re la t ion b e t w e e n the behav io ra l 
laterality effect and posterior callosal mor
phometry in Exper iment 2. 

METHODS 

Six ty U C L A g r a d u a t e s t u d e n t s r e c e i v e d 
magnet ic resonance imaging (0.3 tesla, T R = 
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500 msec , T E = 28 msec , slice thickness = 5 
to 7 mm) and part icipated in a lateralized 
lexical decision task with semantic pr iming. 
Right-handed and left-handed males and fe
males were equally represented (i.e., 15 per 
group) , and handedness was assessed using a 
modified version of the Edinburgh Handed
ness Inventory (Oldfield, 1971; Clarke and 
Zaidel , 1994). All subjects who wrote with 
their r ight hand were classified as consistent-
r ight-handers , as each preferred to use his/ 
her right hand for all nine of the hand prefer
ence i tems. Of the 30 subjects who preferred 
to use their left hand for writ ing, 14 were 
consis tent - lef t -handers (i.e., n o right hand 
preference for any of the tasks) and 16 were 
mixed-handers (i.e., r ight hand preference for 
at least one task) . There were equal numbers 
of males and females in these two left-hand
ed groups . Unless specified otherwise, the 
consistent-left-handers and the mixed-hand
ers were treated as one group and will here
after be referred to as left-handers. 

C o r p u s c a l l o s u m m o r p h o m e t r y w a s 
assessed from t rac ings of the midsagi t ta l 
view of the corpus cal losum as seen by MRI . 
As there exists a topographical relat ionship 
be tween different corpus ca l losum regions 
and specific areas of the cerebral cortex (e.g., 
De Lacoste et al, 1985; Pandya and Seltzer, 
1986), each corpus ca l losum was parti t ioned 
into five regions by dividing the m a x i m u m 
an t e r io r -pos t e r i o r co rpus c a l l o s u m length 
into halves , thirds, and the posterior fifth (as 
done in the first exper iment) . Consequent ly, 
as one moves from the posterior end towards 
the anterior end of the corpus cal losum, one 
wou ld expec t to find local ized in te rhemi-
spheric functions related to, but not limited 
to visual percept ion, posterior language func
tions, audit ion, somesthesis , motor functions, 
anter ior l anguage functions, and execut ive 
f u n c t i o n s a s s o c i a t e d wi th the p r e f ron t a l 
c o r t e x . T h e m a x i m u m a n t e r i o r - p o s t e r i o r 
length can ei ther be defined by a straight 
line, or by a line that takes the curvature of 
the corpus ca l losum into account, both ap
proaches were used (cf Clarke et al, 1989; 
Witelson, 1989). The findings were the same 
for the two methods , and hence, we report 
the results from the straight-line methods , as 
this has been the more c o m m o n approach 
used by researchers . 

The pr imed lexical decis ion task is de
scribed in detail in Clarke and Zaidel (1994) . 
Each trial began with a lateralized pr ime (a 
concrete noun) and was followed either by an 
English word (also a common concrete noun) 
or by an orthographical ly-regular nonword , 
which was also lateralized to the left visual 
field (LVF) or right visual field (RVF) . Sub
jects were instructed to press a but ton if the 
second stimulus (i.e., the target) was an En
glish word. Three types of pr ime-target pairs 
were used: (1) associated prime-target pairs 
(e.g., N E S T - BIRD) , (2) unassocia ted word 
pairs (e.g., C O A L - W E E D ) , or (3) p r ime-
nonword pairs (e.g., S O A P - D E R N ) . Each 
of these cond i t ions were coun te rba l anced 
across all possible prime-target visual field 
combinat ions (i.e., L V F pr ime - R V F target 
(LR), RL, LL, RR) . Thus , both in t rahemi-
spheric (RR and LL) and interhemispheric 
(LR and RL) condit ions were included. Each 
of the 128 trials consisted of the following 
sequence: 100 ms lateralized pr ime, 500 ms 
i n t e r s t i m u l u s i n t e rva l , 6 0 m s l a t e r a l i z e d 
target, and a 3 s period to respond if the 
target was a word (i.e., Go /No go response) , 
before commencement of the next trial. The 
r e s p o n s e h a n d w a s a l t e r n a t e d h a l f w a y 
through a session, and the initial response 
hand was counterbalanced across subjects. 

RESULTS 

Corpus callosum morphometry 

Statistical analyses did not reveal any sig
nificant sex or handedness differences for 
either total midsagittal callosal area, or for 
the areas of any of the five subdivisions. W e 
also considered the size of each ca l losum 
region normalized for total ca l losum area. In 
this case, normalized is thmus area (the re
gion jus t anterior to the splenium or posterior 
fifth) was larger in females than in males 
[F( l ,56) = 4 . 8 1 ; P < 0.05; M = 8.70% and 
7 .98%, respect ively] . As the is thmus tends 
to form one of the nar rowes t parts of the 
cal losum, we also measured the m i n i m u m 
wid th of this gene ra l a rea . F e m a l e s had 
significantly larger is thmus widths than ma
les, both in terms of non-normal ized [F( l ,56) 
= 6.38, P < 0.025; M = 4.6 and 4 .0 m m , 
respectively] and normalized [F( l ,56) = 9 .11 , 
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P < 0 .01 ; M = 17.7% and 15.2%, respec
tively] measures . 

There were no significant handedness dif
ferences in corpus cal losum measures. In order 
to compare our results to previous studies, 
analyses of the data were repeated excluding 
the consistently left handed (CLH) subjects 
( c /Wi t e l son , 1989; Habib et al, 1991). Whi le 
no significant main effects of handedness 
were found, the sex by handedness interac
tion was significant for the normalized isth
mus measure [F( l ,42) = 4.24, P < 0.05] and 
approached significance for non-normalized 
is thmus area [F( l ,42) = 4.06; P = 0.0504]. 
The is thmus consti tutes a greater proportion 
of the corpus cal losum in C R H females than 
in C R H males , while no sex difference is ap
parent for the M H group. More importantly, 
females showed no differences in normalized 
is thmus sizes for the two handedness groups, 
w h e r e a s a g rea t e r i s t h m u s ra t io for M H 
males than for C R H males approached sig
nificance (P = 0.07). To date, four different 
laboratories have shown isthmus measures to 
be invariable as a function of handedness for 
females, despite a handedness effect in males 
favoring those that are not C R H (Witelson, 
1989; Habib et al, 1991 , Denenberg et al, 
1991; Clarke and Zaidel , 1994). A fifth labo
ratory found the is thmus to be proportionally 
larger in females than in males , although the 
sex by handedness interaction was not sig
nificant (Steinmetz et al, 1992). 

Behavioral laterality effects 

In order to examine effects of semantic relat-
edness , accuracies were determined for trials 
in which targets were English words . The in
dependent variables were: sex, handedness , 
p r ime visual field, target visual field, and 
associat ion (i.e., whether a target word was 
semantically related or unrelated to the pre
c e d i n g p r i m e w o r d ) . T h e 2 x 2 x 2 x 2 x 2 
A N O V A d id no t r e v e a l any s ign i f i can t 
effects involving pr ime visual field, so the 
data were re-analyzed collapsing across this 
variable. T w o significant main effects were 
found, that of target visual field [F( l ,56) = 
2 9 . 5 8 , P < 0 . 0 0 0 1 ] a n d of a s s o c i a t i o n 
[F( l ,56) = 25.30, P < 0.0001] . Accuracies 
were higher for R V F target presentations (M 
= 81 .4% correct) than for L V F presentat ions 

(M = 70 .2%), and they were higher for asso
ciated prime-target pairs (M = 79.7%) than 
for unassoc ia ted pairs (M = 7 1 . 8 % ) . T h e 
only significant interaction was that of hand
edness x target visual field x assoc ia t ion 
[F( l ,56) = 6.22, P < 0 .025] . The s imple inter
action of target visual field x associat ion was 
significant for r ight-handers [F( l ,56) = 9.63] 
but not for left-handers [F ( l ,56) = 0.18] . For 
r ight-handers, semantic facilitation (i.e., the 
performance advantage of associa ted pairs 
over unassociated pairs) was greater for L V F 
target presentat ions than for R V F targets. 

Anatomical-behavioral relationships 

Pearson ' s product -moment correlation coef
ficients were determined, across all subjects, 
between each of the corpus cal losum mea
sures and the following behavioral measures 
from the lexical decision task: (1) overall 
accuracy, (2) accuracy for R V F targets, (3) 
accuracy for L V F targets , (4) a la teral i ty 
index, l ambda , which correc ts for overal l 
performance (where posi t ive values reflect 
R V F a d v a n t a g e s , n e g a t i v e v a l u e s ref lec t 
L V F advantages; Bryden and Sprott, 1981), 
(5) absolute value of the laterality index (that 
reflects degree of laterality i r respect ive of 
direction), (6) accuracy for interhemispheric 
pr ime-target condi t ions (i.e., R R and LL) , 
and (7) the difference between the interhemi
spher i c and i n t r a h e m i s p h e r i c c o n d i t i o n s 
(i.e., a relative measure of interhemispheric 
advantage/d isadvantage) . For each correla
tion, significance was tested at the 0.01 level 
(2-tailed). N o n e of these behavioral measures 
correlated significantly with any of the cor
pus cal losum measures . 

Addit ional anatomical-behavioral explor
atory analyses were pursued that focused on 
correlations with isthmus size or min imum 
body width since (1) group differences were 
found for the is thmus and m i n i m u m body 
wid th , a f inding shared by o the r s tud ies 
(Byne et al, 1988; Witelson, 1989; Habib et 
al, 1991; Denenberg et al, 1991; Ste inmetz et 
al, 1992), (2) the is thmus appears to be the 
callosal region containing the highest con
centration of fibers from posterior language 
(i.e., perisylvian) areas, and (3) is thmus mea
sures have been shown to be related to ana
tomica l h e m i s p h e r i c a s y m m e t r i e s in both 
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Sylvian fissure length and p lanum temporale 
area in males but not in females in the first 
exper iment (Aboit iz et al, 1992a). Separate 
analyses for r ight-handers , left-handers, ma
les, and females did not reveal any signifi
cant correlat ions (P < 0.01) between any of 
the a b o v e lex ica l dec i s ion m e a s u r e s and 
either is thmus size or min imum body width. 

In the above analyses, the behavioral lat
erality index, lambda, included both associ
ated and u n a s s o c i a t e d p r ime- t a rge t pa i r s . 
Since semantic relatedness affected perfor
mance , that, at least in the case of r ight-hand
ers, interacted with target visual field, late
rality indices were subsequently determined 
for associated and unassocia ted condi t ions 
s e p a r a t e l y . I s t h m u s and m i n i m u m b o d y 
width measures were unrelated to the lat
e ra l i ty index f rom the unas soc i a t ed con
dition. W h e n the laterality index from asso
ciated trials was considered, males showed 
significant nega t ive correla t ions with both 
the normal ized is thmus and the normalized 
m i n i m u m body width measures (Table II). In 
contrast to these negat ive correlat ions, the 
corresponding correlations for females were 
pos i t ive . This approached signif icance for 
normal ized is thmus area (r = 0.38, 0.05 > P > 
0 .01) and was s ignif icant for no rma l i zed 
m i n i m u m body width (r = 0.47. P < 0.01) 
(Fig 3). However , the correla t ions for fe
males were largely due to one subject with 
an outlying laterality score (nearly 3 standard 
deviat ions from the mean) . When this subject 
was excluded, the correlations were not sig
nificant, but the differences between the cor
re la t ions for males and females remained 
significant (Table II). 

To determine whether or not such relation
ships were l imi ted to the i s thmus region, 
cor re la t ions were de te rmined be tween the 
laterality index for associated pairs and all 
other cal losum measures . N o significant rela
t ionships were found (P > 0.05 in each case), 
sugges t ing that the lateral i ty-cal losal rela
t ionship is un ique to the is thmus. 

DISCUSSION 

Individual differences in corpus callosum 
morphometry 

Females had larger m i n i m u m body widths 
(actual and normal ized measures) as well as 

T A B L E II 

Correlation coefficients be tween behavioral 
laterality index and is thmus size 

Correlation coefficients, for all subjects and for indi
vidual subgroups, between the laterality index from 
associated trials on the primed lexical decision task 
and the sizes of normalized isthmus area and of nor
malized minimum body width. Z-scores (Z) represent 
the difference in the correlations between males and 
females for each anatomical measure. 

N Normalized 
Isthmus Minimum 

area body width 

All subjects 60 -0.05 -0.05 
Right Handers 30 -0 .04 -0.11 
Left Handers 30 -0.09 -0.17 
Males (M) 30 -0 .52* -0 .48* 
Females (F) 29# 0.18 0.38 
Z (M-F) 2.76* 3.36** 

* = p < 0 . 0 1 ; ** p < 0.001 
# = One subject excluded due to an outlying laterality score. 

Notation 

Total area Q 

r -1 - .46 - .36 0 .36 .46 1 

P .01 .05 0 .05 .01 

Males 
(N=30) 

Females 
(N=30) 

Fig 3. Experiment 2, MRI study. Correlation;, between the 
right visual advantage for associated target words and nor
malized cross section areas of regions of the corpus 
callosum. 
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larger normal ized is thmus sizes compared to 
males . Larger min imum body widths in fe
males had previously been reported (Byne et 
al, 1988). The min imum body width is in
variably found within the is thmus, and the 
is thmus has been shown to be larger in fe
m a l e s t han in m a l e s w h e n m e a s u r e d as 
percent of total corpus cal losum area, but not 
when measured as actual area (Steinmetz et 
al, 1992; Witelson, 1989) which was found 
in the p r e sen t s tudy . O the r s tudies h a v e 
either found no significant sex difference in 
is thmus-related measures (Allen et al, 1991; 
Habib et al, 1991; Oppenhe im et al, 1987) or 
an effect that favored males (Aboit iz et al, 
1992a; Denenbe rg et al, 1991). However , 
except for Aboit iz et al (1992a) , all other 
studies did not measure relative isthmus area 
in the same manner as Clarke (i.e., Experi
ment 2), Ste inmetz et al (1992) and Witelson 
(1989) . In the Chilean sample reported by 
Aboit iz et al (experiment 1 above) , actual 
i s thmus area was larger in males than in 
females, while no sex difference was found 
for the n o r m a l i z e d m e a s u r e . B e c a u s e the 
i s thmus region appears to be the pr imary 
locus for f ibers f rom pos te r io r l a n g u a g e 
areas, a sexual difference in is thmus morpho
metry may be indicat ive of differences in 
hemispher ic language organization between 
males and females (Witelson, 1989). Given 
this accumulat ing, al though not conclusive, 
evidence for sex differences in the morpho
metry of the posterior body of the corpus 
cal losum, future studies should take a more 
refined approach to examining the morpho-
metr ic parameters that best characterize this 
putat ive sex difference. 

Al though we did not find overall handed
ness effects, we did replicate previous find
ings of a sex by handedness interaction in 
the size of the is thmus when consistency of 
handedness was considered (Denenberg et al, 
1991; Hab ib et al, 1991 ; Witelson, 1989). 
These three other studies had samples with 
either very few subjects who had consistent 
left hand preferences (Habib et al, 1991), or 
no such subjects at all (Denenberg et al, 
1 9 9 1 ; W i t e l s o n , 1 9 8 9 ) . In t u rn , C l a r k e 
(1990) found the sex by handedness effect 
for the is thmus only when consistent-right
handers and mixed handers were considered, 
exc lud ing cons i s ten t - le f t -handers . The in

termediate i s thmus sizes of consistent-left
hande r s appea red to d imin i sh the overa l l 
effect (however, see Steinmetz et al, 1992). 
As for the interact ion itself, the c o m m o n 
finding for all four studies (our own and the 
three others) is that males exhibit a hand
edness effect with is thmus measures being 
smaller in consistent-r ight-handed males than 
in mixed-handed males (this approached sig
nificance in the present s tudy), whi le females 
do not show handedness differences in the 
is thmus. This finding parallels the finding in 
Exper iment 1 that for males , but not females, 
is thmus area is smaller in individuals with 
greater anatomical hemispheric asymmetr ies 
of the p l anum temporale and Sylvian fissure. 

W e can speculate why the is thmus is as
sociated with hemispher ic asymmetr ies only 
in males . Sex differences in hormonal influ
ences is a possible factor. Findings in the rat 
indicate that perinatal hormonal envi ronment 
can have marked effects on the ontogeny of 
the corpus cal losum (Fitch et al, 1991 ; Mack 
et al, 1993). Intrauterine hormonal influences 
may even contribute to individual differences 
in callosal development within a part icular 
sex (Geschwind and Galaburda, 1985). 

Isthmus size and semantic-verbal functions 

Correlational findings from the pr imed lexi
cal decision task provide compel l ing support 
for the view that for males , but not females, 
i s t h m u s s ize is a s s o c i a t e d wi th c e r e b r a l 
hemispher ic dif ferences for pos te r ior lan
guage functions. T h o se males wi th s trong 
R V F advantages , indicating strong left hemi
sphere advantages , tended to have relatively 
smal l i s thmus and m i n i m u m b o d y wid th 
measures . It is interesting that these ana tom
ical-behavioral relat ionships were only ap
parent for the lexical decision condi t ion with 
semantic facilitation and not for other later-
a l i zed t a s k s ( C l a r k e a n d Z a i d e l , 1 9 9 4 ) . 
Prev ious f indings from r ight -handed split-
brain patients as well as from normal sub
jects indicate that both cerebral hemispheres 
can make lexical decis ions, a l though the left 
h e m i s p h e r e is u s u a l l y s u p e r i o r ( Z a i d e l , 
1983). Fur thermore, the behavioral f indings 
in r ight-handers suggest that the right hemi
sphere is pa r t i cu l a r ly a ided by s e m a n t i c 
facilitation, consistent with previous findings 
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(Zaidel, 1983). In sum, is thmus size appears 
to be related to hemispher ic differences in 
lexical functions in males under condit ions in 
which the right hemisphere is 'performing ' at 
its opt imal level. 

CONCLUSIONS 

In Exper iment 1, we found a negat ive cor
relation be tween Sylvian fissure asymmetry 
and the size of the is thmus in males only. 
Similarly, in Exper iment 2 we found a nega
t ive cor re la t ion be tween a behaviora l lat
eral i ty effect and the size of the i s thmus 
again in males only. This makes for con
verging behavioral -anatomical evidence for 
sexual d imorph i sm in in terhemispher ic re
lations. 

The negat ive correlation observed in Ex
per iment 2 be tween the (insignificant) right 
visual field advantage for associated targets 
in the pr imed lexical decision task and the 
size of the is thmus in males is very selective. 
T h e r e w a s n o c o r r e s p o n d i n g s ign i f i can t 
c o r r e l a t i o n b e t w e e n the i s t h m u s and the 
(significant) right visual field advantage for 
unassocia ted word targets, nor for all word 
targets, nor for all targets (words and non-
words ) . Fur ther , there was no corre la t ion 
with the is thmus for other visual, tactile and 
auditory behavioral laterality effects (Clarke 
and Zaidel , 1994). There was no correlation 
be tween the (significant) right ear advantage 
in d ichot ic l is tening and regional cal losal 
morphomet ry whereas there were significant 
p o s i t i v e c o r r e l a t i o n s b e t w e e n the ( ins ig 
nificant) behavioral laterality effects in vi
sual shape and texture discrimination and the 
size of the midbody of the cal losum (Clarke 
and Zaidel , 1994). All this argues against a 
general version of the ontogenetic callosal-
e l iminat ion hypothes i s of Ga laburda et al 
(1990) . Fur thermore , a sex difference in a 
behavioral laterality effect appears to be in
dependent of a sex difference in the corre
s p o n d i n g ca l l o sa l c o n n e c t i v i t y or in the 
relation be tween them. 

Note that there was no correlation between 
performance on the interhemispheric compo
nen t of the p r i m e d lex ica l dec i s ion task 
(primes and targets in opposi te fields) and 
regional callosal morphometry . This supports 

the conc lus ion that ca l losa l size is not a 
reliable index of sensory transfer but rather 
of associative, functionally special ized con
nectivity. 

In our p roposed c h a n n e l m o d e l of the 
corpus cal losum, any region of the ca l losum 
contains multiple over lapping channels , both 
sensory and associative, facilitatory and in
h ib i to ry . S ince the b e h a v i o r a l - a n a t o m i c a l 
correlations are significant for hemispher ic 
m o d e l s that m a i n t a i n s o m e s t r a t egy and 
r e source i n d e p e n d e n c e , these co r re l a t ions 
may not index real- t ime processing interac
tions but may reflect instead "off l ine control 
set t ings" involving facilitation or inhibit ion. 

Taken together with other data (Clarke, 
1990; Clarke and Zaidel , 1994; Zaidel et al, 
1995), we see that sex differences in callosal 
anatomy, in behavioral laterality effects, and 
in cognition can all be independent of each 
other. In particular, sex differences in behav
ioral-anatomical correlations probably reflect 
sexually dimorphic development and mature 
funct ioning of h igh- level in te rhemispher ic 
interactions. The data from the two experi
ments converge on the conclusion that there 
is sexual d imorphism in the relation of the 
a symmet ry of per i sy lv ian l anguage gifted 
cortex and the corresponding channels of the 
callosum. Whether this sex difference can be 
extended to other asymmetr ic modules and 
their callosal channels remains to be explored. 
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