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Brain connections: Interhemispheric fiber systems and 
anatomical brain asymmetries in humans 
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The present review summarizes some results of a research program oriented to 
determine the anatomical substrates of interhemispheric communication in hu­
mans, as seen in postmortem material. One main finding is a sensible pattern of 
histological differentiation along the corpus callosum, indicating specific proper­
ties of interhemispheric conduction for axonal fibers involved in different brain 
functions. Callosal regions that connect primary and secondary sensory and motor 
areas are characterized by a large proportion of fast-conducting, large-diameter 
fibers, while regions connecting the so-called association areas and prefrontal 
areas bear a high density of slow-conducting, lightly myelinated and thin fibers. 
These findings are interpreted in a functional context, suggesting that the fast-
conducting fibers connecting sensory and motor areas contribute to fuse the two 
hemirepresentations in each hemisphere. It has also been determined that an in­
creased callosal area indicates an increased number of callosal fibers, a finding 
that validates previous morphometric studies done in several laboratories. No sex 
differences in callosal size, shape, or in callosal fiber composition were found. 
Finally, an inverse relation was found between the anatomical asymmetries in the 
size of the Sylvian fissure and the size and number of fibers in specific segments 
of the corpus callosum. There were sex differences in terms of the particular 
callosal regions showing a significant correlation with asymmetries, and in terms 
of the fiber types that were correlated with asymmetries. 

I N T R O D U C T I O N 

The corpus cal losum is a major fiber tract 
that connects the two cerebral hemispheres in 
placental m a m m a l s . The different cortical ar­
eas pro jec t t opograph ica l ly to the corpus 
cal losum, in such a a way that frontal areas 
are mapped more rostrally, while occipital 
areas project more caudally (De Lacoste et 
al., 1985; Pandya and Seltzer, 1986). Accord­
ingly, functional specialization of the different 
callosal regions has been documented (Alex­
ander and Warren , 1988; Ber lucchi , 1972; 
Bogen, 1985; Hamil ton, 1987; Sidtis et al., 
1981). This indicates that mult iple overlap­
p i n g and f u n c t i o n - s p e c i f i c p a t h w a y s of 
interhemispheric communica t ion make u p the 
corpus cal losum. 

Addit ionally, there have been several re­
cent reports concerning individual differences 
in the size and form of the whole callosum or 
of its composing segments (Allen et al., 1991; 
Clarke, 1990; Clarke et al., 1989; De Lacoste 
and Ho l loway , 1982; H a b i b et al. , 1 9 9 1 ; 
Hol loway and De Lacoste , 1986; Witelson, 
1985, 1989; Witelson and Goldsmith , 1991). 
It has been argued that, if individual differ­
ences in the size of specific callosal segments 
occur, this may imply different capacit ies for 
interhemispheric transfer for specific cortical 
functions or regions. 

A remaining question regarding the func­
tional specializations of the corpus cal losum 
is if there are any differences in t ransfer 
propert ies associated with the segregation of 
cortical projections along the corpus callosum. 
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D o cal losal reg ions that connec t different 
cortical areas differ in their microscopic fiber 
compos i t ion? Similar ly, little at tention has 
been devo ted to the ques t i on of w h e t h e r 
callosal size or shape is a reasonable indicator 
of the number o r the types of callosal fibers. 
In o ther words , to what extent the reported 
individual differences in callosal size reflect 
differences in fiber numbers or composi t ion 
in the corpus ca l losum? Are there individual 
differences at the level of callosal fiber com­
posit ion? These problems were already raised 
in a preceding paper (Aboit iz, 1989). 

The present article reviews the findings of 
a research project realized in the last few years 
oriented to answer these quest ions (Aboit iz 
ct al., 1989, 1992a, b , c) . I will first refer to 
the findings concerning the fiber compos i ­
tion and his tological differentiation of the 
human corpus cal losum. Then , the issue of 
individual differences in fiber composi t ion in 
relation to sex and brain lateralization will be 
discussed, to end with a concluding statement. 

C A L L O S A L S T R U C T U R E A N D F U N C T I O N 

As said, the corpus cal losum exhibits a topo­
graphic m a p of the cortical areas projected 
through it. Since a majority of callosal pro­
ject ions are apparently homotopic (i.e., they 
c o n n e c t s imi la r r eg ions ; Innocen t i , 1986; 
Pandya and Seltzer, 1986), it has been rela­
tively straightforward to determine a repre­
sentat ion of the different cortical areas along 
the cal losum. Al though I have already dis­
cussed some details of this topographic pro­
jec t ion (Aboit iz , 1989), it may be helpful to 
r emember some useful points . For conven­
ience, this structure has been divided into 
three regions according to maximal straight 
length (Witelson, 1989; Fig. 1). T h e anterior 
third (the genu) is a rather bulbous region -
especially in front- and contains fibers con­
nect ing the prefrontal cort ices. The mid-third 
is the v midbody ' of the cal losum, a slender 
region that contains projections from the mo­
tor, somatosensory and auditory cortices in 
an anteroposterior sequence, respectively. The 
posterior third is usually divided into the pos­
t e r i o r f i f th ( t h e s p l e n i u m ) , c o n t a i n i n g 
posteriorly visual fibers from the occipital 
cortex, and anteriorly project ions from the 

Fig. 1: M i d s a g i t t a l s e c t i o n o f a h u m a n brain , s h o w i n g the 
part i t ion o f c a l l o s u m u s e d for the m o r p h o m e t r i c s tudy. A n t e ­
rior third, g e n u ; third in the m i d d l e , b o d y ; area b e t w e e n 
pos ter ior third and p o s t e r i o r f ifth, i s t h m u s ; p o s t e r i o r f ifth, 
s p l e n i u m . A , anterior; P, pos ter ior . Bar , 2 c m . ( M o d i f i e d 
f rom A b o i t i z e t a l . , 1 9 9 2 a . ) 

associative parietal and temporal cortices (see 
Pandya and Seltzer, 1986). The region be­
tween the poster ior fifth and the mid-third is 
the i s thmus, and is bel ieved to connect supe­
rior temporal and inferior parietal cort ices, 
which include the poster ior language areas 
(Witelson, 1989). 

Another aspect to ment ion briefly is that 
those cortical areas that contain a precise map 
of the sensory and moto r surfaces, such as 
the pr imary and secondary sensory and mo­
tor regions, have their adult callosal projec­
t ions restricted to those port ions representing 
the sensory or motor midline (Berlucchi, 1972; 
Innocenti , 1986). It has been proposed that 
these projections contr ibute to fuse the two 
hemirepresenta t ions of the sensory surfaces 
in the midl ine. T h e auditory areas are an ex­
ception in which the c i rcumscribed callosal 
projection is t ransverse to isofrequency con­
tours (for more details , see Innocent i , 1986, 
and references therein) . On the other hand, 
callosal projections in the so-called association 
cortices (whose representat ion of the sensory 
surface does not preserve well the topographic 
re la t ions) c o v e r the en t i re cor t ica l a reas , 
f o rming s t r ipes tha t a l t e rna te wi th o t h e r 
corticopetal projections in a manner reminis­
cent of ocular dominance co lumns (Innocenti , 
1986). 

A controversial l ine of research has sug­
gested the exis tence of individual differences 
in ca l losa l s t ruc ture , m a i n l y in regard to 
handedness and sex. There have also been 
sporadic reports of differences in cal losal 
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m o r p h o m e t r y b e t w e e n sch izophren ics and 
normal controls (for example , Mach iyama et 
al., 1987). Wi te lson (1985 , 1989), Wite lson 
and Goldsmi th (1991) and Habib et al. (1991) 
have found that the corpus cal losum is about 
1 1 % larger in non-consis tent right handers 
than in consis tent right handers , this effect 
being more dramatic in males than in females. 
Concerning sex differences, De Lacoste and 
Hol loway (1982) initially publ ished a study 
in which the posterior callosum (the splenium) 
was thicker in females than in males . M a n y 
posterior studies failed to confirm this finding 
( By ne et a l . , 1988; Ker t e sz et al . , 1987; 
Oppenheim et al. , 1987; Reinarz et al., 1988), 
but at least 2 more recent reports have de­
tected a more bu lbous splenium in females 
(Al len e t al . , 1 9 9 1 ; C la rke et al . , 1989) . 
Moreover , two addit ional studies reported a 
sex difference in the size of the i s thmus , 
favoring the female (Clarke, 1990; Witelson, 
1989). The issue is far from being settled at 
this point and there is an intense research 
program oriented to de termine if sex differ­
ences exist in callosal structure. Some authors 
argue that, if individual differences in callosal 
size do exist, this might indicate an anatomical 
substrate for individual differences in cogni­
tive capacit ies (De Lacos te and Hol loway, 
1982; Witelson, 1985). 

T H E P R O J E C T 

In this broad context , we decided to under­
take a line of research oriented to elucidate 
the details of the fiber composi t ion of the 
human corpus cal losum, and to study the in­
d iv idual var iabi l i ty that m a y exis t in this 
structure. A related concern was the signifi­
cance of m o r p h o m e t r i c s tud ies that infer 
functional consequences from differences in 
callosal size. In other words , we intended to 
determine if callosal size was indeed a reli­
able index of the numbers or the size of fibers 
crossing through. 

W e (Aboit iz et al., 1992a) studied 4 0 hu­
man brains (20 females, 20 males) , obtained 
from the Institute of Pathology, Hospital San 
Juan de Dios, Santiago, Chile. The brains were 
fixed in formalin and photographed from their 
media l and lateral surfaces. F rom these pic­
tures, measures from the cross-sectional area 

of the corpus cal losum were obtained, as well 
as measures of the length of the Sylvian fis­
sure. Addit ional ly, the corpora callosa of a 
s u b s a m p l e of 2 0 b r a i n s (10 f e m a l e s , 10 
m a l e s ) w e r e fu r the r p r o c e s s e d for l i gh t 
microscopy (Aboit iz et al., 1992b, c). Trans­
verse sections of the whole cal losum were 
stained for myel in sheaths (Loyez procedure) 
and neu ro f ib r i l s ( H o l m e s p r o c e d u r e ; see 
Fig. 2). F rom this microscopic material , we 
determined the densit ies of fibers of different 
sizes: larger than 0.4 urn, larger than 1 um, 
larger than 3 um and larger than 5 um in 
internal diameter. These counts were m a d e 
across 11 regions in the corpus ca l losum. 
(Fig. 3a) . 

R E G I O N A L D I F F E R E N T I A T I O N O F T H E 
C O R P U S C A L L O S U M 

The results of this latter s tudy are shown in 
Fig. 3b. The findings indicate that the distri­
butions of thin and thick fibers are comple­
mentary (Aboitiz et al., 1992b). The genu has 
the highest density of small fibers (larger than 
0.4 um) and the lowest densi ty of large-di­
ameter fibers ( larger than 3 and 5 um). In 
o ther words , fibers in this reg ion are the 
densest , smallest and less myel in ized of all. 
In the posterior direction, overall fiber density 
tends to decrease, while the densi ty of large-
diameter fibers ( larger than 3 and 5 um) in­
creases steadily, u p to the poster ior midbody 
(Fig . 3b) . After this point , the pa t tern of 
change abruptly reverses: total fibers increase 
their density again, and thick fibers decrease 
their density. Final ly, in the poster iormost re­
gion of the cal losum there is a local increase 
in the density of large fibers, wi th a concomi­
tant decrease in overall density. Similar find­
ings h a v e b e e n r e c e n t l y r e p o r t e d in t h e 
macaque (La Mant ia and Rakic , 1990). 

This pattern of histological differentiation 
has striking functional correlates: the regions 
with highest fiber densit ies -and with small­
est fibers- are first the genu and second, the 
a n t e r i o r s p l e n i u m , r e g i o n s t h a t c o n n e c t 
prefrontal and pa r i e to tempora l associa t ion 
cort ices, respectively. By virtue of the l inear 
re la t ion b e t w e e n fiber d i a m e t e r and con­
duc t ion ve loc i ty , those r eg ions wou ld be 
characterized by a rather s low callosal con­
duct ion (Aboit iz et al., 1992b). However , the 
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F i g . 2 . A ; P h o t o m i c r o g r a p h s of anterior m i d b o d y ( left ) and pos ter ior m i d b o d y (r ight) o f corpus c a l l o s u m , as s e e n wi th H o l m e s 
stain. D o t s represent d i s t inct f ibers . B . P h o t o m i c r o g r a p h s o f anterior m i d b o d y ( le f t ) and p o s t e r i o r m i d b o d y (r ight ) , as s e e n w i th 
L o y e z stain. In this s ta in , m y e l i n sheaths are s ta ined and f ibers are s e e n as e m p t y c i r c l e s . In both s ta ins , t h e p o s t e r i o r m i d b o d y 
s h o w s l e s s d e n s e and larger f ibers than in the anterior part. Bar , 10 (Jm. ( R e p r o d u c e d f r o m A b o i t i z et a l . , 1 9 9 2 b . ) 

relatively dense cal losal projection in these 
areas m a y result in a refined topograph ic 
mapping . 

On the o the r hand , those reg ions wi th 
highest densi ty of large-diameter fibers cor­
r e spond to the p ro j ec t ions of the mo to r , 

s o m a t o s e n s o r y and a u d i t o r y a reas in the 
midbody (the peak presumably correspond­
ing to auditory areas), and to the visual areas 
in the posterior po le of the cal losum. These 
cortical areas have a dense tha lamic projec­
tion and a callosal project ion restricted to the 
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Fig. 3. A: S c h e m a t i c d r a w i n g o f corpus c a l l o s u m , i n d i c a t i n g 
partit ion m e t h o d and l o c i u s e d for c o u n t i n g f ibers ( ind icated 
by d o t s ) . B . F iber d e n s i t i e s in di f ferent r e g i o n s of corpus 
c a l l o s u m f o r e a c h c l a s s o f f i b e r s s t u d i e d u n d e r l i g h t 
m i c r o s c o p y . N o t e that the t w o c o u n t i n g l o c i in the i s t h m u s 
w e r e a v e r a g e d . D i f f e r e n c e s in dens i ty b e t w e e n B l and B 3 , 
and b e t w e e n B 3 and S 2 w e r e s tat i s t ica l ly s ign i f i cant for all 
f iber types ( F ( l , 1 8 ) > 1 4 . 0 ; P < 0 . 0 1 ) , e x c e p t the d i f ference b e ­
t w e e n B l and B 3 in f ibers larger than 1 um ( F ( l , 1 8 ) = 0 . 7 3 ; 
P < 0 . 0 5 ) . D i f f e r e n c e s b e t w e e n S 2 and S 3 w e r e s ign i f i cant in 
all c a s e s ( F ( l , 1 8 ) > 4 . 6 ; P < 0 . 0 5 ) . ( R e p r o d u c e d from A b o i t i z 
et al . , 1 9 9 2 b . ) 

midl ine of the sensory surface (excepting the 
auditory cortex) . T h e high densi ty of large-
diameter fibers indicates that some kinds of 
callosal transfer in these regions may be much 
faster than in regions connect ing association 
cortices, even if in the former callosal seg­
ments smal l -d iameter fibers still m a k e the 
large majority (see Figs. 2 and 3). 

W e (Aboit iz et al., 1989, 1992b) have sug­
gested that the large callosal fibers in pri­
mary and secondary cortical areas contr ibute 
to fuse the two hemirepresentat ions of the 
sensory surface in each hemisphere (see also 
Berlucchi , 1972; Innocenti , 1986). It is possi­
ble that these large fibers participate in depth 
perception in the case of the visual system 
(Mitchell and Blakemore, 1970; Berlucchi and 

Antonini , 1990). T h e highest densi ty of large 
fibers in regions connect ing auditory cort ices 
(see Fig. 3b) was interpreted as a role of these 
fibers in compar ing the bilateral representa­
t ion of audi tory st imuli in the two hemi ­
spheres. This condi t ion would contr ibute to 
generate an auditory m a p of space, even if 
subcortical structures may account for a large 
p a r t of a u d i t o r y l o c a l i z a t i o n in s p a c e 
(Masterton, 1992). 

Regarding these suggest ions, it would be 
interesting to determine if these large callosal 
fibers are especially conspicuous in the visual 
systems of species with wel l -developed bi­
nocular vision and depth perception, as com­
pared with species with ut i le frontal vision. 
A related quest ion is what happens with the 
large auditory callosal fibers in the brains of 
echolocat ing species such as bats o r dolphins . 

S P E C I E S D I F F E R E N C E S 

When compar ing different species in their 
distribution of callosal fibers, two interesting 
patterns emerged: first, the maximal axon di­
ameter seems to increase in species with in­
c reas ing bra in weigh t . In the h u m a n , we 
(Aboitiz et al., 1992b) saw fibers up to 13-15 
um in d iamete r (correc ted for sh r inkage) , 
while in the macaque the largest fibers found 
were about 11 um in diameter (La Mant ia 
and Rakic , 1990). In the cat, there may be no 
fibers larger than 8 um (Naito et al., 1971), 
and in the rabbit the maximal axon diameter 
was 1.85 um (Waxman and Swadlow, 1976). 
The increase in maximal axon diameter may 
compensate for the increased callosal delay 
associated with longer fibers in a larger brain. 
For the reasons discussed above, this increase 
may be especially evident in those callosal 
regions connect ing sensory and motor areas. 

On the other hand, the most c o m m o n axon 
diameter does not seem to change much across 
species, and if anything, it may decrease with 
increasing brain size (Aboit iz et al., 1992b; 
Jerison, 1991). This may result from the rela­
tive increase in the extent of association areas 
in species with larger brains, which tend to 
be connected by thin-diameter fibers. A simi­
lar situation seems to hold for non-myel inated 
fibers. It is possible that the process ing t ime 
in these areas is long enough to m a k e the 
imposed delay in a larger brain irrelevant. 
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It would be also interest ing to compare the 
corpus cal losum with other central tracts such 
as the opt ic nerve or the pyramidal tract in 
their respect ive variat ions in fiber composi ­
tion across species. Differences be tween tracts 
in the pat tern of change across species might 
reflect specific functional requirements in each 
case. 

T O T A L F I B E R S A N D R E L A T I O N T O 
C A L L O S A L A R E A 

The total callosal fibers est imated under light 
microscopy were (mean + S.D.) 160 mil l ion 
± 25 mil l ion fibers, a n u m b e r slightly smaller 
than the 2 0 0 mil l ion reported by Tomasch 
(1954) some t ime ago, using the same meth­
odology. Electron microscopic examination of 
one corpus cal losum revealed a low propor­
tion of nonmyel ina ted fibers (less than 10%), 
and increased the es t imate of total fibers to 
200 million. F iber densi ty did not correlate 
with cal losal area and hence an increased 
callosal area indicated more fibers crossing 
through. However , the densi t ies of large di­
ameter fibers ( larger than 3 and 5 urn) had 
so large var iances that an increased callosal 
area did no t i m p l y a s igni f icant ly l a rge r 
number of fibers, even in the absence of a 
correlat ion be tween callosal area and fiber 
density (see Aboit iz et al., 1992b). 

S E X D I F F E R E N C E S I N C A L L O S A L S T R U C T U R E 

No sex differences in fiber composi t ion or 
callosal morphomet ry were detected in our 
sample (Aboit iz et al., 1992a, b) . This result 
is interesting consider ing the robust differ­
ence in brain weight be tween the sexes. Peters 
(1988) argues that sex differences in brain 
weight relate to cortical areas that receive and 
send projections to sensory and motor surfaces 
and not to associat ion areas, which may com­
prise the bulk of the callosal projection. Hence 
the lack of significant differences in callosal 
s t ruc tu re . F u r t h e r m o r e , it is s t i l l u n c l e a r 
whether the larger male brain (and presumably 
the larger cortex) includes a larger n u m b e r of 
cortical cel ls . F rom cross-species compar i ­
sons, it is k n o w n that brain cell number in­
c r e a s e s at a s l o w e r ra te t h a n b ra in s ize 
(Jerison, 1973). Haug (1987) reported that cell 
density is smal ler in the larger cortex of hu­

m a n males than in the smal ler cor tex of fe­
males , result ing in a similar n u m b e r 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 callosal 
area, since similar numbers of neurons would 
project to the corpus cal losum. 

These results differ from previous reports 
that have suggested a sexual d imorphism in 
the human corpus callosum (Allen et al., 1991; 
Clarke et al., 1989; De Lacoste and Hol loway, 
1982) . H o w e v e r , a d d i t i o n a l a n a l y s e s are 
needed to conclusively ascertain this question. 

C A L L O S A L C O N N E C T I O N S A N D 
B R A I N L A T E R A L I Z A T I O N 

W e also investigated the relat ions be tween 
cal losal connect iv i ty and hemispher ic spe­
cialization. Al though it is difficult to obtain 
behavioral information w h e n studying post­
mor tem material , a good anatomical correlate 
of functional lateralization has been found to 
be the asymmetry in the length of the Sylvian 
fissure. In general , a more symmetr ic Sylvian 
fissure corresponds with less marked l inguis­
tic lateralization (Geschwind and Levi tsky, 
1968; Rat tc l i f fe t al., 1980). 

In a first s tudy (Aboit iz et al., 1992a) the 
Sylvian fissure was measured in a sample of 
4 0 brains, and the absolute value (i.e., re­
gardless of sign) of the difference in length 
be tween the left and the right sides was cal­
culated in each case. The size of the a symme­
try was then correlated with the size of the 
cal losal segments specif ied in Fig. 1. W e 
found an inverse relation be tween the magni ­
tude of these asymmetr ies and the size of a 
specific segment -the i s thmus. Interestingly, 
fibers from the perisylvian regions are be­
lieved to cross through the callosal is thmus 
to the o ther hemisphere (Wite lson, 1989). 
When separat ing sexes, the relat ion was sig­
nificant only for males , a result reminiscent 
of H a b i b et al . ( 1991) and W i t e l s o n and 
Goldsmi th (1991) . 

However , the above s tudy did not g ive 
m u c h information regarding the fiber types 
and numbers involved in the interhemispheric 
transfer in perisylvian regions. Fo r this, in 
the above ment ioned sample of 20 brains, the 
total number of fibers in each callosal seg­
men t was correlated with the magni tude of 
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p c r i s y l v i a n a s y m m e t r i e s ( A b o i t i z et a l . , 
1992c). The results had similarities and dif­
f e r e n c e s w i t h t h o s e o b t a i n e d w i t h t h e 
morphomet r ic material . 

A l t h o u g h the resul ts ob ta ined here are 
somewhat complicated, it is wor th discussing 
some of them by virtue of their functional 
impl icat ions . First , no correlat ion was ob­
tained be tween asymmetr ies and the numbers 
of large fibers (larger than 3 and 5 um) in 
any callosal segment , suggest ing that these 
fibers do not tend to connect those perisylvian 
areas. This agrees with the above specified 
concept of associat ion fibers predominant ly 
connected through small d iameter fibers. 

Lower cal iber fibers had a relation with 
asymmetr ies reminiscent of the morphometr ic 
findings. Fig. 4 shows that in the is thmus of 
males only, asymmetr ies had a significant, 
negat ive correlat ion with the total number of 
fibers larger than 0.4 um, and especially with 
fibers larger than 1 um (but smaller than 3 
um) . H o w e v e r , and no t p red ic ted by the 
morphomet ry , in females asymmetr ies corre­
lated negatively with total fibers larger than 
0.4 um in the anterior splenium (SI in Fig. 
3a; see Fig. 5) , which is adjacent to the isth­
mus . (Note that the area of this latter segment 
did not have a correlation with asymmetries .) 
Summar iz ing , in the is thmus of males and in 
the anterior splenium of females fibers larger 
than 0.4 um but smaller than 1 um correlated 
negatively with asymmetr ies . On the other 
hand, only in the i s thmus of ma les fibers 
larger than 1 um but smaller than 3 um cor­
related negat ively with asymmetr ies . Overall , 
these findings agree with Rosen et al. (1989), 
who found in the rat an inverse relation be­
t w e e n v o l u m e t r i c a s y m m e t r i e s in t h e 
somatomotor cortex and the extent of callosal 
terminals connect ing these regions. 

D E V E L O P M E N T A L A S P E C T S 

The reduction in the number of callosal fibers 
as brain asymmetr ies increase may be ex­
plained in terms of a more extensive perinatal 
retraction of callosal terminals in asymmetr ic 
brains (see Aboitiz, 1989). In the perinatal 
period of placental mammal s , there is a dra­
matic retraction of the exhuberant neonatal 
p r o j e c t i o n s t h r o u g h the c o r p u s c a l l o s u m 
(Innocenti , 1986). It is believed that connec­

tions between different brain regions across 
the corpus cal losum tend to be el iminated, 
among other things, by their lack of functional 
and t o p o g r a p h i c c o n g r u e n c y w i t h t h e i r 
synaptic counterparts (Aboitiz, 1989). 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 dramat ic retraction process . 

Some recent reports propose that a smal ler 
corpus cal losum induces the process of hemi­
spheric specialization during postnatal devel­
opment (Lassonde et al., 1990; Wite lson and 
N o w a k o w s k i , 1991). H o w e v e r , ana tomica l 
asymmetr ies are evident as early as the sev­
enth gestat ional mon th (Chi et al., 1977), 
while the process of callosal fiber retraction 
occurs in the perinatal period (Clarke et al., 
1989). A likely possibil i ty is that, after ana­
tomica l a symmet r i e s h a v e induced an in­
creased retraction of axons in the cal losum, 
the reduced corpus callosum itself plays a role 
e n h a n c i n g the inc ip ien t l a t e ra l i za t ion , by 
constraining the communica t ion be tween the 
hemispheres . 

S E X D I F F E R E N C E S IN T H E R E L A T I O N O F C A L L O S A L 
C O N N E C T I O N S A N D B R A I N L A T E R A L I Z A T I O N 

Although our study did not detect sex differ­
ences in callosal fine structure (Aboitiz et al., 
1992b), there were gender effects in the rela­
tions between fiber composi t ion and anatomi­
cal asymmetr ies (Aboit iz et al., 1992c). First, 
the callosal regions that evidenced a negat ive 
correlation with asymmetr ies were different 
in females and males : in females it was the 
anterior splenium while in males it was the 
is thmus (Figs. 4 and 5). This finding may 
indicate (i) that a different topographic pro­
ject ion exists between perisylvian areas in the 
two sexes; (ii) that different areas are asym­
metric in females and males , even if in both 
cases this results in a difference in Sylvian 
fissure length, or (iii) that both the isthmus 
and the anterior splenium include fibers con­
necting perisylvian areas in the two sexes, 
the difference resulting from a sampl ing error 
due to a limited n u m b e r of subjects (10 of 
each sex). Further studies will help to eluci­
date this question. 

Ano the r sex difference is the d rama t i c 
nega t ive cor re la t ion of a s y m m e t r i e s wi th 
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fibers larger than 1 um in the is thmus, seen 
only in males (Fig. 4) . The differences be­
tween the correlat ion values in the two sexes 
were significant in this case. Again, this result 
has two interpretat ions: (i) it could be that 
these fibers do not connect perisylvian areas 
in females, o r (ii) that the n u m b e r of these 
fibers is insensi t ive to the development of 
asymmetr ies in females. In either case, the 
findings suggest that in males the relatively 
fast in terhemispher ic transfer of lateralized 
functions will be especially impaired with in­
creasing lateralization. 

These findings are strongly reminiscent of 
H a b i b et al. (1991) , Wi te l son (1989) and 
Wite lson and Goldsmi th (1991), who have 

found that in males but not in females, con­
sistent right-handers tend to have a smaller 
ca l losa l i s thmus than non-cons i s t en t r ight 
handers . Consider ing that bo th handedness 
and anatomical asymmetr ies m a y be consid­
ered as e s t i m a t o r s of b r a in l a t e ra l i za t ion 
(symmetr ic individuals and left handers hav­
ing a less la teral ized brain; see Wi te l son , 
1989), this evidence altogether points to a sex-
s p e c i f i c i n v e r s e r e l a t i o n b e t w e e n b r a i n 
lateralization and interhemispheric communi ­
cation. 

In this same context , recent studies indi­
cate that female rats raised in an enriched 
environment tend to have an increased number 
of visual callosal fibers, while males raised 
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in similar condi t ions tend to have larger-di­
ameter callosal fibers (Juraska and Kopcic , 
1988). In bo th the h u m a n and the rodent, 
males responded to different developmental 
condit ions by changing the numbers of rela­
tively large-diameter axons . Al though the de­
ve lopmen ta l m e c h a n i s m s under ly ing these 
phenomena are not clear yet, it may be that 
in several species male sex hormones confer 
distinct plast ic propert ies to the developing 
brains. 

C O N C L U S I O N S 

The main conclusions of this work are: 
(i) There is a distinct pattern of regional 

histological differentiation along the corpus 
cal losum. There is a larger proportion of large 

diameter fibers in callosal regions that con­
nect sensory and motor areas than in those 
regions connect ing associat ion and prefrontal 
areas. The region with the highest densi ty of 
large callosal fibers is the posterior midbody 
(B3), and is proposed to connect auditory ar­
eas. 

(ii) T h e midsagi t ta l area of the corpus 
callosum may be considered a good est ima­
tor of the total fibers in the human corpus 
ca l losum, but pe rhaps not of those fibers 
larger than 3 um in diameter . 

(iii) N o sex differences were found in mi­
croscopic callosal structure. 

(iv) Species differences in callosal fiber 
composi t ion seem to relate to two parameters: 
(1) proportions of thin fibers, and (2) maximal 
fiber size. Presumably , as brains increase in 
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size in p h y l o g e n y , thin fibers increase in 
n u m b e r whi le the populat ion of large fibers 
increases the max ima l fiber size. 

(v) A negat ive relat ion was found between 
anatomical asymmetr ies in the Sylvian fissure 
and the size of specific segments of the corpus 
cal losum. 

(vi) Sex differences in some details of the 
relat ions be tween asymmetr ies and callosal 
connect ions were apparent. In females and 
males the callosal segments bear ing a signifi­
cant correlat ion with asymmetr ies were dif­
ferent: S I and the is thmus, respectively. Fur­
thermore , a populat ion of relatively fast con­
ducting fibers showed a marked negative cor­
relation wi th per isylvian asymmetr ies only in 
males . 

T h i s is t h e f i r s t d e t a i l e d s t u d y o n 
interhemispher ic relations in humans that has 
been performed at a microscopic level. Many 
i n t e r e s t i n g p a t t e r n s a n d r e l a t i o n s h a v e 
emerged from this approach, indicat ing that 
it may b e c o m e a fruitful avenue for further 
research on the anatomical bases of human 
cognit ion. 
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