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The anatomical substrates for language 
and hemispheric specialization 
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Three main lines of investigation are discussed in this paper: (1) the comparison 
between the anatomical arrangement of the language areas and the large-scale 
neurocognitive cortical networks partly involved in active or working memory; (2) 
the relations between hemispheric specialization and the development of 
interhemispheric communication; and (3) the analysis of individual differences in 
brain organization for language. The hypothesis and evidence presented stem from 
work being performed in our laboratories. 
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INTRODUCTION 

The human brain is an organ that is evolu-
tionarily specialized in social interactions or 
intraspecific communica t ion . M o r e specifi
cally, in the human brain (cerebral cortex) 
there are two dis t inct areas ( B r o c a ' s and 
W e r n i c k e ' s ) involved in l inguist ic perfor
m a n c e , the m o s t s t r ik ing c o m m u n i c a t i o n 
device of our species. Another unusual fea
ture of our brain is that usually only one 
hemisphere - t h e lef t - has linguistic capabil
ities, the right hemisphere performing better 
in the so-called visuospatial tasks. Further
more , we also face the problem of diversity: 
there s eems to be an i m m e n s e deg ree of 
interindividual variability in terms of brain 
o r g a n i z a t i o n for l a n g u a g e ( G e s c h w i n d , 
1983). 

This poses several problems for students 
of the neural bases of language: (1) how do 
the t w o h e m i s p h e r e s differ in t e r m s of 
neuronal wir ing and how did the language-

specialized neural system arise in evolut ion?; 
(2) what kind of interaction is there between 
the linguistically specialized and the spatially 
specialized hemispheres?; and (3) is there in
dividual variability in brain organizat ion for 
language, and does it fit any structural or 
morphological pat terns? In other words , are 
there any structural or anatomical correlates 
of individual differences in neurol inguis t ic 
o rganiza t ion? This lat ter ques t ion impl ies 
that morphology may reflect aspects of brain 
organizat ion and thus may be used as an 
index for differences in function. 

In th i s p a p e r w e wi l l s u g g e s t p a r t i a l 
answers to the four questions above. These 
do not intend to be comprehens ive , but rather 
they correspond to some more specific prob
lems we have been working on in the last 
few years . The first question, al though being 
the most critical, is perhaps the most difficult 
to solve, largely due to the absence of appro
priate techniques to study neural connect ions 
in humans . An answer may be sought in the 
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evolu t ionary origin of the l anguage areas 
( B r o c a ' s and W e r n i c k e ' s ) and their inter
connect ions through the arcuate fasciculus, 
from some precursor in the non-human pri
mate . The phylogenet ic evolution of the lan
guage regions is proposed here to occur as a 
local specialization of a widespread neural 
system involved in tasks such as working 
m e m o r y (Go ldman-Rak ic , 1988) or act ive 
memory (Fuster, 1994) that is characteristic 
of the pr imate brain (Aboit iz , 1994). The 
second question mostly relates to work we 
performed at the University of California at 
L o s Ange les (Aboi t iz et al, 1992a, b , c) , 
which has been recently summarized in this 
journal (Aboitiz, 1992). Finally, the fourth 
q u e s t i o n c o n c e r n s the d e v e l o p m e n t of a 
research line we have been working in our 
laboratory at the University of Chile, which 
for the momen t relates to morphomet r ica l 
s tud ies of the var iabi l i ty in f i ssur iza t ion 
patterns in the human brain. 

THE ORIGIN LANGUAGE AREAS IN THE CONTEXT 
OF A WIDESPREAD CORTICAL MEMORY NETWORK 

(Aboitiz, 1994) 

H u m a n l a n g u a g e has been cons ide red by 
many as a unique character, not having any 
close paral lel in the animal k ingdom (for 
example , Chomsky , 1980). This condition is 
m o r e s t r ik ing c o n s i d e r i n g tha t l ingu i s t i c 
capaci t ies are usually localized in the left 
hemisphere , and that in most people there are 
speci f ic cor t ica l r e g i o n s invo lved in the 
generat ion of part icular aspects of language. 
In very general terms, we have Wern icke ' s 
area, located in the posterior and superior 
aspect of the temporal lobe, which is more 
involved in perceptual aspects of language; 
and Broca ' s area, located in the pars opercu-
laris and triangularis of the inferior frontal 
gyrus, and more related to language produc
tion. These two areas are interconnected by a 
system of long axons running in the arcuate 
fasciculus. 

Homologues to these areas and their inter
c o n n e c t i o n s can be found in n o n - h u m a n 
p r i m a t e s ( G a l a b u r d a and P a n d y a , 1 9 8 2 ; 
Deacon , 1992), but obviously they do not 
have the same functions as in man. What was 
the or iginal function of these cort ical re
gions , and how did they acquire their new 

characteristics? In monkeys the homologues 
of W e r n i c k e ' s and B r o c a ' s a reas are not 
isolated from the rest of the cortex but are 
part of a large-scale system of temporopa
r ietal-prefrontal connec t ions (Petr ides and 
Pandya, 1988; Pandya and Yeterian, 1990; 
Deacon, 1992). These connect ions are topo
graphically organized, each temporoparieta l 
area projecting to and receiving projections 
from a specific area of the frontal lobe. One 
of the functions of this system is to parti
c ipa t e in wha t has b e e n ca l l ed w o r k i n g 
memory (Go ldman-Rak ic , 1988) or ac t ive 
memory (Fuster, 1994), that mainly consists 
in "keeping in mind" a past situation that will 
be relevant for future behavior (see also M e -
sulam, 1990). Fur thermore, working memory 
of different kinds (for example , related to 
object shapes or to spatial location) is repre
sented in anatomically separated subsystems 
of projections, corresponding to specific sets 
of cortical areas (Wilson et al, 1993). In this 
context, the connect ions be tween the h o m o 
logues of Wern i cke ' s and Broca ' s areas in 
m o n k e y s m a y wel l c o r r e s p o n d to a sub
system related to auditory working memory , 
that in the h u m a n l i neage b e c a m e m o r e 
elaborated and sophisticated, originating the 
language areas (Aboitiz, 1994). 

But why d e v e l o p i n g aud i to ry w o r k i n g 
memory? A tentative answer is to retr ieve 
names . Before the evolution of the language 
areas, a rudimentary capacity to name objects 
should have existed. Fol lowing Geschwind 
(1964), the ability to n a m e objects depends 
on the establ ishment of non- l imbic , cross-
moda l cort ical associa t ions that enable to 
associate, say, a visual image with the sound 
of a vocalization. These interactions largely 
take place in the posterior part of the brain 
(occipital, parietal and temporal lobes) . This 
cha rac te r may h a v e b e e n very p r i m i t i v e , 
since trained apes are perfectly able to name 
objects (Premack and Premack, 1983). 

If some ability to n a m e objects or situa
tions was already present in the pro to-human 
brain, an efficient working memory sys tem 
(especial ly audi tory , s ince socia l c o m m u 
nication was mainly through vocalizat ions) 
would have permit ted to recall and refer to 
past events by txeir names . This could be of 
great benefit to the social group, part icularly 
in s i tuat ions where the referred object or 
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situation was not present anymore . In other 
w o r d s , th is s y s t e m p e r m i t t e d to r e t r i eve 
names from W e r n i c k e ' s area in the same way 
spatial and object information are retrieved 
from parietal and temporal areas (Wilson et 
al, 1993). 

Syntax may have concomitant ly develop
ed in part through the progressive cortical 
control of vocal processes , and the conse
q u e n t e l a b o r a t i o n of c o m p l e x m o t o r se
q u e n c e s ( see L i e b e r m a n , 1 9 8 5 ; D e a c o n , 
1989; Calvin, 1994). However , the origin of 
syntactic capacity may have also involved 
the further e laborat ion of reciprocal inter
ac t ions b e t w e e n W e r n i c k e ' s and B r o c a ' s 
areas, as well as between neighboring audi
tory and p r e m o t o r a reas that par t ic ipa ted 
in aspects of phonat ion. As a result of this, 
individuals were not only able to generate 
their own menta l images through working 
memory , but also to talk silently to them
selves. This may have permitted the manip
u l a t i o n of b o t h m e n t a l o b j e c t s and the 
e lements of phonat ion, thus combining them 
in creat ive ways and generat ing a primordial 
g rammar (Aboit iz, 1994). 

This scenar io depic ts the origin of the 
language areas in the context of an overall 
neural network in the pr imate brain. It im
plies that these regions are not an isolated 
innova t ion , but ra ther that they gradual ly 
e v o l v e d f rom a s y s t e m o r g a n i z e d in an 
ex tens ive ne twork of t emporopar ie ta l -p re 
frontal connect ions as is the pr imate cortex. 
This view also tackles the question of the 
modulari ty of language (Fodor, 1983), since 
al though the language regions may be seen 
as ana tomica l ly del imi ta ted , they are em
bedded in a larger-scale system of cort ico-
cortical ne tworks and have emerged as a lo
cal specialization of these rather than as a de 
novo system, independent of its surround
ings. 

As a prel iminary suggestion and working 
hypo thes i s , w e p ropose that the t emporo-
frontal ne twork related to language tended to 
localize in one hemisphere (the left) perhaps 
because it developed at the expense of other 
ne tworks involved in spatial working mem
ory and related processes . As a consequence, 
the other hemisphere (in this case the right) 
w o u l d h a v e s p e c i a l i z e d in s p a t i a l - l i k e 
working memory , perhaps developing to a 

larger extent the sys tem of parieto-frontal 
connect ions. In this sense, the two cerebral 
hemisphe re s migh t be u n d e r s t o o d as two 
variants on the same theme, one that empha
sizes temporo-frontal projections, while the 
other emphasizes parieto-frontal connect ions . 
Whether this proposal is correct or not will 
be determined by future research, very much 
like the one that is going on in our lab. 

ANATOMICAL ASPECTS OF HEMISPHERIC 
SPECIALIZATION AND CONNECTIVITY 

(Aboitiz elal, 1992a, b, c) 

The functional differences between the hemi
spheres have a correlate at the gross mor
phologica l level , wi th the Sylv ian f issure 
(especially its horizontal or middle port ion) 
being larger on the left than on the right side. 
This reflects the asymmetr ic development of 
architectonic regions related to W e r n i c k e ' s 
area (Galaburda et al, 1978). (However , the 
posteriormost part of the Sylvian fissure is 
larger on the right side; Ide et al, 1993). In 
fact, a s y m m e t r i e s in the s ize of specif ic 
cortical areas are now well documented in 
the planum temporale of the temporal lobe 
(Wernicke ' s area, Galaburda et al, 1978) and 
the pa r s t r i angu la r i s of the f ronta l l obe 
(Broca ' s area, Galaburda, 1980; in both cases 
they are larger in the left and relate to left 
hemisphere specialization for language) , and 
also in the parietal lobe (larger in the right 
and related to right hemisphere specialization 
for visuospatial skills; Eidelberg and Gala
burda, 1984). 

However , it has not been possible to deter
mine hemispheric differences in connect ion-
al p a t t e r n s , m a i n l y b e c a u s e c o n n e c t i o n a l 
studies in human brains are l imited to post 
m o r t e m d e g e n e r a t i o n a n a l y s e s and s o m e 
r e c e n t s t u d i e s u s i n g c a r b o c y a n i n e s ( for 
example , Burkhalter and Bernardo, 1989). A 
system that is much easier to study is the 
corpus cal losum, the fiber tract connect ing 
both hemispheres . Interhemispheric connec
tions are a good system to study connectivi ty 
in humans because: (1) most of these connec
tions cross through the corpus cal losum to 
the other hemisphere , and therefore they are 
anatomically delimitated; and (2) the corpus 
cal losum has a topographic map of all the 
cort ical areas projected to it (Pandya and 
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Seltzer, 1986), and hence regional variability 
in the number or type of fibers may reflect 
differences in connectivity between specific 
c o r t i c a l r e g i o n s . S o m e y e a r s a g o , w e 
(Aboitiz et al, 1992a, b , c) initiated an inves
tigation of the variability in interhemispheric 
connectivi ty as a function of brain asymme
tries in both males and females. If interhemi
spheric connect ions depend on hemisphere 
specialization, variability in the formers may 
offer some clues on intrahemispheric orga
nization. 

Fol lowing this rationale, we (Aboitiz et al, 
1992a) underwent a morphometr ic study of 
the s ize and shape of the h u m a n corpus 
cal losum and its relation to factors such as 
asymmetr ies in Sylvian fissure length and 
in the size of the closely related planum tem-
porale. I n t e r e s t i n g l y , we found that the 
is thmus, a callosal region defined as the area 
between the posterior third and the posterior 
fifth of the corpus cal losum (according to to
tal straight length) , showed a negative cor
re la t ion wi th a s y m m e t r i e s in the Sylv ian 
fissure and the planum temporale, but only in 
males , not in females. 

T h e s e f ind ings w e r e c o n f i r m e d w h e n , 
instead of us ing callosal area, we counted the 
numbers of fibers crossing through these re
s p e c t i v e r e g i o n s ( A b o i t i z et al, 1992c ) . 
H o w e v e r , w e found tha t in f ema le s the 
number of fibers in a small callosal segment 
immedia te ly poster ior to the i s thmus also 
showed a nega t ive correlat ion with asym
metries. Therefore, in females there is also a 
relation be tween callosal fibers and Sylvian 
fissure asymmetr ies , al though it is less strik
ing ( involves a smaller contingent of fibers), 
and relates to a different (although adjacent) 
callosal region than in males . These findings 
have been previously reviewed and discussed 
in this journa l (Aboit iz, 1992). 

It is of interest to consider that the is thmus 
and ad jacent r eg ions p r e s u m a b l y con ta in 
fibers connect ing perisylvian areas of the two 
hemispheres , indicating that the more asym
metr ic these areas are, the less interhemi
spheric connect ions they have, especially in 
males . This has been interpreted as the result 
of the differential stabilization of interhemi
s p h e r i c s y n a p s e s in s y m m e t r i c a l v e r s u s 
asymmetr ical cortical regions during neuro
nal development , and also indicates more in

terhemispheric isolation in asymmetr ic brains 
(Aboitiz, 1992; Aboit iz et al, 1992a, b) . 

Another sex-specific negat ive correlation 
was found between the average size of the 
two Sylvian fissures - a n d planum tempora-
les— and the size of the region be tween the 
anterior half and the anter ior third of the 
corpus cal losum, only in males . This callosal 
region may include fibers connect ing B r o c a ' s 
area with its counterpart in the right hemi
sphere (Pandya and Seltzer, 1986). A tenta
tive explanat ion for this f inding is that in 
males , growth in perisylvian areas impl ies 
increased projections to more anterior, ipsi-
lateral cortical regions (such as Broca ' s area 
in the left hemisphere) . Consider ing that long 
ipsi la teral connec t ions may c o m p e t e wi th 
c o n t r a l a t e r a l ( c a l l o s a l ) c o n n e c t i o n s for 
synaptic targets during development (Gala-
burda et al, 1990), the increase in ipsilateral 
c o n n e c t i o n s m a y resu l t in a d e c r e a s e in 
callosal connect ions in more anterior regions. 
This would yield the negative correlation we 
found be tween the length of the Sy lv ian 
fissure and more anter ior callosal regions . 
The fact that these relations between inter
hemisphe r i c connec t i ons and h e m i s p h e r i c 
characterist ics tend to hold in males more 
than in females suggests that in the formers 
there is a more intense process of competi t ion 
between neuronal projections during develop
ment. This may perhaps be related to hormon
al or neurochemica l differences, and may 
result in an increased segregation of connec
tions in males than in females. For example , 
highly lateralized females could perhaps tol
erate better a high degree of interhemispheric 
transfer than similarly lateralized males . 

Another relevant f inding (Aboi t iz et al, 
1992b) is tha t h i s to log ica l ly , t he c o r p u s 
ca l losum is not a h o m o g e n e o u s s t ructure . 
Cal losal regions that connec t p r imary and 
s e c o n d a r y s e n s o r y and m o t o r a r e a s a r e 
characterized by a large proport ion of fast-
c o n d u c t i n g , l a r g e - d i a m e t e r f i be r s , w h i l e 
regions connect ing the so-called associat ion 
areas and prefrontal areas bear a high densi ty 
of s low-conducting, lightly myel inated thin 
f ibers . W e sugges ted that fas t -conduc t ing 
fibers connect ing sensory and motor areas 
con t r ibu te to fuse the t w o h e m i r e p r e s e n -
tations in each hemisphere , a process that is 
in the early process ing stages and thus is 
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s t rong ly t ime -cons t r a ined (Aboi t i z , 1992; 
Aboit iz etal, 1992b). 

Together , these results imply that in the 
cerebral cortex, callosal connect ions depend 
on the functional specialization of the two 
hemispheres , and that this dependency may 
be higher in males than in females. Al though 
we still cannot precise the connectional dif
ferences that make the two hemispheres spe
cialized in different ways , it seems clear that 
they have an effect in the development of 
connect ivi ty be tween the two hemispheres . 

INDIVIDUAL VARIABILITY 

Anothe r p rob lem with s tudying the neural 
bases for language is their large degree of 
v a r i a b i l i t y . Q u o t i n g G e s c h w i n d ( 1 9 8 3 ) , 
" there is enormous variation in the organisa
tion of the speech areas, and we must be 
wary on the assumption that all brains are 
organised identically for language" (p. 66). 
This can be seen in the individual differences 
in size and asymmetr ies of specific architec
tonic areas (Galaburda et al, 1978). Our ap
proach at this point is that the -h igh ly vari
a b l e - quali tat ive patterns of fissurization of 
the cerebral cortex in different subjects may 
yield some clues about the diversity in the 
a r r angemen t of specific brain areas . It is 
known that fissures develop according to the 
expans ion of specific cortical regions, and 
that alterations in the growth of certain brain 
areas may resul t in dis t inct convolu t iona l 
p a t t e r n s in t h e c e r e b r a l c o r t e x ( W e l k e r , 
1990). Our present research line consists in 
an analysis of the fissurization patterns in 
specific brain regions, and their correspon
dence with the arrangement of the respective 
cytoarchi tectonic areas. 

W e have prel iminary findings suggesting 
that the Sylv ian f issure c o m e s in several 
varieties. In its posterior region, it bifurcates 
into ascend ing and descending rami . T w o 
main bifurcat ing pat terns are the superior 
type (with the ascending ramus larger than 
the descending one), that is more common in 
ma le s and the r ight h e m i s p h e r e , and the 
inverted type (both rami being of approxi
m a t e l y the s a m e s ize , but the a scend ing 
ramus is directed forward instead of back
wards as usual) , which is more common in 

females and the left hemisphere (Ide et al, 
1993). Curiously, this coincides with claims 
that females tend to have better left-hemi
sphere skills, whi le males tend to have better 
r i g h t - h e m i s p h e r e s k i l l s ( K i m u r a a n d 
Herschman, 1984). In addit ion, we (Pena et 
al, 1994) recently analyzed the fissurization 
pa t t e rns in the r e g i o n s c o r r e s p o n d i n g to 
B r o c a ' s a r e a ( t h e p a r s t r i a n g u l a r i s a n d 
opercularis of the inferior frontal gyrus) . The 
pars triangularis consists of two fissures (F l 
and F2) that merge at the level of the Sylvian 
fissure, forming a V-shaped gyrus . One or 
both of these fissures may be bifurcated, and 
they are more commonly bifurcated in the 
left hemisphere in females (66 .6% vs 3 3 . 3 % ; 
P < 0.05), whi le the pic ture is somewha t 
more complicated in males . 

W e believe that these studies will al low to 
determine the specific location of cytoarchi
tectonic areas in the surface of the brain, and 
will be of great utility both as an index of 
hemisphere organization and as a guide for 
imag ing s tudies in l iv ing subjec ts . T h e s e 
findings will give us clues as to whether or 
not there are correlations in the ar rangement 
of cortical areas in Broca ' s and W e r n i c k e ' s 
regions , and whe ther their re la t ions show 
any differences wi th the r ight hemisphere . 
W e will also investigate sex differences in 
the disposition of the relevant cortical areas. 
S i n c e as sa id w e m a y n o t h a v e d i r e c t 
connect ional data to s tudy the ana tomica l 
basis of hemispher ic special izat ion, this is 
perhaps the best (although very tedious) ap
proach to the neurobiology of brain lateral
ization. 

CONCLUSIONS 

In the first part of the paper, we outl ined 
some theoretical considerat ions of the lan
guage areas as seen in the context of large-
scale neurocognit ive networks in the human 
brain; then we sugges ted that in the left 
hemisphere the balance of these large-scale 
networks would be shifted towards temporo-
frontal connectivity, while in the right hemi
sphere the balance would be in favor of pa-
rieto-frontal connect ions . Unfor tunate ly , at 
the moment we do not have a direct access to 
these macroscop ic neura l ne tworks in the 
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human brain. Around this issue, we summa
rized data concerning the relations between 
hemispher ic specialization (as seen in ana
tomical asymmetr ies ) and interhemispheric 
connect ions , proposing that the latter ones 
are dependent on the intrahemispheric orga
nization of connect ions . Perhaps at this point 
the bes t s t ra tegy to de t e rmine in t rahemi
spheric organizat ion is to study the tr idimen
sional arrangement of the diverse language-
related cort ical areas in the tempora l and 
frontal lobes, and determine if there are any 
correlat ions in the arrangement of posterior 
( temporal) versus anterior (frontal) regions, 
compar ing possible differences between the 
two hemispheres and between sexes. 
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