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Cytoarchitectonic Organization of the Human 
Auditory Cortex 

ALBERT GALABURDA AND FRIEDRICH SANIDES 
Harvard Medical School, Boston, Massachusetts 02115 

ABSTRACT A new cytoarchitectonic study of the human auditory cortex 
was undertaken in the light of recent knowledge concerning the architecture, 
fiber connectivity, and physiology of this region in the monkey. The survey of 
three normative human brains (six hemispheres) processed in whole-brain se- 
rial sections disclosed a cytoarchitectonic organization of the cortical auditory 
region similar to that in the macaque. Unlike the monkey, auditory-related cor- 
tex was found in parietal operculum and inferior parietal lobule. Similarities in 
cortical architectonics between human and monkey brains may provide a 
rationale for the application of knowledge concerning animal physiology and 
connectivity to man. 

A wide variety of anatomical, physiologi- 
cal, and clinicopathological da ta  has  been 
available for nearly 100 years to indicate that 
the temporal lobe of human and non-human 
primates contains the cortical representation 
of the auditory system (Hammarberg, 1895; 
Campbell, '05; Brodmann, '09; Vogt and Vogt, 
'19; Flechsig, '20; Economo and Koskinas, '29; 
Blinkov, '55; Braak, '78; Ferrier, 1886; Bailey 
e t  al., '43; Walzl and Woolsey, '43; Penfield 
and Jasper, '54; Pribram et al., '54; Penfield 
and Perot, '63; Woolsey, '71; Merzenich and 
Brugge, '73; Celesia, '76; Wernicke, 1874; 
Kussmaul ,  1877; Broadbent,  1878; Lich- 
theim, 1885; Bastian, 1898; Bramwell, '27; 
Mayer, '50). There are additional data to sug- 
gest that  the cortex of the parietal operculum 
also plays a role in auditory function. For in- 
stance, lesions in man localized to this area 
have been reported to produce a disorder in 
which the patient appears to be indifferent to 
loud and unpleasant noises (Schilder and 
Stengel, '31; Geschwind, '65). In addition, 
both in the human and in the owl monkey, au- 
ditory evoked potentials can be recorded from 
the upper bank of the Sylvian fissure (Cele- 
sia, '76; Imig et  al., '77). Despite these data, 
there is no cytoarchitectonic map of the hu- 
man cortical auditory region showing the  
presence of auditory-related cortex on the pa- 
rietal lobe. Furthermore, recent data on fiber 
connectivity and areal physiology correlated 
with modern cytoarchitectonic models in  
monkeys (Pandya and Sanides, '73; Jones and 

Burton, '76; Merzenich and Brugge, '73; Imig 
et  al., '77) provide a further impetus to have a 
fresh look at the cytoarchitectonic organiza- 
tion of the human cortical auditory region. 
While older cytoarchitectonic parcellations 
have relied on the selection of hopefully ap- 
propriate blocks, the present study makes use 
of brains processed in whole-brain serial sec- 
tions,l thus permitting the analysis of the full 
extent of each area without block selection 
bias. 

MATERIALS AND METHODS 

The preparation of the material is the same 
a s  tha t  described by Yakovlev ('70). Three 
normal human brains (Case I-25-year-old 
male; Case 11-11-year-old female; Case III- 
32-year-old female) were embedded whole in 
celloidin and cut in gapless serial coronal sec- 
tions a t  a thickness of 35 mm. Every 20th sec- 
tion was stained for Nissl substance with cre- 
syl violet, and the adjacent section with the 
Loyez method for myelin. The sections were 
examined under low power through a ster- 
eomicroscope, the  cytoarchitectonic a reas  
identified, and the borders marked on fixed- 
magnification, photographic templates of 
each section. In many instances boundaries 
obtained on t h e  Nissl  mater ia l  could be 
checked against borders obtained by examin- 
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ing optimally s ta ined cortex in  adjacent 
myelin sections. A comparison compound mi- 
croscope was also used to examine  
neighboring and distant areas  simultane- 
ously, and also to investigate the finer struc- 
ture of the cells forming the different layers. 

Measurements of cytoarchitectonic vol- 
umes were accomplished with a rolling disc 
planimeter equipped with an electronic read 
out screen. Before each planimetric session, 
and periodically throughout a session, the 
precision of the apparatus was checked by US- 

ing a planimeter-provided standard. The area 
of the portion of cortical ribbon belonging to a 
given cytoarchitectonic division was 
measured in every template containing that 
division, and the  total  volume was easily 
calculated by adding the measured areas and 
multiplying by the sum of the distance be- 
tween sections and section thickness. 

RESULTS 

Cytoarchitectonic nomenclature 

Beginning from the insular limbic cortex 
and proceeding laterally toward the convex- 
ity of the brain, the auditory region was par- 
cellated employing standard cytoarchitec- 
tonic criteria which rely mainly on areal dif- 
ferences based on number of layers, relative 
layer widths, a visual impression of cell pack- 
ing density, and cell size differences. The 
names given to areas were originally coinced 
by Brodmann ('09) and the Vogts ('19) and ela- 
borated by one of the authors (Sanides, '62; 
Pandya and Sanides, '73). The names reflect a 
concept of cortical evolution which supposes 
t h a t  isocortex (neocortex) a r i s e s  a f te r  
stepwise stages of differentiation from more 
primitive cortices (allocortex). The isocortical 
stage arises after two intermediate stages- 
the periallocortical stage and the proisocorti- 
cal stage. Further differentiation takes place 

TABLE 1. Cytoarchitectonic areas and abbreviations 

Auditory areas 

KAm medial koniocortex 
KAlt lateral koniocortex 
PaAr rostral parakoniocortex 
PaAi internal parakoniocortex 
PaAe external parakoniocortex 
PaA cid caudo-dorsal parakoniocortex 
ProA prokoniocortex 

Adjacent areas 
Pa1 parainsular zone 
TPt temporoparietal 
Ts,, Ts2, Ts, temporalis superior 1, 2, and 3 

within the isocortical stage, which in sensory 
cortices becomes manifested a s  cores of 
granulous (extremely granular) konio fields 
surrounded by belts of association parakonio 
areas. A transition zone, the prokonio cortex, 
sharing some features of the proisocortical 
and isocortical stages can be found interposed 
between proisocortex and the konio field. Ta- 
ble 1 provides the names and abbreviations 
given to the areas in the auditory region after 
this concept of organization. 

Description of the areas 

The pattern of cytoarchitectonic organiza- 
tion of the isocortical auditory region in man 
as  revealed by this study is similar to that  in 
the rhesus monkey described by Pandya and 
Sanides ('73) and is illustrated in Figure 1. 
There are two koniocortical fields surrounded 
by belts of prokonio and parakonio cortices. 
The medial koniocortex, KAm, and the lat- 
eral koniocortex, KAlt, have in common the 
general features of konio fields: the cell pack- 
ing density is the highest in the auditory re- 
gion, especially in layers 11-IV, the appear- 
ance of layer V is that  of a clear broad stripe 
because of its relative hypocellularity and 
parvocellularity, and layer VI appears as  a 
rather  dense parvocellular narrow stripe. 
Area KAm (Fig. 2A) exhibits the extreme 
manifestation of konio field with its dusty ap- 
pearance. Area KAlt (Fig. 2B) is distinguish- 
able from KAm by the presence of small clus- 
ters of medium-sized pyramids in sublayer 
IIIc, and a somewhat coarser appearance of 
layers 111 and V. 

Surrounding the double koniocortical core 
there are several belt areas of parakoniocor- 
tex. Lateral and immediately adjacent to the 
isocortex area PaAi is found (Fig. 3A). This 
area is characterized by the bulky pyramids 
which are seen in sublayer IIIc. It also con- 
ta ins  a well granularized layer IV, and a 
rather cell poor layer V which exhibits me- 
dium sized pyramids. 

Bordering on PaAi on its lateral boundary a 
somewhat less typical parakoniocortex (area 
PaAe) is found (Fig. 3B). This area is easily 
identified by the presence of medium sized 
pryamids disposed in columns three to eight 
cells deep in the deeper half of layer 111. Layer 
IV i s  narrower and less cell dense than that in 
PaAi, and layer V contains a greater number 
of medium to large pyramids. 

The rostral parakoniocortex (PaAr) borders 
on PaAi's anterior end (Fig. 3C). Medially, it  
shares borders with parainsular cortices in- 
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cluding the prokoniocortex (ProA). PaAr is as 
a whole rather parvocellular, with IIIc pyra- 
mids which are smaller than those found in 
PaAi and PaAe. Also layer V and layer VI are 
more densely populated, although less so 
than in adjacent ProA. Rostra1 to PaAr, the 
cortex of the superior temporal plane and first 
temporal gyrus changes in a stepwise fashion 
toward the temporal pole, progressively ac- 
quiring primitive features. It no longer con- 
ta ins  IIIc pyramids which are  sufficiently 
large, nor a layer IV which is sufficiently 
granular to permit its classification as para- 
koniocortex solely on cytoarchitectonic 
grounds. Near the tip of the temporal pole the 
cortex changes again to resemble proisocor- 
tex, with increased blending of layers V and 
VI, only an  incipient layer IV, and an un- 
crowded layer 111. The entire region anterior 
to auditory cortices corresponds roughly to 
Brodmann’s area 38 and von Economo’s and 
Koskinas’s area TG, and its detailed parcella- 
tion is beyond the scope of this study. 

The caudo-dorsal parakoniocortex (PaA c/d) 
begins  on t h e  most medio-caudal end of 
Heschl’s gyrus (Fig. 3D). This parakoniocor- 
tex contains some of the typical features of 
cortices of its type. However, the IIIc pyra- 
mids are in general smaller than in  PaAi, 
with occasional clusters of larger cells, and 
cell size and packing density are greater in 
layer V. 

In coronal sections part of Heschl’s gyrus is 
separa ted  from t h e  insu lar  cortex by a 
straight ribbon of cortex which contains pro- 
koniocortex (Fig. 4) .  This cortex represents a 
transition between insulotemporal proisocor- 
tex and the auditory isocortex, and accord- 
ingly has features of both. There is a stress 
given to the  infragranular  layers  by the  
greater size and packing density of pyramids 
in layers V and VI, which is typical of more 
primitive cortices. Yet this feature is less pro- 
nounced than in medially adjacent insulotem- 
poral proisocortex. Furthermore, in ProA sub- 
layer IIIc beings to  acquire a larger number of 
small pyramids, layer IV is more obvious, and 
the general granularization of the cortex is 
higher than in proisocortex. ProA can be dis- 
tinguished from rostrally occurring parainsu- 
lar pa1 mainly by the findings of a layer IV 
which is broader in  ProA and a layer I11 
which is denser. 

The temporoparietal area Tpt (Fig. 5) ap- 
pears as an additional field belonging to the 
auditory region in a broader sense. I t  lies 
caudal to PaAe anc! extends toward the tem- 

poroparietal junction. It is not classified as a 
parakoniocortex because it lacks sufficient 
strength in layer IV and the cell density in 
layer V is too great. I t  is easily recognized by 
the appearance of sublayer IIIc whereby the 
pyramids offer an irregular border to layer IV 
in an undulating fashion. In its inner margin 
layer IV fuses somewhat with layer V, result- 
i n g  i n  a n  indis t inct  border. Layer  VI is 
densely populated with cells which frequently 
are disposed in branching columns reaching 
toward layer V. As a whole this area resem- 
bles the parietal  integration cortex of the 
inferior parietal lobule, but is easily distin- 
guished from it by virtue of the rigidly lay- 
ered appearance of the latter. 

Zbpography of the areas 

The bulk of the auditory region lies in the 
Sylvian fossa on the upper surface of the tem- 
poral lobe, a region which is one of the most 
highly folded in the human brain. The degree 
and pattern of folding of this region is also ex- 
tremely variable, both among the different 
brains and between the hemispheres of each 
brain (Geschwind and Levitsky, ’68; Campain 
and Minckler, ’76; Galaburda e t  al., ’78a). 
Gross anatomical asymmetries of the audi- 
tory region between the left and right hemi- 
sphere of each brain may be striking in the 
caudal aspect of the Sylvian fossa, the part of 
t h e  superior  temporal  plane caudal  to 
Heschl’s gyrus known as the planum tem- 
porale, where the  left side is often much 
la rger  t h a n  t h e  r i g h t  (Geschwind and  
Levitsky, ’68). The architectonic areas occupy- 
ing this region also tend to be asymmetrical, 
thus reflecting the gross asymmetries (Gala- 
burda et  al., ’78b). The volumes of the cytoar- 
chitectonic areas of the auditory regions are 
given i n  Table 2. Note, for instance,  t h e  
marked asymmetry which may exist in the 
volumes of area Tpt so that, in one case, the 
left is more than seven times larger than the 
right. Areas PaAi and PaAe, on the other 
hand, are larger on the right side in the three 
brains. The volume of a given cytoarchitec- 
tonic area is quite variable from specimen to 
specimen as well. Note, for instance, the ex- 
tents of area ProA. In case 111, this area is six 
times as large as in case 11. Although brain 
weights and processing affects have not been 
controlled for, it is unlikely that these could 
account for the marked difference. 

The complex folding of the caudal end of the 
Sylvian fossa may be manifested as tongue- 



604 A. GALABURDA AND F. SANIDES 

TABLE 2. Cytoarchitectonic volumes lmrn3) 

Case I Case I1 Case I11 
Area Left Rieht Left Right Left Rieht 

proA 
KAm 
KAlt 
paAr 
paAi 
paAe 
paA cid 
Tpt 

640 460 
920 860 
210 540 
500 530 

1020 1930 
1080 1510 
1000 500 
2540 350 

150 200 
740 620 
230 240 

70 200 
790 1040 

1220 1500 
830 900 

1080 950 

1050 1210 
1250 1320 
530 520 
440 350 

1610 1940 
1490 1950 
850 450 

1510 690 

like extensions of the planum temporale into 
the substance of the parietal lobe, thus pro- 
ducing cryptic cortical pockets best seen on 
the coronal sections (Fig. 6-8, large arrows). 
Despite the complicated and variable gross 
topography, the interrelationships of the cy- 
toarchitectonic areas remain fairly constant 
and are illustrated in a semi-stylized fashion 
in  Figure 1A. The Sylvian fossa has been 
opened in order to show the superior temporal 
plane, the circular sulcus, the insular cortex, 
and the opercular portions of the hemisphere. 
A central core of koniocortex (KAm and KAlt) 
is seen lying in the transverse gyrus of Hes- 
chl. This core is surrounded by concentric 
belts of parakoniocortex rostrally, laterally, 
and caudally, and is separated from the insu- 
lar proisocortex medially by a strip of proko- 
niocortex. The lateral koniocortex lies rostro- 
laterally to the medial one. The rostra1 para- 
koniocortex extends a fair distance rostrally 
toward the pole and shares a border with the 
more primitive ProA, perhaps explaining its 
rather primitive parakoniocortical appear- 
ance. PaAe and Tpt share a major portion of 
the first temporal gyrus. In addition, Tpt is 
seen to extend caudally and superiorly to  oc- 
cupy a portion of the suprasylvian region (See 
also Fig. 6 and 7). The caudo-dorsal parako- 
niocortex (PaA c/d) is more extensive than 
would have been guessed from older cytoar- 
chitectonic parcellations of this region (see, 
c.f., Brodmann, '09; Economo and Koskinas, 
'29). A remarkable feature of this area is that 
in each of the six parcellations it extends to 
the caudomedial end of the Sylvian fossa, 
around the retroinsular region and then dor- 
sally onto the medial aspect of the parietal 
operculum (see also Fig. G3).  

DISCUSSION 

The results of this study reaffirm some old 
concepts concerning the cytoarchitectonic or- 
ganization of the human cortical auditory re- 
gion and introduce additional knowledge. As 

it has been known for almost one hundred 
years, the auditory region is found to be lo- 
cated primarily in the superior temporal 
plane and the superior temporal gyrus. There 
is at the center an area of extremely granular 
cortex surrounded for the most part by well 
granulated fields containing large- to 
medium-sized IIIc pyramids. The findings can 
also be regarded in the light of recent cytoar- 
chitectonic, connectivity, and physiologic data 
(Pandya and Sanides, '73; Jones and Burton, 
'76; Merzenich and Brugge, '73; Imig et al., 
'77). As in the rhesus monkey, the granular 
core in the human can be further subdivided 
into a medial and a lateral zone, a subdivision 
which may reflect differences in connectivity. 
In the macaque the medial koniocortex is par- 
ticularly rich in callosal connections (Pandya 
and Sanides, '73). On the other hand, al- 
though there appears t o  exist a tonotopic dif- 
ferentiation of the primary auditory field 
with higher frequencies represented best in a 
caudomedial localization (Licklider and Kry- 
ter, '42; Walzl and Woolsey, '43; Merzenich and 
Brugge, '731, the topographic segregation of 
the two konio fields has not been demon- 
strated by physiologic methods. 

The belt fields of association cortex (para- 
koniocortex) vary in their cytoarchitectonic 
appearance. ! h o  of the fields have the most 
typical parakoniocortical appearance with 
large IIIc pyramids. In the internal parako- 
niocortex (PaAi) these are striking, while in 
the caudo-dorsal parakoniocortex (PaA c/d) 
the large IIIc pyramids are aggregated in 
small clusters. These two zones appear to cor- 
respond to PaAlt and PaAc in the rhesus mon- 
key (Pandya and Sanides, '73). In the monkey 
PaAlt and PaAc share the same patterns of 
connectivity except that callosal fibers des- 
tined to PaAc appear to  be segregated to  the 
splenium of the corpus callosum. PaAc in the 
macaque may also have a different function 
(Merzenich and Brugge, '73; Imig et al., '77), 
however, because of this area's buried loca- 
tion, detailed physiological data are not avail- 
able. 
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An unexpected finding of this study was the 
parietal extension of the auditory region 
found in all the specimens (Fig. 6-8). To our 
knowledge auditory cortex has not been noted 
previously by anatomic means in the parietal 
operculum. Merzenich and Brugge ( '73)  
stated that  their caudomedial field (CM), 
which corresponds in  location to PaA c/d 
could not be mapped completely and sug- 
gested that it probably extended onto the pa- 
rietal operculum in rhesus monkey. Jones's 
and Burton's area Ri appears to reach onto 
the posterior parietal operculum ('76) in the 
rhesus monkey. Economo ('25) said of his area 
TD, which is also located in the caudomedial 
end of the auditory region, that it had "oper- 
cular" features, albeit he failed to delineate 
the exact caudo-dorsal extent of this area. 

An additional parakoniocortical area,  
PaAe, not found in the macaque, is present in 
the superior temporal gyrus in the human 
brain. In location this area resembles the an- 
terior one-half of Brodmann's area 22 ('09), 
and to  Economo and Koskinas's TA, ('29). It 
should be added that Pandya's and Sanides's 
('73) area Ts, in the macaque contains fea- 
tures similar to the human PaAe, e.g., layer 
I11 pyramids disposed in columns, and ap- 
pears to be located in a homologous position 
on the superior temporal gyrus. If the connec- 
tions of PaAe are similar to those of Ts,, this 
area should be expected to receive projections 
from the medial geniculate nucleus as well as  
from adjacent parakonio cortical areas (Pan- 
dya and Sanides, '73), and to send fibers to 
these regions as well as rostrally toward the 
temporal pole (Galaburda and Pandya, un- 
published data). Stimulations in this region, 
especially on the right side, have produced 
musical hallucinations (Penfield and Ras- 
mussen, '50) and lesions in the vicinity of this 
area have been thought to produce loss of mu- 
sical ability (Economo, '25; Kleist, '28). 

The rostra1 parakoniocortex (PaAr) is simi- 
lar in location and architecture to the area of 
the same name described in the macaque 
(Pandya and Sanides, '73). As in the monkey, 
this cortex is a parvocellular and less dif- 
ferentiated parakoniocortex than the others, 
exhibiting smaller IIIc pyramids and coarser 
cells in layers V and VI. In the monkey an 
area equivalent to PaAr in location contains 
the complete representation of the audible 
frequency spectrum (Merzenich and Brugge, 
'73; Imig et al., '77). The connectivity of this 
region in rhesus is unique, since it receives 
most of its thalamic fibers from the caudal 

portion of the medial geniculate body (Mesu- 
lam and Pandya, '73; Pandya and Sanides, 
' 7 3 ) .  The location of th i s  cortex is  also 
thought-provoking. It is found between the 
primary auditory regions and the temporal 
pole, thus orienting the auditory region to- 
wards the temporal proisocortex. A visual 
area in the superior temporal sulcus having 
cytoarchitectonic features similar to  PaAr ap- 
pears to orient the occipital visual areas to- 
ward the temporal proisocortex as well, and 
powerful connections from visual areas to- 
ward temporal pole appear to  pass through 
this sulcal area (Kuypers et al., '65; Tigges et 
al., '74; Zeki, '71; Rockland and Pandya, per- 
sonal communication). Thus, both PaAr and 
the sulcal visual area may reflect a similar 
pattern of organization of these two sensory 
regions. 

Medial to  koniocortex lies area ProA. As in 
the cat and monkey, this area is interposed 
between the proisocortex of the adjacent in- 
sula and the koniocortex on Heschl's gyrus. In 
cytoarchitectonic terms it represents a transi- 
tion between these two types of cortices, 
exhibiting the tendency to a sparse layer I11 
and coarse layers V and VI common to proiso- 
cortex, and an  increase in granulization 
pointing towards a fully developed koniocor- 
tex. In rhesus monkey this area receives fi- 
bers from adjacent konio- and parakoniocorti- 
cal fields as well as terminations from fibers 
coursing in the corpus callosum. In the cat an 
area of similar intermediate location and ar- 
chitecture has been called AII, the second au- 
ditory region (Rose and Woolsey, '49). Al- 
though A11 may represent a transitional zone 
of the isocortex as it arises from the insular 
proisocortex, it is somewhat puzzling that  
none of the lesion experiments reported by 
Pandya and Sanides ('73) disclosed degenera- 
tion in insular proisocortex after lesions any- 
where in the auditory region, in the corpus 
callosum, or  in the medial geniculate body. In 
one of the cases reported (Case 5 )  the ablation 
lesion extended onto ProA, yet no significant 
insular terminations were noted. One might 
argue that the connections are unidirectional, 
however, this has not proven to be the case 
with other connectivities in the temporal 
lobe. On the other hand, this finding may sug- 
gest another possible limbic root of the audi- 
tory region which may exist through the ros- 
tral proisocortex of the temporal pole. In the 
rhesus monkey, starting from the temporopo- 
lar proisocortex, there are several steps of cy- 
toarchitectonic differentiation, areas Ts,, Ts,, 
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and Ts3, leading up to the auditory region 
(Pandya and Sanides, '73). The stepwise dif- 
ferentiation is reflected in a progressive in- 
crease in cell packing density in the supra- 
granular layers, a decrease in cell size and 
density in the infragranular layers, and in- 
creasing granularization of layer IV. The 
transition of Ts3 to the fields of the auditory 
region, especially through t h e  somewhat 
primitive PaAr, represents a further step in 
differentiation. A similar trend was noted in 
the polar fields of the human temporal lobe, 
which also show progressive differentiation 
in a caudad direction. Moreover, the connec- 
tional data in the macaque show that lesions 
of the supratemporal plane and lateral para- 
koniocortex result in degenerating boutons in 
rostra1 temporal fields, especially Ts2 and Ts3. 
The lesson from the  connections of ProA 
might possibly be tha t  the auditory region 
does not arise from the adjacent insular pro- 
isocortex, but rather from the somewhat more 
distant temporo-polar proisocortex. The prob- 
lem of distance might be resolved by the un- 
published observation of one of these authors 
(A.G.) that ,  in  the macaque, the temporo- 
polar proisocortex appears to extend i n  a 
tongue-like fashion in the circular sulcus, in- 
terposing itself between the insular proisocor- 
tex and the temporal parainsular regions. 

Area Tpt represents a transitional type of 
cortex between the specialized isocortices of 
the auditory region and the more generalized 
isocortex (integration cortex) of the inferior 
parietal lobule. By this statement it is meant 
that  it lacks specialty features of sensory cor- 
tex, i.e., emphatic granulation and light in- 
fragranular layers. It corresponds in location 
and appearance to Economo's and Koskinas's 
TA, ('25) and Brodmann's area 22 at its poste- 
rior end ('09). Area Tpt often extends beyond 
the caudal end of the temporal lobe to occupy 
variable amounts of suprasylvian cortex. In 
the monkey it is connectionally related to 
PaAlt and receives callosal connections from 
the  opposite auditory region (Pandya and 
Sanides, '73). Pathological data suggest that  
this region may play a role in language func- 
t ion (Meyer, '501, and a recent study by 
Galaburda e t  a l .  ('78b) disclosed marked 
asymmetries in the amount of Tpt in the two 
hemispheres, which match the well known 
asymmetries in  planum temporale in  hu-  
mans. 
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