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The recent observations of overall symmetry of the cau-
dal infrasytvian region by Steinmetz et al. (1990) and
Wrtelson and Kigar (1991, 1992) diverge from earlier
findings of leftward asymmetry in this region (Ge-
schwind and Levhsky, 1968; Galaburda et al., 1987;
Larsen et al., 1989). To address this inconsistency, we
measured the entire irrfrasytvian surface posterior to
Heschl's gym* from coronal magnetic resonance images
of 10 young, normal, right-handed subjects. Computer
models were constructed by tracing contours of this
region and then interpolating a 3D triangle mesh be-
tween each pair of adjacent contours. Measurements of
these models showed no significant directional asym-
metry. The same contour set was used to obtain mea-
surements with a conventional algorithm that does not
interpolate a surface between contours. The results ob-
tained with the second method showed significant left-
ward asymmetry. These results suggest that in some
cases, unbalanced distortions due to folding differences
of the hemispheres are sufficient to obtain spurious
findings of left-right asymmetry. This supports the daim
of Steinmetz and Wrtelson that leftward asymmetry is
restricted to the temporal bank of the caudal infrasytvian
surface, and is balanced by rightward asymmetry of the
parietal bank.

Neural systems within the superior temporal region
of the left hemisphere mediate language perception
and cognition in the vast majority of humans. Evi-
dence that the putative language area of Wernicke
(1874) resides in the caudal extent of this region has
been accrued primarily through lesion localization
studies in patients with aphasia (for review, see Nass
and Gazzaniga, 1987). Hemispheric size asymmetries
(left greater than right) involving the superior tem-
poral region of postmortem specimens were first de-
scribed in the German literature in the early part of
this century and first quantified by Geschwind and
Levitsky 25 years ago. These findings have been rep-
licated in subsequent postmortem (Teszner et al.,
1972; Witelson and Pallie, 1973; Wada et al., 1975;
Chi et al., 1977a,b; Galaburda et al., 1987; Larsen et
al., 1989; Steinmetz et al., 1989) and in vivo studies
(Larsen et al., 1990; Steinmetz et al., 1991; Leonard
et al., 1992) and have been reported by some inves-
tigators to include that part of the supramarginal gyrus
lying along the inferior bank of the posterior ascend-
ing sylvian ramus (PAR). The results have been in-
terpreted as anatomical evidence that Wernicke's area
resides in this region. However, the proportion of
individuals in whom the left is larger (e.g., 65% in
Geschwind and Levitsky"s series) is considerably less
than that estimated for left hemisphere language
dominance in the general population (approximately
90-95%; for review, see Witelson, 1977).

One interpretation of the findings of left-right
asymmetry is that they reflect a left hemisphere ad-
vantage with respect to cortical surface area in the
posterior language region. On the other hand, it has
also been suggested that these findings hinge on fo-
cusing strictly on the planum temporale (PT) (see
below), whose asymmetry may be due to hemispheric
differences in folding patterns and arbitrary anatomic
delineations in the posterosylvian region (Rubens et
al., 1976). Two recent studies have found no size
asymmetries involving the full extent of the caudal
infrasylvian surface (cIS) (Steinmetz et al., 1990; Wi-
telson and Kigar, 1991,1992) comprising both the PT
and infrasylvian supramarginal gyrus, yet these results
differ with previous findings of leftward asymmetry
even when the supramarginal portion is included
(Geschwind and Levitsky, 1968; Witelson and Pallie,
1973; Galaburda et al., 1987; Larsen et al., 1989,1990).
Steinmetz et al. (1990) speculated that in these cases,
asymmetry may be accounted for by more pronounced
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photographic foreshortening in the right hemisphere,
but such distortions have never been measured ex-
plicitly. The purpose of this article is to (1) propose
a 3D method of measuring cortical surface area and
apply it to the region comprising the superior tem-
poral gyrus and infrasylvian supramarginal gyrus, and
portions thereof; (2) compare this method with the
heretofore state of the art method (the "quasi-3D"
method) in order to quantify distortions of the latter;
and (3) use this new data to shed light on the incon-
sistencies in the literature regarding left-right
(a)symmetry in the posterior language region. The
two methods are contrasted in Figures 1 and 2.

Materials and Methods

Subjects
The magnetic resonance (MR) images of five males
and five females with normal neurological and psy-
chiatric histories were analyzed. Each subject was the
first-born member of monozygotic twins who had been
recruited for another study (M.J. Tramo,W. C. Loftus,
C. E. Thomas, R. L. Green, L. A. Mott, and M. S. Gaz-
zaniga, unpublished observations). The age range was
18-43 years with a mean age of 32 years. All subjects
were right-handed [Edinburgh Laterality Quotient
(Oldfield, 1971): range, 58-100; median, 89]. The Full-
Scale Wechsler Intelligence Quotient (Wechsler,
1981) ranged from 87 to 127 with a median of 99.

Image Acquisition
Tl-weighted MR images were acquired in the coronal
plane (section thickness, 3.0 mm, no gap) using ei-
ther a Siemens 1.0 Tesla Magnetom system or a Gen-
eral Electric 1.5 Tesla Signa system that yielded 256
x 256 image matrices with pixel resolutions of 1.17
and 0.937 mm, respectively. In eight subjects, images
were obtained via 3D FLASH with TE/TR = 20 msec/
400 msec (Siemens) or 9 msec/50 msec (GE). Before
this technology became available at our institution,
contiguous sections were obtained by interleaving
two sets of 3-0 mm sections with 3.0 mm gaps. The
head was positioned in the scanner so that a hori-
zontal laser marked the intercanthal line and a vertical
laser intersected the midpoint of the nasion and phil-
trum. Sagittal sections were imaged (slice thickness,
5.0-8.0 mm; gap, 1.0 mm; in-plane resolution, £1.07
mm) and inspected for rotational tilt by observing
whether the rostrum and splenium of the callosum,
optic chiasm, and fourth ventricle were evident on
the same (mid-sagittal) image. The images were stored
on magnetic tape and transferred to a Silicon Graphics
workstation.

Anatomical Designations
The planum temporale (PT) is defined here as the
superior surface of the superior temporal gyrus lying
caudal to the transverse gyrus(i) of Heschl (HG).This
definition corresponds to that of von Economo and
Horn (1930) and has recently been employed by
Steinmetz et al. (1989, 1990). Its caudal border lies
at the point of upward angulation of the posterior

Hgora 1 . The qussi-3D method. In all perspective renderings (Figs 1, 2, 5, 6|, the
/-are indicates the mterslice axis and is positing away from the viewer; the slice
planes are paraflel to the x-y plane. Top left. Three contours [a-c) occupying successive
posmons (e.g., slice positions) along the Hits Slice thickness is indicated fay the
width of the "ribbons." Since there is very little difference in elevation {y-axis position)
among the three contours, the model is oriented nearly parallel to the i - z plane. Top
nght. The same contours as on the left at the same z-poshions but wrth greater
disparity in their elevation (indicated by the dotted lines projected onto the y-axis).
resulting in a greater angulatton wfth respect to the x-i / & * . The surface area of
the quashJD model is the summed length of the ribbons multiplied by their tteckness.
Despite the geometric differences, both models have the ssms surface area Bottom
left and right, An alternative way of estmatmg surface area that is equivalent to the
qu3s'i-3D method is to measure the area of a 20 map formed by unraveling the ribbons
onto a plane Again, the 20 maps for each set of contours are identical, reflecting

: two models.

i
H g u n 2. The 3D method. Top, Shaded 3D models formed from the same contours
as in Figure 1. The model that has greater angutatai lo the t-i plane {right) now
has a greater surface area Bottom. Unshaded versions of the same 3D recarmructois
showing the underlying geometry. The ribbons (a-c) in the previous figure correspond
to the mfimtBttnaDy thin lines [a-c) si the 3D models. Each pair of fines is connected
by a mesh of small mangles. Slice thcfcness is indicated by the separation between
the fines with respect to the i-axa. The surface area of the 3D model is the sum of
the area of the trwgtes.
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Rgnra 3. Defjneauon of PT from reformatted images. Top, A parasagittal le lamaiu i
showing HG (arrowhead). Anterior is to the left of the image. Ths angls dstermined
by ths caudal edge of HG and the end of ths horizontal ponton of the fissure {btsd
Bus) is used to define the plane of ths PT. Bottom. Reformats in the plans of the
F T h G P
Anterior is t t the top of the image. The lateral border of the PT is bracketed.

ascending ramus of the sylvian fissure into the supra-
marginal gyms. The rostral border is placed at the
sulcus posterior to the most anterior transverse gyms.
Thus, any additional HG are Included in PT (previous
investigators have interpreted the borders of the plan-
um temporale in various ways; for review, see Witel-
son, 1977; also, Steinmetz and Galaburda, 1991).

The full extent of the caudal infrasylvian surface
is designated "cIS." It includes the supratemporal
surface posterior to Heschl's gyms(i) and the superior

surface of the supramarginal gyms lying along the
inferior bank of the posterior ascending sylvian ramus
(PAR). Rostrally, cIS is identified on coronal sections
as the superior surface of the superior temporal gyms
lying lateral and/or caudal to the most posterior HG.
When two elevations of gray matter above the superior
surface of the superior temporal gyms appear in the
same coronal image, it is difficult to determine if the
intervening sulcus extends to the lateral lip of the
fissure—the criterion used by Witelson and Pallie
(1973) to define whether the caudal elevation is ac-
tually a second transverse gyms. We classify these
elevations as extra transverse gyri according to Cam-
pain and Minckler's (1976) less stringent criteria and
did not include them in cIS. (The anterior border of
cIS coincides with the anterior border of PT only if
there is a single HG.) Caudally, cIS extends to the
posterior tip of the PAR (i.e., the end of the sylvian
fissure). This landmark corresponds to the posterior
delineation employed in some previous "planum
temporale" studies (e.g., Geschwind and Levitsky,
1968; Galaburda et al, 1987; Zilles et al., 1988; Larsen
et al., 1989, 1990).

The full extent of the superior temporal region is
designated "STR." It includes cIS, the rest of the ex-
tra- and intrasulcal surfaces of the superior temporal
gyms and infrasylvian supramarginal gyms, and HG.
STR extended from the most rostral coronal section
showing both the superior temporal sulcus and the
middle temporal sulcus to the most caudal coronal
section showing the PAR.

Horizontal Image Reformation and 2D Area
Measurement of PT
The area of PT was measured planimetrically from a
reformed horizontal image in the manner of Stein-
metz et al. (1989). This was performed in lieu of a
3D measurement, which could not be done because
of the difficulty of locating the posterior border of PT
in coronal series. First, a parasagittal image that showed
HG and the posterior border of PT was reconstructed
from the stack of coronals. Second, the reformed sag-
ittal image was used to define the horizontal plane
that best captured PT (Fig. 3, top). The angle of this
plane was determined by the posterior ridge of HG
and the anterior edge of the PAR. A horizontal image
was reconstructed from this specification that showed
the wedge-like surface of PT (Fig. 3, bottom), which
was then measured planimetrically by tracing its out-
line.

3D Surface Area Measurements qfcIS and STR
The surface contour of the cortical mantle was traced
with a cursor directly on the coronal MR sections (Fig.
4), which were magnified 3 * on the workstation mon-
itor. A triangle mesh that spanned the rostral-caudal
gap between adjacent contours (3.0 mm, the section
thickness) was interpolated across sections (Fig. 5,
bottom). Since the distance between adjacent MR sec-
tions was greater than the distance between contour
segments within a section, the contours were resam-
pled at a lower resolution so as to mitigate anisotropic
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R g u r t 4 . Delineation of dS on coronal images. Four sample images (from a set of 14) used to delineate and measure dS in one subject The subject's right is on the left side
of the image. The sequence of images A-D reflects a rostral-caudal progression. A, Demarcation of dS extends from the lateral ridge of HG (ttaor arrowheads) to the Dp of the
sytvian fissure [uhfrs arrowheads]. 8. HG appears more medially in successively posterior images. C, HG is no longer visible at this level Demarcation of cJS now extends all the
way through the lower bank of the fissure. 0, The right sytvian fissure appears mare elevated than the left et the caudal levels (cf. Hatob et aL,

sampling. To avoid aliasing in the contour resam-
pling, points at high curvature were always included
in the resampled version.

The area for each triangle was computed by halving
the cross product of two of its sides (Fraleigh and
Beauregard, 1987). The surface area for the mesh was
computed by summing the area of component trian-
gles. In order to minimize error introduced by inter-
polation across adjacent contours, the triangulation
algorithm used a dynamic programming technique
(Cormen et al., 1977) to find the mesh between con-

tours with the smallest possible surface area (Fuchs
etal., 1977). Hence, a lower bound estimate of surface
area was obtained without systematic foreshortening
artifacts. Despite differences in hemispheric fissura-
tion, any residual foreshortening would be unlikely
to affect one hemisphere more than the other.

Quasi-3D Measurements ofcIS
The same coronal contours that were used to estimate
cIS in 3D were also used to estimate cIS by (1) mul-
tiplying the length of each contour by the thickness
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TtUil
2D PT measurements Ion2 ! and asymmetry coefficients

Figure 5. Quasi-3D versus 3D models of dS Top, The quasKJD models of the left
and right dS of one subject Compass in the 1-1 plane indicates antBrior-posienor
and medial-lateral orientations. To aid interpretation, dotted lines have been projected
from the right hemisphere model onto ths y-axis and x-z plane. Note the disparity in
the y-axis projection of different contours m ths right hemisphere. Bonom, Sated 3D
reconstructions based on the same contours at the rep

of each section in which CIS appeared, and (2) sum-
ming across sections. This quasi-3D approach is close-
ly related to flattening the contours onto the plane
with a constant spacing and measuring the resulting
2D map planimetrically (Fig. 1). Since gradient in-
formation between slices is not used, the underlying
representation appears as a series of distinct ribbons,
one for each coronal section (Fig. 5, top). The 3.0-
mm-thick ribbons correspond to the infinitesimally
thin lines that form the sides of each triangle in the
3D model. We did not perform any post hoc correc-
tions of the quasi-3D measures. The distortion of the
method, which is related to the angle of elevation
between sections, can be reduced by applying a trig-
onometric correction to the measurement of each sec-
tion. This is analogous to one flat map technique of
increasing the distance between partially straight-
ened contours as a function of their disparity in ele-
vation (Van Essen and Maunsell, 1980), rather than

Subject Left Asymmetry

1
2
3
4
5
6
7
8
9

10

Mean
SD

5.30
5.03
5.95
6.10
6.70
5.04
5.72
6.95
6.31
4.31

5.74
0.82

3.68
3.98
4.69
4.95
5.38
4.22
404
429
4.19
3.93

4.33
0.52

-0.366
- 0 2 3 3
-0237
- 0 2 0 8
- 0 2 1 9
-0.177
-0.344
-0.473
-0.404
-0.092

-0.275
0.117

Figure 6. The unshaded resorts of the 3D reconstructions in Figure 5. showkq
the undertytng geometry of e ctS model Note how the disparity of contour etevauons
m the caudal portion of the right dS results m a mesh of elongated mangles, oriented
obliquely to the slice plane.

keeping a constant spacing between completely
straight outlines (e.g., Putnam, 1926; Stensaas et al.,
1974; Falzi et al., 1982; Jouandet et al., 1989; Larsen
etal., 1989,1990). In order to perform this correction,
the tilt of each section must first be estimated. This
may require sampling the angle at many points along
individual contours, since the slope of the surface
may also vary within a slice plane. The compensation
for varying tilt of the surface is incorporated naturally
into the 3D approach since the slanted surfaces are
explicitly modeled (Fig. 6).

An asymmetry coefficient was computed for all sur-
face area measurements using the formula (R — L)/
(0.5*(R + /.)), where R is the right surface area in
cm2 and L is the left surface area in cm2. In accordance
with previous studies (e.g., Galaburda et al., 1987),
a brain with a coefficient magnitude of 0.100 or greater
was classified as asymmetric, with a positive value
indicating rightward asymmetry and a negative value
leftward asymmetry.

Results

PT
Each subject's surface area estimates and asymmetry
coefficients for region PT are listed in Table 1. The
surface area of the left PT ranged from 4.31 to 6.95
cm2 with a mean and SD of 5.74 ± 0.82. The surface
area of the right PT ranged from 3-66 to 5.38 cm2 with
a mean and SD of 4.33 ± 0.52. The surface area of
the left PT was greater than the right for all 10 subjects,
and 9 had an asymmetry coefficient with a magnitude
of 0.177 or greater. A binomial test showed the dis-
tribution of leftward asymmetry (9 of 10) to be sig-
nificant (z= 2.53; p < 0.02) (all statistical tests two-
tailed). Paired-comparison nests between the left and
right PT also showed a highly significant leftward
asymmetry (mean right-left difference = -1.408; f(9)
= 6.83; p < 0.0001). Two subjects had a second HG
in both hemispheres, five subjects had a second HG
only in the right hemisphere, and one subject had a
second HG only in the left hemisphere.

dS
Each subject's surface area estimates and asymmetry
coefficients for region CIS are listed in Table 2. The
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Tabts2
Measures of

Subject

1
1
3
4
S
I
7
8
9

10

Mean
SO

dS (cm1) and asymmetry coefficients

Quas-3D

Left

7.23
5.94
6.18
5.90
8.64
8.31
7.44

10.58
6.12
5.51

7.18
1.60

Right

5.62
5.32
4.89
7.31
5.75
5.16
5.32
7.09
5.50
3.70

5.57
1.03

Asymmetry

- 0 2 5 1
-0.110
-0.233

0115
-0.402
-0 .488
-0.332
-0.394
-0.107
-0.393

- 0 1 4 8
0J2O4

3D

Left

8.45
6.83
718
6.74
9.15

10.85
810

11.85
715
6.48

8.31
183

Bight

6.99
5.72
659
8.14
9.97
9.70
8.55
8.45
B.64
899
7.97
143

Asymmetry

-0 .164
-0.047
- 0 1 0 9

0.250
-0 .004
-0 .448

0.073
-0.302
-0.021

0.563

-0.031
0187

data obtained using the 3D model show a mean and
SD of 8.31 ± 1.83 for left cIS and 7.97 ± 1.43 for right
cIS. Four subjects were leftward asymmetric, four were
rightward asymmetric, and two showed no asymmetry.
The paired-comparison / test showed no significant
asymmetry (mean right-left difference = -0.332; f(9)
= 0.628; p = 0.546).

In contrast, the data obtained using the quasi-3D
method showed a leftward asymmetry for nine sub-
jects and a rightward asymmetry for the remaining
subject {z - 2.53; p < 0.02). The mean and SD for
the left cIS was 7.18 ± 1.60 and for the right cIS 5.57
± 1.03. The paired-comparison t test showed a sig-
nificant leftward symmetry (mean right-left differ-
ence = -1.62; t{9) = 3.515; p = 0.007).

Since the same contours were used for both 3D
and quasi-3D surface area estimates, the different re-
sults obtained concerning hemispheric asymmetry
were solely due to differences in the algorithms. Anal-
ysis of the pairwise differences of the two algorithms
(3D vs quasi-3D surface area) showed significantly
smaller estimates for both left and right cIS surface
area (Fig. 7), with worse underestimation on the right
(left: mean difference = 1.123; f(9) = 6.473; p <
0.0001; right: mean difference = 2.408; ?(9) = 4.347;
p = 0.002). The magnitude of the underestimation is
also more variable in the right (SD of difference: left,

0.549; right, 1.752). In some cases, the surface is grossly
underestimated on the right, which reflects an ex-
treme obliquity of the PAR relative to the coronal
plane.

STR
Each subject's surface area estimates and asymmetry
coefficients for region STR are listed in Table 3. The
surface area of the left STR ranged from 22.28 to 36.28
cm2 with a mean and SD of 29.81 ± 4.74. The surface
area of the right STR ranged from 21.26 to 32.67 cm2

with a mean and SD of 29.29 ± 4.05. Leftward asym-
metry was found for four subjects, rightward asym-
metry for three subjects, and no asymmetry for three
subjects. Paired-comparison t tests between the left
and right STR showed no asymmetry (mean right-left
difference = -0.525; t(9) = 0.429; p > 0.67).

Discussion
We found no hemispheric asymmetry involving the
combined surface area of the superior temporal gyrus,
HG, and the infrasylvian supramarginal gyrus. When
the analysis was restricted to the cortical surface lying
caudal to HG along the inferior bank of the sylvian
fissure (including the PAR), again no asymmetry was
found. This same surface was then measured using a

left hemisphere - cIS right hemisphere - CIS

I 8-1

I a-

• quMt-3O

s a i l ) i 2 3 a 5 6 T D O 1 °

Quast-30 versus 3D measures of dS surface area tor each subject. Lett.
For each subject, the cruasi-30 method (solid bar) yielded a smaller measure than the
3D method m the left hemisphere. Right Quas>3D estimates were also stgnrfkanify
smaller for the right hemisphere. However, the distortion (reflected by the disparity
m the heiffo of pairs of solid mi hatched bars) s much greater in the right hemisphere
than in the left.

Tito 3
3D measures of STR (cnVI and asymmetry coefficients

Subiea Left

1
2
3
4
5
6
7
8
9

10

Mean
SO

3146
31.13
3818
27.40
3818
2218
27.06
25.84
26.71
33.88

29.81
4 74

32.67
32.16
31.88
2116
31.88
26.07
24.39
28.51
31.82
3213

2919
4.05

0.038
0.033

-0.129
- 0 1 5 2
-0 .129

0.157
-0.104

0.108
0.175

-0 .050

-0 .016
0.140
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quasi-3D method that failed to take into account the
folding and curvature of the cortical surface across
adjacent coronal sections. As expected, significantly
smaller surface area estimates were obtained using
the quasi-3D method. Because the tilt of the ascend-
ing ramus is greater on the right than on the left,
foreshortening artifact affected the right more than
the left. As a result, the quasi-3D method yielded
spurious leftward asymmetry. The possibility that the
3D surface area estimates failed to show the expected
asymmetry because of anomalous laterality effects in
our subjects was ruled out by replicating the findings
of Steinmetz et al. (1989) with respect to PT asym-
metry.

The distortions engendered by the quasi-3D meth-
od may be exaggerated compared to those of other
studies that carefully control the angle of anatomical
section (e.g., Larsenetal., 1989) or photographic plane
(e.g., Witelson and Pallie, 1973; Galaburda et al.,
1987). However, when the region of interest in one
hemisphere is more concave (or convex) than the
corresponding region in the other hemisphere, as-
sessment of hemispheric asymmetry cannot be com-
pletely eliminated unless a 3D approach is used. The
greater the folding of the surface, the greater will be
the foreshortening artifact, and the greater the advan-
tage of carrying out surface area estimates in 3D. The
3D approach also obviates trigonometric corrections
that require sampling the tilt along the cortical surface
within each section in order to calculate a correction
factor.

One disadvantage of the present procedure is that
it can only be carried out on planar contours. Con-
sequently, sulci that run parallel to the slice plane
may be underrepresented in the 3D model. Recon-
struction techniques that do not rely on contours,
such as the "marching cubes" algorithm of Lorensen
and Cllne (1987) and the 3D shrink wrap method
(Sereno and Dale, 1992; Dale and Sereno, 1993), may
produce models of cortical geometry with even high-
er fidelity.

The pattern of asymmetry of the PT and overall
symmetry of the caudal infrasylvian region supports
the claim that leftward asymmetry of the PT is "bal-
anced" by rightward asymmetry of the infrasylvian
supramarginal gyrus (Steinmetz et al., 1990; Witelson
and KJgar, 1992). The possible functional significance
of the (a)symmetry, if any, can be debated. The fre-
quency of leftward asymmetry has been low compared
with the estimate of left hemisphere language dom-
inance in the general population. This is a problem
for theories of structural asymmetry underlying func-
tional asymmetry. However, measurements restricted
to the PT (as defined in the present study) may reveal
a greater proportion of leftward asymmetry than pre-
vious parcellations that have included some parietal
tissue, though two recent studies relating quantitative
measures of the isolated temporal bank to handedness
in the same subjects have not yielded a consistent
pattern of results (Steinmetz et al., 1991; Witelson
and Kigar, 1992). Yet another interpretation is that
the asymmetry of the PT is a side effect of the more

anterior upswing of the sylvlan fissure on the right
rather than a manifestation of functionally significant
increase in size on the left.

While these data may not support a characteriza-
tion of language dominance as simply an increase in
the sheer amount of cortex in one hemisphere (Gaz-
zaniga, 1992), it does not necessarily mean that the
trend toward increased angulation of the right pos-
terior sylvian fissure (which is reflected by the larger
left PT) is unrelated to functional asymmetry. This is
supported by in vivo studies correlating functional
asymmetries of handedness (LeMay and Culebras,
1972; Hochberg and LeMay, 1975; Kertesz et al., 1986)
and language lateralization (Ratcliff et al., 1980) with
various anatomic asymmetries in the temporoparietal
region. An alternative hypothesis (Steinmetz and Gal-
aburda, 1991) is that gross morphological differences
and cerebral dominance may both be consequences
of a third unknown factor. Investigations into micro-
circuity of auditory association cortex (Seldon, 1982)
and the dynamics of cortical growth and fissurization
(Chi et al., 1977a; Welker, 1990) may provide insights
in this regard.
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