
ORIGINAL ARTICLE

The Role of the Fusiform-Amygdala System
in the Pathophysiology of Autism
Isabel Dziobek, PhD; Markus Bahnemann, MD; Antonio Convit, MD; Hauke R. Heekeren, MD, PhD

Context: Autism is a condition of unknown origin with
well-documented impairments in social perception and
cognition.

Objective: To assess the relevance of the fusiform-
amygdala system to the pathophysiology of autism spec-
trum conditions.

Design: Cross-sectional case-control study.

Setting: University hospital.

Participants: A total of 27 adults with autism spec-
trum conditions and 29 age-, sex-, and intelligence quo-
tient–matched typically developed healthy controls. Pa-
tients were assessed according to DSM-IV criteria using
the Autism Diagnostic Interview–Revised.

Interventions: We applied an automated measure-
ment to estimate fusiform gyrus cortical thickness and a
manual tracing method to obtain amygdala volumes. We
analyzed volumetric covariance among these brain re-
gions and assessed the functional relevance of anatomi-

cal findings by analyzing correlations with emotional face–
processing performance.

Main Outcome Measures: Fusiform gyrus cortical
thickness, amygdala volume, emotional face processing.

Results: We found a specific local increase in cortical
thickness of the fusiform gyrus and associated impair-
ments in face processing in individuals with autism. Ana-
tomical covariance between amygdala volume and the in-
crease in fusiform gyrus local thickness was significantly
smaller in the group with autism spectrum conditions.

Conclusions: Our data provide the first anatomical evi-
dence of an abnormal amygdala-fusiform system and its
behavioral relevance to face-processing deficits in au-
tism spectrum conditions. In light of recent evidence of
the involvement of the fusiform gyrus and amygdala in
social perception as well as the areas of social cognition
and emotional awareness, all of which are relevant to au-
tism, our findings might represent a core pathophysi-
ological mechanism of autism.
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A UTISM SPECTRUM CONDI-
tions (ASC) involve severe
abnormalities in social
interaction, communica-
tion, and repetitive behav-

ior.1 Deficits in face processing are among
the core features of ASC.2-4 Although these
impairments represent only a small frac-
tion of the reported deficits in social per-
ception and social cognition,5 their assess-
ment is of particular importance because
faces represent a crucial primary source of
social information, and their decoding is a
precursor formorecomplexsocial inference.

In typically developed individuals, face
perception involves a distributed set of brain
regions comprising a core and an ex-
tended system.6 The core system mediates
the visual analysis of faces and comprises,
among other parts, the lateral fusiform gy-
rus (fusiform face area [FFA]7). The ex-
tended system consists of regions acting in
concert with the core system to extract

meaning from faces. The amygdala is an im-
portant part of this system and plays a cen-
tral role in processing the social relevance
of information gleaned from faces.6,8 Ani-
mal studies have identified strong recipro-
cal projections between the amygdala and
fusiform gyrus,9,10 and recent functional
magnetic resonance imaging studies have
provided evidence of fusiform activity
modulation by the amygdala.11-13 In fact,
viewing emotional faces increases the cou-
pling between the amygdala and fusiform
gyrus.14 Notably, patients with amygdala le-
sions do not show increased activation in
the fusiform cortex when shown fearful
faces.11 Together, these findings empha-
size that the concerted action of the amyg-
dala and fusiform gyrus is crucial for emo-
tional face processing.

Schultz15 recently presented a patho-
physiological model of autism based on
concerted functioning of the amygdala and
FFA. This model postulates that a poten-
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tial congenital abnormality of the amygdala in ASC would
lead to a lack of orienting responses to socially salient
stimuli such as faces, which would then prevent the de-
velopment of an expertise for faces mediated by the FFA.
In support of that model, structural magnetic resonance
imaging studies have provided evidence of amygdala16,17

abnormalities in individuals with ASC. In addition, there
is recent evidence from voxel-based morphometry stud-
ies of increased gray-matter volume in the fusiform gy-
rus in individuals with ASC.18,19 Several functional neu-
roimaging studies have also shown reduced activation of
the FFA20,21 and altered amygdala function21,22 in indi-
viduals with autism during face processing.

Evidence of pathophysiological involvement of the
amygdala-fusiform system in ASC can only be convinc-
ing, however, if structural changes in this system can be
related to functional deficits in social perception and/or
social cognition. In the present study, we used a direct
measurement of cortical thickness of the fusiform gy-
rus, given that it might be more sensitive to subtle changes
than voxel-based morphometry, which involves con-
founding factors introduced by normalization,23 in 27
adults with ASC and 29 controls. To obtain amygdala vol-
umes, we used a well-validated and highly reliable manual
tracing method.24 Furthermore, we ascertained anatomi-
cal relationships between the fusiform gyrus and the amyg-
dala by analyzing volumetric covariance among those
brain regions. Most importantly, to test if the amygdala-
fusiform system may indeed provide a valid pathophysi-
ological mechanism for social perceptual impairments in
ASC, we analyzed structural-behavioral relationships by
including a measure of emotional face recognition.

METHODS

PARTICIPANTS

We recruited 27 adults with ASC (9 with high-functioning au-
tism and 18 with Asperger syndrome; 20 men and 7 women)
through local support groups or references from specialized cli-

nicians to participate in the study. Each subject underwent a
videotaped diagnostic interview based on which diagnoses of
ASC were made according to DSM-IV criteria1 by consensus of
1 psychiatrist (A.C.) and 1 psychologist (I.D.). Diagnostic dis-
crepancies were resolved based on the video material by in-
cluding a third person trained in diagnosing autism spectrum
conditions in adults. In addition, diagnoses were confirmed with
the Autism Spectrum Quotient25 and the Autism Diagnostic In-
terview-Revised (ADI-R)26 in the 18 participants with avail-
able parental informants. A group of 29 healthy controls (22
men and 7 women), chosen to match the ASC group as closely
as possible with respect to age, education, and intelligence quo-
tient (IQ), also participated in the study (Table).

All study participants had medical (including electrocar-
diogram, blood pressure, and routine blood tests), neurologi-
cal, neuropsychological, psychiatric, and neuroradiologic (mag-
netic resonance imaging) examinations. Any present or prior
evidence of significant neurological, psychiatric, or medical dis-
ease led to exclusion from the study. All participants gave in-
formed written consent, and the research protocol was ap-
proved by the local ethics committee.

MEASURES AND STATISTICAL ANALYSIS

Neuropsychology

Intellectual Functioning. To assess intellectual functioning, we
used the Shipley Institute of Living Scale,27 comprising a vo-
cabulary and an abstract thinking test. Based on a sum of the
raw scores of the tests, we estimated Wechsler Adult Intelli-
gence Scale–Revised IQs.28

Facial Emotion Recognition. Participants were given 28 pic-
tures of facial expressions of happiness, sadness, anger, fear, sur-
prise, disgust, and neutral expressions.29 A word list of these ba-
sic emotional states was displayed simultaneously, and the subject
was required to correctly identify the displayed emotion.

General Visual Processing. To ascertain the specificity of vi-
sual processing impairments to faces, we gave a mental rotation
test and a spatial visualization test.30 Specifically, in the mental
rotation task, participants were required to mentally rotate let-
ters 0°, 60°, 120°, or 180° to indicate if they were displayed as
mirror images for a period of 120 seconds. In the spatial visual-
ization task, participants were asked to count surfaces of increas-
ingly complex 3-dimensional objects for a period of 240 seconds.

Group differences were assessed with independent samples
t tests. Analyses were 2-tailed and the � level was set at P� .05.
All statistical procedures were performed using the Statistical
Package for the Social Sciences version 15.0 (SPSS Inc, Chi-
cago, Illinois).

Magnetic Resonance Imaging

For all brain measurements, we used a thin-slice, 3-dimen-
sional, coronal, T1-weighted, spoiled gradient recalled se-
quence. The spoiled gradient recalled sequence parameters were
repetition time, 35 milliseconds; echo time, 2 milliseconds; flip
angle, 60° and 1 signal average; 124 slices; 1.6-mm slice thick-
ness with no gap; 256�128 acquisition matrix; field of view,
200�200 mm; and acquisition time, 9 minutes.

Amygdala Measurements

Amygdalae were drawn using TkMedit, an interface in the Free-
Surfer toolset (http://surfer.nmr.mgh.harvard.edu). TkMedit can
be used to navigate through anatomical data and manually cre-

Table. Demographic Variables of Participants With ASC
and Controls

Variable

Mean (SD)

P Valuea
ASC

(n=27)
Control
(n=29)

Sex
Male 20 22

.88
Female 7 7

Age, y 42.0 (11.3) 44.9 (14.6) .39
Education, y 16.5 (1.6) 16.4 (1.5) .81
Estimated WAIS-R IQ 111 (8) 113 (7) .17
Face processingb 21.7 (3.4) 25.4 (1.9) �.001
Mental rotationc 17.2 (8.6) 20.2 (9.7) .23
Spatial visualizationc 25.7 (8.2) 26.9 (7.1) .57

Abbreviations: ASC, autism spectrum condition; WAIS-R IQ, Wechsler
Adult Intelligence Scale–Revised Intelligence Quotient.

aP values reflect level of significance from independent samples t test and
�2 as appropriate.

bMaximum score, 28.
cMaximum score, 40.
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ate 3-dimensional regions of interest (ROIs) that can be writ-
ten to an external file. TkMedit allows the simultaneous dis-
play of coronal, sagittal, and axial views, which greatly simplifies
distinguishing the amygdala from surrounding structures. All
brain measurements were made blind to group membership.

The method used to estimate amygdala volume has been de-
scribed in detail in Convit et al24; we briefly outline the method
for determining the amygdala boundaries here. The medial bor-
der of the amygdala is the angular bundle, which separates it
from the entorhinal cortex. More anteriorly, the amygdala bor-
der is the sulcus semiannularis, which separates the semilunar
gyrus from the ambiens gyrus (entorhinal cortex). The claus-
trum and head of the caudate are separated from the amygdala
gray matter by thin strips of white matter, which represent the
superio-lateral borders of the amygdala. The inferior bound-
ary is the hippocampus. The inferio-lateral border of the amyg-
dala is the temporal lobe white matter and the extension of the
lateral horn. The posterior boundary is the hippocampal-
amygdalar transitional area. The superio-medial border of the
amygdala is where the semilunar gyrus comes in contact with
the overlying cerebrospinal fluid. The anterior pole is found
approximately 7 mm posterior to the frontotemporal junction
and about 5 mm behind the anterior limit of the entorhinal cor-
tex.31(pp711-755) Using our method, we obtained high levels of agree-
ment between 2 independent raters (intraclass correlation co-
efficient=0.93; n=5724) (Figure 1).

Cerebral Vault Size Measurements

As a measure of head size, we obtained the intracranial vault vol-
ume (ICV). We used a method developed by Buckner and col-
leagues,32 implemented in the FreeSurfer toolset, that uses the
volume scaling factor derived by registering each individual to

an atlas template to automatically generate a good estimate of
ICV. The ICV is used as a covariate in our group comparisons
to account for the variability in overall brain size, which may have
an effect on the size of the brain structures of interest.

Group differences in brain volumes were assessed with in-
dependent samples t tests. Associations between amygdala vol-
umes and neuropsychological functions were analyzed with Pear-
son correlation analysis, and differences in correlations between
groups were assessed with the Fisher r-to-z transformation.

Cortical Thickness

Cortical thickness measurements, which are described in detail
in Fischl and Dale,33 were obtained by reconstructing represen-
tations of the gray/white matter boundary34 and the cortical sur-
face and then calculating the distance between those surfaces at
each vertex across the cortical mantle. This method, which is also
part of the FreeSurfer toolset, uses both intensity and continuity
information from the entire 3-dimensional magnetic resonance
volume in segmentation and deformation procedures to con-
struct representations of cortical thickness. The maps produced
are not restricted to the voxel resolution of the original data and,
thus, are capable of detecting submillimeter differences between
groups.33 This has been validated using histology and magnetic
resonance.35,36 Thickness measures may be mapped on the in-
flated surface of each participant’s reconstructed brain.34 Maps were
smoothed using a circularly symmetric Gaussian kernel across
the surface with a standard deviation of 10 mm and averaged across
participants using a nonrigid high-dimensional spherical aver-
aging method to align cortical folding patterns. This procedure
provides accurate matching of morphologically homologous cor-
tical locations among participants, resulting in a mean measure
of cortical thickness for each group at each point on the recon-
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Figure 1. Landmarks used to identify amygdala boundaries. Panels A through E show axial (A), sagittal (B), and coronal (C-E) views of the medial temporal lobe with
amygdala tracings and anatomical landmarks. The area included in the amygdala region of interest is indicated by green color. Drawings are displayed on magnified
areas from whole-brain sections (white boxes). The colored lines in panels A and B represent anterior (red), middle (orange), and posterior (yellow) sections of the
amygdala with corresponding views in coronal orientation in panels C through E. CL indicates claustrum; EC, entorhinal cortex; HA, hippocampo-amygdala transition
area; HP, hippocampus; MB, mammillary bodies; OC, optic chiasm; OT, optic tract; PG, parahippocampal gyrus; SS sulcus semiannularis; and TH, temporal horn of
the lateral ventricle.
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structed surface. The entire cortex in each participant was visu-
ally inspected, and any inaccuracies in segmentation were manu-
ally corrected by persons with extensive training in brain anatomy
who were blind to group membership. Statistical comparisons of
global data and surface maps were generated by computing a gen-
eral linear model of the effects of each variable on thickness at
each vertex. This general linear model analysis revealed in-
creased cortical thickness at the left fusiform gyrus in the ASC

group (see below). This area of regional thickening was used to
create an ROI on the group average brain that was mapped back
to each individual subject using spherical morphing to find ho-
mologous regions across subjects (Figure 2). We computed a
mean thickness score over the location for each subject and then
used these scores to perform Pearson correlation analyses to as-
sess the degree of relationship between cortical thickness and be-
havioral measures as well as amygdala volume.
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Figure 2. A, Cortical regions are thicker in the autism spectrum condition (ASC) group (n=27) than in controls (n=29). Statistical maps depict between-group
differences in thickness at each vertex on the cortical surface overlaid on the group’s average brain. All points meeting a P� .001 threshold (uncorrected) are
displayed. B, Coronal section displaying area of significant regional thickening for 1 control and 1 participant with ASC. C, Scatterplots of mean cortical thickness
of each participant in the left fusiform gyrus region of interest plotted vs face recognition, mental rotation, and spatial visualization, respectively, split by diagnostic
group. ROI indicates region of interest.
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RESULTS

BETWEEN-GROUP DIFFERENCES

Demographics and Neuropsychology

The groups were well matched with respect to age, sex,
education, and IQ. While the ASC group performance
was significantly lower in the facial emotion recogni-
tion task, the groups did not differ in either the mental
rotation or spatial visualization tests, illustrating that rec-
ognition impairments in ASC were specific to faces
(Table).

Amygdala Volume and Cortical Thickness

The mean (SD) left and right amygdala volumes for the
ASC group were 1.00(0.15) and 1.04(0.19) mL, respec-
tively. The control group’s mean (SD) left and right
amygdala volumes were 1.04(0.15) and 1.04(0.22) mL,
respectively. Analyses of covariance, controlling for
ICV, did not yield any significant group differences in
left or right amygdala volumes (F1,53=0.6; P=.46 and
F1,53=0.0; P=1.0, respectively). The ASC and control
groups also did not differ in overall brain size (ICV;
F1,54=0.0; P=.96).

The general linear models comparing the groups
showed regional cortical thickening in the ASC partici-
pants that was almost exclusively restricted to the mid-
posterior part of the left fusiform gyrus (Figure 2). There
were no differences indicating thicker cortex for the con-
trol group relative to the ASC group.

The clusterwise probability, ie, the probability after
correction for multiple comparisons by means of per-
mutation simulations (10 000 iterations), implemented
within the FreeSurfer package, was P=.014 for the left
fusiform gyrus ROI. No other area survived the mul-
tiple comparison correction.

Brain-Brain Relationships

To assess anatomical covariance between the amygdala
and fusiform gyrus, we computed partial correlations for
amygdala volume and mean thickness of the region in
the left fusiform gyrus that showed the group difference
in the whole-brain analysis for each group individually,
while controlling for ICV. In the control group, there was
a significant correlation between the left fusiform ROI
cortical thickness and left amygdala volume (r=0.44,
P=.02) (Figure 1) but not right amygdala volume (r=0.17,
P=.38). In contrast, in the ASC group we observed nega-
tive, albeit not significant, correlations between left fu-
siform ROI cortical thickness and left amygdala volume
(r=−0.22, P=.29) (Figure 3) as well as right amygdala
volume (r=−0.18, P=.37). The correlations between left
fusiform ROI cortical thickness and left amygdala vol-
ume were significantly different in the control and ASC
groups (z=2.5; P=.01).

Brain-Behavior Relationships

Next, we tested the behavioral relevance of our anatomi-
cal findings to ASC by ascertaining whether left fusi-
form gyrus ROI cortical thickness could predict behav-
ioral performance in facial emotion recognition. To this
end, we performed within-group partial correlation analy-
ses with fusiform cortical thickness and performance
scores in tests of face recognition, mental rotation, and
spatial visualization after controlling for ICV. As shown
in Figure 2C, there were no significant results for any of
the correlations in the control group (facial emotion rec-
ognition: r=0.02, P=.94; mental rotation: r=−0.12, P=.53;
spatial visualization: r=0.08, P=.68). In the ASC group,
we found a negative correlation between cortical thick-
ness in the fusiform ROI and facial emotion recognition
(r=−0.41; P=.04). There were no associations between
fusiform cortical thickness and general visual process-
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Figure 3. Scatterplots of mean cortical thickness in the left fusiform gyrus region of interest (ROI) plotted vs left amygdala volume for the control (n=29; r=0.44;
P=.02) and autism spectrum condition (ASC) (n=27; r=−0.22; P=.29) groups.
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ing (mental rotation: r=−0.06, P=.78; spatial visualiza-
tion: r=−0.1, P=.64), illustrating that fusiform gyrus cor-
tical thickness selectively predicted face processing
impairments.

COMMENT

In this study, we compared the anatomical properties of
the fusiform-amygdala system as well as its behavioral
relevance in individuals with autism and well-matched
controls. To this end, we used a direct measurement of
cortical thickness and a manual tracing method to ob-
tain amygdala volumes.33 The results provide the first ana-
tomical evidence of an aberrant amygdala-fusiform sys-
tem with regional cortical thickening of the fusiform gyrus
and reduced anatomical covariance between amygdala
volume and fusiform gyrus cortical thickness in ASC.
Moreover, we discovered that abnormalities in fusiform
gyrus cortical thickness predicted face-processing dys-
functions in individuals with ASC, highlighting the be-
havioral importance of the structural alterations. As such,
our results indicate that dysfunction of the amygdala-
fusiform system might represent a crucial pathophysi-
ological mechanism of ASC.

In line with previous reports,37,38 individuals with ASC
have shown deficits in face recognition that were spe-
cific, that is, they did not extend to nonface stimuli such
as letters or 3-dimensional objects in a mental rotation
and spatial visualization task, respectively. Replicating
previous reports, we did not find differences in left or
right amygdala volumes between the ASC and control
group.16,39,40 There is, however, convergent evidence of
amygdala abnormalities as indicated by neuropathologi-
cal41 and functional imaging studies.22,42 Moreover, smaller
amygdala volume in adults with ASC has been equated
with fewer fixations of eye regions, as measured with eye
tracking, and more severe social symptomatology, as as-
sessed with the ADI-R.43,44

In adults with ASC, we found a focal increase in cor-
tical thickness of the midposterior portion of the left fu-
siform gyrus. This finding is consistent with previous
voxel-based morphometry studies that found increased
gray-matter volume of the left19 or bilateral fusiform gy-
rus in high-functioning autistic children and adults,18,19

albeit to a much less specific extent. Both studies also re-
ported increased gray-matter density in other regions such
as the frontal cortex, caudate nuclei, left hippocam-
pus,19 and cerebellum.18 Importantly, both studies re-
ported differences in IQ between the ASC and control
groups that were not controlled for and that might have
caused the more extensive brain volumetric differences.
In contrast, our autism and control groups were well
matched for age, sex, and IQ. Thus, the results might be
more subtle and specific in the current study.

Two previous studies provided evidence of greater vol-
ume of the temporal cortex in individuals with autism. Har-
dan et al45 described greater cortical thickness of the tem-
poral lobes in high-functioning autistic adolescents, without
specifying, however, whether this finding involved the fu-
siform gyrus or other areas within the temporal lobes. In
line with our findings, a recent study that volumetrically

assessed the left and right 5 main temporal gyri in indi-
viduals with autism and controls identified a bigger left
fusiform gyrus volume, among the most important fac-
tors in differentiating diagnostic groups.46 Another study,
however, did not find differences in cortical thickness in
the fusiform gyrus in high-functioning adults with ASC.47

Although our finding of increased cortical thickness
is consistent with the early overall brain volume in-
crease found in autistic individuals,48,49 the reasons for
this localized thickening are currently unknown. Poten-
tial underlying histopathological mechanisms include ex-
cess neuron number, excess glia, activated and enlarged
glia, excess axon number or dendritic growth, and ex-
cess numbers of minicolumns.50 A recent study assessed
neuron number and density directly in the fusiform gy-
rus of 7 postmortem brains of individuals with autism
and controls.51 Despite the absence of differences in over-
all volume of the fusiform gyrus between groups, the au-
thors reported fewer and smaller neurons. Although those
data have to be interpreted cautiously given the small
sample size and a history of seizure in 3 of the 7 partici-
pants with ASC, they seem to indicate that previously sug-
gested mechanisms involving neuronal size or count do
not represent likely candidates causing increased vol-
ume and cortical thickness, respectively. Instead, abnor-
malities in glia, axons, or minicolumns are more likely
to underlie morphometric increases.

To assess anatomical relationships between the amyg-
dala and fusiform gyrus, we computed within-group par-
tial correlations for amygdala volumes and mean thick-
ness of the left fusiform gyrus ROI, controlling for ICV.
We found a negative (although not statistically signifi-
cant) correlation in the group with autism between left
amygdala volume and fusiform cortical thickness, indi-
cating that individuals with smaller amygdala volumes
had descriptively increased cortical thickness in the fu-
siform gyrus, which was associated with greater prob-
lems with face processing. This negative association was
significantly different from the association in the con-
trol group, where we found a positive correlation be-
tween amygdala volume and cortical thickness in the fu-
siform gyrus ROI; control participants with greater
amygdala volumes had higher fusiform gyrus ROI cor-
tical thicknesses.

The differences in volumetric covariance clearly re-
veal an anatomical abnormality within the amygdala-
fusiform system in the group with autism. The negative
correlation between amygdala volume and fusiform gy-
rus cortical thickness in the group with autism is in line
with a recent study that demonstrated significantly fewer
and less positive gray matter volumetric correlations across
the brain in individuals with autism.52 It has been sug-
gested that anatomical covariance captures an impor-
tant part of normal brain development. Accordingly, brain
volumes of areas subserving common functions are in-
creasingly correlated with age, in line with the matura-
tion of white matter tracts connecting these areas.53 Pa-
thology, on the other hand, alters correlation coefficients
within affected networks. Interestingly, morphometric
covariance analysis has recently been proposed as an al-
ternative means of studying in vivo brain structural con-
nectivity patterns,54-57 and patterns of volumetric covari-
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ance have been shown to correspond with other
techniques aimed at investigating anatomical connectiv-
ity such as diffusion tensor imaging.55 In fact, our ana-
tomical covariance results are in line with a recent dif-
fusion-tensor tracking study that found abnormalities in
amygdalo-fusiform pathways in high-functioning autis-
tic adults and adolescents.58 In view of this background,
we speculate that our results of volumetric associations
indicate intact structural connectivity between the amyg-
dala and fusiform gyrus in healthy controls and disrup-
tion of that connectivity in individuals with ASC. It will
be an important next step to use morphometric correla-
tional analysis, diffusion tensor imaging, and functional
neuroimaging methods in combination to further inves-
tigate and possibly support this interpretation.

Although of a preliminary nature, our study provides
evidence that supports the notion of decreased intracor-
tical connections in autism.59 While underconnectivity
in ASC has been proposed primarily for higher-order as-
sociation areas of the brain,60 our study suggests a pos-
sible extension of this concept to relatively lower-level
perceptual systems involving subcortical regions.

Geschwind59 has suggested that histogenic events that
establish proper positioning and patterning of basic con-
nectivity such as prenatally determined axon pathfind-
ing and postnatally regulated features of dendritic de-
velopment might be dysregulated in autism. An important
task for future studies is to ascertain whether the axonal
and dendritic mechanisms that have been suggested to
underlie increases in brain volume in ASC49 are at the
same time instrumental in causing disconnectivity.

The relationship with the left fusiform gyrus ROI was
significant only for the left amygdala, which is in line with
findings from functional magnetic resonance imaging
studies showing that increased responses in the fusi-
form cortex to fearful faces are abolished by amygdala
damage in the ipsilateral rather than contralateral hemi-
sphere.61 In fact, the reason for selective left fusiform ab-
normalities in ASC in this and other19,46 studies might be
owing in part to the lateralization of specific amygdala
functions. For example, the left amygdala seems to more
specifically process emotions, particularly fear,62,63 which
is impaired in individuals with autism.64

We found that the reduced performance of individu-
als with ASC in emotional face processing was pre-
dicted by increased cortical thickness of the fusiform gy-
rus. Moreover, the negative associations between facial
emotion recognition and fusiform gyrus cortical thick-
ness were specific to face processing: no other tasks of
visual processing were related to cortical thickness in
either group. This provides further evidence of the rel-
evance of increased cortical thickness of the fusiform gy-
rus to ASC psychopathology. As such, it not only comple-
ments findings of abnormal fusiform gyrus activation
when individuals with ASC process faces but might, in
fact, be the reason for this activation. Interestingly, while
most functional imaging studies have reported reduced
activation of the FFA,65,66 recent studies have not been
able to find such differences67,68 or have found that dif-
ferences were modulated by factors such as the amount
of time spent fixating the eyes21 or personal familiar-
ity.69 Thus, it has been suggested that abnormal fusi-

form functioning and face processing are mediated at least
in part by abnormalities in other structures of the social
brain, particularly the amygdala.15,21,70 Consistent with
this, we found that, in addition to a negative correlation
between fusiform gyrus cortical thickness and face pro-
cessing in the ASC group, amygdala volume was related
to fusiform gyrus cortical thickness in controls. As such,
our results are consistent with the notion that the amyg-
dala acts to increase neural activity in the fusiform gy-
rus via reciprocal projections,9 thereby enhancing the de-
tection and processing of emotionally salient stimuli.71

Although our study is cross-sectional and no develop-
mental inferences can be drawn, the results support the
amygdala-fusiform model of social perceptive impair-
ments in ASC15 in that both anatomical abnormalities of
the amygdala-fusiform system and the ensuing functional
impairments of face processing were found in individuals
on the autism spectrum. The model also postulates, more
speculatively, an important role for the amygdala-
fusiform system in social cognition and knowledge and sug-
gests the deficits in social perception in ASC as underly-
ing precursors. For example, tasks requiring social
inferences in the absence of faces also activate the fusi-
form gyrus.20,72 Interestingly and further extending this ar-
gument, Pessoa et al73 recently reported that awareness of
an emotional stimulus is associated with coactivation of the
amygdala and fusiform gyrus. In reply to Pessoa’s article,
Duncan and Barrett74 suggested that the amygdala en-
hances fusiform gyrus activity, thus increasing the likeli-
hood that representationshavingaffectivevalue reachaware-
ness. Altered connectivity between the amygdala and
fusiform gyrus, therefore, may not only lead to the impair-
ments in face recognition but also to impairments in emo-
tional awareness as indicated, for example, by higher lev-
els of alexithymia in individuals with ASC.75,76

In conclusion, our data provide the first anatomical
evidence of an abnormal amygdala-fusiform system and
its behavioral relevance for face processing deficits in ASC.
In light of recent evidence of the involvement of the fu-
siform gyrus and amygdala, not only in social percep-
tion but also in the areas of social cognition and emo-
tional awareness, all of which are relevant to autism, our
findings might represent a core pathophysiological mecha-
nism of autism. The observation of reduced anatomical
covariance in the amygdala-fusiform system in ASC may
be interpreted as indicating reduced structural connec-
tivity between these regions. While autism has been theo-
rized as a condition of reduced connectivity in higher-
order association cortices, our findings seem to extend
this concept to lower-level perceptual systems involv-
ing subcortical regions, suggesting disconnectivity as a
more universal correlate of ASC brain dysfunction.
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