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ABSTRACT 
Autism Spectrum Disorders (ASD) affect as many as 1 in 110 children and are four 

times more prevalent in boys than girls. Impairment in communicative abilities and 
reciprocal social interactions are core features of autism. Autistic individuals have difficulty 
relating to others and recognizing other people’s emotions, and they fail to show the usual 
empathic reactions when others demonstrate emotions of pleasure, fear or pain. 

Among the most characteristic social communicative impairments in ASD is a failure 
to use information from faces, such as eye gaze and facial expression, to regulate social 
interaction. Face perception is mediated by a distributed neural system. The face-processing 
network is involved in face detection (superior colliculus, pulvinar nucleus of the thalamus 
and amygdala), face identification (fusiform face area FFA) and inferior occipital gyrus IOG), 
gaze and social perception (superior temporal sulcus STS, medial prefrontal cortex), and 
emotion evaluation of facial expression (AMY, insula, limbic system, sensorimotor cortex, 
inferior frontal cortex and orbitofrontal cortex). 

Initial fMRI studies described a lack of FFA activation in response to emotionally 
neutral faces in individuals with ASD.  We show that FFA is normal in ASD when they look 
in the eye-region of the face. Visual scanning of faces is abnormal in individuals with autism 
and characterized by a tendency to look less at the inner features of the face, particularly the 
eyes. Not looking at the eye region can have profound behavioral consequences. In a 
replication study we show, however, that other parts of the face detection network are 
abnormally activated in ASD. Those include areas of the mirror neurons system (MNS). 

Studies on neutral body postures and movements have revealed some intriguing 
similarities between visual perception of faces and of bodies. For example, faces and bodies 
both have configural properties as indexed by the inversion effect (in which recognition is 
impaired by inversion of the stimulus) and the global structure of the whole body is also an 
important factor in the perception of biological motion. Evidence from single cell recordings 
suggests a degree of specialization for either face or body images. Neurons reacting 
selectively to body posture have been found in recordings from monkey STS, and an fMRI 
study exploring the contrast between objects and neutral body postures revealed specific 
activity in lateral occipito-temporal cortex. Hence, there appears to be a number of 
similarities between body expressions and faces. 

We show that in neurotypical subjects, observing Body Expression of Emotion (BEE) 
activates a network very similar to that activated during face perception, including the FFA, 
as well as the MNS. Our results raise the possibility that the similarity in neural activity for 
the perception of bodily expressions and facial expressions may be due to synergies between 
the mechanisms underlying recognition of facial expressions and body expressions, and to 
common structures involved in action representation, and in rapid detection of salient 
information. This hypothesis is supported by our observation that perception of BEE can 
happen in a blindsight patient, hence supported by the subcortical route. 

However, we show that in ASD, observation of emotional BEE fails to modulate the 
network of areas involved in BEE processing as it does in neurotypicals. 

We argue that some of the behavioral changes observed in autism may be the 
outcome of dysfunctions of the distributed neural circuitry for social cognition, including the 
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MNS and the amygdala. This might have important implications for the development and 
use of early behavioral interventions aimed precisely at training basic mechanisms supported 
by the MNS, rather than attempting to correct higher levels of complex behaviors which 
might be the consequence or epiphenomena of MNS deficits. 
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 1.1 Autism Spectrum Disorders 
Autism Spectrum Disorders (ASD) are a series of neurodevelopmental conditions, 

characterized by mild to severe qualitative impairment in communicative abilities and 
reciprocal interactions, as well as repetitive and stereotyped behaviors. Autism is commonly 
considered a spectrum disorder, ranging from profoundly isolated mentally-retarded 
individuals to intellectually brilliant individuals who only behave oddly during social 
interactions. However, the question of whether autism is one or many diseases remains 
open, and some authors suggest that autism may be a syndrome (many separate disease 
entities) rather than a spectrum (variation of a single disease), and that autism may be a final 
common phenotype expressed by many underlying diseases (Coleman, 2005; Eigsti & 
Shapiro, 2003; Reiss, Feinstein, & Rosenbaum, 1986). ASD is four times more prevalent in 
boys than girls. 

The work presented in this thesis arises from studies done with high-functioning 
individuals with autism (HFA - IQ within the normal range) or Asperger syndrome, and the 
theoretical ideas presented here should be considered within this paradigm. 

The prevalence of autism seems to have dramatically increased during the last decade, 
and recent studies (Baird, et al., 2006 ; Kogan, et al., 2009) report that as many as 1 in 100 
children may be affected by ASD. This is in strong contrast with literature from the 1970’s 
and the 1980’s that only reported up to 0.2% prevalence (C. Gillberg, 1984; Wing & Gould, 
1979). There are many possible reasons for this increase in prevalence, including changes in 
diagnostic criteria and increased awareness. However, the presence of a real increase in the 
incidence of the disease due to environmental risk factors as well as specific genetic-social 
changes remains a possibility under investigation (C. Gillberg, 2005; N Hadjikhani, 2009; 
Herbert et al., 2006; Silberman, 2001). Autism is one of the most inheritable disorder (90%), 
well beyond other conditions such as schizophrenia or breast cancer (Folstein & Rosen-
Sheidley, 2001). There may be dozens, or even hundreds of genes related to autism. 

Impairment in communicative abilities and reciprocal social interactions are core 
features of autism. Autistic individuals have difficulty relating to others and recognizing other 
people’s emotions, and they fail to show the usual empathic reactions when others 
demonstrate emotions of pleasure, fear or pain. 

 

1.2 Face Perception in ASD 
Individuals with autism are impaired at using information from faces, such as gaze, 

facial expression and facial speech, to regulate social interaction. They have difficulties 
making social judgment, relating to others and recognizing their emotions. Among the most 
characteristic social communicative impairments in ASD is a failure to use information from 
faces, such as eye gaze and facial expression, to regulate social interaction (APA, 2000; 
Lord, Rutter, & Le Couteur, 1994).  

One of the earliest symptoms of autism is a lack of attention to faces that can be 
apparent by one year of age (Osterling & Dawson, 1994), followed by deficits in joined 
attention (Mundy, Sigman, & Kasari, 1993).  
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Face perception is mediated by a distributed neural system (for reviews, see (Haxby, 
Hoffman, & Gobbini, 2000; Ishai, 2008; Johnson, 2005)). The face-processing network (FPN) 
is involved in face detection (superior colliculus SC, pulvinar nucleus of the thalamus PU 
and amygdala AMY), face identification (fusiform face area FFA) and inferior occipital gyrus 
IOG), gaze and social perception (superior temporal sulcus STS, medial prefrontal cortex 
mPFC), and emotion evaluation of facial expression (AMY, anterior insula, limbic system, 
sensorimotor cortex S1, inferior frontal cortex IFC and orbitofrontal cortex OFC) (de Gelder, 
Frissen, Barton, & Hadjikhani, 2003; Johnson, 2005; Nakamura et al., 1999). In addition, 
faces activate the reward system, in particular the nucleus accumbens nAcc (Aharon et al., 
2001). Face perception happens in two stages: an early automatic stage sustained by the 
subcortical system, and a later cognitive stage sustained by both cortical and subcortical 
areas (Adolphs, 2002). 

These different modules exert cross influences on each others, and we have, for 
example, demonstrated that emotional faces were better recognized than neutral faces by 
prosopagnosic patients, who suffer from damage in the face identification system (de Gelder 
et al., 2003) 

 
Figure 1: Schema of the network of areas involved in face and gaze processing. A fast 

perceptual processing system of highly salient stimuli comprising the superior colliculus, the 
amygdala, the thalamic lateral geniculate nucleus, the pulvinar and the striate cortex underlies rapid 
face detection and influences the other elements of the network. These elements consist of a face 
identification system comprising the lateral part of the anterior fusiform gyrus (FFA) and the inferior 
occipital cortex; an emotional evaluation system comprising the insula, the amygdala and the limbic 
cortex and a gaze/action representation system comprising the superior temporal sulcus (STS), the 
sensory motor cortex and the inferior frontal gyrus (IFG). STS and IFG are part of the MNS. The 
elements of the network exert reciprocal influences on each other. Face processing deficits can arise 
from the dysfunction of one or several elements of this network and/or from their disconnection. 

1.3 Empathy 
One of the characteristics of autism is a lack of empathy and of emotional 

engagement with others (APA, 2000; C. L. Gillberg, 1992). Empathy relates to the ability to 
recognize, share and understand emotions of others. The perception-action model proposed 
by Preston and de Waal (Preston & de Waal, 2002) defines empathy as a phenomenon in 
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which the perception of an object’s state activates the subject’s corresponding 
representation, which in turn activates somatic and autonomic responses. 

Lack of empathy is a very early sign of autism, and deficits in empathic behavior have 
been shown as early as 20 months of age in children with autism (Charman et al., 1997; 
Sigman, Kasari, Kwon, & Yirmiya, 1992). Baron-Cohen and Wheelwright have recently 
objectified empathy deficits in autism. (Baron-Cohen & Wheelwright, 2004). 

 

From Imitation to Empathy 

Imitation and resonance behavior are natural mechanisms that involve perception 
and action coupling. Imitation plays a central role in the development of understanding 
other people, as both imitation and the attribution of mental states involve translating from 
another person’s perspective into one’s own. It is an important precursor of developmental 
accomplishment such as symbolic thought and language (Piaget, 1952), and is an innate 
capacity to relate to others. Imitation and resonance behavior are already present in 
neonates who, at 36 hours, are able to discriminate facial expressions and imitate facial 
gestures (T. Field, Guy, & Umbel, 1985; T. M. Field, Woodson, Greenberg, & Cohen, 1982; 
A.N. Meltzoff & Moore, 1977, 1983). This ability indicates the presence in the newborn of 
an active intermodal matching: because they do not see their own face, the only way 
newborns can match expression is through proprioception (A. N. Meltzoff & Moore, 1997). 
Until recently, it was thought that neonatal imitation was unique to the apes and to humans, 
but recent data have shown that this capacity to match facial and hand gesture is also 
present in rhesus macaques (Ferrari et al., 2006). 

Contagious yawning can be interpreted as a resonance behavior. Yawning is a very 
common yet poorly understood phenomenon. It is an example of behavioral continuity 
within mammals: dogs, cats, lions, monkeys and apes yawn and in humans it can even be 
observed in utero. The function of yawning is still a matter of controversy: It does not 
increase oxygen levels in the body, as neither breathing 100% O2 nor various CO2 mixtures 
influences the rate of yawning (Provine, Tate, & Geldmacher, 1987). In primates, ethologists 
have observed that yawning occurs in a variety of social contexts, and suggested that it 
might have a communicative role (Deputte, Johnson, Hempel, & Scheffler, 1994), 
synchronizing the state of mind of a group. 

Yawning contagion however, defined as an urge to yawn when seeing or hearing a 
yawn, seemed to be exclusively human (Baenninger, 1987) until it was also shown recently 
in chimpanzees (Anderson, Myowa-Yamakoshi, & Matsusawa, 2004), one of the rare 
primates showing rudimentary form of empathy (Hare, Call, & Tomasello, 2001). Yawning 
contagion only emerges between the first and the second year of life (Piaget, 1951). It is 
easily triggered by observed yawns, and yawn-related stimuli, such as a sound of a yawn, 
features of a yawning face, and even reading or thinking about yawns (Provine, 1986). Platek 
et al. (Platek, Critton, Myers, & Gallup, 2003), tested the hypothesis that contagious yawning 
is part of the more general phenomenon of mental state attribution, and found that the 
degree of contagious yawning was positively related to performance in empathic aspects of 
mental state attribution in young adults. 
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Subjects rating higher at tests of schizotypal personality were poorly susceptible to 
yawning, and the authors concluded that yawning might be occurring as a result of 
unconscious empathic modeling. Autistic individuals seem to be less susceptible to yawning 
contagion (Senju et al., 2007) (Hadjikhani et al, unpublished observations), possibly 
reflecting a resonance mechanism dysfunction. 

 

1.4 The Mirror Neuron System 
Resonance behavior, defined as a neural activity spontaneously generated during 

movement, gestures or action, and that is also elicited when the individual observes another 
individual making similar movements, gestures or actions, has its underlying neural substrate 
in the mirror neuron system (MNS). The MNS was discovered serendipitously in the monkey, 
by a group of Italian researchers, G. Rizzolatti, L. Fogassi and V. Gallese. These scientists 
were performing electrophysiological recording in area F5 of the monkey, a region 
specialized for the control of hand action. The recorded neurons were firing when the 
monkey was grasping objects (food) – but to their surprise, they noticed that the same 
neurons would also fire when the experimenter was performing the same grasping action. 
(Gallese, Fadiga, Fogassi, & Rizzolatti, 1996; Rizzolatti, Fadiga, Fogassi, & Gallese, 1999; 
Rizzolatti, Fadiga, Gallese, & Fogassi, 1996). These neurons ‘mirror’ the behavior of other 
animal/human, as though the observer were performing the action; they are not involved in 
imitation, but rather in action understanding: by allowing a direct matching between the 
visual description of an action and its execution, the results of the visual analysis of an 
observed action can be translated into an account that the individual is able to understand 
(Rizzolatti, Fogassi, & Gallese, 2001). In the monkey, mirror neurons have been found in the 
ventral premotor cortex (F5) (Gallese et al., 1996; Rizzolatti, Fadiga, Gallese et al., 1996), in 
the inferior parietal lobule (Fogassi, Gallese, Fadiga, & Rizzolatti, 1998; Gallese, Fogassi, 
Fadiga, & Rizzolatti, 2002) and in the STS (Oram & Perrett, 1996; Perrett et al., 1989),. 

The MNS is also present in humans as evidenced by many imaging studies, including 
transcranial magnetic stimulation (TMS) (Fadiga, Fogassi, Pavesi, & Rizzolatti, 1995; 
Gangitano, Mottaghy, & Pascual-Leone, 2001; Maeda, Kleiner-Fisman, & Pascual-Leone, 
2002; Strafella & Paus, 2000), electroencephalographic (EEG) and 
magnetoencephalographic (MEG) studies (Cochin, Barthelemy, Roux, & Martineau, 1999; 
Hari et al., 1998). 

Studies using fMRI have further studied the function and location of the MNS: The 
MNS is composed of a network of areas comprising the pars opercularis of the inferior 
frontal gyrus (BA 44) and its adjacent ventral area 6 (inferior frontal cortex, IFC), the inferior 
parietal lobule (IPL), and the superior temporal sulcus (STS), , and. These areas show 
activation during mental representation of one own’s action, and mental representation and 
observation of another person’s action (Buccino et al., 2001; Buccino et al., 2004; Decety & 
Grezes, 1999; Decety et al., 1997; Grafton, Arbib, Fadiga, & Rizzolatti, 1996; Grezes, 
Armony, Rowe, & Passingham, 2003; Grezes & Decety, 2001; Hari et al., 1998; Rizzolatti, 
Fadiga, Matelli et al., 1996). The MNS is also activated during imitation of action (Iacoboni 
et al., 2001; Iacoboni et al., 1999; Nishitani & Hari, 2000) and reciprocal imitation 
(Buccino, Solodkin, & Small, 2006; Decety, Chaminade, Grezes, & Meltzoff, 2002), 
including face imitation (Carr, Iacoboni, Dubeau, Mazziotta, & Lenzi, 2003; Leslie, Johnson-
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Frey, & Grafton, 2004). The MNS is most probably the substrate of action understanding 
(Buccino et al., 2001; Fadiga et al., 1995; Flanagan & Johansson, 2003; Gallese et al., 2002; 
Keysers & Perrett, 2004): by having he same neural substrate being activated by both action 
observation and action execution, the MNS provides an automatic simulated re-enactment 
of the same action (Gallese, 2003a). 

In addition to action understanding, there are evidences that the MNS is involved into 
understanding others’s intentions (Iacoboni, 2005), and in the prediction of other people 
action goals. In a recent study, Falk-Yter and colleagues (Falck-Ytter, Gredeback, & von 
Hofsten, 2006) tested the hypothesis that if the MNS is involved in social cognition, then it 
should be functional at the time of before children achieve communication by means of 
gesture or language, around 8 to 12 months of life. Using an elegant paradigm, they 
searched for the presence of proactive goal-directed eye movements at 6 months and at 12 
months. They showed that when observing actions, 12-month-old infants focus on goal in a 
way similar to that of adults, whereas 5-month old infants do not, and concluded that the 
MNS underlies the ability to predict the outcome of others’ actions and is mediating 
processes related to social cognition. 

This model of action understanding through shared representation may also be 
applied in the domain of emotion, and the MNS has been hypothesized by several groups as 
being the possible basis of “mind reading”, imitation learning, and empathy, and a neural 
substrate for human social cognition (Gallese, 2003b; Gallese & Goldman, 1998). According 
to this model, emotions are understood when implicitly mapped onto our motor 
representation through mirror mechanisms. This model was illustrated by the work of Leslie 
et al. (Leslie et al., 2004), who found a common substrate subserving both facial expression 
and hand gesture observation and imitation in healthy controls, with a right hemispheric 
dominance for facial expression passive observation. 

 

1.4.1. Facial Expression Mimicry 

Facial expressions of emotion have a biological basis (Darwin, 1965) and are 
generated by biologically given affect programs (Ekman, 1993; Tomkins, 1962) that are 
independent of conscious cognitive processes. Humans have a natural predisposition to 
react emotionally to facial stimuli (Dimberg, 1997), and to have facial reactions to facial 
expressions (Dimberg, 1982, 1997; A.N. Meltzoff & Moore, 1977, 1983) 

Dimberg et al. (Dimberg & Thunberg, 1998) have shown that subjects exposed to 
facial expressions of anger or happiness tend to activate muscles that are normally involved 
in the production of these facial expressions, implying mimicry of the facial stimulus 
occurring as early as 300ms after stimulus onset. The same facial electromyographic 
reactions can even be elicited when people are unconsciously exposed to facial emotional 
expression, using short duration stimulus exposure (30ms) and a backward-masking 
(Dimberg, Thunberg, & Elmehed, 2000), showing that emotional reactions can be 
unconsciously evoked. Moreover, a significant interaction has been reported between facial 
muscle reaction, self-reported feelings and emotional empathy (Sonnby-Borgstrom, 2002). 

Imitation and observation of emotional facial expressions activate a similar network 
of areas, including the IFC, the STS, the insula and the amygdala, suggesting that we 
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understand other’s feeling by a mechanism of action representation (Carr et al., 2003; 
Nakamura et al., 1999), and facial mimicry can be understood as a feedback system in 
which the facial muscle activity provides proprioceptive information and influences the 
internal emotional experience. 

There is a large degree of overlap between neural substrates of emotion perception 
and emotional experience, and deficits in the production of an emotion and deficits in the 
face-based recognition of that emotion reliably co-occur: patients with insula damage, an 
area implicated in the experience of disgust, are also impaired at facial recognition of disgust 
(Calder, Keane, Manes, Antoun, & Young, 2000; Sprengelmeyer et al., 1996; Wicker et al., 
2003); similarly, patients with bilateral amygdala damage, a region involved with experience 
and recognition of fear, have trouble recognizing facial expression of fear (Adolphs, Tranel, 
Damasio, & Damasio, 1994; Adolphs, Tranel, Damasio, & Damasio, 1995; Bechara et al., 
1995). Lesion of the somatosensory cortex in the face area impairs face emotion recognition 
(Adolphs, Damasio, Tranel, & Damasio, 1996). Conversely, voluntary facial action generates 
emotion-specific autonomic nervous system activity (Adelman & Zajonc, 1989; Levenson, 
Ekman, & Friesen, 1990). 

All these above observations are in line with Damasio’s somatic marker hypothesis 
(Damasio, 1994, 1999) describing the mechanism by which we acquire, represent and 
retrieve the values of our actions. According to this model, the feeling of emotions relies on 
the activation of internal activation of sensory maps, that create a representation of the 
changes experienced by the body in response to an emotion. A similar mechanism for 
empathy can be postulated, by which the same sensory maps are activated when observing 
emotions in others via a mirror system mechanism. 

In conclusion, the MNS may be neuronal substrate of imitative behavior and 
empathy, and a system allowing us to understand others’ goals and actions. Imitation, 
empathy and the understanding of other’s goal all seem to be abilities that are challenged in 
autism. What evidences do we have that these might be the consequences from a deficient 
MNS? 

 

1.4.2 Autism and MNS 

1.4.2.1 Imitative Deficits in Autism 

Several studies have found imitative deficits in autism (for review, see (Williams, 
Whiten, & Singh, 2004)). Autistic children have deficits in imitating simple body movements 
and actions with symbolic meaning (Rogers & Pennington, 1991). In infants, Charman et al. 
(Charman et al., 1997) have found that compared with developmentally delayed and 
normally developing children, 20-month-old infants with autism were specifically impaired 
on some aspects of empathy, joint attention, and imitation, pointing to a basic-level 
imitation impairment in autism. Individuals with autism tend to have limitations in imitating 
the “style” of another person’s action (Hobson & Lee, 1999), and they tend to lack the 
natural preference for imitation in a mirror-image fashion (Avikainen, Wohlschlager, 
Liuhanen, Hanninen, & Hari, 2003). Moreover, children with autism have an impairment in 
imitation of facial expression of emotion (Hertzig, Snow, & Sherman, 1989; Loveland et al., 
1994). 
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1.4.2.2 Anatomical and Functional Studies of MNS in Autism 

The hypothesis of a deficient MNS in autism was first formulated in 1999 by Riitta 
Haris’s group (Avikainen, Kulomaki, & Hari, 1999) and two years later Williams et al. 
published the first review on imitation, mirror neurons and autism (Williams, Whiten, 
Suddendorf, & Perrett, 2001). In this paper, Williams and colleagues underline the role of a 
deficit in early imitation as part of the autistic development, and point to the important 
resemblances that exist between imitation and the attribution of mental states, as both 
involve the translation from one perspective to the other. They offer a series of testable 
predictions that flow from their hypothesis of a deficient MNS in autism – and anatomical 
and functional studies have been done for the past four years that support their proposition. 

Anatomical Studies 

The anatomical substrate of autism is still unknown. Our group conducted a MRI 
study in a group of autistic adults carefully matched for gender, age, intelligence quotient 
and handedness (N. Hadjikhani, Joseph, Snyder, & Tager-Flusberg, 2006). The technique we 
used (Fischl & Dale, 2000) allows a precise measure of the thickness of the cortical mantle, 
validated by histological measures (Rosas et al., 2002). We found that adults with HFA 
display significantly reduced cortical thickness in areas of the MNS, including the pars 
opercularis of the inferior frontal gyrus, the IPL and the STS. In addition, the degree of 
cortical thickness decrease was correlated with the severity of communicative and social 
symptoms of the subjects. 

Our data represent a snapshot in time, and prospective studies are needed to 
understand the direction of the causality between MNS function and symptomatology. 
However, from these data we can postulate that an early dysfunction of the MNS may be the 
‘primum movens’ of the deficits in imitation, empathy and experiential sharing present in 
autism. 

Magnetoencephalographic Studies 

Magnetoencephalography (MEG) is a method which allows us to measure the minute 
magnetic field changes associated with brain electrical activity non-invasively with a 
millisecond resolution. The spatial resolution is enhanced compared to EEG due to the skull 
not smearing MEG signals (Hamalainen, Hari, Ilmoniemi, Knuutila, & Lounasmaa, 1993). 
MEG directly relates to neural activity and yields dynamic images that inform us about the 
speed of the neural processes as well as their sequence in the different brain areas involved. 
This allows separate examination of the integrity of the different components of a network 
and their individual role in brain activation. 

The first study testing the hypothesis of a deficient MNS in autism was performed 
using MEG by Hari’s group in Finland. The results of this first study, however, were negative, 
and no differences could be found between autism subjects and the controls. However, in 
2003 the same group (Avikainen et al., 2003) pursued this hypothesis and showed in a 
behavioral experiment that Asperger subjects, unlike normal controls, did not profit from 
mirror-image movement of others during an imitation task. A year later they published 
another MEG study (Nishitani, Avikainen, & Hari, 2004) showing delayed and weaker 
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activation of the inferior frontal lobe and of the primary motor cortex in Aperger subjects 
during imitation of still pictures of lip forms, providing evidence of MNS dysfunction. 

Transcranial Magnetic Stimulation Studies 

Transcranial magnetic stimulation (TMS) uses rapidly changing magnetic fields to 
induce electric fields in the brain. With TMS, cortical excitability in chosen areas of the 
brain can be temporally modulated to test hypotheses relative to their involvement in task 
performance. Theoret et al. applied TMS over the primary motor cortex (M1) during 
observation of intransitive meaningless finger movements (Theoret et al., 2005). They 
revealed an impairment in the system matching action observation and execution in autism, 
with a failure of the observation of movement to modulate the excitability of the motor 
cortex, and concluded that a dysfunction of the MNS could underlie the social deficits 
characteristics of autism. 

Eletroencephalographic Studies 

Two eletroencephalographic (EEG) studies have been conducted so far examining the 
MNS in autism, and they both concluded to the existence of MNS dysfunction in autism 
(Lepage & Theoret, 2006; Oberman et al., 2005). The study by Oberman et al. (Oberman et 
al., 2005) examined the responsiveness of EEG oscillations at the mu frequency (8-13 Hz) to 
actual and observed movement. In normal controls, it is known that mu power is reduced 
both when the individuals perform as well as when they observe an action, reflecting an 
observation/execution system. In adults and teenagers with autism, they observed that while 
mu power was reduced during action performance, it was unchanged during action 
observation, supporting the hypothesis of a dysfunctional MNS in autism. The same data 
were observed by Lepage et al. (Lepage & Theoret, 2006) in children with autism. 

Functional MRI Studies 

Two fMRI studies have recently been published examining the function of the MNS in 
autism (Dapretto et al., 2006; N. Hadjikhani, Joseph, Snyder, & Tager-Flusberg, 2007). 

In the study by Dapretto et al. (Dapretto et al., 2006), children with autism were 
examined during observation and imitation of facial emotional expressions and compared 
with typically developing children. Both groups were able to perform the imitation task – 
however, only the typically developing children showed enhanced activation in the pars 
opercularis of inferior frontal gyrus, while the autism children had no mirror neuron activity 
in that area. The same pattern was observed during passive observation of facial expressions. 
In addition, and similarly to the findings of the anatomical study described above (N. 
Hadjikhani et al., 2006), an inverse correlation was found between the level of brain activity 
in the pars opercularis of inferior frontal gyrus and the severity of symptoms in the social 
domain, further suggesting a relationship between MNS dysfunction and social deficits in 
autism. 

Our study (N. Hadjikhani et al., 2007) was the follow up of our first examination of 
face perception in autism (N. Hadjikhani et al., 2004). In our first study, we had challenged 
the findings of other groups reporting no ‘face area’ (FFA) activation in autism subjects when 
viewing faces. By introducing a fixation cross in the eye-region of the face and asking the 
subject to fixate it, we ensured that the subjects were actually looking at the faces – it is 
indeed well known that autistic subjects tend to avoid looking at faces, especially at the eye-
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region (Dalton et al., 2005; Klin, Jones, Schultz, Volkmar, & Cohen, 2002; Pelphrey et al., 
2002). By using this strategy, we were able to show robust activation in the FFA of autistic 
subjects, that did not differ from that of normal controls. However, it is known that autistic 
subject have behavioral deficits with faces, and that they have difficulty recognizing facial 
expressions. To identify the substrate of this deficit we examined another group of adults 
with autism, using the same stimuli as in our first study. However, we this time we acquired 
data covering the entire brain as opposed to only examining the visual regions as we had 
done previously (N. Hadjikhani et al., 2007). 

We replicated our initial results of robust FFA activation during face perception in 
autism (see also (Aylward, Bernier, Field, Grimme, & Dawson, 2004; Dalton et al., 2005; 
Pierce, Haist, Sedaghat, & Courchesne, 2004)). But we found that areas of the MNS were 
hypoactivated in the HFA compared to controls. We also found hypoactivation in right 
motor and somatosensory cortex corresponding to the face representation. Furthermore, and 
similarly to the findings of Dapretto et al. (Dapretto et al., 2006), we found an inverse 
correlation between the activation in the IFC and the severity of the social symptoms. 

In addition to these findings, we found that the hypoactivated areas in the HFA group 
that were overlapping with areas of cortical thinning observed in another group of HFA 
patients in the anatomical study described above (N. Hadjikhani et al., 2006)  

We concluded that areas belonging to the MNS are involved in the face-processing 
disturbances in autism. 

Electromyographic Studies 

Individuals with autism are delayed in comprehending the meaning of facial 
expression and communicative gestures (Braverman, Fein, Lucci, & Waterhouse, 1989), and 
the ability of autistic children to imitate facial expression of emotion is limited (Hertzig et al., 
1989; Loveland et al., 1994). A recent electromyographic (EMG) study casts light on both 
fMRI results described above (McIntosh, Reichmann-Decker, Winkielman, & Wilbarger, 
2006). McIntosh et al. examined automatic and voluntary mimicry of facial expressions of 
emotions in adolescents and adults with autism, using the same protocols as those used by 
Dimberg et al (see above, and (Dimberg, 1982)). They found that while both autistic subjects 
and controls were able to produce voluntary mimicry, autistic subjects did not show any 
automatic mimicry of facial expression. 

The production of voluntary and automatic emotional facial movements depends on 
two dissociated neural circuits, that can selectively be affected. Selective loss of voluntary 
facial expression, Foix-Chavany-Marie syndrome, is a classical clinical finding in stroke; but 
the selective loss of emotional facial movement while voluntary facial movement are 
preserved has also been described (Sim, Guberman, & Hogan, 2005). 

1.5 Body Expression of Emotions (BEE) 
Darwin regarded emotions as predispositions to act adaptively, thereby suggesting 

that characteristic body movements are associated with each emotional state. To this date, 
investigations of emotion cognition have concentrated primarily on processes associated 
with viewing facial expressions. But from an evolutionary perspective, investigations of 
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expressive body movements may be just as important for understanding the neurobiology of 
emotional behavior. Studies on neutral body postures and movements have revealed some 
intriguing similarities between visual perception of faces and of bodies. For example, faces 
and bodies both have configural properties as indexed by the inversion effect (in which 
recognition is impaired by inversion of the stimulus) and the global structure of the whole 
body is also an important factor in the perception of biological motion. Evidence from single 
cell recordings suggests a degree of specialization for either face or body images. Neurons 
reacting selectively to body posture have been found in recordings from monkey STS, and an 
fMRI study exploring the contrast between objects and neutral body postures revealed 
specific activity in lateral occipito-temporal cortex. Hence, there appears to be a number of 
similarities between body expressions and faces. 

In publication number 4-6, we show the effect of BEE perception in neurotypicals, 
blindsight and ASD participants.  

We show that in neurotypical subjects, observing BEE activates a network very similar 
to that activated during face perception, including the FFA, as well as the MNS. Our results 
raise the possibility that the similarity in neural activity for the perception of bodily 
expressions and facial expressions may be due to synergies between the mechanisms 
underlying recognition of facial expressions and body expressions, and to common 
structures involved in action representation, and in rapid detection of salient information.  
This hypothesis is supported by our observation that perception of BEE can happen in a 
blindsight patient, hence supported by the subcortical route. 

However, we show that in ASD, observation of emotional BEE fails to modulate the 
network of areas involved in BEE processing as it does in neurotypicals. 
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2.1: Publication # 1:  Activation of the fusiform gyrus when 
individuals with autism spectrum disorder view faces. NeuroImage 
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Prior imaging studies have failed to show activation of the fusiform

gyrus in response to emotionally neutral faces in individuals with autism

spectrum disorder (ASD) [Critchley et al., Brain 124 (2001) 2059;

Schultz et al., Arch. Gen. Psychiatry 57 (2000) 331]. However,

individuals with ASD do not typically exhibit the striking behavioral

deficits that might be expected to result from fusiform gyrus damage,

such as those seen in prosopagnosia, and their deficits appear to extend

well beyond face identification to include a wide range of impairments in

social perceptual processing. In this study, our goal was to further assess

the question of whether individuals with ASD have abnormal fusiform

gyrus activation to faces. We used high-field (3 T) functional magnetic

resonance imaging to study face perception in 11 adult individuals with

autism spectrum disorder (ASD) and 10 normal controls. We used face

stimuli, object stimuli, and sensory control stimuli (Fourier scrambled

versions of the face and object stimuli) containing a fixation point in the

center to ensure that participants were looking at and attending to the

images as they were presented. We found that individuals with ASD

activated the fusiform face area and other brain areas normally involved

in face processing when they viewed faces as compared to non-face

stimuli. These data indicate that the face-processing deficits encountered

in ASD are not due to a simple dysfunction of the fusiform area, but to

more complex anomalies in the distributed network of brain areas

involved in social perception and cognition.

D 2004 Elsevier Inc. All rights reserved.

Keywords: Autism; Asperger disorder; Face perception; Fusiform gyrus;

Visual processing

Introduction

Autism spectrum disorder (ASD) is a behaviorally defined

neurodevelopmental disorder characterized by debilitating deficits
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in social-communicative skills and by restricted and repetitive

interests and behaviors. Among the most characteristic social-

communicative impairments in ASD is the failure to use informa-

tion from faces, such as eye gaze, facial expression, and facial

speech, to regulate social interaction. Given the crucial importance

of face processing to social-communicative competence, it is

critical to study how abnormalities in the perception of faces and

the information they convey may contribute to the social impair-

ment in ASD, and to identify which components of the face-

processing system are deficient in ASD.

A number of behavioral studies have examined face processing

in high-ability individuals with ASD, and have shown that they

perform worse than non-ASD controls on tests of incidental face

learning (Boucher and Lewis, 1992; de Gelder et al., 1991),

memory for faces (Hauk et al., 1998), and recognition of familiar

faces (Boucher and Lewis, 1992; Boucher et al., 1998; Langdell,

1978). Moreover, recognition of facial expressions of emotion has

been found to be impaired in ASD (Adolphs et al., 2001; Braver-

man et al., 1989; Celani et al., 1999; Critchley et al., 2000;

Davidson and Dalton, 2003; Hobson et al., 1988a,b; Ozonoff et

al., 1990; Tantam et al., 1989; Teunisse and de Gelder, 2001). In

electrophysiological studies, differences have been found in the

amplitude of EEG signal during face perception between individ-

uals with ASD and normal controls (Dawson et al., 2002; Grice et

al., 2001). Behavioral studies have also suggested that individuals

with ASD encode faces in an abnormal way (Klin et al., 2002),

evidenced by a more feature-based strategy for face recognition

(Teunisse and de Gelder, 1994) and a diminished face inversion

effect (Hobson et al., 1988b; Langdell, 1978). Abnormal face

perception processes have also been suggested by studies indicat-

ing reduced attention to the eyes and an increased focus on mouths

in children and adults with ASD (Joseph and Tanaka, 2003; Klin et

al., 2002; Langdell, 1978). Several recent studies have shown that

visual scanning of faces is abnormal in individuals with autism,

characterized by a tendency to look less at the inner features of the

face, particularly the eyes (Davidson and Dalton, 2003; Klin et al.,

2002; Pelphrey et al., 2002). These findings raise the question of
21



Table 1

Participants characteristics

ASD (n = 11)

M (SD), range

Control (n = 10)

M (SD), range

Age (years) 36 (12), 18–52 26 (6), 20–43

Full Scale IQ 119 (8), 105–128 119 (5), 112–129

Verbal IQ 120 (8), 105–131 118 (7), 107–131

Performance IQ 114 (10), 95–125 115 (10), 96–129

N. Hadjikhani et al. / NeuroImage 22 (2004) 1141–11501142

22
whether evidence of abnormality in face processing in autism

reflects inadequate attention to faces driven, for example, by a

lack of interest or an affectively based aversion to looking at faces,

rather than a more primary perceptual deficit.

In summary, there is substantial evidence that individuals with

autism are impaired in processing information from people’s faces.

Such evidence is of particular interest because it would be

reasonable to expect impairments in face processing to be closely

related to many of the social and communicative symptoms that

define autism as a diagnostic entity. However, the exact nature and

the neural substrates of the face-processing impairment(s) in autism

remain to be clarified.

There are now many studies of normal individuals showing that

static neutral faces activate the fusiform and inferior occipital gyri

(e.g., Hadjikhani and de Gelder, 2002; Halgren et al., 1999; Haxby

et al., 2000, 2002; Kanwisher et al., 1997; Rossion et al., 2003).

Further, in viewing emotionally expressive faces, or faces that vary

in direction of eye gaze, normal individuals activate other parts of

the neural circuitry involved in face recognition, including the

amygdala, the superior temporal sulcus, the superior temporal

gyrus, the prefrontal cortex, the anterior cingulate cortex, and the

premotor cortex (Adams et al., 2003; Adolphs, 1999, 2002a,b;

Baron-Cohen et al., 1999; Haxby et al., 2000, 2002; Hoffman and

Haxby, 2000; Morris et al., 1998, 1996; Vuilleumier et al., 2001).

Nonetheless, there remains considerable debate over the brain

bases of face processing, and several functional models of face

processing have been proposed. In the modular model proposed

by Kanwisher et al. (1997), a small region of the medial– lateral

fusiform gyrus called the fusiform face area (FFA) is specialized

for face perception. This model has been challenged by Gauthier

(2001), Gauthier et al. (1998, 1999), who argue that FFA mediates

the perception of objects that are identified as distinct exemplars

of a particular category or, in other words, at the level of the

individual objects. As such, FFA mediates visual expertise in

general; it is specialized not simply for faces, but for discrimi-

nating within any homogenous category of objects. Finally,

building upon Bruce and Young’s model, (Bruce and Young,

1986), Haxby et al. (1994, 1996, 2000), Hoffman and Haxby

(2000), see also De Gelder et al. (2003), have proposed a

distributed representation model, in which different areas of the

brain respond to different attributes of faces, such as identity

(fusiform gyrus, inferior occipital gyrus), gaze (superior temporal

sulcus), and expression and/or emotion (orbitofrontal cortex,

amygdala, anterior cingulate cortex, premotor cortex). From this

perspective, faces are complex and multidimensional stimuli that

engage a distributed network of brain areas involved in identify-

ing other individuals, assigning them affective significance, and

interpreting the nonverbal signals they convey. Accordingly, the

face-processing abnormalities observed in autism could originate

at any of the nodes of this complex network or in the interaction

between these nodes.

Two published fMRI studies (Pierce et al., 2001; Schultz et al.,

2000) have demonstrated a lack of FFA activation in response to

emotionally neutral faces in individuals with ASD. Schultz et al.

(2000) found that individuals with ASD instead exhibited height-

ened activation of the inferior temporal gyri (ITG) during a face

discrimination task, which was the same area that they and normal

controls activated when comparing non-face objects. These find-

ings have led to suggestions that individuals with ASD do not

develop cortical face specialization, possibly due to reduced social

interest or to a deficit in attention to faces (Dawson et al., 2002;
Grelotti et al., 2002; Pierce et al., 2001). Yet, individuals with

ASD do not exhibit the severe face perception deficits that are

found in prosopagnosia, and the clinical presentation of autism is

doubtlessly much more complex than a basic deficit in face

identification, as others have already suggested (e.g., Grelotti et

al., 2002).

Our goal in the present study was to assess further the pattern of

ventral temporal and occipital cortical activation in response to

face and non-face objects in individuals with ASD as compared to

IQ-matched normal controls. Given the recent findings of abnor-

malities in the way individuals with ASD visually attend to faces

(Klin et al., 2002; Pelphrey et al., 2002), we were particularly

interested in the pattern of activation that would be found under

passive viewing conditions in which participants would be contin-

uously cued to direct their attention to faces as well as to the

comparison stimuli.
Materials and methods

Sample

ASD participants were 11 high-functioning adult males who

met a clinical diagnosis for autism, Asperger disorder, or pervasive

developmental disorder not otherwise specified (PDD-NOS) from

current clinical presentation and developmental history. The diag-

noses were confirmed using the Autism Diagnostic Interview-

Revised (ADI-R; (Lord et al., 1994)) and the Autism Diagnostic

Observation Schedule (ADOS; (Lord et al., 2000)), which were

administered by personnel who were trained to the standards of

research reliability on both instruments. According to criteria

recently developed by the NIH Collaborative Programs for Excel-

lence in Autism for ADI-R/ADOS-based DSM-IV (American

Psychiatric Association, 1994) diagnosis of autism and other ASDs

(Lord and Risi, 2003), four participants met DSM-IV criteria for

autism, four participants met criteria for Asperger disorder, and one

participant met criteria for PDD-NOS. A reliable ADI-R informant

was not available for two of the participants; however, both of

these participants met criteria for autism on the ADOS as well as

on the basis of clinical impression, and were therefore included in

the study.

Control participants were 10 males selected from among a

larger group of normal recruits to match the ASD sample as closely

as possible on age as well as full-scale, verbal, and performance

IQ. Individuals who were outside the age and IQ range of the ASD

group were excluded from the control group. A screening was

conducted to rule out any history of psychiatric or neurological

disorder among the control participants.

IQ scores were obtained for all participants using the Wechsler

Abbreviated Scale of Intelligence (WASI, 1999). As shown in

Table 1, all the participants were in the normal range or above
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average, and the groups were well matched on full-scale, verbal

and performance IQ scores. Although the ASD group was some-

what older, t (19) = 2.3, P < 0.05, the age ranges in the two groups

were comparable. Table 2 displays the age and IQ scores for each

individual in each group as well as the ADI-R and ADOS scores

for the individuals in the ASD group.

Measures

Informed written consent was obtained for each participant

before the scanning session, and all procedures were approved by

the Massachusetts General Hospital Human Studies Committee

under Protocol # 1999-P-010976/12.

High-resolution (1.0 � 1.0 � 1.3 mm) structural images were

obtained with a magnetization-prepared rapid acquisition with

gradient echoes (MP-RAGE) sequence, (128 slices, 256 � 256

matrix, echo time (TE) = 3.44 ms; repetition time (TR) = 2730 ms;

flip = 7j) on a 1.5-T Sonata MR scanner (Siemens, Munich,

Germany). This specific sequence at 1.5 T gives the best white-

gray matter contrast and optimizes our segmentation processing.

Images were then segmented, reconstructed, inflated, and flattened

using Freesurfer http://surfer.nmr.mgh.harvard.edu) following stan-

dard procedures used at MGH and described previously (Dale et

al., 1999; Fischl et al., 1999a).

MR images of brain activity were collected in a high field

Allegra 3.0-T high-speed echoplanar imaging device (Siemens)

using a quadrature head coil. Subjects lay on a padded scanner

couch in a dimly illuminated room and wore foam earplugs. Foam

padding stabilized the head. Functional sessions began with an
Table 2

Individual participant characteristics

Age IQ ADI-R

FSIQ VIQ PIQ Communication S

ASD group

1 18; 1 120 117 119 7 1

2 18; 5 128 131 119 12 1

3 26; 8 112 119 103 10 1

4 26; 8 105 105 104 14 2

5 29; 5 128 127 124 8 1

6 39; 7 118 122 109 12 1

7 40; 10 119 119 114 7 1

8 43; 6 112 130 95 – –

9 46; 7 125 119 125 – –

10 49; 3 126 122 124 5 1

11 52; 7 113 106 118 13 1

Control group

1 20; 11 129 127 126

2 21; 7 114 117 107

3 22; 7 114 131 96

4 23; 3 117 119 110

5 24; 1 112 117 105

6 24; 11 116 108 121

7 24; 2 123 121 118

8 24; 8 119 107 129

9 25; 5 120 117 119

10 43; 0 124 119 121

Threshold scores for a diagnosis of autism on the ADI-R are 8, 10, and 3 for comm

scores for a diagnosis of autism on the ADOS are 3 and 6 for communication and s

ASD on the ADOS are 2 and 4 for communication and social symptoms, respec
initial sagittal localizer scan, followed by autoshimming to max-

imize field homogeneity. To register functional data to the three-

dimensional reconstructions, a set of high-resolution (22 to 28

coronal slices, 3 to 4 mm thick, perpendicular to the calcarine

sulcus, 1.5 � 1.5 mm in-plane no skip) inversion time T1-weighted

echo-planar images (TE = 29 ms; TI = 1200 ms; TR = 6000 ms;

number of excitations (NEX) = 4) was acquired, along with T2

conventional high-resolution anatomical scans (256 � 256 matrix,

TE = 104 ms; TI = 1,200 ms; TR = 11 s, NEX = 2). The co-

registered functional series (TR = 2000 ms, 22 to 28 coronal slices,

3 to 4 mm thick, 3.125 mm by 3.125 mm in plane resolution, 128

images per slice, TE = 30 ms, flip angle 90j, FOV = 20 � 20 cm,

matrix = 64 � 64) lasted 256 s. Slices covered the entire occipital

lobe, the parietal lobe, and the posterior and middle portions of the

temporal lobe.

During the scanning, participants were shown grayscale pic-

tures of faces, objects, and Fourier scrambled versions of these

pictures in an AB-blocked presentation, with 16-s epochs for

each stimulus type. The stimuli were the same as those used by

Hadjikhani and de Gelder (2002) and consisted of 64 different

faces and objects, each with its own scrambled version. A large

number of different stimuli were chosen to minimize a reduction

in attention that might be produced by the repeated presentation

of the same object or face. Each stimulus had a red fixation cross

in the center, was contained within a circle 480 pixels in diameter

to control for retinotopic differences, and occupied 20j of visual

angle (Fig. 1). Each stimulus was presented for 1800 ms

followed by a blank interval of 200 ms. The participant’s task

was to fixate the center of the visual stimulus throughout the
ADOS

ocial Repetitive

behaviors

Communication Social Diagnosis

5 5 1 5 Asperger

7 5 2 7 Autism

8 8 2 6 Autism

6 6 2 8 Autism

6 6 3 5 Autism

5 2 2 6 Asperger

5 2 1 5 Asperger

– 5 11 Autism

– 6 8 Autism

3 1 2 9 PDD

2 2 3 8 Asperger

unication, social, and repetitive behavior symptoms, respectively. Threshold

ocial symptoms, respectively. Threshold scores for a less severe diagnosis of

tively.
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Fig. 1. Example of the stimuli used. Panel A shows a face contained within

a circle, and Panel B shows the Fourier-scrambled version of the same face.

Panel C shows an object contained within the same circle, and Panel D

shows its Fourier scrambled version. Each stimulus was scrambled

individually. A red fixation cross was continuously present in the center,

and the participants’ task was to fixate this red cross.

N. Hadjikhani et al. / NeuroIma1144
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period of scan acquisition. The stimuli were presented for passive

viewing to minimize movement artifacts that are more likely to

occur during an active task. The instructions were to focus on the

red fixation cross so as to maximize the possibility that the

participants would attend to the central part of the face. To be

able to compare our results with those obtained in previous

imaging studies, we chose to compare faces and scrambled faces,

faces and objects, and objects and scrambled objects in different

runs.
Fig. 2. Coronal views taken between y = 49 and y = 60 of the brains of the 11 partic

responded more to faces than to scrambled faces. Activation of the fusiform gy

threshold used is shown in the lower right corner.
Data analysis

Each functional run was first motion-corrected with tools from

the AFNI package (Cox, 1996), then spatially smoothed using a

three-dimensional Hanning filter with full width at half maximum

of 8 mm. The mean offset and linear drift were estimated and

removed from each voxel. The spectrum of the remaining signal

was computed using the FFT at each voxel. The task-related

component was estimated as the spectral component at the task

fundamental frequency. The noise was estimated by summing the

remaining spectral components after removing the task harmonics

and those components immediately adjacent to the fundamental.

For individual and fixed-effects group analyses, an F statistic was

formed by computing the ratio of the signal power at the funda-

mental to the total residual noise power. The phase at the

fundamental was used to determine whether the BOLD signal

was increasing in response to the first stimulus (positive phase) or

the second stimulus (negative phase).

Cortical surface analysis

Each participant’s fMRI scan was registered to a high-resolu-

tion T1. The real and imaginary components of the Fourier

transform of each participant’s signal were re-sampled from

locations in the cortex onto the surface of a template sphere to

bring them into a standard space. The techniques for mapping

between an individual volume and this spherical space are detailed

by Fischl et al. (1999a,b). A group average significance map for

the cortical surface was computed, using a GLM analysis to

perform a fixed (Fig. 5) and a random effects (Fig. 4) average of

the real and imaginary components of the signal across subjects on

a per-voxel basis. The significance of the average activation was

determined using an F statistic and mapped from the standard

ge 22 (2004) 1141–1150
ipants with ASD. Regions shown in red (P < 0.01) to yellow (P < 0.000001)

rus can be seen in all the participants, and is bilateral in all but one. The



Table 3

Number of voxels in the fusiform gyrus

Hemisphere ASD (n = 11)

M (SD)

Control (n = 10)

M (SD)

P

Right 178 (32) 190 (36) 0.41, n.s.

Left 153 (33) 170 (28) 0.21, n.s.
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sphere to a target individual’s cortical surface (Fischl et al., 1999b).

Maps were visualized on a target individual’s surface geometry, or

by overlaying a group curvature pattern averaged in spherically

morphed space (Fischl et al., 1999a,b).

ROI analysis

Regions of interest (ROIs) were defined by structural (ana-

tomical) or functional constraints. The structural constraints were

specified by labels corresponding to the areas produced by

automatic cortical parcellation (Fischl et al., 2004) (Fig. 4). Each

functional constraint was selected for voxels with a significance

level of P V 0.001. Time courses were extracted from the ROIs.

In addition, the peak at the fundamental value of the stimulus was

computed for each voxel and averaged for the entire ROI by

taking the square root of the sum of the squared real and

imaginary signals.
Results and discussion

All 11 individuals with ASD showed bilateral activation of FFA

and bilateral activation of the inferior occipital gyri (IOG) in

response to faces, except for one participant who showed FFA

activation on the right side only. Nine of the 10 controls showed

bilateral FFA and IOG activation to faces, and one showed bilateral

FFA activation, but no IOG activation to faces.
Fig. 3. Location of the regions of the right hemisphere that are involved in the v

(orange), the FG (red) and the ITG (blue), as defined by our automatic parcellation

for the ASD subjects, and panels d and e for the control population. Panels b and d

and panels c and e show brain activation for objects in the ASD and control grou

0.001. In both groups, activation for faces can be seen in the more lateral part of th

Activation for objects can be seen in the more medial part of the FG (FOA) in bot

the lateral occipital gyrus in both groups (see Fig. 5). The activation for faces an
Because our slice prescription and number of slices were

chosen to maximize resolution and signal in the FFA and IOG,

we were not able to collect data from more anterior parts of the

brain, such as the amygdala or the frontal cortex.

Fig. 2 shows fusiform activation in response to faces vs.

scrambled faces for each participant with ASD. Activation of the

fusiform gyrus is present in all ASD participants, and is bilateral in

all cases except in one.

In Fig. 3, we present activation data for faces and for objects

produced with the random-effects group averages of the ASD and

control participants, and the location of the IOG, the fusiform

gyrus (FG), and the inferior temporal gyrus (ITG), as defined by

our automatic parcellation program (Fischl et al., 2004). In both

populations, an area of activation specific to faces was seen in the

FG, corresponding to the FFA. The FFA did not activate in

response to objects in either group. Another area of the fusiform

gyrus, medial to the FFA, which we refer to as the fusiform

object area (FOA), activated in response to objects in both

populations. No activation to faces was seen in more lateral parts

of the brain, such as the ITG, in either group. These data are

comparable to those from similar experiments with normal

individuals (e.g., (Haxby et al., 2000)). The normal controls

show less activation in the IOG than the ASD in this random-

effect analysis. This might be because 1 out of 10 of our controls

showed no IOG activation, and that of the remaining 9, there was

a fair amount of variability, as expressed for the FFA activation in

Table 5.

The total volume of the fusiform gyrus, measured by the

number of voxels, was similar in the two populations (Table 3).

To compare the level of activation between groups, we mea-

sured the percentage of voxels of the fusiform gyrus (comprising

both the FFA and the FG object area, see Fig. 3) activated at a

threshold of P < 0.001 during the functional scans. A t test revealed

no difference between groups in the face condition (ASD: M = 40,

SD = 20; controls: M = 33, SD = 12; P = 0.3) and in the object
isual analysis of faces and objects. Panel a shows the location of the IOG

system (Fischl et al., 2004). Panels b and c show the random-effects average

show brain activation for faces in the ASD and control group, respectively,

p, respectively. The data displayed are for a statistical significance of P V
e FG that corresponds to the FFA. No activation for faces is seen in the ITG.

h the ASD and in the control group. Activation for objects is also present in

d objects is similar in the two groups.
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Table 4

ANOVA of the time courses of the FFA response to faces in individuals

with ASD

Source df Sum

square

Mean

square

F P

Task 1 11.2215 11.2215 86.9136 3.49e–16

Subject 10 0.337 0.337 0.2611 0.9883

Interaction 10 0.8067 0.0807 0.6248 0.7906

Residuals 132 17.0426 0.1291

Table 5

ANOVA of the time courses of the FFA response to faces in control

participants

Source df Sum

square

Mean

square

F P

Task 1 8.965 8.965 59.6791 3.75e–12

Subject 9 315.052 31.83 233.0307 2.2e–16

Interaction 9 1.704 0.189 1.2604 0.2655

Residuals 120 18.026 0.150
Fig. 5. Locations of regions involved in the visual analysis of faces vs.

objects averaged for participants with ASD. The hemispheres have been

inflated and flattened to show the sulci (darker shade of gray) and the gyri

(lighter shade of gray). The upper images show ventral views of the right

hemisphere. They are alternately folded and inflated, and both have been

tipped 70j to show the ventral surfaces of the occipital and temporal lobes.

The lower image is a flattened representation of the entire hemisphere.

Areas that were activated by faces are displayed in red (P < 0.001) to

yellow (P < 10�7). Areas that were activated by objects are displayed in

dark blue (P < 0.001) to cyan (P < 10�7). Activation for faces was found in

the fusiform gyrus, the inferior occipital gyrus, and the superior temporal

cortex. Activation for objects was observed in the lateral occipital cortex,

the inferior temporal cortex, and the lingual and fusiform gyri. However, in

the fusiform gyrus, activations by objects and by faces were distinct.
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condition (ASD: M = 44, SD = 30; controls: M = 51, SD = 26; P =

0.6). See Fig. 4.

Fig. 5 presents the overall pattern of activation obtained for the

direct comparison of faces and objects in the ASD group, using

fixed-effects analysis. These data confirmed the activation of the

FFA, IOG and the superior temporal sulcus in response to faces in

our ASD participants, and are similar to findings reported for

normal individuals (Haxby et al., 2000).

To evaluate the response to faces, we defined an ROI in the

FFA for all participants, and examined the time course of activa-

tion. The averaged results for each group are displayed in Fig. 6.

Both groups of participants exhibited strong FFA activation in

response to faces.
Fig. 4. Amount of activation in the entire fusiform gyrus (colored in red in

Fig. 3) in ASD and control participants. The number of active voxels at a

threshold of P < 0.0001 was computed for each individual, and related to

the total amount of voxels in the fusiform gyrus. No significant group

difference was found for either task.
To examine further the validity of our data, we used analysis of

variance (ANOVA) to test for main effects of task (face vs.

scrambled faces), and a task by group interaction in the fusiform

gyrus for both the controls and the ASD groups. In both groups,

the difference in activation due to the task was highly significant,

with P values much less than 0.0001 (Tables 4 and 5).

For the control group, there was significant inter-subject vari-

ability (P < 0.0001), which was not the case for the ASD group (P =

0.9), suggesting that the group of participants with ASD was more

homogenous in their response to the stimuli.

However, in both groups there was no interaction between the

subject and the task effects, that is, the change in activation due to

the task was generally uniform across individuals.

To examine whether there was a difference between groups in

fusiform activation, we computed the percentage of signal change

in the fusiform gyrus in response to faces relative to scrambled

faces. As shown in Fig. 7, a two-tailed t test showed no difference

between groups, t (19) = 1.218, P = 0.2.

We next examined the specificity of FFA response to faces, and

whether other areas of the brain that are normally associated with

object processing were recruited abnormally in the participants

with ASD. Patterns of responses were examined in the FFA,

defined as those voxels within the fusiform gyrus that maximally

responded to faces vs. objects, and in the FOA, defined as those

voxels within the fusiform gyrus that maximally responded to

objects vs. faces, at a threshold of P < 0.001. It is known from

research with normal individuals (Haxby et al., 2001) that the

representation of faces and objects is distributed and overlapping in



Fig. 6. Time courses in the fusiform gyrus in response to faces. The left panel shows the time course of activation to faces alternating with scrambled faces in

the 11 participants with ASD. The right panel shows the time courses of activation to faces alternating with scrambled faces in the 10 normal controls.
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the ventral temporal cortex. However, there are regions that

maximally respond to specific categories in normal individuals.

We looked at the percentage of the response to the non-specific

stimulus vs. the specific stimulus in each of these areas (Fig. 8). We

found that in the ASD group, the response to objects (vs.

scrambled) was 42% (F20%) of the response to faces (vs.

scrambled) in the FFA, and in the control group, the response to

objects was 54% (F20%) of the response to faces in the FFA. In

the FOA, the response to faces was 56% (F27%) of the response to

objects in the ASD groups, and the response to faces was 47%

(F29%) of the response to objects in the control group. The t tests

showed no differences between the ASD and control group for

either area, P > 0.05 (Fig. 8).

Finally, to test further the hypothesis that there is no difference

between our two populations, we selected anatomically defined

regions in the FG, IOG, STS, and ITG. An independent-samples t

test comparing the activation for faces between the ASD and the

control groups in these ROIs showed no difference between both

groups (Table 6).

In this study, we systematically investigated the pattern of

activation in ventral temporal cortex in response to faces and

non-face comparison stimuli in individuals with ASD and an IQ-
Fig. 7. Average percent signal change in functionally defined ROIs in

the FFA of participants with ASD and controls, in the comparison

between faces and scrambled faces. The two groups did not differ

significantly, P = 0.2.
matched control group. The volume of the fusiform gyrus and the

level of fusiform activation to faces was the same in both

populations. Moreover, the pattern of activation in response to

faces and to objects in the ventral temporal cortex was similar in

the two groups, with activation of the FFA for faces, and of a more

medial part of the fusiform gyrus for objects. The specificity of the

response of the FFA to faces and of the more medial fusiform

object area to objects was also similar in both groups. In addition,

areas outside of the fusiform gyrus, such as IOG and STS, which

have been identified as parts of a distributed system for face

perception, showed similar activation for faces in the ASD and

control groups. More lateral areas, such as ITG, did not show

activation to faces in either group. In contrast to Schultz et al.

(2000), we found no evidence that ventral temporal areas normally

associated with object perception were abnormally recruited to

process faces in individuals with ASD. Further, we found that the

pattern of activation to faces was very consistent across individuals

in the ASD group. There was no evidence that FFA responsiveness

was different between individuals who met research diagnostic

criteria for autism and those who met criteria for Asperger disorder

or PDD-NOS.

What might explain the discrepancy between our findings and

prior findings (Critchley et al., 2000; Pierce et al., 2001; Schultz et

al., 2000) of a lack of FFA activation in individuals with ASD?

Critchley et al. (2000) demonstrated that, unlike in their normal
Fig. 8. Specificity of responses. The graph on the left displays the FFA

response to objects as a proportion of the FFA response to faces. The graph

on the right displays the FOA response to faces as a proportion of the FOA

response to objects. There were no significant differences between groups

in specificity of response.
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Table 6

Mean difference between the ASD and the control group activation for

faces in selected ROIs

Mean difference t(19) P

FG 0.02 0.51 0.61, n.s.

IOG 0.01 0.28 0.78, n.s.

STS 0.02 0.59 0.55, n.s.

ITG 0.00 0.06 0.95, n.s.
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controls, facial expressions of emotion did not activate the amyg-

dala or the FFA in individuals with ASD. However, in the

Critchley et al. study, faces were compared to faces, and the factor

that changed between conditions was the emotion of the face.

Thus, FFA hypoactivation in the ASD group was as likely to have

resulted from deficits in affective responsiveness or in emotion

perception as from an impairment in the processing of face identity.

In contrast, as in our study, both Schultz et al. (2000) and Pierce

et al. (2001) examined brain activation to emotionally neutral faces

in individuals with ASD. However, our studies differed in several

ways. First, there were several technical differences between our

studies. We used a stronger field magnet (3 T) than the previous

studies, with a higher signal-to-noise ratio (Takahashi et al., 2003).

In the study by Schultz et al. (2000), only one 9-mm slice was

used, in a near axial orientation, with maximal risk for suscepti-

bility artifacts. In the study by Pierce et al. (2001), 7-mm sagittal

slices were used, with a gap between them. In our study, by using a

near coronal orientation (perpendicular to the calcarine sulcus),

thinner slices and no gap, we maximized the likelihood to detect

fMRI signal in the visual cortex and in the FFA.

A second and more important difference was in the stimuli and

the tasks that were used. In Schultz et al. (2000), participants were

asked to judge whether the faces, objects, and scrambled images

they viewed were the same or different. In Pierce et al. (2001),

faces (but not objects) were alternated with sensory control stimuli

(similar to our scrambled faces) and the task was to detect targets

(e.g., females, circles) that appeared on 25% of trials. In each of

these studies, participants were arguably able to perform the task

for faces without attending to the central features of the face by

using other features such as the shape, peripheral features, or other

details of the images. Recent eye-tracking studies have shown that

individuals with ASD attend to faces in an abnormal manner, with

an especially pronounced decrement in attention to the eye region

(Klin et al., 2002; Pelphrey et al., 2002), which is the region of the

face that is normally most informative for the purpose of face

recognition (Goldstein and Mackenberg, 1966; Joseph and Tanaka,

2003; McKelvie, 1976). It is thus possible that prior findings of

FFA hypoactivation in individuals with autism reflect a failure of

study participants to attend appropriately to face stimuli. This

possibility would be consistent with the recent findings of David-

son and Dalton (2003) who reported that FFA activation to faces in

a group of children with autism was positively correlated with the

amount of time spent attending to eye region of the faces as

revealed by continuous monitoring of children’s point of visual

regard while they were in the scanner. In our study, by introducing

a fixation cross at the center of the stimuli, and by emphasizing in

our instructions that fixation on this cross should be maintained

throughout the scanning experiment, we ensured that participants

were attending to the inner features of the face. Using the same

strategy in another study, we were able to obtain very good

retinotopic maps for a subgroup of the participants with ASD from
this study, which are impossible to obtain in the absence of

continuous fixation (Hadjikhani et al., 2003). In addition, by using

passive viewing and not requiring active task completion, we may

have avoided distracting participants towards peripheral features of

the face stimuli, to which they may be more inclined to attend in

their efforts to match or discriminate faces.

It might be argued that our finding of FFA activation to faces in

individuals with ASD lends support to the argument that this

cortical area is innately specified to process face identity (Kanw-

isher et al., 1997) and contradicts the notion that this area is

dedicated more generally to perceptual computations requiring

visual expertise, which is acquired through experience (Gauthier

et al., 1999). However, a potential problem with this argument is

that it may incorrectly assume that individuals with autism are not

‘‘experts’’ at face recognition. As we have pointed out, individuals

with ASD do not exhibit a primary deficit in face recognition, such

as is found in prosopagnosia, and they appear capable of the

perceptual computations necessary to discriminate among the faces

of the countless individuals they encounter in their everyday lives.

Thus, the abundant evidence from experimental paradigms that

children and adults with ASD are deficient in incidental learning

and recognition of faces would seem to point to abnormalities in

other components of the complex neural system for face process-

ing, mediating, for example, attention to, interest in, and appropri-

ate affective responses to faces.

Face perception is mediated by a distributed neural system (for

reviews, see Haxby et al., 2000, 2002). The initial stage of face

perception is face detection, involving a fast perceptual processing

of highly salient stimuli by a network of areas comprising the

superior colliculus, the amygdala, the thalamic lateral geniculate

nucleus, the pulvinar and the striate cortex (Adolphs, 2002b; de

Gelder et al., 1999; Vuilleumier et al., 2003). The visual system

then divides into distinct but interactive routes. These routes

consist of a system specialized for the analysis of invariant aspects

of faces necessary for the perception of identity (FFA, IOG) and

systems mediating functions such as the perception of gaze (STS)

as well the perception of facial expressions and affective evaluation

and response to faces (amygdala, STS, orbital prefrontal cortex,

premotor cortex) (Adolphs, 2002b; De Gelder et al., 2003; Haxby

et al., 2002). These latter systems comprise a vital social perceptual

network necessary for interpreting and responding to the multifac-

eted nonverbal information faces communicate. They are crucial to

social and communicative competence and, for that reason, are

most likely to be implicated in the neuropathology of autism.

Moreover, we know from a previous study that facial expressions

do have an influence on facial identification (De Gelder et al.,

2003) and deficits in the emotional aspects of face perception could

in turn affect the quality of face identification in ASD.

Although the fusiform gyrus is intricately connected with

other components of the social perceptual network described

above, our findings suggest that it is not critically involved in

the face-processing impairment and social-communicative deficits

that characterize autism. Recent research has, however, implicat-

ed several other components of the extended face perception

system in autistic face-processing deficits. As noted above,

Davidson and Dalton (2003) have linked FFA hypoactivation

to inattention to the eye region, which they interpret as active

avoidance of gaze contact resulting from autonomic hyper-

reactivity to salient social stimuli. This affective dysregulation

is seen as driven by a disturbance in social-affective brain

circuitry, including the amygdala and prefrontal cortices as well
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as the anterior cingulate and insular cortex and the ventral

striatum (Davidson and Irwin, 1999). The notion of affective

dysregulation in autism, which builds in part on the structural

complexity of the amygdala and its inhibitory and excitatory

functions, seems particularly promising and worthy of serious

future inquiry because it can account for hypo-arousal and

seeming social indifference as well as social anxiety in individ-

uals with ASD (Hirstein et al., 2001).

We do not yet know which specific components or intercon-

nections are affected in autism. However, a simple story regard-

ing fusiform gyrus dysfunction appears unlikely. The components

of the face-processing system most involved in interpreting

information communicated through facial movements such as

shifts of gaze and emotional expression, and assigning affective

significance to faces and the social signals they convey, are likely

to be the most critical nodes in autistic face-processing impair-

ments, as they also are most closely linked to the defining social-

affective and communicative impairments that are pathognomonic

of autism.
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Abstract: ASD involves a fundamental impairment in processing social-communicative information
from faces. Several recent studies have challenged earlier findings that individuals with autism spec-
trum disorder (ASD) have no activation of the fusiform gyrus (fusiform face area, FFA) when viewing
faces. In this study, we examined activation to faces in the broader network of face-processing modules
that comprise what is known as the social brain. Using 3T functional resonance imaging, we measured
BOLD signal changes in 10 ASD subjects and 7 healthy controls passively viewing nonemotional faces.
We replicated our original findings of significant activation of face identity-processing areas (FFA and
inferior occipital gyrus, IOG) in ASD. However, in addition, we identified hypoactivation in a more
widely distributed network of brain areas involved in face processing [including the right amygdala,
inferior frontal cortex (IFC), superior temporal sulcus (STS), and face-related somatosensory and pre-
motor cortex]. In ASD, we found functional correlations between a subgroup of areas in the social
brain that belong to the mirror neuron system (IFC, STS) and other face-processing areas. The severity
of the social symptoms measured by the Autism Diagnostic Observation Schedule was correlated with
the right IFC cortical thickness and with functional activation in that area. When viewing faces, adults
with ASD show atypical patterns of activation in regions forming the broader face-processing network
and social brain, outside the core FFA and IOG regions. These patterns suggest that areas belonging to
the mirror neuron system are involved in the face-processing disturbances in ASD. Hum Brain Mapp
28:441–449, 2007. VVC 2006 Wiley-Liss, Inc.

Key words: autism spectrum disorder; face perception; fusiform gyrus; amygdala; mirror neuron sys-
tem; social brain; visual processing

INTRODUCTION

Autism spectrum disorder (ASD) is a behaviorally defined
neurodevelopmental disorder affecting as many as 1 in 166
children [Fombonne, 2003]. Defining features of ASD include
mild to severe qualitative impairment in communicative abil-
ities and in reciprocal interactions as well as repetitive and
stereotyped behaviors. Among the most characteristic social-
communicative impairments in ASD is a failure to use infor-
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mation from faces, such as eye gaze, facial expression, and fa-
cial speech, to regulate social interaction [Lord et al., 1994,
2000; American Psychiatric Association, 2000].
Face perception is mediated by a distributed neural system

[for reviews, see Haxby et al., 2000; Johnson, 2005]. The face-
processing network is involved in face identification [fusiform
face area (FFA), inferior occipital gyrus (IOG)], gaze percep-
tion [superior temporal sulcus (STS)], and emotion evaluation
of facial expression [amygdala, insula, limbic system, sensori-
motor cortex, inferior frontal cortex (IFC)] [Nakamura et al.,
1999; de Gelder et al., 2003; Johnson, 2005]. Several areas
involved in face processing (IFC, STS) also belong to the mir-
ror neuron system (MNS) and/or the ‘‘social brain’’ (STS,
amygdala) [Brothers, 1990]. The MNS generates internal rep-
resentations of actions performed either by the subject or by
another person [Gallese et al., 2004]. It has been hypothesized
to provide the neural basis of ‘‘mind reading’’ and empathy
[Gallese, 2003; Leslie et al., 2004] and may play an important
role in autistic social deficits [Williams et al., 2001, 2005; Dap-
retto et al., 2006; Hadjikhani et al., 2006].
Initial fMRI studies [Schultz et al., 2000; Pierce et al., 2001]

described a lack of FFA activation in response to emotionally
neutral faces in individuals with ASD. However, unlike
patients with fusiform gyrus damage, individuals with ASD
are generally not prosopagnosic, and their face-processing
deficits appear to be more complex than those that would be
entailed by a basic deficit in face identification. Several recent
studies have shown that visual scanning of faces is abnormal
in individuals with autism and characterized by a tendency to
look less at the inner features of the face, particularly the eyes
[Klin et al., 2002; Pelphrey et al., 2002; Dalton et al., 2005; but
see van der Geest et al., 2002]. Not looking at the eye region
can have profound behavioral consequences, as recently
underlined by Adolphs et al. [2005; see also Pelphrey et al.,
2002, 2004a; Dalton et al., 2005]. It may be that in studies that
failed to find FFA activation, subjects were not adequately
inspecting areas of the face that are critical for face identifica-
tion and discrimination.
A number of recent studies have demonstrated FFA activa-

tion in ASD subjects [Aylward et al., 2004; Hadjikhani et al.,
2004; Pierce et al., 2004; Dalton et al., 2005]. In our initial study,
we found that ASD subjects had significant activation in the
FFA when continuously cued to attend to the eye region (with
a central fixation cross). Furthermore, ASD subjects showed
the same differential pattern of activation in the ventral tem-
poral cortex to faces (lateral fusiform/FFA) compared to non-
face objects (medial fusiform) as did normal controls, contra-
dicting the claim that autistic individuals use mechanisms
associated with basic-level object recognition to discriminate
among faces [Schultz et al., 2000]. We concluded from our first
study that face-processing deficiencies in autism could not be
reduced to dysfunction of the FFA and suggested that abnor-
malities had to be sought at other nodes in the face-processing
system.
In our earlier study, analysis was limited by a slice prescrip-

tion that only covered the posterior third of the brain. In the
present study, we reapplied our stimulus paradigm to a new

group of subjects with ASD (one participant, subject 8, also
took part in our first study) in order to assess the replicability
of our previous finding of significant activation in the FFA.
Furthermore, we extended our observations to the entire brain
in order to assess ASD-specific abnormalities across all of the
neural circuitry involved in face processing [Haxby et al.,
2000, 2002; Ishai et al., 2005], including the IOG, STS, IFC, the
somatosensory cortex (S1), the premotor cortex (PM), and the
amygdala. Based on our previous finding of cortical thinning
of the MNS in ASD [Hadjikhani et al., 2006] as well as other
findings of activation of MNS areas in passive viewing of faces
in healthy subjects [Kesler-West et al., 2001; Ishai et al., 2004,
2005], we were particularly interested in examining the pat-
tern of activation in MNS areas (IFC, STS) and their role in
modulating other areas of the face-processing network. To-
ward the latter goal, we conducted exploratory correlational
analyses to assess patterns of coactivation across brain areas in
response to face stimuli. Finally, we examined associations
between brain activation to faces and autism symptom sever-
ity in the social domain.

MATERIALS AND METHODS

Participants

The Massachusetts General Hospital Human Studies Com-
mittee and the Boston University Internal Review Board
approved all procedures under protocol 2002P-000228 and BU
H22800. After complete description of the study to the sub-
jects, written informed consent was obtained. Ten adult high-
functioning (IQ: 124 6 10) ASD subjects (eight male; mean
age, 34 6 11 years) and seven healthy controls (four male;
mean age, 35 6 12 years) participated in the study [WASI,
1999]. Functional data from one ASD participant was dis-
carded because of excessive motion artifacts. The ASD partici-
pants were diagnosed with autism (six subjects), Asperger dis-
order (three subjects), or pervasive developmental disorder
not otherwise specified (one subject) by an experienced clini-
cian on the basis of their current presentation and develop-
mental history. The diagnoses were confirmed using the Au-
tism Diagnostic Interview—Revised (ADI-R) [Lord et al.,
1994] and the Autism Diagnostic Observation Schedule
(ADOS; Table I) [Lord et al., 2000].

Imaging Data

Anatomical and functional MR images of brain activity
were collected in a 3T high-speed echoplanar-imaging device
(Trio; Siemens, Erlangen, Germany) using a quadrature head
coil. Subjects lay on a padded scanner couch in a dimly illumi-
nated room andwore foam earplugs. Foam padding stabilized
the head. Two high-resolution (1.0 � 1.0 � 1.3 mm) structural
images were obtained with a magnetization-prepared rapid
acquisition with gradient echoes (MP-RAGE) sequence [128
slices; 256 � 256 matrix; echo time (TE) ¼ 3.34 ms; repetition
time (TR) ¼ 2,000 ms; flip ¼ 78]. MR images of brain activity
were then collected. Functional sessions began with an initial
sagittal localizer scan, followed by autoshimming to maximize
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field homogeneity. Slices were automatically positioned using
an online 3D localizer [van der Kouwe et al., 2005]. To register
functional data to the high-resolution T1, a set of high-resolu-
tion (40 slices; AC-PC; 1.5 � 1.5 mm in-plane no skip) inver-
sion time T1-weighted echo-planar images (TE ¼ 39 ms; TI ¼
1,200 ms; TR ¼ 9,840 ms) was acquired. The coregistered
functional series (TR¼ 3,000 ms; 40 AC-PC slices; 3 mm thick;
3.125 mm� 3.125 mm in plane resolution; 128 images per slice;
TE¼ 30 ms; flip angle¼ 908; matrix¼ 64� 64) lasted 384 s.

The stimuli were the same as those used in our previous
studies [Hadjikhani and de Gelder, 2002; Hadjikhani et al.,
2004] and consisted of 64 different gray-scale pictures of faces
and their own Fourier scrambled version in an AB-blocked
presentation, with 24-s epochs for each stimulus type. Each
stimulus had a red fixation cross in the center, corresponding
to the eyes level, and was contained within a circle 480 pixels
in diameter to control for retinotopic differences. Each stimu-
lus was presented for 1,800 ms followed by a blank interval of
200 ms. As in our initial study, participants passively watched
the stimuli. They were instructed to fixate the red cross at the
center of each visual stimulus throughout the period of scan
acquisition in order to maximize their attention to the eye
region of the face.

Data Analysis

Anatomical data

The two MP-RAGE scans were motion-corrected and aver-
aged to create a single image volume with high contrast-to-
noise. Brain surfaces were reconstructed and inflated as
described previously [Dale et al., 1999; Fischl et al., 1999a].
Cortical thickness measurements were obtained by recon-
structing the gray/white matter boundary [Dale and Sereno,
1993; Dale et al., 1999; Fischl et al., 1999a] and the cortical sur-
face. The distance between these two surfaces was calculated
individually at each point across the cortical mantle (repre-
senting a total of * 147,000 vertices in each individual).
Because the two groups were not strictly matched on number

and sex, we did not perform between-group analyses of corti-
cal thickness.

Functional data

The techniques used in our analysis were similar to those
described in Hadjikhani et al. [2004]. Each functional run was
first motion-corrected with AFNI [Cox, 1996] and spatially
smoothed using a three-dimensional Gaussian filter with full
width at half maximum of 6 mm. The mean offset and linear
drift were estimated and removed from each voxel. The spec-
trum of the remaining signal was computed using a fast Fou-
rier transform at each voxel. The task-related component was
estimated as the spectral component at the task fundamental
frequency. The noise was estimated by summing the remain-
ing spectral components after removing the task harmonics
and those components immediately adjacent to the fundamen-
tal. The phase at the fundamental was used to determine
whether the BOLD signal was increasing in response to the
first stimulus (positive phase) or the second stimulus (negative
phase).
Signal drift occurred during the scanning in two ASD sub-

jects (subjects 6 and 10). This did not affect the computation of
the phase at the fundamental and the subsequent group map
modeling. However, data for these two subjects could not be
included in the time course and correlation analyses.
Each participant’s fMRI scan was registered to a high-reso-

lution T1. The results of the individual per-voxel analysis were
resampled onto a tessellated cortical representation of each
hemisphere, which was aligned with a template sphere. The
techniques for mapping between an individual volume and
this spherical space are detailed by Fischl et al. [1999b]. The T1
volume was also registered to the MNI305 Talairach brain and
the results of the individual analysis were resampled into this
volume-based space. Group average significance maps for the
cortical surface and for the volume were computed using
GLM analyses to perform random-effect averages of the real
and imaginary components of the signal across subjects on a
per-vertex and per-voxel basis. Cross-subject variance was

TABLE 1. Participant characteristics

VIQ PIQ FSIQ

ADI-R ADOS

DiagnosisCommunication Social
Repetitive
behaviors Communication Social Total

Subject 1 131 117 127 16 22 8 3 10 13 Autism
Subject 2 131 128 133 9 12 4 3 9 12 Autism
Subject 3 119 109 116 7 14 3 7 8 15 Asperger
Subject 4 106 121 115 5 21 5 3 6 9 Asperger
Subject 5 119 106 114 9 14 8 2 7 9 Autism
Subject 6 141 127 139 14 14 5 3 8 11 Autism
Subject 7 112 111 114 8 14 5 2 4 6 PDDNOS
Subject 8 117 119 120 7 15 5 1 5 6 Asperger
Subject 9a 139 125 136 20 18 5 3 7 10 Autism
Subject 10 131 119 128 12 17 7 2 7 9 Autism

aExcluded for motion. VIQ: verbal IQ; PIQ: performance IQ; FSIQ: full scale IQ; PPDNOS: pervasive developmental disorder-not other-
wise specified.
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computed as the variance pooled across the real and imagi-
nary components. Significance of the average activation was
determined using an F-statistic and mapped from the stand-
ard sphere to a target individual’s cortical surface [Fischl et al.,
1999b]. Maps were visualized on this individual’s surface ge-
ometry, overlaying a group curvature pattern averaged in
spherically morphed space [Fischl et al., 1999b].

ROI analyses

Regions of interest (ROIs) were defined by anatomical and
functional constraints. The anatomical constraints were speci-
fied by labels corresponding to the areas produced by auto-
matic cortical parcellation [Fischl et al., 2004]. For the func-
tional constraints, we used FFA and ROI labels independently
defined in previous studies [Hadjikhani et al., 2004]. For the
other ROIs, located in the right S1, PM, IFC, and STS, voxels
with a functional significance level of P � 0.05 in the normal
control (NC) spherical-space group average were selected.
ROIs created on a standard brain were mapped back to each
individual subject using spherical morphing to find homolo-

gous regions across subjects, and time courses were extracted.
For each group, an unpaired two-tailed t-test was computed
between BOLD signal levels at each time point during face
and scrambled face presentation. For the comparison between
groups, average level of activation was computed for each
subject, and unpaired t-test with Welch’s correction was used
to take into account the variance of the data.

Correlation analyses

Spearman rank correlation coefficients were computed to
examine associations between ADOS social score and cortical
thickness in the ROIs, between ADOS social score and level of
activation in the ROIs, and between the ROIs in each group.

RESULTS

We first analyzed patterns of activation across conditions
within each group and then compared results between the
two groups. All nine individuals with ASD showed bilateral

Figure 1.

Ventral view of a 3D reconstruction of a brain. A shows the location of the IOG (orange), the

FG (red), and the ITG (blue). B and C show activation for faces in a random-effect average for

ASD subjects in the present study (B) and in our previous study (C). FG: Fusiform Gyrus; ITG:

Inferior Temporal Gyrus.

Figure 2.

Location of random-effect average activation for faces in the

right hemisphere in normal controls (A and B) and in ASD (C

and D). In A and C, the hemispheres have been inflated in order

to show the sulci (darker shade of gray) and the gyri (lighter

shade of gray). In the right hemisphere of the NC group, activa-

tion can be seen in the lateral superior and inferior occipital cor-

tex. In addition, activation is seen in the STS, as well as in S1

and PM, at the level of face representation, and in IFC. These

areas were weakly or not activated in the left hemisphere in NC

group, and in either hemisphere in the ASD group. The areas of

‘‘missing’’ (S1, PM) or diminished (IFC, STS) activation in the

ASD group correspond to areas where we previously described

a thinning of the cortex in another group of subjects, shown in

E [Hadjikhani et al., 2006].
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activation of FFA in response to faces. Unweighted random-
effect group analyses showed clear activation in the IOG and
the FFA, consistent with our previous results (Fig. 1).
Two-tailed unpaired t-tests between BOLD response levels

in the FFA and the IOG showed significant bilateral activation
for faces versus scrambled faces in both groups. Although the
activation to faces was somewhat stronger in the control
group, the difference was not statistically significant (Fig. 3A).
Beyond the FFA and the IOG, consistent with previous

imaging studies of healthy subjects, differential activation for
faces was found in the right hemisphere of the NC group but
not in the ASD random-average group in the STS, S1, PM,
IFC, and the amygdala (Fig. 2). Direct between-group compar-
isons of each ROI confirmed these findings. In both ASD and
NC, little activation was present in the left hemisphere, except
for the left amygdala, which was activated equally in both
groups. The right lateralization of the activations is consistent
with prior evidence of right hemisphere dominance for facial
processing [Blonder et al., 1991; Adolphs et al., 2000; Leslie
et al., 2004].
Moreover, areas that were activated in NC in response to

faces overlapped with areas of cortical thinning in ASD
reported in a previous study of an independent sample of
ASD subjects (Fig. 2E) [Hadjikhani et al., 2006].

Replicating our previous correlational findings in another
group of ASD participants, social symptom severity in the
ASD group was inversely related with cortical thickness of the
right IFC (r ¼ �0.85; P ¼ 0.02; Fig. 4), the left IOG (r ¼ �0.79;
P ¼ 0.05), and the right IOG (r ¼ 0.96; P ¼ 0.003). Cortical
thickness in these ROIs was neither correlated with age (P >
0.3) nor with IQ (P > 0.3). In addition, ADOS social score was
correlated with functional activation in the right IFC (r ¼ 0.82;
P¼ 0.03).
The IFC is a region of the MNS that may play an important

role in emotion understanding and empathy. We hypothe-
sized that the level of activity in the MNS might modulate the
activity of other face-processing areas. Using correlational
analyses, we examined the contribution of the MNS areas, the
IFC and the STS, to activity in the other regions of the face-
processing system (Table II). In the ASD group, there was a
significant relationship between activation in the IFC and
other parts of the face-processing network. The signal change
in the IFC positively correlated with the signal change bilater-
ally in the FFA and the right PM (FFA rh, r ¼ 0.86, P ¼ 0.02;
FFA lh, r ¼ 0.96, P ¼ 0.003; PM, r ¼ 0.82, P ¼ 0.03). Correla-
tions between the IFC and the other parts of the face-process-
ing network were not found in the NC group. In the STS, acti-
vation was also positively correlated with other face-process-
ing areas (FFA rh, r ¼ 0.82, P ¼ 0.03; FFA lh, r ¼ 0.82, P ¼
0.003; PM, r ¼ 0.82, P ¼ 0.03) as well as with the amygdala
(amygdala rh, r ¼ 0.89, P ¼ 0.012; amygdala lh, r ¼ 0.95, P ¼
0.003) in the ASD subjects. In the NC group, the STS was only
correlated with the left FFA (r ¼ 0.86; P ¼ 0.024) and the left
IOG (r ¼ 0.89; P¼ 0.01).

DISCUSSION

Similarities Between ASD and NC

In this study, using the same stimuli as in our previous
investigation of an independent group of ASD subjects and
normal controls, we replicated our initial observation of signif-

Figure 3.

BOLD signal change in areas of the face-processing network in

subjects with ASD and healthy controls. A shows activation in

the FFA and IOG, and B in the S1, PM, STS, IRF, and amygdala.

Note the difference in scale between panels. FFA and IOG are

significantly activated in both groups (P < 0.0001). There is no

significant difference between ASD and NC in FFA (rh: t ¼ 1.5,

df ¼ 11, P ¼ 0.16; lh: t ¼ 0.9, df ¼ 10, P ¼ 0.41) or in IOG (rh:

t ¼ 0.4, df ¼ 8, P ¼ 0.72; lh: t ¼ 0.4, df ¼ 10, P ¼ 0.74). There

is a significant activation for faces in the NC group in right S1 (t

¼ 3.5, df ¼ 782, P < 0.001), right PM (t ¼ 6.9, df ¼ 782, P <
0.0001), right STS (t ¼ 3.8, df ¼ 782, P < 0.001), right IFC (t ¼
6.2, df ¼ 782, P < 0.0001), right amygdala (t ¼ 2.1, df ¼ 782, P

< 0.05), and left amygdala (t ¼ 5.4, df ¼ 782, P < 0.0001). In

the ASD group, significant activation is only found in IFC (t ¼
3.1; df ¼ 782; P < 0.01) and in the left amygdala (t ¼ 3.1; df ¼
782; P < 0.01). A one-tailed Mann-Whitney test between groups

showed close to significant difference between groups in S1 (P

¼ 0.082) and significant difference in PM (P ¼ 0.036), STS (P ¼
0.009), IFC (P ¼ 0.036), and right amygdala (P ¼ 0.049).

Figure 4.

Correlation between the severity of the social symptoms as

measured by the ADOS and the cortical thickness in the IFC

(r2 ¼ 0.72; P ¼ 0.02).
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icant FFA and IOG activation in ASD for faces. The FFA and
IOG are involved in the analysis of the invariant aspect of
faces necessary for identity perception [Haxby et al., 2000]. It
is therefore not surprising that they are activated in individu-
als with ASD, who do not exhibit primary deficits in face iden-
tification and recognition. As reported previously [Hadjikhani
et al., 2006], we found a correlation between IOG cortical
thickness and symptom severity, but not with level of activa-
tion. The precise role of IOG in face perception needs to be fur-
ther examined [Rossion et al., 2003; Rotshtein et al., 2005;
Bouvier and Engel, 2006].

Differences Between ASD and NC

In the NC group, we observed additional differential activa-
tion in areas belonging to the face perception network, includ-
ing areas of the MNS (IFC, STS) as well as the amygdala, S1,
and PM [Haxby et al., 2000; de Gelder et al., 2003; Ishai et al.,
2004; Johnson, 2005]. Although the face stimuli used in our
study were not emotional faces, they elicited activation in
areas normally associated with emotion perception. Most
studies of face perception have compared emotional and neu-
tral faces and have observed modulation of specific face-proc-
essing areas by emotion. However, several studies comparing
neutral faces with scrambled faces in humans and monkeys
have reported, similar to our present findings, activation in
the STS, IFC, PM, and amygdala [Kesler-West et al., 2001; Ishai
et al., 2004, 2005]. We can conclude from these findings that
while emotional faces modulate the network that participates
in face perception, the mere percept of a face is sufficient to
engage areas of the network involved in processing social and
emotional cues.

Influence of Amygdala on Face-Processing

Network

A correlation between amygdala activation and FFA has
been described for emotion perception in healthy subjects
[Morris et al., 1998; Iidaka et al., 2001] and in ASD subjects
[Dalton et al., 2005]. The left amygdala has been associated
with the processing of negative expression [Iidaka et al., 2001],
whereas the right amygdala seems to be more involved with
face processing in general, regardless of emotional valence
[Iidaka et al., 2001; Golarai et al., 2004]. In the NC group, acti-
vation in the right amygdala was correlated with the left FFA.
In the ASD group, activation in the left amygdala was corre-
lated with the FFA bilaterally, as described previously [Dalton
et al., 2005], as well as with the premotor cortex. In addition,
in the ASD subjects, activation in the right and the left amyg-
dala was correlated with activation in the right STS. The
amygdala is important in directing fixation toward the eyes,
as recently demonstrated in a patient suffering from early
amygdala damage [Adolphs et al., 2005], and it is involved in
processing information about the eye region of the face
[Kawashima et al., 1999; Morris et al., 2002; Johnson, 2005]. In
the monkey, the amygdala is directly connected with the
homologoue of STS, area TEO [Aggleton et al., 1980]. The per-
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ception of direct gaze increases the correlation between amyg-
dala activity and cortical face-processing areas in healthy indi-
viduals [George et al., 2001], and a primary deficit in amyg-
dala activation could at least partly explain gaze processing
deficits in ASD subjects, as has already been suggested
[Baron-Cohen et al., 1999, 2000].

Face-Processing, Mirror Neuron System, and

Social Perceptual Network

The perception of faces involves areas of the social percep-
tual network, including the MNS, comprising the somatosen-
sory, motor, and premotor cortices, IFC, STS, and the amyg-
dala, suggesting that we see other people and understand
their feelings through a mechanism of action representation.
This is further illustrated by the large degree of overlap
between the neural substrates of emotion perception and emo-
tional experience [Adolphs et al., 1994] and the fact that
lesions of the somatosensory cortex impair face emotion rec-
ognition [Adolphs et al., 2000]. Passive viewing of unseen
(masked) emotional faces is sufficient to induce unconscious
mimicry as measured by EMG in healthy controls [Dimberg
et al., 2000]. Evidence from studies using neutral faces shows
that viewing of faces automatically activates mirroring mecha-
nisms including the IFC, PM, and STS, and that the presence
of an emotional expression modulates this activation [Ishai
et al., 2005].
The STS mediates the perception of gaze, a function that is

known to be deficient in ASD. Our finding of hypoactivation
of the STS in individuals with ASD is consistent with evidence
of abnormal processing of eye gaze in autism [Baron-Cohen
et al., 1997; Leekam et al., 1998; Pelphrey et al., 2005]. The right
STS is preferentially involved in processing of social informa-
tion conveyed by shifts in eye gaze [Pelphrey et al., 2004b].
Deficits of activation of STS in ASD have been found in a vari-
ety of tasks involving attribution of intentions on the basis of
shifts of gaze, body movements, or geometric figures move-
ment [Baron-Cohen et al., 1999; Castelli et al., 2002; Mosconi
et al., 2005; Pelphrey et al., 2005]. Our finding of hypoactiva-
tion in the right STS of ASD is also consistent with findings of
volumetric differences [Boddaert et al., 2004] of STS in chil-
dren with ASD.
The MNS, by simulating the observed action or emotion,

has been proposed as a key neural substrate for emotion
understanding and empathy [Preston and de Waal, 2002; Gal-
lese, 2003; Gallese et al., 2004; Leslie et al., 2004]. The IFC is the
homologue of area F5 of the monkey, where the first mirror
neurons were described [Rizzolatti et al., 2001]. Abnormal
functioning of the MNS has been hypothesized to be at the ba-
sis of some of the social deficits in autism [Williams et al.,
2001, 2005; Oberman et al., 2005], and our and other recent
findings point to an anatomical and functional abnormality in
the MNS of ASD subjects [Dapretto et al., 2006; Hadjikhani
et al., 2006; Theoret et al., 2005]. Strong correlations were
found between the IFC and the STS with other areas of the
face-processing network (amygdala, FFA, PM). Although
these correlations are not informative with regard to direction

of causation, they do support the possibility that face process-
ing is modulated by the MNS, and that face-processing defi-
cits in ASD may result from MNS dysfunction. Interestingly,
and in line with our present results, recent work by Dapretto
et al. [2006] has demonstrated robust fusiform activation but
significantly lower activity in the right IFC during passive ob-
servation of emotional faces in children with ASD. In addition,
these authors report a correlation between social symptom se-
verity and IFC activation during imitation of facial expression.
The finding that activation across different brain regions

was not correlated in the NC groups is likely to reflect the re-
stricted range of variance in levels of activation. In contrast,
paralleling the differences in symptom severity within the
ASD group, variable activation of the face-processing network
in ASD helped to reveal functional connections among brain
regions.
Our findings may help to reconcile conflicting reports

regarding activation in the face-processing network of individ-
uals with autism. In both of our studies, we examined high-
functioning individuals and found robust FFA activation.
However, here we report that more subtle deficits can be
observed in the social brain of these high-functioning subjects,
and that activity in the MNS may modulate face processing.
Future research using magnetoencephalography to examine
the timing of activations within these different areas may cast
light on their individual contributions as well as provide
potential causal information based on where the sequence of
activation breaks down or diverges from normal.
Our findings show that while robust activation can be

found in areas involved in face identification in ASD, hypoac-
tivation is present in other areas of the network forming the
broader face perception system. Areas of the social brain, cru-
cial for emotional and communicative competence, including
the STS, IFC, S1, and PM, as well as the amygdala, show evi-
dence of anatomical [Hadjikhani et al., 2006] and functional
abnormalities. These findings point toward a deficiency in the
MNS and the somatic marker network [Damasio, 1999], which
is likely to play an important role in processing information
from people’s faces. This hypothesis is further supported by
the association that was found between symptom severity and
cortical thinning of the IFC, implicating again the MNS in the
social competence of individuals with ASD.
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Anatomical Differences in the Mirror
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Autism spectrum disorder (ASD) is a neurodevelopmental disorder
associated with impaired social and emotional skills, the anatom-
ical substrate of which is still unknown. In this study, we compared
a group of 14 high-functioning ASD adults with a group of controls
matched for sex, age, intelligence quotient, and handedness. We
used an automated technique of analysis that accurately measures
the thickness of the cerebral cortex and generates cross-subject
statistics in a coordinate system based on cortical anatomy. We
found local decreases of gray matter in the ASD group in areas
belonging to the mirror neuron system (MNS), argued to be the
basis of empathic behavior. Cortical thinning of the MNS was
correlated with ASD symptom severity. Cortical thinning was also
observed in areas involved in emotion recognition and social
cognition. These findings suggest that the social and emotional
deficits characteristic of autism may reflect abnormal thinning of
the MNS and the broader network of cortical areas subserving
social cognition.

Keywords: autism, cortical thickness, empathy, mirror neuron system

Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental

disorder characterized by debilitating socioemotional impair-

ments, yet its neural substrates remain unknown. ASD affects as

many as 1 in 166 children (Fombonne 2003) and is four times

more prevalent in boys than in girls. ASD is usually diagnosed

between the ages of 2 and 3 years, but early signs may be

detectable by 12 months of age (Osterling and Dawson 1994).

Defining features of autism include qualitative impairments in

communication and reciprocal social interaction as well as

repetitive and stereotyped behaviors (APA 1994).

One characteristic of ASD is the lack of empathy and emotional

engagement with others (Gillberg 1992; APA 2000). Individuals

with ASD have difficulty in relating to others and recognizing

their emotions and fail to show the usual empathic reaction

when other people demonstrate emotions of fear, pleasure, or

pain (Hobson 1993). Lack of empathy in ASD has been quantified

with objective test measures, such as the Empathy Quotient

Questionnaire (Baron-Cohen and Wheelwright 2004).

A possible neural substrate of empathy is the mirror neuron

system (MNS). The MNS was first identified as area F5 of the

premotor cortex in the monkey by Rizzolatti, Gallese, and their

colleagues (Gallese and others 1996; Rizzolatti, Fadiga, Gallese,

and others 1996; Rizzolatti and others 1999), who demonstrated

that a set of neurons in this area fired not only when a monkey

was moving its own hand or mouth but also when it saw another

individual (monkey or human) performing the same action. The

activation of the same area of cortex in the observation as well

as the execution of a given action led to the concept of an MNS.

Functional evidence for the presence of an MNS in humans

comes from several studies using transcranial magnetic stimula-

tion (TMS), electroencephalography (EEG), megnetoencepha-

lography (MEG), and functional magnetic resonance imaging

(fMRI) methodologies (Fadiga and others 1995, 2005; Grafton

and others 1996; Rizzolatti, Fadiga, Matelli, and others 1996;

Decety andothers 1997;Hari andothers 1998; Cochin andothers

1999; Decety and Grezes 1999; Iacoboni and others 1999;

Nishitani and Hari 2000; Strafella and Paus 2000; Buccino and

others 2001; Gangitano and others 2001; Grezes and Decety

2001; Maeda and others 2002; Carr and others 2003; Grezes and

others 2003; Leslie andothers 2004). Since its discovery, theMNS

has been found to be composed of a network of areas, including

the pars opercularis of the inferior frontal gyrus (IFG) and its

adjacent ventral area (inferior frontal cortex [IFC]), the inferior

parietal lobule (IPL), and the superior temporal sulcus (STS),

which are activated during the observation and imitation of an

action. Insofar as the MNS generates internal representations of

actions common to one’s self and others, it is likely to be involved

in our capacity to understand the actions and experiences of other

people. Such an understanding is critical to social--communicative

functioning, and accordingly, theMNS has been hypothesized by

various researchers to be the basis of ‘‘mind reading,’’ imitative

learning, and empathy (Gallese 2003; Leslie and others 2004).

Several recent functional brain-imaging studies have found

evidence of mirror neuron dysfunction in autism (Nishitani and

others 2004; Oberman and others 2005; Theoret and others

2005), implicating this neural system in autistic social impair-

ment (Williams and others 2001).

Both the imitation and the attribution of mental states involve

translating from another person’s perspective into one’s own. In

addition, imitation requires a shared representation of per-

ceived and executed action, and there is evidence suggesting

that the MNS together with the superior parietal lobule serve

this function (Iacoboni and others 1999; Williams and others

2001; Decety and others 2002; Heiser and others 2003; Koski

and others 2003; Leslie and others 2004; Buxbaum and others

2005). Several studies have found imitative deficits in autism

(for review, see Williams and others 2004), including deficits in

imitating simple body movements and actions with symbolic

meaning (Rogers and Pennington 1991) and in imitating facial

expressions of emotion (Hertzig and others 1989; Loveland and

others 1994). These deficits are present early in development

(Rogers and others 2003). Together, these findings suggest that

the basis for imitative and empathic deficits in autism could

arise from a dysfunction in the MNS.

One consistent finding in the neuropathology of autism is the

presence of enlarged head and brain size (Bailey and others

1993; Davidovitch and others 1996; Woodhouse and others
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1996; Lainhart and others 1997; Fidler and others 2000;

Fombonne 2000; Miles and others 2000; Aylward and others

2002) that is not present at birth but becomes evident during

the first year of life (Lainhart and others 1997; Stevenson and

others 1997; Courchesne and others 2001) and that appears to

be mostly due to white matter increases (Herbert and others

2003). There is also evidence of a range of cortical abnormalities

in autism (Gaffney and Tsai 1987; Berthier and others 1990;

Piven and others 1990; Berthier 1994; Bailey and others 1998;

Kemper and Bauman 1998), but the findings have shown little

consistency. This might be for several reasons, including sig-

nificant heterogeneity within the syndrome as well as the dif-

ferent ages of the cohorts that have been examined (for review,

see Brambilla and others 2003; Palmen and Van Engeland 2004).

Most magnetic resonance studies (Abell and others 1999;

McAlonan and others 2002, 2005; Boddaert and others 2004;

Waiter and others 2004) have used voxel-based morphometry

(VBM), a technique that does not give a direct measure of the

cortical thickness but instead gives probabilistic information

about gray matter volume, which risks partial voluming. VBM

studies have found gray matter abnormalities in the inferior

frontal (Abell and others 1999; McAlonan and others 2002),

parietal (McAlonan and others 2002), and temporal regions,

including the STS (Boddaert and others 2004), as well as changes

in the basal ganglia, the amygdala, and the cerebellum (Abell and

others 1999; McAlonan and others 2002). More recently,

McAlonan and others (2005) have shown generalized as well as

localized gray matter reduction in the fronto-striatal, parietal,

and temporal cortex in high-functioning autistic children,

pointing to an early structural abnormality of the ‘‘social brain.’’

In contrast to VBM, direct measures of cortical thickness can

reveal subtle cortical differences that are likely to reflect the

underlying neuropathological abnormalities. For example, in

schizophrenia, cortical thickness measures have proven useful

in identifying abnormalities in prefrontal and temporal cortices

(Kuperberg and others 2003). Direct measurement of the

cortical mantle avoids the risk of introducing confounding

factors by normalizing brains of different volumes into a com-

mon space and examining voxel intensities that might have

been affected by this transformation.

In this study, we used a direct measurement of cortical

thickness to examine the gray matter integrity and to explore

the anatomical substrate of behavioral symptoms in ASD. This

automated method, developed by Fischl and Dale (2000),

accurately measures the thickness of the cerebral cortex across

the entire brain and generates cross-subject statistics in a co-

ordinate system based on cortical anatomy. The intersubject

standard deviation of the thickness measure is less than 0.5 mm,

allowing the detection of focal atrophy in small populations or

even individual subjects. The reliability and accuracy of this new

method have been assessed by within-subject test--retest

studies as well as by comparison of cross-subject regional

thickness measures with published values. This technique has

also been validated with histological (Rosas and others 2002)

and manual (Kuperberg and others 2003) measurements. It has

been powerful in showing cortical thinning in schizophrenia

(Kuperberg and others 2003), Huntington disease (Rosas and

others 2002), and aging populations (Salat and others 2004).

Brain size is correlated with sex (Caviness and others 1996;

Giedd and others 1996), age (Caviness and others 1996; Giedd

and others 1996), intelligence quotient (IQ) (Andreasen and

others 1993; Thompson and others 2001; Posthuma and others

2002), and handedness (Witelson and Goldsmith 1991). In order

to restrict possible confounds due to these variations, we

compared a group of 14 high-functioning ASD young male

adults with a group of 14 male normal control (NC) subjects

closely matched for age, IQ, and handedness.

Materials and Methods

Participants
Informed consent was obtained for each participant, and all procedures

were approved by the Massachusetts General Hospital Internal Review

Board. Twenty-eight male subjects (14 ASD and 14 matched controls)

closely matched for age (ASD: 33 ± 12 years; NC: 31 ± 9 years; P < 0.6,

nonsignificant [NS]), IQ (ASD: 113 ± 15; NC: 118 ± 13; P < 0.4, NS), and

handedness (all right handed) participated in the study.

All participants were diagnosed with autism (8 subjects), Asperger

disorder (4 subjects), or pervasive developmental disorder not other-

wise specified (2 subjects) by an experienced clinician on the basis of

their current presentation and developmental history. The diagnoses

were confirmed using the Autism Diagnostic Interview--Revised (ADI-R)

(Lord and others 1994) and the Autism Diagnostic Observation

Schedule (Lord and others 2000) (see Table 1).

Imaging
Two high-resolution (1.0 3 1.0 3 1.25 mm) structural images were

obtained with a magnetization-prepared rapid acquisition with gradient

echoes sequence (128 slices, 2563 256matrix, echo time [TE] = 3.44ms;

repetition time [TR] = 7.25 ms; flip = 7�) on a 1.5-T Sonata MR scanner

(Siemens, Munich, Germany).

Surface Reconstruction and Cortical Thickness Estimation
The 2 scansweremotion corrected and averaged to create a single-image

volume with high contrast-to-noise. Brain surfaces were reconstructed

and inflated as described previously (Dale and others 1999; Fischl and

others 1999). Cortical thickness measurements were obtained by recon-

structing the gray/white matter boundary (Dale and Sereno 1993; Dale

and others 1999; Fischl and others 1999) and the cortical surface. The

distance between these 2 surfaces was calculated individually at each

point across the corticalmantle (representing a total of ~147000 vertices
in each individual). The maps of cortical thickness were created using

spatial intensity gradients across tissue classes andwere not restricted to

individual voxel intensities, allowing subvoxel resolution and submilli-

metric difference detection between groups (Fischl and Dale 2000).

Statistical Analysis
Data were then aligned according to cortical folding (Dale and others

1999) and smoothed on the surface tessellation, using an iterative

nearest neighbor procedure. Smoothing was restricted to the cortical

surface, thus avoiding the averaging of data across sulci or outside the

Table 1
ADI-R and ADOS scores of each participant in the ASD group

ADI-R ADOS

Communication Social Repetitive
behaviors

Communication Social Total Clinical
diagnosis

Subject 1 5 13 1 2 9 11 PDD
Subject 2 14 24 2 2 6 8 Autism
Subject 3 12 15 2 2 6 8 Asperger
Subject 4 7 15 5 3 5 8 Autism
Subject 5 20 27 11 7 13 20 Autism
Subject 6 2 6 8 PDD
Subject 7 13 12 2 3 8 11 Asperger
Subject 8 7 15 2 1 5 6 Asperger
Subject 9 8 16 6 3 5 8 Autism
Subject 10 16 22 8 3 10 13 Autism
Subject 11 14 26 6 2 8 10 Autism
Subject 12 10 14 2 3 3 6 Autism
Subject 13 7 15 5 1 5 6 Asperger
Subject 14 11 18 8 2 6 8 Autism

Note: ADOS, Autism Diagnostic Observation Schedule; PDD, pervasive developmental disorder.

Page 2 of 7 Cortical Thinning of MNS in Autism d Hadjikhani and others

43



gray matter (Dale and others 1999). This method has the advantage of

matching morphologically homologous cortical areas based on the main

gyri/sulci patterns with minimal metric distortion. Per voxel t-tests were

then calculated between groups for the smoothed values on the target

surface.

In addition, definition of the regions of interest (ROIs) was performed

by the detection of contiguous regions of statistical significance

(P < 0.01) in the maps described above. These areas of regional thinning

were used to create ROIs on a standard brain that were mapped back to

each individual subject using spherical morphing to find homologous

regions across subjects. A mean thickness score over each location was

calculated for each subject. These scores were used to perform a t-test

between the 2 groups for each ROI. Spearman rank-order correlation

coefficients were computed to assess the degree of relationship

between cortical thickness and behavioral (social and communication)

symptoms as measured with ADI-R scores. Cortical locations were

defined according to Duvernoy (1999)

Results

Several areas were significantly thinner in the autism group,

including the IFG pars opercularis, IPL, and STS (Fig. 1). These

areas are part of the network argued to be the basis of imitative

and empathic behavior (e.g., Iacoboni and others 1999; Buccino

and others 2001; Rizzolatti and Craighero 2004).

Thinning was also present in areas involved in facial expres-

sion production and recognition (face regions in sensory and

motor cortex and in middle temporal gyrus) and in areas

involved in social cognition (prefrontal cortex, anterior cingu-

late, medial parietal cortex, supramarginal gyrus, and middle and

inferior temporal cortex).

There was no difference between groups in the remaining

areas of the cortex. Cortical thinning was not associated with

IQ scores in any of the areas of the MNS.

Significant associations between cortical thinning and autism

symptom severity were found in—and nearly restricted to—all

the areas constituting the MNS. Specifically, ADI-R combined

social and communication diagnostic algorithm scores, which

are based on the parental report of an individual’s behaviors

between the ages of 4 and 5 years, were correlated with cortical

thinning bilaterally in the IFG pars opercularis, IPL, and right STS

(see Table 2). The other areas that showed correlations with

ADI-R symptoms were the right superior parietal lobule, in-

volved in action observation and imitation (e.g., Buccino and

others 2001); the inferior occipital gyrus, involved in face

perception (e.g., Haxby and others 2000); and the supramargi-

nal gyrus, involved in phonological processing (e.g., Celsis and

others 1999).

Discussion

With this direct measurement of cortical mantle thickness, we

found significant thinning of areas belonging to the MNS (IFC,

IPL, and STS) and of other areas involved in social cognition in

individuals with ASD. The MNS couples action perception and

action production. This shared-representation model may also

apply to the domain of emotion. Empathy can be defined as a

phenomenon in which the perception of another’s state acti-

vates one’s own corresponding representation, which in turn

activates somatic and autonomic responses. The MNS is argu-

ably the basis of mind reading and empathy (Leslie and others

2004) and as suchmay well be implicated in the neuropathology

of autism. Lack of empathy and emotional engagement with

others is indeed one of the defining characteristics and very early

signs of autism (Charman and others 1997; Baron-Cohen and

Wheelwright 2004).

Our finding of thinning of the STS in individuals with ASD is

consistent with robust evidence of abnormal processing of eye

gaze in autism (Mundy and others 1986; Phillips and others

1992; Baron-Cohen and others 1997; Leekam and others 1998;

Ristic and others 2002; Pelphrey and others 2005). In healthy

individuals, observation of gaze direction is associated with STS

activation (Perrett and others 1992; Puce and others 1998;

Wicker and others 1998; Hoffman and Haxby 2000; Pelphrey

and others 2003, 2004). STS is sensitive to the intention or goal

directedness of a gaze shift (Pelphrey and others 2003), and the

right STS is preferentially involved in the processing of social

information conveyed by shifts in eye gaze (Pelphrey and others

2004). Deficits of activation of STS in ASD have been found in

a variety of tasks involving attribution of intentions on the basis

of shifts of gaze, body movements, or geometric figure move-

ment (Baron-Cohen and others 1999; Castelli and others 2002;

Mosconi and others 2005; Pelphrey and others 2005). Our

findings of cortical thinning in the right STS of ASD are also in

line with findings of volumetric differences (Boddaert and

others 2004) and sulcal displacement (Levitt and others 2003)

of STS in children with ASD.

Thinning was also observed bilaterally in the superior parietal

lobule, an area involved in imitation (Buxbaum and others 2005;

Chaminade and others 2005), a function that has been shown to

Figure 1. Mean thickness difference significance maps. Lateral, medial, and ventral views of the brain showing areas presenting cortical thinning in the autism group compared
with normal controls. No area showed cortical thickening. Significant thinning was found in areas belonging to the MNS as well as in areas involved in facial expression production
and recognition, imitation, and social cognition.
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be impaired as early as 34 months of age in children with autism

(Rogers and others 2003). Other areas of cortical thinning

included the face regions of the motor and premotor cortex

bilaterally, the right face somatosensory cortex, and the middle

temporal gyrus. These areas are involved in emotion production

and recognition. Damage to these areas results in deficits in

facial expression recognition, consistent with the fact that

deficits in production and recognition of emotion reliably co-

occur (e.g., Adolphs and others 1996). These findings could cast

light on the abnormalities shown by individuals with ASD in

facial expression recognition.

Additional areas of cortical thinning were found in the lat-

eral, medial, and ventral prefrontal cortex, the anterior cingulate,

the medial parietal cortex, and the supramarginal gyrus. These

regions have critical functions in social cognition (Brothers

1990), and functional imaging in autism has suggested altered

functionality in these regions (Baron-Cohen and others 1999).

For example, reduced medial prefrontal dopaminergic activity

and reduced glucose metabolism in the anterior cingulate gyrus

have been reported (Schultz and Klin 2002), and medial pre-

frontal cortex activation has been reported for tasks involving

the attribution of mental states in NCs (Fletcher and others

1995) but not in ASD subjects (Happe and others 1996).

The cortical thickness differences observed might be due

to primary developmental histopathological abnormalities, in-

cluding defective neuronal proliferation or migration (Rorke

1994), cell density, and microcolumnar changes (Casanova

and others 2002). Alternatively, or in combination, the cortical

thinning we observed in ASD could be a secondary conse-

quence of a lack of input to specific brain areas resulting either

from abnormal subcortical or cortical function or from primary

white matter abnormalities. The latter possibility is consistent

with recent findings of reduced cortical connectivity in ASD

(Belmonte and others 2004; Just and others 2004; Welchew and

others 2005).

The correlation of MNS thinning with ADI-R scores, based on

symptoms reported for the preschool years, may indicate that

MNS abnormalities are already present in early childhood. This

possibility is supported by recent data from McAlonan and

others (2005), who found changes in gray matter volumes in

high-functioning children with autism. Early dysfunction of the

MNS could generate abnormal development of other areas of

the social brain and result in several of the clinical features that

characterize autism, including the failure to develop reciprocal

social and emotional abilities. Indeed, if social understanding has

its basis in experiential sharing, a function sustained by the MNS,

autistic symptoms could be seen as developing as a consequence

of a lack of mimicry and empathic activity caused by an

underlying failure of the MNS system. Future studies using in

vivo magnetic resonance spectroscopy imaging, a method

allowing the characterization of a cell population involved in

pathological processes (e.g., Cheng and others 2002), might

clarify the underlying neuropathological change in autism, and

diffusion studies will cast light on the anatomical connectivity in

ASD brains.

Our technique is limited to measures of the cortex and does

not allow us to examine potentially affected subcortical

structures that play a pivotal role in the social brain, such as

the amygdala and the basal ganglia (Baron-Cohen and others

2000; Hrdlicka and others 2005; McAlonan and others 2005). In

addition, the present findings cannot determine whether the

anatomical differences observed are a cause or a consequence

of behavioral abnormalities, which will need to be resolved by

longitudinal studies. More studies are needed to finely probe the

functional integrity of this network in ASD and to investigate the

associations among cortical thickness changes, brain-activation

patterns, and the severity of the behavioral manifestations of

autism. Finally, studies of neurofunctional changes in children

receiving skills training in imitation and emotional decoding

may help to further specify the cerebral bases of empathic

behavior as well as to determine the degree of plasticity in this

neural system.
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Table 2
Areas of significant cortical thinning in autism compared with matched controls

BA Hemi Thickness (mm),
mean (SEM)

t-Test Correlation
with ADI-R
symptoms
(Spearman
r; P)

ASD Controls

Mirror system
IFG pars opercularis 44 rh 1.98 (0.04) 2.17 (0.04) *** �0.32; #0.1

lh 2.14 (0.07) 2.41 (0.06) ** �0.57; #0.05
IPL 39 rh 2.11 (0.06) 2.49 (0.07) *** �0.67; #0.01

lh 2.06 (0.03) 2.26 (0.05) *** �0.42; #0.1
STS 22 rh 2.05 (0.09) 2.39 (0.05) ** 0.40; #0.1

Face-related areas
Precentral gyrus
(motor face area)

4 rh 1.85 (0.02) 1.96 (0.03) ** NS

lh 2.11 (0.06) 2.36 (0.06) ** NS
Postcentral gyrus
(sensory face area)

SI rh 1.96 (0.03) 2.16 (0.03) *** NS

lh 2.03 (0.03) 2.24 (0.03) *** NS
Inferior occipital gyrus 19 rh 2.07 (0.08) 2.31 (0.06) * NS

lh 1.90 (0.06) 2.22 (0.05) *** �0.59; #0.05

Social cognition
Orbitofrontal cortex 11 rh 2.25 (0.04) 2.50 (0.05) *** NS

lh 2.52 (0.07) 2.76 (0.06) ** NS
Prefrontal cortex 10 rh 1.88 (0.03) 2.10 (0.04) *** NS

lh 2.07 (0.03) 2.34 (0.04) *** NS
Anterior cingulated 24 þ 32 rh 1.88 (0.05) 2.24 (0.05) *** NS
IFG pars triangularis 45 rh 1.96 (0.11) 2.25 (0.11) * NS
Superior frontal gyrus 8 rh 1.97 (0.05) 2.22 (0.03) *** NS

lh 2.00 (0.04) 2.16 (0.04) ** NS
Supramarginal gyrus 40 rh 2.34 (0.04) 2.58 (0.06) ** 0.51; #0.05

lh 2.20 (0.06) 2.51 (0.05) *** NS
Inferior temporal gyrus 37 rh 2.20 (0.06) 2.45 (0.09) * NS
Middle temporal gyrus 21 rh 2.39 (0.08) 2.74 (0.06) ** NS

lh 2.40 (0.06) 2.76 (0.04) *** NS
Middle occipital gyrus 19 lh 2.09 (0.03) 2.29 (0.02) *** NS
Superior parietal lobule 7a rh 1.97 (0.05) 2.18 (0.03) ** NS

lh 1.86 (0.03) 2.06 (0.03) *** NS
Medial parietal cortex 7b lh 2.07 (0.10) 2.41 (0.10) * NS

Imitation
Superior parietal lobule 7b rh 1.88 (0.04) 2.12 (0.05) *** �0.53; #0.05

lh 1.87 (0.03) 2.13 (0.04) ***

Note: BA, Brodmann area. All the areas that belong to the MNS are affected. Other areas

presenting cortical thinning are involved in facial expression production and understanding,

social cognition, and imitation. Thinning was specific to these regions, and no group

differences were found in the rest of the cortex. Hemi 5 hemisphere. Rh 5 right hemisphere.

Lh 5 left hemisphere. *P # 0.05; **P # 0.01; ***P # 0.001.
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Seeing Fearful Body Expressions
Activates the Fusiform Cortex and Amygdala

movements represented by point light displays con-
trasted with randomly moving dots [12]. The biological
movement patterns, which were generally experienced

Nouchine Hadjikhani1,* and Beatrice de Gelder1,2

1Martinos Center for Biomedical Imaging
Massachusetts General Hospital
Harvard Medical School as pleasant, activated subcortical structures including

the amygdala. This finding is interesting in view of theCharlestown, Massachusetts 02129
2 Cognitive and Affective Neurosciences Laboratory important role of the amygdala in processing emotion

in facial expressions [7, 13]. It is also consistent withTilburg University
Tilburg results indicating that the role of the amygdala in emo-

tion processes is not restricted to faces (for review, seeThe Netherlands
[14]). A further finding of related interest is that visual
perception of biological motion activates two areas in
occipital and fusiform cortex [15]. This result goes inSummary
the same direction as the preceding one in the sense
that it indicates that areas hitherto best known for pro-Darwin’s evolutionary approach to organisms’ emo-
cessing faces are also involved in processing largertional states attributes a prominent role to expressions
properties typically associated with human bodies.of emotion in whole-body actions. Researchers in so-
Other recent findings not only indicate a broader rolecial psychology [1, 2] and human development [3] have
for the amygdala and fusiform cortex than that of pro-long emphasized the fact that emotional states are
cessing facial expressions but also provide evidence forexpressed through body movement, but cognitive neu-
close connections between the two areas in the courseroscientists have almost exclusively considered iso-
of processing emotional cues; amygdala activity modu-lated facial expressions (for review, see [4]). Here we
lates activation in the fusiform face cortex [16, 17].used high-field fMRI to determine the underlying neu-
Based on these findings, we predicted that the fusiformral mechanisms of perception of body expression of
cortex and amygdala would be areas that selectivelyemotion. Subjects were presented with short blocks
activate when subjects are exposed to expressions ofof body expressions of fear alternating with short
fear in the body.blocks of emotionally neutral meaningful body ges-

In the present study, we used fMRI to examine thetures. All images had internal facial features blurred
processing of body expressions of fear. Subjects viewedout to avoid confounds due to a face or facial expres-
still images of body expressions of fear alternating withsion. We show that exposure to body expressions of
emotionally neutral body postures. Selecting meaningfulfear, as opposed to neutral body postures, activates
body postures with an emotionally neutral content asthe fusiform gyrus and the amygdala. The fact that
a control allowed us to focus specifically on emotionthese two areas have previously been associated with
expressed by the body images because both kinds ofthe processing of faces and facial expressions [5–8]
stimuli involved bodies with some implication of move-suggests synergies between facial and body-action
ment. In this first study on body expressions of emotion,expressions of emotion. Our findings open a new area
we chose not to compare facial expressions and emo-of investigation of the role of body expressions of emo-
tional body expressions because of the many differ-tion in adaptive behavior as well as the relation be-
ences between these two stimulus classes. For exam-tween processes of emotion recognition in the face
ple, implied movement is likely to be a very importantand in the body.
dimension of body expressions of emotion, which does
not have its equivalent feature in facial expressions, at

Results and Discussion least not in any of the published brain imaging studies,
all of which use static pictures. On the other hand, im-

In natural situations emotional signals from facial ex- ages of facial expressions have other features, such as
pression, from body posture, and from voice prosody direction of gaze, that are not matched by equivalent
each provide information concerning our emotional features of body expressions of emotion. Recent studies
states, and together they serve the purpose of adaptive make it clear that direction of gaze is an important as-
behavior. Given the close relationship between emo- pect of facial expressions and determines to some ex-
tional processes and adaptive behavior already pointed tent how facial expressions are processed [18].
out by Darwin [9], it is surprising that only facial expres- A total of 16 grayscale pictures (eight fearful and eight
sions have so far been the objects of choice in emotion neutral body postures) were used in an AB-blocked de-
research [10, 11]. Brain activity directly associated with sign (Figure 1). The choice of these stimuli was based on
exposure to body expressions of emotion has not been the results of a behavioral study in which we investigated
directly investigated so far. However, there have been how well emotional states could be identified from body
some interesting findings in an area that is related to expressions (for details, see the Experimental Proce-
perception of body expressions of emotion. A study of dures). Each block lasted 24 s, during which time the
biological motion compared processing of dance-like pictures were randomly presented for 300 ms followed

by 1700 ms of a blank interval, during which only a
fixation cross was present. In a second scan, we used an*Correspondence: nouchine@nmr.mgh.harvard.edu
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Brain Activation by Fearful Body Expressions
2201

Figure 1. Fusiform and Amygdala Activation in Response to Body Expressions of Fear

(A) Example of the stimuli used. Top: body expression of fear. Bottom: emotionally neutral body posture (pouring liquid in a container). Frame
color corresponds to coding on the brain activation map. (B and C) Activation associated with fearful compared with neutral bodies, averaged
across seven subjects, in Talairach space. Activation (yellow) can be seen for the fearful bodies in the FFA (A and B) (right: 35; �55; �14.
Left: �34; �55; �13) and in the right amygdala (C) (circled in red, 24; 0; �16. No activation is seen for the neutral stimulus [blue]). p values
are corrected for multiple comparisons.

independent “face-localizer” to ensure that our region of described by Kanwisher et al. [5], as well as by several
other groups since then (see [20]). (right: 35; �55; �14.interest was not only in the fusiform gyrus but also more

specifically in the area of the cortex that is reported Left: �34; �55; �13) (Figure 3).
Previous research indicates that exposure to emo-to be specialized for face perception [5]. This “face-

localizer” is similar to that used in [19] and consists of tions expressed in the face activates cortical and sub-
cortical structures [4]. For example, the amygdala isa total of 64 faces alternating with their own Fourier

scrambled versions, presented for 1800 ms, followed sensitive to fearful face expressions [21–24], and its
activation is correlated with activity in fusiform and oc-by a blank interval of 200 ms, all in 24 s blocks. In both

experiments, the subjects were instructed to fixate on cipital face areas (FFA and IOG) [16]. The fusiform gyrus
has been shown to be modulated by emotional facesa central cross during the entire scanning session.

We observed bilateral activation in the fusiform cortex [16], by emotional scenes [25], and by scenes of high
social complexity [26]. Adolphs [6] has also shown thatin response to images of fearful bodies compared with

neutral ones (p � 0.0001). Activation was also observed the amygdala is required in order to link the perception
of a face to the retrieval of knowledge about its emo-in the right (p � 0.001, corrected for multiple compari-

sons) amygdala (24; 0; �16). In the left amygdala (�22; tional and social meaning. However, in these studies, the
stimuli always contained faces, and hence the activation2; �19), activation was also seen but barely reached

significance (p � 0.03, uncorrected) (Figures 1 and 3). observed in the FFA could be due to the presence of
faces. Our stimuli were edited so that no facial expres-Further analysis using the region of interest (ROI) de-

fined by our face-localizer test (see Figure 2) and local- sion or facial feature was visible. Hence, the modulation
of the FFA that we observed was presumably triggeredization of the activation in Talairach space showed that

activation in the fusiform gyrus was localized in FFA as by body expression of emotion.

Figure 2. FFA Activation for Body Expression of Fear and for Faces

Ventral view of the right hemisphere of one representative subject: the three panels show FFA activation in three different conditions. Panel
(A) shows activation to body expression of fear (face blurred). Panel (B) shows the results of the face localizer we used (faces versus Fourier
scrambled version of the faces). Panel (C) shows the results of a comparison between faces (yellow) and objects (blue) (data from [19]). The
threshold used (p � 0.001, uncorrected) is the same in the three panels; see the logo in the right.
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Darwin [9] was the first to describe in detail the body
expressions associated with emotions in animals and
humans and proposed several principles underlying the
organization of these expressions. In natural situations,
a particular body expression is most likely to be accom-
panied by a congruent face expression. It is also well
known from animal research that information from body
expressions can play a role in reducing the ambiguity
of facial expression [28]. Moreover, it has been shown
that observers’ judgments of infant emotional states
depend on viewing whole body behaviors more than on
facial expressions [29]. A challenging issue for further
research is to explore the nature of the synergies be-
tween the different means through which an organism
expresses its emotional states. In view of the centralFigure 3. Average Percent Signal Change in FFA and Amygdala
adaptive function of emotional states, it is unlikely thatAverage percent signal change in (A) functionally defined ROIs in

the FFA and (B) amygdala in the comparison between fearful and these synergies result from relatively late and relatively
neutral body postures. The right hemisphere shows more activation slow semantic processes.
than the left hemisphere, but this difference is significant in the Our data suggest that the FFA and the amygdala, so
amygdala only (FFA: p � 0.1; amygdala: p � 0.001).

far mostly associated with facial expression of fear in
the recent brain imaging literature, play a broader role

Why does presentation of body expressions of emo- in emotion recognition than has been recognized so far.
tion generate a pattern of activity that has so far most This result opens new perspectives for understanding
often been associated with viewing faces? One explana- emotional processes in normal and in clinical popula-
tion could be that the observed activations reflect the tions. Deficits in the recognition of facial expressions
role of mental imagery. Previous research has shown have been reported in clinical populations with primary
that mental imagery neutral faces is sufficient to activate emotional disorders such as depression [30–32], bipolar
fusiform face-selective areas [27]. Alternatively, to- disorders [33, 34], and autism [35]. They have also been
gether with mental imagery or independently of it, a reported in groups of patients suffering from emotional
high-level perceptual mechanism sensitive to semantic disorders consequent to motor pathologies such as Par-
factors could provide the facial information missing in kinson’s disease [36, 37] or Huntington’s disease [38].
the input. An interesting question is whether these conditions af-

However, although neither an explanation based on fect not only recognition of facial expressions but also
mental imagery nor one appealing to semantic factors that of body expression of emotion and whether the
in high-level perception can be ruled out, these explana- relationship between an individual’s ability to express a
tions may be too general. Indeed, in the present study body emotion and their ability to perceive it is also af-
the fusiform activity is specifically related to presenta- fected. Our findings provide a link between the func-
tion of emotional and not of neutral body postures. The tional significance of face and body cues, which hitherto
fact that we also observe amygdala activity suggests were considered separately.
that what drives the observed activity is a mechanism
intimately related to how emotions are perceived in bod-

Experimental Proceduresies and that this mechanism could be similar to the one
postulated for facial expressions, in which amygdala- Stimulus preparation. Video recordings of eight semi-professional
to-fusiform pathways play a critical role [8, 16]. What actors (four women) were used for stimulus construction. Re-

cordings were made in a sound- and light-controlled studio with awe are dealing with here is thus not mental imagery of
digital camera (SonyDCR-PC3E). Actors performed either emotion-high-level perception per se. Interestingly, though, in
ally neutral actions or expressed fear with the whole body. A seta another study we compared the ERP (event-related
of standardized instructions was given to each actor. To obtainpotentials) for faces and whole bodies (by using the
recordings of neutral body actions, the instructions specified the

same stimuli, with the faces blurred, as in the present action to be performed (hair combing, pouring water in a glass,
study), and we observed the same N170 potential known putting trousers on). Similarly, we obtained emotional body actions

by providing actors with a familiar scenario (e.g., opening a doorto reflect faces when subjects viewed bodies but not
and finding an armed robber in front of them) and asking them toobjects (Stekelenberg, R., and B.d.G., unpublished
show their reaction. The average length of a sequence depicting adata). Importantly, the time course of the N170 indicates
specified action was 5 s. The video clips were computer edited,clearly that this similarity between faces and bodies
and still images were obtained for use in separate behavioral experi-

relates to similarities between the two stimulus catego- ments [39]. Stimulus selection for the present experiment was based
ries at the stage of visual encoding and is unlikely to on results of a study in which 16 images of male and female actors

expressing four different emotions (anger, fear, sadness, and happi-reflect top-down influences from semantic content typi-
ness) with the whole body were validated. For this purpose stimulically associated with processes in the post-300 ms win-
were presented one by one on a PC screen and shown for 4000dows, such as P300. Rather, our results raise the inter-
ms with a 4000 ms interval. A total of 192 stimuli were used (4esting possibility that the similarity in neural activity for
expressions � 16 identities � 3 repetitions). Subjects were in-

perceptual filling-in taking place here could in fact be structed to categorize each stimulus in a forced-choice procedure
due to synergies between the mechanisms underlying as quickly and as accurately as possible by pressing one of the

four response buttons corresponding to the four emotions. Overallrecognition of facial expressions and body expressions.
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correct recognition rate for all 16 fear stimuli was between 100 and 10. Ekman, P., and Friesen, W.V. (1978). Manual for the Facial Action
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Functional MR images of brain activity of seven participants (four 12. Bonda, E., Petrides, M., Ostry, D., and Evans, A. (1996). Specific
involvement of human parietal systems and the amygdala inmales) were collected in a 3 T high-speed echoplanar imaging device

(Siemens) with a quadrature head coil. Informed written consent the perception of biological motion. J. Neurosci. 16, 3737–3744.
13. Dolan, R.J. (2002). Emotion, Cognition and Behavior. Sciencewas obtained for each participant before the scanning session, and

the Massachusetts General Hospital Human Studies Committee ap- 8, 1191–1194.
14. Zald, D.H. (2003). The human amygdala and the emotional evalu-proved all procedures under Protocol #2002P-000228. Image vol-

umes consisted of 45 contiguous 3 mm-thick slices covering the ation of sensory stimuli. Brain Res. Brain Res. Rev. 41, 88–123.
15. Grossman, E.D., and Blake, R. (2002). Brain areas active duringentire brain (repetition time [TR] � 3,000 ms, 3.125 mm by 3.125
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dition. 20. Pizzagalli, D.A., Lehmann, D., Hendrick, A.M., Regard, M., Pas-
cual-Marqui, R.D., and Davidson, R.J. (2002). Affective judg-The functionally defined FFA was used for each subject as an

ROI in which activation for emotional body expression was then ments of faces modulate early activity (approximately 160 ms)
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Darwin regarded emotions as predispositions to act adaptively,
thereby suggesting that characteristic body movements are asso-
ciated with each emotional state. To this date, investigations of
emotional cognition have predominantly concentrated on pro-
cesses associated with viewing facial expressions. However, ex-
pressive body movements may be just as important for under-
standing the neurobiology of emotional behavior. Here, we used
functional MRI to clarify how the brain recognizes happiness or
fear expressed by a whole body. Our results indicate that observ-
ing fearful body expressions produces increased activity in brain
areas narrowly associated with emotional processes and that this
emotion-related activity occurs together with activation of areas
linked with representation of action and movement. The mecha-
nism of fear contagion hereby suggested may automatically pre-
pare the brain for action.

emotion communication � body movement � action � social cognition �
amygdala

When danger lurks, fear spreads through a crowd as body
postures alter in rapid cascade from one individual to the

next. Animal ethologists have described situations in which
emotions are communicated behaviorally through rapidly chang-
ing behavior as can be observed in the flight of a flock of birds
when a source of danger appears at the horizon (1). The notion
of emotional contagion is sometimes used to refer to similar
automatic posture adjustments in humans (2). From Darwin’s
evolutionary perspective, communication of emotion by body
movements occupies a privileged position as emotions embody
action schemes that have evolved in the service of survival (3).
However, at present, little is known about the possible mecha-
nisms in the human brain sustaining bodily communication of
emotion in the service of adaptive action. The present study
begins to explores this issue.

To date, most investigations of the perception of emotion have
concentrated on brain activity generated by the recognition of
still images of facial expressions, and virtually all that is known
about perception of emotion in humans is based on such data.
Major insights concern the role of the amygdala in concert with
that of the fusiform cortex, prefontal cortex, orbitofrontal cortex
(OFC), medial frontal cortex, superior temporal sulcus, and
somatosensory cortex (4, 5). Interestingly, however, some of
these same areas also seem to play a role in processing biological
movement. For example, viewing biological movement patterns,
which are experienced as pleasant, activates subcortical struc-
tures, including the amygdala (6), and visual perception of
biological motion activates two areas in the occipital and fusi-
form cortex (7). Recent findings in non-human primates have
drawn attention to the brain’s ability to represent actions through
canonical neurons (similarly active when viewing an object and
grasping it) and mirror neurons (similarly active when observing
an action and performing the action) (8, 9). However, to date,
it is not known whether these brain areas play a role when
humans view body movements expressing emotion.

Studies on neutral body postures and movements have already
revealed some intriguing similarities between visual perception

of faces and of bodies. For example, faces and bodies both have
configural properties as indexed by the inversion effect (10), and
the global structure of the whole body is also an important factor
in the perception of biological motion (11). Evidence from
single-cell recordings suggests a degree of specialization for
either face or body images (9). Neurons reacting selectively to
body posture have been found in recordings from monkey
superior temporal sulcus. Similarly, a functional MRI study
exploring the contrast between objects and neutral body postures
revealed activity in lateral occipitotemporal cortex (12). On the
other hand, there appear to be similarities between emotional
body expressions and faces. A striking finding (13) is that
observing bodily expressions activates two well known face areas
(inferior occipital gyrus and middle fusiform gyrus) predomi-
nantly associated with processing faces but also linked with
biological movement (6). These activations in face-related areas
may result from mental imagery (14), or alternatively, and more
probably, from context driven high-level perceptual mechanisms
filling in the face information missing in the input. However, this
is unlikely to be the only explanation for similarities between
facial and bodily expressions of fear. In a direct comparison of
facial expressions and bodily expressions, we observed that the
N170 waveform is obtained for faces and bodies alike, but not for
objects (15). The time window of the N170 waveform suggests
that there is similarity in visual encoding between faces and
bodies. A further indication is provided by the fact that fusiform
gyrus activity is specifically related to presentation of fearful
bodily expressions. This finding suggests a mechanism whereby
amygdala modulates activation in visual areas, including fusi-
form face cortex as previously found for facial expressions
(16, 17).

The present study investigated the perception of fearful and
happy bodily expressions by using functional MRI. We used a
two-condition paradigm, in which images of bodily expressions
of fear and happiness alternated with images of meaningful but
emotionally neutral body movements. These whole-body actions
provide an appropriate control condition because, similar to
emotional body movements, they contain biological movement,
they have semantic properties (unlike abstract movement pat-
terns), and they are familiar. Selecting meaningful neutral body
movements allowed us to create comparable conditions with
respect to implicit movement perception, which is a process we
expected to take place when participants viewed still images of
body actions. To focus specifically on whole-body expressions, in
all images the faces were blanked out. To avoid task interference,
we used a passive viewing situation and participants were not
given instructions that might have prompted imitation or mental
imagery of the actions shown. Our main hypothesis was that
viewing bodily expressions of emotions (either fear or happiness)
would specifically activate areas known to be involved in pro-
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cessing emotional signals, as well as areas dedicated to action
representation and motor areas.

Methods
Participants. Functional magnetic resonance images of brain
activity of seven participants (four males) were collected in a 3-T
high-speed echoplanar imaging device (Siemens, Erlangen, Ger-
many) by using a quadrature head coil. Informed written consent
was obtained for each participant before the scanning session,
and the Massachusetts General Hospital Human Studies Com-
mittee approved all procedures under Protocol no. 2002P-
000228. Image volumes consisted of 45 contiguous 3-mm-thick
slices covering the entire brain (repetition time of 3,000 ms,
3.125 � 3.125 mm in-plane resolution, 128 images per slice; echo
time of 30 ms, f lip angle of 90°; 20 � 20 cm field of view, 64 �
64 matrix).

Materials. Video recordings of 16 semiprofessional actors (eight
women, 22–35 years of age) were used for stimulus construction.
Actors performed with their whole body meaningful but emo-
tionally neutral actions (pouring water into a glass, combing
one’s hair, putting on trousers, or opening a door) or expressive
gestures (happy, fearful, sad, or angry). In each case, before the
recordings they were briefed with a set of standardized instruc-
tions. For the neutral body actions, instructions specified the
action to be performed. For emotional body actions, instructions
specified a familiar scenario (for example, opening a door and
finding an armed robber in front of you). Still images were
obtained from the videos by selecting manually the most infor-
mative frames from the video file and converting them to
grayscale pictures. Four-choice identification tests were admin-
istered to a group of participants (n � 18, nine women, 22–35
years of age), one with 64 pictures of the expressive gestures (16
actors � 4 emotions) and one with 64 pictures of emotionally
neutral gestures (16 actors � 4 types of gestures). Average
identification accuracy was 75% for emotional and 94% for
neutral gestures. On the basis of these results, the eight best-
recognized images of happy and fearful gestures were retained
from the emotion category for subsequent testing. For the
neutral gestures, the eight best-recognized picture were equally
retained. Mean percent correct four-choice identification for the
retained pictures was 85% for the emotional and 95% for the
neutral gestures.

A second pilot experiment was run with a different group of
subjects (n � 10, six women, 24–33 years of age) to obtain data
on intensity of evoked movement impression. The 24 images
retained for the main experiment were presented one by one in
random order and subjects were instructed to rate the movement
information on a five-point scale (from 1 for the weakest
impression to 5 for the strongest). The mean ratings for the three
categories were nearly identical (neutral, 3.5; fearful 3.5; and
happy, 3.3). The possibility that the obtained differences in
activation level were artifacts of differences in evoked movement
can safely be discarded.

In the scanner, the 24 selected images (8 fearful, 8 happy, and
8 neutral) were used in two separate runs by using an AB-
blocked design (fearful vs. neutral; happy vs. neutral). Each
block lasted 24 s, during which the pictures were randomly
presented for 300 ms followed for 1,700 ms by a blank interval
during which only a fixation cross was present.

Data Analysis. The techniques used in our analysis are similar to
those described in ref. 18. Each functional run was first motion-
corrected with AFNI software (19) and spatially smoothed by
using a three-dimensional Gaussian filter with full width at half
maximum of 6 mm. The mean offset and linear drift were
estimated and removed from each voxel. The spectrum of the
remaining signal was computed by using the fast Fourier trans-

form at each voxel. The task-related component was estimated
as the spectral component at the task fundamental frequency.
The noise was estimated by summing the remaining spectral
components after removing the task harmonics and those com-
ponents immediately adjacent to the fundamental. The phase at
the fundamental was used to determine whether the blood
oxygenation level-dependent (BOLD) signal was increasing in
response to the first stimulus (positive phase) or the second
stimulus (negative phase).

Each participant’s functional MRI scan was registered to a
high-resolution T1. The real and imaginary components of the
Fourier transform of each participant’s signal were resampled
from locations in the cortex onto the surface of a template sphere
to bring them into a standard space. The techniques for mapping
between an individual volume and this spherical space are
detailed by Fischl et al. (20). The T1 volume was also registered
to the MNI305 Talairach brain (21). Functional data were
registered to the T1 volume. This procedure allowed the results
of the individual per-voxel analysis to be resampled into both
volume-based Talairach space and the surface-based spherical
space to perform group random effects analysis. Group-average
significance maps for the cortical surface and for the volume
were computed, by using General Linear Model analyses to
perform random-effects averages of the real and imaginary
components of the signal across subjects on a per-vertex and
per-voxel basis. Cross-subject variance was computed as the
variance pooled across the real and imaginary components.
Significance of the average activation was determined by using
an F statistic and mapped from the standard sphere to a target
individual’s cortical surface (20). Maps were visualized on this
individual’s surface geometry, overlaying a group curvature
pattern averaged in spherically morphed space (20, 22).

On the cortical surfaces, clusters of contiguous vertices with a
significance of P � 0.05 and covering an area of at least 185 mm3

were identified. Talairach coordinates and the corresponding
structure of the center of each cluster, identified by visual
inspection of the target individual’s anatomy, are given in Table
1. To correct these clusters for multiple comparisons, 5,000
Monte Carlo simulations of the averaging and clustering proce-
dure were run, by using as input volumes synthesized white
Gaussian noise, smoothed and resampled into spherical space.
Clusters were found in 187 cases, yielding a significance of P �
0.0374 for the clusters. We similarly identified clusters in the
Talairach space average, by using P � 0.05 and volume of �135
mm3 as constraints.

Results
Observed activities for the fear vs. neutral comparison were
grouped in functionally related clusters: areas related to emo-
tional stimulus detection and orientation, areas related to visual
processing, areas associated with emotional evaluation, areas
associated with action representation, and motor response areas
(Figs. 1–4 and Table 1).

Discussion
Our major finding is that viewing fearful whole-body expressions
produces higher activity in areas specifically known to process
emotional information (amygdala, orbitofrontal cortex, poste-
rior cingulate, anterior insula, retrospenial cortex, and nucleus
accumbens) than viewing images of meaningful but emotionally
neutral body actions. In contrast, a similar comparison of happy
bodily expressions with neutral ones only yielded increased
activity in visual areas. Besides activity in emotion-related areas,
we also observed significant fear-related activation in areas
dedicated to action representation and in motor areas. The
integrated activity of these groups of areas may constitute a
mechanism for fear contagion and for preparation of action in
response to seeing fear, which presumably operates in a direct,

16702 � www.pnas.org�cgi�doi�10.1073�pnas.0407042101 de Gelder et al.
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automatic, and noninferential fashion, similar to what has so far
been argued for automatic recognition of fear in facial expres-
sions (4, 23).

Observing fearful body expressions modulates cortical and
subcortical visual areas. Previous studies (24) have shown that
the emotional component of a stimulus is reflected in higher
activation in visual cortices as we find here for both the contrast
between fear vs. neutral and happy vs. neutral body represen-
tations. The activity related to stimulus detection�orientation
and visual processes in superior colliculus and pulvinar is
compatible with models in which a rapid automatic route for fear

detection is envisaged (5, 25, 26). A major function of this route
is to sustain rapid orientation and detection of potentially
dangerous signals based on coarse visual analysis, as can be
performed by the superior colliculus. This subcortical motor
activity may be part of a broader subcortical pathway for
processing fear signals and involving projection from retina to
superior colliculus and to pulvinar, as previously argued for faces
(26–28). The pathway allows processing within a limited range of
spatial frequencies that is still sufficient for facial expressions as
illustrated by residual visual abilities of patients with striate
cortex lesions (28). This same nonstriate subcortical-based route
can also sustain recognition of bodily expression of emotion in
patients with striate cortex damage (B.d.G., L. Weiskrantz, and
N.H., unpublished data).

Our results indicate that viewing bodily expression of emotion
influences activity in visual cortical areas that have shown
modulation of activity as a function of emotional valence of the
stimuli (striate and extrastriate cortex, fusiform gyrus, inferior
occipital gyrus, and middle occipital cortex) (16, 17, 29). In
contrast, in the happy vs. neutral condition, the only areas that
were significantly more activated for the happy condition were
located in the left and the right visual cortices (see Table 2).
Emotional modulation of visual processes has so far only been
observed when facial expressions were used as stimuli.

The present finding of amygdala activation for fear expressed
in the whole body contrasts with neuropsychological reports
suggesting that amygdala damage only impairs emotion recog-

Table 1. Areas of activation observed in the comparison of
fearful bodily expressions with neutral ones

Areas of activation Side x y z

Detection and orientation
Superior colliculus L �5 �31 �2

R 4 �31 �3
Pulvinar L �7 �25 5

R 6 �25 7
Visual areas

Striate cortex L �8 �82 5
L �20 �100 8
R 14 �100 10

Fusiform gyrus L �32 �51 �14
R 35 �60 �12

Inferior occipital gyrus L �9 �68 40
Precuneus R 43 �78 �7

Emotional evaluation
OFC R 38 30 �12
Posterior cingulate cortex L �8 �49 27
Anterior insula L �31 10 10

R 31 16 �4
Retrosplenial cortex R 13 �45 0
Nucleus accumbens L �5 10 �6

R 4 10 �3
Amygdala R 24 0 �16

Action representation�premotor areas
IFG, BA 44 L �43 14 10

R 44 17 23
IFG, BA 45 L �51 25 1

R 43 28 �2
IFG, BA 47 L �42 22 �9

Precentral gyrus, BA 6 L �44 12 36
R 50 3 0
R 45 2 38

SMA L �5 �1 59
R 8 10 45
R 11 �7 66

Inferior parietal lobule L �39 �55 50
Intraparietal sulcus, posterior part R 27 �83 21

Motor areas
Precentral gyrus, BA 4 L �33 �6 54

L �44 �3 44
R 54 �3 35

Caudate nucleus R 15 6 15
L �10 3 13

Putamen R 24 1 9
L �25 �1 5

Other areas
Parahippocampal gyrus L �13 �41 �3

R 24 �31 �8

Subheadings represent presumptive functional groupings. All clusters re-
ported here are �0.05 corrected and have a minimal size of 128 mm2 (see
Methods). L, left; R, right; BA, Brodmann’s area.

Fig. 1. Areas of activation corresponding to viewing body expression of fear
vs. neutrality are represented on the cortical surface. Data were obtained by
random-groups average of the subjects and are corrected for multiple com-
parisons (see Table 1). L, left; R, right.

Fig. 2. Activity in subcortical structures. Random-group average of fearful
vs. neutral body images. Data are rendered on one template brain, in a
common Talaraich space (radiological conventions). Data presented are at a
threshold of P � 0.01 uncorrected. Areas are color-coded according to the Fig.
3 legend.
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nition for faces, but not for scenes in which facial expressions
were erased and has led to the notion that amygdala might be
specialized only for facial expression of fear (30). The present
results clearly indicate otherwise. As our design maximized
similarity between conditions for all stimulus aspects, except
those related to emotion, we did not predict condition-specific
activity in visual areas associated with viewing human bodies in

lateral occipitotemporal cortex (12). Our results raise the pos-
sibility that the similarity in neural activity for the perception of
bodily expressions and facial expressions may be due to synergies
between the mechanisms underlying recognition of facial ex-
pressions and body expressions, and to common structures
involved on the one hand in action representation, and on the
other in rapid detection of salient information like a fearful
bodily expressions.

Of special interest, given the use of body images, is the activity
in OFC, which influences response to stimuli at multiple levels
of processing (31). Signals arising in OFC control regulatory
processes in emotions and feelings in the body but also in the
brain’s representation of the body (32). OFC acts in concert with
the amygdala and somatosensory�insular cortices, both activated
here. Observed activity in anterior insula is consistent with the
role of this structure in connecting prefrontal cortex and the
limbic system and with the role of insula in interoception (33).
Activity in posterior cingulate cortex is consistent with earlier
findings of a role for this structure in studies of emotional
salience (34). Interestingly, besides their role in emotional
processes, posterior cingulate and retrosplenial cortex are asso-
ciated with spatial coding (35). Also of interest is the finding that
nucleus acccumbens figures among the emotion-specific activa-
tions, indicating that this structure plays a role not only in reward
(36) but also, more generally, in processing affective stimuli,
including negative ones.

An important area of research in the last decade concerns the
way in which the brain recognizes actions. In studies of non-
human primates, both canonical and mirror neurons have been
observed (8, 9, 37). Findings from cell recordings in monkeys, as
well as from neuroimaging studies in humans (9, 38–40), provide
increasing insight for a network of structures dedicated to action
representation. The superior temporal sulcus, the parietal cor-
tex, and the premotor cortex are activated during the perception
of simple finger movements (41), pantomimes (42–44), and
object-directed actions (9, 43–45). Areas that are reported to be
active under conditions of imitation and imagined action or
motor imagery are the dorsolateral prefrontal cortex, precentral
gyrus, supplementary motor area (SMA), inferior parietal lobe,
cingulate, subcortical nuclei, and cerebellum (44). Now, our
results indicate that viewing images of bodily expressions of fear
activates central structures in the network of areas previously
associated with the observation of action (44): the premotor
cortex, SMA, inferior frontal gyrus (IFG), middle frontal gyrus,
and parietal cortex. In the present case, the activations are not
explained by the presence of object-directed movements or even
of movement per se. Passive viewing of still images of bodily
expressions activates areas in the occipitoparietal pathway reach-
ing the SMA, cingulate gyrus, and middle frontal gyrus, which
has been detected during the observation of actions with the
intent to imitate later and voluntary action (42, 44), and suggests
that passive viewing can initiate motor preparation. Activity in
caudate nucleus was also observed for motion stimuli (46).
Interestingly, the present activations may follow from a process

Fig. 3. Schematic representation of areas activated in the processing of
bodily expression of fear. Areas of activation selective for viewing fearful
expressive bodies are represented in presumptive functional groupings. Five
different functional functionally grouped areas are activated: areas involved
in stimulus detection and orientation (yellow), visual processing (purple),
emotional processing (red), action representation (orange), and motor re-
sponse (green). Arrows indicate interactions between these different groups
of areas.

Fig. 4. Examples of stimuli used in this experiment. (a) Fearful. (b) Neutral.
(c) Happy.

Table 2. Areas of activation observed in the comparison of
happy bodily expressions with neutral ones

Area of activation Side x y z

Visual areas
Striate cortex Left �10 �95 20

Left �13 �84 �2
Right 13 �98 18
Right 11 �86 3

All clusters reported here are � 0.05 corrected and have a minimal size of
128 mm2 (see Methods).
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whereby the brain fills in the missing dynamic information (47).
Yet, the important point here is that this process is specific for
fear, as indicated by the fact that the fear images produce
increased activation in well known emotional areas. It is also
unlikely that the activity in these emotion-related areas would be
produced by the presence of more implicit motion cues in the
fear than in the neutral body images. As indicated by the results
of the second pilot experiment, there is no difference between
the images in this respect. So far, activation of emotion-related
brain areas for movement per se has not been reported in the
literature. In the happy-neutral blocks, the only activity related
to the emotion as compared with the neutral condition concerns
visual areas. This finding suggests that seeing happy bodily
expressions evokes considerably less condition-specific activity
in areas related to action representation and in motor areas.
Presumably, action representation and motor imagery are also
present in the happy-neutral condition without being specific for
perceiving either happy or neutral bodily expressions.

Of particular interest is the activity in SMA. Our central
prediction was that viewing bodily expressions would activate
areas related to processing emotion and generate activity in
motor areas through cingulate and prefrontal areas with a crucial
role to be played by SMA, given the connections of SMA to M1.
Activity in the pre-SMA face area is consistent with previous
reports (43, 48) on its role in preparation to act more than in
action observation. In this case, pre-SMA activity may reflect
preparation to act upon perceiving fear in others. SMA itself may
also play a role in movement control in case of emotion-inducing
stimuli. The present results are consistent with findings on
reciprocal interactions between the amygdala and subcortical
and cortical structures involving the striatum and OFC (49). The
present finding of the role of body representations in emotional
states evokes the findings on spontaneous and automatic imita-
tion of facial expression observed earlier (50). As been argued
in the latter case, such imitative reflexes are nonintentional and
cannot be observed with the eye but they stand out clearly in
electromyography measurements. At the conceptual level, such
emotional resonance or contagion effects may correspond to
minor functional changes in the threshold of bodily states in the
service of automatic action preparation. Processes responsible
for contextual integration with real-world knowledge presum-
ably regulate and suppress these emotional body reflexes when
they are not adaptive.

Whole-body expressions of emotion have not been used
previously to study emotional processes in the brain. Our
findings are consistent with the notion that the amygdala is a

critical substrate in the neural system necessary for triggering
somatic states from primary inducers (51), among which the
sight of a fearful body expression figures. The observed coupling
of the strong emotion-related activity with structures involved in
canonical action representation (predominantly the parietomo-
tor circuit) and the mirror neurons circuit (predominantly the
intraparietal sulcus, dorsal premotor cortex, superior temporal
sulcus, and right parietal operculum) suggests that the two
structures play a role in social communication (52). Further
research is needed to clarify these issues. Finally, the present
results indicate a role of the putamen and caudate nucleus in
viewing bodily expressions of fear. Interestingly, the caudate
nucleus and putamen are predominantly known for their in-
volvement in motor tasks but have also been associated with
motivational-emotional task components. The caudate nucleus
and putamen are damaged in Parkinson’s disease (53) and
Huntington’s disease (54), which are both characterized by
motor disorders as well as by emotion deficits.

Our study shows that presentation of stimuli expressing fear
produces, besides activation of centers associated with emotion,
activations of circuits mediating actions. This finding clearly
suggests an intrinsic link between emotion and action. Yet, it
does not imply that neutral stimuli or stimuli expressing happi-
ness do not activate these circuits, which we know they do (55).
As a matter of fact, we capitalized on the findings that still images
of neutral actions elicit action representation and are thus
appropriate to use as controls for investigating emotional body
expressions, which, as we predicted, also elicit action represen-
tation.

A central issue to consider in future research concerns the
relation between emotion and movement. However, at present,
we do not know whether the dynamics and kinematics of fearful
body movements are quantitatively and qualitatively different
from those of neutral actions and from movements expressing
emotions other than fear. For example, it is not yet known
whether actions and body expressions of emotions are all built
from the same basic set of motor primitives. In that perspective,
the movement properties of emotional body expressions are best
seen as modulations of a basic set of all-purpose motor primi-
tives, or a general motor syntax. Alternatively, emotional body
expressions represent a domain of sui generis motor compe-
tence.

We thank M. Balsters for assistance with preparation of the materials.
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Patients with cortical blindness can reliably perceive some facial
expressions even if they are unaware of their percept. We
examined whether emotional body language may also be
recognized in the absence of the primary visual cortex and
without conscious stimulus perception. We presented emotional
and neutral body images in the blind ¢eld of a patient with
unilateral striate cortex damage. Using functional magnetic
resonance imaging,wemeasured activation followingpresentation

to the blind hemi¢eld of whole body images (happy, neutral) with
the face blurred. Unseen happy body images selectively activated
area MT and the pulvinar nucleus of the thalamus, while unseen
instrumental neutral body images activated the premotor cortex.
Our results show that in the absence of the striate cortex
implicit bodily emotion perception may be possible. NeuroReport
17:583^586�c 2006 LippincottWilliams &Wilkins.

Keywords: action representation, blindsight, emotion, non-conscious emotion, whole body expression

Introduction
Current models of emotion perception hold that emotional
information is processed by a network involving both
cortical and subcortical structures [1–3]. The importance of
subcortical pathways in facial expression processing is
largely supported by findings from patients with primary
visual cortex lesions [4–6]. These pathways, not based on
projections of the retina to the striate cortex via the lateral
geniculate nucleus, but involving the superior colliculus and
the pulvinar nucleus of the thalamus, provide an alternative
visual route through which visual areas anterior to
the striate cortex can be reached in case of damage to
primary visual centers. The ability to process some
emotional signals in the absence of normal vision is called
affective blindsight [6,7]

Recent findings indicate that areas typically involved in
the recognition of facial expressions also play a role in the
recognition of biological non-facial stimuli. For example,
viewing biological movement patterns experienced as
pleasant activates the amygdala [8]; visual perception of
biological motion activates areas in the occipital and
fusiform cortex [9]. Consistent with these findings, we
recently observed that the amygdala and the fusiform cortex
play an important role in recognizing whole body expres-
sions of emotion shown with the face completely blurred,
suggesting a significant degree of overlap between the
neural basis of processing facial expressions and emotion
expression by the whole body [10–12].

Besides the areas common to processing facial expressions
and emotional body language, including the amygdala, the
fusiform cortex, the inferior temporal gyrus and the

somatosensory cortex [3], other areas are also involved in
viewing body expressions. These areas are more related to
action representation and motor activity, and are strongly
modulated by whether actions are performed neutrally or
also expressing an emotion (fear, happiness) (inferior and
middle frontal gyri, precentral gyrus, inferior parietal
lobule, supplementary motor area) [12]. Interestingly,
activations triggered by presenting happy body images
contrasted with neutral body images generate increased
activation in early visual areas consistent with findings of
emotional modulation of these areas [13]. Although the
studies used still images, there was clear evidence for implicit
motion perception, which was strongest for body expressions
of fear. Directly relevant for the present study, we also
showed that emotional body images activate the pulvinar
[12], as previously observed for images of fearful faces [14].

In line with the focus on facial expressions in mainstream
emotion research, investigations of affective blindsight
revealing the role of a superior colliculus–pulvinar sub-
cortical route have been centered on facial expressions. So
far, no positive evidence exists to show that patients with
cortical blindness can recognize other affective stimuli
besides faces known to activate amygdalae in normal
viewers. For example, affective pictures do not activate
amygdala in these hemianopic patients as they do in normal
individuals [14]. This raises the question addressed in the
present study of whether the comparatively large-scale
features of whole body expressions of emotion can be
processed by a subcortical visual route. A major function of
this route is to sustain rapid orientation and detection of
potentially dangerous signals based on a type of coarse
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visual analysis as can be performed by the superior
colliculus [15]. The possibility that there exists a non-
conscious and non-lateral geniculate nucleus-based recogni-
tion of emotional bodies is important for understanding the
functional contribution of this route in human social
communication. Here we investigated the neural basis of
unconscious perception of emotional body images in a
study participant (G.Y.) with complete left-side hemianopia
due to a lesion of the primary visual cortex.

It is known from the neuropsychological literature that
neurological damage tends to affect the least emotion
recognition of ‘happy’ signals. These are the most robust,
possibly because they elicit the highest arousal; they are
associated with more movement and invite the most mimicry
[16]. Therefore, for this first investigation of non-consciously
processed emotional body language, we used neutral vs.
happy body stimuli. As a result of the left hemisphere striate
cortex lesion of G.Y., stimuli were presented to the right blind
hemifield. These testing conditions are different from the
central presentation in normal individuals that has been used
so far, and therefore some minor differences from the results in
normal individuals are to be expected. First, lateral presenta-
tion may induce more implicit movement perception because
of the relative specialization of subcortical structures such as
the superior colliculus for movement detection. Second,
emotional stimuli may elicit stronger brain activations under
conditions of no awareness than when individuals are aware.

Methods
Study participant
Patient G.Y. is a 46-year-old man who sustained damage to
the posterior left hemisphere of his brain by head injury (a
road accident) when he was 7 years old. The lesion (see [17]
for an extensive structural and functional description of the
lesion) invades the left striate cortex (i.e. medial aspect of
the left occipital lobe, slightly anterior to the spared occipital
pole, extending dorsally to the cuneus and ventrally to the
lingual, but not the fusiform gyrus) and surrounding the
extra-striate cortex (inferior parietal lobule). The location of
the lesion is functionally confirmed by perimetry field tests
(see [17] for a description of G.Y.’s perimetric field). He has
macular sparing extending 31 into his right (blind) hemi-
field. Preliminary testing ensured that throughout all
experiments the materials and presentation conditions did
not give rise to the awareness that a stimulus was presented
in the blind field.

Behavioral experiment
The behavioral study was run separately from the functional
magnetic resonance imaging experiment after a 1-week
delay. It involved two sessions, the first one with presenta-
tions in the blind field, and the second one in the intact field.
Stimuli were the same as those used in the functional
magnetic resonance imaging study. G.Y. was asked to
maintain fixation on the central cross, and the direction of
his gaze was monitored throughout the testing by one of the
experimenters. His task was to indicate, by pressing one of
two response buttons, whether the presented body expressed
happiness or a neutral state. Stimulus presentation was
always accompanied by a 300-ms tone signaling the presence
of an image in either field. In each session, 160 pictures were
presented, half of them with the body expressing happiness,
and the other half neutral, in random order.

Functional magnetic resonance imaging experiment
Functional magnetic resonance images of brain activity of
G.Y. were collected in a 3-T high-speed echoplanar imaging
device (Siemens, Erlangen, Germany) using a quadrature
head coil. Informed written consent was obtained before the
scanning session, and the Massachusetts General Hospital
Human Studies Committee approved all procedures. Image
volumes consisted of 45 contiguous 3-mm-thick slices
covering the entire brain (TR¼3000 ms, 3.125 mm by
3.125 mm in plane resolution, 128 images per slice,
TE¼30 ms, flip angle 901, FOV¼20�20 cm, matrix¼64�64).

Materials
Stimuli consisted of still images obtained from video
recordings of 16 semi-professional actors (eight women,
age 22–35 years). Actors performed meaningful actions that
were emotionally neutral or expressed happiness using the
whole body. A full description of the stimuli is given in [12].

In the scanner, a total of 16 grayscale pictures (eight happy
and eight neutral body postures) were used in two separate
runs in an AB-blocked design (happy vs. neutral). A block
lasted 24 s, during which the pictures were presented for
300 ms, followed by a blank interval with only a fixation cross
for 1700 ms. Images were presented laterally at 5.51 between
the inner edge of the image and the fixation point in the right
(blind) hemifield. Mean size of the pictures was 5 cm width
by 8 cm height (sustaining a visual angle of 4.71 horizontally
by 7.71 vertically). Preliminary testing ensured that the
presentation conditions did not give rise to an awareness of
the presence of a stimulus in the blind field.

Data analysis
We used the Fuesuroer package and the techniques used in
our analysis are similar to those described previously [12].
Each functional run was first motion-corrected with
Analysis of Functional NeuroImaging (AFNI) [18] and
spatially smoothed by using a three-dimensional Gaussian
filter with a full-width at half-maximum of 6 mm. The mean
offset and linear drift were estimated and removed from
each voxel. The spectrum of the remaining signal was
computed using the fast Fourier transform at each voxel.
The task-related component was estimated as the spectral
component at the task fundamental frequency. The noise
was estimated by summing the remaining spectral compo-
nents after removing the task harmonics and those
components immediately adjacent to the fundamental. The
phase at the fundamental was used to determine whether
the blood oxygen-level-dependent signal was increasing in
response to the first stimulus (positive phase) or the second
stimulus (negative phase).

Results
Behavioral data
Substantial recognition of the presented expression was
obtained in both visual fields, 87% correct identifications in
the (intact) left field and 67% in the (blind) right field. The
important finding is that the blind field recognition score,
108 correct in 160 presentations, is significantly above
chance level (50%) (w2¼10.1, Po0.01).

Brain imaging results
Presentation of bodies expressing happiness compared with
bodies performing neutral actions in the blind (right) visual
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field (Figs 1 and 2) resulted in the activation of the right
thalamus pulvinar complex (10, �34, 5), the right anterior
medial temporal lobe (29, �13, �25), the right inferior
temporal sulcus (52, �38, �16), the right superior temporal
sulcus (46, �55, 7) and in the left occipital cortex, between the
lateral and the inferior occipital sulcus, in the region
corresponding to MT (�42, �74,�20). In addition, the inferior
parietal lobules were activated bilaterally (�30, �70, 42 and
25, �75, 42). Bodies performing neutral actions activated the
premotor cortex in the left hemisphere (�34, �16, 30).

Discussion
Our study is the first investigation of the non-conscious
perception of emotional body language in a patient with
unilateral striate cortex damage. Happy body images were
contrasted with images of neutral instrumental actions in
order to obtain an appropriate control condition with a close
similarity between the overall physical stimulus properties.

Our behavioral results show convincingly that G.Y. can
reliably discriminate between stimulus categories shown to
his blind field. Our brain imaging results clearly indicate
that G.Y. processes the stimuli presented in the blind field
and that the activity observed in the brain centers is
condition specific. This selective stimulus sensitivity is
consistent with the behavioral results of correct categoriza-
tion in both the intact and the blind fields. Combining the
behavioral success in discriminating between happy and
instrumental stimuli and the selective brain activity for
these categories allows us to conclude that, to some extent,
emotional body language can be processed in the absence of
the striate cortex and of awareness of the visual stimulus.
Since this study, we have carried out extensive experiments

in blindsight patient D.B. confirming non-conscious recog-
nition of bodies expressing fear and happiness [19] by using
an indirect testing method whereby the participant rated the
stimulus in the intact field while an unnoticed stimulus was
presented simultaneously in the blind field.

Activation in visual area MT is unlikely to be caused by
subjective motion perception due to transient onsets, as
there was no difference in onset characteristics between the
two image categories. Thus, our results seem to indicate a
relationship between emotion recognition and implied
movement perception.

What is the neural basis of body perception in the absence
of the striate cortex and how does activity in the observed
areas contribute to it? Activation for happy body images
was found in area MT in the left hemisphere contralateral to
the lesion, a finding that is consistent with a previous report
of MT activity for unseen movement in this same patient
[20]. Previous reports indicate that area MT shows increased
signal intensity to apparent motion stimuli as compared
with flickering control conditions, and with apparent
motion of figures defined by illusory contours [20]. Area
MT contains a high proportion of directionally selective
neurons, as demonstrated by animal studies [21] and is
selectively involved in passively viewing motion displays.
The anatomical location provided in the study cited above is
very similar to the one seen here, and our results are
consistent with the surprisingly strong MT activity evoked
by the blind-field stimulus presentation [20].

The observed activity in the pulvinar is consistent with the
role of the subcortical visual pathway (superior colliculus–
pulvinar) already reported for faces expressing fear [2,6,7].
Against this background, the activity in MT is particularly

<0.0005

<0.001

<0.0005

<0.005

(a) (b)

Fig. 1 Statistical maps of brain activation in response to bodies expressing happiness compared with neutral bodies presented in the blind visual ¢eld.
(a) Activation in the right pulvinar (green circle). (b) Activation in the left MTarea.

10−4

10−2

10−2

10−4

Fig. 2 Statisticalmaps of brain activation in response to bodies expressinghappiness comparedwithbodies performingneutral actions presented in the
blind visual ¢eld. The hemispheres are in£ated in order to show the sulci (darker shade of gray) and the gyri (lighter shade of gray). Areas that were
activated by bodies expressing happiness are displayed in red (Po0.01) to yellow (Po0.0001) Areas that were activated by bodies performing neutral
actions are displayed in blue (Po0.01) to cyan (Po0.0001). Activation for happy body stimuli was found in area MT in the left hemisphere, in the right
inferior and superior temporal sulcus, the right anterior medial temporal lobe, and in the inferior parietal lobule bilaterally. Bodies performing neutral
actions activate the left premotor cortex. In contrast with our normal data, no activity was observed in the primary visual cortex for the happy body
condition, but this was obviously consistent with the striate cortex lesion of G.Y.
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interesting because of the connectivity between the superior
colliculus and MT, consistent with an important role of MT in
subcortical motion processing. This subcortically driven
motion-processing activity may be part of a broader
subcortical pathway for processing social signals [22,23].

We observed emotion-specific activation in the right
inferior and superior temporal sulcus, structures that are
known to play a role in the processing of biological
movement [24]. Activity was also present bilaterally in the
inferior parietal lobules that belong to the mirror neuron
system [25], underscoring that the bodies represented in the
stimuli were encoded similarly as in normal viewers. In
contrast to the activity generated by the bodies expressing
happiness, bodies performing neutral actions activated left
premotor cortex, an area often found in studies using
neutral action stimuli and playing a role in action
representation [12,26].

It is interesting to compare the present data with earlier
results obtained with facial expressions in blindsight
patients. Previous behavioral experiments indicated that
still faces could not be recognized [7]. Here, however, we
observed that categorization of still body images is well
within reach in the absence of the striate cortex. The present
finding of category-specific activity for happy vs. neutral
instrumental stimuli points to the importance of the motion-
processing area, and suggests that this is more strongly
addressed by body than by face stimuli. Note, however, that
in our previous study with normal viewers, no selective MT
activity was observed. We conjecture that this may be
because implied motion and action were common to both
emotional and neutral conditions. It is interesting to note
here how, at the level of subcortical vision, these motion-
detection and action representation-related structures can be
differentiated. Happy body stimuli trigger more activity
related to motion processing (superior colliculus–pulvinar–
MT) while non-conscious instrumental actions trigger
activity indicating representation of action.

Conclusion
This study provides the first evidence of the brain’s ability
to process emotional body language unconsciously and
without reliance on the primary visual cortex. Our data
significantly extend the available evidence of a role of
subcortical structures in emotion processing.

The present results suggest that non-conscious recogni-
tion of emotional body language may be based on
processing of emotion-specific implicit movement, and our
study extends the functional significance of a subcortical
visual pathway hitherto only known to process facial
expressions to emotional body language.
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Body expressions of emotion do not trigger
fear contagion in autism spectrum disorder
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Although there is evidence of emotion perception deficits in autism spectrum disorder (ASD), research on this topic has been
mostly confined to perception of emotions in faces. Using behavioral measures and 3T functional magnetic resonance imaging
(fMRI), we examined whether such deficits extend to the perception of bodily expressed emotions. We found that individuals with
ASD, in contrast to neurotypical (NT) individuals, did not exhibit a differential pattern of brain activation to bodies expressing fear
as compared with emotionally neutral bodies. ASD and NT individuals showed similar patterns of activation in response to bodies
engaged in emotionally neutral actions, with the exception of decreased activation in the inferior frontal cortex and the anterior
insula in ASD. We discuss these findings in relation to possible abnormalities in a network of cortical and subcortical mechanisms
involved in social orienting and emotion contagion. Our data suggest that emotion perception deficits in ASD may be due to
compromised processing of the emotional component of observed actions.

Keywords: autism; emotion; functional magnetic resonance imaging (fMRI); bodily expression; amygdala; pulvinar; subcortical
processing; mirror neurons system

INTRODUCTION
Autism spectrum disorder (ASD) is a behaviorally defined

neurodevelopmental disorder that affects as many as 1 in 86

children (Baird et al., 2006). Its defining features include

mild to severe impairments in communication and recipro-

cal social interaction as well as repetitive and stereotyped

behaviors children. Difficulty in recognizing and appropri-

ately reacting to other people’s emotions, whether they are

communicated by facial expressions, vocal tone, gestures

or bodily postures, counts among the most frequently

noted anomalies in the social-communicative skills of

people with ASD.

To date, research on these issues has focused primarily on

impairments in the neurofunctional processes associated

with viewing facial expressions. Face perception involves

a network of subcortical and cortical areas, including

the superior colliculus, the pulvinar nucleus of the

thalamus, the amygdala, the insula, the inferior occipital

gyrus, the lateral fusiform gyrus, the superior temporal

sulcus, the somato-motor cortex, the inferior frontal gyrus

and the orbitofrontal cortex [for review, see Ishai (2008)].

Functional abnormalities have been found in the face per-

ception network in ASD in response to emotionally neutral

(Golarai et al., 2006; Hadjikhani et al., 2007; Kleinhans et al.,

2008) as well as emotionally expressive (Dapretto et al., 2006;

Hall et al., 2007; Pelphrey et al., 2007) faces, particularly

in the amygdala and the mirror neuron system (MNS).

Although earlier behavioral studies did not consistently

find emotion perception deficits [(Hobson et al., 1988;

Braverman et al., 1989; Macdonald et al., 1989; Tantam

et al., 1989; Capps et al., 1992; Davies et al., 1994), but see

(Ozonoff et al., 1990; Baron-Cohen et al., 1997; Grossman

et al., 2000; Gepner et al., 2001; Adolphs et al., 2003)], recent

studies taking a more fine-grained approach have documen-

ted emotion recognition impairments mainly in the percep-

tion of negative emotions, especially fear (Baron-Cohen

et al., 2000; Dawson et al., 2004; Welchew et al., 2005;

Ashwin et al., 2006, 2007; Corden et al., 2006; Gaigg and

Bowler, 2007; Humphreys et al., 2007).

Emotion perception deficits in autistic individuals are not

necessarily limited to the perception of faces, but may

involve perception of other emotion signals abundantly

available in the social environment, such as emotions

expressed by the whole body. In a recent study, Hubert

et al. (2007) demonstrated that ASD individuals performed

significantly worse than controls in recognizing emotions

from point-light displays even though they performed as
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well as control participants in recognizing simple actions

and objects manipulations. The authors interpreted their

findings as evidence that emotional perception difficulties

are not restricted to faces but also affect the perception of

body expression of emotion.

Investigations focusing on neutral body postures and

movements have revealed some intriguing similarities

between visual perception of faces and of bodies. For exam-

ple, inverted presentation has been shown to have similarly

disruptive effects on perception and processing of bodies and

faces, suggesting that body perception, like face perception,

depends on configural perceptual processes (Reed et al.,

2003; Stekelenburg and de Gelder, 2004). In addition,

an inversion effect has been shown in the recognition of

emotions expressed by whole-body movement (Atkinson

et al., 2007). A recent study by Van de Riet and colleagues

(2008) that specifically compared processing of affective

information from faces and bodies has further underlined

the similarities between perception of emotions in faces and

bodies and its neurofunctional bases. This study showed

that the amygdala and the fusiform gyrus are involved in

recognizing emotional signals, whether expressed via the

face or the whole body, and that the extrastriate body area

of the middle occipital–temporal region is not sensitive to

emotion. In addition, specific parts of the superior temporal

sulcus (STS), parietal lobe and subcortical structures were

found to be selectively responsive to facial and body

expression.

In previous studies with neurotypical (NT) individuals

(Hadjikhani and de Gelder, 2003; de Gelder et al., 2004),

we found that bodily expressions of emotion, in which

no information was available from the face, activated a

network of brain regions similar to those activated by

facial expressions of emotion. These areas included the fusi-

form face area (FFA), the Inferior Occipital Gyrus (IOG),

areas of the MNS, including the inferior frontal cortex (IFC)

and the inferior parietal lobule (IPL), as well as subcortical

structures, including the superior colliculus, pulvinar and

amygdala. These findings suggest an overlap in the neural

mechanisms subserving emotional perception whether

expressed in the face or in the body. In addition, these

stimuli activated areas involved in representation of move-

ment, suggesting fear contagion and automatic preparation

of the brain for action in the presence of body expression

of fear.

The amygdala plays an important role in the perception of

emotion, and there are indications from neuropathology,

lesion and neuroimaging studies that it plays a role in

the social cognition deficits in autism. Numerous studies

have found abnormalities in the amygdala of autistic partic-

ipants (Bauman and Kemper, 1985; Abell et al., 1999;

Aylward et al., 1999; Howard et al., 2000; Pierce et al.,

2001; Nacewicz et al., 2006; Schumann and Amaral, 2006)

and some have suggested that amygdala dysfunction

may play a causal role in autistic social impairment

(Baron-Cohen et al., 1999; Adolphs et al., 2001; Schultz,

2005). Interestingly, however, prior studies (Adolphs et al.,

2003; Atkinson et al., 2007) have demonstrated that the

amygdala is not necessary for the normal recognition of

emotions in whole bodies.

In addition, other components of the ‘structural encoding

system’ for faces (Bruce and Young, 1986) are also involved

in the early stages of body perception (Gliga and Dehaene-

Lambertz, 2005; Johnson, 2005; Skuse, 2006; Tsuchiya and

Adolphs, 2007). These include the superior colliculus and

the pulvinar nucleus of the thalamus. The pulvinar plays

an important role in fear recognition, as shown in lesion

studies (Ward et al., 2005). It receives inputs from the super-

ior colliculus and the retina, and has reciprocal connections

with higher cortical areas, including the extrastriate cortex,

the frontal cortex and the amygdala (Grieve et al., 2000). To

date, only one study has examined these structures in ASD

and reported decreased connectivity between the midline

thalamus, the superior colliculus and the FFA during face

perception (Kleinhans et al., 2008).

Here, we tested the hypothesis that abnormalities in emo-

tional perception in ASD are not confined to faces, but that

they also pertain to the perception of bodily expression.

To do so, we examined behavior and brain activation in

individuals viewing bodies expressing emotion, specifically

fear, as compared with emotionally neutral bodies engaged

in everyday actions.

MATERIALS AND METHODS
Participants
The Massachusetts General Hospital Human Studies

Committee approved all procedures. After a complete

description of the study was provided to the participants,

written informed consent was obtained. Twelve adult high-

functioning (WASI, 1999) (IQ: 126� 10) ASD participants

(nine males, mean age 30� 11 years) took part in the func-

tional magnetic resonance imaging (fMRI) study. Functional

data from three ASD participants were discarded because

of technical problems (excessive motion artifacts). All ASD

participants were diagnosed with autism (eight participants),

Asperger disorder (three participants) or pervasive develop-

mental disorder not otherwise specified (one participant)

by an experienced clinician on the basis of their current

presentation and developmental history, using the Autism

Diagnostic Interview�Revised (ADI-R) (Lord et al., 1994)

and the Autism Diagnostic Observation Schedule (ADOS)

(Lord et al., 2000) (Table 1). We compared fMRI data from

ASD participants with data from seven NTs who had parti-

cipated in a previous study using the same paradigm and

whose data were published in Hadjikhani and de Gelder

(2003) and de Gelder et al. (2004) (three males, mean age

35� 12 years). In addition, 11 adult NT (eight males, mean

age 31� 14 years) participated in the behavioral task only.
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Behavioral experiment
During the fMRI data acquisition, participants passively

viewed the screen and no behavioral data were gathered.

A separate behavioral experiment was conducted to assess

an autism-specific deficit in body emotion recognition. We

used a computerized, two-alternative-forced-choice, match-

to-sample paradigm to test recognition of emotional bodies

as compared with recognition of neutral actions in 11 ASD

and 11 NT participants using a two alternative forced choice

paradigm. Participants were instructed to decide which one

of the two body stimuli in the bottom row matched the

target stimulus on the top. The correct match among the

two bottom stimuli was equivalent to the top stimulus in

either action or emotion expressed, but not in the identity of

the actor. The neutral action condition included actions such

as opening a door, talking on the phone, pouring a drink,

pulling up pants and comb hair (Figure 1A). The emotional

bodies condition included bodily expressions of sadness,

anger and fear in which the actor’s face was obscured.

Each condition included 18 stimuli presented in upright

orientation and 18 stimuli presented in inverted orientation,

which was expected to hinder recognition. Stimuli were pre-

sented in random order and remained on the computer

screen until the participant responded. Both response accu-

racy and reaction time were recorded.

fMRI experiment
This experiment used the same stimuli as those used in our

previous studies (Hadjikhani and de Gelder, 2003; de Gelder

et al., 2004) (Figure 1B). The neutral action stimuli were

similar to those presented in the behavior experiment. The

emotional body stimuli were limited to the expression of

fear. The neutral and fearful bodies were shown in upright

orientation in an AB-blocked presentation of eight cycles,

each 24 s long. Within each block, an image was presented

Fig. 1 Stimuli. In the behavioral experiment (A), participants had to match either an action or an emotion with a pair of stimuli presented below. During the functional MRI,
blocks of fearful bodies (B, left) were alternating with blocks of neutral action (B, right). Note that the face was blurred in all the stimuli.

Table 1 Participants’ characteristics

ADI-R ADOS Diagnosis

FSIQ Communication Social Repetitive
Behaviors

Communication Social

ASD1 120 7 15 5 4 5 Asperger
ASD2 133 9 12 4 3 9 Autism
ASD3 110 7 14 3 7 8 Asperger
ASD4� 139 8 16 6 3 5 Autism
ASD5 114 8 14 5 2 4 PPS-NOS
ASD6 114 9 14 8 2 7 Autism
ASD7 115 19 21 5 3 6 Asperger
ASD8 139 14 14 5 3 8 Autism
ASD9� 136 20 18 7 3 7 Autism
ASD10� 127 16 22 8 3 10 Autism
ASD11 128 12 17 5 2 7 Autism
ASD12 117 18 18 2 6 13 Autism

�Excluded for motion.
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every 2 s for 300 ms with a 1700 ms blank-screen interval

between stimuli, during which a fixation cross was present.

Stimulus order was randomized within each block across

participants.

Participants were instructed to observe the images atten-

tively and to maintain fixation. No other task was included

to avoid interference with processing of the emotion (Lange

et al., 2003) and masking of stimulus-related activation in

motor and premotor cortex by a motor response (de Gelder

et al., 2004).

fMRI data acquisition
Anatomical and functional MR images of brain activity were

collected in a 3T high-speed echoplanar-imaging device

(Trio, Siemens, Erlangen, Germany) using a phased-array

head coil. The scanner and the scanning sequences were

identical for ASD and NT. Participants lay on a padded

scanner couch in a dimly illuminated room and wore

foam earplugs. Foam padding stabilized the head. The scan-

ning acquisition parameters were the same as those used in

the Hadjikhani and de Gelder’s (2003) study. Two high-

resolution 1.3 mm isotropic voxels structural images were

obtained with a magnetization prepared rapid acquisition

with gradient echoes Magnetization Prepared Rapid

Gradient Echo (MP-RAGE) sequence (128 slices, 256� 256

matrix, echo time TE¼ 3.44 ms; repetition time

TR¼ 2000 ms; flip¼ 78). MR images of brain activity were

then collected. Functional sessions began with an initial

sagital localizer scan, followed by autoshimming to maxi-

mize field homogeneity. Slices were automatically positioned

using an online 3D localizer (van der Kouwe et al., 2005).

To register functional data to the high resolution T1, a

set of high-resolution [40 (ASD) –45 (NT) slices, Anterior

commissure – posterior commissure (AC–PC), 1.5� 1.5 mm

in-plane no skip] inversion time T1-weighted echo-planar

images (TE¼ 39 ms; TI¼1200 ms; TR¼ 9840 ms) were

acquired. The coregistered functional series (TR¼ 3000 ms,

40–45 AC–PC slices, 3 mm thick, 3.125 mm by 3.125 mm in

plane resolution, 128 images per slice, TE¼ 30 ms, flip angle

908, matrix¼ 64� 64) lasted 384 s.

Data analysis
fMRI data analysis. Image analysis was conducted using

the NeuroLens analysis package (Hoge and Lissot, 2004)

(http://www.neurolens.org, version 1.3). All functional

Echo planar imaging (EPI) and structural scans were

first converted from Digital Imaging and Communications

in Medicine (DICOM) to Medical Imaging NetCDF (MINC)

format using NeuroLens. Functional image series were

motion corrected to the third frame in each series within

NeuroLens using a hardware-accelerated module based on

source code from AFNI’s 3dvolreg module (Cox and

Jesmanowicz, 1999). Next, each image series was spatially

smoothed in 3D with a 6 mm FWHM 3D Gaussian kernel.

Intensity normalization was also applied to set the mean

intra cranial signal of each EPI series to a standard value

of 10 000. The signal at each voxel in the motion-corrected,

smoothed and intensity normalized image series was then

fit with a linear model consisting of a regressor representing

the periods of emotional bodies presentation, plus four

regressors containing the terms of a third order polynomial

to represent the baseline EPI signal (in this case correspond-

ing to fearful bodies) plus low frequency signal drift.

Volumes containing the estimated effect size and associated

standard error for the primary contrast (fearful vs neutral) at

each voxel were then registered to a standard space based on

the Montreal Neurological Institute (MNI) template (Collins

et al., 1994). This spatial normalization was performed in

NeuroLens by fitting the third frame of each individual’s

EPI series to an EPI target brain and applying the resultant

transformation to the computed effect size and standard

error volumes for that individual. The EPI template was

generated by registering whole-brain EPI scans from 40

participants (using the same pulse sequence and parameters

as the present study) to the MNI standard space and aver-

aging them. The spatially normalized effect size and standard

error volumes were input to a mixed effect group analysis

in NeuroLens based on the method described by Worsley

et al. (2002). This procedure combines fixed and estimated

random effects variance in proportions required to achieve

a user-specified number of degrees of freedom (in this

case 100). The modeled group effect size and standard

error were then divided to produce a volumetric map of

T-statistic with 100 degrees of freedom. Based on this

T-statistic volume, a map of P-values was computed based

on the T value at each voxel. The computed significance

values were displayed as the negative base ten logarithm

of each voxel’s P-value, which produces a low background

value while highlighting areas of elevated significance.

The map of –log(p) was then thresholded using an ampli-

tude cutoff of 2.0 (corresponding to P¼ 0.01), and a cluster

size threshold of 0.16 ml, which requires that 20 contiguous

voxels must all exceed the specified amplitude threshold

to be included. This size threshold, plus restriction of the

search volume to the intracranial space, reduces the effective

P-value for the minimal accepted cluster to <10–5. The

thresholded P map was then sampled on the cortical

surface of an individual subject using on the inverse coordi-

nate transformation between this individual’s native space

and the group MNI space. Cortical surface files were

generated using FreeSurfer (Dale et al., 1999; Fischl et al.,

1999) (http://surfer.nmr.mgh.harvard.edu) and loaded in

NeuroLens, which was then used to interpolate the values

in the group T-statistic volume (transformed to the individ-

ual’s space) at the vertex locations of the cortical surface.

Region of interest analysis. In addition to full brain

analysis, we performed region of interest (ROI) analysis on

areas that we had seen activated in our previous study com-

paring fearful bodies with neutral bodies in NTs (de Gelder

et al., 2004, Table 1). These ROIs been computed on the
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cortical surfaces, where clusters of contiguous vertices with a

significance of P <0.05 and covering an area of at least

185 mm3 had been identified, and Talaraich coordinates

and the corresponding structure of the center of each cluster

identified by visual inspection of the target individual’s anat-

omy, and corrected for multiple comparison using Monte

Carlo simulations.

Those ROIs were located in the superior colliculus, pulvi-

nar, amygdala, accumbens, putamen, fusiform gyrus, the

anterior insula and IFC. Hemodynamic time courses were

extracted from each ROI. For each group and for each con-

dition, the level of the DC normalized signal at 6 s was

extracted and differences between groups were computed.

RESULTS
Behavioral results
A mixed-model Analysis of variance between groups

(ANOVA) was conducted on the behavioral accuracy data

with the between-subjects factor group (ASD, NT) and the

within-subjects factors test condition (emotion, neutral) and

orientation (upright, inverted). Main effects were found

for test condition, F(1, 20)¼ 5.8, P < 0.05 and orientation,

F(1, 20)¼ 16.1, P < 0.001, but not for group, F(1, 20)¼ 0.2,

n.s. Accuracy was significantly higher in the neutral action as

compared with the emotionally expressive condition, and for

upright as compared with inverted orientation. There was a

significant interaction effect between group and test condi-

tion, F(1, 20)¼ 12.6, P < 0.005. As can be seen in Table 2, the

ASD group scored higher than the NT group in the action

condition, but lower than the NT group in the emotion

condition. ANOVAs conducted separately for each group

demonstrated that whereas ASD participants were signifi-

cantly more accurate in the neutral action than in the

emotionally expressive condition, F(1, 10)¼ 9.7, P < 0.01,

NT participants tended to perform better in the emotionally

expressive than the neutral action condition, F(1, 10)¼ 4.0,

P < 0.07.

fMRI whole brain results
The only areas showing differential activation to fearful as

compared with emotionally neutral bodies in ASD partici-

pants were the striate and extrastriate visual cortex (Figure 2,

top panel).

To explore whether the very limited differential activation

between the fearful and neutral conditions in ASD was due

to a generally lower level of activation or, consistent with our

predictions, to an impaired perception of the difference

between emotional and nonemotional body images, we com-

pared groups for each condition separately. The difference of

level of activation between NT and ASD participants for the

emotional condition is shown in Figure 2 (middle panel),

and the difference of activation between NT and ASD parti-

cipants for the neutral condition is shown in Figure 2

(bottom panel).

In the emotional condition, NT participants showed

higher activation than ASD participants in areas related

to visual detection and observation (colliculus, pulvinar,

amygdala), visual processing (extrastriate cortex, ventral

temporal–occipital cortex), areas involved in emotional eva-

luation (amygdala, nucleus accumbens, anterior insula), pre-

paration for action (putamen, motor and premotor cortex)

and in the MNS (IFC) [see also de Gelder et al. (2004)].

In contrast, in the neutral condition, NT and ASD partic-

ipants showed very similar activation, as can be seen in the

bottom panel of Figure 2. This pattern of findings suggests

that a lack of modulation by emotion explains the lack of

differential activation between the fear and the neutral con-

dition in ASD.

fMRI ROI-based results
In the emotional condition, NT participants showed higher

levels of activation than ASD participants in all ROIs (colli-

culus, pulvinar, amygdala, nucleus accumbens, putamen,

FFA, anterior insula and IFC) Figure 3. In the neutral

condition, areas where NT had more activation than ASD

were restricted to the IFC and the anterior insula. Between-

group comparisons of the differential activation for fearful vs

neutral bodies is shown in Table 3.

DISCUSSION
The main finding of this study is that brain activation pat-

terns in individuals with ASD do not show evidence of dif-

ferentiation between bodily expressions of fear and bodies

engaged in neutral actions. This finding suggests an abnor-

mality in the network of brain areas that are normally

engaged in the perception of bodily expressed emotions in

NT individuals, and is consistent with recent behavioral

findings of Hubert et al. (2007) who reported normal per-

ception of point-light displays of neutral actions in ASD, but

abnormal perception of emotions. Our previous studies

(Hadjikhani and de Gelder, 2003; de Gelder et al., 2004)

have shown that seeing fearful body expressions modulate

activation in areas associated with emotional processing, as

well as in areas linked with representation of action and

movement. The coactivation of emotion- and action-related

brain areas in NT individuals suggests a neural mechanism

whereby observing fearful behavior in others triggers fear

contagion and prepares the body for action. This kind of

Table 2 Recognition accuracy for neutral and emotionally expressive bodies

ASD (n¼ 11)
M (SD)

NT (n¼ 11)
M (SD)

Neutral
Upright 17.2 (1.2) 16.7 (1.2)
Inverted 16.7 (1.5) 15.6 (1.5)

Emotional
Upright 15.5 (2.7) 17.3 (1.0)
Inverted 14.9 (1.6) 15.7 (1.6)
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emotional contagion was absent in ASD participants in the

present study.

A possible explanation for the lack of differential activa-

tion in response to emotional body expression could be that

our ASD participants had very little activation, in general, for

social stimuli, regardless of their emotional valence. A gen-

erally low level of activation could arguably result from a

lack of attention in ASD participants. However, the ASD

group’s comparable performance with NT participants in

the action condition of the behavioral task suggests that

Fig. 2 Lateral, medial and ventral view of 3D reconstructions of a brain. Red indicates areas of significant differences (P < 10�4) between conditions (top panel) or between
groups (middle and bottom panels). Top panel shows differential activation between Fearful and Neutral condition in the ASD group. Only the striate and extrastriate visual cortex
show differential activation. The middle panel shows differential activation between NTs and ASD participants for the fear condition. NT participants show significantly more
activation than ASD in the inferior frontal, motor, premotor, temporal and ventro occipito–temporal cortices. The bottom panel shows differential activation between NTs and ASD
participants for the neutral condition. Contrary to what is seen for the emotional condition, very little difference is seen, with the presence of more activation for neutral stimuli
in NT present in IFC and anterior insula only, ruling out an attentional effect in the results seen in the middle panel.
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they were compliant with task instructions and attended to

the stimuli in the scanner as instructed. Furthermore, the

observations of similar activation in the neutral condition,

except in the anterior insula and the IFC, for ASD and NT

participants rule out that lower activation levels resulted

from a generalized attentional effect. Our findings show

that emotion perception impairments are independent of

face-perception difficulties, and that they extend to the per-

ception of bodily expression of emotion. Stimuli presented

in this study had blurred faces, and no information was

available from facial expression. In addition, our data show

that the lack of emotional modulation by fearful bodily

expression is accompanied by a lack of involvement of

action-representation areas normally observed in response

to bodily expression of fear, indicating an absence of emo-

tion contagion in ASD.

Besides the cortical areas and the amygdala playing a role

in emotional action observation, we also found important

group differences in subcortical structures. The superior col-

liculus, the pulvinar and the amygdala comprise a subcorti-

cal route involved in the early detection of biologically

relevant stimuli, so far mostly highlighted for its role in

processing faces (Johnson, 2005; de Gelder, 2006). While

these areas were activated in NT for the emotion condition,

we did not observe any activation in these areas in ASD.

A weaker than normal activation of structures involved in

the perception of salient stimuli during emotion perception

in ASD may compromise the normal recruitment of areas

involved in emotional perception and preparation for action

(Tsuchiya and Adolphs, 2007). These results are in agree-

ment with a recent report of decreased connectivity between

the midline thalamus, the superior colliculus and the right

fusiform gyrus in ASD (Kleinhans et al., 2008). Decreased

activation of the IFC in ASD is also consistent with our

previous findings (Hadjikhani et al., 2006, 2007) and those

of Dapretto et al.’s (2006) indicative of MNS dysfunction

in ASD.

CONCLUSION
To summarize, the aim of the present study was to explore

the brain mechanisms underlying the perception of expres-

sions of emotion in the whole body in ASD. We show that

emotion as expressed by the whole body and excluding facial

expressions fails to activate ventral visual areas and MNS in

ASD, contrary to what is found in NTs.

Our study is the first functional imaging study of emo-

tional communication with body language in ASD. While it

shows the potential of this approach, it presents several lim-

itations. First, we only examined a small sample of partici-

pants. However, using mixed-effect analysis, we were able to

show clear differences in activation between ASD and NT

participants. Second, we did not collect behavioral data in

the functional scans. We chose not to do so because we

wanted to observe activation in premotor and motor areas,

which would have been masked if a button-press component

was present, and because we were collecting independent

behavioral data outside the magnet.

Despite these limitations, our data do show a clear differ-

ence between NT and ASD participants during the percep-

tion of fear expressed by the body. Our results raise the

possibility that an abnormal pulvinar function, by compro-

mising social orienting, and an abnormality of the amygdala,

Fig. 3 Differences of activation in the ROIs between ASD and NT controls during the
perception of fearful bodies (red bars) and neutral bodies (green bars). NT partici-
pants had more activation than ASD for the Fearful condition in all ROIs. These
differences between NT and ASD were not present in the Neutral condition (green
bars), except in the anterior insula and the IFC where ASD exhibited less activation
than NT.

Table 3 Peak location and T-score of differential activation in the fear vs
neutral comparison between NTs and ASDs

Tscore Hemisphere MNI coordinates

X Y Z

Colliculus 2.57 rh 10 �31 �2
3.19 lh �4 �29 4

Pulvinar 2.49 rh 8 �31 0
3.54 lh �4 �23 12

Amygdala 2.09 rh 20 �9 �28
2.56 lh �30 �11 �30

Accumbens 3.15 rh 20 1 �10
3.43 lh �26 �1 �10

Putamen 3.33 rh 32 �7 �2
2.42 lh �32 �5 0

Premotor 2.72 rh 40 15 38
2.91 lh �42 7 36

Fusiform gyrus 7.21 rh 34 �53 �28
6.08 lh �34 �55 �26

Anterior insula 3.19 rh 38 21 �2
3.69 lh �52 19 �2

IFC 3.17 rh 46 17 20
4.33 lh �60 19 16

rh¼ right hemisphere; lh¼ left hemisphere
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by compromising basic stimulus-reward associations, could

lead to underdevelopment of a broader brain network

involved in emotional evaluation, including the MNS. An

inappropriate emotional response may then fail to trigger

areas of the MNS and as a consequence would lead to a

lack of mirror activity that would then fail to evoke somatic

markers important for the generation of the feeling of

emotion (Damasio, 1999). Such a possibility could help

to explain the social-emotional impairments that charac-

terize ASD.
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Discussion and conclusions 
ASD is a complex spectrum of disorders, and understanding its underpinnings 

represents a challenge, because of the great heterogeneity of this behaviorally-defined 
condition.  In the studies we are presenting in this thesis, we chose to limit our scope to 
high-functioning/Asperger individuals, in order to avoid the possible confounds that can be 
introduced by mental retardation. 

In the first study, we went beyond the simple concept that ASD see faces as objects, 
as had been hypothesized by others, and that a primary abnormality of the FFA was at the 
basis of ASD difficulties with faces (Hubl, et al., 2003; Pierce, et al., 2001; Schultz, et al., 
2000). Unlike patients with fusiform gyrus damage, however, individuals with ASD are 
generally not prosopagnosic, and their face-processing deficits appear to be more complex 
than those that would be entailed by a basic deficit in face identification.  Relying on 
previous experience in visual experiment, we made sure that all stimuli had the same size, 
visual complexity, and most importantly, that the participants were looking at them.  
Abnormal eye-contact is one of the cardinal signs of autism, and we now know from eye-
tracking studies that ASD individuals tend to avoid looking at the eye-region (Dalton, et al., 
2005; Klin, et al., 2002; K. A. Pelphrey, et al., 2002).  Since this study was published, other 
groups have replicated our results (Bird, Catmur, Silani, Frith, & Frith, 2006; Dapretto, et al., 
2006; N. Hadjikhani, et al., 2004; N. Hadjikhani, et al., 2007; Kleinhans, et al., 2008), and 
have shown that differences in FFA activation in ASD were correlated with the type of task 
involved (Piggot, et al., 2004; Wang, Dapretto, Hariri, Sigman, & Bookheimer, 2004), the 
familiarity of the faces presented (Pierce, et al., 2004) and, most importantly, with the time 
spent looking at the eye-region (Dalton, et al., 2005).. Not looking at the eye region can 
have profound behavioral consequences, as recently underlined by Adolphs et al ((Adolphs, 
et al., 2005), see also (Dalton, et al., 2005; K. Pelphrey, Adolphs, & Morris, 2004; K. A. 
Pelphrey, et al., 2002)).  

When we performed the first study, our scanning capacities did not allow us to cover 
the entire brain, and we only collected data from the posterior third of the brain. In addition, 
not finding differences in the FFA was still leaving open the question of the origin of 
differences between ASD and neurotypicals in face perception. This is the reason why we 
decided to perform the second study, with this time, in addition to a new group of 
participants, full brain coverage. We decided to use the same stimuli as in our first study so 
that both would be comparable. 

In the second study, we first replicated our initial results, on a different group of 
participants and controls. However, we did find differences in other parts of the brain, 
including the right amygdala, the inferior frontal cortex, the superior temporal sulcus and in 
face-related somato-sensory cortex – all areas belonging to the broader network of face-
processing and social brain, and including areas part of the mirror neurons system. Our 
results show that while in neurotypical subjects perceiving faces automatically and 
spontaneously involves mirroring mechanisms, these are not activated in ASD when they are 
passively looking at faces.  These results are in line with results reported by Dapretto et al. 
(2006), who showed that children with ASD, while capable of imitation and normally 
activating the MNS, differed from controls when they were simply viewing faces. Both our 
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and Dapretto’s studies showed a correlation between the severity of the social symptoms 
and the hypoactivation of the inferior frontal gyrus. 

Together, these results have important implications: first, Dapretto’s result show that 
the system can be activated if imitation is requested (in the same way that we showed that 
the FFA can be activated if faces are specifically attended to). Second, these results show that 
a system involved in other functions that are known to be abnormal in ASD such as imitation 
may be the target of cognitive training. 

In the third study we decided to examine for the presence of anatomical differences 
between the brain of ASD subjects and matched controls. Using cortical thickness measures, 
a method that uses both intensity and continuity information from the entire three-
dimensional MR volume in segmentation and deformation procedures to produce 
representations of cortical thickness, calculated as the closest distance from the gray/white 
boundary to the gray/CSF boundary at each vertex on the tessellated surface.  This method 
produces maps that are not restricted to the voxel resolution of the original data (unlike 
VBM), and can detect submillimeter differences between groups.  We found that in our 
group of ASD adults, a number of areas of the cortex were thinner compared with closely 
matched controls, and that these areas were located in the larger face-processing network, 
including the MNS.  Interestingly, there was an overlap between areas that were thinner in 
this study and areas that were hypoactivated in the previous study, although the population 
of subjects in both studies was completely different.  Correlations were found between the 
degree of thinning and severity of social and communication severity, but those were 
restricted to areas of the MNS. Although our data only give us a snapshot in time and does 
not give us any indication on whether thinning induces ASD symptoms or the opposite, they 
indicate that the MNS is critically involved both anatomically and functionally in ASD, and 
that it would be the target of behavioral therapy. 

In the fourth study, we decided to examine body expression of emotion.  When we 
started this project, there was basically no research done on emotion perception when they 
were expressed by the body, and all research was focusing on face perception. Nevertheless, 
while faces can draw attention to a person and their mental state, bodies are unique means 
by which information about intended or executed actions is conveyed. This first study 
revealed that areas that were previously considered as specialized for faces could be 
modulated by body expression of emotion, even though the facial expression had been 
made unreadable by blurring: we saw that the FFA was similarly modulated by bodies 
expressing fear compared with neutral bodies, as it is modulated by faces expressing fear 
compared with neutral faces.  This study also revealed that the right amygdala was 
modulated by fear expressed in the body. 

In the subsequent fifth study, we extended our observations and showed that a 
network very similar to that involved in face perception (see Figure 1 of this thesis) was also 
involved in the decoding of emotion expressed by the entire body. Moreover, areas activated 
also belonged to the MNS. The main difference between activation triggered by faces and by 
bodies was the presence of activation in the motor system (motor cortex, supplementary 
area, putamen, caudate) for bodies, revealing preparation for action. Since this study, other 
experiments using MEG and ERP have confirmed the similarities between face and body 
processing also in their temporal course (Meeren, Hadjikhani, Ahlfors, Hamalainen, & de 
Gelder, 2008; Stekelenburg & de Gelder, 2004). 
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The sixth study addressed the issue of unconscious processing of emotions. 
Blindsight, defined as the demonstration of perception without awareness in individuals who 
lost part of their primary visual cortex and hence are blind, has been studied since the 70’s 
to show that visual processing of faces can happen through the so-called subcortical route 
(de Gelder, Pourtois, van Raamsdonk, Vroomen, & Weiskrantz, 2001; de Gelder, Vroomen, 
Pourtois, & Weiskrantz, 1999; Morris, DeGelder, Weiskrantz, & Dolan, 2001).  However, 
whether emotions expressed by the body could also be perceived by individuals with 
blindsight had never been addressed. In this study, we presented the same stimuli as those 
from the to above studies to patient GY, who suffers from an extensive lesion of his posterior 
left hemisphere that destroyed V1. We showed that GY was above chance level for 
recognizing emotion in his blind visual field. Subsequent imaging study revealed activation 
of the right pulvinar, STS, motion area and inferior parietal cortex when emotional body 
stimuli were presented in alternation with neutral bodies in the blind field. This study 
confirmed that the subcortical route is involved not only in face, but also in body expression 
of emotion. 

Finally, the seventh study tested the effect of emotional body stimuli in individuals 
with ASD. Since our previous research had reveled abnormal activation of the MNS during 
face perception in ASD, we wanted to study whether these deficits were specific for faces or 
extended to body perception of emotion. Contrary to what we had observed before in 
neurotypicals and in our blindsight patient, we could not observe any differential activation 
in ASD when we compared fearful bodies with neutral bodies.  However, when we 
compared condition-specific activation across groups, we observed that ASD and controls 
did not differ for the neutral condition (except for a slight hypoactivation in ASD in the 
inferior frontal gyrus), and that the big difference between groups was for the emotion 
condition. While controls exhibited strong modulations of the social brain and the MNS for 
the emotional condition, ASD were not increasing activation of these areas compared to the 
neutral condition.  We concluded from that study that emotion perception deficits in ASD 
could be due to a compromised processing of the emotional component of observed action, 
that may have its bases in the subcortical route. 

We are presently continuing to work on these issues, and are developing means to 
directly address the integrity of the subcortical route in ASD. 

 

 

In our studies with ASD described above, we have shown that while some areas 
previously suspected to be abnormal in ASD failed to spontaneously engage during social 
stimuli presentation, other areas seemed more directly affected, including areas participating 
in mirror neuron mechanisms. 

We are however only showing a snapshot, a one time measure of brain anatomy or 
activation in adults with ASD, and our data do not allow us to conclude anything about 
causes or consequences of our observations. However, they indicate that some systems need 
to specifically probed, and that longitudinal studies may help disentangle and interpret our 
observations. 
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Autistic behavior, with its apparent 
avoidance of gaze, seems to set up a vicious 
circle, where a diminished amount of looking at 
faces will lead to a diminished facial mimicry, 
which in turn will diminish the usage and 
training of the MNS, which in turn will lead to a 
diminished capacity for empathy and social 
cognition, which in turn will lead to less looking 
at faces. 

Where do we enter this circle, and how 
to break it? 

Currently, we have two hypotheses that need to be further tested, with longitudinal 
studies and sophisticated behavioral paradigms. One is that there is a primary abnormality of 
the subcortical pathway, leading to a lack of the preference for faces that is normally present 
in the newborn (Farroni, Csibra, Simion, & Johnson, 2002). The other is that there is a 
primary abnormality of the MNS. Both hypotheses may be valid for subpopulations of ASD. 

Our current work, using high-temporal resolution magnetoencephalography, is giving 
us hints of subcortical abnormalities in a subset of ASD participants. In these individuals, we 
observe a abnormally early activation of face-specific 
areas, happening around 100ms instead of the 170ms 
normally observed.  

This observation could be reflecting a ‘short 
circuit’ in the subcortical system. When faces are 
perceived, they would intensely activate the 
amygdala, which would render them overwhelming 
stimuli to be avoided – in a similar way we normally 
gaze away from gore scenes in real life. 

 

A primary abnormality of the MNS is also possible, and needs to be further examined. 

A better understanding of the mechanisms underlying emotion perception difficulties 
in ASD is crucial to design and apply appropriate behavioral therapies.  We know that the 
brain is a plastic organ, and that experience can modify it:  Training can induce gray and 
white matter changes, as shown in several studies (Bengtsson, et al., 2005; Draganski, et al., 
2004; Draganski, et al., 2006; Gaser & Schlaug, 2003). These changes are reversible: while 
increase in gray matter volume can be observed after intensive training, cessation of training 
is accompanied by a decrease of gray matter (Draganski, et al., 2004). In addition, 
behavioral therapy can correct changes in cortical volume, as shown for example in patients 
with chronic fatigue syndrome (de Lange, et al., 2005; de Lange, et al., 2008). Early training 
in life has effect in brain white matter and connectivity (Bengtsson, et al., 2005). These 
observations have an important consequence: appropriate behavioral therapy may help to 
change brain structure and function, as shown in ADHD (Olesen, Westerberg, & Klingberg, 
2004; Westerberg & Klingberg, 2007), prosopagnosia (DeGutis, Bentin, Robertson, & 
D'Esposito, 2007), and in healthy people practicing meditation (Brefczynski-Lewis, Lutz, 
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Schaefer, Levinson, & Davidson, 2007; Davidson, 2005; Lutz, Greischar, Rawlings, Ricard, 
& Davidson, 2004; Lutz, Slagter, Dunne, & Davidson, 2008; Slagter, et al., 2007). 

 

During the course of the past years, I have been very privileged to meet with a 
number of individuals with autism or Asperger syndrome. I have learned a lot from them.  

First, I have had to realize that not understanding emotions does not mean not having 
them. A number of adults with ASD have shared their anxiety, their difficulties about 
evolving in a strange world, with the constant impression of being rejected, and not 
understood themselves. Anxiety and depression are two major co-morbidities of autism, and 
they tend to increase with age.   

Second, they have forced me to take a different look on our society. Go and visit the 
‘Institute for the Study of the Neurologically Typical’ website, and you will discover how 
they see us, and how some of our habits and behavior that we do find normal are actually 
very strange, when considered with full pragmatism and a certain distance. 

Listen to ASD individuals – they will give you an enormous lesson about difference, 
and tolerance.  
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