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Abstract
Williams syndrome (WS) is a rare genetic disorder caused by the deletion of ~25 genes on
chromosome 7q11.23 and is characterized by both hypersociability and increases in specific
phobia and anticipatory anxiety regarding non-social entities or circumstances. Alterations in
amygdala reactivity and prefrontal regulation consistent with the observed behavioral pattern of
social versus non-social abnormalities have been previously demonstrated in individuals with WS
( Meyer-Lindenberg et al., 2005). However, in that study, the social stimulus (faces) matching task
was more difficult than the non-social scene (IAPS stimuli) matching task, making it impossible to
disambiguate the relative contributions of task difficulty and stimulus type (social versus non-
social). In the present study, we examined the performance of the same group of participants with
WS and normal IQs during a more cognitively demanding task using the same scene stimuli as in
the prior study. Confirming previous findings, the results indicated (a) a differential response of
prefrontal regions as a function of task difficulty and (b) a persistently increased activation of the
amygdala to non-social scenes by individuals with WS regardless of cognitive load. These data
provide further evidence of disruption in amygdala-prefrontal circuitry in individuals with WS.

Williams syndrome (WS) is a rare genetic disorder (estimated at 1 in 7500 live births;
Strømme et al., 2002) caused by the hemideletion of some 28 genes on chromosome
7q11.23 (Hillier et al., 2003; Meyer-Lindenberg et al., 2006). WS is associated with a
variety of physical signs including cardiovascular abnormalities (Beuren et al., 1962; Pober
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and Morris, 2007; Williams et al., 1961), failure to thrive or growth deficiencies (Morris
2006), coordination problems (Chapman et al., 1996), and hypersensitivity to sound
(Blomberg et al., 2006; Gothelf et al., 2006; Levitin et al., 2005). Phenotypically, WS is
characterized by a dysmorphic facial appearance, a distinctive cognitive profile that is
typically superimposed on mild to moderate intellectual disability (Mervis and Becerra,
2007), and a unique personality profile (Donnai and Karmiloff-Smith, 2000; Jarvinen-Pasley
et al., 2008; Mervis and Klein-Tasman, 2000; Mervis et al., 2003). The cognitive profile of
persons with WS has high sensitivity and diagnostic specificity (Mervis et al., 2000) and
consists of pronounced deficits in visuospatial construction [associated with structural and
functional impairments in the dorsal visual processing stream (Eckert et al., 2006; Meyer-
Lindenberg et al., 2004; Reiss et al., 2004; Sarpal et al., 2008)] along with relative strengths
in verbal short-term memory and (concrete) language (Mervis et al., 2000).

Individuals with WS also display high levels of hypersociability and empathy (Jarvinen-
Pasley et al., 2008; Klein-Tasman and Mervis, 2003; Mervis and Klein-Tasman, 2000;
Meyer-Lindenberg et al., 2006) associated with limitations in social judgment (Einfeld et al.,
1997; Gosch and Pankau, 1997). Accordingly, individuals with WS often show little reserve
in situations where individuals in the general population approach with considerable caution
(e.g., encountering strangers). At the same time as their social anxiety is strikingly reduced,
individuals with WS frequently evidence specific phobia and anticipatory anxiety regarding
non-social entities or circumstances (Cherniske et al., 2004; Dykens, 2003; Gallo et al.,
2008; Leyfer et al., 2006; Udwin and Yule, 1991), with ~50% meeting DSM-IV criteria for
specific phobia (Cherniske et al., 2004; Leyfer et al., 2006, 2009). Because of these marked
distinctions, WS is of particular interest as a model for the neural and genetic mechanisms
involved in social cognition.

We previously studied the neural basis of emotional cognition in individuals with WS who
have normal IQs by testing for differences in processing socially versus non-socially
relevant threatening stimuli (Meyer-Lindenberg et al., 2005). We found that individuals with
WS exhibited decreased amygdala reactivity in response to matching threatening facial
expressions (social) when compared to IQ-matched controls from the general population,
i.e., normal controls (NC), but increased amygdala reactivity when matching fearful scenes
[non-social; taken from the International Affective Picture Series (IAPS)]. Further analyses
indicated that this significant difference in amygdala reactivity was associated with altered
prefrontal regulation. To study prefrontal cortex involvement, the tasks used in that
experiment differed in cognitive load, with the face-matching task being more difficult
(involving three different facial identities) than the scene-matching task (in which
participants were asked to select which of two scenes was identical to a target scene).
Consistent with previous studies (Hariri et al., 2003), the control group evidenced greater
reactivity in the dorsolateral prefrontal (DLPFC), medial prefrontal (MPFC), and
orbitofrontal (OFC) cortex in the face-matching task relative to the scene-matching task. The
WS group, however, did not show a differential response in any of these brain areas. Since
extensive preclinical data implicate these cortical regions in regulation of amygdala
(Adolphs, 2003b), these results suggested an abnormal PFC–amygdala regulatory system.

Because this previous study employed a face-matching task of greater difficulty relative to
the non-social scene-matching task, the relative contributions of task difficulty and stimulus
type (social versus non-social) could not be disambiguated. The present study was
conducted to achieve this goal. We studied the same groups of IQ-matched participants
during a task that was more cognitively demanding but involved the same scene stimuli:
selecting a label for a scene according to its emotional content. This experimental strategy
applied to IAPS scenes has been shown to engage prefrontal target regions in a cohort of
general-population controls (Hariri et al., 2003). In the present study, we compared brain
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reactivity during this more difficult task to that during the less cognitively demanding
matching task reported previously (Meyer-Lindenberg et al., 2005), using the same set of
aversive scenes for both.

We reasoned that if our previous findings of differential amygdala activation were a result of
cognitive load and not dependent on the social content of the stimuli, the group with WS
should show decreased amygdala activation relative to the general-population control group
as previously observed in the more difficult (faces) condition. Conversely, if previous
findings were a result of stimulus type (amygdala reactivity always greater in a condition
involving non-socially relevant, non-facial stimuli in WS), one would predict the opposite
result: increased amygdala reactivity in individuals with WS compared to general-
population controls for scene-stimuli. Accordingly, we hypothesized that our results would
demonstrate (a) a differential response of prefrontal regions as a function of task difficulty,
as previously reported (Meyer-Lindenberg et al., 2005), and (b) a persistently increased
activation of the amygdala to non-social scenes for the WS group regardless of task
difficulty, implying an abnormality in the processing of danger stimuli consequent to
stimulus type, rather than cognitive load. In addition to these between-group analyses, we
also conducted exploratory within-group analyses.

Method
Participants

Demographics are summarized in Table 1. Thirteen normal-IQ individuals with WS and 13
general-population controls were matched for age, sex, and IQ. Three individuals in each
group participated only in the matching experiment. All participants gave written informed
consent and participated in the study according to the guidelines of the National Institute of
Mental Health Institutional Review Board and were reimbursed for their time.

To rule out psychiatric disorders, healthy controls were assessed with the Structured Clinical
Interview for DSM-IV and/or screening interviews (Egan et al., 2000). Neither phobias nor
any other conditions were present in any of the control population. Information relevant for
diagnosis of phobia was available for eight participants with WS: the Anxiety Disorders
Interview Schedule (ADIS-P; Silverman and Albano, 1996) was administered to two, and
six were assessed with the Fear Survey Schedule (FSSC-R; Ollendick, 1983). Of the two
assessed with the ADIS, one had a formal diagnosis of phobia. All six individuals assessed
with FSSC-R endorsed specific phobia items at a level of “3” (=a lot of fear) and are
considered likely to have phobias.

Stimuli
The stimuli used were 12 different threatening or fearful images (e.g., snakes, spiders, guns,
car accidents, plane crashes, explosions) culled from the International Affective Picture
Series (IAPS; Lang et al., 1997). None of the IAPS images used as part of this study
depicted social interactions. The mean (±SEM) arousal and valence on a 9-point scale,
where 1 represents minimum arousal or negative valence and 9 maximum arousal or positive
valence, were 6.40±0.13 and 3.13±0.20, respectively, indicating that the pictures were rated
as arousing and strongly negative. Simple geometric shapes (circles, vertical, and horizontal
ellipses) were used as control stimuli.

Experimental paradigm
Participants performed two experimental tasks and one control task while undergoing
functional magnetic resonance imaging (fMRI) as part of the same study previously reported
(Meyer-Lindenberg et al., 2005). Both experimental conditions involved presentation of

Muñoz et al. Page 3

Neuroimage. Author manuscript; available in PMC 2011 January 3.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



IAPS stimuli, but they differed in how participants were instructed to evaluate the stimuli
(Fig. 1). Because this work was aimed at assessing the effects of increased cognitive load, in
one task participants were instructed to “label” the emotional content of the IAPS scene by
selecting one of two simultaneously presented affective words (choices were between afraid
– surprised – angry – happy). Performance was compared to that in a second task involving
a simple perceptual processing of scenes, previously shown to engage amygdala circuitry,
wherein participants were asked to match one of two simultaneously presented scenes with
an identical target scene (Hariri et al., 2003; Hariri et al., 2002; Meyer-Lindenberg et al.,
2005). As a sensorimotor control task, the participants were asked to match geometric
shapes. The fMRI paradigm consisted of nine experimental blocks: two blocks each of
labeling scenes and matching scenes interleaved with five control blocks, each lasting 32
seconds for a total scan length of 4:48 min. Each block began with a brief (2 seconds)
instruction statement: “Label Pictures,”“Match Pictures,” or “Match Forms.” Each labeling
or matching block consisted of six images. For each control block, six different geometric
shapes were presented as targets. All images were presented sequentially, with no
interstimulus interval, for a period of five seconds, randomized for all conditions. The order
of the paradigms was counterbalanced across participants. During imaging, participants
responded by pressing one of two buttons with their dominant (right) hands, allowing for the
determination of accuracy and reaction time.

Functional imaging
BOLD fMRI was performed on a GE Signa 3T system (Milwaukee, WI) using gradient echo
EPI (24 axial slices, 4 mm thickness, 1 mm gap, TR/TE=2000/28 msec, FOV=24 cm,
matrix=64×64). Images were processed as described previously (Meyer-Lindenberg et al.,
2005) using SPM99 (http://www.fil.ion.ucl.ac.uk/spm). Briefly, images were realigned,
spatially normalized into a standard stereotactic space (Montreal Neurologic Institute
template) using a 12-parameter affine and nonlinear (4*5*4 basis–functions) transformation,
and smoothed with an 8-mm FWHM Gaussian filter. Voxel-wise signal intensities were
ratio normalized to the whole-brain global mean. A statistical image for each contrast—(1)
match>control and (2) label>control—was obtained for each participant and these were
analyzed in a second-level random effects model (ANOVA and one-tailed t-test), with
appropriate contrasts to identify significant (p<0.05, corrected for multiple comparisons at a
height threshold of T = 3) effects of group and task. Because of our strong a priori
hypothesis regarding reactivity in the amygdala and previous results in this cohort (Meyer-
Lindenberg et al., 2005), we chose to explore the differential response in this area using an
anatomical mask created using the WFU Pick atlas (http://www.fmri.wfubmc.edu) software
at a statistical threshold of p<0.05, corrected for multiple comparisons within the amygdala
region of interest (ROI). For the ANOVAs exploring group by task effects (Fig. 3), mean
activity was extracted from ROIs defined operator independently in normalized space
delineated by spheres with an 8-mm radius centered at the coordinates identified by the main
effect of scene-labeling>scene-matching (Table 5).

Results
Behavior

Behavioral results are summarized in Table 1. Reflecting task difficulty, there were
significantly fewer correct responses during the scene-labeling task than during scene-
matching (NC: F(1,21)=4.97, p<0.04; WS: F(1,21)=25.86, p<0.001) and reaction times were
significantly longer in the labeling experiment (NC: F(1,21)=4.48, p<0.05; WS:
F(1,21)=25.86, p<0.001), reflecting increased cognitive demand. Neither accuracy (Label:
F(1,18)=2.07, p=0.17; Match: F(1,24)=2.27, p=0.15) nor reaction time (Label:
F(1,18)=1.64, p=0.22; Match: F(1,24)=0.51, p=0.48) differed significantly between the WS
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and control group on any of the tasks used. There was no significant interaction between
task accuracy and diagnosis (F(1,19)=2.54, p=0.13).

BOLD fMRI responses
Between-group analyses—Table 2 shows significant differential effects between groups
on BOLD signal by experimental condition in the amygdala. Within the amygdala ROI, the
WS group displayed significantly greater response than did the general-population control
group in both the scene-labeling and scene-matching tasks.

In the cortex (Table 3), the WS group displayed hypoactivation in left DLPFC during the
labeling task relative to the general-population control group. Additionally, during the
matching task, the WS group exhibited significantly less activation in the right middle
occipital gyrus compared to the control group. There were no regions in the cortex that were
significantly greater in the WS group relative to the control group.

Within-group analyses—Within the amygdala ROI, there was a significantly greater
response in the scene-matching task relative to the scene-labeling task in both groups (Table
4). There were no voxels significantly more activated in scene-labeling compared to scene-
matching within the amygdala ROI.

In the cortex, for the scene-labeling task compared to the scene-matching task, the control
group showed greater prefrontal reactivity, specifically in left DLPFC, left OFC, and MPFC
as well as in the left middle temporal gyrus. In contrast, the WS group showed no prefrontal
differences between conditions, with only the posterior middle temporal gyrus more
activated during scene-labeling than scene-matching (see Fig. 2, coordinates in Table 5).

These findings were confirmed by analyses of extracted mean BOLD signal, which
demonstrated significant group-by-task interactions. As shown in Fig. 3, the control group,
but not the WS group, showed differential reactivity as a function of task in left DLPFC
[F(1,42)=8.21, p=0.006] and MPFC [F(1,42)=4.10, p=0.05], with higher activation in the
more cognitively taxing labeling experiment. A trend in the same direction was observed in
left OFC [F(1,42)=3.87, p=0.06].

Discussion
The purpose of the present experiment was to disambiguate between the effects of cognitive
load and stimulus type on differential amygdala and prefrontal activation in individuals with
WS. Together with our previous results (Meyer-Lindenberg et al., 2005), the present
experiment establishes (a) differential activation in prefrontal regions as a consequence of
task difficulty and (b) hyperreactivity of amygdala to non-social fearful scenes in individuals
with WS regardless of cognitive load.

Control participants, but not participants with WS, showed differential activation in
prefrontal cortex regions during the scene-labeling task relative to the scene-matching task.
This result is similar to that previously obtained comparing the more cognitively demanding
face-matching task with scene-matching (Meyer-Lindenberg et al., 2005), indicating that the
prefrontal response difference reflects increased cognitive demand (Table 5 and Fig. 3).
Conversely, in the amygdala, participants with WS showed a significantly higher response
than general-population controls to fearful scenes in both tasks (Table 2), demonstrating that
this hyperreactive amygdala signaling cannot be attributed to cognitive load because the
observed group difference in response to scenes was similar in conditions of both high and
low cognitive demand (labeling and matching scenes, respectively). Rather, these results
indicate that individuals with WS show increased amygdala reactivity (relative to general-
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population controls) when processing non-socially relevant aversive stimuli irrespective of
cognitive demand. Interestingly, the within-group analyses showed that in both WS and NC,
amygdala reactivity was relatively lower when stimuli were cognitively appraised (the label
condition), confirming previous results in NC (Hariri et al., 2000). Even with this effect
present, amygdala reactivity was still greater in participants with WS during the labeling
condition. Further, our previous work using path analysis to investigate the functional
relations between PFC regions and the amygdala during a face-matching task highlighted a
significant difference between NC and WS participant groups (Meyer-Lindenberg et al.,
2005). Whereas PFC regions were engaged in both WS and NC groups during this task, the
OFC was functionally disconnected from the amygdala in the WS group only. These prior
findings suggest an abnormality in PFC regulation of the amygdala in participants with WS.
Taken together, the current results further support the conclusion that increased fear in non-
social situations, such as the specific phobias of socially irrelevant stimuli commonly found
in individuals with WS (Blomberg et al., 2006; Dykens, 2003; Klein-Tasman and Mervis,
2003), may result from abnormal amygdala–prefrontal regulation during the perceptual
processing of non-social stimuli.

The amygdala is associated with fear processing, and bilateral amygdala damage has been
implicated in errors assessing the trustworthiness of faces (Adolphs et al., 1998) as well as
impairments in judging negative facial affect (Adolphs et al., 1994). Interestingly, prenatal
amygdala lesions in non-human primates have a differential impact on social and non-social
fear: These animals exhibit greater fear behaviors during social interactions than do control
primates but display a blunted fear response to threatening non-social stimuli (Bauman et al.,
2004; Prather et al., 2001). This profile, which is the opposite of that found in individuals
with WS, reemphasizes the conclusion that the neural substrates of social and non-social
fear are at least partly dissociable. Confirming our previous finding, the relative increase in
amygdala response to non-socially relevant stimuli seen here in both tasks, excludes a
primary deficiency of amygdala activation in WS (Bellugi et al., 1999). Further support of
intact amygdala function is provided by the relative preservation of amygdala size in
individuals with WS (Chiang et al., 2007). Interestingly, in a study comparing individuals
with WS to both chronological and mental age-matched general-population controls,
individuals with WS differed from both groups of controls in their judgments of a stranger’s
approachability, based on facial photographs depicting either happiness or a negative
emotion (e.g., fear, anger). In particular, individuals with WS rated the happy faces as
significantly more approachable and the faces showing negative emotions as significantly
less approachable than did both control groups. This result was obtained despite the fact that
individuals with WS are considerably more likely to approach strangers indiscriminately,
suggesting a generalized difficulty in inhibiting social approach, further supporting a
prefrontal-amygdala dysregulation in WS (Frigerio et al., 2006).

In prefrontal regions that were more strongly activated in the labeling task compared to the
matching task, the control group showed strong left lateralization. We hypothesize that this
is due to obligate verbal processing in the labeling task; whereas, the matching task could be
processed perceptually. This finding is in agreement with a large body of previous imaging
studies in right-handed individuals that have indicated a lateralization based on material
type, with verbal/language stimuli producing activation in the prefrontal and temporal
regions of the left hemisphere (Binder et al., 1997; Frost et al., 1999; Ramsey et al., 2001)
and visual pattern encoding resulting in an asymmetrical bias toward right hemisphere
reactivity (Golby et al., 2001). Our results are also consistent with literature finding that the
posterior left inferior parietal cortex (IPC) has been associated with viewing verbal stimuli,
while the posterior right IPC has been differentially activated by visual processing (Wagner
et al., 1998). In the WS group, no laterality difference in prefrontal activation was seen
between tasks. The dependence of lateralization on processing mode is reemphasized by the
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observation that the regions differentially activated on the left by general-population
controls corresponded to the regions found differentially activated on the right by the
controls in our previous experiment (Meyer-Lindenberg et al., 2004), which was strictly in
the visuospatial–perceptual domain. Importantly, in both the current and previous
experiments, the involved regions participate in key regulatory interactions with the
amygdala, implicating a brain circuit for emotional control and social cognition.

Consistent with our previous report, in individuals with WS, OFC was not activated in either
the matching or labeling task, while DLPFC and MPFC were activated in both tasks but did
not differ in magnitude between the high and low cognitive load conditions, as they did in
the control group. Based on animal literature (Ghashghaei and Barbas, 2002) and previous
studies in healthy humans (Adolphs, 2003a), it is, therefore, not surprising that abnormalities
in the reactivity of these regions affect amygdala processing. Most importantly, the OFC, a
region that we found unreactive in our previous experiment and where reduced grey matter
volume and sulcal depth in WS have been found (Kippenhan et al., 2005; Meyer-Lindenberg
et al., 2004; Van Essen et al., 2006), now showed the same lack of activation to cognitive
load, reemphasizing a potential primary involvement of OFC in the genesis of the
hypersociability and increased non-social fear response seen in individuals with WS. The
OFC has long been identified as a key region in social processing (Adolphs, 2001), with a
primary role in re-evaluating reward values in evolving social contexts (Kringelbach and
Rolls, 2003; Rolls, 2004). OFC abnormalities may directly contribute to the presence of
circumstance-inappropriate social behaviors (e.g., approaching and talking to strangers) or
lead to dysfunctional regulatory adaptations of the prefrontal–amygdala network. It is of
interest in this context that, at least in the macaque, some neurons in the OFC respond
preferentially to faces, predicting an impairment in reversing face-reinforcement
associations depending on the social context in WS (Rolls et al., 2005). In addition to this
prefrontal regulatory network, recent data also show reduced functional connectivity
between the amygdala and the fusiform face area in WS (Sarpal et al., 2008). This could
indicate that in addition to the altered prefrontal regulatory network implicated by both the
present study and Meyer-Lindenberg et al. (2005), a further reason for reduced amygdala
responsivity to socially relevant cues could be found in abnormal interaction with posterior
temporal regions that process and represent facial features. Very recently, the finding of
reduced amygdala activation to fearful social visual stimuli was replicated in a group of
individuals with WS who had intellectual disability (Haas et al., 2009). This study also
showed increased activation to positive stimuli (happy faces), adding a new facet to the
neural mechanisms underlying prosocial behaviour in WS and suggesting that dysregulation
of amygdala by PFC may lead to changed activation profiles not only between socially
relevant and less relevant stimuli but also across a range of stimulus valence.

The study of WS continues to contribute to our understanding of social cognition by offering
a privileged access to genetic processes impacting upon relevant neural circuits.
Nevertheless, there are several study limitations that should be noted. First, while results
from this study may indicate that abnormalities found even in normal-IQ individuals with
WS are likely to be core characteristics of the syndrome and to reflect its underlying genetic
substrate, it would also be of interest to extend this work to individuals with WS who have
intellectual disability in order to explore the generalizability of the present findings. In fact,
our core finding of reduced amygdala activation to threatening fearful faces has been
confirmed in such a participant group (Haas et al., 2009). Second, due to the small sample
size of the current study, it was not possible to compare WS individuals with phobias to WS
individuals without phobias; however, future studies should investigate potential differences
between these two groups. Third, because we targeted WS individuals with IQs in the
normal range, our sample size remained small. Additional studies in larger cohorts are thus
desirable to replicate these studies. Finally, because this study utilized only emotionally
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negative stimuli, comparisons to positive and neutral stimuli could not be explored. More
work is needed to investigate the potential differential responses to a broader range of
valences. Additional work is also necessary to explore the underlying mechanisms
mediating the findings observed in this study. In particular, imaging studies of populations
with small deletions in the WS region would be beneficial in elucidating the contribution of
specific genes to prefrontal–amygdala dysregulation (Meyer-Lindenberg et al., 2006).
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Fig. 1.
Each experimental condition presented threatening or fearful IAPS stimuli but differed in
cognitive load. (A) In the first condition (“label”), participants were asked to judge which of
two simultaneously presented affective labels best described the content of the target scene.
(B) In the second condition (“match”), participants viewed the same target pictures but were
asked to determine which of the two bottom pictures was identical to the target. (C) As a
control task, the participants were asked to match geometric shapes.
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Fig. 2.
Significant activation in the scene-labeling compared to the scene-matching task, p<0.05,
corrected for multiple comparisons (height threshold, T=3) shown rendered on standard
brain surface (more significant voxels in red). (A) General-population controls. (B)
Participants with Williams syndrome. For coordinates, see Table 5.
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Fig. 3.
Estimated percentage change in BOLD response (mean±SEM) at maximum coordinates
(Table 5): (A) left OFC, (B) MPFC, and (C) left DLPFC.
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Table 3

Between-group cortical activation in scene-labeling and scene-matching experiments.

Talairach T value P

Labeling task

 NC>WS

 Left dorsolateral prefrontal cortex −41 16 27 5.60 0.001

Matching task

 NC>WS

 Right middle occipital gyrus 30 −72 17 5.35 0.001

Voxels were thresholded at p<0.001 (uncorrected) and reported if clusters were significant at p<0.05 whole-brain corrected for multiple
comparisons.
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Table 4

Within-group amygdala activation in scene-matching compared to scene-labeling.

Area Talairach T value P

Control group

 Right amygdala 30 −16 −20 2.11 0.02

WS group

 Right amygdala 22 −1 −17 1.89 0.03

 Left amygdala −26 −15 −16 2.30 0.01

All reported voxels are significant at p<0.05 corrected for multiple comparisons within the amygdala ROI.
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Table 5

Within-group cortical activation in scene-labeling compared to scene-matching.

Area Talairach T value P

Control group

 Left dorsolateral prefrontal cortex −51 22 22 5.00 0.001

 Left orbitofrontal cortex −49 25 −10 4.11 0.001

 Medial prefrontal cortex −4 27 35 3.49 0.001

 Left middle temporal gyrus −59 −47 2 4.71 0.001

WS group

 Right middle temporal gyrus 49 −38 2 4.57 0.001

 Left middle temporal gyrus −51 −44 2 4.94 0.001

Voxels were thresholded at p<0.001 (uncorrected) and reported if clusters were significant at p<0.05 whole-brain corrected for multiple
comparisons.
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