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Previous studies have demonstrated amygdala activation in response to fearful faces even if presented below
the threshold of conscious visual perception. It has also been proposed that subcortical regions are selectively
sensitive to low spatial frequency (LSF) information. However, chronic hyperarousal may reduce amygdala
activation in panic disorder (PD). Our aim was to establish whether the amygdala is engaged by masked
and LSF fearful faces in PD as compared to healthy subjects. Neutral faces were used as the mask stimulus.
Thirteen PD patients (seven females, six males; mean age=29.1 (S.D: 5.9)) and 15 healthy volunteers
(seven females, eight males; mean age=27.9 (S.D. 4.5)) underwent two passive viewing tasks during a 3 T
functional magnetic resonance imaging (fMRI) as follows: 1) presentation of faces with fearful versus neutral
expressions (17 ms) using a backward masking procedure and 2) presentation of the same faces whose spa-
tial frequency contents had been manipulated by low-pass filtering. Level of awareness was confirmed by a
forced choice fear-detection task. Whereas controls showed bilateral activation to fearful masked faces versus
neutral faces, patients failed to show activation within the amygdala. LSF stimuli did not elicit amygdala re-
sponse in either group, contrary to the view that LSF information plays a crucial role in the processing of facial
expressions in the amygdala. Findings suggest maladaptive amygdala responses to potentially threatening vi-
sual stimuli in PD patients.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

For specific brain regions activated by facial expressions, the most
established structure responsible for fear processing is the amygdala
(LeDoux, 1996). Lesions of the amygdala can impair recognition of
fearful facial expressions (e.g., Adolphs et al., 1995; Graham et al.,
2007).

Consistent with an evolutionary argument, previous functional
magnetic resonance imaging (fMRI) studies demonstrated that the
amygdala is activated in response to fearful faces even when con-
scious recognition is prevented by backward masking (Morris et al.,
1998; Whalen et al., 1998; Adolphs, 2008). Data from patients with
lesions in the primary visual cortex show that the amygdala can be
activated in the absence of cortical processing (Morris et al., 2001;
Ohman et al., 2007).

It has also recently been proposed that distinct neural pathways in
the visual system are selectively sensitive to different ranges of spatial

frequencies; specifically, lower spatial frequency (LSF) information
seems to project chiefly to subcortical regions, such as the amygdala
(Vuilleumier et al., 2003; Maratos et al., 2009). This may represent an
evolutionarily adaptive neural ‘alarm’ system for rapid alerting, without
the need to detect details of the sources of threat.

Given that the amygdala a) can be activated by backward masked
stimuli and b) seems to be preferentially activated by LSF compared
to high SF facial expressions (Vuilleumier et al., 2003), we hypothe-
sised that we would find amygdala activation to fearful faces com-
pared to neutral faces in healthy subjects.

Pfleiderer et al. (2007) were the first to report amygdala fMRI ac-
tivation during a spontaneous panic attack, supporting the pivotal
role of this area in the pathogenesis of the disorder. Büchel and
Dolan (2000) showed that classical fear conditioning led to initial ac-
tivation but, subsequently, to a gradual decrease of response in the
amygdala. Thus, it has been argued that the amygdala is involved
only in the initial appraisal of the threat value of stimuli and not in
prolonged fear exposure (e.g., Kim et al., 2004). This hypothesis has
been supported in several studies, such as blunting of acute fear re-
sponses but intact trait-like sustained anxiety responses after bilater-
al destruction of the amygdala in primates (Kalin et al., 2001), rapid
habituation of the amygdala in response to threat cues (Phelps
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et al., 2001) and the absence of amygdala activation during prolonged
exposure to phobic stimuli (e.g., Fredrikson et al., 1995).

In spite of the crucial role of the amygdala in the pathogenesis of
anxiety disorders, Pillay et al. (2006) showed that in patients with
panic disorder (PD) the amygdala is significantly less activated than in
controls when subjects are asked to identify fearful facial affect during
fMRI. A possible interpretation of the results is that chronic hyperarou-
sal in PD patients may be associated with diminished emotional re-
sponse, therefore reducing amygdala activation. Wolfensberger et al.
(2008) further specified that amygdala hypoactivity characterises sub-
jects who are at high-risk for anxiety based on genetic factors and not
those who are at risk based on environmental factors. The blunted
amygdala responses found by the authors in the first group were due
specifically to increased amygdala responsiveness during baseline trials.

Considering that chronic hyperarousal in PD patients has been as-
sociated with inappropriate neuronal processing of anxiety-related
emotional cues, we also hypothesised that we would find altered
amygdala activation to masked and LSF fearful faces in PD patients
compared to healthy controls. We expected to find a deficit in the de-
tection of potentially threatening stimuli, a highly adaptive ability, in
PD patients.

To our knowledge, this is the first study to compare amygdala re-
sponses of healthy and PD patients during backward masking and LSF
fear processing.

2. Methods

2.1. Subjects

A sample of 13 right-handed PD patients (seven females, six males; mean
age=29.1 years (S.D. 5.9); age range 23–39 years) and 15 right-handed healthy vol-
unteers (seven females, eight males; mean age=27.9 years (S.D. 4.5); age range
22–35 years) underwent fMRI using blood oxygen level-dependent (BOLD) contrast.
PD patients and controls were recruited from the local hospital's emergency depart-
ment and the University of Bologna. The Structured Clinical Interview for Diagnostic
and Statistical Manual of Mental Disorders third revision (DSM III-R) (Fava et al.,
1993) was administered by a trained clinician to both patients and controls to con-
firm/exclude the diagnosis of PD. Two patients out of 13 had PD with agoraphobia,
and the remaining 11 had PD without agoraphobia. The average number of panic at-
tacks in the past month was 6.5 (S.D. 4.1; range 1–13). Both controls and patients
were screened by the same clinician for psychiatric disorders other than PD, neurolog-
ical or other medical problems or medical treatment relevant to cerebral metabolism
and blood flow. All patients were medication-free at the time of the study. Ten patients
were pre-treated by a single dose of diazepam (2–10 mg).

As the scans were performed at least 1 week after drug administration, there is no
reason to think that diazepam intake biased the results. History of PD varied disorder
varied between 1 and 2 years, and patients did not have other past Axis I diagnoses.
The Italian version of the Spielberger State Anxiety Inventory (STAI-X1; Spielberger
et al., 1970) was administered to both patients and controls immediately before the
scan. All subjects were naive with regard to the face stimuli and hypotheses of the
study and they had normal or corrected to normal vision.

2.2. Stimulation paradigm

For the fMRI experiment, the instruction was “Now you will see a series of pictures.
Please look at them.” Subjects were not informed about the fact that masking was used.

The face stimuli consisted of 48 grey-scale photographs of 24 different individuals
(15 males and 9 females), each portraying a fearful and a neutral expression. For each
experimental condition, the photographs were presented twice, for a total of 96 pic-
tures. All face photographs were taken from the standardised NimStim face stimulus
set (Tottenham et al., 2009).

All pictures were enclosed within a rectangular frame, in a 198×288 pixel array.
Each face subtended 5×7.5° of visual angle when presented centrally on a computer
monitor. Participants viewed the screen wearing non-magnetic goggles (Visual Stim
XGA Digital Stereo Commander XG, Resonance Technology Inc.). Corrective eye lenses
were made available to subjects. For each original face, we computed a coarse scale and
a fine scale version. Spatial frequency content in the original stimuli (broad-band fre-
quency) was filtered using a low-pass cut-off of ≤6 cycles/image (≤2 cycles/degree
of visual angle) for the LSF stimuli (Vuilleumier et al., 2003). Filtering was performed
in Matlab (The Mathworks, Natick, MA, USA) using second order Butterworth filters.
All face stimuli were equated for mean luminance and were normalised for root
mean square contrast subsequent to filtering in Matlab.

An fMRI block paradigm was chosen due to its suitability for exploratory studies
and robust activation of the examined structures. The fMRI paradigm consisted of
two experimental tasks: (1) The backward masking task (see Fig. 1) consisted of

three different fearful expression faces (17 ms), each masked by a neutral expression
face (2983 ms), followed by three different neutral expression faces (17 ms), each
masked by a neutral expression face (2983 ms). Each block consisted of a 9-s stimula-
tion or a 9-s rest, consecutively repeated for a total of 32 blocks (16 fearful/mask and
16 neutral/mask) and a total length of 288 s. (2) The LSF task (see Fig. 2) consisted
of three different LSF fearful expression faces (200 ms), each masked by a LSF neutral
expression face (2800 ms), followed by three different LSF neutral expression faces
(200 ms), each masked by a LSF neutral expression face (2800 ms). Each block con-
sisted of a 9-s stimulation or a 9-s rest, consecutively repeated for a total of 32 blocks
(16 fearful/mask and 16 neutral/mask) and a total length of 288 s. The balance be-
tween fearful/mask and neutral/mask blocks was 50%, and the order was fearful/
mask, neutral/mask, fearful/mask, neutral/mask, etc., until the end of the task. The
two experimental tasks were administered one after the other, in a counterbalanced
order across subjects. In both tasks, the identities of the target and mask faces were al-
ways different. Exposure times for the masked (17 ms) and LSF (200 ms) stimuli were
chosen according to previous methods (e.g., Williams et al., 2006; Maratos et al., 2009).
The two tasks were identical except for the stimulus filtering and longer exposure time
in the LSF task. Multiple repetitive stimuli instead of a single one were used to take into
account the rapidity of presentation on the one hand and the slowness of the blood ox-
ygen level-dependent (BOLD) response on the other. Moreover, as habituation of the
amygdala to fearful faces has been shown to be both very rapid and short-lived
(Breiter et al., 1996), we opted for shorter blocks (9 s) compared to those commonly
used (e.g., 80 s in Fischer et al., 2003 or 30 s in Phillips et al., 2001). Given that others
used shorter periods (e.g., 5 s in Suslow et al., 2006), a 9-s rest period has been considered
an adequate amount of time between blocks (see the regions of interest (ROIs) time
courses of amygdala activation in Figs. 1 and 2). All images within a block (three neutral
faces or three fearful faces) were presented sequentially, in a randomised fashion.

2.3. Forced-choice fear detection task

At the end of the fMRI scanning, all participants underwent two forced-choice fear
detection tasks. The tasks were adapted from Pessoa et al. (2005, 2006): each trial
began with a white fixation cross (300 ms), followed by a 50-ms blank screen and by
a pair of faces presented consecutively (target-mask). A fearful or neutral face (target)
was immediately followed by a neutral face (mask). The identity of the target and
mask faces was always different. For the backward masking task, the duration of the
target face was 17 ms. For the LSF task, the duration of the target face was 200 ms.
The total duration of each target and mask pair was 300 ms for both tasks.

After the presentation of the target-mask pair, subjectswere supposed to identify “fear”
or “no fear” by pressing the related button on the keyboard. Following Pessoa et al. (2005),
participants were initially instructed that there would always be two faces in the stimulus
but that sometimes thefirst onewould be very brief and the stimulus could appear as a sin-
gle face. They were instructed to respond “fear” if they perceived fear, however briefly. On
each trial, subjects also rated the confidence in their response on a scale of 1–4 (1=low
confidence, 4=high confidence). The total trial duration was 6650 ms. Each subject per-
formed 16 trials per condition (32 trials) in each of the two tasks.

According to ‘objective’ criteria, unaware perception occurred when a subject's
performance in the ‘forced choice’ task was by chance. Participants were also required
to report their subjective visual experiences of the stimuli during a post-experiment
interview. According to ‘subjective’ criteria, unaware perception occurred when sub-
jects reported that they were unable to perform the task better than by chance (inde-
pendent of their actual objective performance).

Participants were debriefed after the behavioural task.

2.4. Image acquisition

A 3 Tesla General Electric Signa Excite system and an 8-channel phased array coil
were used to acquire fMRI and morphological sequences. The following parameters
were used. FMRI: a whole brain (29 slices) axial single-shot gradient-echo echo-
planar (EPI-GE) sequence was acquired, with 3000 ms repetition time, 30 ms echo
time, 64×64 matrix, 4.0 mm slice thickness, 0.0 mm gap, 24 cm field of view, one ex-
citation, 90° flip angle and 5′18″ total time of acquisition. Structural MRI: a whole
brain (170 slices) 1 mm×1 mm×1 mm high-definition isovolumetric sagittal spoiled
gradient recall inversion recovery (SPGR-IR) sequence was acquired, with 7.3 ms rep-
etition time, 3.2 ms time of echo, 288×288 matrix, 1.0 mm slice thickness, 0.0 mm gap,
29 cm field of view, one excitation, 10° flip angle and 6′35″ total time of acquisition.

2.5. Image analysis

Data analysis was performed by using the fMRI software package BrainVoyager
2.2.1 (Brain Innovation®, Maastricht, the Netherlands). Anatomical data were trans-
formed into anterior comissure–posterior commissure (AC–PC) and Talairach standard
space. The first six volumes in each fMRI run were discarded to allow for T1 equilibra-
tion effects. Standard preprocessing was performed on the functional data: slice scan
time correction was carried out using sinc interpolation, based on information about
the repetition time (3000 ms) and the order of slice scanning (ascending, interleaved).
Three-dimensional (3-D) motion correction was performed to detect and correct for
small head movements by spatial alignment of all volumes of a subject to the first vol-
ume, by rigid body transformations. Estimated translation and rotation parameters
were inspected and never exceeded 3 mm or 2°.
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Functional slices were re-sampled into 1 mm isotropic voxels by sinc interpolation
and co-registered to the anatomical volume using position parameters from the scan-
ner and intensity-driven fine-tuning and then warped into the Talairach standard
space.

Statistical maps were finally superimposed on the original functional scans and in-
corporated into the high-resolution 3DMRI data sets through interpolation to the same
resolution of 3D MRI (1.0×1.0×1.0 mm).

2.6. Statistics

An ROI-based analysis was performed on the amygdala. Two separate ROIs were
manually drawn: one for the left amygdala and one for the right amygdala. To avoid
inter-rater reliability problems, all ROIs were traced by only one neuroradiologist.

Each ROI was carefully drawn, by following the peripheral outline of the area in
axial, coronal and sagittal planes, on an averaged Talairach-transformed 3D data set,
made up of all 27 participants. BrainVoyager has a specific function (‘Combine 3D
data sets’) that allows this procedure.

The resulting twomultisubject amygdala ROIs consisted of the samenumber of voxels
(1228 voxels) for the left as well as for the right amygdala. The centres of gravity of the
ROIs had the following Talairach coordinates: right amygdala, x=21, y=–14, z=–2;
left amygdala, x=–20, y=–14, z=–2. In the two ROIs, a z-transformed 0.10 baseline-
based analysis of covariance (ANCOVA) analysis was performed to obtain BOLD signal
values as numerical output. The comparison between the single subject and themultisub-
ject amygdala ROIs showed very small variability (less than 3% voxels).

At a voxel level, a multisubject random effects (RFX) analysis was subsequently
performed by using an analysis of variance (ANOVA) model with one within-subjects

Fig. 1. Structure of the backward masking condition and relative time course of amygdala activation. Each pair of different faces (target-mask) was presented consecutively for three
times for both the fearful and the neutral blocks. Note: Paradigm=block design; Condition: backward masking; Block=9 s stimulation or 9 s rest.

Fig. 2. Structure of the LSF condition and relative time course of amygdala activation. Each pair of different faces (target-mask) was presented consecutively for three times for both
the fearful and the neutral blocks. Note: Paradigm=block design; Condition: LSF; Block=9 s stimulation or 9 s rest.

161C. Ottaviani et al. / Psychiatry Research: Neuroimaging 203 (2012) 159–165



Author's personal copy

factor (two levels: baseline and stimulation) and one between-subjects factor (two
levels: controls and patients). Resulting parametric maps (thresholded at Pb0.001
and Pb0.01) underwent a modest spatial smoothing with a Gaussian filter (full
width at half-maximum, FWHM 4×4×4 mm3). Then, the thresholded maps were sub-
mitted to a whole-slab correction criterion based on the estimate of the maps’ spatial
smoothness and on an iterative procedure for estimating cluster-level false-positive
rates. After 1000 iterations, maps were applied at the minimum cluster size threshold
that yielded a cluster-level false-positive rate (alpha) of 5% (20 voxels). The generated
statistical parametric maps were finally superimposed on anatomical sections.

To test whether the masked or the LSF presentation of fearful expressions resulted
in activation of the amygdala, two ANOVAs with emotion and lateralisation as within-
subjects factors and group as a between-subjects factor were performed. Specifically,
each model was used to calculate the main effects for group (patients vs. control sub-
jects), emotion (fearful vs. neutral), lateralisation (right vs. left) and the crucial
group×emotion, group×lateralisation, lateralisation×emotion and group×emo-
tion×lateralisation interactions for each condition. To explore the nature of the inter-
actions, t-tests were used. Results were regarded as significant at Pb0.05.

Differences in acute anxiety levels between the two groups and gender differences
were computed by t-tests. Pearson correlations were performed on the PD sample to
test the relationships between acute anxiety and levels of amygdala activation during
the masked and LSF tasks.

Mean numbers of correct responses during the forced choice fear-detection task
were analysed by one-sample t-tests to test the difference from chance level responses.

3. Results

3.1. Backward masking task

The multisubject RFX analysis results showed a striking difference
between the two populations for the backward masking task: con-
trols showed a clear-cut bilateral activation in amygdala and PD pa-
tients did not (Fig. 3(a) and (b)). These results were confirmed by
the comparisons between controls and patients that showed lower
activity in PD patients, as depicted by the blue bilateral area in
Fig. 3(e).

The ANOVA yielded significant main effects for group (F (1, 27)=
8.16; P=0.01) and emotion (F (1, 27)=45.82; Pb0.0001). Amygdala
response was higher for masked fearful faces compared to masked
neutral faces, despite subjective unawareness of the emotional
prime (t (2, 26)=6.10; Pb0.0001). The hypothesised emo-
tion×group effect (F (1, 27)=22.85; Pb0.0001) showed that con-
trols had higher amygdala responses to masked fearful faces than
neutral faces compared to patients (t (2, 26)=3.79; Pb0.0001;
Cohen's d=1.03; see Fig. 3(g), left side). Patients did not show amyg-
dala activation to the stimuli.

3.2. LSF task

For the multisubject RFX analysis, neither population showed any
activation even at a lower threshold (Pb0.01, Fig. 3(c) and (d)). In
this case, the comparison between controls and patients confirmed
the absence of activity (Fig. 3(f)).

No significant main effects for emotion (t (2, 26)=0.58; P=0.56),
group (t (2, 26)=0.15; P=0.88; Fig. 3(g), right side) or interactions
were found for this task.

3.3. Order of presentation, gender and anxiety

The order of presentation for the backward masking and LSF tasks
did not yield any significant effect on amygdala responses to masked
and LSF fearful faces.

No gender differences emerged in amygdala responses to masked
and LSF fearful faces.

The percentile scores at the STAI X-1 suggest that anticipatory anx-
iety before the fMRI session was higher in PD patients (92 (10.1)) com-
pared to controls (35.1 (10.1)), t (2, 26)=14.85; Pb0.0001; Cohen's
d=5.8.

Within the PD sample, levels of acute anxiety were negatively cor-
related with left but not right amygdala activation to masked fearful
faces (r=−0.64; P=0.02 and r=−0.45; P=0.12, respectively).

3.4. Forced choice fear detection

One-sample t-tests indicated that the mean numbers of correct re-
sponses for the backward masking task did not differ from chance
level, suggesting that subjects were generally unaware of having
been exposed to these stimuli; mean percentages of correct responses
(objective criteria) and confidence (subjective criteria) were 48%
(t (27)=–2.00, P=0.06) and 1.7% (P=0.9), respectively.

For the LSF task, mean percentages of correct responses and confi-
dence were 70% and 2.5% (0.9), respectively, thus exceeding chance
level and indicating awareness (t (27)=3.87, Pb0.0001).

The absence of a correlation between accuracy and confidence in-
dicated that subjects were not aware of their accuracy.

Between-groups analyses showed a difference between patients
and controls in level of accuracy only for the backward masking
task (t (27)=3.29; P=0.01). Patients were less accurate in the rec-
ognition of fear during the backward masking task (44%), but controls
did not perform significantly better than chance (51%); Cohen's
d=1.3.

4. Discussion

Considering that backward masking is one of the key experimen-
tal tasks used to manipulate awareness during the viewing of emo-
tional stimuli (Esteves and Ohman, 1993), the present study
provided further evidence that the amygdala can be activated in the
absence of awareness in healthy individuals, confirming that it is a ro-
bust phenomenon. This notion, however, is still controversial. For ex-
ample, Phillips et al. (2004) failed to confirm previous evidence of
amygdala activation to fearful faces in the covert condition (30 ms).
Pessoa et al. (2005) suggested that no universal objective awareness
threshold exists for fear perception and revealed that a considerable
percentage of subjects are capable of reliably detecting briefly pre-
sented stimuli at 17 ms (Szczepanowski and Pessoa, 2007). Given
the controversy as to whether perception can take place without
awareness, the present study used both ‘objective’ and ‘subjective’
criteria to assess whether a participant was aware or unaware of a
stimulus (Snodgrass et al., 2004). Results show that both PD patients
and controls were unaware of the stimuli during the backward mask-
ing task, suggesting that healthy humans evolved specialised neural
systems for responding to fear in the absence of conscious stimulus
detection (see Tamietto and de Gelder, 2010 for a review).

It has been suggested that individual levels of anxiety are impor-
tant predictors of amygdala responses to masked emotional stimuli
in healthy subjects. For instance, Bishop et al. (2004) found that fear-
ful faces outside the focus of visual attention still evoked amygdala
responses in high-anxious individuals, but not in low-anxious indi-
viduals. In addition, Etkin et al. (2004) showed that activity in the
basolateral amygdala to unconscious stimuli was predicted by indi-
vidual differences in trait anxiety. It has to be noted that both these
studies examined anxiety levels in relatively healthy subjects. Pa-
tients in this study showed blunted amygdala response to backward
masked stimuli. Moreover, their level of acute anxiety was negatively
correlated with left amygdala response to masked fearful faces. We
can exclude the notion that findings were due to the threatening ef-
fect of neutral faces as they were replicated with the use of a different
contrast: fearful faces versus black screen, with the latter presented
for exactly the same time as the neutral faces. Results were identical
to those obtained for neutral faces (therefore not presented due to
space limitations), pointing out that it is likely that the two stimuli
are not processed very differently. In agreement with present find-
ings, decreased amygdala activation in PD has been reported by
Pillay et al. (2006) and Demenescu et al. (2011). In contrast, amygda-
la hyperactivity has been observed in response to panic-related
words in adults (van den Heuvel et al., 2005) and to fearful faces
in children (Thomas et al., 2001) with PD. A positron emission
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Fig. 3. Results for the multisubject RFX analysis. Fig. 3A and B show mean amygdala activation in controls (A) and PD patients (B) for the backward masking task (Pb0.001). Fig. 3C
and D show mean activations in controls (C) and PD patients (D) for the LSF task (Pb0.01). Fig. 3E shows the mean activations resulting from the comparison between PD patients
and controls for the backward masking task. Fig. 3F shows the mean activation resulting from the comparison between PD patients and controls for the LSF task. Fig. 3G shows the
ROI analysis results for the two samples (controls in green, PD patients in violet) for both tasks (backward masking task on the left and LSF task on the right). Mean bilateral BOLD
signal intensities are shown in y-axis (specific numerical values are shown in the lower part of each column). Note: *=Pb0.001.
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tomography (PET) study found greater resting glucose metabolism in
the amygdala in PD patients (Sakai et al., 2005). Activation of the
amygdala has been observed during spontaneous (Pfleiderer et al.,
2007; Spiegelhalder et al., 2009) and pharmacologically induced
panic attacks (Benkelfat et al., 1995). Some of these studies, however,
did not detect amygdala activation in patients (e.g., Boshuisen et al.,
2002; Kent et al., 2005) or in controls (e.g., Schunck et al., 2011) or
found only weak activation of the amygdala (Garakani et al., 2007;
Eser et al., 2009). Also, evidence suggests that panic attacks may
occur without amygdala activation (Fischer et al., 1998; Wiest et al.
2006). The possibility that amygdala hyperactivation is present in a
subgroup of PD patients has been supported by the finding of greater
amygdala activation associated with specific polymorphisms (e.g.,
Domschke et al., 2008). In their meta-analysis, Etkin and Wager
(2007) conclude that amygdala hyperactivity in PD appears to be
“the exception, rather than the rule” and hypothesised that this nu-
cleus may play a role in some fear states, but not in PD.

With regard to other anxiety disorders, Boshuisen et al. (2002)
found blunted amygdala activation during anticipatory anxiety. No
significant differences were found between healthy controls and in-
dividuals with simple phobia (e.g., Larson et al., 2006) or general-
ised anxiety disorder (Palm et al., 2011). In contrast, amygdala
hyperactivation has been reported in social anxiety disorder (e.g.,
Blair et al., 2011), specific phobia (e.g., Schienle et al., 2005), obses-
sive–compulsive disorder (e.g., van den Heuvel et al., 2005) and
posttraumatic stress disorder (e.g., Bryant, et al., 2008). A possible
explanation for the contradictory findings comes from Klumpp
et al. (2010), who demonstrated amygdala reactivity only to threat
faces at high and moderate but not at low intensities in generalised
social phobia. Differences in the severity of the disorder, stimulus
presentation and medication status must also be considered in this
research.

With regard to LSF stimuli, amygdala response was not elicited in
either group, thus complementing previous literature on the fact that
LSF content is “not so crucial” for amygdala responses. Findings from
Morawetz et al. (2011), Goren and Wilson (2006) and Holmes et al.
(2005) argue against the view that LSF information plays a crucial
role in the processing of facial expressions in the amygdala, as sug-
gested by Vuilleumier et al. (2003) and Maratos et al. (2009). Consid-
ering that the above-mentioned studies used a wide variety of
methodologies (behavioural, fMRI, magnetoencephalography and
event-related potentials), further research under the same experi-
mental conditions is needed to clarify contradictory findings.

Several limitations need to be acknowledged. First, we limited our
analyses to a single region of interest to address specific hypotheses.
As the amygdala has been repeatedly identified as part of a cortical–
subcortical fear network, this clearly limits the value of our conclu-
sions. Second, no behavioural data were collected during scanning;
hence, there is no objective way to tell if participants were engaged
in the task or were too anxious to attend to the pictures. After the
end of each task, however, we collected verbal reports in which
each subject reported that a series of faces had been presented. Final-
ly, although comparable to similar studies, the sample size warrants
further investigation, especially in light of increasing evidence for
gender-specific emotional processing in anxiety disorders (e.g.,
Ohrmann et al., 2010).

To conclude, findings confirm that the amygdala is involved in
detecting affective information presented below the normal thresh-
old of awareness. Moreover, distinct patterns of amygdalae activation
involved in subliminal fear recognition in healthy and PD patients
have been shown. Limitations notwithstanding, the present study is
clinically relevant as the data on neurobiological mechanisms mediat-
ing PD offer a basis for improved diagnostics and treatments. For ex-
ample, if confirmed, the findings suggest that treatments should focus
not only on hyperreactivity to innocuous stimuli but also on the lack
of an adequate response to potential danger.
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