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Abstract: Biological models of posttraumatic stress disorder (PTSD) suggest that patients will display
heightened amygdala but decreased medial prefrontal activity during processing of fear stimuli. However, a rapid and automatic alerting mechanism for responding to nonconscious signals of fear suggests that PTSD may display heightened rather than decreased MPFC under nonconscious processing
of fear stimuli. This study used functional magnetic resonance imaging to examine blood oxygenation
level-dependent signal changes during nonconscious presentation (16.7 ms, masked) of fearful and neutral faces in 15 participants with PTSD and 15 age and sex-matched healthy control participants.
Results indicate that PTSD participants display increased amygdala and MPFC activity during nonconscious processing of fearful faces. These data extend existing models by suggesting that the impaired
MPFC activation in PTSD may be limited to conscious fear processing. Hum Brain Mapp 29:517–523,
2008. V 2007 Wiley-Liss, Inc.
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INTRODUCTION
Posttraumatic stress disorder (PTSD) is an anxiety disorder that is characterized by excessive fear responses to
potential threats. Biological models of PTSD propose that
reduced MPFC activity leads to impaired inhibition over
amygdala fear processing networks, resulting in amygdala
hyperresponsitivity in PTSD [Bremner et al., 1999b; Rauch
et al., 1998, 2000; Shin et al., 2006]. Consistent with biological models of PTSD, neuroimaging studies of PTSD have
reported decreases in MPFC activity (particularly rostral
anterior cingulate cortex) and increases in amygdala activity [e.g. Bremner et al., 1999a; Lanius et al., 2001, 2003;
Shin et al., 1999, 2004, 2005; Williams et al., 2006b], though
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only a few of these studies reported concomitant decreases
and increases [Shin et al., 2004, 2005; Williams et al., 2006].
Heightened amygdala activity in PTSD does not appear to
be particularly robust during conscious processing of
trauma-relevant and fear stimuli [Shin et al., 2004; Williams et al., 2006b; see also Lanius et al., 2003 for discussion]; however, amygdala hyperreactivity in PTSD is particularly marked in response to rapidly presented stimuli
[e.g. Armony et al., 2005; Rauch et al., 2000]. Although
studies in healthy participants suggest that MPFC may display heightened activity during nonconscious processing
of fear signals as part of a feedforward brainstem-amygdala-cortical ‘‘alarm’’ system [Liddell et al., 2005; Williams
et al., 2004, 2006a], no studies have indexed the role of the
MPFC during nonconscious fear processing in PTSD.
Both human and nonhuman animal studies indicate that
the amygdala is central to the generation and maintenance
of fear-related emotional responses [Davis, 1992; Liberzon
et al., 1999; Morgan and LeDoux, 1995]. Animal research in
fear conditioning lend support to biological models of PTSD
suggesting that exaggerated amygdala responses to fear
reﬂect a lack of ‘‘top-down’’ inhibition by the MPFC [Milad
and Quirk, 2002; Morgan et al., 1993]. Neuroimaging studies
in humans have also conﬁrmed the role of the amygdala in
the acquisition of conditioned fear in response to conscious
fear conditioning paradigms and the ventromedial prefrontal cortex in inhibition [LaBar et al., 1998; Phelps et al., 2004].
Structural abnormalities have also been reported in PTSD,
with reduced MPFC volumes found [Rauch et al., 2003;
Woodward et al., 2006]. However, there is also evidence of
amygdala inﬂuencing MPFC function [Garcia et al., 1999;
Gilboa et al., 2004]. Indeed, we have recently reported that
nonconscious processing of fearful facial expressions in
healthy participants involves a feedforward, subcortical network that extends from the brainstem, through to the amygdala and into ventral anterior cingulate/MPFC and is characterized by a preponderance of positive connections
between amygdala and MPFC (including ACC, BA9/10,
BA24/32) [Das et al., 2005, 2007; Liddell et al., 2005; Williams et al., 2004, 2006a]. We proposed that this network
(including amygdala and MPFC) provides a rapid and automatic alerting mechanism for responding to nonconscious
signals of fear that is ‘‘vital for the automatic orienting of
attention toward the stimulus and to highlight the stimulus
for further cognitive evaluation’’ [Liddell et al., 2005]. Activation in the MPFC was observed in the inferior frontal
gyrus and ventral anterior cingulate which are thought to be
linked to novelty processing and assessment of emotional
signiﬁcance. Activation was also observed in the left anterior cingulate, which may be speciﬁcally involved in the
redirection of attention because of nonconscious emotional
signals. Therefore, it is possible that an enhanced amygdala
and MPFC, as well as enhanced connections between these
regions, will be observed in PTSD.
Four functional magnetic resonance imaging (fMRI)
studies have examined PTSD responses to threat stimuli
presented rapidly. One study that presented fearful faces
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at 33 ms in a backward masking paradigm found
increased amygdala activity to masked fear faces in PTSD
[Rauch et al., 2000]. Another study presented masked
trauma-relevant stimuli at 33 ms to civilian trauma survivors and in a whole-brain analysis found reduced frontoparietal attentional activity and increased parahippocampal and left hippocampal activity [Sakamoto et al., 2005].
Although 33 ms presentation of stimuli is rapid, these are
able to be consciously detected [Williams et al., 2004]. In
one study that presented nonconscious masked faces for
16 ms, PTSD severity was associated with increased right
amygdala for masked fear [Armony et al., 2005]. A further
study examined masked combat stimuli presented at varying intervals from 20 to 80 ms, in combat victims and controls, and found more activation in visual cortex in PTSD
[Hendler et al., 2003]. However, studies of nonconscious
perception in PTSD that focus speciﬁcally on the MPFC as
a region of interest (ROI) remain to be conducted.
The aim of this study therefore was to examine the impact
of trauma on amygdala and MPFC responses to fearful faces
presented entirely below the threshold for conscious detection
(nonconscious). Consistent with the proposal of a feedforward
brainstem-amygdala-cortical ‘‘alarm’’ system [Liddell et al.,
2005; Williams et al., 2006a], we predicted that nonconscious
processing of fear stimuli in PTSD will involve greater recruitment of amygdala and MPFC, that these regions would be
positively connected in both patients and controls but that
patients would display greater connectivity than controls, and
that PTSD severity would be positively correlated with
heightened MPFC activation thereby providing convergent
evidence for the proposal that heightened MPFC is related to
PTSD during nonconscious fear processing.

METHOD
Participants
Fifteen patients with PTSD (7 males, 8 females) of mean
age 37.33 years (SD ¼ 9.90) and 15 age and sex-matched
non-traumatized controls (7 males, 8 females) of mean age
35.80 years (SD ¼ 9.06) participated in the study. All participants were right-handed. Diagnoses of PTSD were
made by clinical consensus by two clinical psychologists
(independent of the study), according to DSM-IV criteria
[American Psychiatric Association, 1994] using the Clinician Administered PTSD Scale (CAPS) [Blake et al., 1995].
PTSD participants included survivors of motor vehicle
accidents (n ¼ 7) and assault (n ¼ 8); the mean time
elapsed since trauma was 4.9 years (SD ¼ 5.6) and the
mean CAPS total score was 79.2 (SD ¼ 22.2). Non-traumaexposed and PTSD participants were excluded if they had
a history of psychosis or substance abuse, brain injury,
neurological disorder, or serious medical conditions
related to the thyroid or heart. PTSD participants scored
higher than control participants on the depression [PTSD:
M ¼ 11.60, SD ¼ 5.56; Controls: M ¼ 3.00, SD ¼ 5.15; t
(29) ¼ 4.40, P < .001] and anxiety [PTSD: M ¼ 15.27, SD ¼
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5.09; Controls: M ¼ 0.53, SD ¼ 1.13; t (29) ¼ 10.94,
P < .001] scales of the Depression Anxiety Stress Scale
[Lovibond and Lovibond, 1995]. All participants provided
written informed consent to participate, in accordance with
National Health and Medical Research Council guidelines.

Procedure
The methodological details and analysis procedures
have been described previously [e.g. Das et al., 2005, 2007;
Liddell et al., 2005; Williams et al., 2006a].

Stimulus presentation
Participants viewed grey-scale face stimuli which had
been selected from a standardized picture set [Gur et al.,
2002] and consisted of four female and four male individuals depicting fear and neutral facial expressions. All faces
were matched for overall luminosity and size, and were
equally aligned on a black background template. Face
stimuli were presented nonconsciously. Each sequence
comprised 240 stimuli (120 fear and 120 neutral) in a
pseudo-random sequence of 30 blocks (comprising 8 fear
or 8 neutral stimuli each). Each face (fear or neutral) stimulus was presented for 16.7 ms, followed by a 163.3 ms
neutral mask. These durations were based on parameters
established in a psychophysics experiment, undertaken
using an equivalent block design task, that demonstrated
that participants could not detect the content of nonconscious presentations. This timing was sufﬁcient to saturate
the retina, but precluded conscious awareness of the presence of the stimulus. Our protocol was based on signal
detection [Macmillan, 1986], and provides an exhaustive
criterion for ensuring unconscious processing of fear. The
inter-stimulus interval (ISI) was 1,088 ms. The ISI was jittered by 6200 ms to ensure that stimulus onset did not
coincide with a constant slice position during image acquisition. Face stimuli were presented via a projector (Sanyo
ProX, Multiverse Projector) and mirror system. Participants
received standardized and synchronized visual and audio
(through headphones) instructions and were asked to
actively attend to the face stimuli, in preparation for a
post-scanning brieﬁng about these stimuli. Participants
were instructed to focus on the ﬁrst face even though it
may be difﬁcult to see. To determine that the fearful and
neutral faces were perceived with the appropriate emotional response, we subsequently asked participants to
judge the facial emotion expression in a forced-choice rating task during conscious (500 ms) presentation.

Imaging Acquisition and Analysis
Imaging was performed on a 1.5T Siemens Vision Plus
scanner using an echoplanar protocol. A total of 90 functional T2*-weighted volumes (3 per stimulus block) were
acquired, comprising 15 noncontiguous slices parallel to
the intercommissural (AC-PC) line, with 6.6 mm thickness
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and TR ¼ 3.3 s, TE ¼ 40 ms, Flip angle ¼ 90; with FOV 24
 24 cm2, matrix size 128  128. Three initial ‘‘dummy’’
volumes were acquired to ensure blood oxygen level dependent (BOLD) saturation. Pre-processing (realignment
and unwarping, spatial normalization into standardized
MNI space, smoothing using an 8 mm FWHM isotropic
Gaussian kernel) and statistical analysis of fMRI data was
conducted using statistical parametric mapping (SPM2,
Wellcome Department of Neurology, London).
To test our a priori hypotheses, we conducted search ROI
analyses for the bilateral amygdala and medial prefrontal
cortex (including anterior cingulated) (MPFC), using the
automated anatomical labeling (AAL) masks [TzourioMazoyer et al., 2002] and the WFU Pickatlas [Version 1.02,
Maldjian et al., 2003]. We deﬁned the MPFC as including the
anterior cingulate (BA 24/32) and medial orbital to superior
frontal structures (extending to BA9/10), consistent with
previous PTSD neuroimaging studies [Rauch et al., 2000;
Shin et al., 1999, 2004; Williams et al., 2004, 2006a,b; Zubieta
et al., 1999]. All within- and between subject analyses
employed random effects analyses using SPM2, in contrast
to previous studies, which have employed ﬁxed effects analyses [Bremner et al., 1999a; Lanius et al., 2002, 2003]. Random effect analysis takes into account individual subject
variation and allows for results to be generalized beyond
the selected group of participants.
Individual contrast images (fear versus neutral) were
brought to the second level and examined using subtraction
analyses (one and two-sample t-test designs), an alpha level
of P < 0.05 (small volume corrected, svc) and an extent
threshold of >3 voxels per cluster. Psychophysiological
interaction (PPI) analyses were also conducted to determine
the degree to which experimental manipulation changes the
connectivity between amygdala (source region) and MPFC
(target region). Brieﬂy, the ﬁrst eigenvariate time series of
left and right amygdala for each individual was extracted
from a 6 mm sphere centred on the central coordinate (left
amygdala: x ¼ 23.5, y ¼ 1.95, z ¼ 18.5; right amygdala: x
¼ 27.1, y ¼ 0.573, z ¼ 18.8). Individual contrasts were
then created, representing the interaction between the
source region and the experimental condition, taken to the
second level and examined using one and two-sample ttests (alpha: P < 0.01 (svc), extent threshold: 10 voxels).
Results from the two-sample t-tests were saved as binary
masks and used in follow-up ROI analyses to determine
whether the locations that differed between-group in the
connectivity analyses overlapped those that differed
between-group in the subtraction (fear-neutral) analyses.
Finally, the association between PTSD severity (CAPS total
scores) as well as depression (DASS scale) and BOLD signal
changes in MPFC and amygdala networks was examined
using correlational analysis to further index the relationship
between the regions of interest and degree of PTSD and
depression. A regression analysis was also conducted
between PTSD severity and BOLD which removed the contribution of depression given the frequent comorbidity
between PTSD severity and depression [Kessler et al., 1995].
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TABLE I. Signiﬁcant activation within amygdale and MPFC ROIs for nonconscious
fear in PTSD and control subjects
MNI coordinatesb
Region
Control subjects
Amygdala
Medial Prefrontal Cortex (ventral)
PTSD subjects
Amygdala
Medial Prefrontal Cortex (dorsal)
PTSD > Controld
Amygdala
Medial prefrontal/anterior cingulate cortex (dorsal)
Medial prefrontal cortex (ventral)

Sidea

x

y

z

Cluster sizec

T value

L
R
R

16
18
8

2
4
58

16
16
12

11*
8
12

2.71
2.64
2.27

R
L
L?R

24
26
8

2
2
60

12
12
36

135*
133*
135

3.30
3.10
2.62

L
R
L, R
L, R

28
26
0
0

2
4
36
50

26
28
36
12

121*
151*
690*
98

3.85
3.30
3.24
2.48

a

An arrow (?) is used to indicate when a cluster of activation extends into the opposite hemisphere. The reported coordinate is associated with the greatest signiﬁcance level.
b
MNI coordinates (x, y, z, in millimetres) refer to the voxel of maximum signal change in each region.
c
The cluster with the largest number of voxels in each region is reported.
d
Only ﬁndings for the PTSD > control between-group contrast are displayed. No signiﬁcant differences were observed for the Control >
PTSD contrast.

Indeed, in the current PTSD sample, a signiﬁcant correlation
between depression and PTSD severity (r ¼ 0.775, P ¼ 0.002)
was observed.

RESULTS
Behavioural Data
Both the PTSD and control participants were highly
accurate in classifying fear (PTSD, 89%; Controls, 89%) and
neutral (PTSD, 94%; Controls, 73%) faces. There was no
difference between groups in facial identiﬁcation, w2 (1,
N ¼ 30) ¼ 2.70, P > 0.05).

(Table I). Within-subject ﬁndings indicated that these
group differences were due to a positive covariation
between right amygdala and MPFC in patients, but a negative covariation in controls. This pattern of covariation
however was reversed for the left amygdala and MPFC;
thus patients and controls displayed a negative and positive covariation, respectively. Follow-up analyses revealed
that while PTSD patients displayed excessively large
MPFC responses relative to controls (788 voxels), connectivity differences were observed in only 7 of these voxels
in which patients displayed negative connectivity and controls, positive connectivity.

Symptom Severity Correlations
Subtraction Analyses
Controls showed engagement of bilateral amygdala and
ventral MPFC, whereas PTSD participants showed large
activations of the bilateral amygdala and dorsal MPFC
(including dorsal ACC). Relative to controls, PTSD participants showed excessively large amygdala and (predominantly dorsal) MPFC responses to nonconscious fear
(Table I; Fig. 1).

Psychophysiological Interaction Analyses
Relative to controls, PTSD patients displayed increased
connectivity between right amygdala (source region) and
left dorsal MPFC (medial, superior frontal gyrus, MNI
coordinates: 2 þ 42 þ 56, t ¼ 3.03, P ¼ 0.003, 12 voxels),
but decreased connectivity between left amygdala (source
region) and right rostral MPFC (rostral ACC, MNI coordinates: þ16 þ 46 þ 20, t ¼ 3.01, P ¼ 0.003, 14 voxels)

r

In the PTSD group, PTSD symptom severity was negatively correlated with BOLD signal changes in dorsal
MPFC (medial, superior frontal gyrus, MNI coordinates:
þ10 þ 36 þ 52, t ¼ 3.70, P ¼ 0.002, 201 voxels). Depression
symptom severity (DASS: Depression total) was also negatively correlated with BOLD in MPFC (medial orbital,
superior frontal gyrus, MNI coordinates, þ0 þ 50 14, t ¼
4.12, P ¼ 0.001, 219 voxels). Interestingly, PTSD symptom
severity positively correlated with BOLD signal changes in
dorsal MPFC (medial, superior frontal gyrus, MNI coordinates: 4 þ 58 þ 38, t ¼ 7.33, P < 0.001, 1,423 voxels)
when the contribution of depression was removed. Furthermore, the negative correlation between depression and
BOLD remained after the contribution of PTSD severity
was removed (medial, superior frontal gyrus, MNI coordinates: 4 þ 58 þ 38, t ¼ 7.33, P < 0.001, 1,423 voxels). In
addition, depression severity was positively correlated
with BOLD signal changes in bilateral amygdala (MNI
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Figure 1.
Signiﬁcant activation within amygdala and MPFC ROIs for nonconscious fear in PTSD and control subjects.
Coordinates: þ24 2 22, t ¼ 2.55, P ¼ 0.012, 22 voxels;
20 þ 2 18, t ¼ 2.06, P ¼ 0.030, 12 voxels). PTSD symptom severity was not correlated with signal changes in the
amygdala.

DISCUSSION
The current ﬁndings provide the ﬁrst evidence of
increased amygdala and MPFC activation in PTSD during
nonconscious processing of fear and extend previous studies by demonstrating that although amygdala responses
are signiﬁcantly greater in PTSD participants, this is
accompanied by an increase in MPFC activity in nonconscious processing. While these differences were particularly striking, we observed that differences in functional
connectivity did not contribute to these ﬁndings. In addition, we found that PTSD severity was positively correlated with BOLD activity after accounting for the contribution of depression, thereby providing convergent evidence

r

that heightened MPFC is related to PTSD during nonconscious fear processing.
Findings accord with evidence that PTSD individuals exhibit increased amygdala activation when viewing fearful
faces presented at 33 ms and 16 ms [Armony et al., 2005;
Rauch et al., 2000, respectively] and with models of hardwired amygdala-based fear reactions [LeDoux, 1996]. This
convergent evidence points to the conclusion that hyperresponsivity of the amygdala plays a key role in the pathophysiology of PTSD and that such activity related to fear perception may be best detected during nonconscious processing
of fear [Morgan and LeDoux, 1995]. However, we report, for
the ﬁrst time, increased MPFC activity during nonconscious
processing of fear signals in PTSD. This contrasts with a previous study that reported no activation in MPFC when participants viewed the same stimuli as those presented in the
current study [Rauch et al., 2000]. Methodological issues
may explain the differences between these two ﬁndings.
While our study presented facial stimuli for 16.7 ms, the previous study presented stimuli for 33 ms. As noted in the
introduction, stimuli may still be consciously detected when
presented at 33 ms [Williams et al., 2004]. This distinction is
particularly important given that ‘‘smidgens’’ of consciousness may interfere with the ability to examine the correlates
of nonconscious perception [Bernat et al., 2001].
As predicted, functional connectivity ﬁndings indicated
that PTSD patients displayed positive connectivity (relative
to controls) with MPFC; this ﬁnding was speciﬁc to MPFC
connections with the right amygdala only and did not contribute to the excessively large between group differences
displayed in amygdala and MPFC. This ﬁnding accords
with reports of an excitatory inﬂuence of amygdala on
MPFC in PTSD individuals to consciously perceived
trauma-relevant stimuli [Gilboa et al., 2004] and with evidence of a feedforward activation in locus coerulus, amygdala, and MPFC in healthy controls during nonconscious
processing of fear faces [Liddell et al., 2004]. These ﬁndings are also consistent with suggestions that the amygdala
can modulate MPFC activity [Garcia et al., 1999]. In addition, PTSD patients also displayed negative connectivity
between left amygdala and rostral MPFC indicating that
enhanced connectivity in PTSD during nonconscious processing is lateralized to connections with right amygdala. In
addition, this negative connectivity with right rostral
MPFC was found to spatially overlap with regions in
which PTSD patients also displayed excessively large
MPFC responses relative to controls. While the reason for
this negative connectivity is unclear, this overlap was only
observed in 7 of the 788 voxels and is speciﬁc to connections with left amygdala. Interestingly, this negative connectivity in PTSD is consistent with ﬁndings reported in a
previous PTSD study, although this was observed during
conscious presentation of fearful versus happy facial
expressions [Shin et al., 2005]. It is notable that small clusters of activation only, were displayed when connectivity
differences between PTSD and control participants were
examined. On the basis of previous studies that have
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reported an abundance of positive connectivity within the
emotional circuitry during nonconscious processing of fear
faces in healthy controls [Das et al., 2007; Williams et al.,
2006a], we hypothesized that patients and healthy controls
would display positive connectivity but that patients
would display greater connectivity than controls. Findings
of this study suggest therefore, that while differences in
the connectivity of these regions are subtle, the activation
observed within the regions themselves is excessive.
Severity of PTSD was negatively associated with MPFC
activation during nonconscious processing of fear.
Although this pattern is consistent with previous reports
that PTSD is associated with impaired MPFC functioning
during fear processing [Shin et al., 2005; Williams et al.,
2006b], it was unexpected in the context of our ﬁnding
that PTSD was characterized by increased MPFC relative
to controls. Interestingly, PTSD symptom severity was positively correlated with BOLD signal changes in MPFC after
the contribution of depression was removed, while the
negative correlation between depression and BOLD
remained after the contribution of PTSD severity was
removed suggesting that the initial negative correlation
between PTSD severity and BOLD was inﬂuenced by
comorbid depression. It is possible therefore that the inﬂuence of comorbid depression in the more severe PTSD
cases in our sample led to the observed associations
between PTSD severity and decreased MPFC activation.
Although imaging studies of depressed patients have generally not used fear processing paradigms, there is convergent evidence of reduced MPFC activation in depression
[see Davidson et al., 2002, for review].
The conclusions from this study could be strengthened
by methodological modiﬁcations in future studies. First,
the absence of a trauma-exposed no-PTSD condition limits
inferences about the inﬂuence of trauma exposure and
PTSD on neural network responses. Second, whereas the
use of fearful face stimuli indexes responses to generic
fearful stimuli, it does not reﬂect response to traumarelated cues. Future replications could usefully employ
trauma-speciﬁc cues to elicit fear responses. Third, the
cross-sectional nature of this study precludes inferences
about the extent to which these responses are a function of
PTSD or represent more trait-like responses in these individuals. Future studies could measure responses before
and after successful treatment of PTSD to address the relationship between these neural responses and symptomatology. Finally, this study did not index neural networks in
association with autonomic arousal. A previous study suggests that neural networks respond differentially to trauma
memories depending on the level of autonomic arousal
present during the memory [Osuch et al., 2001].

CONCLUSIONS
This study provides the ﬁrst demonstration that PTSD
participants display greater activation within amygdala
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and MPFC during nonconscious fear processing. These
data extend existing models by suggesting that the
impaired MPFC activation in PTSD may be limited to conscious fear processing. The heightened capacity of the
brain to respond to unconsciously perceived fear stimuli
may explain why people with PTSD have difﬁculty controlling ongoing fear. These results point to a dysregulation of fear networks in PTSD individuals and suggest this
fear dysregulation may be predominant at a nonconscious
level. These data accord with evidence that people with
PTSD display preconscious processing of fear stimuli
[Harvey et al., 1996] and highlight the need for future
research to carefully index biological responses to information that is processed at preconscious levels.
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