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Abstract
Introduction—Impaired inhibition of fear in the presence of safety cues and a deficiency in the
extinction of fear cues are increasingly thought to be important biological markers of
Posttraumatic Stress Disorder (PTSD). Other studies have suggested that there may be altered
neural activation during behavioral inhibition tasks in subjects with PTSD. The current study
aimed to see whether neural activation during inhibition was reduced in a highly traumatized
civilian population, and whether atypical activation was associated with impaired fear inhibition.

Methods—The participants were 41 traumatized women (20 PTSD+, 21 PTSD−) recruited from
Grady Memorial Hospital in Atlanta, GA. We used a Go/NoGo procedure with functional
magnetic resonance imaging (fMRI) in a high-resolution 3T scanner. Participants were instructed
to press a button whenever an “X” or “O” appeared on the screen, but not if a red square appeared
behind the letter. Participants were assessed for trauma history and PTSD diagnosis, and
completed a fear-potentiated startle and extinction paradigm.

Results—We found stronger activation in the ventromedial prefrontal cortex (vmPFC) in
traumatized subjects without PTSD compared to those with PTSD in the NoGo greater than Go
contrast condition. Activation in the vmPFC was negatively correlated with fear-potentiated startle
responses during safety signal learning (p=.02) and fear extinction (p=.0002).

Conclusions—These results contribute to understanding of how the neural circuitry involved in
inhibitory processes may be deficient in PTSD. Furthermore, the same circuits involved in
behavioral inhibition appear to be involved in fear inhibition processes during differential fear
conditioning and extinction.
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1. Introduction
Posttraumatic stress disorder (PTSD) can develop in some individuals after exposure to an
event that causes extreme fear, horror, or helplessness (APA, 1994). PTSD is characterized
by three primary symptom clusters following a traumatic experience: a) the first cluster of
symptoms includes re-experiencing of the traumatic event through intrusive thoughts,
nightmares, flashbacks, and related phenomena that are often produced by reminders of the
traumatic event; b) the second cluster is characterized by avoidance symptoms including
loss of interest in social situations and emotional detachment; and c) the third cluster
includes psychophysiological reactivity in response to trauma-related stimuli including
exaggerated startle, hypervigilance, elevated perspiration, and shortness of breath (APA,
1994). Dysregulation of the fear processing system appears to be central to many of these
symptoms of PTSD. Studies with combat and civilian trauma populations have shown that
inhibition of fear-potentiated startle is impaired in PTSD compared to controls (Jovanovic et
al., 2011). Inhibition of fear responses involves learning to discriminate between danger and
safety cues and to suppress fear responses in the presence of safety cues (Jovanovic and
Norrholm, 2011), using a Pavlovian conditioning model in which a neutral stimulus (CS+) is
paired with an aversive unconditioned stimulus (US). After several pairings, the association
is formed so that the CS+ alone elicits the conditioned response (CR) (Pavlov, 1927). In
differential conditioning, a separate cue that is never paired with the US (CS−, safety signal)
does not elicit the CR if the fear response is appropriately inhibited. An additional paradigm
used to investigate fear inhibition is extinction, in which the previously fear-conditioned CS
+ is repeatedly presented without the US, until the subject learns that it no longer predicts
danger.

There are several lines of evidence that implicate the prefrontal cortex (PFC) as an
anatomical substrate for fear inhibition (Jovanovic and Norrholm, 2011). For example,
functional MRI data indicate increased activation of the ventromedial (vm)PFC during an
extinction recall task that is presented after extinction learning has occurred (Phelps et al.,
2004; Milad et al., 2007). Furthermore, morphometric MRI analyses suggest that the
thickness of vmPFC cortical tissue is correlated with extinction retention (Milad et al., 2005;
Hartley et al., 2011). The PFC is also activated during response inhibition tasks in the
absence of fearful stimuli. In such tasks, the participant is presented with a “Go” signal
indicating that a response is required, for example, to press a button when a letter appears on
the monitor. On a fraction of trials, however, the participant is required to withhold a
response during a “NoGo” signal (the Go/NoGo task) (Eagle et al., 2008; Hester et al.,
2004). Go/NoGo tasks used in subjects with PTSD with functional magnetic resonance
imaging (fMRI) (Carrion et al., 2008; Falconer et al., 2008) have found decreased activation
in the mPFC in PTSD subjects compared to controls.

A hallmark of PTSD neurobiology is exaggerated amygdala activity during fearful
stimulation coupled with reduced top-down control of the amygdala by the PFC, indicating
dyregulation of this inhibitory neurocircuit (Rauch et al., 2000; Rauch et al., 2006; Shin et
al., 2004; Liberzon and Martis, 2006; Etkin et al., 2006). A recent meta-analysis of imaging
studies during emotion processing in PTSD, social anxiety, and specific phobia indicated
that the vmPFC (including the rostral anterior cingulate cortex, rACC) is less active in PTSD
patients relative to controls (Etkin and Wager, 2007). Additionally, a recent fMRI study of
extinction recall demonstrated decreased activation of the vmPFC in PTSD patients
(Rougemont-Bücking et al., 2010). Finally, structural MRI data indicate that greater rACC
volume predicts positive treatment outcomes in PTSD patients (Bryant et al., 2008). This
area has been found to differ in PTSD patients compared to controls in shape and size
(Corbo et al., 2005).
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Differential fear conditioning and extinction paradigms in a highly traumatized civilian
population (Jovanovic et al., 2010b; Jovanovic et al., 2010a; Glover et al., 2011; Norrholm
et al., 2011) suggest that participants with PTSD show higher fear-potentiated startle to the
CS+ (danger signal) and CS− (safety signal) than trauma controls (Glover et al., 2011). Data
from our study on extinction suggest that a high degree of fear during late extinction is
related to impaired inhibition, as it is best predicted by higher fear responses to the safety
signal at the end of conditioning (Norrholm et al., 2011). In the current study, we
investigated the neurocircuitry of response inhibition using an fMRI Go/NoGo task in a
sample of traumatized women from inner-city Atlanta with and without PTSD. We
hypothesized that women with PTSD would have less activation of the vmPFC/rACC during
the inhibition condition compared to trauma controls. Furthermore, we examined inhibition
of fear-potentiated startle in relation to neural activation to the response inhibition task. We
hypothesized that impaired inhibition of fear would be associated with decreased activation
in the vmPFC during the NoGo condition.

2. Methods
2.1 Participants

A total of 53 African American females aged 20–62 years were recruited through an
ongoing study of risk factors for PTSD from the primary care medical clinics of a publicly
funded hospital that serves a low-income minority population in inner-city Atlanta (Bradley
et al., 2008; Schwartz et al., 2005). After complete description of the study to the subjects,
written informed consent was obtained. Study procedures were approved by the institutional
review boards of Emory University and Grady Memorial Hospital.

Women were considered eligible for participation if they were able and willing to give
informed consent. Participants were screened with a short questionnaire to assess for the
presence of these exclusion criteria: current psychotropic medication use, medical or
physical conditions that preclude MRI scanning (e.g., metal implants), a history of
schizophrenia or other psychotic disorder, history of head injury or loss of consciousness for
longer than 5 minutes, or a history of neurological illness. Participants were also screened
for pregnancy using a urine test. Of the 53 women recruited, data from 12 participants were
excluded from the analyses due to a) motion artifacts (n=3), b) neurological abnormalities
on the structural scan (n=4), c) drug use (n=2), d) computer error (n=2), and e) HIV+ (n=1).
The final sample included 41 women (20 PTSD+ and 21 PTSD−).

2.2 Psychological assessment
The following measures were used to index PTSD symptoms, childhood maltreatment and
lifetime trauma history, respectively: Modified PTSD Symptom Scale (PSS) (Foa and Tolin,
2000), Childhood Trauma Questionnaire (CTQ) (Bernstein and Fink, 1998), and the
Traumatic Events Inventory (TEI). These measures have all been used previously in our
work with this population (Binder et al., 2008; Schwartz et al., 2005). The categorical
definition of PTSD+ vs. PTSD− was determined from responses to the DSM-IV-based
criteria in the PSS. Immediately prior to the MRI scan, the participants filled out the state
and trait forms of the State-Trait Anxiety Inventory (STAI (Speilberger and Vagg, 1984)).

2.3 MRI procedures
Scanning took place in a Siemens 3-Tesla scanner at Emory University Hospital.
Participants viewed task stimuli via an adjustable mirror affixed to the radiofrequency coil,
which reflected a computer screen located at the end of the MRI aperture.
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Following a short calibration scan, a high-resolution T1-weighted structural scan was
acquired using an MPRAGE sequence (176 slices, field of view=256 mm cubic voxels;
1×1×1 mm slice; TR= 2600ms; TE= 3.02ms; TI= 900ms; flip angle= 8 degrees). During
task administration, a total of 26 contiguous echo-planar, T2-weighted images parallel to the
anterior-posterior commissure line were acquired (TR=2530m sec; TE=30m sec; field of
view=240 mm; 64×64 matrix; 3.75×3.75×4.0 mm voxel). fMRI images were acquired using
the Z-saga pulse sequence (Heberlein and Hu, 2004) to minimize susceptibility signal loss.
Statistical Parametric Mapping, version 5 (SPM5, Wellcome Trust Centre for
Neuroimaging, London, UK: http://www.fil.ion.ucl.ac.uk/spm/) was used for file
conversion, image pre-processing and statistical analyses. Functional images were slice-time
corrected with a high-pass filter applied, realigned to the first image in the session to correct
for motion. The structural T1 volume was then co-registered to the mean of the realigned
functional images and spatially normalized to standardized Montreal Neurological Institute
(MNI) space using the VBM toolbox (Christian Gaser; University of Jena, Department of
Psychiatry). The normalization parameters were then applied to the functional volumes and
the images smoothed with an 8mm FWHM Gaussian kernel. MNI coordinates were
transformed into Talairach coordinates using http://imaging.mrccbu.cam.ac.uk/imaging/
MniTalairach.

The Go/NoGo task was modified from previous work published by Leibenluft and
colleagues (Leibenluft et al., 2007). On all trials, a white fixation cross appeared on a black
background for 500ms; it was replaced by an X or an O “Go” signal for 1000ms and
followed by 750ms of blank screen. On a response pad, the subjects pressed 1 for X and 2
for O. The subjects were instructed to respond to each trial as fast as they could unless the
“NoGo” signal appeared (i.e., the background changed to red), in which case they should not
press either button. The task comprised four runs separated by three 20 sec rest periods.
Each run contained 26 “Go”, 13 “NoGo”, and 14 blank trials distributed randomly.

2.4 Fear-potentiated startle assessment
The startle and MRI sessions occurred at separate visits. Startle response data were acquired
at a 1000 Hz sampling frequency using the electromyography (EMG) module of the
BIOPAC MP150 for Windows (Biopac Systems, Inc., Aero Camino, CA). The acquired data
were filtered, rectified, and smoothed using the MindWare software suite (MindWare
Technologies, Ltd., Gahanna, OH) and exported for statistical analyses. The EMG signal
was filtered with low- and high-frequency cutoffs at 28 and 500 Hz, respectively. The
maximum amplitude of the eyeblink muscle contraction 20–200ms after presentation of the
startle probe was used as a measure of the acoustic startle response.

The eyeblink component of the acoustic startle response was measured by EMG recordings
of the right orbicularis oculi muscle using two 5-mm Ag/AgCl electrodes filled with
electrolyte gel. One electrode was positioned 1 cm below the pupil of the right eye and the
other was placed 1 cm below the lateral canthus. Impedance levels were less than 6 kilo-
ohms for each participant. The startle probe was a 108-dB (A) SPL, 40-ms burst of
broadband noise with near instantaneous rise time, delivered binaurally through headphones.

The fear-potentiated startle protocol consisted of two phases: Fear Acquisition and Fear
Extinction. The Fear Acquisition phase consisted of three blocks with four trials of each type
(a reinforced conditioned stimulus, CS+; a nonreinforced conditioned stimulus, CS−; and
the 40 ms, 108 dB noise probe alone, NA). Both CSs were colored shapes presented on a
computer monitor for 6sec. The US was a 250ms air blast with an intensity of 140 p.s.i.
directed at the larynx. This US has been used in several of our previous studies and
consistently produces robust fear-potentiated startle (Norrholm et al., 2011; Jovanovic et al.,
2010b). Ten minutes after the conclusion of the Fear Acquisition phase, participants
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underwent the Fear Extinction phase that consisted of 6 blocks with four trials of each type
(the previously reinforced CS+, CS, and NA). None of the CS presentations during
Extinction was reinforced with an airblast US. In all phases of the experiment, the inter-trial
intervals were randomized to be 9–22 sec in duration.

2.5 Statistical analyses
Functional imaging data were analyzed using SPM software (Wellcome Trust Centre for
Neuroimaging, University College London, U.K.). After pre-processing, the images were
entered into a two-level general linear model (GLM) statistical analysis (Friston et al.,
1995).

The first level was an event-related model fitting subject-specific parameters. To examine
blood-oxygen-level dependent (BOLD) signal change to task conditions, fixed-effects
analysis was conducted by creating vectors for onset time of each condition, including
NoGo correct and incorrect trials and Go correct and incorrect trials, derived from the
behavioral data on the response pad during the task. The primary t-contrast was for
examining BOLD signal change corresponding to NoGo greater than Go (NoGo>Go). The
resulting individual contrast images were then entered into second-level random-effects
GLM to obtain group estimates and correlations with variables of interest. A 2-sample t-test
with PTSD+ and PTSD− groups was used to compare activation between groups.
Additionally, startle data were entered into a regression model to predict BOLD signal
change to the NoGo>Go contrast condition. An initial exploratory statistical threshold of p<.
005 (uncorrected) and an extent threshold of ≥ 5 voxels per cluster was used to determine
significant activations in the whole-brain analysis; secondarily, significant activations were
thresholded with an false discovery rate (FDR) corrected p<.05 for small volume (6mm
sphere) in specific ROIs derived from the literature, i.e. vmPFC/rACC (Etkin and Wager,
2007; Falconer et al., 2008).

The presence of fear-potentiated startle was assessed by comparing startle magnitude on the
CS+ trials to startle magnitude to the noise alone (NA) trials. Differential conditioning and
extinction was assessed by calculating a difference score obtained by subtracting startle
magnitude to the NA trials from the startle magnitude on CS+ trials and CS− trials for each
conditioning block. To examine differences in fear conditioning within each group, a
repeated-measures ANOVA was conducted with trial type (2 levels: CS+, CS−) as the
within-subjects variable, during late acquisition (i.e., blocks 2 and 3, when the
discrimination is maximal). Extinction to the previously reinforced CS+ was divided into
early (blocks 1 and 2), mid (blocks 3 and 4), and late (blocks 5 and 6) phases. Fear-
potentiated startle during extinction was entered as a within-groups variable of phase (3
levels) in a repeated-measures ANOVA, within each group. Fear conditioning data were
available on 29 (16 PTSD−, 13 PTSD+), and extinction data on 24 (13 PTSD−, 11 PTSD+)
participants. Missing data were due to either: noisy psychophysiological data, computer or
experimenter error, or participant drop-out. Bivariate correlations were performed between
the BOLD signal change during the NoGo>Go contrast and the fear-potentiated startle
variables. All statistical analyses were conducted with SPM and SPSS software packages.

3. Results
3.1 Demographic and clinical characteristics of sample

The demographic and clinical data of the sample are shown in Table 1. All participants were
African American women, matched for age and trauma exposure. The PTSD+ women had
significantly higher current symptoms of PTSD than the PTSD− women. However, the
groups did not differ on measures of state or trait anxiety immediately prior to the MRI scan.
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3.2 Go/NoGo functional MRI
The behavioral data on the response pad to the Go and NoGo trials were highly accurate in
both groups, i.e., the error rate was very low (Go trials=94.4% correct, no group difference,
F<1.0; NoGo trials=89.4% correct, no group difference, F<1.0). Therefore we collapsed the
incorrect and correct trials for each type into a single contrast NoGo>Go. The whole brain
analyses of BOLD signal change during this contrast, with an uncorrected p-value threshold
set at <.005 revealed significantly greater activation in the vmPFC in the PTSD− group
compared to the PTSD+ group (Z=3.09, p=.001, 15 voxels, Talairach coordinates: x=4,
y=42, z=−5), see Figure 1A and Table 2. We repeated the analysis with a small volume
correction for the vmPFC ROI (anatomically-based seed coordinates based on Etkin and
Wager (2007) and found the same effects of PTSD (Z=3.07, p(FDR corr)=.009). We then
extracted the BOLD signal value from these coordinates, and compared it between
diagnostic groups using a one-way ANOVA. This analysis also showed significantly less
BOLD signal change in the vmPFC in the PTSD+ group relative to the PTSD− group
(F(1,40)=7.94, p=.008), see Figure 1B. We repeated this analysis in an ANCOVA with age,
level of childhood maltreatment and lifetime trauma, and time since trauma added as
covariates, and the effect of PTSD remained significant (F(1,33)=7.04, p=.01). Finally, in
order to test whether the correct behavioral response during the task affected the results, we
performed a separate ANCOVA covarying for % correct responses on the NoGo trial, and
the effect of PTSD on the BOLD signal was still significant (F(1,38)=8.47, p=.006), with no
interaction with the rate of correct response.

3.3 Fear-potentiated startle
Both groups showed significant potentiation of the startle response to the CS+ relative to the
NA trials, PTSD− (F(1,15)=10.00, p=.006), PTSD+ (F(1,12)=7.26, p=.02). We then
assessed differential fear conditioning by comparing the difference score of the startle
magnitude (CS minus NA) for CS+ and CS−. Figure 2A shows the results of differential fear
conditioning between diagnostic groups. A repeated-measures ANOVA of fear-potentiated
startle during the late acquisition phase with trial type (CS+, CS−) as a within-groups
variable showed that the PTSD− group demonstrated significant discrimination between the
CS+ and CS− (F(1,15)=5.58, p=.03), while the PTSD+ group did not (F(1,12)=2.14, p=.17).
This suggests that the PTSD− group was able to appropriately inhibit startle to the CS−
safety signal, whereas the PTSD+ group was not.

We then examined fear extinction to the CS+ across the three phases of extinction (early,
mid, late) within each diagnostic group. Figure 2B shows the results of extinction in both
groups. As was the case during acquisition, the PTSD− group showed significant reduction
in fear-potentiated startle across the phase variable (F(2,24)=7.55, p=.003), whereas the
PTSD+ group did not successfully extinguish the fear response (F(2,20)=2.55, p=.10).

3.4 Association between Go/NoGo circuitry and inhibition of fear
Bivariate correlations between the extracted BOLD signal during the NoGo>Go contrast and
fear conditioning variables revealed a significant negative correlation between vmPFC
activation and fear expression during inhibitory trials for the entire sample. Specifically,
greater fear-potentiated startle to the CS− during late fear acquisition (r=−.44, p=.02) and the
CS+ during late extinction (r=−.70, p=.0002) were associated with less vmPFC activation.
Fear potentiation to the CS+ during acquisition or the early- and mid- phases of extinction,
which are associated with high fear expression rather than impaired inhibition, were not
significantly correlated with the BOLD signal in the vmPFC.

In order to examine whether fear inhibition independently contributed to vmPFC activation,
we performed a hierarchical regression model by adding age in the first step, PTSD status in
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the second step, and fear-potentiated startle to the inhibition trials (i.e., safety signal and late
extinction) in the final step. The overall model was significant (F(4,23)=7.25, p=.001), and
accounted for 60.4% of the variance in vmPFC activation. Impaired fear inhibition predicted
vmPFC activation beyond age and PTSD status (Fchange(2,19)=9.57, p=.001), and alone
accounted for 39.9% of the variance. Interestingly, when fear inhibition was added to the
model, PTSD diagnosis no longer significantly predicted decreased vmPFC activation.

We also included degree of fear-potentiated startle to the safety signal as a regressor in a
SPM analysis of the NoGo>Go contrast condition in a whole brain analysis with a threshold
of p<.001 (uncorrected). BOLD activation in the vmPFC was negatively correlated with
startle to the CS− (Z=3.73, p<.001,19 voxels, Talairach coordinates: x=4, y=31, z=−9), as
shown in Figure 3. We repeated the analysis within the vmPFC ROI and replicated the
negative correlation with startle to the safety signal (Z=3.46, p(FDRcorr)=.01).

4. Discussion
This study used the Go/NoGo task in a functional MRI scan to assess response inhibition in
a sample of highly traumatized African American women with and without PTSD. As in
previous studies that have used this paradigm with PTSD populations, the PTSD group
showed decreased activation in regions of the prefrontal cortex during the behavioral
inhibition condition compared to controls (Falconer et al., 2008; Carrion et al., 2008). This is
the first study, to the best of our knowledge that has used this paradigm during fMRI with a
traumatized female African American sample.

The main finding in this study was the correlation of activity in the prefrontal cortex during
the response inhibition task to inhibition of fear-potentiated startle to a conditioned safety
cue outside the scanner. Given that the Go/NoGo task does not have an emotional
component, it would seem that the neural circuitry for both kinds of inhibitory behaviors
may be overlapping. Specifically, the brain region that was activated during the Go/NoGo
task and that was correlated to fear inhibition is located primarily within the vmPFC
(Brodmann area 32), and may include parts of the rACC (Brodmann area 24). As seen in
Figures 1A and 3, the voxels with the highest BOLD signal change are immediately anterior
to the corpus callosum and slightly ventral to the genu. This area has been shown to be
activated during extinction recall, which also involves inhibition of conditioned fear (Milad
et al., 2007), and during emotional conflict tasks (Etkin et al., 2006). The association
between conditioned fear inhibition and vmPFC/rACC activation allow for the use of more
cost-efficient, non-invasive methods of assessing the neural underpinnings of fear
regulation, which is emerging as a putative biomarker for PTSD (Jovanovic et al., 2010a).

The vmPFC/rACC region may offer a target for novel PTSD treatment approaches. An area
slightly more ventral to the rACC and below the corpus callosum, the subgenual cingulate
(Brodmann area 25), has been used as a target in deep brain stimulation to relieve treatment-
resistant depression (Holtzheimer and Mayberg, 2010), with long-term positive outcomes
(Kennedy et al., 2011). There is an emerging body of literature assessing treatment-related
structural and functional changes in the neural underpinnings of mental disorders. An early
study for example, using single photon emission computed tomography (SPECT) imaging
pre- and post-treatment with selective serotonin reuptake inhibitors (SSRIs), found
significant changes in ACC and hippocampus after 12 weeks of treatment (Carey et al.,
2004). In a recent study of Iraq and Afghanistan combat soldiers with PTSD who underwent
exposure therapy, increased neural activation in the rACC in response to treatment was
associated with greater clinical improvement, even in the absence of large changes in PTSD
symptoms (Roy et al., 2010). These studies suggest neuroplasticity in the PFC with the
potential for treatment-related modifications in activity (e.g., successfully attenuating
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amygdala-driven fear responses). Such findings offer great promise for improving available
treatments for PTSD. The current study suggests that atypical patterns of fear inhibition
during fear conditioning pre- and post-treatment may reflect these neuroanatomical changes.
Therefore, these methods may have clinical application in providing a non-invasive
technique for evaluating changes in the brain resulting from treatment or early intervention.

Several study limitations should be noted. First, the design of the study task resulted in very
low error rates on the response pad and thus prohibited separate analyses of incorrect and
correct responses to the NoGo trials; these two responses may differentially engage
inhibitory circuits. Future research may use a paradigm that allows for the examination of
neural activity during unsuccessful inhibition (Leibenluft et al., 2007). Next, the study did
not include a non-traumatized comparison group. Although normative data would be
interesting, the primary aim of the study was to examine neural correlates of
psychopathology post trauma exposure, rather than the effects of trauma per se. The
ANCOVA covarying for level of trauma exposure in both groups suggested that the effects
on brain activation were not related to the trauma, but rather PTSD. Finally, although
participants in this study represent an understudied population in the PTSD literature, the
circumscribed demographic profile of this population may limit generalizability of these
findings to other traumatized populations.

In conclusion, the effects of exposure therapy, which is one of the most successful
psychotherapeutic approaches to PTSD, may be related to increasing fear inhibition. Given
that exposure therapy is, in part, based on extinction learning, which activates the vmPFC,
this premise would provide a likely neural mechanism of action. The regression analysis
suggested that fear inhibition may mediate the relationship between PTSD and vmPFC
activation, since PTSD status was no longer a significant predictor of activity once fear
inhibition was added to the regression. Facilitating fear extinction, which the current study
and our previous work has shown to be impaired in PTSD patients (Glover et al., 2011), may
produce therapeutic modifications to underlying neural connectivity by increasing inhibition
of fear.
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Figure 1.
A) Brain activation in the NoGo>Go contrast, in the PTSD− minus PTSD+ condition. B)
Mean extracted BOLD signal change between the PTSD− and PTSD+ groups. Statistical p-
value shown for small volume ROI in the vmPFC. PTSD=Posttraumatic Stress Disorder.
BOLD=Blood Oxygen Dependent Level.
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Figure 2.
Fear-potentiated startle in the PTSD− and PTSD+ groups during A) late acquisition and B)
extinction. Abbreviations: CS=Conditioned Stimulus; CS+=reinforced CS, CS
−=nonreinforced CS. PTSD=Posttraumatic Stress Disorder.
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Figure 3.
Brain activation in the NoGo>Go contrast, with fear-potentiated startle to the safety signal
(CS−) used as a regressor in a negative correlation. Statistical p-value shown for small
volume ROI in the vmPFC.
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