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Abstract
Difficulties in the regulation of emotion are hypothesized to play a key role in the development and maintenance of post-
traumatic stress disorder (PTSD). The current study used functional magnetic resonance imaging (fMRI) to assess neural 
activity during task preparation and image presentation during different emotion regulation strategies, cognitive reappraisal 
and expressive suppression, in PTSD. Patients with combat-related PTSD (n = 18) and combat-exposed controls (n = 27) 
were instructed to feel, reappraise or suppress their emotional response prior to viewing combat-related images during fMRI, 
while also providing arousal ratings. In the reappraise condition, patients showed lower medial prefrontal neural activity dur-
ing task preparation and higher prefrontal neural activity during image presentation, compared with controls. No difference 
in neural activity was observed between the groups during the feel or suppress conditions, although patients rated images 
as more arousing than controls across all three conditions. By distinguishing between preparation and active regulation, 
and between reappraisal and suppression, the current findings reveal greater complexity regarding the dynamics of emotion 
regulation in PTSD and have implications for our understanding of the etiology and treatment of PTSD.
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Introduction

Posttraumatic stress disorder (PTSD) is a debilitating psychi-
atric disorder, which develops following exposure to extreme 
stress or trauma. Trauma-related symptoms, including 
hyperarousal, avoidance and intrusive memories, are often 
experienced in the period immediately following trauma 
exposure (McFarlane 2000). In the majority of cases these 
symptoms resolve in the first month following exposure, 
however a subset of individuals will go on to develop the 
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persistent symptoms that characterize PTSD (Kessler 1995). 
One reason for the failure of symptoms to resolve over time 
may be the use of emotion regulation strategies that aim to 
suppress rather than modify an emotional response, when 
confronted with negative emotions (Cisler and Olatunji 
2012; Gross 1998; Moore et al. 2008; Tull et al. 2007).

Gross’s highly influential process model of emotion reg-
ulation distinguishes regulation strategies by the point at 
which they occur during an unfolding emotional response. 
At the broadest level, strategies can be divided into early 
(antecedent-focused) and late (response-focused) (Gross 
1998, 2002). Early strategies aim to modify an emotional 
response before it occurs, such as through reinterpreting the 
meaning or context of a stimulus—situation-focused cogni-
tive reappraisal—or by modifying one’s perspective—self-
focused cognitive reappraisal (Ochsner et al. 2004; Willroth 
and Hilimire 2016). For example, when faced with a chal-
lenging situation, a medical professional may adopt a pro-
fessional distance to perceive it in a detached and objective 
manner rather than a personal or emotional one (Doulougeri 
et al. 2016; Ochsner et al. 2004; Shapiro 2013). In contrast, 
late strategies attempt to inhibit an emotional response once 
it has already occurred, for example, by suppressing any 
outward expression of emotion. Late strategies have been 
shown to be less effective than early strategies in regulating 
experienced emotion (Gross 1998).

In PTSD populations, difficulties with emotion regula-
tion were found to be significantly associated with PTSD 
symptom severity and to partially mediate the relationship 
between PTSD and related comorbidities (Klemanski et al. 
2012). PTSD symptoms have been associated with greater 
spontaneous use of suppression and less use of reappraisal 
(Shepherd and Wild 2014), and shifting from suppression- 
(late) to reappraisal-based (early) emotion regulation strat-
egies has been associated with improvements in treatment 
outcomes (Price et al. 2006). In addition, therapeutic inter-
ventions such as cognitive behavior therapy (CBT) aim to 
promote emotional regulation self-efficacy, training clients 
to change their emotions by changing their thoughts through 
cognitive restructuring (Beck 2011).

At the neural level, cognitive reappraisal and expressive 
suppression have been shown to be both functionally and 
temporally distinct. Previous work in healthy individuals 
(Goldin et al. 2008) has demonstrated that during emotion 
regulation, patterns of neural activity differ between reap-
praisal and suppression and change over time, with reap-
praisal showing a pattern of high initial medial prefrontal 
neural activity which then decreases over time and sup-
pression showing low initial medial prefrontal neural activ-
ity which then increases. At a functional level, the medial 
prefrontal cortex is involved in multiple processes relevant 
to emotion regulation, including emotional processing and 
modulation of the fear response (Diekhof et al. 2011; Etkin 

et al. 2011; Milad et al. 2007a, b; Northoff et al. 2006). At a 
structural level, regions within the medial prefrontal cortex 
show strong connections to the limbic system, including the 
amygdala (Bush et al. 2000; Devinsky et al. 1995). Goldin 
et al. conclude that the early activation of prefrontal con-
trol regions during reappraisal leads to the effective down-
regulation of amygdala and insular reactivity, accompanied 
by successful regulation of the emotional response and a 
reduced need for continued cognitive control. Conversely, 
during suppression, later activation of prefrontal control 
regions seemingly fails to inhibit the emotional response, 
leading to a need for sustained activity in these regions and 
no decrease in amygdala and insular activity.

PTSD patients have previously demonstrated less prefron-
tal neural activity than controls in response to threat-related 
stimuli, and this is thought to play a key role in the devel-
opment and maintenance of PTSD symptoms (Rauch et al. 
2006; Shin et al. 2006). Lower prefrontal neural activity 
has also been observed during the down-regulation of nega-
tive emotion in PTSD, in populations as diverse as female 
victims of sexual violence (New et al. 2009), male combat 
veterans (Rabinak et al. 2014) and male and female motor 
vehicle accident victims (Xiong et al. 2013). The above 
studies did not contrast different types of down-regulation, 
such as expressive suppression and cognitive reappraisal. 
However, in a study by Shepherd and Wild (Shepherd and 
Wild 2014), PTSD patients and trauma-exposed controls 
were instructed to feel, maintain or decrease their emotional 
response to negative and neutral images. PTSD symptoms 
were associated with greater spontaneous use of suppres-
sion and less use of reappraisal (Shepherd and Wild 2014). 
In addition, previous neuroimaging work in PTSD has not 
distinguished between task preparation and image presenta-
tion. It is therefore unclear whether and how neural activity 
alters during an unfolding emotional response in individuals 
with PTSD, and whether patterns of change differ between 
groups in during suppression, as both groups can employ 
suppression when instructed.

In the current study, we investigate neural and behavio-
ral differences between combat-related PTSD patients and 
combat-exposed controls during an emotion regulation task. 
In line with Gross’s process model of emotion regulation, 
we distinguish between cognitive reappraisal and expressive 
suppression. In addition, previous work has demonstrated 
that patterns of neural activity not only differ between reap-
praisal and suppression, but also change over time (Goldin 
et al. 2008, 2009), and that physiological and behavioral 
changes are observable during preparation for emotion regu-
lation (Gross 1998). Gross and colleagues propose that when 
individuals are aware that they will soon be required to man-
age their emotions, they “appear to steel themselves”, and 
that physiological and behavioural changes are indicative 
of an individual’s efforts to prepare themselves (1998). As 
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such, we also distinguish between preparatory neural activ-
ity, during the instruction phase, and active emotion regula-
tion, during the image presentation phase, a distinction that 
has not previously been made in neuroimaging research on 
PTSD.

We recruited patients with combat-related PTSD and 
combat-exposed individuals without psychopathology, and 
employed a mixed design to compare the effects of cognitive 
reappraisal and expressive suppression on subjective arousal 
and neural activity in individuals with and without PTSD. 
Combat-related images were used to generate a powerful 
trauma-related negative affective state. We hypothesize that 
during emotional regulation, patients and controls will differ 
at both a behavioral and neural level. On the basis of previ-
ous literature, one may postulate on a number of potential 
neural patterns that PTSD patients may demonstrate. Based 
on neuroimaging work in PTSD, one may expect that pre-
frontal neural activity will be lower in PTSD patients than 
controls during all stages and for all forms of emotion regu-
lation (New et al. 2009; Rabinak et al. 2014; Rauch et al. 
2006; Xiong et al. 2013). Alternatively, if PTSD is particu-
larly associated with the use of suppression (Shepherd and 
Wild 2014), then one may expect that when instructed to use 
reappraisal, PTSD patients will rather demonstrate a pattern 
similar to suppression in healthy controls, of lower initial 
prefrontal neural activity which then increases (Goldin et al. 
2008). In this case, one would not expect to observe a dif-
ference between patients and controls. We aim to clarify 
whether during cognitive reappraisal, PTSD patients show 
reduced neural activity across both task preparation and 
stimulus presentation, or if they present a pattern similar to 
that of expressive suppression in healthy controls, with lower 
preparatory neural activity followed by sustained activity 
during stimulus presentation. At the behavioral level, we 
hypothesize that PTSD patients will be less effective in 
down-regulating emotion and will report higher subjective 
arousal ratings than controls during cognitive reappraisal 
and expressive suppression.

Methods and Materials

Participants

Eighteen soldiers with combat-related PTSD, prior to onset 
of therapy, and 27 combat-exposed soldiers without men-
tal illness were recruited from the German Armed Forces. 
Participants were screened for inclusion and exclusion cri-
teria. Inclusion criteria: all participants were male, had been 
previously deployed overseas to areas of conflict, and had 
experienced trauma within the last 2 years, as assessed by 
the Mental Health Advisory Team Combat Experiences 
Scale. Clinical psychologists interviewed participants, and 

for the patient group a diagnosis of PTSD was made using 
ICD 10 criteria. Exclusion criteria: no participants had MRI 
contraindications or a history of concussion or traumatic 
brain imagery, none were using psychotropic medication 
or had current or previous comorbid Axis II psychiatric 
disorders (American Psychiatric Association 2000). The 
mean age of the patient group was 28.3 years (SD = 6.4, 
ranging between 23 and 52 years) and the mean age of the 
control group was 32.7 years (SD = 5.9, ranging between 23 
and 47 years). Because the patient group was significantly 
younger than the control group [t(43) = 2.387, p < 0.05], in 
the subsequent reported neuroimaging analyses, age was 
included as a covariate of no interest, although repeating 
the neuroimaging analyses without including age did not 
change the results.

All participants had completed secondary education, and 
the proportion of patients (12 of 18) and controls (21 of 27) 
who had completed additional vocational training was not 
significantly different [X2(1, N = 45) = 2.143, p = 0.143].

The protocol was approved by the ethics committee of 
Charité University Clinic, Berlin, Germany, and all subjects 
gave written informed consent in accordance with the Dec-
laration of Helsinki.

Questionnaires

Prior to neuroimaging, all participants completed a number 
of questionnaires assessing psychological symptoms and 
experiences during deployment. Participants completed Ger-
man versions of the following self-report questionnaires: the 
Post-traumatic Diagnostic Scale (PDS) (Foa et al. 1997), the 
Posttraumatic Cognitions Inventory (PTCI) (Foa et al. 1999), 
the Interpretation of PTSD Symptoms Inventory (IPSI) (Clo-
hessy and Ehlers 1999) and a 33-item questionnaire meas-
uring frequency of combat-related events based on the list 
of the Mental Health Advisory Team Combat Experiences 
Scale (MHAT-CES) (Hoge et al. 2004; Mental Health Advi-
sory Team 2006). Independent samples t tests were con-
ducted on questionnaire data. Patients scored significantly 
higher than controls on PTSD questionnaires (PDS, PTCI 
& IPSI) but not on combat experiences (MHAT-CES) (see 
Table 1). MHAT-CES data was missing for four patients.

Scanning Procedure

Magnetic resonance images were acquired using a 3 T Mag-
netom Tim Trio MRI scanner system (Siemens Medical Sys-
tems, Erlangen, Germany) and a 12-channel radiofrequency 
head coil. Structural images were obtained using a three-
dimensional T1-weighted magnetization prepared gradient-
echo sequence (MPRAGE) based on the ADNI protocol 
(http://www.adni-info.org; TR = 2500 ms; TE = 4.77 ms; 
TI = 1100 ms, acquisition matrix = 256 × 256 × 176, flip 

http://www.adni-info.org
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angle = 7°; 1 × 1 × 1  mm3 voxel size). Whole-brain func-
tional images were acquired using a T2*-weighted echo-
planar-imaging (EPI) sequence sensitive to bold contrast 
(TR = 2000  ms, TE = 30  ms, image matrix = 72 × 72, 
FOV = 216 mm, flip angle = 80°, slice thickness = 3.0 mm, 
distance factor = 20%, slice order = interleaved, voxel size 
3 × 3 × 3  mm3, 36 axial slices).

Image Stimuli

Sixty combat images were selected from a larger battery of 
genuine war photographs provided by the German Armed 
Forces, taken by soldiers during active duty, mainly in 
Afghanistan. Combat images were selected as we consider 
these images to be more salient to our participants than neg-
ative images from other potential sources, for example the 
International Affective Picture System (IAPS) (Lang et al. 
2008). Affective valence and arousal of the images were 
assessed by the experimenters, and images with unpleas-
ant valence and medium arousal were selected. Examples 
included photos of destroyed vehicles, explosions and sol-
diers under enemy fire. Images showing explicit scenes of 
death or injury were excluded to reduce the likelihood of 
images triggering a flashback in the patient population.

Emotional Regulation Instructions

Prior to magnetic resonance imaging (MRI), participants 
were instructed in cognitive reappraisal and expressive sup-
pression strategies (see Supplemental Material S1 for origi-
nal instructions in German and Supplemental Material S2 
for English translation). In the feel condition, participants 
were instructed to allow the image to trigger an emotional 
response and to experience this emotional response. For 
reappraisal, participants were instructed to think objectively 
while viewing the images in order to decrease emotional 
reactivity. They were to adopt the perspective of a profes-
sional performing a task requiring high concentration and try 
to perceive the stimuli objectively, rather than emotionally. 

In the suppress condition, participants were instructed to 
suppress any outward signs of emotion, so that an external 
observer would be unable to detect what the participant was 
experiencing subjectively. In the current study, we compare 
PTSD patients prior to onset of therapy to controls, and are 
interested in assessing neural and behavioral differences in 
their current ability to employ different emotion regulation 
strategies, rather than the ability to develop these techniques 
with training. As such, we provide instructions including 
a specific example, but not additional training in emotion 
regulation techniques. The instructions and approach that we 
employ are similar to those used in previous studies (Goldin 
et al. 2008, 2009; Gross 1998; Gross and Levenson 1997; 
McRae et al. 2008; Ochsner et al. 2002).

Experimental Task

Sixty combat-related images were presented using adjust-
able goggles and Presentation® software (Version 0.70, 
http://www.neuro bs.com). We employed an event-related 
design, with the twenty trails per condition (feel, reappraise 
and suppress) randomly interspersed, rather than presented 
in a continuous block. In addition, condition-image combi-
nations were counterbalanced across participants to ensure 
that images were not consistently paired with the same emo-
tion regulation condition. A variable jitter interval of 0–1.5 s 
(varied in steps of 500 ms) was inserted before the instruc-
tion phase.

Prior to each image, there was a preparation phase, in 
which the instruction feel (Fühlen), reappraise (Distan-
zieren) or suppress (Unterdrücken) was presented for 1 s. 
Following this there was a presentation phase, in which 
the target image was then presented for 10 s. Participants 
were then asked to rate on a scale 1–4, “How much were 
you affected by this image?” (Wie sehr hat Sie dieses Bild 
bewegt?), with 1 indicating not affected and 4 indicting 
strongly affected. Participants responded using a 4-button 
response box in their right hand, and the scale was ran-
domly presented in the order 1–4 or 4–1 to avoid movement 

Table 1  Results for PTSD and 
combat-exposure questionnaires

M mean, SD standard deviation, PDS Posttraumatic Diagnostic Scale, PTCI Posttraumatic Cognitions 
Inventory, IPSI Interpretation of PTSD Symptoms Inventory, MHAT-CES Mental Health Advisory Team 
Combat Experiences Scale
***p < 0.001
a MHAT data was missing for four patients

Questionnaire Patients Controls t test Cohen’s D

M SD M SD

PDS 36.28 10.65 4.11 4.1 14.26*** 3.99
PTCI 125.06 24.45 46.70 13.57 13.81*** 3.96
IPSI 4.74 1.38 1.85 0.47 10.09*** 2.80
MHAT-CES 1.87a 0.94 1.72 1.23 0.41 0.14

http://www.neurobs.com
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preparation. The duration of the scale presentation was 
response-dependent. An 8-s fixation cross was then pre-
sented (see Fig. 1).

Functional MRI Statistical Analysis

The fMRI data were analyzed using SPM8 software (Well-
come Department of Cognitive Neurology, London, UK). 
The first four volumes of all Echo Planar Imaging (EPI) 
series were excluded from the analysis to allow the magneti-
zation to approach a dynamic equilibrium. Data processing 
started with slice time correction and realignment of the EPI 
datasets. A mean image for all EPI volumes was created, to 
which individual volumes were spatially realigned by means 
of rigid body transformations. The structural image was co-
registered with the mean image of the EPI series. Then the 
structural image was normalized to the Montreal Neuro-
logical Institute (MNI) space using the ICBM152 template 
(Mazziotta et al. 2001), and the normalization parameters 
were applied to the EPI images to ensure an anatomically 
informed normalization. To correct for head movement, 
participants showing head motion above 3 mm of maximal 
translation (in any direction of x, y or z) and 3.0° of maxi-
mal rotation throughout the course of scanning would have 
been excluded. No participants showed head movements 
that exceeded these boundaries. A commonly applied filter 
of 8 mm full-width at half maximum (FWHM) was used. 
Low-frequency drifts in the time domain were removed by 
modeling the time series for each voxel by a set of discrete 
cosine functions, to which a cut-off of 128 s was applied.

The statistical analyses were performed using the gen-
eral linear model (GLM). We modeled the instruction as 
an event to capture brain activity related to the prepara-
tory phase, and modeled the target as a block (duration 
10 s) to capture actual emotion regulation during image 
presentation. These vectors were convolved with a canoni-
cal hemodynamic response function (HRF) and its tempo-
ral derivatives to form regressors in a design matrix. The 
parameters of the ensuing GLM were estimated using the 
SPM8 standard specifications and used to form whole brain 
contrasts, comparing each condition with baseline (fixation 
cross) to test for main effects between conditions resulting 
in six separate linear contrast images (preparatory phase: 
feel-baseline, reappraise-baseline, suppress-baseline; image 
presentation: feel-baseline, reappraise-baseline, suppress-
baseline). Separately for both groups, statistical informa-
tion from all contrasts can be found in the supplemental 
material (see Supplemental Material S3). Following this, 
each emotion regulation condition was contrasted with the 
feel condition, resulting in four separate contrasts (prepara-
tory phase: reappraise-feel, suppress-feel, image presenta-
tion: reappraise-feel, suppress-feel). The resulting contrast 
images were then entered into a series of two sample t tests 
at the second (between-subject) level, where we compared 
the two groups. A significant effect was reported when the 
results met a peak-level threshold of p < 0.001 and a cluster-
level threshold of p < 0.05 in SPM, and when the size of the 
cluster was greater than the Monte Carlo simulation deter-
mined minimum cluster size above which the probability 
of type I error was < 0.05, using the 3dClustSim method, 

Fig. 1  Experimental design for 
a single trial. The experiment 
consisted of 60 trials with 60 
unique combat-related images. 
20 trials of each condition (feel, 
reappraise and suppress) were 
randomly interspersed in an 
event related design. A single 
trial consisted of a variable jitter 
interval of 0–1.5 s (varied in 
steps of 500 ms), a 1 s instruc-
tion to either feel, reappraise or 
suppress, 10 s image presenta-
tion, “How much were you 
moved by this image?” (1–4) 
was presented until the partici-
pant made a response, and an 
8-s fixation cross
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implemented in AFNI version 16.3.07 (α < 0.05, p < 0.001, 
FWHM 13.17 × 12.93 × 12.72, two-tailed) k = 56 voxels 
(Cox 1996; Cox et al. 2017). Monte Carlo simulation is 
a commonly used and widely accepted cluster correction 
method for SPM analyses (Cox et al. 2017; Ward 2000). The 
FWHM smoothness estimate was calculated directly from 
the data, as the average of the individual smoothness esti-
mates. Due to the novel nature of this study, we also tested 
a more lenient threshold of (α < 0.10, p < 0.001, FWHM 
13.17 × 12.93 × 12.72, two-tailed) k = 45 voxels, and report 
the single cluster that met this threshold, although due to 
the more lenient threshold this cluster should be interpreted 
with caution. For display purposes the resulting SPMs were 
thresholded at p < 0.001 (uncorrected). In addition, for infor-
mation purposes we also report exploratory analysis at the 
lenient voxel level threshold of p < 0.005, and cluster cor-
rected at k = 56 voxels (see Supplemental Material S4).

Rather than adopting a time-series analysis approach such 
as the one used by Goldin et al. (2008), we analyzed the 
image presentation phase as a single block. In the study by 
Goldin, images were presented for 15 s and the task was 
completed in three 9-min runs, while in the current study 
images were presented for 10 s, and the task was completed 
in 2 to 10-min runs. We chose a shorter image presentation 
duration, as we had a higher number of images to present, 
and we wanted to keep the total task duration down, as we 
are cognisant that PTSD patients can find MRI scanning 
unpleasant, due to the close confinement and loud noises. 
However, given the shorted image presentation, modelling 
the data using a time series approach is unlikely to produce 
interpretable results.

Results

Arousal Ratings

A MANOVA was conducted to compare arousal ratings 
for images for patients and controls. There was a sig-
nificant group-by-condition interaction F(1,42) = 5.065, 

p = 0.004; Wilks’s Λ = 0.734, η2 = 0.266. Post-hoc inde-
pendent and paired-sample t tests were then conducted. 
Patients found images significantly more arousing than 
controls for the feel [t(43) = 2.669, p < 0.01, one-tailed], 
reappraise [t(43) = 3.384, p < 0.01, one-tailed] and sup-
press [t(43) = 3.683, p < 0.001, one-tailed] conditions (see 
Table  2). Controls had significantly lower arousal rat-
ings in the reappraisal condition than the feel condition 
[t(26) = 1.948, p < 0.05, one-tailed], while patients did not 
[t(17) = 0.456, p = 0.327, one-tailed]. Comparing the sup-
pression and feel conditions, neither controls [t(26) = 1.519, 
p = 0.071, one-tailed) nor patients [t(17) = 1.373, p = 0.099, 
one-tailed] showed a significant difference. In addition, com-
paring the reappraisal and suppression conditions, neither 
controls [t(26) = 0.801, p = 0.215, one-tailed] nor patients 
[t(17) = 1.527, p = 0.073, one-tailed] showed a significant 
difference.

Functional Neuroimaging

Negative Emotion Induction Manipulation Check

To assess if the combat images elicited a neural response we 
contrasted the feel condition against baseline (fixation cross) 
for all participants. This contrast revealed higher activity 
during image presentation in the visual cortex, amygdala/
hippocampus and medial orbitofrontal cortex (mOFC) (see 
Table 3 and Supplemental Material S4 for exploratory anal-
ysis). Independent samples t tests were also conducted in 
SPM and revealed no significant difference between patients 
and controls in either the task preparation or image presenta-
tion phases of the feel condition against baseline.

Preparatory Phase

Next, we turn to the key aim of the study, to investigate 
neural differences between PTSD patients and controls 
during the task preparation and image presentation phases 
of an emotion regulation task. During the preparatory 
phase, patients showed less activation in the vmPFC and 

Table 2  Results for subjective 
arousal ratings

Participants rated how much they were affected by images on a scale 1–4, with 1 indicating not affected 
and 4 indicting strongly affected
M mean, SD standard deviation
**p < 0.01; ***p < 0.001

Condition Patients Controls t test Cohen’s D

M SD M SD

Feel 2.40 0.39 1.93 0.66 2.669** 0.87
Reappraise 2.43 0.40 1.83 0.67 3.384** 1.09
Suppress 2.50 0.38 1.83 0.67 3.683** 1.23
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left parietal lobe than controls during reappraisal (α < 0.05, 
p < 0.001, k = 77) (see Table 4; Fig. 2a, and Supplemental 
Material S4 for exploratory analysis). No difference was 
observed in the suppress and feel conditions during the 
preparatory phase.

Image Presentation

During the image presentation phase, comparing the reap-
praise and feel conditions, patients showed greater activation 
in the visual cortex (α < 0.05, p < 0.001, k = 73) and dACC 

Table 3  Peak voxels of 
activated clusters during 
feel > baseline

BA Brodmann area, k cluster size, R right, L left
Clusters meeting the minimum cluster size threshold, corresponding to Monte Carlo Simulation using 
3dClustSim (α < 0.05, p < 0.001, k = 56), are reported

Region BA MNI coordinates Laterality t score k

X Y Z

Patients and controls

 Occipital cortex
Extending into amygdala and 

hippocampus

18 9 − 100 13 R/L 16.95 6185

 Medial orbitofrontal cortex 11 0 47 − 20 L 6.01 83

Table 4  Peak voxels of 
activated clusters during 
reappraisal > feel

BA Brodmann area, k cluster size, R right, L left, dACC  dorsal anterior cingulate cortex, rACC  rostral ante-
rior cingulate cortex, vmPFC ventromedial prefrontal cortex
Clusters meeting the minimum cluster size threshold, corresponding to Monte Carlo Simulation using 
3dClustSim (α < 0.05, p < 0.001, k = 56, and *α < 0.10, p < 0.001, k = 45), are reported

Region BA MNI coordinates Laterality t score k

X Y Z

Preparation
 Controls > patients
  rACC/vmPFC 32 3 35 − 11 R/L 4.39 77

Image presentation
 Patients > controls
  *dACC 24 3 29 13 R/L 5.10 45
  Occipital cortex 18 − 15 − 91 1 L 4.36 73

Fig. 2  Brain regions show-
ing a significant group (PTSD 
patients and controls) difference 
in the reappraise minus feel 
condition in blood oxygen level 
dependent bold signal during a 
preparation and b image pres-
entation. Warm colour indicates 
higher activation, and cold col-
our indicates lower activation in 
patients compared with controls 
during cognitive reappraisal. All 
clusters significant at α < 0.05, 
p < 0.001, k = 56, with the 
exception of the dACC which 
was significant at α < 0.10, 
p < 0.001, k = 45. dACC  dorsal 
anterior cingulate cortex, rACC  
rostral anterior cingulate cortex, 
vmPFC ventromedial prefrontal 
cortex
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(α < 0.10, p < 0.001, k = 45) (see Table 4; Fig. 2b, and Sup-
plemental Material S4 for exploratory analysis) than controls 
during reappraisal. No difference was observed in the con-
trast between suppress and feel conditions during the image 
presentation phase.

Discussion

The goal of this study was to assess differences between 
combat-PTSD patients and combat-exposed healthy controls 
during an emotion regulation task, both at a behavioral and 
neural level. Two emotion regulation strategies, cognitive 
reappraisal and expressive suppression, were assessed dur-
ing preparation and image presentation. In the reappraisal 
condition, controls showed higher prefrontal neural activity 
than patients during the preparatory phase, while patients 
showed higher prefrontal neural activity than controls dur-
ing image presentation. No difference between patients and 
controls was observed in the suppression condition, either 
during the preparatory phase or during image presentation.

In the preparatory phase, controls showed higher activa-
tion than patients in the vmPFC and rACC, regions that have 
been previously implicated in affective and cognitive pro-
cessing, including the regulation of fear expression, memory 
and emotional processing (Carter et al. 1999; Diekhof et al. 
2011; Etkin et al. 2011; Milad et al. 2007a, b), as well as in 
the neurocircuitry of PTSD (Rauch et al. 2006). The rACC 
is known to regulate emotional responses and assess the 
salience of emotional stimuli, and has strong connections 
to limbic and paralimbic regions including the amygdala 
(Bush et al. 2000; Devinsky et al. 1995). The vmPFC is 
known to play a key role in self-referential processing and 
the extinction of conditioned fear (Milad et al. 2007a; North-
off et al. 2006). Previous work on cognitive reappraisal in 
healthy controls has demonstrated that early enhanced bold 
responses in the medial prefrontal cortex correlates with 
reduced late activation of the amygdala (Goldin et al. 2008), 
and a decrease in self-reported negative experiences. As 
such, higher activation of these regions during the prepara-
tory phase should lead to more effective down regulation of 
negative emotion during the image presentation phase. This 
is reflected in the current results, as controls also reported 
significantly less arousal than patients.

During image presentation, patients showed higher activ-
ity than controls in the dorsal ACC (dACC) and in the visual 
cortex. The dACC shows strong connections with regions 
including the dorsolateral prefrontal cortex and supple-
mentary motor areas, and has been implicated in conflict 
monitoring and response selection (Devinsky et al. 1995). 
The region observed in this study also corresponds to the 
anterior mid-cingulate cortex (aMCC) (Rotge et al. 2015), 
a region shown to be involved in negative affect, (social) 

pain, and cognitive control (Rotge et al. 2015; Shackman 
et al. 2011). In addition, the aMCC includes the rostral cin-
gulate zone (RCZ), a region involved in conflict monitoring 
and facial movement (Picard and Strick 1996, 2001), with 
links to motor centers responsible for expressing affect and 
executing goal-directed behavior (Shackman et al. 2011). 
Greater activation in the visual cortex during image presen-
tation in patients may suggest that controls disengage from 
the stimuli more than patients. Although not instructed, 
controls may have spontaneously engaged in attentional 
deployment, another form of early emotion regulation (Gross 
2008). Previous eye-tracking studies have shown that PTSD 
is related to attentional bias for trauma-related stimuli, 
accompanied by greater autonomic arousal, compared with 
trauma-exposed controls (Felmingham et al. 2011; Kimble 
et al. 2010).

Therefore, patients and controls differ not only on a tem-
poral dimension, but also on a regional, and therewith func-
tional level, suggesting that during the reappraisal condition, 
patients and controls actually engaged in different strategies 
at different times. During the reappraisal condition, higher 
activation in controls in the rACC during the preparation 
phase may suggest that they implement preparatory affec-
tive regulation strategies. Higher activation in patients in the 
dACC during image presentation may suggest that patients 
implement more suppression-based strategies, such as con-
trol or suppression of motoric responses, later and less effec-
tively, as indexed by higher subjective arousal ratings. In a 
similar neuroimaging study with healthy controls, higher 
early activation of prefrontal regions including the mPFC 
was observed during cognitive reappraisal, while higher late 
activation in regions including the vmPFC and dACC was 
observed during expressive suppression (Goldin et al. 2008). 
We did not observe a difference in neural activity between 
patients and controls in the suppression condition, either 
during the preparatory phase or during image presentation. 
This may indicate that PTSD patients and controls use simi-
lar brain regions at similar times when suppressing negative 
emotion.

We did not observe a difference in amygdala activity 
between patients and controls in any condition. This may 
be due to the highly relevant nature of the stimuli, as both 
groups had been exposed to combat. This is in line with pre-
vious neuroimaging studies that have also failed to demon-
strate increased amygdala activity in PTSD patients during 
emotion regulation (New et al. 2009; Rabinak et al. 2014; 
Xiong et al. 2013), as well as image presentation (Phan 
et al. 2006) and traumatic reminders (Britton et al. 2005). In 
future studies, the addition of a non-trauma exposed control 
group may prove useful in teasing apart differences between 
trauma exposure per se and PTSD in amygdala reactivity.

One potential limitation of this study is that we did not 
include a measure of how effectively participants felt they 
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had implemented each strategy. Previous work in healthy 
controls that has included a post-task measure to verify 
that the correct emotion regulation strategy was imple-
mented has shown a compliance rate of 96% (Ochsner 
et  al. 2002). Nevertheless, future work could usefully 
incorporate a measure of perceived success of strategy 
implementation to assess how PTSD patients perceive 
their abilities to down-regulate negative emotion regula-
tion. In addition, the short preparation phase may have 
resulted in low power and future studies could provide 
longer preparation times to further disentangle preparation 
from target presentation.

Another potential limitation is that the patient group 
was significantly younger than the control group. Previous 
neuroimaging studies comparing age groups have found 
age-related differences, however these appear to be more 
pronounced at the structural level rather than the functional 
level (Rajah and D’Esposito 2005). In addition, although 
precise cutoffs vary, studies of age-related differences usu-
ally compare younger adults, for example between 18 and 
35 years of age, to older adults, 60 years of age and above 
(Persson and Reuter-Lorenz 2008). However, in the cur-
rent study, all individuals were in young to middle adult-
hood, with no individuals in old age. Nevertheless, age 
was included as a covariate in the neuroimaging analysis, 
although repeating the analyses without including age did 
not change the results.

One should also note that the generalizability of the cur-
rent findings may be limited by both the specific nature and 
size of the participant groups. Given the relatively small 
sample size and the unequal subgroup sizes, we may lack 
sufficient power to detect smaller effects. Future work is 
needed to replicate the current findings and to explore how 
these results may extend to non-military and female samples.

In the current study, we analyzed the image presentation 
phase as a single block, as due to the duration of image 
presentation modelling the data using a time series approach 
was unlikely to produce interpretable results. Future studies 
may consider using a longer image presentation duration, 
similar to one used by Goldin et al. (2008), to also allow a 
time-series analysis approach.

The patients in the current study were assessed prior to 
treatment. Psychotherapies, such as CBT, train individuals 
to effectively employ emotion regulation techniques (Beck 
2011), and one may expect that behavioral and neural cor-
relates of emotion regulation will change following suc-
cessful therapeutic intervention. Going forward, studies 
employing a longitudinal design would be useful to assess 
whether neural correlates of emotion regulation are use-
ful in predicting responsiveness to therapy, and if these 
patterns change following training and the resolution of 
symptoms.

Conclusions

In the current study, we distinguish between task prepara-
tion and image presentation during two emotion regulation 
strategies, cognitive reappraisal and expressive suppres-
sion. Previous studies have not distinguished between these 
phases or strategies and show rather a general pattern of 
reduced neural activity in PTSD patients during emotion 
regulation. We found however, that patients showed lower 
neural activity during task preparation, and higher activity 
during image presentation in the cognitive reappraisal condi-
tion, a pattern of activity similar to that previously observed 
in expressive suppression in healthy controls. In the suppres-
sion condition, no difference between groups was observed. 
The current findings provide greater granularity of detail 
and reveal greater complexity regarding the neural dynamics 
of emotion regulation in PTSD than previously described.
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