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Fear inhibition
A hallmark feature of PTSD is that patients show an exaggerated fear response to stimuli 
that remind them of their traumatic experience, even though they are in a safe envi-
ronment.5 Learning fear is a crucial mechanism for survival, because it helps to avoid 
future danger.6 When facing a life-threatening situation, the body automatically pre-
pares to fight or flight. The fight/flight (or stress) response is a physiological mechanism 
enabling an organism to react to the threat by releasing glucocorticoids for increased 
alertness and energy.7 In addition, all information associated with this life-threatening 
situation is immediately stored to avoid this situation in the future or to prepare the body 
next time a similar event is encountered.6 For example, when military men experience a 
traumatic event, such as witnessing someone getting killed by a road bomb, they learn 
to associate the loud noise that came along with the bomb explosion with danger. Next 
time they hear a loud noise, their body reacts by preparing to fight/flight regardless of 
actual threat. This learned fear response promotes survival, because it increases alert-
ness while being in a dangerous environment. However, it is just as important to un-
learn this association when the loud noise no longer predicts danger. For instance, when 
military men are back in the Netherlands, they should realize that the loud noise does  
(generally) not indicate danger. Most military men automatically learn to use the infor-
mation of the context (the Netherlands) to suppress their fear response. This suppres-
sion of the fear response is called fear inhibition and is found to be impaired in PTSD 
patients.8,9 The neurobiological mechanisms of fear inhibition are explained in Box 1.

Over the last decades the Dutch Ministry of Defence has participated in several mili-
tary operations in Afghanistan, Iraq, the Balkans, and Lebanon. Dutch military person-
nel who were deployed to these war zones were exposed to (uncontrollable) stressors, 
such as threat of danger, difficult living conditions and stressors related to being away 
from home. Moreover, during deployment military personnel often experience trauma- 
tic events, defined as exposure to actual or threatened death, serious injury or sexual        
violation. For military personnel, traumatic events often include enemy fire, armed com-
bat, and seeing seriously injured fellow soldiers and civilians. Despite a sound military 
training and thorough preparation for a mission, it is known that some veterans develop 
mental health problems upon return home.1 At six months post-deployment, posttrau-
matic stress symptoms were found to be the most prevalent problems (8.9%) among 
Dutch military personnel returning from Afghanistan.1 In an earlier study on Iraqi war 
veterans about three to five percent was diagnosed with posttraumatic stress disor-
der (PTSD) on the basis of clinical interviews.2 PTSD is generally treated with trauma- 
focused therapy, and about fifty to seventy percent of patients recover after treatment.3 
However, thirty to fifty percent of patients do not respond to treatment.3 They can devel- 
op a more persistent state of the disorder, in which symptoms limit most patients in 
their ability to work or participate in either the military or civilian society. Up to now, it 
is not understood why some patients recover, whereas others do not.

Posttraumatic stress disorder
PTSD is a Trauma-and Stress-Related Disorder that can develop after experiencing a 
traumatic event.4 According to the DSM-5, PTSD is characterized by four clusters of 
symptoms: re-experiencing, avoidance, negative cognitions and mood, and arousal 
symptoms. Re-experiencing symptoms include nightmares, flashbacks and emotional 
and/or physical responses to trauma reminders. The second cluster of symptoms in-
cludes avoidance of distressing memories, thoughts, feelings or external reminders of 
the event and emotional numbing. Negative cognitions and mood refer to reduced in-
terest in activities, separating oneself from others, a distorted sense of blame of self or 
others, and failure to memorize the important features of the traumatic event. The fourth 
cluster consists of arousal symptoms, such as irritability, increased startle response, 
reckless or self-destructive behavior, hypervigilance and sleeping problems.4
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Box 1 Neurobiological mechanisms of fear inhibition
Fear inhibition reflects the ability to differentiate danger and safety signals.9 Fear inhibi-
tion can only take place when the fear is initially learned by means of fear conditioning. 
In Figure 1 a simplified schematic representation of neurobiological mechanisms under-
lying the stress response, fear conditioning and inhibition is presented. 
  In a fear conditioning paradigm an association between an aversive stimulus (un-
conditioned stimulus; US) and a neutral stimulus (conditioned stimulus; CS) is learned, 
resulting in a fear response to the neutral stimulus.10 When the US is perceived, this in-
formation is sent via the locus coeruleus (LC) to the basolateral nucleus of the amygdala 
(BLA). Here it congregates with the neutral CS and hippocampal contextual information 
and fear conditioning takes place.11,12 The fear response is mediated or modulated by the 
dorsal anterior cingulate cortex (dACC).13 Then consolidation takes place, for which the 
hippocampus is essential. In a new situation, the presentation of the CS alone induces 
stress. Stress again activates the LC, which activates the BLA.14 The BLA activates the 
central nucleus of the amygdala (CeA).8,9 The CeA is the key output region of the amyg-
dala and activates the hypothalamus, which in turn triggers the pituitary to activate the 
adrenals (HPA axis), ultimately resulting in the fear response.9,11,15,16 
  Fear inhibition takes place in three steps: extinction learning, consolidation and 
inhibition.17 Extinction learning occurs when the CS no longer predicts the US.18 Conse-
quently, a new memory is formed, which is thought to be stored in the BLA.9 As for fear 
conditioning, the hippocampus is crucial for contextual information in extinction learn-
ing.19 It is assumed that information on extinction learning from the BLA and contextual 
information from the hippocampus are integrated in the vmPFC such that the vmPFC 
can act on this information when needed.20,21 When presented with the extinguished CS 
or contextual information, the hippocampus activates the vmPFC.20 The vmPFC directly 
activates inhibitory neurons in the region between the BLA and the CeA: the intercalat-
ed (ITC) cells.20 This activation leads to a decreased responsiveness of the CeA output 
neurons to BLA inputs and thus a decreased activation of the CeA. The output from the 
CeA is consequently reduced, leading to an inhibition of the fear response.8,9 

Figure 1 A simplified schematic overview of the neurobiological mechanisms underlying the stress response, fear conditioning 
and fear inhibition. The squared boxes indicate brain areas and the dotted lines indicate observable features and the HPA axis. 
Abbreviations: US = unconditioned stimulus, CS = conditioned stimulus, LC = locus coeruleus, VN = vagus nerve, dACC = dorsal 
anterior cingulate cortex, BLA = basolateral amygdala, CeA = central amygdala, vmPFC = ventromedial prefrontal cortex, ITC cells = 
intercalated cells
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only observed in PTSD, but also in patients with (other) anxiety disorders.45 Altered ac-
tivity in the ACC and vmPFC, however, was not found in (other) anxiety disorders and is 
therefore thought to be specific to PTSD.45 

In sum, an increased fear response to trauma-related stimuli in a safe environment is 
a hallmark of PTSD. The most replicated neurobiological research findings in PTSD are 
related to this deficit, i.e. increased amygdala response to the CS (or trauma-related 
stimuli), reduced prefrontal activation during the presentation of trauma-related stimuli, 
reduced fear inhibition and processing of safety cues, and structurally, reduced hippo- 
campal volume important for consolidation and the role of contextual cues. However, as 
it is not known whether these deficits are specific to trauma-related stimuli or whether 
they represent more general deficits, the first aim of this dissertation is: 

I. Getting a better understanding of general deficits in PTSD
1. Do PTSD patients also show an increased (fear) response mediated by the amygdala 
to trauma-unrelated negative stimuli?
2. Do PTSD patients also show impaired inhibition and contextual cue processing on a 
cognitive level? 

Studies on fear inhibition in PTSD
Behavioral findings
There is behavioral evidence for impaired fear inhibition in PTSD. During extinction 
learning, the presentation of the reminder of the fearful or traumatic event (conditioned 
stimulus; CS) induced larger fear responses in PTSD patients compared to controls.22,23 
Furthermore, PTSD patients failed to inhibit their fear to safety signals and showed a 
larger fear potentiated startle to the safety signal.5 As reduced processing of safety 
cues was not observed in the patients with major depressive disorder, it is thought to 
be specifically related to PTSD.8 It can be hypothesized that reduced fear extinction 
is a pre-trauma vulnerability factor for development of PTSD, because pre-trauma fear 
extinction deficits were predictive for PTSD symptom severity.24 Moreover, decreased 
extinction learning before trauma predicted 31% of the variance in PTSD severity after 
trauma.25 

Structural MRI findings 
The most replicated structural MRI finding in PTSD is that patients have smaller (left) 
hippocampal volume than (trauma) controls.26-28 However, it is a matter of debate wheth-
er smaller hippocampal volume in PTSD is the consequence of stress/trauma expo-
sure, as suggested by studies observing smaller hippocampal volumes in both trauma- 
exposed controls and patients,29 or whether it represents a pre-trauma risk factor for 
developing PTSD, as it was found that both PTSD patients and their non-exposed twin 
have smaller bilateral hippocampal volumes compared to trauma-controls and their 
non-exposed twin.30 Cortical thickness studies showed that PTSD patients have a thin-
ner prefrontal cortex31 and a smaller pregenual anterior cingulate cortex (ACC) and sub-
callosal cortex32,33 compared to trauma controls.

Functional MRI findings
Functional MRI studies observed altered brain activation in PTSD patients during fear 
acquisition and fear inhibition. PTSD patients showed a heightened amygdala, dorsal 
ACC (dACC) and middle frontal gyrus response to the fear stimulus (unconditioned  
stimulus; US) during fear acquisition compared to controls.34,35 Furthermore, PTSD se-
verity was positively related to the right anterior insula response to the US.35 During 
extinction learning and recall, PTSD patients showed increased dACC activation, and 
decreased ventromedial prefrontal cortex (vmPFC) and hippocampal activation com-
pared to controls.34,36,37 This is thought to reflect difficulties with learning or retaining the 
learned contextual cues that signal safety.36

  Several neuroimaging studies were conducted in which PTSD patients were pre-
sented with their own CS, i.e. trauma-related stimuli. In line with findings on fear con-
ditioning and inhibition, PTSD patients showed an increased amygdala response to 
trauma-related stimuli.38-40 Moreover, PTSD symptom severity correlated positively with 
amygdala activation in these studies.38,39 Furthermore, the medial PFC (mPFC), inclu- 
ding the rostral ACC (rACC), was found to be hypoactive in PTSD patients in response 
to trauma-related stimuli.41-43 The mPFC activity was inversely correlated with amygdala 
activity, and rACC activity was negatively correlated with PTSD symptom severity.39,44 It 
is important to note that amygdala hyperactivity in response to emotional stimuli is not 
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Response inhibition
Inhibition also takes place at a higher cognitive level. When something unexpected 
happens, the human brain has the ability to inhibit the initial response and to adjust 
the behavioral response accordingly.46 This cognitive control function is an essential 
component of human behavior.47 Neurobiological mechanisms of response inhibition are 
explained in Box 2.

Box 2 Neurobiological mechanisms of response inhibition
Response inhibition is defined as the ability to suppress irrelevant or inappropriate 
thoughts and actions in response to a novel situation, signs of threat or social evalu-
ation.47-49 A distinction can be made between reactive and proactive response inhibi-
tion. Reactive inhibition is defined as outright stopping a response to an external stop 
signal, whereas proactive inhibition is the anticipation of stopping based on external 
cues signaling the likelihood of a stop.50,51 In experimental designs, participants are 
asked to respond to a Go stimulus. In a minority of the trials this Go stimulus is followed 
by a stop signal indicating that the participant has to withhold their response.52 With 
the stop-signal anticipation task (SSAT), both reactive and proactive inhibition can be  
studied, because it includes cues that indicate the likelihood that a stop signal will ap-
pear.51

  A simplified graphic overview of the neurobiological mechanisms of reactive in-
hibition is presented in Figure 2. The cortico-striatal-cortical motor loop is involved 
in responding and response inhibition, because it regulates the continuing of move-
ments.53,54 In this loop there is a direct and an indirect pathway that respectively ac-
tivates or inhibits the motor cortex.53-55 When the Go signal is observed, the premotor 
cortex activates the striatum. Once activated, the striatum inhibits the substantia nigra 
pars reticulate (SNr)/internal segments of the globus pallidus (GPi). The SNr/GPi re- 
duces its inhibition of the thalamus, which ultimately activates the motor cortex, resul- 
ting in the motor response.53,54 

For the stop process, the right inferior frontal gyrus (rIFG) is essential, because of its 
role in attentional monitoring and detection of the stop signal56-58 or expectancy viola-
tion.59 The pre-supplementary motor area (preSMA) is the primary site for the actual 
motor response inhibition.57-59 It is supposed to activate the subthalamic nucleus (STN). 
The STN activates the SNr/GPi, which in turn inhibits the thalamus. Finally, this results 
in decreased activation of the motor cortex and an inhibition of the motor response.60,61 

Motor
response

No motor
response

PMC

GO
0%

Stop–signal probability STOP
100%

rIFG preSMA

STN

Striatum

Direct Indirect

Basal Ganglia

Gpe

SNc
Putamen

Thalamus

Inhibition

Motor cortex

SNr
/Gpi

Caudate
Nucleus

DLPFC

Figure 2 A simplified schematic overview of 
the neurobiological aspects of reactive and 
proactive response inhibition. In this model 
we included the rIFG as attentional monitor 
and suggest influence of the rIFG on the 
preSMA during increasing stop signal proba-
bility. We propose a main role of the preSMA 
for both reactive and proactive inhibition. 
The squared boxes indicate brain areas and 
the dotted lines indicate observable features 
and the basal ganglia and striatum. Abbrevi-
ations: PMC = premotor cortex, rIFG = right 
inferior frontal gyrus, DLPFC = dorsolateral 
prefrontal cortex, preSMA = presupplemen-
tary motor area, SNr = substantia nigra pars 
reticulate, GPi = internal segments of the 
globus pallidus, GPe = external segments of 
the globus pallidus, SNc = substantia nigra 
pars compacta, STN = subthalamic nucleus.



Page 018 Page 019

Getting Better Chapter 1

Treatment
PTSD can effectively be treated with trauma-focused therapy,3 which can consist of 
trauma-focused cognitive behavioral therapy (tfCBT) and/or eye-movement desensi-
tization and reprocessing (EMDR). These two therapies were found to be equally ef-
fective in treating PTSD symptoms.67 The hypothesized mechanism of trauma-focused 
therapy is extinction of learned fear by means of exposure to the traumatic memory.68,69 
Three aspects are important for extintion to take place. First, the traumatic memory must 
be activated.70 Second, the patient should attend to contextual (safety) information. Fi-
nally, this information should be integrated, and these new associations should be es-
tablished.70

  Importantly, treatment is only effective in about fifty to seventy percent of patients, 
whereas thirty to fifty percent do not respond to treatment.3 Yet it is unknown why some 
respond to treatment and others do not. A deeper understanding of treatment response 
is particularly relevant, because patients who do not respond likely develop a persis-
tent and more debilitating state of the disorder. Therefore we aim to answer two more  
questions:

II. What is getting better? 
3. Do behavioral and neural deficits observed in PTSD patients improve with successful 
treatment? 

III. Who is getting better? 
4. Can neurobiological measures be used to differentiate PTSD patients who recover 
from those who do not? 

Studies on response inhibition in PTSD
Response inhibition deficits are implicated in several models of psychopathology, neu-
ropathology and development,62 however, up to now only three studies investigated 
response inhibition in PTSD.63,64,61 These studies showed reduced behavioral inhibi-
tion,63,64 and decreased (ventromedial) prefrontal and motor activation during response 
inhibition in patients compared to controls.63,65 However, these studies did not control 
for behavioral performance. Moreover, they did not take contextual cue processing into 
account. As PTSD patients have difficulties with recognizing the safe contextual cues 
during fear inhibition,66 it is relevant to investigate if reduced contextual cue processing 
would generalize to response inhibition. This can be measured by means of proactive 
inhibition. Response inhibition deficits likely play a role in the symptomatology of PTSD, 
and should therefore be further investigated.
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Study design
In this dissertation, the functional and structural MRI results of the BETTER (Biological 
Effects of Traumatic Experiences, Treatment and Recovery) study are described. In this 
study, a total of 58 war veterans with PTSD were recruited from one of the four outpatient 
clinics of the Military Mental Healthcare. The design of the study is depicted in Figure 
3. The first assessment was scheduled after the start of treatment with trauma-focused 
therapy. The assessment included a clinical interview to evaluate PTSD symptom se-
verity with the clinician administered PTSD scale (CAPS71) and comorbid psychiatric 
disorders with the structural clinical interview for DSM-IV (SCID-I72). A (functional) MRI 
scan was acquired to measure brain volumes, and to investigate neural correlates of  
trauma-unrelated emotional processing, response inhibition and contextual cue pro-
cessing. Additionally, blood samples and questionnaires were collected, but results are 
not described here. A second assessment was performed after six to eight months. Pa-
tients had received trauma-focused therapy in between the two assessments. Recovery 
was measured in two ways. First, persistence of symptoms after treatment was inves-
tigated (chapter 4 and 5). Post-treatment PTSD severity was used to distinguish PTSD 
patients in remission (CAPS < 45) and patients with persistent PTSD. Second, treatment 
response was studied by comparing treatment responders (CAPS decrease > 30%) and 
non-responders (chapter 6). To control for the effect of time, habituation and learning, 
29 healthy veterans (combat controls) were also assessed twice. In addition to veter-
ans, we also included a non-military healthy sample (N=26) to control for the effects of 
deployment (stress/trauma exposure) in the first assessment.
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Abstract
Background Posttraumatic stress disorder (PTSD) is thought to be characterized by 
general heightened amygdala activation. However, this hypothesis is mainly based on 
specific studies presenting fear or trauma-related stimuli, hence, a thorough investiga-
tion of trauma-unrelated emotional processing in PTSD is needed.
Methods In this study, 31 male medication-naive veterans with PTSD, 28 male control 
veterans (combat controls; CC) and 25 non-military men (healthy controls; HC) were in-
cluded. Participants underwent functional MRI while trauma-unrelated neutral, negative 
and positive emotional pictures were presented. In addition to the group analyses, PTSD 
patients with and without major depressive disorder (MDD) were compared.
Results All groups showed an increased amygdala response to negative and positive 
contrasts, but amygdala activation did not differ between groups. However, a heightened 
dorsal anterior cingulate cortex (dACC) response for negative contrasts was observed 
in PTSD patients compared to HC. The medial superior frontal gyrus was deactivated in 
the negative contrast in HC, but not in veterans. PTSD+MDD patients showed decreased 
subgenual ACC (sgACC) activation to all pictures compared to PTSD-MDD.
Conclusion Our findings do not support the hypothesis that increased amygdala ac-
tivation in PTSD generalizes to trauma-unrelated emotional processing. Instead, the 
increased dACC response found in PTSD patients implicates an attentional bias that ex-
tends to trauma-unrelated negative stimuli. Only HC showed decreased medial superior 
frontal gyrus activation. Finally, decreased sgACC activation was related to MDD status 
within the PTSD group.

Introduction
Experiencing a traumatic event can result in the development of a posttraumatic 
stress disorder (PTSD).1 PTSD is characterized by re-experiencing the traumatic event,  
avoiding and numbing symptoms, and hyperarousal symptoms.2 The amygdala is a brain 
structure involved in emotional processing, and is particularly associated with fear.3 
Heightened amygdala responsivity in general was hypothesized to be an important neu-
robiological characteristic of PTSD.4 However, this hypothesis is mainly based on spe-
cific findings regarding the brain response to trauma/fear-related stimuli. An increased 
amygdala response to trauma-related stimuli (e.g.5,6) or fearful faces (e.g.7-9) was of-
ten, but not always (e.g.10-13), observed in PTSD patients, using different imaging tech-
niques. Trauma reminders elicit strong fear responses in PTSD patients, mediated by 
the amygdala.14 Fearful faces may represent indicators of danger, and provoke a larger 
amygdala response than emotional pictures.15 Three studies investigated the response 
to trauma-unrelated emotional pictures,16-18 but study samples were small and results 
opposing: a hyper- and hyporesponsive amygdala to negative stimuli was observed. To 
test the hypothesis that the amygdala of PTSD patients is hyperresponsive in general, 
a thorough investigation of trauma-unrelated emotional processing in PTSD is required.
  Other areas involved in emotional processing are the hippocampus, the insula,19 
and the anterior cingulate cortex (ACC), in particular the dorsal ACC (dACC) and sub-
genual ACC (sgACC).20 Structural MRI studies have implicated the hippocampus,21-23 
insula,24 and ACC25 in PTSD. PTSD was associated with hippocampal hyperactivity26,27 
as well as decreased hippocampal activity.23,28 Increased insula was demonstrated in 
PTSD patients.29-31 Furthermore, increased dACC activity in PTSD was found in several 
studies.28,32-35 In contrast, the sgACC is particularly associated with major depressive 
disorder (MDD).36,37 As the hippocampus, insula, dACC and sgACC are implicated in both 
emotional processing and PTSD, they should also be examined in a thorough study on 
emotional processing in PTSD. 
  Exposure to traumatic events and prolonged (uncontrollable) stress is common dur-
ing military deployment. Consequently, PTSD rates are higher in war veterans than in 
non-deployed military personnel.38 In one study, war veterans demonstrated increased 
amygdala and insula activity at 1.5 months post-deployment compared with a non- 
deployed military control group.39 This indicates that prolonged exposure to stress and 
trauma may cause altered reactivity of the amygdala and insula in the absence of PTSD, 
and is important to consider when investigating the neurobiology of PTSD. To differ-
entiate the effects of long-term stress and trauma exposure (during deployment) from 
PTSD-related alterations, a PTSD group should be compared with two control groups, i.e. 
one group with stress/ trauma exposure, and one healthy group.40

  Here we study trauma-unrelated emotional processing in male war veterans with 
PTSD, male war veterans without PTSD (combat controls; CC) and healthy non-military 
men (healthy controls; HC). With functional magnetic resonance imaging (fMRI), the re-
sponse to emotional neutral, negative and positive pictures from the International Af-
fective Pictures System (IAPS41) was investigated. We hypothesize an increased amyg-
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Methods
Participants
A total of 31 war veterans with PTSD, 28 war veterans without a current psychiatric 
illness (CC) and 25 non-military men without a current psychiatric illness (HC) partici-
pated in this study. All veterans had been deployed at least once. Most common military 
deployments included missions to Lebanon, the Balkans, Iraq and Afghanistan. All vet-
erans were exposed to typical war-zone stressors such as enemy fire, armed combat, 
and seeing seriously injured fellow soldiers and civilians. PTSD patients were recruited 
from one of four outpatient clinics of the military mental health care, the Ministry of  
Defence, The Netherlands. PTSD patients met DSM-IV criteria for PTSD as confirmed by the  
Clinician Administered PTSD Scale (CAPS45). The Structured Clinical Interview for DSM-
IV Axis I Disorders (SCID I46) was used to examine (co-morbid) disorders. All PTSD pa-
tients were medication naive, except for one who used benzodiazepines occasionally 
up to 2 weeks before the MRI scan. After the MRI scan, the dissociative state symptom 
scale - short form (DSS47) was used to examine the presence of dissociative symptoms 
during the MRI scan.
  Participants received monetary compensation for participation. All participants 
gave written informed consent after having received complete written and verbal expla-
nation of the study, in accordance with procedures approved by the University Medical 
Center Utrecht ethics committee.

Ethical standards
The authors assert that all procedures contributing to this work comply with the ethical 
standards of the relevant national and institutional committees on human experimen- 
tation and with the Helsinki Declaration of 1975, as revised in 2008.

Task
In this study, 96 pictures from the IAPS were presented to the participants. The standar- 
dized IAPS pictures directly elicit general emotional experience and response,41 where-
as the commonly used trauma-related stimuli or fearful faces specifically induce fear. 
The pictures were categorized as neutral, positive or negative based on the validated 
ratings of the IAPS pictures. The valence of all pictures range from 1.50 to 8.39. Mean 
valence and arousal levels (mean ± S.D.) in our study were 5.01 ± 0.31 and 2.76 ± 0.49 for 
the neutral pictures, 7.58 ± 0.42 and 5.64 ± 0.82 for the positive pictures and 2.28 ± 0.28 
and 5.81 ± 1.01 for the negative pictures.25 To investigate general emotional processing, 
pictures comprising a war-related content were excluded. As shown in Figure 1 (see 
also 48), participants were instructed to view each picture for 2 s and to rate it as neutral,  
positive or negative by pressing a button when the evaluation screen was shown 
(maximum of 2 s). After each response, a fixation-cross appeared for the remaining  
trial duration. All subjects performed the task with their right hand. The task comprised 
four blocks of 96 s in which 24 pictures, eight of each condition, were presented in pseu-
do-randomized order. Each block was followed by a baseline block in which a fixation- 

dala and dACC response to negative pictures, and a decreased hippocampal response.  
Positive pictures were included to test the hypothesis that emotional numbing symp-
toms in PTSD result in a decreased amygdala response to positive stimuli.18 Co-morbid 
MDD is common in PTSD, and altered emotional processing has been observed in MDD.42 
In addition, two fMRI studies presenting fear/trauma-related stimuli observed differ- 
ences between PTSD patients with and without MDD in the amygdala and ACC.43,44 
Therefore, in this study we will also distinguish PTSD with and without MDD.
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cross was shown in the middle of the screen (32 s). Group differences in behavioral 
performance were analyzed (Supplementary Information, S1).

Image acquisition
Functional images were acquired using a 3.0 T whole-body magnetic resonance ima-
ging scanner (Philips Medical System, The Netherlands). Three hundred and twenty-two 
functional images were acquired during the task using a two-dimensional echo planar 
imaging-sensitivity encoding (EPI-SENSE) sequence with the following parameters: 
voxel size 4 mm isotropic; repetition time (TR) = 1600 ms; echo time (TE) = 23 ms; flip 
angle = 72.5°; 64 × 51 matrix, 4 × 4 mm in-plane resolution, 4 mm slice thickness; field of 
view (FOV) 256 × 204 mm; 30-slice volume; SENS-factor R = 2.4 (anterior–posterior). A 
T1-weighted image (200 slices, repetition time = 10 ms, echo time = 3.8 ms, flip angle = 
8°, field of view = 240 × 240 × 160 mm, matrix of 304 × 299) was used for within-subject 
registration purposes.

Data analyses
First-level analysis
The fMRI data were pre-processed and analyzed with SPM 5 (http://www.fil.ion.ucl.
ac.uk/spm). Volumes were slice-time corrected to the middle slice and realigned to the 
first acquired volume. The data were spatially normalized to the Montreal Neurologi-
cal Institute (MNI) T1-weighted template. The data were smoothed using an 8 mm full-
width-at-half-maximum (FWHM) Gaussian kernel.
  A general linear model regression analysis was used to model the fMRI data. Based 
on the stimuli and responses of the participants, three conditions were created when 
the participant’s response was congruent with the neutral, positive or negative IAPS 
rating. Incongruent trials were not included in the analyses. The onsets and duration 
(2 s) of these three conditions were modelled as factors in the design matrix of the re-
gression model. The six realignment parameters were included in the design matrix as 
regressors of no interest to correct for head movement. A high-pass filter with a cut-off 
frequency of 0.0058 Hz was applied to the data to correct for low-frequency scanner 
drifts.
  For each participant three first-level contrasts were created: (1) the neutral pic-
tures compared with rest (neutral > rest; baseline contrast), (2) the negative pictures 
compared with the neutral pictures (negative > neutral; negative contrast), and (3) the 
positive pictures compared with the neutral pictures (positive > neutral; positive con-
trast). The negative and positive contrasts were created this way to measure the effect 
of valence correcting for attentional and visual processes.

Group analyses
To test if the emotion network was activated by the task, a whole brain one-sample ana- 
lysis was performed for all groups separately for both the negative and positive contrast.
  Because of our specific interest in the amygdala, hippocampus, insula, dACC and 
sgACC, region of interest (ROI) analyses were performed for these areas on all three 
contrasts. Mean activation levels were extracted from predefined ROIs for both hemi-
spheres separately. The amygdala, insula, dACC and sgACC ROIs were defined based on 
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Results
Demographics
Demographics are presented in Table 1. Two PTSD patients were removed from the ana- 
lysis because of excessive head movement (> 3 mm). A total of 29 PTSD patients, 28 CC 
and 25 HC were included in the analyses. All PTSD patients fulfilled the DSM-IV criteria 
for PTSD as confirmed with a CAPS score ≥ 45. Sixteen patients had a current co-morbid 
MDD, six a co-morbid anxiety disorder and two a co-morbid pain disorder according to 
DSM-IV criteria. The two control groups did not meet the criteria for PTSD as confirmed 
with a CAPS score ≤ 15, and had no current psychiatric disorder. Age and handedness 
[according to the Edinburgh Handedness Inventory; EHI51] were comparable for the 
three groups. Education level of the subject (but not of parents) differed significantly 
between the groups (F2,79 = 7.17, p = 0.001). The HC group had a higher education level 
than the PTSD group (p = 0.001) and CC group (p = 0.003). The PTSD and CC groups did 
not differ. Year and country of deployment, number of military missions and time since 
deployment were comparable for the CC and the PTSD groups. None of the participants 
showed evidence for dissociation during the MRI scan according to the DSS.
  
Table 1 Participant characteristics 

 
PTSD
patients
(N=29)

Combat 
controls 
(N=28)

Healthy 
controls 
(N=25)

Test 
statistic

p-value

Age (Years) 36.0 ± 10.1 36.8 ± 10.0 35.4 ± 10.1 F = 0.14 0.87

Handedness (EHI Percentage) 63.2 ± 45.5 66.9 ± 51.6 76.1 ± 22.7 F = 0.65 0.53

Education level (ISCED)

   Own 3.8 ± 1.5 3.9 ± 1.6 5.2 ± 1.2 F = 7.17 0.001

   Father 3.6 ± 1.9 3.6 ± 1.8 2.8 ± 1.7 F = 1.51 0.23

   Mother 2.5 ± 1.5 3.0 ± 1.5 3.0 ± 1.9 F = 0.81 0.45

Months since deployment 85.7 ± 101.6 75.7 ± 79.0 t = - 0.41 0.68

Number of missions 2.8 ± 3.8 2.5 ± 1.5 t = -0.43 0.67

    (1 / 2 / 3 / > 3) (13 / 7 / 4 / 5) (10 / 7 / 4 / 7)

PTSD symptoms

    Re-experiencing (CAPS B) 21.5 ± 6.2 0.7 ± 1.2 0.7 ± 1.7 F = 272.32 < 0.001

    Avoiding (CAPS C) 21.6 ± 8.3 1.0 ± 2.2 1.2 ± 2.6 F = 140.36 < 0.001

    Hyperarousal (CAPS D) 24.1 ± 5.3 3.3 ± 3.2 3.1 ± 3.6 F = 236.35 < 0.001

    Total (CAPS Total) 67.2 ± 11.5 5.0 ± 4.8 5.0 ± 4.4 F = 603.07 < 0.001

Data are presented as means ± standard deviation
PTSD, Posttraumatic stress disorder patients
EHI, Edinburgh Handedness Inventory51 

ISCED, International Standard Classification of Education79

CAPS, Clinician Administered PTSD Scale45 

the WFU Pick atlas. For the dACC and sgACC Brodmann’s areas (BA) were used (dACC: 
BA 32, sgACC: BA 25). The hippocampus was defined using the LONI Probabilistic Brain 
Atlas with a probability threshold of 80%. A 3 (group) × 5 (ROI) × 2 (hemisphere; left, 
right) repeated-measures general linear model (GLM) analysis was performed for the 
baseline, negative and positive contrast (multivariate test, Wilks’ lambda p < 0.05). Post-
hoc tests were performed separately for each ROI when the group × ROI (or group × 
ROI by hemisphere) interaction was significant. Multiple testing was corrected for with 
Bonferroni.
  To investigate group differences outside the ROIs, whole brain group analyses were 
performed for the negative and positive contrasts. The resulting maps were tested for 
significance at a cluster-defining threshold of p < 0.005, and a p < 0.05 family-wise  
error-corrected critical cluster size was calculated separately for each contrast. The 
cluster sizes were determined using SPM and a script (CorrClusTh.m; http://www2. war-
wick.ac.uk/fac/sci/statistics/staff/academic-research/nichols/scripts/spm), which 
uses estimated smoothness (estimated FWHM: 8 mm) and Random Field Theory to find 
these corrected thresholds. When a group effect was observed, post-hoc t tests masked 
with the main group effect were performed. Finally, a whole brain analysis on the base-
line contrast was performed to confirm the absence of baseline group differences.

Psychophysiological interaction analyses
Changes in functional coupling between a voxel of interest (VOI) and all other brain 
areas during negative pictures compared to neutral pictures were assessed with psy-
chophysiological interaction (PPI) analysis.49,50 The centres of both the left and right 
amygdala ROI were used as VOI. A 4 mm-radius sphere around the centre of the VOIs 
was used as the seed region for the PPI analyses. For each individual, the eigenvariate 
of the BOLD signal within the seed region was calculated and adjusted for mean activa-
tion during negative versus neutral pictures and head motion. The interaction between 
activity within the seed region and the psychophysiological factor (PPI regressor) was 
calculated and activity that was (positively or negatively) related to each interaction 
was investigated.
  For each group, one-sample t tests were performed to investigate areas that show 
increased (positive PPI) or decreased (negative PPI) coupling with the left and right 
amygdala, respectively. Then, a one-way ANOVA with group as a factor was performed 
to investigate group differences for functional coupling. The resulting maps were tested 
for significance at a cluster-defining threshold of p < 0.005, and a p < 0.05 family-wise 
error-corrected critical cluster size calculated separately for the left and right amygdala. 
Post-hoc tests were performed when the groups differed significantly.

Depression
To investigate the effect of co-morbid major depressive disorder (MDD) in our PTSD 
sample, the PTSD group was divided into a group with current MDD (PTSD+MDD) and a 
group without current MDD (PTSD-MDD) group. The same ROI analyses were performed 
to examine differences between PTSD with and without MDD.
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Figure 2 Whole brain activation during (A) the negative contrast (negative versus neutral pictures) and (B) the positive contrast 
(positive versus neutral pictures) is displayed for the non-military healthy control (HC) group in the left panel. Results of the whole 
brain group analyses for the PTSD patients (PTSD), combat controls (CC) and non-military healthy controls (HC) are displayed in 
the right panel. Only post-hoc t-tests with significant differences between groups are displayed; clusters showing increased acti-
vation in (C) PTSD compared with HC and (D) CC compared with HC. Brain regions in warm colors show increased activation; brain 
regions in cool colors are deactivated in this contrast. Significant activated or deactivated clusters are displayed on a standardized 
brain (MRIcron). Significance is based on a cluster-defining threshold of p < 0.005, and a p < 0.05 family-wise error-corrected 
critical cluster size calculated separately for each contrast. Left = left.  
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Task activation
In all three groups brain areas involved in emotion regulation, i.e. amygdala, middle tem-
poral gyrus, medial superior frontal gyrus and hippocampus, were significantly activated 
or deactivated during the negative and positive contrasts (Fig. 2, displayed for HC; Sup-
plementary Table S2).

ROI results
A significant group × ROI by hemisphere interaction was observed for the negative con-
trast (F8,152 = 1.99, p = 0.05). Post-hoc tests within the ROIs showed a significant group 
difference in the dACC (F2,79 = 4.10, p = 0.02; Fig. 3a). The PTSD group showed increased 
dACC activation compared with the HC group (p = 0.02). The CC group did not differ from 
the PTSD (p = 0.43) or the HC (p = 0.49) groups. A significant group × hemisphere inter-
action was observed in the hippocampus (F2,79 = 6.07, p < 0.01) and insula (F2,79 = 4.73, p 
= 0.01). PTSD patients showed more left than right hippocampal and insula activation, 
whereas the CC and HC groups showed comparable left and right activation (Fig. 3b,c). 
No group differences for the negative contrast were observed in the amygdala (F2,79 = 
0.11, p = 0.90; Fig. 3d) or the sgACC (F2,79 = 0.78, p = 0.46). Analyses of the positive and 
baseline contrast revealed no significant group differences in any of the ROIs [no group 
× ROI (by hemisphere) interactions; all F values <1].

Whole brain results
The HC group showed a significant deactivation of the left medial superior frontal gyrus 
for the negative contrast. When compared with the HC group, both veterans with and 
without PTSD showed significantly more activation in this area, as they did not show 
this deactivation (Fig. 2, Supplementary Table S3). The PTSD group also showed signif-
icantly more activation compared to the HC group in the right ACC and supplementary 
motor area. The whole brain analysis did not reveal differences between the PTSD and 
CC groups. Finally, the positive and baseline contrast yielded no significant group dif-
ferences.

Functional connectivity results
No significant whole brain group differences in functional connectivity of the left and 
right amygdala were observed. However, analysis per group showed that the PTSD group 
had increased functional coupling between right amygdala and left medial superior fron-
tal gyrus, bilateral supplementary motor area, left medial frontal gyrus, and the right in-
ferior frontal gyrus during negative versus neutral pictures (Supplementary Table S4).

Depression
The PTSD group was divided into a PTSD+MDD group (N = 16) and a PTSD-MDD group 
(N = 13). Total PTSD severity was higher in the PTSD+MDD group (t27 = −3.02, p = 0.01; 
Supplementary Table S5). The two groups did not differ in age (t27 = −1.28, p = 0.21), re- 
experiencing symptoms (t27 = −0.34, p = 0.74), or hyperarousal symptoms (t27 = −0.66, p 
= 0.52). Avoiding and numbing symptoms were more severe in the PTSD+MDD group (t27 
= −3.57, p < 0.01). The PTSD+MDD group showed a decreased sgACC response to neutral 
pictures (baseline) compared to the PTSD-MDD group (t27 = 4.65, p=0.04), therefore, 
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analyses for the negative and positive pictures were performed versus rest instead of 
neutral pictures. The PTSD+MDD group showed a decreased sgACC response to nega-
tive pictures (t27 = 7.35, p = 0.01) and positive pictures (t27 = 6.09, p = 0.02; Fig. 4) ver-
sus rest. The difference in total PTSD severity between the PTSD+MDD and PTSD-MDD 
group could not account for the sgACC differences, because no significant correlation 
within the whole PTSD group was observed between PTSD severity and sgACC activity 
to neutral (r = −0.20, p = 0.30), negative (r = −0.33, p = 0.08) and positive (r = −0.26, p = 
0.17) pictures versus rest. No group differences were observed in the other ROIs.
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oddball32 and trauma-unrelated memory recognition task,56 did see an increased amyg-
dala response in the PTSD group. Taken together, the fMRI response to trauma-unrelat-
ed stimuli has previously been studied in PTSD patients, but findings were mixed and  
studies were limited by small sample sizes. Our study is the largest fMRI study to our 
knowledge and our findings strongly suggest that increased amygdala activity in PTSD 
does not extend to non-fear evoking negative stimuli in males. Potentially, trauma- 
unrelated stimuli could evoke stronger amygdala responses in female PTSD patients.
  The dACC was found to be hyperresponsive to negative versus neutral pictures in 
the PTSD patients compared with the HC group. Increased dACC activation in PTSD has 
previously been demonstrated in several studies during cognitive tasks with emotional 
components, such as an emotional face-matching task and an attention bias task with 
threat stimuli,31,57 or during general cognitive tasks.32,35 The dACC is thought to play a 
role in the regulation of both cognitive and emotional processing.58,59 Increased dACC 
activity was associated with increased attention to negative emotions,58 and reappraisal 
or rating of emotional stimuli versus passive viewing.60-62 The increased dACC activation 
we observed during presentation of negative versus neutral pictures in PTSD is there-
fore thought to reflect an attentional bias to negative stimuli, previously demonstrated 
as attentional bias to threat stimuli.57 This is in accordance with cognitive models that 
emphasize the importance of attentional bias for PTSD.63 The attentional bias is specific 
for negative stimuli, as a difference was only observed for the negative contrast and not 
for the positive contrast. Moreover, we demonstrate that an increased dACC response 
in PTSD is not specific to trauma- or fear-related stimuli, as is the amygdala, but it impli-
cates an attentional bias that generalizes to trauma-unrelated negative stimuli. Unlike 
the amygdala response which is implicated in various psychiatric disorders, the dACC 
has specifically been associated with PTSD;30 our findings highlight the importance of 
the (d)ACC in PTSD. Increased activation in the left compared to the right hippocampus 
and insula was observed in PTSD patients, but not in the two control groups, during 
the negative contrast. The hippocampus and insula, specifically in the left hemisphere, 
have often been implicated in PTSD, both structurally and functionally. Reduced volume 
of particularly the left hippocampus has been found in PTSD.22 Furthermore, increased 
left hippocampal activation is observed during the administration of pain stimuli64, and 
the encoding of negative words.65,66 Activation in the left parahippocampal region dif-
fered between PTSD patients and controls during presentation of masked emotional sti- 
muli,67 and positive emotional processing.68 Activation in left insula during anticipation 
of positive or negative images differentiated PTSD patients who respond to treatment 
versus non-responders.69 Other studies showed reduced bilateral insula activation to 
anticipation of negative or positive pictures after treatment,70 and bilateral increased 
insula activation to pain stimuli.64 The asymmetry observed in the current study has not 
been demonstrated in previous functional imaging studies. A potential explanation is 
that previous studies analyzed the left and right hemisphere separately, or that the left 
and right hippocampus or insula were analyzed as one ROI. Our findings suggest that 
future functional imaging studies should include them as two separate regions in one 
analysis to further explore this asymmetry.
  During the negative contrast, deactivation was observed in the medial superior 
frontal gyrus in the HC group, but not in the PTSD and CC groups. The medial superior 

Discussion
This fMRI study investigated the response to trauma-unrelated emotional neutral, nega- 
tive, and positive pictures in war veterans with PTSD, war veterans without PTSD (CC) 
and non-military HC. Our findings do not support the hypothesis that heightened amyg-
dala activation in PTSD extends to trauma-unrelated negative emotional stimuli. Instead, 
PTSD patients showed increased dACC activation during the viewing of negative ver-
sus neutral pictures compared with the HC group. Furthermore, PTSD patients showed 
asymmetric activation in the hippocampus and insula (more left than right), which was 
not observed in the control groups. Deactivation of the medial superior frontal gyrus was 
only observed in the HC group and not in the veterans with and without PTSD. No group 
differences were observed in ROI or whole brain activation to the neutral or positive 
contrasts. Last, decreased sgACC activation to all stimuli was observed in PTSD patients 
with MDD compared to PTSD patients without MDD.
  No evidence for heightened amygdala activation in our PTSD sample was observed. 
The type of stimuli we used or the population that was studied could account for these 
findings. First, heightened amygdala activity has consistently been demonstrated in 
studies where trauma-related stimuli or fearful faces were presented.5-9 Trauma-related 
stimuli induce strong fear responses in PTSD mediated by the amygdala,14 and fear-
ful faces represent indicators of danger and provoke a larger amygdala response than  
general emotional pictures.15 Patients with an anxiety disorder (including PTSD) re-
spond more strongly to fearful stimuli than controls.30 This would explain why studies 
presenting fear-evoking stimuli did observe heightened amygdala activation in PTSD 
patients, whereas we did not. We also presented positive stimuli to test the hypothesis 
of Phan et al. (2006) that the absence of amygdala hyperresponsivity was due to emo-
tional numbing,18 but our findings did not support this hypothesis.
  Second, it has previously been suggested that increased amygdala activation could 
only be detected when PTSD patients were compared to a HC group.40 Indeed, Simmons 
et al. (2011) showed increased amygdala activation in all veterans regardless of PTSD 
status to faces versus shapes.52 Increased amygdala activation was observed in PTSD 
patients compared to combat and healthy controls specifically for the contrast fearful 
versus happy faces. Here, we included a large group of PTSD patients and compared 
them with both trauma and healthy control groups, thus this cannot explain the absence 
of differences. Like Phan et al. (2006), who also did not observe an increased amygdala 
response to IAPS pictures in PTSD patients,18  we only studied males. The two studies 
that presented IAPS pictures and observed increased amygdala activity in PTSD pa-
tients included predominantly females.16,17 This could indicate an effect of sex on the 
amygdala response to (trauma-unrelated) emotional stimuli in PTSD, which has been 
suggested to explain the higher prevalence of PTSD in women.53

  Aside from studies presenting IAPS pictures, two studies on trauma-unrelated 
stressful or negative emotional imagery were performed in PTSD patients. No group 
differences were observed in the amygdala, but PTSD patients showed increased ACC 
activation.54,55 In contrast, two studies that used non-emotional tasks, i.e. an auditory 
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to the female population. For investigating potential state or ‘scar’ aspects of increased 
dACC activation in PTSD patients, the study should be repeated after patients have re-
ceived treatment.

Conclusion
Our findings do not support the hypothesis that increased amygdala activation in PTSD 
generalizes to trauma-unrelated emotional processing. Instead, the increased dACC re-
sponse found in PTSD patients implicates an attentional bias that extends to trauma- 
unrelated negative stimuli. Hyperresponsivity of the dACC has consistently been found 
in PTSD, implicating the dACC as an important target area for future PTSD research. De-
creased sgACC activation, often associated with MDD, was related to MDD status within 
the PTSD group, underscoring the importance of distinguishing between PTSD with and 
without co-morbid MDD in future research. 

frontal gyrus is involved in attention shifting,71,72 and its activity increases with increased 
need for executive control.73 Increased medial superior frontal gyrus activation has been 
observed in PTSD patients during script-driven imagery,74 fearful faces,75 and encoding 
in emotional contexts.56 The finding that both veterans with and without PTSD did not 
show deactivation of the medial superior frontal gyrus during the negative contrast im-
plies that veterans exert cognitive control when presented with negative pictures. Only 
PTSD patients showed increased functional connectivity of the right amygdala with the 
medial superior frontal gyrus during the presentation of negative pictures compared to 
neutral pictures. This suggests increased cognitive control over the amygdala in the 
PTSD group. PTSD patients might need additional regulation of the overactive amygdala 
when presented with trauma-related stimuli, which they exert by increasing cognitive 
control. Consequently, when presented with trauma-unrelated stimuli PTSD patients 
might succeed in controlling their amygdala, which would explain the absence of in-
creased amygdala activity in response to trauma-unrelated stimuli.
  When the PTSD patients were divided into subgroups with and without co-morbid 
major depressive disorder (PTSD+MDD/PTSD-MDD), the PTSD+MDD patients showed 
decreased sgACC activation to all pictures. The sgACC has been identified as one of the 
key regions implicated in the aetiology of MDD,36,37 and has been a target area for deep 
brain stimulation76 and ablative surgery.77 Successful treatment of MDD has been asso-
ciated with altered sgACC activation post-treatment.78 Here we demonstrated that de-
creased sgACC activation is also apparent in PTSD patients with co-morbid MDD. SgACC 
hypoactivity was specifically related to PTSD+MDD status, because it did not correlate 
with total PTSD severity. Also, it was not influenced by medication use, as all patients 
were medication naive. Dorsal ACC hyperactivity, on the other hand, was observed in 
PTSD patients regardless of MDD status and is therefore primarily associated with PTSD. 
Decreased amygdala activation in PTSD patients with MDD was found in a previous 
study presenting facial stimuli,43 but was not observed in this study.

Limitations and future directions
The majority of the PTSD patients suffered from a co-morbid psychiatric disorder. This 
might have influenced our findings; however, for the generalizability of our results the 
inclusion of PTSD patients with co-morbid psychiatric disorders is important, because 
co-morbidity is often seen in PTSD. As PTSD+MDD patients showed a neurobiological 
profile dissimilar from PTSD-MDD patients, future research is recommended to consid-
er the effect of co-morbid MDD (or MDD symptoms), particularly when differences be-
tween groups are observed in brain areas implicated in MDD. In this study, no direct 
comparison between trauma-related and trauma-unrelated stimuli could be made. As 
this is highly relevant, future studies should include both trauma-related and trauma- 
unrelated stimuli. This study underscores the recommendation40 to include both healthy 
controls and combat controls (or individuals with exposure to comparable trauma). Fu-
ture studies interested in the effects of stress/trauma exposure alone are recommend-
ed to replicate the study in a non-deployed military sample or a civilian sample (with two 
control groups), because in our study the effect of trauma/stress exposure cannot be 
distinguished from military training/selection. Moreover, replication in a female sample 
is suggested, as in this study only males were tested and findings are not generalizable 
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Supplemental tables, 
S2-S5
Supplemental Table S2 
Whole brain activation for the negative and positive contrast per group 

    MNI Coordinates    

Hemisphere Brain Region X Y Z t-value Voxels

     a.  PTSD negative > neutral          

R Middle Temporal Gyrus 48 -60 4 9.79 2331

R Superior Temporal Gyrus 56 -40 12 8.79

R Superior Occipital Gyrus 28 -80 20 7.45

L Mid Orbital Gyrus -4 52 -12 6.41 506

R Medial Superior Frontal Gyrus 8 60 20 5.76

R Mid Orbital Gyrus 0 40 -8 5.57

     b.  PTSD negative < neutral          

R Angular Gyrus 36 -64 40 7.26 239

R Inferior Parietal Lobe 48 -52 52 7.26

R Supramarginal Gyrus 52 -40 40 5.89

R Middle Frontal Gyrus 36 16 52 5.47 191

     c.  PTSD positive > neutral          

L Mid Orbital Gyrus -8 48 -12 10.98 3649

L Anterior Cingulate Gyrus -4 44 -4 10.68

L Medial Superior Frontal Gyrus -4 60 12 9.30

     d.  PTSD positive < neutral          

R Inferior Parietal Lobe 52 -48 52 6.72 151

R Supramarginal Gyrus 56 -40 44 6.12

Supplemental information, 
S1 Behavioral analyses
Behavioral analyses
The number of subject’s ratings that matched the IAPS ratings, i.e. congruence, was 
calculated for each category (neutral, positive and negative). Also response times (RTs) 
to correctly rated pictures were calculated for each category. Group differences on con- 
gruence and response times were analyzed with repeated measures analyses of vari-
ance (ANOVA) using category and group as factors. 

Behavioral results
Congruence differed significantly between the three groups (F2,79 = 5.98, p = 0.004), 
with PTSD patients rating less pictures congruent with the IAPS rating  (mean ± SD, 76.7 
± 4.8) than the CC group (82.7 ± 3.5; p = 0.005) and the HC group (82.6 ± 3.6; p = 0.007). 
The three groups did not differ in as what they rated the incorrect rated trials (F5,76 = 1.89, 
p = 0.105). Group response time differences were only marginally significant (F2,79 = 2.80, 
p = 0.067). 
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     g.  CC positive > neutral          

R Calcarine Gyrus 8 -56 12 12.59 4343

L Precuneus -4 -52 12 11.85

L Middle Temporal Gyrus -48 -68 8 11.31

R Superior Frontal Gyrus 24 40 44 5.28 69

R Precentral Gyrus 44 -8 56 6.02 64

     g.  CC positive < neutral          

R Supramarginal Gyrus 48 -40 44 4.84 106

R Angular Gyrus 44 -64 44 4.14

     e.   HC negative > neutral          

R Amygdala 24 -4 -16 8.46 1227

R Temporal Pole 28 8 -20 7.22

R Precuneus 8 -48 12 6.57

R Middle Temporal Gyrus 48 -60 8 12.69 383

R Superior Temporal Gyrus 60 -40 12 8.01

R Supramarginal Gyrus 68 -28 24 5.08

L Middle Temporal Gyrus -40 -68 8 7.96 288

L Supramarginal Gyrus -64 -32 28 4.73

L Postcentral Gyrus -60 -16 44 3.34

R Medial Superior Frontal Gyrus 8 56 24 4.68 80

L Medial Superior Frontal Gyrus -8 56 20 3.88

     e.   HC negative < neutral          

R Middle Frontal Gyrus 44 28 40 7.66 857

L Medial Superior Frontal Gyrus -4 32 32 6.45

L Supplementary Motor Area -4 20 48 5.90

R Middle Frontal Gyrus 48 32 36 5.46 102

R Inferior Frontal Gyrus 44 44 -4 5.14

     e.  CC negative > neutral          

R Amygdala 20 -4 -16 8.95 911

R Middle Temporal Gyrus 60 4 -20 6.25

L Amygdala -20 -4 -20 6.10

R Middle Temporal Gyrus 48 -64 8 10.90 398

R Superior Temporal Gyrus 64 -44 12 6.25

R Precentral Gyrus 60 4 36 4.75

L Middle Temporal Gyrus -48 -64 4 12.75 302

L Supramarginal Gyrus -60 -28 20 4.40

L Mid Orbital Gyrus 0 60 -8 6.05 288

L Medial Superior Frontal Gyrus -4 60 28 5.90

L Anterior Cingulate Cortex 0 36 -4 3.65

L Middle Temporal Gyrus -56 -8 -16 5.30 94

L Medial Temporal Pole -44 16 -28 4.75

     f.  CC negative < neutral          

R Middle Frontal Gyrus 44 32 40 6.08 410

R Superior Frontal Gyrus 24 20 56 4.64

R Inferior Parietal Lobe 44 -44 40 7.21 318

R Angular Gyrus 44 -64 40 6.90

L Inferior Parietal Lobe -44 -48 40 6.08 240

L Middle Occipital Lobe -28 -64 36 5.34

L Hippocampus -20 -40 8 4.01

L Middle Frontal Gyrus -48 24 36 5.09 133

L Inferior Frontal Gyrus -40 36 12 4.13
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L Middle Frontal Gyrus -40 52 24 4.59 169

L Inferior Frontal Gyrus -40 44 4 3.70

L Inferior Parietal Lobe -56 -40 48 4.65 92

For the PTSD patients, CC (combat controls) and HC (non-military healthy controls) the clusters showing significant activation 
for the negative contrast (negative > neutral, and negative < neutral) and the positive contrast (positive > neutral, and positive 
< neutral) are presented. Significance is based on a cluster-defining threshold of p < 0.005, and a p < 0.05 family-wise error-
corrected critical cluster size calculated separately for each contrast. The location of the peak voxels are represented by MNI 
coordinates. The highest peak voxel per cluster is in bold, followed by (a maximum of two) separate peak voxels within the cluster 
in plain text. L = left, R = right, MNI = Montreal Neurological Institute

Supplemental Table S3  Whole brain group differences for the negative contrast

    MNI Coordinates

Hemisphere Brain Region X Y Z t-value Voxels

     a. PTSD > HC

R Anterior Cingulate Cortex 4 40 24 3.81 78

L Medial Superior Frontal Gyrus -4 36 48 3.67

R Supplementary Motor Area 4 20 52 3.45

     b. CC > HC

L Medial Superior Frontal Gyrus 0 24 44 4.17 79

Results of the whole brain group analyses for the PTSD patients, CC (combat controls) and HC (non-military healthy controls) 
for the negative contrast (negative pictures > neutral pictures). Only clusters that were significantly different between groups in 
post-hoc t-tests are presented here. Significance is based on a cluster-defining threshold of p < 0.005, and a p < 0.05 family-wise 
error-corrected critical cluster size calculated separately for each contrast. The location of the peak voxels are represented by MNI 
coordinates. The highest peak voxel per cluster is in bold, followed by (a maximum of two) separate peak voxels within the cluster 
in plain text. L = left, R = right, MNI = Montreal Neurological Institute

L Middle Orbital Gyrus -48 48 -4 8.31 748

L Inferior Frontal Gyrus -44 44 8 7.33

L Middle Frontal Gyrus -44 52 8 7.14

L Inferior Parietal Lobe -40 -52 40 6.22 307

L Angular Gyrus -40 -60 44 6.16

R Angular Gyrus 48 -60 44 7.33 283

R Inferior Parietal Lobe 44 -48 44 7.27

L Paracentral Lobe -12 -16 64 3.94 113

R Caudate Nucleus 16 24 4 5.64 88

R Thalamus 12 -16 12 3.88

R Supplementary Motor Area 12 -12 60 4.30 71

R Postcentral Gyrus 24 -28 60 4.04

     f.  HC positive > neutral          

R Middle Temporal Gyrus 44 -60 4 10.40 2699

L Posterior Cingulate Cortex 0 -52 32 7.91

R Amygdala 32 0 -20 6.69

L Medial Superior Frontal Gyrus -8 52 17 8.00 742

R Mid Orbital Gyrus 4 60 -4 7.34

L Mid Orbital Gyrus -8 56 -4 6.89

     f.  HC positive < neutral          

R Inferior Frontal Gyrus 48 32 28 7.31 411

R Insula 44 44 -4 6.43

R Middle Frontal Gyrus 40 16 48 4.68

R Inferior Parietal Lobe 48 -48 40 6.83 205

R Supramarginal Gyrus 56 -32 48 4.96
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Supplemental Table S4  PPI analyses for the negative contrast in the right amygdala 

    MNI Coordinates

Hemisphere Brain Region X Y Z t-value Voxels

One-sample PTSD

L Medial Superior Frontal Gyrus 0 48 40 4.41 160

R Supplementary Motor Area 4 20 52 4.16

L Supplementary Motor Area -4 4 61 4.11

R Inferior Frontal Gyrus 44 24 20 3.60 82

R Middle Frontal Gyrus 52 36 20 2.94

Significant clusters in whole brain psychophysiological interaction (PPI) analyses in the right amygdala are presented here for the PTSD 
patients. No significant clusters were observed in the CC (combat controls) and HC (non-military healthy controls) groups. Significance is 
based on a cluster-defining threshold of p < 0.005, and a p < 0.05 family-wise error-corrected critical cluster size calculated separately for 
each contrast. The location of the peak voxels are represented by MNI coordinates. The highest peak voxel per cluster is in bold, followed 
by (a maximum of two) separate peak voxels within the cluster in plain text. L = left, R = right, MNI = Montreal Neurological Institute

Supplemental Table S5  PTSD+MDD and PTSD-MDD groups 

 
PTSD+MDD 
(N=16)

PTSD-MDD 
(N=13)

Test 
statistic

p-value

Age (Years) 38.15 ± 10.70 33.29 ± 9.47 t = 1.28 0.212

PTSD symptoms

    Re-experiencing (CAPS B) 21.88 ± 6.90 21.08 ± 5.41 t = 0.34 0.736

    Avoiding (CAPS C) 25.75 ± 8.04 16.46 ± 5.32 t = 3.72 0.001

    Hyperarousal (CAPS D) 24.69 ± 5.53 23.38 ± 5.03 t = 0.66 0.517

    Total (CAPS Total) 72.31 ± 10.93 60.92 ± 8.92 t = 3.02 0.005

Data are presented as means ± standard deviation
CAPS, Clinician Administered PTSD Scale45 
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Introduction
Posttraumatic stress disorder (PTSD) is an anxiety disorder that can develop after a 
traumatic event.1 Two of the core PTSD features include re-experiencing of the trau-
matic event and increased arousal. Studies have suggested that diminished inhibi-
tion of the fear response underlies these PTSD symptoms.2-4 Impaired fear inhibition 
is a well-known and well-studied issue in patients with PTSD,2-6 but studies capturing 
the cognitive aspect of inhibition are limited. Inhibition is an essential component of 
several cognitive processes7 and can be measured by assessing response inhibition.  
Response inhibition pertains to the suppression of an initial response and the adjust-
ment of the behavioral response accordingly.8 In addition, PTSD has been associated 
with decreased inhibition of brain areas; reduced inhibition of the amygdala by the ven-
tromedial prefrontal cortex mediates decreased fear inhibition in patients with PTSD.5 
Therefore, applying functional imaging during the investigation of response inhibition in 
patients with PTSD is highly relevant.
  Response inhibition can be measured with the Go/No-Go task or the stop-signal 
task (SST). In inhibition tasks, the response to a Go stimulus has to be inhibited when an 
infrequent No-Go or stop signal is presented.9 With an adapted version of the SST, the 
stop-signal anticipation task (SSAT),10 a differentiation between reactive inhibition and 
proactive inhibition can be made. Reactive inhibition is the outright stopping of a re-
sponse and is the result of inhibition of the motor areas.11,12 Impaired reactive response 
inhibition has been demonstrated in patients with PTSD compared with healthy con-
trols, but not compared with trauma controls.13-15 Functional MRI has shown activation in 
the prefrontal cortex and motor cortex during response inhibition, which was decreased 
in patients with PTSD compared with healthy controls.13 Another fMRI study demon- 
strated reduced activation in the ventromedial prefrontal cortex in patients with PTSD 
during a response inhibition task.15 
  Proactive inhibition pertains to the anticipation of stopping and relies on the pro-
cessing of contextual cues.16 Patients with PTSD are unable to fully recognize cues that 
signal a safe environment (contextual cues),5,6 and this deficit represents an essential 
component of impaired fear inhibition. It is not known, however, if reduced contextual 
cue processing is also apparent in other (cognitive) domains. If so, this would represent 
a more general deficit in patients with PTSD. Investigating the role of contextual cues 
during response inhibition would elucidate this issue. The right inferior frontal gyrus 
(rIFG) has often been associated with response inhibition17 and may be particularly im-
portant for proactive inhibition, because it is involved in regulating attention11,17 and 
outcome expectancies.12 The striatum is involved in the anticipation of stopping the 
response.12 
  In the present study both reactive and proactive inhibition were investigated; par-
ticipants performed the SSAT inhibition task10 during fMRI. Two previous fMRI studies 
on response inhibition in patients with PTSD investigated reactive inhibition in small 
samples13,15 but did not control for task performance. Moreover, to our knowledge, pro-
active inhibition has never been investigated in a PTSD sample. As it is important to dif-

Abstract
Background Posttraumatic stress disorder (PTSD) is often associated with impaired 
fear inhibition and decreased safety cue processing; however, studies capturing the 
cognitive aspect of inhibition and contextual cue processing are limited. In this fMRI 
study, the role of contextual cues in response inhibition was investigated.
Methods Male medication-naive war veterans with PTSD, male control veterans (com-
bat controls) and healthy nonmilitary men (healthy controls) underwent fMRI while per-
forming the stop-signal anticipation task (SSAT). The SSAT evokes 2 forms of response 
inhibition: reactive inhibition (outright stopping) and proactive inhibition (anticipation 
of stopping based on contextual cues).
Results We enrolled 28 veterans with PTSD, 26 combat controls and 25 healthy con-
trols in our study. Reduced reactive inhibition was observed in all veterans, both with 
and without PTSD, but not in nonmilitary controls, whereas decreased inhibition of the 
left pre/postcentral gyrus appeared to be specifically associated with PTSD. Impaired 
behavioral proactive inhibition was also specific to PTSD. Furthermore, the PTSD group 
showed a reduced right inferior frontal gyrus response during proactive inhibition com-
pared with the combat control group.
Limitations Most patients with PTSD had comorbid psychiatric disorders, but such co-
morbidity is common in patients with PTSD. Also, the education level (estimate of intelli-
gence) of participants, but not of their parents, differed among the groups.
Conclusion Our findings of reduced proactive inhibition imply that patients with PTSD 
show reduced contextual cue processing. These results complement previous findings 
on fear inhibition and demonstrate that contextual cue processing in patients with PTSD 
is also reduced during cognitive processes, indicating a more general deficit.
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Methods
Participants
We recruited male veterans with PTSD from the Military Mental Health Care outpatient 
clinics, Ministry of Defence, the Netherlands. Through advertisements, we recruited  
veterans without a current psychiatric illness (combat controls) and non-military men 
without a current psychiatric illness (healthy controls) as 2 separate control groups. 
We used the clinician-administered PTSD scale19 to quantify the severity of PTSD in 
the patient group and to confirm that both control groups had no clinically significant 
PTSD symptoms. The structured clinical interview for DSM-IV Axis I disorders20 was ad- 
ministered to examine (comorbid) psychiatric disorders. Individuals with a history of 
neurologic illness were not included. After the MRI scan, we used the Dissociative State 
Symptom scale - short form (DSS)21 to check for the presence of dissociative symptoms 
during the scan. All participants gave written informed consent after having received 
complete written and verbal explanations of the study, in accordance with procedures 
approved by the University Medical Center Utrecht (UMCU) ethics committee and the 
declaration of Helsinki.22

Inhibition task
Participants underwent fMRI while performing the SSAT (Fig. 1). The SSAT measures 
reactive and proactive inhibition. Three horizontal lines are displayed continuously 
throughout the task. During each trial, a bar moves from the lower to the upper line in 
1000 ms. The main task is to press the button to stop this moving bar as close as pos-
sible to the middle colored line, which is around 800 ms (Go trials). In a subpart of the  
trials the moving bar stops on its own before it has reached this middle colored line (stop 
signal), indicating that the stop response has to be withheld (stop trials). The probability 
that the bar stops on its own was manipulated across trials and was indicated by the 
colour of the middle line: green 0%, yellow 17%, amber 20%, orange 25% and red 33% 
(stop-signal probability). In total, 234 Go trials with stop-signal probability of 0%, 180 Go 
trials with stop-signal probability greater than 0% and 60 stop trials were presented. 
Two rest blocks of 24 seconds each, where only the background was displayed, were 
applied at one-third and two-thirds of the task. The interval between trial onset and 
presentation of the stop signal, the stop-signal delay (SSD), was initially set at 550 ms. 
However, the SSD was adjusted (in steps of 25 ms) based on the individual participant’s 
performance to obtain equal performance among participants. In this way, the interpre-
tation of the fMRI results is not confounded by (large) differences in task performance.
  Before the fMRI experiment, participants were trained on the SSAT. They were in-
structed that the first goal was to stop the bar as close to the middle line as possible, 
and the second goal was to avoid stopping the bar when it had stopped on its own. They 
were instructed that both goals were equally important. Participants were informed 
that the stop trial would never occur when the green line was presented. Participants 
were told that the stop-signal was least likely when the yellow line was presented and 
most likely during the presentation of the red line, and that the amber and orange cues  

ferentiate PTSD-related alterations from consequences of stress/trauma exposure,18 we 
included male war veterans with PTSD, male war veterans without a current psychiatric 
disorder (combat controls), and a nonmilitary healthy male sample (healthy controls). 
We hypothesized that reactive inhibition would be impaired in patients with PTSD and 
that these patients would have increased stop-signal reaction times. In line with pre- 
vious studies,13,15 we expected the differences to be in contrast to the healthy control 
and not the combat control group. We also hypothesized that the patients with PTSD 
would show decreased inhibition of the motor cortex during response inhibition. Further-
more, we expected that patients with PTSD would show decreased behavioral proactive 
inhibition, indicated by a smaller increase in response time to increasing stop-signal 
probability levels, and that they would show decreased activation of the rIFG and right 
striatum compared with both the combat controls and healthy controls during proactive 
inhibition.
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represented intermediate stop chances. The exact stop-signal probabilities were not 
revealed. For more details on the task, see the study by Zandbelt and Vink 2010.1

Image acquisition
Functional images were acquired using a 3.0 T MRI scanner (Philips Medical Systems) at 
the UMCU. A total of 622 whole brain, T2*-weighted echo planar images with blood oxy-
gen level-dependent contrast (repetition time [TR] 1600 ms, echo time [TE] 23.5 ms, flip 
angle 72.5°) were collected in a single run. Each scan lasted 16 minutes and 36 seconds. 
A T1-weighted image (200 slices, TR 10 ms, TE 3.8 ms, flip angle 8°, field of view 240 × 
240 × 160 mm, matrix 304 × 299 mm) was used for within-subject registration purposes.

Statistical analysis
Behavioral performance
Reactive inhibition was measured as the speed of inhibition, and was indicated by the 
stop-signal reaction time (SSRT).10 The SSRT was computed according to the integra-
tion method and calculated across the 4 stop-signal probability levels (17%-33%). It 
reflects the latency of the inhibition process.9 A smaller SSRT reflects a faster speed of 
inhibition, indicating better reactive inhibition. We compared the SSRT for the 3 groups, 
and post hoc tests with least significant difference (LSD) correction were performed 
when group differences were significant.
  Proactive inhibition was taken as a measure for contextual cue processing. It was 
defined as the anticipation of inhibition based on contextual cues. In this task this means 
that when the participant expects that the bar will stop on its own - based on the colour 
of the line in the middle of the screen - the participant needs to wait to respond. This 
waiting, or the slowing of the response, will result in larger response times to the trials 
with larger stop-signal probability levels. This “slowing” is proactive inhibition and is 
measured as the slope of increasing response time to increasing stop-signal probability 
levels (0%-33%). Thus, better proactive inhibition is indicated by larger response times 
to increasing stop-signal probability levels. We compared this slope for the 3 groups 
with a univariate general linear model (GLM) with post hoc (LSD-corrected) tests. Pro-
active inhibition could be influenced by task baseline differences (response time to Go 
0% trials). To rule out this possibility, we compared baseline response time among the 
3 groups and included it as a covariate for the behavioral and region of interest (ROI) 
proactive inhibition analyses.

Functional MRI
Functional MRI data were preprocessed and analyzed with SPM 5 (http://www.fil.ion.
ucl.ac.uk/spm/software/spm/). Preprocessing included slice time correction, realign-
ment, coregistration of the anatomic image to the mean functional image, spatial nor-
malization to a Montreal Neurological Institute template brain and smoothing (using a 6 
mm full-width at half-maximum [FWHM] Gaussian kernel). 
  A GLM regression analysis was used to estimate task effects (on brain activation). 
Three regressors were included to model brain activation related to successful stop  
trials, failed stop trials and Go trials with stop-signal probability greater than 0%.  
Furthermore, response time and stop-signal probability were included as parametric  
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Results
Demographics
We included 28 patients with PTSD in our study. Although 29 were recruited, 1 patient 
was removed from our analysis because of excessive head movement (> 3 mm). The pa-
tients with PTSD were medication-naive, except for 1 patient who used benzodiazepines 
occasionally up to 2 weeks before the MRI scan. We also included 26 combat controls 
and 25 healthy controls in our study. Although 26 healthy controls were recruited, 1 was 
removed from our analyses because his behavioral performance deviated significantly 
(> 3 standard deviations) from the group average. The demographic characteristics of 
participants are summarized in Table 1.
  Most of the patients with PTSD had a comorbid psychiatric disorder: mood disorder 
(N = 15), anxiety disorder other than PTSD (N = 7), and somatoform/pain disorder (N = 
2). None of the controls had a current psychiatric disorder. The 3 groups did not differ 
in age and handedness (according to Edinburgh Handedness Inventory23). Participants’ 
education level differed significantly among the groups (F2,76 = 8.72, p < 0.001). The  
education level of the healthy control group was higher than that of the PTSD (p < 0.001) 
and combat control groups (p = 0.002), but the PTSD and combat control groups did not 
differ from one another. Parental education level was comparable among the 3 groups. 
Year and country of deployment, number of military missions and time since deployment 
were comparable between the combat control and PTSD groups. The most common mi-
litary deployments included missions to Lebanon, the Balkans, Iraq and Afghanistan. No 
evidence for dissociation during the MRI scan was obtained from the DSS for any of the 
participants.

Baseline responding
Baseline response time was similar among the groups (F2,76 = 0.83, p = 0.44; Table 2). 
Furthermore, activation did not differ among the groups in any of the 3 ROIs (left pre/
postcentral gyrus: F2,76 = 0.31, p = 0.74; rIFG: F2,76 = 0.27, p = 0.77; right striatum: F2,76 = 
0.55, p = 0.58; Table 2). Whole brain analyses did not reveal group differences outside 
the ROIs.

Reactive inhibition
Behavioral performance
Speed of inhibition (SSRT) differed significantly among the groups (F2,76 = 16.97, p < 
0.001), with the healthy control group being faster than both the combat control (p < 
0.001) and the PTSD groups (p < 0.001; Table 2).

Functional MRI
The level of activation of the left pre/postcentral gyrus during correct stop trials com-
pared with Go trials was significantly different among the groups (F2,76 = 3.86, p = 0.025). 
All participants showed reduced activation when stop trials were contrasted to Go trials, 
but post hoc tests revealed that patients with PTSD showed less reduction in activation 

regressors for Go trials. To correct for head motion, the 6 realignment parameters were in-
cluded as regressors of no interest. We applied a high-pass filter with a cutoff of 128 ms to the 
data to correct for slow signal drifts. 
  Five contrasts were created for each participant: correct Go trials with a stop-signal 
probability of 0% compared with rest to investigate potential baseline differences; success-
ful stop trials versus Go trials in the 0% stop-signal probability context to investigate reac-
tive inhibition; the parametric effect of stop-signal probability on Go-signal activation for a 
stop-signal probability of 17%-33% to investigate proactive inhibition; correct Go 17%, 20%, 
25% and 33% versus correct Go 0% to investigate the average increase in activation across 
all 4 stop-signal probability levels versus Go trials; and correct Go 17% versus correct Go 0% 
to measure the response to the smallest stop-signal probability level (a stop chance) versus 
Go trials (no stop chance), as 2 additional measures for proactive inhibition.
  For all 5 contrasts, mean activation levels were extracted from predefined ROIs. The ROIs 
were based on an activation map of an independent sample of 24 healthy volunteers who 
performed the SSAT in a previous study.10 For reactive inhibition, we analyzed the left pre/
postcentral gyrus. For proactive inhibition, we used the right striatum and the rIFG as ROIs. To 
test if brain regions outside these ROIs were involved in reactive or proactive inhibition, we 
performed a whole brain group analysis using a 1-way analysis of variance for each contrast. 
The resulting maps were tested for significance at a cluster-defined threshold of p < 0.005, 
and a p < 0.05, family-wise error-corrected critical cluster size of 42 voxels for the reactive 
inhibition contrast and of 45 voxels for the baseline and proactive inhibition contrasts. These 
parameters were determined using SPM and a script (CorrClusTh.m; www2.warwick.ac.uk/
fac/sci/statistics/staff/academic-research/nichols/scripts/spm), which uses estimated 
smoothness (estimated FWHM 3.56 × 3.65 × 3.46 voxels = estimated FWHM 8 mm) and ran-
dom field theory to find these corrected thresholds.



Page 066 Page 067

Getting Better Chapter 3

Table 2  Behavioral and fMRI results 

 
PTSD 
patients
(N=28)

Combat 
controls 
(N=26)

Healthy 
controls 
(N=25)

Test 
statistic

p-value

Baseline§

    Response time 818 ± 20 812 ± 15 816 ± 15 F = 0.83 0.44

    ROI left pre/postcentral gyrus 0.98 ± 0.88 1.20 ± 1.07 1.06 ± 1.17 F = 0.31 0.74

    ROI right IFG 0.15 ± 0.96 0.14 ± 0.88 - 0.04 ± 1.29 F = 0.27 0.77

    ROI right striatum 0.05 ± 0.40 0.14 ± 0.39 0.02 ± 0.39 F = 0.55 0.58

Reactive inhibition $

    Stop-signal reaction time 330 ± 15 325 ± 18 306 ± 12 F = 16.97 < 0.001

    ROI left pre/postcentral gyrus -0.59 ± 0.74 -1.03 ± 0.55 -0.94 ± 0.51 F = 3.86 0.03

Proactive inhibition#

    Slope response time* 47 ± 64 85 ± 88 100 ± 73 F = 3.87 0.03

    ROI right IFG* 4.59 ± 3.32 1.94 ± 4.22 2.87 ± 4.57 F = 3.40 0.04

    ROI right striatum* 1.50 ± 1.31 0.68 ± 1.70 1.30 ± 2.50 F = 1.16 0.32

Data are presented as means ± standard deviation
PTSD, posttraumatic stress disorder patients 
Right IFG, right inferior frontal gyrus
§Baseline contrast: correct go trials with a stop-signal probability of 0% versus rest. 
$Reactive inhibition contrast: successful stop trials versus correct go trials.
#Proactive inhibition contrast: the parametric effect of stop-signal probability on go-signal activation for stop-signal probability 
17%-33%.
*Baseline response time was included as a covariate (set at 815.47)

Proactive inhibition
Behavioral performance
The increase in response time (proactive inhibition) differed among the 3 groups (F2,75 
= 3.87, p = 0.025; Table 2), with the PTSD group showing reduced proactive inhibition 
compared with the combat control group (p = 0.044) and the healthy control group (p 
= 0.010). Correlation analyses were performed between the increase in response time 
and education, because education level differed among the groups; there were no sig-
nificant correlations (PTSD: r = 0.11, p = 0.58; combat control: r = 0.24, p = 0.23; healthy 
control: r = –0.04, p = 0.85).

(inhibition) of the left pre/postcentral gyrus than the combat control group (p = 0.011) 
and healthy control group (p = 0.041), as can be seen in Table 2. As there were differen- 
ces in education level, we tested if there was a correlation between education and SSRT 
within each group; there were no significant correlations (PTSD: r = -0.066, p = 0.74; 
combat control: r = -0.05, p = 0.80; healthy control: r = -0.24, p = 0.24).
  Whole brain analyses per group showed that all groups activated a network of re-
gions commonly associated with response inhibition, consisting of the rIFG, insula, right 
supramarginal gyrus, right middle frontal gyrus, right supplementary motor area and left 
superior frontal gyrus. Deactivation of the default mode network (DMN; e.g., left precu-
neus, left posterior cingulate gyrus) and left pre/postcentral gyrus was observed in all 
groups (see the Appendix, Table S1). A whole brain analysis performed to investigate 
group effects outside the predefined ROIs revealed no significant results (Fig. 2A).

Table 1  Participant characteristics 

 
PTSD 
patients
(N=28)

Combat 
controls 
(N=26)

Healthy 
controls 
(N=25)

Test 
statistic

p-value

Age (Years) 36.6 ± 10.6 37.2 ± 10.1 34.8 ± 9.5 F = 0.40 0.67

Handedness (EHI Percentage) 70.7 ± 30.1 72.0 ± 37.4 76.1 ± 22.7 F = 0.22 0.80

Education level (ISCED)

   Own 3.9 ± 1.6 3.6 ± 1.5 5.2 ± 1.2 F = 8.72 < 0.001

   Father 3.4 ± 1.9 3.6 ± 1.8 3.0 ± 1.9 F = 0.67 0.52

   Mother 2.3 ± 1.3 2.9 ± 1.4 3.0 ± 1.9 F = 1.57 0.22

Months since deployment 82.4 ± 99.6 78.6 ± 81.3 t = - 0.15 0.88

Number of missions 2.9 ± 3.8 2.4 ± 1.4 t = - 0.59 0.56

    (1 / 2 / 3 / > 3) (12 / 6 / 5 / 5) (9 / 7 / 4 / 6)

PTSD symptoms

    Re-experiencing (CAPS B) 21.6 ± 6.3 0.5 ± 1.9 0.4 ± 1.3 F = 275.14 < 0.001

    Avoiding (CAPS C) 21.2 ± 7.8 1.0 ± 2.3 1.2 ± 2.6 F = 140.97 < 0.001

    Hyperarousal (CAPS D) 24.0 ± 5.1 3.3 ± 3.3 3.0 ± 3.6 F = 229.67 < 0.001

    Total (CAPS Total) 66.9 ± 10.6 4.9 ± 4.9 4.7 ± 4.2 F = 656.75 < 0.001

DSS 2.8 ± 0.7 1.3 ± 3.5 1.3 ± 2.2 F = 1.35 0.27

Data are presented as means ± standard deviation
PTSD, posttraumatic stress disorder patients 
CAPS, Clinician Administered PTSD scale19

EHI, Edinburgh Handedness Inventory23 
ISCED, International Standard Classification of Education37
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Discussion
In this fMRI study, the role of contextual cues during response inhibition was inves-
tigated. We examined reactive inhibition (outright stopping) and proactive inhibition 
(anticipation of stopping based on contextual cues) in a male veteran PTSD group, a 
combat control group and a healthy male non-military control group. Behaviorally, speed 
of inhibition was decreased in both veteran groups compared with the healthy control 
group, suggesting that reduced reactive inhibition is not specific to patients with PTSD. 
Decreased inhibition of the left pre/postcentral gyrus during reactive inhibition, on the 
other hand, was observed only in patients with PTSD. Furthermore, patients with PTSD 
showed decreased proactive inhibition, as indicated by a reduced effect of stop-signal 
probability levels (contextual cues) on response time. Moreover, activation in the right 
inferior frontal gyrus (rIFG) was reduced during proactive inhibition in the PTSD group 
compared with the combat control group. Taken together, these results suggest de-
creased contextual cue processing in patients with PTSD. 
  Impaired reactive inhibition was demonstrated in patients with PTSD compared 
with healthy controls, but not combat controls. This finding is in line with those of pre-
vious studies on response inhibition in individuals with PTSD.13-15 In addition, we found 
that response inhibition in the combat control group also differed significantly from that 
in the healthy control group. Therefore, reduced reactive inhibition is not related to PTSD 
as such, but may reflect effects of military training or stress/trauma exposure during 
deployment. It seems plausible that exposure to hostile environments, such as combat 
zones, may increase attention to subtle changes in the environment. Another explana-
tion for reduced reactive inhibition in veterans is the bias in the recruitment of military 
personnel. Veterans and healthy controls differed in education level, but education level 
did not correlate with reactive inhibition measures, thus it is unlikely that this differ-
ence influenced our results. Reduced response inhibition has previously been related 
to impulsivity, which in turn has been linked to prefrontal activation during response 
inhibition.24 This is potentially relevant to PTSD and other psychiatric disorders. Impaired 
reactive inhibition has been linked to several psychiatric and developmental disorders, 
such as attention-deficit/hyperactivity disorder, obsessive–compulsive disorder and 
schizophrenia.25 Indeed, the present study demonstrates that impaired reactive inhibi-
tion is not specifically related to PTSD. 
  Inhibition of the motor areas, which are involved in executing the response, is es-
sential for withholding this response during response inhibition.11,12 Inhibition of the 
left pre/postcentral gyrus is not functioning well in patients with PTSD, as indicated by 
decreased inhibition of the left pre/postcentral gyrus during correct stop tasks in this 
study. This is a confirmation of findings from a previous study on response inhibition in 
patients with PTSD13 and extends that finding by showing that decreased inhibition of 
the left pre/postcentral gyrus is also observed after controlling for task performance. 
Across all groups activation was observed in brain areas often associated with response 
inhibition (e.g., insula, rIFG, supplementary motor area), and deactivation was observed 
in the motor cortex and medial regions of the DMN. It was previously shown that these 

Functional MRI
Activation in the rIFG differed among the groups (F2,75 = 3.40, p = 0.039; Table 2) during 
the parametric contrast. That is, the slope of the rIFG response to contextual cues was 
different among groups. Post hoc tests revealed that the PTSD group showed a larger 
increase in rIFG activation with increasing stop-signal probability levels than the com-
bat control group (p = 0.012). This result was not due to an overall difference in rIFG 
activation in the PTSD group compared with the combat control group, as the mean in-
crease of rIFG activation across all 4 stop-signal probabilities versus correct Go 0% did 
not differ between the 2 groups (t52 = 0.98, p = 0.33). However, this rIFG difference can 
be explained by the significantly larger increase in rIFG activation in the combat control 
group to the smallest stop-signal probability level (17%) relative to correct Go 0% when 
compared with the PTSD group (t52 = 1.975, p = 0.054). No significant differences with 
the healthy control group were observed. There were no group differences in the right 
striatum for the parametric contrast (F2,75 = 1.16, p = 0.32; Table 2). 
  Areas involved in proactive inhibition (e.g. rIFG, right striatum, right insula) were ac-
tivated in all groups (Appendix, Table S1). Whole brain analyses did not reveal activation 
differences outside the predefined ROIs (Fig. 2B).
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been related to a dissociative response.35 However, no evidence for dissociative states 
was found in any of the participants in the present study.

Limitations
One limitation is that most of the patients with PTSD had comorbid psychiatric disor-
ders, which could have influenced the results; however, comorbidity is often present 
in individuals with PTSD. Therefore, the inclusion of patients with PTSD and a comorbid 
disorder allows for broader generalization of the results. Second, education level dif-
fered between the military and civilian groups, but no correlations between education 
level and the behavioral measures were observed. Moreover, task difficulty was adjusted 
online after individual task performance to keep error rates fairly equal. The difference in 
education level is likely related to most military men joining the armed forces after high 
school, whereas the civilian men continued education. Education level was included 
as an estimate of intelligence and, importantly, parental education level did not differ 
among the groups. Future studies (with military samples) could include a more direct 
measure of intelligence.
  An important strength of this study is the inclusion of 2 control groups,18 because 
this allowed us to differentiate PTSD symptoms from the effects of military training 
and deployment. However, the effects of deployment-related exposure to trauma/
stress cannot be distinguished from military training or selection, as all veterans in this 
study experienced both. Additional research to address these issues is recommended.  
Furthermore, applying a similar design involving patients with PTSD before and after re-
ceiving treatment might elucidate whether impaired inhibition and contextual cue pro-
cessing are state aspects of PTSD or whether they remain after successful treatment.

Conclusion
Patients with PTSD showed reduced contextual cue processing and related decreased 
rIFG activation during response inhibition. These findings support the theory of de-
creased contextual cue processing during impaired fear inhibition in patients with PTSD 
and suggest that these deficiencies are also observed during cognitive processes, indi-
cating a more general deficit. 

DMN regions are deactivated during the performance of a task.26 
  The PTSD group displayed reduced proactive inhibition compared with the combat 
control and healthy control groups. This indicates that these abnormalities are specific 
to patients with PTSD. Reduced proactive inhibition implies that these patients are less 
influenced by contextual cues during inhibition. Decreased inhibition of an automatic re-
sponse has previously been identified in fear inhibition.2-4 Conditioning theories of PTSD 
posit that patients with PTSD learn to associate cues with their trauma (fear condition-
ing).27 “Unlearning” this association, and inhibiting the fear response (fear inhibition) 
in the face of safety cues (contextual cues), is impaired in patients with PTSD.26 Re-
duced contextual cue processing has been demonstrated in several fear inhibition stu-
dies,2,6,28,29 but it was unclear whether this deficit was also apparent in other (cognitive) 
domains. Here we demonstrate that reduced contextual cue processing reflects a more 
general deficit in individuals with PTSD, as it was observed during response inhibition.
  The rIFG response to increasing stop-signal probability levels (contextual cues) 
differed between the PTSD and combat control groups. The PTSD group showed a lar-
ger increase in rIFG activation to increasing stop-signal probability levels; on the other 
hand, the combat control group showed a larger rIFG response to the 17% compared 
with the 0% stop-signal probability level. These results can be explained as follows: the 
combat control group showed a remarkable rIFG increase to the smallest stop-signal 
probability level (17%) compared with 0% stop. When the increase in rIFG response to 
increasing stop-signal probability levels was calculated (17%-33%), the result was a 
rather flat slope. The PTSD group, on the other hand, did not show this increase to the 
smallest stop-signal probability level, but only showed an increase in rIFG activation to 
the larger stop-signal probability levels. The result was a steep slope for rIFG response 
to increasing stop-signal probability. Accordingly, the slope for increasing stop-signal 
probability levels differed between the PTSD and combat control groups even though 
neither of them differed significantly from the healthy control group. This finding sug-
gests a divergent reaction of the combat control and PTSD groups after trauma expo-
sure: both groups appear to have adjusted their rIFG response, but in a different way. 
For the combat control group, this adjustment could constitute a protective or compen- 
satory mechanism, which is absent in the PTSD group.
  The rIFG is thought to play a role in attentional monitoring,11,17,30 and/or expectancy 
violation.12 Therefore, it can be hypothesized that patients with PTSD expect a stop only 
when there is a high stop-signal probability and not when the context signals a small 
stop-signal probability, whereas combat controls do expect a stop when the context 
signals a small stop-signal probability. This is in line with cognitive models of PTSD25 
and recent empirical findings31 that highlight the importance of attentional bias in the 
etiology of PTSD. Furthermore, patients with PTSD do not behave accordingly when they 
do expect a stop signal: during the high stop-signal probabilities they do not wait to re-
spond, which results in decreased proactive behavioral inhibition (flat line for Go-signal 
response time to increasing stop-signal probability levels). This could also be related to 
decreased inhibition of the left pre/postcentral gyrus, which makes it more difficult for 
them to withhold the stop response. The rIFG has been implicated in PTSD in previous 
studies. A smaller (structural) rIFG was implicated in PTSD,32-34 and the rIFG correlated 
negatively with symptom severity.34 Interestingly, increased rIFG activity has previously 
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2009;66:1373-1382.
34.  Liu Y, Li YJ, Luo EP, Lu HB, Yin H. Cortical thinning in 
patients with recent onset post-traumatic stress disor-
der after a single prolonged trauma exposure. PLoS ONE 
2012;7:e39025.
35.  Lanius RA, Williamson PC, Boksman K, Densmore 
M, Gupta M, Neufeld RWJ, et al. Brain activation during 
script-driven imagery induced dissociative responses in 
PTSD: a functional magnetic resonance imaging investiga-
tion. Biological Psychiatry 2002;52:305-311.
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L Hippocampus -24 -20 -16 7.88

L Superior Frontal Gyrus -12 48 48 11.23 651

L Superior Medial Gyrus -4 64 20 8.95

L Mid Orbital Gyrus 0 60 -4 7.43

L Insula -32 -16 16 7.20 396

L Postcentral Gyrus -44 -16 40 6.89

L Medial Temporal Pole -40 12 -36 5.59

CC - CorStop > CorGo          

R Insula 32 24 0 12.13 2123

R Precentral Gyrus 40 4 48 10.08

R Middle Frontal Gyrus 32 48 20 9.99

R Supramarginal Gyrus 60 -44 40 8.51 786

R Angular Gyrus 52 -48 32 8.42

R Inferior Parietal Lobe 48 -48 40 7.94

L Supramarginal Gyrus -64 -52 24 5.80 158

L Inferior Parietal Lobe -48 -52 40 4.95

L Middle Occipital Lobe -24 -56 36 4.80

L Middle Frontal Gyrus -32 44 28 6.71 122

CC - CorStop < CorGo          

L Middle Temporal Gyrus -24 -20 -20 9.79 3769

L Hippocampus -24 -20 -20 9.06

L Postcentral Gyrus -48 -20 44 8.56

HC - CorStop > CorGo          

R Middle Frontal Gyrus 40 36 32 12.00 1731

R Insula 32 28 4 11.30

R Precentral Gyrus 44 8 36 11.01

Supplemental table
Supplemental Table S1 
Whole brain activation for reactive and proactive inhibition per group 

A. Reactive Inhibition

    MNI Coordinates    

  Brain Region   X Y Z F-value Voxels

PTSD - CorStop > CorGo          

R Insula 44 20 0 12.13 1618

R Inferior Frontal Gyrus 36 24 0 11.04

R Precentral Gyrus 52 12 40 8.07

R Supramarginal Gyrus 56 -44 24 12.63 997

R Precuneus 12 -68 40 10.10

R Middle Temporal Gyrus 52 -40 4 8.12

L Insula -32 24 0 8.96 222

L Caudate Nucleus -8 12 4 5.10

L Putamen -24 8 0 3.47

L Inferior Parietal Lobe -36 -48 40 5.35 210

L Supramarginal Gyrus -60 -52 36 4.70

L Middle Temporal Gyrus -52 -48 16 4.65

L Middle Frontal Gyrus -32 32 28 5.89 77

L Caudate Nucleus -20 -24 20 3.22 60

L Precentral Gyrus -40 0 32 4.36 52

PTSD - CorStop < CorGo          

L Precuneus -4 -52 16 11.41 2132

L Posterior Cingulate Cortex -4 -52 28 10.56
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L Middle Occipital Gyrus -28 -72 24 4.95 107

L Cuneus -16 -72 36 4.25

L Middle Frontal Gyrus -28 40 28 4.76 106

L Middle Temporal Gyrus -64 -24 -12 3.85 59

CC - proactive inhibition          

R Precuneus 12 -64 32 6.44 615

L Inferior Parietal Lobe -36 -44 40 5.13

L Precuneus -8 -72 36 4.60

R Thalamus 16 -20 8 4.75 215

L Putamen -28 -8 4 3.96

L Middle Cingulate Cortex -4 8 40 5.00 120

R Supplementary Motor Cortex 8 16 48 3.84

R Superior Medial Gyrus 4 36 40 3.76

R Supramarginal Gyrus 60 -44 32 5.18 108

R Superior Temporal Gyrus 52 -40 12 4.47

R Insula 40 24 -4 5.13 68

R Inferior Frontal Gyrus 60 16 0 2.88

R Middle Cingulate Cortex 8 -20 44 3.79 65

R Precentral Gyrus 48 8 32 4.22 60

R Middle Frontal Gyrus 48 12 40 3.94

HC - proactive inhibition          

R Inferior Frontal Gyrus 36 24 8 8.74 699

R Insula 40 24 -4 5.31

R Precentral Gyrus 32 -4 48 5.24

R Supramarginal Gyrus 56 -40 24 14.78 799

R Angular Gyrus 36 -60 44 11.65

R Middle Temporal Gyrus 52 -40 8 10.31

L Inferior Parietal Lobe -52 -56 44 6.08 238

L Supramarginal Gyrus -64 -40 32 4.64

L Insula -28 28 0 9.21 236

L Caudate Nucleus -16 20 -4 5.45

L Inferior Frontal Gyrus -56 8 12 3.77

L Middle Frontal Gyrus -40 48 24 7.13 132

HC - CorStop < CorGo          

L Precuneus -4 -48 8 10.97 4404

L Posterior Cingulate Cortex -4 -52 28 10.58

L Superior Medial Gyrus 0 64 0 10.49  

B. Proactive Inhibition

    MNI Coordinates    

  Brain Region   X Y Z F-value Voxels

PTSD - proactive inhibition          

R Inferior Frontal Gyrus 36 28 -8 9.34 2363

R Insula 44 20 -4 8.13

R Putamen 28 8 0 6.15

R Precuneus 12 -68 36 5.86 812

R Middle Temporal Gyrus 60 -20 -12 5.82

R Inferior Parietal Lobe 52 -52 40 5.71

L Angular Gyrus -44 -48 24 5.02 355

L Inferior Parietal Lobe -52 -40 36 4.98

L Middle Temporal Gyrus -56 -52 21
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L Inferior Parietal Lobe -56 -36 48 5.66 497

L Precuneus -12 -68 52 5.62

L Middle Frontal Gyrus -24 -8 48 5.18

R Supramarginal Gyrus 56 -32 36 6.14 411

R Inferior Parietal Lobe 56 -40 48 4.90

R Middle Occipital Lobe 32 -72 20 4.22

L Insula -28 24 8 6.92 102

L Inferior Frontal Gyrus -48 12 8 4.18

L Middle Frontal Gyrus -40 44 28 7.58 93

For the PTSD patients, CC (combat controls) and HC (non-military healthy controls) the clusters showing significant activation for 
the negative contrast reactive and proactive inhibition and the positive contrast (positive > neutral, and positive < neutral) are 
presented. Significance is based on a cluster-defining threshold of p < 0.005, and a p < 0.05 family-wise error-corrected critical 
cluster size calculated separately for each contrast. The location of the peak voxels are represented by MNI coordinates. The 
highest peak voxel per cluster is in bold, followed by (a maximum of two) separate peak voxels within the cluster in plain text. L = 
left, R = right, MNI = Montreal Neurological Institute
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Introduction
Reduced (left) hippocampal volume has consistently been observed in patients with 
posttraumatic stress disorder (PTSD) compared to trauma-exposed controls and trau-
ma-unexposed healthy controls.1-3 However, it is unclear whether a smaller hippocam-
pus is a vulnerability factor for the development of PTSD or whether it is a consequence 
of stress/trauma exposure. The most compelling evidence for the former is provided 
by a twin study showing reduced hippocampal volume in the trauma-unexposed twin 
without PTSD.4 The latter is, in turn, suggested by primate studies,5,6 as well as a human 
study reporting reduced hippocampal volume in trauma-exposed controls compared 
to trauma-unexposed healthy controls.7 However, this was not found by another study 
comparing trauma-exposed and healthy controls.8 

  Were stress/trauma exposure to be the cause of a smaller hippocampus in PTSD, 
it would be possible that successful treatment leads to hippocampal volume increase. 
Indeed, the hippocampus is known to be a highly plastic brain region that is both posi-
tively and negatively affected by experiences and hormones.9 It is well known that hip-
pocampal growth can be induced by treatment, such as electroconvulsive therapy in de-
pressed patients,10,11 and by lithium use in bipolar disorder.12,13 A few longitudinal studies 
have investigated change in hippocampal volume following treatment in PTSD patients, 
but results are inconsistent. Three studies showed hippocampal growth after treatment 
with SSRIs14,15 or cognitive behavioral therapy (CBT),16 whereas others did not observe 
any change in hippocampal volume after treatment with phenytoin17 or CBT18. Three 
of these studies did not include a control group,14,15,17 and could therefore not disen- 
tangle the effect of treatment from the effect of time. Moreover, all studies examined the 
PTSD group as a whole, whereas it is known that about thirty to fifty percent of patients 
do not respond to treatment.19 It is important to make this distinction and to compare 
patients who are in remission after treatment (remitted patients) with patients in whom 
symptoms persist (persistent patients), and with a control group. One study demonstrat-
ed reduced hippocampal volume in veterans with current PTSD, but not in (remitted) 
veterans with lifetime PTSD.20 This finding suggests that either hippocampal volume 
was increased in the remitted group, or raises a third hypothesis, i.e. that a smaller hip-
pocampus is only observed in persistent patients and therefore constitutes a risk for 
persistence of PTSD. The essential role of the hippocampus in learning and memory 
processes21 could potentially explain its importance in treatment response. However, as 
veterans in that study were not scanned pre-treatment, this differentiation could not be 
made. Answering this question is highly relevant for understanding vulnerability factors 
and treatment effects for hippocampal volume in PTSD.
  In the current study, we collected MRI scans from 47 male war veterans with PTSD, 
25 healthy male war veterans (combat controls) and 25 healthy non-military men. We 
measured hippocampal volumes to investigate whether trauma/stress exposure and 
PTSD status is related to reduced hippocampal volume. Since reduced volume of the 
left hippocampus was predominantly associated with PTSD, we analyzed the left and 
right hippocampus separately. Our first aim was to test the hypotheses that hippocampal 

Abstract
Background Smaller hippocampal volume has often been observed in patients with a 
posttraumatic stress disorder (PTSD). However, there is no consensus whether this is 
a result of stress/trauma exposure, or constitutes a vulnerability factor for the devel-
opment of PTSD. Second, it is unclear whether hippocampal volume normalizes with 
successful treatment of PTSD, or whether a smaller hippocampus is a risk factor for per-
sistence of PTSD. 
Methods MRI scans and clinical interviews were collected from 47 war veterans with 
PTSD, 25 healthy war veterans (combat controls), and 25 healthy non-military controls. 
All veterans were scanned a second time with a six to eight month interval, during which 
PTSD patients received trauma-focused therapy. Based on post-treatment PTSD symp-
toms, patients were divided into a PTSD group who was in remission (N=22) and a group 
in whom PTSD symptoms persisted (N=22). MRI data was analyzed with Freesurfer. 
Results Smaller left hippocampal volume was observed in PTSD patients compared 
to both control groups. Hippocampal volume of the combat controls did not differ from 
healthy controls. Second, pre- and post-treatment analyses of the PTSD patients and 
combat controls revealed reduced (left) hippocampal volume only in the persistent pa-
tients at both time points. Importantly, hippocampal volume did not change with treat-
ment. 
Conclusions Our findings suggest that a smaller (left) hippocampus is not the result 
of stress/trauma exposure. Furthermore, hippocampal volume does not increase with 
successful treatment. Instead, we demonstrate for the first time that a smaller (left) hip-
pocampus constitutes a risk factor for persistence of PTSD. 
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Methods
Participants
War veterans who were diagnosed with PTSD by a psychologist or psychiatrist at one 
of the four the Military Mental Healthcare outpatient clinics were invited to participate 
in the current study. Forty-seven male war veterans with PTSD were included and 25 
male veterans without a current psychiatric disorder were included as combat con-
trols. Additionally, 25 non-military men without a current psychiatric disorder and who 
had not been exposed to enduring high levels of stress in their lives were included as 
healthy controls. All participants underwent 3T magnetic resonance imaging. A second 
MRI scan was collected from all veterans with a six to eight month interval in which 
PTSD patients received trauma-focused therapy (treatment as usual). To confirm and 
quantify the severity (or absence) of PTSD symptoms at both time points, the clinician- 
administered PTSD scale (CAPS24) was applied by a trained researcher. PTSD patients 
were divided into a remitted and persistent PTSD group. PTSD in remission was defined 
as a post-treatment CAPS score below 45 as this has previously been found to indicate 
the absence of clinically significant PTSD symptoms.25 A post-treatment CAPS score of 
45 or above was taken as a measure for persistence of PTSD. To examine (comorbid) 
psychiatric disorders at both time points the structured clinical interview for DSM IV axis 
I disorders (SCID I26) was administered. Subjects with a history of neurological illness 
were excluded. All participants gave written informed consent after having received 
complete written and verbal explanation of the study, in accordance with procedures 
approved by the University Medical Center Utrecht ethics committee and the declara-
tion of Helsinki (2008). 

Image acquisition
A 3.0 T MRI scanner (Philips Medical System, Best, the Netherlands) at the University 
Medical Center Utrecht was used to acquire a T1-weighed image; 200 slices, repetition 
time = 10 ms, echo time = 3.8 ms, flip angle 8, field of view = 240 x 240 x 160 mm, matrix 
of 304 x 299.

Image processing
The freely available and extensively validated Freesurfer software (Version 5.1.0; avail-
able at http://surfer.nmr.mgh.harvard.edu) was used to estimate the volumes of the 
left and right hippocampus. Technical details on this analysis are described elsewhere 
(e.g.,27,28). For these volumes, neuroanatomical labels were automatically assigned. This 
automatic labeling was based on probabilistic information from a manually labeled set, 
and was previously shown to give similar results as when manually labeled.29 
  Before the group analyses on our ROIs could be performed, all output was visually 
inspected to confirm that the hippocampus was properly segmented. Subcortical la-
beling was inspected following the standardized ENIGMA protocol (available at http://
enigma.ini.usc.edu/protocols/imaging-protocols/quality-checking-subcortical-struc-
tures/).

volumes of PTSD patients are smaller than hippocampal volumes of both control groups, 
and that combat controls have smaller hippocampal volumes than healthy controls. Fur-
thermore, all veterans were scanned twice with a six to eight month interval in which 
PTSD patients received trauma-focused therapy, the treatment for PTSD as recommend-
ed by international guidelines.22 Trauma-focused therapy includes trauma-focused  
cognitive behavioral therapy (tfCBT) or eye-movement desensitization and reprocess-
ing (EMDR), which were found to be equally effective in treating PTSD symptoms.23 
Based on post-treatment PTSD symptoms, patients were divided into a PTSD group 
who was in remission and a group in whom PTSD symptoms persisted. Pre- and post- 
treatment volume of the hippocampus was compared for the combat controls, remitted 
and persistent PTSD patients. With this longitudinal design our second aim was to in-
vestigate whether reduced hippocampal volume in PTSD patients normalizes after suc-
cessful treatment. 
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Results
Participants
Participant characteristics are presented in Table 1 and Table 2. Freesurfer analyses 
were not performed on MRI scans of two combat controls and one PTSD patient, due 
to poor scan quality (movement). One PTSD patient had severe temporal lobe atrophy 
and was therefore excluded from further analyses. Furthermore, one patient had not 
received treatment in between the two MRI scans and was also excluded. This yield-
ed 44 PTSD patients, 23 combat controls and 25 healthy controls for the analyses. The 
three groups did not differ in age. The healthy control group had a higher education level 
compared to the veteran groups, but parental education level did not differ between the 
groups (Table 1). 
  Based on post-treatment PTSD severity, 22 PTSD patients were classified as re-
mitted and 22 as persistent patients. The three veteran groups did not differ in age, 
education level, months since deployment, number of missions, and early traumatic 
experiences (Table 2). Pre-treatment total CAPS score was larger in patients than in 
controls, and larger in persistent patients than remitted patients. This variance between 
persistent and remitted patients was explained by a group difference in hyperarousal 
symptoms. Re-experiencing and avoiding and numbing symptoms did not significantly 
differ between remitted and persistent patients. All patients included in the analyses 
had received trauma-focused therapy, and number of treatment sessions did not dif-
fer between the two patient groups (Table 3). Remitted and persistent patients were 
comparable on pre-treatment medication use; however, persistent patients had more 
SSRI use post-treatment. Persistent patients also had more comorbid anxiety disorders 
pre-treatment and comorbid depression post-treatment (Table 3).

Statistical analyses
Group differences for participant characteristics were analyzed with analyses of vari-
ance (ANOVA) for means and chi-square tests for proportions. 
  For the MRI data, univariate analyses were performed to compare left and right hip-
pocampal volume (pre-treatment) for PTSD patients, combat controls and healthy con-
trols. Second, repeated measures analyses with pre- and post-treatment as a within 
subject factor and group (remitted patients, persistent patients, and combat controls) 
as the between subjects factor were performed for the left and right hippocampus. Age 
and intracranial volume at the first scan were included as covariates in all MRI analyses. 
  Several post-hoc analyses were performed. First, the pre-treatment analyses were 
repeated with four groups, i.e. the two control groups and the remitted and persistent 
patients, to investigate if the findings could be explained by one of the PTSD groups in 
particular. Second, the pre- and post-treatment measurements were re-analyzed with 
only medication naive patients to investigate the effect of medication use, because 
medication is thought to influence hippocampal volume.30 Finally, it was investigated 
whether there was a correlation between hippocampal volume and PTSD severity, and 
change in hippocampal volume and clinical improvement in the PTSD group. 
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    Re-experiencing (CAPS B) 0.7 ± 1.3 22.1 ± 4.7 24.4 ± 5.9 F = 198.5 < 0.001

    Avoiding (CAPS C) 0.7 ± 2.0 21.6 ± 9.7 25.7 ± 8.5 F = 72.6 < 0.001

    Hyperarousal (CAPS D) 3.1 ± 2.9 22.8 ± 5.3* 26.2 ± 3.9* F = 204.3 < 0.001*

    Total (CAPS Total) 4.5 ± 4.1 66.5 ± 12.3* 76.3 ± 12.5* F = 321.0 < 0.001*

PTSD symptoms post-treatment

    Re-experiencing (CAPS B) 1.4 ± 2.3 7.1 ± 6.6* 21.9 ± 6.3* F = 86.8 < 0.001*

    Avoiding (CAPS C) 0.7 ± 1.6 6.4 ± 5.3* 21.0 ± 8.1* F = 76.8 < 0.001*

    Hyperarousal (CAPS D) 3.3 ± 2.8 11.5 ± 5.9* 23.5 ± 5.9* F = 91.0 < 0.001*

    Total (CAPS Total) 5.4 ± 4.4 25.0 ± 14.2* 66.4 ± 15.2* F = 145.8 < 0.001*

Data are presented as means ± standard deviations
Values with an asterisk (*) indicate that the remitted and persistent patients significantly differ
PTSD, posttraumatic stress disorder
ISCED, International Standard Classification of Education38 

CAPS, Clinician Administered PTSD scale24

Table 3 Treatment, medication use and comorbidity in patients

 
Remitted    
patients 
(N=22)

Persistent 
patients 
(N=22)

Test 
statistic 

p-value

Treatment (number)

    Total sessions 9.2 ± 6.5 10.0 ± 4.6 t = -0.48 0.63

  pre post pre post p-value pre p-value 
post

Medication (number) 11 8 9 13 0.55 0.13

     SSRI 4 3 7 12 0.30 0.004

     Benzodiazepine 6 6 4 2 0.47 0.12

     SARI 0 1 2 1 1.00 1.00

     Antipsychotics 1 1 1 3 1.00 0.29

     Nicotin antagonist 1 0 0 0 0.31 .

     Beta blocker 1 0 1 0 1.00 .

Comorbid disorders (number) 13 3 18 10 0.10 0.02

     Mood 11 1 13 6 0.55 0.04

     Anxiety 3 2 11 5 0.01 0.23

     Somatic 1 0 1 1 1.00 0.31

p-values of medication and comorbid disorder analyses are based on chi-square analyses
pre, pre-treatment; post, post-treatment

Table 1 Participant characteristics

 
Healthy 
controls      
(N=25)

Combat 
controls 
(N=23)

PTSD 
patients 
(N=44)

Test 
statistic 

p-value

Age (Years) 35.4 ± 10.1 36.7 ± 10.5 36.5 ± 9.2 F = 0.13 0.88

Education level (ISCED)

   Own 5.2 ± 1.2 3.5 ± 1.9 3.5 ± 1.2 F = 13.2 < 0.001

   Father 2.8 ± 1.7 4.0 ± 1.8 3.5 ± 1.9 F = 2.27 0.11

   Mother 3.0 ± 1.9 2.8 ± 1.5 2.4 ± 1.5 F = 1.15 0.32

PTSD symptoms pre-treatment

    Re-experiencing (CAPS B) 0.7 ± 1.7 0.7 ± 1.3 23.2 ± 5.4 F = 377.7 < 0.001

    Avoiding (CAPS C) 1.2 ± 2.6 0.7 ± 2.0 23.7 ± 9.2 F = 134.3 < 0.001

    Hyperarousal (CAPS D) 3.1 ± 3.6 3.1 ± 2.9 24.5 ± 4.9 F = 203.3 < 0.001

    Total (CAPS Total) 5.0 ± 4.4 4.5 ± 4.1 71.4 ± 13.2 F = 543.6 < 0.001

Data are presented as means ± standard deviations
PTSD, posttraumatic stress disorder
ISCED, International Standard Classification of Education38 
CAPS, Clinician Administered PTSD scale24 

Table 2 Participant characteristics

 
Combat 
controls      
(N=23)

Remitted      
patients 
(N=22)

Persistent      
patients 
N=22)

Test 
statistic 

p-value

Age (Years) 36.7 ± 10.5 34.7 ± 9.5 38.3 ± 8.9 F = 0.79 0.46

Education level (ISCED)

   Own 3.5 ± 1.9 3.7 ± 1.4 3.2 ± 0.9 F = 0.54 0.59

   Father 4.0 ± 1.8 3.6 ± 1.7 3.3 ± 2.1 F = 0.65 0.53

   Mother 2.8 ± 1.5 2.6 ± 1.5 2.3 ± 1.5 F = 0.80 0.46

Months since deployment 68.1 ± 68.0 86.3 ± 108.0 106.0 ± 95.2 F = 0.94 0.40

Number of missions 2.6 ± 1.5 3.1 ± 4.3 2.4 ± 1.7 F = 0.38 0.69

    (1 / 2 / 3 / > 3) (7 / 6 / 4 / 6) (8 / 6 / 4 / 4) (10 / 3 / 4 / 5)

Early traumatic experiences 2.9 ± 2.8 4.1 ± 3.7 5.2 ± 4.6 F = 1.94 0.15

PTSD symptoms pre-treatment
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Relation to stress/trauma exposure
Results of the comparison of PTSD patients, combat controls and healthy controls are 
displayed in Figure 1. The univariate analyses revealed a group difference in the left 
hippocampus (F2,87 = 3.98, p = 0.022). Post-hoc t-tests showed that PTSD patients dif-
fered significantly from the healthy controls (p = 0.019) and the combat controls (p = 
0.027). The combat control and healthy control groups did not differ from each other  
(p = 0.952). No significant group difference was observed in the right hippocampus (F2,87 
= 2.27, p = 0.109).
 
Effect of treatment
Results of the pre- and post-treatment analyses for the remitted and persistent patients 
and combat controls are displayed in Figure 2. No significant interaction between group 
and time was observed. Instead, in the left hippocampus a significant main effect of 
group was found (F2,62 = 4.72, p = 0.012). Persistent PTSD patients had a significantly 
smaller left hippocampus across both time points than both combat controls (p = 0.005) 
and remitted PTSD patients (p = 0.027). In the right hippocampus only a marginally sig-
nificant group difference was found (F2,62 = 2.86, p = 0.069). Post-hoc tests revealed a 
smaller right hippocampus in the persistent PTSD patients compared to combat controls 
(p = 0.037), whereas remitted patients did not differ from combat controls or persistent 
patients.

Post-hoc analyses
As the persistent patients likely explain the group difference for the comparison of 
PTSD patients, combat controls and healthy controls, the data was re-analyzed with four 
groups. Again, a group difference was observed in the left hippocampus (F3,86 = 4.08, 
p = 0.009). Indeed, only the persistent PTSD group differed from the healthy controls  
(p = 0.003), combat controls (p = 0.004) and from the remitted PTSD group (p = 0.049). 
There was no significant group difference in the right hippocampus.
  Second, to investigate the potential effect of medication on our results, pre- and 
post-treatment measures of hippocampal volume were compared for medication naive 
remitted patients (N=10), medication naive persistent patients (N=8) and combat con-
trols (N=23). Again a group difference in the left hippocampus (F2,36 = 3.74, p = 0.036) 
was observed, showing that this finding cannot be explained by medication use. In the 
right hippocampus again no significant difference was observed (F2,36 = 1.27, p = 0.289).
  Finally, no significant correlations were observed in the PTSD group between PTSD 
severity (total CAPS score) and hippocampal volume, either pre-treatment (left, r = 
-0.089, p = 0.566; right, r =  -0.044, p = 0.777) or post-treatment (left, r = -0.062, p = 
0.689; right, r = -0.052, p = 0.736). Also, no correlations were observed in the PTSD 
group between clinical improvement (delta total CAPS score) and change in hippo- 
campal volume (left, r = 0.011, p = 0.942; right, r = -0.175, p = 0.256). 
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Discussion
In addition to the replication of earlier findings that PTSD patients have smaller left hip-
pocampal volumes than controls, we report that hippocampal volumes of combat con-
trols and healthy non-military controls did not differ. This suggests that trauma or stress 
exposure during deployment does not result in decreased hippocampal volumes. Se-
cond, we found that hippocampal volume of PTSD patients did not normalize with suc-
cessful treatment. Instead, we showed that (left) hippocampal volumes of PTSD patients 
in whom PTSD symptoms persisted after trauma-focused therapy were smaller than hip-
pocampal volumes of combat controls and remitted patients both prior to treatment and 
after treatment. Previous studies on hippocampal volume and treatment in PTSD did not 
collect pre- and post-treatment MRI scans or did not differentiate between remitted and 
persistent patients. Therefore, we are the first to conclude that a smaller hippocampus 
represents a pre-treatment vulnerability factor for persistence of PTSD.
  Hippocampal volumes did not differ between trauma-exposed controls and healthy 
controls, suggesting that reduced hippocampal volume is not the consequence of 
stress or trauma exposure during deployment. This conclusion is supported by the twin 
study of Gilbertson et al. (2002) who showed reduced hippocampal volume in the non- 
deployed twin without PTSD,4 and by a study that found smaller hippocampal volumes 
in war veterans with PTSD, and war veterans without PTSD, but also in non-deployed 
reservists compared to healthy controls.31 In two non-military studies opposing results 
were found. A study on childhood abuse observed comparable hippocampal volumes of 
women with and without early childhood abuse,8 whereas a study that compared burn 
victims with and without PTSD and healthy controls observed reduced hippocampal vol-
ume in all burn victims.7 

  With this study we also investigated whether reduced hippocampal volume in 
PTSD patients normalizes after successful treatment, or if reduced hippocampal volume 
constitutes a vulnerability factor for persistence of PTSD. We observed a smaller left 
hippocampus before and after treatment in persistent patients compared to remitted 
patients and combat controls. With this finding we support and extend the conclusion 
of Gilbertson et al. (2002) that a smaller hippocampus is a vulnerability factor for persis-
tence of PTSD. The present study also showed that a smaller hippocampal volume is not 
a necessary condition for developing PTSD, because mean hippocampal volume of re-
mitted patients was comparable with that of combat controls and healthy controls, both 
pre- and post-treatment. Moreover, the current finding clarifies why not all previous MRI 
studies in PTSD have observed reduced hippocampal volume in patients, e.g. in a study 
with recently traumatized patients, PTSD was not associated with smaller hippocampal 
volumes.32 
  The finding that reduced hippocampal volume constitutes a risk factor for persis-
tence of PTSD has potential implications for the prognosis and prediction of treatment 
success. PTSD is effectively treated with trauma-focused therapy,23 which is based on 
extinction learning and aims at updating the traumatic memory by focusing on contex-
tual (safety) information.33 The hippocampus is involved in learning, formation of con-
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Furthermore, investigating (contextual) memory consolidation and retrieval in a group of 
remitted and persistent PTSD patients would inform us whether structural brain charac-
teristics observed in this study indeed translate to behavioral differences.
 
Conclusion
Our findings suggest that a smaller (left) hippocampus is not the result of stress/trauma 
exposure. Furthermore, hippocampal volume does not increase with successful treat-
ment. Instead, we demonstrate for the first time that a smaller (left) hippocampus con-
stitutes a risk factor for persistence of PTSD. 

textual memories and consolidation of new memories.34 Furthermore, hippocampal vol-
ume has been correlated with memory performance35,36 and improvement after memory 
training.37 Therefore, it seems plausible to conclude that a larger hippocampus is asso-
ciated with an enhanced ability to learn and store newly formed contextual memories, 
resulting in a better prospect to recover from PTSD. On the other hand, individuals with a 
smaller hippocampus might benefit from a different treatment approach. This is relevant 
because trauma-focused therapy is often experienced as strenuous and might initially 
worsen symptoms.23 Therefore, more research on alternative treatment for this group is 
required. 
  Treatment response in our sample was not associated with change in hippocam-
pal volume. Previous findings of treatment effects on hippocampal volume in PTSD pa-
tients were conflicting. Two studies observed hippocampal growth after treatment with  
SSRIs,14,15 whereas another study did not observe increase in hippocampal volume.17 
These studies did not include a control group, which hampers the interpretation of the 
findings, because the effect of treatment cannot be separated from the potential effect 
of time. A study on the effect of CBT on hippocampal volume demonstrated a mean 
increase of 100 mm3 in PTSD patients after 12 weeks of CBT, while controls showed a 
hippocampal decrease of about 70 mm3.16 Furthermore, a correlation between change 
in hippocampal volume and change in symptoms in the PTSD group was observed. We 
could neither replicate this pre- to post-treatment difference, nor this correlation. Re-
markably, in that study the change in hippocampal volume in some patients was about 
25%, which is very large and might be caused by movement or measurement error at 
one of two time points, thereby influencing hippocampal volume (change). Our findings 
support results from another CBT treatment study,18 in which patients who received CBT 
were compared with patients on a waiting list and a group of controls. In that study also 
no change in hippocampal volume was observed. 

Limitations and future directions
The distinction between remitted and persistent patients resulted in some group dif-
ferences likely related to post-treatment symptom severity, such as pre-treatment se-
verity, comorbidity and medication use. As symptom severity did not correlate with left 
hippocampal volume within the groups, it is unlikely that group differences can be attri- 
buted to pre-treatment PTSD severity. Second, analyses were repeated with medication 
naive patients and similar results were obtained. Third, it is also not likely that comor-
bidity explains the findings, because the same pattern of results was observed when 
patients without comorbidity were compared. Yet, based on these findings we cannot 
ascertain that medication and comorbidity have not affected hippocampal volume, and 
future studies should confirm our results. 
  Education level differed between the veterans and non-military healthy controls. 
This is likely due to the fact that most military men joined the armed forces after high 
school, whereas the non-military men continued education. Parental education did not 
differ between groups. 
   We conclude that a smaller hippocampal volume is a vulnerability factor for treat-
ment non-response in PTSD. This finding is of potential clinical significance in predicting 
persistence of PTSD; however, its exact predictive value should be further established. 
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Introduction 
In about thirty to fifty percent of patients with posttraumatic stress disorder (PTSD) 
symptoms persist after treatment,1 and severely impact the life of the patient, that of 
their families and society in general.2,3 In order to improve response rates, it is relevant 
to increase our understanding of persistence of PTSD. 
  According to international guidelines,4  the treatment of choice for PTSD is trauma- 
focused therapy, which relies on extinction of the learned fear by means of exposure to 
the traumatic memory.5,6 The traumatic memory must be activated such that new asso-
ciations between the feared stimulus and emotions can be learned.7,8 Because learned 
fear is not simply erased, it is essential that the patient attends to the relevant informa-
tion of this new association and integrates this information in the emotional processing 
of the feared stimulus.7,8 When investigating treatment response in PTSD, it seems rele-
vant to not only study brain regions involved in fear learning, such as the amgydala9 and 
hippocampus,10 but also consider brain regions important for directing attention and 
detecting salient simuli, i.e. the dorsal anterior cingulate cortex and insula.11,12 
  Over the last decades, neurobiological research has advanced our understanding 
of PTSD (e.g.,13,14). In contrast, little is known about the neurobiology underlying per-
sistence of PTSD. To our knowledge, no controlled MRI studies on treatment-related  
processes, such as emotional processing, and its association with treatment outcome 
have been performed. Including a control group in longitudinal studies is highly impor-
tant, because the fMRI signal is vulnerable to substantial within subject variability be-
tween scan sessions.15 Furthermore, a control group is needed to disentangle the effect 
of treatment from time, habituation and learning effects. 
   In the present pre- and post-treatment study, two functional MRI scans were col-
lected while war veterans with and without PTSD viewed trauma-unrelated emotional 
pictures. These pictures are known to activate our regions of interest (ROIs),16 i.e. the 
amygdala,9 dorsal ACC,17 insula and hippocampus,18 without provoking a trauma-related 
fear response in the PTSD patients. We hypothesize that activation levels of these brain 
regions in response to negative pictures differ between patients who are in remission 
(remitted patients) and those in whom PTSD persists (persistent patients). Second, we 
postulate that pre-treatment brain activation levels in response to negative pictures can 
predict treatment outcome. 

Abstract
Background In about thirty to fifty percent of patients with posttraumatic stress dis-
order (PTSD) symptoms persist after treatment. While neurobiological research has ad-
vanced our understanding of PTSD, little is known about the neurobiology underlying 
persistence of PTSD. 
Method Two functional MRI scans from 47 war veterans with PTSD (pre- and post- 
treatment) and 25 healthy war veterans were collected while trauma-unrelated emo-
tional pictures were presented. Based on post-treatment symptom severity a distinction 
was made between remitted and persistent patients. Behavioral and imaging measures 
of trauma-unrelated emotional processing were compared between the three groups  
(remitted, persistent and combat controls) with repeated measures (pre- and post-treat-
ment) analyses. Second, logistic regression was used to predict treatment outcome.
Results Prior to and after treatment, persistent patients showed a higher dACC and in-
sula response to negative pictures compared to remitted patients and combat controls. 
Also, prior to treatment persistent patients showed increased amygdala activation in 
response to negative pictures compared to remitted patients, but post-treatment amyg-
dala activation was comparable for the three groups. The remitted patients and combat 
controls did not differ on any of the measures. Finally, dorsal ACC, insula and amygdala 
activation prior to treatment were significant predictors for persistence of symptoms. 
Conclusions The data presented here suggest that increased activation of the dACC, 
insula and amygdala may predict poor prognosis for PTSD treatment response. Since 
these regions are important nodes of the salience network, our results highlight a pat-
tern of brain activation that could be considered as a marker for persistence of PTSD. 
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Functional MRI
Functional images were acquired using a 3.0 T whole-body magnetic resonance ima-
ging scanner (Philips Medical System, Best, the Netherlands). A total of 322 whole brain, 
T2*-weighted echo planar images with blood oxygen-level dependent contrast (voxel 
size 4 mm isotropic; repetition time (TR) = 1600 ms; echo time (TE) = 23 ms; flip angle 
= 72.5°) were collected in a single run. A T1-weighted image (200 slices, repetition time 
= 10 ms, echo time = 3.8 ms, flip angle = 8°, field of view = 240 x 240 x 160 mm, matrix 
of 304 x 299) was used for within-subject registration purposes. Functional MRI data 
were pre-processed and analyzed with SPM 5 (http://www.fil.ion.ucl.ac.uk/spm). Pre-
processing included slice time correction, realignment, coregistration of the anatomical 
image to the mean functional image, spatial normalization to Montreal Neurological In-
stitute template brain and smoothing (using a 8 mm full-width at half-maximum Gauss-
ian kernel). 
  A general linear model regression analysis was used to estimate task effects on 
brain activation. Three conditions were created for respectively the neutral, nega-
tive and positive pictures. Only congruent trials, i.e. when the participant’s response 
matched the IAPS rating, were included. The onset and duration (2 s) of these three 
conditions were modeled as factors in the design matrix of the regression model. To cor-
rect for head motion, the six realignment parameters were included in the design matrix 
as regressors of no interest. A high-pass filter with a cutoff frequency of 0.0058 Hz was 
applied to the data to correct for low-frequency scanner drifts. 
  Three first-level contrasts were created: (1) the neutral pictures compared with rest 
(neutral > rest; baseline contrast), (2) the negative pictures compared with the neu-
tral pictures (negative > neutral; negative contrast), and (3) the positive pictures com-
pared with the neutral pictures (positive > neutral; positive contrast). The negative and  
positive contrasts were created in this way to measure the effect of valence correcting 
for attentional and visual processes. However, when group differences for the baseline 
contrast were observed, two additional contrasts for (4) negative pictures versus rest 
and (5) positive pictures versus rest were also examined. 
  For each contrast, mean activation levels were extracted from predefined ROIs,  
separately for left and right. The amygdala, insula, and dACC (Brodmann’s area 32) ROIs 
were based on the WFU Pick atlas. The hippocampus was defined using the LONI Pro- 
babilistic Brain Atlas with a probability threshold of 80%. 
  To investigate group differences outside the ROIs, whole brain group analyses were 
performed for the negative and positive contrasts. The resulting maps were tested for 
significance at a cluster-defining threshold of p < 0.001, and a p < 0.05 family-wise error 
(FWE)-corrected critical cluster size was calculated separately for each contrast. The 
cluster sizes were determined using SPM and a script (CorrClusTh.m, http://www2.war-
wick.ac.uk/fac/sci/statistics/staff/academic-research/ nichols/scripts/ spm), which 
uses estimated smoothness (estimated Full Width at Half Maximum (FWHM): 8 mm) and 
Random Field Theory to find these corrected thresholds. Finally, a whole brain analysis 
on the baseline contrast was performed to confirm the absence of baseline group dif-
ferences. 

Method
Participants
A total of 47 war veterans diagnosed with PTSD by a psychologist or psychiatrist at one 
of the four Military Mental Healthcare outpatient clinics in the Netherlands, were inclu- 
ded in the current study. At the time of inclusion, all patients were about to start trau-
ma-focused therapy (treatment as usual). This consisted of trauma-focused cognitive 
behavioral therapy (tfCBT) or eye-movement desensitization and reprocessing (EMDR), 
previously demonstrated to be equally effective in treating PTSD.19 Additionally, 25 male 
war veterans without a current psychiatric disorder were included as combat controls. 
All veterans had been deployed at least once. Two functional MRI scans within a six 
to eight month interval were collected from all participants. The clinician-administered 
PTSD scale (CAPS20) was applied by a trained researcher to quantify the severity (or 
confirm absence) of PTSD symptoms at both time points. Total CAPS score, i.e. the sum 
of frequency and intensity of PTSD symptoms, was taken as the measure of PTSD sever-
ity. A differentiation was made between PTSD patients in remission (remitted patients) 
and patients in whom PTSD persisted after six to eight months of treatment (persistent 
patients). PTSD in remission was defined as a post-treatment CAPS score below 45, as 
this has previously been found to indicate the absence of clinically significant PTSD 
symptoms.21 To examine (comorbid) psychiatric disorders at both time points the struc-
tured clinical interview for DSM IV axis I disorders (SCID I22) was administered. Subjects 
with a history of neurological illness were excluded. Participants received monetary 
compensation for participation. Written informed consent was obtained from all partici-
pants after they had received a complete written and verbal explanation of the study, in 
accordance with procedures approved by the University Medical Center Utrecht ethics 
committee and the declaration of Helsinki.23

Task
Neutral, negative and positive pictures from the international affective picture system 
(IAPS) were presented to measure trauma-unrelated emotional processing. The task 
and experimental procedures were identical to those described before,16,24,25 and are 
briefly explained in Figure 1.

Behavioral analyses
For each category (neutral, negative, positive) the number of subject’s ratings that 
matched the IAPS ratings was calculated. Only congruent trials were used for the func-
tional MRI analyses to confirm that participants had (correctly) perceived the picture. 
The number of subjects’ ratings that matched the IAPS ratings was taken as a meas-
ure of behavioral performance. Repeated measures analyses of variance (ANOVA) using  
category and group as factors were used to investigate group differences on behavioral 
performance. 
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Statistical analyses
To test the first hypothesis that activation levels in our ROIs differ between remitted and 
persistent patients, group by time (pre- and post-treatment) by hemisphere repeated 
measures general linear model (GLM) analyses were performed for the baseline, nega-
tive and positive contrast for each ROI. Post-hoc tests were performed when the main 
effect of group or the group by time (by hemisphere) interaction was significant. 
  For the second hypothesis, a logistic regression was used to investigate if pre-treat-
ment brain activation levels can predict treatment outcome (remission versus persis-
tence of PTSD). The effect was analyzed for activation levels of each ROI separately in 
order to circumvent multicollinearity. The confounding influence of age, education level, 
pre-treatment PTSD severity, comorbidity and pharmacotherapy status, and number of 
treatment sessions on the predictive value of the ROIs was tested in each regression 
model. In accordance with “change in estimate strategy”, only significant confounders 
(change in B  > 10%) were used in the final regression models.26,27
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Table 1 Participant characteristics

 
Combat 
controls      
(N=23)

Remitted      
patients 
(N=21)

Persistent      
patients 
(N=22)

Test 
statistic 

p-value

Age (Year) 37.3 ± 10.4 35.2 ± 9.3 38.3 ± 8.9 F = 0.58 0.56

Education level (ISCED)

   Own 3.3 ± 2.0 3.7 ± 1.4 3.1 ± 0.9 F = 0.67 0.52

   Father 3.8 ± 1.8 3.7 ± 1.7 3.5 ± 2.2 F = 0.13 0.88

   Mother 2.7 ± 1.5 2.7 ± 1.5 2.2 ± 1.5 F = 0.73 0.47

Months since deployment 78.4 ± 83.3 89.0 ± 109.9 114.7 ± 96.9 F = 0.84 0.44

Number of missions 2.5 ± 1.4 3.1 ± 4.3 2.2 ± 1.6 F = 0.66 0.52

    (1 / 2 / 3 / > 3) (8 / 7 / 4 / 6) (8 / 5 / 4 / 4) (11 / 3 / 4 / 4)

Early traumatic experiences 3.1 ± 3.0 4.2 ± 3.7 5.2 ± 4.7 F = 1.55 0.22

PTSD symptoms pre-treatment

    Re-experiencing (CAPS B) 0.7 ± 1.2 21.9 ± 4.8 23.7 ± 5.8 F = 211.4 < 0.001

    Avoiding (CAPS C) 1.0 ± 2.3 21.9 ± 9.8 25.1 ± 8.9 F = 71.1 < 0.001

    Hyperarousal (CAPS D) 3.2 ± 3.1 22.5 ± 5.3* 25.7 ± 4.1* F = 203.3 < 0.001*

    Total (CAPS Total) 4.8 ± 4.5 66.3 ± 12.6* 74.4 ± 13.1* F = 308.4 < 0.001*

PTSD symptoms post-treatment

    Re-experiencing (CAPS B) 1.4 ± 2.2 6.7 ± 6.4* 21.9 ± 6.3* F = 95.6 < 0.001*

    Avoiding (CAPS C) 0.6 ± 1.6 6.4 ± 5.5* 20.7 ± 8.3* F = 75.6 < 0.001*

    Hyperarousal (CAPS D) 3.2 ± 2.7 11.2 ± 5.9* 23.4 ± 5.8* F = 98.3 < 0.001*

    Total (CAPS Total) 5.3 ± 4.2 24.3 ± 14.1* 66.0 ± 15.3* F = 154.6 < 0.001*

Data are presented as means ± standard deviations
Values with an asterisk (*) indicate that the remitted and persistent patients significantly differ
PTSD, posttraumatic stress disorder
ISCED, International Standard Classification of Education28

CAPS, Clinician Administered PTSD scale20

Results
Participants
Participant characteristics are presented in Table 1. Four patients were excluded from 
the analyses: three had not performed the task correctly by responding at wrong mo-
ments or by using inappropriate buttons, and one patient did not receive treatment in 
between the two scans. None of the participants displayed excessive scan-to-scan head 
movement (> 4 mm). In total, 43 PTSD patients and 25 combat controls were included 
in the analyses. Based on post-treatment PTSD severity, 21 patients were classified as 
remitted and 22 as persistent. These two groups and  the combat control group were 
comparable in age, education level,28 early traumatic experiences, months since deploy-
ment and number of missions. The number of treatment sessions did not differ between 
remitted and persistent patients.(Table 2) Pre-treatment total CAPS score was larger 
in persistent patients, which was due to the presence of more hyperarousal symptoms. 
Re-experiencing, and avoiding and numbing symptoms did not significantly differ be-
tween remitted and persistent patients. A higher number of persistent patients fulfilled 
the criteria for a comorbid anxiety disorder pre-treatment, and comorbid mood disorder 
post-treatment. Remitted and persistent patients did not differ in pre-treatment medi-
cation use, but more of the persistent than remitted patients used SSRIs post-treatment 
(Table 2).

Behavioral analyses
A main effect of group was found for the number of subjects’ ratings that matched the 
IAPS ratings (F2,65 = 4.81, p = 0.011). Overall, persistent patients rated fewer pictures 
according to standard rating compared to combat controls (p = 0.003). Remitted pa-
tients did not significantly differ from the other two groups. Post-hoc analyses showed 
that persistent patients rated more of the neutral pictures as negative (F2,65 = 5.76, p = 
0.005) compared to both combat controls (p = 0.002) and remitted patients (p = 0.014). 
Furthermore, they rated more of the positive pictures as neutral (F2,65 = 3.81, p = 0.027) 
compared to combat controls (p = 0.008). This pattern was consistent over time, as 
there was neither a main effect of time nor a significant time by group interaction.  
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  No group difference was observed in the hippocampus. Also, no group differences 
were observed for the neutral pictures versus rest (baseline contrast) in any of the ROIs. 
Furthermore, neither a main effect of group nor a significant group by time (by hemi-
sphere) interaction for the positive contrast was found in any of the ROIs. Finally, no 
group differences were observed in the whole brain analyses. 
  
Predicting persistence 
Pre-treatment bilateral dACC, insula and amygdala response to negative stimuli were 
significant predictors for persistence of symptoms, even after controlling for potential 
confounding factors (Table 3). 

Table 3 Logistic regression dACC, insula, and amygdala

Independent variable B se Wald p-value Exp(B)

dACC 3.32 1.43 5.36 0.02 27.69

CAPS totaal 0.05 0.03 2.69 0.10 1.06

Comorbidity 1.52 0.92 2.75 0.10 4.59

Model χ2 13.25

Nagelkerke R2 0.35

p-value 0.004

Independent variable B se Wald p-value Exp(B)

Insula 2.12 1.19 3.15 0.08 8.29

Comorbidity 1.97 0.95 4.33 0.04 7.16

Age -0.03 0.05 0.32 0.57 0.98

Model χ2 8.64

Nagelkerke R2 0.24

p-value 0.04

Independent variable B se Wald p-value Exp(B)

Amygdala 3.20 1.48 4.69 0.03 24.42

Model χ2 6.43

Nagelkerke R2 0.19

p-value 0.01        

Table 2 Treatment, medication use and comorbidity in patients

  Remitted    
patients (N=21)

Persistent patients (N=22) Test statistic p-value

Treatment (number)

    Total sessions 9.3 ± 6.7 9.5 ± 4.5 t = -0.15 0.88

  pre post pre post p-value pre p-value 
post

Medication (number) 10 8 8 12 0.46 0.28

     SSRI 4 3 6 11 0.52 0.01

     Benzodiazepine 6 6 3 2 0.23 0.10

     SARI 0 1 2 1 0.16 0.97

     Antipsychotics 0 1 1 3 0.32 0.32

     Nicotin antagonist 1 0 0 0 0.30 .

     Beta blocker 1 0 1 0 0.97 .

Comorbid disorders (number) 12 3 19 10 0.03 0.03

     Mood 10 1 14 6 0.29 0.05

     Anxiety 3 2 11 5 0.01 0.24

     Somatic 1 0 1 1 0.97 0.32

p-values of medication and comorbid disorder analyses are based on chi-square analyses
pre, pre-treatment; post, post-treatment

Functional MRI 
Group analyses
Results of the ROI analyses are presented in Figure 2. A significant main effect of group 
was observed in the dACC (F2,65 = 4.60, p = 0.015) and in the insula (F2,65 = 3.92, p = 
0.025) for the negative contrast. Persistent patients showed a higher bilateral dACC 
and insula response across both measurements than combat controls (dACC, p = 0.011; 
insula, p = 0.045) and remitted patients (dACC, p = 0.012; insula, p = 0.009). These dif-
ferences were not affected by time or treatment, as no group or interaction effects were 
observed. Also, bilateral effects are reported, because the group by time by hemisphere 
interaction was not significant.
  In the amygdala, a significant group by time interaction was observed (F2,65 = 4.57, 
p = 0.014) for the negative contrast. Post-hoc analyses revealed a significant group dif-
ference pre-treatment (F2,65 = 3.70, p = 0.030), with persistent patients demonstrating 
a larger bilateral amygdala response than remitted patients (p = 0.010). Neither of the 
PTSD groups differed from the combat controls pre-treatment. Furthermore, the three 
groups did not differ at the post-treatment measurement. The persistent group showed 
a significant decrease in amygdala response from pre- to post-treatment (t(21) = 2.15, p 
= 0.043), whereas amygdala response of combat controls and remitted patients did not 
change from pre- to post-treatment. Again, no group by time by hemisphere interaction 
was observed and effects for bilateral amygdala are therefore described.

dACC, dorsal anterior cingulate cortex
CAPS, Clinician Administered PTSD scale20
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Discussion
Here we demonstrate, for the first time, that increased activation of the dACC, insula 
and amygdala in response to trauma-unrelated negative stimuli predicts persistence of 
PTSD after trauma-focused therapy. Thereby we provide potential predictive biomarkers 
for individual prognosis of PTSD. These findings can contribute to an early differentiation 
between those patients who are likely to recover and for who an early start of treatment 
is advantageous, and those patients for who alternative or additional treatment might 
be beneficial.29 Eventually, this could contribute to the improvement of recovery rates in 
PTSD. 
  Trauma-focused therapy is based on extinction learning, for which three aspects 
are essential: activation of the traumatic memory, attention to contextual (safety) in-
formation, and integration of this new information such that new associations can be 
established.7,8 Amygdala activation is associated with activation of the traumatic me- 
mory.30 However, overengagement of the amygdala is disadvantageous, because it can 
prevent processing of other relevant information.8  It can be hypothesized that overen-
gagement is observed in our sample of persistent patients who show hyperactivation of 
the amygdala to trauma-unrelated negative stimuli. This finding is consistent with data 
from Bryant et al. (2008), who showed increased amygdala activation in response to 
fearful faces in a small group of non-responders (N=7) compared to responders (N=7), 
measured only pre-treatment.31

  The dACC is implicated in the regulation of both cognitive and emotional process-
ing.12,32 The insula is involved in awareness of internal bodily states and the functional 
integration with emotional experience.33-35 The dACC, insula (and amygdala) are the core 
nodes of the salience network.11,36 The salience network is important for detecting bio-
logically relevant stimuli from a range of external and internal stimuli, and is involved in 
involuntarily orienting attention to these stimuli in order to guide behavior.11,36 Aberrant 
functioning of the salience network has been associated with PTSD as patients showed 
heightened activation in the dACC, insula and amygdala, as well as other regions of the 
salience network.13 We support and extend these findings by showing that this hyper-
activation is particularly important for persistence of PTSD. Furthermore, structural37 and 
functional resting state connectivity studies38 resulting in an attention bias to external 
stimuli. Indeed, an attentional bias to threat, associated with increased dACC activation, 
has previously been observed in PTSD patients.40 Additionally, a relationship between 
attentional bias and decreased extinction learning in PTSD was demonstrated.41 As has 
previously been suggested, although a threat-orienting attention style is useful when 
presented with actual threat, in a safe environment it can prevent adequate process-
ing of other relevant environmental information, thereby reducing extinction learning.41 
Building upon this work, we postulate that hyperactivation of the core nodes of the sa-
lience network, the dACC and insula, could imply an attentional bias to negative stimuli, 
which prevents processing of safety information during therapy. 
  Our behavioral findings support the postulation that persistent PTSD patients have 
an attentional bias toward negative stimuli, because persistent PTSD patients rated 
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more of the neutral pictures as negative, and more of the positive as neutral. However, 
as we did not use a task to directly measure attentional bias, this postulation has to be 
confirmed in future studies. Our findings do correspond with those of a previous study 
that showed that distorted perception of threat, such as negative interpretation of intru-
sions and anger cognitions, explained persistence of PTSD symptoms after treatment.42 
  Even though amygdala activation predicted persistence of symptoms and differed 
between remitted and persistent PTSD patients, neither of the two PTSD groups differed 
from the control group at either time point (pre- or post treatment). This is in accor- 
dance with the absence of group differences in amygdala response between patients 
and controls as observed in our pre-treatment study,16 and is supported by our earlier 
conclusion that heightened amygdala reactivity, often observed in PTSD in response 
to trauma-related cues,13,43 does not extend to trauma-unrelated negative stimuli. Also, 
the difference in amygdala activation between patient groups was no longer observed 
post-treatment, because only persistent patients showed a habituation effect at the 
level of the amygdala. These results indicate that persistent PTSD patients are a specific 
subgroup of patients with different neurobiological characteristics. Heterogeneity with-
in the PTSD group may explain why studies that have (also) included recently trauma-
tized individuals could not replicate group differences often demonstrated in persistent 
patients (e.g.,44). Furthermore, this finding suggests that trauma-focused therapy has 
biological effects on the amygdala, but is not sufficient for recovery, potentially due to 
the alterations in the salience network (dACC and insula). 

Limitations and future directions
This study is limited in several respects. First, all patients received trauma-focused thera- 
py, but we did not intervene in the treatment procedure and studied treatment as usual, 
because it allows for better generalization to actual treatment. This, however, limits us in 
making specific predictions about the number of sessions or type of treatment. Second, 
pre-treatment CAPS score, medication use and comorbidity differed between remitted 
and persistent patients. However, it is unlikely that these factors confound our results, as 
they did not significantly influence the predictive value of the dACC, insula and amygdala 
activation. 
  Future studies should replicate this study in a civilian and female sample, because 
in the current study only male war veterans were included. Moreover, replication and 
substantiation is desired before these results are used as actual predictive biomar- 
kers for clinical purposes. As Galatzar-Levy et al. (2013) observed that remitted patients 
could be distinguished from trauma controls and persistent patients as soon as ten days 
post-trauma, it would be relevant to study trauma survivors soon after trauma exposure 
to investigate if neural correlates can contribute to an early identification of patients 
who will (not) recover.

Conclusion
The data presented here suggest that increased activation of the dACC, insula and 
amygdala may predict poor prognosis for PTSD treatment response. Since these regions 
important nodes of the salience network, our results highlight a pattern of brain activa-
tion that could be considered as a marker for persistence of PTSD. 
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Introduction
Posttraumatic stress disorder (PTSD) is a pathological response to experiencing a 
stressful traumatic event. This trauma- and stress-related disorder highly impacts the 
life of patients. Symptoms include re-experiencing of the traumatic event, the avoidance 
of trauma reminders, negative cognitions and mood, and hyperarousal symptoms.1 
  PTSD patients show exaggerated fear responses to trauma-related stimuli and have 
difficulties inhibiting their fear response while being in a safe environment. This has 
been referred to as reduced fear inhibition and decreased contextual cue processing.2,3 
Recently, we observed these deficits during cognitive processes unrelated to trauma,4 
suggesting more general deficits in PTSD. Response inhibition and contextual cue pro-
cessing were measured with the stop-signal anticipation task (SSAT5). PTSD patients 
showed less deactivation of the motor cortex during response inhibition, indicating an 
inhibition deficit.4 Moreover, this inhibition deficit was found to be associated with re-
duced anticipation of stopping based on contextual cues. This decreased contextual 
cue processing was coupled with decreased right inferior frontal gyrus (rIFG) activa-
tion.4 The rIFG is a region thought to be involved in regulating attention6,7 and outcome 
expectancies.8 Recently, it is shown that the inferior parietal lobe (IPL) is also crucial in 
contextual cue processing.8

  PTSD can be effectively treated with psychotherapy consisting of cognitive behav-
ioral therapy (CBT) with exposure and/or eye movement desensitization and reprocess-
ing (EMDR).9 The hypothesized mechanism of this therapy is extinction of learned fear 
by means of exposure to the traumatic memory.10,11 Extinction is highly dependent on 
the context in which it takes place,11 because patients learn to inhibit their fear in a 
safe environment. Importantly, thirty to fifty percent of PTSD patients do not respond 
to treatment.9 As of yet, it is unclear what differentiates PTSD patients who respond to 
treatment from those who do not.   
  Only a few fMRI studies have investigated treatment in PTSD, and they observed 
associations between treatment outcome and pre-treatment striatal and frontal activity 
during response inhibition, and amygdala and anterior cingulate cortex responses to 
emotional stimuli.12-17 However, none of the studies included a control group, and in two 
of these six studies PTSD patients were scanned only prior to treatment.16,17 Without 
a control group treatment effects cannot be separated from the effect of time, learn-
ing effects, or habituation. Furthermore, the fMRI signal is hampered by substantial  
within-subject variability between scan sessions.18 
  Here, we investigate neural mechanisms of inhibition and contextual cue process-
ing related to treatment response in war veterans with PTSD. Inhibition and contextual 
cue processing were assessed on a cognitive level with the SSAT.5 In this way we ex-
clude the bias of altered fear processing in PTSD patients, which might be influenced by 
treatment outcome. Functional MRI scans were collected from PTSD patients before and 
six to eight months after treatment. This is the first fMRI study that also scanned healthy 
war veterans (combat controls) twice with a similar time interval to control for the effect 
of time and repeated scanning. We first compared PTSD patients with combat controls 
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Abstract
Thirty to fifty percent of posttraumatic stress disorder (PTSD) patients do not respond to 
treatment. Understanding the neural mechanisms underlying treatment response could 
contribute to improve response rates. PTSD is often associated with decreased inhibi-
tion of fear responses in a safe environment. Importantly, the mechanism of effective 
treatment (psychotherapy) relies on inhibition and so-called contextual cue process-
ing. Therefore, we investigate inhibition and contextual cue processing in the context 
of treatment. Forty-one male war veterans with PTSD and 22 healthy male war veterans 
(combat controls) were scanned twice with a six to eight month interval, in which PTSD 
patients received treatment (psychotherapy). We distinguished treatment responders 
from non-responders on the base of percentage symptom decrease. Inhibition and con-
textual cue processing were assessed with the stop-signal anticipation task. Behavioral 
and functional MRI measures were compared between PTSD patients and combat con-
trols, and between responders and non-responders using repeated measures analyses. 
PTSD patients showed behavioral and neural deficits in inhibition and contextual cue 
processing at both time points compared to combat controls. These deficits were unaf-
fected by treatment, therefore, they likely represent vulnerability factors or scar aspects 
of PTSD. Second, responders showed increased pre-treatment activation of the left in-
ferior parietal lobe (IPL) during contextual cue processing compared to non-responders. 
Moreover, left IPL activation predicted percentage symptom improvement. The IPL plays 
an important role in contextual cue processing, and may therefore facilitate the effect of 
psychotherapy. Hence, increased left IPL activation may represent a potential predictive 
biomarker for PTSD treatment response.

Getting Better
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Materials and methods
Participants
Veterans with PTSD were recruited from the Military Mental Healthcare outpatient clin-
ics, Ministry of Defence, the Netherlands. PTSD patients were included and examined 
close to the start of their treatment. All PTSD patients received “treatment as usual” 
including CBT with exposure and/or EMDR. The pre-treatment scan (T0) was made as 
close as possible to the starting date of treatment and the post-treatment scan (T6) 
was made six to eight months later. Additionally, veterans without a current psychiatric 
disorder were included as combat controls and also scanned twice with a six to eight 
month interval. 
  Results described here are part of a larger study, which was conducted between 
September 2010 and September 2013. Duration of the study was dependent on the col-
lection of post-treatment scans. Based on a power analysis, our aim was to collect pre- 
and post-treatment scans from 50 PTSD patients and 25 combat controls. The eligibility 
criteria for inclusion were deployment to a war zone, age 18 to 60 years and written 
informed consent. All participants gave written informed consent after having received 
complete written and verbal explanation of the study, in accordance with procedures 
approved by the University Medical Center Utrecht ethics committee and the declara-
tion of Helsinki.19 PTSD patients were included when they met the DSM-IV criteria for 
current PTSD. This was confirmed with a score of ≥ 45 on the clinician-administered 
PTSD scale (CAPS20). The sum of the frequency and intensity of PTSD symptoms was 
taken as the measure for PTSD severity, i.e. CAPS total. Controls were included when 
they had no current psychiatric disorder and a CAPS ≤ 15. To examine (comorbid) psy-
chiatric disorders at both time points, the structured clinical interview for DSM IV axis I 
disorders (SCID I21) was administered. Subjects were excluded when they had a histo-
ry of neurological illness, current substance dependence, or when they were suffering 
from medical or psychological conditions due to which a MRI scan could not be made. 
  A total of 65 PTSD patients and 31 controls had signed up for the study. As five pa-
tients and two controls did not fulfill the eligibility criteria, a total of 60 patients and 29 
combat controls were included in the current study. Five patients did not undergo the 
first MRI scan, because they experienced participation as too much of a burden. Further-
more, four patients and two controls dropped out after the first MRI scan for unknown 
reasons, two patients did not agree to a second MRI scan and two patients and one 
control were not scanned a second time, because of poor quality of the first scan. Data 
from one patient and two controls could not be included in the analyses due to tech-
nical issues. Additionally, left-handed participants and the only women were excluded 
from the current analyses. In sum, T0 and T6 scans were obtained from 41 right-handed 
male veterans with PTSD and 22 right-handed male veterans without a current psychi-
atric disorder. For part of the analyses, treatment responders were compared with non- 
responders. Based on previous studies, response to treatment was defined as (at least) 
a 30% reduction of total CAPS score post-treatment.22,23

at both time points to test the hypothesis that treatment improves inhibition and con-
textual cue processing deficits. Second, within the PTSD group, responders were com-
pared with non-responders to test the hypothesis that neural correlates of inhibition 
and contextual cue processing predict treatment response.
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Inhibition task
FMRI scans were made while participants performed the stop-signal anticipation task 
(Fig. 1; SSAT4,5). In the SSAT three horizontal lines were displayed throughout the task 
and a moving bar had to be stopped at the middle colored line (Go trial). In a minority of 
the trials the bar stopped on its own before the middle colored line and the participant 
had to withhold their response (stop signal). This is taken as a measure of response inhi-
bition. The color of the middle line indicated the probability that the bar stopped moving 
on its own: green 0%, yellow 17%, amber 20%, orange 25% and red 33% (stop-signal 
probability; contextual cues). Subjects typically slow down their responses when they 
anticipate that the bar will stop. This slowing is taken as a measure of contextual cue 
processing. The task lasted for 16 minutes and 36 seconds. A total of 234 Go trials with 
stop-signal probability of 0%, 180 Go trials with stop-signal probability > 0% and 60 stop 
trials were presented during the task. Each trial lasted 1000 ms with an intertrial interval 
of 1000 ms. For information on this task see Supplementary Materials and Methods S1 
and 4,5.

Image acquisition
A 3.0 T MRI scanner (Philips Medical System, Best, the Netherlands) at the Univer- 
sity Medical Center Utrecht was used to acquire fMRI images. In total 622 whole brain, 
T2*-weighted echo planar images with blood oxygen level-dependent contrast (repe-
tition time = 1600 ms, echo time = 23.5 ms, flip angle = 72.5°) were collected in a single 
run. Each scan lasted 16 minutes and 36 seconds. For within-subject registration pur-
poses a T1-weighted image (200 slices, repetition time = 10 ms, echo time = 3.8 ms, flip 
angle 8, field of view = 240 x 240 x 160 mm, matrix of 304 x 299) was used. For details 
see 5.
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group comparison. 
  Second, mean activation levels (i.e. parameter estimates) were extracted from pre-
defined regions of interest (ROIs) for all three contrasts. The ROIs were based on an 
activation map of an independent sample of 24 healthy volunteers who performed the 
SSAT in a previous study.5 The same ROIs as in van Rooij et al. (2014) were used.4 For 
reactive inhibition the left motor cortex was used as ROI. For contextual cue processing, 
the rIFG, and the right striatum were analyzed. 

Statistical analyses 
First, all PTSD patients regardless of treatment response were compared with combat 
controls. Diagnostic group by time repeated measures analyses were performed for the 
behavioral and ROI measures. To correct for multiple comparisons, behavioral and ROI 
analyses were only analyzed individually when the Multivariate test (Wilk’s lambda) was 
significant. 
  Second, PTSD patients were divided in a responder group and non-responder 
group, and treatment response group by time repeated measures were performed on 
the behavioral and fMRI measures of inhibition and contextual cue processing. Again, 
multivariate tests were performed first. Pre-treatment PTSD severity (total CAPS score) 
was included as a covariate of no interest.  

Data analysis
Behavioral performance
Inhibition is the ability to suppress an initial response. Reactive inhibition was measured 
as speed of inhibition, indicated by the stop-signal reaction time (SSRT).5 The SSRT 
was computed according to the integration method and calculated across the four stop- 
signal probability levels (17%-33%). It reflects the latency of the inhibition process.24 
Better reactive inhibition is indicated by a smaller SSRT. 
  Contextual cue processing was measured by means of proactive inhibition. Proac-
tive inhibition is the anticipation of stopping based on contextual cues and is measured 
as the slope of response time to increasing stop-signal probability levels (0 to 33%). 
Hence, a steeper slope indicates better proactive inhibition and thus better contextual 
cue processing. 

FMRI 
For the preprocessing and analysis of the functional MRI data SPM 5 (http://www.fil.ion.
ucl.ac.uk/spm/software/spm/) was used. Preprocessing and first-level statistical ana- 
lyses are described elsewhere.5 In brief, preprocessing included slice time correction, 
realignment, and coregistration of the anatomical image to the mean functional image, 
spatial normalization to Montreal Neurological Institute template brain and smoothing 
(using a 6 mm full-width at half-maximum Gaussian kernel).
  A GLM regression analysis was used to estimate task effects (on brain activation). 
Three regressors were included to model brain activation related to successful stop  
trials, failed stop trials and Go trials with stop-signal probability > 0%. Furthermore,  
response time and stop-signal probability were included as parametric regressors for 
Go trials. To correct for head motion, the six realignment parameters were included as 
regressors of no interest. A high-pass filter with a cutoff of 128 ms was applied to the 
data to correct for slow signal drifts.
  For each participant three contrasts were created: (1) to investigate reactive inhibi-
tion, successful stop trials were contrasted to Go trials in the 0% stop-signal probability 
context; (2) to measure contextual cue processing, the correct Go 17% (CorGo1) was 
compared with correct Go 0%: the response to cues indicating that a stop-signal could 
occur versus cues indicating Go, and (3) to analyze the effect of different types of con-
textual cues (indicating an increasing chance of a stop signal), the parametric effect of 
stop-signal probability on Go-signal activation for stop-signal probability 17%-33% was 
included as a second measure for contextual cue processing.
  Whole brain group analyses were performed for each contrast. The resulting maps 
were tested for significance at a cluster-defined threshold of p < 0.001, and a p < 0.05 
family-wise error-corrected critical cluster size calculated for each contrast. These pa-
rameters were determined using SPM and a script (CorrClusTh.m, http://www2.war-
wick.ac.uk/fac/sci/statistics/staff/academic-research/nichols/scripts/spm), which 
uses estimated smoothness (estimated Full Width at Half Maximum (FWHM): 8 mm) and 
Random Field Theory to find these corrected thresholds. The critical cluster sizes for the 
contrasts (1) reactive inhibition, (2) cues indicating a stop signal, and (3) effect of dif-
ferent types of contextual cues were 18, 20, and 20 respectively for the CC versus PTSD 
comparison, and 19, 20, and 19 respectively for the responders versus non-responders 
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    Avoiding (CAPS C) 7.1 ± 6.2 20.7 ± 8.1 t = -5.94 < 0.001

    Hyperarousal (CAPS D) 12.6 ± 7.1 23.2 ± 6.7 t = -4.78 < 0.001

    Total (CAPS Total) 28.1 ± 17.8 66.1 ± 16.2 t = -6.88 < 0.001

Treatment, number of sessions 8.8 ± 5.4 9.8 ± 4.7 t = -0.60 0.55

  T0 T6 T0 T6
p-value 
T0

p-value 
T6 

Medication (number) 10 8 6 10 0.55 0.16

  SSRI 3 4 5 9 0.23 0.02

  Benzodiazepine 5 5 4 2 0.95 0.38

  SARI 2 1 0 0 0.20 0.37

  Antipsychotics 2 2 0 2 0.20 0.79

  Nicotine antagonist 1 0 0 0 0.37 .

  Beta blocker 0 0 2 0 0.10 .

Comorbid disorders (number) 13 4 13 7 0.25 0.11

  Mood 11 3 9 2 0.52 0.86

  Anxiety 4 2 8 5 0.12 0.10

  Somatic 1 0 1 1 0.85 0.25

Data are presented as means ± standard deviations
p-values of medication and comorbid disorder analyses are based on chi-square analyses
PTSD, posttraumatic stress disorder patients
ISCED, International Standard Classification of Education41 
CAPS, Clinician Administered PTSD scale20 
T0, pre-treatment measurement; T6, post-treatment measurement 

PTSD versus Combat Controls 
Behavioral results
Results are presented in Table 2. No interaction between time and diagnostic group 
was observed for behavioral measures of inhibition and contextual cue processing.  
Instead, the multivariate test for diagnostic group was significant (F7,53 = 3.07, p = 0.01). 
A main effect of diagnostic group for contextual cue processing was found (F1,59 = 
5.90, p = 0.02). PTSD patients showed a smaller slope of increasing response times to  
increasing stop-signal probability levels, indicating decreased contextual cue process-
ing compared to combat controls across both time points. Furthermore, a main effect of 
time was observed for speed of inhibition (F1,59 = 6.16, p = 0.02). Both groups showed a 
shorter average SSRT at T6, indicating better response inhibition.

Results
Participants
The participant characteristics are presented in Table 1. Two patients were exclud-
ed from analyses: One patient had not received treatment in between the two scans, 
and the behavior (contextual cue processing) of another patient deviated significantly  
(> 3 SD) from the mean. None of the participants displayed excessive head movement  
(> 4 mm). In total, 39 PTSD patients and 22 combat controls were included in the ana- 
lyses. The PTSD group was divided into a treatment responder group (N = 22) and a 
treatment non-responder group (N = 17), using a cutoff of 30% reduction in symptoms 
(total CAPS score). Pre-treatment PTSD symptoms, number of treatment sessions, me- 
dication use and comorbidity did not differ between the two PTSD groups (Table 1). 

Table 1 Participant characteristics

 
Combat 
controls      
(N=22)

PTSD       
responders 
(N=22)

PTSD non-
responders 
(N=17)

Test 
statistic 

p-value

Age (Years) 37.7 ± 10.8 34.3 ± 8.7 38.0 ± 9.8 F = 0.91 0.41

Education level (ISCED)

   Own 3.4 ± 1.9 3.8 ± 1.3 3.1 ± 1.0 F = 1.13 0.33

   Father 4.0 ± 1.8 3.7 ± 1.9 3.6 ± 2.1 F = 0.22 0.81

   Mother 2.7 ± 1.4 2.4 ± 1.54 2.5 ± 1.7 F = 0.16 0.86

Months since deployment 82.6 ± 87.9 78.0 ± 87.3 100 ± 114.1 F = 0.29 0.75

Number of missions 2.5 ± 1.4 3.5 ± 4.3 2.2 ± 1.3 F = 1.22 0.30

    (1 / 2 / 3 / > 3) (7 / 6 / 4 / 5) (7 / 5 / 3 / 7) (7 / 3 / 5 / 2)

Early traumatic experiences 3.1 ± 2.8 4.3 ± 3.8 4.8 ± 4.8 F = 0.99 0.38

PTSD symptoms pre-treatment

    Re-experiencing (CAPS B) 0.5 ± 0.9 23.6 ± 5.2 22.7 ± 6.5 F = 167.7 < 0.001

    Avoiding (CAPS C) 0.8 ± 2.1 23.8 ± 11.2 22.7 ± 6.4 F = 61.8 < 0.001

    Hyperarousal (CAPS D) 2.9 ± 3.0 24.3 ± 5.3 24.9 ± 4.6 F = 170.1 < 0.001

    Total (CAPS Total) 4.2 ± 4.1 71.7 ± 15.2 70.3 ± 11.3 F = 253.7 < 0.001

PTSD symptoms post-treatment

    Re-experiencing (CAPS B) 8.4 ± 8.1 22.2 ± 6.1 t = -5.85 < 0.001
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Responders versus Non-responders
Behavioral results
Findings are presented in Table 2. For behavioral measures of inhibition and contextual 
cue processing neither a significant interaction between treatment response group and 
time, nor a significant main effect for treatment response group was observed. 

FMRI results
Results are displayed in Figure 2. Whole brain analyses revealed a significant treatment 
response group by time interaction in the left IPL during contextual cue processing (Fig. 
2a). Specifically, when cues indicating that a stop-signal could occur were compared 
with cues indicating Go, responders showed more activation in the left IPL than non- 
responders before treatment (T0), while the groups did not differ at T6. Mean activation 
levels were extracted from a sphere around the peak voxel of the difference between 
the groups and plotted for each group at both time points to visualize this effect (Fig. 
2b). For inhibition and the second measure of contextual cue processing (i.e. effect 
of increasing stop-signal probability levels), no significant interaction effects or treat-
ment response group differences were observed. ROI analyses showed no treatment 
response group (by time) effect for inhibition and contextual cue processing. 
  Post-hoc analyses were performed on the extracted sphere around the peak voxel 
of the difference between the groups. First, paired samples t-tests within the respond-
er and non-responder groups showed a significant pre- to post-treatment decrease in 
the responder group (t21 = 2.776, p = 0.011) and a marginally significant increase in the 
non-responder group (t16 = 2.776, p = 0.051). Second, no significant correlations be-
tween pre-treatment IPL activation and pre-treatment severity, and behavioral meas-
ures were observed. Third, a post-hoc regression analysis revealed that pre-treatment 
left lPL activation was a significant predictor for treatment response (expressed in % 
decrease CAPS), F1,34 = 7.68; p = 0.009; R = 0.44; R2 = 0.19 (Fig. 2c). The left IPL remained 
a significant predictor when age, education level, months since deployment, and early 
traumatic experiences were added as predictors in a second model (F1,29 = 3.33; p = 
0.017; R = 0.60; R2 = 0.36; left IPL t = -2.88; p = 0.007). Additionally, education level was 
an independent significant predictor for treatment response (t = -2.66, p = 0.013). Cor-
relation analyses with left pre-treatment IPL activation and percentage decrease of the 
three CAPS symptom clusters revealed a significant correlation with the re-experiencing 
(CAPS B) cluster (r2 = -0.40, p = 0.012), and a marginally significant correlation with the 
avoiding and numbing (CAPS C) cluster (r2 = -0.30, p = 0.061).

FMRI results
Results are shown in Table 2. Neither whole brain analyses, nor ROI analyses revealed  
diagnostic group by time interactions. However, the multivariate test for diagnostic 
group was significant (F7,53 = 3.07, p = 0.01) and group differences were observed in two 
ROIs across both time points. PTSD patients showed less deactivation of the left motor 
cortex during reactive inhibition compared with combat controls (F1,59 = 4.69, p = 0.03). 
Second, PTSD patients showed less activation in the rIFG during contextual cue pro-
cessing (F1,59 = 4.37, p = 0.04), i.e. when cues indicating a stop-signal could occur were 
compared with cues indicating Go. Groups did not differ in the right striatum. Additional 
analyses on the potential effect of medication revealed that current findings were most 
likely not explained by medication use (Supplementary Results S2).
   
Table 2 Behavioral and fMRI results

  Combat controls 
(N = 22)

PTSD 
(N = 39)

Test 
statistic

p-value 

T0 T6 T0 T6

Reactive inhibition

  SSRT 327 ± 4 318 ± 5 330 ± 3 324 ± 4 F = 1.05 0.31

  ROI left motor cortex -1.08 ± 0.13 -1.03 ± 0.34 -0.61 ± 0.10 -0.46 ± 0.34 F = 4.69 0.03

Contextual cue processing

  Slope response time 95 ± 17 108 ± 16 56 ± 12 55 ± 12 F = 5.90 0.02

  ROI right IFG 0-17% 0.09 ± 0.17 0.05 ± 0.15 -0.18 ± 0.13 -0.16 ± 0.11 F = 4.37 0.04

  ROI right Striatum 0-17% 0.03 ± 0.06 -0.02 ± 0.06 -0.44 ± 0.05 -0.05 ± 0.05 F = 0.91 0.34

  ROI right IFG 17-33% 2.48 ± 0.94 2.74 ± 1.11 2.45 ± 0.71 2.24 ± 0.83 F = 0.07 0.79

  ROI right Striatum 17-33% 1.06 ± 0.43 0.01 ± 0.46 0.93 ± 0.32 0.98 ± 0.35 F = 1.04 0.31

 
PTSD responders 
(N = 22)

PTSD non-responders 
(N = 17)

Test 
statistic

p-value

T0 T6 T0 T6

Reactive inhibition

  SSRT 330 ± 4 324 ± 5 331 ± 5 326 ± 6 F = 0.05 0.82

  ROI left motor cortex -0.66 ± 0.14 -0.18 ± 0.39 -0.55 ± 0.16 -0.83 ± 0.45 F = 0.72 0.40

Contextual cue processing

  Slope response time 60 ± 16 53 ± 11 51 ± 18 58 ± 12 F = 0.02 0.90

  ROI right IFG 0-17% -0.08 ± 0.18 -0.17 ± 0.17 -0.32 ± 0.20 -0.15 ± 0.19 F = 0.64 0.43

  ROI right Striatum 0-17% 0.06 ± 0.06 -0.03 ± 0.07 -0.18 ± 0.07 -0.07 ± 0.08 F = 3.96 0.05

  ROI right IFG 17-33% 2.18 ± 0.98 2.19 ± 1.13 2.81 ± 1.11 2.30 ± 1.28 F = 0.10 0.76

  ROI right Striatum 17-33% 0.52 ± 0.43 0.76 ± 0.49 1.46 ± 0.49 1.26 ± 0.56 F = 1.77 0.19

Data are presented as means ± standard deviation
T0, pre-treatment; T6, post-treatment 
PTSD, posttraumatic stress disorder patients; Right IFG, right inferior frontal gyrus; SSRT, stop-signal response time (ms)
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Discussion
Here, we investigated the neural mechanisms of inhibition and contextual cue pro-
cessing related to treatment response in PTSD. Analyses comparing PTSD patients with 
combat controls revealed deficits in contextual cue processing and inhibition across 
both time points, extending our previous findings4 by showing that these deficits do 
not change with treatment. Specifically, PTSD patients showed reduced deactivation 
of the motor cortex during inhibition, and decreased contextual cue processing cou-
pled with reduced right IFG activation. Within the PTSD group, treatment responders 
and non-responders did not differ on any of these measures, providing further support 
for the notion that these represent general deficits of PTSD. However, compared to non- 
responders, responders showed increased activation in the left IPL during contextu-
al cue processing already at baseline, prior to treatment. Furthermore, the responders 
showed a significant decrease in left IPL activation post-treatment, whereas the non- 
responders showed a marginally significant increase. Left IPL activation at baseline sig-
nificantly predicted treatment response, and was particularly associated with decrease 
in re-experiencing symptoms. The IPL is involved in contextual cue processing, which is 
important for psychotherapy and could therefore facilitate the effect of psychotherapy. 

PTSD versus Combat Controls 
Decreased deactivation of the left motor cortex during inhibition, and reduced contex- 
tual cue processing coupled with decreased rIFG activation was observed in PTSD pa-
tients compared with combat controls before and after (successful) treatment. Pre- 
viously, we observed these deficits in PTSD patients pre-treatment,4 thereby support-
ing the theory of reduced contextual cue processing during fear inhibition and extend-
ing it to cognitive processes. We concluded that reduced inhibition and contextual cue 
processing represent a more general deficit in PTSD. The current results indicate that 
inhibition and contextual cue deficits do not recover in PTSD patients despite clinical 
improvement, and are therefore not related to the state of PTSD. Indeed, even after 
treatment, responders still showed reduced contextual cue processing compared with 
controls. These deficits likely represent either vulnerability factors for developing PTSD 
or consequences of PTSD, i.e. scar characteristics of PTSD. Impaired inhibition and de-
creased contextual cue processing have consistently been observed in PTSD patients 
during fear processing.2,3,25 Studies investigating fear inhibition before trauma exposure 
consistently found that decreased extinction learning predicts development of PTSD 
symptoms.26-28 These studies therefore suggest that inhibition deficits may be a vulner-
ability factor for PTSD rather than a scar aspect. Though, a prospective study investi- 
gating inhibition and contextual cue processing pre and post trauma would be neces-
sary to confirm this. It could then be hypothesized that improving inhibition and contex-
tual cue processing skills might be important for preventing the development of PTSD 
in high-risk samples. However, our results suggest that it is unlikely that improving inhi-
bition and contextual cue processing deficits is relevant for treatment of PTSD, as these 
deficits are not affected by treatment. This information contributes to our understanding 
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suggested to enhance treatment outcome, because psychotherapies involve verbal- 
emotional-intellectual processes.37 In a group of obsessive compulsive disorder pa-
tients, higher verbal IQ indeed predicted better treatment response to CBT.38 PTSD pa-
tients who responded to CBT had better verbal memory than non-responders, although 
IQ did not explain differences.39 It can be hypothesized that increased IPL activation and 
increased IQ both contribute to enhanced cognitive functioning, which could result in a 
better response to cognitive behavioral therapy. Thus, our findings suggest that a higher 
education level might be beneficial for treatment outcome, but the exact relationship 
should be further investigated.
   
Limitations
In this study all patients received CBT with exposure and/or EMDR, but the number of 
sessions and the exact nature of treatment was not controlled. Therefore, no conclu-
sions on the effects of, or the predictive values for a specific treatment can be drawn. 
However, investigating “treatment as usual” allows for better generalization to actual 
treatment. In contrast to our previous study, several patients using medication were in-
cluded in this study. Therefore, the effect of medication use was investigated by com-
paring medication naive patients and patients using medication at both time points 
for all the measures that differed between groups. No significant differences were ob-
served, thus it is unlikely that medication confounds these results. 

Conclusion 
Treatment (successful or not) does not improve two of the core deficits of PTSD, im-
paired inhibition and contextual cue processing. These deficits are therefore thought 
to represent vulnerability factors or scar aspects of PTSD. Patients who responded to 
treatment showed increased left IPL activation during contextual cue processing be-
fore treatment compared with non-responders. Moreover, pre-treatment levels of left 
IPL activation predicted percentage symptom improvement and this was particularly 
associated with decrease in re-experiencing symptoms. The left IPL is implicated in 
contextual cue processing,8 a mechanism crucial for effective psychotherapy in PTSD.11 
As such, the IPL may facilitate the effect of psychotherapy, resulting in a better treat-
ment outcome. This study reveals an important potential predictive biomarker40 for PTSD 
treatment response although replication of this study is required to further explore and 
substantiate the predictive value of the left IPL response. 

of treatment effects in PTSD and is highly relevant for future studies and the focus of 
treatment, because it should not aim at improving inhibition skills.
  Although several fMRI treatment studies on PTSD exist,12-16 none of these included 
a control group. Without a control group, the effect of treatment cannot be disentangled 
from the general effects of time, learning and habituation effects, as well as within- 
subject variability of the fMRI signal between scan sessions.18 For example, in the cur-
rent study, we observed an effect of time on speed of inhibition. As this effect was ob-
served in both patients and controls, this most likely represents a learning effect. Impor-
tantly, in studies without a control group this learning effect can be misinterpreted as an 
effect of treatment. 

Responders versus Non-responders  
Whole brain analyses comparing responders and non-responders revealed increased 
left IPL activation during contextual cue processing in PTSD patients who subsequently 
responded to treatment. Indeed, the IPL was recently shown to be crucial for contex- 
tual cue processing.8 Contextual cue processing depends on working memory process-
ing,29 and working memory processing is known to be affected in PTSD.30 Additionally, 
the IPL has previously been implicated in PTSD during working memory updating.31-33 
Also, during a working memory task weaker connectivity with the IPL and other areas 
involved in salience and executive functions was observed in PTSD patients compared 
to controls.34 Working memory functioning is thought to underlie the process of learning 
when to inhibit your response based on contextual information, therefore, appropriate 
(working) memory functioning is thought to be required for CBT.11 EMDR is thought to 
depend specifically on working memory updating.35 Taken together, these results and 
hypotheses are in line with our finding of increased left IPL activation during contex-
tual cue processing in PTSD patients who respond to treatment compared with non- 
responders. Moreover, we observed that left IPL activation predicted treatment response 
and was particularly associated with decrease in re-experiencing symptoms. Higher left 
IPL activation could facilitate the mechanism of CBT and/or EMDR, eventually resulting 
in symptom improvement. Replication of these findings is required, however, to further 
explore and substantiate the predictive value of left IPL activation for psychotherapy. 
Subsequently, interventions to increase left IPL activation (e.g. with transcranial mag-
netic stimulation or transcranial direct current stimulation36) before treatment, should 
be investigated.
  Treatment response group differences in IPL activation were only observed 
pre-treatment. The task had been performed twice, which induces learning effects. 
This can be observed in the responder group, who showed a significant reduction of 
left IPL activation over time. In contrast, the non-responder group showed an (margin-
ally significant) increase in activation, suggesting that their learning process has not 
been finalized. The IPL is thought to be involved in working memory updating and at the 
post-treatment scan this learning has been completed in the responders, which could 
explain the absence of group differences post-treatment.
  Although only marginally significant differences in education level were observed 
between responders and non-responders, a higher education level was also a signi- 
ficant predictor for treatment response. Normal to above normal intelligence has been 
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Supplementary results S2 
Effect of medication
Responders and non-responders did not differ with regard to medication use. However, 
as none of the combat controls used medication, medication might have affected re-
sults for the comparison between PTSD patients and controls. As this potential effect of 
medication cannot be assessed here directly, it was investigated within the PTSD group. 
PTSD patients who were medication naive at both time points (N = 18) were compared 
to PTSD patients who used psychotropic medication at both time points (N = 12). No 
group differences were observed for the behavioral measure of contextual cue process-
ing (F1,27 = 0.69, p = 0.41), in the left motor cortex during reactive inhibition (F1,27 = 0.50, 
p = 0.49), or the rIFG response (F1,27 = 0. 37, p = 0.55), and the pre-treatment left IPL 
response (t28 = 0.30, p = 0.77) during contextual cue processing.

Supplementary materials 
and methods S1 
The stop-signal anticipation task 
In the stop-signal anticipation task (SSAT5) three horizontal lines were displayed 
throughout the task. Each trial lasted 1000 ms and in this time a bar moved from the 
bottom line to the top line. The principal task for each participant was to stop the bar 
as close as possible to the middle colored line (at 800ms) by pressing the button (Go 
trial). In a minority of the trials the moving bar did not reach the middle colored line, but 
stopped on its own (stop signal). This meant that the stop response had to be inhibited 
(stop trials). The color of the middle line indicated the likelihood that the bar stopped 
on its own: green 0%, yellow 17%, amber 20%, orange 25% and red 33% (stop-signal 
probability). A total of 234 Go trials with stop-signal probability of 0%, 180 Go trials with 
stop-signal probability > 0% and 60 stop trials were presented during the task. Trials 
were presented in blocks of 12 to 15 trials, with an intertrial interval of 1000ms. Addition-
ally, at one-third and two-thirds of the task two rest blocks (24 s each) were present-
ed where only the background was displayed. The stop-signal delay (SSD; the interval 
between trial onset and presentation of the stop signal) was initially set at 550 ms, but 
the SSD was adjusted (in steps of 25 ms) based on the participant’s performance. This 
was done to obtain equal numbers of correct stop trials amongst participants, which 
prevented that the interpretation of fMRI results is confounded by (large) differences in 
task performance. 
  The SSAT was explained to the participants before the fMRI scan. Participants were 
told that the first goal was to stop the moving bar as close as possible to the middle 
colored line, and that the second goal was to withhold their response when the bar had 
stopped on its own. Participants were informed that both goals were equally important. 
Furthermore, it was told that the color of the line indicated the stop-signal probability. It 
was explained that the green line meant that the bar would never stop on its own, and 
that the stop chance for the other colors would increase from yellow to red. They were 
not informed on the exact stop-signal probabilities. After the instruction, they practiced 
the task for ten minutes outside the scanner. For more information on the task, see 4,5.
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it constitutes a vulnerability factor for the development of PTSD. In addition to the repli- 
cation of earlier findings that PTSD patients have smaller (left) hippocampal volumes 
than controls, it was found that hippocampal volumes of combat controls and healthy 
non-military controls did not differ, suggesting that smaller hippocampal volume is not 
the consequence of trauma or stress exposure. Second, it was analyzed whether hip-
pocampal volume normalizes with successful treatment of PTSD, or whether a smaller 
hippocampus is a risk for persistence of PTSD. Hippocampal volume of PTSD patients 
did not change with successful treatment. Instead, already prior to treatment, smaller 
(left) hippocampal volumes were observed in patients in whom PTSD persisted after six 
to eight months of trauma-focused therapy compared to combat controls and remitted 
patients. Therefore, it was concluded that a smaller hippocampus represents a vulner- 
ability factor for persistence of PTSD.
  In chapter 5, it was investigated whether persistence of PTSD could be predicted on 
the basis of behavioral and neural correlates of trauma-unrelated emotional processing. 
Pre-and post-treatment measures were compared between remitted patients, persis-
tent patients and combat controls. It was observed that persistent patients showed a 
larger pre- and post-treatment dACC and insula response to negative stimuli. In addi-
tion, persistent patients showed a heightened pre-treatment amygdala response, and 
a significant pre- to post-treatment decrease. Moreover, the dACC, insula and amyg- 
dala response were significant predictors of persistence of PTSD. The dACC, insula and 
amygdala are key nodes of the salience network, important for the perception of emo-
tional stimuli. Therefore, our results highlight a pattern of brain activation that could be 
considered as a marker for persistence of PTSD.
  The mechanism of effective trauma-focused therapy relies on inhibition and so-
called contextual cue processing, for that reason we investigated inhibition and con-
textual cue processing in the context of treatment in chapter 6. PTSD patients showed 
behavioral and neural deficits in inhibition and contextual cue processing at both time 
points compared to combat controls. These deficits were unaffected by treatment, 
therefore, they likely represent vulnerability factors or scar aspects of PTSD. Second, 
responders showed increased pre-treatment activation of the left inferior parietal lobe 
(IPL) during contextual cue processing compared to non-responders. Moreover, left IPL 
activation predicted the percentage of symptom improvement. The IPL plays an impor-
tant role in contextual cue processing by means of working memory updating, and may 
therefore facilitate the effect of trauma-focused therapy. Hence, increased left IPL ac-
tivation may represent a potential predictive biomarker for PTSD treatment response.
  In sum, PTSD patients showed deficits in behavioral and neural measures of contex-
tual cue processing during inhibition, which differentiates them from trauma survivors 
who had not developed PTSD. These deficits were observed outside the trauma-related 
context and therefore indicate a general deficit in PTSD. Furthermore, these behavioral 
or neural deficits did not recover when symptoms improved. Already prior to treatment 
we could distinguish PTSD patients who are likely to recover from patients who do not 
respond to treatment. This latter group is characterized by a smaller left hippocampal 
volume, and heightened activation of key nodes of the salience network (i.e. dACC and 
insula) during trauma-unrelated emotional processing. Moreover, the pre-treatment 
dACC, insula and amygdala response to negative stimuli predicted persistence of symp-
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Summary
In the aftermath of a traumatic event, a subgroup of trauma survivors develop PTSD.1,2 
Most (neurobiological) studies aim at understanding why some trauma survivors de- 
velop PTSD whereas others do not. However, far fewer studies have focused on the 
question why some PTSD patients recover and why about thirty to fifty percent do not 
respond to treatment.3 This latter question is particularly important, because those 
who do not respond, often develop a persistent state of PTSD in which the disorder 
places a large burden on the individual, their families and society in general.4-6 The aim 
of this dissertation was to investigate neurobiological mechanisms of recovery from  
combat-related PTSD by I. Getting a better understanding of general deficits in PTSD 
(chapter 2 and 3) and by investigating II. What is getting better? and III. Who is getting 
better? (chapter 4, 5 and 6).

An exaggerated fear response to trauma-related cues is thought to be one of the main 
characteristics of PTSD. In chapter 2, it was investigated whether this was specific for 
trauma-related cues or whether PTSD patients also showed an increased (fear) re-
sponse, mediated by the amygdala, to trauma-unrelated negative stimuli. PTSD patients, 
combat controls and non-military healthy controls underwent fMRI while they viewed 
neutral, negative and positive emotional pictures. An amygdala response to negative 
pictures was observed in all participants; however, PTSD patients did not reveal a larger 
amygdala response than combat controls or healthy controls. Therefore, our results do 
not support the hypothesis that PTSD is characterized by general heightened amygdala 
activation. Instead, PTSD patients revealed an increased dACC response, which impli-
cates an attentional bias that extends to trauma-unrelated negative stimuli. Further-
more, veterans did not show deactivation of the medial superior frontal gyrus (mSFG) 
when presented with negative pictures, whereas healthy controls did. This suggests 
that veterans exert cognitive control during negative emotional processing. 
  In chapter 3, it was investigated if impaired inhibition in a safe environment is spe-
cific for the fear response or whether PTSD patients also show impaired inhibition and 
contextual cue processing on a cognitive level. PTSD patients, combat controls and 
healthy controls performed the stop-signal anticipation task (SSAT7), which was used 
to measure reactive inhibition and contextual cue processing (by means of proactive 
inhibition). The PTSD group showed reduced contextual cue processing and related de-
creased right inferior frontal gyrus (rIFG) activation compared to both control groups. 
Additionally, diminished de-activation of the motor cortex, indicating decreased (neural) 
inhibition, was observed in the PTSD group compared to the control groups. Therefore, 
it was concluded that decreased inhibition and contextual cue processing represent 
a more general deficit in PTSD. Reduced behavioral inhibition, on the other hand, was 
observed in all veterans, and is not related to PTSD as such, but may reflect effects of 
military training, and/or stress and trauma exposure during deployment. 
  A smaller hippocampal volume has often been observed in PTSD patients and in 
chapter 4 it was investigated if this is the consequence of stress/trauma exposure, or if 
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General discussion
I. Getting a better understanding of general deficits in PTSD  
The first aim was to get a better understanding of general deficits in PTSD by investi-
gating whether PTSD patients also show an increased (fear) response, mediated by the 
amygdala, to trauma-unrelated negative stimuli. In contrast to what has often been pos-
tulated, heightened amygdala activation does not represent a general deficit in PTSD. 
This finding underscores the importance of testing widely assumed, but not thoroughly 
investigated theories, instead of generalizing specific findings from small studies. 
  Second, it was observed that impaired inhibition and contextual cue processing 
were not specific to the fear response, but extend to cognitive processes and therefore 
indicate more general deficits. In addition, it was observed that these deficits did not im-
prove with (successful) treatment and did not differ between patients who responded 
to treatment versus non-responders. Thus, reduced inhibition and contextual cue pro-
cessing represent common characteristics of all PTSD patients that discriminate them 
from trauma survivors who do not develop PTSD. With our study we cannot determine 
whether reduced contextual cue processing during inhibition is a vulnerability factor for 
developing PTSD or whether it is a scar aspect of PTSD. It would be relevant to further 
investigate this with a longitudinal pre- and post-trauma study.
  An important strength of the pre-treatment studies in this dissertation was the in-
clusion of two control groups. One control group consisted of war veterans without a 
current psychiatric disorder, who were deployed to similar combat zones with a com-
parable number of missions and of similar age as the PTSD patients. The second group 
consisted of healthy non-military men with comparable age. With these groups we could 
disentangle the effects of PTSD from military training and/or trauma/stress exposure, 
thereby not only investigating general deficits in PTSD, but also deficits specific to PTSD. 

II. What is getting better?
The second aim of this dissertation was to assess if behavioral and neural deficits ob-
served in PTSD improve with successful treatment. Even though symptoms improved in 
about 50% of patients, we did not observe behavioral or neural deficits that improved 
when patients did. Therefore, it was concluded that impaired inhibition and contextual 
cue processing deficits likely represent vulnerability factors or scar aspects of PTSD. 
  It could be argued that the interval was too short to measure structural and func-
tional changes in the brain. However, a pre- and post-deployment study with a compa-
rable scan interval showed an increase in amygdala activation in deployed compared to 
non-deployed veterans.8 Furthermore, if PTSD symptoms were directly associated with 
structural and functional alterations in the brain, these alterations would have recov-
ered when symptoms had improved. Our pre-treatment findings limit us in answering 
this question, because we only observed pre-treatment differences between PTSD pa-
tients and combat controls on measures of inhibition and contextual cue processing, 
and not on trauma-unrelated emotional processing. Therefore, we could not investi-
gate if increased amygdala activation, which is often observed during the processing of  

toms. Importantly, PTSD patients who are likely to recover have hippocampal volumes 
and behavioral and neural measures of trauma-unrelated emotional processing com-
parable to controls. Finally, we observed that increased left IPL activation predicted a 
better treatment response. 
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studying recently traumatized/untreated patients longitudinally.
  We are the first to provide predictive biomarkers for treatment response in PTSD. 
Hence, findings have to be replicated and further substantiated before they can be used 
for clinical purposes. Furthermore, it is highly plausible that this study has identified only 
a minority of factors that predict treatment response. Several neurobiological differ- 
ences in brain structure17 and function,18 neuroendocrinology measures and genetics19 
have been associated with (the development of) PTSD, and likely contribute to the ex-
planation of recovery as well. 

To conclude 
The focus of this dissertation is on treatment of PTSD and we revealed some predictive 
biomarkers for treatment success and recovery. This is an important step towards iden-
tifying patients who are likely to recover after standard treatment in an early stage of 
the disorder, which is relevant as these patients benefit from an early start of treatment. 
Additionally, we identified who had not recovered after six to eight months of trauma- 
focused treatment. First, it would be appropriate to assess PTSD symptoms after a few 
years to investigate whether these patients showed a delayed recovery or had de- 
veloped a persistent state of PTSD. Second, alternative treatment options for these pa-
tients should be explored. Based on our finding that increased IPL activation predicts 
treatment response despite actual recovery, it seems relevant to investigate interven-
tions to increase IPL activation by means of neurotechnology, such as transcranial di-
rect current stimulation, or transcranial magnetic stimulation, as this could potentially 
increase the likelihood of recovery in these patients.
  Neurobiological research in PTSD also serves another purpose: it provides scien-
tific evidence that neurobiological alterations underlie this psychiatric disorder. Many 
veterans with PTSD who were about to start their treatment have participated in the 
BETTER study. Although participation was considered rather burdensome, patients were 
highly motivated to contribute. They valued the attention for the disorder and thought 
it was important that a biological cause for their symptoms was investigated, because 
this might contribute to a better understanding of PTSD. Indeed, a main issue for many 
of them was the lack of recognition of the disorder. PTSD is an invisible disability and 
many patients expressed that they had rather returned from war with a visible disability, 
such as a broken leg. Despite improvements in the recognition of psychiatric illnesses, 
there is still a belief that suffering from a psychiatric disorder is a sign of weakness. 
This stigma is particularly evident in individuals who work in a competitive field like the  
military or the police. They do not want to be seen as weak or are afraid of losing their 
job, and therefore do not always seek treatment when they experience PTSD symptoms. 
Yet, these individuals are at high-risk to develop PTSD as they are frequently exposed to 
potential traumatic events. The scientific evidence that neurobiological alterations un-
derlie PTSD symptoms might contribute to the general understanding that PTSD patients 
are not weak, but are biologically disadvantaged when coping with the traumatic events. 
Additionally, this information can be included in psycho-education on PTSD, which is 
incorporated in military training, to increase awareness of PTSD and its symptoms. All to-
gether, this might help future patients to acknowledge their need for treatment, thereby 
indirectly contribute to a decreased number of chronic PTSD patients. 

trauma-related stimuli, normalizes after successful treatment. 
  Previous treatment studies in PTSD have shown pre- to post-treatment differences, 
but a crucial difference between the current study and previous treatment studies is 
the inclusion of a control group at both time points. Without a control group, the effect 
of treatment cannot be separated from the general effects of time, learning and habi- 
tuation, as well as within-subject variability between sessions of the fMRI signal.9 For 
example, in both patients and controls we observed an effect of time on the behavioral 
measure of response inhibition. This most likely represents a learning effect, however, 
in studies without a control group this learning effect can be misinterpreted as an effect 
of treatment. 

III. Who is getting better?
The third aim was to investigate if neurobiological measures can be used to differentiate 
PTSD patients who recover from those who do not. We indeed observed pre-treatment 
differences between groups and concluded that a smaller (left) hippocampal volume 
and an increased amygdala, dACC and insula response to negative stimuli constitute 
risk factors for persistence of PTSD after trauma-focused therapy. Furthermore, left IPL 
activation during contextual cue processing was a significant predictor for treatment 
response. The hypothesized mechanism of trauma-focused therapy is the extinction 
of learned fear for which three aspects are essential: activation of the traumatic me- 
mory, attention to contextual (safety) information, and integration of this new infor-
mation such that new associations can be established.10,11 Activation of the amygdala 
is required for activation of the traumatic memory.12 However, overengagement of the 
amygdala is disadvantageous, because it can prevent processing of other relevant in-
formation.11 Hyperactivation of the amygdala in response to trauma-unrelated negative 
stimuli as observed in the persistent patients can indicate overengagement. Likewise, 
hyperactivation of the dACC and insula to negative stimuli could imply an attentional 
bias to negative stimuli,13 which also prevents processing of safety information during 
therapy. Furthermore, the hippocampus is crucial for consolidation of contextual infor-
mation during extinction learning,14 and a smaller hippocampus suggests reduced ability 
to establish new associations. Finally, the IPL is involved in working memory updating,15 
which is needed to integrate and store the new information. Increased (left) IPL activa-
tion could therefore facilitate the establishment of new (safe) associations, contributing 
to a better response to trauma-focused therapy. Overall, we demonstrated that brain 
regions that are involved in trauma-focused therapy constitute predictive biomarkers 
for treatment response. 
  Notably, the patients in remission were comparable to combat controls on these 
measures. We therefore demonstrated that a smaller hippocampal volume and impaired 
emotional processing are not necessary for developing PTSD. Furthermore, our findings 
suggest that PTSD patients cannot be considered as a homogeneous group. This con-
clusion puts results from previous (neuroimaging) studies in a different perspective. It 
clarifies why studies with recently traumatized patients could not replicate earlier fin- 
dings in PTSD (e.g.16). Also, most studies included only chronic PTSD patients, but re-
sults have been generalized to all PTSD patients. Therefore, it is highly relevant that fu-
ture studies also distinguish patients on the basis of treatment response by, for example, 
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  The significance of the BETTER study is that we did not only show differences be-
tween war veterans who developed PTSD and healthy war veterans, but also predicted 
treatment response and distinguished patients who responded to treatment from those 
who did not. The good news is that patients in remission were comparable to healthy 
veterans prior to treatment on several neurobiological aspects, whereas these aspects 
were earlier thought to characterize all PTSD patients. This dissertation further under-
scores that it is important that patients recognize PTSD symptoms and acknowledge 
that these symptoms will not dissolve without professional help, because with adequate 
treatment a majority of PTSD patients is biologically advantaged to getting better.
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Introductie
In de laatste decennia heeft het Nederlandse Ministerie van Defensie deelgenomen aan 
verschillende militaire operaties in onder andere Afghanistan, Irak, voormalig Joegosla-
vië en Libanon. Nederlandse militairen die zijn uitgezonden naar deze oorlogsgebieden, 
werden vaak blootgesteld aan (oncontroleerbare) stressoren en traumatische ervarin-
gen. Een ervaring is traumatisch wanneer een betrokkene is geconfronteerd met een 
feitelijke of dreigende dood, ernstige verwonding of seksueel geweld. Traumatische er-
varingen van uitgezonden militairen bestaan veelal uit confrontatie met vijandelijk vuur, 
gewapende strijd of het zien van zwaargewonde militairen en burgers. Ondanks een 
gedegen militaire training en voorbereidingen voor een missie ontwikkelen sommige 
veteranen psychische problemen na thuiskomst.1 Zes maanden na uitzending naar Af-
ghanistan waren posttraumatische stress symptomen met 8.9% de meest voorkomende 
klachten onder Nederlandse militairen.1 In een eerder onderzoek onder Irak veteranen 
werd zes maanden na uitzending drie tot vijf procent gediagnosticeerd met een post-
traumatische stress stoornis (PTSS) op basis van klinische interviews.2 Deze trauma 
en stress-gerelateerde stoornis kan ontwikkelen na blootstelling aan een traumatische 
ervaring en wordt gekarakteriseerd door vier clusters van symptomen, te weten herbe-
levingen, vermijding, negatieve cognities en stemming en hyperarousal.3 
  Een belangrijk kenmerk van PTSS is dat patiënten een verhoogde angstreactie ver-
tonen op prikkels die hen aan het trauma herinneren, ook wanneer zij zich in een vei-
lige omgeving bevinden.4 Tijdens uitzending hebben militairen geleerd dat een hard 
geluid gevaar kan betekenen, zoals bij een mortieraanval. Wanneer militairen terug in 
Nederland zijn, leren zij dat een hard geluid (in principe) geen gevaar meer aanduidt. 
Op basis van de omgevingsinformatie (Nederland) kunnen zij hun angstreactie automa-
tisch onderdrukken, dit wordt inhibitie genoemd.4 Patiënten met PTSS hebben proble-
men met inhibitie van angst en dit resulteert in een verhoogde angstreactie op trauma- 
gerelateerde prikkels.5 Neurobiologisch onderzoek heeft aangetoond dat deze verhoog-
de angstreactie wordt gereguleerd door de amygdala en dat gereduceerde activatie van 
de frontale cortex resulteert in verminderde inhibitie.5 Het is echter niet bekend of deze 
beperking specifiek is voor trauma-gerelateerde stimuli of dat de amygdala ook sterker 
reageert op negatieve prikkels die niet aan het trauma gerelateerd zijn. Dit kan onder-
zocht worden door het tonen van trauma-ongerelateerde negatieve plaatjes. Daarnaast 
is het onbekend of PTSS patiënten ook beperkt zijn in het verwerken van omgevings-
signalen tijdens inhibitie die niet gerelateerd is aan angst, namelijk op cognitief niveau. 
Dit kan gemeten worden met de stop-signaal anticipatie taak,6 waarin deelnemers een 
oplopende balk moeten stoppen bij een lijn. In sommige gevallen stopt de balk uit zich-
zelf en dan moeten deelnemers hun respons onderdrukken (inhibitie). De kleur van de 
lijn geeft aan hoe groot de kans is dat de balk uit zichzelf stopt, waarmee het verwerken 
van omgevingssignalen gemeten wordt.
  Het meeste (neurobiologische) onderzoek naar PTSS richt zich op de vraag waarom 
sommige mensen die een traumatische ervaring meemaken PTSS ontwikkelen en ande-
ren niet. Veel minder studies hebben zich echter gericht op de vraag waarom sommige 
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Abstract
Dertig tot vijftig procent van de patiënten met posttraumatische stress stoornis (PTSS) 
reageert niet op de aanbevolen trauma-gerichte therapie, maar tot op heden was ondui-
delijk waarom. Dit MRI onderzoek naar behandeling van oorlogsveteranen met PTSS laat 
zien dat op basis van structuur en activatie van hersengebieden voorspeld kan worden 
wie wel en wie niet herstelt. Ten eerste hebben patiënten die niet herstelden een klei-
nere hippocampus, een hersengebied belangrijk voor leren en geheugen. Ten tweede 
kan op basis van activatie van hersengebieden die betrokken zijn bij emotieverwerking 
en aandacht (amygdala, dorsaal anterieur cingulate cortex en insula) herstel voorspeld 
worden. Tot slot voorspelt de hersenactivatie tijdens het verwerken van omgevingssig-
nalen de afname van klachten. Deze activatie is te zien in de linker inferieur pariëtale 
kwab, een gebied dat belangrijk is voor aanpassen van het werkgeheugen. Met dit on-
derzoek is daarmee voor het eerst aangetoond dat hersengebieden die essentieel zijn 
voor trauma-gerichte therapie de behandelrespons kunnen voorspellen. Dit heeft een 
belangrijke waarde voor de prognose van PTSS patiënten en bevat relevante informa-
tie voor psycho-educatie tijdens militaire training of tijdens de behandeling. Daarnaast 
biedt dit onderzoek handvatten voor ontwikkeling van nieuwe behandelmethoden. Tot 
slot is het een belangrijke stap in het bieden van een passende behandeling voor een 
patiënt met PTSS. 

Getting Better
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Onderzoekspopulatie 
en opzet 
In dit proefschrift worden de resultaten besproken van het BETER onderzoek naar Bio-
logische Effecten van Traumatische Ervaringen, Behandeling en Herstel. Voor dit onder-
zoek zijn oorlogsveteranen met PTSS benaderd die bij de militaire geestelijke gezond-
heidszorg (MGGZ) in behandeling gingen. PTSS patiënten werden behandeld met een 
trauma-gerichte therapie in de vorm van trauma-gerichte cognitieve gedragstherapie 
(tgCGT) en/of eye-movement desensitization and reprocessing (EMDR), waarvan is 
aangetoond dat ze even effectief zijn.13 In totaal hebben 58 PTSS patiënten deelge- 
nomen. De eerste afspraken (voormeting) vonden plaats voor de start van de trauma- 
gerichte behandeling en bestonden uit een klinisch interview voor het in kaart brengen 
van de PTSS klachten (clinician administered PTSD scale; CAPS14) en comorbide psy-
chiatrische stoornissen (structural clinical interview for DSM-IV; SCID-IV15). Daarnaast 
werd een MRI scan gemaakt om brein volumes te meten en om neurale correlaten van 
emotie verwerking, inhibitie en het verwerken van omgevingssignalen te onderzoeken. 
Zes tot acht maanden later werden patiënten opnieuw uitgenodigd en werden de me-
tingen nogmaals uitgevoerd. In de tussentijd werden patiënten behandeld met trauma- 
gerichte therapie. Herstel is op twee manieren onderzocht: door te kijken naar persis-
tentie van klachten (hoofdstuk 4 en 5) en de behandelrespons (hoofdstuk 6). Op basis 
van de ernst van klachten op de nameting is een onderscheid gemaakt tussen patiënten 
waar PTSS in remissie was (remitted patiënten; CAPS < 45) en waar PTSS persisteer-
de (persistent patiënten; CAPS ≥ 45). Op basis van afname van klachten zijn patiënten 
ingedeeld in een groep responders (CAPS afname > 30%) en non-responders (CAPS 
afname ≤ 30%). Om te controleren voor het effect van tijd, leren en gewenning zijn ook 
29 gezonde veteranen (militaire controles) twee keer, met een interval van zes tot acht 
maanden, geïnterviewd en gescand. Naast deze veteranen is voor de voormeting een 
groep van 26 burgers (gezonde controles) geïncludeerd om te controleren voor het ef-
fect van uitzending.

patiënten herstellen na behandeling, terwijl dertig tot vijftig procent van de patiënten 
niet reageert op de aanbevolen trauma-gerichte therapie.7,8 Deze vraag is bijzonder re-
levant, want de patiënten die niet herstellen ontwikkelen vaak een persisterende vorm 
van de stoornis waarin symptomen hen aanzienlijk beperken in hun mogelijkheid om te 
werken of deel te nemen aan de militaire of burgermaatschappij. In deze vorm heeft de 
stoornis grote impact op het leven van de patiënt, zijn familie en de maatschappij in het 
algemeen.9-12 Daarom is het doel van dit proefschrift om neurobiologische mechanismen 
van herstel van uitzend-gerelateerde PTSS in kaart te brengen door I Een beter beeld te 
krijgen van algemene beperkingen in PTSS (Hoofdstuk 2 en 3) en door te onderzoeken 
II Wat er beter wordt en III Wie er beter wordt (Hoofdstuk 4, 5 en 6).



Page 154 Page 155

Getting Better Chapter 8

of dat het een kwetsbaarheidsfactor vormt voor de ontwikkeling van PTSS. In hoofdstuk 
4 werd deze bevinding gerepliceerd, er werd een kleinere linker hippocampus gevonden 
in PTSS patiënten in vergelijking met militaire en gezonde controles. Daarnaast bleek 
het gemiddelde hippocampale volume van de militaire controles niet af te wijken van de 
gezonde controles. Daarmee werd de hypothese dat blootstelling aan stress en trauma 
tijdens de uitzending tot verkleining van de hippocampus leidt, verworpen. Belangrijk 
aan deze studie was bovendien dat het effect van behandeling werd onderzocht. Het 
doel hiervan is de vraag te beantwoorden of hippocampaal volume normaliseert na suc-
cesvolle behandeling of dat het een kwetsbaarheid vormt voor het aanhouden van PTSS. 
Alle veteranen werden een tweede keer gescand en de PTSS patiënten werden op basis 
van de ernst van hun klachten op de nameting onderverdeeld in persistent en remitted 
patiënten. De resultaten lieten zien dat hippocampaal volume niet was veranderd na 
succesvolle behandeling. In plaats daarvan werd aangetoond dat (linker) hippocampaal 
volume van de persistent patiëntengroep kleiner was dan de hippocampale volumes van 
de militaire controle groep en de remitted patiëntengroep. Dit verschil was al voor de 
behandeling aanwezig en daarom werd geconcludeerd dat een kleinere (linker) hippo-
campus een kwetsbaarheidsfactor is, niet alleen voor ontwikkeling van PTSS, maar met 
name voor persistentie van PTSS na trauma-gerichte behandeling.
  In hoofdstuk 5 werd onderzocht of persistentie van PTSS voorspeld kan worden 
op basis van neurale correlaten van trauma-ongerelateerde emotieverwerking. Hiervoor 
werd een functionele MRI scan gemaakt terwijl trauma-ongerelateerde negatieve, posi-
tieve en neutrale plaatjes getoond werden. Zowel voor als na de behandeling lieten de 
persistent patiënten meer activatie van de dACC en insula zien bij negatieve plaatjes dan 
de remitted patiënten en militaire controles. Daarnaast lieten zij voor behandeling een 
verhoogde amygdala respons zien bij negatieve plaatjes en vertoonden ze een signifi-
cante afname in amygdala activatie na de behandeling. De dACC, insula en amygdala res-
pons op negatieve plaatjes waren bovendien significante voorspellers voor persistentie 
van PTSS symptomen. De dACC, insula en amygdala zijn voorname hersengebieden van 
het aandachtsnetwerk, dat belangrijk is voor verwerking van emotionele stimuli. Deze 
resultaten tonen een patroon van hersenactivatie dat persistentie van PTSS voorspelt. 
  In hoofdstuk 6 zijn inhibitie en het verwerken van omgevingssignalen onderzocht 
in de context van behandeling. Eerst werd onderzocht of de verminderde inhibitie en 
verwerking van omgevingssignalen die aanwezig waren in PTSS patiënten voor de start 
van de behandeling, na een succesvolle behandeling normaliseren. Deze afwijkende 
gedrags- en neurale maten ten opzichte van militaire controles werden echter ook na 
(succesvolle) behandeling gevonden. Verminderde verwerking van omgevingssignalen 
tijdens inhibitie wordt dus niet beïnvloed door behandeling. Daarom vormt het moge-
lijk een kwetsbaarheidsfactor voor het ontwikkelen van PTSS, of is het een blijvende 
verandering die is opgetreden met het ontwikkelen van PTSS. Omdat het mechanis-
me van trauma-gerichte therapie uitgaat van onder andere inhibitie en verwerking van 
omgevingssignalen, werden de patiënten onderverdeeld in een groep die afname van 
klachten liet zien (responders) en een groep die geen afname van klachten liet zien 
(non-responders). Al voor de behandeling werd een verschil gevonden tussen deze 
twee groepen: tijdens het verwerken van omgevingssignalen lieten responders een 
verhoogde activatie zien van de linker inferieur pariëtale lobe (IPL) in vergelijking met 

Resultaten
Een verhoogde angstreactie op trauma-gerelateerde prikkels wordt gezien als één 
van de belangrijkste kenmerken van PTSS. De biologische mechanismen hiervan zijn 
beschreven in de inleiding (hoofdstuk 1). In hoofdstuk 2 werd onderzocht of PTSS pa- 
tiënten deze verhoogde (angst)reactie, gemedieerd door de amygdala, alleen laten zien 
wanneer zij geconfronteerd worden met trauma-gerelateerde prikkels of ook bij trauma- 
ongerelateerde prikkels, wat zou betekenen dat het een meer algemene beperking 
vormt. Om deze vraag te beantwoorden werden trauma-ongerelateerde negatieve, po-
sitieve en neutrale plaatjes getoond aan 29 medicatie-vrije PTSS patiënten, 28 militaire 
controles en 25 gezonde controles terwijl er een functionele MRI scan gemaakt werd. 
Uit de resultaten bleek dat zowel patiënten als controles een amygdala respons lieten 
zien wanneer negatieve of positieve plaatjes werden getoond. Omdat de groepen niet 
verschilden in de mate van amygdala activatie ondersteunen onze resultaten niet de hy-
pothese dat PTSS gekenmerkt wordt door algemeen verhoogde amygdala activatie. An-
derzijds lieten patiënten wel een verhoogde dorsaal anterieur cingulate cortex (dACC) 
activatie zien. De dACC is belangrijk voor het richten van aandacht. Verhoogde dACC 
activatie duidt erop dat PTSS patiënten meer aandacht hebben voor negatieve stimuli, 
ongeacht of het gerelateerd is aan het trauma. Daarnaast vertoonden alle veteranen 
meer activatie in de mediaal superieur frontale gyrus (mSFG) bij het zien van nega-
tieve plaatjes in vergelijking met gezonde controles. Aangezien de mSFG is betrokken 
bij cognitieve controle kan dit betekenen dat veteranen cognitieve controle uitoefenen 
wanneer ze emoties verwerken, terwijl burgers dit niet (of in mindere mate) doen. 
  In hoofdstuk 3 werd onderzocht of verminderde inhibitie in een veilige omgeving 
specifiek is voor de angstreactie of dat PTSS patiënten ook verminderde inhibitie en 
verwerking van omgevingssignalen laten zien op cognitief niveau. PTSS patiënten, mi-
litaire en gezonde controles voerden de stop-signaal anticipatie taak6 uit terwijl een 
functionele MRI scan gemaakt werd. Met deze taak is reactieve inhibitie en het ver-
werken van omgevingssignalen gemeten. De PTSS groep liet verminderde verwerking 
van omgevingssignalen zien op gedragsniveau en daaraan gerelateerd gereduceerde 
rechter inferieur frontale gyrus (rIFG) activatie in vergelijking met beide controle groe-
pen. Daarnaast vertoonde de PTSS groep minder de-activatie van de motor cortex in 
vergelijking met beide controle groepen. Deze gereduceerde de-activatie duidt op ver-
minderde (neurale) inhibitie. Op basis van deze resultaten kan worden geconcludeerd 
dat afgenomen inhibitie en verwerking van omgevingssignalen een meer algemene be-
perking vormt bij PTSS. Tot slot vertoonden alle veteranen in vergelijking met gezonde 
controles verminderde inhibitie op gedragsniveau, ze waren dus minder goed in het 
stoppen van de balk. Dit is dus niet gerelateerd aan PTSS, maar kan het gevolg zijn van 
militaire training en/of blootstelling aan stress en trauma tijdens de uitzending.
  In hoofdstuk 4 werd het volume van de hippocampus onderzocht op basis van een 
structurele MRI scan. Een kleinere hippocampus is één van de meest gerepliceerde 
structurele bevindingen in het brein van een PTSS patiënt.16-18 Er bestaat echter geen 
consensus of dit een gevolg is van blootstelling aan stress en traumatische ervaringen 
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Algemene discussie 
I Een beter beeld van algemene beperkingen in PTSS 
Het eerste doel van dit proefschrift was om een beter beeld te krijgen van algemene 
beperkingen in PTSS. In tegenstelling tot wat altijd werd aangenomen, representeert 
verhoogde amygdala activatie geen algemene beperking in PTSS. Deze bevinding bena-
drukt het belang van het testen van breed aangenomen, maar niet grondig onderzochte 
theorieën die gebaseerd zijn op de generalisatie van specifieke bevindingen van kleine 
studies.   
  Daarentegen vonden we wel dat PTSS patiënten van controles verschillen op ge-
drags- en neurale maten van het verwerken van omgevingssignalen tijdens inhibitie. 
Deze beperkingen zijn ook gevonden buiten de trauma-gerelateerde context en repre-
senteren daarom een algemene beperking in PTSS. Op basis van de huidige studie kun-
nen we echter niet concluderen of deze beperking een kwetsbaarheid vormt voor het 
ontwikkelen van PTSS, of dat het een gevolg is van de ontwikkeling van PTSS. Daarom 
zou het relevant zijn dit te onderzoeken met een longitudinale pre- en post-trauma stu-
die.
  Een belangrijke kracht van de voormeting studies in dit proefschrift was de inclusie 
van twee controle groepen. Eén controle groep bestond uit oorlogsveteranen zonder 
een psychiatrische stoornis die naar vergelijkbare oorlogsgebieden uitgezonden zijn 
geweest, met een vergelijkbaar aantal missies en van gemiddeld dezelfde leeftijd. De 
tweede groep controles bestond uit gezonde burgers met gemiddeld dezelfde leeftijd. 
Met deze groepen konden we het effect van PTSS onderscheiden van militaire trai-
ning en/of blootstelling aan stress en traumatische ervaringen tijdens de uitzending. 
Daarmee hebben we niet alleen algemene beperkingen in PTSS onderzocht, maar ook 
beperkingen specifiek voor PTSS.

II Wat wordt er beter?
Het tweede doel van dit proefschrift was om te onderzoeken of afwijkingen in gedrags- 
en neurale maten in PTSS patiënten herstellen als klachten hersteld zijn na effectieve 
behandeling. Ondanks dat een aanzienlijk deel van onze patiënten een klinische verbe-
tering liet zien, vonden we geen verbetering in de gedragsmatige of neurale afwijkingen 
die gevonden zijn bij de voormeting. Het kan beargumenteerd worden dat het interval 
van zes tot acht maanden te kort is om structurele en functionele veranderingen in het 
brein te meten. Echter, eerder onderzoek voor en na uitzending, met een vergelijkbaar 
interval, heeft een toename in amygdala activatie gevonden in uitgezonden militairen in 
vergelijking met niet-uitgezonden militairen.11 Bovendien, als PTSS symptomen direct 
geassocieerd zouden zijn met structurele en functionele afwijkingen in het brein, dan 
zouden deze afwijkingen normaliseren wanneer symptomen afgenomen zouden zijn. 
Onze voormeting bevindingen beperken ons wellicht in het beantwoorden van deze 
vraag, omdat we alleen afwijkingen hebben gevonden op gedrags- en neurale maten 
van inhibitie en het verwerken van omgevingssignalen. Daarom konden we niet onder-
zoeken of verhoogde amygdala activatie, zoals vaak gezien tijdens het verwerken van 

non-responders. Bovendien voorspelde de mate van IPL activatie het percentage af-
name in symptomen en daarmee is het een mogelijke voorspellende biomarker voor 
behandelrespons in PTSS. 
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negatieve emotieverwerking. Dit toont aan dat een kleinere hippocampus en verminder-
de emotieverwerking geen voorwaarden zijn voor het ontwikkelen van PTSS. Bovendien 
suggereert deze bevinding dat PTSS patiënten niet als een homogene groep gezien 
kunnen worden. Deze conclusie plaatst resultaten van eerdere (neuroimaging) onder-
zoeken in een ander perspectief. Het verklaart waarom studies met recent getrauma-
tiseerde patiënten eerdere bevindingen niet konden repliceren.26 Daarnaast is dit een 
belangrijke conclusie omdat veel onderzoeken alleen chronische patiënten includeren 
en de resultaten generaliseren naar alle PTSS patiënten. Het is dus van belang dat toe-
komstige studies onderscheid maken tussen patiënten die wel en niet hersteld zijn na 
een behandeling door bijvoorbeeld recent getraumatiseerde/niet-behandelde patiën-
ten longitudinaal te onderzoeken.
  Wij presenteren de eerste studies die voorspellende biomarkers voor behandel- 
respons in PTSS hebben gevonden. Daarom is het belangrijk dat deze bevindingen 
gerepliceerd en verder onderbouwd worden voordat ze voor klinische doeleinden ge-
bruikt worden. Bovendien hebben we hoogstwaarschijnlijk slechts een klein deel van de 
factoren geïdentificeerd die behandelrespons in PTSS voorspellen. Diverse neurobio- 
logische afwijkingen in brein structuur16 en functie,27 neuroendocrinologische maten en 
genetica zijn geassocieerd met (het ontwikkelen van) PTSS, en zullen waarschijnlijk ook 
bijdragen aan het verklaren van herstel.28

Conclusie
De focus van dit proefschrift ligt op behandeling van PTSS en we hebben een aantal 
voorspellende biomarkers voor behandelsucces gevonden. Dit is een belangrijke stap 
richting vroege identificatie van patiënten die zullen herstellen na standaard trauma- 
gerichte behandeling, wat van belang is omdat deze patiënten gebaat zijn bij een vroe-
ge start van de behandeling. Daarnaast hebben we patiënten geïdentificeerd bij wie de 
klachten na zes tot acht maanden trauma-gerichte behandeling aanhielden. Ten eerste 
zou het goed zijn om PTSS symptomen in deze groep over een paar jaar nogmaals in 
kaart te brengen, om daarmee te onderzoeken of deze patiënten een vertraagd herstel 
laten zien, of dat ze niet herstellen. Ten tweede zouden alternatieve behandelmetho-
den voor deze patiënten onderzocht moeten worden. Op basis van onze bevinding dat 
verhoogde IPL activatie behandelrespons voorspelt ongeacht uiteindelijk herstel, lijkt 
het relevant om interventies om IPL activatie te verhogen door middel van neurotech- 
nologie, zoals transcranial direct current stimulation of transcranial magnetic stimulati-
on, te onderzoeken. Hiermee zou de kans op herstel voor deze patiënten mogelijk ver-
groot kunnen worden.
  Neurobiologisch onderzoek in PTSS dient ook een ander doel: het biedt weten-
schappelijk bewijs dat neurobiologische veranderingen ten grondslag liggen aan deze 
psychiatrische stoornis. Vele veteranen met PTSS, die aan het begin van hun behan- 
deling stonden, hebben deelgenomen aan het BETER onderzoek. Ondanks dat deelname 
aan het onderzoek gezien werd als vrij belastend, waren patiënten erg gemotiveerd om 
te participeren. Zij waardeerden de aandacht voor de stoornis en vonden het belangrijk 
dat een potentiële biologische oorzaak voor hun klachten werd onderzocht, omdat dit 
mogelijk bijdraagt aan een beter begrip van PTSS en daarmee meer begrip voor pa- 
tiënten met PTSS. Voor velen van hen was (gebrek aan) erkenning van de stoornis door 

trauma-gerelateerde stimuli, normaliseert na succesvolle behandeling.
  Eerdere (functionele) MRI behandelstudies in PTSS patiënten lieten wel verande-
ringen na behandeling zien, maar een belangrijk verschil tussen deze studie en eerde-
re behandelstudies is de inclusie van een controlegroep op beide tijdstippen. Zonder 
een controle groep kunnen de effecten van behandeling niet onderscheiden worden 
van de algemene effecten van tijd, leren en gewenning. Bovendien wordt dan niet ge-
controleerd voor de aangetoonde variatie in het fMRI signaal binnen een persoon over 
verschillende sessies.19 Dit kan leiden tot misinterpretatie van de resultaten. Wij vonden 
bijvoorbeeld in zowel patiënten als controles een effect van tijd op de gedragsmaat 
van respons inhibitie, namelijk, iedereen presteerde beter. Dit verschil representeert 
waarschijnlijk een leereffect. Echter, in behandelstudies waarin geen controle groep is 
meegenomen, zou dit leereffect geïnterpreteerd kunnen worden als een effect van be-
handeling.

III Wie wordt er beter?
Het derde doel was om te onderzoeken of op basis van structuur en activatie van her-
sengebieden een onderscheid gemaakt kan worden tussen patiënten die herstellen na 
behandeling en patiënten die klachten houden. We hebben inderdaad verschillen aan-
getoond tussen deze twee groepen en geconcludeerd dat een kleinere hippocampus 
en verhoogde dACC, insula en amygdala respons tijdens trauma-ongerelateerde ne-
gatieve emotieverwerking kwetsbaarheidsfactoren zijn voor persistentie van PTSS na 
trauma-gerichte therapie. Daarnaast werd gevonden dat verhoogde IPL activatie tijdens 
het verwerken van omgevingssignalen een significante voorspeller is voor behandel-
respons. Het mechanisme van trauma-gerichte therapie is extinctie (uitdoving) van de 
geleerde angst.20,21 Hiervoor zijn drie aspecten van belang: activatie van de traumati-
sche ervaring, aandacht voor de omgevingssignalen (van veiligheid) en integratie van 
deze nieuwe informatie, zodat nieuwe associaties gelegd kunnen worden.20,21 Activa-
tie van amygdala is geassocieerd met activatie van de traumatische ervaring.22 Echter, 
overactivatie kan nadelig zijn, omdat het verwerking van andere relevante informatie 
kan blokkeren.21 Hyperactivatie van de amygdala bij trauma-ongerelateerde plaatjes, 
zoals gezien bij persistent patiënten, is waarschijnlijk een reflectie van overactivatie. 
Daarnaast zou de gevonden hyperactivatie van de dACC en insula bij het zien van nega-
tieve plaatjes kunnen duiden op een aandachtsbias voor negatieve stimuli.23 Ook dit zou 
kunnen bijdragen aan een verminderde verwerking van veiligheidsinformatie tijdens de 
therapie. De hippocampus is essentieel voor consolidatie van omgevingsinformatie tij-
dens extinctie leren.24 Een kleinere hippocampus kan resulteren in een verminderde 
bekwaamheid om nieuwe associaties te leren. Tot slot, de IPL is betrokken bij het up-
daten van werkgeheugen,25 wat nodig is om nieuwe informatie te integreren en op te 
slaan. Verhoogde (linker) IPL activatie kan daarom het leggen van nieuwe associaties 
bevorderen en bijdragen aan een betere behandelrespons. Samenvattend, we laten zien 
dat breinregio’s die betrokken zijn bij mechanismen van trauma-gerichte therapie voor-
spellende biomarkers zijn voor behandelsucces.   
  Een andere belangrijke bevinding is dat patiënten die na behandeling in remis-
sie zijn, voor de behandeling niet verschilden van militaire controles met betrekking 
tot hippocampaal volume en gedrags- en neurale maten van trauma-ongerelateerde  
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anderen een groot probleem. PTSS is een onzichtbare verwonding en veel patiënten 
vertelden dat ze liever terug waren gekomen van de oorlog met een zichtbare verwon-
ding, zoals een gebroken been. Ondanks verbeteringen in erkenning van psychiatrische 
stoornissen heerst nog altijd de opvatting dat lijden aan een psychiatrische stoornis 
een teken van zwakte is. Met name in een competitief werkveld, zoals bij defensie of 
de politie, heerst nog vaak een stigma op het hebben van psychische klachten. Mensen 
die in dit veld werken willen niet gezien worden als zwak of ze zijn bang dat ze hun 
baan verliezen en zoeken daarom niet altijd hulp wanneer zij PTSS klachten hebben.  
Echter, omdat zij geregeld blootgesteld worden aan stressvolle en potentieel traumati-
sche ervaringen, hebben juist deze individuen een verhoogd risico op het ontwikkelen 
van PTSS. Wetenschappelijk bewijs dat neurobiologische afwijkingen ten grondslag lig-
gen aan PTSS symptomen kan bijdragen aan het algemene begrip dat PTSS patiënten 
niet zwak zijn, maar biologisch kwetsbaar wanneer ze om moeten gaan met traumati-
sche ervaringen. Bovendien kan deze informatie gebruikt worden bij psychoeducatie, 
wat een onderdeel is van militaire training, om bewustzijn van PTSS en de symptomen 
te vergroten. Samengevat kan dit helpen om het taboe te doorbreken en toekomstige 
patiënten te laten erkennen dat ze hulp nodig hebben. Op deze indirecte manier kan 
biologisch onderzoek bijdragen aan een verminderd aantal chronische patiënten. 
  Het belangrijkste resultaat van de BETER studie is dat we niet alleen verschillen 
hebben aangetoond tussen oorlogsveteranen die PTSS ontwikkeld hebben en gezonde 
oorlogsveteranen, maar daarnaast ook voorspellers hebben gevonden voor behandel- 
succes en een onderscheid hebben gemaakt tussen patiënten die wel en patiënten die 
niet op een behandeling gereageerd hebben. Het goede nieuws is dat de patiënten bij 
wie symptomen na de behandeling in remissie zijn, al voor de behandeling vergelijkbaar 
zijn met de gezonde veteranen op verschillende neurobiologische aspecten waarvan 
eerder gedacht werd dat ze kenmerkend waren voor alle PTSS patiënten. Dit benadrukt 
nog eens dat het belangrijk is dat patiënten PTSS symptomen herkennen en erkennen 
dat deze symptomen zonder professionele hulp niet oplossen, want met adequate be-
handeling heeft een meerderheid van de patiënten een goede biologisch basis om beter 
te worden. 
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Introduction
Ik heb erg uitgekeken naar het moment waarop ik dit hoofdstuk kon gaan schrijven, 
omdat ik me de afgelopen 4 jaar maar wat vaak heb gerealiseerd dat ik zonder de prak-
tische hulp en medewerking, maar zeker ook mentale steun van vele mensen niet zo ver 
zou zijn gekomen. Omdat ik nu eenmaal lang van stof ben en zelfs een samenvatting 
heb gemaakt van de Nederlandse samenvatting, kon er ook bij het dankwoord geen 
abstract ontbreken. Mijn hypothese is echter dat er een attentional bias bestaat voor dit 
hoofdstuk en dat, in tegenstelling tot eerdere hoofdstukken, de lengte van dit deel niet 
negatief gecorreleerd is aan het aantal mensen dat het leest. 
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Abstract
Da ge bedankt zèt dè witte war!
Dat je bedankt bent dat weet je toch!
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Analyses
Dear Dr. Jovanovic, dear Tanja, I am honored that you have come all the way from At-
lanta to the Netherlands to attend my defense. Thank you for being part of my reading 
committee, but most important, thank you so much for giving me the opportunity to join 
your lab in Atlanta. I really look forward to working with you and investigate the effect of 
traumatic experiences on the developing brain. 

Graag wil ik ook de overige leden van de beoordelingscommissie, Prof. Iris Engelhart 
(bedankt voor het voorzitten van de commissie), Prof. Marian Joëls, Prof. Hilleke Hulshof- 
Pol en Prof. Dick Veltman bedanken voor het lezen en beoordelen van mijn proefschrift. 

Methods
Participants
Ten eerste wil ik alle deelnemers van het onderzoek bedanken. Met name de militairen 
met PTSS die ondanks de angst en spanning die ze soms ervoeren -tijdens en zelfs na 
het onderzoek- toch erg gemotiveerd waren om aan dit onderzoek mee te doen. Niet zo 
zeer omdat ze hier zelf nog iets aan hadden, maar voor hun ‘maten’ die in de toekomst 
PTSS zouden kunnen ontwikkelen. Hetzelfde geldt voor de deelname van militairen 
zonder klachten en de gezonde burgers. Zonder jullie was er geen BETER onderzoek 
geweest.

Treatment
De reden dat ik dit onderzoek mocht en kon uitvoeren heb ik direct te danken aan mijn 
co-promotor, Dr. Geuze. Elbert, vanaf ons eerste skype gesprek tot aan het laatste mo-
ment voor submissie en verdediging heb ik op je kunnen rekenen. Als ik tijdens het 
weekend had bedacht dat ik het allemaal niet ging redden, gaf jij me tijdens ons vroege 
maandagochtend overleg weer het vertrouwen dat het goed zou komen en kon ik weer 
met frisse moed verder. Bedankt voor het waarderen van mijn eigenwijsheid, bedankt 
voor de goede discussies en jouw aanstekelijke enthousiasme. Ik heb erg veel van je 
geleerd en wil je hartelijk bedanken voor de afgelopen 4.5 jaar!

Natuurlijk wil ik ook graag mijn tweede co-promotor, Dr. Rademaker, hartelijk danken 
voor de fijne begeleiding tijdens mijn eerste 3,5 jaar. Arthur, de klinische vaardighe-
den en gesprekstechnieken die je gebruikte tijdens de interviews met patiënten, soms 
ook tijdens een persoonlijk overleg, of zelfs je afscheidsspeech, zijn erg bewonderings-
waardig! Het is erg jammer dat je niet de volledige periode mijn co-promotor kon blijven, 
maar ik ben blij dat je het zo goed naar je zin hebt tussen de echte militairen.

Wijlen professor Westenberg, we hebben veel te vroeg afscheid van u moeten nemen. 
Ik wil u hartelijk danken voor het vertrouwen dat u in mij heeft getoond en de prettige 
begeleiding tijdens mijn eerste jaar. 

Geachte professor Kahn, u werd mijn promotor vanaf mijn tweede jaar. Waar we in het 
begin nog wel wat aan elkaar moesten wennen, hebben we naar het einde van mijn pro-
motietraject steeds intensiever en erg prettig samen gewerkt. Ik heb veel geleerd van 
uw visie op onderzoek en uw vaak haarscherpe analyse van de papers. Hartelijk dank 
hiervoor. 

Beste Dr. Vink, Beste Matthijs, ondanks dat je niet officieel mijn co-promotor was heb 
je je zeer geregeld wel zo opgesteld. Je hebt me niet alleen geholpen met de analyses, 
maar ook met papers en posters. De interessante brainstorms en discussies heb ik erg 
gewaardeerd. Hartelijk bedankt voor de goede samenwerking en ik vertrouw erop dat 
onze wegen -door onze gedeelde interesse in inhibitie en het ontwikkelde brein- elkaar 
zeker nog zullen kruisen.
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Natuurlijk wil ik ook alle andere medewerkers van het OC door de jaren heen harte-
lijk bedanken: Anca, voor je cruciale hulp bij het opzetten van de studie, zonder jouw 
daadkrachtige aanpak was het BETER project niet binnen 1,5 maand van start gegaan. 
Jessie, voor je hulp bij de interviews, het pipetteren en andere praktische zaken, maar 
vooral ook voor de leuke tijd op het OC en daarna. Loes, voor je hulp met bloedprikken, 
het aandragen van deelnemers voor het onderzoek en voor jouw spoed”cursus” over 
het militaire leven. Pieter, ook jij bedankt voor je noodzakelijk strenge optreden tijdens 
het leren bloedprikken en je enthousiasme over het BETER onderzoek dat je later ook 
op je patiënten (en dus onze deelnemers) wist over te brengen. Charlotte, bedankt voor 
je gezelligheid tijdens borrels en lunches en voor je interesse. Iris en Thomas, op het 
allerlaatste moment collega’s geworden. Veel succes op het OC en Iris, bedankt voor je 
last-minute (statistische) hulp en advies!

Alle stagiaires die op het BETER project gewerkt hebben, Josefien, Rachel, Jori, Jonathan 
en Claire wil ik bedanken voor hun bijdrage! In het bijzonder Rachel, na jouw stage in de 
rol als onderzoeksassistent bleek nogmaals hoe waardevol jij was voor het project en 
mij! Zonder jouw (mentale) hulp was hoofdstuk 4 er waarschijnlijk niet geweest. Claire, 
bedankt voor jouw hulp bij de laatste loodjes en succes met jouw nieuwe job op het OC!

Eerder in dit stuk bedankte ik de patiënten die deelgenomen hebben aan het onder-
zoek, maar zij hadden nooit deelgenomen als zij niet waren geïnformeerd over het  
BETER onderzoek door hun behandelaars. Ik wil alle behandelaars van de MGGZ dan ook 
hartelijk danken voor hun enthousiasme en het doorsturen en motiveren van patiënten. 
De prettige samenwerking met jullie is cruciaal geweest voor het succes van het BETER 
onderzoek! 

Ook wil ik alle medewerkers van de kliniek van harte bedanken voor jullie hulp bij prak-
tische zaken, het aanbieden van een maaltijd als het laat werd en jullie interesse in de 
voortgang van het project.

Daarnaast zou de MGGZ niet kunnen bestaan zonder hen die zorg dragen voor het reilen 
en zeilen van de organisatie en daarmee ook van belang zijn geweest voor het BETER 
onderzoek. Uit angst een naam te vergeten wil ik de hele staf van de MGGZ bedanken 
voor jullie bijdrage aan dit proefschrift. 

Afdeling psychiatrie UMC Utrecht
De afdeling Psychiatrie kent een grote verscheidenheid aan medewerkers waarvan ve-
len mij op verschillende manieren hebben geholpen tijdens mijn promotie, waarvoor 
hartelijk dank! 

In het bijzonder, Mirjam, voor het zorgdragen voor het noodzakelijke papierwerk, de af-
spraken met Prof. Kahn en de leuke gesprekken tussendoor. Jeanette en Emmy voor de 
assistentie bij de administratieve kant van mijn promotie. Bas, voor jouw hulp bij tech-
nische vragen, SPM en de Matlab cursus, tot gezelligheid tijdens borrels of in Hamburg. 
Martijn, voor de hulp bij de analyses van Freesurfer. Bram, bij jou kon ik terecht voor mijn 

Results
Militaire Geestelijke Gezondheidszorg (MGGZ)
Graag wil ik de twee hoofden van de militaire geestelijke gezondheidszorg, Kol. Arts 
Cees IJzerman en Kol. Arts Rob van der Meulen hartelijk danken voor hun enthousiasme 
voor wetenschappelijk onderzoek en het mogelijk maken van dit onderzoek. 

In het bijzonder dank ik mijn collega’s van het onderzoekscentrum.
Beste Mitzy, lieve BETER buddy. Al snel na de start van het project heb jij het BETER 
team versterkt en bleken we al snel een geoliede machine te zijn. Patiënten scannen, 
presentaties geven, discussies voeren en papers schrijven. Maar ook, borrelen, etentjes 
en kamers delen tijdens congressen, van New Orleans tot Nice. Gelukkig zijn we wel alle- 
bei eigenzinnig genoeg om echt ons eigen ding te blijven doen en van elkaar te blijven 
leren. Natuurlijk ga ik deze laatste stap niet zetten zonder jou en ik ben heel blij dat jij 
mijn paranimf wil zijn! Bedankt voor alles en succes met jouw laatste loodjes!

Lieve Alieke, zonder jou had ik hier ook echt niet gestaan. Jij was er altijd voor brood-
nodige mentale steun, het luisterende oor en goede adviezen in goede en minder goe-
de dagen, tijdens kantooruren of daar buiten tijdens de hierboven genoemde borrels 
en etentjes. Bovendien heb je me ook nog met de praktische kant geholpen bij formu- 
leringen en figuren, met je kritische blik op posters en artikelen, en niet geheel onbe-
langrijk, de titel. Ontzettend leuk dat we op het allerlaatst nog even kamergenootjes zijn 
worden :) Gelukkig heb je nu weer alle tijd voor je eigen promotie!

Joke, altijd even geïnteresseerd in iedereen, een antwoord op iedere hulpvraag, van 
printerissues tot vakantietips, namen en nummers, Joke weet alles. Joke, bedankt voor 
al je hulp, de goede gesprekken en de leuke tijd! 

Lieke, ook jij was altijd bereid te helpen waar je kon, werk-gerelateerd of niet. Bedankt 
dat ik bij je binnen mocht lopen als ik weer eens wat kwijt moest, voor de gezellige trein-
ritjes, lunches en borrels! Succes met het MARS project!

Mirjam, kamergenootje van het eerste uur. Van jou hoorde ik de do’s and don’t van het 
promoveren. Bedankt voor je tips en tricks en voor de leuke gesprekken tijdens onze 
etentjes, gezamenlijke meetings en congressen, zowel tijdens als na jouw tijd bij de 
MGGZ. 

Eric, bedankt voor je interesse in het onderzoek en dat je ondanks je drukke agenda 
geregeld een praatje probeerde te maken.
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Discussion
Confounding factors: Friends 
Daarnaast zou ik hier niet hebben gestaan als ik niet af en toe mijn verhaal mocht doen 
bij een van mijn lieve vriendinnen. En als je graag veel verhalen vertelt is ook dat een 
hele lijst.. 

Om te beginnen, mijn tweede paranimf en lieve vriendinnetje Sanne. Al 13 jaar sta je al-
tijd voor me klaar, kan ik met je lachen en huilen, met je stappen, shoppen, op vakantie. 
Kwam ik weer met een hele spraakwaterval bij je aan, dan nog geef je me het gevoel dat 
geen verhaal te lang voor je is (waarvoor respect!). Tijdens mijn promotie zorgde je altijd 
dat je wist waar ik mee bezig was en ik had bij jou dan ook aan een half woord genoeg. 
Ik ben heel blij dat je mijn paranimf wil zijn! 

Dan de girlies van weinig woorden met wie ik afgelopen 4,5 jaar veel mooie momen-
ten in Amsterdam gedeeld heb. Etentjes, high tea’s, verschillende vakanties, geweldige 
stapavonden, allemaal noodzakelijke afleiding om dit traject door te komen. Bedankt, 
Eline voor je goede vragen die me altijd aan het denken zetten tijdens de vele leuke ge-
sprekken die we voerden, Gaia voor de honderden gezellige uren die we samen hebben 
doorgebracht en dat je me altijd het gevoel geeft dat je me begrijpt, Mirte voor het zeg-
gen van de goede dingen die me immer beter doen voelen, Yoline voor je interesse en 
het echt doorvragen, misschien volgende keer niet doen in een autorit naar Friesland, 
sorry nog daarvoor :) en Nathalie voor de altijd leuke gesprekken en chill momenten 
(veel zin om dit te vervolgen in Atlanta!). Naar het einde toe bleef er wat minder tijd over 
voor deze gezelligheid, ik wil jullie bedanken voor jullie begrip en jullie onverminderde 
interesse in mij en mijn onderzoek!
  Daarnaast wil ik ook de andere lieve meiden (van Ipse) die ik ken uit Maastricht 
bedanken: Anouk, omdat het gewoon goed is en het niet uitmaakt of ik nou druk, moe of 
chaotisch ben. Stefanie, bedankt dat ik altijd mag spuien tijdens de gezellige lunches, 
fietstochten, etentjes en niet te vergeten telefoongesprekken. Marloes, dank dat je altijd 
tijd probeert vrij te maken om af te spreken of te horen hoe het gaat. Rielle, bedankt voor 
je interesse, de leuke feestjes en je comments op mijn NL samenvatting. Birgit, bedankt 
voor je luisterend oor en de leuke gesprekken tijdens de files, de wintersport en eten-
tjes. Natuurlijk ook Fleur, Ravi, Marleen, Ruby, Lotte en Anne-Lotte, bedankt voor jullie 
interesse en de leuke borrels en etentjes van de afgelopen jaren.

Een groot dankjewel voor de meiden van de Toldwarsstraat door de jaren heen, Eline, 
Anouk, Mies, Loes en Anne. Ik kon altijd mijn verhalen kwijt en jullie leerden snel dat een 
goed bord eten wonderen doet :) Bedankt dus voor die heerlijke maaltjes, de goede 
gesprekken, de brakke zaterdagochtend ontbijtjes, de chill avondjes - de ontzettend 
leuke tijd. 

vragen over zowel de SSAT als over Atlanta, bedankt voor je motiverende en enthou- 
siaste antwoorden! Yumas, bedankt voor het beheer van het netwerk. Mirjam en  
Fiona, de MR flow managers, voor het draaiende houden van de scanner ten tijde van het  
BETER onderzoek en uiteraard ook voor de gezelligheid die de soms lange scandagen 
veel korter maakten! 

Dan waren er de OIOs van het eerste uur, Antoin, Tjerk, Mariët, Kelly en Remko. Jullie 
hebben mij geïntroduceerd in de wondere wereld van het OIOschap, met de beginners- 
cursussen ‘hoe overleef ik de summerschool’, ‘hoe stel ik prioriteiten tijdens een con-
gres’ en ‘waar kan ik het beste gaan borrelen na het werk’. Natuurlijk ook bedankt voor 
jullie ervaren praktische hulp! Ontzettend jammer dat jullie voor het einde van mijn 
tweede jaar allemaal al klaar waren, gelukkig heb ik velen van jullie ook na die tijd nog 
geregeld gezien. 

Met name natuurlijk Mariët! Na vele uren bij de MRI scanner bleken we nog lang niet 
uitgepraat en zelfs na talrijke etentjes en borrels in Amsterdam en 2,5 week California 
hebben we nog altijd genoeg om over te kletsen. Lieve Mariët, je bent echt een vriendin 
van me geworden en hebt me ook zeker in de laatste maanden erg bijgestaan door je 
lieve berichtjes, goede adviezen en een luisterend oor, bedankt! 

Gelukkig bleven er nog genoeg OIOs over om mee te scannen, te borrelen, te sparren, de 
summerschools en congressen mee door te komen, te discussiëren tijdens de psychia-
try imaging meeting en te dansen in de lokale discotheek van Zandvoort. Lucija en Mark 
(altijd goed om even bij te kletsen op de gang), Dienke, Arija en Marinka (merci voor de 
mooie dagen in Nice), Florian (heb de gezellige praatjes afgelopen jaar al gemist), Janna 
(thanks voor de bijklets-lunches en leuke dagen in Edinburgh!), Annabel, Thalia, Lara, 
Branko, Vincent, Mireille, Max, Sanne, Ester, Marloes, Marchel, Maya, Sven, Martijn en 
Lotte bedankt voor jullie input en praktische hulp, discussies en vooral ook leuke tijd!
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waardevol voor me. Je voorziet me van vaderlijk advies. We zijn het dan vervolgens niet 
altijd met elkaar eens, maar gelukkig kunnen we geweldig discussiëren. Mama, je hebt 
de gave me altijd weer te laten inzien dat het uiteindelijk wel goed komt. Zeker in de 
laatste maanden heb ik je hiervoor vaak gebeld. Jullie geven me het veilige gevoel er 
altijd voor me te zijn en me altijd te steunen in mijn keuzes. 
Lieve papa en mama, bedankt voor alles!

Future directions
Lieve Martijn, jij staat niet alleen onderaan omdat ik je als laatste heb leren kennen, maar 
vooral vanwege de cruciale rol die je het afgelopen jaar in mijn leven hebt gespeeld. Jij 
hebt me (letterlijk en figuurlijk) het thuis gegeven waar ik volledig mezelf kan zijn, tot 
rust kan komen en echt gelukkig durf te zijn. Jij geeft me ontzettend veel energie, zorgt 
ervoor dat ik mijn rust pak als ik het zelf vergeet en je helpt me op essentiële momenten 
met mijn werk. Alsof dit nog niet genoeg is heb jij de keuze gemaakt alles achter te laten 
en met me mee te gaan naar de VS. Dit vind ik niet alleen super stoer, maar doet me ook 
iedere dag weer beseffen hoe veel geluk ik met je heb. Het leven is gewoon BETER met 
jou en heb geweldig veel zin om samen het Atlanta avontuur aan te gaan!! 

Ilse, Vivian en Iris, de gezellige middagen/avonden met jullie vormden een welkome  
afleiding tijdens de afgelopen jaren! Bedankt voor jullie interesse, lieve kaartjes en be-
grip dat ik er niet altijd bij kon zijn.

Jip, bedankt dat je me altijd gesteund hebt in mijn keuzes en voor je support tijdens een 
groot deel van mijn promotie. Menno en Josée, bedankt voor jullie altijd even oprechte 
interesse in mij en mijn onderzoek. 

Dear Arian, as my roommate in New Haven, you have given me some very valuable advice, 
which I still benefit from :) Thanks for hosting me and for the fun times during my stays in 
NYC. I am looking forward to seeing you more often when I move back to the USA!

Explanatory factors - family
Ik heb het geluk op te zijn gegroeid in het prachtige Brabant te midden van een grote, 
warme familie. Iedereen is altijd ongelooflijk geïnteresseerd in elkaar en bereid te steu-
nen waar het kan. Ondanks dat mijn onderzoek voor velen een ver van het bed show 
was, heeft iedereen geprobeerd te begrijpen wat ik doe en dat waardeer ik echt enorm! 
Ooms, tantes, neefjes, nichtjes, bedankt voor jullie interesse en aandacht!

Dan heb ik ook nog een hele lieve opa en twee oma’s op wie ik ontzettend trots ben.  
Ondanks dat het voor jullie al helemaal lastig moet zijn om mijn traject te volgen, verras-
sen jullie me steeds met hoe goed jullie toch begrijpen waar ik mee bezig ben. Bedankt 
dat jullie altijd zo begripvol en geïnteresseerd zijn geweest!

Lieve Ellen, Simone en Sabine, wat een geluk heb ik toch met zulke schatten van zusjes! 
Ellen, je bent altijd zo geïnteresseerd en attent, jij zal geen belangrijke of minder belang-
rijke gebeurtenis voorbij laten gaan, altijd een belletje, berichtje of kaartje om te vragen 
hoe het gaat, dat doet me altijd erg goed. Simone, zo veel positieve energie als jij hebt, 
heeft niemand. Soms belde ik je dan ook wel eens met een smoesje, want na het horen 
van die lieve, enthousiaste stem kon ik er weer even tegenaan. Sabine, voor jou is niks 
te veel moeite. Bedankt voor je hulp met figuren en opmaak, maar ook voor je knuffels 
en het brengen van thee en zelfgemaakte koekjes als ik in Loon op Zand zat te werken. 
  Ook de koude kant van de familie heeft zijn steentje bijgedragen: Michel, bedankt 
voor het doorvragen, meedenken, adviseren en je kritische blik, het is altijd erg leuk met 
jou te sparren. Milan, ik kan ontzettend met je lachen, bedankt dat ik je vriendinnetje 
soms aan het werk mocht zetten. Natuurlijk een bijzonder groot dankjewel voor Joost. 
Jaren geleden heb ik je al gestrikt voor de cover en wat mij betreft heb je alle verwach-
tingen waargemaakt, de cover is echt super mooi geworden! 
Natuurlijk ook je studiegenoot Jeroen bedankt voor de lay-out! Bedankt voor jullie  
geduld tijdens dit proces en sorry dat de tekst toch uitgevuld moest worden :)

Lieve papa en mama, dit proefschrift is voor jullie. Jullie hebben me niet alleen een  
geweldige jeugd gegeven -wat (zoals ik zelf ga onderzoeken) een cruciale basis is voor 
je verdere leven- maar vooral ook daarna zijn jullie zijn er altijd voor me geweest. Papa, 
de vele gesprekken met jou, met name in de auto of tijdens een boswandeling, zijn heel 
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Sanne van Rooij werd op 1 september 1986 geboren in Loon op Zand. Zij behaalde in 
2004 haar VWO diploma aan het Cobbenhagen College in Tilburg. Daarna begon zij 
aan de opleiding Psychologie en Neurowetenschappen aan de Universiteit Maastricht. 
Als onderdeel van het Bachelor programma heeft zij een semester gestudeerd aan 
Sussex University in Brighton (GB). Na het behalen van haar Bachelor diploma in 2007, 
begon zij aan de Master Biologische Psychologie aan de Universiteit Maastricht, met 
als afstudeerrichting Ontwikkelingspsychologie. Haar onderzoeksstage volbracht zij 
aan de afdeling Ontwikkeling en Cognitieve Neurowetenschappen onder begeleiding 
van Dr. Hans Stauder en Dr. Chantal Kemner. In 2008 behaalde zij haar Master diploma. 
In dat zelfde jaar werd ze toegelaten tot de tweejarige Onderzoeksmaster Cognitieve 
en Klinische Neurowetenschappen van de Universiteit Maastricht, waar zij de 
specialisatie Neuropsychologie koos. De afstudeerstage voor deze Master volbracht 
zij aan het Yale Child Study Center in New Haven (VS) onder begeleiding van Prof. Dr. 
Linda Mayes en Dr. Michael Crowley. Zij studeerde in september 2010 Cum Laude af 
voor deze Research Master. In augustus 2010 is zij begonnen aan haar promotietraject. 
Hiervoor zette zij het MRI onderzoek BETER op naar de neurobiologische effecten 
van traumatische ervaringen, behandeling en herstel bij militairen met PTSS. Dit 
onderzoek werd uitgevoerd bij het Onderzoekscentrum van de Militaire Geestelijke 
Gezondheidszorg van het Ministerie van Defensie in samenwerking met de afdeling 
Psychiatrie van het Universitair Medisch Centrum in Utrecht. Dit onderzoek heeft 
geleid tot het proefschrift Getting Better, wat zij op 15 januari 2015 zal verdedigen 
onder supervisie van Prof. Dr. René Kahn en Dr. Elbert Geuze. Vanaf februari 2015 zal 
zij als post-doctoraal onderzoeker werkzaam zijn in de groep van Dr. Tanja Jovanovic 
aan Emory University in Atlanta (VS) om het effect van traumatische ervaringen tijdens 
de kindertijd op het ontwikkelende brein en de relatie met psychopathologie te 
onderzoeken.  
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Sanne van Rooij was born September 1st, 1986 in Loon op Zand. She graduated in 2004 
from high school, Cobbenhagen College in Tilburg. Subsequently, she started with a 
Bachelor’s degree program in Psychology and Neuroscience at Maastricht University. 
She studied a semester at Sussex University in Brighton (UK) as part of her Bachelor 
program. After obtaining her degree, she started with the Master’s degree program  
Biological Psychology, specialization Developmental Psychology, at Maastricht  
University. During this year, she did an internship at the Developmental Cognitive  
Neuroscience department under supervision of Dr. Hans Stauder and Dr. Chantal  
Kemner. She obtained her Master’s degree in 2008. In the same year, she was accepted 
into the 2-year Research Master program Cognitive and Clinical Neuroscience at 
Maastricht University, where she specialized in Neuropsychology. She performed 
her research internship at the Yale Child Study Center in New Haven (USA) under 
supervision of Prof. Dr. Linda Mayes and Dr. Michael Crowley. In September 2010, she 
graduated with distinction (cum laude) from this Research Master. She started her PhD 
program in August 2010, for which she set up the MRI study BETTER to investigate 
the neurobiological effects of traumatic experiences, treatment and recovery in war 
veterans with PTSD. She conducted this study at the Research Centre of the Military 
Mental Healthcare, Ministry of Defence in collaboration with the Department of 
Psychiatry, University Medical Center Utrecht, the Netherlands. This research resulted 
in the dissertation Getting Better, which she will defend January 15th, 2015 under 
supervision of Prof. Dr. René Kahn and Dr. Elbert Geuze. In February 2015, she will start 
working as a post-doctoral researcher in the group of Dr. Tanja Jovanovic at Emory 
University, Atlanta (USA) to investigate the effects of early traumatic experiences on 
the developing brain and its relationship with psychopathology.
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