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Abstract

Recent research indicates the relative benefits of computerized attention control treatment (ACT) 

and attention bias modification treatment (ABMT) for posttraumatic stress disorder (PTSD); 

however, neural changes underlying these therapeutic effects remain unknown. This study 

examines how these two types of attention training modulate neurological dysfunction in veterans 

with PTSD. A community sample of 46 combat veterans with PTSD participated in a randomized 

double-blinded clinical trial of ACT versus ABMT and 32 of those veterans also agreed to undergo 

resting-state magnetoencephalography (MEG) recordings. Twenty-four veterans completed 

psychological and MEG assessments at pre- and post-training to evaluate treatment effects. MEG 

data were imaged using an advanced Bayesian reconstruction method and examined using 

statistical parametric mapping. In this report, we focus on the neural correlates and the differential 

treatment effects observed using MEG; the results of the full clinical trial have been described 

elsewhere. Our results indicated that ACT modulated occipital and ABMT modulated medial 

temporal activity more strongly than the comparative treatment. PTSD symptoms decreased 
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significantly from pre- to post-test. These initial neurophysiological outcome data suggest that 

ACT modulates visual pathways, while ABMT modulates threat-processing regions, but that both 

are associated with normalizing aberrant neural activity in veterans with PTSD.
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1. Introduction

Posttraumatic stress disorder (PTSD) is a serious psychiatric diagnosis marked by re-

experiencing, avoidance, mood, cognitive, and hyperarousal symptoms (American 

Psychiatric Association, 2013), which affects about a quarter of U.S. veterans serving in 

recent conflicts in Iraq and Afghanistan (Bagalman, 2013). Approaches such as cognitive 

behavioral therapy (e.g. prolonged exposure therapy) and pharmacotherapy (e.g. SSRIs) are 

known to reduce symptoms of PTSD (Forbes et al., 2010), but technology-based and 

assisted interventions have been recently promoted as ways to improve treatment access for 

patients with PTSD (Foa et al., 2013; Olthuis et al., 2016; Rosen et al., 2017). Further, no 

existing treatments are fully effective for all patients with PTSD, and thus new treatments 

that target perturbed brain function in PTSD are direly needed.

Attention Bias Modification Treatment (ABMT) is an emerging therapy for anxiety 

disorders, which involves training attention away from threatening stimuli using a dot-probe 

task (Bar-Haim, 2010). Meta-analyses suggest that ABMT reduces vigilance toward threat-

related attention biases (Hakamata et al., 2010; Hallion and Ruscio, 2011) in various 

samples, including in patients with social phobia (Schmidt et al., 2009) and generalized 

anxiety disorder (Amir et al., 2009). In comparison, PTSD presents a more complicated 

picture with studies indicating either threat-related avoidance (Buckley et al., 2000; Fani et 

al., 2012) or vigilance (Beevers et al., 2011; Constans et al., 2004; Bar-Haim et al., 2010; 

Wald et al., 2011), as well as heightened moment-to-moment fluctuations in attention bias, 

termed “attention-bias variability” (Iacoviello et al., 2014; Naim et al., 2015). We recently 

demonstrated that attention control training (ACT), which trains participants to disregard 

irrelevant threat-related contingencies and focus instead on the completing the visual dot-

probe task, is more effective than ABMT in reducing PTSD symptoms, possibly by 

normalizing attention bias variability (Badura-Brack et al., 2015).

While previous research indicates the relative benefits of ACT and ABMT for PTSD 

(Badura-Brack et al., 2015; Kuckertz et al., 2014; Schoorl et al., 2013), the neural changes 

underlying these therapeutic effects remain unknown. Early imaging studies comparing 

patients with PTSD to healthy controls have identified functional abnormalities in the 

ventromedial prefrontal cortex, anterior cingulate, hippocampi, amygdalae, and insula 

(Morey et al., 2012; Pitman et al., 2012; Rabinak et al., 2011; Sripada et al., 2012). More 

recently, studies have reported abnormalities in broad-based cortical areas including the 

parietal, prefrontal, motor, and occipital areas, as well as the default-mode network in PTSD 

(Badura-Brack, et al., 2017; Gong et al., 2014; Eckart et al., 2011; Schuff et al., 2011; Liu et 
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al., 2012; Mueller-Pfeiffer et al., 2012), and fMRI studies have reported altered resting-state 

functional connectivity in participants with PTSD compared to non-clinical samples (Lanius 

et al., 2009; Qin et al., 2012; Zhou et al., 2012). Several resting-state 

magnetoencephalography (MEG) studies have also reported hyper-connectivity in medial 

temporal regions in PTSD (Dunkley et al., 2015, 2014), high-frequency hyper-synchrony 

especially in the left temporal sub-network (Misic, et al.,2016), and distinct patterns of 

neural activity during resting state as compared to healthy participants (Huang, et al., 2014). 

Such findings correspond with cognitive models of PTSD implicating altered attention 

patterns and perturbed perceptual processes,which have been linked theoretically (Ehlers and 

Clark, 2000) and empirically to PTSD (Todd et al., Dunkley, et al. 2015, Khanna, et al. (in 

press), McDermott et al., 2016). Thus, the disorder appears to involve dysfunction across 

multiple brain regions and cognitive functions, including regions not typically associated 

with fear or threat detection.

In the current study, we used MEG to assess whether ACT and ABMT differentially affected 

spontaneous resting-state neural activity in patients with PTSD. In a recent non-therapeutic 

study that used MEG and a virtually identical data processing approach to that used in the 

current study, we found that veterans with PTSD exhibited stronger spontaneous neural 

activity in prefrontal, sensorimotor, temporal, and medial temporal regions and weaker 

occipital activity than exhibited by combat veterans without PTSD (Badura-Brack et al., 

2017). Given these findings and those of our clinical trial (Badura-Brack et al., 2017, 2015), 

we hypothesized that ACT and ABMT would differentially modulate brain activity in 

specific areas in veterans with PTSD. In this exploratory MEG study, our preliminary 

hypotheses were that treatments would reduce spontaneous activity in threat processing 

areas in the medial temporal lobe that are commonly hyperactive in PTSD, as well as 

modulate attention and visual processing brain areas due to the visual nature of the attention 

training interventions.

2. Methods

Participants were selected from a larger sample of 46 male combat veterans with PTSD who 

served in a warzone in Iraq or Afghanistan between 2003-2014. These veterans took part in 

a clinical trial (NCT01564667) with complete methods and results reported elsewhere 

(BaduraBrack et al., 2015). A total of 32 of those patients with PTSD also consented and 

qualified to complete MEG recordings. The current study reports results from the 24 

veterans (12 receiving ACT and 12 receiving ABMT) who completed the clinical trial and 

both pre and post-intervention MEG recordings and psychological assessments. See Figure 1 

for a diagram of participant flow through the study. As a validity check, we examined scores 

for those veterans who completed treatment versus those who dropped out of treatment, and 

the participants did not vary significantly on the key variables of lifetime trauma exposure, 

combat trauma exposure, or PTSD severity.

PTSD was diagnosed using the Clinician Administered PTSD Scale (CAPS) (Blake et al., 

1995) using the CAPS F1/I2 rule (Weathers et al., 1999). The Mini International 

Neuropsychiatric Interview (M.I.N.I.) (Sheehan et al., 1998) was used to exclude 

participants with comorbid disorders including psychosis, bipolar disorder, obsessive-
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compulsive disorder, or current substance dependence; however veterans with depressive 

and anxious symptoms were allowed to participate due to the strong link between these 

diagnoses and PTSD. All participants also completed the Patient Health Questionnaire 

(PHQ-9) to assess depression (Kroenke et al., 2001); the Toronto Alexithymia Scale 

(TAS-20) to measure difficulty identifying and describing feelings (Bagby et al., 1994); the 

State-Trait Anxiety Inventory (STAI; Spielberger et al., 1983); the Deployment Risk and 

Resilience Inventory (DRRI) combat exposure scale (Vogt et al., 2008); and the Life Events 

Checklist (LEC) to quantify traumatic events across the lifespan (Blake et al. 1995). 

Veterans were excluded from the trial if they were receiving current psychotherapy; 

however, they were allowed to continue on their psychotropic medications, as long as they 

had been on a steady dosage for at least six months prior to beginning the study and did not 

change medications or doses during the trial. With regard to medications, 17% of the total 

sample were on a steady dose of an SSRI, and 25% of the total sample were on a steady 

dose of a mood stabilizer. Six participants in the ACT group were taking steady doses of 

psychotropic medication (3 mood stabilizer, 3 SSRI) as compared to four (3 mood stabilizer, 

1 SSRI) in the ABMT group. General exclusionary criteria included any medical diagnosis 

affecting CNS function, known brain neoplasm or lesion, history of significant head trauma, 

current substance dependence, and ferromagnetic implants. For enrollment information and 

flow through the clinical trial and MEG recordings, see Figure 1. Written informed consent 

was obtained following the guidelines of the Institutional Review Board of Creighton 

University, who approved the study protocol.

2.1. Attention bias treatment (ACT and ABMT)

For complete details on the methods and results of the treatment trial, see (Badura-Brack et 

al., 2015). In brief, this double-blinded study randomly assigned participants with PTSD to 

one of two attention-training conditions: ACT or ABMT. In both conditions, pairs of faces, 

one angry and one neutral, were presented one above the other (simultaneously) on a 

computer screen and immediately followed by a visual probe appearing in the location 

vacated by one of the faces. Participants were required to detect probe type (< or >) as 

quickly as they could by pressing the left or right button on a computer mouse. In ACT, the 

probe appeared equally at the angry and neutral faces locations, balancing fluctuations in 

attention toward and away from threat and training participants to ignore irrelevant threat 

information and focus on the task at hand. In ABMT, the probe appeared in the space 

vacated by the neutral face, implicitly teaching participants to focus attention away from 

threat. Participants completed 8 training sessions at a rate of two 10-15 minute sessions per 

week for a total of four weeks.

2.2. MEG methods: Data acquisition & analyses

Participants were seated with both arms resting on a tray attached to the chair body inside 

the MEG chamber. They were instructed to relax, remain still, and to stay awake with their 

eyes closed for one continuous 6-minute recording. They repeated the same MEG recording 

paradigm after completing the eight sessions of ACT or ABMT.

Neuromagnetic responses were sampled continuously at 1 kHz using an Elekta MEG system 

with 306 sensors. MEG data were corrected for head motion, subjected to advanced noise 
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reduction (Taulu and Simola, 2006), coregistered to structural MRI data, and divided into 

epochs of 4096 ms duration. Epochs with artifacts were identified using an automated 

searching procedure that marked flat and high amplitude segments for rejection, 

supplemented with visual inspection. Artifact-free epochs were filtered 1-54 Hz and 

downsampled to 180 Hz prior to image reconstruction to reduce computational burden. The 

downsampled data were then imaged using the Bayesian multiple sparse priors (MSP) 

approach implemented in the Statistical Parametric Mapping software (SPM12; Wellcome 

Trust Centre for Neuroimaging). This approach involves estimating the source priors for 

reconstruction in the Bayesian framework.

In our MSP approach, source space consisted of 8196 dipolar voxels equally-distributed 

throughout gray matter. Data covariance was calculated across the whole epoch from 1-54 

Hz. Prior to inversion, the MEG sensor data were transformed into a set of orthogonal modes 

using a singular value decomposition over the lead field matrix, and a temporal projector 

was applied to reduce the data to 16 temporal modes (Friston et al., 2008; Henson et al., 

2009; López et al., 2013). A Variational Laplace approach was then used to estimate the 

combination of hyperparameters that maximized free energy in the Bayesian framework. 

Model selection used both automatic relevance determination and greedy search schemes, 

and the covariance matrices produced by each and the sensor noise covariances were mixed 

using Variational Laplace in a second inversion step. The resulting single covariance matrix 

was used to get the posterior mean and variance of the current density, with output images 

written at 2 × 2 × 2 mm resolution. See Lopez et al .(2013) for a detailed description of the 

MSP approach to Bayesian source reconstruction.

The resulting 3D maps of functional brain activity were statistically evaluated in SPM12 

using a mass univariate approach based on the general linear model. Briefly, paired-sample 

t-tests were conducted to probe treatment effects in each group, and two-sample t-tests were 

applied to the treatment difference images (pre-treatment – post-treatment) to probe 

differential treatment effects. All statistical maps were thresholded at p < 0.01 and for 

multiple comparisons correction using a spatial extent threshold (cluster restriction), which 

was calculated directly from the data according to the theory of Gaussian random fields. All 

statistical analyses for behavioral and clinical variables were conducted in SPSS (Release 

21.0.0).

3. Results

3.1. Participant Demographics & Clinical Measures

The mean age of the ACT group was 32.33 (SD: 7.08), and the mean age of the ABMT 

group was 33.25 (SD: 5.48). The mean educational level of the ACT group was 15.08 (SD: 

2.97), and the mean educational level of the ABMT group was 15.17 (SD: 2.48). Veterans in 

the ACT and ABMT groups did not statistically differ on either measure. Furthermore, prior 

to treatment, the ACT and ABMT groups did not differ on PTSD severity, or on other 

variables typically associated with PTSD including depression, state anxiety, trait anxiety, 

combat exposure, or lifetime trauma exposure. The ACT group did score significantly higher 

than the ABMT group on alexithymia (difficulty identifying and describing emotions) at 

pre-test; however this finding did not survive Bonferroni correction (See Table 1). Those 
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taking psychotropic medications had more severe PTSD (M = 78.70, SD = 11.18) at intake 

than those not taking medications (M = 64.50, SD = 15.74), but no medication by treatment 

effects were noted. A repeated-measures ANOVA on CAPS scores measuring PTSD severity 

indicated a significant within subjects main effect for time (pre- to post-treatment), F22,1 = 

33.26 (p < 0.001), but no main effect of group (ACT, ABMT) or interaction effect. Note that 

this result differed from the full clinical trial (Badura-Brack et al., 2015), which involved a 

larger sample and thus increased statistical power. As per the main effect of time, the ACT 

group had a mean pre-treatment CAPS of 73.67 (SD: 16.08) and post-treatment CAPS of 

47.17 (SD: 21.89), while the ABMT group had a mean pre-treatment CAPS was 67.17 (SD: 

14.84), and post-treatment CAPS of 47.08 (SD: 19.09). Thus, symptom severity significantly 

decreased in both groups from pre- to post-treatment.

3.2. Neurophysiological ACT and ABMT treatment effects

Given the aims of the study, we first conducted paired-samples t-tests on the ACT and 

ABMT groups separately to identify how each modulated resting-state brain activity. We 

then followed this up with two-sample t-tests to identify brain regions that were more 

strongly modulated by one therapy relative to the other. Peak coordinates for each region are 

noted in context below. Comparing pre- to post-training, the ACT group showed 

significantly decreased spontaneous neural activity (1-54 Hz) in the left (MNI Coordinates: 

-16, -96, 10) and right (34, -89, 2) posterior occipital cortices, along with increased 

spontaneous activity in the right lateral occipital cortices (48, -68, 12) after ACT (p < 0.01, 

corrected). The ACT group also exhibited decreased activity in the left lateral 

parahippocampal area (-33, -22, -24) following therapy (p < 0.01, corrected; Figure 2). In 

contrast, the ABMT group showed decreased spontaneous activity in the left precentral and 

postcentral gyri (-44, -16, 46 and -34, -38, 62) and bilateral medial temporal structures (35, 

-20, -23 and -26, -18, -28), including the parahippocampal gyri, hippocampi, and the 

amygdalae from pre- to post-treatment (p < 0.01, corrected; Figure 2). The ABMT group 

also had increased activity in a region of the left posterior occipital cortices (-22, -94, 6) 

after treatment (p < 0.01, corrected). In regard to differential treatment effects, we first 

compared the baseline MEG data between treatment types, which importantly revealed no 

differences prior to treatment. Next, we examined differential treatment effects (see 

methods) and found that ACT more strongly affected spontaneous activity in occipital 

regions, especially left occipital cortex (-22, -98, 5), compared to ABMT. Conversely, 

ABMT modulated neural activity in bilateral medial temporal structures (i.e., 

parahippocampal/ hippocampal and amydgala; 32, -1, -28 and -26, -3, -29) more strongly 

than ACT (p < 0.01, corrected; Figure 2).

4. Discussion

We used high-density MEG and advanced image reconstruction methods to identify how 

ACT and ABMT may modulate resting-state neuronal activity in veterans with PTSD. We 

found that both types of therapy modulated occipital cortices and medial temporal structures, 

which is interesting given our recent findings that these brain circuits are abnormal in a 

sample veterans with PTSD, which included all the veterans in this current study, as 

compared to a matched sample healthy combat-exposed veterans (Badura-Brack et al., 
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2017). Specifically, our recently published resting-state non-therapeutic study found that 

veterans with PTSD had abnormal neural activity in occipital, medial temporal, 

sensorimotor, and other brain areas relative to veterans without PTSD. Thus, both ABMT 

and ACT modulated many of the brain regions that were previously identified as abnormal 

in these veterans with PTSD as compared to psychologically healthy, combat exposed 

veterans.

In a previous clinical trial, we found that both types of attention training reliably reduce 

PTSD symptoms, but that ACT was significantly more efficacious for PTSD than ABMT 

(Badura-Brack et al., 2015). ACT appears to work through normalization of attention bias 

variability, as opposed to the proposed mechanism of action in ABMT, which focuses only 

on reducing attention toward threat. Some studies have characterized PTSD as driven by 

increased attunement to potential threat (e.g., Todd et al., 2015) and driven by fear-based 

neural mechanisms (for a review, see Pitman, et al., 2012); however, PTSD is also 

characterized by difficulties in attentional control and executive function (e.g., Leskin & 

White, 2007; Aupperle et al., 2012; Blair et al., 2013) consistent with an intrusion model of 

symptoms (e.g. Brewin and colleagues 2014, 2010). Because people with PTSD fluctuate 

between symptoms of over-attending to threat and avoiding threat, PTSD is better 

characterized by jointly considering the involvement of both executive dysfunction and 

enhanced threat detection mechanisms (e.g., Khanna, et al., 2016; Cisler et al., 2011; Pannu 

Hayes et al., 2009), consistent with the observation of higher levels of attention bias 

variability in PTSD (Naim et al. 2015, Iacoviello et al., 2014). Our MEG results bolster this 

combined view, and demonstrate that different attention training approaches (both associated 

with reductions in PTSD symptoms) modulate different brain regions in PTSD.

Although PTSD symptom severity decreased over time, we should note that differential 

PTSD treatment effects were not observed in this smaller sample, and this is a limitation of 

the current study. However, it should also be noted that the ACT group improved by seven 

more points on the CAPS than the ABMT group, consistent with findings from the full 

clinical trial. In this study's direct ACT and ABMT comparisons of MEG data, ACT 

produced significantly greater reductions in left posterior occipital activity as compared to 

ABMT, and ABMT resulted in significantly greater decreases in activity in the bilateral 

regions of the parahippocampal complex compared with ACT. Importantly these observed 

differential effects were in the direction of the healthy controls in the group differences 

resting state study (Badura-Brack et al., 2017), and impact regions of demonstrated 

importance in PTSD (Gong et al., 2014; Liu et al., 2012; Morey et al., 2012; Mueller-

Pfeiffer et al., 2012; Pitman et al., 2012; Sripada et al., 2012; Rabinak et al., 2011; Eckart et 

al., 2011; Schuff et al., 2011).

Although we are reporting the results of an exploratory study here, these current findings 

shed light on potential mechanisms driving PTSD symptom improvement subsequent to 

ACT and ABMT. Regarding the efficacy of ACT, influential theories in PTSD suggest that 

re-experiencing symptoms derive from visual sensory impressions inadequately integrated 

into autobiographical memory at the time of the trauma and reflect disruptions in cognitive 

processing (Brewin et al., 2010, 1996; Ehlers and Clark, 2000). Because involuntary 

memory intrusions in PTSD tend to have visual details predominating (Ehlers et al., 2002; 
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Hackmann et al., 2004), some posttraumatic symptoms may be related to priming of these 

visual memories. Brewin and Burgess (2014) suggest that PTSD symptoms may be 

ameliorated by either enhancing ventral stream processing (typical of most PTSD 

psychotherapies) or interfering with dorsal stream processing, which may be the mechanism 

of action behind ACT, as engaging in visuospatial tasks during or shortly after trauma 

exposure blocks the development of involuntary images (Brewin, 2014). In ACT, 

participants see threatening faces risking priming involuntary traumatic intrusions; however, 

participants are immediately thereafter required to engage in another visuospatial task 

(identifying the direction of the probe), which may limit processing of these images. Perhaps 

the reduction in attention bias variability associated with ACT (BaduraBrack et al., 2015) is 

evidence of a reduced tendency to fluctuate between over- and under-attending to threat in 

response to involuntary intrusions. This normalization may include increased lateral 

occipital activity and reduced posterior occipital responses in PTSD patients treated with 

ACT, as observed in the current study.

Conversely, ABMT encourages threat avoidance directed at reducing fear responses, which 

should involve alterations in medial temporal lobe activity. The amygdala, hippocampus, and 

surrounding structures are of known importance in PTSD (Morey et al., 2012; Pitman et al., 

2012; Rabinak et al., 2011; Sripada et al., 2012), and the significant changes in these areas in 

the current study logically follow the symptom improvement as measured by pre- and post-

intervention clinical interviews. These parahippocampal regions are also critical memory 

structures along the visual processing stream and are relevant to how traumatic information 

is stored and processed in PTSD (Brewin and Burgess, 2014; Ehlers et al., 2002). Because 

ABMT is designed to train participants to attend away from threat; paraphippocampal brain 

areas associated with threat detection should be affected by ABMT and this is consistent 

with our findings in the current study.

Future studies should build on these preliminary findings, as well as address limitations 

inherent in the current study by including women and survivors of various traumas, and 

increasing sample sizes in each treatment condition. This sample was not medication free 

(42% of participants were taking a psychotropic medication), but they did serve as their own 

controls because they were on steady dose of medication for at least 6 months prior to 

entering the study and they continued on that steady dose throughout the study. Those 

veterans who were taking psychotropic medications reported more severe levels of PTSD 

both before and after training, but their symptoms improved with both versions of attention 

training. A methodological limitation of this study is that we examined only the resting state 

using MEG, and some of our findings in deeper structures will need to be confirmed by 

future studies; however, MEG studies reporting neural activity in deeper brain structures are 

becoming more common (e.g. Cornwell et al. 2010, 2012, 2014; Dalal et al. 2008; Kessler et 

al. 2006; McDermott et al. 2016; Muthuraman et al. 2014; Proskovec et al. 2016; Pu et al. 

2017; Salvadore et al. 2009, 2010; Wilson et al. 2009, 2010, 2011, 2017). In this study we 

used both magnetometers and gradiometers for source reconstruction, and magnetometers 

are inherently more sensitive to neural activity in distant brain areas. We also observed 

treatment differences in these deeper structures (e.g., amygdala), providing converging 

evidence on the veracity of these findings, as MEG would be equally sensitive (or 

insensitive) to such activity across both time points and treatment groups.
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Notwithstanding these limitations, the current study provides early neurophysiological 

evidence of neural alterations following attention training. Our results suggest that observed 

reductions in PTSD symptomatology may be associated with modulations in disparate 

cortical and subcortical areas, and future studies should explore the impact of ACT and 

ABMT using MEG and/or fMRI during cognitive tasks designed to tap specific brain 

functions (e.g., memory) to further decipher the neurological effects of attention training. 

The first study of this type found that attention training partially normalized the 

neurophysiological deficits associated with PTSD during verbal working memory 

(McDermott et al., 2016), and more such research is certainly warranted as are 

neurophysiological and imaging studies to examine physiological correlates underlying 

other therapies for PTSD.

In conclusion, this preliminary study demonstrates that ACT and ABMT appear to modulate 

a large group of cortical and subcortical brain regions, and that the amplitude of these 

changes differ in some brain regions based on the type of therapy. Specifically ACT seems 

to more strongly modulate visual processing pathways, while ABMT appears to affect 

neural activation in threat processing regions. Both forms of attention training are 

straightforward, low-cost, low-stress, non-pharmacological interventions, and this study 

supports the importance of additional research into these emerging therapies for PTSD.
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• PTSD is associated with neurophysiological aberrations across multiple 

networks

• These activation differences can be partially reversed by attention training

• Attention control training modulates visual pathways which are understudied 

in PTSD

• Attention bias modification modulates threat-processing regions in PTSD
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Figure 1. 
CONSORT diagram for participant flow through treatment allocation and participation in 

pre- and post- treatment MEG recordings.
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Figure 2. 
Both ACT and ABMT reduced PTSD symptoms and modulated neuronal activity during the 

resting-state, but the two therapies affected largely distinct brain regions. In the top two 

rows, brain regions that exhibited significantly (p < 0.01, corrected) increased activity 

following therapy are shown in red, whereas those with significantly (p <0 .01, corrected) 

decreased activity following therapy are shown in blue. Results for pre- to post-ACT appear 

in the top row and those for pre- to post- ABMT are directly below in the middle row. As 

shown, ACT tended to modulate posterior and lateral occipital regions, as well as left medial 

temporal areas (p <0.01, corrected). In contrast, ABMT affected sensorimotor, left posterior 

occipital, and a large volume of tissue in bilateral medial temporal regions including the 

amygdalae and parahippocampal complex (p <0 .01, corrected). The two therapies also 

exerted significantly different effects in some brain regions, and these are shown in the 

bottom row. First, differential images were created for each treatment (pre-treatment – post-

treatment) and the a two-sample t-test was conducted. Note that that pretreatment differences 

were probed between groups and none were detected. This two-sample t-test showed that 

ABMT decreased neuronal activity in bilateral medial temporal regions significantly more 

than ACT, while ACT modulated occipital activity significantly more strongly than ABMT 

(p < 0.01, corrected).
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Table 1
Psychological Symptom Measures at Intake by Treatment Group

Measure (symptom) Group Mean (SD)

PHQ-9 (depression) ACT 14.50 (6.05)

ABMT 10.17 (4.76)

TAS-20 (alexithymia) * ACT 60.58 (9.95)

ABMT 49.92 (13.71)

STAI Y1 (state anxiety) ACT 46.17 (7.74)

ABMT 42.33 (9.50)

STAI Y2 (trait anxiety) ACT 50.75 (9.52)

ABMT 43.08 (13.40)

DRRI (combat exposure) ACT 39.83 (19.61)

ABMT 37.67 (16.52)

Life Events Checklist (trauma exposure) ACT 39.67 (12.40)

ABMT 43.83 (11.64)

ACT (n = 12); ABMT (n = 12)
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