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Abstract
Background: Veterans with posttraumatic stress disorder 
(PTSD) tend to benefit less from evidence-based treatments 
than other PTSD populations. A novel virtual reality and mo-
tion-assisted exposure therapy, called 3MDR, provides treat-
ment in an immersive, personalized and activating context. 
Objective: To study the efficacy of 3MDR for veterans with 
treatment-resistant PTSD. Method: In a randomized con-
trolled trial (n = 43) 3MDR was compared to a non-specific 
treatment component control group. Primary outcome was 
clinician-rated PTSD symptoms at baseline, after 3MDR, and 
at the 12-week and 16-week follow-up (primary end point). 
Intention-to-treat analyses of covariance and mixed models 
were applied to study differences between groups at the 
end point and over the course of intervention, controlling for 
baseline scores. Results: The decrease in PTSD symptom se-
verity from baseline to end point was significantly greater for 

3MDR as compared to the control group, with a large effect 
size (F[1, 37] = 6.43, p = 0.016, d = 0.83). No significant be-
tween-group difference was detected in the course of PTSD 
symptoms during treatment when including all time points. 
The dropout rate was low (7%), and 45% of the patients in 
the 3MDR group improved clinically. The number needed to 
treat was 2.86. Conclusions: In this trial, 3MDR significantly 
decreased PTSD symptoms in veterans with, on average, a 
history of 4 unsuccessful treatments. The low dropout rate 
may be indicative of high engagement. However, a lack of 
significant differences on secondary outcomes limits conclu-
sions that can be drawn on its efficacy and underlines the 
need for larger phase III trials. These data show emerging 
evidence for 3MDR and its potential to progress PTSD treat-
ment for veterans (Dutch Trial Register Identifier: NL5126).

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Across North Atlantic Treaty Organization (NATO) 
partners, tremendous effort has been put towards the 
preparation and mental health care of servicemen [1]. 
Despite these efforts, a significant number of veterans  
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tribution of modified material requires written permission.
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develop posttraumatic stress disorder (PTSD) following 
deployment, with varying prevalence rates (e.g. UK 3–6%, 
USA 4–17%, the Netherlands 5–8% [2–4]). PTSD in vet-
erans is typically a chronic disabling condition that is  
associated with impaired family functioning, lower life 
satisfaction, unemployment and social exclusion [5–8]. 
Compared to other mental health issues in veterans, 
PTSD creates the highest economic burden for society 
[9]. PTSD treatment is less effective for veterans than oth-
er PTSD populations; effect sizes reported in meta-anal-
yses are smaller for veterans, and up to two-thirds retain 
their PTSD diagnosis following guideline-recommended 
treatments [10–12]. Treatment dropout ranges between 
20 and 40% in trials with veterans and is considerably 
higher in routine practice [13, 14]. This is troublesome, 
as withdrawal from treatment likely reflects low engage-
ment and predicts poor treatment outcome [15]. Active 
behavioral and emotional involvement in treatment may 
be particularly difficult for veterans due to therapy-relat-
ed barriers (e.g., lack of fit with therapy rationale) and 
high avoidance during treatment [13, 16]. Avoidance can 
lead to suboptimal traumatic memory retrieval, which, in 
turn, can limit therapeutic effects of exposure therapy 
[17]. Therefore, increasing behavioral and emotional en-
gagement in treatment could be a fruitful strategy for im-
proving its efficacy. 

A novel intervention, multi-modular motion-assisted 
memory desensitization and reconsolidation (3MDR), 
was developed to improve outcomes for veterans who did 
not sufficiently benefit from evidence-based treatments 
[18]. It combines known therapeutic techniques of vir-
tual reality and eye movement desensitization and repro-
cessing therapy (EMDR) in a novel context in which pa-
tients walk on a treadmill while interacting with personal 
trauma-related images and music. Several theories pro-
vided a rationale as to why 3MDR was expected to im-
prove engagement and treatment outcomes for this pop-
ulation. Firstly, walking proved to have positive effects on 
fear extinction and associative thinking [19, 20]. Second-
ly, embodied cognition studies provided support for de-
creased avoidance by walking towards trauma-related 
images: several studies found that physically approaching 
a feared object resulted in more positive appraisals of that 
object, and that such approach behaviors improved expo-
sure therapy results [21–24]. Thirdly, virtual reality is 
thought to increase presence and in-session attention [25, 
26], and is presumed to increase immersion in trauma-
related images and music which provide strong and direct 
links to the traumatic memory [27]. Based on these find-
ings, we expected that a combination of virtual reality, 

walking, trauma-related images and music with exposure 
could result in lower avoidance and more optimal mem-
ory retrieval during treatment. Adequate engagement 
and memory retrieval would in turn lead to processing 
and reconsolidating the memory, aided by a dual-atten-
tion task similar to the one used in EMDR [18, 28]. In a 
first proof of concept veterans with treatment-resistant 
PTSD (TR-PTSD) positively evaluated the acceptability 
of 3MDR [29]. Preliminary findings suggested that 3MDR 
could lead to clinically meaningful changes, which for 
some patients were not experienced until 4–6 weeks after 
the intervention [18, 29, 30]. 

The current study aimed to test the efficacy of 3MDR 
for veterans with TR-PTSD in a randomized controlled 
trial (RCT) comparing 3MDR to a non-specific treatment 
component control group (NTCC), consisting of treat-
ment without trauma-focused elements. Based on the lit-
erature reviewed above, we expected the combined arse-
nal of therapeutic techniques in 3MDR to improve treat-
ment outcomes for veterans who did not respond to prior 
current evidence-based treatment, and we expected that 
this effect would occur a few weeks after the 3MDR inter-
vention and increase over time [18, 30]. Therefore, our 
primary hypothesis was that 3MDR would significantly 
decrease PTSD symptoms at the end point, 16 weeks after 
start of treatment, as compared to the control interven-
tion. In addition, we explored the course of symptoms 
during treatment at 6, 12 and 16 weeks after start of treat-
ment. Based on preliminary findings, we expected to find 
significant differences in slopes between the groups in  
favor of 3MDR [18, 29]. 

Method

Design
This was a multicenter, parallel, single-blind RCT with two 

treatment arms. The authors assert that all procedures contribut-
ing to this work comply with the ethical standards of the relevant 
national and institutional committees on human experimentation 
and with the Helsinki Declaration of 1975, as revised in 2008. All 
procedures were approved by the Medical-Ethical Review Com-
mittee of Leiden University Medical Center (approval No.: 
P14.325). Reporting was done in accordance with the CONSORT 
guidelines and methodological recommendations by Guidi et al. 
[31].

Participants
Treatment-resistant veterans (n = 43) were recruited between 

2015 and 2018 at two tertiary mental health care institutes in the 
Netherlands: ARQ Centrum’45 (n = 28) and Mental Health Cen-
ter Beilen (n = 15). Inclusion criteria were: age 18–70, mastery of 
Dutch language, meeting DSM-5 criteria for PTSD and treatment 
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resistance, defined as persisting PTSD diagnosis and lack of im-
provement in PTSD symptom severity following a full course of 
individual trauma-focused therapy or repeated failed trials of in-
dividual trauma-focused therapy and treatment duration of at 
least 6 months [32]. Exclusion criteria were kept to a minimum 
to be able to recruit a representative treatment-resistant sample. 
Participants were excluded in case of current acute suicidality, 
inability to walk, psychosis and severe alcohol/substance depen-
dence. 

Medication
Participants were allowed to use psychotropic medication if 

stable for 4 weeks before entering the trial and were required to 
keep medication use stable during the course of the trial. De-
tailed information on current and prior medication is reported 
in Table 1, and online supplementary Table 1 (for all online sup-
pl. material, see www.karger.com/doi/10.1159/000505977). At 
each assessment patients were asked about any changes in med-
ication. An alert was inserted in participants’ electronic patient 
files to inform all involved clinicians that this patient was par-
ticipating in the current trial and no changes in medication could 
be made besides clinical urgencies. If psychiatrists needed to 
change medication in case of clinical urgency, they reported this 
to the first author (M.J.G.). 

Outcome Measures
Clinical Interviews
The primary outcome was mean change in PTSD symptom se-

verity as assessed with the Clinician-Administered PTSD Scale for 
DSM-5 (CAPS-5 [33, 34]). The CAPS-5 consists of 20 items mea-
suring PTSD symptoms in 4 symptom clusters (intrusions, avoid-
ance, alterations in mood/cognitions and hyperarousal). Each 
question is rated on a 5-point scale, resulting in a total symptom 
severity score (range: 0–80). For a diagnosis of PTSD at least 1 in-
trusive symptom, 1 avoidance symptom, 2 mood and cognitive 
alteration symptoms, 2 hyperarousal symptoms and impairment 
must be present (score ≥2). Preceding the CAPS-5 at baseline, the 
Life Events Checklist for DSM-5 was administered. This 17-item 
questionnaire assesses exposure to traumatic events [35].

Presence of comorbid psychiatric disorders was assessed with 
the Mini-International Neuropsychiatric Interview-Plus for DSM-
IV, as the DSM-5 version was not yet available at the start of the 
study. Its psychometric quality is well established [36].

The Emory Treatment Resistance Interview for PTSD was used 
to quantify level of treatment resistance to evidence-based psycho-
logical and pharmacological treatments [37]. Points for non-re-
sponse were given based on available evidence for that treatment 
(3 points for high evidence to 0 points for no evidence; range 0–19 
for pharmacological treatments and 0–38 for psychotherapeutic 
interventions). This new measure has not been validated. How-
ever, it is based on a systematic review and currently the only avail-
able structured method to quantify treatment resistance in PTSD. 

Self-Report Measures
The PTSD Checklist for the DSM-5 (PCL-5) was used to mea-

sure self-reported PTSD symptom severity during the last month 
[38]. This 20-item questionnaire corresponds to the DSM-5 symp-
tom criteria for PTSD. Each symptom can be rated on a 5-point 
scale. Psychometric evaluation of this instrument was positive 
[39]. 

Symptoms of general anxiety and depression were assessed 
with the Hospital Anxiety and Depression Scale (HADS), which 
consists of 14 questions rated on a 4-point scale. Psychometric 
qualities of this instrument are well established [40]. 

The Posttraumatic Avoidance Behaviour Questionnaire 
(PABQ [41]) was used to identify avoidance behavior in daily life. 
The PABQ consists of 25 items rated on a 4-point scale. It has been 
found to be a psychometrically sound instrument [41].

Perceptions of social support were measured with the Interper-
sonal Support Evaluation List with 12 items. Questions are an-
swered on a 4-point scale. Reliability and validity of this instru-
ment are satisfactory [42].

The validated Cantril’s Ladder of Life [43] was used to assess 
life satisfaction. Participants rated current and future expected 
quality of life on a 10-point scale. Scores of 7 or higher represent 
positive quality of life, between 4 and 7 reflect medium quality of 
life and below 4 reflect poor quality of life. 

Treatments
3MDR Treatment
3MDR is a manualized intervention developed through col-

laboration of the Military Rehabilitation Center, Military Mental 
Health Care, and Motek Medical B.V. (all located in the Nether-
lands), and was applied as described in the protocol, which can be 
viewed in the online supplemental material. Six standardized 
weekly 3MDR sessions of 70–90 min were followed by an optional 
10 weekly treatment sessions depending on patients’ needs and 
therapists’ indications. 3MDR was administered on a dual-belt 
treadmill and a synchronized virtual reality environment, which 
comprised a 180-degree projection on 3 screens by 3 projectors 
and a surround sound system. The 3MDR software consisted of a 
purpose-built environment to walk in, personalized for each pa-
tient by projecting images and playing music, selected by patients 
themselves. For safety reasons, participants wore a harness whilst 
on the treadmill. A junior psychologist operated hardware and 
software out of direct sight of the patient. 

Prior to 3MDR patients selected 10–20 images that strongly 
reminded them of (elements of) their deployment-related trau-
matic events. These could be from deployment, the Internet or 
drawings. The therapist guided picture selection and discussed 
possible avoidance of images where appropriate. Images were ar-
ranged by theme and by a score of 0–10 subjective units of distress 
given for each image. Seven images were used each session. In most 
cases these were 7 different images, but images could also be re-
peated, particularly when subjective units of distress scores for an 
image remained high. During the course of treatment new images 
could be added. Patients also chose music: one piece that remind-
ed them of their time of deployment (e.g., music that was played 
often during that time) and one piece that reminded patients of the 
here and now (e.g., contemporary music).

Throughout each session, patients walked at their preferred 
walking speed, whilst the therapist was standing beside them. A 
session began with a physical and mental warmup, during which 
the deployment-related music was played. Patients then entered a 
virtual tunnel at the end of which the first image was projected. 
Upon approaching the image, a literal description of the picture 
was requested, followed by recall of the traumatic memory related 
to the image and associated feelings and bodily sensations. The 
patients’ associations were recorded by the junior psychologist and 
projected in real time on the screen. Whilst focusing on these 
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Table 1. Demographic and clinical characteristics at baselinea

Demographic characteristics Total sample 
(n = 43)

Control group 
(n = 21)

3MDR group 
(n = 22)

n % n % n %

Male 42 97.7 21 100.0 21 95.5
Education

High school or less 18 41.9 9 42.9 9 40.9
Some college 22 51.2 11 52.4 11 50.0
Bachelor degree or higher 3 7.0 1 4.8 2 9.1

Married or partnered 36 83.7 19 90.5 17 77.3
Employed 9 20.9 4 19.0 5 22.7
Country of deployment(s)

Bosnia 20 46.5 10 47.6 10 45.5
Afghanistan 17 39.5 10 47.6 9 40.9
Lebanon 9 20.9 4 19.0 5 22.7
Iraq 3 7.0 1 4.8 2 9.1
Other 7 16.3 1 4.8 6 27.3

Comorbidity 35 81.4 17 81.0 18 81.8
Mood disorder 30 69.8 16 76.2 14 63.6
Anxiety disorder 22 51.2 11 52.4 11 50.0
Alcohol dependence (mild-moderate) 5 11.6 2 9.5 3 13.6
Alcohol abuse 3 7.0 1 5.0 2 9.1
Other 4 9.3 3 14.3 1 4.5

Current psychotropic medication for PTSD 28 65.1 11 52.4 17 77.3
SSRIs 16 37.2 6 28.6 10 45.5
Benzodiazepines 11 25.6 5 23.8 6 27.3
Atypical antipsychotics 9 20.9 4 19.0 5 22.7
Other antidepressants 14.0 3 14.3 3 13.6
SNRIs 4 9.3 1 4.8 3 13.6

Prior trauma-focused treatment for PTSDb 43 100.0
EMDR 42 97.7 20 95.2 22 100.0
TF-CBT (including imaginal exposure) 29 67.4 12 57.1 12 54.5
TF-CBT group 18 41.9 10 47.6 8 36.4

Prior psychotropic medication use 38 88.4 17 81.0 21 95.5
SSRI 27 62.8 11 52.4 16 72.7
Benzodiazepines 19 44.2 11 52.4 8 36.4
Atypical antipsychotics 18 41.9 7 33.3 11 50.0
Other antidepressants 13 30.2 6 28.6 7 53.8
Anti-epileptics 8 18.6 2 9.5 6 27.3
SNRIs 6 14.0 2 9.5 4 18.2

mean SD mean SD mean SD

Age 42.18 9.36 41.93 9.12 42.41 9.80
Number of deployments 1.63 0.95 1.52 0.81 1.73 1.08
Number of prior psychological treatments for PTSD 4.16 1.72 4.33 1.68 4.00 1.77
Number of prior psychopharmacological 

treatments for PTSD 3.40 2.69 3.00 2.78 3.77 2.62
Emory Treatment Resistance Interview 4.74 3.97 4.29 3.27 5.18 4.56
Clinician-Administered PTSD Scale 44.70 7.26 46.67 5.88 42.82 8.06
PTSD Checklist for DSM-5 53.78 8.33 53.57 7.31 53.98 9.37
Posttraumatic Avoidance Behaviour Questionnaire 43.01 10.46 42.00 9.85 43.97 11.14
Interpersonal Support Evaluation List (12) 22.05 7.48 23.71 7.62 20.45 7.16
Hospital Anxiety and Depression Scale 27.13 4.60 26.76 4.63 27.48 4.64
Cantril’s Ladder of Life Current 3.86 1.52 3.52 1.17 4.18 1.76
Cantril’s Ladder of Life Future 6.88 1.45 6.55 1.80 7.21 0.93

SSRIs, selective serotonin reuptake inhibitors; SNRIs, serotonin noradrenalin reuptake inhibitors; EMDR, eye 
movement desensitization and reprocessing therapy; TF-CBT, trauma-focused cognitive behavioral therapy. 
a No statistically significant differences between treatment groups on any variable. b Treatment initiated.
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phrases, patients were asked to track a ball moving from left to 
right over the picture with random numbers appearing in the ball 
at the far end of the picture. Patients were required to call these 
numbers aloud for 30 s. If more than 7 numbers were missed, the 
task was extended to 45 s. Once the task was complete, the picture 
faded, and patients were asked for a subjective units of distress rat-
ing. Then the virtual tunnel re-appeared, and the sequence was 
repeated for 7 times in total. Therapists were instructed to address 
each image and the associated memory for between 3 and 6 min. 
After the exposure sequence, patients returned to a neutral virtual 
environment and listened to their contemporary music, which 
brought them back to the here and now, whilst receiving positive 
reinforcement from the therapist. Once off the treadmill, each ses-
sion was completed with a therapist-led discussion about experi-
ences the patient had during the session. The therapist ensured 
that the patient was fully present in the here and now, allowed for 
release of tension after the strenuous activity and discussed the 
patient’s post-session coping. 

To assess treatment fidelity, during each session the junior psy-
chologist scored a checklist describing all essential elements of a 
3MDR session. During the 10 weeks following 3MDR, participants 
were allowed to receive other treatments to process any (new) ther-
apeutic material that became available through the 3MDR. There 
were no restrictions. Therapists were given a checklist to fill out 
after every session in which they reported on techniques used. 

Non-Specific Treatment Component Control Group
An NTCC was the control condition in this trial and consisted 

of non-trauma-focused treatment during which daily stressors and 
symptoms were addressed. This type of control condition allowed 
for comparable attention and human interaction variables and has 
been deemed appropriate for this phase of research with severely 
ill participants for whom the best available care was ineffective [31, 
44, 45]. In NTCC a team of at least one psychiatrist and one men-
tal health worker delivered treatment as much as deemed neces-
sary for up to 16 weeks. NTCC could consist of case management, 
medication consults, stabilizing interventions, psychoeducation, 
systemic interventions and cognitive behavioral therapy without 
trauma-focused elements such as exposure or cognitive restructur-
ing of distorted cognitions related to traumatic events. NTCC was 
not manualized but applied as standard in clinical practice and 
monitored. Therapists received instructions on the elements that 
could be administered in NTCC. Adherence to the trial protocol 
was monitored with a checklist for treatment components, which 
included both trauma-focused and non-trauma-focused elements, 
and was completed by the therapist after each session. At the end 
of the trial, control participants were offered 3MDR. 

Procedure
Patients were referred to the trial by their therapist when trau-

ma-focused treatment did not result in PTSD symptom improve-
ment. After referral, individuals received information over the 
telephone or in person. During the first appointment, written  
informed consent was obtained. At baseline (T0), eligibility was 
assessed with clinical interviews, and self-report questionnaires 
were administered. Eligible participants were randomly allocated 
in a 1: 1 ratio. The random sequence was generated with a com-
puter program and had a block size of 6. A statistician, without 
further engagement in the study, created the random sequence list, 
assigned participants and kept a log file of the assignments.

Assessments were conducted after 6 weeks (T1; post-3MDR), 
12 weeks (T2) and 16 weeks (T3; primary end point). During T0 
and T3 all interviews and self-report measures were administered. 
At T1 and T2 only the CAPS, PCL-5, PABQ and HADS were ad-
ministered. 

All treatments were outpatient and delivered by PTSD thera-
pists with training and experience in at least one additional trau-
ma-focused therapy (besides 3MDR). To accommodate patient 
preferences, we aimed for patients to continue with their original 
therapist during the study as often as possible. As such, 21 thera-
pists were involved in this trial: 7 therapists delivered the 3MDR 
only, 7 delivered NTCC only, and 7 delivered both 3MDR and 
NTCC. Each therapist received two half-day training sessions in 
the 3MDR protocol (van Gelderen, Nijdam and Vermetten: Treat-
ment protocol for the preparation and administration of the 
3MDR intervention, 2017, see online suppl. material) and regular 
supervision. Assessors were trained junior psychologists or mas-
ter’s level psychology students. They received monthly group su-
pervision and individual supervision on demand. Assessors were 
blind to treatment condition. If blinding was broken, another as-
sessor was assigned to the following assessment. Serious adverse 
events that could influence the course of the disorder or treatment 
outcomes were monitored [31]. These were defined as any unto-
ward medical occurrence or effect of the intervention that could 
amount to significant harm, including suicidal intent, mental-
health-related hospital admissions, self-harm and development of 
psychotic symptoms [46]. 

Statistical Methods
Based on previously found effects of treatments with similar 

components (virtual reality exposure therapy for veterans (d = 0.69 
[47]), eye movement desensitization and reprocessing for veterans 
(d = 1.10 [48]), and movement augmentation for a US community 
sample (d = 2.65 [20]), we expected that 3MDR would result in at 
least a significant, medium-sized (d = 0.50) improvement in PTSD 
symptoms. According to the sample size calculation 34 partici-
pants were required to provide 80% power to detect a medium ef-
fect in CAPS-5 change from T0 to T1, T2 and T3 between 3MDR 
and NTCC. Because of an estimated 20% dropout, sample size was 
set at 40. The actual sample was slightly larger (N = 43) as several 
participants were deemed eligible simultaneously towards the end 
of recruitment. 

Baseline demographic and clinical characteristics between 
3MDR and NTCC were compared with t tests for continuous vari-
ables and χ2 tests for categorical variables. Point-biserial correla-
tions were calculated between changes in medication and CAPS-5 
decrease from T0 to T3 for the full sample and between types of 
medication most used in the 3MDR group and CAPS-5 decrease 
from T0 to T3. Analyses were intention-to-treat. For 7% of the 
participants the CAPS-5 end point score was missing. As this is 
slightly above threshold of 5% for missing data in an intention-to-
treat analysis, we conducted multiple imputations, and intention-
to-treat means and confidence intervals were reported [49]. The 
Markov chain Monte Carlo algorithm was used for multiple impu-
tation, and 20 data sets were generated. 

To test our primary hypothesis that 3MDR would lead to a sig-
nificant decrease in CAPS-5 PTSD symptoms as compared to 
NTCC from T0 to T3, an analysis of covariance (ANCOVA) was 
conducted. The ANCOVA tested whether the difference in CAPS-
5 score between groups diverged from 0 at T3, with baseline CAPS-
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5 score included as covariate. Similarly, differences between groups 
at T3 were tested with ANCOVAs for secondary outcome mea-
sures (PCL-5, PABQ, HADS, Interpersonal Support Evaluation 
List with 12 items, Cantril’s Ladder of Life Current, and Cantril’s 
Ladder of Life Future), with baseline scores included as covariate. 

To study differences between conditions in the course of PTSD 
symptoms during the intervention as measured with the CAPS-5, 
linear mixed models were applied. Score at T3 was modelled as a 
function of group (two levels), time (three levels), baseline score, 
and the interaction between time and intervention. An autoregres-
sive covariance structure for measurements within an individual 
was applied. If a significant interaction effect was found, differ-
ences between groups at T1 and T2 were tested. Likewise, differ-
ences between groups in the course of secondary outcomes during 
the intervention were tested with mixed linear models for second-
ary outcome measures (PCL-5, PABQ and HADS). Cohen’s d ef-
fect sizes were calculated. p values of less than 0.05 were considered 
statistically significant, and two-tailed tests were used throughout.

Participants were categorized as either improved (responders), 
remained stable, or deteriorated (the latter two categories were con-
sidered non-responders) based on individual change in CAPS-5 
score from T0 to T3. We calculated the reliable change index between 
both measurement time points and used this as a clinically relevant 
margin [50]. Using the pooled variance at baseline (SD = 7.26) and 
test-retest reliability (r = 0.78), participants with a positive change of 
10 or more points on the CAPS-5 were defined as responders. 

Results

Participants
No significant differences were detected at baseline be-

tween the 3MDR and NTCC groups on demographic or 
clinical characteristics (Table 1). The index traumatic 

T0: Assessed for eligibility (n = 53)

Excluded  (n = 9)
 Not meeting inclusion criteria (n = 4)
 Declined to participate (n = 4)
 Incorrect indication for TFT (n = 1)

Randomized (n = 44)

Allocated to control intervention (n = 21)
 Received intervention (n = 21)

Allocated to 3MDR intervention (n = 22)
 Received intervention (n = 21)
 Did not receive intervention (n = 1)
     • Symptom remission 

Assessment after 3MDR (n = 19)
 Discontinued intervention (n = 1)
     • Without reason after 5 sessions
 Cancelled this follow-up (n = 1) 
     • Family crisis (n = 1)

Assessment  (n = 20)
 Discontinued intervention (n = 1)
     • Worsening of symptoms

Assessment (n = 18)
 Cancelled this follow-up (n = 2)
     • Family crisis (n = 1)
     • Too many assessments (n = 1)

Assessment (n = 20)

Final assessment  (n = 20) Final assessment (n = 20)

Analyzed (n = 43)

Excluded after randomization due
to unreliable assessment (n = 1)

Enrolment

T1: 6-week follow-up

T2: 12-week follow-up

T3: 16-week follow-up

Allocation

Fig. 1. Participant flow diagram of a randomized controlled trial of 3MDR versus non-trauma-focused treatment. 
TFT, trauma-focused treatment.
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events took place during deployment and were: assault 
with a weapon (9, 20.9%), explosion or fire (7, 16.3%), 
combat or exposure to a war zone (6, 14.0%), death caused 
to someone else (5, 11.6%), severe human suffering (5, 
11.6%), sudden violent death (4, 9.3%), sudden unexpect-
ed death and transportation accident (3, 7.0%), life-
threatening illness or injury (2, 4.7%), captivity (1, 2.3%) 
and transportation accident (1, 2.3%). Participants, on 
average, received 4.16 prior psychological treatments and 
3.40 prior pharmacological treatments. Three partici-
pants withdrew from the study (7.0%): 1 patient from 
NTCC (4.7%) and 2 patients from 3MDR (9.1%; see 
CONSORT flow chart in Fig. 1). One participant was ex-
cluded after randomization because validity of the assess-
ments was judged to be extremely poor by the assessor 
and thereby deemed invalid. With respect to safety, no 
adverse events related to 3MDR and NTCC were report-
ed, and data did not reveal any increase in suicidal ide-
ations, psychotic symptoms or self-harm nor any addi-
tional admissions at mental health care facilities. 

Treatment Integrity
Treatment dosage was comparable across groups: the 

average amount of treatment hours did not significantly 
differ between groups (3MDR: mean = 22.27, SD = 13.49; 
NTCC: mean = 20.35, SD = 22.79; t(28, 95) = –0.32, p = 
0.75) nor did the amount of weeks with a treatment session 
(3MDR: mean = 10.56, SD = 2.66; NTCC: mean = 8.74,  
SD = 5.27; t(26) = –1.37, p = 0.18). Treatment sessions fol-
lowing 3MDR most often consisted of case management 
(n = 20), medication consults (n = 6), stabilizing interven-

tions (n = 9) and psychodynamic therapy (n = 4). One par-
ticipant received protocolized evidence-based trauma-fo-
cused therapy following the 3MDR intervention. 3MDR 
treatment adherence was checked for a random selection 
of 15% of 3MDR treatment sessions and proved to be high 
with a percentage of 91% of intended therapeutic elements 
in the selected sessions. NTCC consisted mostly of case 
management (n = 15), medication consults (n = 12), stabi-
lizing interventions (n = 11), psychoeducation (n = 10) and 
cognitive behavioral therapy without trauma-focused ele-
ments (n = 9). Checking all sessions showed that adherence 
to the protocol in NTCC was violated only once: one pa-
tient in the control group received one therapy session with 
trauma-focused elements.

Medication
Six participants changed psychotropic medication 

during the trial (3 in 3MDR, 3 in NTCC), of which 1 par-
ticipant discontinued medication (online suppl. Table 1). 
There were no significant correlations between medica-
tion change and difference in PTSD symptom severity 
from baseline to end point (online suppl. Table 1). Use of 
benzodiazepines (r = –0.010, p = 0.70), selective serotonin 
reuptake inhibitors (r = 0.19, p = 0.43) or atypical antipsy-
chotics (r = –0.37, p = 0.11) was not significantly corre-
lated with change in CAPS-5 score from baseline to T3 in 
the 3MDR group. 

Primary Outcome
Results of the intention-to-treat analyses for CAPS-5 

are shown in Figure 2 and described in Table 2. The pri-
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mary ANCOVA demonstrated that participants in the 
3MDR group had significantly greater improvements in 
CAPS-5 scores at T3 as compared to participants in the 
NTCC group, when controlling for baseline scores (F[1, 
37] = 6.43, p = 0.016). CAPS-5 scores decreased 6.60 
points more from T0 to T3 in the 3MDR group than in 
the NTCC group (95% CI = 1.33–11.87), corresponding 
to a large effect size (d = 0.83) and indicating a positive 
treatment effect for the 3MDR group. Linear mixed mod-
els did not show a significant effect of time (F[2, 72.94] = 
1.30, p = 0.279), group (F[1, 38.98] = 3.03, p = 0.090) or 
interaction between time and group (F[2, 72.94] = 2.17,  
p = 0.121), indicating that the course of CAPS-5 PTSD 
symptom severity during intervention did not signifi-
cantly differ between groups when including all post- 
assessment time points.

In the 3MDR group clinically relevant improvement 
on the CAPS-5 from T0 to T3 was demonstrated in 9 pa-
tients (45% responders). Ten patients remained stable, 
and 1 patient deteriorated (55% non-responders). In the 
control group, 2 patients improved (10%), 18 patients re-
mained stable (90%) and none of the patients deteriorat-
ed. Zero patients in the control group and 2 patients 
(10%) in the 3MDR group lost their diagnosis from T0 to 
T3. Rates of clinically meaningful improvement corre-
spond to a number needed to treat of 2.86, which indi-
cates that 3 veterans with TR-PTSD needed to receive 
3MDR treatment for at least 1 patient to show clinically 
meaningful improvement on the CAPS-5. 

Secondary Outcomes
Outcomes at all post-assessment time points are pre-

sented in Table 2 for all measures. The ANCOVAs did not 
demonstrate significant differences at T3 between groups 
at any of the secondary outcome measures. Linear mixed 
model analysis revealed a significant interaction effect of 
group and time for the PCL-5, suggesting differences in 
course of self-reported PTSD symptoms between groups. 
Further exploration of the mixed models did not demon-
strate a significant difference at T1 or T2. This reflects 
that significant differences between groups could not be 
demonstrated at separate post-assessments on this mea-
sure, even though the interaction effect indicated that a 
small initial increase in PCL-5 scores was followed by an 
ongoing decline in the 3MDR group whereas in the NTCC 
group scores remained at the same level. Similar results 
were found for the PABQ scores: linear mixed models 
demonstrated a significant interaction effect, but no sig-
nificant differences between groups at T1 or T2. The in-
teraction effect showed that mean scores initially in-

creased in the 3MDR group from baseline to T1 and re-
turned to just below baseline level at T3, whilst scores 
remained at the same level in the NTCC group. 

Discussion

In this RCT of 43 veterans with TR-PTSD, the 3MDR 
intervention led to significant improvements in PTSD 
symptom severity as compared to the control condition 
from pre-treatment to the primary end point at 16 weeks 
with a large effect size. Dropout was substantially below 
the usual rates for guideline recommended treatments 
[13, 14]. Almost half of the patients in the 3MDR condi-
tion demonstrated clinically relevant PTSD symptom im-
provement. This confirms our primary hypothesis and 
demonstrates promising effects for 3MDR in this first  
trial. However, contrary to our hypothesis the course of 
PTSD symptom severity during intervention was not 
found to significantly differ between groups. No signifi-
cant differences between groups were detected either in 
quality of life, depression, self-reported PTSD symptoms, 
daily life avoidance, and perceived social support at the 
end point of the trial. This limits conclusions that can be 
drawn on the efficacy of 3MDR and stresses the need for 
further studies into its effects. 

Interpretation and Comparison to Existing Studies
Studies that have considered the efficacy of psychother-

apeutic interventions following unsuccessful evidence-
based PTSD treatment for veterans and other TR-PTSD 
populations are very scarce [51]. Results of multiple trials 
with 3,4-methylenedioxymethamphetamine (MDMA)-
assisted psychotherapy for TR-PTSD were encouraging 
with large effect sizes [52–55], and deep brain stimulation 
shows promise as well, with two positive case reports [56]. 
Considering that the current trial recruited veterans with, 
on average, 4 prior unsuccessful treatments and demon-
strated a large effect size, 3MDR could prove to be a useful 
non-invasive, non-pharmacological addition to the tool-
box of clinicians working with veterans with TR-PTSD. It 
should be noted that this study cannot address with cer-
tainty whether these changes can be attributed to 3MDR 
only, as patients received on average 4.56 treatment-as-
usual contacts during the 10 weeks following 3MDR. How-
ever, since only 1 veteran in the 3MDR group received ad-
ditional trauma-focused therapy, we deem it unlikely that 
these follow-up sessions were the main source of effect. 

The rationale for 3MDR was improving engagement 
and memory processing by combining virtual reality, 
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trauma-related stimuli and walking with a dual-attention 
task. A recent meta-analysis in active duty personnel and 
veterans with PTSD who were not treatment-resistant, 
found positive effects for EMDR (0.83) and virtual reality 
exposure therapy (VRET; 0.43) in comparison to waitlist 
or treatment as usual, and attrition rates ranging between 
16 and 31% for EMDR and 5 and 44% for VRET [57]. 
Compared to these figures, the current study results are 
encouraging, especially considering the TR-PTSD sample 
in the current trial. Dropout rate (7%) was lower than in 
EMDR and comparable to VRET, and the effect size was 
comparable to EMDR and higher than VRET. This sug-
gests that the combined arsenal of therapeutic techniques 
may indeed have added value by increasing engagement 
and optimizing memory processing for a treatment-resis-
tant sample. However, the current study cannot confirm 
whether these expected mechanisms of action were in-
deed at play. A low dropout rate in 3MDR might also be 
due to positive attitudes towards treatment, as the belief 
that the treatment will be effective could enhance reten-
tion and engagement [13, 58]. 3MDR is likely perceived 
as state-of-the-art, thereby possibly instilling confidence 
in treatment. Additionally, the low amount of therapy 
sessions and a clearly defined end point may have con-
tributed to persistence in treatment [12]. 

Given the effect on clinician-rated PTSD, the absence 
of a significant difference between groups on any of the 
secondary outcomes at the end point was unexpected. 
Apart from there being no effect and large variance in 
scores relative to the sample size, this could be explained 
by potentially low sensitivity to change of some outcome 
measures for this chronically ill population in a relatively 
short amount of time. Future studies should shed light on 
how to best assess outcomes in treatment-resistant sam-
ples. Self-reported PTSD in the 3MDR group as com-
pared to the NTCC group decreased from baseline to end 
point with a medium effect size (d = 0.51) without reach-
ing statistical significance. This suggests that large vari-
ance relative to the sample size may have been an issue. 
The course of self-reported PTSD symptoms during in-
tervention indicated an ongoing decrease from post-
treatment to follow-up in the 3MDR group. This course 
might be similar to that described for clinician-rated 
PTSD, but with a delay. Because of the chronic nature of 
the disorder in our sample, it is possible that patients were 
not directly aware of changes in their symptoms and no-
ticed this at a later stage than clinicians in structured in-
terviews. Moreover, therapy in itself could have changed 
patients’ internal standard over the course of treatment, 
resulting in an underestimation of its self-reported effect 

directly after treatment (a process known as response 
shift [59]). While not previously used in treatment out-
come research, the PABQ scores in the 3MDR group 
showed a noteworthy course: avoidance in daily life in-
creased until the 12-week follow-up and returned to base-
line level at the 16-week follow-up. Possibly, the confron-
tational nature of 3MDR, during which in-session avoid-
ance is difficult, resulted in an increased need for control 
(avoidance) outside of the sessions. 

With regard to adverse effects, 1 participant showed a 
deterioration in PTSD symptoms. He had lost a signifi-
cant other due to suicide during the trial and reported this 
as the reason for his symptom increase. We, therefore, 
deem it unlikely that this worsening of symptoms was re-
lated to 3MDR. We did not encounter evidence for other 
iatrogenic effects [60] either. No serious adverse events 
were found that would relate to short- or long-term 
changes in the course, characteristics or responsiveness of 
the disorder, such as increases in suicidal intent, psychot-
ic symptoms or self-harm. We note that 1 participant 
withdrew from treatment before finishing 6 sessions with 
unknown reason. Together, these data seem to indicate 
that 3MDR was an acceptable and safe treatment in the 
current sample of veterans. However, future trials should 
consider a broader range of iatrogenic effects in larger 
samples with longer follow-up periods to determine  
potential alterations to the course of PTSD.

Strengths and Limitations
Some limitations should be noted. In the current study 

sample size was relatively small and variance in scores 
quite large, which may have resulted in limited statistical 
power to detect differences between groups in the course 
of PTSD symptom severity and in secondary outcomes at 
the end point. Caution is, therefore, required regarding 
interpretation of the results. Blinding of patients for treat-
ment condition was not possible. Being assigned to re-
ceive this innovative treatment could have positively af-
fected treatment expectancies and this in itself could have 
improved PTSD symptomatology [61]. However, the 
continued symptom decrease after treatment argues 
against this being the exclusive effect. The current re-
search group was involved in the development of 3MDR, 
increasing chances of researcher allegiance effects. The 
study needs to be replicated by other research groups, 
which is currently happening in the USA, Canada and the 
UK. Treatment fidelity of 3MDR was rated by the psy-
chologist who operated 3MDR, which resulted in treat-
ment fidelity information on all sessions. However, our 
method was more prone to bias compared to indepen-
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dent rating of videotaped sessions. We note that NTCC 
was not manualized but was monitored over all sessions, 
and this type of control group was deemed appropriate 
for this phase of research. 3MDR and control treatment 
were provided by 21 therapists, which could have resulted 
in larger treatment variability. However, treatment fidel-
ity was high despite this number of therapists. 

Strengths of the current study include the structured as-
sessment of non-response to prior psychological and phar-
macological treatment using the Emory Treatment Resis-
tance Interview for PTSD. Although the current study  
required patients to have received a minimum of 1 evi-
dence-based treatment, in reality patients had a history of 
on average 4 psychological treatments for PTSD. This 
study included veterans with a range of comorbid disor-
ders, reflecting the clinical reality for veterans with PTSD 
and thereby increasing the external validity of the findings 
[62]. Given the high number of prior treatments and co-
morbidity in our sample, we deem it probable that our 
sample will be representative for a wider TR-PTSD veteran 
sample. However, representativity will likely be limited to 
those veterans who are open to PTSD treatment and not to 
those who have given up on treatment. Other strengths  
included the intention-to-treat analysis, randomization, 
blinded assessments and high treatment adherence. 

Research Implications
Future phase III trials with larger sample sizes are war-

ranted to provide more insight into the efficacy of 3MDR 
and predictors of treatment response. We recommend 
the inclusion of a manualized specific factors component 
control group and long-term assessments of functioning 
in further randomized controlled trials. In future studies, 
a staging approach could help to recruit stage 4 (treat-
ment-resistant) participants with associated biomarkers, 
thereby ensuring representativity of the sample [63]. Fi-
nally, cost-effectiveness studies are needed to determine 
whether 3MDR compares favorably with gold standard 
interventions taking into account treatment length and 
associated costs. 

Conclusions

This was the first RCT to study a novel psychological 
intervention that employed walking, exposure to trauma-
related cues in a virtual environment and dual-attention 
processing for veterans with TR-PTSD. The results are 
promising as 3MDR significantly decreased PTSD symp-
toms for veterans with TR-PTSD and dropout was low, 

suggesting that patients were able to successfully engage 
in therapy. However, a lack of significant differences on 
secondary outcomes, which may or may not be due to 
limited statistical power, restrict judgments that can be 
made about the intervention. That being said, failed prior 
treatment can easily lead to demoralization and loss of 
confidence in therapy, yet 3MDR led to a clinically mean-
ingful breakthrough in symptomatology for almost half 
of the participants in this study, even after a history of 
several unsuccessful treatments. As such, 3MDR could 
prove to be a valuable treatment option for veterans with 
TR-PTSD. 
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