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Background and Purpose: PTSD and mTBI are persistent and frequently

comorbid after combat, yet current therapies often achieve only modest

impact. A novel exposure-based “walk and talk” cognitive therapy, Motion-

Assisted, Multi-Modal Memory Desensitization and Reconsolidation (3MDR),

featuring participant-selected music and pictures and an eye movement (EM)

task in an immersive virtual environment, has shown efficacy in treatment-

resistant male veterans, but has not been studied in women or after TBI. The EM

task is adapted from eye movement desensitization and reprocessing (EMDR)

therapy, but dismantling studies of EMDR have questioned EM benefit. This pilot

study assesses 3MDR in male and female veterans with comorbid PTSD and

mTBI, and the impact of EM on response. We hypothesized that 3MDR would

prove efficacious, both with (EM+) and without EM (EM-).

Design: Participants with probable PTSD (PCL-5 ≥ 34) and mTBI were

randomized to EM + or EM-across 10 sessions. Participants provided songs

and pictures that they rated on impactfulness. While walking in the 3MDR virtual

environment, participants started with a song to bring them back to the time of

their trauma, and then traversed two hallways, actively walking toward

emotionally evocative pictures that they then discussed with their therapist.

Key words or feelings they expressed were superimposed over the picture, then

read aloud, whereupon EM + participants recited numbers flashing on a ball

crisscrossing the picture. These procedures were repeated for multiple pictures

per session. A song to return the participant to present day closed each session.

Change in PCL-5 score from pre-to post-intervention was the primary

outcome, with additional measures at 3 and 6 months.
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Results: Sixteen (80%) of 20 participants completed the intervention (8 EM+,

8 EM-); 9 (6 EM+, 3 EM-) had resolution of PTSD diagnosis and two improved

significantly without resolution. Average PCL-5 score declined from 52.0 (95%

confidence intervals: 46.3, 57.7) at baseline to 33.6 (24.3, 42.9) post-

intervention (p < 0.01). The EM + group achieved statistically significant

improvement (p = 0.01) while the EM-did not (p = 0.10).

Conclusion: For veteranswith PTSD and comorbidmTBI, 3MDR is effective, and

the EM component may add value. Confirmation with larger studies is

important.

KEYWORDS

combat stress, posttraumatic stress (PTSD), traumatic brain injury, virtual reality, eye
movement

Introduction

Posttraumatic stress disorder (PTSD) and mild traumatic

brain injury (mTBI), also known as concussion, are highly

prevalent and frequently comorbid, signature wounds of the

Global War on Terror. Mild TBI may alter key brain regions

and pathways to facilitate the emergence of PTSD (Kennedy

et al., 2010) through alterations in key brain regions and

pathways, or reduce resilience by overwhelming compensatory

mechanisms such as brain-derived neurotrophic factor. We

previously demonstrated that combat mTBI is associated with

disruption of white matter tracts, reduced functional

connectivity, and PTSD severity (Costanzo et al., 2014), and

that comorbid PTSD and mTBI are associated with cognitive

impairment (Dunbar et al., 2019). There are currently no proven

treatments for mTBI (Minen et al., 2018; Feinberg et al., 2021).

For PTSD, Cognitive Processing Therapy (CPT) and Prolonged

Exposure (PE) have the strongest evidence base to support their

use (VA, DoD, 2017) but even in well-controlled clinical trials

with expert therapists, many do not resolve their PTSD

(Steenkamp et al., 2015; Rapcencu et al., 2017; Rauch et al.,

2017; Foa et al., 2018). Moreover, “talk therapy” is not appealing

tomany service members (SMs) leading many to either disengage

or fail to follow up. Pharmacotherapy has even more dismal

response and compliance rates (Lee et al., 2016), highlighting a

need for the development and validation of more appealing and

effective therapies for PTSD.

To that end, virtual reality exposure therapy (VRET),

whether via head-mounted display or immersive “cave”

environment, has the potential to take the weight off a

patient’s shoulders by facilitating their recall of events

through virtual cues. We previously reported that VRET

achieves significant improvement on functional magnetic

resonance imaging in key brain regions that are altered in

PTSD, namely the amygdala, hippocampus, and anterior

cingulate cortex (Roy et al., 2010; Roy et al., 2014). VRET

has also significantly decreased PTSD symptom severity,

social isolation, depression and anger, in Operation

Enduring Freedom (OEF) and Operation Iraqi Freedom

(OIF) veterans and active duty military personnel (Beidel

et al., 2019). VRET has also demonstrated safety and

efficacy in treating military sexual trauma (MST)-related

PTSD (Loucks et al., 2019). This is significant, because

women comprise 14% of the active duty military

population, but tend to have somewhat higher rates of

PTSD than men, likely because of the greater likelihood of

both prior life trauma as well as military sexual trauma (MST).

Another alternative therapy, eye movement desensitization

and reprocessing (EMDR) (Shapiro, 1989), which combines

elements of exposure therapy with an eye movement task, has

evidence to support its use for PTSD (Gunter and Bodner,

2008). Working memory theory postulates the brain has

limited resources and has been used to articulate the

potential therapeutic benefit of a unique element of EMDR:

a dual task (following an object with your eyes) will render less

memory capacity for other memory processes, so recollection

will be less vivid and affect-laden. However, the benefit of the

eye movement task has been questioned (Albright and Thyer,

2009bib_albright_and_thyer_2009bib_

albright_and_thyer_2009bib_albright_and_thyer_2009).

Motion-Assisted, Multi-Modal Memory Desensitization and

Reconsolidation (3MDR) is a novel PTSD therapy founded on

dual-task processing and working memory theory (Vermetten

et al., 2013; Steenkamp et al., 2015); 3MDR methods have been

previously described (van Gelderen et al., 2018). Briefly, 3MDR

incorporates new technologies in order to decrease cognitive

avoidance and increase engagement, combining the attractive

features and previously demonstrated therapeutic principles of

VRET and EMDR, within the novel context of the Computer

Assisted Rehabilitation Environment (CAREN). The CAREN is

technologically sophisticated, featuring a motion platform with

embedded treadmill, surrounded by a 180-degree panoramic

screen to display virtual environments (VEs) that are

synchronized to the speed of the treadmill. The CAREN

system was developed as a rehabilitation device (Collins et al.,

2015), but we previously demonstrated it can be used to
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distinguish between service members with TBI alone versus TBI

plus PTSD (Onakomaiya et al., 2017).

During 3MDR treatment, participants walk in a virtual

environment (VE) on the CAREN’s treadmill, first listening to

a self-selected song to bring them back to the time of their trauma,

and then actively walk toward self-selected, emotionally evocative

pictures displayed within the VE. The CAREN facilitates themulti-

modal approach of 3MDR by enabling physical activity (walking),

and simultaneous verbal engagement with a therapist, to occur

within a fully immersive VE that can be individualized to enable

confrontation, and in doing so to overcome avoidance. The

physical movement, music and high-affect visuals are intended

to diminish emotional avoidance during exposure (Vermetten

et al., 2013). Walking may be more than just a distraction,

however, as physical activity has been shown to be beneficial in

reducing symptoms of PTSD and depression (Robertson et al.,

2012; Rosenbaum et al., 2015) perhaps by increasing blood flow to

the brain, production of endorphins, and/or other mechanisms. In

3MDR, participants learn how to actively overcome their

avoidance (a defining feature of PTSD) by deliberately

confronting, representations of their own traumatic memories.

This allows the patient to ‘step into the past’, and has been reported

to assist in reduction of symptoms and to enhance self-

empowerment (Nijdam and Vermetten, 2018). As such, 3MDR

may prove to be an effective treatment with specific benefits

derived from the unprecedented combination of: 1) virtual

reality-based immersion, 2) concurrent physical activity, 3)

continual communication with a therapist throughout the

treatment period, and 4) lateral eye movement, integrated in a

more engaging manner than has previously been the case in

traditional EMDR.

Preliminary results regarding the efficacy of the 3MDR

approach in veterans with treatment-resistant, combat-related

PTSD have been promising. A case study of two veterans with

chronic PTSD (Vermetten et al., 2013) documented pre-to post-

treatment reductions in PTSD symptoms measured by the

Clinician-Administered PTSD Scale for DSM-5 (CAPS-5). A

more recent case report documented that two of three

participants’ PTSD symptoms reduced so significantly that

they no longer met criteria for PTSD after treatment, and

these clinically significant results were maintained after

additional follow up (Van Gelderen et al., 2018). A pilot study

of 3MDR conducted at the Ottawa Hospital provided treatment

for five Canadian Armed Forces SMs with treatment-resistant

PTSD (Jetly et al., 2017) utilizing the PTSD Checklist for DSM-5

(PCL-5) as the primary outcome measure. In this small sample,

PCL-5 scores declined from an average of 47 at baseline, to

33.8 post-treatment, with a decline of 10 or more generally

being considered clinically significant (Jetly et al., 2017).

Participants also expressed positive impressions of the

treatment and exhibited high compliance. Recently, two larger

clinical trials have been published (Bisson et al., 2020; van

Gelderen et al., 2020), documenting the efficacy of combat-

related, treatment-resistant PTSD. The first study randomized

43 Dutch military veterans (42 males) to 10 sessions of 3MDR or

a non-specific treatment component control group. A clinically

relevant and significantly greater decline in PTSD severity, as

measured with the CAPS-5, was evident in the 3MDR group,

with 9 of 20 (45%) classified as responders, whereas only 2 of 20

(10%) improved in the control group (van Gelderen et al., 2020).

The second study was conducted at the Institute of Psychological

Medicine and Clinical Neurosciences at Cardiff University’s

School of Medicine, randomizing 42 male British veterans

with treatment-resistant, service-connected PTSD, to either

immediate 3MDR or a waitlist with subsequent delayed

3MDR. Once again, 3MDR was found to achieve superior

improvement in PTSD severity (Bisson et al., 2020). The effect

sizes for the two studies were reported to be 0.83 and 0.65,

respectively.

To date, all published 3MDR studies have incorporated the

full treatment paradigm, but the eye movement element,

patterned after EMDR with rapid horizontal back-and-forth

eye movements, has been a controversial feature within the

EMDR paradigm itself. Some assessments of the role of eye

movement tasks have been conducted in non-clinical,

undergraduate or healthy participant populations (Schubert

et al., 2011; van den Hout et al., 2010; Patel and McDowall,

2016; Samara et al., 2011), which may not necessarily be

generalizable to combat veterans with PTSD. A 2013 meta-

analysis of the contribution of eye movements, encompassing

15 clinical trials that compared EMDR therapy with and without

eye movements, did identify a moderate effect size for the eye

movement element of EMDR (Lee and Cuijpers, 2013), but there

were methodologic limitations to many of the studies that had

been conducted. A subsequent randomized controlled trial

compared three different treatment groups of participants

with PTSD: 1) exposure while fixating on the therapist’s

moving hand, 2) exposure fixating on a non-moving hand,

and 3) a control group (Sack et al., 2016). This more

rigorously designed study found no significant differences in

PTSD symptom improvements between both treatment groups,

suggesting that eye movement tasks did not significantly enhance

the benefit afforded by the other elements of EMDR. Therefore,

the purpose of the current pilot study was to gather an initial

assessment of whether the eye movement task adds significant

value to the 3MDR treatment paradigm. We also targeted 50%

women to provide preliminary evidence of the benefit of 3MDR

across gender.

Materials and methods

Participants and setting

For this pilot study, 20 participants were enrolled, evenly

divided between female and male active duty SMs or veterans,
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with a diagnosis of probable PTSD as manifest by a

Posttraumatic Stress Disorder Checklist for DSM5 (PCL-5)

score of at least 34. Participants were also required to have a

history of mTBI, documented by administration of the Ohio

State TBI identification method, with a period of at least

3 months since their most recent concussion. Exclusion

criteria were: a diagnosis of moderate or severe TBI; a

psychotic disorder, bipolar disorder, or active suicidal or

homicidal ideations; regular use of benzodiazepines in the

previous 30 days; inability to walk continuously at a normal

pace for 60 min; active pregnancy; and inability to demonstrate

the capacity for informed consent. The study was conducted in

the CAREN Laboratory at the National Intrepid Center of

Excellence, Walter Reed National Military Medical Center

(WRNMMC), Bethesda, MD. All procedures were approved

by institutional review boards at WRNMMC and Uniformed

Services University (USU), both in Bethesda, MD. All

participants completed written informed consent administered

by the principal investigator before taking part in any study

procedures.

Procedures

Once enrolled, participants were randomly assigned to the

Eye Movement group (EM+) or the No Eye Movement group

(EM-) and were paired with a single study therapist for the

duration of the intervention. Each study therapist was

responsible for contacting their participant to schedule their

sessions. Our 3MDR procedures are consistent with those

previously described (Mert & Vermetten, 2011; Vermetten

et al., 2013). Briefly, all participants were required to attend

10 sessions: three preparatory, six intervention, and one

consolidation.

The purpose of the first preparatory session was to establish

rapport, educate the participant on the elements of 3MDR,

facilitate the selection of their music and pictures, and to

establish familiarity with the CAREN system. This session

included psychoeducation about PTSD, an explanation of the

3MDR VE and the principle of reconsolidation, and how the

various elements are designed to improve their symptoms. The

therapist also discussed walking on the treadmill and how they

can choose to adjust their pace. Finally, the therapist discussed

possible reactions to the exposure to their pictures, emphasized

the importance of allowing oneself to feel the associated

emotions, and noted that distress is normal and is expected to

decrease over the course of the intervention. Participants were

instructed on how to select pictures that appropriately evoked

memories of their traumatic experience(s), as well as songs to

recall the period of the trauma as well as bring them back to

present day. The second preparatory session centered on a

discussion of the pictures and music selected. The therapist

first reviewed the pictures with the participant to ensure their

suitability in facilitating recall of the traumatic event. The

participant was asked to rate each picture on the Subjective

Units of Distress scale (SUDS), ranging from 1-10 based on the

level of distress that each picture evoked. The therapist also

reviewed the participant’s music selections, discussed why they

were chosen, and tried to ensure that the songs selected were

suitable to differentiate past from present. The third preparatory

session introduced the participant to the CAREN and the 3MDR

VE. Participants were provided with a safety brief and fit with a

full-body harness. They were acclimated to the system through a

battery of preliminary VEs, over the course of approximately 10-

15 min, to ensure they felt comfortable weight-shifting and

walking on the CAREN and that no dizziness or

disorientation occurred. The therapist then joined the

participant on the platform, standing to the left of the

treadmill, for a practice run of the actual 3MDR VE, using a

neutral picture (e.g., a fruit basket) and neutral music

(i.e., instrumental music). Upon immediate verbal questioning,

no participants reported discomfort with these procedures.

The six intervention sessions (Sessions 4-9), where the

participant and therapist worked through trauma(s) related to

the pictures provided, had three phases: warm-up,

intervention, and cool-down. The warm-up phase began

with the participant on the treadmill, and the therapist

standing next to the treadmill, on the CAREN platform.

Once the participant was brought up to their comfortable

walking pace, while their pre-selected music was played to

bring them back to the time of the trauma. During this phase,

an outdoor scene with a bright sky and a blue honeycomb

pathway was displayed on the panoramic screen with the

visuals linked directly to the participant’s walking speed.

Once the first song was played through in its entirety, the

visual on the screen then shifted to a darkened sky and a red

honeycomb pathway with a set of metal doors shown in the

distance. This transition indicated a shift to the intervention

phase of the session. During this phase, the participant

continued to walk through the doors, into a hallway. They

continued along the hallway until they reached a second set of

double doors. These doors opened to a second hallway, at the

end of which appeared one of their pre-selected pictures. At

first, the picture was in the distance but increased in size as the

participant continued to walk toward it. Once they reached the

end of the hallway and the picture was at full size, the visual on

the screen came to a stop so the picture remained large in front

of the participant while they continued to walk on the

treadmill. At this time, the therapist would query the

participant about what the picture represented, associated

memories, and any physiological symptoms they might have

been feeling as they discussed the picture (e.g., heart racing,

tension, sweating). During this discussion, the therapist

relayed to the engineer key phrases or emotions (e.g.,

frustration, guilt), expressed by the participant, to

superimpose them over the image. When the therapist felt
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the discussion was sufficiently complete, typically after 10-

15 min, they asked the participant to read the superimposed

words aloud and then the words faded away. If the participant

was in the EM + group, after the words faded, a red ball with a

white number bounced back-and-forth across the screen,

superimposed over the picture, for approximately 30 s.

Participants were asked to read aloud the number they saw

on the ball, as the number changed each time the ball reached

either edge of the screen. If a participant was in the EM-group,

they were asked to continue to look at their image for another

30 s, thinking about the words and discussion. The picture

would then fade away and the participant was asked to provide

their SUDS score on a scale from 1-10. This process of walking

into and through the two hallways, was repeated for up to seven

pictures per session. After the final picture, they transitioned to

the cool-down phase of the session where the final SUD was

obtained. During this phase, the visual changed back to the

blue honeycomb pathway and the participant’s second piece of

music was played in its entirety to help themmentally return to

the present time. Then the treatment was complete, the

therapist and participant were escorted off the CAREN

platform to debrief about how the session went and what

lingering thoughts or emotions still needed to be processed.

The participant was then asked to write, diary-style, about the

day’s experience. The therapist did the same.

The final consolidation session was conducted with the

therapist and principal investigator. The participant was asked

to complete a battery of questionnaires and the therapist

reviewed the progress made, highlighting significant

improvements in symptoms and SUDs with select pictures,

as well as quotes from their written entries. Finally, there was a

discussion of what additional therapy, if any, might be helpful

to supplement the gains made during the study, and how it

might be obtained. Figures illustrating the CAREN system and

3MDR VE, are included in the supplemental materials

(Supplementary Appendix A).

Measures

The primary outcome measure was the well-validated PCL-5

to assess self-reported PTSD symptom severity. The PCL-5 was

administered at baseline, after the completion of three

intervention sessions (to assess midway progress), post-

therapy at the final session, and at 3- and 6-month follow-up.

Secondary measures consisted of several self-report measures

questionnaires that assess conditions that are frequently

comorbid with PTSD: the Neurobehavioral Symptom

Inventory (NSI) to assess post-concussive symptom severity,

the Patient Health Questionnaire Depression module (PHQ-9)

to assess depression symptom severity, and the Insomnia Severity

Index (ISI) to evaluate insomnia and sleep concerns. Secondary

measures were administered at baseline, post-therapy, and at 3-

and 6- month follow-ups.

Analytic plan

Student’s t-tests, 2-tailed for paired samples, were used to

assess improvement in PTSD symptom severity on the PCL-5 for

the entire study population and within each arm and the effect

size for change in PCL-5 score over time (both groups

combined). The Shapiro-Wilk test was conducted to assess the

normality assumption of the pre- and post-intervention PCL-5

scores. As an additional step, non-parametric tests of the paired

samples, using the Paired Wilcoxon Signed-Rank test, were

applied. The Cohen’s f was computed for the fixed effect of

time from a mixed model, to derive the effect size for the entire

study population. Given the small sample size, rather than

comparing the EM+ and EM-groups using conventional

statistical tests, we performed tests of group differences in

PCL-5 pre vs. post-intervention, based on small sample

methods (i.e., Fisher’s exact test, permutation test), to

determine if the observed data between the two groups were

different from a randomly distributed pattern.

Results

Demographics

By design, equal numbers of males and females were

recruited to participate in the study. Demographic details for

all participants, with comparisons between those completing vs.

withdrawing from the study, are presented in Table 1. The

16 participants (80%) who completed the full intervention

were equally distributed between those randomized to

perform the eye movement task (EM+) and those not

performing this task (EM-). The four who did not follow

through with the intervention identified changes in their

schedules as the reason for their withdrawal; all withdrew

TABLE 1 Participant demographics.

All participants Completers Withdrawals

Sex

Male 10 (50%) 7 3

Female 10 (50%) 9 1

Race

White 13 (65%) 11 2

Black 5 (25%) 3 2

Hispanic 2 (10%) 2 0

Age, Mean (years) 45.1 44.4 47.8

Military Status

Active Duty 8 (40%) 5 3

Retired 12 (60%) 11 1
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prior to the CAREN sessions, and the withdrawal of three of the

four was directly and entirely attributable to the impact of the

COVID-19 pandemic, which forced the shutdown of the study

for approximately 6 months.

Outcomes

Among those that completed the intervention, the primary

outcome measure, the PCL-5 score, declined from a baseline

average of 52.0 (95% confidence intervals: 46.3, 57.7) to 33.6

(24.3, 42.9) after the intervention (p < 0.01, Figure 1). For the

PCL-5, a change of 10 or more is generally considered clinically

significant. When those who withdrew are included in an

intention to treat analysis, and their baseline scores are

carried forward and used unchanged as post-intervention

scores, the average improvement on the PCL-5 remains

clinically and statistically significant, dropping from 52.6 at

baseline to 37.9 (p < 0.01). Those in the EM + group achieved

statistically significant improvement on average (p = 0.01) while

those in the EM-group did not (p = 0.10), but the numbers are

small in each group (Figure 2). Non-parametric assessments of

change in PCL-5 scores indicated a similar pattern of significance

(i.e., overall change in PCL-5, p < 0.01; change in EM+ group, p <
0.04; change in EM-group, p < 0.11). For the 16 completers, seven

(5 EM+, two EM-) had resolution of their PTSD diagnosis, four

had significant improvement in symptom severity without

resolution (1 EM+, 3 EM-), and five (2 EM+, 3 EM-) did not

achieve significant symptom reduction but did feel that they had

made significant progress in opening up about their symptoms.

Overall, 10 (5 EM+, 5 EM-) of the 16 had a clinically significant

decline on the PCL-5, and there was no evidence of a significant

difference in the response between the EM+ and EM-groups with

the Fisher’s Exact Test or the Permutation Test, which both

account for the small sample size. The Cohen’s f that was

computed to assess the effect size for change in PCL-5 score

over time in both groups (EM+,EM-) combined was 0.3. This

value represents a medium to large effect size on the Cohen’s f

scale -- i.e., Cohen’s f = Cohen’s d/2. The improvements observed

in completers at the end of the intervention were largely

sustained at the 3- and 6-month follow-up assessments, with

average PCL-5 scores of 37.0 and 36.0 respectively (Figure 1).

Gender did not significantly impact response to treatment,

with the nine female completers dropping from an average

baseline PCL-5 score of 53.7 to 33.4 post-intervention, while

the average score for the 7 male completers’ declined from 49.9 to

33.9. More women completed treatment, and they had a larger

magnitude of improvement, on average.

Most participants had a history of multiple traumas, with

combat and sexual traumas predominant. The most common

themes addressed by those with combat trauma were anger,

frustration and closure, while those with sexual trauma most

often addressed anger, disgust, frustration, fear, and regret.

Individual participants completing the study expressed greater

understanding and clarity post-intervention: “I can notice exactly

what I was feeling and why. Things seemmore clear now.”; “I am

able to make connections not previously thought possible”.

Others noted significant cognitive improvement: “strengthened

but not hardened”; “. . .able to describe . . . more difficult images

in detail and not feel overwhelmed by them and the memories”;

“very relaxed and positive . . . more at peace with my

circumstances than I have been in years”.

Discussion

This is a relatively small pilot study, but it breaks new

ground in several important ways with regard to demonstrating

the efficacy of 3MDR therapy for PTSD. It is the first study to

move beyond treatment-resistant, combat-related PTSD that

has been the focus of prior studies in Dutch and British

veterans, as this study allowed PTSD from any source,

though all participants were either active duty or military

veterans. In addition, it is the first study to include a

significant number of female participants, as prior studies

almost exclusively treated male veterans. Further, all

participants in this study had a history of mTBI in addition

to probable PTSD. The results of this study, demonstrating

clinically and statistically significant improvement in PTSD

symptom severity across the study population, therefore

expand the evidence base for 3MDR, indicating that it may

benefit all military SMs with PTSD, with or without mTBI, both

male and female. Moreover, it is important to also highlight the

enthusiasm with which participants embraced the 3MDR

approach. Dropout rates are historically quite high (20-50%)

in PTSD treatment trials, ostensibly largely because a defining

feature of PTSD is avoidance of reminders of one’s trauma, and

FIGURE 1
PCL-5 Scores of completers, including 3- and 6-month
follow-Up.
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engaging in therapy inevitably results in confronting those

memories in one way or another. The unique features of

3MDR seem particularly engaging to participants, perhaps in

part because of the novelty of the VE, and the distraction or

additional stimulation of walking on a treadmill and engaging

in an eye movement task, but probably more significantly the

fact that they invested themselves by choosing music and

pictures that are integrated into the VE. While our numbers

are small, the fact that no one withdrew after starting therapy in

the CAREN is compelling, and while the overall 20% dropout

rate is at the lower end of what might be expected in a PTSD

treatment trial, the fact that three of the four withdrawals

occurred in the context of COVID-19 protocols, without

which the dropout rate almost certainly would have been

less than historical norms. The prior Dutch (n = 43) and

British studies (n = 42) had significantly larger sample sizes,

and each had only one drop-out during the intervention phase,

while we had no drop-outs during the CAREN sessions, so that

across the three studies with more than 100 participants, even in

the face of the COVID pandemic that impacted our study, it is

clear that 3MDR is able to achieve significantly higher

compliance than other PTSD therapies.

One purpose of the study design, randomizing

participants in equal numbers to EM+ and EM-arms, was

to gather preliminary evidence of whether the eye movement

task adds value to the overall 3MDR approach, given some

debate about whether it is a positive contributor to the success

achieved with EMDR. Again with the caveat of small numbers,

our results lend support to the inclusion of the eye movement

task, as a greater number in the EM + group had resolution of

their PTSD diagnosis, and they had statistically significant

improvement in their PTSD symptom severity. On the other

hand, the EM-group, while not achieving statistical

significance, did have a trend favoring improvement in

symptoms despite the small numbers, and both the EM+

and EM-groups had clinically significant improvement in

symptoms on average. There was no evidence of a

significant difference in response between the two groups.

While further study may be helpful in this regard, at this

juncture it seems worthwhile, but not imperative, to include

an eye movement task in future studies of 3MDR.

Another groundbreaking aspect of this study is the inclusion

of women, since prior studies were almost exclusively conducted

in men. Although not statistically significantly different, the fact

that a larger percentage of women completed the study, and had a

larger magnitude of decline in their PCL-5 scores, provides

compelling evidence that 3MDR can be as confidently chosen

as therapy for women as for men.

There are several limitations that must be acknowledged with

this report. First, as noted already, this was a small pilot study,

and larger studies are needed to corroborate the results reported.

Second, the PCL-5 is a 20-item self-report measure, and while it

compares favorably with the results of the more detailed and

time-consuming CAPS-5 administration by a trained

professional, it does not have the gold standard status of the

CAPS-5.

In addition to the conduct of larger studies to corroborate the

results of this pilot work, future studies should evaluate the

optimal number of intervention sessions, particularly given

that non-responders in this study felt that they had made

significant progress and that additional sessions would have

been helpful. The CAREN system is quite expensive and is

only available in scattered locations around the world, so

future research could also assess the efficacy of less expensive

delivery mechanisms that could make 3MDR available to more

individuals across a variety of settings. Several methods have

been suggested, including the pairing of a conventional treadmill

with several screens, a curved television screen, or a head-

mounted display.

In conclusion, the 3MDR approach was shown to be feasible,

beneficial and well received by male and female active duty SMs

and veterans with both PTSD and mTBI.
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