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Despite an array of evidence-based psychological treatments for patients with a
posttraumatic stress disorder (PTSD), a majority of patients do not fully benefit from
the potential of these therapies. In veterans with PTSD, up to two-thirds retain their
diagnosis after psychotherapy and often their disorder is treatment-resistant, which
calls for improvement of therapeutic approaches for this population. One of the factors
hypothesized to underlie low response in PTSD treatment is high behavioral and cognitive
avoidance to traumatic reminders. In the current paper we explore if a combination
of personalized virtual reality, multi-sensory input, and walking during exposure can
enhance treatment engagement, overcome avoidance, and thereby optimize treatment
effectiveness. Virtual reality holds potential to increase presence and in-session attention
and to facilitate memory retrieval. Multi-sensory input such as pictures and music can
personalize this experience. Evidence for the positive effect of physical activity on fear
extinction and associative thinking, as well as embodied cognition theories, provide
a rationale for decreased avoidance by literally approaching cues of the traumatic
memories. A dual-attention task further facilitates new learning and reconsolidation.
These strategies have been combined in an innovative framework for trauma-focused
psychotherapy, named Multi-modular Motion-assisted Memory Desensitization and
Reconsolidation (3MDR). In this innovative treatment the therapeutic setting is changed
from the face-to-face sedentary position to a side-by-side activating context in which
patients walk toward trauma-related images in a virtual environment. The framework
of BMDR has been designed as a boost for patients with treatment-resistant PTSD,
which is illustrated by three case examples. The intervention is discussed in context
of other advancements in treatment for treatment-resistant PTSD. Novel elements of
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this approach are activation, personalization and empowerment. While developed for
veterans with PTSD who do not optimally respond to standardized treatments, this
innovative framework holds potential to also be used for other patient populations and
earlier stages of treatment for patients with PTSD.

Keywords: PTSD, treatment, veterans, treatment resistance, innovation, virtual reality, physical activity,

reconsolidation

BACKGROUND

For the treatment of patients with a chronic Posttraumatic
Stress Disorder (PTSD) several effective psychological treatments
are available, of which Trauma-Focused Cognitive Behavioral
Therapy and Eye Movement Desensitization and Reprocessing
(EMDR) have been investigated most extensively (1, 2). However,
meta-analytic studies show that the majority of patients still
suffer from substantial residual symptoms posttreatment and
that certain patient populations benefit less from the potential
of these treatments than others (2-4). One group of patients
that have consistently been found to insufficiently respond to
evidence-based treatments for PTSD are veterans (2, 3, 5).
Trials considering the efficacy of these treatments for veterans
generally report a pre- to posttreatment improvement, however
approximately two-thirds of the veterans retain their PTSD
diagnosis (6). Furthermore, in clinical practice drop-out rates
for veterans with PTSD are high, up to 78% (7). Recent
evidence from a review on treatment-resistant PTSD (TR-PTSD)
suggested that veterans are at high risk for their PTSD to be an
unremitting illness (8).

In a meta-regression analysis on predictors for treatment
outcome of veterans with PTSD Haagen et al. (9) found the
number of trauma-focused therapy sessions, and not the total
number of psychotherapy sessions, to predict treatment outcome.
Additionally, Jaycox et al. (10) showed that poor emotional
engagement during PTSD treatment hinders positive outcome
and in a sample of patients with chronic PTSD irregular
treatment attendance was found to predict whether a patient
benefits from treatment (11). A factor that we hypothesize to
underlie these predictors is high avoidance as this would lead
to patients being more prone to not show up for treatment
sessions, dropping out of treatment, not (fully) participating
in exposure therapy, and circumventing trauma-related topics
during therapy. Avoidance, in such ways, potentially hinders
full treatment engagement and may lead to negative treatment
outcome. In line with these thoughts, Badour et al. (12)
performed a study in 1073 military veterans and found that
avoidance at intake predicted PTSD symptom severity at
discharge. Salcioglu et al. (13) found that lack of change in
behavioral avoidance symptoms early in treatment was associated
with a lack of change in other PTSD symptoms.

These alarming signals have resulted in our ambition,
as well of those of policy-makers and other researchers, to
attempt to rigorously explore novel out-of-the-box approaches
for TR-PTSD patient populations, and more specifically for
veterans with TR-PTSD [e.g., (7, 14)]. In the current paper
we outline the rationale for an innovative intervention for this

patient population, which has the primary objective to increase
engagement and decrease cognitive and behavioral avoidance
during treatment, because we believe this to be essential for
patients to ultimately benefit from treatment. The aim of this
paper is to first discuss innovations and augmentative strategies
which show potential for a therapeutic approach in which
this objective is achieved. In doing so we review the current
status of research on virtual reality, multi-sensory inputs and
movement in relation to PTSD treatment. We discuss how these
components can be combined into an innovative framework
for trauma-focused psychotherapy and illustrate its application
with three case examples. Strengths and limitations of the
novel intervention in the context of other new interventions
and innovations for TR-PTSD are discussed. Finally, ongoing
research on the efficacy of this new approach and possible future
applications of this intervention are presented.

RATIONALE FOR AN INNOVATIVE
FRAMEWORK FOR TREATMENT OF PTSD

The Promise of Virtual Reality

While Virtual Reality (VR) as an augmentation strategy in
treatment of mental health disorders was introduced only little
over a decade ago with the treatment of specific anxiety disorders,
it is now adopted in the treatment of PTSD as well. In phobias,
VR allows for a direct graded exposure of the patient to the
feared stimuli, such as spiders (15, 16). This has contributed to
development of Virtual Reality Exposure Therapy (VRET), in
which patients with PTSD can be exposed to (elements of) their
traumatic event, with the aim of activating and processing the
traumatic memory trace of this event (17). In doing so a central
aspect is presence, which refers to the degree to which users
engage in the environment and perceive it as being real (18). This
is determined by levels of immersion and in-session attention
(17). In most VRET research immersion is defined as the degree
to which the technical aspects of the VR application allow for
a realistic experience (17). In gaming research (19) this type of
immersion is referred to as spatial immersion. Three other types
of immersion are distinguished: emotional immersion (players
become invested in a story), sensory motoric immersion (players
perform a motoric task with success) and cognitive immersion
(players perform a challenging cognitive task with success).
VRET aims to immerse patients in environments that strongly
resemble their traumatic experiences [spatial immersion; (17)]
and let them interact with these environments, thereby leading
to higher in-session attention (20). Because of the hypothesized
decreased cognitive and behavioral avoidance, patients may
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more easily retrieve, confront and process their traumatic
memories. Since immersion is essential to increase presence and
thereby therapeutic efficacy, explicitly addressing other types of
immersion during therapy could provide a viable augmentation
strategy as well.

Two systematic reviews on the efficacy of VRET for PTSD
(21, 22) found this approach to treatment to be as efficacious
as traditional imaginal exposure therapies [see Table 1 for an
overview of sample investigated, effect sizes, and potential
confounders]. However, the most recent review (22) included
a large variety of treatment protocols and the treatment effect
might therefore be under- or overestimated. The 12 studies
included in the review differed in technological devices that were
used to administer VR, type of environments used, inclusion
of additional sessions of standard Prolonged Exposure (PE)
or cognitive restructuring sessions and the amount of sessions
applied (between 4 and 20). An issue of interest in the application
of the VRET is the type of device used, because it may have
implications for the therapeutic process. In VRET, a variety
of technological devices can be employed with the two most
widely used being a Head Mounted Display (HMD) or a Cave
Automatic Virtual Environment (CAVE). Although the two have
not yet been compared in treatment of PTSD, some differences
are clear. A CAVE consists of screens surrounding the patients,
which allows for several people to be in the same environment
at the same time and prevents isolating a patient from the
outer world (which could evoke dissociation). The HMD on
the other hand is thought to more fully immerse patients in

the environment. However, these assumptions have not yet
been tested, neither has the optimal level of immersion been
studied.

Another issue of interest is the degree of realism the
VR environment evokes. One can choose to project a VR
environment which as realistically as possible resembles the
original traumatic event, or one can choose to use symbolic
representations within a virtual environment. The advantage
of the primary option seems that a high level of realism
will optimally support the retrieval of the traumatic memory.
However, this has not yet been investigated and it has not yet been
studied either whether increased realism leads to greater PTSD
symptom reduction. Also, idiosyncrasy poses a problem, as itis a
costly operation to develop a tailor-made environment to fit each
patient. To tackle this problem, VR systems have been developed
for veterans in which a clinician can add certain elements
(such as a wounded soldier, gunfire, explosions) and modify
certain settings (such as the ambient lighting) to personalize
an environment to the patients’ needs (17). Although elegant,
this approach may be less viable for non-military populations.
Another way to address this issue has been described by Bafios
et al. (25) and consisted of a generic environment which can
be adapted with symbolic representations to reflect patients’
emotional states. For instance, patients can select a threatening
forest which is related to anxiety or a snowy town which
can be related to a sad situation and place symbols in these
environments that help them to retrieve and process these
emotions.

TABLE 1 | Outcomes of systematic reviews and meta-analysis on VRET and exercise.

Subject Study

Sample (size)

Outcome and effect size

Potential bias

Authors
VRET
(22) Systematic PTSD patients (n = 157), including In 3 out of 3 studies comparing VRET to a - Small sample sizes; largest sample
review veterans, victims of criminal violence, waitlist control group, symptoms improved in size was 22.
survivors of 9-11 terrorist attacks. VRET group only. In 6 out of 7 studies - High risk of bias in most studies due
comparing VRET to an active treatment, PTSD to lack of blinding. Some studies did
symptoms improved but did not outperform not randomize patients.
traditional therapies. The other study found - High variety of protocols used.
VRET to outperform IE. No effect size reported.
(21) Systematic PTSD patients (n = 139), including VRET improved PTSD symptoms in all studies. - Small sample sizes; largest sample
review veterans, victims of criminal violence, In 1 study VRET outperformed a minimal size was 36.
survivors of 9-11 terrorist attacks. attention control group. No effect size reported. - High risk of bias in most studies due
to lack of blinding. Some studies did
not randomize patients.
- High variety of protocols used.
(15) Meta-analysis Anxiety disorder patients (n = 397). VRET improved PTSD symptoms; Cohen’s - Over-representation of specific
d =1.11. PTSD outperformed other exposure phobias (fear of flying and
therapies; Cohen’s d = 0.35. acrophobia).
EXERCISE
(23) Meta-analysis PTSD patients (n = 200) Compared to control groups, exercise - Small number of studies (4).
significantly reduced PTSD symptoms; - High variety in exercise
Hedges’ g = —0.35. interventions used.
(24) Meta-analysis Healthy and obese participants and Single exercise session increases BDNF levels; - Several studies did not report on

patients with either diabetes/

depression/MS/panic disorder (n = 1.111)

Hedges’ g = 0.46. Regular exercise intensified
the effect of a session of exercise on BDNF
levels; Hedges’ g = 0.58.

intensity of exercise.
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Reviewing these options, for the TR-PTSD population it is of
interest whether combining realistic virtual environments with
symbolic representations would lead to an optimally supportive
environment for retrieval of traumatic memories. An immersive
VR environment in which the patient and therapist are together
would heighten in-session attention without the risk of isolating
a patient from the outer world. Next, including symbols selected
by the patient could increase treatment engagement as patients
are invited to co-create the virtual environment. In this way the
idiosyncrasy issue is tackled by providing a generic environment
that is personalized with symbolic representations that directly
relate to the traumatic memories. We hypothesize this to hold
great promise since this would lead to increased presence
and engagement, lower avoidance and thus improved memory
retrieval.

Using Multi-Sensory Input in Therapy

Visual Input; Use of Pictures or Memorabilia

Retrieval of memories is often supported by administering multi-
sensory input. On a visual level it has been found that viewing
affective pictures leads to a specific physiological response pattern
which is hypothesized to represent emotional engagement (3).
Bradley et al. (3) also found this response to be higher when
pictures are unpleasant as compared to pleasant. Using affective
pictures to increase engagement and overcome avoidance during
PTSD treatment is an easy and often applied technique used
by clinicians during evidence-based exposure therapies (26).
For instance, in Brief Eclectic Psychotherapy for PTSD [BEPP;
(27)], bringing memorabilia is a standard part of the treatment
protocol. In this treatment, patients bring pictures or tangible
objects that remind them of the traumatic experience with the
goal to promote engagement in exposure. Often, clinicians will
use a similar strategy in EMDR or PE.

Auditory Input; Use of Music

On an auditory level, music has proven to be a strong trigger
for emotional biographical memories (28), even in persons with
memory impairments (29). Listening to music evokes vivid and
emotional memories in an even stronger way than looking at
emotional faces (30). In patients with dementia, music selected
by a researcher provoked autobiographical memory recollection
(31). When patients themselves selected music, significantly
more autobiographical memories were retrieved. A personal
selection of music thus seems to be important for optimal
memory recollection in patients with dementia and this may
also be true for other disorders. Furthermore, studies with
PTSD patients have shown that patients report music to evoke
(traumatic) memories, which provides opportunities to access
and discuss those memories (32, 33).

Role of Olfactory Input; Odorants

Odors can quickly and strongly elicit autobiographical memories
and associated affect (34). Compared to memories cued
by auditory and visual information, these memories are more
emotionally laden, which is known as the Proustian phenomenon
(35). This could be explained by the relatively short (two synapses
only) and unique connection between the olfactory bulb and

limbic system with the amygdala (36). In PTSD patients, odors
can evoke traumatic memories and even olfactory flashbacks
(37). Because of these properties, olfactory cues could have
the ability to enhance presence and probe traumatic memory
recall during PTSD treatment. However, this is rarely utilized in
practice (38, 39). To date only one study included olfaction as
a variable in exposure therapy (VRET), but the contribution of
this specific component is unknown (40). Before using odors as
cues in treatment more should be known about its effects as its
strong properties may possibly also result in unwanted results,
such as higher levels of dissociation.

This literature points to the fact that pictures, music and odors
can strongly elicit autobiographical memories, and therefore
have the potential to enhance therapeutic processes of imaginal
exposure in PTSD. Even music that is not selected by the
person itself will lead to an affective response, and in a similar
manner, non-personal affective pictures increase engagement.
Both responses seem to increase when individuals use personal
material or select it themselves. We therefore propose that it
appears advantageous to self-select multi-sensory input during
treatment to increase engagement and support activation of
traumatic memories. In relation to a generic VR system with
idiosyncratic representations as mentioned in the previous
paragraph, multi-sensory input in the form of pictures and
music could function as the described symbolic representation.
Once more is known on the specific effects of utilizing odors in
treatments, it should be considered to use these in treatment of
PTSD as well.

Movement as Game-Changer in Therapy
Physical Activity and Exercise

Traditionally psychotherapy has been delivered in a sedentary
position, however approaches in which patients can take a
more active attitude are evolving. Exercise and physical activity
interventions are being explored in the treatment of PTSD,
either as a stand-alone treatment, as an adjunct to treatment,
or as an augmentation to treatment. Physical activity is defined
as “any bodily movement produced by skeletal muscles that
requires energy expenditure” and exercise as “physical activity
that is planned, structured, repetitive and purposive in the
sense that improvement or maintenance of physical fitness or
health is an objective” (41). Taken together these describe a
wide range of activities, which is reflected in a recent meta-
analysis on bodily movement interventions for PTSD (23). This
meta-analysis included 4 randomized controlled trials: two trials
administered yoga as stand-alone intervention (42, 43), one trial
used a low-intensity combined aerobic and resistance training
intervention as adjunct to care (44), and one trial used aerobic
exercise (stationary cycling) directly before PE [augmentation to
care; (45)]. See Table 1 for an overview of sample investigated,
effect sizes, and potential confounders. Despite the small number
of studies included in this analysis and the different interventions
used, results are promising as a significant decrease of PTSD
symptoms was found overall. However, the mechanisms thought
to be involved in these interventions are quite different. Although
yoga fits within the definition of exercise, its focus is more on
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flexibility than aerobic fitness. Yoga as treatment for PTSD aims
to increase body awareness and emotion regulation, thereby
providing patients with new coping mechanisms. In contrast,
the exercise program administered by Rosenbaum et al. (44) is
based on the premise that a more active and healthy lifestyle will
result in improved (mental) health. The exercise program used
in this study consisted of one supervised and two unsupervised
30-min resistance trainings per week, plus a pedometer and the
encouragement to take 10,000 steps per day. The attendance rate
of especially the unsupervised sessions was low, which is in line
with research on adherence to exercise programs (46). However,
the time patients spent walking increased from on average 285-
412 min and PTSD symptoms of patients in the intervention
group as compared to the usual care did decrease significantly.
We hypothesize that the increase in walking is the main cause of
this effect.

The meta-analysis also included a pilot controlled trial
conducted by Powers et al. (45), in which the effects of stationary
cycling as augmentation to exposure therapy were studied. Nine
patients were allocated to either PE alone or PE proceeded by
20 min of moderate intensity exercise and results indicated a
very large positive effect on PTSD symptoms in the PE plus
exercise group as compared to PE alone. The working mechanism
proposed by Powers et al. (45) for the effect of aerobic exercise as
augmentation strategy to exposure therapy is based on elevating
brain-derived neurotrophic factor (BDNF). BDNF is an essential
factor for synaptic plasticity in the amygdala and hippocampus
and plays a vital role in fear conditioning and extinction. In mice
it has been shown that decreased BDNF release was associated
with impaired fear extinction consolidation (47, 48), which could
implicate that elevating BDNF in humans before, during, or
after exposure might be beneficial for consolidation of fear
extinction. In line with this work, Powers et al. (45) found higher
BDNEF levels in the patients who exercised before exposure in
comparison to the patients who underwent exposure alone. Most
studies achieved a raise in BDNF levels in the brain following
moderate-intensity exercise, such as cycling or brisk walking (24,
49). One study applied normal walking as exercise intervention
and also found increased BDNF levels (50). It is worth to note that
increased BDNF in response to exercise is one possible working
mechanism; alternative explanations for the effect of exercise in
combination with exposure could for instance be the release of
endogenous opioids, effects on NDMA receptors or effects on the
HPA axis.

Physical Activity and Cognitive Function

Physical activity could augment treatment via non-somatic
pathways as well. A large meta-analysis showed that both
high, moderate, and low-intensity exercise before a cognitive
task have a positive effect on overall cognitive functioning
and that cognitive performance on tasks that are performed
during or directly after walking is also increased (51). Cognitive
functioning has consistently been found to be impaired in
patients with PTSD, most profoundly in the domains of verbal
memory, learning, working memory, and speed of information
processing [Overall effect size Cohen’s d = —0.49; (52)] and these
deficits can hinder treatment outcome (52, 53). Exercise could

therefore augment treatment indirectly by improving cognitive
functioning during treatment. Along the same lines, a study
by Oppezzo et al. (54) examined the effects of walking on a
treadmill as compared to sitting on separate tests for divergent
and convergent thinking in two experiments. First, healthy
participants (N = 42) performed both tests while sitting (sit),
and then performed parallel tests while walking on a treadmill
(walk). In the second experiment the initial condition was
repeated and a sit-sit condition and a walk-sit condition were
added. Both experiments found walking to specifically increase
expression of associative memory (divergent thinking), which
was measured with a test in which participants had to find
alternative and original uses for an object. The amount of correct
original suggestions doubled in all walking conditions (effect
size first experiment: Cohen’s d = 0.70). Divergent thinking
is at the base of novel ideas, creativity and the free flow of
ideas. Increasing divergent thinking in treatment of PTSD could
result in increased expression of associative memory, and could
therefore be a potential approach to decrease avoidant strategies.
Interestingly, the researchers also studied the difference between
inside walking (on a treadmill while facing a wall) and outside
walking (in a peaceful forest) and found no difference between
these conditions. This suggests that walking indoors during a
therapy session could sufficiently promote divergent thinking.
These effects seem to be specific to walking and not to exercise in
general, as a study with a similar paradigm found aerobic exercise
to actually decrease divergent thinking (55). Several authors have
suggested that walking seems to have a specific combination
of characteristics that distinguish it from other types of (low-
intensity) exercise such as running or cycling (56, 57), however
hard evidence for this hypothesis is not yet available.

Embodied Cognition
Embodied cognition is the concept of “how states of the body
modify states of the mind” (58) and has been studied in a
broad spectrum of research fields. For instance, it has been
found that (unconsciously) leaning toward the left will make
you more prone to select statements that belong to left-wing
parties and vice versa. In the same sense it has been found
that physically approaching a feared object will result in positive
appraisal of that object (59-61). Based on this premise Wolitzky
et al. (62) performed an experiment in which 88 patients
with acrophobia (fear of heights) either performed a standard
exposure intervention of climbing open stairs and going higher
every time anxiety went down below a certain level, or standard
exposure intervention augmented with oppositional actions such
as actively approaching a ledge by running toward it. Exposure
combined with oppositional actions led to better behavioral and
self-report outcomes than standard exposure, relaxation, or a
waitlist. This showed that approach behaviors toward feared cues
can augment treatment response and are of specific interest to
consider in overcoming avoidance during treatment of PTSD.
Reviewing the elements of movement in this paragraph
we think walking emerges as the optimal option. Walking
appears to have a wide range of specific properties that
contributes to improved expression of associative memory and
divergent thinking, both when tasks are administered during
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and after the exercise. However, and in contrast to this, higher
intensity-exercise, such as running or cycling, might actually
decrease divergent thinking. Also, although not elaborately
studied in PTSD patients yet, some evidence exists that
walking contributes to an increase in BDNF levels, supporting
fear extinction consolidation. Combined with knowledge on
embodied cognition and approach behaviors, walking toward
feared objects could provide the aforementioned benefits while
simultaneously decreasing avoidance of the feared object.
Because of these combined potential benefits and the high
feasibility for most patients, we would opt for walking as
augmentation strategy to PTSD treatment.

THE SMDR INTERVENTION
Framework for SMDR

Based on the strategies described above, a novel framework
for treatment of patients with TR-PTSD has been developed:
the Multi-modular Motion-assisted Memory Desensitization and
Reconsolidation (3MDR) intervention. In this paradigm virtual
reality, multi-sensory input, walking, and a dual-attention task
are combined. The 3MDR intervention aims to promote memory
retrieval and memory processing, ultimately resulting in PTSD
symptom reduction. Memory retrieval is maximized by means of
increasing engagement and overcoming avoidance. To this end
patients walk toward trauma-related symbolic representations
in the virtual environment. This action is hypothesized to have
several results. Firstly, avoidance of the traumatic memory is
expected to dissolve as patients walk toward the images that
represent the memory, instead of (mentally) moving away from
it. Secondly, being in the virtual 3MDR environment allows for
the patient and therapist to be “present” in the virtual place
and time, thereby increasing treatment engagement. Thirdly,
multi-sensory input provides a direct and personal link to the
traumatic memory and is therefore expected to break down
avoidance in an even stronger way and promote memory
retrieval and narration of this memory. Walking is expected to
enhance this process because of its known effects on associative
and creative thinking. In combination, these elements support
retrieval of traumatic memories and associated networks of
related memories, emotions, and cognitions. The second aim of
the intervention is processing of the traumatic memories and
networks through the process of exposure and by taxing the
working memory with a dual-attention task. This strategy has
been adapted from procedures as used in EMDR. Challenging the
working memory during traumatic memory retrieval is expected
to result in memory processing by means of new learning and
reconsolidation of an adjusted memory trace. In the paragraphs
below we will discuss the components and their roles in achieving
memory retrieval and processing based on the literature review
(for a schematic overview see Figure 1).

Walking

Walking toward the trauma-related pictures plays a crucial role
in the 3MDR intervention. During a 3MDR session, patients
walk on a treadmill at a brisk pace for on average 50 min.
It activates patients both physically and mentally and thereby

adds substantially to the aim of increased engagement and
decreased avoidance. Based on the embodied cognition theories
as described in section Embodied Cognition [e.g., (59, 62)] we
expect the action of approaching an image that represents the
traumatic memory to substantially decrease or even completely
break down the tendency to avoid the traumatic memory.
Furthermore, based on the work of Oppezzo et al. (54), walking
is presumed to enhance divergent thinking, which facilitates
accessing emotional and cognitive networks associated with the
traumatic memory. This relates to the second aim of processing
the traumatic memory as increased associative thinking could
also allow for new (details of) memories to surface (54).
Thereby, walking potentially supports the formation of a new
cognitive and emotional experience related to the traumatic
event, contributing to reconsolidation of the traumatic memory.

Virtual Reality

As proposed in section The Promise of Virtual Reality, a
generic VR environment has been designed to increase in-session
attention and immersion [e.g., (17, 20)]. In contrast to VRET,
the VR in 3MDR does not have the aim to realistically recreate
the traumatic event(s). Instead, the main goal is to create an
environment in which the patient can engage and can focus
on moving toward trauma-related symbolic representations. To
support this process the environment consists of tunnels at the
end of which a picture is displayed with open spaces in between.
In this way the VR environment allows for a focused and gradual
exposure to the symbolic representation. Furthermore, using a
generic environment, which is personalized with trauma-related
multi-sensory input tackles the idiosyncracy issue. Together,
therapist and patient are present in a CAVE, on which the
virtual environment is projected. With the therapist by their
side, patients interact with the self-selected pictures and music.
This promotes emotional immersion as the therapist coaches the
patient to approach the images, narrate the story of the traumatic
events and address the traumatic hotspot (19).

Multi-Sensory Input

Multi-sensory  input is  delivered through symbolic
representations, which consist of images and music that
have been selected by the patient to strongly relate to the
traumatic event. Images can range from pictures from a personal
photo album, to drawings, pictures taken from objects or
memorabilia, images from the internet or pictures from the
environment in which the event took place. Music from the
time of deployment is used as a symbolic representation of the
entire period in which the traumatic events took place and a
present-day neutral music is used as symbolic representation
of the current time (to mark the end of every session). Based
on studies as described in section Visual Input; Use of Pictures
or Memorabilia the symbolic representations are expected to
increase engagement and promote retrieval of the traumatic
memories (3, 28, 30), thereby decreasing avoidance. Selecting
these multi-sensory representations stimulates patients to start
a creative associative process with regard to their traumatic
memories and increases involvement as they co-create the
therapeutic environment. Furthermore, as patients are asked to
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FIGURE 1 | Schematic overview of the augmentation strategies applied in the framework of the 3MDR intervention and its outcomes.

Outcome

o
—
2]
O
(2}

=
3

2l
o
=]
=)
®
o
=
2
=
)

select pictures and music at home, it can contribute to addressing
the experiences at home and having conversations about it with
other family members, increasing engagement in treatment from
the start. Despite the strong properties of olfaction as probe for
traumatic memory retrieval, the current intervention does not
incorporate an olfactory cue as the effects need to be studied
systematically before doing so.

Dual-Attention Task
A dual-attention task is presented after narration of the traumatic
event. In this task patients are asked to follow a horizontally
moving ball across the screen with their eyes and call out
numbers aloud that are displayed on this ball. The working
mechanism of the dual-attention task used in EMDR (most often
eye movements, which bears similarities with the task applied
in 3MDR) has recently been argued to rely on reconsolidation
and the learning of new information which can be added
to the original memory trace (63). Several studies (64, 65)
have provided support for this theory as they found that
reconsolidation can indeed be disrupted in an adaptive manner
by a distractor stimulus or task. This stimulus is thought to
replace the representation of the conditioned (fear) response to
the traumatic memory trace in the working memory, resulting
in lower emotional valence of the memory. In 3MDR a dual-
attention task is employed to facilitate reconsolidation as well.
However, in contrast to in EMDR, during one session several
picture cues (up to seven) are used to address several traumatic
experiences. After each memory retrieval, the dual-attention task
is administered once.

Reconsolidation was first described by Nader et al. (66) and
has since then been established both in humans and animals. It

is the process of memories becoming labile and malleable after
activation, which is followed by a protein-synthesis dependent
restabilization period in which reconsolidation of the memory
needs to occur for it to persist. During the reconsolidation
window (up to 6h after retrieval) this process can be disturbed
and memories can be stored in an altered form. It is hypothesized
that PTSD symptom change follows after reconsolidation in
combination with new learning during the reconsolidation
window (67). Reconsolidation should occur directly during
the distractor task after successful reactivation and therefore,
repeated use of the task would be unnecessary (68). Often,
veterans have experienced multiple traumas during one or
more deployments and the associated memories, cognitive,
and emotional associations are linked. Addressing hotspots
from several traumatic memories within one session ensures
activation of the full traumatic memory network and allows
for new learning to occur as the patient is able to develop
a more integrative narrative, which will not only enhance
emotional immersion but also processing of the traumatic
events. Additionally, patients’ assumptions about themselves are
challenged (e.g., changing from “I am not able do this” to “I have
overcome my fears”), which is expected to result in a sense of
empowerment.

In sum, we hypothesize that the above-mentioned
components result in a psychotherapeutic approach in which
(emotional) participation in treatment is increased. The full
traumatic network is thought to be activated and intervening
in the reconsolidation process in addition to new learning is
expected to result in lower emotional valence and processing of
the traumatic memories. In combining these components, the
therapeutic setting changes drastically from a passive face-to-face
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position to an active side-by-side position. This not only has
impact on the physical context, but also on the therapeutic
alliance as the therapist is literally standing next to the patient,
supporting him or her in the process. In a proof-of-concept
study the intervention and first experiences of veterans with
PTSD have been found to be promising (69).

Outline of the SMDR Intervention

The 3MDR intervention consists of one to two preparatory
sessions, six 3MDR sessions, and evaluative sessions. In
the treatment of TR-PTSD patients it can be applied as
a breakthrough therapy and if needed can be followed up
with other types of (trauma-focused) psychotherapy. In the
preparatory sessions, patients receive psycho-education and the
assignment to select the symbolic representations that will be
used in the 3MDR sessions. After careful explanation of this
assignment patients select pictures and music at home. They
bring these to the preparatory sessions and together with their
therapist decide on which material is suited best and whether
material is missing.

The 3MDR sessions consist of three phases: pre-platform,
platform, and post-platform. For a schematic overview, see
Figure 2. The current paper focuses predominantly on the

platform-phase which is performed within the framework
described previously. However, the other two phases are of no less
importance in the therapeutic process. During the pre-platform
phase, therapist and patient select and decide on the pictures
that will be used during the session. Topics such as avoidance to
selecting pictures will be discussed and patients will be guided to
contribute to the selection of this material. In the post-platform
phase, patient and therapist, take time to reflect on the session
and focus on important or newly arisen cognitive and emotional
associations and integrate this in the patient’s daily life situation.

The platform-phase of every 3MDR session starts with a
mental and physical warm-up during which the patient walks on
the treadmill in a neutral virtual environment and music from the
time of deployment is played. After this song, a cycle of ~5min
is repeated seven times with seven different pictures, which are
highly affective for the patient. During this cycle, the patient
will walk toward a picture and the therapist, who is standing
next to the patient, will support the patient to narrate about
the picture when this is maximally displayed on the screen (e.g.,
“what do you see in this picture?”), the traumatic event (e.g., “can
you tell me what happened?”) and the associated emotional and
physical associations that the patient is feeling at that moment
(e.g., “what feelings do you experience now?” or “where do you feel

Selection of
symbolic

representations

Pre-platform

Deciding on order
of pictures

FIGURE 2 | Schematic overview of a single 3MIDR session. A session consists of a pre-platform phase (A), a platform phase (B) and a post-platform phase (C).
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this in your body?”). To capture these associations they will be
typed out by the session operator and projected on the screen,
superimposed on the picture (e.g., “powerless” or “I feel butterflies
in my stomach”). After the narration is completed the dual-
attention task follows. This is followed by rating of the subjective
units of distress by the patient. After seven cycles, a mental cool-
down follows during which present-day song is played and the
patient is invited to leave the memories behind and return to
the “here and now.” The patient will walk during the entire
platform phase, on average covering a distance of 3-4 km during
one session.

The duration of a typical 3MDR session is 90 min, of which
a patient walks on the platform for 45-60 min. This timeframe
is in accordance with other trauma-focused therapies (27, 63)
and allows for addressing 7 pictures. In the first proof of concept
study (69) patients received 4 sessions of 3MDR. The patients
reported that they would have liked to receive more sessions.
In the next phase we therefore experimented with 6-8 sessions,
resulting in the decision of 6 sessions as the optimal number for
patients to achieve the boosting effect of the treatment. In TR-
PTSD patients, the 3MDR treatment is used as a breakthrough
intervention and is followed by other treatment if needed.
Ongoing systematic evaluation of the 3MDR treatment will show
whether the amount of sessions is accurate or needs to be adjusted
in the future.

lllustrating the Application of BMDR: Case

Examples

To illustrate the protocol of the 3MDR intervention we present
three case examples of veterans with TR-PTSD who received
between 4 and 6 sessions of 3MDR at Foundation Centrum’45.
Next to a description of the patients’ experiences we report on
PTSD symptom severity pre- and posttreatment as measured
with the PTSD Checklist for DSM-5 [PCL-5; (70)], which is part
of routine outcome assessments at Foundation Centrum ’45. This
study was carried out in accordance with the recommendations
of the Medical-Ethical Review Committee (METC) of University
Medical Center Utrecht, with written informed consent from
all subjects. All subjects gave written informed consent in
accordance with the Declaration of Helsinki. The protocol was
approved by the Medical-Ethical Review Committee (METC)
of University Medical Center of Utrecht. Additionally, the
participants gave consent for the description of their case as
presented below. To protect the privacy and identity of the
participants, their names have been changed.

Case Example Luke

Luke is a veteran who had been deployed for the French foreign
legion. He suffered from severe TR-PTSD, with nightmares,
feeling hyper-alert, and avoiding public places as his most
prominent symptoms. He had been in treatment for 3 years
during which he received several treatments, including EMDR
and medication over the course of 2 years, without sufficient
symptom relief. He described that he had difficulty with focusing
on one memory (hotspot) during EMDR and that other hotspots
would pop up and distract him.

As Luke did not have pictures from his time of deployment, he
looked for images online. Although this proved to be a tough and
demanding task, he succeeded in finding pictures that addressed
his memories adequately. He reported that walking during the
3MDR was important as he had a real sense of walking back
in time, especially when combined with his music. During the
sessions he experienced intense emotions, which up until now
he has been able to suppress. In previous treatment settings he
could feel those emotions surface but was always able to keep
them inside. During 3MDR he felt he could allow his feelings to
be there. Also, he felt as if all the different traumatic experiences
were linked in his mind but that those links were blocked and
now opened up.

Luke experienced a positive effect of the 3MDR sessions a
few weeks after the last session. He noticed that it was easier
to talk about his experiences and that he started to remember
positive events from his time of deployment. He felt less alert, his
nightmares disappeared, and he was now able to go to busy public
spaces without scanning for potential danger or feeling anxious in
a crowd. This was reflected on the PCL-5, as his score decreased
with 25 points, which indicated clinical significant change and
he no longer met criteria for a PTSD diagnosis posttreatment. At
6-month follow-up his score on the PCL-5 dropped to 6.

Case Example Nick

Nick is a veteran who had been deployed to Lebanon. His
PTSD symptoms had developed progressively, with severe
aggressive behavior, startle reactions, flashbacks, difficulty
sleeping, and difficulty to talk about his experiences in Lebanon.
He had received non-trauma-focused treatment and several
pharmacological treatments for a total of 6 years without
symptom relief.

Nick described that during the first session he felt as if a deep
wound had been scratched open, which deepened over the course
of his four 3MDR sessions. He experienced intense emotions
such as sadness and anger, and was surprised to notice how
these emotions changed. At several moments he cried, which
gave a sense of relief to him. Nick valued the use of the pictures
and music and with this support had no trouble retrieving his
traumatic memories, which had been hard for him prior to
3MDR. He reported that during the 3MDR the full memory
of his time of deployment was activated. Despite the realistic
experience, he felt completely in control.

Nick reports to have benefitted from the 3MDR treatment in
that he experienced a breakthrough in his emotions. Also, he
remembered new elements of the time of deployment. Although
he stated that this was very important to him, this positive effect
was not reflected on the PCL-5, as his PTSD symptom severity
score increased slightly with 8 points, which does not reflect a
clinical significant change. His progress was complicated because
shortly after his last 3MDR session Nick’s wife passed away.

Case Example Peter

Peter is a veteran who had been deployed to Afghanistan.
He experienced severe TR-PTSD symptoms, including a strong
withdrawal from society to avoid all potential triggers. He had
been treated with EMDR by an experienced therapist for 6
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months, however this did not result in any symptom relief.
During the EMDR he would be easily distracted, and was not
able to stay focused on the memory and associative cognitions
and emotions.

The first two 3MDR sessions Peter found very intense and
confronting, and he experienced some symptom aggravation,
which dissolved in the following sessions. Walking was important
for him as he felt more comfortable in this active position and
it helped him to really focus on the memory without getting
distracted. In processing of his memories, Peter emphasized the
importance of the talk directly after 3MDR during which he
and his therapist shortly reflected on what had come up and he
received suggestions on how to deal with these things at home.

Peter said he has opened up to life again. He no longer
avoided work, going to busy places or doing sports. Also, he
noticed improvement in parenthood; he expressed to be able to
function again as the dad that he wanted to be. Furthermore, he
remembered positive aspects of his deployment to Afghanistan
and felt proud of what they achieved during their time there.
These positive effects were reflected in a drop of 30 points on the
PCL-5, which is a clinical significant change and he no longer met
criteria for a PTSD diagnosis.

3MDR IN THE CONTEXT OF OTHER
INNOVATIONS IN TR-PTSD TREATMENT

Several other innovative treatments are currently being
considered and show potential for treatment of TR-PTSD
as well. Without aiming to be exhaustive, various directions
can be distinguished, such as an intensification of treatment,
using pharmacological agents to augment treatment (with for
instance MDMA or propranolol), and using technical devices
in treatment (such as neuromodulation techniques). Below we
will discuss 3MDR in the context of intensifying treatment and
reconsolidation interventions, as these development are most
closely related to the 3SMDR approach.

Intensifying Treatment

Several intensive treatment protocols have been developed in
which patients receive a trauma-focused therapy (twice) daily
during 1-2 weeks. Ehlers et al. (71) found intensive cognitive
therapy to be as efficacious as normal cognitive therapy, thus
achieving the same symptom reduction in a shorter period of
time. In a treatment study with veterans a VR based exposure
treatment was delivered as part of an intensive outpatient
treatment program of 3 weeks, after which 66% of the patients
treated no longer met criteria for PTSD (72). Case-reports with
VRET (73), EMDR (74), and PE (75) as intensive trauma-therapy
have been described as well. It is hypothesized that such intensive
short-term treatment formats will diminish between-session
avoidance and prevent drop-out next to helping patients to keep
the therapeutic material more active in their mind. The 3MDR
has a similar yet clearly distinctive aim to decrease within-session
avoidance by intensifying therapy with a three-fold augmentation
strategy in single sessions. It is of interest whether the intensive
treatment formats could provide relief for TR-PTSD patients by

for instance actively trying to prevent drop-out, however this
has not yet been studied for this population specifically or in
comparison to standard evidence-based treatments.

Reconsolidation Interventions

Another intervention that is potentially relevant for TR-
PTSD concerns intervening in reconsolidation as therapeutic
mechanism. Pitman et al. (76) were among the first to conduct
a pilot controlled trial into the reconsolidation blocking effects
of propranolol. They hypothesized that administration of this
pharmacological agent after memory retrieval blocks protein
synthesis necessary for reconsolidation, thereby weakening the
memory. They found patients treated in this manner to show
significantly greater PTSD symptom reduction as compared to
a placebo control group. Patients in this sample however, had low
clinician-rated PTSD scores at the beginning of the trial already,
and were not representative for the TR-PTSD population. Kindt
et al. (68) performed 4 case studies with a similar protocol
and included one patient with TR-PTSD. After the propranolol
intervention, this patient no longer met criteria for PTSD.
However, another patient in this study did not respond, which
was explained by difficulties with retrieval and activation of
the traumatic memory trace. This underlines the importance
of providing sufficient cues for successful reactivation, after
which altered reconsolidation can occur. Several studies have
reviewed other strategies to intervene with reconsolidation,
such as performing a cognitive dual-attention task (64, 65), or
performing physical exercise prior to exposure (45) as both
applied in 3MDR. An advantage of these alternative forms of
interruption over propranolol is the non-invasive character of
these strategies. However, less is known about the exact working
mechanisms for these interventions as compared to those of
propranolol. Research supporting that these strategies actually
interact with reconsolidation processes is steadily growing (64).

CONCLUDING REMARKS AND FUTURE
DIRECTIONS

Driven by the need to improve treatment for patients with TR-
PTSD we explored ingredients for an innovative framework
for delivering trauma-focused psychotherapy, called 3MDR.
We showed how an intensive combination of state-of-the-
art technology, personal multi-sensory input, and walking
is expected to decrease avoidance and increase engagement,
resulting in improved memory retrieval. We emphasize the
importance of walking as augmentation strategy as it is
hypothesized to result in increased associative thinking, overall
activation and fear extinction consolidation. Moreover, walking
toward a feared object would result in positive appraisal of this
object, thereby providing a potential method to decrease the
natural tendency to avoid traumatic memories. Simultaneously,
processing of the traumatic memories and associated affect
through desensitization, new learning and reconsolidation is
optimized by applying a dual-attention task. The case examples
illustrated these mechanisms of action as the patients reported
how walking supported breaking through avoidance, and
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remaining focused, and how the use of VR and multi-sensory
input made it easier for them to engage in treatment, retrieve
the traumatic memories, and to process the emotions connected
to the trauma. Furthermore, they recognized the importance of
addressing several traumatic memories in one session and the
talk with the therapist after each session, which helped them to
process their traumatic memories.

Looking at the different approaches in the field to improve
care for patients who are suffering from TR-PTSD, strategies
focusing on intensive short-term treatment formats and
optimizing reconsolidation, are related to strategies used in
3MDR. What distinguishes 3MDR from these approaches
is that high avoidance and low engagement are viewed as
target factors for increasing treatment outcome. However,
further research should show whether this assumption is
appropriate by identifying profiling factors for patients with
TR-PTSD as determinants for their course of treatment. Aided
by consistently proven profiling factors, treatment can be
adequately personalized to a patient’s needs in the future.
Recently a staging approach to PTSD was proposed (77) in which
progressive stages of severity of the disorder are associated with
specific (bio)markers. Further development of such a model
should allow for grounded claims on which intervention to use
during which phase of the disorder (78).

Some TR-PTSD patients might have shown a non-response
to treatment by for instance responding to trauma-focused
treatment with severe emotional dysregulation, like strong
dissociative reactions or psychotic symptoms. Because of the
strong immersive nature of the 3MDR treatment, these types of
responses could potentially be a contra-indication to 3MDR. As
in other trauma-focused therapies, comorbid severe depression
with limited affect modulation and personality disorders that
prevent the formation of a therapeutic alliance could also
negatively interfere with the therapeutic process. Additionally,
the strong immersive capacities of the VR could also result in
an aversive reaction in which avoidance is increased, potentially
resulting in poorer treatment outcome. It is important that well-
trained and supervised therapists pay attention to the therapeutic
relationship and keep a close eye on adequate graded exposure to
traumatic events in patients who are prone to react with strong
dysregulations. Future research is expected to shed more light on
actual contra-indications and nature of aversive reactions.

In conclusion, based on an evaluation of augmentation
strategies, in this paper we propose an innovative framework for
psychotherapy of treatment-resistant PTSD. Three case examples
serve as illustration of this approach. Combining therapeutic
principles in a virtual-reality, multi-sensory, motion-assisted,
intensive paradigm has the potential to drastically change the
way in which therapy is delivered, being from sedentary and

REFERENCES

1. Bisson JI, Roberts NP, Andrew M, Cooper R, Lewis C. Psychological

face-to-face to an active and side-by-side context. The focus
on increasing treatment engagement and overcoming avoidance
in patients that do not benefit sufficiently from other therapies
could possibly improve treatment outcome and adherence
for this group. We acknowledge that the evidence for this
treatment approach is still limited and based on clinical case
reports described in current and earlier work (69). For now,
we are cautiously enthusiastic on this framework for PTSD
treatment and encourage a rigorous evaluation of the efficacy of
3MDR. Randomized controlled trials for patients with TR-PTSD
are currently being performed. Future research will provide
insight into whether the 3MDR approach is efficacious for
PTSD patient populations that have shown to benefit less from
evidence based treatments, whether 3MDR is to be applied as
a first line treatment, and whether non-military PTSD patients
populations could benefit from this treatment as well. This novel
framework can serve as a base for development toward further
personalization of psychotherapy and interactive approaches to
treatment.

AUTHOR CONTRIBUTIONS

MvG, MN, and EV have provided substantial contributions to
the conception or of the work and the interpretation of the
data. Additionally MvG has had a substantial contribution in the
acquisition of the data for the work. MvG, MN, and EV have
made a substantial contribution in drafting the work and revising
it critically for important intellectual content. MvG, MN, and EV
all provided final approval of the version to be published and
agree to be accountable for all aspects of the work in ensuring
that questions related to the accuracy or integrity of any part of
the work are appropriately investigated and resolved.

FUNDING

Funding by Expert Center for Working Conditions and
Health, Ministry of Defense, The Hague, The Netherlands.
Funding is registered under the title: A randomized controlled
study of efficacy of Multi-Modular Motion-Assisted Memory
Desensitization and Reconsolidation (3MDR) as a treatment for
Posttraumatic Stress Disorder in Veterans.

ACKNOWLEDGMENTS

We wish to acknowledge the veterans who were willing to be
interviewed for this paper. Furthermore, we wish to acknowledge
Agali Mert and the Ministry of Defense in the Netherlands
for their collaboration in the development of the 3MDR
intervention.

2. Watts BV, Schnurr PP, Mayo L, Young-Xu Y, Weeks WB, Friedman M]J. Meta-
analysis of the efficacy of treatments for posttraumatic stress disorder. J Clin
Psychiatry (2013) 74:e541-50. doi: 10.4088/JCP.12r08225

therapies  for  chronic  post-traumatic  stress  disorder  (PTSD) 3. Bradley MM, Codispoti M, Cuthbert BN, Lang PJ. Emotion and motivation
in adults. Cochrane Database Syst Rev. (2013) 13:CD003388. I: defensive and appetitive reactions in picture processing. Emotion (2001)
doi: 10.1002/14651858.CD003388.pub4 1:276-98. doi: 10.1037/1528-3542.1.3.276

Frontiers in Psychiatry | www.frontiersin.org 11 May 2018 | Volume 9 | Article 176


https://doi.org/10.1002/14651858.CD003388.pub4
https://doi.org/10.4088/JCP.12r08225
https://doi.org/10.1037/1528-3542.1.3.276
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

van Gelderen et al.

Innovative Framework for PTSD Treatment

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Jonas DE, Cusack K, Forneris CA, Wilkins TM, Sonis J, Middleton JC, et al.

Psychological and pharmacological treatments for adults with posttraumatic
stress disorder (PTSD). Comparative Effectiveness Review (2013).

. Bisson JI, Ehlers A, Matthews R, Pilling S, Richards D, Turner S. Psychological

treatments for chronic post-traumatic stress disorder. Br J Psychiatry (2007)
190:97-104. doi: 10.1192/bjp.bp.106.021402

. Steenkamp MM, Litz BT, Hoge CW, Marmar CR. Psychotherapy for

Military-Related PTSD: a review of randomized clinical trials. JAMA (2015)
314:489-500. doi: 10.1001/jama.2015.8370

. Hoge CW, Grossman SH, Auchterlonie JL, Riviere LA, Milliken CS, Wilk

JE. PTSD treatment for soldiers after combat deployment: low utilization
of mental health care and reasons for dropout. Psychiatr Serv. (2014)
65:997-1004. doi: 10.1176/appi.ps.201300307

. Koek RJ, Schwartz HN, Scully S, Langevin JP, Spangler S, Korotinsky A, et al.

Treatment-refractory posttraumatic stress disorder (TRPTSD): a review and
framework for the future. Prog Neuro Psychopharmacol Biol Psychiatry (2016)
70:170-218. doi: 10.1016/].pnpbp.2016.01.015

. Haagen JF, Smid GE, Knipscheer JW, Kleber R]. The efficacy of recommended

treatments for veterans with PTSD: a metaregression analysis. Clin Psychol
Rev. (2015) 40:184-94. doi: 10.1016/.cpr.2015.06.008

Jaycox LH, Foa EB, Morral AR. Influence of emotional engagement and
habituation on exposure therapy for PTSD. ] Consult Clin Psychol. (1998)
66:185. doi: 10.1037/0022-006X.66.1.185

Tarrier N, Sommerfield C, Pilgrim H, Faragher B. Factors associated
with outcome of cognitive-behavioural treatment of chronic post-
traumatic  stress disorder. Behav Res Ther. (2000) 38:191-202.
doi: 10.1016/S0005-7967(99)00030-3

Badour CL, Blonigen DM, Boden MT, Feldner MT, Bonn-Miller MO. A
longitudinal test of the bi-directional relations between avoidance coping
and PTSD severity during and after PTSD treatment. Behav Res Ther. (2012)
50:610-6. doi: 10.1016/j.brat.2012.06.006

Salcioglu E, Basoglu M, Livanou M. Effects of live exposure on
symptoms of posttraumatic stress disorder: the role of reduced
behavioral avoidance in improvement. Behav Res Ther. (2007) 45:2268-79.
doi: 10.1016/j.brat.2007.04.012

Institute of Medicine. Treatment for Posttraumatic Stress Disorder in Military
and Veteran Populations: Final Assessment. Washington, DC: The National
Academies Press (2014).

Powers MB, Emmelkamp PM. Virtual reality exposure therapy for
anxiety disorders: a meta-analysis. | Anxiety Disord. (2008) 22:561-9.
doi: 10.1016/j.janxdis.2007.04.006

Shiban Y, Schelhorn I, Pauli P, Muhlberger A. Effect of combined
multiple contexts and multiple stimuli exposure in spider phobia: a
randomized clinical trial in virtual reality. Behav Res Ther. (2015) 71:45-53.
doi: 10.1016/j.brat.2015.05.014

Rizzo A, Reger G, Gahm G, Difede ], Rothbaum BO. Virtual reality exposure
therapy for combat-related PTSD. In: PJ Shiromani, TM Keane, JE LeDoux
editors. Post-traumatic Stress Disorder, New York, NY: Humana Press (2009).
p. 375-99.

Krijn M, Emmelkamp PM, Olafsson RP, Biemond R. Virtual reality exposure
therapy of anxiety disorders: a review. Clin Psychol Rev. (2004) 24:259-81.
doi: 10.1016/j.cpr.2004.04.001

Staffan B, Holopainen J. Patterns in Game Design. Boston, MA: Charles River
Media (2004).

Hamm AO, Weike Al The
and fear regulation. Int ]
doi: 10.1016/j.ijpsycho.2005.01.006
Motraghi TE, Seim RW, Meyer EC, Morissette SB. Virtual reality exposure
therapy for the treatment of posttraumatic stress disorder: a methodological
review using CONSORT guidelines. J Clin Psychol. (2014) 70:197-208.
doi: 10.1002/jclp.22051

Botella C, Serrano B, Banos RM, Garcia-Palacios A. Virtual reality exposure-
based therapy for the treatment of post-traumatic stress disorder: a
review of its efficacy, the adequacy of the treatment protocol, and its
acceptability. Neuropsychiatr Dis Treat. (2015) 11:2533-45. doi: 10.2147/NDT.
589542

Rosenbaum S, Vancampfort D, Steel Z, Newby J, Ward PB, Stubbs B.
Physical activity in the treatment of Post-traumatic stress disorder: a

neuropsychology of fear
Psychophysiol. ~ (2005)

learning
57:5-14.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

systematic review and meta-analysis. Psychiatry Res. (2015b) 230:130-6.
doi: 10.1016/j.psychres.2015.10.017

Szuhany KL, Bugatti M, Otto MW. A meta-analytic review of the effects
of exercise on brain-derived neurotrophic factor. J Psychiatr Res. (2015)
60:56-64. doi: 10.1016/j.jpsychires.2014.10.003

Barfios R, Botella C, Guillen V, Garcia-Palacios A, Quero S, Breton-Lépez J,
et al. An adaptive display to treat stress-related disorders: EMMAs World. Br
] Guid Counsel. (2009) 37:347-56. doi: 10.1080/03069880902957064
Schnyder U, Cloitre M. Evidence Based Treatments for Trauma-Related
Psychological Disorders: A Practical Guide for Clinicians. Cham: Springer
(2015).

Gersons B, Meewisse M, Nijdam M, OIff M. Protocol: Brief Eclectic
Psychotherapy for Posttraumatic Stress Disorder (BEPP). Academic Medical
Centre, University of Amsterdam (2011).

Janata P, Tomic ST, Rakowski SK. Characterisation
evoked autobiographical ~memories. Memory  (2007)
doi: 10.1080/09658210701734593

El Haj M, Postal V, Allain P. Music enhances autobiographical
memory in mild Alzheimer’s disease. Educ Gerontol. (2012) 38:30-41.
doi: 10.1080/03601277.2010.515897

Belfi AM, Karlan B, Tranel D. Music evokes vivid autobiographical memories.
Memory (2016) 24:979-89. doi: 10.1080/09658211.2015.1061012

El Haj M, Antoine P, Nandrino JL, Gely-Nargeot MC, Raffard S. Self-defining
memories during exposure to music in Alzheimer’s disease. Int Psychogeriatr.
(2015) 27:1719-30. doi: 10.1017/S1041610215000812

Bensimon M, Amir D, Wolf Y. Drumming through trauma: music
therapy with post-traumatic soldiers. Arts Psychother. (2008) 35:34-48.
doi: 10.1016/j.aip.2007.09.002

Carr C, d’Ardenne P, Sloboda A, Scott C, Wang D, Priebe S. Group
music therapy for patients with persistent post-traumatic stress disorder—
an exploratory randomized controlled trial with mixed methods evaluation.
Psychol Psychother. (2012) 85:179-202. doi: 10.1111/j.2044-8341.2011.02026.x
Daniels JK, Vermetten E. Odor-induced recall of emotional memories in
PTSD-Review and new paradigm for research. Exp Neurol. (2016) 284(Pt
B):168-80. doi: 10.1016/j.expneurol.2016.08.001

Engen T, Ross BM. Long-term memory of odors with and without verbal
descriptions. ] Exp Psychol. (1973) 100:221. doi: 10.1037/h0035492

Gottfried JA, Zald DH. On the scent of human olfactory orbitofrontal cortex:
meta-analysis and comparison to non-human primates. Brain Res Rev. (2005)
50:287-304. doi: 10.1016/j.brainresrev.2005.08.004

Vermetten E, Bremner JD. Olfaction as a traumatic reminder in posttraumatic
stress disorder: case reports and review. J Clin Psychiatry. (2003) 64:202-7.
doi: 10.4088/JCP.v64n0214

Aiken MP, Berry M]J. Posttraumatic stress disorder: possibilities for
olfaction and virtual reality exposure therapy. Virt Reality (2015) 19:95-109.
doi: 10.1007/510055-015-0260-x

Cortese BM, Leslie K, Uhde TW. Differential odor sensitivity in PTSD:
implications for treatment and future research. J Affect Disord. (2015)
179:23-30. doi: 10.1016/j.jad.2015.03.026

Rizzo A, Pair ], Graap K, Manson B, McNerney PJ, Wiederhold B, et al. A
virtual reality exposure therapy application for Iraq War military personnel
with post traumatic stress disorder: from training to toy to treatment. In: Roy
M, editor. NATO Advanced Research Workshop on Novel Approaches to the
Diagnosis and Treatment of Posttraumatic Stress Disorder. Washington, DC:
I0S Press (2006). p. 235-50.

Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and
physical fitness: definitions and distinctions for health-related research. Pub
Health Rep. (1985) 100:126.

Mitchell KS, Dick AM, DiMartino DM, Smith BN, Niles B, Koenen KC,
et al. A pilot study of a randomized controlled trial of yoga as an
intervention for PTSD symptoms in women. | Traumatic Stress (2014)
27:121-8. doi: 10.1002/jts.21903

van der Kolk BA, Stone L, West J, Rhodes A, Emerson D, Suvak
M, et al. Yoga as an adjunctive treatment for posttraumatic stress
disorder: a randomized controlled trial. J Clin Psychiatry (2014) 75:€559-65.
doi: 10.4088/JCP.13m08561

Rosenbaum S, Sherrington C, Tiedemann A. Exercise augmentation
compared with usual post-traumatic

of music-
15:845-60.

care for stress disorder: a

Frontiers in Psychiatry | www.frontiersin.org

May 2018 | Volume 9 | Article 176


https://doi.org/10.1192/bjp.bp.106.021402
https://doi.org/10.1001/jama.2015.8370
https://doi.org/10.1176/appi.ps.201300307
https://doi.org/10.1016/j.pnpbp.2016.01.015
https://doi.org/10.1016/j.cpr.2015.06.008
https://doi.org/10.1037/0022-006X.66.1.185
https://doi.org/10.1016/S0005-7967(99)00030-3
https://doi.org/10.1016/j.brat.2012.06.006
https://doi.org/10.1016/j.brat.2007.04.012
https://doi.org/10.1016/j.janxdis.2007.04.006
https://doi.org/10.1016/j.brat.2015.05.014
https://doi.org/10.1016/j.cpr.2004.04.001
https://doi.org/10.1016/j.ijpsycho.2005.01.006
https://doi.org/10.1002/jclp.22051
https://doi.org/10.2147/NDT.S89542
https://doi.org/10.1016/j.psychres.2015.10.017
https://doi.org/10.1016/j.jpsychires.2014.10.003
https://doi.org/10.1080/03069880902957064
https://doi.org/10.1080/09658210701734593
https://doi.org/10.1080/03601277.2010.515897
https://doi.org/10.1080/09658211.2015.1061012
https://doi.org/10.1017/S1041610215000812
https://doi.org/10.1016/j.aip.2007.09.002
https://doi.org/10.1111/j.2044-8341.2011.02026.x
https://doi.org/10.1016/j.expneurol.2016.08.001
https://doi.org/10.1037/h0035492
https://doi.org/10.1016/j.brainresrev.2005.08.004
https://doi.org/10.4088/JCP.v64n0214
https://doi.org/10.1007/s10055-015-0260-x
https://doi.org/10.1016/j.jad.2015.03.026
https://doi.org/10.1002/jts.21903
https://doi.org/10.4088/JCP.13m08561
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

van Gelderen et al.

Innovative Framework for PTSD Treatment

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

randomized controlled trial. Acta Psychiatr Scand. (2015a) 131:350-9.
doi: 10.1111/acps.12371

Powers MB, Medina JL, Burns S, Kauffman BY, Monfils M, Asmundson
GJ, et al. Exercise augmentation of exposure therapy for PTSD:
rationale and pilot efficacy data. Cogn Behav Ther. (2015) 44:314-27.
doi: 10.1080/16506073.2015.1012740

Noland MP. The effects of self-monitoring
on exercise adherence. Res Q Exer Sport
doi: 10.1080/02701367.1989.10607443

Chhatwal JP, Stanek-Rattiner L, Davis M, Ressler KJ. Amygdala BDNF
signaling is required for consolidation but not encoding of extinction. Nat
Neurosci. (2006) 9:870. doi: 10.1038/nn1718

Bredy TW, Wu H, Crego C, Zellhoefer ], Sun YE, Barad M. Histone
modifications around individual BDNF gene promoters in prefrontal cortex
are associated with extinction of conditioned fear. Learn Mem. (2007)
14:268-76. doi: 10.1101/1m.500907

Merom D, Phongsavan P, Wagner R, Chey T, Marnane C, Steel Z, et al.
Promoting walking as an adjunct intervention to group cognitive behavioral
therapy for anxiety disorders-a pilot group randomized trial. ] Anxiety Disord.
(2008) 22:959-68. doi: 10.1016/j.janxdis.2007.09.010

Erickson KI, Voss MW, Prakash RS, Basak C, Szabo A, Chaddock L, et al.
Exercise training increases size of hippocampus and improves memory. Proc
Natl Acad Sci USA. (2011) 108:3017-22. doi: 10.1073/pnas.1015950108
Chang YK, Labban JD, Gapin JI, Etnier JL. The effects of acute exercise
on cognitive performance: a meta-analysis. Brain Res. (2012) 1453:87-101.
doi: 10.1016/j.brainres.2012.02.068

Scott JC, Matt GE, Wrocklage KM, Crnich C, Jordan J, Southwick SM, et al.
A quantitative meta-analysis of neurocognitive functioning in posttraumatic
stress disorder. Psychol Bull. (2015) 141:105-40. doi: 10.1037/a0038039
Nijdam M]J, de Vries GJ, Gersons BP, OIff M. Response to
psychotherapy for posttraumatic stress disorder: the role of pretreatment
verbal memory performance. ] Clin Psychiatry (2015) 76:¢1023-8.
doi: 10.4088/JCP.14m09438

Oppezzo M, Schwartz DL. Give your ideas some legs: the positive effect of
walking on creative thinking. J Exp Psychol. Learn Memory Cogn. (2014)
40:1142-52. doi: 10.1037/a0036577

Colzato SL, Szapora A, Pannekoek JN, Hommel B. The impact of physical
exercise on convergent and divergent thinking. Front Hum Neurosci. (2013)
7:824. doi: 10.3389/fnhum.2013.00824

Keindnen M. Taking your mind for a walk: a qualitative investigation of
walking and thinking among nine Norwegian academics. High Edu. (2016)
71:593-605. doi: 10.1007/s10734-015-9926-2

Webb CE, Rossignac-Milon M, Higgins ET. Stepping forward together:
could walking facilitate interpersonal conflict resolution? Am Psychol. (2017)
72:374-85. doi: 10.1037/a0040431

Wilson AD, Golonka S. Embodied cognition is not what you think it is. Front
Psychol. (2013) 4:58. doi: 10.3389/fpsyg.2013.00058

Woud ML, Becker ES, Rinck M. Implicit evaluation bias induced
by approach and avoidance. Cogn Emotion (2008) 22:1187-97.
doi: 10.1080/02699930801906843

Koch SC. Rhythm is it: effects of dynamic body feedback on affect and
attitudes. Front Psychol. (2014) 5:537. doi: 10.3389/fpsyg.2014.00537

Price TE, Harmon-Jones E. Embodied emotion: the influence of manipulated
facial and bodily states on emotive responses. Wiley Interdiscip Rev Cogn Sci.
(2015) 6:461-73. doi: 10.1002/wcs.1370

Wolitzky KB, Telch M]J. Augmenting in vivo exposure with fear
antagonistic actions: a preliminary test. Behav Ther. (2009) 40:57-71.
doi: 10.1016/j.beth.2007.12.006

Shapiro E Laliotis D. EMDR therapy for trauma-related disorders. In: U
Schnyder, M. Cloitre editors. Evidence Based Treatments for Trauma-Related
Psychological Disorders. Cham: Springer (2015). p. 205-28.

Crestani AP, Zacouteguy Boos F, Haubrich J, Ordonez Sierra R, Santana
E Molina JM, et al. Memory reconsolidation may be disrupted by a

and reinforcement
(1989)  60:216-24.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

distractor stimulus presented during reactivation. Sci Rep. (2015) 5:13633.
doi: 10.1038/srep13633

James EL, Bonsall MB, Hoppitt L, Tunbridge EM, Geddes JR, Milton AL,
etal. Computer game play reduces intrusive memories of experimental trauma
via reconsolidation-update mechanisms. Psychol Sci. (2015) 26:1201-15.
doi: 10.1177/0956797615583071

Nader K, Schafe GE, Le Doux JE. Fear memories require protein synthesis
in the amygdala for reconsolidation after retrieval. Nature (2000) 406:722-6.
doi: 10.1038/35021052

Lane RD, Ryan L, Nadel L, Greenberg L. Memory reconsolidation, emotional
arousal, and the process of change in psychotherapy: new insights from brain
science. Behav Brain Sci. (2015) 38:el. doi: 10.1017/S0140525X14000041
Kindt M, van Emmerik A. New avenues for treating emotional
memory disorders: towards a reconsolidation intervention for
posttraumatic stress disorder. Ther Adv Psychopharmacol. (2016) 6:283-95.
doi: 10.1177/2045125316644541

Vermetten E, Meijer L, van der wurff P, Mert A. The effect of
military motion-assisted memory desensitization and reprocessing treatment
on the symptoms of combat-related post traumatic stress disorder:
first preliminary results. Stud Health Technol Inform. (2013) 191:125-7.
doi: 10.3233/978-1-61499-282-0-125

Weathers FW, Litz BT, Keane TM, Palmieri PA, Marx BP, Schnurr PP. The
PTSD Checklist for DSM-5 (PCL-5). National Center for PTSD. Available
online at: www.ptsd.va.gov (Accessed 2 December) (2013).

Ehlers A, Hackmann A, Grey N, Wild J, Liness S, Albert I, et al. A randomized
controlled trial of 7-day intensive and standard weekly cognitive therapy
for PTSD and emotion-focused supportive therapy. Am J Psychiatry (2014)
171:294-304. doi: 10.1176/appi.ajp.2013.13040552

Beidel DC, Frueh BC, Neer SM, Lejuez CW. The efficacy of Trauma
Management Therapy: a controlled pilot investigation of a three-week
intensive outpatient program for combat-related PTSD. ] Anxiety Disord.
(2017) 50:23-32. doi: 10.1016/j.janxdis.2017.05.001

Neer SM, Trachik B, Munyan BG, Beidel DC. Comprehensive treatment. Clin
Case Stud. (2016) 15:343-59. doi: 10.1177/1534650116643401

Zepeda Mendez M, Nijdam M]J, ter Heide FJJ, van der Aa N, OIff M. A 5-
day inpatient EMDR treatment for PTSD: Pilot study. Eur ] Psychotraumatol.
(2018) 9:1425575. doi: 10.1080/20008198.2018.1425575

Blount TH, Cigrang JA, Foa EB, Ford HL, Peterson AL. Intensive outpatient
prolonged exposure for combat-related PTSD: a case study. Cogn Behav Pract.
(2014) 21:89-96. doi: 10.1016/j.cbpra.2013.05.004

Pitman RK, Sanders KM, Zusman RM, Healy AR, Cheema F Lasko
NB, et al. Pilot study of secondary prevention of posttraumatic
stress disorder with propranolol. Biol Psychiatry (2002) 51:189-92.
doi: 10.1016/S0006-3223(01)01279-3

McFarlane AC, Lawrence-Wood E, Van Hooff M, Malhi GS, Yehuda R. The
need to take a staging approach to the biological mechanisms of PTSD and
its treatment. Curr Psychiatry Rep. (2017) 19:10. doi: 10.1007/s11920-017-
0761-2

McGorry P, Keshavan M, Goldstone S, Amminger P, Allott K, Berk M,
et al. Biomarkers and clinical staging in psychiatry. World Psychiatry (2014)
13:211-23. doi: 10.1002/wps.20144

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2018 van Gelderen, Nijdam and Vermetten. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Psychiatry | www.frontiersin.org

13

May 2018 | Volume 9 | Article 176


https://doi.org/10.1111/acps.12371
https://doi.org/10.1080/16506073.2015.1012740
https://doi.org/10.1080/02701367.1989.10607443
https://doi.org/10.1038/nn1718
https://doi.org/10.1101/lm.500907
https://doi.org/10.1016/j.janxdis.2007.09.010
https://doi.org/10.1073/pnas.1015950108
https://doi.org/10.1016/j.brainres.2012.02.068
https://doi.org/10.1037/a0038039
https://doi.org/10.4088/JCP.14m09438
https://doi.org/10.1037/a0036577
https://doi.org/10.3389/fnhum.2013.00824
https://doi.org/10.1007/s10734-015-9926-2
https://doi.org/10.1037/a0040431
https://doi.org/10.3389/fpsyg.2013.00058
https://doi.org/10.1080/02699930801906843
https://doi.org/10.3389/fpsyg.2014.00537
https://doi.org/10.1002/wcs.1370
https://doi.org/10.1016/j.beth.2007.12.006
https://doi.org/10.1038/srep13633
https://doi.org/10.1177/0956797615583071
https://doi.org/10.1038/35021052
https://doi.org/10.1017/S0140525X14000041
https://doi.org/10.1177/2045125316644541
https://doi.org/10.3233/978-1-61499-282-0-125
www.ptsd.va.gov
https://doi.org/10.1176/appi.ajp.2013.13040552
https://doi.org/10.1016/j.janxdis.2017.05.001
https://doi.org/10.1177/1534650116643401
https://doi.org/10.1080/20008198.2018.1425575
https://doi.org/10.1016/j.cbpra.2013.05.004
https://doi.org/10.1016/S0006-3223(01)01279-3
https://doi.org/10.1007/s11920-017-0761-2
https://doi.org/10.1002/wps.20144
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	An Innovative Framework for Delivering Psychotherapy to Patients With Treatment-Resistant Posttraumatic Stress Disorder: Rationale for Interactive Motion-Assisted Therapy
	Background
	Rationale for an Innovative Framework for Treatment of PTSD
	The Promise of Virtual Reality
	Using Multi-Sensory Input in Therapy
	Visual Input; Use of Pictures or Memorabilia
	Auditory Input; Use of Music
	Role of Olfactory Input; Odorants

	Movement as Game-Changer in Therapy
	Physical Activity and Exercise
	Physical Activity and Cognitive Function
	Embodied Cognition


	The 3MDR Intervention
	Framework for 3MDR
	Walking
	Virtual Reality
	Multi-Sensory Input
	Dual-Attention Task

	Outline of the 3MDR Intervention
	Illustrating the Application of 3MDR: Case Examples
	Case Example Luke
	Case Example Nick
	Case Example Peter


	3MDR in the Context of Other Innovations in TR-PTSD Treatment
	Intensifying Treatment
	Reconsolidation Interventions

	Concluding Remarks and Future Directions
	Author Contributions
	Funding
	Acknowledgments
	References


