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Immersive virtual reality technology (VR) still waits for its wide dissemination
in research and psychotherapy of eating and weight disorders. Given the
comparably high efforts in producing a VR setup, we outline that the
technology’'s breakthrough needs tailored exploitation of specific features
of VR and user-centered design of setups. In this paper, we introduce VR
hardware and review the specific properties of immersive VR versus real-
world setups providing examples how they improved existing setups. We
then summarize current approaches to make VR a tool for psychotherapy
of eating and weight disorders and introduce user-centered design of VR
environments as a solution to support their further development. Overall,
we argue that exploitation of the specific properties of VR can substantially
improve existing approaches for research and therapy of eating and weight
disorders. To produce more than pilot setups, iterative development of VR
setups within a user-centered design approach is needed.

virtual reality, psychotherapy, eating and weight disorders, user-centered design,
exposure therapy

Introduction

For years, immersive virtual reality technology (VR) has been expected to change
psychotherapy (1), but although its use is increasing (2), widespread use of the
technology for research and therapy of eating and weight disorders is still a long way
off. VR provides a computer-generated 3-dimensional digital environment with which

Abbreviations: VR, immersive virtual reality technology.
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a user can naturally interact. For example, when placed in a
scenery, the user does not need to press buttons to see the
scenery to his/her left, but it is sufficient to look to the left.
However, the impressive experience of VR is offset by high
costs for the development of the setups and many promising
approaches currently get stuck in their pilot stage. In this
perspective paper, we argue that VR will only become prevalent
in eating disorder research and treatment if benefits of the
technology are exploited more systematically and studies are
planned within an iterative process. To this end, we outline
the specific properties of VR and provide examples how they
can be harnessed for improving research setups and establishing
enhanced psychotherapy for eating and weight disorders. To
account for the complexity of VR setups, we recommend a user-
centered design approach for their development and outline
how this can be implemented.

Hardware for virtual reality

The current state-of-the-art hardware for VR uses head-
mounted displays as output devices that immerse the user
in a virtual world. Head-mounted devices typically present
the user with stereoscopic images, whose pixels are updated
according to actual head movements and virtual motion. Anthes
and Garcia-Hernandez (3) distinguish two main categories of
head-mounted devices: Wired and mobile devices. Wired head-
mounted displays typically get their signal from a powerful state-
of-the-art gaming personal computer (PC) that is connected
via a cable. Mobile devices are standalone systems that work
without an additional PC. Many mobile devices are based
on smartphone technology, which is either integrated into an
ergonomic case or indeed a smartphone which is then plugged
into a simple frame made of plastic or cardboard. While mobile
VR experience is typically inferior to wired devices in terms of
computational power and visual realism, a clear advantage of
mobile devices is their lower cost and ease of use, since they
don’t require a sophisticated setup.

Design of VR environments is significantly intertwined with
hardware abilities and constraints. Hardware properties such
as resolution, field of view, or weight or tracking capabilities
define large parts of the user experience, such as presence,
user comfort, risk for cybersickness and opportunities to
implement natural interaction. At the same time, high quality
VR-experiences often require more complex hardware and more
sophisticated setups. The hardware market for VR is highly
dynamic, which implies that a thorough analysis of existing
and announced devices is crucial to ensure a good match
between project requirements and hardware specifications.
Websites such as https://vr-compare.com summarize hardware
specifications and accessories. Relevant aspects for comparison,
which also determine quality of VR experience and user
opportunities within VR may be:
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e Ergonomics: Headsets differ with respect to form, weight

and size. These factors effect user experience and usability.
Weight and weight distribution of the headset can
lead affect fatigue, strain and discomfort. Display type,
configuration and optics can lead to different levels of
eyestrain and discomfort. Those factors might negatively
affect cognition and attentional process.

Optics: headsets
interpapillary distance, which may reduce the perception

Some allow for adjustment of
of double images. The higher the range, the more suitable it
is for very small and big heads. Adjustable diopters allow to
compensate myopia and hyperopia directly on the headset.
Field of View: A human eye has a horizontal field of view
of about 135 degrees (combined 200 degrees) and a vertical
field of view of over 180 degrees. Head-mounted displays
typically reach considerably less, resulting in the impression
to look through a box. A high field of view improves the
display quality considerably, although the finally reached
field of view may vary between persons. A large field of view
increases presence and allows for the perception of visual
information about the own virtual body, which might be
relevant for eating disorder studies.

Display: Display type and resolution determine how
sharp and colorful the user sees the virtual environment.
Generally, higher resolution leads to sharper images.
Liquid crystal displays (LCD) produce sharper edges yet
less vivid colors compared to (Active Matrix) Organic
Light Emitting Diode [(AM)OLED)] displays. Some devices
support foveated rendering, which reduces resolution in
the periphery and thereby computational resources based
on eye-tracking.

Tracking: Older mobile devices track their position only
based on rotational tracking through gyroscopes. This
allows for natural view, but not for moving around the
virtual world physically or for naturally interaction with it.
To enable natural interaction, the headset and additional
equipment needs to be tracked with 6 degrees of freedom (3
positional, 3 rotational). Tracking is usually implemented
using inertia measurement units (IMUs) and/or optical
tracking that constantly provide spatial reference. Optical
tracking can be implemented through additional external
cameras or lighthouses (“outside-in tracking”), or, as in
some more recent devices, through cameras or LiDAR
built into the headsets (“inside-out tracking”) that relate
the rotation and acceleration data to static features of
the room. While inside-out tracking maximizes ease of
use, outside-in solutions still provide the best accuracy
and latency, which reduces the risk for cybersickness
and increases data quality of recorded motion. A further
relevant aspect is which additional equipment can be
tracked and whether or not it needs additional accessories,
e.g., position of controllers, eye-movements, hands or
other body parts.
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e Additional Accessories: A number of additional accessories
exist which can be relevant to certain applications.
Examples are devices for haptic feedback on the hand
or back, omnidirectional treadmills, additional trackers
that can be attached to body parts or prescription
lens sets. Since not all devices are compatible with
all accessories, the need for specific accessories can
significantly limit the choice of devices. Note that
some headsets can also be used for augmented reality
applications.

Specific properties of virtual reality
and their use to research and
therapy

Historically, a dedicated aim of VR development is to
create a second, illusory reality by replacing multisensory input
from the environment through information on the virtual
environment (4). Since this replacement is typically incomplete,
virtual realities bear specific features that distinguish them
from “normal” reality. Here, we emphasize that exactly these
differences between virtual and normal reality can be very useful
to research and treatment of eating disorders (cf. Figure 1).
Specifically, we see four relevant properties of VR that can be
harnessed for created innovative approaches in research and
therapy: (1) Control, (2) Natural interaction and surveillance,
(3) Presence, and (4) Embodiment.

Control

Virtual environments enable complex situations which are
still standardized in what a user can experience and do. This
makes them highly relevant for the investigation of eating
behavior, which is regulated by a variety of interacting factors.
VR also provided extended opportunities for standardizing
complex experimental procedures, which can reduce the risk
of unconsidered factors and improve data quality. VR versions
of standard test procedures, e.g., for stress induction, yield
comparable effects as real world setups (5-7), and even have
improved opportunities for scaling difficulty. Extensive control
over task and environmental features also enables multicenter
or even out-of-the lab-studies at high quality (8). For these
purposes, standalone VR applications can be developed and
delivered to cooperating recruitment centers or even directly to
the participants.

Natural interaction and surveillance

Virtual reality allows for natural interactions, because the
body and its natural movements can be used as input device just
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as in the real world. This enables the investigation of natural
behavior, which is particularly relevant for eating behavior,
which is typically disturbed in situations without external
regulation and observation. Further, the motion tracking of
the body or body parts that is needed to make them an input
device enables new outcome parameters, such as grasping speed
(9), for example automatic approach or avoidance tendencies
(7), body sway as an indicator for balance performance (10)
and embodiment with an avatar (11). Eye-tracking, which
was traditionally bound to experimental setups requiring head
fixation (12), can be used to enable gaze recording in relatively
natural settings (13, 14) and hands-free navigation in setups that
need the user to keep still (15). Of note, natural interaction also
maximizes user comfort, making surveillance a comfortable side
effect of good VR.

Presence

Presence is a central construct of VR development
and refers to the experience of “being there” in a virtual
place. In recent years, a consensus has been developed to
distinguish presence from immersion (16, 17). According to this
definition, immersion refers to the technical implementation
of substituting sensory data so that the user gets (dominating)
sensory information from the virtual environment and not from
the actual environment anymore. Presence, in contrast, refers
to the subjective experience of the environment and entails a
place illusion (that one is in the virtual environment) and a
plausibility illusion (that the experiences are really happening).
A high degree of presence is associated with physiological
and behavioral realism. That is, users react similar to VR
stimuli compared to the real word if presence is high (18).
Importantly, presence is not to mistake with an illusion in the
clinical sense. Users of VR are permanently aware that they are
experiencing a second reality and can still distinguish physical
from experienced reality. Hence, VR can be seen as a strong
stimulus to shift the attentional focus away from the current
situation or as a facilitator to imagination tasks.

Embodiment

Embodiment is defined as the sense of having a body. While
psychological frameworks of body experience traditionally
focused on affective and cognitive processing of body
(19),
the formation of body representations through synthesis of

representations neuroscientific theories emphasize
multisensory experience (20). The multisensory stimulation
in immersive VR enables the experience of embodiment for a
virtual body (21), a phenomenon which has been widely studied
in terms of technical prerequisites (22-25), assessment of
embodiment (21), relation to perception of the actual body (26,

27), identity (28), and effects on motor performance (29, 30)
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FIGURE 1
Virtual reality (VR) as a tool for psychotherapy.

and cognition (31). Virtual embodiment can support the
assessment and manipulation of body representation and is
increasingly used (32-35). Approaches range from studying
specific aspects in body representation (36-38) over conditions
for malleability of body representation (22, 39, 40) to virtual
exposure paradigms (41). In light of the complex nature
of body representation of the actual body, embodiment of
virtual bodies and their interaction, current results need to be
interpreted with care.

Virtual reality as a tool for
psychotherapy of eating and
weight disorders

We distinguish three types of VR applications that are
currently piloted for therapy of eating and weight disorders.
Figure 1 illustrates how VR distraction and relaxation,
(enhanced) virtual exposure, and embodiment experiences draw
upon specific properties of VR. Note that the current studies
are typically pilot studies; none of the existing tools has so
far made its way toward efficacy trials. Nevertheless, we argue
that the pilot results can be used for further conceptual and
technological development which can potentially transform
the tools to helpful add-ons or even alternatives to existing
treatments in the future.

Virtual reality relaxation is a broad yet simple intervention
that in its current form basically copies an existing approach to
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VR. VR relaxation has been shown to support acute relaxation
and wellbeing in various acute medical settings, including
chemotherapy for cancer (42), cardiac surgery (43), labor, and
care for veterans with dementia (44) and it also showed high
efficacy in reducing acute stress also in psychiatric patients, with
a tendency to be even more efficacious than standard relaxation
procedures (45). This gives raise to the assumption that the
multisensory stimulation through VR may facilitate relaxation
for patients who have difficulties to relax. On the conceptual
side, further development needs sound assumptions on what
typically causes these difficulties. In the case of eating and
weight disorders, situation specific aspects such as solitude, time
pressure or social stress could play a role, but also difficulties
in perceiving stress versus relaxation consciously. Both aspects
could be targeted by technological solutions, e.g., by generating
personally relevant situations to practice relaxation or by
implementing biofeedback to the scenery.

The second big field for therapeutic applications of VR
in eating and weight disorders are virtual exposure setups.
They were initially developed for the treatment of anxiety
disorders, where they yield effect sizes comparable to real-
world exposure (46, 47). The main advantage of VR exposure
for patients with anxiety disorders is improved availability
and flexible adjustment of difficulty. Further, there are hints
that patients have fewer reservations about virtual exposure
than about real-life exposure (48). For patients with eating
and weight disorders, virtual paradigms facilitate exposure to
imaginary therapy consequences, such as weight gain or loss,
and therefore have the potential to become a valuable tool
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for increasing motivation for treatment (49-51) and thereby
improving therapy adherence.

Exposure to different body weight is currently best piloted in
patients with anorexia nervosa. Molbert et al. (36) demonstrated
that VR exposure to weight manipulated versions of their
body caused anxiety in patients with anorexia nervosa which
faded over the course of the experiment. In preliminary
studies, therapeutic exposure to avatars of higher weight showed
promising results in addressing fear of weight gain (32, 41, 52).
However, detailed mechanisms of this effect, e.g., contributions
of physiological habituation versus cognitive restructuring and
the most efficient instruction are still unclear and require further
investigation (32). Further enhancement with biofeedback (32,
53), multisensory stimulation within VR or attentional direction
could be implemented, but also require thorough pilot studies.
Since body dissatisfaction and overvaluation of body weight
for self-esteem play a role in all eating and weight disorders
(54-56), adaptations for obesity and bulimia nervosa should be
considered, as well.

Another innovative, yet very preliminary approach for
advancing therapy of eating and weight disorders through
VR are tools that address body image disturbance through
non-exposure procedures involving different degrees of
embodiment. According to a recent review by Magrini et al.
(32), the new experience of a virtual and the actual body at
the same time can trigger at least temporary changes in body
representation. For example, Keizer et al. (22) and Serino et al.
(39) used a full body illusion of a healthy weight body in a
sample of patients with anorexia nervosa and demonstrated
that it temporarily modified their experienced body size toward

10.3389/fpsyt.2022.1011620

their actual thin body size. Crucially, the exact mechanism and
technological and individual prerequisites for this effect are so
far not understood. Different pathways of how embodiment
influences body image in the short and longer term need to be
considered, among them habituation processes and cognitive
restructuring (57, 58), but also recalibration in multisensory
processing of the body (59). In addition, the Proteus effect,
meaning a cognitive bias toward properties of an embodied
body, could induce identification with the virtual body and
imply more “healthy” cognitions. In order to develop these
approaches to meaningful tools for psychotherapy, further
research is needed.

User-centered design as a
framework for the development of
virtual reality setups

In light of the complexity of virtual environments, but
also of symptoms of eating and weight disorders, it is obvious
that development of VR tools for clinical research and therapy
cannot be successful from the scratch. Rather, iterative piloting
with conceptual and technological refinement are essential
to produce a good virtual reality tool. Virtual reality setup
development is a complex task which requires high levels
of multidisciplinary specialized expertise and a structured
procedure with long-term perspective. Only recently, user-
centered design approaches are established that introduce
structured and planned changes to existing setups within
feedback loops from applications in research and therapy

o Specify setup
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(60, 61). This approach requires structured interdisciplinary
collaboration between clinical staff and specialized computer
scientists, and can be facilitated through software sharing under
creative commons licenses.

Figure 2 exemplifies the process of iterative setup
development between clinical researchers and computer
scientists following a user-centered design approach. Clinical
researchers are typically well-trained in necessary steps for
conducting studies, but underestimate the need for constant
and closely intertwined feedback loops with programmers of
their VR environment. User-centered application design is an
iterative process that continuously evaluates user requirements
and design solutions to these requirements with the aim
to optimize the product. Transfer to VR development for
clinical purposes includes the following steps to be carried
out additionally to the usual study conduction process: (1)
Analysis of the context in which the setup is to be used and
decision for hardware which is appropriate to study aims and
context, (2) Specification of exact setup requirements and VR
properties that are to be exploited, (3) VR implementation,
and (4) Technological evaluation of the setup. The questions
and typical considerations provided in Figure 2 can serve as
inspiration for discussions between clinical researchers and
involved computer scientists, but are certainly not exhaustive.

Virtual reality development forces the designer to produce
a relatively rich and complex environment, which implies many
design decisions for and against optical and interactive details
in the virtual environment. In order to minimize unwanted
effects of these decisions and to evaluate the environment on
critical VR dimensions, the use of established and standardized
questionnaires for evaluation of VR properties [examples
are provided in (24, 27, 28, 38)] is essential. Ideally, the
technological evaluation of the setup is carried out together with
the conceptual evaluation. User ratings of VR experience are
not only needed to technically improve the setup, but can also
inform the interpretation of the experimental data.

Conclusion

In this perspective paper, we have summarized the current
state-of-the-art in VR technology and research for eating
and weight disorders and we have provided a framework
within the user-centered design approach that can serve as
guideline in the interdisciplinary work and professionalization
of setup development. Over the course of the COVID-19
pandemic, telepsychiatry has received a boost in acceptance and
dissemination. Two main factors played into the sudden success:
A sound empirical basis that telepsychiatry was safe, well-
accepted and useful, but also a strong political push that created
the organizational prerequisites for broad use (62). Likewise, we
consider two aspects as crucial for VR technology to become
a valuable component of psychotherapy: It needs a sound
empirical basis describing for which problems and patients it is
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safe, useful and accepted, and its development and maintenance
needs professional organization and delivery structures.

As starting point to systematize research on use cases and
development of VR for research and therapy of eating and
weight disorders, we provided an overview on the specific
features of VR and their use in existing approaches for clinical
research and therapy of eating and weight disorders. Specifically,
we see high potential in setups that use unique features of VR
to establish innovative paradigms. Currently, however, most
approaches for VR tools get stuck at a very early pilot stage. To
encounter this problem, we encourage intradisciplinary efforts
involving both clinicians and computer scientists to promote
the development of VR tools within long-term, user-centered
design processes.

Data availability statement

The original contributions presented in this study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding author.

Author contributions

SB, SS, AK, and KG conceptualized the manuscript. SB
drafted the manuscript. All authors critically revised the draft
and approved the manuscript.

Funding

SB was funded through intramural funding of the
2353-0-0). We
acknowledged support by Open Access Publishing Fund

University Hospital Tibingen (fortiine

of the University of Tiibingen.

Conflict of interest

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.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fpsyt.2022.1011620
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/

Behrens et al.

References

1. Norcross JC, Pfund RA, Prochaska JO. Psychotherapy in 2022: a delphi poll on
its future. Professional Psychol Res Pract. (2013) 44:363-70. doi: 10.1037/a0034633

2. Freeman D, Reeve S, Robinson A, Ehlers A, Clark D, Spanlang B, et al. Virtual
reality in the assessment, understanding, and treatment of mental health disorders.
Psychol Med. (2017) 47:2393-400. doi: 10.1017/S003329171700040X

3. Anthes C, Garcia-Hernandez R], Wiedemann M, Kranzlmuller D. State of the
art of virtual reality technology. Proceeding of the 2016 IEEE aerospace conference.
(2016). 1-19. doi: 10.1109/AERO.2016.7500674

4. Slater M, Sanchez-Vives MV. Enhancing our lives with immersive virtual
reality. Front Robot. (2016) 3:74. doi: 10.3389/frobt.2016.00074

5. Rodrigues J, Studer E, Streuber S, Sandi C. IMVEST, an immersive multimodal
virtual environment stress test for humans that adjusts challenge to individual’s
performance. Neurobiol Stress. (2021) 15:100382. doi: 10.1016/j.ynstr.2021.100382

6. Zimmer P, Buttlar B, Halbeisen G, Walther E, Domes G. Virtually stressed?
A refined virtual reality adaptation of the trier social stress test (TSST) induces
robust endocrine responses. Psychoneuroendocrinology. (2019) 101:186-92. doi:
10.1016/j.psyneuen.2018.11.010

7. Degner J, Steep L, Schmidt S, Steinicke F. Assessing automatic approach-
avoidance behavior in an immersive virtual environment. Front Virt Reality. (2021)
2:761142. doi: 10.3389/frvir.2021.761142

8. Radiah R, Mikeld V, Prange S, Delgado Rodriguez S, Piening R, Zhou Y, et al.
Remote VR studies. A framework for running virtual reality studies remotely via
participant-owned HMDs. arXiv [Preprint] (2021) 28:1-36. doi: 10.1145/3472617

9. Schroeder PA, Lohmann J, Butz MV, Plewnia C. Behavioral bias for
food reflected in hand movements: a preliminary study with healthy subjects.
Cyberpsychol Behav Soc Netw. (2016) 19:120-6. doi: 10.1089/cyber.2015.0311

10. Asslander L, Streuber S. Virtual reality as a tool for balance research: eyes
open body sway is reproduced in photo-realistic, but not in abstract virtual scenes.
PLoS One. (2020) 15:€0241479. doi: 10.1371/journal.pone.0241479

11. Scheer, C, Horn L, Jansen P. Moving in synchrony with an avatar - presenting
a novel and unbiased body sway synchronization paradigm. Curr Psychol. (2021).
doi: 10.1007/s12144-021-01606-w

12. Giel KE, Friederich HC, Teufel M, Hautzinger M, Enck P, Zipfel S. Attentional
processing of food pictures in individuals with anorexia nervosa-an eye-tracking
study. Biol Psychiatry. (2011) 69:661-7. doi: 10.1016/j.biopsych.2010.09.047

13. Porras-Garcia B, Ferrer-Garcia M, Ghita A, Moreno M, Lopez-Jimenez L,
Vallve-Romeu A, et al. The influence of gender and body dissatisfaction on body-
related attentional bias: an eye-tracking and virtual reality study. Int J Eat Disord.
(2019) 52:1181-90. doi: 10.1002/eat.23136

14. Siegrist M, Ung CY, Zank M, Marinello M, Kunz A, Hartmann C, et al.
Consumers’ food selection behaviors in three-dimensional (3D) virtual reality. Food
Res Int. (2019) 117:50-9. doi: 10.1016/j.foodres.2018.02.033

15. Al-Ghamdi NA, Meyer WJ, Atzori B, Alhalabi W, Seibel CC, Ullman D, et al.
Virtual reality analgesia with interactive eye tracking during brief thermal pain
stimuli: a randomized controlled trial (crossover design). Front Hum Neurosci.
(2019) 13:467. doi: 10.3389/fnhum.2019.00467

16. Skarbez R, Brooks JFP, Whitton MC. A survey of presence and related
concepts. ACM Comput Surveys. (2018) 50:1-39. doi: 10.1145/3134301

17. Slater M. A note on presence. Pres Connect. (2003) 3:1-5.

18. Meehan M, Razzaque S, Insko B, Whitton M, Brooks FP Jr. Review of four
studies on the use of physiological reaction as a measure of presence in stressful
virtual environments. Appl Psychophysiol Biofeedback. (2005) 30:239-58. doi: 10.
1007/s10484-005-6381-3

19. Thompson JK. The (mis)measurement of body image: ten strategies to
improve assessment for applied and research purposes. Body Image. (2004) 1:7-14.
doi: 10.1016/S1740-1445(03)00004-4

20. Longo MR, Azanon E, Haggard P. More than skin deep: body representation
beyond primary somatosensory cortex. Neuropsychologia. (2010) 48:655-68. doi:
10.1016/j.neuropsychologia.2009.08.022

21. Kilteni K, Groten R, Slater M. The sense of embodiment in virtual reality.
Presence. (2012) 21:373-87. doi: 10.1162/PRES_a_00124

22. Keizer A, van Elburg A, Helms R, Dijkerman HC. A virtual reality full body
illusion improves body image disturbance in anorexia nervosa. PLoS One. (2016)
11:e0163921. doi: 10.1371/journal.pone.0163921

23. Liu T, Pietschmann D, Ohler P. Affecting explicit and implicit body image
with thin-idealized avatars in virtual reality: the role of sense of embodiment.
Cyberpsychol Behav Soc Netw. (2022) 25:174-80. doi: 10.1089/cyber.2021.0091

Frontiers in Psychiatry

07

10.3389/fpsyt.2022.1011620

24. Linkenauger SA, Bulthoff HH, Mohler BJ. Virtual arm’s reach influences
perceived distances but only after experience reaching. Neuropsychologia. (2015)
70:393-401. doi: 10.1016/j.neuropsychologia.2014.10.034

25. Piryankova IV, Stefanucci JK, Romero J, De La Rosa S, Black MJ, Mohler
BJ. Can I recognize my body’s weight? The influence of shape and texture on the
perception of self. ACM Trans Appl Percept. (2014) 11:1-18. doi: 10.1145/2641568

26. de Haan AM, Van Stralen HE, Smit M, Keizer A, Van der Stigchel S,
Dijkerman HC. No consistent cooling of the real hand in the rubber hand illusion.
Acta Psychol. (2017) 179:68-77. doi: 10.1016/j.actpsy.2017.07.003

27. Karnath HO, Mélbert SC, Klaner AK, Tesch J, Giel KE, Wong HY, et al. Visual
perception of one’s own body under vestibular stimulation using biometric self-
avatars in virtual reality. PLoS One. (2019) 14:¢0213944. doi: 10.1371/journal.pone.
0213944

28. Piryankova IV, Wong HY, Linkenauger SA, Stinson C, Longo MR, Bulthoff
HH, et al. Owning an overweight or underweight body: distinguishing the physical,
experienced and virtual body. PLoS One. (2014) 9:¢103428. doi: 10.1371/journal.
pone.0103428

29. Peck TC, Seinfeld S, Aglioti SM, Slater M. Putting yourself in the skin of a
black avatar reduces implicit racial bias. Conscious Cogn. (2013) 22:779-87. doi:
10.1016/j.concog.2013.04.016

30. Readman MR, Cooper D, Linkenauger SA. It’s in your hands: how variable
perception affects grasping estimates in virtual reality. Psychon Bull Rev. (2021)
28:1202-10. doi: 10.3758/s13423-021-01916-x

31. Ratan R, Beyea D, Li BJ, Graciano L. Avatar characteristics induce users’
behavioral conformity with small-to-medium effect sizes: a meta-analysis of the
proteus effect. Med Psychol. (2019) 23:651-75. doi: 10.1080/15213269.2019.1623698

32. Magrini M, Curzio O, Tampucci M, Donzelli G, Cori L, Imiotti MC,
et al. Anorexia nervosa, body image perception and virtual reality therapeutic
applications: state of the art and operational proposal. Int ] Environ Res Public
Health. (2022) 19:5. doi: 10.3390/ijerph19052533

33. Ferrer-Garcia M, Gutierrez-Maldonado J. The use of virtual reality in the
study, assessment, and treatment of body image in eating disorders and nonclinical
samples: a review of the literature. Body Image. (2012) 9:1-11. doi: 10.1016/j.
bodyim.2011.10.001

34. Ziser K, Molbert SC, Stuber F, Giel KE, Zipfel S, Junne F. Effectiveness of body
image directed interventions in patients with anorexia nervosa: a systematic review.
Int J Eating Dis. (2018) 51:1121-7. doi: 10.1002/eat.22946

35. de Carvalho MR, Dias TRS, Duchesne M, Nardi AE, Appolinario JC. Virtual
reality as a promising strategy in the assessment and treatment of bulimia nervosa
and binge eating disorder: a systematic review. Behav Sci. (2017) 7:3. doi: 10.3390/
bs7030043

36. Molbert SC, Thaler A, Mohler BJ, Streuber S, Romero J, Black MJ, et al.
Assessing body image in anorexia nervosa using biometric self-avatars in virtual
reality: attitudinal components rather than visual body size estimation are distorted.
Psychol Med. (2018) 48:642-53. doi: 10.1017/50033291717002008

37. Cipolletta S, Malighetti C, Serino S, Riva G, Winter D. Intrapersonal,
interpersonal, and physical space in anorexia nervosa: a virtual reality and repertory
grid investigation. Psychiatry Res. (2017) 252:87-93. doi: 10.1016/j.psychres.2017.
02.060

38. Corno G, Serino S, Cipresso P, Banos RM, Riva G. Assessing the relationship
between attitudinal and perceptual component of body image disturbance using
virtual reality. Cyberpsychol Behav Soc Netw. (2018) 21:679-86. doi: 10.1089/cyber.
2018.0340

39. Serino S, Pedroli E, Keizer A, Triberti S, Dakanalis A, Pallavicini F, et al.
Virtual reality body swapping: a tool for modifying the allocentric memory of the
body. Cyberpsychol Behav Soc Netw. (2016) 19:127-33. doi: 10.1089/cyber.2015.
0229

40. Irvine KR, Irvine AR, Maalin N, McCarty K, Cornelissen KK,

Tovee M]J, et al. Using immersive virtual reality to modify body
image. Body Image. (2020) 33:232-43. doi: 10.1016/j.bodyim.2020.
03.007

41. Porras-Garcia B, Ferrer-Garcia M, Serrano-Troncoso E, Carulla-Roig M,
Soto-Usera P, Miquel-Nabau H, et al. AN-VR-BE. A randomized controlled trial for
reducing fear of gaining weight and other eating disorder symptoms in anorexia
nervosa through virtual reality-based body exposure. J Clin Med. (2021) 10:4.
doi: 10.3390/jcm 10040682

42. Schneider SM, Kisby CK, Flint EP. Effect of virtual reality on time perception
in patients receiving chemotherapy. Support Care Cancer. (2010) 19:555-64. doi:
10.1007/500520-010-0852-7

frontiersin.org


https://doi.org/10.3389/fpsyt.2022.1011620
https://doi.org/10.1037/a0034633
https://doi.org/10.1017/S003329171700040X
https://doi.org/10.1109/AERO.2016.7500674
https://doi.org/10.3389/frobt.2016.00074
https://doi.org/10.1016/j.ynstr.2021.100382
https://doi.org/10.1016/j.psyneuen.2018.11.010
https://doi.org/10.1016/j.psyneuen.2018.11.010
https://doi.org/10.3389/frvir.2021.761142
https://doi.org/10.1145/3472617
https://doi.org/10.1089/cyber.2015.0311
https://doi.org/10.1371/journal.pone.0241479
https://doi.org/10.1007/s12144-021-01606-w
https://doi.org/10.1016/j.biopsych.2010.09.047
https://doi.org/10.1002/eat.23136
https://doi.org/10.1016/j.foodres.2018.02.033
https://doi.org/10.3389/fnhum.2019.00467
https://doi.org/10.1145/3134301
https://doi.org/10.1007/s10484-005-6381-3
https://doi.org/10.1007/s10484-005-6381-3
https://doi.org/10.1016/S1740-1445(03)00004-4
https://doi.org/10.1016/j.neuropsychologia.2009.08.022
https://doi.org/10.1016/j.neuropsychologia.2009.08.022
https://doi.org/10.1162/PRES_a_00124
https://doi.org/10.1371/journal.pone.0163921
https://doi.org/10.1089/cyber.2021.0091
https://doi.org/10.1016/j.neuropsychologia.2014.10.034
https://doi.org/10.1145/2641568
https://doi.org/10.1016/j.actpsy.2017.07.003
https://doi.org/10.1371/journal.pone.0213944
https://doi.org/10.1371/journal.pone.0213944
https://doi.org/10.1371/journal.pone.0103428
https://doi.org/10.1371/journal.pone.0103428
https://doi.org/10.1016/j.concog.2013.04.016
https://doi.org/10.1016/j.concog.2013.04.016
https://doi.org/10.3758/s13423-021-01916-x
https://doi.org/10.1080/15213269.2019.1623698
https://doi.org/10.3390/ijerph19052533
https://doi.org/10.1016/j.bodyim.2011.10.001
https://doi.org/10.1016/j.bodyim.2011.10.001
https://doi.org/10.1002/eat.22946
https://doi.org/10.3390/bs7030043
https://doi.org/10.3390/bs7030043
https://doi.org/10.1017/S0033291717002008
https://doi.org/10.1016/j.psychres.2017.02.060
https://doi.org/10.1016/j.psychres.2017.02.060
https://doi.org/10.1089/cyber.2018.0340
https://doi.org/10.1089/cyber.2018.0340
https://doi.org/10.1089/cyber.2015.0229
https://doi.org/10.1089/cyber.2015.0229
https://doi.org/10.1016/j.bodyim.2020.03.007
https://doi.org/10.1016/j.bodyim.2020.03.007
https://doi.org/10.3390/jcm10040682
https://doi.org/10.1007/s00520-010-0852-7
https://doi.org/10.1007/s00520-010-0852-7
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/

Behrens et al.

43. Mosso-Vazquez JL, Gao K, Wiederhold BK, Wiederhold MD. Virtual reality
for pain management in cardiac surgery. Cyberpsychol Behav Soc Netw. (2014)
17:371-8. doi: 10.1089/cyber.2014.0198

44. Appel L, Appel E, Kisonas E, Lewis S, Sheng LQ. Virtual reality for veteran
relaxation: can VR therapy help veterans living with dementia who exhibit
responsive behaviors? Front Virt Reality. (2022) 2:724020. doi: 10.3389/frvir.2021.
724020

45. Veling W, Lestestuiver B, Jongma M, Hoenders HJR, van Driel C. Virtual
reality relaxation for patients with a psychiatric disorder: crossover randomized
controlled trial. ] Med Internet Res. (2021) 23:e17233. doi: 10.2196/17233

46. Carl E, Stein AT, Levihn-Coon A, Pogue JR, Rothbaum B, Emmelkamp P,
et al. Virtual reality exposure therapy for anxiety and related disorders: a meta-
analysis of randomized controlled trials. ] Anxiety Disord. (2019) 61:27-36. doi:
10.1016/j.janxdis.2018.08.003

47. Wechsler TE, Kumpers F, Muhlberger A. Inferiority or even superiority of
virtual reality exposure therapy in phobias?-a systematic review and quantitative
meta-analysis on randomized controlled trials specifically comparing the efficacy of
virtual reality exposure to gold standard in vivo exposure in agoraphobia, specific
phobia, and social phobia. Front Psychol. (2019) 10:1758. doi: 10.3389/fpsyg.2019.
01758

48. Garcia-Palacios A, Botella C, Hoffman H, Fabregat S. Comparing acceptance
and refusal rates of virtual reality exposure vs. in vivo exposure by patients with
specific phobias. Cyberpsychol Behav. (2007) 10:722-4. doi: 10.1089/cpb.2007.9962

49. Vandereycken W, Devidt K. Dropping out from a specialized inpatient
treatment for eating disorders: the perception of patients and staff. Eat Disord.
(2010) 18:140-7. doi: 10.1080/10640260903585557

50. Vinchenzo C, Lawrence V, McCombie C. Patient perspectives on premature
termination of eating disorder treatment: a systematic review and qualitative
synthesis. ] Eat Disord. (2022) 10:39. doi: 10.1186/s40337-022-00568-z

51. Trujillo-Garrido N, Santi-Cano MJ. Motivation and limiting factors for
adherence to weight loss interventions among patients with obesity in primary care.
Nutrients. (2022) 14:14. doi: 10.3390/nu14142928

52. Behrens SC, Becker S, Tesch J, Black M, Zipfel S, Junne F, et al. [Virtual reality
exposure to higher weight - a new paradigm for the assessment and treatment of
body image disturbance]. Proceedings of the 7th Wissenschaftlicher Kongress der
Deutschen Gesellschaft fiir Essstérungen. Tiibingen (2021).

Frontiers in Psychiatry

08

10.3389/fpsyt.2022.1011620

53. Kothgassner OD, Goreis A, Bauda I, Ziegenaus A, Glenk LM, Felnhofer A.
Virtual reality biofeedback interventions for treating anxiety: a systematic review,
meta-analysis and future perspective. Wien Klin Wochenschr. (2022) 134:49-59.
doi: 10.1007/s00508-021-01991-z

54. Ivezaj V, Grilo CM. The complexity of body image following bariatric surgery:
a systematic review of the literature. Obes Rev. (2018) 19:1116-40. doi: 10.1111/obr.
12685

55. Lewer M, Bauer A, Hartmann AS, Vocks S. Different facets of body image
disturbance in binge eating disorder: a review. Nutrients. (2017) 9:12. doi: 10.3390/
nu9121294

56. Pennesi JL, Wade TD. A systematic review of the existing models of
disordered eating: do they inform the development of effective interventions? Clin
Psychol Rev. (2016) 43:175-92. doi: 10.1016/j.cpr.2015.12.004

57. Vocks S, Legenbauer T, Wachter A, Wucherer M, Kosfelder J. What happens
in the course of body exposure? Emotional, cognitive, and physiological reactions
to mirror confrontation in eating disorders. J Psychosom Res. (2007) 62:231-9.
doi: 10.1016/j.jpsychores.2006.08.007

58. Trentowska M, Bender C, Tuschen-Caffier B. Mirror exposure in women
with bulimic symptoms: how do thoughts and emotions change in body image
treatment? Behav Res Ther. (2013) 51:1-6. doi: 10.1016/j.brat.2012.03.012

59. Azanén E, Tame¢ L, Maravita A, Linkenauger Sally A, Ferre
Elisa R, Tajadura-Jiménez A, et al. Multimodal contributions to body
representation. Multisensory Res. (2016) 29:635-61. doi: 10.1163/22134808-0000
2531

60. Déllinger N, Wolf E, Mal D, Wenninger S, Botsch M, Latoschik E, et al.
Resize me! Exploring the user experience of embodied realistic modulatable avatars
for body image intervention in virtual reality. Front Virt Reality. (2022) 3:935449.
doi: 10.3389/frvir.2022.935449

61. Wienrich C, Déllinger N, Hein R. Behavioral framework of immersive
technologies (BehaveFIT): how and why virtual reality can support behavioral
change processes. Front Virt Reality. (2021) 2:627194. doi: 10.3389/frvir.2021.
627194

62. Greenhalgh T, Wherton J. Telepsychiatry: learning from the
pandemic. Br ] Psychiatry. (2022). [Epub ahead of print]. doi: 10.1192/bjp.
2021.224

frontiersin.org


https://doi.org/10.3389/fpsyt.2022.1011620
https://doi.org/10.1089/cyber.2014.0198
https://doi.org/10.3389/frvir.2021.724020
https://doi.org/10.3389/frvir.2021.724020
https://doi.org/10.2196/17233
https://doi.org/10.1016/j.janxdis.2018.08.003
https://doi.org/10.1016/j.janxdis.2018.08.003
https://doi.org/10.3389/fpsyg.2019.01758
https://doi.org/10.3389/fpsyg.2019.01758
https://doi.org/10.1089/cpb.2007.9962
https://doi.org/10.1080/10640260903585557
https://doi.org/10.1186/s40337-022-00568-z
https://doi.org/10.3390/nu14142928
https://doi.org/10.1007/s00508-021-01991-z
https://doi.org/10.1111/obr.12685
https://doi.org/10.1111/obr.12685
https://doi.org/10.3390/nu9121294
https://doi.org/10.3390/nu9121294
https://doi.org/10.1016/j.cpr.2015.12.004
https://doi.org/10.1016/j.jpsychores.2006.08.007
https://doi.org/10.1016/j.brat.2012.03.012
https://doi.org/10.1163/22134808-00002531
https://doi.org/10.1163/22134808-00002531
https://doi.org/10.3389/frvir.2022.935449
https://doi.org/10.3389/frvir.2021.627194
https://doi.org/10.3389/frvir.2021.627194
https://doi.org/10.1192/bjp.2021.224
https://doi.org/10.1192/bjp.2021.224
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/

	How immersive virtual reality can become a key tool to advance research and psychotherapy of eating and weight disorders
	Introduction
	Hardware for virtual reality
	Specific properties of virtual reality and their use to research and therapy
	Control
	Natural interaction and surveillance
	Presence
	Embodiment

	Virtual reality as a tool for psychotherapy of eating and weight disorders
	User-centered design as a framework for the development of virtual reality setups
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


