Supplementary Table 1. Summarizes literature that was identified for this review.
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Headache
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Other Pain

Other Pain
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Cancer Pain

Cancer Pain

Neck Pain

Citation

Lin, D. H., Lin, Y. F,, Chai, H. M., Han, Y. C., & Jan, M. H. (2007). Comparison
of proprioceptive functions between computerized proprioception
facilitation exercise and closed kinetic chain exercise in patients with knee
osteoarthritis. Clinical rheumatology, 26(4), 520-528.

Allam, A., Kostova, Z., Nakamoto, K., & Schulz, P. J. (2015). The effect of
social support features and gamification on a Web-based intervention for
rheumatoid arthritis patients: randomized controlled trial. Journal of
medical Internet research, 17(1), e14.

de Tommaso, M., Ricci, K., Laneve, L., Savino, N., Antonaci, V., & Livrea, P.
(2013). Virtual visual effect of hospital waiting room on pain modulation in
healthy subjects and patients with chronic migraine. Pain research and
treatment, 2013, 515730.

Shiri, S., Feintuch, U., Weiss, N., Pustilnik, A., Geffen, T., Kay, B., Meiner, Z., &
Berger, |. (2013). A virtual reality system combined with biofeedback for
treating pediatric chronic headache--a pilot study. Pain medicine (Malden,
Mass.), 14(5), 621-627.

Leibovici, V., Magora, F., Cohen, S., & Ingber, A. (2009). Effects of virtual
reality immersion and audiovisual distraction techniques for patients with
pruritus. Pain research & management, 14(4), 283-286.

Jones, T., Skadberg, R., & Moore, T. (2018). A Pilot Study of the Impact of
Repeated Sessions of Virtual Reality on Chronic Neuropathic Pain.
International Journal of Virtual Reality, 18(1), 19-34
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& Marsh, A. (2019). Virtual reality as complementary pain therapy in
hospitalized patients with sickle cell disease. Pediatric blood & cancer, 66(2),
27525.

Li, W. H., Chung, J. 0., & Ho, E. K. (2011). The effectiveness of therapeutic

play, using virtual reality computer games, in promoting the psychological

well-being of children hospitalised with cancer. Journal of clinical nursing,
20(15-16), 2135-2143.

Bani Mohammad, E., & Ahmad, M. (2019). Virtual reality as a distraction
technique for pain and anxiety among patients with breast cancer: A
randomized control trial. Palliative & supportive care, 17(1), 29-34.

Sarig-Bahat, H., Weiss, P. L., & Laufer, Y. (2010). Neck pain assessment in a
virtual environment. Spine, 35(4), E105-E112.
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Arthritis patients engaged with a
computerized proprioception facilitation
exercise video game using a control board to
improve overall proprioceptive functioning

Rheumatoid arthritis patients visited a web-
based gamified social support website

Patients with headaches woere wore-
mounted displays that simulated different
waiting-room environments(e.g., seascape
or standard hospital)

Participants wore a head-mounted virtual
display while doing galvanic skin response-
based biofeedback training

Pruitus patients played an augmented
reality game displayed on head-mounted to
distract themselves from itching

Participants with chronic neuropathic pain
played a virtual reality game on a HTC Vive
system to distract themselves from pain

Pediatric sickle cell disease patients wore a
head-mounted display and played anaquatic
exploration game to distract themselves
from pain

Pediatric cancer patients played virtual
reality computer games to reduceanxiety
and depressive symptoms.

Immersive virtual reality aquatic game to
distract from cancer-related pain.

Participants with neck pain wore a head-
mounted display with tracking sensors that
assessed the range of motion in their cervical
spine duringgameplay.

RCT
Quality

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Presence

Immersion

Embodiment

Interactivity

* Studies categorized with a

denote inclusion of experiential factor in the virtual intervention. For ‘presence’,

** “High” and “Fair” quality RCTs refer to ratings provided by formal systematic reviews and meta-analyses; citation for reviews listing the study are provided.
*** ““Not Rated” refers to ostensible RCTs which have not (yet) been rated in systematic reviews or meta-analyses; "“N/A" stands for not applicable.

indicates that presence was assessed as part of intervention.
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Musculoskeletal Pain
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Citation

Sarig Bahat, H., Weiss, P. L., Sprecher, E., Krasovsky, A., & Laufer, Y. (2014).
Do neck kinematics correlate with pain intensity, neck disability or with fear
of motion?. Manual therapy, 19(3), 252-258.

Sarig Bahat, H., Takasaki, H., Chen, X., Bet-Or, Y., & Treleaven, J. (2015).
Cervical kinematic training with and without interactive VR training for
chronic neck pain - a randomized clinical trial. Manual therapy, 20(1),
68-78.

Harvie, D. S., Broecker, M., Smith, R. T., Meulders, A., Madden, V. J., &
Moseley, G. L. (2015). Bogus visual feedback alters onset of movement-
evoked pain in people with neck pain. Psychological science, 26(4),
385-392.

Rezaei, |., Razeghi, M., Ebrahimi, S., Kayedi, S., Rezaeian Zadeh, A. (2019). A
Novel Virtual Reality Technique (Cervigame®) Compared to Conventional
Proprioceptive Training to Treat Neck Pain: A Randomized Controlled Trial.
Journal of Biomedical Physics and Engineering, 9(3), 355-366. doi:
10.31661/jbpe.v0i0.556

Sato, K., Fukumori, S., Matsusaki, T., Maruo, T., Ishikawa, S., Nishie, H.,
Takata, K., Mizuhara, H., Mizobuchi, S., Nakatsuka, H., Matsumi, M., Gofuku,
A., Yokoyama, M., & Morita, K. (2010). Nonimmersive virtual reality mirror

visual feedback therapy and its application for the treatment of complex
regional pain syndrome: an open-label pilot study. Pain medicine (Malden,
Mass.), 11(4), 622-629.

Jeon, B., Cho, S., & Lee, J. H. (2014). Application of virtual body swapping to
patients with complex regional pain syndrome: a pilot study.
Cyberpsychology, behavior and social networking, 17(6), 366—370.

Won, A. S., Tataru, C. A., Cojocaru, C. M., Krane, E. J., Bailenson, J. N.,
Niswonger, S., & Golianu, B. (2015). Two Virtual Reality Pilot Studies for the
Treatment of Pediatric CRPS. Pain medicine (Malden, Mass.), 16(8), 1644—
1647.

Solca, M., Ronchi, R., Bello-Ruiz, J., Schmidlin, T., Herbelin, B., Luthi, F.,
Konzelmann, M., Beaulieu, J. Y., Delaquaize, F., Schnider, A., Guggisberg, A.
G., Serino, A., & Blanke, O. (2018). Heartbeat-enhanced immersive virtual
reality to treat complex regional pain syndrome. Neurology, 91(5), e479—

e489.

Sveistrup, H., McComas, J., Thornton, M., Marshall, S., Finestone, H.,
McCormick, A., Babulic, K., & Mayhew, A. (2003). Experimental studies of
virtual reality-delivered compared to conventional exercise programs for
rehabilitation. Cyberpsychology & behavior : the impact of the Internet,

multimedia and virtual reality on behavior and society, 6(3), 245-249.

Jansen-Kosterink, S. M., Huis In 't Veld, R. M., Schénauer, C., Kaufmann, H.,

Hermens, H. J., & Vollenbroek-Hutten, M. M. (2013). A Serious Exergame for

Patients Suffering from Chronic Musculoskeletal Back and Neck Pain: A Pilot
Study. Games for health journal, 2(5), 299-307.
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Participants with neck pain wore a head-
mounted display with tracking sensors that
assessed the range of motion in their cervical
spine duringgameplay.

Participants with neck pain wore a head-
mounted display with tracking sensors to
play cervical kinematic training games.

Participants with neck pain wore a head-
mounted display with tracking sensors that
measured the range of motion in their necks

while exploring avirtual environment.

Participants with neck pain wore a head
mounted display to play "Cervigame" -
virtual reality proprioceptive training.

Participants with CRPS wore a custom glove
with sensors on their non affected limb. The
data from the glove created a real-time
computer simulation of their affected limb.

Participants with CRPS looked through a
head-mounted display to see a human figure
posing. Participants were asked to copy the

figure's posture.

Pediatric CRPS patients wore a head-
mounted display and controlled a 1st person
avatar to complete target-hitting tasks, with

the goal of improving overall mobility.

Participants with CRPS wore a head-
mounted display and observed a virtual
depiction of their affected limb, which
flashed synchronously or asynchronously
with their heartbeat.

A motion capture device displayed
participants' movements during exercise
rehab in real-time on a tv screen.

Participants with musculoskeltal pain wore a
motion capture suit and walked on a
treadmill to move within a non-immersive
ovirtual environment in hopes of improving
their mobility.

RCT
Quality

N/A

High [64]

High [64]

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Presence

Immersion

Embodiment

Interactivity
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Spinal Cord Injury Pain

Spinal Cord Injury Pain

Spinal Cord Injury Pain

Fibromyalgia

Fibromyalgia

Fibromyalgia

Fibromyalgia

Citation

Powell, W., & Simmonds, M. J. (2014). Virtual reality and musculoskeletal
pain: manipulating sensory cues to improve motor performance during
walking. Cyberpsychology, behavior and social networking, 17(6), 390-396.

M. Villiger et al., (2011). Virtual reality rehabilitation system for neuropathic
pain and motor dysfunction in spinal cord injury patients. International
Conference on Virtual Rehabilitation, Zurich, Switzerland, 1-4.

Villiger, M., Bohli, D., Kiper, D., Pyk, P., Spillmann, J., Meilick, B., Curt, A.,
Hepp-Reymond, M. C., Hotz-Boendermaker, S., & Eng, K. (2013). Virtual
reality-augmented neurorehabilitation improves motor function and
reduces neuropathic pain in patients with incomplete spinal cord injury.
Neurorehabilitation and neural repair, 27(8), 675-683.

Jordan, M., & Richardson, E. J. (2016). Effects of Virtual Walking Treatment
on Spinal Cord Injury-Related Neuropathic Pain: Pilot Results and Trends
Related to Location of Pain and at-level Neuronal Hypersensitivity. American
journal of physical medicine & rehabilitation, 95(5), 390-396.

Roosink, M., Robitaille, N., Jackson, P. L., Bouyer, L. J., & Mercier, C. (2016).
Interactive virtual feedback improves gait motor imagery after spinal cord
injury: An exploratory study. Restorative neurology and neuroscience, 34(2),
227-235.

Richardson, E. J., McKinley, E. C., Rahman, A., Klebine, P., Redden, D. T., &
Richards, J. S. (2019). Effects of virtual walking on spinal cord injury-related
neuropathic pain: A randomized, controlled trial. Rehabilitation psychology,

64(1), 13-24.

Botella, C., Garcia-Palacios, A., Vizcaino, Y., Herrero, R., Bafios, R. M., &
Belmonte, M. A. (2013). Virtual reality in the treatment of fibromyalgia: a
pilot study. Cyberpsychology, behavior and social networking, 16(3),
215-223.

Herrero, R., Garcia-Palacios, A., Castilla, D., Molinari, G., & Botella, C. (2014).
Virtual reality for the induction of positive emotions in the treatment of
fibromyalgia: a pilot study over acceptability, satisfaction, and the effect of
virtual reality on mood. Cyberpsychology, behavior and social networking,
17(6), 379-384.

Garcia-Palacios, A., Herrero, R., Vizcaino, Y., Belmonte, M. A., Castilla, D.,
Molinari, G., Bafios, R. M., & Botella, C. (2015). Integrating virtual reality
with activity management for the treatment of fibromyalgia: acceptability
and preliminary efficacy. The Clinical journal of pain, 31(6), 564-572.

Mortensen, J., Kristensen, L. Q., Brooks, E. P., & Brooks, A. L. (2015). Women
with fibromyalgia's experience with three motion-controlled video game
consoles and indicators of symptom severity and performance of activities of
daily living. Disability and rehabilitation. Assistive technology, 10(1), 61-66.
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A virtual camera captured participants'
movements while walking on a of self-paced
treadmill. Their movements were projected

onto a screen in front of the treadmill in real-
time.

A PC and a large-screen display showed life-
size virtual representations of feet and legs.
Spinal cord injured participants played
minigames using kicking motions to improve
their neuropathic pain.

Motion capture sensors were placed on the

lower limbs of participants with spinal cord

injury. Participants played minigames on a

non-immersive display by kicking their legs
to improve theirmobility.

Spinal cord injured participants underwent
virtual walking therapy on a 3D-videoscreen
to determine which types of pain benefit
from illusory walking.

Spinal cord injured participants wore
motion sensors their arm to control a
walking 3rd person avatar (projected on a3D
screen).

Spinal cord injured participants watched a
3D video of legs walking from 1st-person.

Participants with fibromalgia underwent 10
sessions of cognitive behavioral therapy
supported by audiovisual virtual reality to
improve mindfullness

Participants with fibromyalgia watched
various virtual environments being explored
on large projection screen to improve their
mood.

Cognitive behavioral therapy was paired
with virtual reality environments on a large
projection screen

Patients with fibromyalgia played motion-
capture based video games (e.g., Wii, PS3
Move, Kinect) to exercise and distract
themselves from pain.

RCT
Quality

Fair [64]

N/A

N/A

N/A

N/A

Not Rated

N/A

N/A

N/A

N/A

Presence

Immersion

Embodiment

Interactivity
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Citation

Morris, L. D., Louw, Q. A., Grimmer, K. A., & Meintjes, E. (2015). Targeting
pain catastrophization in patients with fibromyalgia using virtual reality
exposure therapy: a proof-of-concept study. Journal of physical therapy

science, 27(11), 3461-3467.

Kim, S. S., Min, W. K., Kim, J. H., & Lee, B. H. (2014). The Effects of VR-based
Wii Fit Yoga on Physical Function in Middle-aged Female LBP Patients.
Journal of physical therapy science, 26(4), 549-552.

Roosink, M., McFadyen, B. J., Hébert, L. J., Jackson, P. L., Bouyer, L. J., &
Mercier, C. (2015). Assessing the perception of trunk movements in military
personnel with chronic non-specific low back pain using a virtual mirror.
PloS one, 10(3), e0120251.

Thomas, J. S., France, C. R., Applegate, M. E., Leitkam, S. T., & Walkowski, S.
(2016). Feasibility and Safety of a Virtual Reality Dodgeball Intervention for
Chronic Low Back Pain: A Randomized Clinical Trial. The journal of pain :
official journal of the American Pain Society, 17(12),1302-1317.

Yilmaz Yelvar, G. D., Girak, Y., Dalkiling, M., Parlak Demir, Y., Guner, Z., &
Boydak, A. (2017). Is physiotherapy integrated virtual walking effective on
pain, function, and kinesiophobia in patients with non-specific low-back
pain? Randomised controlled trial. European spine journal : official
publication of the European Spine Society, the European Spinal Deformity
Society, and the European Section of the Cervical Spine Research Society,
26(2), 538-545.

France, C. R., & Thomas, J. S. (2018). Virtual immersive gaming to optimize
recovery (VIGOR) in low back pain: A phase Il randomized controlled trial.
Contemporary clinical trials, 69, 83-91.

Applegate, M. E., France, C. R., Russ, D. W., Leitkam, S. T., & Thomas, J. S.
(2018). Determining Physiological and Psychological Predictors of Time to
Task Failure on a Virtual Reality Sprensen Test in Participants With and
Without Recurrent Low Back Pain: Exploratory Study. JMIR serious games,
6(3), €10522.

Alemanno, F., Houdayer, E., Emedoli, D., Locatelli, M., Mortini, P., Mandelli,
C., Raggi, A., & lannaccone, S. (2019). Efficacy of virtual reality to reduce
chronic low back pain: Proof-of-concept of a non-pharmacological approach
on pain, quality of life, neuropsychological and functional outcome. PloS
one, 14(5),e0216858.

Gromala, Diane & Song, Meehae & Yim, Ji-Dong & Fox, Tyler & Barnes, Steven
& Nazemi, Mark & Shaw, Christopher & Squire, Pam. (2011). Immersive VR: A
Non-pharmacological Analgesic for Chronic Pain?. Conference on Human
Factors in Computing Systems - Proceedings. 1171-1176.

Wiederhold, B. K., Gao, K., Sulea, C., & Wiederhold, M. D. (2014). Virtual
reality as a distraction technique in chronic pain patients. Cyberpsychology,
behavior and social networking, 17(6), 346-352.
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Intervention
URL

Patients with fibromyalgia underwent
virtual reality exposure therapy, where
patients wore a head-mounted display and
watched visuals of feared exercise
movements to reduce pain catastrophizing

Female patients with low back pain engaged
in Wii Fit yoga using a balance board to
improve their overall physical functioning.

Participants with low back pain did trunk
exercises while wearing a motion capture
suit and watching a virtual avatar copy their
movements in realtime on a screen.

Participants with low back pain underwent a
3D-TV dodgeball intervention to elicit
graded increases in lumbar spine flexion
while reducing expectations of fear.

Participants with low back pain passively
watched a virtual walking video through
video glasses. Participants were asked to
imagine themselves walking to reduce
kinesiophobia.

Participants with low back pain wore a head-
mounted display with kinematic sensors to
play a game where they reached down to hit
targets with the goal of increasing lumbar
spine flexion.

An Oculus Rift displayed a sky environment
where participants with low back pain
“flew” through hoops by extending and
flexing their trunk region.

Participants with low back pain played an
exercise game on an LCD monitor with
motion trackers. Participants used their

trunk flexion to control the game.

Participants with chronic pain wore a head
mounted display and walked on a treadmill
to move through a virtual environment to
improve their mobility.

Participants with chronic pain wore head
mounted displays with physiological sensors
to measure their distraction from pain while

exploring a virtual environment.

RCT
Quality

N/A

Fair [62]

N/A

High [62]

High [62]

Not Rated

N/A

N/A

N/A

N/A

Presence

Immersion

Embodiment

Interactivity
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Phantom Pain
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Citation

Wiederhold, B. K., Gao, K., Kong, L., & Wiederhold, M. D. (2014). Mobile
devices as adjunctive pain management tools. Cyberpsychology, behavior
and social networking, 17(6), 385—-389.

Gromala, Diane & Tong, Xin & Choo, Amber & Karamnejad, Mehdi & Shaw,
Christopher. (2015). The Virtual Meditative Walk: Virtual Reality Therapy for
Chronic Pain Management.

Jones, T., Moore, T., & Choo, J. (2016). The Impact of Virtual Reality on
Chronic Pain. PloS one, 11(12), e0167523.

Tong, X., Gromala, D., Gupta, D., & Squire, P. (2016). Usability Comparisons
of Head-Mounted vs. Stereoscopic Desktop Displays in a Virtual Reality
Environment with Pain Patients. Studies in health technology and
informatics, 220, 424-431.

Jin, W., Choo, A., Gromala, D., Shaw, C., & Squire, P. (2016). A Virtual Reality
Game for Chronic Pain Management: A Randomized, Controlled Clinical
Study. Studies in health technology and informatics, 220, 154-160.

Garrett, B., Taverner, T., & McDade, P. (2017). Virtual Reality as an Adjunct
Home Therapy in Chronic Pain Management: An Exploratory Study. JMIR
medical informatics, 5(2), e11.

Matamala-Gomez, M., DiazGonzalez, A. M., Slater, M., & Sanchez-Vives, M. V.
(2019). Decreasing Pain Ratings in Chronic Arm Pain Through Changing a
Virtual Body: Different Strategies for Different Pain Types. The journal of pain
: official journal of the American Pain Society, 20(6), 685—697.

Benham, S., Kang, M., & Grampurohit, N. (2019). Immersive Virtual Reality
for the Management of Pain in Community-Dwelling Older Adults. OTJR :
occupation, participation and health, 39(2), 90-96.

Murray, C. D., Patchick, E., Pettifer, S., Howard, T., Caillette, F., Kulkarni, J.,
& Bamford, C. (2006). Investigating the efficacy of a virtual mirror box in
treating phantom limb pain in a sample of chronic sufferers. International
Journal on Disability and Human Development, 5(3), 227-234.

Jonathan Cole, Simon Crowle, Greg Austwick & David Henderson Slater
(2009) Exploratory findings with virtual reality for phantom limb pain; from
stump motion to agency and analgesia, Disability and Rehabilitation, 31:10,

846-854,

Ortiz-Catalan, M., Sander, N., Kristoffersen, M. B., Hakansson, B., &
Branemark, R. (2014). Treatment of phantom limb pain (PLP) based on
augmented reality and gaming controlled by myoelectric pattern
recognition: a case study of a chronic PLP patient. Frontiers in neuroscience,
8,24.
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Participants either wore a head-mounted
display or used a mobile device to distract
themselves from chronic pain.

Participants with chronic pain wore a head
mounted display and walked on a treadmill
to move through a virtual environment in
hopes of reducing stress.

Participants with chronic pain wore a head-
mounted display and played the "Cool!"
game application to distract themselves

from pain.

Participants with chronic pain watched
virtual scenery through either a head-
mounted or stereoscopic display to
compare usability.

Participants with chronic pain wore a head-
mounted display and played "Cryoslide"
game to distract from their pain.

Participants with chronic pain used an
Oculus rift to explore virtual environments,
perform mindfullness tasks, and play
problem solving games over 3-week period.

Participants wore a head-mounted display
and watched a virtual arm being modified to
assess changes in chronic arm pain
perception.

Elderly adults played various HTC Vive games|
to improve their quality of life.

Participants with phantom limb pain wore a
head-mounted display to engage with an
interactive virtual mirror box.

Participants with phantom limb pain played

a custom computer game that used motion

capture to generate a virtual limb from the
participant's stump.

A patient with phantom limb pain engaged
with a myoelectrically controlled
augmented reality environment. Electrodes
were placed on the participant's stump to
generate a responsive virtual limb displayed
on ascreen.

RCT
Quality

Fair [64]

N/A

N/A

N/A

Fair [64]

N/A
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Interactivity



http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/

Category

Phantom Pain

Phantom Pain

Phantom Pain

Phantom Pain

Phantom Pain

Phantom Pain

Phantom Pain

Phantom Pain

Phantom Pain

Citation
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Participants with phantom limb pain wore a
head-mounted display and a Cyberglove to
control and feel a virtual arm, providing
visual tactile feedback.

Participants with phantom limb pain used a
custom virtual reality mirror box application
made specifically for use during an fMRI.

Participants with phantom limb pain played
an augmented reality game that was
controlled by electrodes on their stump.

Participants with phantom limb pain wore a
head-mounted display that showed a mirror-
reversed computer graphic of an intact arm.

Participants with phantom limb pain wore a
head-mounted display and a Cyberglove to
control and feel a virtual arm, providing
visual tactile feedback.

Participants with phantom limb pain wore a
head-mounted displpay to explore an
immersive virtual environment while

researchers provided tactile feedback on
participants' cheeks.

Participants with phantom limb pain wore a
motion-tracked head-mounted display and
electrodes on their stump to play with an
Interactive virtual kitchen.

Participants with phantom limb pain wore
motion sensors on their lower limbs and a
head-mounted display. The virtual
environment rendered intact lower limbs in
real-time, which were used to play games.

Participants with phantom limb pain wore
sensors on their stump to control a virtual
arm shown on a computer screen.
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Participants with phantom limb pain
underwent augmented reality
"teletreatment" mirror therapy using a smart
tablet.

Participants with phantom limb pain
navigated a non-immersive virtual
environment with a motion-tracked bike
pedaler

ical Pain Studies

Virtual reality goggles delivered an
immersive, computer generated, interactive,
3D virtual world to patients during wound
care to distract from pain

Patients with hand injuries wore 3D glasses
and watched a 3D interactive film during
dressing changes to distract from pain.

Pediatric patients wore a head-mounted
display and played a 3D video game during
wound dressing changes to distract from
pain.

Patient with severe leg wound infection
underwent 2 days of immersive virtual
reality therapy (head-mounted display with
beach simulation).

Patients wore a head-mounted display and
viewed a virtual enchanted forest
environment to reduce postoperative
anxiety.

Patients wore a head-mounted display and
viewed 5 unique virtual environments to
reduce postoperative anxiety.

Patients played virtual reality exercise games
in conjuction with physical therapy
following cardiac surgery.

Patients wore a head-mounted display to
play "SnowWorld" game during dressing
changes following surgery to distract from
pain.

RCT
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High [64]

High [64]
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Patients recovering from physical trauma
wore a head-mounted display and played
SnowWorld paired with analgesic hypnotic

suggestions.

Patients wore a head-mounted display
(Samsung Gear with Oculus) and viewed 21
unique virtual experiences todistract from

pain.

Patients in the ER wore a head-mounted
display with headphones to watch various
audiovisual virtual scenes designed to relax

or distract.

Hospitalized patients wore a head-mounted
display and watched either 3D or 2D visuals
to distract from pain.

Pediatric patients wore a head-mounted
display showing a child-friendly virtual
operating room to expose patients to surgery
beforehand and reduce pre-operative
anxiety.

Patients wore a head-mounted display while
receiving anaesthesia to reduce anxiety.

Patients wore video glasses and watched a
3D film during episiotomy repair to distract
from pain.

Patients wore a head-mounted display and
played SnowWorld game during cytoscopy
to distract from pain.

Patients wore a head-mounted display and
played SnowWorld game during orthopedic
surgery to distract from pain

Women receiving c-sections wore a head-
mounted display and interacted with virtual
scenarios (enchanted forest, cliff, castle)
using a joystick to distract from pain.

RCT
Quality
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Not Rated

N/A

N/A

Not Rated

N/A

High [64]

High [64]
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Interactivity



http://www.ncbi.nlm.nih.gov/

Category

Other Pain

Other Pain

Other Pain

Other Pain

Other Pain

Other Pain

Other Pain

Other Pain

Dental Pain

Dental Pain

Dental Pain

Citation

Wender, C., Ahn, S.J., & O'Connor, P. J. (2019). Interactive Virtual Reality
Reduces Quadriceps Pain during High-Intensity Cycling. Medicine and
science in sports and exercise, 51(10), 2088-2097.

Wright, J. L., Hoffman, H. G., & Sweet, R. M. (2005). Virtual reality as an
adjunctive pain control during transurethral microwave thermotherapy.
Urology, 66(6), 1320.

Pandya, P. G., Kim, T. E., Howard, S. K., Stary, E., Leng, J. C., Hunter, 0. 0., &
Mariano, E. R. (2017). Virtual reality distraction decreases routine
intravenous sedation and procedure-related pain during preoperative
adductor canal catheter insertion: a retrospective study. Korean journal of
anesthesiology, 70(4), 439-445.

Schneider, S. M., Ellis, M., Coombs, W. T., Shonkwiler, E. L., & Folsom, L. C.
(2003). Virtual reality intervention for older women with breast cancer.
Cyberpsychology & behavior : the impact of the Internet, multimedia and
virtual reality on behavior and society, 6(3), 301-307.

Aubriana M. Teeley, Maryam Soltani, Shelley A. Wiechman, Mark P. Jensen,
Sam R. Sharar & David R. Patterson (2012) Virtual Reality Hypnosis Pain
Control in the Treatment of Multiple Fractures: A Case Series, American

Journal of Clinical Hypnosis, 54:3, 184-194.

Frey, D.P., Bauer, M. E., Bell, C. L., Low, L. K., Hassett, A. L., Cassidy, R. B.,

Boyer, K. D., & Sharar, S. R. (2019). Virtual Reality Analgesia in Labor: The

VRAIL Pilot Study-A Preliminary Randomized Controlled Trial Suggesting

Benefit of Immersive Virtual Reality Analgesia in Unmedicated Laboring
Women. Anesthesia and analgesia, 128(6), €93-e96.

Glennon, C., McElroy, S. F., Connelly, L. M., Mische Lawson, L., Bretches, A.
M., Gard, A. R., & Newcomer, L. R. (2018). Use of Virtual Reality to Distract
From Pain and Anxiety. Oncology nursing forum, 45(4), 545-552.

Smith, V., Warty, R. R., Kashyap, R., Neil, P., Adriaans, C., Nair, A., Krishnan,
S., Da Silva Costa, F., Vollenhoven, B., & Wallace, E. M. (2020). A randomised
controlled trial to assess the feasibility of utilising virtual reality to facilitate
analgesia during external cephalic version. Scientific reports, 10(1), 3141.

Hunter G. Hoffman, Azucena Garcia-Palacios, David R. Patterson, Mark
Jensen, Thomas Furnesslil, and William F. Ammons Jr. (2001). The
Effectiveness of Virtual Reality for Dental Pain Control: A Case Study.
CyberPsychology & Behavior, 527-535.

Furman, E., Jasinevicius, T. R., Bissada, N. F., Victoroff, K. Z., Skillicorn, R., &
Buchner, M. (2009). Virtual reality distraction for pain control during
periodontal scaling and root planing procedures. Journal of the American
Dental Association (1939), 140(12), 1508-1516.

Wiederhold, M. D., Gao, K., & Wiederhold, B. K. (2014). Clinical use of virtual
reality distraction system to reduce anxiety and pain in dental procedures.
Cyberpsychology, behavior and social networking, 17(6), 359-365.

URL
Acute Clin

https://pubmed.ncbi.nlm.nih.go

v/31033903/

https://pubmed.ncbi.nlm.nih.go

v/16360473/

https://www.ncbi.nlm.nih.gov,

pmc/articles/PMC5548947/

https://pubmed.ncbi.nim.nih.go
v/12855087/
https://www.tandfonline.com

doi/abs/10.1080/00029157.201
1.619593

https://pubmed.ncbi.nIm.nih.go

v/31094789/

https://pubmed.ncbi.nim.nih.go

v/29947355/

https://pubmed.ncbi.nim.nih.go

v/32081989/

https://www.liebertpub.com/d
0i/10.1089/1094931017505270
88

https://pubmed.ncbi.nIm.nih.go
v/19955069/
https://www.ncbi.nlm.nih.gov,

pmc/articles/PMC4043252/

Intervention

ical Pain Studies

94

136

16

27

97

50

38

Cyclists wore a head-mounted display and
used an exercise bike to "cycle" through a
virtual city to distract from quadricep pain.

Patients wore a head-mounted display and
played SnowWorld game during
thermotherapy to distract from pain.

Patients wore a head-mounted display with
gaze-interactive scenery during catheter
insertion to distract from pain.

Breast cancer patients wore a head-mounted
display with choice of virtual environment
(Oceans Below, World of Art or Titanic) to

distract from their pain.

Patients with multiple fractures wore a head-|
mounted display with virtual hypnotic
scenery to reduce pain.

Women undergoing labor wore a head-
mounted display with a smartphone screen
displaying an ocean simulation to distract
from pain.

Patients wore a head-mounted display and
watched a DVD of relaxing nature scenes
during a biopsy to distract from pain.

Women undergoing external cephalic
version wore a head-mounted display and
played Skylights VR game to distract from

pain.

Patients undergoing a dental procedure
wore a head-mounted display and played
SnowWorld game to distract from pain.

Patients wore a head-mounted display and

played a virtual reality game (Second Life)

during dental procedures to distract from
pain.

Patients undergoing dental work wore
virtual reality goggles to interact with a
virtual environment during to distract from
pain and reduce anxiety.

RCT
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Patients undergoing dental procedures wore

a head-mounted display with either active or

passive virtual environments to distract from
pain and reduce anxiety.

Patients undergoing dental procedures wore
a head-mounted display and viewed either
an urban or rural environment to reduce
anxiety.

Patients wore a head-mounted display and

used a joystick to explore a coastal virtual

environment during a dental procedure to
distract from pain.

Patients wore a head-mounted display and
watched a comedy or documentary film
during dental procedures to distract from
pain.

Pediatric patients wore virtual reality glasses
and viewed multiple audiovisual tracks
during dental treatment to distract from
pain and reduceanxiety.

Pediatric patients wore virtual reality
eyeglasses to watch cartoons during dental
procedure to reduce anxiety and distract
from pain.

Pediatric patients wore virtual reality
eyeglasses to watch cartoons during dental
procedure to distract from pain.

Pediatric patients wore a head-mounted
display and played a street luge sports game
during i.v. placement to distract from pain.

Pediatric patients played a non-immersive
interactive virtual reality game (The Hunt of
the Diamonds) during needle insertion to
distract from pain and reduce distress.

Pediatric patients wore a head-mounted
display and interacted with virtual scenery
during venipucture to distract from pain.

Pediatric cancer patients wore a head-

mounted display and interacted with a

virtual gorilla during needle insertion to
distract from pain.
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Pediatric cancer patients wore a head-

mounted display and interacted with a

virtual gorilla during needle insertion to
distract from pain.

Pediatric patients could choose between
ISpy, Bubbles, Music, VR
Glasses/environment or a gameboy to play
with during venipuncture to reduce distress.

Pediatric patients wore a head-mounted
display and completed a multiple tracking
object task during venipuncture to distract

from pain.

Patients wore virtual reality glasses and
watched a video while receiving a lumbar
puncture to distract from pain.

Pediatric patients wore a head-mounted
display with an Iphone showing fun virtual
scenery during immunizations to distract
from pain and reduce needle-related fear.

Pediatric patients wore a head-mounted
display (Oculus) and watched cartoons
during phlebotomy to distract from pain.

Pediatric patients wore a head-mounted
display and viewed an aquatic environment
during needle insertion to distract from
pain.

Pediatric patients played an Immersive and
interactive virtual reality game during needle
insertion to distract from pain.

Pediatric patients wore Google cardboard
googles and played a custom kid-friendly
virtual reality game during venipuncture to
distract from pain.

Patients undergoing intravenous
catheterisation watched 3D videos through
VR goggles to distract from pain.
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Patient wore ahead-mounted display and
played Space Pups game during epidural
catheter placement to distract from pain.

Pediatric patients receiving a phlebotomy
wore a head-mounted display or used a
tablet to watch cartoons to distract from
pain.

Children wore a head-mounted display and
watched either a virtual rollercoaster or
ocean while having their blood drawn to

distract from pain and reduce anxiety.

Patients with burns wore a head-mounted
display with tactile feedback on hand.
Patients interacted with and could "feel" a
virtual kitchen to distract from pain during
burn wound care.

Patients wore a head-mounted display and
played SnowWorld game during burn wound
care to distract from pain.

The patient wore a head-mounted display
equipped with a modified Snow World
game. Hypnotic audio guided the patient
through SnowWorld during burn wound
care to distract from pain.

Patients wore a head-mounted display

equipped with a modified Snow World

game. Hypnotic audio guided patients

through SnowWorld during burn wound
care to distract from pain.

Patients wore a head-mounted display and
played SnowWorld game during burn wound
dressing changes to distract from pain and
reduce anxiety.

Patients wore 3D glasses and played a virtual
Ice Cream Factory game during burn wound
care to distract from pain.

Patients wore virtual reality goggles and an
arm-mounted system to play SnowWorld
during burn wound care to distract from

pain.

RCT
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Not Rated
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Fair [72]
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High [72]

High [72]
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Patients wore a head-mounted display and
played SnowWorld with ketamine to distract
from pain during burn wound care.

Patients wore a head-mounted display and
played a Chicken Little VR game during burn
wound care to distract from pain.

Patients wore a head-mounted display and
played SnowWorld during burn wound care
to distract from pain.

Patients wore a head-mounted display and
played SnowWorld during burn wound care
to distract from pain.

Patients played a computer game with a
joystick and headphones during burn wound
dressing changes to distract from pain.

Patients wore a head-mounted display and
could choose from 8 virtual reality nature
scenes to watch during burn care to distract
from pain.

Pediatric patients wore a head-mounted
display and played "Quake" game during
burn wound treatment to distract from pain.

Pediatric patients wore 3D glasses and
played a virtual Ice Cream Factory game
during burn care to distract from pain.

Pediatric patients played with an augmented
reality Interactive screen (Hospital Harry)
during burn dressing changes to distract

from pain.

Pediatric patients played with a dome-
shaped projector based virtual reality
system, which housed an interactive bubble
game played during burn wound care to
distract from pain and reduce anxiety.
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Pediatric patients wore a head-mounted
display and played SnowWorld during burn
wound cleaning to distract from pain.

Pediatric burn patients entered a water-
friendly Projector-Based Hybrid Virtual
Reality dome environment during
hydrotherapy to distract from pain.
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Participants wore a head-mounted display
and navigated through either an anxiety-
provoking or relaxing virtual landscape.

Participants entered an immersive virtual
reality (Cave-like system) that showed an
animal or human figure in pain.

Participants wore an eyeglass display and

received a painful stimulus whileviewing

various virtual environments to distract
from pain and reduceanxiety.

Participants wore either a head-mounted

display (Hi-tech) or goggles (Low-tech) to

play SnowWorld while receiving a painful
stimulus.

Participants wore a head-mounted display
and played SnowWorld while receiving
thermal pain in an fMRI.

Participants wore a head-mounted display
and played SnowWorld with varying graphic
display quality while receiving a painful
stimulus.

Participants wore a head-mounted display
and played SnowWorld paired with analgesic
hypnotic suggestions while receiving painful

thermal stimuli.

Participants wore a head-mounted display

showing an Enchanted Forest in Summer

(Hot) and Winter (Cold) while receiving a
painful stimulus.
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Children wore a head-mounted display while

undergoing a cold pressor task and playing a

Playstation2 Finding Nemo to distract from
pain.

Participants wore a head-mounted display
and played different versions of SnowWorld
with differing levels of interactivity while
receiving a painful stimulus.

Participants wore a head-mounted display
while receiving a painful stimulus and
playing a PlayStation2 Finding Nemo game
to distract from pain.

Children wore a head-mounted display while
undergoing a cold pressor task and playing a
Free Dive game controlled via joystick to
distract from pain.

Participants wore a head-mounted display
showing stereoscopic figures that
represented pain while receiving a painful
stimulus. These figures could be transformed
into relaxed figures using a mouse.

Patients wore a head-mounted display while
undergoing a cold pressor task and playing
the PlayStation2 Need for Speed game in
either 1st or 3rd person.

Children wore a head-mounted display and
underwent a cold pressor task while playing
the Nintendo Wii game "Nights: Journey of
Dreams- Aqua Garden" to distract from pain.
The game was played actively or passively.

Participants wore a head-mounted display
and received a painful stimulus while playing
an active or passive version of the "Surreal
World" game to distract from pain.

Participants wore a head-mounted display
showing stereoscopic figures that
represented pain while receiving a painful
stimulus. These figures could be transformed
into relaxed figures using a mouse.

Participants wore a head-mounted display
and received a painful stimulus while looking
at either a virtual human avatar or square
object.
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Participants wore a head-mounted display
showing stereoscopic figures that
represented pain while receiving a painful
stimulus. These figures could be transformed
into relaxed figures using a mouse.

Children wore a head-mounted display and
underwent a cold pressor task while playing
Sonic the Hedgehog for Wii.

Participants wore a head-mounted display
and finger sensors to a control virtual arm of
varying skin tone while receiving a painful
stimulus.

Participants wore a head-mounted display
showing stereoscopic figures that
represented pain while receiving a painful
stimulus. These figures could be transformed
into relaxed figures using a mouse.

Participants wore a head-mounted display
showing a virtual arm while receiving a
painful stimulus.

Participants watched a video screen either
with (social pressure) or without a researcher
(no social pressure) in the room while
undergoing a during cold pressor task.

Participants wore a head-mounted display
and received a painful stimulus while playing
"Icy Cool World" game to distract from pain.

Participants recived a painful stimulus

wearing either 3D glasses (SurrealWorld

interactive environment) or watching a

virtual pain control with stereoscopic
figures.

Participants wore a head-mounted display
and played SnowWorld paired with analgesic
hypnotic suggestions while receiving a
painful stimulus.

Participants wore a head-mounted display
while receiving a painful stimulus and
veiwing a virtual syringe puncture an avatar's
arm. The avatar's body size and viewpoint
werealtered.
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Paticipants played an augmented reality
game (EyeToy) that required limb movement
while receiving a painful stimulus to distract

from pain.

Participants wore a head-mounted display
and received a painful stimulus while
observing a virtual arm that varied in

transparency.

Participants wore a Head-mounted display
and received thermal/electrical pain while
playing SnowWorld to distract from pain.

Participants wore a head-mounted display
and received a painful stimulus while playing
a racing game on with sound on or off.

Participants wore a head-mounted display
and received painful stimuli while watching
a virtual hand receive painful or pleasing
stimuli from 1st or 3rd person.

Participants wore a head-mounted display
and received painful stimuli while observing
a virtual rubber hand. The physical distance

between the real and virtual body were
varied.

Participants wore a head-mounted display
and received painful stimuli while observing
socially positive or negative virtual contexts.

Participants wore a head-mounted display
and received painful stimuli on their arm
while observing a virtual arm with and
without armor.

Participants wore a head-mounted display
and a hand motion tracker with mid-air
haptics to complete virtual ball-balancing
task while receiving a painful stimulus.

Participants wore a head-mounted display
and received painful stimuli while playing
Mario Kart in a noisy or quiet environment.

Participants wore a head-mounted display
and received painful stimuli while playing
either an active game (sheep herding,
basketball) or watching passive scenarios
(stories).
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