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Abstract

Approximately 108 million people in North America and Europe suffer from chronic pain. Virtual reality (VR)
is a promising method for pain management in a clinical setting due to the distracting properties of an
immersive virtual environment. In this study, we demonstrated the potential use of mobile phones as a means of
delivering an easily accessible, immersive experience. Thirty-one patients tested VR pain distraction. Objective
measurements of heart rate correlated to decreased anxiety, while, subjectively, patients also reported reduced
levels of discomfort. The positive results of this study indicate that mobile phones can provide an immersive
experience sufficient to deliver pain management distraction. Because mobile devices are widely available, the

potential for developing pain management programs that are accessible has become a realistic possibility.

Introduction

T HIS PROJECT’S KEY TECHNOLOGY OBJECTIVES are devel-
oping virtual reality (VR) mobile phone software for the
management of chronic, neuropathic pain, and proving its
effectiveness in a study compared to pain focus.

Evidence shows that there is a clear need for adjunctive
pain relief. Chronic pain is the most common reason for
seeking medical care.! Recent studies show prevalence
ranging from 13% to 53% in countries throughout the
world,”™ and reaching up to nearly one-third of the adult
population in the United States.® Chronic pain rises with
age and affects a higher proportion of women than men.>™
Although the definition of chronic pain is pain that lasts for
3—4 months, long-term surveys show that 20% to 46% of
chronic pain patients have experienced pain for 10 years or
more.>” Pain is of moderate to severe intensity for most
patients, and other than opioid analgesics, few prescription
pain drugs achieve acceptable pain relief in more than 50%
of treated patients.® Even with the newer drugs, a 50% re-
duction in pain for 60% of patients is the best outcome
achieved to date for patients with certain types of neuro-
pathic pain.’

A review of the FDA’s 510(k) database for pain relief
devices shows only five alternatives to drug therapy: three
are transcutaneous electrical nerve stimulator (TENS) de-
vices, one uses infrared therapeutic heating, and another uses
neuromodulation (U.S. FDA, 2006). These devices, while
effective for various types of pain, are not inexpensive or
easily portable. The inclusion of objective physiological
measures during VR distraction will help to determine pre-

'Virtual Reality Medical Institute, Brussels, Belgium.
Virtual Reality Medical Center, San Diego, California.

cisely the amount of physical relief being provided by this
innovative new modality.

Advantages of using a mobile phone for pain management
include:

e The mobile phone is an appliance with which the pa-
tient is familiar, thus requiring minimal instruction in
its use for a noncall purpose.

e Graphics quality is improving continuously, and the
software is completely portable, allowing anytime/
anywhere use by the patient.

e No computer is required, because the software pur-
chase is added to the patient’s mobile phone bill, and
the download to the mobile phone is accomplished via
Short Messaging Service (SMS).

e Similarly, software upgrades can be performed auto-
matically.

As more mobile phone subscribers opt for Internet service,
new versions of software can be developed that allow pa-
tients to transmit real-time physiological data (e.g., heart
rate, skin conductance) securely to their physicians while
using the software. Along with that software, we can develop
and package a set of mini-sensors for patients who wish to
chart their physiological progress after using the pain man-
agement software over time. Physicians will be able to use
these data to support insurance reimbursements based on
objective evidence-based patient progress.

Brain imaging shows that being distracted has a real effect
in decreasing the intensity of pain signals in the brain, and that
VR actually changes how the brain physically registers pain,
not just patients’ perception of the incoming signals.!0-!2
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FIG. 1. Time of pain exposure comparison. HMD, head-
mounted display.

Research on the effect of VR on pain shows a reduction of
30% in reports of ““worst pain” (sensory component of pain),
44% in “‘time spent thinking about pain’’ (cognitive), and 45%
in “pain unpleasantness” (emotional), as well as significant
reductions in pain-related brain activity in all five brain regions
of interest: the anterior cingulate cortex, the insula, the thala-
mus, and the primary and secondary somatosensory cortices.'?

VR systems are available with 3D images, motion capture,
and an 80° field of view. However, most systems today re-
quire headgear to stimulate the VR and are therefore found in
hospitals or clinics. Since chronic pain can exist for months
to years after patients are discharged from the hospital, VR
software on a mobile platform can provide easily accessible,
transportable pain relief with little equipment required.'*

The challenge is proving that an easily portable pain
management device with a small screen, such as that on a
mobile phone, can be effective for pain relief in patients with
chronic, neuropathic pain. To be effective, we believe that the
virtual environment must be subjectively immersive.'> Stu-
dies to date show that VR is effective at lessening distress,
pain, and anxiety in burn wound care, chemotherapy, dental
procedures, surgical procedures, phantom limb pain, physi-
cal therapy procedures, ulcer care, and venipuncture.'
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FIG. 2. Compared to baseline, the Simple Descriptive
Pain (SDP) intensity scale decreased when patients used the
mobile phone (mean score decreased by 0.3). The SDP scale
decreased further when patients were using the HMD (mean

score decreased by 0.355, p<0.05).
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FIG. 3. The numerical pain scale decreased when subjects
were using the mobile phone (mean score decreased by 0.66,
p<0.002), and it further decreased by 0.32 when patients
used the HMD.

Use of the mobile phone as a new platform for VR
therapy has, however, now become an emerging research
design (see Table 1).24’25

Methods
Procedure

Efficacy of mobile phone displays to deliver pain dis-
traction VR was tested in comparison to two other methods
of simulation delivery—the traditional head-mounted dis-
play (HMD), and a standard flat-panel display used as a
baseline. Human factors testing was first done with con-
trols, after which the VR was used with clinical chronic
pain patients.

Controls

The VR distraction was first tested on a group of 20 par-
ticipants with low daily pain intensity scores of <4 (0=no
pain, 10=worst possible pain) to ensure that the distraction
was of sufficient use to increase pain tolerance. In these
studies, participants were asked to submerge their hand into a
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FIG. 4. The Visual Analog Pain Scale decreased when
subjects were using the mobile phone pain distraction (mean
score decreased by 0.58, p<0.02), and it further decreased
by 0.445 (p<0.04) when the HMD was used.
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Heart Rate
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FIG. 5. At baseline, the mean heart rate was 74 beats per
minute (bpm). When subjects used the mobile phone pain
distraction, the mean heart rate decreased to 72 bpm, and
then decreased to 70 bpm when subjects used the HMD.

bath of cold water. We measured the amount of time they
were able to keep their hand submerged in the water during
baseline, HMD, and mobile device measurements.

Chronic pain participants

Thirty-one patients, aged 1865 years, with current non-
cancer pain for at least 3 months and a daily average pain
intensity score of >4 were exposed to virtual environments
in a HMD or mobile device. These two conditions were
compared to a baseline pain focus measurement. Data were
collected during a 5 minute pain focus session, followed by
either a HMD or mobile device VR exposure session of 20
minutes. Half the patients received the HMD exposure, while
the other half was exposed to the mobile device first followed
by the HMD exposure. During the exposure to the simula-
tion, patients were instructed to interact with the simulation
graphics and explore the virtual worlds.

Measures

A pain intensity scale questionnaire was the subjective
measurement, which composed of a Simple Descriptive Pain
Intensity Scale, Numerical Pain Intensity Scale, and Visual
Analog Scale. During the exploration and during baseline,
patients’ physiological measures, including heart rate, pe-
ripheral skin temperature, respiration, and skin conductance,
were continuously monitored. A paired ¢ test was used to
assess the differences in the pain intensity scale at baseline
and during the mobile phone and HMD pain distraction
treatments.

Results
Controls

Although VR has been successfully used for pain dis-
traction for the past 15 years, we wanted to test the new
mobile platform with controls to assure both safety and ef-
fectiveness. We did a number of studies, which included
length of time exposed to an inflated blood pressure cuff and
exposure to TENS unit (data not shown). In all these studies,
the participants were able to withstand a greater degree of
discomfort in both the mobile and HMD platforms.
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For example, in the cold bath exposure study, at baseline,
the mean length of time that participants tolerated the pain
stimuli was 156 seconds, while the mobile phone pain dis-
traction increased the mean length of time to 194 seconds, and
the HMD condition increased it to 206 seconds (see Fig. 1).
This initial study showed that pain distraction using these
worlds on a mobile platform was effective. There were no
adverse effects from using the simulation in controls. Speci-
fically, there was no cybersickness, and the human factors
analysis study revealed that the systems were easily operable.

Chronic pain patients

In this study, we wanted to ensure that patients could
express their pain ratings in a reliable manner. Therefore, we
used the Simple Descriptive Pain Intensity Scale (see Fig. 2),
the Numerical Pain Intensity Scale (see Fig. 3), and the Visual
Analog Scale (see Fig. 4). All scales showed a subjective
decrease in pain experienced while using both the mobile
device and the HMD. While the HMD was more effective in
reducing subjective pain ratings, mobile devices also were
able to achieve pain reduction effectively. Half the patients
experienced the HMD condition first, followed by the mobile
device condition. The other half experienced the mobile de-
vice first, followed by the HMD. During these studies, pa-
tients” physiology was monitored noninvasively. Both HMD
and mobile platform conditions were able to reduce the heart
rate during exploration of virtual environments (see Fig. 5).
The reduction in subjective pain scores correlated well with
reduction in heart rate, confirming a less anxious or aroused
state. In addition, patients often spontaneously reported feel-
ing more relaxed and less stressed when using the VR.

Discussion

This study demonstrated that significant reductions in pain
and anxiety can be achieved using the smaller screen of a
mobile device. These results were not as effective as those
achieved with the full HMD immersion. From a clinical
protocol point of view, it may be useful to use the HMD
setting in the clinic or hospital and provide mobile devices
that patients can use outside the clinic or at home. To a
certain extent, there is probably a learning component that
will be necessary when using the mobile device. We are
currently conducting studies where we are trying to deter-
mine if initial HMD exposure results in more effective pain
reduction on mobile devices. Patients who use VR for ther-
apy often demonstrate a positive learning effect over the
course of repeated sessions. The advantage of the in-clinic
training is that patients are taught to recognize their levels of
physiological arousal and are then taught relaxation tech-
niques such as paced breathing and progressive muscle re-
laxation. We believe that the use of mobile devices should be
correlated with physiological intervention to achieve the
best results. In addition, the positive correlation between
reduction in subjective pain ratings and improvement in
physiological measures provides strong evidence that these
techniques can be adapted for wider clinical use.

We are exploring the use of other mobile devices such as iPads
and iPhones where real-time physiological measures are incor-
porated into the design of the virtual environments. In this way,
the patient’s own physiology will influence the visual simulation
so that a feedback loop reinforces the pain reduction strategy.
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In summary, we first validated the pain reduction techniques
in controls and then tested them in patients with chronic pain.
The mobile devices were easy to use and were not associated
with any adverse effects. There was no cybersickness, and
patients with chronic pain enjoyed using the systems and ex-
perienced pain relief. Larger-scale studies and longer-term fol-
low-up are needed. These techniques, however, do appear to be
both safe and effective when used in a chronic pain population.

Acknowledgments

We thank the National Institutes of Health and National
Institute on Drug Abuse for funding this project. We also
thank the participants who were willing to spend time with
our clinical team to answer questions and surveys.

Author Disclosure Statement

No competing financial interests exist.

References

1. Porreca F, Schug SA, Bellamy N. (2006) Changing per-
ceptions in chronic pain. The Postgraduate Institute of
Medicine.

2. Elliott AM, Smith BH, Penny KI, et al. The epidemiology of
chronic pain in the community. Lancet 1999; 354:1248-1252.

3. Blyth FM, March LM, Brnabic AJ, et al. Chronic pain in
Australia: a prevalence study. Pain 2001; 89:127-134.

4. Gerdle B, Bjork J, Henriksson C, et al. Prevalence of cur-
rent and chronic pain and their influences upon work and
healthcare-seeking: a population study. Journal of Rheu-
matology 2004; 31:1399-1406.

5. Hattori S. The prevalence of chronic pain in Japan. Nihon
Yakurigaku Zasshi 2006; 127:176-180.

6. Stetz MC, Brown KS, Folen RA, et al. Comparing dis-
traction/relaxation modalities with chronic pain patients.
NATO Science for Peace & Security Series—E: Human &
Societal Dynamics 2010; 91:171-177.

7. Lazarus H, Neumann CJ. Assessing undertreatment of pain:
the patients’ perspectives. Journal of Pharmaceutical Care
in Pain & Symptom Control 2001; 9:5-34.

8. Dolcos F, McCarthy G. Brain Systems Mediating Cognitive
Interference by Emotional Distraction. The Journal of
Neuroscience 2006; 26:2072-2079.

9. Parry G. (2006) Neuropathic pain treatment: pathophysiology
to next generation therapeutics. In Parry G, McCarberg B,
Hsu E, et al. Navigating decisions in neuropathic pain. Www
.medscape.org/viewarticle/530441_1 (accessed Mar. 23, 2014).

10. Brody JE. (2006) Let’s get serious about relieving chronic
pain. The New York Times, Jan. 6, 2006. www.nytimes.com/
2006/01/10/health/10brod.html?pagewanted=all& _r=0. (ac-
cessed Mar. 23, 2014).

11. Wiederhold MD, Wiederhold BK. Virtual reality and in-
teractive simulation for pain distraction. Pain Medicine
2007; 8:S182-188.

12. Hoffman HG. (2004) Virtual-reality therapy. Scientific
American.

13. Hoffman HG, Richards TL, Bills AR, et al. Using fMRI to
study the neural correlates of virtual reality analgesia. CNS
Spectrums 2006; 11:45-51.

14. Wiederhold MD, Wiederhold BK. Pain management with
cell phone technology. Proceedings of the CyberTherapy
13 Conference: Changing the Face of Healthcare June 23—
25, 2008, San Diego, CA.

389

15. Dixon MW, Wraga M, Proffitt DR, et al. Eye height scaling
of absolute size in immersive and nonimmersive displays.
Journal of Experimental Psychology 2000; 26:582-593.

16. Vazquez JLM, Santander A, Gao K, et al. Using cyber-
therapy to reduce postoperative anxiety in cardiac recovery
intensive care units. J of Anesthesia & Clinical Research
2013; 4:363.

17. Mosso JL, Rizzo S, Wiederhold B, et al. Cybertherapy—
new applications for discomfort reductions. Surgical care
unit of heart, neonatology care unit, transplant kidney care
unit, delivery room-cesarean surgery and ambulatory sur-
gery, 27 case reports. Studies in Health Information & In-
formatics 2007; 125:334-336.

18. Wiederhold BK, Wiederhold MD. Managing pain in mili-
tary populations with virtual reality. NATO Science for
Peace & Security Series—E: Human & Societal Dynamics
2012; 91:75-93.

19. Miihlberger A, Wieser MJ, Kenntner-Mabiala R, et al. Pain
modulation during drives through cold and hot virtual envi-
ronments. CyberPsychology & Behavior 2007; 10:516-522.

20. Corah NL. Dental anxiety. Assessment, reduction, and in-
creasing patient satisfaction. Dental Clinician North America
1988; 32:779-790.

21. Hoffman HG, Patterson DR, Carrougher GJ. Use of virtual
reality for adjunctive treatment of adult burn pain during
physical therapy: a controlled study. Clinical Journal of
Pain 2000; 16:244-250.

22. Hoffman HG, Patterson DR, Carrougher GJ, et al. Effec-
tiveness of virtual reality-based pain control with multiple
treatments. Clinical Journal of Pain 2001; 17:229-235.

23. Tse MMY, Ng JKF, Chung JWY. Visual stimulation as
pain relief for Hong Kong Chinese patients with leg ulcers.
CyberPsychology & Behavior 2003; 6:315-320.

24. Riva G, Preziosa A, Grassi A, et al. Stress management
using UMTS cellular phones: a controlled trial. Studies in
Health Technology & Informatics 2006; 119:461-463.

25. Preziosa A, Villani D, Grassi A, et al. Managing exam
stress: the use of mobile phones for enhancing emotion
regulation. Poster presented at CyberTherapy 11 2006, June
12—15, Gatineau, Canada.

26. Miller K, Rodger S, Bucolo S, et al. Multi-modal distrac-
tion. Using technology to combat pain in young children
with burn injuries. Burns 2010; 36:647-658.

27. Stinson JN, Jibb LA, Nguyen C, et al. Development and
testing of a multidimensional iPhone pain assessment ap-
plication for adolescents with cancer. Journal of Medical
Internet Research 2013; 15:e51.

28. Spyridonis F, Gronli TM, Hansen J, et al. Evaluating the
usability of a virtual reality-based Android application in
managing the pain experience of wheelchair users. Con-
ference Proceedings: IEEE Engineering in Medicine &
Biology Society 2012; 2012:2460-3.

29. Mosso JL, Gorini A, De La Cerda G, et al. Virtual reality on
mobile phones to reduce anxiety in outpatient surgery. Studies
in Health Technology & Informatics 2009; 142:195-200.

Address correspondence to:

Prof. Brenda K. Wiederhold

Virtual Reality Medical Institute

30 Clos Chapelle aux Champs, Box 1.3030
1200 Brussels

Belgium

E-mail: b@vrphobia.eu



