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Abstract
Background: We previously reported the efficacy of an 8-week home-based therapeutic immersive virtual reality (VR) program
in a double-blind randomized placebo-controlled study. Community-based adults with self-reported chronic low back pain were
randomized 1:1 to receive either (1) a 56-day immersive therapeutic pain relief skills VR program (EaseVRx) or (2) a 56-day
sham VR program. Immediate posttreatment results revealed the superiority of therapeutic VR over sham VR for reducing pain
intensity; pain-related interference with activity, mood, and stress (but not sleep); physical function; and sleep disturbance. At 3
months posttreatment, therapeutic VR maintained superiority for reducing pain intensity and pain-related interference with activity,
stress, and sleep (new finding).
Objective: This study assessed between-group and within-group treatment effects 6 months posttreatment to determine the
extended efficacy, magnitude of efficacy, and clinical importance of home-based therapeutic VR.
Methods: E-surveys were deployed at pretreatment, end-of-treatment, and posttreatment months 1, 2, 3, and 6. Self-reported
data for 188 participants were analyzed in a mixed-model framework using a marginal model to allow for correlated responses
across the repeated measures. Primary outcomes were pain intensity and pain-related interference with activity, mood, stress, and
sleep at 6 months posttreatment. Secondary outcomes were Patient-Reported Outcome Measurement Information System (PROMIS)
sleep disturbance and physical function.
Results: Therapeutic VR maintained significant and clinically meaningful effects 6 months posttreatment and remained superior
to sham VR for reducing pain intensity and pain-related interference with activity, stress, and sleep (ds=0.44-0.54; P<.003).
Between-group comparisons for physical function and sleep disturbance showed superiority of EaseVRx over sham VR (ds=0.34;
P=.02 and ds=0.46; P<.001, respectively). Participants were encouraged to contact study staff with any problems experienced
during treatment; however, no participants contacted study staff to report adverse events of any type, including nausea and motion
sickness.
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Conclusions: Our 8-week home-based VR pain management program caused important reductions in pain intensity and
interference up to 6 months after treatment. Additional studies are needed in diverse samples.
Trial Registration: ClinicalTrials.gov NCT04415177; https://clinicaltrials.gov/ct2/show/NCT04415177
International Registered Report Identifier (IRRID): RR2-10.2196/25291
(J Med Internet Res 2022;24(5):e37480) doi: 10.2196/37480
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Introduction

sizes (0.56-0.88) exceeding the thresholds for clinical
meaningfulness [7].

Chronic low back pain (CLBP) is the most common persistent
pain condition worldwide, and multiple barriers impede patient
access to timely and effective care. Innovations in digital
therapeutics, such as immersive virtual reality (VR), offer the
promise of home-based care, broad availability of treatment,
and the potential to address the needs of underserved populations
with CLBP.

This study extended the results of this same study sample
(N=188) [4,7] to 6 months posttreatment to evaluate further the
durability of VR treatment. This study also included outcomes
for participant blinding and treatment group unmasking at 6
months posttreatment. Finally, we investigated whether
therapeutic VR engagement differs by socioeconomic status
(SES), using a variable comprised of education level and annual
household income.

Immersive VR is an evidence-based analgesic for acute low
back pain [1], procedural low back pain [2], and CLBP [3,4].
Many VR treatments for CLBP involve rehabilitation exercise
and require therapist guidance [5]. However, recent chronic
pain research has investigated fully self-administered VR
programs that require no clinician contact or guided movement
exercises. Such programs closely mirror the content delivered
in pain self-management or evidence-based psychological
treatments for chronic pain.
In 2 randomized trials [3,4], we evaluated the effectiveness of
a therapeutic VR program that incorporated multiple pain
management modalities delivered via brief daily VR sessions.
The first trial compared a 3-week skills-based VR program to
the same therapeutic content delivered in audio-only format in
79 individuals with CLBP or fibromyalgia [3]. Posttreatment
results revealed that the immersive VR modality was superior
to the audio-only modality for reducing pain intensity and
pain-related interference with activity, mood, sleep, and stress.
The second trial was a double-blind, randomized,
placebo-controlled comparison of 8-week self-administered
behavioral skills-based VR (EaseVRx; AppliedVR) with sham
VR in 188 adults with CLBP. The 8-week sham VR program
consisted of 2D placebo content involving nonimmersive nature
scenes and neutral music (no skills training or pain education)
[4,6]. Both treatments were delivered via the same commercial
VR headsets and involved brief daily treatment sessions.
Intention-to-treat analyses revealed benefits in both treatment
groups and the superiority of therapeutic VR over sham VR for
reducing pain intensity and pain-related interference with
activity, stress, and mood, as well as sleep disturbance, with
large effect sizes ranging from 1.17 to 1.3 (moderate to
substantial clinical importance). On comparing the groups, a
greater proportion of participants in the EaseVRx group
achieved ≥30% reduction in pain intensity, and 46% of EaseVRx
participants achieved ≥50% reduction in pain [4]. At 3 months,
EaseVRx showed significant superiority over sham VR for
reducing pain intensity and pain-related interference (activity,
stress, and sleep [new finding]), with moderate to large effect
https://www.jmir.org/2022/5/e37480
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Methods
Study Design
This 6-month follow-up study used a single-cohort,
placebo-controlled, randomized clinical trial protocol [6]. The
study involved an online national convenience sample of 188
community-based adults with self-reported CLBP.
The 6-month posttreatment data collection was completed in
April 2021. Participants were instructed to return their VR
headsets within 5 days of completing their 56-day treatment
period (postage-paid packaging provided). Any headset returned
after this 5-day shipment period was considered a late return.
This report contains participant-reported data from e-surveys
deployed at pretreatment, end-of-treatment (day 56), and
posttreatment months 1, 2, 3, and 6 for the primary outcomes
(average pain intensity and pain-related interference with
activity, mood, sleep, and stress) and the two secondary
outcomes of sleep disturbance and physical function that
demonstrated immediate effects after treatment.
Detailed information of the methods and interventions is
provided in the study protocol [6].

Ethical Considerations
The Western Copernicus Group Institutional Review Board
(Puyallup, WA) approved the study protocol in July 2020
(number: 1286465). Eligible individuals were enrolled after
signing an eConsent form.

Participants
Individuals with CLBP were recruited nationally through
Facebook and Google online advertisements, chronic pain
organizations, and professional colleagues. Advertisements
directed individuals to the study website for information, and
they were invited to complete an online eligibility form (see
Textbox 1 for the inclusion/exclusion criteria). Figure 1 displays
the participant study activities.
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Textbox 1. Study inclusion and exclusion criteria.
Inclusion criteria
1.

Men and women aged 18-85 years

2.

Self-reported diagnosis of chronic low back pain without radicular symptoms

3.

Chronic low back pain duration ≥6 months

4.

Average pain intensity of ≥4 for the past month (0-10 numeric pain rating scale)

5.

English fluency

6.

Willing to comply with study procedures and restrictions

7.

Wi-Fi access

8.

Implicit de facto internet and computer literacy

Exclusion criteria
1.

Gross cognitive impairment

2.

Current or prior diagnosis of epilepsy, seizure disorder, dementia, migraines, or other neurological diseases that may prevent the use of virtual
reality (VR) or predispose to adverse effects

3.

Medical condition predisposing to nausea or dizziness

4.

Hypersensitivity to flashing lights or motion

5.

No stereoscopic vision or severe hearing impairment

6.

Injury to the eyes, face, or neck that impedes comfortable use of a VR headset

7.

Cancer-related pain

8.

Depressive symptoms ≥2 on the Patient Health Questionnaire-2 (PHQ-2) depression screen

9.

Previous use of EaseVRx for pain

10. Current or recent completion of participation (past 2 months) in any interventional research study
11. Currently pregnant or planning to become pregnant during the study period
12. Currently working at or having an immediate family member who works for a digital health company or pharmaceutical company that provides
treatment for acute or chronic pain
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Figure 1. Participant activities. VR: virtual reality.

Randomization and Participant Blinding
Enrolled participants completed a baseline survey battery and
a pain survey that was readministered 3 times during the 2-week
pretreatment period. These surveys were averaged to create a
pretreatment pain value; completion of at least two surveys was
required to progress to the treatment phase. The conduct of the
study was entirely remote.
E-randomization was applied 1:1 without blocking and with
participants allocated to either (1) a 56-day skills-based pain
relief VR program (EaseVRx) or (2) a 56-day VR control
condition (sham VR). Study participants understood they would
be assigned to 1 of 2 VR treatments, but did not know that 1
treatment was sham. Participants remained blinded to their
group assignment until all data were collected 6 months
posttreatment. Participants were then informed that the study
involved random assignment to VR with or without active
treatment for chronic pain and were asked which program they
believed they received. The statistician performed blinded
analysis for the 56-day end-of-treatment results [4] and was
unblinded to the individual group assignments for this study.

Procedures
All participants received a mailed Pico G2 4K all-in-one
head-mounted VR device at no cost. The on-demand,
easy-to-use, and commercially available Pico G2 4K device has
a 3840×2160 screen, a 72 FPS frame rate, and minimal visual
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latency. Although the treatment content differed between the
EaseVRx and sham VR devices, all packaging and directions
were identical. Participants were given access to online
instructional materials for their headset.
Participants were instructed to complete 1 VR program session
daily for the treatment duration. Study staff monitored device
use and sent reminders as needed for survey completion. At
end-of-treatment, staff managed the postage-paid return of the
devices. Posttreatment study staff interaction was limited to
survey completion reminders and responses to participant
inquiries.
Compensation included US $6 per survey during and after
treatment ($150 possible; prorated; received as Amazon eGift
cards). Participants who completed ≥16 study surveys during
treatment were eligible to receive a VR headset after study
completion (n=73).

Therapeutic VR (EaseVRx)
EaseVRx is a proprietary immersive, multimodal, skills-based,
pain self-management VR program. EaseVRx incorporates
evidence-based self-regulatory skills used in cognitive
behavioral therapy for chronic pain (diaphragmatic breathing,
biofeedback elements, cognition, and emotion regulation),
mindfulness principles, and pain education into a multimodal
therapeutic journey. The EaseVRx content is agnostic to pain
type, condition, or disease (Figure 2).
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Figure 2. Visual display of EaseVRx (skills-based, interactive, 3D) and sham VR (noninteractive, 2D nature scenes). VR: virtual reality.

The standardized 56-day program delivers the VR content
through a prescribed sequence of daily immersive experiences
grouped into 8 weekly themes relevant to living better with
chronic pain. Content categories include pain education,
relaxation and interoception, mindfulness escape, pain
distraction games, and dynamic breathing. User exhalation is
captured by an embedded microphone, providing interactive
biodata-enabled therapeutics through synchrony with 3D visual
displays and auditory feedback. VR sessions range from 2 to
16 minutes (average 6 minutes). Module content was designed
to minimize emotional distress and cybersickness.

Sham VR
In compliance with VR-CORE clinical trial guidelines, we used
an active and rigorous placebo comprised of nonimmersive 2D
visual content [8]. Content included 20 rotating nature videos
overlaid with music that was not relaxing, aversive, or
distracting; content was devoid of pain education or pain
management skills training (Figure 2). The average session
duration closely matched that of EaseVRx.

Data Collection and Timepoints
Data were collected through REDCap Cloud for patient-reported
outcomes at pretreatment, end-of-treatment, and posttreatment
months 1, 2, 3, and 6.
The baseline survey included demographic variables and a
battery of outcome measures. Demographic variables included
age, gender, education level, race, ethnicity, employment status,
annual household income, relationship status, back pain
duration, state of residence, and zip code. The baseline survey
included other measures of secondary outcomes that were
omitted from our prior publication [7] and this report because
we found no significant between-group changes for these
measures at end-of-treatment when treatment effects are most
pronounced (items from the Pain Catastrophizing Scale [9],
2-item Pain Self-Efficacy Questionnaire [10], and 8-item
Chronic Pain Acceptance Questionnaire [11], and self-reported
prescription opioid and over-the-counter analgesic medication
use).
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Measures
The Defense and Veterans Pain Rating Scale (DVPRS) [12]
measured average pain intensity over the previous 24 hours
using an 11-point numeric rating scale (0=no pain; 10=as bad
as it could be and nothing else matters).
The DVPRS interference scale (DVPRS-II) [12] measured
pain-related interference with activity, sleep, mood, and stress
over the previous 24 hours (0=does not interfere; 10=completely
interferes).
The National Institutes of Health (NIH) Patient-Reported
Outcome Measurement Information System (PROMIS)
short-form assessed physical function (version 6b) [13] and
sleep disturbance (version 6a) [14] over the previous 7 days.
The manuals’ conversion tables were used to calculate individual
short-form T scores using item response theory algorithms [15].
T scores were computed for individual response patterns using
the Bayesian expected a posteriori method [15,16].

Adverse Event Monitoring
Participants were encouraged to contact staff about any problems
with their device or treatment. Cybersickness was intended to
be assessed immediately after treatment, but due to an error
with the electronic survey, it was not captured until 1 month
posttreatment.

Statistical Analyses
All analyses involved 2-sided hypothesis tests, with α=.05, and
were adjusted for multiple comparisons within the family of
tests as appropriate. Group equivalence was assessed through
univariate tests of association between groups (EaseVRx/sham
VR) for all baseline demographic and clinical variables, with
the chi-square and Kruskal-Wallis tests applied as appropriate.
The intent-to-treat data were analyzed in a mixed-model
framework (PROC GLIMMIX in SAS 9.4M6) using a marginal
(population-averaged) model to allow for correlated responses
across repeated measures. Explanatory factors included
treatment group, time, and time × treatment group. Treatment
group (EaseVRx/sham VR) was specified as a fixed-effects
factor. Time (pretreatment, end-of-treatment, and posttreatment
months 1, 2, 3, and 6) was specified as a random-effects factor
J Med Internet Res 2022 | vol. 24 | iss. 5 | e37480 | p. 5
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to allow for correlated responses using heterogeneous compound
symmetry for the covariance structure within time. Analyses
were conducted to assess (1) efficacy of treatment relative to
pretreatment and (2) durability of treatment effects
(end-of-treatment to month 6). Both analyses examined (1)
EaseVRx vs sham VR between-group comparison across all
timepoints and (2) whether the treatment group influenced the
trajectory of the key variables over time. Efficacy, which
included all 6 timepoints, was evidenced by significant treatment
and time × treatment effects. We report multiplicity-adjusted
Hochberg P values. Durability analyses were limited to
end-of-treatment and posttreatment months 1, 2, 3, and 6.
Durability was evidenced by a significant treatment effect but
lack of time × treatment interaction, indicating sustained
differences.
Missing values were not imputed for estimation of effects, but
the predicted means were used in the graphical description.
Linear mixed models were used as between-subject factors, and
time of measurement was used as a within-subject factor. Effect
sizes for the EaseVRx vs sham VR between-group comparison
used the standardized mean difference version of Cohen d [17].
For each outcome variable, the effect size of the change
pretreatment to 6 months posttreatment was assessed by
treatment group using a repeated measures variation of Cohen
d as drm owing to the within-subject nature of the comparison
[17]. We applied common effect size thresholds of 0.3 (small),
0.5 (medium), and 0.8 (large). Clinical meaningfulness of the
change in each outcome variable was further assessed by
calculating the mean percent improvement from pretreatment
to 6 months posttreatment and applying Initiative on Methods,
Measurement, and Pain Assessment in Clinical Trials
(IMMPACT)-recommended thresholds of magnitude for
moderate (30%) and substantial (50%) clinical importance [18].

Garcia et al
To test the feasibility of home-based VR in individuals with
lower SES [19], we assessed therapeutic VR treatment
engagement (total duration of treatment and number of sessions)
in participants with lower SES (defined as ≤high school
education or ≤US $59,999 median annual household income)
vs higher SES (defined as >high school education or ≥US
$60,000 median annual household income; US $60,000 was the
selected threshold because it is below the US median household
income of US $67,000) [20].

Results
Overview
Recruitment took place from July 6, 2020, to July 30, 2020. Of
1577 individuals who completed an online eligibility screener,
1389 were excluded primarily for meeting or exceeding the
threshold for depressive symptoms (see Figure 3 for the
CONSORT diagram). In total, 188 individuals were enrolled,
randomized, and allocated to a treatment group. All participants
were included in the dataset regardless of treatment engagement
or survey completion at posttreatment months 1, 2, 3, and 6.
Previously reported device-use data revealed nonsignificant
between-group differences for treatment engagement [4].
Posttreatment survey completion rates were 83% (n=156) for
month 1, 82% (n=155) for month 2, 85% (n=159) for month 3,
and 74% (n=139) for month 6.
Table 1 displays baseline demographics and clinical
characteristics. Table 2 displays pretreatment outcome variables
for each group. The sample included participants from 40 US
states. The sample was predominantly female (145/188, 77.1%)
and Caucasian (171/188, 91.0%), with most participants having
at least some college education (171/188, 91.0%). The mean
age was 51.7 years (SD 13.2 years; range 18-81 years), and the
mean duration of CLBP was ≥5 years.

Participant blinding was assessed by the proportion of
participants in each group who correctly determined their
treatment assignment.
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Figure 3. CONSORT flow diagram. VR: virtual reality.
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Table 1. Baseline demographic and clinical characteristics by treatment group.
EaseVRx (n=94)

Sham VRa (n=94)

Male

23 (24)

20 (21)

Female

71 (76)

73 (78)

Other

0 (0)

1 (1)

Age (years), mean (SD)

52.1 (13.5)

51.3 (12.9)

Age range (years)

18.0-81.0

25.0-81.0

Age (years), median (IQR: Q1-Q3)

51.0 (41.0-62.0)

54.0 (41.0-62.0)

Asian

2 (2)

1 (1)

Caucasian

82 (88)

88 (95)

African American

5 (5)

1 (1)

Multi-racial

2 (2)

3 (3)

Other

2 (2)

0 (0)

Missing

1 (1)

1 (1)

High school graduate

6 (6)

10 (11)

Some college

22 (23)

17 (18)

Associate

10 (11)

16 (17)

Undergraduate

19 (20)

26 (28)

Postgraduate

37 (39)

24 (26)

Missing

0 (0)

1 (1)

Part time

9 (10)

7 (8)

Full time

39 (41)

36 (39)

Not working

13 (14)

11 (12)

Retired

17 (18)

21 (23)

Unable to work

16 (17)

18 (19)

Missing

0 (0)

1 (1)

Less than US $40,000

25 (27)

24 (26)

US $40,000 to $59,999

24 (26)

19 (20)

US $60,000 to $79,999

16 (17)

19 (20)

Greater than US $80,000

28 (30)

32 (34)

Missing

1 (1)

0 (0)

Married/civil union

55 (59)

63 (67)

Divorced/widowed/separated

21 (23)

14 (15)

Single

11 (12)

12 (13)

Single-cohabitating

6 (6)

5 (5)

Missing

1 (1)

0 (0)

7 (7)

1 (1)

Variable
Gender, n (%)

Race, n (%)

Education, n (%)

Employment, n (%)

Income, n (%)

Relationship, n (%)

Pain duration, n (%)
<1 year
https://www.jmir.org/2022/5/e37480
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EaseVRx (n=94)

Sham VRa (n=94)

1 year to <5 years

25 (27)

26 (28)

5 years to <10 years

17 (18)

25 (27)

>10 years

45 (48)

42 (45)

Variable

a

VR: virtual reality.

Table 2. Baseline outcome variables by treatment group.
Variable

EaseVRx (n=94)

Sham VRa (n=94)

Average pain intensity score

.61

Mean (SD)

5.1 (1.2)

5.2 (1.1)

Range

2.2-8.2

2.8-8.0

Median (IQR: Q1-Q3)

5.0 (4.2-5.8)

5.2 (4.4-5.8)

Pain-related activity interference score

.43

Mean (SD)

5.3 (1.8)

5.5 (1.5)

Range

1.2-10.0

1.0-8.8

Median (IQR: Q1-Q3)

5.6 (4.0-6.6)

5.6 (4.6-6.3)

Pain-related mood interference score

.27

Mean (SD)

4.4 (2.2)

4.7 (2.0)

Range

0.0-8.8

0.2-9.6

Median (IQR: Q1-Q3)

4.3 (2.8-5.8)

4.6 (3.4-6.0)

Pain-related sleep interference score

.25

Mean (SD)

4.8 (2.6)

5.3 (1.9)

Range

0.0-10.0

0.6-9.6

Median (IQR: Q1-Q3)

5.0 (3.0-7.0)

5.4 (4.0-6.4)

Pain-related stress interference score

.76

Mean (SD)

4.6 (2.2)

4.8 (2.0)

Range

0.0-10.0

0.6-9.6

Median (IQR: Q1-Q3)

4.7 (3.0-6.4)

5.0 (3.4-6.2)

PROMISc physical function score

.30

Mean (SD)

38.1 (5.1)

37.5 (4.7)

Range

21.0-48.9

27.1-59.0

Median (IQR: Q1-Q3)

37.6 (34.2-41.2)

37.6 (34.2-40.2)

PROMIS sleep disturbance score

a

P valueb

.17

Mean (SD)

56.7 (5.2)

57.7 (4.3)

Range

44.2-67.5

45.5-69.0

Median (IQR: Q1-Q3)

56.3 (53.3-60.4)

58.3 (55.3-60.4)

VR: virtual reality.

b

Kruskal-Wallis P value.

c

PROMIS: Patient-Reported Outcome Measurement Information System.

Primary Outcomes
We applied the analytic plan outlined above to each primary
outcome. For each primary outcome figure referenced below,
the x-axis represents time and the color bands represent 95%
https://www.jmir.org/2022/5/e37480
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CI for the mean after correcting for multiple comparisons
(Tukey-Kramer). Overlapping bands indicate nonsignificant
group differences (P values) of simple main effects within each
timepoint. Table 3 includes the corresponding model effects for
each primary outcome in Figures 4-10.
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Table 3. Model effects for primary outcomes.
Numerator dfa

Denominator df

F value

P value

Treatment

1

186

11.05

.001

Time

5

758

47.43

<.001

Time × treatment

5

758

4.05

.001

Treatment

1

186

9.16

.003

Time

5

758

56.77

<.001

Time × treatment

5

758

2.95

.001

Treatment

1

186

10.59

.001

Time

5

758

35.66

<.001

Time × treatment

5

758

2.07

.07

Treatment

1

186

13.82

<.001

Time

5

758

49.71

<.001

Time × treatment

5

758

1.84

.10

Treatment

1

186

10.23

.002

Time

5

758

46.94

<.001

Time × treatment

5

758

3.34

.006

Treatment

1

186

5.57

.02

Time

5

758

22.78

<.001

Time × treatment

5

758

2.92

.01

Treatment

1

186

9.82

.002

Time

5

758

14.68

<.001

Time × treatment

5

758

3.78

.002

Factor
Pain intensity

Pain interference with activity

Pain interference with mood

Pain interference with sleep

Pain interference with stress

PROMISb physical function

PROMIS sleep disturbance

a

df: degree of freedom.

b

PROMIS: Patient-Reported Outcome Measurement Information System.

Pain Intensity
Average pain intensity was lower in the EaseVRx group than
in the sham VR group (Cohen ds=0.48; P=.001). Both treatment
groups had lower average pain intensity from pretreatment to
6 months posttreatment (P<.001). While there was no
between-group difference at pretreatment, at end-of-treatment,
EaseVRx participants indicated lower pain intensity relative to
sham VR, and this difference was maintained at month 6
(P=.001; Hochberg P=.006 after multiplicity correction; see
Figure 4).
For pain intensity at 6 months posttreatment, the mean
percentage change was −31.3% (moderate clinical importance)
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for the EaseVRx group and −15.9% (minimal clinical
importance) for the sham VR group. We found that 52.1%
(37/71) of EaseVRx and 25.0% (17/68) of sham VR participants
achieved the threshold for moderate clinical meaningfulness
(≥30%) and 38.0% (27/71) and 13.2% (9/68), respectively,
achieved the threshold for substantial clinical meaningfulness
(≥50%).
To evaluate durability, we compared end-of-treatment with the
6-month follow-up. On average, pain intensity was lower in the
EaseVRx group than in the sham VR group (P=.004). We
observed a significant effect of time (P<.001) but not time ×
treatment for pain intensity, indicating sustained superiority of
EaseVRx over sham VR through 6 months posttreatment.
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Figure 4. Average pain intensity. The color bands represent 95% CI for the mean after correcting for multiple comparisons. Overlapping bands indicate
nonsignificant group differences of simple main effects within each timepoint. VR: virtual reality.

Pain-Related Interference With Activity
Average pain-related interference with activity was lower in
the EaseVRx group than in the sham VR group (Cohen ds=0.44;
P=.003). Both groups had lower activity interference from
pretreatment through month 6 (P<.001). Finally, we observed
a pronounced between-group difference at end-of-treatment but
not pretreatment (P=.01; Hochberg P=.04 after multiplicity
correction; see Figure 5).
At 6 months posttreatment, the mean percentage change was
−34.8% for the EaseVRx group and −20.8% for the sham VR

group. We found that 60.6% (43/71) of EaseVRx and 39.7%
(27/68) of sham VR participants achieved the threshold for
moderate clinical meaningfulness and 50.7% (36/71) and 25.0%
(17/68), respectively, achieved the threshold for substantial
clinical meaningfulness.
Comparing end-of-treatment with the 6-month follow-up,
pain-related interference with activity was lower in the EaseVRx
group than in the sham VR group (P=.006). We observed a
significant effect of time (P<.001) but not time × treatment
(P=.92) for pain-related interference with activity, indicating
sustained superiority of EaseVRx.

Figure 5. Pain interference with activity. The color bands represent 95% CI for the mean after correcting for multiple comparisons. Overlapping bands
indicate nonsignificant group differences of simple main effects within each timepoint. VR: virtual reality.
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Pain-Related Interference With Mood
On average, pain-related interference with mood was lower in
the EaseVRx group than in the sham VR group (Cohen ds=0.47;
P=.001). Both groups had lower mood interference from
pretreatment through month 6 (P<.001). The time × treatment
effect was not significant (P=.07; Hochberg P=.10 after
multiplicity correction; see Figure 6).
At 6 months posttreatment, the mean percentage change for
pain-related interference with mood was −39.2% for EaseVRx
and −25.3% for sham VR. We found that 59.2% (42/71) of
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EaseVRx and 48.5% (33/68) of sham VR participants achieved
the threshold for moderate clinical meaningfulness and 54.9%
(39/71) and 41.2% (28/68), respectively, achieved the threshold
for substantial clinical meaningfulness.
To evaluate durability, we compared end-of-treatment with the
6-month follow-up. On average, pain-related interference with
mood was lower in the EaseVRx group than in the sham VR
group (P=.003). We observed a significant effect of time
(P<.001) but not time × treatment (P=.79), indicating sustained
superiority of EaseVRx over sham VR through 6 months
posttreatment.

Figure 6. Pain interference with mood. The color bands represent 95% CI for the mean after correcting for multiple comparisons. Overlapping bands
indicate nonsignificant group differences of simple main effects within each timepoint. VR: virtual reality.

Pain-Related Interference With Sleep
On average, pain-related sleep interference was lower in the
EaseVRx group than in the sham VR group (Cohen ds=0.54;
P<.001). Both groups had lower sleep interference from
pretreatment through month 6 (P<.001). The time × treatment
effect was not significant (P=.10; Hochberg P=.10 after
multiplicity correction; see Figure 7).
At 6 months posttreatment, the mean percentage change was
−44.5% for the EaseVRx group and −18.9% for the sham VR
group. We found that 63.4% (45/71) of EaseVRx and 45.6%

https://www.jmir.org/2022/5/e37480

XSL• FO
RenderX

(31/68) of sham VR participants achieved the threshold for
moderate clinical meaningfulness and 47.9% (34/71) and 32.4%
(22/68), respectively, achieved the threshold for substantial
clinical meaningfulness.
Comparing end-of-treatment with the 6-month follow-up,
pain-related interference with sleep was lower in the EaseVRx
group than in the sham VR group (P<.001). We also observed
a significant effect of time (P<.001) but not time × treatment
(P=.89), indicating sustained superiority of EaseVRx over sham
VR through 6 months posttreatment.
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Figure 7. Pain interference with sleep. The color bands represent 95% CI for the mean after correcting for multiple comparisons. Overlapping bands
indicate nonsignificant group differences of simple main effects within each timepoint. VR: virtual reality.

Pain-Related Interference With Stress
On average, pain-related stress interference was lower in the
EaseVRx group than in the sham VR group (Cohen ds=0.47;
P=.001). Both groups had lower pain-related stress interference
from pretreatment through month 6 (P<.001). While there was
no between-group difference at pretreatment, there was a
pronounced difference at end-of-treatment and at month 6 (time
× treatment P=.006; Hochberg P=.02 after multiplicity
correction; see Figure 8).
At 6 months posttreatment, the mean percentage change in
pain-related interference with stress was −42.5% for the

EaseVRx group and −23.3% for the sham VR group. We found
that 67.6% (48/71) of EaseVRx and 39.7% (27/68) of sham VR
participants achieved the threshold for moderate clinical
meaningfulness and 60.6% (43/71) and 30.9% (21/68),
respectively, achieved the threshold for substantial clinical
meaningfulness.
Comparing end-of-treatment with the 6-month follow-up,
pain-related interference with stress was lower in the EaseVRx
group than in the sham VR group (P=.002). We observed a
significant effect of time (P<.001) but not time × treatment
(P=.86), indicating sustained superiority of EaseVRx over sham
VR through 6 months posttreatment.

Figure 8. Pain interference with stress. The color bands represent 95% CI for the mean after correcting for multiple comparisons. Overlapping bands
indicate nonsignificant group differences of simple main effects within each timepoint. VR: virtual reality.
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Secondary Outcomes
Physical Function
Physical function was higher in the EaseVRx group than in the
sham VR group (Cohen ds=0.34; P=.02), and both groups
demonstrated increased physical function from pretreatment to
6 months posttreatment (P<.001). While there was no
between-group difference at pretreatment, a between-group
difference was pronounced at end-of-treatment through 6 months
posttreatment (time × treatment P=.01; see Figure 9).
At 6 months posttreatment, the mean improvement in physical
function was 10.5% for the EaseVRx group and 5.9% for the
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sham VR group, with changes in both groups categorized as
clinically unimportant. We found that 12.7% (9/71) of EaseVRx
and 4.4% (3/68) of sham VR participants reached the moderate
clinical meaningfulness threshold. For substantial clinical
meaningfulness, 4.2% (3/71) of EaseVRx participants and no
sham VR participants achieved the threshold.
Comparing end-of-treatment with the 6-month follow-up,
physical function was higher in the EaseVRx group than in the
sham VR group (P=.02). The level of physical function was
maintained from end-of-treatment to month 6 (P=.77). The time
× treatment interaction effect was not significant (P=.45),
indicating a sustained end-of-treatment effect (albeit of
negligible clinical importance) for EaseVRx vs sham VR.

Figure 9. PROMIS physical function. The color bands represent 95% CI for the mean after correcting for multiple comparisons. Overlapping bands
indicate nonsignificant group differences of simple main effects within each timepoint. PROMIS: Patient-Reported Outcome Measurement Information
System; VR: virtual reality.

Sleep Disturbance
Sleep disturbance was lower in the EaseVRx group than in the
sham VR group (Cohen ds=0.46; P=.002). Both groups had
decreased sleep disturbance over time (P<.001). While there
was no between-group difference at pretreatment, at
end-of-treatment, sleep disturbance was lower in the EaseVRx
group than in the sham VR group, which did not sustain in
posttreatment months 1, 2, 3, and 6 (time × treatment P=.002;
see Figure 10).
At 6 months posttreatment, the mean percentage change in sleep
disturbance was −8.8% for EaseVRx and −2.1% for sham VR.
While 8.5% (6/71) of EaseVRx and 1.5% (1/68) of sham VR
participants achieved the moderate clinical meaningfulness
threshold, no EaseVRx or sham VR participants achieved the
threshold for substantial clinical meaningfulness.
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Comparing end-of-treatment with 6 months post-treatment,
sleep disturbance was lower in the EaseVRx group than in the
sham VR group (P=.002). There was a significant effect of time
(P=.003). The end-of-treatment superiority of EaseVRx over
sham VR for reduction in sleep disturbance was absent in
posttreatment months 1, 2, and 3, and re-emerged at month 6
(time × treatment P=.002).
Assessing participant blinding 6 months posttreatment, 75% of
EaseVRx and 71% of sham VR participants accurately identified
their randomly assigned treatment. These proportions did not
differ between groups (P>.05) and were significantly above
chance.
Lower SES (n=97) and higher SES (n=91) participants were
statistically equivalent for treatment engagement as indexed by
the total duration of EaseVRx treatment time and total number
of EaseVRx experiences.
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Figure 10. PROMIS sleep disturbance. The color bands represent 95% CI for the mean after correcting for multiple comparisons. Overlapping bands
indicate nonsignificant group differences of simple main effects within each timepoint. PROMIS: Patient-Reported Outcome Measurement Information
System; VR: virtual reality.

Discussion
This report describes the 6-month durability of treatment effects
for a randomized placebo-controlled trial of an 8-week
self-administered skills-based VR program (EaseVRx) compared
with a sham VR program in adults with CLBP. Intention-to-treat
analysis performed on data collected 6 months after treatment
revealed some regression to the mean with continued superiority
of therapeutic EaseVRx over sham VR for reductions in pain
intensity and pain-related interference (activity, stress, and
sleep). Six-month posttreatment results exceeded thresholds for
clinical meaningfulness, with effect sizes ranging from 0.34 to
0.54. Between-group differences for physical function and sleep
disturbance at 6 months were statistically significant but not
clinically meaningful. Combined, the results support the 6-month
analgesic efficacy of a fully automated, 8-week, home-based
VR program for CLBP. Recent meta-analyses of VR noted a
lack of high-quality efficacy studies for chronic pain [21], except
for those involving physical rehabilitation programs [22]. To
our knowledge, our investigations on the extended efficacy of
VR are the first involving home-based pain management without
physical rehabilitation.
Findings from this study further support the efficacy of
home-based VR treatment and may inform clinician and patient
expectations, reimbursement models, and prescription pathways
for CLBP. Critics have questioned whether participant education
or socioeconomic factors might predict user engagement.
Accordingly, we examined whether participant education level
(high school level or less vs at least some college education) or
household annual income (above vs below the US median) as
a composite metric of SES would impact treatment engagement.
While our examination of the impact of SES on user engagement
is preliminary and may be subject to selection bias, we found
equivalent engagement between lower and higher SES
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individuals with EaseVRx. These data potentially refute a
perception that a high-tech digital treatment, such as VR, may
be infeasible in lower SES individuals, and suggest that digital
therapeutics, like EaseVRx, represent an opportunity to reach
CLBP patients in historically underserved areas. These data
also align with our published EaseVRx usability ratings, in
which this study sample indicated that the device was as easy
to use as an iPhone [4].
Key strengths of this study include (1) randomized
placebo-controlled design; (2) intention-to-treat analyses; (3)
correction for multiplicity; (4) longitudinal design and data
collection to 6 months posttreatment; and (5) participant blinding
to treatment group.
Our findings should be placed in the context of several
limitations. First, the study sample had low levels of depressive
symptoms and was specific to CLBP. The sample was also
mainly female and white, and had some college education, thus
limiting the generalizability to the broader population. The study
relied only on participant-reported data and no objective data
on medical or mental health conditions or receipt of additional
pain treatments during the study period. The 26% attrition rate
at 6 months was similar between treatment groups, and its effects
were mitigated by the intention-to-treat analytic approach.
Finally, at the end of the study roughly 73% of the sample
correctly guessed their treatment group assignment, suggesting
that, despite extensive efforts to maintain face validity of sham
VR and following published guidance [8], the actual blinding
failed. Despite this, we previously reported equivalent treatment
engagement between both groups and symptom benefits gained
by sham VR participants [7], albeit sham VR was substantially
less efficacious than therapeutic VR. Nevertheless, equivalent
engagement in sham VR suggests acceptable control in terms
of time and attention, exposure to treatment, device use, survey
completion, and participant compensation.
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Placebo effects are well known in clinical studies [23]. The
clinically meaningful efficacy of open-label placebo supports
our finding of sham VR benefits even when treatment group
assignment is correctly guessed [24]. The superiority and
durability of the therapeutic response to therapeutic immersive
VR is even more intriguing in the context of placebo interference
with analgesic outcomes.
In-progress research includes an active national pragmatic
effectiveness study designed to ascertain the long-term treatment
effects of therapeutic VR in patients with CLBP who are highly
diverse in race, ethnicity, education level, and symptom profiles.
Future research should extend efficacy investigations for
home-based VR to other pain conditions and diagnoses, as well
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as examine mechanisms of treatment effects in real-world patient
populations. Finally, while we previously reported very high
treatment engagement rates for both study groups, future
research may investigate the characteristics and needs of
individuals who exhibit lower engagement rates,
nonresponsiveness, or higher rates of regression to the mean
over time, and develop strategies to optimize outcomes for these
subpopulations.
The 6-month durability of clinically meaningful reductions in
pain intensity and pain-related interference suggests that this
effective digital therapeutic approach may transcend many
current barriers and improve patient access to effective
nonpharmacologic pain care for CLBP.

Acknowledgments
AppliedVR, Inc supported this study. We thank Tracie Kim for her graphical support with the figures in this article and Dr Liesl
Oldstone for numerous insightful comments on this work.

Data Availability
A data dictionary and deidentified participant data will be made available after publication and upon approved request of a detailed
meta-analytic study proposal. Requests should be made to the corresponding author along with a study proposal and a signed
data access agreement.

Authors' Contributions
LG was involved in study design, participant management, and data interpretation. BB was involved in study design. PK was
involved in data analysis, interpretation, and manuscript preparation. IM was involved in participant management. JS was involved
in project management. VS was involved in medication analysis. RL was involved in study design. CC was involved in participant
management. RM was involved in data presentation and manuscript preparation. TM was involved in study design, data analysis,
and manuscript preparation. BD was involved in study design, data interpretation, and manuscript preparation. All authors had
full access to all the data in the study and had final responsibility for the decision to submit for publication.

Conflicts of Interest
TM and RM are employees of AppliedVR, Inc. JS is the president of AppliedVR, Inc. BB, PK, LG, IM, and VS are consultants
for AppliedVR, Inc. CC is a contractor for AppliedVR, Inc. BD is the chief science advisor for AppliedVR, Inc. BD has authored
or coauthored 5 pain treatment books for patients and clinicians, and receives royalties for 4 books. BD is the principal investigator
for pain research grants and awards from the National Institutes of Health (NIH) and the Patient-Centered Research Outcomes
Research Institute (none specific to the current work). BD is a co-investigator on 2 NIH research grants investigating virtual
reality analgesia; neither of these grants is specific to the current work. BD serves on the Board of Directors for the American
Academy of Pain Medicine and is on the Board of Directors for the Institute for Brain Potential. BD is a scientific member of
the NIH Interagency Pain Research Coordinating Committee, the Centers for Disease Control and Prevention (CDC) Opioid
Workgroup (2020-2021), and the Pain Advisory Group of the American Psychological Association.

References
1.

2.

3.

4.

Spiegel B, Fuller G, Lopez M, Dupuy T, Noah B, Howard A, et al. Virtual reality for management of pain in hospitalized
patients: A randomized comparative effectiveness trial. PLoS One 2019;14(8):e0219115 [FREE Full text] [doi:
10.1371/journal.pone.0219115] [Medline: 31412029]
Atzori B, Hoffman HG, Vagnoli L, Patterson DR, Alhalabi W, Messeri A, et al. Virtual Reality Analgesia During
Venipuncture in Pediatric Patients With Onco-Hematological Diseases. Front Psychol 2018 Dec 20;9:2508 [FREE Full
text] [doi: 10.3389/fpsyg.2018.02508] [Medline: 30618938]
Darnall BD, Krishnamurthy P, Tsuei J, Minor JD. Self-Administered Skills-Based Virtual Reality Intervention for Chronic
Pain: Randomized Controlled Pilot Study. JMIR Form Res 2020 Jul 07;4(7):e17293 [FREE Full text] [doi: 10.2196/17293]
[Medline: 32374272]
Garcia LM, Birckhead BJ, Krishnamurthy P, Sackman J, Mackey IG, Louis RG, et al. An 8-Week Self-Administered
At-Home Behavioral Skills-Based Virtual Reality Program for Chronic Low Back Pain: Double-Blind, Randomized,
Placebo-Controlled Trial Conducted During COVID-19. J Med Internet Res 2021 Feb 22;23(2):e26292 [FREE Full text]
[doi: 10.2196/26292] [Medline: 33484240]

https://www.jmir.org/2022/5/e37480

XSL• FO
RenderX

J Med Internet Res 2022 | vol. 24 | iss. 5 | e37480 | p. 16
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
5.

6.

7.

8.

9.
10.
11.

12.
13.

14.

15.
16.

17.
18.

19.

20.
21.
22.

23.
24.

Garcia et al

Brea-Gómez B, Torres-Sánchez I, Ortiz-Rubio A, Calvache-Mateo A, Cabrera-Martos I, López-López L, et al. Virtual
Reality in the Treatment of Adults with Chronic Low Back Pain: A Systematic Review and Meta-Analysis of Randomized
Clinical Trials. Int J Environ Res Public Health 2021 Nov 11;18(22):11806 [FREE Full text] [doi: 10.3390/ijerph182211806]
[Medline: 34831562]
Garcia LM, Darnall BD, Krishnamurthy P, Mackey IG, Sackman J, Louis RG, et al. Correction: Self-Administered Behavioral
Skills-Based At-Home Virtual Reality Therapy for Chronic Low Back Pain: Protocol for a Randomized Controlled Trial.
JMIR Res Protoc 2021 Feb 12;10(2):e27652 [FREE Full text] [doi: 10.2196/27652] [Medline: 33577465]
Garcia LM, Birckhead BJ, Krishnamurthy P, Mackey I, Sackman J, Salmasi V, et al. Three-Month Follow-Up Results of
a Double-Blind, Randomized Placebo-Controlled Trial of 8-Week Self-Administered At-Home Behavioral Skills-Based
Virtual Reality (VR) for Chronic Low Back Pain. J Pain 2021 Dec 11 [FREE Full text] [doi: 10.1016/j.jpain.2021.12.002]
[Medline: 34902548]
Birckhead B, Khalil C, Liu X, Conovitz S, Rizzo A, Danovitch I, et al. Recommendations for Methodology of Virtual
Reality Clinical Trials in Health Care by an International Working Group: Iterative Study. JMIR Ment Health 2019 Jan
31;6(1):e11973 [FREE Full text] [doi: 10.2196/11973] [Medline: 30702436]
Sullivan M, Bishop S, Pivik J. The Pain Catastrophizing Scale: Development and validation. Psychological Assessment
1995;7(4):524-532. [doi: 10.1037/1040-3590.7.4.524]
Nicholas MK, McGuire BE, Asghari A. A 2-item short form of the Pain Self-efficacy Questionnaire: development and
psychometric evaluation of PSEQ-2. J Pain 2015 Feb;16(2):153-163. [doi: 10.1016/j.jpain.2014.11.002] [Medline: 25463701]
Fish RA, McGuire B, Hogan M, Morrison TG, Stewart I. Validation of the chronic pain acceptance questionnaire (CPAQ)
in an Internet sample and development and preliminary validation of the CPAQ-8. Pain 2010 Jun;149(3):435-443. [doi:
10.1016/j.pain.2009.12.016] [Medline: 20188472]
Nassif TH, Hull A, Holliday SB, Sullivan P, Sandbrink F. Concurrent Validity of the Defense and Veterans Pain Rating
Scale in VA Outpatients. Pain Med 2015 Nov 01;16(11):2152-2161. [doi: 10.1111/pme.12866] [Medline: 26257151]
Fries JF, Krishnan E, Rose M, Lingala B, Bruce B. Improved responsiveness and reduced sample size requirements of
PROMIS physical function scales with item response theory. Arthritis Res Ther 2011;13(5):R147 [FREE Full text] [doi:
10.1186/ar3461] [Medline: 21914216]
Yu L, Buysse DJ, Germain A, Moul DE, Stover A, Dodds NE, et al. Development of short forms from the PROMIS™
sleep disturbance and Sleep-Related Impairment item banks. Behav Sleep Med 2011 Dec 28;10(1):6-24 [FREE Full text]
[doi: 10.1080/15402002.2012.636266] [Medline: 22250775]
Gershon R, Rothrock N, Hanrahan R, Bass M, Cella D. The use of PROMIS and assessment center to deliver patient-reported
outcome measures in clinical research. J Appl Meas 2010;11(3):304-314 [FREE Full text] [Medline: 20847477]
Fischer HF, Rose M. Scoring Depression on a Common Metric: A Comparison of EAP Estimation, Plausible Value
Imputation, and Full Bayesian IRT Modeling. Multivariate Behav Res 2019 Sep 20;54(1):85-99. [doi:
10.1080/00273171.2018.1491381] [Medline: 30235003]
Lakens D. Calculating and reporting effect sizes to facilitate cumulative science: a practical primer for t-tests and ANOVAs.
Front Psychol 2013 Nov 26;4:863 [FREE Full text] [doi: 10.3389/fpsyg.2013.00863] [Medline: 24324449]
Dworkin R, Turk D, McDermott M, Peirce-Sandner S, Burke L, Cowan P, et al. Interpreting the clinical importance of
group differences in chronic pain clinical trials: IMMPACT recommendations. Pain 2009 Dec;146(3):238-244. [doi:
10.1016/j.pain.2009.08.019] [Medline: 19836888]
d'Errico A, Ricceri F, Stringhini S, Carmeli C, Kivimaki M, Bartley M, LIFEPATH Consortium. Socioeconomic indicators
in epidemiologic research: A practical example from the LIFEPATH study. PLoS One 2017 May 30;12(5):e0178071 [FREE
Full text] [doi: 10.1371/journal.pone.0178071] [Medline: 28557991]
Shrider E, Kollar M, Chen F, Semega J. Income and Poverty in the United States: 2020. The United States Census Bureau.
2021. URL: https://www.census.gov/library/publications/2021/demo/p60-273.html [accessed 2022-05-09]
Mallari B, Spaeth EK, Goh H, Boyd BS. Virtual reality as an analgesic for acute and chronic pain in adults: a systematic
review and meta-analysis. JPR 2019 Jul;12:2053-2085. [doi: 10.2147/jpr.s200498]
Ahern MM, Dean LV, Stoddard CC, Agrawal A, Kim K, Cook CE, et al. The Effectiveness of Virtual Reality in Patients
With Spinal Pain: A Systematic Review and Meta-Analysis. Pain Pract 2020 Jul 21;20(6):656-675. [doi: 10.1111/papr.12885]
[Medline: 32196892]
Colloca L. The Placebo Effect in Pain Therapies. Annu Rev Pharmacol Toxicol 2019 Jan 06;59(1):191-211 [FREE Full
text] [doi: 10.1146/annurev-pharmtox-010818-021542] [Medline: 30216744]
Carvalho C, Caetano JM, Cunha L, Rebouta P, Kaptchuk TJ, Kirsch I. Open-label placebo treatment in chronic low back
pain: a randomized controlled trial. Pain 2016 Dec;157(12):2766-2772 [FREE Full text] [doi:
10.1097/j.pain.0000000000000700] [Medline: 27755279]

Abbreviations
CLBP: chronic low back pain
DVPRS: Defense and Veterans Pain Rating Scale
https://www.jmir.org/2022/5/e37480

XSL• FO
RenderX

J Med Internet Res 2022 | vol. 24 | iss. 5 | e37480 | p. 17
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH

Garcia et al

PROMIS: Patient-Reported Outcome Measurement Information System
SES: socioeconomic status
VR: virtual reality

Edited by G Eysenbach; submitted 22.02.22; peer-reviewed by P Gazerani; comments to author 15.03.22; revised version received
22.03.22; accepted 26.04.22; published 25.05.22
Please cite as:
Garcia L, Birckhead B, Krishnamurthy P, Mackey I, Sackman J, Salmasi V, Louis R, Castro C, Maddox R, Maddox T, Darnall BD
Durability of the Treatment Effects of an 8-Week Self-administered Home-Based Virtual Reality Program for Chronic Low Back Pain:
6-Month Follow-up Study of a Randomized Clinical Trial
J Med Internet Res 2022;24(5):e37480
URL: https://www.jmir.org/2022/5/e37480
doi: 10.2196/37480
PMID: 35612905

©Laura Garcia, Brandon Birckhead, Parthasarathy Krishnamurthy, Ian Mackey, Josh Sackman, Vafi Salmasi, Robert Louis,
Carina Castro, Roselani Maddox, Todd Maddox, Beth D Darnall. Originally published in the Journal of Medical Internet Research
(https://www.jmir.org), 25.05.2022. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete
bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright and license
information must be included.

https://www.jmir.org/2022/5/e37480

XSL• FO
RenderX

J Med Internet Res 2022 | vol. 24 | iss. 5 | e37480 | p. 18
(page number not for citation purposes)

