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Abstract

Whereas the fear-avoidance model of chronic low back pain (CLBP) posits a generic avoidance of
movement that is perceived as threatening, we have repeatedly shown that individuals with high
fear and CLBP specifically avoid flexion of the lumbar spine. Accordingly, we developed a virtual
dodgeball intervention designed to elicit graded increases in lumbar spine flexion while reducing
expectations of fear and harm by engaging participants in a competitive game that is both
entertaining and distracting. We recruited 52 participants (48% female) with CLBP and high fear
of movement and randomized them to either a game group (n=26) or a control group (n=26). All
participants completed a pregame baseline and a follow up assessment (4—6 days later) of lumbar
spine motion and expectations of pain and harm during standardized reaches to high (easier),
middle, and low (hardest to reach) targets. For three consecutive days, participants in the game
group completed 15 minutes of virtual dodgeball between baseline and follow up. For the
standardized reaching tests, there were no significant effects of group on changes in lumbar spine
flexion, expected pain, or expected harm. However, virtual dodgeball was effective at increasing
lumbar flexion within and across gameplay sessions. Participants reported strong positive
endorsement of the game, no increases in medication use, pain, or disability, and no adverse
events. Although these findings indicate that very brief exposure to this game did not translate to
significant changes outside the game environment, this was not surprising given that graded
exposure therapy for fear of movement among individuals with low back pain typically last 8-12
sessions. Given the demonstration of safety, feasibility and ability to encourage lumbar flexion
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within gameplay, these findings provide support for a clinical trial wherein the treatment dose is
more consistent with traditional graded-exposure approaches to CLBP.
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INTRODUCTION

Low back pain is one of the most common reasons for seeking medical care and accounts for
over 3.7 million physician visits per year in the United States alone.18 It is the leading cause
of pain in the U.S., affecting 28.1% of adults each year3* and 90% in their

lifetime.1: 5. 10.17.20.59 Although most episodes of low back pain will resolve within a few
days or weeks with little more than symptomatic treatment, up to 10% of individuals
develop a chronic pain condition.1” These cases of chronic low back pain (CLBP) last from
months to years, are associated with significant individual pain, suffering, and disability, and
are estimated to cost society more than $300 billion per year in lost wages and
productivity.”- 11. 17. 34 Recent reports suggest that the prevalence of CLBP is increasing
while the quality of care is decreasing.1! 25 According to Foster (2011), “Despite decades of
research and improved quality of clinical trials, the reality is that the treatments we have to
offer patients tend to produce small effects, often only in the short term and none appear to
effectively change the longer-term prognostic paths or trajectories for patients.”10

Fear-Avoidance Model of Chronic Low Back Pain

The fear-avoidance model of CLBP is a prominent cognitive-behavioral explanation for the
development of chronic pain and disability following acute back injury.21 57. 58 A
fundamental assumption of this model is that individuals who experience acute low back
pain will differ with respect to their pre-existing levels of pain-related fear. Those who have
high fear are more likely to interpret pain as a sign of serious tissue damage, and
consequently they tend to avoid a range of activities that may increase pain in an effort to
prevent anticipated injury. More specifically, as shown in the middle and left side of Figure
1, individuals with high pain-related fear are prone to catastrophic thoughts in response to
pain (e.g., “The pain will get worse!”), are more likely to experience greater fear of
movement and injury as a result of these catastrophic cognitions, and ultimately will engage
in behavioral adaptations to avoid or escape pain (e.g., excessively guarded movement
patterns). In turn, avoidance behaviors are considered to reinforce the pain experience
through physical deconditioning, increased irritability, frustration, and depression due to a
loss of essential reinforcers, leading to greater disability. In contrast, as shown in the right
side of Figure 1, individuals who are not prone to catastrophize in the face of pain have little
fear of movement and injury and therefore are more likely to confront potential or actual
pain-provoking situations that are needed to progress towards recovery (e.g., return to daily
activities, work, rehabilitation). Consistent with the fear-avoidance model, pain-related fear
and avoidance are among the strongest predictors of the transition from acute to

CLBP.6: 13. 26, 32, 60 \Whereas the fear-avoidance model posits a generic avoidance of all
forms of movement that are perceived as threatening, we have repeatedly shown that
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individuals with high fear and low back pain specifically avoid flexion of the lumbar
spine.4% 47,48 Ayoidance of lumbar spine motion may serve to increase subsequent risk for
back injury as inactivity can contribute to shortening of peri-articular connective tissues and
changes in the surrounding musculature.14 15: 23 |n turn, these changes may increase the risk
of injury when the individual is exposed to common, unexpected environmental challenges
such slipping on a wet floor.

Applying Virtual Reality Gaming as a Novel Therapeutic Approach

Graded in vivo exposure is a traditional therapeutic approach to fear-related avoidance. In
the context of CLBP, graded exposure therapy begins with patient education regarding the
role of activity avoidance in perpetuating pain and disability.>® Patients are then acquainted
with the therapeutic rationale for enhancing movement despite pain and are encouraged to
develop an individualized hierarchy of avoided movements. Finally, patients are gradually
exposed to each of the movements in their hierarchy, beginning with the least-feared and
working toward the most-feared, with the goal being that direct experience will correct
misperceptions that pain is inevitably associated with harm or damage to the back.>®
Randomized controlled trials have demonstrated that graded exposure produces significant
reductions in fear of movement and perceived harmfulness in CLBP sufferers.22: 61
Unfortunately, in these studies, the observed psychological changes were not accompanied
by reductions in pain-related disability when compared to either graded activity (i.e.,
positive reinforcement of predefined functional activity quotas) or a wait-list control group.
We hypothesize that failure to reduce disability can occur in graded exposure and graded
activity interventions if patients can complete the prescribed tasks with restricted lumbar
spine motion by simply increasing motion at the ankles, knees, and hips. As noted above,
restriction of lumbar spine flexion may be a key contributor to continued disability as we
have consistently demonstrated that pain-related fear is associated with restricted lumbar
flexion among: 1) individuals with subacute LBP,*> 47 2) individuals with CLBP,?0 3)
asymptomatic individuals who have recently recovered from low back pain,*8 and 4) healthy
individuals with experimentally-induced low back pain.>® To address this issue, we designed
a virtual dodgeball intervention for CLBP sufferers with fear of pain that focuses specifically
on enhancing lumbar spine flexion. Although virtual reality gaming has been shown to
reduce pain during burn debridement, wound dressings, painful activity, and uncomfortable
medical procedures, 2 19 to date such interventions have not been adapted to address
CLBP12. 19 nor have they taken advantage of virtual reality interface features such as full-
body control of avatars and real time feedback/reinforcement of participant motion.

In this proof-of-concept study, the primary outcomes were changes in lumbar spine flexion
and expectations of pain and harm during a standardized reaching task performed before and
after three sessions of virtual dodgeball. The secondary outcomes were the changes in
lumbar spine flexion as a function of changes in gain across days. Finally, we examined the
feasibility and safety of a virtual dodgeball intervention for individuals with CLBP and pain-
related fear.
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METHODS

Participants

We recruited participants between the ages of 18-50 with CLBP (symptom duration > 3
months) and kinesiophobia (= 35 on the Tampa Scale for Kinesiophobia; TSK)>’ who
reported no health conditions that would restrict movement or preclude safe participation.
The inclusion/exclusion criteria and the experimental flow chart are illustrated in Figure 2.
In brief, individuals who met all of the inclusion/exclusion requirements were randomized
into either the Control group or the Game group. Specifically, using randomizer.org, the
statistician block randomized using 6 sets of 10 unique, randomly-generated numbers
ranging from 1-10 (odd numbers = Control group; even numbers = Game group) to ensure a
1:1 allocation ratio and a final sample of 26 participants per group. The statistician then
created individual, sealed envelopes for each unique participant number (i.e., IDO1 to 1D60),
and a master log that identified the participants’ unique ID numbers and assigned groups
was maintained. The study coordinator communicated with participants to schedule the
screening examination. Those who met the study criteria and provided informed consent
were then assigned to one of two parallel groups based on the contents of the sealed
randomization envelope by the study coordinator. All participants completed two laboratory
sessions separated by 4 days (+ 1) in which they performed a series of reaches to targets
located in the mid-sagittal plane using a modified version of our standardized reaching
paradigm.42-44. 46. 49,52 participants in the Control group had no intervention between visits,
while those in the Game group returned each day for three consecutive days to play virtual
dodgeball. Neither the participants nor the individuals collecting data during gaming
sessions could be masked with respect to group assignment. All outcome measures were
completed on a tablet using online survey methods. The analyses were conducted after
enrollment and testing was completed on all participants by the principal investigators.
Participants received $25 at the end of the baseline testing session and an additional $50 at
the end of the last testing session. In addition, those assigned to the game condition were
able to receive additional cash bonuses based on their individual performance (see below).

Procedures

After completing the informed consent process, a medication use and medical history report
was collected, followed by a physical screening to verify that the participant did not present
with neurological signs or symptoms and met the criteria for classification as low back pain
categories 1-3 using the Classification System of the Quebec Task Force on Spinal
Disorders.3? The participant then completed a series of self-report instruments to further
assess eligibility, including drug abuse (Drug Abuse Screening Test — DAST; eligible if
score was < 6),62 alcohol abuse (Alcohol Use Disorders Identification Test - AUDIT-C;
eligible if score was < 6 for females and < 7 for males),3” and depression (Center for
Epidemiological Studies - Depression — CES-D; eligible if score was < 16).2 3% If eligibility
was confirmed, the participant completed a series of self-report instruments to assess
disability (Roland-Morris Disability Questionnaire —- RMDQ),36: 40 pain (McGill Pain
Questionnaire — MPQ),30: 31 fear of movement (Tampa Scale of Kinesiophobia - TSK),36: 58
and anxiety (State-Trait Anxiety Inventory — STAI).27- 41 The participant was then
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randomized into the Game or Control group and was provided with black cotton shorts,
shirt, and athletic shoes without any reflective materials to facilitate motion capture.

Instrumentation—Movement of light-reflective marker clusters attached to the head,
upper arms, forearms, hands, trunk, pelvis, thighs, shanks, and feet were tracked using a 10
camera Vicon Bonita system sampled at 100Hz using TheMotion-Monitor software
(Innovative Sports Training, Inc., Chicago, IL). This optoelectric-based kinematic system
tracked the three-dimensional coordinates of light reflective marker clusters attached to the
participant with a spatial resolution of 0.1 mm.

Standardized Reaching Test

Participants reached to a static target at a comfortable speed holding a regulation dodge ball
(24 cm diameter) in both hands. Participants performed five reaching trials to each target
location in a set order (5 high, 5 middle, 5 low). They paused at the target for 2 seconds at
target contact, and then returned to an upright posture. There was a rest time of
approximately 30 seconds provided between each reaching trial. Target locations were
determined for each subject based on their hip height, trunk length, and arm length (Figure
3). The high target was located such that the subject could, in theory, reach the target by
flexing the hips 15° with shoulders flexed to 90° and the elbows extended. The middle and
low targets could be reached by flexing the hips 30° and 60°, respectively. It should be noted
that the target locations were determined mathematically and subjects were not actually
placed in the positions illustrated in Figure 3. This standardized method allowed for several
distinct advantages: 1) compared movement patterns across individuals, 2) challenged
participants with tasks that required progressively more lumbar spine flexion, and 3) was
sensitive to changes in CLBP patients.#> 47, 48,50, 51

Participants were instructed to reach for the targets in a way that was “natural and
comfortable for them” so as not to bias participants with a perceived correct way to move.
Because forward excursions of the trunk require a counterbalanced backward movement of
the lower extremities, the targets were located such that they did not require an individual to
move anywhere near the limits of the available range of motion of the lumbar spine, pelvis,
knee, and ankle. Thus, participants were able reach these targets using an infinite
combination of joint excursions.

Primary Outcome - Pain and harm expectancy—~Prior to each set of reaches, the
participant rated their expectations of pain and harm on a 10 cm visual analog scale
displayed digitally on a tablet. The scale consisted of a horizontal line with no numbers,
marks, or descriptive vocabulary along its length. For expected pain ratings, the scale was
anchored with the descriptors “No pain” and “Worst pain imaginable”, respectively, at each
end of the line. For expected harm, the scale was anchored with “Not at all concerned” and
“Extremely concerned” regarding potential harm to the back during task performance.

Primary Outcome — Lumbar spine flexion—The time series joint angle data were
derived from the 3-D segment coordinate data using an Euler angle sequence of; 1) flexion-
extension, 2) lateral bending, and 3) axial rotationZ® using TheMotion-Monitor software.
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Joint excursions, defined as the change in joint angle from initial standing posture to target
contact, were extracted using custom software written using Matlab (Mathworks™). The
lumbar spine flexion excursion used to complete the reaching tasks was averaged across
trials for the high, middle, and low targets. The lumbar spine flexion used to reach the high,
middle, and low targets was then used to compute the lowest impact height for the launched
virtual dodgeballs for levels 1-3 of gameplay, respectively.

Virtual Dodgeball Intervention

Participants assigned to the Game group returned to the lab on three days, separated by no
more than 48 hours, for gameplay sessions. Each session was scheduled at approximately
the same time of day, when possible. Prior to gameplay, medication use changes were
recorded and the participants rated their current pain using the MPQ. Participants were
instrumented as described above and positioned 1.5 m in front of a 60 inch high definition
3D-TV (Samsung 1080p 240Hz 3D Smart LED TV) wall mounted at approximately eye
level. The participant wore Samsung 3D shutter glasses, which are required to produce the
3D effect with this TV.

The virtual dodgeball intervention, developed using Vizard software (WorldViz™), was
displayed on the 3D-TV (see APPENDIX A: Electronic Supplementary Materials for a
video of gameplay). The game environment was a basketball arena in which the participant
played dodgeball against four virtual opponents. In the virtual environment, the participant’s
avatar, viewed in the 3 person perspective, was located on one free-throw line and the four
opponents were located opposite the free throw line. The opposing players moved 3 m fore-
aft and 3 m left-right in a random order during gameplay. Virtual balls were launched every
3.3 £ 0.3 seconds from one of four virtual opponents. The opponent that was about to launch
a virtual ball turned green or red 300 ms prior to launch to alert the participant. If the
opponent lit green and the launched ball was green, the participant had to attempt to block
the ball with the ball held in their hand (co-located with the virtual ball held by the avatar). If
the opponent lit red and the launched ball was orange, the participant had to attempt to duck
to avoid the ball. There was a large scoreboard within the virtual gym that tracked
participant performance and cash rewards earned during gameplay. Finally, 3D sound was
incorporated into the game in a number of ways including crowd cheering, buzzers and
referee whistles, and a duck quacking sound that occurred when ever an orange ball was
launched.

Secondary Outcome — Lumbar spine flexion during gameplay—A round of
gameplay consisted of a basic practice level to introduce the scoring metrics and 3 game
levels, each lasting approximately 2 minutes. There were 2 sets of 15 launched balls within
each game level. The intended impact locations of the 15 launched balls were distributed to
5 impact heights (IH) which were determined by the participant’s height and the amount of
lumbar flexion they used during the baseline standardized reaching tasks. For example,
during Level 1 of gameplay, the participant could successfully block the virtual ball
launched to 1H4 (i.e., the lowest impact height) simply by using the identical amount of
lumbar flexion used in the standardized reaching task to the high target performed at
baseline, whereas during Level 3 of gameplay, the participant could successfully block the
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virtual ball launched to IH4 (i.e., the lowest impact height) simply by using the identical
amount of lumbar flexion used in the standardized reaching task to the low target performed
at baseline. For each level of gameplay (i.e., levels 1-3), five impact heights of the launched
virtual balls were scaled to impact from the height of participant’s eyes (IHO- highest
impact) and approximately their shins (IH4- lowest impact) across the three levels of
gameplay. Figure 4 (bottom) illustrates an example of the 5 impact heights for each of the 3
levels of gameplay in a single testing session. Three balls were launched at each IH to
intersect the participant at their mid-sagittal plane, and 20 cm left or right of this plane. It is
important to note that the trajectory of the virtual launched balls was permutated at each
round of play (i.e., randomized to ensure 3 impacts at each of 5 target heights) to make the
game exciting, challenging, and to some extent unpredictable. The participant was instructed
to return to an upright posture between each launched virtual ball. Lumbar flexion was
defined as the change in joint angle from initial posture prior to the launch of each ball to the
maximal joint angle during the trial.

After each set, the participant was presented with a static virtual ball and instructed to reach
out and touch the ball with the ball held in their hands. The location of the virtual ball was
co-located to individualized target locations used during the standardized reaching task
performed in real-word at pre-treatment baseline such that the locations of the virtual ball
during Levels 1, 2, and 3 were co-located to the real-world location of the high target,
middle target, and low target, respectively.

Performance was updated in real-time and displayed on a virtual scoreboard in the
basketball arena, and the participant was awarded progressively more cash rewards for each
successful dodge or block at each level of play (Practice Level = 1¢, Level 1=2¢, Level
2=5¢, Level 3=10¢). Successful contact for each highlighted ball presented between each set
resulted in a bonus 25¢ reward. Conversely, the participant lost cash rewards for each failure
to block or duck the launched ball. Each player started the game with a cash balance on the
scoreboard such that if they failed on every launched or presented ball, their cash balance
would be zero. In fact, participants earned an average of $8.42 (SD = 1.36) at each gameplay
session, which as paid to them at the end of session 5. The average gameplay session lasted
approximately 15 minutes.

Across the three days of gameplay, the impact heights of the launched balls for the 3 levels
of gameplay were adjusted such that participants needed to use progressively larger
excursions of the lumbar spine to make contact with the launched balls. Specifically, for
each level of gameplay the IH of the launched balls was adjusted by 5% during the second
game session (gain = 1.05) and 10% during the third game session (gain = 1.10). Thus, in
theory, the participant needed to use an additional 5 and 10% of lumbar spine motion,
respectively, to successfully block and dodge the virtual balls as compared to game session
one.

Feasibility and safety—~Following game session three, the participants rated their overall
impressions of the game using a survey that was adapted from an existing measure of online
health game acceptability.38 Specifically, the Game Experience Survey asked the

participants to provide 1 (strongly disagree) to 5 (strongly agree) ratings of their experience
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along 14 dimensions (e.g., the game was fun; playing the game made me worry about
injuring my back; | would recommend the game to other people with back pain). In addition,
they were invited to provide written responses to four open-ended questions, including
“What did you like most about the game?”, “What did you like least about the game?”,
“What would make the game better?”, and “What would make the game easier to learn?”
Finally, all participants returned on session five to repeat the standardized reaching task,
provide information on current pain medication use, and to complete RMDQ and MPQ
measures.

All procedures were reviewed and approved by the Ohio University Institutional Review
Board (#13F035). Data were collected in the Motor Control Lab at Ohio University, Athens,
Ohio. This study was registered with ClinicalTrials.gov (NCT02301741) prior to data
collection. There were no changes to the study design or trial outcomes once enrollment
began.

Prior studies that have used high tech visual distraction in a gaming environment for the
treatment of pain have shown effect sizes ranging from d=1.00 to 1.98.8: 16 33 More recently,
performance of a competitive computerized task for small monetary incentives has been
shown to significantly reduce fear of pain and pain-related avoidance behavior (d = 0.66).%4
Using the most conservative of these effect sizes (i.e., d=0.66), G*Power® was used to
conduct a priori power analyses for our primary outcomes. Results indicated that 52
participants (26 per group) would be required to ensure power=.80 with alpha=.05 and a
correlation of 0.50 among repeated measures. Because there are no relevant prior studies of
gain manipulation, estimating a medium effect size (f=0.3) for the secondary outcome, a
total of 21 participants would be required for a repeated measures ANOVA across the three
game sessions with alpha=.05, power=.80, and a correlation of 0.50 among repeated
measures. In sum, a minimum of 52 participants were needed to meet the power
requirements for the proposed outcomes.

Statistical Analyses

To examine the primary outcomes of the effect of virtual dodgeball on lumbar spine flexion
and pain/harm expectancies during the standardized reaching task, a series of 2 Group
(Game, Control) by 2 Day (Baseline, Post-Test) ANOVAs were conducted. To examine the
secondary outcome of the effects of virtual dodgeball on lumbar spine flexion, a 3 Day x 3
Game Level x 5 Impact Height repeated measures ANOVA was conducted. To examine
group differences in pain and disability ratings from baseline to post-test, 2 Time (Session 1,
Session 5) x 2 Group (Game, Control) repeated measures ANOVASs were conducted on
McGill Pain Questionnaire and Roland-Morris Disability Questionnaire scores. To examine
day-to-day changes in back pain ratings among those who played the game, repeated
measures ANOVAs of McGill Pain Questionnaire subscale scores (Visual Analog Scale
rating, Present Pain Intensity, and Pain Rating Index) were conducted across the five study
visits.
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Participant Recruitment and Characteristics

As shown in Figure 5, a total of 564 individuals completed the online screening survey to
assess their eligibility for the study based on general inclusion and exclusion criteria (e.g.,
age, back pain duration, Tampa Scale for Kinesiophobia, etc.). Of these, 285 received an
immediate reply that they were ineligible and 279 received follow-up emails to confirm
eligibility and receive additional information about the study. An additional 217 were
deemed ineligible based on the follow-up, and 62 continued to meet eligibility and were
scheduled for an appointment to complete an in-person health screening. An additional 9
were then excluded due to AUDIT-C score (n=2), CES-D score (n=5), neurological signs/
symptoms (n=1), and resolved back pain symptoms (n=1). The remaining 53 individuals
were randomly assigned to either the Game group (n=27) or the Control group (n=26). Only
one participant, who was assigned to the Game group, failed to complete the remainder of
their assigned sessions. This participant was dismissed from the study after reporting
medical deemed unrelated to study participation by the IRB. Participants in this study were
recruited and tested from January 2015 to March 2016, at which point the trial ended.

Table 1 provides the participant characteristics for the final sample of 52 (26/group) who
completed the study. As shown in the table, there were no significant differences between
the groups (all p>0.10) with respect to sex, race, ethnicity, height, weight, age, or baseline
measures of kinesiophobia, depression, disability, or pain.

Primary Outcome Measures

Results of the 2 Group (Game, Control) by 2 Day (Baseline, Post-Test) of lumbar spine
flexion revealed no significant effects of Group, F(1,50)=1.96, p=0.16, Day, F(1,50)=2.24,
p=0.14, or Group by Day, F(1,50)=0.21, p=0.64. The analysis of expected pain revealed a
significant effect of Day, F(1,50)=11.91, p=0.001, np2 = 0.19, which reflected a decrease in
pain expectations during the post-test standardized reaches as compared to baseline.
However, there were no significant effects of Group, F(1,50)=1.25, p=0.26, or Group by
Day, F(1,50)=0.16, p=0.68. Finally, the analysis of expected harm revealed no significant
effects of Group, F(1,50)=0.01, p=0.95, Day, F(1,50)=0.03, p=0.85, or Group by Day,
F(1,50)=2.38, p=0.12.

Secondary Outcome Measures

To examine the effects of gameplay on lumbar spine flexion, we conducted a 3 Day x 3
Game Level x 5 Impact Height repeated measures ANOVA. Results revealed significant
main effects of Game Level, F (2,22) = 6.54, p<0.01, np2 =0.37, and Impact Height, F
(4,20) = 33.3, p<0.001, npz =0.87, but not Day, F (2,22) = 1.45, p=0.25. The only
significant interaction was between Day and Impact Height, F (8,16) = 7.56, p<0.001, an =
0.79. As illustrated in Figure 6, follow-up analyses of the game level effect revealed that
lumbar flexion significantly increased between each level of gameplay. With respect to
Impact Height, lumbar flexion was greatest for IHO (i.e., balls thrown at the participants
head which required them to duck instead of block) and progressively increased from IH1-
IH4. Follow-up analyses of the Day by Impact Height interaction (See Figure 7), reveal a
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significant decrease in lumbar spine flexion (p<0.05) across gameplay days for IHO
(p<0.05), but a significant increase in lumbar spine flexion for IH3 (p<0.05) and IH4
(p<0.05). However, there was no effect of Day on lumbar spine flexion for IH1 and IH2.

The current study was designed to provide initial indicators of feasibility in the form of
perceived acceptability and demand for participation among individuals with low back pain
and pain-related fear.

Game Experience Survey - Ratings—As shown in Figure 8, participant responses on
the Game Experience Survey revealed the strongest agreement ratings for 6 of the 14 items,
including “I would be willing to play the game again” (4.56), “I enjoyed playing the game”
(4.52), “The game was fun” (4.52), “The game encouraged me to move” (4.32), “The game
was easy to learn” (4.28), and “The game was interesting” (4.16). Other items that were
rated positively, but with less strong agreement (i.e., above “neutral” but below “agree”),
included “The game was easy to play” (3.68), “I would recommend the game to other people
with back pain” (3.52), “If it was available, I would play this game at home” (3.52), “The
game distracted me from my back pain” (3.48), and “Playing the game increased my back
pain” (3.28). Lastly, items that were rated in direction of non-agreement included “The game
decreased my back pain” (2.52), “The game made me worry about injuring my back” (2.32),
and “The game was boring” (1.72). On the whole, these ratings suggest a high level of
acceptability for the game with strong ratings of enjoyment combined with a willingness to
continue to play the game and to recommend it to others with back pain. Participants
reported slight agreement with the notion that playing the game increased their back pain,
but at the same time they also noted that it distracted them from their pain during gameplay
and disagreed with the notion that playing the game made them worry about injuring their
back.

Game Experience Survey — Written comments—ATfter completing the 14 rating
items, participants were asked to provide written responses to four open-ended questions
regarding what they liked about the game, what they disliked about the game, what might
improve the game, and what might be done to make the game easier to learn. As noted in
Table 2, with respect to things that were liked, several participants indicated an appreciation
for the game’s ability to engage them in an interactive experience that was not overly
challenging, even for non-gamers, and that succeeded in distracting them from their back
pain. With respect to aspects of the game that participants did not like, several respondents
noted that the game increased their pain or discomfort when they had to reach for lower
targets. A number of valuable suggestions were offered to improve the game, and these
mostly focused on enhancing variety in the game itself (e.g., different avatars, more color
options, different game settings, and greater motion). Finally, most participants indicated
that the game was easy to learn as is, but a few indicated that adding an option for more
practice, and perhaps more varied practice, could make the game easier to learn.

With the exception of one participant who was dismissed from the study due to an unrelated
medical treatment, all participants completed all three gameplay sessions (i.e., 100%

J Pain. Author manuscript; available in PMC 2017 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Thomas et al.

Safety

Page 11

retention). Responses from the Game Experience Survey also support a high level of
demand for the game, as indicated by agreement with the question “If it was available, |
would play this game at home” (3.52).

Measures obtained during virtual dodgeball sessions—For those assigned to the
game group, measures of participant safety included repeated assessments of pain and
medication use at each game session as well as a monitoring of participant attendance rates,
study withdrawal, and experience of adverse events.

McGill Pain Questionnaire: ANOVAs of McGill Pain Questionnaire subscale scores across
the five study visits revealed significant main effects for the Visual Analog Scale rating, F
(4,20) = 6.91, p<0.01, m,? = 0.58, and Present Pain Intensity, F (4,20) = 3.61, p<0.05, ny? =
0.42, but not for the overall Pain Rating Index, F (4,20) = 1.36, p=0.28, npz =0.21. Follow-
up analyses for both of the significant effects revealed significantly reductions in Visual
Analog Scores (M =- 6.7, SD = 7.1) and Present Pain Intensity (M = -0.4, SD = 0.5) on the
final study visit relative to the first study visit.

Pain Medication: Five participants in the game group (5/26 = 19.2%) reported taking pain
medication at some point during the study. Two participants reported taking medication for
back pain at baseline and one reported taking pain medication for something other than back
pain. All three of these participants continued to report the same pain medication use at each
of the following testing sessions. The other two participants reported taking pain medication
at only one of the five study sessions; one reported taking medication for back pain during
their second visit (i.e., before playing the game) and the other reported taking pain
medication at the final visit, but for something other than back pain.

Adherence and Adverse Events: With the exception of the one person who was dismissed,
all participants in the game group completed all three sessions of gameplay, none withdrew
from the study, and there were no reported adverse events related to gameplay.

Comparisons between game and control groups—~Participants in the game and
control groups were compared at sessions 1 and 5 to determine if significant differences in
pain, physical function, or medication use emerged as a function of engaging in three session
of gameplay.

McGill Pain Questionnaire: The 2 Time (Session 1, Session 5) x 2 Group (Game, Control)
repeated measures ANOVAS revealed significant main effects of Time for the Visual Analog
Scale, F (1,50) = 24.82, p<0.001, np2 = 0.33, and Present Pain Intensity scale, F (1,50) =
10.30, p<0.01, npz =0.17, and a marginal effect for the overall Pain Rating Index, F (1,50) =
3.74, p=0.06, npz =0.07. In each case, this reflected lower average pain scores on the final
study visit relative to the first study visit, and the absence of any significant Time by Group
interactions indicates that these changes did not differ as a function of group.

Roland-Morris Disability Questionnaire: The 2 Time (Session 1, Session 5) x 2 Group
(Game, Control) repeated measures ANOVA revealed no significant Time or Group x Time
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effects. Hence, participants did not report a change in physical disability scores over time in
either group.

Pain Medication: One participant in the Control group (1/26 = 3.8%) and two participants
in the Game group (2/26 = 7.7%) reported taking medication for back pain at the initial
testing session. In each case they also reported taking the same medication at the last testing
session.

DISCUSSION

The goal of the virtual dodgeball intervention was to promote graded increases in lumbar
spine flexion, with the expectation that repeated exposure to gameplay without adverse
events would reduce fear of harm upon movement and encourage generalization of increased
spinal motion outside of gameplay. With respect to the primary outcomes, we did not
observe any significant effects of group on changes in lumbar spine flexion, expected pain,
or expected harm during the standardized reaching test. We found a significant reduction in
expected pain ratings from baseline to post-test reaching, but this effect was similar in both
groups. These findings indicate that very brief exposure to this intervention (i.e., only three
15 minute sessions) in participants with chronic back pain does not translate to significant
changes outside the game environment. This is not surprising given that graded exposure
therapy for fear of movement among individuals with low back pain typically last 8-12
sessions.# 22, 24,61

Although the virtual dodgeball intervention did not elicit significant group differences in
lumbar flexion during post game testing, the data clearly indicate that individuals with
chronic low back pain and high fear can be encouraged to increase lumbar spine flexion
within gameplay sessions. Specifically, among those who played the game, lumbar flexion
was significantly increased by manipulation of the impact height of the launched virtual
balls, and this effect was observed both within each game (Figure 6) and across game days
(Figure 7). These data provide strong evidence that by manipulating impact heights of the
launched balls, we can finely tune spine flexion within gameplay. Specifically, as shown in
Figure 6, discrete changes in impact height led to graduated changes in lumbar spine flexion.
This implies that in future applications of this intervention we can vary impact height as a
continuous variable in order to customize the game to each player’s initial and enhanced
spinal flexion performance over time. It is worth noting that launched virtual balls that
necessitated the participant to duck to successfully score points resulted in the greatest
amount of lumbar spine flexion (See IHO in Figures 7 & 8). However, for this impact
location only participants reduced lumbar flexion across days, presumably because they are
learning to calibrate how much movement is required to achieve a successful duck.
Nonetheless, it is interesting that for IHO participants chose a movement strategy that
involved significant spine flexion when they could have achieved the same goal by flexing
the ankle, knees, and hips (i.e., by squatting) while avoiding spine flexion. It may be that in
the context of the virtual environment participants default to engrained movement patterns
learned before the onset of CLBP. This serendipitous finding suggests an important factor
that can be used to enhance spinal motion in future iterations of this intervention.
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With respect to feasibility, results of the game experience survey clearly demonstrate that
participants found the game to be engaging, easy to learn, and would recommend it others
with low back pain. An important theme emerged from a combined examination of
participant ratings and written comments on the game experience survey. On the whole,
participants indicated slight agreement with the notion that gameplay increased their back
pain and their written comments suggested that this concern was most prominent for the
lowest targets (e.g., “When it threw balls at my feet | had to bend lower, that was not cool. It
hurt my back the most.”) At the same time, participants tended to agree with the notion that
the game distracted them from their back pain and to disagree with the idea that the game
made them worry about injuring their back. Combined with the fact that participants
voluntarily completed all three gameplay sessions, these responses indicate that even though
virtual dodgeball may have increased low back pain for some participants, they were
nonetheless willing to repeatedly flex their lumbar spine as part of the game. This clearly
indicates the potential to get participants with CLBP to actively engage in movements that
may otherwise be avoided due to fear of harm. Indeed, it is noteworthy that the highest
average rating on the game experience survey was for participant willingness to play the
game again (i.e., Mean = 4.6; SD = 0.6 on a 1”strongly disagree” to 5 “strongly agree”
scale). When viewed from the perspective of the fear-avoidance model of CLBP,21: 57.58
these findings suggest that the game encourages participants with high fear to alter their
tendency to avoid spine flexion and instead to repeatedly engage in such movements to
successfully navigate the game despite possible pain. In individuals with experimental,
acute, sub-acute, or CLBP, we have previously demonstrated that high fear of movement is
associated with reduced lumbar spine flexion.4%: 47. 48, 53 By specifically focusing on the
reduction of avoidance of lumbar spine flexion, virtual dodgeball addresses a key limitation
of existing graded exposure and graded activity therapies. That is, existing approaches
encourage greater movement but they do not compel patients to complete the prescribed
tasks by increasing lumbar spine flexion (i.e., patients may adopt alternative strategies that
involve greater motion of the ankles, knees, and hips to achieve target behavior).

We developed a virtual dodgeball intervention that is engaging, but also potentially
challenging to play for individuals with low back pain as it necessitates 90 repetitions of
lumbar flexion ranging from approximately 25 to 60 degrees. As a result, it is critical to
demonstrate that the game is safe to play. Although additional testing in larger samples will
be required, in the present study, there were no adverse events and participants who played
the game reported no changes in disability, no changes in medication use, and a decrease in
pain from baseline to post-gameplay. These findings are highly encouraging in that a
concentrated exposure to three consecutive days of repetitive spinal flexion, which is often
avoided in this cohort, did not exacerbate existing back pain symptoms on the McGill Pain
Questionnaire. Further, the observed decrease in pain ratings suggests that the intervention
does not promote delayed onset muscle soreness, which can follow performance of intense
or novel motor tasks even among healthy individuals, possibly because it requires both
concentric and eccentric muscle contractions.2

As in all studies, the current study is not without its limitations and the most obvious is
perhaps the fact that participants were only permitted to play the game on three occasions.
Most graded exposure therapies include at least 8 separate sessions; however, in the present
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case it was critical to first establish feasibility and safety in a smaller exposure dose. Given
our findings, we believe that this intervention is well-suited to a Phase Il Clinical Trial.
Another limitation was that the game was played using a semi-immersive virtual
environment (i.e., 3D-TV). We have recently demonstrated that a fully immersive
environment with a head mounted display (i.e., Oculus Rift) provides greater distraction,
ever stronger positive evaluations of the game, and even larger changes in lumbar flexion as
compared to gameplay on a 3D-TV.3 Finally, based on the data obtained from participant
feedback and game performance in this initial experiment, we plan to further refine the
virtual dodgeball intervention to incorporate a variety of virtual environments, to permit a
choice of player avatars, and to allow players to change their location within the virtual
environment.

In sum, the results of this proof-of-concept study demonstrate that virtual dodgeball is safe,
feasible, and capable of shaping changes in lumbar spine flexion during gameplay. We
believe that these findings provide support for a clinical trial wherein the treatment dose is
more consistent with traditional graded-exposure approaches to CLBP.
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This study of a virtual reality dodgeball intervention provides evidence of feasibility,
safety and utility to encourage lumbar spine flexion among individuals with chronic low

back pain and high fear of movement.

Perspective
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Highlights

Virtual dodgeball intervention designed to elicit increased lumbar spine
flexion.

Virtual dodgeball increased lumbar flexion within and across gameplay
sessions.

Demonstrated safety and feasibility of novel intervention for back pain.

Brief intervention did not translate to movements outside virtual
environment.

Provides support for a clinical trial with longer intervention period.
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Figure 1.
The Fear-avoidance model of chronic low back pain.
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Age: < 18 or > 50 years

LBP Duration < 3 months and has not sought treatment

Complete Forms:

#  Informed Consent
+ Demographics

* Health History

+ Tampa Scale for Kinesiophobia (TSK)
* McGill Pain Questionnaire (MPQ)

Does Not Consent >@

Roland Morris Disability Questionnaire (RMDQ)

Does Not Meet Inclusion/Exclusion crltﬂll>

State-Trait Anxiety Inventory (STAI)
Center for Epidemiological Studies — Depression
Scale (CES-D)

+ Drug Abuse Screening Test (DAST)

* Alcohol Use Disorders Identification Test (AUDIT-C)

« Inclusion
« LBP Category 1-3 (Classification System of the Quebec Task
Force on Spinal Disorders
+ Exclusion
« Personal history of exclusionary neurological, cardiorespiratory,
or musculoskeletal
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Figure 2.

Experimental flow chart
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Target locations are standardized based on an individual’s hip height, trunk length, and arm
length such that the high target could be reached, with the shoulder flexed to 90 degrees and
the elbow extended, simply by flexing the hips 15 degrees. The middle and low targets
could, in theory, be reached by flexing the hips 30 and 60 degrees respectively. It should be
noted that participants were not positioned as shown; rather this illustration shows how the
target locations were normalized to each individual.
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High Target Middle Target Low Target

Figure 4.
The methods for computing location of the impact heights (IH0-1H4) of the launched virtual

balls for a single game level (top). The lumbar spine flexion used to reach the high, middle,
and low targets during the baseline standardized reaching tasks was used to compute the
lowest impact height (IH4). The distribution of launched balls across the three levels of a
single gameplay session (bottom).
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Figure 5.
Participant flow chart.

J Pain. Author manuscript; available in PMC 2017 December 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Thomas et al. Page 25
70 1 N Lol 1
1 Lewel 2
50 BN Lewel 3
> T
O
o
o 50 A
S T
£ T E
= 40 A
@
L
1
2 30 -
aQ
(0))]
T 20 -
=
-]
—
10 4
0 1 1 1 1 ]
IHO IH1 IH2 IH3 IH4
Figure 6.

The effects of game level at each impact height on lumbar spine flexion is illustrated. While
there was no effect of game level on spine flexion for Impact Height 0 (IHO), there were
significant increases in spine flexion as a function of game level for Impact Heights 1
through 4 (IH1 to 1H4).
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Figure 7.

The interaction of days of gameplay by impact height (IH) of the launched virtual balls.
Horizontal lines indicate significant pairwise differences in lumbar spine flexion (p<0.05).
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Figure 8.
Participant ratings of gameplay experience.
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Characteristics of the final sample, expressed as percentages or means (standard deviations).

Table 1

Game Control p

N 26 26
Sex (% female) 46.2 50.0 0.78
Race

* % White 80.8 88.5

* % Black or African American 154 7.7 0.68

* % More than one race 3.8 38
Ethnicity (% Hispanic or Latino) 3.8 154 0.35
Height (m) 1.77(0.1) 1.78(0.1) 0.64
Weight (kg) 75.6 (17.8) 79.7(17.9) 0.41
Age (years) 23.9(6.8) 26.7(8.5) 0.18
Tampa Scale for Kinesiophobia 38.9 (4.1) 39.3(4.6) 0.75
Center for Epidemiologic Studies - Depression 5.4 (4.2) 4438 038
Roland-Morris Disability Questionnaire 4.8(3.0) 5.3(3.9) 0.58
McGill Pain Questionnaire

« Visual Analog Scale (0-100) 21.1(10.3) 25.2(16.7) 0.29

« Present Pain Intensity 2.69(0.55) 2.62(0.75) 0.67

« Pain Rating Index 20.1(22) 215(6.20 0.28
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Table 2

Participant open-ended response to the Game Experience Survey.

Question

Sample Response 1

Sample Response 2

Sample Response 3

What did you like
most about the
game?

“It was a fun way to
engage my back in
exercise and | was
most focused on the
game than the pain
in my body.”

“The levels increased
in difficulty, not too
much, but enough to
make each level
more challenging.”

“The game was fun
and interactive. | do
not like video games
or anything related
to them, but |
enjoyed playing this
game.”

What did you like
least about the
game?

“1 didn’t like how low
the balls went, but
that was only

because of my back.”

“When it threw balls
at my feet | had to
bend lower, that was
not cool. It hurt my
back the most.”

“The bending over to
hit the extra points
ball. That caused
minor pain in my
back and seemed
difficult for someone
with back pain.”

What would make
the game better?

Have a variety of
avatars, be able to
have a wider range of
motion (move

around more)

Possibility of
different colors. If
someone is
red/green color
deficient, they would
not be able to
differentiate
between the body
throws and head
throws aside from
sound.

Having different
arenas, more talking
from the game would
make it feel more
interactive

What would make
the game easier to
learn?

Practice rounds that
incorporate different
ball speeds and
target ranges (high
and low targets)

| think getting more
practice would make
it easier to learn.

Nothing, the practice
round did its job and
helped to be able to

know what to expect.
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