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Abstract

The virtual immersive gaming to optimize recovery (VIGOR) study is a randomized controlled 

trial of the effects of virtual reality games to encourage lumbar spine flexion among individuals 

with chronic low back pain and fear of movement. Whereas traditional graded activity or graded 

exposure therapies for chronic low back pain have high attrition and poor long-term efficacy, we 

believe that virtual reality games have distinct advantages that can enhance adherence and clinical 

outcomes. First, they are engaging and enjoyable activities that can distract from pain and fear of 

harm. In addition, because they gradually reinforce increases in lumbar spine flexion to achieve 

game objectives, continued engagement over time is expected to promote recovery through 

restoration of normal spinal motion. The study design includes two treatment groups which differ 

in the amount of lumbar flexion required to achieve the game objectives. All participants will play 

the games for nine weeks, and pre-treatment to 1-week post-treatment changes in pain and 

disability will serve as the co-primary clinical outcomes. In addition, changes in lumbar flexion 

and expectations of pain/harm will be examined as potential treatment outcome mediators. 

Maintenance of treatment outcomes will also be assessed for up to 48-weeks post-treatment. In 

brief, we hypothesize that the virtual reality games will reduce pain and disability by promoting 

spinal motion and allowing participants to develop an implicit understanding that they are capable 

of engaging in significant lumbar spine motion in their daily lives without a risk of injury to their 

back.

Keywords

virtual reality; low back pain; kinesiophobia; clinical trial

Address correspondence to: Christopher R. France, Ph.D., Department of Psychology, 251 Porter Hall, Ohio University, Athens, 
45701, USA. Phone: 740-593-4557; France@ohio.edu. 

Conflict of interest statement
CRF and JST have read and approved the final manuscript and certify that they have no conflicts of interest or financial, personal, or 
other relationships that could inappropriately influence or be perceived to influence this manuscript.

Clinical Trial Registration: NCT03463824

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Contemp Clin Trials. Author manuscript; available in PMC 2019 June 01.

Published in final edited form as:
Contemp Clin Trials. 2018 June ; 69: 83–91. doi:10.1016/j.cct.2018.05.001.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



1. Introduction

Kinesiophobia, which is a fear of movement due to expectations of pain and harm, is one of 

the strongest predictors of chronic low back pain (CLBP) development.[1–4] Whereas 

avoidance of movement may benefit individuals with back pain in the short-term by 

reducing anxiety, in the long-term limited activity may contribute to shortening of spinal 

peri-articular connective tissues, changes in surrounding muscles,[5–7] and risk for 

chronicity.

Common approaches to CLBP include graded activity and graded exposure therapies. 

Graded activity focuses on restoring function regardless of pain, and emphasizes the positive 

effects of physical activity and the negative effects of inactivity on well-being. Treatment 

relies on a combination of activity quotas and positive reinforcement for increased activity 

over time. Graded exposure focuses on reducing fear of pain and expectations of harm upon 

movement, and emphasizes fear as an impediment to recovery. Treatment relies on 

development of an individualized hierarchy of feared movements, which guides systematic 

exposure to feared movements and the accompanying opportunities to confront and correct 

misperceptions of expected harm. Randomized controlled trials indicate that both of these 

approaches produce significant reductions in pain and disability.[8, 9] At the same time, 

however, a systematic literature review concluded that graded activity is no more effective 

than other forms of exercise and that graded exposure is no better than wait-list or usual care 

controls.[10] A potential reason that these treatments fail to outperform exercise or usual-

care is that patients can complete the prescribed tasks with restricted lumbar spine motion 

simply by increasing motion at the ankles, knees, and hips. For example, we have 

consistently shown that pain-related fear is associated with restricted lumbar flexion among 

individuals with subacute LBP,[11, 12] individuals with CLBP,[13] 3) asymptomatic 

individuals who have recently recovered from LBP,[14] and healthy individuals with 

experimentally-induced back pain.[15] Hence, continued restriction of lumbar spine motion 

may be a key impediment to optimal restoration of function.

To address this problem, we developed virtual reality games that encourage gradual 

increases in lumbar flexion to achieve game objectives. Our games do not have an explicit 

focus on psychological factors related to avoidance behavior; rather, they offer a 

combination of acute distraction from pain, reinforcement of movement, and graded 

increases in expectations of lumbar flexion. In a phase I clinical trial,[16] we demonstrated 

that three daily sessions of virtual dodgeball was safe for individuals with CLBP, did not 

exacerbate existing back pain, was rated positively, and increased lumbar flexion during 

gameplay. Encouraged by these findings, we developed a Phase II randomized controlled 

trial of a 9–week course of treatment called Virtual Immersive Gaming to Optimize 

Recovery (VIGOR).

2. Design and Methods

Using a between-subjects design, 230 CLBP participants will be randomly assigned to one 

of two treatment arms. Those assigned to the experimental group will play our immersive 
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video games that encourage participants to produce progressively larger lumbar flexion 

excursions at each game level and across treatment sessions. Those assigned to the control 

group will play the same immersive games, but the parameters will be modified such that 

less lumbar flexion is required to achieve the same game objectives. Treatment frequency 

and duration is based on existing evidence that graded activity and graded exposure 

interventions, typically lasting 6–12 weeks with 8–18 treatments sessions, result in 

significant reductions in disability.[10, 17] Accordingly, participants in this study will 

complete 18 intervention visits over 9 weeks with the number of sessions tapered across 

weeks (i.e., 3 sessions/week in weeks 1–3, 2 sessions/week in weeks 4–6, and 1 session/

week in weeks 7–9). Our co-primary outcome variables will be change in pain and change in 

disability from baseline to 1-week post-treatment (Aim 1). We will also examine changes in 

expectations of pain/harm and lumbar flexion as potential mechanisms of change in pain and 

disability (Aim 2). Finally, we will examine maintenance of treatment gains at 1-, 6-, 12-, 

24-, and 48-weeks post-treatment (Aim 3).

2.1. Aims and Hypotheses

Aim 1: Examine immediate clinical outcomes as a function of treatment. We hypothesize 

that, relative to the control group, participants in the experimental group will show greater 

reductions in pain and disability at post-treatment relative to pre-treatment baseline 

(Hypothesis 1).

Aim 2: Examine potential mechanisms of pre- to post-treatment changes in clinical 

outcomes. We hypothesize that participants in the experimental group will exhibit greater 

pre- to post-treatment decreases in pain/harm expectancy and increases in lumbar flexion as 

compared to the control group (Hypothesis 2.1). We further posit that decreases in pain/harm 

expectancy and increases in lumbar flexion will be positively related to pre- to post-

treatment reductions in pain and disability (Hypothesis 2.2).

Aim 3: Examine maintenance of treatment gains. We hypothesize that, relative to the control 

group, participants in the experimental group will continue to show lower levels of pain and 

disability at 1-, 6-, 12-, 24-, and 48-weeks after the last treatment session, as well as larger 

increases in physical activity in their natural environment (Hypothesis 3).

2.2 Overall study design

This is a single site study being conducted by Ohio University (Athens, OH, USA). Study 

candidates include individuals with chronic low back pain who indicate a fear of movement 

due to risk of injury. As shown in Figure 1, participants proceed through the study in a series 

of steps that include 1) recruitment and pre-screening, 2) consent, screening, and enrollment, 

3) pre-treatment baseline assessment, 4) treatment, and 5) post-treatment follow-up 

assessments. The study protocol was approved by the Ohio University Institutional Review 

Board (17F11) and is registered with ClinicalTrials.gov (NCT03463824).
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2.3. Participant recruitment and pre-screening

We will recruit 230 participants between the ages of 18–60 and who report no health 

condition(s) that may restrict movement or preclude safe participation. Participants will be 

recruited through advertisements and flyers posted in the local community, and via a 

combination of electronic, radio, print, and possibly television announcements in the local 

and surrounding communities. We may also recruit from local clinics and using 

ResearchMatch.org. Interested individuals who respond to the recruitment efforts will be 

directed to complete a pre-screening survey using REDCap [18], which is a secure online 

survey and database management application (or a telephone interview, if needed). This pre-

screening survey will cover the main inclusion and exclusion criteria (see Table 1), including 

a numeric pain rating scale (24 hour and 7 day recall), the Roland-Morris Disability 

Questionnaire,[19, 20] a fear of physical activity question, and medical history related to 

back pain. Based on their responses, individuals who continue to meet the inclusion/

exclusion criteria will be invited to a full screening session scheduled to occur within 30 

days of completion of the pre-screening.

2.4. Participant consent, screening, and enrollment (visit 0)

The goals of the screening session are to 1) describe the study protocol to candidates and 

begin the informed consent process, and 2) determine if study candidates will qualify for the 

study. To begin, the study coordinator will verbally describe the study to the potential 

participant and answer any questions. The consent process will be conducted in a quiet, 

private room. During the consent process, potential participants will be informed about the 

study purpose and procedures and be given the opportunity to ask questions. They will be 

shown a video of the virtual reality games to help them with the process. If they wish to 

continue, they will be asked to read and sign an informed consent document. Those who 

provide informed consent will then complete a series of screening surveys (see Table 2), 

including a repeat of those completed as part of the pre-screening.

Based on their responses to the screening surveys, individuals who continue to meet the 

inclusion/exclusion criteria will then undergo a physical exam by a licensed physical 

therapist or physician. Participants who remain eligible following the physical exam will be 

formally enrolled into the study. They will be randomly assigned into a treatment group 

using a randomization table created by the study statistician prior to study onset, with block 

randomization within sex to ensure relatively equal numbers of men and women in each 

group. They will then proceed to a pre-treatment baseline assessment (visit 1), which may 

occur on the same day as the screening assessment but must be conducted within seven days 

of the screening visit (or else the participants will be re-screened).

2.5. Pre-treatment baseline assessment (visit 1)

The pre-treatment baseline assessment will include a series of survey measures, participation 

in a standardized reaching task, and real world activity monitoring. As shown in Table 2, the 

survey measures will include numeric pain rating scales (Current, 24 hour and 7 day recall), 

the Roland-Morris Disability Questionnaire,[19, 20] a medication log, and a range of 

psychological measures (e.g., Tampa Scale for Kinesiophobia,[23, 24] Center for 

Epidemiologic Studies – Depression,[25] Pain Catastrophizing Scale,[26] Pain Resilience 
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Scale,[27, 28] etc.). For the standardized reaching task, participants will wear a head-

mounted display and point to virtual targets while movement of light-reflective marker 

clusters attached to their head, upper arms, forearms, hands, trunk, pelvis, thighs, shanks, 

and feet are recorded using a 12-camera Vicon Bonita system. This optoelectric-based 

kinematic system can track the three-dimensional coordinates of light reflective marker 

clusters attached to the participant with a spatial resolution of 0.1 mm. Kinematic data will 

be sampled at 100Hz. Participants will point with their hand to 4 virtual targets co-located in 

the mid-sagittal plane. As shown in Figure 2, target locations are adjusted to participant 

anthropometrics to allow for comparison of movement patterns across individuals in a task 

that requires progressive increases in lumbar spine flexion.[11] Participants will perform five 

reaching trials to each virtual target location with each hand, pause at the target for 2 

seconds, and then return to an upright posture. Instructions will emphasize that participants 

reach for the targets as fast as possible in a way that is “natural and comfortable for them.” 

This instruction is used to avoid biasing participants with a perceived correct way to move, 

and a rapid pace challenges the participant by increasing the loading required to perform the 

task. While forward excursions of the trunk must be counterbalanced by backward 

movement of the lower extremities, the targets are located such that they do not require an 

individual to move anywhere near the limits of available range of motion of the lumbar 

spine, pelvis, knee, and ankle. Thus, participants can reach the targets using an infinite 

combination of joint excursions. Even though the reaching task requires no lifting and the 

loads on the lumbar spine are small, we have shown that individuals with elevated levels of 

kinesiophobia exhibit reduced lumbar spine flexion at this combination of target height and 

reaching speed.[11, 12, 38] The time series joint angle data are calculated from the 3-D 

segment coordinate data using an Euler angle sequence of: 1) flexion-extension, 2) lateral 

bending, and 3) axial rotation using Motion Monitor software.[39] The standardized 

reaching paradigm will be used to assess three dependent measures associated with Aim 2 

(i.e., lumbar flexion and pain/harm expectancy). Lumbar flexion will be defined as the 

change in joint angle during each reach (i.e., the difference between the joint angle at the 

beginning of the trial before the go signal and the joint angle recorded 100 ms after target 

contact). Consistent with our prior work,[15, 40–42] expectations of pain and harm will also 

be measured during standardized reaches. For each target height, prior to the first reaching 

trial, participants will rate the level of “expected pain” and “expected harm” using a visual 

analog scale displayed through the head mounted display. The scale will consist of a 10 cm 

horizontal line with no numbers, marks, or descriptive vocabulary along its length. For 

expected pain ratings, the scale will be anchored with the descriptors “No pain” and “Worst 

pain imaginable”, respectively, at each end of the line. For expected harm, the scale will be 

anchored with “Not at all concerned” and “Extremely concerned” regarding potential harm 

to the back during task performance. Participants will indicate their response by moving a 

virtual sliding scale.

After completing all pre-treatment assessments, participants will view a brief (11.5 minute) 

treatment rationale video that includes a chronic pain educational component designed to 

explain how pain persists without underlying pathology, and to describe the interaction 

between biological, psychological, and social factors in maintaining chronic back pain and 

related disability. Following the treatment rationale video, participants will be introduced to 
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the virtual video games for the first time and have an opportunity to play a practice level to 

review basic game constructs (e.g., scoring metrics, moving the avatar, sound and visual 

cues). They will then complete the Treatment Evaluation Inventory to assess their 

perceptions and expectations regarding the proposed treatment.

At the end of the pre-treatment baseline visit, participants will be asked to wear an 

ambulatory activity monitor on their non-dominant wrist for one week and then to mail it 

back to the laboratory. Data from the monitor will be used to assess participants’ total 

number of steps per day in their natural environment, and will be compared to similar data 

obtained during follow-up assessments.

2.6. Treatment (visits 2 through 19)

As shown in Table 3, Participants will complete 18 intervention visits over 9 weeks with the 

number of sessions tapered across weeks (i.e., 3 sessions/week in weeks 1–3, 2 sessions/

week in weeks 4–6, and 1 session/week in weeks 7–9).

A head mounted display will be used to present the virtual games with a screen refresh rate 

of 90 Hz. The environmental parameters are controlled by custom software developed in the 

Unity game engine to manipulate and control all presented graphics and audio. During the 

initial testing session (visit 1) and at again each post treatment follow-up sessions (i.e., visits 

20 through 24), kinematic data from the clusters of light reflective markers placed on the 

participant will be streamed to the game environment at 100 Hz using Vicon Tracker 

software. This allows for near real-time presentation of the participant’s avatar. 

MotionMonitor software sets up bi-directional communication with the Unity game engine 

and records all kinematic data (e.g., joint excursions, joint moments). During the treatment 

phase (visits 2 through 19), presentation of the participant’s avatar is controlled through the 

position data from the head mounted display, hand controllers, and Vive™ trackers attached 

to the participant’s thorax and pelvis.

2.6.2 Virtual Reality Games—The immersive games will vary across the 9 weeks of 

treatment to provide a graded increase in challenge with respect to lumbar spine motion, 

encourage player engagement, and prevent player boredom. There will be three virtual 

reality games, each played from a first-person perspective, including Matchality, Fishality, 

and Dodgeality.

2.6.2.1 Matchality: In week one, participants will play Matchality three times, each in a 

different virtual environment including earth, on a platform orbiting earth, and on an alien 

planet (see Figure 3). The game requires players to reach to a static set of cubes, arranged in 

a 4 × 4 grid, at a self-selected pace. The locations of the cubes in the virtual space are such 

that the participant could touch the highest row of cubes with 15 degrees of lumbar flexion, 

the second through fourth rows would necessitate 30, 45, and 60 degrees of lumbar flexion, 

respectively. The game begins with a sequence of illumination of two cubes, for 100 ms 

each, in a randomized sequence. The player must then move such that their avatar touches 

the previously lit cubes in the same sequence as presented. After each successful 

completion, an additional cube added to create a longer sequence. Sequence length 

continues to increase until the player is unable to correctly match the sequence, and then the 
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game reverts back to a sequence of only two cubes. This is a time-based game that lasts 90 

seconds per set. There are two sets per level and three levels per game. In level 1, only the 

top two rows of cubes are illuminated in the presented sequences. In level 2, the top three 

rows are included in the lighted sequences. In level 3, all four rows can be included in the 

lighted sequences. Thus each level necessitates greater amounts of lumbar flexion to 

complete the task. However, because the targets are static and the reaches are completed at a 

self-selected movement speed, this game is the least physically demanding of the three 

virtual reality games.

2.6.2.2 Fishality: In week two, participants will play Fishality three times. The game 

requires the player to move their avatar so that it reaches with a virtual net to catch fish that 

are jumping in slow parabolic trajectories at the edge of a dock on a lake (see Figure 3). 

Virtual fish can be seen swimming in the lake and then launching out of the water towards 

the player’s avatar. The goal is to net the fish and place them in a holding tank located to the 

right of the participant’s avatar. The trajectory of the launched fish is set to the 

anthropometric characteristics of the individual player to necessitate a specific amount of 

lumbar flexion to net the fish. As part of the game experience, at random intervals, a large 

virtual shark is launched toward the avatar’s head. The player is instructed to duck in this 

condition. The score is assessed by the number of fish successfully netted in a given set. 

There are 15 fish launch events in each set of game play, 2 sets per level, and three levels per 

game. The game becomes more challenging across the three days of game play by 

increasing the number of fish launched (e.g., one fish at a time in session 1, two fish 

simultaneously in session 2, and three simultaneously in session 3) while requiring the 

player to net only the bright colored fish to score points. In addition, the location of the 

intercept point is adjusted across days to encourage increased lumbar flexion.

2.6.2.3 Dodgeality: For weeks three through nine, participants will play variants of virtual 

dodgeball (see Figure 3). All versions consist of launched virtual balls that are directed at 

the participant’s avatar. The goal is to either block the launched virtual ball with a virtual 

ball held by the participant’s avatar or to duck the launched virtual ball if it changes color 

and is accompanied by a quacking sound. In all variants of Dodgeality there are 15 launched 

virtual balls per set, 2 sets per level, and 3 levels per game. Performance is updated in real-

time and displayed on a virtual scoreboard. In week three, participants will play two sessions 

of a version of the game where the balls are launched in slow arcs by a cannon located inside 

an arena (i.e., Dodgeball Cannon). This is the least physically challenging version of 

Dodgeality as the balls start from one location and the launch trajectory has a high parabolic 

flight pattern to make interception of the launched virtual ball less challenging. At the end of 

week three and beginning of week four, participants will play two sessions of a traditional 

dodgeball game within the same virtual arena environment (i.e., Dodgeball Day). In this 

version they compete against four opponent avatars who randomly take turns throwing balls 

using a normal human motion. In weeks four and five participants will play two sessions of 

the same traditional dodgeball game, except that the arena lights have been removed and the 

opposing avatars and launched virtual balls glow in the dark (i.e., Dodgeball Night). Finally, 

in weeks five through nine participants will play weekly sessions of traditional dodgeball 

that takes place on the surface of an alien planet (i.e., Dodgeball Space). The opposing 
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players are aliens and the physics of the ball launches are adjusted to reflect the reduced 

gravity of the moon. During weeks five through nine, the launch velocity of virtual balls will 

be increased by 5% per week. Thus the initial launch velocity will increase from 45 m/s to 

57.4 m/s from week five to week nine. Progressively increasing the initial launch velocity 

will necessitate more rapid movements of the participants to successfully intercept the 

launched virtual balls and thereby increasing the difficulty of the tasks.

Each of the virtual reality games involve three dimensional sound elements to enhance the 

immersive quality of the game. Each game also includes scoring for performance, and these 

scores are clearly displayed within the virtual environment such that players are always 

aware of their performance. To further promote active engagement, at the end of each week 

participants will receive printed feedback indicating their game performance (e.g., matches 

made, fish caught, dodgeball hits/misses) as well as monetary incentives in direct proportion 

to the points that they earn during gameplay.

2.6.3. Treatment groups

2.6.3.1. Experimental group: In the experimental group the location and presentation of 

static and dynamic virtual targets (e.g., cubes, fishes, and dodgeballs) will be manipulated to 

maximize lumbar flexion in the experimental group. The location of the virtual objects are 

set to necessitate 15, 30, 45, & 60 degrees lumbar spine motion. After week 1 of gameplay, 

visual gain will be manipulated such that virtual objects will be farther away and at a lower 

height (5% adjustment) to necessitate greater lumbar flexion to successfully intercept the 

virtual objects. In week 2 there will be a 10% adjustment (i.e, farther away and at a lower 

height). In week 3 there will be a 15% adjustment that will continue until the end of 

treatment.

2.6.3.2. Control group: In the control group, to ensure that lumbar flexion is minimized 

while playing the virtual reality games, we will manipulate the presentation of virtual targets 

(i.e., boxes in Matchality, fish in Fishality, and balls in Dodgeality) such that the participant 

will only need to flex the spine 15 degrees to successfully intersect the virtual objects.

2.7. Post-treatment follow-up assessments (visits 20 through 24)

After the participants have completed 18 game sessions over nine weeks, post-treatment 

follow-up sessions (visits 20–24) will be scheduled to assess maintenance of treatment gains 

at 1-, 6-, 12-, 24-, and 48-weeks after the last treatment session. These follow-up sessions 

will be identical to the pre-treatment baseline assessments with two exceptions. First, at each 

of the follow-up visits participants will complete a one-item Patient Global Impression of 

Change measure[37] to assess their overall sense of improvement as a function of receiving 

the treatment. Second, participants will repeat the Treatment Evaluation Inventory [36] to 

assess their acceptance of the virtual reality games as a potential intervention for low back 

pain a the first follow-up session only (i.e., visit 20).

2.8. Additional design issues

2.8.1. Blinding—The principal investigators, the statistician, and members of the data 

collection team will remain blinded to intervention assignment throughout the duration of 
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the study. They will be given the identifying codes only at the end of the study when it is 

necessary to interpret the results. The un-blinded study coordinator, who is responsible for 

scheduling testing and treatment sessions, will greet participants and escort them to the 

testing lab; however, the study coordinator will not participate in the assessments of clinical 

outcomes or testing.

2.8.2. Concomitant interventions—Participants in the study will be permitted to use 

over the counter pain medications (e.g., Non-Steroidal Anti-Inflammatory Drugs, 

Acetaminophen, Aspirin), or to apply heat or ice to manage back pain symptoms. Although 

participants who report using pain interventions other than over-the-counter pain relievers or 

heat/ice will be allowed to remain in the study, they will be excluded from the per-protocol 

analyses.

2.8.3. Adherence—For the per-protocol analyses, successful adherence will be defined as 

>70% attendance (i.e., 13 out of the 18 treatments). To allow for flexibility in participant 

scheduling due to events that may conflict with scheduled visits (e.g., acute illness), the total 

length of the 9 week intervention period can be extended by up to 30 days (i.e., total 

intervention = 9 weeks + 30 days).

2.8.4. Safety assessments—To monitor safety, participants will complete a brief health 

screening at the beginning of each game session to determine if there are any changes in 

back pain or radiating symptoms. All negative changes in health status other than back pain 

will be recorded as an adverse events, logged, and reported per requirements of the Ohio 

University IRB. In the case of dismissal from the protocol due to negative health changes, 

the study’s safety committee will meet to determine whether the adverse was caused by the 

intervention.

2.8.5. Early termination or discontinuation—Participants will be discontinued from 

the study intervention if a medical condition develops that precludes the continuation of the 

treatment intervention. If participants discontinue prior to completing all scheduled 

treatment sessions (regardless of the reason), we will make every attempt to obtain the 

outcome measurements. If the study participant is unwilling or unable to undergo the 

laboratory-based tests we will still attempt to obtain the clinical outcome measures. In 

instances where an adverse event does occur, we will follow-up with participants until the 

event is resolved or until the IRB deems it unnecessary to continue to follow the participant.

2.9. Outcomes, sample size calculations, and analysis plan

All analyses will first be conducted on an intent-to-treat basis for the original cohort to 

examine the intervention effects regardless of adherence/attrition. The analyses will then be 

repeated for all participants demonstrating adherence to their assigned intervention.

2.9.1. Outcomes—The co-primary clinical outcomes are pain and disability, which will be 

assessed at pre-treatment baseline (visit 1) and at 1-, 6-, 12-, 24-, and 48-weeks post-

treatment (i.e., visits 20–24). Secondary outcomes include expected pain, expected harm, 

and lumbar flexion during standardized reaching, which will be measured at pre-treatment 
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baseline (visit 1), at the beginning of each week during treatment (visits 2, 5, 8, 11, 13, 15, 

17, 18, 19), and at 1-, 6-, 12-, 24-, and 48-weeks post-treatment (i.e., visits 20–24).

2.9.2. Sample size calculations—To address study aim 1, power analyses were 

conducted to determine the sample size needed to achieve clinically important differences in 

our co-primary clinical outcome measures of pain and disability. Based on the extant 

literature, we based our analyses on a > 30% decrease in pain ratings[43] (on the 0–10 NRS 

scale) and a 30% decrease in disability ratings on the RMDQ[44] in the experimental group. 

Further, we predict a 10% decrease in pain and disability in the control group. The 

population standard deviations were set at 75% of the population mean values. The pre-post 

correlation was estimated as r = 0.70. These population parameters translate into an effect 

size of f = 0.30. Using these parameters, we drew 10,000 samples from a normal population 

distribution. Based on these parameters, to achieve power of 80% and α = 0.05 will require a 

total N=78. Separate power analyses were conducted to address study aims 2 and 3. Using 

the method described by Morris (2008),[45] we calculated effect size estimates from 

randomized clinical trials on the effects of graded activity or graded exposure interventions 

on changes in disability among individuals with CLBP.[8, 9, 46] For our power analyses, we 

adopted the median estimated effect size: δ = .45, which corresponds to what would 

commonly be described as a medium effect size. Following Raudenbush and Liu’s (2000) 

recommendation,[47] we set the residual error variance to 1 and estimated the between-

subject slope variance to be 0.30. For power equal to .80 and α=0.05, a sample size of 209 

participants was indicated. Based on these sample size calculations, using a sex-stratified 

random allocation table, we will need a minimum sample of 209 participants to address each 

of our study aims. To allow for 10% attrition from baseline to 48-week follow-up, we will 

recruit 230 participants.

2.9.3. Analysis plan—We will analyze all outcome variables (pain, disability, pain/harm 

expectancy, and lumbar flexion) using linear mixed-effects (LME) models with treatment 

(Experimental, Control) as a between-subject fixed effect and time (pre-treatment, 1, 6, 12, 

24, and 48 weeks) as a within-subject fixed effect. Given the expected findings, both linear 

and quadratic time effects will be tested in every model. We will also include demographic 

covariates (e.g., age, BMI) and potential confounders (e.g., radiating versus non radiating 

pain) as well as sex stratification in the LME models. Any variables that differ at baseline 

will be included in the statistical models as potential confounders. Intention-to-treat analyses 

are commonly conducted to analyze randomized clinical trial data in the presence of missing 

values. While various imputation strategies have been proposed to estimate missing data, 

such as last observation carried forward, use of LME models to analyze longitudinal data 

renders these strategies largely unnecessary. We will also conduct equivalent per-protocol 

analyses that will include only successfully adhered participants (i.e., attending > 70% of 

gaming sessions).

2.9.3.1. Aim 1. Examine immediate clinical outcomes as a function of 
treatment: Relative to the control group, participants in the experimental group will show 

greater reductions in pain and disability at post-treatment relative to pre-treatment baseline 

(Hypothesis 1). To test Hypothesis 1, we will examine the Treatment by Time (baseline-post 
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treatment) interaction in a LME model: a greater reduction in pain and disability in the 

experimental group than in the control group.

2.9.3.2. Aim 2. Examine potential mechanisms of pre- to post-treatment changes in 
clinical outcomes: Participants in the experimental group will exhibit greater pre- to post-

treatment decreases in pain/harm expectancy and increases in lumbar flexion as compared to 

the control group (Hypothesis 2.1). Decreases in pain/harm expectancy and increases in 

lumbar flexion will be positively related to pre- to post-treatment reductions in pain and 

disability (Hypothesis 2.2). To address these hypotheses we will build and test linear mixed-

effects models for each of the outcome variables. For hypotheses 2.1, pain, disability, pain/

harm expectancy, and lumbar flexion will be the outcome variables, while time (linear and 

quadratic), treatment group, and the interactions of time and treatment group will be the 

primary predictor variables. For hypothesis 2.2, pain/harm expectancy and lumbar flexion 

will serve as the outcome variables, while time (linear and quadratic), treatment group, the 

time-by-group interactions, pain, and disability will be predictor variables.

2.9.3.3. Aim 3. Examine maintenance of treatment gains at 1-, 6-, 12-, 24-, and 48-
weeks post-treatment: Relative to the control group, participants in the experimental group 

will continue to show lower levels of pain and disability at each time point as well as 

increased activity in their natural environment (Hypothesis 3). To address hypothesis 3 we 

will build and test linear mixed-effects models for each of the outcome variables (pain, 

disability, pain/harm expectancy, lumbar flexion, and activity levels), with time (linear and 

quadratic), treatment group, and the interactions of time and treatment group as predictor 

variables.

As noted above, covariates will be added to analyses as needed. The significance level for 

every omnibus test will be set to 0.05, while Holms procedure will be used to control 

familywise type-I error rate for post-tests at .05. Assumptions of LME models will be 

checked by conducting analyses of model residuals. Violations of normality will be 

addressed by transforming the data, while outliers or influential cases will be handled by 

conducting sensitivity analyses. In contrast to the standard repeated measures analyses of 

variance, with their rigid assumptions about the error covariance structure, LME models 

permit numerous alternative error covariance structures. This allows for modeling of data 

that exhibit both heteroscedasticity and autocorrelation, which is likely to characterize the 

data collected for this study.

In addition to these primary analyses, we will use the same framework to analyze additional 

measures of core outcome domains, including emotional functioning (e.g., Center for 

Epidemiologic Studies – Depression, Profile of Mood States, PROMIS measures), pain 

vulnerability (Tampa Scale for Kinesiophobia, Pain Catastrophizing Scale), pain resilience 

(Pain Resilience Scale, Pain Self-efficacy Questionnaire), and patient global impression of 

change.
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3. Discussion

The fear-avoidance model of chronic low back pain provides a cognitive-behavioral 

explanation for why some people with acute musculoskeletal pain go on to develop chronic 

pain and disability, while others do not.[48–51] Central to this model, individuals at highest 

risk for chronic low back pain are seen as prone to catastrophic thinking (e.g., “It’s not really 

safe for a person with my back pain to be physically active”). This tendency to focus on pain 

as a threat leads to a disproportionate emphasis on pain control efforts, an increase in fear 

and anxiety about movements that are perceived to increase pain or harm (i.e., 

kinesiophobia), and behavioral adaptations that promote either escape or avoidance of 

situations and activities that are deemed to pose a threat to the back. Ultimately, this is 

hypothesized to contribute to a combination of physical deconditioning, negative affect, and 

disability which complete a vicious cycle as they contribute to a continued focus on pain. In 

contrast, individuals who are at lower risk for chronic low back pain are believed to have a 

greater sense of optimism and positive affect, which help to protect them against 

catastrophic thinking and allows them to prioritize the pursuit of important life goals (e.g., 

work, leisure, and family) rather than persistent efforts to avoid or control pain. As a 

consequence, such individuals are viewed as less likely to avoid potential pain-provoking 

activities and more likely to engage in physical activities that can promote a gradual 

progress towards recovery.

Despite the fact that the fear-avoidance model of back pain suggests that catastrophic 

thinking and kinesiophobia lead to reductions in physical performance and deconditioning 

over time,[48–50] the overall evidence for this hypothesis is mixed with several studies 

failing to support a relationship with reduced physical performance or cardiovascular 

deconditioning.[24, 52–55] However, there is consistent evidence that individuals with high 

pain-related fear engage in a very specific form of avoidance which may not lead to 

cardiovascular deconditioning, but may lead to physiological adaptations that can maintain 

or promote continued back. Specifically, we have demonstrated that individuals with low 

back pain and elevated pain-related fear avoid flexion of the lumbar spine regardless of 

whether they have acute, subacute, or chronic low back pain. [11–13]} Avoidance of lumbar 

spine motion may be particularly problematic as it can contribute to shortening of peri-

articular connective tissues and adaptive changes in the surrounding musculature.[5–7] 

These physiological adaptations may, in turn, increase the risk of reinjury when an 

individual is exposed to unexpected environmental challenges (e.g., a sudden slip or loss of 

balance) that require rapid postural adjustment. As a result, efforts to encourage a return to 

normal lumbar spine flexion may be central to the promotion of healthy recovery from acute, 

chronic, or recurrent low back pain. As an initial test of this hypothesis, the present study 

will examine a series of virtual reality games that provide an individualized, graded 

approach to increasing flexion of the lumbar spine among individuals with chronic low back 

pain and kinesiophobia.

Whereas clinical trials of graded activity and graded exposure therapy have been 

disappointing in terms of long-term pain and disability outcomes,[10] a virtual gaming 

environment offers several distinct advantages that we believe will help to restore normal 

movement, encourage protocol adherence, and promote generalization to the natural over 

France and Thomas Page 12

Contemp Clin Trials. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



time. First, whereas graded activity and graded exposure interventions encourage whole 

body motion, including motions that may be perceived as threatening the back for those with 

kinesiophobia, it is still possible for patients to achieve desired movement outcomes while 

continuing to guard or protect their lumbar spine (e.g., by increasing flexion of the hips and 

knees). Indeed, we have demonstrated that individuals with pain-related fear are prone to 

continue to restrict lumbar motion even as they recover from an episode of low back pain.

[12] Thus, our virtual reality games are unique in that they continuously measure lumbar 

spine flexion and gradually reward increases in lumbar motion as a means of achieving game 

objectives. Second, graded activity and graded exposure therapy may be perceived as 

aversive for individuals with low back pain; hence, it is not surprising that such interventions 

have relatively high attrition rates.[8, 46] In this respect virtual reality games may be 

advantageous in that they can distract from pain, motivate engagement, and encourage 

treatment completion. Indeed, there is strong evidence that virtual reality games are potent 

distractors that significantly reduce the perception of pain during uncomfortable medical 

procedures.[56–59] Virtual reality games may be particularly powerful in this regard as this 

approach offers a combination of 1) attentional distraction, which can limit cognitive 

resources available to focus on uncomfortable sensations or thoughts of potential harm, 2) a 

goal-oriented pursuit that elicits positive affective reactions through achievement of game 

objectives and in-game rewards, and 3) a progressive challenge that can promote continued 

engagement.[60] Indeed, we have demonstrated that individuals with low back pain and high 

fear of movement indicate that they considered our virtual Dodgeball game to be a fun 

activity that they would voluntarily choose to repeat.[16] Hence, a virtual reality game that 

encourages graded spinal motion may have a distinct advantage over traditional therapeutic 

approaches by reducing the pain experience while encouraging continued, active 

engagement in the intervention process.

In sum, the VIGOR study posits that repeated exposure to virtual reality games that 

encourage lumbar spine flexion will allow individuals with chronic low back pain and pain-

related fear to develop an implicit understanding that lumbar spine motion is not dangerous. 

We further hypothesize that players will generalize this knowledge to their daily lives, 

allowing them to resume normal patterns of spinal motion and ultimately a more lasting 

recovery.
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Figure 1. 
Study protocol flowchart.
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Figure 2. 
Target locations are determined mathematically based on participant hip height, trunk 

length, and arm length. The high target is located such that the subject could, in theory, reach 

the target by flexing the hips 15° with the shoulder flexed 90° and the elbow extended. 

Similarly, the lowest target could be reached by flexing the hips 60°.
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Figure 3. 
Column 1 shows a participant with the head-mounted display and instrumented with the 

marker clusters. Column 2 shows images from the “Matchality” game environments, 

including day one on earth (top), day two in earth orbit (middle), and day 3 on an alien 

planet (bottom). Column 3 shows images from the “Fishality” game environment. Column 4 

shows images from the “Dodgeality” game environment, including inside an arena (top, 

middle) and on an alien planet (bottom).
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Table 1

Participant inclusion and exclusion criteria.

Participants must meet the following inclusion criteria:

• 18–60 years of age

• Low back pain that has been ongoing for at least half the days in the last 6 months

• Average pain intensity of 3 or higher over the past week on a 0–10 Numerical Rating Scale

• Disability >4 on Roland and Morris Disability Questionnaire

• Agrees with statement “It is not really safe for a person with my back problem to be physically active”

• Has sought care or consultation from a health care provider for back pain

• Meets category < 4 on the Classification System of the Quebec Task Force on Spinal Disorders,[21] which reflects low back pain 
without neurological signs

• Working proficiency in English

Candidates must not meet any of the following exclusion criteria at baseline:

• A personal history of the following neurological disorders: Alzheimer’s, Amyotrophic Lateral Sclerosis, Multiple Sclerosis, 
Parkinson’s, Neuropathy, Stroke, Seizures

• A personal history of the following cardiorespiratory disorders: Congestive heart failure, heart attack in past 2 years

• A personal history of the following musculoskeletal disorders: Rheumatoid Arthritis, muscular dystrophy, pathologic fractures of 
the spine, avascular necrosis or osteonecrosis, severe osteoarthritis

• A personal history of spine surgery or a hip arthroplasty

• Active cancer

• A chronic disease that may restrict movement or preclude safe participation

• Used opioids or muscle relaxants within 30 days prior to study enrollment

• Reports being pregnant, lactating, or that they anticipate becoming pregnant within 2-months

• Reports pending litigation related to CLBP

• Current drug or alcohol use that, in the opinion of the PIs, would interfere with adherence to study requirements

• Significant visual impairment that would prevent virtual reality headset use

• Significant motion sickness that would prevent virtual reality headset use
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