
Title: Active and Passive Virtual Reality Distraction for Pain Management during Pediatric Burn Dressing 1 
Changes 2 

1. SPECIFIC AIMS 3 

Burns are one of the leading causes of pediatric injuries with over 100,000 children injured every year.1 Effec-4 
tive pain management during burn dressing changes is essential for pediatric patients’ medical care experi-5 
ence and long-term psychological health.2-5 Consistent with the Cognitive-Affective Model of Pain (CAMP) 6 
which maintains that pain interrupts and demands attention,6 virtual reality (VR), as an emerging and promising 7 
technology, has been increasingly used as a non-pharmaceutical analgesic method for pain management 8 
during dressing changes.7 However, existing evidence on the effectiveness of this VR-based analgesic in 9 
pediatric burns patients is mixed due to the lack of adequately powered randomized control trials. Furthermore, 10 
previous studies have showed that active virtual reality (VR) gaming provides a superior analgesic effect to 11 
passive VR experiences for laboratory-induced pain among healthy children.8 However, this superiority of 12 
active versus passive VR distraction has not been well validated among pediatric burn patients using rigorous-13 
ly-designed randomized controlled trials. Additionally, clinical practitioners have long recognized the effect of 14 
pediatric patients’ developmental and psychological characteristics on their coping with pain during medical 15 
procedures.7  But to our knowledge, no published studies have investigated these important moderating effects 16 
when using VR for pediatric pain management during burn dressing changes. The overall objective of this 17 
proposal, which is the first step to systematically address this gap, is to evaluate the efficacy and influencing 18 
factors of an innovative VR distraction tool for pain management during pediatric burn dressing changes. Our 19 
central hypothesis is that active VR gaming platforms can provide the most significant pain remediation as a 20 
distraction tool for pain management during pediatric burn dressing changes.  21 

Aim 1. Conduct a three-group randomized controlled trial to evaluate the efficacy of active VR distrac-22 
tion versus passive VR distraction 23 

Hypothesis 1.1: Pediatric burn patients using the VR tool (active or passive) will have significantly lower pain 24 
compared to those using standard distraction methods during dressing changes. 25 

Hypothesis 1.2: Pediatric burn patients using the active VR distraction will have significantly lower pain than 26 
those using the passive VR distraction during dressing changes. 27 

Aim 2. Examine the moderating effect of developmental and psychological factors on the efficacy of 28 
active VR distraction. 29 

Hypothesis 2.1: Age, personality, and expectations will moderate the efficacy of the active VR. 30 

2. BACKGROUND AND SIGNIFICANCE 31 

The Centers for Disease Control and Prevention (CDC) rank burn injuries as one of the leading causes of 32 
pediatric injuries.1 In 2013 in the United States alone, over 114,000 children and adolescents less than 18 33 
years (with most being very young) sustained nonfatal injuries.1 Dressing changes, a critical procedure in burn 34 
wound care, were identified by pediatric patients as one of the major contributors to intense pain.3,4 Psycholog-35 
ically, the pain experienced during dressing changes may add to the original burn trauma, affecting patients’ 36 
long-term functioning both psychologically and behaviorally.2,5 Therefore, pain management becomes essential 37 
for ‘patient-centered’ burn wound care.9   38 

According to the Cognitive-Affective Model of Pain6, the perception of pain demands cognitive attention.  Thus 39 
to achieve effective non-pharmacologic pain management, the cognitive route leading to pain perception 40 
(i.e., the pain pathway) must be interrupted. One recent application of this cognitive neuroscience theory in 41 
pain management is the use of virtual reality (VR), where the immersive environment provides great potential 42 
for engaging individuals’ attention-resources to interrupt the pain perception.7,10 Despite VR’s increasing clini-43 
cal application in the management of chronic pain, few rigorously-designed studies evaluating the efficacy of 44 
VR for pain management during pediatric burn dressing changes have been conducted. Our literature search 45 
identified only two existing randomized trials evaluating immersive VR for pain management during pediatric 46 
burn dressing changes, however, both studies suffered from small/ limited age group samples (an average of 47 
15 children per group; 10 years and above).11,12 We are also aware of a randomized trial using VR distraction 48 
during pediatric burn dressing changes partially funded by NCH intramural grant in 2009, which failed to find a 49 
significant effect of VR on pain management. After in-depth discussion with the Principle Investigator of the 50 
project (Dr. Catherine Butz), we identified two critical limitations of that previous study. First, due to the techno-51 
logical limitations of VR at the time of study, VR equipment was both bulky and heavy, which greatly affected 52 
the utility of VR in burn dressing settings and negatively affected patients’ VR experience and hence the effec-53 



tiveness of the distraction. The complex VR system used in the study also interfered with the recruitment and 54 
study implementation. Our study will overcome this limitation by incorporating the latest VR technology that is 55 
reliable, compact, light-weight and child-friendly. Second, multiple raters (usually nurses) were recruited to 56 
assess patients’ pain intensity in the previous study. However, our recent study showed that there were con-57 
siderable variations in rating pain scores for the same patient by different nurses, dependent upon  nursing 58 
experience.13  59 

Furthermore, according to the Cognitive-Affective Model of Pain, an “active” VR tool would surpass a “passive” 60 
VR tool in its efficacy for pain reduction, because the “interaction” between child and VR tool would pose a 61 
heavier cognitive load on the individual’s attention system.6 Although scarce evidence from laboratory-induced 62 
pain studies among healthy participants supported that “active” VR is significantly better than “passive VR” in 63 
raising individuals’ pain threshold and tolerance level,8 the superiority of an “active” versus “passive” VR tool 64 
has yet to be validated in pediatric burn-pain management during dressing changes. Our literature search only 65 
identified one randomized controlled trial (RCT) attempting to address this topic, but with a flawed design.11 66 
Aside from the restricted sample size (10/group) and age range (10+), this study used different media content 67 
for the active VR game and the passive VR movie. The lower pain experienced by the VR gaming group could 68 
not be differentiated from the ‘interaction’ element of VR game, or the media content associated with the game.  69 

Finally, two recent systematic reviews (2010 and 2012) identified the lack of empirical evidence regarding the 70 
moderating effect of developmental and psychological factors on the effectiveness of VR distraction on pediat-71 
ric procedural pain.7,14 The existing literature has a paucity of published research addressing this important 72 
topic. From a clinical perspective, the moderating effects are significant in daily practice. Child Life Specialists 73 
are required to utilize different distraction strategies for pediatric patients with varying individual characteristics 74 
(e.g., developmental stages).15 Providing evidence-based guidance to maximize the benefit of VR-based dis-75 
traction tools for pediatric burn patients is therefore critical.16 76 

The scientific significance of the present study is twofold. First, this project will be the first randomized con-77 
trolled trial in the field evaluating the efficacy of active versus passive virtual reality distraction among a broad-78 
er sample of pediatric burn patients during dressing changes. VR is a rapidly developing technology in recent 79 
years and has emerged as a promising technology in medical settings. This pilot trial will provide the empirical 80 
foundation for the Center for Pediatric Trauma Research to become a leading research center using VR for 81 
pediatric trauma patients. Second, this project will be the first study in the literature to examine the impact of 82 
child-specific moderating characteristics on VR distraction efficacy from a developmental-psychology perspec-83 
tive. This proposed project also holds important clinical implications. Findings from this study will provide em-84 
pirical data to support the development of evidence-based, individualized distraction strategies to reduce 85 
pediatric burn patients’ pain during dressing changes. The preliminary data from this study will be critical when 86 
applying for external funding to address this important topic in a broader range of pediatric populations and 87 
medical procedures. 88 

3 PRELIMINARY DATA 89 

3.1 Nationwide Children’s Hospital (NCH) Burn Program 90 

From 2011 to 2015, the Burn Clinic at Nationwide Children’s Hospital (NCH) has provided comprehensive 91 
multidisciplinary care to on-average 250 outpatient burn patients (<18 years) annually, with 100 meeting crite-92 
ria for this proposed project (see detailed criteria in Section 4.1). The Center for Pediatric Trauma Research 93 
has established a mutual agreement with the NCH Burn Program to carry out this pilot randomized trial at the 94 
NCH Burn Clinic. We anticipate recruitment rate of at least 90% among eligible patients over 16 months based 95 
on the experience of our clinical co-investigators. We will actively monitor the recruitment at the Burn Clinic and 96 
review the progress after the start of the study. In the meantime, we will also identify and recruit from the inpa-97 
tient burn unit at the NCH Burn Program, which admits on average 150 pediatric patients every year, with 50 98 
meeting the study criteria. The protocol feasibility and VR utility/experience will be documented and compared 99 
between the two settings to guide future extramural grant applications. 100 

3.2 Expertise and Previous Research Experience  101 

The proposed study will be conducted by an interdisciplinary team consisting of faculty co-investigators from 102 
the Nationwide Children’s Hospital Trauma Program (Dr. Rajan Thakkar, Dr. Jonathan Groner, and Dr. Renata 103 
Fabia) and The Research Institute at Nationwide Children’s Hospital (Dr. Huiyun Xiang). The expertise of this 104 
assembled team is well published with variety of original research articles,17-24 including burn-associated hospi-105 
talizations,23 patterns of burn injuries among children with disabilities,24 and posttraumatic stress in parents of 106 
young children post-burn.19 Dr. Jiabin Shen, a postdoc research fellow at the Center for Pediatric Trauma 107 



Research, has extensive research experience in VR-based interventions25 and randomized clinical trials26,27 108 
with a manuscript under review evaluating nurse accuracy in pain assessment using the Face, Legs, Activity, 109 
Crying, and Consolability (FLACC) scale.13 Additional personnel will include Child Life Support Specialist, Lisa 110 
Kappy (with extensive experience in administrating distraction tools for pediatric burn patients). 111 

4. RESEARCH DESIGN AND METHODS 112 

4.1 Participants 113 

This study will recruit 90 pediatric patients treated for burn injuries at Nationwide Children’s Hospital Burn 114 
Program. Inclusion criteria are pediatric burn patients (6-17 years, inclusive) who require dressing changes and 115 
where English is the primary language of the household. Pediatric burn patient exclusion criteria include severe 116 
burn injury(s) on the face/head preventing utilization of VR, and cognitive/motor impairment preventing valid 117 
administration of study measures. A Microsoft Excel spreadsheet will be created for use by the two study 118 
recruiters in order to keep track of all patients meeting the age eligibility requirement. This eligibility and en-119 
rollment spreadsheet will include those who are not eligible (based on exclusion criteria) and eligible patients, 120 
both those who were enrolled and those who declined or were not yet approached for participation. The 121 
spreadsheet will include the following variables: any exclusion criteria met, appointment date/time, MRN, age, 122 
gender, date of burn injury, mechanism of injury, inpatient/outpatient, recruited (yes or no), and assigned study 123 
group. The rationale behind the eligibility spreadsheet is that patients have multiple follow-up appointments in 124 
the Burn Clinic. If the study recruiters have already deemed a patient eligible or ineligible, or if they have al-125 
ready been recruited, then the spreadsheet will be the quickest way to see that and eliminate extra screening. 126 

4.2 Intervention 127 

We will establish a three-group, between-subject, randomized controlled trial. Following recruitment, partici-128 
pants will be randomly assigned to one of three groups (30/group) prior to the dressing change procedure 129 
using a computerized randomization procedure.  130 

Active Virtual Reality (VR) Distraction: Participants in the active VR distraction group will play an engaging 131 
and age-appropriate virtual reality game (Virtual River Cruise) in an immersive virtual reality environment. The 132 
VR environment will be created using an Apple iPhone paired with Google Cardboard, a light-weight low-cost 133 
virtual reality headwear viewer, and a wired disposable earphone. Participants will interact with the virtual 134 
environment by collecting totems along the river via slightly tilting the head, minimizing potential interference 135 
with the dressing change procedure.  136 

Passive Virtual Reality (VR) Distraction: Participants in the passive VR distraction group will also be im-137 
mersed in the same virtual reality environment as the active VR distraction group; but instead of playing the VR 138 
game, participants in this group will passively experience the river cruise without the action of totem collection. 139 

Standard Distraction: Participants in the standard distraction group will receive routinely used distraction 140 
tools provided in the clinical setting, such as iPads, music, books, and/or talking.4.3 Measures 141 

Observational, child-report, parent-report, and nurse/child-life report measures will be used in this 142 
study. Parents will be allowed to assist their child in understanding and reporting on child-report 143 
measures as needed. 144 

a. Pain Assessment 145 

As the primary outcome, pain will be measured using behavioral observation and patient reports.  146 

Behavioral observation. During the training phase, two research associates will receive extensive training on 147 
pain rating and will both be designated to rate at least the first 20% of participants’ pain using the Face, Legs, 148 
Activity, Crying, and Consolability revised (FLACC-r) scale on site until their inter-rater reliability reaches be-149 
yond 0.90 (using weighted kappa for ordinal data). After that point, one research associate will complete the 150 
FLACC-r rating on his/her own. The FLACC-r scale uses an easily understood 0-2 metric for assessing a 151 
child’s pain in five specific domains (face, legs, activity, crying, and consolability). Inter-rater reliability and 152 
validity in procedural pain assessment have been demonstrated for children (0-18 years) among well-trained 153 
raters.  The total FLACC-r scale scores range from 0 to 10, with lower scores indicating less pain.  154 

Patient reports. The second research associate, unaware of group assignment or FLACC ratings, will survey 155 
each patient after the dressing changes using a 100 mm VAS on these three questions:  156 

 Worst pain:   “How painful would you rate your worst pain during this dressing change?”  157 
 Average pain: “How painful would you rate your average pain for this dressing change?”  158 



 Pain time:   “How much time did you spend thinking of pain during this dressing change?”  159 

Parent report. The second research associate will ask the parent/caregiver of each patient about their percep-160 
tion of child’s pain intensity using a visual analog scale (VAS).  161 

b. Anxiety-prone Personality 162 

Prior to the dressing change, a research associate will assess the degree the patient’s personality is anxiety-163 
prone using an abbreviated version of the Trait Anxiety Subscale of the State-Trait Anxiety Inventory for Chil-164 
dren (STAI-CH), a well-established instrument for measuring children’s personality traits related to anxiety. 165 
Higher scores indicate greater proneness of personality to anxiety. 166 

c. Expectations toward Distraction Effectiveness 167 

Prior to the dressing change, a research associate will assess patients via a 100 mm VAS regarding their 168 
attitudes and expectations toward distraction efficacy, by asking two questions: “How much would you like to 169 
be distracted for dressing changes?” and “How much do you think distraction is effective in reducing pain 170 
during dressing changes?” Expectation scores will be the average of the two responses. Higher scores indicate 171 
higher expectation levels.  172 

d. VR Feasibility and Experience 173 

Observed VR experience. Measures recorded by the first research associate in observing the VR experience 174 
will include the following: a) the percent of time participants spent in the VR environment during the entire burn 175 
dressing-change procedure; b) the percent of participants declining to use the VR tool as distraction; and c) the 176 
number of times participants voluntarily interrupted the VR experience during the procedure. 177 

Parent/Self-reported VR experience. Reporting to the second research associate, participants and their par-178 
ent/caregiver will rate on a 100 mm VAS the following: degree of sickness and nausea, degree of realism 179 
experienced in the VR environment, degree of pleasure/fun associated with playing the VR game, degree of 180 
satisfaction with the VR experience, and perceived level of engagement with VR distraction during the proce-181 
dure.  In addition, the child on the two VR conditions will report on the Simulator Sickness Questionnaire de-182 
veloped by Kennedy and colleagues, which is a standardized easy-to-implement measurement of virtual 183 
reality-based simulator experience with well-validated reliability and internal/external validity.28 184 

Utility of VR in Clinical Settings. The practicality of the VR experience as a pain management tool for pediatric 185 
burn dressing changes will be assessed by asking the Child Life Specialist or Nurse the following questions: “Is 186 
this distraction tool helpful during pediatric burn dressing changes?” and “Is this distraction tool easy to use 187 
during pediatric burn dressing changes?” Additionally, we will actively monitor the protocol feasibility in recruit-188 
ment, VR implementation, and outcome assessment throughout the study. 189 

e. Demographic and Injury Information 190 

We will obtain date of birth, gender, ethnicity, dosage of sedatives/painkillers, medical record number, patient 191 
name, Total Body Surface Area (TBSA) and the Abbreviated Injury Score (AIS) from individual patient’s medi-192 
cal record. Using a 4-point Likert scale, a Nurse will determine the extent of the wound (new burn, partially 193 
healed burn, mostly healed burn, completely healed). 194 

We will use paper or electronic versions of the REDCap survey. Using the paper forms will eliminate any tech-195 
nology issues that do and can arise during data collection in the clinical setting. Before arriving to the clinical 196 
setting, researchers will print out the REDCap survey. Researchers will read and ask the questions to the 197 
patient, parent, and child life specialist/nurse and mark down their answers on the paper version. At the end of 198 
the session, a research associate will input the data into REDCap. A second research associate will validate 199 
the data entry and then shred the paper version. If the validation cannot occur immediately after data entry, the 200 
paper version will be stored in a locked cabinet and shredded once validated in the electronic dataset. 201 

4.4 Data Analysis 202 

Aim 1 will evaluate the efficacy of active VR distraction during dressing changes compared to passive VR 203 
distraction and standard distraction. First, descriptive statistical analysis will be conducted to understand the 204 
observed VR experience by nurses, self-reported VR experience by patients, and the utility of VR in clinical 205 
settings as reported by nurses. Second, to test Hypothesis 1.1 and 1.2, fixed-effect linear multiple regression 206 
models will be constructed and tested with pain scores (measured via observational and patient-report 207 
measures; 4.3 Measures) as dependent variables and group assignment (i.e., active VR, passive VR, and 208 
standard distraction) as the primary predictor. Because randomization might not eliminate all pre-intervention 209 
between-group differences due to the relatively small sample size of this pilot study, we will include those 210 



baseline variables that emerged with significant differences between groups as covariates in regression mod-211 
els. The multiple measures used to assess pain will be standardized and aggregated into a composite pain 212 
score if they correlate with each other; otherwise, separate analyses will be conducted for each pain meas-213 
urement.  214 

Aim 2 is to evaluate moderating effect of psychological factors on the efficacy of active VR distraction. To test 215 
Hypothesis 1.2, the same multiple linear regression models as Aim 1 will be conducted with the addition of 216 
three interaction terms for detecting moderating effect: group assignment × age, group assignment × personali-217 
ty, and group assignment × expectations. Coefficients with p < 0.05 for the interaction terms will indicate signif-218 
icant moderating effect of respective developmental and psychological factors. 219 

4.5 Sample Size and Power Analysis 220 

A power analysis was conducted to determine the sample size required for the randomized controlled trial. We 221 
assumed a medium effect size (f2 = 0.15) of the active VR distraction. Using 2 tails and alpha = 0.05, a fixed-222 
effect linear multiple regression model offers power > 0.80 with 68 children for the total sample size. Our study 223 
sample (N=90) will have adequate power to detect the intervention effect.  224 

5. EXPECTED OUTCOMES 225 

One important outcome of the present study will be to establish the extent to which active VR distraction is 226 
superior to passive VR distraction (and standard distraction) in pain management for pediatric burn patients 227 
during dressing changes. If the superiority of active VR distraction in pain reduction during dressing changes is 228 
demonstrated, our study will provide critical preliminary data for a large-scale randomized controlled trial, as 229 
well as for other applications in procedure pain management. If the passive VR is found equally effective as the 230 
active VR and superior to the standard distraction, our study would suggest that the patient’s pain could be 231 
effectively reduced by a simple/low-cost VR video with no ‘interactive’ burden on the patient’s end. This cost 232 
effective measure would contribute to a wider adoption of this effective pain management strategy in clinical 233 
settings.  234 

 235 

6. TIMELINE 236 

Proposed Activity 
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approval 

                        

Participant recruitment and data 
collection 

                        

Data entry, cleaning, and analysis 

 
                        

Preparation and submission of 1st 
manuscript (Specific Aim 1) 

                        

Preparation and submission of 2nd 
manuscript (Specific Aim 2) 
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