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Abstract  

 

Background: Amplified Musculoskeletal Pain Syndrome (AMPS) is a prevalent and 

difficult to manage chronic pain syndrome in adolescents characterized by excessive 

musculoskeletal pain without a primary organic etiology. Despite being an effective and 

safe modality for acute procedural pain in adolescents, immersive Virtual Reality (VR) 

has not been evaluated for chronic pain in adolescents. The primary aim of this pilot trial 

was to assess the feasibility and acceptability of immersive VR in adolescents with 

AMPS as compared to a non-immersive control modality.  

 

Methods: We conducted an unblinded pilot randomized controlled trial in adolescents 

(13-17 years) with a diagnosis of AMPS attending the pediatric rheumatology clinic of an 

urban children’s hospital from December 2018 to August 2019, with a target recruitment 

of 30 participants. Patients with contraindications to VR use were excluded. The 

intervention group used an immersive VR application ‘Happy Place’ (© Mimerse-AB) on 

an Oculus GO (© Facebook Technologies, LLC). The control group viewed the 2D 

version of ‘Happy Place’ on an iPad (© Apple Inc. Cupertino CA). The interventions 

were a single 10-minute session in both groups. The primary outcome for feasibility was 

recruitment rate.  

 

Results: Of the 92 patients with ICD-10 AMPS codes, 54 (59%) were found eligible. 

Target recruitment was met when 30 (91%) of the 33 approached participants consented. 

All participants (VR = 16, control = 14, mean age = 15.6 years; 83% female) successfully 

completed the interventions without any adverse events. VR group reported slightly 
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higher immersion and more fun than controls. The response rate for completion of 

questionnaires was 100% in both groups on the study day and 31% in the VR group and 

57% in the control group 2 days later. Overall 70% of participants and 93% of parents 

expressed willingness to participate in multiple sessions in the future.  

 

Conclusion: We found that a randomized trial of immersive VR versus a non-immersive 

control in adolescents with AMPS is feasible and acceptable, warranting a well-powered 

RCT to test the efficacy of this novel intervention for AMPS.  

 

Trial Registration: ClinicalTrials.gov Identifier: NCT03762213 
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Chapter 1: Introduction 

 

About one in four adolescents experiences chronic pain [1], which is defined as recurrent 

or persistent pain for more than three months [2]. The most common types of chronic 

pain in adolescents are musculoskeletal pain, headache and abdominal pain [1]. The 

subset of adolescents that experience chronic musculoskeletal pain include complex 

regional pain syndrome (CRPS) with presence of overt autonomic signs, localized pain in 

one or two body regions and diffuse pain in three or more body regions [3, 4]. The latter 

is also known as Juvenile Fibromyalgia Syndrome (JFMS), which is reported to affect as 

many as 2–6% of all adolescents [5]. These diagnoses have overlapping features, so the 

descriptive term amplified musculoskeletal pain syndrome (AMPS) is used as an 

umbrella diagnosis to represent excessive or disproportional musculoskeletal pain 

without a primary organic etiology [3]. Although there is little controversy that these 

entities exist and are debilitating to patients, there is a lack of evidence based validated 

diagnostic criteria for AMPS (2).  

 
This may in part explain why the diagnosis of AMPS is often delayed, despite the 

characteristic high level of pain and significant disability of affected patients. In a study 

of 80 adolescents with AMPS, the median time to diagnosis was 10.2 months, the median 

score on a 10-point pain scale at the initial visit was 6.5 and Childhood Health 

Assessment Questionnaire (CHAQ) score at diagnosis was 0.75 on a scale of 0-3 [4]. 

While adolescents with AMPS suffer from chronic pain, they also have higher rates of 

depression, lower quality of life, and greater school absenteeism [6, 7]. Furthermore, it 

may bring them into a situation of threatened self-identity and comes with a high risk of 
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stigmatization [8]. Moreover, the caregivers of these adolescents suffer considerable 

financial, social, and psychological consequences [6, 7].  

 
The monetary costs of AMPS are significant both before and after diagnosis because 

children with chronic musculoskeletal pain seek increased health and social services, 

including outpatient appointments, physical and occupational therapy, complementary 

therapy, mental health services, and pain medications [4, 6, 9]. In a study across tertiary 

care pain centers in the US involving 149 adolescents with chronic pain, musculoskeletal 

pain was the most commonly reported type (42.3%) and the median annual cost of caring 

for a child with persistent pain was estimated to be $6,770 [10]. This translated to chronic 

adolescent pain costing $19.5 billion annually, placing the societal cost for chronic pain 

closer to that of Attention Deficit Hyperactivity Disorder, the costliest chronic health 

condition identified in children and adolescents [10]. In another study, approximately 

66% of adult family members of children with AMPS reported lost employment time 

related to the child’s pain [9]. Children with chronic pain have a greater likelihood of 

chronic pain in adulthood, which is one of the costliest medical conditions in Western 

society [9, 11, 12]. These costs could be decreased with faster diagnosis and more 

effective treatments. Therefore, further investigation into the optimal management of 

AMPS will reduce its overall socioeconomic burden.  

 
The standard of care for AMPS is a multimodal approach of self-management including 

cognitive behavioral therapy (CBT), aerobic and neuromuscular exercise, along with 

improving sleep hygiene and family functioning. Effective communication between 

patient and provider is paramount since patients must understand and implement 
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appropriate self-management strategies to achieve optimal outcomes [13]. However, the 

requisite multicomponent treatment regimens are difficult to coordinate, expensive, not 

fully reimbursed by insurance companies, and poorly accepted by many families. One 

study reported that only 54% of families pursued any aspect of the recommended 

treatment plan and cognitive behavioral interventions were pursued by less than 25% of 

the patients [14]. 

 
In addition, despite a lack of direct evidence of improved outcomes, 25% of the children 

with AMPS receive an opioid and 26% experience polypharmacy, with the majority 

receiving 2 to 4 medications on average [15]. Difficulties coordinating, paying for, and 

adhering to these treatment regimens may drive this polypharmacy. In particular poor 

availability of psychological and non-pharmacological services contributes to this trend. 

However, these pharmacologic interventions are not without risks, both the risk of 

iatrogenic injury and unnecessary medical costs [16].  

 
Non-pharmacologic interventions often include self-management interventions, such as 

cognitive behavioral therapy (CBT), aerobic and neuromuscular exercise and improving 

sleep hygiene. The body of evidence regarding these for pediatric amplified pain is still in 

its infancy, with most self-management recommendations founded on clinical experience 

and opinion rather than specific efficacy data [13]. The most robust support exists for 

learning and self-applying cognitive-behavioral pain coping skills [13]. A recent 

Cochrane review found that cognitive-behavioral pain coping skills training has a 

significant, although modest and potentially only short-term, effect in reducing pain and 

disability for youth with chronic musculoskeletal pain [17]. In addition, CBT alone has 
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no significant impact on emotional functioning (i.e. the symptoms of anxiety and 

depression) [17]. Therefore, investigation of alternative strategies for the management of 

AMPS are needed.  

 
Virtual Reality (VR) has been effectively utilized in some situations alleviating pain and 

is therefore a potential non-pharmacologic intervention that could be applied to this group 

of patients. It is a state-of-the-art technology that consists of indispensable elements 

including a computer-generated virtual world, immersion, sensory feedback, and 

interactivity [18]. VR technology was first used in healthcare as an analgesic modality 

applied to attenuate pain perception via distraction during painful medical procedures. 

Hoffman in 2000 was the first to report that VR could alleviate pain perception during 

painful burn care in adolescent patients [19]. This was followed by others studying its 

application for intravenous line placement [20, 21] and in dental procedures [22] in 

children. Over the past two decades, immersive VR has become an effective, safe and 

well-accepted form of distraction for acute painful procedures for children and adults 

alike [23]. A meta-analysis of 16 clinical trials found that VR as a distraction is effective 

in reducing pain during medical procedures mentioned above [24]. Recent neuroimaging 

studies have identified that VR distraction alone significantly reduces subjective pain 

perception and pain-related brain activity in the pain matrix (insula, thalamus and 

secondary somatosensory cortex) with an effect comparable to opioids [25].  

 
These successes make VR an appealing non-pharmacologic intervention for chronic pain, 

but the application of VR to chronic pain treatment has not progressed as quickly, 

perhaps in part due to lack of a complete understanding of the mechanism of VR induced 
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analgesia. It is possible that VR induced analgesia for chronic pain will work differently 

than the widely accepted mechanism in acute pain distraction. The mechanism in chronic 

pain may include ‘dissociation’ of visual and physical stimuli [26] as well as the VR’s 

ability to gradually increase exposures to painful stimuli reducing pain ‘catastrophizing’ 

that is often the hallmark of AMPS patients [27]. Catastrophizing is a cognitive strategy 

and is broadly defined as ‘an exaggerated negative orientation towards actual or 

anticipated pain experiences’ [28].  

 
The first mention of VR as a potential intervention for fibromyalgia appeared in the 

literature in 2010 [26]. Ramachandran observed that chronic leg pain in a 22-year old 

woman diagnosed with fibromyalgia decreased when she was subjected to a mirror 

illusion of both her legs being lifted up from the ground, creating a feeling of 

weightlessness. The authors proposed that it is possible to ‘dissociate’ the sensory 

component of pain from the affective motivational response by means of mirrors, hinting 

at the potential use of VR technology. For the past ten years, use of VR for fibromyalgia 

has increasingly caught the attention of researchers with publication of multiple studies 

[29-32]. At the same time the VR technology has evolved to be more immersive and less 

expensive.  

 
In 2015 Morris provided a preliminary proof that exposing patients with fibromyalgia 

(n=13) to visuals of exercises elicited neurophysiological changes in functional brain 

areas associated with pain catastrophizing, revealing statistically significant differences 

as compared to controls matched on age, race, gender, and socioeconomic status (n=9) 

[33]. This opened up the possibility of objectively identifying and arguably targeting 



 6 

cognitive behavioral strategies like pain catastrophizing in the treatment of fibromyalgia 

by the use of VR exposure therapy similar to its use for phobias of spiders and flying [34-

36].  

 
A research group from Spain published preliminary work on fibromyalgia and VR in a 

series of three studies between 2013 and 2015 [29-31]. The first two were non-controlled 

pilot studies aimed at exploring preliminary efficacy and acceptability of VR as an 

adjunct therapy in fibromyalgia. In the first study, all participants (n=6) achieved 

improvement in functional status, affect and coping skills and the intervention was well 

accepted [29]. The second study (n=40) showed significant increases in general mood 

state, positive emotions, motivation, and self-efficacy [30]. These studies were followed 

by a small randomized controlled trial that became the first controlled study to test the 

use of VR in fibromyalgia in adults [31]. The RCT’s intervention arm included five 

group sessions in a VR environment lasting 20 minutes each delivered twice a week 

compared to routine clinic care. Participants in the VR group (n=31) reported a 

significant reduction in the Fibromyalgia Impact Questionnaire (FIQ) score compared 

with participants in the control condition. In the VR group, the decrease in FIQ from pre-

treatment (mean 61.59, SD 19.91) to post-treatment (mean 42.37, SD 15.68) showed a 

large effect size (Cohen d of 1.07). The control group (n=30) however did not show a 

significant change in the FIQ (pre-treatment mean 60.57, SD 21.38, post-treatment mean 

57.02, SD 17.49, Cohen d 0.18). One of the measures of acceptability in this study was 

reported on a scale of 0-10 (how satisfied are you with the treatment?), which yielded a 

mean of 9.00 (SD 1.08) in the VR group showing high acceptability of this novel 

intervention in fibromyalgia patients [31]. It is noteworthy that these early studies used a 
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large screen to project the images on and were less immersive than the state-of-the-art 

VR employed today. This projector-based VR technology quickly evolved into a head 

mounted device (HMD) in which all the images are relayed in a virtual space.  

 
In 2014 Wiederhold published the first pilot study employing head mounted device 

(HMD) to deliver a 15-minute-long VR session to six adults with chronic pain [37]. All 

participants reported a significant relief in subjective ratings of pain that corresponded to 

objective measurements in peripheral, noninvasive physiological measures (e.g. heart 

rate). The side effects of VR were also reported including general discomfort, fatigue, 

headache, eyestrain, and nausea. Their mean scores were all <1.5 (ranging from 0 to 3 

where 0 = Absent, 3 = Severe) and no serious side effects were observed. 

 
Jones published two pilot studies between 2016 and 2018 using immersive VR relayed 

through HMD for adults with a variety of chronic pain conditions [38, 39]. The first study 

used a single 5-minute VR session as the intervention in 30 adults with HMD Oculus Rift 

DK2 playing application ‘Cool!’. The result was a mean pre-post improvement in pain 

rating on visual analogue scale (VAS) of 1.6 (out of 10). VR was found to be safe (only 

one patient had mild nausea) and engaging (mean immersion score of 8.4 on a scale of 0-

10) [38]. The second study investigated the impact of repeated sessions of the same VR 

application on ten chronic pain patients who underwent three twenty-minute sessions on a 

weekly basis [39]. The VR sessions provided significant pain relief in all treatment 

sessions with an average of a 66% reduction in pain during the VR session and a 45% 

reduction in pain immediately after the session. A decrease in pain was reported to last an 

average of 30 hours after the session. There appeared to be limited, if any, impact of the 
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VR intervention on reduction in chronic pain levels during the study, as measured by the 

pre-intervention pain scores at each visit. There was no significant impact found for the 

VR intervention on depression, anxiety, catastrophizing and sense of control over pain in 

this study. The side effects were minimal to non-existent for almost all participants 

including dizziness, headache and nausea. These pilot studies by both Wiederhold and 

Jones were limited by the lack of a control group and small sample sizes.  

 
A recent systematic review on the effect of interactive VR on pain perception did not find 

any randomized controlled trials in the chronic widespread pain or fibromyalgia 

population [40]. Mean age of participants in this review ranged from 23.9 ± 6.8 years to 

54.9± 11.8 years. Six controlled trials and seven uncontrolled studies were found in a 

variety of chronic pain conditions (including chronic neck pain, phantom limb pain, 

chronic back pain, neuropathic pain, ankylosing spondylitis, post-mastectomy patients, 

sub-acromial impingement syndrome and scapular dyskinesis) with inconclusive results.  

 
Collado-Mateo conducted a successful RCT employing an eight-week intervention of VR 

based physical exercise in women with fibromyalgia, however their endpoint was not 

pain but mobility, balance and fear of falling [32]. The exercise group in this trial was 

significantly quicker than the control group (usual care) in the timed up and go test (mean 

difference -0.71, 95% CI [-1.09, -0.32], p<0.001). There were also significant 

improvements in functional reach and a reduced fear of falling (mean difference 4.32, 

95% CI [1.39, 7.30], p=0.005 and mean difference -9.85, 95% CI [-0.19, -0.08], p=0.048 

respectively). No adverse effects were noted.  
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Intrigued by early but encouraging evidence from the adult literature, we conducted a 

review of literature of VR as an intervention for acute or chronic pain in patients younger 

than 21 years old. Eight RCTs were identified establishing VR as an effective and safe 

distraction tool for acute procedural pain in children and adolescents receiving burn and 

wound dressing change, venipuncture and dental care (Appendix Table 4.1) [20-22, 41-

45]. However, for chronic pain we found only two small single arm studies [46, 47] 

evaluating VR in patients with chronic headaches and reflex sympathetic dystrophy (now 

known as complex regional pain syndrome or CRPS) with a sample size of 10 and 4 

respectively. The literature was wholly absent on the use of VR for diffuse amplified 

musculoskeletal pain in children or adolescents.  

 
Whether immersive VR can be beneficial in producing meaningful improvement in the 

health, wellbeing, and quality of care of children and adolescents with AMPS remains an 

unanswered question. Preliminary research is urgently needed in AMPS population to 

explore this possibility. If immersive VR could be demonstrated to provide analgesia and 

possibly improve function in children and adolescents with AMPS, its implications and 

impact on healthcare would be far-reaching.  

 
The ultimate goal could be conceptualized as studying the impact of VR delivered over 

multiple sessions and collecting cognitive pain measures to evaluate whether there is a 

lasting improvement in pain and function in AMPS patients. Before performing an RCT 

to study the efficacy of VR as an intervention for decreasing pain and increasing function 

in the AMPS population it is beneficial to assess the feasibility and acceptability of VR in 

this population.  
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We proposed this work to answer the question whether a randomized trial using a brief 

immersive VR session is feasible and acceptable in the pediatric AMPS population as 

compared to a control non-immersive modality. We also reported mean change (from 

baseline) in measures of pain including pain intensity, pain catastrophizing and self-

efficacy to manage pain after the sessions.  

 
All contents of this chapter are based on the student’s own experimental results and 

analysis. 
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Chapter 2: Immersive Virtual Reality for Management of Amplified Musculoskeletal 

Pain Syndrome in Adolescents: A Pilot Randomized Controlled Trial 
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2.1 Introduction 

 

About one in four adolescents experiences chronic pain [1], which is defined as recurrent 

or persistent pain for more than three months [2]. Amplified Musculoskeletal Pain 

Syndrome (AMPS) is a pain syndrome with excessive musculoskeletal pain without a 

primary organic etiology [3]. This includes Complex Regional Pain Syndrome (CRPS), 

as well as localized and diffuse amplified musculoskeletal pain syndromes, the latter also 

referred to as Juvenile Fibromyalgia Syndrome (JFS). The prevalence of AMPS in the 

pediatric age group is reported to be as high as 7.5% [6]. While these adolescents suffer 

from chronic pain, they also have higher rates of depression lower quality of life, and 

greater school absenteeism [6, 7, 14]. Moreover, the caregivers of these adolescents 

suffer considerable financial, social, and psychological consequences [1, 6, 7].  

 

The current multimodal approach to the treatment of AMPS includes cognitive 

behavioral therapy, and aerobic and neuromuscular exercise along with improving sleep 

hygiene and family functioning. Implementation of these multicomponent treatment 

regimens is difficult to coordinate, expensive, not fully reimbursed by insurance 

companies, and poorly adhered to by many families [14]. Therefore, investigation of 

alternative strategies for the management of these adolescents is critical.  

 
One potential strategy is to investigate Virtual Reality (VR) as a treatment modality for 

these patients. Virtual Reality is a state-of-the-art technology that consists of elements 

including a computer-generated virtual world, immersion, sensory feedback, and 

interactivity [18]. In the past two decades VR has established itself as an effective, safe, 

and well-accepted form of distraction for acute painful procedures for adults and children 
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alike, including patients receiving burn care, intravenous placements, and dental 

procedures [23, 24, 48]. In adult patients, VR technology has also been successfully 

applied for chronic pain conditions such as neuropathic pain [49] phantom limb pain [50], 

CRPS [51, 52], chronic neck pain [53, 54], and fibromyalgia [26, 27, 29-33, 37-39]. 

However, except for a case series of 4 patients with complex regional pain syndrome 

[47], there are no studies to date that have evaluated the use of immersive VR for chronic 

musculoskeletal pain syndromes in the pediatric or adolescent population.  

 
The primary aim of this randomized controlled pilot trial was to assess the feasibility and 

acceptability of immersive VR in adolescents with AMPS as compared to a non-

immersive control. A secondary aim was to calculate measures of change in pain and 

their variability.  

 

2.2 Methods 

 

2.2.1 Study Design 

 

We conducted an unblinded randomized controlled pilot trial in which participants from 

an academic center and its satellite clinics were randomized to an immersive VR session 

or a non-immersive control arm. The application used for the VR session was ‘Happy 

Place’ (© Mimerse-AB) [55, 56], which was delivered via a stand-alone head mounted 

device (HMD), the Oculus GO (© Facebook Technologies, LLC) [57]. The participants 

in the control group viewed the same application on a non-immersive modality, the iPad 

(Apple Inc. Cupertino CA). In both arms, the intervention lasted for 10 minutes.  

 

2.2.2 Eligibility Criteria 
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The inclusion criteria were: 1) A diagnosis of AMPS (including CRPS or localized or 

diffuse amplified musculoskeletal pain syndrome) as determined by the primary pediatric 

rheumatologist and coded in Electronic Medical Record (EMR) and; 2) age between 13 

years and 17 years old (inclusive) at the time of consent (younger children's heads would 

likely be too small to use the VR headset [58] and 17 is the upper age limit for the 

definition of pediatric population). The exclusion criteria were: 1) an underlying organic 

cause that could explain the pain including inflammatory, infectious, traumatic, or 

malignant etiologies as determined by the primary pediatric rheumatologist; 2) history of 

motion sickness, epilepsy, severe headaches, or other conditions where the use of visual 

exposures to stimuli was contraindicated; 3) inability to report a pain score and/or 

incapacity to give assent due to intellectual deficit; 4) blindness; 5) participant’s inability 

to understand English due to the unavailability of the content of the VR application used 

in this study in languages other than English; and 6) resolution of AMPS defined as no 

musculoskeletal pain for the past three months.  

 

2.2.3 Participant Selection and Recruitment 

 

Participants were recruited from the adolescent AMPS population receiving care at the 

pediatric rheumatology clinic at Tufts Medical Center, Boston, MA, USA and its satellite 

clinics. Participants were identified through EMR using ICD-10 (International Statistical 

Classification of Diseases and Related Health Problems-10) searches within a time period 

of one year prior to the commencement of the trial (EMR search), after which clinic 

interactions (clinic visit) were used to identify patients. ICD-10 codes for AMPS as coded 

in EMR by the participant’s primary pediatric rheumatologist consisted of the following: 

G89.0, G89.4, G90.50, G90.59, G90.511, G90.512, G90.513, G90.519, G90.521, 
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G90.522, G90.523, G90.529, R20.3, R20.8. Screened participants were approached via 

telephone or email to assess eligibility as they were identified. Eligible patients were 

invited to participate in the study via telephone or email as they were identified. Thus, 

patients from both EMR search and clinic visit sources were recruited in the trial 

simultaneously in the order in which they were identified. The setting of the interventions 

was a private clinic room with participants seated on a chair with armrests. The study 

period ran from December 2018 to August 2019. Ethical approval for this trial was 

obtained from the Institutional Board Review of Tufts Medical Center, Boston. A written 

child assent and informed consent were obtained from all eligible participants and their 

parents respectively before participating in the trial.  

 

2.2.4 Randomization and Allocation Concealment 

 

A stratified block randomization with an equal allocation ratio of 1:1 for the intervention 

and control groups was used. The participants were randomly allocated to VR 

(intervention group) or iPad (control group) using a computer-generated random number 

sequence constructed by a biostatistician. The randomization was stratified on the pre-

intervention pain score (VAS<40 and VAS40) in an attempt to distribute pain scores 

evenly across the randomization groups. This was based on the median pain score of 6.5 

(on a visual analogue scale of 0-10) reported in pediatric AMPS population with the 25th 

and 75th percentiles of 4 and 8.5 respectively [4]. This allocation was deployed using a 

standard opaque envelope unveiled to the investigator just prior to the intervention. This 

trial was unblinded to the participants, intervention administrator (SJ), and data analyst 

(SJ).  
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2.2.5 Baseline Assessments 

 
All study procedures in this trial followed the participant seeing their physician for a 

routine clinic visit. The baseline assessment included collecting demographic and clinical 

data on the participants including the type of AMPS (CRPS, localized AMPS, or diffuse 

AMPS), painful areas of the body, duration of onset of AMPS like symptoms, and time 

since AMPS diagnosis. History of active medications, as well as counseling or therapy 

for anxiety, depression, or mood disorder in the last six months was collected. Pain 

measures collected at baseline included pain intensity reported on a Visual Analog Scale 

(VAS) [59], pain catastrophizing reported on Pain Catastrophizing Scale - Children 

(PCS-C) [60]; and self-efficacy to manage pain reported on Self-Efficacy Scale for Child 

Functioning (SES-C) [61].  

 

2.2.6 Interventions 

 
VR application ‘Happy Place’ (© Mimerse) [55, 56] was relayed through Oculus GO (© 

Facebook Technologies, LLC) [57] in the intervention group. Oculus GO is a consumer 

grade, stand-alone head mounted device (HMD), which was used with earphones in this 

study. The HMD is placed on the head of the user, blocking off the surrounding 

environment. The visuals are relayed through the HMD in a virtual space. ‘Happy Place’ 

is a publicly available application for pain and incorporates the critical elements of VR, 

namely immersion and interactivity. The scene is a serene lakeside campground with 

guided relaxation and soothing music. Approximately 50 ‘gaze objects’ are placed around 

a scene and gazing at them triggers an event (e.g. gazing at the radio will play a song). 

The entire duration of the experience was kept at 10 minutes based on previous studies 
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using immersive VR for chronic pain in the adult population [37, 38, 62] and the mean 

duration of use of Happy Place in the chronic pain population reported by the developers 

[56]. The participants in the control group viewed the 2D version of ‘Happy Place’ on an 

iPad (Apple Inc. Cupertino CA) with earphones. It delivered the same content for the 

same duration but differed from the intervention group in two ways: first, lack of an 

immersive environment, and second, lack of interactivity with the environment.  

 
The choice of the intervention was based on a search of publicly and commercially 

available VR applications and most of them were found unfit for the adolescent 

population with AMPS. Some of the reasons were being non-immersive (projector-based 

VR), posing a risk of creating negative emotions such as over-stimulation, nausea, or a 

sense of failure, and finally being hard to learn, requiring an elaborate setup (hand, head 

trackers) or complex interactions not likely tolerated by an adolescent in pain. We found 

Happy Place to be the only publicly available application with an explicit intent to be 

used for chronic pain patients suitable for this trial [55]. 

 

2.2.7 Outcome Measures 

 
Screened patients included AMPS patients identified using EMR search or through clinic 

interactions using ICD-10 codes (Figure 2.1). Screened participants were approached via 

telephone or email to assess eligibility. Eligible patients consisted of screened patients 

who met the eligibility criteria. Eligible patients were invited to participate in the study 

using telephone or email. Recruited participants were defined as patients who consented 

and participated in the study procedures.  
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Assessing feasibility and acceptability of immersive VR in adolescents with AMPS was 

the primary aim of this pilot trial. The primary outcome for feasibility was recruitment 

rate, which was defined as the proportion of screened patients who consented for the trial 

within the study period from December 2018 to August 2019 (Figure 2.1). 

 
Eligibility rate was defined as the proportion of screened patients who met the eligibility 

criteria. Consent rate was defined as the proportion of approached eligible patients who 

consented to participate in the study. As a secondary outcome of feasibility, participant 

follow-up response rate was measured, defined as the completion of pain measures 

questionnaires on day 2 after the study visit.   

 
A questionnaire (Appendix Figure 4.2) was administered to both participants and parents 

immediately after the study session to assess the acceptability of the intervention and 

control modalities. Questions assessing acceptability included immersion score, fun score 

and real score. These were measured on a 0-100 scale representing how immersive, fun 

or real was the experience with ‘Happy Place’, with higher scores indicating a more 

immersive, fun, and real experience. Prior use of VR, iPad, and ‘Happy Place’ was 

assessed as a yes/no variable. Severity of side effects experienced during interventions 

including dizziness, nausea and headache was analyzed as none (0), mild (1-30) or 

moderate (>30) on a scale of 0-100. Finally, open-ended questions assessed the 

preferences of participants about their VR or iPad experience, their suggestions for 

improvement, and willingness to try it in the future.  
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Figure 2.1: Recruitment Scheme and Definition of Recruitment Rates  

 

 
 

 

A secondary aim was to calculate measures of change in pain and their variability. The 

pain measures collected in this study were: pain intensity reported on a Visual Analog 

Scale (VAS) [59], pain catastrophizing reported on Pain Catastrophizing Scale - Children 

(PCS-C) [60]; and self-efficacy to manage pain reported on Self-Efficacy Scale for Child 

Functioning (SES-C) [61]. These measures were collected immediately prior to the 

session, immediately after the session, and 2 days after the session. The scales used are 

briefly described below.  

 
Visual Analog Scale (VAS): A sliding scale of 0 (labeled “no pain”) to 100 (labeled 

“pain as bad as it could possibly be”) was employed in REDCap [63, 64] to measure pain 

intensity. The VAS score is determined by the point that the participant chooses on this 

scale, which could be any integer from 0 to 100 [59].  

 

Pain Catastrophizing Scale-Children (PCS-C): The PCS-C [60] is an adaptation of the 

Pain Catastrophizing Scale [28] with established construct and predictive validity in 8-16 
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year old participants [65, 66]. It is a self-report measure which includes 13 items about 

the thoughts and feelings experienced when a child is in pain. Respondents use a 5-point 

rating scale (where 0 = never to 4 = always), to indicate how often they experience each 

thought or feeling. Possible scores range from 0-52. Higher score represents worse 

outcome.  

 

Self-Efficacy Scale for Child Functioning (SES-C): The SES-C is a reliable and validated 

self-efficacy measure for children 9–18 years of age with chronic pain. The child version 

has established psychometric properties, excellent reliability, and strong evidence for 

construct validity [61]. It consists of 7 Likert scale questions with a range from very sure 

(=1) to very unsure (=5). Scores range from 7 to 35, with lower scores reflecting greater 

self-efficacy to manage pain. Participants entered their own data using the REDCap 

software [63, 64].  

 

2.2.8 Sample Size  

 

The sample size was based on an approximate estimate of how many participants the 

investigators could practically enroll within the timeframe of this study of 9 months 

(December 2018 to August 2019). Based on the previous year’s established AMPS 

patient pool and referral pattern, approximately 90 AMPS patients were anticipated to be 

available for screening. A sample of 30 was thought to be feasible to recruit as we 

estimated that the recruitment rate would be around 30%, i.e., 30 of the 90 screened 

patients would be eligible and consent to the study within the study period.  

 

2.2.9 Data Analysis 
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All analyses were descriptive. Number of patients identified as screened, eligible and 

recruited during the course of the trial were calculated. The baseline demographics and 

clinical characteristics of the two groups were described including type, duration of 

AMPS symptoms, time since diagnosis, active medications, and psychological co-

morbidities. The primary feasibility outcome was calculated as the recruitment rate, 

which was defined as proportion of screened patients who consented to the trial within 

the study period. Completion rate of the online survey at day 2 after the study was also 

calculated. Means and SD were used to report the results for continuous variables while 

frequencies and percentages were used to describe categorical variables. The likes and 

dislikes about participant’s experience with VR or iPad; and suggestions for 

improvement for the future was reported as narrative data and analyzed using word 

clouds [67]. Data was exported into R Studio for analysis (R version 3.5.1 © 2009-2018 

RStudio, Inc.) [68] .  

 

2.3 Results 

 

A total of 92 adolescents with ICD-10 diagnosis of AMPS were identified (Figure 2.2). 

These included 61 patients identified through EMR search using ICD-10 codes for AMPS 

and 31 identified through clinic visits. Patients from both these sources were screened for 

eligibility and invited for consent in the order in which they were identified. Out of the 61 

screened through EMR, 34 were found eligible and the first 19 were invited for consent 

out of which 17 consented. Of the 31 screened through clinic visit, 20 were found eligible 

and the first 14 invited for consent out of which 13 consented. Target recruitment was 
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met in the stipulated 9 month-period when 30 (91%) of the first 33 approached 

participants consented.  

 

Out of the 30 participants recruited for the trial, 16 were randomized to the VR group and 

14 to the control group. All 30 participants successfully completed the interventions. The 

mean age of the participants was 15.6 years, 83.3% were female and 73.3% Caucasian 

(Table 2.1). The mean duration since onset of musculoskeletal pain was 4.0 years and the 

mean duration since diagnosis of AMPS made by a physician was 3.0 years, translating 

into an average diagnostic delay of about one year in this sample.  

 

This is a pilot trial and the number of participants were small, accounting for some of the 

baseline imbalances seen in the two groups in Table 2.1. Although VR and control groups 

were largely similar in terms of their demographic and clinical parameters, a higher 

proportion of VR group participants appeared to suffer from diffuse AMPS (56.3% 

versus 31.3 %) and depression (43.8% versus 28.6%) as compared to the control group. 

 

2.3.1 Feasibility Outcomes 

 

The recruitment rate was 32.6% as 30 of the 92 screened patients consented to participate 

during the 9 months of trial duration. This was very close to the expected recruitment rate 

of 30.0%. Fifty-four (58.7%) of the screened patients were found eligible. The consent 

rate was 90.9% as 30 of the 33 patients approached consented to participate in the study. 

The response rate for completion of questionnaires was 100% in both groups on the study 

day and 31%  in VR group and 57%  in the control group on follow-up day 2. 

 

2.3.2 Acceptability Outcomes 
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In the VR group, 43.8% participants reported no prior use of VR and 35.7% of the 

controls were naïve to using an iPad. All 30 participants successfully completed the 

interventions and provided pain measures before and after the intervention. No technical 

difficulties were encountered with the study equipment and application. Both VR and 

control interventions were well tolerated.  

 

Most participants reported no or mild side effects (Table 2.2). In the VR group, 13 out of 

16 (81.3%) participants had no or mild dizziness, 14 out of 16 (87.5%) had no or mild 

nausea and 12 out of 16 (75.0%) had no or mild headache. In the control group, 13 out of 

14 (92.9%) participants had no or mild dizziness, 12 out of 14 (85.7%) had no or mild 

nausea and 12 out of 14 (85.7%) had no or mild headache. 

 

VR group reported higher immersion score (mean 70.1, SD 20.1 versus mean 65.1, SD 

27.2), higher fun score (mean 73.4, SD 26.7 versus 69.8, SD 22.4) and higher real scores 

(mean 54.1, SD 8.7 versus mean 49.4, SD 31.2) than controls. Overall 67% of 

participants, 93% of parents and 67% of participant-parent pairs expressed willingness to 

participate in multiple VR sessions in clinic in the future. All the parents of the 

participants who expressed this willingness were in agreement with their child.  

Participant responses to open-ended questions about the nature of the experience of the 

relaxation session are summarized as word clouds for both groups (Figure 2.3). 

Participants in the VR group used ‘liked’, ‘relaxed’ and ‘happy’ to describe their 

experience while those in the control group used ‘calm’, ‘relaxed’ and ‘liked’.  
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Figure 2.2: CONSORT Flow Diagram 
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Table 2.1: Participant Characteristics 

 
Participant Characteristics VR group 

(n=16) 

Controls 

(n=14) 

   

Age in years, (mean (SD)) 15.7 (1.1) 15.4 (1.5) 

Gender, female (n (%)) 13 (81.2)  12 (85.7)  

Race (n (%))         

   African American 1 ( 6.2)  1 ( 7.1)  

   Caucasian  12 (75.0)  10 (71.4)  

   More than one race 3 (18.8)  3 (21.4)  

Ethnicity (n (%))   

Hispanic ethnicity (n (%)) 3 (18.8)  5 (35.7)  

Time since onset of pain in years (mean (SD)) 3.8 (4.3) 4.3 (3.5) 

Time since diagnosis in years, (mean (SD)) 3.4 (4.5) 2.7 (3.6) 

Type of pain (n (%))    

   Diffuse 9 (56.3) 6 (42.9)  

   Localized 5 ( 31.3) 7 (50.0) 

   Diffuse with CRPS*  1 ( 6.3) 0 ( 0.0)  

   Localized with CRPS* 1 ( 6.3) 1 ( 7.2) 

Naive to the technology used as intervention (n 

(%)) 

7 (43.8) 5 (35.7) 

Concomitant psychological comorbidities   

   Depression (n (%)) 7 (43.8)   4 (28.6)  

   Anxiety disorder (n (%)) 9 (56.2)  8 (57.1)  

   Mood disorder (n (%)) 1 ( 6.2)  2 (14.3)  

Active medications    

   Neuropathic medications (n (%)) 6 (37.5)  7 (50.0)  

   Anti-depressants (n (%)) 7 (43.8)  6 (42.9)  

   NSAIDs (n (%)) 9 (56.2)  10 (71.4)  

   

*CRPS: Complex Regional Pain Syndrome 

SD: Standard Deviation  

 
Most of the participants who were in the VR group liked the experience for its outdoor 

setting in a natural environment with specific comments on liking the clouds, rain, sky, 

animals, and campfire. Many commented that ‘Happy Place’ helped by distracting them 

from pain and  changing the focus to the environment and breath. Participants liked the 
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interactive component where a variety of stimuli was available and gazing at an object 

triggered a response. 

 
Table 2.2: Side Effects 

Side Effects 

 

N (%) N (%) 

 VR (n=16) Controls (n=14) 

   

Dizziness*   

   None (0) 7 (43.6) 6 (42.9) 

   Mild (<=30) 6 (37.5) 7 (50.0) 

   Moderate (>30) 3 (18.8) 1 (7.4) 

   

Nausea*   

   None (0) 11 (68.8) 8 (57.1) 

   Mild (<=30) 3 (18.8) 4 (28.6) 

   Moderate (>30) 2 (12.5) 2 (14.2) 

   

Headache*   

   None (0) 8 (50.0) 6 (42.9) 

   Mild (<=30) 4 (25.0) 6 (42.9) 

   Moderate (>30) 4 (25.0) 2 (14.9) 

   

*Scale 0-100 

 

Almost all participants described their experience as being ‘calming’, ‘relaxing’, 

‘beautiful’, ‘soothing’, or ‘peaceful’. A participant in the VR group commented, “it made 

me feel like I was in another world and I was at peace, when I came out of the happy 

place, I forgot about the pain I was in”. Another participant wrote “it was a great 

distraction from my pain... it successfully got my mind off the topic and it allowed me to 

relax”. A third participant wrote “I was in control of what I wanted to move or do”.  
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Figure 2.3: Participant Experience Word Clouds for VR (top) and iPad (bottom) 
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Most participants in the VR group did not dislike anything about their experience. Two 

participants did not like the headgear and found it to be ‘pressing on the forehead’ and 

‘uncomfortable’. Another two commented specifically on disliking the flies coming at 

them. Three participants found the experience to not have ‘enough stimuli or options’, 

‘being repetitive’, and ‘boring at the end’. Most participants in the VR group did not want 

to change anything about their experience. Some wanted a longer experience with the 

animation being more realistic, less animated, and less repetitive. Few commented on 

changing the setting of the experience to a more peaceful environment (instead of the 

clinic) or on a lounged type chair. Another few commented on making the narration more 

calming and the sounds customizable. Most parents felt their child looked relaxed, feeling 

better, and calm after the VR session.  

 
Almost all participants in the iPad group described their experience as ‘calming’ and 

‘relaxing’ as well in addition to ‘cool’, ‘enjoyed’, ‘peaceful’, ‘fun’ and ‘soothing’. A few 

commented on liking the narration for its soothing quality and providing the guidance for 

breathing. Majority of the participants liked being in a different world, “on vacation’, 

‘escaping to Happy Place’, ‘feeling safe’, and ‘having to not do anything’. Few 

commented on liking the natural setting and sounds especially animals, and few 

described it as being realistic. 

 
Many participants in the iPad group did not like the graphics and described them as 

‘fake’, ‘cartoon like’ and ‘like a YouTube video’. Some specifically mentioned the boat 

horn and campfire noise to be unpleasant, the voice in the beginning to be ‘weird 

sounding’. One participant did not like having to move around the screen a lot. Few 
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participants in this group were distracted by the surrounding noises in the clinic and the 

fact that they were with their parents in a room, instead preferring to be entirely alone and 

to focus on the breathing. Few did not like that they could not walk or move around. The 

majority of the participants in this group wanted a more realistic, immersive, and 

interactive experience with better graphics, larger screen, and an option to move or walk 

around. One participant wanted the experience without any people in the room.  

 

Parents of the participants in the iPad group had mixed feedback. Some commented about 

their child’s experience being relaxing. One parent commented that it to be an ‘OK 

experience’ and another ‘not the right experience’ for their child. One parent wanted to 

try ‘Happy Place’ a few times a week online or close to home. Another wanted a 

demonstration of this experience given to the parents before the child. 

 

2.3.3 Measures of Change in Pain  

 

The mean pain intensity reduction after treatment was 14.9 (95% CI -22.9, -6.9) in the 

VR group and 9.6 (95% CI -14.3, -4.9) in the control group on a visual analog scale of 0-

100 (Table 2.3, Appendix Figure 4.3). A total of 11 (69%) participants in the VR group 

achieved a clinically meaningful pain response of 10 mm versus 8 (57%) controls. In a 

stratified analysis including only the participants with a pre-intervention pain score of 

40, the mean pain reduction in the VR group (n=12) was 16.8 (95% CI -25.8, -7.8) 

versus 9.4 (95% CI -15.3, -3.4) in the controls (n=10) (Appendix Table 4.2 and Figure 

4.3). In participants with a pre-intervention pain score of <40, the mean pain reduction in 

the VR group (n=4) was 9.3 (95% CI -27.7, 9.2) versus 10.3 (95% CI -18.3, -2.2) in the 

controls (n=4) (Appendix Table 4.3 and Figure 4.3). Pain catastrophizing decreased in 
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both groups after the interventions (Table 2.3) with a mean reduction of 2.5 (95% CI -4.7, 

0.3) in the VR group and 3.4 (95% CI -6.9, 0.0) in the control group. Interestingly self-

efficacy to manage pain also showed a reducing trend from pre to post interventions in 

both groups by a mean of 0.8 (95% CI -1.4, -0.1) in the VR group and 2.7 (95% -5.2, -

0.2) in the control group.  

 

Table 2.3: Results of Secondary Outcomes 

 

Results of Secondary Outcomes    

   

Outcome VR (n=16) Controls (n=14) 

   

Pain Intensity (VAS*) (mm)   

   Pre-intervention (mean (SD)) 57.1 (19.9) 45.6 (19.6) 

   Post-intervention (mean (SD)) 42.1 (24.3) 36.0 (20.6) 

   Difference (mean (95% CI)) -14.9 (-22.9, -6.9) -9.6 (-14.3, -4.9) 

   

Pain Catastrophizing (PSC-C**)   

   Pre-intervention (mean (SD)) 44.0 (12.0) 37.9 (13.9) 

   Post-intervention (mean (SD)) 41.5 (12.0) 34.5 (13.4) 

   Difference (mean (95% CI)) -2.5 (-4.7, -0.3) -3.4 (-6.9, 0.0) 

   

Self-efficacy to manage pain (SES-C***)   

   Pre-intervention (mean (SD)) 23.6 (5.9) 20.2 (5.9) 

   Post-intervention (mean (SD)) 22.9 (5.7) 17.5 (7.0) 

   Difference (mean (95% CI)) -0.8 (-1.4, -0.1) -2.7 (-5.2, -0.2) 

   

*VAS: Visual Analogue Scale (0-100) 

**PCS-C: Pain Catastrophizing Scale- Child (0-52) 

***SES-C: Self-Efficacy Scale-Child (7-35) 

 

2.4 Discussion 

 
This pilot trial is the first randomized controlled study to examine the use of immersive 

VR as a novel non-pharmacologic intervention in adolescents with AMPS. It reported the 

feasibility and acceptability of immersive VR in the adolescent AMPS population as 
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compared to a non-immersive control to provide information for a future definitive 

randomized controlled trial. It met its primary feasibility outcome achieving a recruitment 

rate of 32.6% (proportion of screened patients who consented for the trial within the 

study period), which is encouraging for planning the future trial.  

 

With the exception of a case series of four patients with CRPS [47], there is no current 

literature available for the use of immersive VR for chronic pain in the pediatric 

population. This is supported by a recent systematic review of 58 RCTs for treatment of 

chronic pain in children that did not identify any studies on VR [69]. Furthermore, a 

recent meta-analysis on VR distraction for reducing pain identified seven controlled 

studies for acute experimental and clinical pain in children but did not identify any 

studies for its use in chronic pain [23]. However, the successful completion of these trials 

coupled with a high participant satisfaction [20, 21] and no adverse events [20, 21, 42] 

suggests that application of VR is feasible and acceptable in the pediatric population. The 

lack of literature on the use of VR for pediatric chronic pain also contrasts with the 

emerging evidence of its use for chronic pain in adult patients. A recent systematic 

review largely consisting of adult patients identified six successfully completed 

controlled trials for a variety of chronic pain conditions [40], however fibromyalgia was 

not one of them.  

 

There are no controlled studies in patients with AMPS or fibromyalgia using immersive 

VR for pain management to compare our results. We compared our study with a single 

arm study of immersive VR in adult patients with a variety of chronic pain disorders. In 

this study 30 adults received five minutes of immersive VR and had a mean pain 
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reduction of 1.6 on VAS of 0-10 [38]. The mean pain reduction in our study was 14.9 in 

the VR group on a VAS of 0-100. 

 

It remains unclear why immersive VR would be associated with acute or chronic pain 

relief. In addition to distraction, which is the most well understood mechanism of action 

of immersive VR for acute pain, other mechanisms of analgesia have been hypothesized 

for its use for chronic pain. These hypothesized mechanisms include self-control over 

pain [46, 70], targeting catastrophizing via exposure [27, 33], mirror visual feedback [26, 

51], and promoting motivation for movement and positive emotions [29-31]. 

 
Further study of clinically relevant mechanisms of action can inform the choice of an 

optimal VR intervention for future studies in chronic pain patients [71, 72]. For example, 

if underlying mechanism is distraction then VR should be made sufficiently immersive 

[73]; if it is self-control over pain then applications designed to enhance self-efficacy to 

manage pain (similar to those used by Loreto-Quizada et al. [70]) should be developed; if 

it is pain catastrophizing then VR’s ability to gradually increase exposures to painful 

stimuli should be targeted; if it is moderation of pain signaling pathways through positive 

emotions then active cognitive engagement including haptic, aural, and visual senses with 

guided experiences may need to be explored as a potential VR-based intervention [71, 

74]. 

 
Although the research exploring these neurobiological bases of immersive VR and their 

relationship with chronic pain is still in its infancy, the number of studies are increasing 

in recent years [72]. In the future, results from such mechanistic research can be 

conceived to inform not only the choice of VR intervention but also determining the 
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necessary dose (number of sessions and duration of sessions) to have an enduring effect 

on chronic pain. 

 

Insights gained from this pilot trial can be used to inform the future definitive trial. 

Although this pilot trial met its primary feasibility endpoint, a concerning finding was the 

low response rate of the day-2 follow up survey. This could be a potential barrier to the 

conduct of a larger trial testing efficacy of VR for medium- or long-term pain relief. A 

potential reason could be the time sensitive nature of the email-based survey, which could 

be answered only in a window period of 24 hours after the email was received. The 

response rates were low in both groups (31% in VR and 57% in control group) and lead 

to the conclusion that email based surveys may not be the optimal method of outcome 

ascertainment in the future trial. Alternative approaches to increase the retention could be 

use of telephone or text-messages for non/delayed response, smartphone-based surveys 

and/or provision of a minor incentive for completing the survey. Brainstorming and 

potentially testing these remedies in a ‘run-in phase’ against the low response rate of day-

2 follow up survey is critical before the future definitive trial could be conducted. 

Furthermore, engaging stakeholders including but not limited to AMPS patients, parents, 

pediatric rheumatologists, VR researches and VR developers can inform and help 

develop the research protocol leading to better response rates. As an alternate strategy, 

the sample size could be increased to allow for sufficient response at distal time points. 

 
Depression is commonly seen in adolescents with AMPS [6, 7] and the present study 

included participants with and without coexisting depression. Out of the 16 participants 

who received the VR intervention, the mean pain reduction was 7.4 (95% CI -16.7, 1.8) 
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in those with depression (n=7) as compared to 20.8 (95% CI -32.0, -9.5) in those without 

depression (n=9). Albeit the small numbers in this study, it is conceivable that coexisting 

depression may act an effect modifier of the VR-pain association and such an interaction 

if found should be reported in the future trial.  

 
Whether VR might have an effect on depression as an outcome in addition to pain in 

adolescents with AMPS remains to be seen in future long-term studies. Loss of self-

efficacy is a finding common in patients with both depression and those with AMPS  

[75]. If VR works by enhancing self-efficacy then it can be a lucrative option for treating 

adolescents with AMPS and coexisting depression. There is emerging evidence that 

depression could also be targeted using VR based environments [76].  

 
Coexisting depression could be thought to be associated with poor retention. However, in 

this study out of the 17 participants who did not respond to the day-2 survey, less than a 

third (n=5) reported coexisting depression; and of the 13 participants who did respond, 

nearly half (n=6) were depressed. This said, the depression was self-reported by the 

participants and their parents based on the current use of anti-depressants or 

psychotherapy in this study. To ascertain the presence of depression future studies should 

consider adding a depression screener.  

 
The eligibility rate defined as the proportion of screened patients (those with AMPS ICD-

10 codes) who met the eligibility criteria was 58.7%. Most exclusions occurred due to 

unclear/alternate diagnosis (n=10), not meeting the age cut-off (n=11) and resolution of 

AMPS pain (n=7). Relaxing the upper age limited from 17 to 21 for inclusion in the trial 

was discussed as a potential strategy to enhance recruitment for the future trial.  
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Among the dual recruitment strategies utilized in this trial, clinic referrals appeared to be 

high yield as compared to EMR searches in terms of identifying eligible patients (64.5% 

compared to 55.7%). One of the reasons explaining this difference is that clinic referrals 

invariably identified newly diagnosed AMPS patients as opposed to EMR searches which 

were previously established patients, who might no longer have AMPS or might have 

grown older than 17 years of age. Both strategies fared equally in terms of consent rate 

(92.8% with clinic referrals and 89.5% with EMR searches).  

 

Although our numbers were small, it is possible that those with a higher pre-intervention 

pain score (VAS40) may be more likely to benefit from VR than those with a lower pre-

intervention pain score (VAS<40). The mean pain intensity reduction after treatment was 

16.8 (95% CI -25.8, -7.8) for the active pain stratum with a pre-intervention pain score of 

40 (n=12) versus 9.3 (95% CI -27.7, 9.2) for the inactive stratum with a pre-intervention 

pain score of <40 (n=4). A recent RCT of immersive VR in adult patients have used an 

average pain score of ≥3 out of 10 during the 24 hours preceding patient screening as an 

inclusion criterion [77]. Wiederhold’s single arm study of immersive VR in six chronic 

pain patients included those daily average pain intensity score of 4 on a visual analogue 

scale (VAS) of 0-10 [37]. Moderate to severe pain in the pediatric population has been 

described as 4 on a VAS of 0-10 [42, 78, 79]. Thus, a preferential inclusion of AMPS 

patients with a higher pre-intervention pain score might be suitable for a future trial. It is 

also important as AMPS patients with a higher pain score are in the most need of 

treatment. The common pooled standard deviation around the difference in mean pain 
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response was 13.0 mm in the active stratum, which can be used to perform a sample size 

calculation for the future definitive trial.   

 

A surprising finding in this study was the trend of self-efficacy to manage pain, which 

seemed to decrease in the both groups post-intervention. The mean decrease in self-

efficacy seemed larger in the control group (mean -2.7, 95% CI -5.2, -0.2) than the VR 

group (mean -0.8, 95% CI -1.4, -0.1). Although the number of participants is too small to 

infer any conclusions, this trend is conflicting with the available literature on the effect of 

VR on self-efficacy to manage pain. For example, in a study involving healthy adult 

patients, Quizada et al., compared cognitive pain measures in two separate VR groups: 

distraction arm and pain control arm. The latter gave the user the ability to transition from 

visuals representing feelings of pain to visuals representing feelings of calm, comfort and 

happiness. The participants in the pain control arm showed greater self-efficacy in 

controlling pain and less catastrophism than the ones in the distraction arm [70]. Further 

research is needed on the effect of VR on self-efficacy. 

 

Although, participants from both immersive VR and non-immersive iPad provided 

favorable feedback, there were a few dissimilarities in the two groups. Firstly, the VR 

group appeared to have a slightly higher mean immersion score (73.4 versus 69.8), mean 

fun score (73.4 versus 69.8) and mean real score (54.1 versus 49.4) than the iPad group. 

Although no statistical comparisons were made between these scores in two groups 

owing to the low sample size and power, the novel VR application seemed at least as 

acceptable as an iPad to adolescents with AMPS. Secondly, many participants in VR 

group used the words ‘distraction from pain’ and ‘relaxing’ together while describing 
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their experience and others specifically commented that the VR application helped by 

distracting them from pain and changing the focus to the environment and breathing. 

 
Thirdly, a majority of the participants trying VR commented favorably on the interactive 

component of the application where a variety of stimuli was available and gazing at an 

object triggered a response. In fact, three participants wished the experience had ‘more 

stimuli or options’ and was ‘less repetitive’. In the future, efforts should be made to 

ensure that the immersive VR displays continue to be sufficiently complex, novel, and 

interactive to maximize the active distraction.  

 

We used a two-arm trial design in this pilot but for the future trial, adding a third arm 

representing non-intervention control such as usual care (e.g. a clinic visit) in addition to 

an active control like iPad might be clinically more meaningful. This will provide us a 

direct comparison between a novel intervention for AMPS against a non-immersive 

control but also the standard of care. It is also important because we believe that the iPad 

in our study served as an ‘active’ control and was associated with some pain response. 

 
While this trial was underway Birckhead et al. published a methodological framework 

recommending the three phases of VR clinical study designs [80]. The authors suggested 

that the first-tier studies (designated as VR1 trials) should focus on content development 

by working with patients and non-patient end users such as clinical experts, treating 

providers and other staff members through the principles of human-centered design. This 

element was missing from our study. Thereafter, VR2 trials should conduct early testing 

with a focus on feasibility, acceptability, tolerability, and initial clinical efficacy. Thus, 

the design of the present study resonates most closely with a VR2 trial. Finally, VR3 
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trials should be randomized, controlled studies that evaluate efficacy against a control 

condition.  

 

This trial has potential limitations. The choice of the content (‘Happy Place’) was based 

on availability and not the values and preferences of adolescents with AMPS. Another 

limitation is that the participants, intervention administrator (SJ), and data analyst (SJ) 

were unblinded to the intervention. Given the nature of the interventions blinding was 

challenging in this trial. We attempted to minimize the expectation bias by introducing 

the study to the participants as a comparison of two audio-visual relaxation techniques, 

without using the terms ‘Virtual Reality’ or ‘iPad’. The participants therefore did not 

know the modality used in the other group and whether they were in the intervention or 

control group. We found the study participants and parents amenable to our presenting 

information in the above manner during informed consent. By using electronic data 

capture, where the participants directly entered data into REDCap, we were able to 

minimize data entry errors as well as any investigator bias in ascertaining the outcomes. 

Yet another limitation is that although self-reported pain scores are accepted as the best 

measures of pain, they still remain subjective outcomes. Finally, since the interventions 

were limited to a one time 10-minute session, we could comment only on the potential of 

immersive VR as a modality for transient analgesia immediately after its use. Whether 

multiple sessions of immersive VR could have a long-lasting impact on pain in AMPS 

remains to be studied. In addition, given the poor response rate of the day-2 follow up 

survey we are unable to reliably estimate any change in the pain measures from pre-

intervention to two days after the intervention.   
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The key strength of this study is that it is the first randomized controlled trial to examine 

immersive VR as a novel non-pharmacologic intervention for adolescents with AMPS. In 

addition to investigating VR, the control modality of 2D iPad in this study let us assess 

the feasibility and acceptability of a non-immersive control arm in preparation for a 

future RCT of immersive VR in the AMPS population.  

 

As the next step, a well-powered randomized controlled trial should be designed to test 

the hypothesis of whether immersive VR is associated with a clinically significant pain 

response in adolescents with AMPS in the immediate period as well as the effect of 

multiple sessions for a sustained pain relief or gain in function as compared to a non-

immersive control. The insights gained in this pilot can help inform the study design and 

power calculation of the RCT. 

 
If VR is proven to reduce pain in adolescents with AMPS, it could have far-reaching 

implications in a variety of settings. It might provide transient analgesia during the 

initiation of typically painful desensitization physical therapy and provide another 

treatment option for non-responders to standard of care. The use of VR could reduce 

health care costs if adolescents are able to self-manage pain in their home environment 

using immersion without the requirement of the presence of a health care professional. It 

can lead to an expanded use in other settings, such as emergency rooms where it can help 

avoid potentially harmful polypharmacy including the use of opioids. If adolescents with 

AMPS find success using VR, it may have the potential to become a major advance in 

chronic pain management.  
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2.5 Conclusion 

 

We found that a randomized trial of immersive VR versus a non-immersive control as an 

intervention for chronic musculoskeletal pain management in adolescents with AMPS is 

feasible and targeted recruitment rates can be achieved. The immersive VR intervention 

was found to be safe and well-accepted. Most participants and parents expressed 

willingness to participate in multiple sessions in the future. These findings warrant a 

future well-powered randomized controlled trial to test the efficacy of this intervention. 

 
All contents, tables and figures in this chapter are based on the student’s own 

experimental results and analysis. 
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Chapter 3: Discussion 

We report the first randomized controlled study to examine the use of immersive VR as a 

novel non-pharmacologic intervention in adolescents with AMPS. We found that a future 

definitive RCT of immersive VR as compared to a non-immersive control (iPad) is 

feasible and acceptable in the adolescent AMPS population. The primary feasibility 

outcome was achieved with a recruitment rate of 32.6% (defined as the proportion of 

screened patients who were eligible and consented for the trial within a period of 9 

months). This was very close to the a-priori estimate of 30.0%. Enrolling 3-4 AMPS 

patients per month was found to be a realistic recruitment goal at our institution. 

Participant enrollment was completed on time after achieving the target recruitment rate 

within the stipulated period of 9 months. A majority of adolescent-parent pairs expressed 

willingness to participate in multiple sessions in future. This is encouraging for planning 

the future adequately powered trial to determine the efficacy of immersive VR for 

management of AMPS.  

This trial is innovative because it explored a novel non-pharmacological intervention for 

adolescent with AMPS. With the exception of a case series of four patients with CRPS 

(complex regional pain syndrome) [47], there is no current literature available for the use 

of immersive VR for chronic musculoskeletal pain in the pediatric population. A recent 

systematic review of 58 RCTs for chronic pain in children reported a variety of 

pharmacologic and non-pharmacologic interventions but did not find any studies on VR 

[69]. This contrasts with the rapidly emerging evidence from randomized controlled trials 

on the use of immersive VR for acute painful procedures in the pediatric population. A 
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recent meta-analysis published on the effectiveness of VR distraction for reducing pain 

identified seven controlled studies for acute experimental and clinical pain in children but 

did not identify any studies for its use in chronic pain in children [23]. These trials were 

successfully completed and reported encouraging results for acceptability of VR in 

children with high participant satisfaction [20, 21] and no adverse events [20, 21, 42]. 

However, they enrolled otherwise healthy pediatric patients using VR for acute painful 

procedures and may not be generalizable to the chronic pain pediatric population. The 

lack of literature on pediatric chronic pain and VR also contrasts with the emerging 

evidence of the use of VR for chronic pain in adult patients as described by a recent 

systematic review identifying six successfully completed controlled trials for a variety of 

chronic pain conditions [40].  

 
We compared our study with a single arm study of immersive VR in adult patients with a 

variety of chronic pain disorders. In this study 30 adults received five minutes of 

immersive VR and had a mean pain reduction of 1.6 on VAS of 0-10 [38]. The mean pain 

reduction in our study was 14.9 in the VR group on a VAS of 0-100.  

 
However, it remains unclear why immersive VR would be associated with acute or 

chronic pain relief. The first use of immersive VR was in adolescent burns patients in 

1996 [19], but the first publication on the neurobiology of pain mechanism affected by 

VR appeared in 2008 [74]. Our understanding of the potential mechanism of analgesia 

produced by VR has been quoted by multiple authors as key to its utilization for chronic 

pain [23, 48, 71, 73] but the research around the mechanistic question of how immersive 

VR alters chronic pain perception is still in its infancy. An understanding of why VR 
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might work for adolescents with AMPS remains crucial for the justification of future 

studies and also development of strategies for determining the necessary dose (number of 

sessions and duration of sessions) to have an enduring effect. 

 
Of the described mechanism of action on pain, active distraction stands out as the 

relatively well studied in the field of acute procedural pain management [73]. Immersive 

VR is thought to be more effective than traditional methods of distraction because of the 

qualities of immersion and presence. Immersion is an objective term that describes the 

amount of sensory input the VR system creates. Presence is a subjective value of the 

illusion one experiences when using the system. While separate values, an increase in 

immersion often leads to an increase in presence felt by the user. Evidence has also 

shown that the quality of VR and the amount of immersion delivered by the VR 

technology directly correlates with the measured quantity of analgesic effect [18, 19, 74, 

81]. This dose-response effect further supports distraction as a mechanism for VR 

induced analgesia. In our study the VR group reported a higher mean immersion score 

than the iPad group (73.4 versus 69.8 on a scale of 0-100, Table 2.3). Furthermore, many 

participants in the VR group used the word ‘distraction from pain’ and ‘relaxing’ together 

while describing their experience. Others commented that the application helped by 

distracting them from pain and changing the focus to the environment and breath. A 

participant in the VR group commented, “it made me feel like I was in another world and 

I was at peace, when I came out of the happy place, I forgot about the pain I was in”. 

Another participant wrote “it was a great distraction from my pain... it successfully got 

my mind off the topic and it allowed me to relax”. 
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In a study of experimental pain and VR in healthy children, interactive distraction, where 

the child interacts with the virtual environment, provided a greater increase in pain 

tolerance than passive distraction [45]. This supports the role of attention in pain 

management where pain engages central attention resources. Many participants in the VR 

group in our study liked the interactive component where a variety of stimuli was 

available and gazing at an object triggered a response. In fact, three participants wished 

the experience had ‘more stimuli or options’ and was ‘less repetitive’. In the future, 

efforts should be made to ensure that the immersive VR displays continue to be 

sufficiently complex, novel and interactive to maximize the active distraction.  

 
The ultimate goal of alternate mechanisms beyond distraction is to produce lasting 

benefits on pain control even when the patient is not actively using a VR device and thus 

seems more relevant to the chronic pediatric pain population. These hypothesized 

mechanisms include self-control over pain [46, 70], targeting catastrophizing via 

exposure [27, 33], mirror visual feedback [26, 51], and promoting motivation for 

movement and positive emotions [29-31]. A discussion on each of these hypothesized 

mechanisms of action is presented below.  

 
In a study involving healthy adult patients, Quizada et al., compared cognitive pain 

measures in two separate VR groups: distraction arm and pain control arm. The latter 

gave the user the ability to transition from visuals representing feelings of pain to visuals 

representing feelings of calm, comfort and happiness. The participants in the pain control 

arm showed greater self-efficacy in controlling pain and less catastrophism than the ones 

in the distraction arm [70]. This conflicts with the results of our study where the trend of 
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self-efficacy to manage pain seemed to decrease in the both groups post-intervention. The 

mean decrease in self-efficacy seemed larger in the control group (mean -2.7, 95% CI -

5.2, -0.2) than the VR group (mean -0.8, 95% CI -1.4, -0.1). However, the number of 

participants is too small to infer any conclusions.  

 
A similar study has been done in ten children with chronic headaches by Shiri et al., 

where each participant previously obtained visuals of themselves making faces to 

represent different feelings. Biofeedback mechanisms were then incorporated to trigger 

when the images would change, which was reported to promote awareness of the pain 

and the bodily reaction to it. Several patients self-reported the ability to stop headaches 

by thinking about the VR experience or by attempting to be calm. Remarkably, the 

improvement in headaches and quality of life was significant at follow up on one month 

and three months post-therapy [46].  

 
Keffe has suggested that multiple VR sessions in which a person with persistent pain is 

exposed to a highly engaging virtual environment is one way to build confidence in one’s 

ability to use distraction for pain control [71]. This eventually can lead to enhanced self-

efficacy to manage pain and reduced pain catastrophizing. These represent important 

parameters of chronic pain management and should be considered as outcomes in 

addition to pain intensity in future studies of VR and chronic pain. In our study, one 

participant in the VR arm wrote while describing her experience, “I was in control of 

what I wanted to do”.  

 
Pain catastrophizing is a cognitive strategy broadly defined as “an exaggerated negative 

orientation towards actual or anticipated pain experiences that significantly contributes to 
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the maintenance of pain” [27]. Morris et al. suggested that VR could help as exposure 

therapy in patients with fibromyalgia to reduce pain catastrophizing, augmenting the 

cognitive reaction of these patients to their chronic pain [27, 33]. It was therefore 

hypothesized by the authors that by reducing pain catastrophizing in patients with 

fibromyalgia, fear of movement would be decreased and compliance with exercise 

therapy would be increased. It is worth noting that greater perceived coping efficacy and 

less catastrophizing to cope with pain is associated with better health outcomes in 

pediatric AMPS patients with lower levels of pain, functional disability, and 

psychological impairment [82]. In this pilot trial, pain catastrophizing decreased in both 

groups after the intervention with a mean reduction of 2.5 (95% CI -4.7, 0.3) in the VR 

group and 3.4 (95% CI -6.9, 0.0) in the control group. 

Immersive VR technology has been also shown to simulate movement of specific body 

parts that the patient is unable to control or avoids using due to pain [26, 51, 83]. AMPS 

patients with CRPS could potentially benefit from this functionality of VR.  

 
Finally, VR has been reported as a means to promote positive emotions, motivation and 

education  in adults with fibromyalgia [29-31]. It is a strategy meant to overcome lack of 

motivation, one of the obstacles that can hurt the treatment effectiveness of patients with 

chronic pain syndromes, rather than to treat pain directly. Garcia-Palacios et al. 

conducted the first RCT for VR in fibromyalgia patients with the goal of promoting 

positive emotions and motivation for movement as an adjunct therapy to their treatment 

regimen [31]. One of the measures of acceptability in this study was reported on a scale 

of 0-10 (how satisfied are you with the treatment?), which yielded a mean of 9.00 (SD 

1.08) in the VR group showing high acceptability of this novel intervention in 
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fibromyalgia patients. It is known that the optimal outcomes in AMPS patients is often 

contingent in large part on the degree to which patients implements the plan of care [13]. 

We found immersive VR to promote positive emotions in the participants as almost all 

participants described their experience as being ‘calming’, ‘relaxing’, ‘beautiful’, 

‘soothing’, or ‘peaceful’. 

 
Depression is commonly seen in adolescents with AMPS [6, 7] and the present study 

included participants with and without coexisting depression. Out of the 16 participants 

who received the VR intervention, the mean pain reduction was 7.4 (95% CI -16.7, 1.8) 

in those with depression (n=7) as compared to 20.8 (95% CI -32.0, -9.5) in those without 

depression (n=9). Albeit the small numbers in this study, it is conceivable that coexisting 

depression may act an effect modifier of the VR-pain association and such an interaction 

if found should be reported in the future trial.  

 
If VR might have an effect on depression as an outcome in addition to pain in adolescents 

with AMPS remains to be seen in future long-term studies. Loss of self-efficacy is a 

finding common in patients with both depression and those with AMPS  [75]. If VR 

works by enhancing self-efficacy than it can be a lucrative option for treating adolescents 

with AMPS and coexisting depression. There is emerging evidence that depression could 

also be targeted using VR based environments [76].  

 
Coexisting depression could be thought to be associated with poor retention. However, in 

this study out of the 17 participants who did not respond to the day-2 survey, less than a 

third (n=5) reported coexisting depression; and of the 13 participants who did respond, 

nearly half (n=6) were depressed. This said, the depression was self-reported by the 
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participants and their parents based on the current use of anti-depressants or 

psychotherapy in this study. To ascertain the presence of depression future studies should 

consider adding a depression screener.  

 
The insights we have gained from this pilot trial are important as they have important 

implications for the future definitive RCT. These include: 1) the need for remedies 

against the low response rate of the survey two days after the study, 2) potentially 

relaxing the upper age limit of eligibility to 21 years rather than 17 years to increase 

recruitment, 3) a possible preferential inclusion of active AMPS patients (with VAS  40) 

and 4) potentially adding a third arm representing standard of care in addition to a non-

immersive control modality. Moreover, we found some elements of the pilot trial to be 

suitable for the definitive trial and they should be considered in the future. These include 

1) retention of a non-immersive control modality (iPad), 2) choice of pain intensity 

measured on a visual analogue scale as the primary outcome, 3) introduction of the VR 

and iPad to the participants as a comparison of two audio-visual relaxation techniques. A 

discussion on each of these individual insights is presented below.  

 
Although the primary feasibility endpoint of this pilot was met, it faced an important 

challenge of low participant retention two days after the study procedures. This could be 

a potential barrier to the conduct of a larger trial testing efficacy of VR for medium- or 

long-term pain relief. A potential reason could be the time sensitive nature of the email-

based survey, which could be answered only in a window period of 24 hours after the 

email was received. Another reason could be the presence of a psychological co-

morbidity like depression, which could make the engagement less likely among the 
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depressed. The response rates were low in both groups (31% in VR and 57% in control 

group) and lead to the conclusion that email based surveys may not be the optimal 

method of outcome ascertainment in the future trial. Alternative approaches to increase 

the retention could be use of telephone or text-messages for non/delayed response, 

smartphone-based surveys and/or provision of a minor incentive for completing the 

survey. Brainstorming and potentially testing these remedies in a ‘run-in phase’ against 

the low response rate of day-2 follow up survey is critical before the future definitive trial 

could be conducted. As an alternate strategy, the sample size could be increased to allow 

for sufficient response at distal time points.  

 
Another point of consideration for the future trial is the choice of timepoints of the follow 

up for pain measures. In this study the primary purpose of obtaining pain measures two 

days after the interventions was to assess the participant response rate as a measure of 

feasibility for the future trial. This measure is also important for consideration in a future 

trial to assess whether the analgesic effect produced by VR is transient or prolonged. 

Data on the duration of analgesia produced by VR in chronic pain patients is scarce. A 

study of thirty adults patients with chronic pain undergoing a single session of VR where 

the duration of pain reduction after the session ranged from a minimum 30 minutes to a 

maximum of 72 hours with a mean of 30 hours [39].  

 
There are also some lessons for the screening and eligibility criteria learnt from this pilot 

trial. The eligibility rate (defined as the proportion of screened patients found eligible for 

the study)  was 58.7% and most exclusions occurred due to unclear/alternate diagnosis 

(n=10), not meeting the age cut-off (n=11) and resolution of AMPS pain (n=7). Relaxing 
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the upper age limited from 17 to 21 for inclusion in the trial was discussed as a potential 

strategy to enhance recruitment for the future trial. Furthermore, a diagnostic tool for 

chronic widespread musculoskeletal pain is currently undergoing validation in children 

(pediatric symptoms assessment tool or P-SAT), which might provide a better screening 

tool for AMPS patients [84].  

 
Among the dual recruitment strategies utilized in this trial, clinic referrals appeared to be 

high yield as compared to EMR searches in terms of identifying eligible patients (64.5% 

compared to 55.7%). One of the reasons explaining this difference is that clinic referrals 

invariably identified newly diagnosed AMPS patients as opposed to EMR searches which 

were previously established patients. Both strategies fared equally in terms of consent 

rate (92.8% with clinic referrals and 89.5% with EMR searches).  

 
Although our numbers were small, it is possible that those with a higher pre-intervention 

pain score (VAS40) were more likely to benefit from VR than those with a lower pre-

intervention pain score (VAS<40). The mean pain intensity reduction after treatment was 

16.8 (95% CI -25.8, -7.8) for the active pain stratum with a pre-intervention pain score of 

40 (n=12) versus 9.3 (95% CI -27.7, 9.2) for the inactive stratum with a pre-intervention 

pain score of <40 (n=4). A recent RCT of immersive VR in adult patients have used an 

average pain score of ≥3 out of 10 during the 24 hours preceding patient screening as an 

inclusion criterion [77]. Wiederhold’s single arm study of immersive VR in six chronic 

pain patients included those daily average pain intensity score of 4 on a visual analogue 

scale (VAS) of 0-10 [37]. Moderate to severe pain in the pediatric population has been 

described as 4/10 on VAS [42, 78, 79]. As AMPS patients with a higher pain score are 
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in the most need of treatment and the benefit of VR appears to be more in the VAS 40 

stratum a preferential inclusion of AMPS patients with a higher pre-intervention pain 

score might be suitable for a future trial.  

 
For the future trial, adding a third arm representing non-intervention control such as usual 

care (e.g. a clinic visit) in addition to an active control such as distraction using a non-

immersive iPad might be clinically more meaningful. This will provide us a direct 

comparison between a novel intervention for AMPS against a non-immersive control but 

also standard of care. It is also important because we believe that the iPad in our study 

served as an ‘active’ control and was associated with some pain response.  

 
The feedback of participants about their experience with VR and iPad is crucial to the 

success of the future trial. We found that both immersive VR and non-immersive iPad 

seemed to promote positive emotions in the participants and almost all participants 

described their experience as being ‘calming’, ‘relaxing’, ‘beautiful’, ‘soothing’, or 

‘peaceful’. However, there were a few dissimilarities in the feedback of the two groups. 

Firstly, the VR group reported a slightly higher immersion, fun and real scores than the 

iPad group. Although no statistical comparisons were made between these scores in two 

groups owing to the low sample size and power, the novel VR application seemed at least 

as acceptable as an iPad to adolescents with AMPS. Secondly, many participants trying 

VR used the words ‘distraction from pain’ and ‘relaxing’ together while describing their 

experience and others specifically commented that the VR application helped by 

distracting them from pain and changing the focus to the environment and breathing. 

Thirdly, a majority of the participants trying VR commented on the interactive 
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component of the application where a variety of stimuli was available and gazing at an 

object triggered a response. In fact, three participants wished the experience had ‘more 

stimuli or options’ and was ‘less repetitive’. In the future, efforts should be made to 

ensure that the immersive VR displays continue to be sufficiently complex, novel, and 

interactive to maximize the active distraction. A non-immersive ‘active’ control modality 

like iPad was well accepted and should be considered for retention in the future trial. 

 
The choice of the primary outcome for the future trial is an important decision. Pain 

intensity is the most commonly chosen primary outcome measure in RCTs in pediatric 

chronic pain patients. Boulkedid et al. conducted a systematic review of literature of 58 

RCTs in pediatric chronic pain for a variety of pharmacologic and non-pharmacologic 

interventions and reported that 87% of the trials used pain intensity as a simple or 

composite primary outcome. Other outcomes were quality of life, depression, anxiety, 

functional disability, safety, quality of sleep and satisfaction [69]. Among these 

measures, functional disability is considered to be an important clinical parameter in 

AMPS patients and should be measured in a future trial delivering multiple sessions of 

VR over time. However, pain intensity remains the most important measure of assessing 

the potential analgesic effect of VR on AMPS and is recommended as  the primary 

outcome for the definitive trial. 

 
Given the nature of the interventions blinding was challenging in this trial. We attempted 

to minimize the bias by introducing the study to the participants as a comparison of two 

audio-visual relaxation techniques, without using the terms ‘Virtual Reality’ or ‘iPad’. 

The participants therefore did not know the modality used in the other group and whether 
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they were in the intervention or control group. We found the study participants and 

parents very amenable to our presenting information in the above manner during consent. 

By using electronic data capture, where the participants directly entered data into 

REDCap, we were able to minimize data entry errors as well as any investigator bias in 

ascertaining the outcomes.  

 
While this trial was underway Birckhead et al. published a methodological framework 

recommending the three phases of VR clinical study designs [80]. The authors suggested 

that the first-tier studies (designated as VR1 trials) should focus on content development 

by working with patients and non-patient end users such as clinical experts, treating 

providers and other staff members through the principles of human-centered design. This 

element was missing from our study. Thereafter, VR2 trials should conduct early testing 

with a focus on feasibility, acceptability, tolerability, and initial clinical efficacy. Thus, 

the design of the present study resonates most closely with a VR2 trial. Finally, VR3 

trials should be randomized, controlled studies that evaluate efficacy against a control 

condition.  

 

This trial has potential limitations. The choice of the content (‘Happy Place’) was based 

on availability and not the values and preferences of adolescents with AMPS. 

Adolescents with AMPS are in chronic disabling pain with a significant impact on their 

emotional, physical and social wellness. The use of a novel application like VR warrants 

a delicate balance between sufficient level of immersion without any risk of creating 

negative emotions in this patient population. Gromala has published a series of 

recommended best-practices laying out a framework for adoption of VR in clinical 
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practice, creating therapy applications or technology [62]. Extrapolating from these 

guidelines, we did a search of publicly and commercially available VR applications and 

found most of them unfit for the adolescent population with AMPS. Some of the reasons 

were being non-immersive (projector-based VR), posing a risk of creating negative 

emotions such as over-stimulation, nausea, or a sense of failure, and finally being hard to 

learn, requiring an elaborate setup (hand, head trackers) or complex interactions not 

likely tolerated by an adolescent in pain. We found Happy Place to be the only publicly 

available application with an explicit intent to be used for chronic pain patients [55]. It 

distracts the user from real world and real body by maximizing presence but has a low 

risk of inducing negative emotion. In fact, it is intended to promote positive effects such 

as relaxation, calmness and feeling of awe and wonder. It is easy to use and has a flat 

version for screen use ideally suited for a control group.  

 
Another limitation is that the participants, intervention administrator (SJ), and data 

analyst (SJ) were unblinded to the intervention. Given the nature of the interventions 

blinding was challenging in this trial. We attempted to minimize the expectation bias by 

introducing the study to the participants as a comparison of two audio-visual relaxation 

techniques, without using the terms ‘Virtual Reality’ or ‘iPad’. The participants therefore 

did not know the modality used in the other group and whether they were in the 

intervention or control group. We found the study participants and parents amenable to 

our presenting information in the above manner during informed consent. By using 

electronic data capture, where the participants directly entered data into REDCap, we 

were able to minimize data entry errors as well as any investigator bias in ascertaining the 
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outcomes. Yet another limitation is that although self-reported pain scores are accepted as 

the best measures of pain, they still remain subjective outcomes.  

 
Finally, since the interventions were limited to a one time 10-minute session, we could 

comment only on the potential of immersive VR as a modality for transient analgesia 

immediately after its use. Whether multiple sessions of immersive VR could have a long-

lasting impact on pain in AMPS remains to be studied. In addition, given the poor 

response rate of the day-2 follow up survey we are unable to reliably estimate any change 

in the pain measures from pre-intervention to two days after the intervention.   

 
The key strength of this study is that it is the first randomized controlled trial to examine 

immersive VR as a novel non-pharmacologic intervention for adolescents with AMPS. In 

addition to investigating VR, the control modality of 2D iPad in this study let us assess 

the feasibility and acceptability of a non-immersive control arm in preparation for a 

future RCT of immersive VR in the AMPS population.  

 
Immersive VR is a rapidly emerging technology with immense potential for future in the 

field of chronic pain. In 2009 Malloy et al., predicted that as the cost of VR technology 

continues to fall, VR may become an increasingly affordable and potentially efficacious 

self-management tool for chronic pain patients [48]. Today VR technology has become 

more accessible to the average consumer, the head mounted device has become lighter, 

the applications more immersive and effective. The device used in this pilot is a 

sophisticated stand-alone HMD device priced at $199 [85]. There are more sophisticated 

VR environments now available where one can also easily move a patient from one VR 

environment to another, thereby enabling rapid and broad exposure to many different 



 57 

challenges [71]. Furthermore, recent advances in VR technology designed to accurately 

simulate walking and stopping during interaction with topographical features (e.g., 

experiencing the slope force simulating the grade of a virtual hill) or virtual stair climbing 

offer the possibilities of enhancing the sense of immersion and presence of such tread-

mill-based VR walking environments. Along these lines, Gromala et al. and Arceneaux et 

al. have used VR to help patients cope with pain that can occur during walking [86, 87]. 

 
If it is shown that VR works by fundamentally altering the way we think of and perceive 

reality (e.g., by creating a sense of being present in a different state), then the technology 

required may simply need to be sufficient to create a sense of immersion. However, this 

remains an area of active research and whether VR actually is beneficial for all domains 

of chronic pain management is far from clear. Our study showed trends towards 

improvement in two out of the three pain measures assessed (namely pain intensity and 

pain catastrophizing) but an unexpected trend of decreased self-efficacy to manage pain 

in both groups although no statistical comparisons were made.  

 
VR has been envisioned as a “pain-coach” standardizing the presentation of information 

and education around pain processing and behavior in form of providing a common 

application using images, instructions, and sounds [71]. Once patients have achieved 

enhanced pain control via a combined VR-behavioral intervention protocol, they may be 

more motivated and more successful with practicing the behavioral intervention on its 

own in their home environment. 

 
One of the most promising areas for future research is developing and evaluating tailored 

VR environments that are optimally effective in pain control for a given patient. In the 
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future, it may be possible to tailor VR environments on the basis of visual, auditory, 

tactile, and even olfactory stimuli. One might expect an enhanced sense of immersion if 

the VR technology uses head, hand, or body tracking to foster interaction with the scene , 

in addition to potentially enabling one to combine visuals, sound, touch, and olfactory 

stimuli that can further enhance a sense of immersion [88]. Tailoring of VR to the 

individual not only could enhance the sense of immersion and presence in the VR 

environment, but it could also enhance pain control, thereby making training processes 

more efficient and more readily available to larger numbers of patients. As costs of VR 

equipment continue to drop and increasingly accessible ways of delivering VR become 

available (e.g., VR delivered by home computers coupled with low-cost 3-D television 

displays and 3-D input devices), it will become more practical to use home-based training 

for patients with persistent pain. Dr. Anita Gupta, an internationally recognized 

anesthesiologist and pain specialist, has commented “this (chronic pain) may be one of 

those rare situations where we do not have to wait for technology to catch up to our 

knowledge. We have the technology—we just need to know how to use it” [73]. 

 
The future potential of VR is being increasingly realized. This novel modality might 

prove beneficial in producing meaningful improvement in the health, wellbeing and 

quality of care of AMPS children. AMPS can be a very painful condition and the mean 

pain score has been reported as high as 6.5 on a 0-10 visual analog scale [4]. Patients 

experience periods of extreme discomfort and disability, which has psychological and 

economic consequences for both patients and parents. AMPS patients presenting to 

primary care and pediatric emergency department with extreme body pain and inability to 

walk often leads to hospitalizations.  
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If VR is shown to be an effective analgesic modality leading to immediate improvement 

in perceived pain in this population, its implications at the point of care could be far-

reaching. It might provide transient analgesia during the initiation of typically painful 

desensitization physical therapy and provide another treatment option for non-responders 

to standard of care such as cognitive behavioral therapy.  

 
The use of VR could reduce health care costs if adolescents are able to self-manage pain 

in their home environment using immersion without the requirement of the presence of a 

health care professional. It may lead to an expanded use in other settings, such as 

emergency rooms, where it can help avoid potentially harmful polypharmacy including 

the use of opioids. The ability to change behavior or provide new behavior strategies for 

patients suffering from AMPS can provide lasting benefits even when the VR device is 

removed. Even if some of these benefits could be demonstrated in children and 

adolescents with AMPS, its implications and impact on the health care would be far 

reaching. 

 
In conclusion, we report the first randomized and controlled study assessing feasibility 

and acceptability of immersive VR in the pediatric AMPS population. We found that a 

future definitive RCT testing the efficacy of immersive VR in the pediatric AMPS 

population is feasible and acceptable to patients and parents. VR technology is a rapidly 

evolving field with an immense potential of use in medicine especially in pain-medicine. 

AMPS patients need novel treatment strategies to replace or act as adjunctive options to 

relieve pain. As the next step, a randomized controlled trial should be conducted based on 
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and informed by the insights gained in this pilot. It should be designed to test the 

hypothesis of whether immersive VR is associated with a clinically significant pain 

response in adolescents with AMPS in the immediate period as well as the effect of 

multiple sessions for a sustained pain relief as compared to a non-immersive control and 

standard of care. If adolescents with AMPS find success using VR, it may have the 

potential to become a major advance in chronic pain management. 

 
All contents of this chapter are based on the student’s own experimental results and 

analysis. 
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Chapter 4: Appendix 

 

Table 4.1: RCTs of VR as an Intervention for Acute Pain in Pediatric Population 

Author, 

Year, 

Country 

Number of 

participants 

Age 

range 

(years, 

mean) 

Patient 

Population 

VR and 

Control 

Pain Measure Results 

Gold et al., 

2006, 

USA  

20 8-12 

(10.2) 

Venipuncture 

(acute pain) 

5DT HMD 

(Head 

Mounted 

Display) 800 

versus 

standard of 

care 

Wong-Baker 

Faces Pain Scale 

(WBFPS) 

Revised Faces 

Pain Scale (FPS-

R) (revised for 

affective pain and 

anxiety) 

Controls reported a significant 

(p<0.005) post-procedure four-

fold increase in affective pain 

on Revised Faces Pain Scale, 

not reported by the VR group.  

No significant post-procedural 

difference seen between two 

groups on the Wong-Baker 

Faces Pain Scale. 

Law et al., 

2011, 

USA 

79 6-15 

(8.9) 

Healthy 

controls from 

general 

population 

(acute pain) 

5DT Head 

Mounted 

Display 

(HMD) 800-

26 with 

passive 

(videogame) 

or interactive 

distraction 

versus helmet 

without 

distraction, 

within subject 

crossover 

Cold pressor pain 

tolerance was 

defined as the 

amount of time 

that participants 

kept their hand in 

the cold water 

 

Lowest pain tolerance scores at 

baseline (M = 1.23, SD = 0.23) 

compared to passive distraction 

(M = 1.34, SD = 0.26), p = .001, 

highest pain tolerance with 

interactive distraction 

(M = 1.46, SD = 0.31), p = .001. 

Within subject crossover 

reported similar significant 

results 

Schmitt et 

al., 2011, 

USA 

54 6-19 Physical 

therapy for 

burn injury 

(acute pain) 

Head mounted 

nVisor SX, 

VR-1280, 

ProView XL 

50, ProView 

SR 80 

depicting 

‘SnowWorld’ 

Graphic rating 

scale scores (0-

100) with 

questions 

assessing the 

sensory, 

affective, and 

cognitive 

components 

of pain  (3 

questions) 

Graphic rating 

scale (0-100) for 

subjects’ 

perception of 

the virtual 

reality experience 

(4 questions) 

Goniometer for 

range of motion 

Significant pain reduction: 

Cognitive (44%) affective 

(32%) and sensory (27%) with 

VR versus controls (p-

value<0.05) 

Significant decrease in worst 

pain, time spent thinking about 

pain, pain unpleasantness and 

improved affect ("fun") 

during VR session as compared 

to controls (p values <0.05 for 

all) 

No significant increase in 

maximum range of motion (p-

value 0.21) 

Aminabadi 

et al., 

2012, Iran 

120 4-6 

(5.4) 

Restorative 

dental care 

(acute pain) 

I-glasses 

920HR Ilixco 

with 

headphones, 

cartoon series 

‘Tom and 

Jerry’ single 

episode, 

Wong Baker 

Faces Pain Scale 

(0-10) 

Significant decrease 

in pain perception 

Group 1 (first session with VR: 

1.89, SD 0.65, versus second 

session without VR: 3.00, SD 

0.81) (p<0.001) 

Group2 (first session without 

VR: 3.05, SD 0.60 versus 
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crossover 

design 

second session with VR: 2.05, 

SD 0.60) (p<0.001) 

Kipping et 

al., 2012, 

Australia 

41 11-17 Burn wound 

care 

(acute pain) 

Head mounted 

display 

(eMagin, 

Z800 3DVisor 

with age 

appropriate 

software 

games 

Visual Analog 

Scale (0-10) 

Rescue doses of 

Entonox 

Statistically significant 

reduction in pain scores during 

dressing removal (2.9, SD 2.4 

versus 4.7, SD 2.5, p-value 

0.02), and significantly less 

rescue doses of Entonox given 

to those receiving VR  (3/20, 

15%) versus standard 

distraction (9/21, 43%, p-

value=0.05) 

Jeffs et al., 

2014, 

USA 

30 10-17 Burn injury 

(acute pain) 

Kaiser optics 

SR80a virtual 

reality helmet 

versus age 

appropriate 

movie on 

television 

versus 

standard care 

Adolescent 

Pediatric Pain 

Tool (APPT)- 

Word Graphic 

Rating Scale 

(WGRS) 

(0-100mm) 

Participants in the VR group 

reported significantly less 

procedural pain than the 

passive distraction group 

(difference =23.7mm, 95% CI: 

2.4-45.0, P= 0.029) and, while 

not statistically significant, less 

procedural pain compared with 

standard care group (difference 

= 9.7mm, 95% CI: -9.5 to 28.9, 

P= 0.32) 

Hua et al., 

2015, 

China 

65 4-16 Wound 

dressing 

change 

(acute pain) 

eMagin Z800 

3DVISOR 

head mounted 

display versus 

standard care 

Pain: Wong-

Baker Faces pain 

scale for children 

and 

Visual analogue 

scale for 

caregivers 

Distress: FLACC 

scale (Face, Legs, 

Activity, Cry, 

Consolability) by 

nurses 

Pulse rate & 

oxygen saturation 

Time for dressing 

change 

In VR group children reported 

significantly less pain on 

FACES during (p=0.016) and 

after (p=0.034) dressing change 

In VR group caregivers 

reported significantly lower 

pain score on VAS during 

(p=0.007) and after (p<0.001) 

In VR group nurses reported 

lower distress on FLACC in 

VR group during (p<0.001) and 

after (p=0.013) 

Subjects in VR group had 

significantly less tachycardia 

(p-value=0.013) during the 

dressing change 

Time length of dressing 

changes was significantly 

reduced in the VR distraction 

group (p=0.003) 

Gold et al., 

2018, 

USA 

143 10-21 

(15.4) 

Venipuncture 

(acute pain) 

AppliedVR™ 

‘Bear Blast’ 

game using 

the Samsung 

Galaxy S6 

goggles or the 

Google Pixel 

Merge 

goggles 

Pain: Visual 

Analogue Scale 

(VAS) and 

Colored 

Analogue Scale 

(CAS), 

Affect: Facial 

Affect Scale 

Patients in the VR condition 

experienced significantly less 

procedural pain and had 

significantly better affect 

compared with the SOC 

condition according to both 

patient and caregiver-report (all 

p-values <0.005) 
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Figure 4.1: Study Schematic  

 
VAS: Visual Analogue Scale 

PCS-C: Pain Catastrophizing Scale - Children 

SES-C: Self-Efficacy Scale for Child Functioning 
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Figure 4.2. Acceptability Questionnaire 
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Figure 4.3: Boxplot with mean difference in pain score after interventions in all 

participants, active stratum (pre-intervention VAS  40) and inactive stratum (pre-

intervention VAS < 40) 

 
 

 

 

The mean pain intensity reduction after treatment was 14.9 (95% CI -22.9, -6.9) in the 

VR group and 9.6 (95% CI -14.3, -4.9) in the control group on a visual analog scale of 0-

100. In an analysis including only the participants in the active stratum with a pre-

intervention pain score of 40, the mean pain reduction in the VR group (n=12) was 16.8 

(95% CI -25.8, -7.8) versus 9.4 (95% CI -15.3, -3.4) in the controls (n=10). In the 

inactive stratum with participants with a pre-intervention pain score of <40, the mean 

pain reduction in the VR group (n=4) was 9.3 (95% CI -27.7, 9.2) versus 10.3 (95% CI -

18.3, -2.2) in the controls (n=4).  
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Table 4.2: Results of Secondary Outcomes: Active Stratum (pre-intervention VAS40)) 

Results of Secondary Outcomes   

   

Outcome VR (n=12) Controls (n=10) 

   

Pain Intensity (VAS*) (mm)   

   Pre-intervention (mean (SD)) 65.9 (13.4) 53.9 (16.8) 

   Post-intervention (mean (SD)) 49.1 (23.9) 44.5 (17.2) 

   Difference (mean (95% CI)) -16.8 (-25.8, -7.9) -9.4 (-15.4, -3.4) 

   

Pain Catastrophizing (PSC-C**)   

   Pre-intervention (mean (SD)) 48.2 (9.1) 40.0 (14.5) 

   Post-intervention (mean (SD)) 45.8 (7.9) 35.4 (12.8) 

   Difference (mean (95% CI)) -2.4 (-5.3, -0.4) -4.6 (-8.8, -0.4) 

   

Self-efficacy to manage pain (SES-C***)   

   Pre-intervention (mean (SD)) 25.9 (3.3) 20.7 (6.2) 

   Post-intervention (mean (SD)) 24.9 (3.4) 18.4 (6.9) 

   Difference (mean (95% CI)) -1.0 (-1.6, -0.4) -2.3 (-5.4, -0.8) 

   

   

*VAS: Visual Analogue Scale (0-100) 

**PCS-C: Pain Catastrophizing Scale-Child (0-52) 

***SES-C: Self-Efficacy Scale-Child (7-35) 

#Collected post-intervention (0-100) 
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Table 4.3: Results of Secondary Outcomes: Inactive Stratum (pre-intervention VAS<40)) 

Results of Secondary Outcomes    

   

Outcome VR (n=4) Controls (n=4) 

   

Pain Intensity (VAS*) (mm)   

   Pre-intervention (mean (SD)) 30.8 (10.3) 25 (5.8) 

   Post-intervention (mean (SD)) 21.5 (9.7) 14.8 (9.8) 

   Difference (mean (95% CI)) -9.3 (-27.7, 9.2) -10.3 (-18.3, -2.2) 

   

Pain Catastrophizing (PSC-C**)   

   Pre-intervention (mean (SD)) 31.5 (11.9) 32.8 (12.8) 

   Post-intervention (mean (SD)) 28.8 (14.2) 32.3 (16.5) 

   Difference (mean (95% CI)) -2.8 (-5.9, 0.4) -0.5 (-5.9, 4.9) 

   

Self-efficacy to manage pain (SES-C***)   

   Pre-intervention (mean (SD)) 16.8 (7.1) 19.0 (5.6) 

   Post-intervention (mean (SD)) 16.8 (7.4) 15.3 (7.7) 

   Difference (mean (95% CI)) 0.0 (-1.4, 1.4) -3.8 (-7.9, 0.4) 

   

*VAS: Visual Analogue Scale (0-100) 

**PCS-C: Pain Catastrophizing Scale-Child (0-52) 

***SES-C: Self-Efficacy Scale-Child (7-35) 

#Collected post-intervention (0-100) 

 

 

All contents, tables and figures of this chapter are based on the student’s own 

experimental results and analysis. 
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