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Abstract 

Distraction and procedural preparation techniques are frequently used to manage pain 

and anxiety in children undergoing medical procedures. An increasing number of studies have 

indicated that Virtual Reality (VR) can be used to deliver these interventions, but treatment 

effects vary greatly. The present study is a systematic review and meta-analysis of studies that 

have used VR to reduce procedural pain and anxiety in children. It is the first meta-analytic 

assessment of the potential influence of technical specifications (immersion) and degree of 

user-system interactivity on treatment effects. 65 studies were identified, of which 42 reported 

pain outcomes and 35 reported anxiety outcomes. Results indicate large effect sizes in favor 

of VR for both outcomes. Larger effects were observed in dental studies and studies that used 

non-interactive VR. No relationship was found between the degree of immersion or 

participant age and treatment effects. Most studies were found to have a high risk of bias and 

there are strong indications of publication bias. The results and their implications are 

discussed in context of these limitations, and modified effect sizes are suggested. Finally, 

recommendations for future investigations are provided.  
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Introduction 

The management of pain and anxiety in children undergoing medical procedures 

remains sub-optimal (Birnie et al., 2014; Friedrichsdorf & Goubert, 2020; Stevens et al., 

2011). As well as causing excessive and unnecessary suffering, undertreated procedural 

distress may have long-term negative effects on child health and development, as well as 

treatment outcomes (Young, 2005). Current best practice guidelines recommend that non-

pharmacological interventions are routinely implemented in treatment plans (Wilson-Smith, 

2011). Two common, non-pharmacological approaches are distraction and procedural 

preparation. Distraction involves the use of distractors like music and television to divert 

attention away from noxious stimuli, whereas preparation techniques usually entail 

information about the procedure or exposure to the procedural setting (e.g., a tour of the 

clinic). Over the last couple of decades, researchers have explored whether virtual reality 

(VR) can be used to deliver and possibly enhance distraction and preparation interventions in 

pediatrics.  

Previous reviews have indicated the potential of VR in pediatrics (e.g., Eijlers, Utens, 

et al., 2019; Georgescu et al., 2020; Indovina et al., 2018; Lambert et al., 2020). Its 

immersive, interactive nature is thought to provide particularly captivating distraction, as well 

as a cost-effective and engaging medium for procedural preparation. However, previous meta-

analyses have revealed great heterogeneity in treatment effects and little is known about the 

underlying mechanisms and factors that determine the effectiveness of VR interventions (Li et 

al., 2011).  

The present study is a systematic review and meta-analysis of studies that have used 

VR to reduce procedural pain and anxiety in pediatrics. To address the variability of effect 

sizes that have been observed across studies, the potential influence of various VR, 
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procedural, and participant characteristics will be explored. The main focus will be on 

characteristics of VR systems, including the technical specifications and degree of user-

system interaction. While some evidence suggest that VR characteristics influence treatment 

effects (e.g., Hoffman et al., 2006; Johnson & Coxon, 2016; Wender et al., 2009), this has not 

yet been assessed in a meta-analysis.  

Virtual Reality in Healthcare 

Virtual reality (VR) may be described as an interactive, immersive, computer-

generated environment or experience (Gigante, 1993; Pan & Hamilton, 2018). Typically 

presented on a head-mounted display (HMD), the screens are positioned close to the users’ 

eyes with full or partial occlusion of their physical surroundings. Images are often three-

dimensional and continuously adjusted in accordance with the user’s head movements (Slater 

& Sanchez-Vives, 2016, p. 3). Such features contribute to the sense of being surrounded by or 

present in the virtual environment that is unique to VR.  

Various applications of VR in health have been explored, including in the assessment 

and treatment of patients. Reviews of the literature have reported significant methodological 

issues and a need for further research, but nevertheless indicate a considerable potential for 

VR in various clinical settings. For example, VR interventions have been applied in 

rehabilitation (Laver et al., 2017), habilitation (Snider et al., 2010), psychiatry (Freeman et al., 

2017), geriatrics (Neri et al., 2017), and palliative care (Niki et al., 2019). An increasing 

number of studies have demonstrated its utility in the management of pain and anxiety caused 

by medical procedures in adult and pediatric populations (Chan et al., 2018; Eijlers, Utens, et 

al., 2019; Georgescu et al., 2020; Malloy & Milling, 2010).  
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Procedural Pain and Anxiety in Pediatrics 

Children in developed countries undergo an increasing number of potentially painful 

and anxiety-inducing medical procedures (Curtis et al., 2012). Depending on their age and 

development, children may experience these procedures as more aversive than adults due to 

limitations in their ability to communicate their pain and need for pain management, to 

understand why the procedure is necessary, and to self-regulate (Cohen et al., 2008; 

McMurtry et al., 2015; Slifer, 2003). While conditions like cancer and burn injuries often 

require repeated or particularly distressing procedures (Gandhi et al., 2010; Twycross et al., 

2015), routine procedures like venipuncture and immunizations are also known to induce 

considerable pain and anxiety in children (Reid et al., 2014). If poorly managed, procedural 

pain and anxiety could have detrimental effects on child health and development, as well as 

treatment outcomes (Mathews, 2011; Wilson-Smith, 2011). For example, painful and 

frightening medical procedures in childhood have been linked to alterations in pain responses 

later in life (Kennedy et al., 2008; Pate et al., 1996; Taddio et al., 1997), reduced effects of 

future pharmacological analgesia (Weisman et al., 1998), and development of needle phobia 

(McMurtry et al., 2015). 

The International Association for the Study of Pain ([IASP], 2011) defines pain as “an 

unpleasant sensory and emotional experience associated with, or resembling that associated 

with, actual or potential tissue damage”. Procedural pain refers to pain associated with 

medical (or dental) procedures. Procedural anxiety may be described as a response to such 

procedures characterized by feelings of dread and apprehensiveness, accompanied by physical 

symptoms such as sweating and increased heart rate (Lavoie, 2013). The relationship between 

procedural pain and anxiety is intertwined and complex - for example, they frequently co-



THE EFFECTS OF VR ON PROCEDURAL PAIN AND ANXIETY   10 

 

 

occur and exacerbate each other (Cohen et al., 2004; Kao & Schwartz, 2019; McMurtry et al., 

2015).  

The experience of pain is modulated by multiple biological, psychological, and social 

processes (Bentley, 2014, p. 27). Some factors known to modulate pain top-down include 

attention towards painful stimuli, expectation of pain, anxiety, and previous experiences with 

pain (Bentley, 2014; Linton & Shaw, 2011). Knowledge of these and other pain-modulating 

mechanisms have informed the development of various non-pharmacological pain 

management approaches, including distraction and procedural preparation (Curtis et al., 

2011). Current best practice guidelines recommend a combination of pharmacological and 

non-pharmacological interventions in the treatment of procedural pain and anxiety (e.g., 

Association of Paediatric Anaesthetists of Great Britain and Ireland, 2012). Over the last 

couple of decades, researchers have explored whether VR can be used to effectively deliver 

distraction and preparation interventions in pediatrics.  

Distraction and Preparation Techniques 

Distraction techniques are commonly used during painful or frightening procedures of 

shorter durations (DeMore & Cohen, 2005). They involve the use of stimuli such as videos, 

music, and conversation to divert attention away from noxious stimuli (Schechter et al., 

2007). No single theory can fully account for the effects of distraction analgesia (DeMore & 

Cohen, 2005), but they are often understood in terms of attentional capacities. It is assumed 

that pain perception requires attention, and that by focusing on distractors, less attentional 

resources are available for pain perception (Gupta et al., 2017; McCaul & Malott, 1984). 

However, distraction may also work through other mechanisms. For example, pleasant 

distractors may have inherent positive effects on mood, arousal, and anxiety, all of which 

have the capacity to alter pain perception (Johnson, 2005). Attention, mood, arousal, and 
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anxiety can all be understood as processes inhibiting nociceptive signals as described in the 

gate control and neuromatrix theories of pain (Melzack, 1999; Melzack & Wall, 1965). Due 

to its immersive, interactive, and multisensory properties, VR is thought to be particularly 

captivating and thus provide superior distraction (Slifer, 2013, p. 93). 

Another common way of reducing pain and anxiety is procedural preparation, often in 

the form of a verbal briefing, written materials, or a tour of the clinic (Curtis et al., 2011). 

Such techniques are meant to reduce anxiety (and possibly also pain) by promoting a sense of 

control and adaptive behaviors, as well as desensitizing the child to the medical procedure and 

the setting in which it takes place (Edward et al., 2015; Jaaniste et al., 2007).  Research on 

virtual reality exposure therapy (VRET) has established that VR can be used to expose users 

effectively and ecologically to feared stimuli (Boeldt et al., 2019; Botella et al., 2017). Based 

on these findings, researchers have recently begun exploring whether VR can be used for 

procedural preparation (Eijlers, Utens, et al., 2019). In addition to exposure to the medical 

procedure and the environment in which it takes place, VR preparation may involve 

modelling, instructions, and rehearsal of the procedure (e.g., Han et al., 2019; Liszio et al., 

2020; Ryu et al., 2018).  

The Influence of Virtual Reality Characteristics 

VR systems offer varying degrees of interaction with the user. Less interactive forms 

of VR include videos converted to a 360/180-degree format for viewing on a VR headset. 

While the user may effect changes in perception (i.e., looking around the virtual environment 

in 360/180 degrees through tracking of head movements), he or she is nevertheless a passive 

spectator of the virtual environment. On the other hand, VR games or simulations may offer 

interactivity beyond head tracking, such as navigation in the virtual environment, social 
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interaction with avatars, or manipulation of virtual objects. In the present study, head tracking 

will be considered an aspect of immersion, and not interactivity.  

A potential impact of VR interactivity on procedural pain and anxiety seems plausible. 

It is generally assumed that active distraction poses greater attentional demands on patients 

than passive distraction, thus providing superior analgesia (Slifer, 2003, p. 91). Some studies 

have reported this pattern for VR specifically (e.g., Dahlquist et al., 2007; Gutiérrez-

Maldonado et al., 2011; Gutiérrez-Martínez et al., 2011; Wender et al., 2009). In addition, VR 

interactivity may augment learning and memory (e.g., James et al., 2002; Tuena et al., 2019), 

which could be beneficial when used for procedural preparation.  

VR systems also vary in terms of technological sophistication, which may be 

conceptualized as varying degrees of immersion (Agrawal et al., 2019; Nilsson et al., 2016). 

According to Slater and Wilbur (1997), a highly immersive system should minimize signals 

from the physical world (e.g., fully occlude the user’s physical surroundings), stimulate 

multiple senses (e.g., visual, auditive, and tactile), visually surround the user (e.g., a wide 

field of view), provide a vivid representation of the virtual environment (e.g., high screen 

resolution) and match the actions of the participant with the sensory output of the system 

(e.g., low latency between head rotation and subsequent change in images displayed). This 

concept of immersion provides a useful framework for comparison of VR systems, as it can 

be operationalized and objectively measured (Cummings & Bailenson, 2016; Slater et al., 

2009).  

The degree of immersion may have an impact on the effectiveness of VR 

interventions. According to Slater (2018), higher levels of immersion facilitate the perceptive 

illusion that the virtual environment is real, which he referred to as presence. Presence is 

commonly thought to increase the effectiveness of various forms of VR interventions 
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(Cummings & Bailenson, 2016, p. 273). VR studies have indicated a possible relationship 

between immersion/presence and the effectiveness of VR distraction analgesia (e.g., Hoffman 

et al., 2006; Hoffman et al., 2004). 

Objectives 

Previous reviews have indicated the potential of VR in pediatrics (e.g., Eijlers, Utens, 

et al., 2019; Georgescu et al., 2020; Iannicelli et al., 2019). However, nearly half of the 

studies included in the present review were published in 2019 and 2020. As the literature 

search of the most recent review (Georgescu et al., 2020) was conducted in 2018, an updated 

review is necessary. Another motivation for the present study is that previous reviews have 

not quantitively assessed the differences between VR interventions. Considering the potential 

impact immersion and interactivity may have on treatment effects, such assessments could 

have important clinical implications.  

Some previous reviews have employed somewhat vague definitions of VR in their 

inclusion criteria. For example, some authors have specified that they would only include 

‘immersive VR’ (Chan et al., 2018) or ‘fully immersive VR’ (Eijlers, Utens, et al., 2019), but 

did not explicitly state their definition of these terms. It is crucial that these terms are clearly 

defined and consistently applied to avoid confusion. For example, it can be argued that some 

of the technologies (e.g., the eMagin 3DVisor) included in Eijlers, Utens, et al. (2019) are not 

fully immersive because their users can still see some of their physical surroundings (see 

Slater & Wilbur, 1997). Perhaps more importantly, unclear definitions of VR and immersion 

have resulted in an inconsistent inclusion of less advanced technologies that are often referred 

to as ‘audiovisual glasses’ (AV-glasses), rather than ‘VR’. These often lack features such as 

stereoscopy and head tracking, and often have a narrower field of view (Wismeijer & 

Vingerhoets, 2005). However, as review authors do not include ‘audiovisual glasses’ in their 
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search strategies, many studies using comparable technologies have previously been 

overlooked. The present review will therefore employ an inclusive definition of VR and a 

wider search strategy that also includes AV-glasses. The impact of VR characteristics 

(immersion and interactivity) will then be assessed to explore whether some technologies are 

more effective than others. The term ‘VR’ will mostly be used in the current study. 

Previous reviews have reported great heterogeneity in effect sizes, which may reflect 

VR characteristics, but also differences between medical procedures and patients (e.g., age). 

The increased number of studies gained from also including AV-glasses will provide greater 

statistical power to explore these variables as potential sources of the heterogeneity. 

Identifying any such moderators of treatment effects may help inform the process of 

designing and implementing VR interventions for clinical use. Moreover, the increased 

number of studies may also provide more accurate estimates of the true effects of using VR 

during medical procedures.  

The present study consists of a systematic literature review and meta-analysis of 

studies that have used VR to reduce procedural pain and anxiety in pediatrics. It also provides 

a meta-analytic assessment of the role of VR hardware specifications (i.e., immersion) and the 

degree of interaction between the patient and the VR system. The different groups of medical 

procedures and the age of participants will also be explored as potential moderators of 

treatment effects. 

The research questions were as follows: 

1. Do VR interventions reduce pain and anxiety in pediatric patients undergoing 

medical/dental procedures more than standard procedures? 

2. Does effectiveness of VR interventions vary depending on the type of medical 

procedure, VR characteristics, and the age of patients? 
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Methods 

The effects of VR interventions on procedural pain and anxiety in children will be 

evaluated through a systematic literature review and meta-analysis. Reporting will follow the 

Preferred Reporting Items of Systematic Review and Meta-Analysis (PRISMA) guidelines 

(Moher et al., 2009).  

Protocol and Registration 

A study protocol (CRD42020155056) was submitted to the Prospective Register of 

Systematic Reviews (PROSPERO) in May 2019. Some deviations from the protocol were 

deemed necessary. Firstly, as the differentiation between ‘VR’ and ‘audiovisual glasses’ was 

somewhat inconsistent in the literature, the search strategies were changed to also include 

‘audiovisual glasses’ and variants of this term. Due to the resulting increase in search results, 

it was necessary to limit the volume of retrieved studies by also adding the terms 

‘preparation’, ‘distraction’, ‘pain’, and ‘anxiety’. Secondly, it was discovered that the 

reporting of technical specifications of VR systems was poor and inconsistent, particularly in 

older studies. Selective reporting of technical specifications by authors and VR manufacturers 

hindered calculations that are required for accurate quantitative comparison in terms of screen 

resolution and field of view (see subsections ‘screen resolution’ and ‘field of view’). The 

screen refresh rate was also rarely disclosed in older studies. Screen resolution, field of view 

and refresh rate were thus omitted from quantitative analyses.  

Eligibility Criteria 

Study and Publication Characteristics 

 Studies were considered eligible if a VR intervention was compared experimentally 

or quasi-experimentally with any non-VR interventions or a control group. Studies with 

single-case studies and pretest-posttest designs without control groups were excluded. 
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Unpublished studies were eligible for inclusion. Only publications in English or one of the 

Scandinavian languages were considered eligible. No time restraints were applied. 

Participant Characteristics 

Only pediatric samples were eligible for inclusion. Pediatric patients were defined as 

0-21 years of age, in accordance with recommendations issued by the American Academy of 

Pediatrics (Hardin & Hackell, 2017).  

Intervention Characteristics 

Studies were considered eligible if the VR intervention was used to reduce pain and/or 

anxiety in pediatric patients associated with medical or dental procedures through distraction 

or procedural preparation. VR was defined as a computer-generated virtual environment 

presented on a head-mounted device or other VR system that perceptually surrounds the user 

(i.e., cover all or most of the field of view). VR presented on conventional screens (with or 

without 3D-effects) were thus not eligible for inclusion. So-called audiovisual glasses were 

eligible for inclusion. Augmented reality (AR) technologies render images on a transparent 

screen that reveals the user’s physical surroundings and were thus excluded. 

Outcomes 

Questionnaire and observational measures of pain and (state) anxiety were considered 

eligible. Stress and fear measures were accepted as anxiety measures, as these were thought to 

have a high degree of conceptual overlap with state anxiety (Öhman, 2008). Studies that used 

measures of procedural distress were excluded, as this concept includes dimensions of both 

pain and anxiety (McMurtry et al., 2015). Physiological measures and measures of 

maladaptive behavior were not considered valid pain or anxiety measures for the same reason. 
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Comparison Groups 

Studies were eligible for inclusion if they compared VR interventions with no 

intervention, standard of care (SOC), or other non-VR interventions, such as television, 

videogames, and conventional verbal/written information about the procedure. The inclusion 

of both no intervention, SOC and other non-VR conditions was deemed necessary as Eijlers, 

Utens, et al. (2019) found that standard of care was often poorly defined, and often involved a 

variety of both pharmacological and non-pharmacological interventions.  

Information Sources 

The following databases were searched for research articles: PsycINFO, Web of 

Science, MEDLINE, EMBASE, SveMed+, Scopus, Google Scholar, Cochrane Central 

Register of Controlled Trials (CENTRAL), Bielefield Academic Search Engine (BASE), 

ClinicalTrials.gov, and International Clinical Trials Registry Platform (ICTRP). The latter 

three databases were included to also identify any ‘grey literature’, such as unpublished 

studies and theses. Only the first 150 publications were extracted from Google Scholar. 

Unpublished studies were collected by contacting researchers identified in bibliographies, 

search results or elsewhere. Article reference lists of included studies were also searched 

manually.  

Search 

Databases were searched using the following terms and their synonyms: Virtual 

reality/audiovisual glasses + pediatrics/child + anxiety/pain/preparation/distraction. Search 

strategies were adapted for each database. The complete search strategy for PsycINFO is 

presented in Table 1. The last search was conducted October 1, 2020, but manuscripts were 

received from contacted authors until November 25, 2020.  
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Table 1 

Search strategy for the PsycINFO database 

1 exp Pediatrics/ 

2 child*.mp. 

3 adolescen*.mp. 

4 boy*.mp. 

5 girl*.mp. 

6 1 OR 2 OR 3 OR 4 OR 5 

7 exp Virtual Reality/ 

8 audiovisual*.mp. 

9 7 OR 8 

10 exp. Distraction/ 

11 prepar* 

12 exp Exposure/ 

13 exp Pain/ 

14 exp Analgesia/ 

15 exp Anxiety 

16 anx*.mp. 

17 10 OR 11 OR 12 OR 13 OR 14 OR 15 OR 16 

18 6 AND 9 AND 17 

Note. mp. = field code for title, abstract, heading word, table of contents, key concepts, 

original title, tests and measures, mesh. 

 

Study Selection 

Upon completion of the literature search and after removal of duplicates, each 

publication was screened for potential eligibility by the author. Researchers identified in trial 

registries and conference abstracts were contacted if any corresponding, published research 
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articles were not identified in the search results. The resulting list of studies were considered 

for eligibility by both the author and supervisor. Reasons for exclusions were recorded at this 

point. Any disagreements were resolved through discussion.  

Data Collection Process 

Data extraction was conducted using an Excel spreadsheet. The spreadsheet was 

piloted with five randomly selected studies that were coded independently by both the student 

and supervisor. As coding agreement was deemed satisfactory, the remaining data was 

collected independently by the student. Numerical study results were coded by the student 

and double checked for accuracy by the supervisor. Any disagreements were resolved through 

discussion. If sufficient information was not available in the articles, information was 

requested from corresponding authors on multiple occasions between May and November 

2020. Co-authors were contacted if corresponding authors could not be reached. Efforts were 

made to locate updated contact information for researchers that did not respond. VR hardware 

or software specifications were also sourced from direct communication with manufacturers, 

technical manuals published online or vendors. Specifications sourced directly from articles 

were preferred, as authors may have reconfigured HMD settings. 

Data Items 

All data items were extracted as specified in the review protocol. If more than one 

measure of pain or anxiety were available, retrospectively, self-reported measures were 

prioritized. Self-reported measures were preferred as pain and anxiety are subjective and 

private experiences, and because observers’ ability to accurately describe the patient’s distress 

may be compromised as the VR headsets cover parts of the patient’s face. For pain 

specifically, measures of sensory pain were preferred over measures of the affective or 

cognitive aspects of pain. Final values were preferred over change scores.  
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The following information was extracted from each primary study: (a) publication and 

study details (author(s), year published, study design, sample sizes, description of comparison 

groups); (b) participant characteristics (average age and a measure of dispersion, gender 

distribution, other health-related characteristics); (c) details regarding the pain and anxiety 

measures that were used (name of measures, timing of administration, informant); (d) the 

procedural setting (clinical context in which the procedure took place, the kind of medical 

procedure, timing of VR intervention); (e) results (key findings, summary statistics for VR 

and non-VR groups); (f) VR characteristics (technical specifications, degree and form of 

interactivity, and descriptions of media displayed). The VR characteristics (immersion and 

interactivity) are described in further detail below. 

Immersion 

The variables describing technical specifications are primarily based on Cummings 

and Bailenson (2016), who compiled a list of VR features that increase the level of immersion 

and thus the sense of being present in the virtual environment. The list of VR characteristics 

included in the present study is not exhaustive, but rather focused on the objective, purely 

technical properties that were deemed realistic to code. For example, the overall level of detail 

and realism in virtual environments were not included. In addition to hardware specifications, 

information was extracted regarding the number of senses stimulated, the level of user-system 

interactivity, and the media displayed to participants.  

Screen Resolution. The screen resolution refers to the number of pixels the screen 

displays per frame (Kourtesis et al., 2019). A screen with a high resolution will be perceived 

to have greater fidelity, or ‘crispness’, of images displayed. Resolution is typically reported as 

horizontal x vertical pixels (e.g. 1280 x 1800), or pixels per inch (ppi). However, as pointed 

out by Hugues (2019), the pixel per degree (ppd) format more truly reflects the fidelity of the 
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display, as it is independent of the field of view. Calculating the ppd requires knowledge of 

the horizontal field of view, which is rarely disclosed. The screen resolutions were therefore 

not compared quantitively.  

Field of View. The field of view (FoV) refers to the degrees of the VR user’s visual 

field that is occupied by the virtual environment (Cummings & Bailenson, 2016).  FoV may 

be reported as diagonal, horizontal or vertical. Manufacturers oftentimes reveal only one 

measure (diagonal) of the FoV, whereas others withhold this information completely. The 

FoV may also be artificially increased by reducing the stereo overlap, i.e., the area of the 

screen in which the user can perceive depth (Hugues, 2019). It was thus decided that the field 

of view of devices could not be quantitively, fairly compared and this variable was omitted 

from quantitative synthesis.  

Screen Refresh Rate. The screen refresh rate refers to the rate at which the screens 

update the images displayed on the screen, based on input generated by the computer 

(Kourtesis et al., 2019). A low screen refresh rate would be perceived as a lack of fluency in 

images, or a lag between the user’s actions and visual input. The screen refresh rate is either 

reported in cycles per second (Hz) or frames per second (FPS). As this information was 

frequently missing, particularly in older studies, the screen refresh rate was not used to 

compare VR interventions. 

Stereoscopy/Three-Dimensional Graphics. Stereoscopy is achieved by presenting 

separate images to each eye with slight differences in perspective that reflects the 

interpupillary distance. It provides an illusion of depth in the virtual environment and may 

increase immersion (Yang et al., 2012).  

Head Tracking. Some VR systems track user movements and use this information to 

adjust images (and sometimes sound) accordingly. All parts of the body can be tracked, but 
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tracking of head movements is the most common. According to Slater (2009), tracking 

strengthens the illusion of being present in the virtual environment as the participant can 

perceive through natural sensorimotor contingencies (O'Regan & Noë, 2001). For example, a 

participant may tilt his or her head to inspect a virtual object from several angles, which is not 

possible on conventional screens.  

Visual Occlusion. This variable refers to whether the VR system fully covered the 

participant’s physical surroundings. HMDs that are not fully occlusive may have a gap 

between the device and the participant’s face that lets light through and allows the participant 

to see parts of the procedural setting. Minimizing input from the physical reality may 

strengthen the illusion of being present in the virtual environment (Slater & Wilbur, 1997).  

Non-Visual Sensory Stimulation. This variable described whether the VR 

intervention involved any non-visual, sensory stimulation. This would typically be in the form 

of auditive stimuli (e.g., music or sound effects from games), but also tactile stimuli (e.g., 

force feedback or vibration from controllers). Researchers may choose not to include audio to 

avoid disruption in communication between patients and personnel delivering the medical 

procedures. However, it is commonly assumed that multisensory stimuli provide greater 

immersion and sense of presence (Cummings & Bailenson, 2016).  

Interactivity 

This variable was used to declare whether the VR system offered any user-system 

interaction beyond control of the field of view (i.e., tracking of head movements). 

Interactivity may for example include navigation in the virtual environment or manipulation 

of virtual objects. 
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Risk of Bias Assessment in Individual Studies 

Assessment of study risk of bias was conducted in accordance with the Cochrane 

Handbook of Systematic Reviews (Higgins et al., 2020). The effect of interest was the 

Intention-To-Treat (ITT) effect, i.e., the effect of allocation to intervention. Risk of bias was 

assessed at outcome level independently by the student. The ROB 2.0 (Sterne et al., 2019) and 

ROBINS-I (Sterne et al., 2016) tools were used for RCTs and non-randomized studies, 

respectively. The RCT characteristics assessed were (a) bias arising from the randomization 

process, (b) bias due to deviations from intended interventions, (c) bias due to missing 

outcome data, (d) bias in measurement of the outcome, and (e) bias in selection of the 

reported result. Additional considerations for cross-over trials were applied (Sterne et al., 

2019). However, they were evaluated with the parallel design tool if only data from the first 

study period was analyzed. Non-randomized studies were evaluated in terms of the following 

domains: (a) confounding, (b) selection bias, (c) bias in classification of interventions, (d) 

bias due to deviations from intended interventions, (e) bias due to missing data, (f) bias in 

measurement of outcomes, and (g) bias in selection of the reported result. The risk of bias 

judgements for each domain are illustrated in separate figures for randomized and non-

randomized studies. Additional bar plots illustrate the overall judgement for each domain 

across studies, with each study’s contribution weighted by their standard error. The figures 

were constructed using the robvis web application (McGuinness & Higgins, 2020). A 

separate, additional analysis excluding studies deemed to have a high risk of bias in more than 

two domains was conducted. 

Summary Measures 

The differences in mean pain and anxiety scores for the VR and control groups were 

calculated as Hedges’ g (Hedges, 1981). While similar to d, the Hedges’ g includes a 
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correction term that yields a less biased estimate, particularly when sample sizes are small 

(Borenstein et al., 2009). If a study had multiple VR or non-VR arms, their summary statistics 

were combined. Means and standard deviations were ideally extracted directly from articles 

or obtained from study authors. If necessary, they were estimated. Sample means were 

estimated from the median by the method of Shi et al. (2020). Estimation of variance based 

on the median, interquartile range and sample sizes were based on the method of Wan et al. 

(2014). For studies that also reported the minimum and maximum values, the formula 

proposed by Luo et al. (2018) was used for additional precision. These estimations were 

performed using an online calculator by Shi et al. (2020). The Campbell Collaboration effect 

size calculator (Wilson, n.d.) was further used to estimate effect sizes from t-statistics.  

Cross-over trials were only included for quantitative synthesis if data from the first 

study period only was available, or if effect sizes could be calculated from paired analyses 

that account for the correlation between each participant’s responses (Elbourne et al., 2002). 

Several studies reported multiple measures of pain and anxiety. As specified in the 

review protocol, only one measure for each outcome was used for quantitative synthesis. The 

selection was based on the following pre-specified criteria: (a) Self-reported measures were 

preferred over observational measures; (b) measures of sensory pain were preferred over 

measures of the cognitive or affective aspects of pain. If two or more measures fit the 

abovementioned criteria, the most frequently used measure was selected. 

Syntheses of Results 

The methodology was guided by Borenstein et al. (2009) and the Cochrane handbook 

of systematic reviews (Higgins et al., 2020). All statistical analyses were conducted using 

Stata 16 (StataCorp, 2019). Standardized mean differences in pain and anxiety were combined 

using a random-effects model. The random-effects model assumes that the study effect sizes 
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are drawn from different populations of study effect sizes, i.e., that observed variance consists 

of both sampling error and differences in true effect sizes (Borenstein et al., 2009). This 

model was selected as the studies were expected to be diverse in terms of study designs, 

participant characteristics, medical procedures, and VR characteristics, to name a few. The 

restricted maximum likelihood estimator of between-studies variance (τ2) was selected based 

on recommendations by Veroniki et al. (2016). The results of the two meta-analyses are 

presented in separate forest plots, with primary studies stratified by the type of medical 

procedure. The standardized mean effect will also be expressed as absolute mean differences 

on the Wong-Baker Faces scale and the Child Fear Scale. These scales were selected as they 

were the most frequently used one-item scales among the outcomes included in the meta-

analysis. The absolute mean difference will be calculated by multiplying the standardized 

mean difference with the combined standard deviations from every study in which these 

measures were used in the meta-analysis (Schünemann et al., 2020). 

Heterogeneity among all included studies was assessed by consulting the Cochran’s Q 

test. A significant result indicates that the observed variation in effect sizes reflects true 

heterogeneity (Borenstein et al., 2009). The I2 statistic was then used to quantify the 

magnitude of heterogeneity. It describes the percentage of total variation that is due to 

heterogeneity (Higgins et al., 2003), with higher values indicating greater heterogeneity. 

Risk of Bias Across Studies 

Publication bias compromises the validity of the results of meta-analyses and 

systematic reviews. The term is typically used to refer to the greater likelihood of studies with 

statistically significant results being published. This tendency leads to an over-estimation of 

the summary effect sizes. However, the availability of all relevant studies may also be 

compromised for other reasons, such as language and the cost of accessing articles (Rothstein 
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et al., 2006). Regardless of the reason for publication bias, studies retrieved from literature 

searches may not be representative of all studies conducted on a certain topic (Rothstein et al., 

2005).  

Publication bias was assessed visually with a funnel plot in which study effect sizes 

(horizontal axis) were plotted against their inverse standard error (vertical axis). Areas 

representing three intervals of p-values (contours) were added to facilitate interpretation 

(Peters et al., 2008). As the standard error is directly related to the number of participants, plot 

asymmetry may be indicative of small-study effects (Sterne et al., 2006). Funnel plot 

asymmetry was also assessed formally with Egger’s tests, which involves regression analyses 

of the relationship between effect sizes and their standard error (Sterne & Egger, 2005). If the 

regression intercept differs from zero, publication bias is likely to be present. 

The trim-and-fill algorithm was used to estimate an effect size adjusted for publication 

bias. This procedure is conducted in two steps. During the first step, studies that cause funnel 

plot asymmetry are removed from the mean effect size estimate until symmetry is achieved 

(iteration step) (Borenstein et al., 2009, p. 286). An adjusted mean effect size is then 

estimated. The removed studies are finally re-applied, along with the studies that are assumed 

to be missing from either side of the funnel plot (pooling step). This final step estimates the 

variance of the new mean effect size. The trim-and-fill method is widely used, but its 

performance may vary depending on the presence of substantial heterogeneity or outlying 

studies, as well as which combination of models, methods, and estimators that is used. 

Researchers are thus encouraged to use various versions of the trim-and-fill method (Shi & 

Lin, 2019). In the present study, all possible combinations of the fixed- and random-effects 

(restricted maximum likelihood method) models with the linear (L0), run (R0) and quadratic 

(Q0) estimators will be used. 
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Additional Analyses 

Subgroup and Meta-regression Analyses 

Moderator analyses were conducted to explore potential sources of heterogeneity in 

effect sizes. The differences between subsets of the studies were initially explored with 

subgroup analyses. Categorical and continuous variables were then used as predictors in a 

random-effects meta-regression analysis. It is generally recommended that there are 

approximately ten studies per predictor (Borenstein et al., 2009). As the present study was 

focused on the differences between VR interventions, these variables were prioritized in the 

meta-regression analysis rather than the kind of medical procedure.  

As previously discussed, the screen refresh rate, resolution and field of view were 

omitted from quantitative analysis due to insufficient information. After coding the remaining 

immersion variables, it was discovered that only one study included any non-visual stimuli. 

This variable was thus also omitted from the composite immersion variable. As information 

regarding the four remaining immersion variables was lacking for several studies, it was 

decided to code VR interventions as either highly immersive (included auditive stimuli, head 

tracking, stereoscopy/three-dimensional images, and full visual occlusion) or less 

immersive/insufficient information. The VR interventions were also coded as either 

interactive or passive (i.e., no interactivity beyond head tracking). Medical procedures were 

categorized as either ‘dental’, ‘needle-related procedures’, ‘pre-operative’, or ‘wound care’. 

The mean study-level age was included as a continuous variable. All potential moderators 

were pre-specified in the review protocol. 

Sensitivity Analyses 

Sensitivity analyses were conducted to ensure that the summary effect estimates were 

robust to the removal of the following studies: (a) under-powered studies, (b) non-randomized 
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studies, and (c) studies deemed to have a high risk of bias in two or more domains. Assuming 

a one-tailed alpha of .05 and an 80 % power to detect an effect size of 0.50, studies were 

considered under-powered if they had less than 50 participants in each group (Cohen, 1998). 

Results 

65 primary studies derived from 64 articles published between 2004-2020 were 

included in qualitative synthesis. 13 studies were not included in the meta-analyses due to 

missing numerical results (Gershon et al., 2004; Khan et al., 2019), only change from baseline 

scores being reported (Kipping et al., 2012), or insufficient data to include cross-over trials 

(Attar & Baghdadi, 2015; Atzori, Grotto, et al., 2018; Atzori, Hoffman, et al., 2018; Chan et 

al., 2007; Das et al., 2005; El-Sharkawi et al., 2012; Garrocho-Rangel et al., 2018; Hoffman et 

al., 2019; Koticha et al., 2019; Sullivan et al., 2000). Two data sets were obtained from 

contact with authors to calculate the effect size for the first study period only (Schmitt et al., 

2011) and summary statistics (Jeffs et al., 2014). Two unpublished studies were acquired by 

contacting authors identified in the trial registries (Gerceker et al., in press; Osmanlliu et al., 

in press). Another two published manuscripts were received from contacted authors after the 

final database search was conducted (Buldur & Candan, 2020; Litwin et al., 2020). The 

process of study selection is illustrated in Figure 1. Study and VR characteristics are 

presented in separate tables (Appendix A and B, respectively), while the data used in the 

meta-analysis is presented in Appendix C. Stata output is listed in Appendix F. A narrative 

synthesis of study and VR characteristics is presented in the following paragraphs. 

Study Characteristics 

Most of the studies (k = 61) were RCTs, of which 43 employed a parallel-groups 

design and 18 studies employed a cross-over design. Four non-randomized studies were 

included. 
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Figure 1 

PRISMA flowchart showing the study selection process 
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Participant Characteristics 

The total number of participants was 4654, with sample sizes ranging from 5 to 220, 

and averaging at 72 participants. Included participants were between 6 months-21 years of 

age, and the mean study-level age was 9.23 years.  

Measures 

Self-reported measures of pain were available in all but two studies (Khadra et al., 

2020; Wolitzky et al., 2005), whereas observational measures had to be used for 11 of the 

anxiety studies. The Wong-Baker Faces Scale (Wong-Baker FACES Foundation, 2018) and 

the (revised) Faces Pain Scale (Hicks et al., 2001) were the most widely used pain measures, 

followed by visual analogue scales ([VAS], Bailey et al., 2012). VAS scales were also 

frequently used to measure anxiety. The most used observational measure of anxiety was the 

modified Yale Preoperative Anxiety Scale (Kain et al., 1997). 

Settings and Medical procedures 

Studies were mostly conducted in pediatric hospitals or dental clinics. Most of the 

procedures were classified as needle-related procedures (k = 25), followed by dental (k = 24), 

pre-operative (k = 8), and wound care (k = 8).  

Intervention Characteristics 

Most of the distraction studies (k = 61) used VR as a distraction during the medical 

procedures. Only Al-Nerabieah et al. (2020) used VR as a distraction before the procedure 

(i.e., in the waiting room before dental procedures). In one cross-over trial, the effect of 

receiving VR distraction during the first treatment on pre-operative anxiety before the second 

treatment could be extracted (Fakhruddin et al., 2015).  

Four studies (Eijlers, Dierckx, et al., 2019; Ryu et al., 2017, 2018, 2019) were 

categorized as preparation studies. These VR interventions involved virtual tours of the pre-
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operative settings, in which children were exposed to the procedural environment and medical 

personnel, as well as information about the procedures. Ryu and colleagues incorporated 

popular cartoon figures that explained and modelled the procedures. Participants in Eijlers, 

Dierckx, et al. (2019) and Ryu et al. (2018) were also able to interact with virtual medical 

devices and receive further information about them.  

VR Characteristics 

Head-mounted devices (HMDs) were used in all but three studies (k = 62). In Khadra 

(2020), patients were placed in front of a wide, curved screen that images were displayed on 

with a projector. This study was included as the screen covered the majority of the patient’s 

field of view and resembled a surrounding, dome-based VR system. Jeffs (2014) and 

Hoffman (2019) used HMDs that were mounted on either a tripod or a robotic arm to 

facilitate participation by patients with burn injuries in the head and neck region, or to 

facilitate use during hydrotherapy. In 28 studies, so-called smartphone-based systems were 

used in which a smartphone or other device is inserted into the HMD to serve as the screen 

and tracking device (Fuchs, 2019). The most common combination was the Samsung Gear 

headset coupled with various Samsung smartphones.  

As previously mentioned, information regarding at least some technical specifications 

were lacking for many studies, particularly in older studies and in studies that used less 

advanced VR systems. However, it was clear that the quality of the VR equipment varied 

considerably between studies. 37 of the VR systems offered stereoscopy/three-dimensional 

graphics, whereas seven did not. Unfortunately, this information was not available for 21 

studies. Nearly half of the VR interventions (k = 32) involved head tracking, 17 VR 

interventions did not, and information was lacking for the remaining 16 studies. Most of the 

VR devices fully covered the patient’s field of view (k = 41), whereas 13 did not. For 11 of 
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the studies, this information was not available. Nearly all of the VR interventions involved 

auditive stimuli (k = 60), and one study also included tactile feedback in the form of tactile 

feedback from controllers (Gold et al., 2006). Two studies did not include any audio (Aydin 

& Ozyazicioglu, 2019; Dumoulin et al., 2015), whereas this information could not be 

confirmed for three studies (Attar & Baghdadi, 2015; Das et al., 2005; Isong et al., 2014).  

27 VR systems were classified as interactive, meaning that the system afforded 

interactivity beyond head tracking. Four studies (Chaudhary et al., 2020; Gerceker et al., 

2020, in press; Piskorz et al., 2020), included both interactive and non-interactive subgroups. 

The interactive group of VR interventions was diverse; while some merely involved visual 

effects as the patient focused his or her gaze on a virtual object (e.g., Aydin & Ozyazicioglu, 

2019), others involved more interactivity with virtual objects (e.g., Eijlers, Dierckx, et al., 

2019) or more demanding tasks and games (e.g., Piskorz & Czub, 2018).  

In most of the studies, patients viewed videos (k = 29), followed by games (k = 19), 

and finally simulations (k = 11). Two studies included both video and game conditions 

(Chaudhary et al., 2020; Piskorz et al., 2020). Information regarding the VR software was not 

available for Attar and Baghdadi (2015). 

Comparison Groups 

Comparison groups were diverse and not always clearly described. They included a range of 

non-VR distractions (e.g., other electronic devices or conversation) or procedural preparation 

(e.g., informative videos or verbal briefings), behavior management techniques (e.g., positive 

reinforcements, tell-show-do technique), or standard of care procedures (SOC). The SOC 

conditions were also diverse, with some involving no intervention at all and others a 

combination of several interventions. Three dental studies used sunglasses or protective 
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eyeglasses, either as part of standard care (Hoge et al., 2012), as a behavior management 

technique (Bagattoni et al., 2018) or as a form of placebo (Buldur & Candan, 2020).  

Risk of Bias Within Studies 

Risk of bias was assessed per outcome for all included studies. The risk of bias 

judgements of each domain combined are illustrated in Figure 2 (randomized studies) and 

Figure 3 (non-randomized studies). Contributions from each study towards the combined risk 

of bias judgements are weighted by standard error of their effect sizes. Separate figures for 

pain and anxiety outcomes were not constructed for the non-randomized trials as these were 

identical. Risk of bias judgements for each study per domain are available in Appendix D 

(pain) and E (anxiety).  

None of the included studies received an overall low risk of bias judgement, and the 

vast majority were deemed to have an overall high risk of bias. This was partially because it is 

not possible to blind patients, parents and personnel delivering the VR interventions. Reports 

of pain and anxiety are highly subjective and may be influenced by beliefs regarding the 

efficacy of distraction methods. As self-reported measures were prioritized, most of the 

studies thus received a high risk of bias judgement in domain 4 (bias in measurement of the 

outcome). Blinding of outcome assessors and personnel conducting the medical procedures 

was only feasible in studies that applied VR before the medical procedure and only reported 

observational measures of either pain or anxiety (Al-Nerabieah et al., 2020; Eijlers, Dierckx, 

et al., 2019; Ryu et al., 2017, 2018, 2019). The lack of blinding may also have affected the 

behavior of patients, parents, carers, and others. Most studies therefore received at least an 

intermediate risk of bias judgement in domain 3 (bias due to deviations from the intended 

interventions), and high if data was not analyzed in accordance with intention-to-treat 

principles.  



THE EFFECTS OF VR ON PROCEDURAL PAIN AND ANXIETY   34 

 

 

 

 

Figure 2 

Combined risk of bias judgements of pain and anxiety outcomes reported in randomized trials 

 

 

In addition to issues related to blinding, prospective trial registrations and/or pre-

specified data analysis plans were identified for only a few studies. Many studies were thus 
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deemed to have at least an intermediate risk of bias due to selective reporting. Potential issues 

related to the randomization process were also observed in roughly half of the included 

studies. Frequently, the methods of randomization and concealment of allocation sequence 

were frequently not described in sufficient detail or at all. Some studies also performed block-

randomizations with small, evenly sized blocks or used other methods that might enable 

prediction of the forthcoming allocation for at least some participants. 

All the non-randomized trials (del Castillo et al., 2019; Piskorz & Czub, 2018; Piskorz 

et al., 2020; Sullivan et al., 2000) were deemed to have a serious risk of bias. Some of the 

issues observed in randomized trials were also seen in non-randomized trials, such as lacking 

pre-specified analysis intentions. Perhaps more importantly, the studies were considered to 

have a serious risk of bias due to confounding. For example, in Sullivan et al. (2000), children 

that were too anxious to receive VR on the first study day received VR on the second study 

day instead. In the remaining three studies, allocation was determined by either the timing of 

admission to the hospital in children that were regularly hospitalized for chronic disease 

(Piskorz & Czub, 2018; Piskorz et al., 2020), or whether the medical procedure was 

performed during the day or evening/night shifts (del Castillo et al., 2019). Although it is 

difficult to ascertain exactly how the timing of hospitalization or the medical procedure may 

have influenced study results, participants in the VR and non-VR groups may differ 

systematically in clinically relevant ways. 

 

Figure 3 

Combined risk of bias judgements of pain and anxiety outcomes reported in non-randomized 

trials 
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Results of Individual Studies and Syntheses of Results 

Numerical results of each study and results of the meta-analyses are illustrated in 

forest plots for pain (Figure 4) and anxiety (Figure 5). Positive values (towards the right) 

indicate that results are in favor of VR. Qualitative results are presented in the study 

characteristics and results table (Appendix A).  The results from studies that were not 

included in the meta-analyses were mixed; six studies reported results in favor of VR, two 

reported no difference between the groups, two studies did not find any difference in child 

and parent reported outcomes, and one study found that pain levels were higher in the VR 

group. The two anxiety studies both reported no difference between the VR and comparison 

groups.  

Pain 

42 studies reporting pain outcomes were synthesized. The overall mean effect 

(Hedges’ g) for pain was estimated to 0.79 (95 % CI [0.48, 1.10], z = 5.01, p < .001). This 

effect size may be considered large, compared to effect sizes that have previously been 

obtained for educational or counselling interventions for medical patients (Lipsey & Wilson, 

1993). Expressed in units of the 6-point Wong-Baker Faces scale, this would correspond to a 
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mean difference of 1.94 points. As will be discussed in sub-section ‘Risk of Bias Across 

Studies’, the true effect is likely considerably lower than the estimate that was obtained here.  

 The Q-statistic indicated statistically significant heterogeneity in effect sizes (Q(41) = 

441.46, p < .001). A large proportion of the observed variation (I2 = 94.61 %) was found to 

reflect differences in true effect sizes. Six studies reported results in favour of the control/non-

VR group (Bagattoni et al., 2018; Eijlers, Dierckx, et al., 2019; Hoge et al., 2012; Jeffs et al., 

2014; Mitrakul et al., 2015; Walther-Larsen et al., 2019). Potential sources of heterogeneity 

are assessed in the ‘Additional Analyses’ section.  

Anxiety 

35 studies reporting anxiety outcomes were synthesized. The mean effect size 

(Hedges’ g) for anxiety was estimated to 0.90 (95 % CI [0.55, 1.26], z = 4.98, p <.001), which 

too may be considered a large effect size compared to the effect sizes compiled in Lipsey & 

Wilson (1993). On the five-point Child Fear Scale (CFS), this would amount to a mean 

difference of 1.22 points. However, the true effect is likely to be smaller than this estimate 

(see ‘Risk of Bias Across Studies’). As for pain, the Q-statistic indicated statistically 

significant heterogeneity in effect sizes (Q(34) = 437.69, p < .001), with a large proportion (I2 

= 95.43 %) of variation attributable to differences in true effect sizes. Four studies reported 

results in favor of the control/non-VR treatment (Eijlers, Dierckx, et al., 2019; Litwin et al., 

2020; Ryu et al., 2019; Shah & Bhatia, 2018). Potential sources of heterogeneity are further 

explored in the ‘Additional Analyses’ sub-section. 
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Figure 4 

Forest plot with individual and combined results for pain 
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Figure 5 

Forest plot with individual and combined results for anxiety 
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Risk of Bias Across Studies 

Publication bias was assessed by visually inspecting contour-enhanced funnel plots, 

and by performing Eggers’ tests and the trim-and-fill-method. There is a clear lack of smaller 

studies reporting statistically non-significant results (i.e., towards the lower left part of the 

plot) among both the pain and anxiety studies (Figure 6). The plot asymmetries are further 

confirmed by a significant Eggers’ regression tests (p < .001). 

The trim-and-fill procedure was conducted with various settings as previously 

described. For the pain studies, four and six studies were imputed, with adjusted mean effect 

sizes ranging from 0.41 (95 % CI [0.34, 0.48]) (fixed-fixed with the R0 estimator) to 0.55 (95 

% [0.16, 0.94]) (random-random with the R0 estimator). Based on these adjusted estimates, 

the true mean difference would be closer to 0.83 - 1.35 points on the Wong-Baker Faces 

scale. The results thus indicate that the true mean effect lies substantially below the observed 

mean effect.  

For anxiety, 12 and 15 studies were imputed with the R0 estimator, which yielded 

adjusted estimates of 0.48 (95 % CI [0.40, 0.55]) (fixed-fixed; fixed-random) and 0.58 (95 % 

CI [0.50, 0.65]) (random-random; random-fixed). The other estimators did not suggest any 

missing studies. This suggests that the true mean difference is closer to 0.65 – 0.79 points on 

the Child Fear Scale. These estimates are thus considerable moderations of the original effect 

size.  
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Figure 8 

Contour-enhanced funnel plots for studies reporting pain and anxiety outcomes 
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Additional Analyses 

Subgroup and Meta-Regression Analysis of the Effects of VR on Pain  

The subgroup analyses (Table 2) revealed statistically significant differences in mean 

effects across the groups of medical procedures, most notably between the dental subgroup 

(Hedges’ g = 1.26, 95 % CI [0.35, 2.17]) and the pre-operative (Hedges’ g = −0.13, 95 % CI 

[−0.37, 0.12]) subgroups. In the pre-operative and wound care subgroups, the confidence 

intervals included zero, indicating the possibility of no or minimal differences between the 

VR and non-VR conditions. These subgroups were also quite small.   

 

Table 2 

Subgroup analyses of the effects of VR on pain 

Subgroup k Hedges’ g [95 % CI] Q(df) p 

Baseline 42 0.79 [0.55, 1.26]  <.001 

Medical procedure   27.83(3) <.001 

Dental 13 1.26 [0.35, 2.17]   

Needle-related 23 0.72 [0.49, 0.95]   

Pre-operative 2 −0.13 [−0.37, 0.12]   

Wound care 4 0.25 [−.45, 0.95]   

High immersion   0.18(1) .67 

Yes 19 0.72 [0.45, 1.00]   

No 23 0.86 [0.30, 1.41]   

Interactivity   7.69(1) .006 

Yes 18 0.28 [0.10, 0.45]   

No 20 1.16 [0.56, 1.75]   

Note. k = number of studies; CI = 95 % confidence interval. Q = test of homogeneity of 

effect sizes. 
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The mean effects were similar between the immersion subgroups. However, studies 

using less interactive VR systems reported significantly lower pain levels (Hedges’ g = 1.16, 

95 % CI [0.56, 1.75]) than those using interactive VR systems (Hedges’ g = 0.28, 95 % CI 

[0.10, 0.45]). Four studies were not included in the subgroup analysis of interactivity, as they 

contained both interactive and non-interactive VR interventions (Chaudhary et al., 2020; 

Gerceker et al., 2020, in press; Piskorz et al., 2020). 

Participants’ age and the level of immersion and interactivity were applied as 

predictors in a meta-regression analysis (Table 3). Again, the four studies with both 

interactive and non-interactive interventions were not included. After controlling for the level 

of immersion and mean age of participants, the difference between interactive and non-

interactive VR did not reach statistical significance. No relationship was found between the 

participants’ age or level of immersion and mean pain scores. 

 

Table 3 

Results of meta-regression analysis on the effects of VR on pain 

 Coefficient [95 % CI] z p 

Intercept 1.77 [0.58, 2.97] 2.92 .004 

Age −.09 [−0.22, 0.04] −1.32 .19 

High immersion 0.17 [−0.51, 0.84] 0.48 .63 

Interactivity −0.65 [−1.35, .04] −1.84 .07 

Note. Residual heterogeneity: I2 = 94.35 %, R2 = 12.54 %. 

 

Subgroup and Meta-regression Analysis of the Effects of VR on Anxiety 

Subgroup analyses of studies reporting anxiety outcomes (Table 4) indicate similar 

patterns as those observed for pain outcomes, with the largest effect sizes reported in the 
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dental subgroup (Hedges’ g = 1.41, 95 % CI [0.44, 2.37]). However, the difference between 

the groups of medical procedures was not statistically significant. The difference between the 

interactivity subgroups was statistically significant, with lower pain scores reported in the 

non-interactive group (Hedges’ g = 1.15, 95 % CI [0.57, 1.73] than the interactive group 

(Hedges’ g = 0.38, 95 % CI [0.15, 0.61]. Three studies were not included in the interactivity 

analysis as they included both interactive and non-interactive interventions (Gerceker et al., 

2020, in press; Piskorz et al., 2020). The mean pain scores were markedly lower in the non-

immersive subgroup, but this difference was not statistically significant.  

 

Table 4 

Subgroup analyses of the effects of VR on anxiety 

Subgroup k Hedges’ g [95 % CI] Q(df) p 

Baseline 35 0.90 [0.55, 1.26]  <.001 

Medical procedure   2.87(2) .24 

Dental 11 1.41 [0.44, 2.37]   

Needle-related 17 0.74 [0.41, 1.07]   

Pre-operative 7 0.50 [0.06, 0.95]   

High immersion   1.27(1) .26 

Yes 20 0.71 [0.37, 1.06]   

No 15 1.16 [0.46, 1.87]   

Interactivity   5.95(1) .02 

Yes 13 0.38 [0.15, 0.61]   

No 20 1.15 [0.57, 1.73]   

k = number of studies; CI = 95 % confidence interval. Q = test of homogeneity of effect 

sizes. 
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A meta-regression analysis with participants’ age, the level of immersion and 

interactivity as predictors revealed no statistically significant relationships with anxiety scores 

(Table 5).  

 

Table 5    

Results of meta-regression analysis on the effects of VR on anxiety 

 Coefficient [95 % CI] z p 

Intercept 2.15 [0.72, 3.59] 2.95 .003 

Age −0.11 [−0.27, 0.06] −1.23 .22 

High immersion −0.30 [−1.19, 0.58] −0.67 .50 

Interactivity −0.36 [−1.36, 0.64] −0.70 .48 

Note. Residual heterogeneity: I2 = 94.96 %, R2 = 10.75 %. 

 

Sensitivity Analyses 

Sensitivity analyses were conducted to evaluate the robustness in results when 

removing studies that were not adequately powered (<100 participants), non-randomized 

studies, and studies with two or more individual domains considered at a high risk of bias. As 

previously discussed, most studies received an overall high risk of bias judgement due to the 

prioritization of self-reported measures. Rather than excluding studies based on their overall 

risk of bias, the sensitivity analysis involved removing studies that received a high risk of bias 

judgement in more than one domain.  

Pain. The effect size was reduced after removing 25 studies with inadequate power 

(Hedges’ g = 0.67, 95 % [0.32, 1.01], z = 3.79, p <.001). Heterogeneity remained high (I2 = 

93.60 %). The results were robust to the removal of the three non-randomized studies 

(Hedges’ g = 0.74, 95 % [0.42, 1.06], z = 4.50, p < .001, I2 = 94.90 %) and the 20 studies that 
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were deemed to have a high risk of bias in two or more individual domains (Hedges’ g = 0.73, 

95 % CI [0.32, 1.14], z = 3.46, p <.001, I2 = 94.37 %). 

Anxiety. After removing the 22 inadequately powered studies, the effect size 

increased (Hedges’ g = 1.07, 95 % CI [0.30, 1.83], z = 2.72, p <.001). Heterogeneity remained 

high (I2 = 98.29 %). Removing the three non-randomized studies led to a slight reduction in 

effect size, while heterogeneity was constant (Hedges’ g = 0.85, 95 % [0.48, 1.23], z = 4.48, p 

<.001, I2 = 95.72 %). The mean effect size was slightly elevated when studies with more than 

one domain at high risk of bias were removed (Hedges’ g = 0.95, 95 % CI [0.46, 1.45], z = 

3.78, p <.001), while heterogeneity remained constant (I2 = 96.54 %).  

Discussion 

Summary of Evidence 

The aim of this systematic review was to evaluate the evidence regarding the 

effectiveness of VR on procedural pain and anxiety in children. An overview of the 

characteristics of VR interventions was provided, as well as the settings and ways in which 

they were used. Meta-analyses of pain and anxiety outcomes were performed, and the kind of 

medical procedure, mean patient age, interactivity, and immersion were explored as potential 

moderators. The strength of evidence was assessed through risk of bias judgements, tests for 

publication bias, and sensitivity analyses.  

Although information about the VR interventions was often lacking, it was clear that 

they were diverse in terms of technical specifications, level of interactivity, and the media that 

was displayed. While most VR headsets were fully occlusive and offered auditive stimulation, 

stereoscopic graphics and head tracking were only used in nearly half of the studies. The 

screen resolution and field of view also varied greatly. Information regarding the screen 

refresh rate was often unavailable. Nearly half of the studies used non-interactive simulations 
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or movies, whereas the interactive group consisted of both minimally interactive simulations 

(e.g., Aydin & Ozyazicioglu, 2019) and more cognitively taxing games (e.g., Piskorz & Czub, 

2018).   

Overall, the evidence was deemed at a high risk of bias using the ROB 2.0 tool. This is 

not surprising, as blinding patients to their allocation to experimental groups was not possible, 

and self-reported measures were preferred for inclusion in the meta-analysis. The fact that 

most studies received a high risk of bias judgement does not in itself suggest low 

methodological quality of studies. However, most studies were deemed to have at least an 

intermediate risk of bias in several other domains. This raises serious concerns on the validity 

of study results and their syntheses. For example, studies conducted with lower 

methodological quality may overestimate treatment effects (Hempel et al., 2011; Moher et al., 

1998). 

Other reasons to suspect spuriously large treatment effects are the indications of 

publication bias. Several studies reporting non-significant results are likely lacking from the 

literature, and there is reason to believe that the true effects are considerably smaller than 

those observed in the retrieved studies. In conclusion, the meta-analytical findings should thus 

be interpreted with great caution, and attention should be directed towards the more modest 

range of estimates suggested by the trim-and-fill method.  

Effects of VR on Pain and Anxiety 

High levels of heterogeneity were observed in both the pain and anxiety studies, but 

most studies reported results in favor of VR. Large effects were found for both pain (1.94 

points on the Wong-Baker Faces Scale [W-BFS]) and anxiety (1.22 points on the Child Fear 

Scale [CFS]). Based on estimates adjusted for publication bias, there is however strong reason 
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to believe that the true effects of VR on pain and anxiety are considerably lower (0.83 - 1.35 

points on the W-BFS; 0.65 – 0.79 points on the CFS). 

Moderator Analyses 

Studies in which VR was used during dental or needle-related procedures reported 

larger effects on average. The pain and anxiety scores were also lower in the non-interactive 

VR subgroup. There was a high degree of overlap between these three groups; all the 24 non-

interactive VR interventions were used during dental or needle-related procedures among the 

pain studies, and 20 out of the 24 among the anxiety studies. It is therefore difficult to 

establish whether it is the medical procedure or the level of interactivity (or neither) that best 

explains the differences that were observed.  

No statistically significant differences in VR effectiveness were found between 

systems that were highly immersive (i.e., had head tracking, full visual occlusion of the 

patient’s physical surroundings, stereoscopy, and auditive stimuli) and those that lacked at 

least some of these features (or in which immersion variables could not be confirmed). It 

should not be concluded based on these results that there is no effect of immersion on VR 

effectiveness. The immersion variable used in the analysis was based on only four of the 

many features known to influence presence. They were selected as information regarding 

other VR features was lacking for several studies. To maintain an acceptable predictor-study 

ratio, they were used to create a dichotomous variable that only described whether a VR 

system possessed all the four features. Consequently, any potential differences between VR 

systems with none, some, and all the features were ignored. A more sophisticated approach 

would involve an assessment of the relative influence of several individual immersion 

variables. The results of the present analysis should thus only be interpreted as an observed 

mean difference between studies that had four arbitrary VR features, and that were also 
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heterogenous in many aspects, such as patient characteristics and medical procedures. The 

same considerations apply to the statistically significant difference that was observed between 

interactive and less interactive VR systems. For example, the varying degrees and forms of 

interactivity were not considered.  

No relationship was found between the study-level mean age of participants and the 

effectiveness of VR. When using aggregate data, rather than individual-level data, only the 

between-studies variation is analyzed. In this case, it might have concealed any true 

relationship between the participant’s individual age and the effectiveness of VR. This is an 

example of what is referred to as ecological fallacy (Thompson & Higgins, 2002). It should 

therefore not be concluded that the age of participants is not related to the effectiveness of VR 

on pain.  

Subgroup and meta-regression analyses are observational in nature and cannot be used 

to establish causality (Borenstein et al., 2009; Deeks et al., 2020). They are also based on a 

limited number of studies and are probably not representative of all medical procedures, VR 

interventions, and patients in hypothetical studies or a clinical setting. Positive results from 

subgroup- and meta-regression analyses should therefore not be interpreted as conclusive 

evidence that certain VR systems perform better than others, or that it is more effective in 

certain settings and patients. Neither should the opposite be inferred from the failure to 

identify any such differences. In conclusion, the results of the moderator analyses should not 

be used to draw any definitive conclusions but may inspire new hypotheses and further 

research on the importance of interactivity and immersion.  

Sensitivity Analyses 

The overall estimate of the effects on pain was somewhat reduced when inadequately 

powered studies were removed. Unexpectedly, a slight increase in the effect size estimate for 
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anxiety was observed when inadequately powered studies were removed. This increase was 

seemingly caused by a group of studies with narrow confidence intervals and between 50-96 

participants that reported effect sizes slightly smaller than the average of studies that were 

considered adequately powered. As studies are assigned weights proportional to their standard 

error in a random-effects model, removing these studies likely caused the unexpected increase 

in the mean effect size estimate. It should also be noted that the power cut-off was based on 

an arbitrary assumption of a 0.50 effect size. 

The summary effect size for both pain and anxiety remained relatively constant after 

removing the non-randomized studies. This is likely because only a few non-randomized 

studies were included in each meta-analysis, of which several had wide confidence intervals 

and thus contributed less to the original summary effect. It should therefore not be concluded 

that that there is no association between the study design and effect sizes. 

Only slight or no difference in the mean effects for pain and anxiety was observed 

when studies with a high risk of bias judgement in more than one domain were removed. 

However, the retained studies all had at least an intermediate overall risk of bias. This 

sensitivity analysis should therefore not be interpreted as evidence that bias did not influence 

the results. 

Limitations 

The measures obtained for the quantitative synthesis were subjective and thus carry 

inherent limitations. As pain and anxiety are private, subjective experiences, self-reports were 

prioritized over observational measures. However, as pointed out by von Baeyer (2009), they 

should be interpreted with regards to developmental and social factors. Consciously or not, 

children may underreport or overreport their pain for reasons such as difficulties with 

understanding the scales or fear of the consequences of reporting certain scores (e.g., 
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underreporting pain due to a fear of being subjected to more medical procedures) (O’Brien & 

Root, 2019, p. 775; von Baeyer, 2009). Furthermore, scales like the Wong-Baker Faces Scale 

have been criticized for using response options represented by faces that cry, smile, or look 

angry; if the children themselves do not experience the corresponding emotions, they may 

avoid selecting these responses even though they most accurately reflect the level of their 

distress (von Baeyer, 2009). The lack of blinding to the experimental condition may also have 

introduced bias to the measurement of pain and anxiety. Several other issues related to the 

measurement of pain and anxiety also apply (see von Baeyer, 2009). An important limitation 

of the present study is therefore not conducting multiple analyses with reports from several 

informants or physiological data (e.g., pulse rate). 

The validity of results from systematic reviews and meta-analyses is a product of the 

quality of primary studies (Borenstein et al., 2009, p. 380). For example, methodological 

issues of primary studies, like flaws in the randomization process and retrospectively 

registered trials, are also transferred to any syntheses of study results. Updated reviews should 

therefore be conducted as more trials with larger sample sizes and greater methodological 

rigor are being published.  

Although efforts were made to locate unpublished studies, no studies were identified 

that did not get published or were in press before the completion of this review. The failure to 

include any unpublished studies is a significant limitation of the present study, considering 

the indications of publication bias. Eligible studies may also have been excluded because of 

language restrictions.   

The risk of bias judgements were conducted by only one person in the present study. 

Although the ROB 2.0 and ROBINS-I tools contain decision algorithms that guide the overall 

judgements per domain, scoring individual items nevertheless requires at least some 
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subjective judgements (Higgins et al., 2011). It is therefore recommended that they are 

conducted by at least two reviewers independently (Higgins et al., 2011).  

Another issue to consider at the review-level is the categorization of medical 

procedures. The categories were created with the intention of describing each included study 

as accurately as possible while also keeping the number of subgroups low to ensure that they 

were adequately sized for subgroup analyses. However, the pre-operative and wound care 

subgroups would preferably have been larger. The medical procedures within each subgroup 

were certainly not homogenous. For example, while Eijlers, Dierckx, et al. (2019) measured 

the effect of procedural preparation on post-operative pain, Walther-Larsen et al. (2019) 

measured the effect of VR distraction on acute pain from intravenous cannulation before 

surgery. Another example is the needle-related group, which included both lumbar punctures 

as part of cancer treatment and routine venipuncture in healthy children. It is possible that a 

different set of categories would have yielded different results and useful insight. 

Finally, some issues were not addressed in the present review that are relevant when 

evaluating the effects of VR in pediatrics. For example, the present review did not 

systematically collect information regarding the health status of children or whether any 

pharmacological interventions were used. Furthermore, safety issues and potential side-effects 

from the use of VR were not discussed. Although common symptoms like nausea and vertigo 

tend to decline quickly after removing the VR headset, more serious concerns have also been 

expressed (see Nichols & Patel, 2002).  

Conclusions 

The results of the present review suggest that VR has beneficial effects on procedural 

pain in children, compared to other non-VR interventions or no intervention. The direction of 

the effects is in accordance with previous meta-analyses, but their magnitudes were lower 
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than those reported in Eijlers, Utens, et al. (2019) and Georgescu et al. (2020). The 

differences likely reflect the various definitions of VR and immersion and the rapidly 

developing literature, as well as the inclusion of adult samples in some reviews. However, the 

strength of evidence is considered weak due to a high risk of bias within and across studies, 

and it is not possible to draw any definitive conclusions. 

The results indicated that non-interactive studies were superior, which contradicts the 

results of some previously cited studies (e.g., Dahlquist et al., 2004; Hoffman et al., 2004; 

Hoffman et al., 2006; Wender et al., 2009). Although these results should be interpreted with 

caution, it is possible that children benefit more from less demanding tasks. Studies like those 

mentioned above are often conducted on experimentally induced pain and mostly in adult 

volunteers. It would therefore not be surprising if the findings from these studies do not 

translate to a clinical setting with pediatric patients. If non-interactive VR interventions truly 

are more effective, or even equally as effective, as interactive interventions, it would 

contradict the common assumption that interactive interventions are superior. This would 

have important implications for VR developers, clinicians, and decision makers. Further 

research is needed to establish if interactivity could be beneficial, and if so, the optimal level 

and mode of interactivity for different age groups.  

The review has demonstrated the diversity of VR systems in terms of hardware and 

software. No relationship was found between immersion and treatment effects. However, 

immersion features were not assessed individually, and their potential role should therefore 

not be dismissed. VR interventions vary in terms of the content that is displayed. 

Interestingly, some interventions feature content that is likely to increase arousal (e.g., 

rollercoaster simulations), whereas some included more relaxing content (e.g.., underwater 
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simulations). The effects of these and other software design decisions would be interesting to 

address in future studies. 

Decision makers should be aware of the differences between VR interventions when 

considering the implementation of VR in clinical settings. Less immersive and non-interactive 

technologies may also have additional benefits that were not discussed in the present review. 

For example, larger screens may be impractical during some procedures (e.g., dental 

procedures), auditive stimuli may disturb communication with medical personnel, and head 

tracking may encourage movements of the head and body that could be disruptive to the 

medical procedure.   

In conclusion, the review suggests that VR could be beneficial in pediatrics. However, 

the results must be seen in context of the limitations of primary studies and the present 

review. More studies with larger sample sizes and methodological rigor are needed, especially 

on the effects of using VR for procedural preparation. Researchers should explicitly state their 

definitions of VR and immersion to avoid confusion. It remains unclear whether VR is more 

effective than all other interventions, such as non-VR, screen-based interventions. Less 

interactive VR may be preferable in pediatrics, but more research is needed on the potential 

differences between various forms and degrees of interactivity. Future studies should also be 

focused on individual immersion variables and the content that is displayed on the VR 

headsets.   
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Appendix A 

Characteristics and results of included studies 

   Participants Measures     
Kind of 
medical 
procedure 

Author(s) 
(year) 

Study 
design n 

Age 
Range 
M (SD) 

Pain Anxiety Procedural 
setting Purpose of VR Comparison 

group(s) Key findings 

Dental Al-Halabi et 
al. (2018) 

RCT 
parallel 101 

6-10 
7.40 
(-) 

W-B 
Faces N/A Pediatric 

dentistry 

Distraction 
during inferior 
alveolar nerve 

block 

Control (basic 
behavior 
guidance 

techniques); 
tablet distraction 

No differences in pain 
scores between the 

groups 

 Al-Khotani et 
al. (2016) 

RCT 
parallel 56 

7-9 
8.20 

(0.80) 
N/A FIS Pediatric 

dentistry 

Distraction 
during restorative 

treatment 

Control (no 
distraction) 

No difference in anxiety 
scores according to FIS. 
Lower anxiety scores in 
AV group according to 

MVARS 

 Al-Nerabieah 
et al. (2020) 

RCT 
parallel 64 

6-10 
7.50 

(1.30) 

W-B 
Faces mYPAS-SF Pediatric 

dentistry 

Distraction in the 
waiting room 
before dental 
procedures 

No distraction Lower pain and anxiety 
scores in the VR group 

 Aminabadi et 
al. (2012) 

RCT 
cross-
over 

120 
4-6 
5.42 

(0.73) 

W-B 
Faces MCDAS(f) Pediatric 

dentistry 

Distraction 
during restorative 

treatment 

No VR 
distraction 

Lower pain and anxiety 
scores during VR 

 Asvanund et 
al. (2015) 

RCT 
cross-
over 

49 
5-8 
7.00 

(0.87) 
FPS-R N/A Pediatric 

dental clinic 

Distraction 
during restorative 

treatment 

Behavior 
management 
techniques 

Lower pain scores 
during VR 

 
Attar & 
Baghdadi, 
2015 

RCT 
cross-
over 

39 
4-8* 
6.27 

(1.24) 

W-B 
Faces N/A Pediatric 

dental clinic 

Distraction 
during 

administration of 
local anesthesia 

iPad distraction Higher pain scores 
during VR 
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Appendix A (cont.) 

   Participants Measures     
Kind of 
medical 
procedure 

Author(s) 
(year) 

Study 
design n 

Age 
Range 
M (SD) 

Pain Anxiety Procedural 
setting Purpose of VR Comparison 

group(s) Key findings 

 
Atzori, 
Grotto, et al. 
(2018) 

RCT 
cross-
over 

5 
7-17 
13.20 
(2.39) 

GRS N/A Private dental 
clinic 

Distraction 
during dental 

fillings or tooth 
extraction 

No VR 
Lower sensory and 

affective pain scores 
during VR 

 Bagattoni et 
al. (2018) 

RCT 
cross-
over 

48 
5-10 
7.30 

(1.50) 
FPS-R N/A 

Special 
needs/ 

pediatric 
dentistry 

Distraction 
during restorative 

treatment 

Conventional 
behavior 

management 
(protective 
eyeglasses) 

No difference between 
the groups on study day 
I, but lower pain scores 
for audiovisual group 

on study day II 

 
Buldur & 
Candan 
(2020) 

RCT 
cross-
over 

76 
7-11 
9.02 

(1.39) 

W-B 
Faces FIS Pediatric 

dentistry 

Distraction 
during routine 

dental treatment 

Control/placebo 
(protective 
eyeglasses) 

No difference between 
the groups on any self-

reported measures 

 Chaudhary et 
al. (2020) 

RCT 
parallel 60 - W-B 

Faces N/A Pediatric 
dentistry 

Distraction 
during 

administration of 
inferior alveolar 

nerve block 
(IANB) 

Control 
(behavior 

management 
techniques; no 

distraction) 

Lower pain scores in 
VR group 

 El-Sharkawi 
et al. (2012) 

RCT 
cross-
over 

48 5-7 
(-) FPS N/A Pediatric 

dentistry 

Distraction 
during 

administration of 
inferior alveolar 

nerve block 
(IANB) 

Control (tell-
show-do 

technique; 
topical 

anesthesia) 

Lower pain scores 
during VR/AV-

distraction 
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Appendix A (cont.) 

   Participants Measures     
Kind of 
medical 
procedure 

Author(s) 
(year) 

Study 
design n 

Age 
Range 
M (SD) 

Pain Anxiety Procedural 
setting Purpose of VR Comparison 

group(s) Key findings 

 Fakhruddin et 
al. (2015) 

RCT 
cross-
over 

60 
4-7 
5.24 

(1.20) 

W-B 
Faces MCDAS(f) Dental 

hospital 

Distraction 
during pulp 

therapy 

Non-VR 
distraction 
(projector 
display) 

Lower pain scores in 
AV group. AV-glasses 
during visit I reduced 
pre-operative anxiety 

before visit II 

 
Garrocho-
Rangel et al. 
(2018) 

RCT 
cross-
over 

36 
5-8 
6.20 

(1.30) 
FLACC N/A Pediatric 

dentistry 

Distraction 
during dental 

treatment 

Control 
(behavior 

management 
techniques) 

No difference in pain 
scores between the AV 

and control groups 

 Hoge et al.  RCT 
parallel 128 

4-16 
9.31 

(2.79) 
FPS-R N/A Dental clinic 

Distraction 
during restorative 

treatment 
Sunglasses 

No difference in pain 
scores between the AV 

and control groups 

 Isong et al. 
(2014) 

RCT 
parallel 40 

7-17* 
9.95 

(2.80) 
N/A VARS Pediatric 

dental clinic 

Distraction 
during 

preventative 
treatment 

SOC (no 
intervention) 

Lower anxiety scores in 
AV group 

 Khan et al. 
(2019) 

RCT 
parallel 100 

4-10 
6.36 
(-) 

N/A FIS 
Pediatric/ 
preventive 
dentistry 

Distraction 
during restorative 
dental treatment 

SOC No difference between 
VR and non-VR group 

 Koticha et al. 
(2019) 

RCT 
cross-
over 

60 
7-17 
13.20 
(2.39) 

N/A VPT 
Pediatric/ 
preventive 
dentistry 

Distraction 
during tooth 
extraction 

No VR 
No difference in self-

reported anxiety 
between groups 

 Mitrakul et al. 
(2015) 

RCT 
cross-
over 

42 
7-17* 
10.92 
(2.64) 

FPS-R N/A Pediatric 
dentistry 

Distraction 
during restorative 

treatment 

Behavior 
management 
techniques 

AV glasses reduced 
pain during dental 

treatment 
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Appendix A (cont.) 

   Participants Measures     
Kind of 
medical 
procedure 

Author(s) 
(year) 

Study 
design n 

Age 
Range 
M (SD) 

Pain Anxiety Procedural 
setting Purpose of VR Comparison 

group(s) Key findings 

 Niharika et al. 
(2018) 

RCT 
cross-
over 

40 
4-8 
7.23 

(0.31) 

W-B 
Faces MCDAS(f) Pediatric 

dentistry 

Distraction 
during pulp 

therapy 
No VR VR reduced pain and  

anxiety scores 

 Nunna et al. 
(2019) 

RCT 
parallel 70 

7-11 
8.86 

(1.41) 
VAS VCARSa Pediatric 

dentistry 

Distraction 
during 

administration of 
local anesthesia 

Counter-
stimulation 

No difference in pain 
scores, but higher 

anxiety scores in VR 
group 

 Nuvvula et al. 
(2014) 

RCT 
parallel 90 

7-10 
8.40 
(-) 

N/A MCDAS(f) 
Pediatric/ 

preventative 
dentistry 

Distraction 
during 

administration of 
local anesthesia 

Control (standard 
behavior 

techniques); 
 Music (music 
distraction + 

standard 
behavior 

techniques) 

AV-glasses reduced 
anxiety 

 Shah et al. 
(2018) 

RCT 
parallel 50 4-7 

(-) N/A FIS 
Pediatric/ 

preventative 
dentistry 

Distraction 
during restorative 

treatment 

Tell-play-do 
technique 

No difference in anxiety 
scores between groups 

 Shetty et al. 
(2019) 

RCT 
parallel 120 

5-8 
6.76 

(1.03) 

W-B 
Faces MCDAS(f)-r Pediatric 

dentistry 

Distraction 
during pulp 

therapy 

Conventional 
behavior 

management 
techniques 

Virtual reality reduced 
pain and anxiety 

 Sullivan et al. 
(2000) 

W-GD 
N-R 30 5-7 

(-) N/A KRS Dental clinic 

Distraction 
during 

administration of 
local anesthesia 

No VR No difference between 
groups 
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Appendix A (cont.) 

   Participants Measures     
Kind of 
medical 
procedure 

Author(s) 
(year) 

Study 
design n 

Age 
Range 
M (SD) 

Pain Anxiety Procedural 
setting Purpose of VR Comparison 

group(s) Key findings 

Needle- 
related 
proce-
dures 

Atzori, 
Hoffman, et 
al. (2018) 

RCT 
cross-
over 

15 
7-17 
10.92 
(2.64) 

VAS N/A 

Pediatric 
onco-

hematological 
setting 

Distraction 
during 

venipuncture 

SOC (No VR; 
non-medical 
conversation 
with nurse) 

Lower affective, 
cognitive, and sensory 
pain scores during VR 

 
Aydin & 
Ozyazicioglu 
(2019)  

RCT 
parallel 120 

9-12 
10.40 
(1.13) 

VAS; 
W-B 
Faces 

N/A Pediatric 
hospital 

Distraction 
during 

phlebotomy 
No intervention Lower pain scores in 

VR group 

 Caruso et al. 
(2019) 

RCT 
parallel 220 

7-18 
13.6 

(3.10) 
FPS-R CFS Pediatric 

hospital 

Distraction 
during vascular 

access 

Various standard 
coping methods 

No significant 
differences in pain or 

anxiety scores 

 

Chan et al. 
(2019) 
(study I, 
Emergency 
department) 

RCT 
parallel 123 

4-11 
8.06 

(2.42) 
FPS-R VAT 

Emergency 
department in 

pediatric 
hospital 

Distraction 
during 

venipuncture or 
cannulation 

SOC (various 
distraction 
techniques) 

VR reduced pain 

 
Chan et al. 
(2019) 
(study II, 
pathology) 

RCT 
parallel 129 

4-11 
7.8 

(2.33) 
FPS-R VAT 

Pathology 
(outpatient) 
in pediatric 

hospital 

Distraction 
during 

venipuncture 

SOC (various 
distraction 
techniques) 

Lower change from 
baseline scores in VR 

group 

 Chen et al. 
(2020) 

RCT 
parallel 136 

7-12 
9.13 

(1.71) 

W-B 
Faces CFS Emergency 

department 

Distraction 
during 

intravenous 
injections 

Verbal 
comforting 

Lower pain and fear 
scores in VR group 

 del Castillo et 
al. (2019) 

B-GD 
(Q-E) 34 

4-15 
9.86 

(5.01) 

W-B 
Faces CFS Pediatric 

ward 
Distraction 

during various No intervention Lower pain and anxiety 
scores in VR group 
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Appendix A (cont.) 

   Participants Measures     
Kind of 
medical 
procedure 

Author(s) 
(year) 

Study 
design n 

Age 
Range 
M (SD) 

Pain Anxiety Procedural 
setting Purpose of VR Comparison 

group(s) Key findings 

        needle-related 
procedures   

 Dumoulin et 
al. (2019) 

RCT 
parallel 59 

8-17 
13.37 
(2.94) 

VAS VAS 
Pediatric 

emergency 
department 

Distraction 
during various 
needle-related 

procedures 

TV distraction; 
SOC (Child Life) 

Larger reduction in fear 
scores in VR group 
compared to TV and 

SOC. No difference in 
pain scores 

 
Gerceker 
et al. 
(2018) 

RCT 
parallel 121 

7-12 
9.44 

(1.50) 

W-B 
Faces N/A 

Pediatric 
phlebotomy 

unit 

Distraction 
during 

phlebotomy 

Buzzy device; 
Control (No 
intervention) 

Lower pain scores in 
the VR and Buzzy 

groups compared to the 
control group 

 Gerceker 
et al. (2020) 

RCT 
parallel 136 5-12 

(-) 
W-B 
Faces 

CAMS-S; 
CFS 

Phlebotomy 
unit 

Distraction 
during 

phlebotomy 
No distraction Lower pain and anxiety 

scores in VR group 

 
Gerceker 
et al. (in 
press) 

RCT 
parallel 42 

6-17 
11.40 
(3.10) 

W-B 
Faces 

CAMS-S; 
CFS 

Pediatric 
hematology-

oncology 
(two 

hospitals) 

Distraction 
during various 
needle-related 

SOC 
(information 

about the 
procedure) 

Lower pain and anxiety 
scores in VR group 

 Gershon et al. 
(2004) 

RCT 
parallel 59 

7-19 
12.70 

(-) 

VAS; 
CHEOPS VAS Outpatient 

oncology 

Distraction 
during port 

access 

Non-VR 
distraction 
(computer); 

SOC (no 
distraction) 

No difference in pain or 
anxiety scores 

according to child and 
parent reports (VAS). 
Lower pain scores in 

VR group compared to 
no distraction group, 
according to nurse  
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Appendix A (cont.) 

   Participants Measures     
Kind of 
medical 
procedure 

Author(s) 
(year) 

Study 
design n 

Age 
Range 
M (SD) 

Pain Anxiety Procedural 
setting Purpose of VR Comparison 

group(s) Key findings 

          
reports (VAS), as well 
as some pain behaviors 

(CHEOPS) 

 Gold et al. 
(2006) 

RCT 
parallel 20 

8-12 
10.20 
(1.44) 

FPS-R N/A Pediatric 
radiology 

Distraction 
during IV 
placement 

SOC (no 
distraction) 

No difference between 
VR and non-VR groups 

 
Gold & 
Mahrer 
(2018) 

RCT 
parallel 143 

10-21 
15.43 
(3.13) 

VAS; 
CAS 

VAS; 
FAS 

Pediatric 
hospital 

Distraction 
during 

venipuncture 
SOC 

VR reduced pain and 
anxiety scores 

compared to SOC 

 
Goldman & 
Behboudi 
(2020) 

RCT 
parallel 66 

6-16 
10.10 
(4.28) 

FPS-R VPT 
Pediatric 

emergency 
department 

Distraction 
during 

intravenous 
catheterization 

SOC 

Lower pain scores in 
VR group. 

No difference in anxiety 
scores 

 Inangil et al. 
(2020) 

RCT 
parallel 120 

7-12 
9.10 

(1.70) 

W-B 
Faces CFS 

Private 
university 
hospital 

Distraction 
during 

phlebotomy 

Tablet 
distraction; 
control (no 

intervention) 

Lower pain and anxiety 
scores in VR group 

 Litwin et al. 
(2020) 

RCT 
parallel 48 

8-17 
12.48 
(2.68) 

11-point 
numerical 

scale 
CFS 

Pediatric 
emergency 
department 

Distraction 
during IV 
insertion 

Tablet distraction 
VR reduced pain scores, 
but no difference in fear 

scores 

 Osmanlliu et 
al. (in press) 

RCT 
parallel 62 

7-17 
11.70 
(2.99) 

VNRS CFS 
Pediatric 

emergency 
department 

Distraction 
during vascular 

access 

SOC 
(pharmacological 

analgesia; 
parental 

presence; non-
VR distraction) 

Lower anxiety scores 
in VR group. No 
difference in pain 

scores 
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Appendix A (cont.) 
   Participants Measures     
Kind of 
medical 
procedure 

Author(s) 
(year) 

Study 
design n 

Age 
Range 
M (SD) 

Pain Anxiety Procedural 
setting Purpose of VR Comparison 

group(s) Key findings 

 
Piskorz & 
Czub 
(2018) 

B-GD 
(N-R) 38 

7-12 
11.26 
(2.92) 

VAS VAS 
Pediatric 

nephrology 
clinic 

Distraction 
during 

phlebotomy 
No VR Lower pain and stress 

scores in VR group 

 Piskorz et al. 
2020 

B-GD 
(N-R) 57 

7-12 
12.00 
(3.09) 

VAS VAS 
Pediatric 

nephrology 
clinic 

Distraction 
during 

phlebotomy 
No VR Lower pain and stress 

scores in VR group 

 Sander Wint 
et al. (2002) 

RCT 
 parallel 30 

10-19 
13.81 
(2.25) 

VAS N/A 

Oncology 
clinic in 
pediatric 
hospital 

Distraction 
during lumbar 

puncture 
SOC Tendency for lower 

pain scores in VR group 

 Schlechter et 
al. (2020) 

RCT 
parallel 115 

4-17 
11.00 
(4.19) 

FPS-R 
3-point 

likert-type 
scale 

Pediatric 
emergency 
department 

Distraction 
during 

intravenous line 
placement 

SOC (in absence 
of child life 
specialists) 

Changes in anxiety and 
pain scores were similar 

across groups 

 Wolitzky et 
al. (2005) 

RCT 
parallel 20 

7-14 
10.50 
(2.33) 

CHEOPS N/A Pediatric 
hospital 

Distraction 
during port 

access 
No VR VR reduced pain and 

distress 

 Wong et al. 
(2020) 

RCT 
parallel 108 

6-17 
10.40 
(3.60) 

FPS-R 
CSAS-C 

(short 
version) 

Pediatric 
cancer center 

in hospital 

Distraction 
during peripheral 

intravenous 
cannulation 

SOC (verbal 
explanation) 

Children in the VR 
group reported 

significantly less 
procedural pain and  

 Özkan & 
Polat, 2020 

RCT 
parallel 135 

4-10 
9.28 

(0.93) 
VAS CFS Hospital 

Distraction 
during 

venipuncture 

Control; 
kaleidoscope 
distraction 

Pain scores were lower 
in the VR and 

kaleidoscope group 
compared to control 

group 
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Appendix A (cont.) 

   Participants Measures     
Kind of 
medical 
procedure 

Author(s) 
(year) 

Study 
design n 

Age 
Range 
M (SD) 

Pain Anxiety Procedural 
setting Purpose of VR Comparison 

group(s) Key findings 

          anxiety, compared with 
the control group 

Pre-
operative 

Eijlers, 
Dierckx, et al. 
(2019) 

RCT 
parallel 191 

4-12 
8.00 

(3.62) 
FPS-R mYPAS Pediatric 

hospital 

Preparation for 
elective surgery/ 

anesthesia 

SOC 
(recommendation 

to watch 
informative film 

about general 
anesthesia at 

home) 

No differences between 
groups in self-reported 

anxiety or pain 

 Hashimoto et 
al. (2020) 

RCT 
parallel 58 

4-12* 
5.18 

(1.24) 
N/A mYPAS Hospital 

Preparation for 
elective 

surgery/general 
anesthesia 

Cartoons viewed 
on a portable 
media player 

Lower pre-operative 
anxiety scores in the 
AV-glasses group 

 Kerimoglu et 
al. (2013) 

RCT  
parallel 96 

4-9 
6.24 

(2.19) 
N/A mYPAS Hospital 

Distraction 
during induction 

of general 
anesthesia 

(inhaled) before 
surgery  

Pharmacological 
intervention only 

(midazolam) 

No difference in anxiety 
scores between the 

groups 

 Jung et al. 
(2020) 

RCT 
parallel 70 

5-12 
8.00 
(2.3) 

N/A mYPAS Pediatric 
hospital 

Distraction 
during induction 

of general 
anesthesia 

(inhaled) before 
surgery 

SOC 
(no audiovisual 

distraction) 

Lower anxiety scores in 
the VR group, 

compared to the control 
group 
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Appendix A (cont.) 
   Participants Measures     
Kind of 
medical 
procedure 

Author(s) 
(year) 

Study 
design n 

Age 
Range 
M (SD) 

Pain Anxiety Procedural 
setting Purpose of VR Comparison 

group(s) Key findings 

 Ryu et al. 
(2017) 

RCT 
parallell 69 

4-10 
6.04 

(1.99) 
N/A mYPAS Hospital 

Preparation for 
elective surgery 
under general 

anesthesia 
(inhaled or 

intravenous) 

Conventional 
education about 

preoperative 
process 

Lower anxiety scores in 
the VR group 

 Ryu et al. 
(2018) 

RCT 
parallel 80 

4-10 
6.18 

(1.95) 
N/A mYPAS, Hospital 

Preparation for 
elective surgery 
under general  

anesthesia 
(inhaled) 

Conventional 
education about 

preoperative 
process 

Lower anxiety scores in 
the VR group 

 Ryu et al. 
(2019) 

RCT 
parallel 69 

4-10 
6.40 

(1.74) 
N/A mYPAS Hospital 

Preparation for 
elective surgery 
under general 

anesthesia 

Conventional 
education about 
the preoperative 

process  

Lower anxiety scores in 
the VR group 

 
Walther-
Larsen et al. 
(2019) 

RCT 
parallel 59 

7-16 
10.48 
(2.51) 

VAS N/A 
Anesthetic 

department in 
hospital 

Distraction 
during IV 

cannulation for 
anesthesia before 
elective surgery 

SOC (topical 
numbing cream, 
positioning, and 

smartphone 
distraction) 

No difference in pain 
scores  

Wound 
care 

Chan et al. 
(2007) 

RCT 
cross-
over 

8 
- 

6.54 
(2.27) 

FPS N/A Burn facility 
Distraction 
during burn 
wound care 

SOC VR reduced pain during 
and after the procedure 
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Appendix A (cont.) 
   Participants Measures     
Kind of 
medical 
procedure 

Author(s) 
(year) 

Study 
design n 

Age 
Range 
M (SD) 

Pain Anxiety Procedural 
setting Purpose of VR Comparison 

group(s) Key findings 

 Das et al. 
(2005) 

RCT 
cross-
over 

7 
5-18 
10.00 
(3.90) 

Faces 
Scale N/A 

Women's and 
Children 
Hospital 

Distraction 
during burn 

wound dressing 
change 

No VR (pharma-
cological 

analgesia only) 
VR reduced pain score 

 Hoffman et 
al. (2019) 

RCT 
cross-
over 

48 
6-17 
12.00 

(-) 
GRS N/A Intensive care 

unit 

Distraction 
during burn 
wound care 

No VR 
(pharmacological 
analgesia only) 

VR reduced pain 
intensity scores 

 Hua et al. 
(2015) 

RCT 
parallel 65 

4-16 
8.72 

(3.36) 

W-B 
Faces N/A 

Pediatric 
center in 
hospital 

Distraction 
during chronic 

wound care 

Standard 
distraction 

methods (e.g., 

VR distraction reduced 
pain and anxiety scores 
during dressing changes 

 Jeffs et al. 
(2014) 

RCT 
parallel 28 

10-17 
13.50 
(2.30) 

WGRS 
(APPT) N/A 

Outpatient 
burn clinic of 

children's 
hospital 

Distraction 
during burn 
wound care 

Passive 
distraction 

(television); SOC 

Higher pain scores in 
VR group 

 Khadra et al. 
(2020) 

RCT 
cross-
over 

38 
0.5-7 
1.83 

(1.33) 

FLACC; 
NRS-obs N/A 

Surgical-
trauma burn 

unit in 
pediatric 
hospital 

Distraction 
during 

hydrotherapy for 
burn wounds 

Standard 
pharmacological 

analgesia 

VR reduced pain scores 
according to FLACC, 

but not the NRS (nurse-
rated) 

 Kipping et al. 
(2012) 

RCT 
parallel 41 

11-17 
13.08 
(1.6) 

VAS N/A Two burn 
units 

Distraction 
during burn 
wound care 

SOC (access to 
non-VR 

distraction) 

No difference between 
VR and control group, 

except for nurses' 
ratings 

 Schmitt et al. 
(2011) 

RCT 
cross-
over 

54 
6-19 
12 

(3.9) 
GRS N/A Burn center 

Distraction 
during post-burn 
physical therapy 

Control (standard 
pharmacological 

analgesia, no 
VR) 

Patients reported 
significantly lower pain 

intensity when using 
VR 
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Note. High scores indicate high levels of pain/anxiety in all measures. W-GD = Within-groups design; N-R = Non-randomized; B-GD = Between-groups design; Q-

E = Quasi-experimental design; W-B Faces = Wong Baker Faces Scale; FIS = Facial Image Scale; mYPAS-SF = Modified Yale Preoperative Anxiety Scale - Short 

Form; MCDAS(f) = Faces version of the Modified Child Dental Anxiety Scale; FPS-R = Faces Pain Scale-Revised; GRS = Graphic Rating Scale; FPS = Faces Pain 

Scale; FLACC = Face, Legs, Activity, Cry, Consolability Scale; VARS = Venham Anxiety Rating Scale; VPT = Venham Picture Test; VAS = Visual Analogue 

Scale; CAS = Colored Analogue Scale; FAS = Faces Affective Scale; VCARS = Venham Clinical Anxiety Rating Scale; MCDAS(f)-r = Revised Faces  

version of the Modified Child Dental Anxiety scale; KRS = Koppitz Rating Scale; CFS = Child Fear Scale; VAT = Visual Analogue Thermometer; CAMS-S = 

Children's Anxiety Meter Scale; CHEOPS = Children's Hospital of Eastern Ontario Pain Scale; VNRS = Verbal Numerical Rating Scale; CSAS-C= The short form 

of the Chinese version of the State Anxiety Scale for Children; mYPAS = modified Yale Preoperative Anxiety Scale; WGRS (APPT) = Word Graphic Rating Scale 

from The Adolescent Pediatric Pain Tool; NRS-obs = Observational Numerical Rating Scale. SOC = Standard of care 

* reflects the study inclusion criteria and may differ from the actual age range of participants 
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Appendix B 

Characteristics of VR Systems and Interventions 

    Screen        
Kind of 
medical 

procedure 

Author(s) 
(year) 

Name of 
device(s) Resolution Field of view Refresh 

rate 

Stereo-
scopy/ 

3D 

Head 
tracking 

Full 
visual 

occlusion 

Non-
visual 
stimuli 

Interactivity Media description 

Dental Al-Halabi et 
al. (2018) 

VR Box + 
Asus Zenfone 2 

Deluxe 
1920 x 1080 

62°* 
(Stereo- 

scopic field 
of view) 

- Yes Yes Yes Audio No Cartoon: 
Self-selected 

 Al-Khotani 
et al. (2016) Merlin i-theatre - - - No - No Audio No Cartoon: 

Self-selected 

 
Al-

Nerabieah et 
al. (2020) 

Samsung Gear 
VR + 

Samsung S9+ 
2960 x 1440 ≈ 96°* 60 Hz Yes - Yes Audio No Cartoon 

 Aminabadi 
et al. (2012) 

Ilixco i-glasses 
920 HR 640 x 480 35° 

(diagonal) - - No Yes Audio No Cartoon: 
Tom & Jerry 

 Asvanund et 
al. (2015) 

Shenzhen 
Longway Vision 

Technology 
Coolvision 3 

- - - - No - Audio No Cartoons: 
Self-selected 

 
Attar & 

Baghdadi, 
2015 

Koolertron AV 
glasses JVE-

3107G 
- - - - - - - - (Unknown) 

 
Atzori, 

Grotto, et al. 
(2018) 

Oculus Rift 
DK2 

or 
Oculus Rift 

CV1 

960 x 1080 
(DK2) 

or 
1080 x 1200 

(CV1) 

100° 
(DK2, 

unspecified) 

75 Hz 
(DK2) Yes No Yes Audio Yes Game: 

SnowWorld 
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Appendix B (cont.) 
    Screen        

Kind of 
medical 

procedure 

Author(s) 
(year) 

Name of 
device(s) Resolution Field of view Refresh 

rate 

Stereo-
scopy/ 

3D 

Head 
tracking 

Full 
visual 

occlusion 

Non-
visual 
stimuli 

Interactivity Media description 

   (per eye)         

 Bagattoni et 
al. (2018) 

Unidexx video 
eyeglasses - - - - - - Audio No Cartoon 

 
Buldur & 
Candan 
(2020) 

PlayStation 4 
VR 1920 x 1080 ≈ 100° 

(unspecified) 
120 or 
90 Hz - - Yes Audio No Cartoon: 

Self-selected 

 Chaudhary et 
al. (2020) 

Virtual Reality 
Box + 

undisclosed 
smartphone 

- - - - - Yes Audio 

Both 
interactive 
and non-

interactive 

Video games 
(n=20), cartoon 

(n=20) 

 El-Sharkawi 
et al. (2012) 

Estar Personal 
Eyewear 
Cinema 
IMV260 

320 x 240 26° 
(diagonal) - No No No Audio No Cartoon: 

Self-selected 

 Fakhruddin 
et al. (2015) 

Vuzix Wrap 
310XL 

428 x 240 
(per eye) 

26° 
(diagonal) 60 Hz - No No Audio No Cartoon: 

Self-selected 

 
Garrocho-

Rangel et al. 
(2018) 

Chinavision 
Virtual Private 
Theater Video 

Glasses 

- - - - - - Audio No Cartoon: 
Self-selected 

 Hoge et al. 
(2012) (Unknown) - - - No No Yes Audio No Movies: 

Self-selected 

 Isong et al. 
(2014) 

Vuzix 
(Unknown 

model) 
- - - No - - - No Movie 
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Appendix B (cont.) 
    Screen        

Kind of 
medical 

procedure 

Author(s) 
(year) 

Name of 
device(s) Resolution Field of view Refresh 

rate 

Stereo-
scopy/ 

3D 

Head 
tracking 

Full 
visual 

occlusion 

Non-
visual 
stimuli 

Interactivity Media description 

 Khan et al. 
(2019) 

Visual 
Reality Glasses 
3D Box + Apple 

iPhone 7 

1334 x 750 - 60 Hz - No Yes Audio No Cartoon: 
Self-selected 

 Koticha et al. 
(2019) 

BlackBug 
Virtual Reality 
Glasses 3D + 

Apple iPhone 6 

1334 x 750 90° 
(horizontal) 60 Hz No Yes Yes Audio No Cartoon 

 Mitrakul et 
al. (2015) 

Shenzhen 
Longway Vision 

Technology 
Coolvision 3 

- - - - No No Audio No Cartoon: 
Self-selected 

 Niharika et 
al. (2018) 

Google VR Box 
and Anti Tank 
Virtual Reality 
3D Glasses + 
undisclosed 

mobile device 

- - - - - Yes Audio No Cartoon 

 Nunna et al. 
(2019) 

ANTVR Phone 
Glass T2 
(model: 

PA15LF53A) 
+ Lenovo Vibe 

K4 Note 

1920 x 1080 100°* 
(unspecified) - Yes - Yes Audio No Cartoon: 

Self-selected 

 Nuvvula et 
al. (2014) Vuzix Wrap 920 640 × 480 

(unspecified) - - Yes No No Audio No Movie 
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Appendix B (cont.) 

    Screen        
Kind of 
medical 

procedure 

Author(s) 
(year) 

Name of 
device(s) Resolution Field of view Refresh 

rate 

Stereo-
scopy/ 

3D 

Head 
tracking 

Full 
visual 

occlusion 

Non-
visual 
stimuli 

Interactivity Media description 

 Shah et al. 
(2018) (Unknown) - - - - - No Audio No Cartoons 

 Shetty et al. 
(2019) 

Ilixco 
i-glasses 920 

HR 
640 x 480 35° 

(diagonal) - No No Yes Audio No Cartoon: 
Self-selected 

 Sullivan et 
al. (2000) (Unknown) - - - Yes - - Audio No Movie 

Needle- 
related 

 

Atzori, 
Hoffman et 
al. (2018) 

Sony Personal 
3D Viewer 
HMZ T-2 

1280 x 720 
 

45° 
(unspecified) 

- - No Yes Audio Yes Game: 
SnowWorld 

 
Aydin & 

Özyazicioglu 
(2019) 

Fiit VR 3D 
glasses 

+ 
General Mobile 
Discovery Air 

720 x 1280 
120°* 

(unspecified) 60 Hz Yes Yes Yes No Yes 
Simulation: 
Submarine 

journey 

 Caruso et al. 
(2019) 

Samsung Gear 
VR 
+ 

Samsung S7 or 
S8 

2560 ×1440 
or 

2220 x 1080 

≈ 96°* 
(unspecified) 60 Hz Yes Yes Yes Audio Yes Various VR 

experiences 

 
Chan et al. 

(2019) 
(study I and 

II)  

Google 
Daydream 

+ 
Google Pixel 

XL smartphone 

1440 x 2560 

100°, 
reduced to 
45° during 

needle 
insertion 

(unspecified) 

Average 
FPS: 45 Yes Yes 

 Yes Audio Yes 

Simulation: 
Interactive 
underwater 

environment 
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Appendix B (cont.) 
    Screen        

Kind of 
medical 

procedure 

Author(s) 
(year) 

Name of 
device(s) Resolution Field of view Refresh 

rate 

Stereo-
scopy/ 

3D 

Head 
tracking 

Full 
visual 

occlusion 

Non-
visual 
stimuli 

Interactivity Media description 

 Chen 
(2020) 

BoboVR Z4 
+ 

iPhone 6s+ 
1920 x 1080 120°* 

(unspecified) 60 Hz Yes Yes Yes Audio No Simulations 

 del Castillo 
et al. (2019) 

Woxter Neo 
VR1 glasses + 

undisclosed 
smartphone 

- - - - - Yes Audio No Video: Self-
selected 

 Dumoulin et 
al. (2019) 

eMagin Z800 
3DVISOR 800 × 600 39.5° 

(diagonal) 60 Hz Yes Yes No No Yes Game: Shooting 
flies 

 
Gerceker 

et al. 
(2018) 

Samsung Gear 
+ 

Galaxy S5 Note 
2560 x 1440 ≈ 96°* 

(unspecified) 60 Hz Yes Yes Yes Audio No Cartoon: 
Self-selected 

 
Gerceker 

et al. 
(2020) 

Samsung Gear 
+ 

Samsung 
Galaxy 5 Note 

2560 x 1440 ≈ 96°* 
(unspecified) 60 Hz Yes Yes Yes Audio 

Both 
interactive 
and non-

interactive 

Simulations: 
Underwater 

adventure (n=45), 
rollercoaster 

(n=45) 

 
Gerceker 

et al. 
(in press) 

Samsung Gear 
+ 

Samsung 
Galaxy S7 Edge 

2560 x 1440 ≈ 96°* 
(unspecified) 60 Hz Yes Yes Yes Audio 

Both 
interactive 
and non-

interactive  

Simulation: 
Self-selected 

 Gershon et 
al. (2004) (Unknown) - - - - - - Audio Yes Simulation: 

Gorilla habitat 

 Gold et al. 
(2006) 

5DT HMD 800 
(unspecified 

edition) 
800 x 600 - - Yes Yes Yes Audio; 

tactile Yes Game: 
Street Luge 
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Appendix B (cont.) 
    Screen        

Kind of 
medical 

procedure 

Author(s) 
(year) 

Name of 
device(s) Resolution Field of view Refresh 

rate 

Stereo-
scopy/ 

3D 

Head 
tracking 

Full 
visual 

occlusion 

Non-
visual 
stimuli 

Interactivity Media description 

  + Intersense 
Inertia Cube 2  - -       

 
Gold & 
Mahrer 
(2018) 

Samsung Gear 
+ 

Samsung 
Galaxy S6 

or 
Merge VR 

+ 
Google Pixel 

2560 x 1440 

≈ 96°* 
(Samsung 

Gear) 
(unspecified) 

60 Hz 
(Samsung 

Galaxy 
S6) 

Yes Yes Yes Audio Yes Game: Bear Blast 

 
Goldman & 
Behboudi 

(2020) 

VOX+ Z3 3D 
+ 

Asus Zenfone 2 
ZE551ML 

1920 x 1080 80°* 
(unspecified) - Yes Yes Yes Audio No Simulation: Roller 

Coaster 

 Inangil et al. 
(2020) 

Samsung Gear 
+ 

undisclosed 
smartphone 

- ≈ 96°* 
(unspecified) - Yes Yes Yes Audio No Cartoon: 

Self-selected 

 Litwin et al. 
(2020) 

Samsung Gear + 
Samsung 

Galaxy S6 
2560 x 1440 ≈ 96°* 

(unspecified) 60 Hz Yes Yes Yes Audio Yes 
Simulation: 
Underwater 
environment 

 Osmanlliu et 
al. (in press) Oculus Rift 1080 x 1200 - 90 Hz Yes Yes Yes Audio Yes Game: Dreamland 

 
Piskorz & 

Czub 
(2018) 

Oculus Rift 
DK2 

960 x 1080 
(per eye) 

100° 
(unspecified) 75 Hz Yes Yes Yes Audio Yes Game: Multiple 

Object Tracking 
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Appendix B (cont.) 
    Screen        

Kind of 
medical 

procedure 

Author(s) 
(year) 

Name of 
device(s) Resolution Field of view Refresh 

rate 

Stereo-
scopy/ 

3D 

Head 
tracking 

Full 
visual 

occlusion 

Non-
visual 
stimuli 

Interactivity Media description 

 Piskorz 
et al. (2020) 

Samsung Gear 
+ 

Galaxy S7 

1280 + 1440 
(per eye) 

≈ 96°* 
(unspecified) 60 Hz Yes Yes Yes Audio 

Both 
interactive 
and non-

interactive 

Game (n=19): 
Multiple Object 
Tracking task. 
Movie (n=17): 

Images from the 
game 

 Sander Wint 
et al. (2002) (Unknown) - - - Yes - - Audio No Video 

 Schlechter et 
al. (2020) 

Merge 360° + 
iPod Touch 6th 

generation 
1136 x 640 ≈ 96°* 

(unspecified) - Yes Yes Yes Audio Yes 
Game: Narwhal 

swimming 
through hoops 

 
Walther-

Larsen et al. 
(2019) 

Samsung Gear + 
Samsung 

Galaxy S6 + 
controller 

2560 x 1440 ≈ 96°* 
(unspecified) 60 Hz Yes No Yes Audio Yes Game: Seagull 

Splash 

 Wolitzky et 
al. (2005) (Unknown) - - - - Yes - Audio Yes Simulation: 

Gorilla habitat 

 Wong et al. 
(2020) 

Google 
Cardboard 

+ 
Xiaomi Mi 9 

2340 x 1080 - 60 Hz Yes Yes Yes Audio No Cartoon: Self-
selected 

 Özkan & 
Polat (2020) 

VR Box 
+ 

iPhone 6+ 
1920 x 1080 - 60 Hz Yes Yes Yes Audio No Cartoon: Self-

selected 

Pre- 
operative 

Eijlers, 
Dierckx, et 
al. (2019) 

HTC Vive 
(unknown 

model) 
2160 x 1200 110° 

(unspecified) 90 Hz Yes Yes Yes Audio Yes 
Interactive 

simulation of 
operating theatre 
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Appendix B (cont.) 
    Screen        

Kind of 
medical 

procedure 

Author(s) 
(year) 

Name of 
device(s) Resolution Field of view Refresh 

rate 

Stereo-
scopy/ 

3D 

Head 
tracking 

Full 
visual 

occlusion 

Non-
visual 
stimuli 

Interactivity Media description 

 Hashimoto et 
al. (2020) 

IVS Video 
glasses 480 x 240 - - - No No Audio No Movie: 

Self-selected 

 Jung et al. 
(2020) 

Customized 
Samsung Gear 

+ 
Samsung 

Galaxy S8 

2960 x 1440 ≈ 96°* 
(unspecified) 60 Hz Yes Yes Yes Audio Yes Game 

 Kerimoglu et 
al. (2013) 

Vuzix video 
eyeglasses - - - - No No Audio No TV shows: Self-

selected 

 Ryu et al. 
(2017) 

Samsung Gear 
+ 

Samsung 
Galaxy S6 

2560 x 1440 ≈ 96°* 
(unspecified) 60 Hz Yes Yes Yes Audio No Virtual tour of the 

operating theatre 

 Ryu et al. 
(2018) 

Oculus Rift 
+ 

Leap Motion 
controller 

1080 x 1200 - 90 Hz Yes Yes Yes Audio Yes 

Gamified virtual 
tour of the 

operating theatre 
 

 Ryu et al. 
(2019) 

Samsung Gear 
+ 

Samsung 
Galaxy S6 

2560 x 1440 ≈ 96°* 
(unspecified) 60 Hz Yes Yes Yes Audio No Virtual tour of the 

operating theatre 

Wound 
care 

Chan et al. 
(2007) 

i-glasses 
(unspecified 

model) 
- 35° 

(unspecified) - - - - Audio Yes 
Game: Shoot 
foxes with ice 

cream 

 Das et al. 
(2005) 

IOGlasses Head 
Mount Display 800 x 600 - - - Yes - - Yes Game: Shoot 

monsters 
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Appendix B (cont.) 
    Screen        

Kind of 
medical 

procedure 

Author(s) 
(year) 

Name of 
device(s) Resolution Field of view Refresh 

rate 

Stereo-
scopy/ 

3D 

Head 
tracking 

Full 
visual 

occlusion 

Non-
visual 
stimuli 

Interactivity Media description 

 Hoffman et 
al. (2019) 

NVIS MX90 
(mounted on a 
custom arm) 

1280 × 1024 
(per eye) 

90° 
(diagonal, 
per eye) 

- - No No Audio Yes Game: 
SnowWorld 

 Hua et al. 
(2015) 

eMagin Z800 
3DVISOR 800 x 600 39.5° 

(diagonal) 60 Hz Yes Yes No Audio Yes Game: Ice Age 2: 
The Meltdown 

 Jeffs et al. 
(2014) 

Kaiser Optics 
SR80a (mounted 

on a tripod) 
1280 x 1024 80° 

(unspecified) - Yes No Yes Audio Yes Game: 
SnowWorld 

 Khadra et al. 
(2020) 

Projector-based 
hybrid VR dome 

environment 

1920 x 1080 
(projector) - - No No No Audio Yes Game: Bubbles 

 Kipping et 
al. (2012) 

eMagin Z800 
3DVisor 800 x 60 39.5° 

(diagonal) 60 Hz Yes Yes No Audio Yes 

Games: Chicken 
Little or Need for 
Speed (depending 
on patient’s age) 

 Schmitt et al. 
(2011) 

nVisor SX 
or 

VR-1280 
or 

ProView XL 50 
or 

ProView SR 80 

Minimum 
1024 x 1280 

(per eye) 

Minimum 
50° 

(diagonal) 
- Yes Yes Yes Audio Yes Game: 

SnowWorld 
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Appendix B (cont.) 
Note. Specifications for two studies using the same VR equipment may differ due to study authors’ configurations (e.g., disabling head tracking function or displaying 

two-dimensional graphics on a headset that is capable of stereoscopy). Manufacturer information: AsusTek Computer Inc. (Beitou District, Taipei, Taiwan); Merlin 

Soft Magic Systems LLC (Al Ain Center, Dubai, UAE); Samsung Electronics (Suwon, Korea); Ilixco Inc. (Menlo Park, CA, USA); Shenzhen Longway Vision 

Technology LLT (Shenzhen, China); Oculus VR LLC (Menlo Park, CA, USA); Sony Corporation (Sony City, Minato, Tokyo, Japan); Estar Display Tech Co, Ltd 

(Shenzhen, China); Vuzix Corporation (Rochester, NY, USA); Chinavision (Kowloon, Hong Kong, China); Apple Inc. (Cupertino, CA, USA); ANTVR Technology 

Co. LTD (Beijing, China); Lenovo Group Limited (Beijing, China); General Mobile Corporation (Songshan District, Taipei, Taiwan); Google LLC (Mountain View, 

CA, USA); Quatrotec Electrónica, S.L. (Leganés, Madrid, Spain); eMagin Corporation (Bellevue, DC, United States); 5DT (Orlando, FL, USA); Intersense/Thales 

Defense & Security, Inc. (MA, USA); Xiaomi Corporation (Haidian District, Beijing, China); HTC Corporation (Xindian, New Taipei, Taiwan); NVIS Inc. (Reston 

VA); Kaiser Electro-Optics (Carlsbad, CA, USA); Panasonic Corporation (Kadoma, Osaka, Japan); Virtual Research Systems (Aptos, CA, USA). 

- indicates that the information is not available 

* Field of view may vary slightly depending on the size of the smartphone screen 
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Appendix C 

Summary Statistics of the Studies Included in the Meta-Analysis 

 Pain Anxiety 

 VR Non-VR VR Non-VR 

Author(s), year M SD n M SD n M SD n M SD n 

Al-Halabi et al., 2018 −0.75 0.98 33 −0.83 1.07 68       

Al-Khotani et al., 2016       −1.32 0.67 28 −1.46 0.69 28 

Al-Nerabieah et al., 2020 −1.56 1.16 32 −4.09 0.85 32 −45.89 12.96 32 −78.96 8.24 32 

Aminabadi et al., 2013 −1.89 0.65 58 −3.05 0.60 59 −12.58 1.01 58 −18.25 1.02 59 

Asvanund et al., 2015 −2.23 2.29 21 −3.04 3.08 23       

Aydin & Ozyazicioglu, 2019 −3.07 2.86 60 −3.23 3.05 60       

Bagattoni et al., 2018 −3.60 2.40 24 −2.70 2.20 24       

Buldur & Candan, 2020 −3.52 1.65 38 −4.11 2.13 38 −2.44 0.92 38 −2.86 1.15 38 

Caruso et al., 2019 −0.72 1.32 106 −0.89 1.68 114 −0.31 0.66 106 −0.38 0.72 114 

Chan et al., 2019 (study I) −3.08 3.29 64 −4.20 3.59 59 −3.66 3.42 64 −4.73 3.43 59 

Chan et al., 2019 (study II) −2.41 3.11 63 −4.21 3.76 66 −3.16 3.16 63 −4.79 3.72 66 

Chaudhary et al., 2020 −3.40 2.87 40 −6.40 2.30 20       

Chen et al., 2020 −3.35 2.38 68 −4.35 2.95 68 −1.32 1.19 68 −1.78 1.40 68 

del Castillo et al., 2019 −1.18 1.22 16 −3.64 0.80 18 −0.50 0.81 16 −3.77 1.41 18 
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Appendix C (cont.) 
 Pain Anxiety 

 VR Non-VR VR Non-VR 

Author(s), year M SD n M SD n M SD n M SD n 

Dumoulin et al., 2019 −21.75 20.92 20 −31.55 30.08 39 −19.75 21.18 20 −33.08 35.05 39 

Eijlers, Dierckx, et al., 2019 −2.00 2.58 94 −1.85 1.93 97 −45.80 21.75 94 −45.52 22.49 97 

Fakhruddin et al., 2015 −1.59 0.56 30 −4.01 0.60 30 −7.87 2.06 30 −11.51 2.10 30 

Gerceker et al., 2018 −1.50 0.20 40 −3.53 1.59 81       

Gerceker et al., 2020 −1.10 1.89 90 −4.10 3.50 46 −0.80 2.13 90 −6.30 3.60 46 

Gerceker et al., in press −2.40 1.80 21 −5.30 1.80 21 −2.90 2.00 21 −5.40 2.00 21 

Gold & Mahrer, 2018 −1.31 1.59 70 −1.93 2.22 73 −1.90 2.22 70 −2.48 2.07 73 

Gold et al., 2006 −1.80 2.40 10 −2.40 1.84 10       

Goldman & Behboudi, 2020 −2.00 3.09 35 −4.00 3.11 31       

Hashimoto et al., 2020       −23.91 1.33 29 −33.62 16.3 29 

Hua et al., 2015 −2.42 1.85 33 −4.19 2.12 32       

Inangil et al., 2020 −1.30 2.15 40 −4.75 3.53 80 −0.65 0.92 40 −2.40 1.45 80 

Isong et al., 2014       −1.7 1.8 20 −2.3 1.6 20 

Jeffs et al., 2014 −58.25 31.75 8 −33.60 29.95 20       

Jung et al., 2020       −28.30 7.75 33 −45.00 18.05 37 

Khadra et al., 2020 −2.37 2.65 18 −2.5 2.62 17       

Litwin et al., 2020 −2.60 2.10 24 −3.80 2.10 24 −1.40 1.10 23 −1.00 1.00 23 
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Appendix C (cont.) 
 Pain Anxiety 

 VR Non-VR VR Non-VR 

Author(s), year M SD n M SD n M SD n M SD n 

Mitrakul et al., 2015 −1.90 2.93 21 −1.62 2.94 21       

Niharika et al., 2018 −2.56 1.65 18 −5.44 2.90 18 −14.72 0.84 18 −19.56 0.88 18 

Nunna et al., 2019 −2.94 1.77 35 −3.06 2.31 35 −0.57 0.61 35 −0.80 0.68 35 

Nuvvula et al., 2014       −8.30 2.50 30 −17.50 6.80 60 

Osmanlliu et al., in press −1.35 2.32 31 −2.00 2.46 31 −0.35 0.92 31 −0.55 1.03 31 

Piskorz & Czub, 2018 −15.16 20.51 19 −37.05 30.66 19 −11.16 18.58 19 −41.89 40.89 19 

Piskorz et al., 2020 −1.11 1.40 36 −3.34 2.21 21 −1.20 1.89 36 −3.08 2.57 21 

Ryu et al., 2017       −30.92 11.30 34 −47.50 27.05 35 

Ryu et al., 2018       −29.51 10.37 34 −43.14 15.46 35 

Ryu et al., 2019       −37.45 21.24 41 −47.84 23.05 39 

Sander Wint et al., 2002 −12.50 13.36 17 −16.56 17.63 13       

Schlechter et al., 2020 −5.02 3.38 58 −5.08 3.51 57 −1.68 0.83 58 −1.95 0.83 57 

Schmitt et al., 2011 −36.27 25.44 22 −54.52 28.42 29       

Shetty et al., 2019 −2.42 1.47 60 −5.60 1.22 60 −11.28 3.51 58 −16.47 3.48 60 

Walther-Larsen et al., 2019 −22.50 16.50 28 −17.50 14.90 31       

Wolitzky et al., 2005 −4.90 0.99 10 −8.30 2.41 10       

Wong et al., 2020 −1.94 1.73 54 −4.00 3.53 54 −14.81 2.93 54 −17.83 4.69 54 
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Appendix C (cont.) 
 Pain Anxiety 

 VR Non-VR VR Non-VR 

Author(s), year M SD n M SD n M SD n M SD n 

Özkan & Polat, 2020 −1.97 1.20 46 −4.81 2.81 89 −0.43 0.50 46 −1.83 1.37 89 

Note: Effect size for Shah & Bhatia (2018) was calculated from the t-statistic: t(48) = 1.114, p = .271 

 



THE EFFECTS OF VR ON PROCEDURAL PAIN AND ANXIETY   108 

 

 

Appendix D 

Figure D1: RoB 2 Judgements per Domain (Pain Studies, Part 1/2) 
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Figure D2: RoB 2 Judgements per Domain (Pain Studies, Part 2/2) 
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Figure D3: ROBINS-I Judgements per Domain (Pain Studies) 
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Appendix E 

Figure E1: RoB 2 Judgements per Domain (Anxiety Studies, Part 1/2) 
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Figure E2: RoB 2 Judgements per Domain (Anxiety Studies, Part 2/2) 
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Figure E3: ROBINS-I Judgements per Domain (Anxiety Studies) 
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Appendix F 

Stata Output: Tests for Publication Bias (Pain) 

The output of the trim-and-fill procedures are presented in the following order: (a) random-

random effects (L0, R0, Q0), random-fixed-effects (L0, R0, Q0), fixed-fixed effects (L0, R0, Q0), 

and fixed-random effects (L0, R0, Q0). 
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  Observed + Imputed              0.789       0.480       1.098
            Observed              0.789       0.480       1.098
                                                               
             Studies        Effect Size    [95% Conf. Interval]
                                                               

 Method: REML
  Model: Random-effects
Pooling

 Method: REML                                  imputed =      0
  Model: Random-effects                       observed =     42
Iteration                            Number of studies =     42

Quadratic estimator, imputing on the left
Nonparametric trim-and-fill analysis of publication bias

          Std. Err.:  standardfeil
        Effect size:  effektstr
  Effect-size label:  Effect Size

. meta trimfill, estimator(quadratic) itermethod(reml) poolmethod(reml)

                                                               
  Observed + Imputed              0.552       0.163       0.941
            Observed              0.789       0.480       1.098
                                                               
             Studies        Effect Size    [95% Conf. Interval]
                                                               

 Method: REML
  Model: Random-effects
Pooling

 Method: REML                                  imputed =      4
  Model: Random-effects                       observed =     42
Iteration                            Number of studies =     46

Run estimator, imputing on the left
Nonparametric trim-and-fill analysis of publication bias

          Std. Err.:  standardfeil
        Effect size:  effektstr
  Effect-size label:  Effect Size

. meta trimfill, estimator(run) itermethod(reml) poolmethod(reml)

                                                               
  Observed + Imputed              0.789       0.480       1.098
            Observed              0.789       0.480       1.098
                                                               
             Studies        Effect Size    [95% Conf. Interval]
                                                               

 Method: REML
  Model: Random-effects
Pooling

 Method: REML                                  imputed =      0
  Model: Random-effects                       observed =     42
Iteration                            Number of studies =     42

Linear estimator, imputing on the left
Nonparametric trim-and-fill analysis of publication bias

          Std. Err.:  standardfeil
        Effect size:  effektstr
  Effect-size label:  Effect Size

. meta trimfill, estimator(linear) itermethod(reml) poolmethod(reml)
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  Observed + Imputed              0.568       0.497       0.638
            Observed              0.568       0.497       0.638
                                                               
             Studies        Effect Size    [95% Conf. Interval]
                                                               

 Method: Inverse-variance
  Model: Fixed-effects
Pooling

 Method: REML                                  imputed =      0
  Model: Random-effects                       observed =     42
Iteration                            Number of studies =     42

Quadratic estimator, imputing on the left
Nonparametric trim-and-fill analysis of publication bias

          Std. Err.:  standardfeil
        Effect size:  effektstr
  Effect-size label:  Effect Size

. meta trimfill, estimator(quadratic) itermethod(reml) poolmethod(fixed)

                                                               
  Observed + Imputed              0.499       0.430       0.569
            Observed              0.568       0.497       0.638
                                                               
             Studies        Effect Size    [95% Conf. Interval]
                                                               

 Method: Inverse-variance
  Model: Fixed-effects
Pooling

 Method: REML                                  imputed =      4
  Model: Random-effects                       observed =     42
Iteration                            Number of studies =     46

Run estimator, imputing on the left
Nonparametric trim-and-fill analysis of publication bias

          Std. Err.:  standardfeil
        Effect size:  effektstr
  Effect-size label:  Effect Size

. meta trimfill, estimator(run) itermethod(reml) poolmethod(fixed)

                                                               
  Observed + Imputed              0.568       0.497       0.638
            Observed              0.568       0.497       0.638
                                                               
             Studies        Effect Size    [95% Conf. Interval]
                                                               

 Method: Inverse-variance
  Model: Fixed-effects
Pooling

 Method: REML                                  imputed =      0
  Model: Random-effects                       observed =     42
Iteration                            Number of studies =     42

Linear estimator, imputing on the left
Nonparametric trim-and-fill analysis of publication bias

          Std. Err.:  standardfeil
        Effect size:  effektstr
  Effect-size label:  Effect Size
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  Observed + Imputed              0.496       0.427       0.566
            Observed              0.568       0.497       0.638
                                                               
             Studies        Effect Size    [95% Conf. Interval]
                                                               

 Method: Inverse-variance
  Model: Fixed-effects
Pooling

 Method: Inverse-variance                      imputed =      4
  Model: Fixed-effects                        observed =     42
Iteration                            Number of studies =     46

Quadratic estimator, imputing on the left
Nonparametric trim-and-fill analysis of publication bias

          Std. Err.:  standardfeil
        Effect size:  effektstr
  Effect-size label:  Effect Size

. meta trimfill, estimator(quadratic) itermethod(fixed) poolmethod(fixed)

                                                               
  Observed + Imputed              0.411       0.343       0.479
            Observed              0.568       0.497       0.638
                                                               
             Studies        Effect Size    [95% Conf. Interval]
                                                               

 Method: Inverse-variance
  Model: Fixed-effects
Pooling

 Method: Inverse-variance                      imputed =      6
  Model: Fixed-effects                        observed =     42
Iteration                            Number of studies =     48

Run estimator, imputing on the left
Nonparametric trim-and-fill analysis of publication bias

          Std. Err.:  standardfeil
        Effect size:  effektstr
  Effect-size label:  Effect Size

. meta trimfill, estimator(run) itermethod(fixed) poolmethod(fixed)

                                                               
  Observed + Imputed              0.496       0.427       0.566
            Observed              0.568       0.497       0.638
                                                               
             Studies        Effect Size    [95% Conf. Interval]
                                                               

 Method: Inverse-variance
  Model: Fixed-effects
Pooling

 Method: Inverse-variance                      imputed =      4
  Model: Fixed-effects                        observed =     42
Iteration                            Number of studies =     46

Linear estimator, imputing on the left
Nonparametric trim-and-fill analysis of publication bias

          Std. Err.:  standardfeil
        Effect size:  effektstr
  Effect-size label:  Effect Size
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  Observed + Imputed              0.543       0.148       0.938
            Observed              0.789       0.480       1.098
                                                               
             Studies        Effect Size    [95% Conf. Interval]
                                                               

 Method: REML
  Model: Random-effects
Pooling

 Method: Inverse-variance                      imputed =      4
  Model: Fixed-effects                        observed =     42
Iteration                            Number of studies =     46

Quadratic estimator, imputing on the left
Nonparametric trim-and-fill analysis of publication bias

          Std. Err.:  standardfeil
        Effect size:  effektstr
  Effect-size label:  Effect Size

. meta trimfill, estimator(quadratic) itermethod(fixed) poolmethod(reml)

                                                               
  Observed + Imputed              0.453       0.050       0.855
            Observed              0.789       0.480       1.098
                                                               
             Studies        Effect Size    [95% Conf. Interval]
                                                               

 Method: REML
  Model: Random-effects
Pooling

 Method: Inverse-variance                      imputed =      6
  Model: Fixed-effects                        observed =     42
Iteration                            Number of studies =     48

Run estimator, imputing on the left
Nonparametric trim-and-fill analysis of publication bias

          Std. Err.:  standardfeil
        Effect size:  effektstr
  Effect-size label:  Effect Size

. meta trimfill, estimator(run) itermethod(fixed) poolmethod(reml)

                                                               
  Observed + Imputed              0.543       0.148       0.938
            Observed              0.789       0.480       1.098
                                                               
             Studies        Effect Size    [95% Conf. Interval]
                                                               

 Method: REML
  Model: Random-effects
Pooling

 Method: Inverse-variance                      imputed =      4
  Model: Fixed-effects                        observed =     42
Iteration                            Number of studies =     46

Linear estimator, imputing on the left
Nonparametric trim-and-fill analysis of publication bias

          Std. Err.:  standardfeil
        Effect size:  effektstr
  Effect-size label:  Effect Size
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Stata Output: Subgroup Analyses (Pain) 
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Stata Output: Meta-Regression (Pain) 
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Stata Output: Sensitivity Analyses (Pain) 

The Stata command ‘meta summarize if ntotal >= 100’ was used to remove studies with 

less than 100 participants, the ‘meta summarize if design >= 1’ command was used to remove 

non-randomized studies, and the ‘morethanonehighrisk == 0’ removed studies that had a high 

risk of bias in two or more domains. 
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Stata Output: Tests for Publication Bias (Anxiety) 

 

The output of the trim-and-fill procedures are presented in the following order: (a) 

random-random effects (L0, R0, Q0), random-fixed-effects (L0, R0, Q0), fixed-fixed effects (L0, 

R0, Q0), and fixed-random effects (L0, R0, Q0). 
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  Observed + Imputed              0.656       0.581       0.731

            Observed              0.656       0.581       0.731

                                                               

             Studies          Hedges' g    [95% Conf. Interval]

                                                               

 Method: REML

  Model: Random-effects

Pooling

 Method: REML                                  imputed =      0

  Model: Random-effects                       observed =     44

Iteration                            Number of studies =     44

Quadratic estimator, imputing on the left

Nonparametric trim-and-fill analysis of publication bias

          Std. Err.:  standardfeil

        Effect size:  effektstr

  Effect-size label:  Hedges' g

. meta trimfill, estimator(quadratic) itermethod(reml) poolmethod(reml)

                                                               

  Observed + Imputed              0.575       0.501       0.649

            Observed              0.656       0.581       0.731

                                                               

             Studies          Hedges' g    [95% Conf. Interval]

                                                               

 Method: REML

  Model: Random-effects

Pooling

 Method: REML                                  imputed =     12

  Model: Random-effects                       observed =     44

Iteration                            Number of studies =     56

Run estimator, imputing on the left

Nonparametric trim-and-fill analysis of publication bias

          Std. Err.:  standardfeil

        Effect size:  effektstr

  Effect-size label:  Hedges' g

. meta trimfill, estimator(run) itermethod(reml) poolmethod(reml)

                                                               

  Observed + Imputed              0.656       0.581       0.731

            Observed              0.656       0.581       0.731

                                                               

             Studies          Hedges' g    [95% Conf. Interval]

                                                               

 Method: REML

  Model: Random-effects

Pooling

 Method: REML                                  imputed =      0

  Model: Random-effects                       observed =     44

Iteration                            Number of studies =     44

Linear estimator, imputing on the left

Nonparametric trim-and-fill analysis of publication bias
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  Observed + Imputed              0.656       0.581       0.731
            Observed              0.656       0.581       0.731
                                                               
             Studies          Hedges' g    [95% Conf. Interval]
                                                               

 Method: Inverse-variance
  Model: Fixed-effects
Pooling

 Method: REML                                  imputed =      0
  Model: Random-effects                       observed =     44
Iteration                            Number of studies =     44

Quadratic estimator, imputing on the left
Nonparametric trim-and-fill analysis of publication bias

          Std. Err.:  standardfeil
        Effect size:  effektstr
  Effect-size label:  Hedges' g

. meta trimfill, estimator(quadratic) itermethod(reml) poolmethod(fixed)

                                                               
  Observed + Imputed              0.575       0.501       0.649
            Observed              0.656       0.581       0.731
                                                               
             Studies          Hedges' g    [95% Conf. Interval]
                                                               

 Method: Inverse-variance
  Model: Fixed-effects
Pooling

 Method: REML                                  imputed =     12
  Model: Random-effects                       observed =     44
Iteration                            Number of studies =     56

Run estimator, imputing on the left
Nonparametric trim-and-fill analysis of publication bias

          Std. Err.:  standardfeil
        Effect size:  effektstr
  Effect-size label:  Hedges' g

. meta trimfill, estimator(run) itermethod(reml) poolmethod(fixed)

                                                               
  Observed + Imputed              0.656       0.581       0.731
            Observed              0.656       0.581       0.731
                                                               
             Studies          Hedges' g    [95% Conf. Interval]
                                                               

 Method: Inverse-variance
  Model: Fixed-effects
Pooling

 Method: REML                                  imputed =      0
  Model: Random-effects                       observed =     44
Iteration                            Number of studies =     44

Linear estimator, imputing on the left
Nonparametric trim-and-fill analysis of publication bias

          Std. Err.:  standardfeil
        Effect size:  effektstr
  Effect-size label:  Hedges' g
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  Observed + Imputed              0.656       0.581       0.731
            Observed              0.656       0.581       0.731
                                                               
             Studies          Hedges' g    [95% Conf. Interval]
                                                               

 Method: Inverse-variance
  Model: Fixed-effects
Pooling

 Method: Inverse-variance                      imputed =      0
  Model: Fixed-effects                        observed =     44
Iteration                            Number of studies =     44

Quadratic estimator, imputing on the left
Nonparametric trim-and-fill analysis of publication bias

          Std. Err.:  standardfeil
        Effect size:  effektstr
  Effect-size label:  Hedges' g

. meta trimfill, estimator(quadratic) itermethod(fixed) poolmethod(fixed)

                                                               
  Observed + Imputed              0.475       0.403       0.546
            Observed              0.656       0.581       0.731
                                                               
             Studies          Hedges' g    [95% Conf. Interval]
                                                               

 Method: Inverse-variance
  Model: Fixed-effects
Pooling

 Method: Inverse-variance                      imputed =     15
  Model: Fixed-effects                        observed =     44
Iteration                            Number of studies =     59

Run estimator, imputing on the left
Nonparametric trim-and-fill analysis of publication bias

          Std. Err.:  standardfeil
        Effect size:  effektstr
  Effect-size label:  Hedges' g

. meta trimfill, estimator(run) itermethod(fixed) poolmethod(fixed)

                                                               
  Observed + Imputed              0.656       0.581       0.731
            Observed              0.656       0.581       0.731
                                                               
             Studies          Hedges' g    [95% Conf. Interval]
                                                               

 Method: Inverse-variance
  Model: Fixed-effects
Pooling

 Method: Inverse-variance                      imputed =      0
  Model: Fixed-effects                        observed =     44
Iteration                            Number of studies =     44

Linear estimator, imputing on the left
Nonparametric trim-and-fill analysis of publication bias
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  Observed + Imputed              0.656       0.581       0.731

            Observed              0.656       0.581       0.731

                                                               

             Studies          Hedges' g    [95% Conf. Interval]

                                                               

 Method: REML

  Model: Random-effects

Pooling

 Method: Inverse-variance                      imputed =      0

  Model: Fixed-effects                        observed =     44

Iteration                            Number of studies =     44

Quadratic estimator, imputing on the left

Nonparametric trim-and-fill analysis of publication bias

          Std. Err.:  standardfeil

        Effect size:  effektstr

  Effect-size label:  Hedges' g

. meta trimfill, estimator(quadratic) itermethod(fixed) poolmethod(reml)

                                                               

  Observed + Imputed              0.475       0.403       0.546

            Observed              0.656       0.581       0.731

                                                               

             Studies          Hedges' g    [95% Conf. Interval]

                                                               

 Method: REML

  Model: Random-effects

Pooling

 Method: Inverse-variance                      imputed =     15

  Model: Fixed-effects                        observed =     44

Iteration                            Number of studies =     59

Run estimator, imputing on the left

Nonparametric trim-and-fill analysis of publication bias

          Std. Err.:  standardfeil

        Effect size:  effektstr

  Effect-size label:  Hedges' g

. meta trimfill, estimator(run) itermethod(fixed) poolmethod(reml)

                                                               

  Observed + Imputed              0.656       0.581       0.731

            Observed              0.656       0.581       0.731

                                                               

             Studies          Hedges' g    [95% Conf. Interval]

                                                               

 Method: REML

  Model: Random-effects

Pooling

 Method: Inverse-variance                      imputed =      0

  Model: Fixed-effects                        observed =     44

Iteration                            Number of studies =     44

Linear estimator, imputing on the left

Nonparametric trim-and-fill analysis of publication bias
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Stata Output: Meta-Regression (Anxiety) 
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Stata Output: Sensitivity Analyses (Anxiety) 

The Stata command ‘meta summarize if ntotal >= 100’ was used to remove studies with 

less than 100 participants, the ‘meta summarize if design >= 1’ command was used to remove 

non-randomized studies, and the ‘morethanonehighrisk == 0’ removed studies that had a high 

risk of bias in two or more domains. 
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