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Abstract

Background

Upper limb movement difficulties in children with acquired brain injury (ABI) result in 

longer recovery.  Intensive neurorehabilitation promotes good long-term functional 

outcomes.  Virtual reality (VR) and video game technology are invaluable adjuncts to 

traditional neurological rehabilitation.  VR benefits children with improved compliance 

and active engagement in goal-directed therapy.  However, VR and video game 

technology are not routinely used in the NHS; it requires embedding to benefit children 

and their families. 

Objective

VR Intervention requires development, and associated influencing factors need 

exploring before routine use in rehabilitation.  This project aims to understand factors 

influencing VR use in upper limb rehabilitation. 

Methods

An interpretative qualitative study utilised focus groups and 1:1 semi-structured 

interviews conducted in person and online with three physiotherapists, five 

occupational therapists, a play worker, and four participants from the young persons’ 

advisory group.  Thematic analysis was used to create model participants described 

as the factors influencing VR use for neurorehabilitation.

Results and discussion
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Five closely related major themes and thirty associated subthemes were developed:  

training, knowledge, promotion, consideration of barriers, and family factors.  There is 

a lack of knowledge and understanding about the use of VR, its limitations, and the 

clinicians’ motivation to use it.  Training packages with available VR equipment, clinical 

indicators, and scientific evidence are required.  Staff need frequent training, logistical 

knowledge (uninterrupted Wi-Fi, software, hardware), and simple instruction manuals.  

VR needs to be embedded in routine practice to facilitate behavioural change.

Key words

Acquired brain injury; Children; Virtual reality; Rehabilitation; Thematic analysis

Strengths and limitations of this study

 This study gathered therapists' and young people's views on using virtual 

reality for rehabilitation.

 Technology access, time pressure, and knowledge factors limit therapists' use 

of technology for rehabilitation. 

 Regular training and encouragement are needed to facilitate behaviour 

change to use virtual reality in clinical settings.

 A 4i model (improving knowledge, investing in training, infrastructure, and 

implementing changes) is suggested.

 Members checking was not done to improve triangulation.
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1.  Introduction

Worldwide, acquired brain injury (ABI) is one of the most common causes of neuro-

disability in children and young people (CYP)(1).  In the UK, ABI annually accounts for 

35,000 childhood presentations to emergency departments(2).  Of these, 5% have 

moderate to severe brain injury, but with complex and unclear outcomes for the other 

95%(3).  A subsection of children with ABI has stroke-like presentation, and functional 

loss of their upper limb results in an increased dependency(4).  

Following injury, upper limb function usually takes longer to recover than lower limb 

functions, and children often require early and intensive neurorehabilitation to achieve 

their maximum physical potential(5).  High-intensity and repetitive practice require a 

high level of labour-intensive therapy, often difficult to provide due to high work 

demands and capacity issues(6).  These children can be passive, and parents struggle 

to motivate them to do the prescribed exercise(7).  Most children, however, do enjoy 

playing computer games(8).  Virtual reality (VR) based computer gaming technology is 

emerging as a valuable adjunct to traditional neurological rehabilitation(9).  It has been 

recently used to treat CYP with cerebral palsy (CP)(10) and ABI(11).

VR interventions need less professional input and can be programmed to suit an 

individual child’s needs.  This type of intervention helps address boredom and 

compliance problems, facilitates increased therapy time, and does not rely on 

therapeutic contact time(9).  Parents are actively empowered to facilitate the active 

participation of children.  However, VR has not been used routinely in the NHS. 
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A cross-sectional survey in Canada that examined the use of VR by therapists 

reported that 46% of therapists had VR experience, and 15% of them had used it to 

treat people who had suffered a brain injury.  This study found that lack of funds, 

space, time, support staff, and appropriate clients was a barrier to using VR; they found 

client motivation, therapists' knowledge, and management support as the facilitators 

to adopt VR in regular practice(12).   Farr et al., (2020) examined the paediatric 

physiotherapists' and occupational therapists' learning needs of VR in the UK and 

noted that only 11% of therapists reported current use of VR with their patients; 

managers have little or no influence on VR adaptation, and the lack of IT support is 

another barrier(9).  Farr et al., (2020) recommended that tailored support is required 

to facilitate VR adaptation.  

In rehabilitation, treatment goals have shifted from managing the body structure to 

managing activity limitations and participation restrictions(13).  Our previous co-

production work with children who have neurological motor disorders showed that the 

children found formal exercise boring and lacking in variety; they found that it was hard 

to fit their exercise programme into their daily life; it competed with academic needs; 

it isolated them from their peers; and it was harder to do them as they grew older.  

They recommended play-based activities, video games, and VR-based activities that 

fit in with their life and would be more acceptable because they could play with their 

friends/peers and siblings.  In line with these outcomes, therapists must evolve from 

conventional hands-on therapy to next-generation technology-based therapy 

programmes that facilitate personalised care(6).  VR can be seamlessly embedded in 

integrated services to improve patient care and efficiency and promote functional 
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outcomes[14].  For this, VR Intervention requires development, and the associated 

influencing factors need exploring before it can be used routinely in rehabilitation. 

This study aims to understand the factors influencing VR use in upper limb 

rehabilitation for children with ABI and determine the infrastructure support and 

training required for therapists to plan and deliver personalised VR programmes.  
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2.  Methods

2.1 Design

A qualitative approach was used to explore the participants' experience, focusing on 

their views on VR for upper limb rehabilitation.  The authors followed the Standards 

for Reporting Qualitative Research (SRQR) Checklist (15) (appendix 1).

2.1.1 Ethics

This study was registered with the Birmingham Women's and Children's Hospital 

Research & Development office and in accordance with the UK National Research 

Ethics Service guidance (REC: 16/BWC/LA/Rathinam).

2.2 Patient and Public Involvement

Patients and public were not involved as this study aimed to understand the 

therapists need to use VR in clinical settings.

2.3 Participants

Purposive sampling strategy was used by inviting physiotherapists (PT) and 

occupational therapists (OT) experienced in treating children with ABI at Birmingham 

Children's Hospital (BCH) and Oxford Children's Hospital, UK.  We also invited play 

workers (PW) and BCH's Young Persons' Advisory Group (YPAG) members through 

their coordinator.  All the participants had given consent.  The participants' (therapists 

and play worker) professional experience and using virtual reality for treatment in 

years were given in table-1.   Appointments were scheduled to meet the participants 
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in person or through an online platform (Microsoft Teams); the coordinators from CBIT 

and YPAG were present for some of the sessions. 

 

2.4 Procedure

Four focus groups or 1:1 semi-structured in-depth interviews were completed, each 

session lasting between 60 and 90 minutes.  A semi-structured interview guide was 

used to facilitate discussion.  Participants were asked about their VR experience, 

barriers, adherence factors, and reflections.  CR undertook all interviews, and the 

Interviews were recorded with permission.  Written notes were taken 

simultaneously.    Reflexivity was maintained by CR by diary keeping during the 

interview and analysing the transcript.

2.5 Analysis

Interviews were transcribed in full.  Thematic analysis was conducted following Braun 

and Clark’s (2006) guidelines.  A multistage approach includes familiarisation, 

indexing, sorting, developing an initial framework, applying the framework, and 

charting the data.  Interpretation followed to analyse the collected data(16).  An initial 

line-by-line inductive coding was performed verbatim.  This enabled themes to evolve 

from the data related to the project aim.  These themes were categorised, and five 

major themes and associated but interrelated sub-themes were 

developed.  Trustworthiness was ensured by triangulating the data gathered with the 

previous study data (WF).  Analytical rigour was maintained with an audit trail and 

aligning the coding between the authors (CR and WF).
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3.  Results

Twelve participants (two PTs, five OTs, a PW, and four participants from YPAG along 

with their coordinators) consented and participated.  All the professionals were aware 

of the use of VR for rehabilitation, but very few had some experience, and most 

reported no experience using it for treatment purposes.  A model participants 

described as the factors influencing VR use in neurorehabilitation was created (Figure 

1), and verbatim quotes demonstrating pertinent quotes for individual themes are 

presented below. 

3.1 Knowledge

VR is considered a relatively new domain, and lack of knowledge and awareness are 

two factors that limit therapists' use in the clinical setting. 

3.1.1 VR Tools

Participants were aware of the use of VR for treatment purposes.  Many assumed that 

VR was an immersive technology using goggles or a headset.  They needed to be 

made aware of the non-immersive style.  They were keen to understand the different 

VR types currently available for rehabilitation, how they work, and how they can be 

used for rehabilitation.

“I would need to understand how virtual reality works.  Would it be a headpiece?  

Would it be a kind of feedback thing on a screen?" (EW; PT)

3.1.2 Evidence base
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Participants were unaware of the existing evidence supporting the use of VR.  Having 

the evidence will assist them in arriving at an informed decision, mainly if the evidence 

shows validity, transferability, and generalisability.   They asked for specific 

information about the indications, contraindications, limitations, patient position, and 

the minimal ability required to engage children in a VR session.  They asked for 

information about different VR techniques, timings, progression mechanisms, 

expected changes or improvements, desired outcomes, treatment effectiveness 

measurements, and any other factors that support the clinical utilization of VR.

“….knowing the evidence base, and what the validity of it is, and if they have 

been a particular success in particular patient groups, any limitations on kind of 

age or cognitive ability or physical ability as to what they can, who can use it, 

like knowing how to make a good patient selection." (SH; PT)

 

3.1.3 Decision making

Choosing any modality for treatment underpins the relationship between clinical 

reasoning, evidence base, and equipment availability.  This is also related to knowing 

a child's condition and the parents’ capability.  Participants were keen to know how 

and when VR should be identified as an intervention.  This will be a clinical decision 

by the treating therapist, following a good-quality assessment of the child and 

identifying the goals of all concerned.  Only then can it be determined whether VR 

equipment will assist in achieving the goals.

“….a good quality assessment, that means that we've gotten to know that child 

and their context and their family….” (PW; OT)

 

3.1.4 Desired games
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The participants expressed their views on the type of games to choose and which to 

avoid.  The games should give a positive experience, some of which can be achieved 

through good graphics, up-to-date software, and equipment, giving them the feeling 

that they are playing proper computer games.  There need to be various games to 

avoid boredom, which naturally progresses to different levels as the child progresses.  

They should have the option to change the features so children can easily play without 

tiring, and a bigger switch control mechanism.

“….variety of things (games) so that they don't just play one game and then 

they are bored of playing that one, they have a good variety, and they can play." 

(CJ; OT)

 

Participants had suggested avoiding games that are gender stereotypes, horror 

games, and car crash games, particularly for car accident victims.  Therapists also 

need to be mindful of not setting up games that can show what they cannot do to avoid 

giving the child negative feelings, a sense of failure, and a risk of disengagement when 

they find the games too hard.

“….acquired brain injury (be)cause, let's say it happened in a car crash, then 

you bring this piece of kit, and you're playing a car game.  It's gonna be a bit 

triggering….” (BD; YPAG)

3. 2 Training

Lack of training has been identified as an essential factor limiting VR use in 

clinics.  Participants highlighted their training needs related to the child’s functional 

loss following ABI.  
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3.2.1 Loss of function

Some children lose their motor function following ABI.  This is especially true for those 

who have a stroke-like presentation or tone abnormalities.  These children struggle to 

use their hands for everyday functional activities, impacting their independence and 

disrupting their development.  At times, they struggle to entertain 

themselves.  Participants were keen to understand the barriers to using VR during the 

acute phase.  These include having a cannula in their hand, frequent seizure 

episodes, and not having part of their skull following brain surgery.

“….if they have lost the use of their hands, they really struggle with….” (LP; 

PW)

 

3.2.2 Emotion

Emotional regulation is often challenging, and these children often get frustrated when 

they have lost independence or skills following ABI.  Although they know what 

happened to them, they often do not reflect on why.  The psychological impact 

includes feeling low and scared, and they wish to go home instead of being in the 

hospital.  They become aware of what they can play despite cognitive and learning 

problems but are depressed as they cannot manipulate small controls in their VR 

consoles.

“….They've just got a brain injury.  They feel grotty.  They're scared.  They don't 

want to be in hospital, but they don't really quite know what they want….”  (AM; 

OT)

 

3.2.3 Fatigue
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Fatigue is a common problem experienced by children with ABI from the early stage, 

and most of them tend to have this problem on a long-term basis.  The participants 

want to learn the early signs of fatigue or tiredness to stop the session or make parents 

recognise fatigue and differentiate between tiredness and boredom.  This will also help 

negate fatigue by pacing, changing the game's complexity, and modifying the VR's 

intensity.  

"most of the time, they have got tired....and I've had to stop.” (LP; PW)

 

3.2.4 Resource person

Participants have suggested a resource person within their team to keep their skills, 

be responsible for ongoing training, and demonstrate that VR works.  The resource 

person can also take responsibility for reviewing the VR programme regularly and 

ensure that the family is competent in delivering it while in the ward.  The participants 

commented that they need time to practice VR and a higher training volume to 

maintain competency so that it can become second nature.  They wanted yearly and 

frequent refresher training programmes to ensure learning reinforcement.

“We would want to always ensure that we’ve demonstrated and that the person 

is using it in the correct way….” (PW; OT)

 

3.2.5 Guidance Workshops & Video

Participants suggested frequent workshops for therapists, parents, and children, along 

with pre-course materials about VR systems and how they work to educate 

people.  The workshop method was considered helpful as it offers practical 

opportunities to work with the VR sets, reinforces learning by repetition, and provides 
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ongoing support.  Journal club and keeping abreast of the research and constant 

refresher will minimise difficulties in using the equipment.

“….having a field training module where people could see this sort of 

troubleshooting guide.  So the basics of how to connect to the Internet, 

Bluetooth, troubleshooting.…” (IW; YPAG)

YPAG participants suggested a YouTube channel containing training videos for 

parents, children, and clinicians for VR training.  Video content includes tutorials such 

as instructions on setting up the VR, how to play, troubleshooting, and frequently 

asked questions and answers. 

“….could have like a YouTube channel and it's basically like to the people (who) 

have already used it, find out their most common problems and then you can 

specifically have a video that (shows) how to fix this.” (BD; YPAG)

 

3.2.6 Learning content

As part of the training, the participants suggested that the learning content should 

contain VR's benefits, clinical utility, indications, and suitability for different age ranges, 

settings, and game variety and complexity levels.  Additional information, such as how 

VR can be used in a therapeutic way to treat other problems, collecting, analyzing, 

and interpreting data to see what the patient has done, and how VR aligns with other 

treatments, were also required.  The learning content is expected to include further 

details about ease of use, difficulties, pros and cons, and treatment dosage for optimal 

outcomes.  If specific VR equipment has been used, the participants were interested 

in learning the manufacturer's data, equipment information, and repetition altering 

mechanism to avoid fatigue, charging, and readjusting the units.  From the patient’s 
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perspective, the participants needed further training in goal setting, how VR fits within 

their rehabilitation programme, and the functional activities and muscle groups they 

were exercising.  This information was considered beneficial to train families to use 

VR under the guidance of therapists.  

 

3.2.7 Learning style & walk-throughs

The participants expressed different learning styles and strategies.  Although a training 

manual is available, it does not allow the learner to ask questions, and they prefer 

learning on the job and training in person.  Some expressed the need to learn 

personally and to use VR frequently, which would help to reinforce their learning and 

increase their confidence.  Demonstrations and sitting with experienced users were 

the preferred methods because it would allow them to ask questions and practice 

under supervision.  Participants wanted much hand-holding, slowly explaining the 

functions of it and walking through the game, especially when they started using it.  

“I would like just some guidance on what to do with them and how far to push 

them, and that would be great for my training needs….” (LP; PW)

3.3 Barriers

3.3.1 Habitual practice

Therapists are accustomed to working with minimal resources. Therefore, despite 

availability, technology does not usually come to mind as a treatment option.  For 

example, some of the therapists still draw their exercise programmes instead of using 

computer-generated programmes.  Any new treatment technique requires time for 

evaluation and reflection.  If the technology is not working, they prefer to return to old 

treatment techniques as they need more time to investigate and troubleshoot.  This 
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means that the new technology is not used frequently, which leads to a lack of 

familiarity and a decreased inclination to use it without further training.

"….I am still drawing stickman for the exercise programme because trying to 

get to the computer to log on to (write an exercise programme is) hard to 

navigate and crashes all the time.  When you know your patient is improving so 

quickly and you will need to redo this exercise programme into two days actually 

just stops me using it all together…." (SH; PT)

 

3.3.2 Generational & Self-perceptions

Some commented that they were old-generation therapists and too old to try VR.  They 

felt that the generational difference between therapists and children is vast, and there 

is a gap in knowing what the children like and how to play with them using VR.  They 

don’t understand VR and don’t know how to use it.  They lacked the experience and 

confidence to use it for therapy purposes.  Some therapists and YPAG participants 

who had tried a VR headset reported feeling sick and disliked using it.  Those who had 

tried VR reported that they were not technology literate, felt rubbish, and needed to 

remember about using them.

"….I'm not a gamer; gaming (has) been around for a long time, but I'm not 

one.  But actually, the immersion in technology and the development of the 

internet and everything has really only been in my adult life.” (EW; PT)

3.3.3 Logistics & Complex manual

The participants reported many logistic issues.  For example, communication between 

part-time staff, such as sharing information and hand-over, is problematic from a 

staffing perspective.  Having a designated safe space is a challenge, as therapists 
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often need guidance on where to treat these children or where to store the VR 

equipment.  Connecting the VR units to the internet is a challenge, and the participants 

felt that having easy access to IT services may overcome this issue.  Although 

manuals are available, participants reported that these are complex, and hard to 

navigate and find the solution. Therapists wanted a simple laminated crib sheet or a 

quick starter guide explaining troubleshooting, screenshots of what has been shown 

in the manual, set-up, games, and calibration techniques.

“….the problem with the manuals and things are so long often that you can't 

find the thing that you're looking for…… having some crib sheet that quickly 

tells you this would help with this aspect….” (AM; OT)

 

From the equipment perspective, some need to be set up whenever the children play 

a different game.  Some find it hard to grip the VR sets and need to readjust their 

handhold for each new game.  For the complex VR sets, the children need someone 

around them to set up the programme, motivate them, and engage in the games for 

therapy.  This is a challenge after their allocated time with the therapists, particularly 

over the weekend.  This usually results in children not doing anything over the 

weekend.  Besides, most VR gadgets were made for typically developing children, and 

very little equipment is available for children with disabilities.  When children with ABI 

tried to use the usual consoles, it became more challenging for them to manipulate, 

and they tired quickly.  Most children had prior experience playing VR games with rich 

visual content, but rehabilitation-focused games are generally primitive; hence, 

children quickly lose interest.
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“.…kids these days will have high expectations from the point of view of 

graphics and action quality because of what they see in films and games." (SH; 

PT)

 

3.3.4 Time factor

Lack of time is a common problem expressed by most of the therapists.  They 

acknowledged that they need dedicated time for training to use VR properly.  Despite 

the availability of the systems, therapists need more training time and clinical time to 

use them appropriately.

“….but often we have to reset it 3, 4, 5 times to make sure that (all) the Wi-Fi 

connectors are actually connected.  So, for one successful session, it's about 2 

hours.  So that means 100% more time than you (usually spend)….” (AM; OT)

 

3.3.5 Technology

Many participants reported that poor Wi-Fi connectivity in their hospital limits their 

chance to use VR.  They commented that the connection would not work or the 

equipment would not pick up the signal.  Having reliable network connectivity is vital if 

VR is used in the hospital.

“I think the practical difficulties in the hospital is lack of time, space, Wi-Fi, 

general resources (which) make it very difficult to be consistent in anything that 

needs a set-up" (CJ; OT)

 

Participants believed that the technology constraints listed above often put them off.  It 

requires a lot more support if it is to be used effectively, which defeats the purpose of 

why VR was introduced in the first instance.
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“….if the IT set up for this sort of thing was not easy to use and not reliable, that 

would make me use other adjuncts instead…. I'll spend an hour setting it up 

and then it won't work anyway" (SH; PT)

 

3.3.6 Change management

Participants acknowledged that people take the path of least resistance and that they 

generally do not like change.  They require convincing and demonstrating the utility, 

as people are not tech-savvy.  They suggested example videos of VR in practice, 

showing how children used it and the outcome achieved.

“.…it’s a change in practice, so people don't like change.  Particularly and will 

only engage if the change is managed, almost like a change management 

way....it’s about saying, 'this could help; why don't you give a (try)’.” (EW; PT)

 

3.3.7 Accessibility

Lack of space is an essential factor that limits the use of VR.  Leaving the system close 

to the bedside in some wards takes a lot of work.  In some places, expensive units are 

available, but therapists have yet to be trained to use them.  Sometimes, more minor 

issues, such as missing cables or sets needing to be charged more, caused 

embarrassment when the session was disrupted.  Many therapists felt excited initially 

to use VR but became reluctant because of accessibility issues; therefore, sustaining 

enthusiasm is difficult.

“….it's also about how we've gotta make it accessible to everybody.  In our 

department, we find all the expensive kits that once were the pride and joy and 

are now stuck at the back of a cupboard because nobody can remember how 
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to set up the Wii or nobody's got the key to get the search insert.  So we've got 

all these pieces of kit, but I've never seen them used." (MP; OT)

3.4 Promotion & Consideration

3.4.1 Motivation for staff & children

The YPAG suggested different strategies to promote VR for rehabilitation 

purposes.  These included age-appropriate games, offering taster sessions, 

encouraging games with parents or siblings, challenging others, or beating their 

previous scores.   Watching other children enjoy VR may enthuse disinterested 

children.  Promoting VR success stories online, getting people to talk about their 

experience, having competitions by playing against each other with a leader board, 

and playing interactively can give reassurance and motivation.

“….you should get other kids to try it out in front of kids that don't wanna do it 

yet….” (FH; YPAG)

  

3.4.2 Reward/feedback

From the therapists’ perspective, VR is not a universal treatment provision but an 

additional tool that can be used with their usual treatment.  Positive feedback is always 

a good motivational factor.  This can be the visual displays on the game, a certificate 

for reaching certain milestones, or purely verbal feedback.

"I definitely like that when they get the feedback as well, like party, pop sound 

effects or something just to kind of go well, you know, it's that big 'Well done!  

You've just done that level'." (AM; OT)

 

3.4.2 Perceived benefits
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All the participants acknowledged that children love computer games and VR.  They 

can spend hours playing as it is enjoyable, fun, engaging, and interactive.  Therapists 

felt that VR helps to improve the child's engagement, which can facilitate movements, 

increase movement control, and facilitate stability and function.  The end products are 

improved performance, grip strength, muscle length, satisfaction, spasticity 

management, and function improvement underpinned by component skill 

development.  VR helps to distract the children, get them moving and enable them to 

do their therapy without realizing that they are doing it.

"Children love gaming, so I think it's a great way to distract them and actually 

get them a bit more moving." (FH, YPAG)

VR can also be used for motivation instead of therapy, especially for fun if they do not 

want to do anything in the ward.  VR also has the potential to make hospitals more 

interesting, turning a 'no' person into a 'yes' person by trusting their therapists.  It 

empowers parents to improve their independence. 

"He was smiling and laughing, and that was the first time I'd seen that…. you're 

not going to do anything horrible and that just playing computer games and that 

did have a knock-on effect as well to his positivity in other sessions." (AM; OT)

 

3.4.3 Confidence

Participants who had prior experience using VR were confident in turning on Bluetooth, 

adjusting tables to use VR, deciding suitable VR games for different age groups, 

selecting games' complexity, progressing to the next level if the child achieved the 

target, using different movements and techniques to control VR and helped them to 

use both hands.
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“I’d like you to guide on how to do it.  So I’ve been shown now, but I wouldn’t 

ever use equipment or do something with a child unless I’ve been shown.” (LP; 

PW)

 3.4.4 Prior experience

Some therapists had experience in using VR and noted that it was beneficial.  It was 

used to improve attention and concentration, engagement, movements, and 

strength.  They learned that a child does not need much movement to operate VR to 

use it at a low level.  However, the lack of Bluetooth connectivity limited the VR unit's 

use for treatment and led to frustration.  Children lost interest quickly when the system 

did not work, and it compromised other aspects of therapy.  Apart from connectivity, 

they have noted other challenges, including children being competitive and making it 

too difficult for themselves.  Therapists had assumed that parents understood the 

treatment goals and could follow what they were seeing, but this was only sometimes 

the case.

"I've had that a few times, and then they lose interest really quickly, then they 

lose their faith in you knowing what you're doing because the whole system is 

just not working.  So, if you're not careful, that can rub off on other aspects of 

your therapy, and you don't want that." (CJ; OT)

 

3.4.5 Deliberation

Participants from the YPAG group suggested that the commercially available VR 

games they are playing are fast-moving, high-motion simulation, and have loud sound 

effects.  These games will be challenging to play for children with ABI due to their slow 

reactions; the effects of flash and sound effects on eyes and ears, especially when 
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most already suffer from headaches.  Therapists deliberated about whether they could 

advocate screen time for the acute ABI children, when it would be appropriate to 

engage them in VR, and what games and equipment would kindle a child's interest 

and maintain their motivation to exercise and facilitate them taking responsibility.  They 

would want to ensure that the child and their family perceived it as therapeutic and 

that barriers to its use for rehabilitation were minimised.

“….it's not good for an injured and healing brain to have a lot of screen time 

because of the way it fires up all your neurones….” (EW; PT)

 

3.4.6 Grading & Adaptation

Children with ABI experience various complex challenges, including slow reaction 

speed; therefore, adapting VR games is vital to make it inclusive for 

everyone.  Adaptation of VR requires consideration of a child's age range, physical 

and cognitive ability, concentration and engagement, communication issues, sensory 

impairment, and hearing and visual impairment.  In the acute phase, the children 

struggle to be in a busy ward environment where the noise and other distractions limit 

their focus in therapy sessions.  These children will require both the games and their 

environment to be adapted.  Instructions should be clear and concise for all parents to 

understand.

"In terms of understanding families and making sure that they can understand 

the instructions…. you need to adapt how you gave the instructions or how the 

interface worked….” (EW; PT)

3.5 Family factors

3.5.1 Family Needs
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Digital illiteracy and digital poverty are essential factors, as some families and parents 

may need access to technology.  During the acute rehabilitation phase, families 

struggle to cope with sudden changes, and it was considered hard to expect them to 

engage their children in VR programmes. 

".…thinking about high incidences of and younger parents, high incidences of 

parents who might not have access to technology, high incidences of parents 

who might have needs, learning disability, physical disabilities themselves.  

How are we expecting them to carry over….” (BH; OT)

 

3.5.2 Parenting culture and negotiation

Parenting covers a massive spectrum that is influenced by cultural and historical 

context; any technology intervention should fit meaningfully around the family culture 

and belief system.  Having cultural sensitivity around parenting and boundaries is 

required.  One aspect of this that therapists observed was the varying approaches to 

technology access and screen time.  Parents must see the value and feel confident 

that VR will support their child's rehabilitation.  Therapists suggested negotiating a set-

up programme with the parents.  

“….different parents might have different parenting approaches relating to 

access to technology and screen time, and one of the jobs we'd have to do to 

set up a treatment program is negotiate that with them." (MP; OT)

 

3.5.3 Goals

Engaging family and children around personalised goal setting is considered 

paramount.  The therapist’s role is to decide whether VR helps achieve the agreed 

goals.
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“….we don't want to set people up with a device that measures their failure 

because that's really disheartening." (PW; OT)

 

3.5.4 Structure to family

Families need to use VR for the well-being of their children, and they require a 

structure around the use of VR.  This includes clarity about how VR will be used, a 

timetable for VR games, and limiting the play time and frequency when playing 

complex games.  Participants initially recommended playing for 10 minutes and 

building up if the children were eager to play further.  They have suggested playing 

between 5 and 45 minutes, morning and evening, and having a break between 

sessions.   
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4.  Discussion

This scoping work is based on the perceptions of therapists, clinicians, YPAG 

members and people in an NHS setting when using VR for rehabilitation.  Five major 

themes relating to issues around knowledge, training, and implementation emerged.  

Four key principles (‘4i’) were developed, which need consideration by professionals 

when using VR in upper limb rehabilitation (Figure 2).  Those four principles structure 

the discussion. 

 

4.1 Improving knowledge

Evidence-based intervention is the current principle that enables clinicians to use 

interventions with confidence(17).  To facilitate VR intervention, the NHS workforce 

requires extensive investment to improve awareness, knowledge, and convincing 

evidence base in VR use.  Although VR technology has been used for rehabilitation 

for more than two decades, there are not enough high-quality studies encouraging 

clinicians to utilise VR in routine practice(9).  Commercially available VR equipment 

has not been used by the ABI population and requires adaptation of VR equipment.  It 

may not be possible to conduct research to the level of RCTs, especially under 

individual conditions; therefore, translating the knowledge gained from other 

conditions, such as adult stroke and children with CP should be considered within the 

ABI population.

 

4.2 Invest in training

Therapists have trained to be 'hands-on' and require considerable and extensive 

training to adapt technology for treatment.  Therapists often feel uncomfortable trying 
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new technology as part of their practice due to their age perceptions(12).  Introducing 

new technology requires considerable training to change behaviour[12].  Various 

learning and training models and descriptors of available VR equipment, clinical 

indicators, and participants' experience need consideration when designing training 

packages.  VR needs to be embedded in routine practice to facilitate behaviour 

change.   Tact et al., (2021) have suggested a digital adaptation framework for the 

NHS workforce, and it can be considered for technology-related training and 

education(18).  Technology-based intervention must be a core skill gained through 

graduate training so future therapists can become early adopters(19,20).

 

4.3 Infrastructure

Basic infrastructure provision will eliminate many barriers to using VR for 

rehabilitation(21).  Early adopters or technophobes within the workforce are at risk of 

abandoning VR if the required resources, such as uninterrupted Wi-Fi, updated 

software, and user-friendly hardware, are not readily available.  Participants perceive 

that much of the available rehabilitation-focused VR equipment was heavy, came in 

universal/uniform sizes only, was hard to operate, unstable, and time-

consuming.  Finally, attrition of technology limits use due to poor longevity, and a lot 

of equipment needs upgrading in healthcare settings due to ongoing cost factors 

associated with degradation over time(22).  The introduction of digital technology, 

including VR, should take place alongside investment in the stability of the approach 

to rehabilitation, including the required infrastructure should be in place.

 

4.4 Implementing change
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Our findings suggest that human factors play an essential role in digital adaptation.  

Various factors related to affordability, digital poverty, and the family's readiness to try 

technology as a tool significantly limit the uptake of VR for rehabilitation.  The NHS 

has a digital technology framework for allied health professionals(23) and a long-term 

plan for digitally enabled care(24).  However, the embodied reality is far behind and in 

relative infancy.  If NHS organizations commit to embedding digital interventions as a 

high priority, and investing heavily in their workforce and resources, technology-based 

interventions such as VR will likely reach end users.  Therapists are also responsible 

for changing their rehabilitation strategies by moving away from traditional models and 

adopting positive approaches of early adopters, which will lead to the evolution of 

future leaders who will crystallise further embedding of change.  For example, a group 

of practitioners have used VR for ABI rehabilitation and noted the improvement and 

engagement from children.  A recent survey indicates therapists' higher confidence 

and motivation when using digital technology(18).  This indicates either a step change 

in therapists' age or a sea change in the UK's commitment to health services.  Either 

way, it is a positive sign.

Our findings enable us to understand factors that need addressing in the 

implementation of VR for ABI rehabilitation.  VR intervention can be developed by 

addressing the issues identified in this work, and a future feasibility study is needed to 

see if VR can be used for upper limb rehabilitation in children with ABI.

Limitations

This study did not report the parents' views of using VR, and this could add value to 

the themes developed.  Members checking was not tried due to limited time availability 
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for the clinicians, which compromised the triangulation.  Only two therapists and a play 

worker who took part in this project had some experience, and the remaining 

therapists' views appear to be their perception rather than their experience of using 

VR.  Generalisability is not possible 

Conclusion

The use of VR technology for upper limb rehabilitation of children with ABI depends 

on the investment in training for health professionals to improve their knowledge and 

thereby implement change in rehabilitation techniques.  We must invest in 

improving knowledge, repeated training, and positive behaviour change among health 

professionals to use VR technology for upper limb rehabilitation of children with 

Acquired Brain Injury.
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Initial Profession Experience (years)

Professional VR use

BH OT 10 6

PW OT 6 0

MP OT 20 0

AM OT 20 0

CJ OT 4 0

EW PT 32 4

SH PT 17 0

LP PW 4 1

Table-1: Number of professional and virtual reality (VR) use experience among the 

participants in years (OT – Occupational Therapist; PT – Physiotherapist; PW - Play 

Worker
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Figure 1: Model for factors influencing virtual reality use for upper limb 

rehabilitation for children with acquired brain injury 

Improving knoweldge Invest in training

Infrastructure Implement changes

4i model for VR Use

Figure 2: 4i model to use implement VR for upper limb rehabilitation
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Appendix – 1:  Factors Influencing Virtual Reality Use in Paediatric 
Acquired Brain Injury Upper Limb Rehabilitation - A qualitative 
study
Standards for Reporting Qualitative Research (SRQR) Check list

O’Brien B.C., Harris, I.B., Beckman, T.J., Reed, D.A., & Cook, D.A. (2014). Standards for reporting 
qualitative research: a synthesis of recommendations. Academic Medicine, 89(9), 1245-1251.

No.    Topic Item Page

Title and abstract

S1     Title Concise description of the nature and topic of the study identifying the 
study as qualitative or indicating the approach (e.g., ethnography, 
grounded theory) or data collection methods (e.g., interview, focus 
group) is recommended

Title 
page-1

S2     Abstract Summary of key elements of the study using the abstract format of the 
intended publication; typically includes objective, methods, results, 
and conclusions

Title 
page - 
3

Introduction

S3     Problem 
formulation

Description and significance of the problem/phenomenon studied; 
review of relevant theory and empirical work; problem statement

1 - 2

S4     Purpose or 
research question

Purpose of the study and specific objectives or questions 3

Methods

S5     Qualitative 
approach and             
research paradigm

Qualitative approach (e.g., ethnography, grounded theory, case study, 
phenomenology, narrative research) and guiding theory if appropriate; 
identifying the research paradigm (e.g., positivist, 
constructivist/interpretivist) is also recommended

4

S6     Researcher 
characteristics and 
reflexivity

Researchers’ characteristics that may influence the research, 
including personal attributes, qualifications/experience, relationship 
with participants, assumptions, or presuppositions; potential or actual 
interaction between researchers’ characteristics and the research 
questions, approach, methods, results, or transferability

Not 
given

S7     Context Setting/site and salient contextual factors; rationalea

S8     Sampling strategy How and why research participants, documents, or events were 
selected; criteria for deciding when no further sampling was necessary 
(e.g., sampling saturation); rationalea

4
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S9     Ethical issues 
pertaining to human 
subjects

Documentation of approval by an appropriate ethics review board and 
participant consent, or explanation for lack thereof; other 
confidentiality and data security issues

4

S10    Data collection 
methods

Types of data collected; details of data collection procedures including 
(as appropriate) start and stop dates of data collection and analysis, 
iterative process, triangulation of sources/methods, and modification 
of procedures in response to evolving study findings; rationalea

4 - 5

S11    Data collection 
instruments and 
technologies

Description of instruments (e.g., interview guides, questionnaires) and 
devices (e.g., audio recorders) used for data collection; if/how the 
instrument(s) changed over the course of the study

5

S12    Units of study Number and relevant characteristics of participants, documents, or 
events included in the study; level of participation (could be reported in 
results)

6

S13    Data processing Methods for processing data prior to and during analysis, including 
transcription, data entry, data management and security, verification of 
data integrity, data coding, and anonymization/deidentification of 
excerpts

5

S14    Data analysis Process by which inferences, themes, etc., were identified and 
developed, including researchers involved in data analysis; usually 
references a specific paradigm or approach; rationalea

5

S15    Techniques to 
enhance 
trustworthiness

Techniques to enhance trustworthiness and credibility of data analysis 
(e.g., member checking, audit trail, triangulation); rationalea

5

Results/Findings

S16    Synthesis and 
interpretation

Main findings (e.g., interpretations, inferences, and themes); might 
include development of a theory or model, or integration with prior 
research or theory

6 - 22

S17    Links to empirical 
data

Evidence (e.g., quotes, field notes, text excerpts, photographs) to 
substantiate analytic findings

6 - 22

Discussion

S18    Integration with 
prior work, implications, 
transferability, and 
contribution(s) to the 
field

Short summary of main findings; explanation of how findings and 
conclusions connect to, support, elaborate on, or challenge 
conclusions of earlier scholarship; discussion of scope of 
application/generalizability; identification of unique contribution(s) to 
scholarship in a discipline or field

23 - 25

S19    Limitations Trustworthiness and limitations of findings 25 -26

Other
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S20    Conflicts of 
interest

Potential sources of influence or perceived influence on study conduct 
and conclusions; how these were managed

n/a

S21    Funding Sources of funding and other support; role of funders in data 
collection, interpretation, and reporting

Title 
page - 
2

aThe rationale should briefly discuss the justification for choosing that theory, approach, method, or 
technique rather than other options available, the assumptions and limitations implicit in those 
choices, and how those choices influence study conclusions and transferability.  As appropriate, the 
rationale for several items might be discussed together.

Page 40 of 39

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 11, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
15 Jan

u
ary 2025. 

10.1136/b
m

jo
p

en
-2023-083120 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only
Factors Influencing Virtual Reality Use in Paediatric 
Acquired Brain Injury Upper Limb Rehabilitation – A 

qualitative study

Journal: BMJ Open

Manuscript ID bmjopen-2023-083120.R1

Article Type: Original research

Date Submitted by the 
Author: 04-Dec-2024

Complete List of Authors: Rathinam, Chandrasekar; University of Birmingham College of Medical 
and Dental Sciences, Institute of clinical sciences; Birmingham Women's 
and Children's NHS Foundation Trust, Therapy Service
Farr, William; University of Cambridge
Ray, Daniel; Birmingham Women's and Children's NHS Foundation Trust
Gupta, Rajat; University of Birmingham; Birmingham Women’s and 
Children’s NHS Foundation Trust

<b>Primary Subject 
Heading</b>: Qualitative research

Secondary Subject Heading: Paediatrics, Rehabilitation medicine, Qualitative research

Keywords: Virtual Reality, REHABILITATION MEDICINE, QUALITATIVE RESEARCH, 
Developmental neurology & neurodisability < PAEDIATRICS

 

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 11, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
15 Jan

u
ary 2025. 

10.1136/b
m

jo
p

en
-2023-083120 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only
I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined 
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors 
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance 
with the terms applicable for US Federal Government officers or employees acting as part of their official 
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its 
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the 
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to 
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate 
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open 
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and 
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative 
Commons licence – details of these licences and which Creative Commons licence will apply to this Work are set 
out in our licence referred to above. 

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, I confirm this Work has not been 
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate 
material already published. I confirm all authors consent to publication of this Work and authorise the granting 
of this licence. 

Page 1 of 44

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 11, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
15 Jan

u
ary 2025. 

10.1136/b
m

jo
p

en
-2023-083120 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/


For peer review only

1

1 Title

2 Factors Influencing Virtual Reality Use in Paediatric Acquired Brain Injury 

3 Upper Limb Rehabilitation – A Qualitative Study

4

5 Authors

6 Chandrasekar Rathinam1,2* 

7 William Farr3

8 Daniel Ray2

9 Rajat Gupta1,2

10

11 Affiliations
12 1 College of Medical and Dental Sciences, University of Birmingham, UK 

13 2 Birmingham Women’s and Children’s NHS Foundation Trust, Birmingham, UK

14 3 Faculty of Education, St Edmunds College, University of Cambridge, UK

15

16 *Corresponding author
17 College of Medical and Dental Sciences 

18 University of Birmingham

19 Edgbaston 

20 Birmingham 

21 B15 2TJ

22 United Kingdom

23

24 Birmingham Women’s and Children’s NHS Foundation Trust 

25 Steelhouse Lane

26 Birmingham 

27 B4 6NH

28 United Kingdom

29

30 Contact (Email)
31 Chandrasekar Rathinam - c.rathinam@bham@ac.uk

Page 2 of 44

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 11, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
15 Jan

u
ary 2025. 

10.1136/b
m

jo
p

en
-2023-083120 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

mailto:c.rathinam@bham@ac.uk
http://bmjopen.bmj.com/


For peer review only

2

32 Chandrasekar.rathinam@nhs.net

33 William Farr - wjf33@cam.ac.uk

34 Daniel Ray - Daniel.ray2@nhs.net

35 Rajat Gupta - rajatgupta@nhs.net

36

37

38 ORCID 
39 Chandrasekar Rathinam: 0000-0002-0049-8430

40 Rajat Gupta:  0000-0001-5111-7821

41 Willam Farr  0000-0003-3644-5311

42

43

44 Authors contribution
45 All authors read, provided feedback and approved the final manuscript.

46

47

48 Data availability statement

49 The participants of this work did not give consent for their data to be shared publicly. 

50 Therefore, the research supporting data is not available.

51

52 Funding
53 This article was written as part of Topol digital fellowship programme, UK (2022 – 

54 2023).  The study sponsors were not involved in the study design, data collection, 

55 analysis and interpretation of data, and the decision to submit the manuscript for 

56 publication.  Funding/grant number not applicable.

57

58 Disclosure of interest 

59 The authors have stated that they had no interests which might be perceived as 

60 posing a conflict or bias.

61

62 Word count: 6183

Page 3 of 44

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 11, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
15 Jan

u
ary 2025. 

10.1136/b
m

jo
p

en
-2023-083120 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

mailto:Chandrasekar.rathinam@nhs.net
mailto:wjf33@cam.ac.uk
mailto:Daniel.ray2@nhs.net
mailto:rajatgupta@nhs.net
http://bmjopen.bmj.com/


For peer review only

3

63 Abstract

64 Objective

65 Upper limb movement difficulties in children with acquired brain injury (ABI) result in 

66 longer recovery times compared to lower limb.  Intensive neurorehabilitation promotes 

67 a good long-term functional outcome.  Virtual reality (VR) and video game 

68 technologies are invaluable adjuncts to traditional neurological rehabilitation as they 

69 help to motivate, engage and gain children’s compliance in goal-directed therapy.  

70 However, this technology is not routinely used in the National Health Services, UK; it 

71 requires embedding to benefit children and their families. 

72

73 VR implementation in rehabilitation practice requires development.  The associated 

74 influencing factors require further exploration before routine use can be established.  

75 This project aims to understand the factors influencing the use of VR in upper limb 

76 rehabilitation in children. 

77

78 Design

79 An interpretative qualitative study utilised focus groups and 1:1 semi-structured 

80 interviews conducted in person and online to explore participants' experiences.  These 

81 were analysed for inductive overarching themes, particularly focusing on the views of 

82 professionals and young people regarding the use of VR in upper limb rehabilitation.  

83

84 Setting

85 Two neuro-rehabilitation services located in two children’s hospitals in England, UK.

86

87 Participants
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88 Three physiotherapists, five occupational therapists, a play worker, and four members 

89 from the young persons’ advisory group took part.  Four focus groups with 2 – 4 

90 participants in each group and two 1:1 semi-structured interviews were conducted.  

91 Thematic analysis was used to create the model participants described as the factors 

92 that influenced the use of VR in neurorehabilitation.

93

94 Results

95 Five closely related major themes and thirty associated subthemes were developed:  

96 training, knowledge, promotion, consideration of barriers, and family factors.  There is 

97 a lack of knowledge and understanding about the use of VR, its limitations, and the 

98 clinicians’ motivation to use it.  Training packages with available VR equipment, clinical 

99 indicators, and scientific evidence are required.  Staff need frequent training, logistics 

100 (uninterrupted Wi-Fi, software, hardware), and simple instruction manuals.  

101

102 Conclusion

103 To introduce VR into the routine rehabilitation of children with ABI, investment in 

104 improving knowledge, frequent training, and positive behaviour change among 

105 health professionals is needed. 

106

107 Keywords

108 Acquired brain injury; Children; Virtual reality; Rehabilitation; Thematic analysis

109

110

111

112
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113 Strengths and limitations of this study

114 • This study gathered therapists' and young people's views on using virtual 

115 reality for rehabilitation.

116 • Participation was broad and inclusive of therapists and young people’s 

117 groups. 

118 • A 4i model (improving knowledge, investing in training, infrastructure, and 

119 implementing changes) is suggested.

120 • Members checking was not done to improve triangulation.

121
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136 1.  Introduction

137

138 Worldwide, acquired brain injury (ABI) is one of the most common causes of neuro-

139 disability in children and young people (CYP)[1].  In the UK, ABI  accounts for 35,000 

140 childhood presentations to emergency departments annually[2].  Of these, 5% have a 

141 moderate to severe brain injury[3].  A subsection of children with ABI have a stroke-

142 like presentation and have a functional loss of an upper limb that results in an 

143 increased dependency[4].  

144

145 Evidence indicates that upper limb function takes longer to recover than lower limb 

146 function in the adult stroke population[5].   Neuroplasticity is vital in regaining motor 

147 skills following brain injury[6].  Dendritic growth and synaptic changes in the brain are 

148 linked to neural plasticity[7].  Repetitive, purposeful, and goal-directed movements are 

149 required to induce neural plasticity.  Following ABI, children often require early and 

150 intensive neurorehabilitation to achieve their maximum potential[8].  High-intensity and 

151 repetitive practice require a high level of labour-intensive therapy, often difficult to 

152 provide due to high work demands and capacity issues[9].  These children can be 

153 passive, and parents struggle to motivate them to do the prescribed exercise[10].  

154 Most children, however, do enjoy playing computer games[11].  Virtual reality (VR) 

155 based computer gaming technology is emerging as a valuable adjunct to traditional 

156 neurological rehabilitation[12].  It has been recently used to treat CYP with cerebral 

157 palsy (CP)[11] and ABI[13].  VR has been shown to improve upper limb functions in 

158 children with CP when used with conventional therapy[14].  Motivation is a crucial 

159 element for active participation in neuro-rehabilitation. VR has been shown to improve 
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160 the upper limb functions of children with CP Manual Ability Classification System 

161 levels III and IV[11].  

162

163 VR interventions need less professional input and can be programmed to suit an 

164 individual child’s needs.  This type of intervention helps address boredom and 

165 adherence to interventions whilst facilitating increased therapy time and may not rely 

166 on therapeutic contact time[12].  Parents are empowered to facilitate the active 

167 participation of children.  However, VR has not been used routinely in the UK National 

168 Health Service (NHS). 

169

170 A cross-sectional survey in Canada that examined the use of VR by therapists 

171 reported that 46% of therapists had VR experience, and 15% of them had used it to 

172 treat people who had suffered a brain injury.  This study found that lack of funds, 

173 space, time, support staff, and appropriate clients were barriers to using VR; they 

174 found that client motivation, therapists' knowledge, and management support were the 

175 facilitators to enable VR to be used in regular practice[15].  Farr et al., (2020) examined 

176 the paediatric physiotherapists' and occupational therapists' learning needs of VR in 

177 the UK and noted that only 11% of therapists reported current use of VR as a 

178 rehabilitation intervention with their patients; managers have little or no influence on 

179 VR adaptation, and the lack of IT support is another barrier[12].  Farr et al., (2020) 

180 recommended that tailored support is required to facilitate VR adaptation[12].  

181

182 In rehabilitation, treatment goals have shifted from managing the body structure to 

183 managing activity limitations and participation restrictions[16].  Our previous co-

184 production work with children who have neurological motor disorders showed that the 
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185 children found formal exercise lacking in salience and variety; they found that it was 

186 hard to fit their exercise programme into their daily life; it competed with academic 

187 needs; it isolated them from their peers; and it was harder to do the programmes as 

188 they grew older.  They recommended play-based activities, video games, and VR-

189 based activities that fit in with their life and would be more acceptable because they 

190 could play with their friends/peers and siblings.  In line with these outcomes, therapists 

191 must evolve from conventional hands-on therapy to next-generation technology-based 

192 therapy programmes that facilitate personalised care[9].  VR can be seamlessly 

193 embedded in integrated services to improve patient care and efficiency and promote 

194 functional outcomes[15]. For this, VR Intervention requires development, and the 

195 associated influencing factors need exploring before it can be used routinely in 

196 rehabilitation. 

197

198 This study aims to understand the factors influencing VR use in upper limb 

199 rehabilitation for children with ABI and to determine the infrastructure support and 

200 training required for therapists to plan and deliver personalised VR programmes.  

201

202

203

204

205

206

207

208

209
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210 2.  Methods

211

212 2.1 Design

213 A series of qualitative semi-structured interviews was used to explore participants' 

214 experiences and analysed for inductive overarching themes using inductive thematic 

215 analysis. The focus was on professional and young people’s views of VR for upper 

216 limb rehabilitation. The authors followed the Standards for Reporting Qualitative 

217 Research (SRQR) Checklist [17] (Appendix 1).

218

219 2.1.1 Ethics

220 This study was registered with the Birmingham Women's and Children's Hospital 

221 Research & Development office and in accordance with the UK National Research 

222 Ethics Service guidance (REC: 16/BWC/LA/Rathinam).

223

224 2.2 Patient and Public Involvement

225 Patients and the public were not involved as this study aimed to understand the 

226 therapists’ need to use VR in clinical settings.

227

228 2.3 Participants

229 All the physiotherapy and occupational therapy team members of the Birmingham 

230 Children’s Hospital (BCH) and Oxford Children’s Hospital, treating children with ABI 

231 were invited.  Purposive sampling strategy was used.  Three physiotherapists (PT), 

232 five occupational therapists (OT) from both centres and a play worker (PW) from BCH 

233 agreed to take part and gave verbal consent.    We also invited BCH's Young Persons' 

234 Advisory Group (YPAG); four members (13 - 16 years) consented through their 
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235 coordinator.  The therapists’ and PW’s professional experience and use of VR for 

236 treatment over the years are given in Table 1.  Appointments were scheduled to meet 

237 the participants in person or through an online platform (Microsoft Teams); the YPAG 

238 coordinator was present when meeting the YPAG group. 

239

240 2.4 Procedure

241 Between 2 and 4 participants per group attended four focus groups, and two 1:1 semi-

242 structured in-depth interviews were completed, each session lasting between 60 and 

243 90 minutes according to staff availability.  Participants were offered both options of a 

244 1:1 interview or a focus group, and take-up was according to personal 

245 preference. There was no remuneration for participants.  A semi-structured interview 

246 guide was used to facilitate discussion (Appendix 2).  Participants were asked about 

247 their VR experience, barriers, adherence factors, and reflections.  CR undertook all 

248 interviews, and the Interviews were recorded with permission.  Written notes were 

249 taken simultaneously. CR is an experienced clinician working with children with neuro 

250 disability, and positionality has been developed through systematic review 

251 published [10] in this area. CR maintained reflexivity by diary keeping during the 

252 interview and analysing the transcript.

253

254 2.5 Analysis

255 Interviews were transcribed in full. All transcripts were deidentified. Pilot coding and 

256 training took place between WF and CR. Thematic analysis was conducted following 

257 Braun and Clark’s (2006) guidelines, and was conducted by hand. A multistage 

258 approach included familiarisation, indexing, sorting, developing an initial framework, 

259 applying the framework, and charting the data, and interviews were read and coded 
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260 until the saturation point was achieved. Interpretation followed to analyse the collected 

261 data[18].  An initial line-by-line inductive coding was performed verbatim.  This 

262 enabled themes to evolve from the data related to the project aim.  These themes were 

263 categorised, and five major themes and associated but interrelated sub-themes were 

264 developed.  Trustworthiness was ensured by triangulating the data gathered with the 

265 previous study data (WF).  Analytical rigour was maintained with an audit trail, and the 

266 coding between the authors was aligned across independent coding of transcripts and 

267 multiple reviews to align emerging themes (CR and WF).

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282
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283 3.  Results

284

285 Thirteen participants (three PTs, five OTs, a PW, and four participants from YPAG, 

286 along with their coordinators) consented and participated.  All the professionals were 

287 aware of using VR for rehabilitation, but very few had any experience, and most 

288 reported no experience using it for treatment purposes.  A model describing the factors 

289 influencing VR use in neurorehabilitation was created (Figure 1), and verbatim quotes 

290 demonstrating pertinent quotes for individual themes are presented below. 

291

292 3.1 Knowledge

293 VR is considered a relatively new domain, and lack of knowledge and awareness are 

294 two factors that limit any therapists' use in the clinical setting. 

295

296 3.1.1 VR Tools

297 Participants were all aware of the use of VR for treatment purposes.  Many assumed 

298 that VR was an immersive technology using goggles or a headset.  They needed to 

299 be made aware of the non-immersive style.  They were keen to understand the 

300 different types currently available for rehabilitation, how they work, and how they can 

301 be used for rehabilitation.

302 “I would need to understand how virtual reality works.  Would it be a headpiece?  

303 Would it be a kind of feedback thing on a screen?" (Participant-1)

304

305 3.1.2 Evidence base

306 Participants were unaware of the existing evidence supporting the use of VR.  If the 

307 evidence shows validity, transferability, and generalisability, it will enable them to 
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308 make informed decisions. They asked for specific information about the indications, 

309 contraindications, limitations, patient position, and the minimal ability required to 

310 engage children in a VR session.  They asked for details about different VR 

311 techniques, timings, progression mechanisms, expected changes or improvements, 

312 desired outcomes, treatment effectiveness measurements, and other factors 

313 supporting VR's clinical utilisation.

314 “….knowing the evidence base, and what the validity of it is, and if they have 

315 been a particular success in particular patient groups, any limitations on kind of 

316 age or cognitive ability or physical ability as to what they can, who can use it, 

317 like knowing how to make a good patient selection." (Participant-2)

318

319 3.1.3 Decision making

320 Choosing any modality for treatment underpins the relationship between clinical 

321 reasoning, evidence base, and equipment availability.  This is also related to knowing 

322 a child's condition and the parents’ capability.  Participants were keen to know how 

323 and when VR should be identified as an intervention.  This will be a clinical decision 

324 by the treating therapist, following a good-quality assessment of the child and 

325 identifying the goals of all concerned.  Only then can it be determined whether VR 

326 equipment will assist in achieving the goals.

327 “….a good quality assessment, that means that we've gotten to know that child 

328 and their context and their family….” (Participant-3)

329

330 3.1.4 Desired games

331 The participants expressed their views on the type of games to choose and which to 

332 avoid.  The games should give a positive experience, some of which can be achieved 
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333 through good graphics, up-to-date software, and equipment, giving them the feeling 

334 that they are playing proper computer games.  There need to be various games to 

335 avoid boredom, which naturally moves to different levels as the child progresses.  They 

336 should have the option to change the features so children can easily play without tiring, 

337 and a bigger switch control mechanism.

338 “….variety of things (games) so that they don't just play one game and then 

339 they are bored of playing that one, they have a good variety, and they can play." 

340 (Participant-4)

341  

342 Participants had suggested avoiding games that are gender stereotypical, horror 

343 games, and car crash games, particularly for car accident victims.  Therapists also 

344 need to be mindful of not setting up games that can show what the child cannot do to 

345 avoid giving them negative feelings, a sense of failure, and a risk of disengagement 

346 when they find the games too hard.

347 “….acquired brain injury (be)cause, let's say it happened in a car crash, then 

348 you bring this piece of kit, and you're playing a car game.  It's gonna be a bit 

349 triggering….” (YPAG-1)

350

351 3. 2 Training

352 Lack of training has been identified as an essential factor limiting VR use in 

353 clinics.  Participants highlighted their training needs related to the child’s functional 

354 loss.  

355

356 3.2.1 Loss of function
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357 Some children lose their motor function following ABI.  This is especially true for those 

358 who have a stroke-like presentation or tone abnormalities.  These children struggle to 

359 use their hands for everyday functional activities, impacting their independence and 

360 disrupting their development.  At times, they struggle to entertain 

361 themselves.  Participants were keen to understand the barriers to using VR during the 

362 acute phase.  These include having a cannula in their hand, frequent seizure 

363 episodes, and not having part of their skull following brain surgery.

364 “….if they have lost the use of their hands, they really struggle with….” 

365 (Participant-8)

366  

367 3.2.2 Emotion

368 Emotional regulation is often challenging, and these children often get frustrated when 

369 they have lost independence or skills following ABI.  Although they know what 

370 happened to them, they often do not reflect on why.  The psychological impact 

371 includes feeling low and scared, and they wish to go home instead of being in the 

372 hospital.  They become aware of what they can play despite cognitive and learning 

373 problems but are depressed as they cannot manipulate small controls in their VR 

374 consoles.

375 “….They've just got a brain injury.  They feel grotty.  They're scared.  They don't 

376 want to be in hospital, but they don't really quite know what they want….”  

377 (Participant-5)

378

379 3.2.3 Fatigue

380 Fatigue is a common problem experienced by children with ABI from the early stage, 

381 and most of them tend to have this problem on a long-term basis.  The participants 
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382 want to learn the early signs of fatigue or tiredness, so stop the session at an 

383 appropriate time or help parents recognise fatigue and differentiate between tiredness 

384 and boredom.  This will also help negate fatigue by pacing, changing the game's 

385 complexity, and modifying the VR's intensity.  

386 "most of the time, they have got tired....and I've had to stop.” (Participant-8)

387

388 3.2.4 Resource person

389 Participants have suggested a resource person within their team to keep their skills, 

390 be responsible for ongoing training, and demonstrate that VR works.  The resource 

391 person can also take responsibility for reviewing the VR programmes regularly and 

392 ensure that the family is competent in delivering it while in the ward.  The participants 

393 commented that they need time to practice VR and a higher training volume to 

394 maintain competency so that it can become second nature.  They wanted yearly and 

395 frequent refresher training programmes to ensure learning reinforcement.

396 “We would want to always ensure that we’ve demonstrated and that the person 

397 is using it in the correct way….” (Participant-3)

398

399 3.2.5 Guidance Workshops & Video

400 Participants suggested frequent workshops for therapists, parents, and children, along 

401 with pre-course materials about VR systems and how they work to educate 

402 people.  The workshop method was considered helpful as it offers practical 

403 opportunities to work with the VR sets, reinforces learning by repetition, and provides 

404 ongoing support.  Journal club, keeping abreast of the research, and constant 

405 refresher will minimise difficulties in using VR.
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406 “….having a field training module where people could see this sort of 

407 troubleshooting guide.  So the basics of how to connect to the Internet, 

408 Bluetooth, troubleshooting.…” (YPAG-2)

409

410 YPAG participants suggested a YouTube channel containing training videos for 

411 parents, children, and clinicians for VR training.  Video content includes tutorials such 

412 as instructions on setting up the VR, how to play, troubleshooting, and frequently 

413 asked questions and answers. 

414 “….could have like a YouTube channel and it's basically like to the people (who) 

415 have already used it, find out their most common problems and then you can 

416 specifically have a video that (shows) how to fix this.” (YPAG-1)

417  

418 3.2.6 Learning content

419 As part of the training, the participants suggested that the learning content should 

420 contain VR's benefits, clinical utility, indications, and suitability for different age ranges, 

421 settings, and game variety and complexity levels.  Additional information, such as how 

422 VR can be used in a therapeutic way to treat other problems, collecting, analysing, 

423 and interpreting data to see what the patient has done, and how VR aligns with other 

424 treatments, were also required.  The learning content is expected to include further 

425 details about ease of use, difficulties, pros and cons, and treatment dosage for optimal 

426 outcomes.  If specific VR equipment has been used, the participants were interested 

427 in learning the manufacturer's data, equipment information, and repetition altering 

428 mechanism to avoid fatigue, charging, and readjusting the units.  From the patient’s 

429 perspective, the participants needed further training in goal setting, how VR fits within 

430 their rehabilitation programme, and the functional activities and muscle groups they 
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431 were exercising.  This information was considered beneficial to training families to use 

432 VR under the guidance of therapists.  

433  

434 3.2.7 Learning style & walk-throughs

435 The participants expressed different learning styles and strategies.  Although a training 

436 manual is available, it does not allow the learner to ask questions, and they prefer 

437 learning on the job and training in person.  Some expressed the need to learn 

438 personally and to use VR frequently, which would help to reinforce their learning and 

439 increase their confidence.  Demonstrations and sitting with experienced users were 

440 the preferred methods because it would allow them to ask questions and practice 

441 under supervision.  Participants wanted much handholding, slow explanations of the 

442 functions, and to be walked through the game, especially when they began using it.  

443 “I would like just some guidance on what to do with them and how far to push 

444 them, and that would be great for my training needs….” (Participant-8)

445

446 3.3 Barriers

447 3.3.1 Habitual practice

448 Therapists are accustomed to working with minimal resources. Therefore, technology 

449 is not usually considered a treatment option despite its availability.  For example, some 

450 of the therapists still draw their exercise programmes instead of using computer-

451 generated programmes.  Any new treatment technique requires time for evaluation 

452 and reflection.  If the technology is not working, they prefer to return to old treatment 

453 techniques as they need more time to investigate and troubleshoot.  This means that 

454 the new technology is not used frequently, which leads to a lack of familiarity and a 

455 decreased inclination to use it without further training.
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456 "….I am still drawing stickman for the exercise programme because trying to 

457 get to the computer to log on to (write an exercise programme is) hard to 

458 navigate and crashes all the time.  When you know your patient is improving so 

459 quickly and you will need to redo this exercise programme in two days, it 

460 actually just stops me using it all together…." (Participant-2)

461  

462 3.3.2 Generational & Self-perceptions

463 Some commented that they were old-generation therapists and too old to try VR.  They 

464 felt that the generational difference between therapists and children is vast, and there 

465 is a gap in knowing what the children like and how to play with them using VR.  They 

466 lacked the experience and confidence to use it for therapy purposes.  Some therapists 

467 and YPAG participants who had tried a VR headset reported feeling sick and disliked 

468 using it.  Those who had tried VR reported that they were not technology literate, felt 

469 rubbish, and needed to remember about using them.

470 "….I'm not a gamer; gaming (has) been around for a long time, but I'm not 

471 one.  But actually, the immersion in technology and the development of the 

472 internet and everything has really only been in my adult life. (Participant-1)

473

474 3.3.3 Logistics & Complex manual

475 The participants reported many logistical issues.  For example, communication 

476 between part-time staff, such as sharing information and hand-over, is problematic 

477 from a staffing perspective.  Having a designated safe space is a challenge, as 

478 therapists often need guidance on where to treat these children or where to store the 

479 VR equipment.  Connecting the VR units to the internet is a challenge, and the 

480 participants felt that having easy access to IT services may overcome this 
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481 issue.  Although manuals are available, participants reported that these are complex, 

482 and hard to navigate and find the solution. Therapists wanted a simple laminated crib 

483 sheet or a quick starter guide explaining troubleshooting, screenshots of what has 

484 been shown in the manual, set-up, games, and calibration techniques.

485 “….the problem with the manuals and things are so long often that you can't 

486 find the thing that you're looking for…… having some crib sheet that quickly 

487 tells you this would help with this aspect….” (Participant-5)

488  

489 From the equipment perspective, some need to be reset each time the children play a 

490 different game.  Some children find it hard to grip the VR sets and need to readjust 

491 their handhold for each new game.  For the complex VR sets, the children need 

492 someone around them to set up the programme, motivate them, and engage in the 

493 games for therapy.  This is a challenge after their allocated time with the therapists, 

494 particularly over the weekend.  This usually results in children not doing anything over 

495 the weekend.  Most VR gadgets are made for typically developing children, and very 

496 little equipment is available for children with disabilities.  When children with ABI tried 

497 to use the usual consoles, they found it challenging to manipulate them, and they tired 

498 quickly.  Most children had prior experience of playing VR games with rich visual 

499 content, but rehabilitation-focused games are generally primitive; hence, children 

500 quickly lose interest.

501 “.…kids these days will have high expectations from the point of view of 

502 graphics and action quality because of what they see in films and games." 

503 (Participant-2)

504  

505 3.3.4 Time factor
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506 Lack of time is a common problem expressed by most of the therapists.  They 

507 acknowledged that they need dedicated time for training to use VR properly.  Despite 

508 the availability of the systems, therapists need more training time and clinical time to 

509 use them appropriately.

510 “….but often we have to reset it 3, 4, 5 times to make sure that (all) the Wi-Fi 

511 connectors are actually connected.  So, for one successful session, it's about 2 

512 hours.  So that means 100% more time than you (usually spend)….” 

513 (Participant-5)

514  

515 3.3.5 Technology

516 Many participants reported that poor Wi-Fi connectivity in their hospital limited their 

517 opportunity to use VR.  They commented that the connection would not work or the 

518 equipment would not pick up the signal.  Having a reliable network connectivity is vital 

519 if VR is to be used in the hospital setting.

520 “I think the practical difficulties in the hospital is lack of time, space, Wi-Fi, 

521 general resources (which) make it very difficult to be consistent in anything that 

522 needs a set-up" (Participant-4)

523

524 Participants believed that the technology constraints listed above often put them off.  It 

525 requires a lot more support if it is to be used effectively, which defeats the purpose of 

526 why VR was introduced in the first instance.

527 “….if the IT set up for this sort of thing was not easy to use and not reliable, that 

528 would make me use other adjuncts instead…. I'll spend an hour setting it up 

529 and then it won't work anyway" (Participant-2)

530  
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531 3.3.6 Change management

532 Participants acknowledged that people take the path of least resistance and that they 

533 generally do not like change.  They require convincing and demonstrating the utility, 

534 as people are not tech-savvy.  They suggested example videos of VR in practice, 

535 showing how children used it and the outcome achieved.

536 “.…it’s a change in practice, so people don't like change.  Particularly and will 

537 only engage if the change is managed, almost like a change management 

538 way....it’s about saying, 'this could help; why don't you give a (try)’.” (Participant-

539 1)

540  

541 3.3.7 Accessibility

542 Lack of space is an essential factor that limits the use of VR.  Leaving the system close 

543 to the bedside in some wards takes a lot of work.  In some places, expensive units are 

544 available, but therapists have yet to be trained to use them.  Sometimes, more minor 

545 issues, such as missing cables or sets needing to be charged more, caused 

546 embarrassment when the session was disrupted.  Many therapists felt excited initially 

547 to use VR but became reluctant because of accessibility issues; therefore, sustaining 

548 enthusiasm is difficult.

549 “….it's also about how we've gotta make it accessible to everybody.  In our 

550 department, we find all the expensive kits that once were the pride and joy and 

551 are now stuck at the back of a cupboard because nobody can remember how 

552 to set up the Wii or nobody's got the key to get the search insert.  So we've got 

553 all these pieces of kit, but I've never seen them used." (Participant-6)

554

555 3.4 Promotion & Consideration
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556 3.4.1 Motivation for staff & children

557 The YPAG suggested different strategies to promote VR for rehabilitation 

558 purposes.  These included age-appropriate games, offering taster sessions, 

559 encouraging games with parents or siblings, challenging others, or beating their 

560 previous scores.   Watching other children enjoy VR may enthuse disinterested 

561 children.  Promoting VR success stories online, getting people to talk about their 

562 experience, having competitions by playing against each other with a leader board, 

563 and playing interactively can give reassurance and motivation.

564 “….you should get other kids to try it out in front of kids that don't wanna do it 

565 yet….” (YPAG-3)

566   

567 3.4.2 Reward/feedback

568 From the therapists’ perspective, VR is not a universal treatment provision but an 

569 additional tool that can be used in conjunction with their usual treatment. Positive 

570 feedback is always a good motivational factor. This feedback can be the visual 

571 displays on the game, a certificate for reaching certain milestones, or purely verbal 

572 feedback.

573 "I definitely like that when they get the feedback as well, like party, pop sound 

574 effects or something just to kind of go well, you know, it's that big 'Well done!  

575 You've just done that level'." (Participant-5)

576  

577 3.4.2 Perceived benefits

578 All the participants acknowledged that children love computer games and VR.  They 

579 can spend hours playing as it is enjoyable, fun, engaging, and interactive.  Therapists 

580 felt that VR helps to improve the child's engagement, which can facilitate movements, 
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581 increase movement control, and facilitate stability and function.  The end products are 

582 improved performance, grip strength, muscle length, satisfaction, spasticity 

583 management, and function improvement underpinned by component skill 

584 development.  VR helps to distract the children, get them moving and enable them to 

585 do their therapy without realizing that they are doing it.

586 "Children love gaming, so I think it's a great way to distract them and actually 

587 get them a bit more moving." (YPAG-3)

588

589 VR can also be used for motivation instead of therapy, especially for fun if they do not 

590 want to do anything in the ward.  VR also has the potential to make hospitals more 

591 interesting, turning a 'no' person into a 'yes' person by trusting their therapists.  It 

592 empowers parents to improve their independence. 

593 "He was smiling and laughing, and that was the first time I'd seen that…. you're 

594 not going to do anything horrible and that just playing computer games and that 

595 did have a knock-on effect as well to his positivity in other sessions." 

596 (Participant-5)

597  

598 3.4.3 Confidence of Healthcare Professionals

599 Participants who had prior experience using VR were confident in turning on Bluetooth, 

600 adjusting tables to use VR, deciding suitable VR games for different age groups, 

601 selecting games' complexity, progressing to the next level if the child achieved the 

602 target, using different movements and techniques to control VR and helped them to 

603 use both hands. However, confidence varied:

604 “Do people feel trained & confident & competent?” (Participant-1) 

605 “We don’t have confidence….” (Participant-6) 
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606 “I’d like you to guide how to do it.…” (Participant-8)

607

608  3.4.4 Prior experience

609 Some therapists had experience in using VR and noted that it was beneficial.  It was 

610 used to improve attention and concentration, engagement, movements, and 

611 strength.  They learned that a child does not need much movement to operate VR to 

612 use it at a low level.  However, the lack of Bluetooth connectivity limited the VR unit's 

613 use for treatment and led to frustration.  Children lost interest quickly when the system 

614 did not work, and it compromised other aspects of therapy.  Apart from connectivity, 

615 they have noted other challenges, including children being competitive and making it 

616 too difficult for themselves.  Therapists had assumed that parents understood the 

617 treatment goals and could follow what they were seeing, but this was only sometimes 

618 the case.

619 "I've had that a few times, and then they lose interest really quickly, then they 

620 lose their faith in you knowing what you're doing because the whole system is 

621 just not working.  So, if you're not careful, that can rub off on other aspects of 

622 your therapy, and you don't want that." (Participant-4)

623  

624 3.4.5 Deliberation

625 Participants from the YPAG group suggested that the commercially available VR 

626 games they are playing are fast-moving, high-motion simulation, and have loud sound 

627 effects.  These games will be challenging to play for children with ABI due to their slow 

628 reactions; the effects of flash and sound effects on eyes and ears, especially when 

629 most already suffer from headaches.  Therapists deliberated about whether they could 

630 advocate screen time for the acute ABI children, when it would be appropriate to 
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631 engage them in VR, and what games and equipment would kindle a child's interest 

632 and maintain their motivation to exercise and facilitate them taking responsibility.  They 

633 would want to ensure that the child and their family perceived it as therapeutic and 

634 that barriers to its use for rehabilitation were minimised.

635 “….it's not good for an injured and healing brain to have a lot of screen time 

636 because of the way it fires up all your neurons….” (Participant-1)

637  

638 3.4.6 Grading & Adaptation

639 Children with ABI experience various complex challenges, including slow reaction 

640 speed; therefore, adapting VR games is vital to make it inclusive for 

641 everyone.  Adaptation of VR requires consideration of a child's age range, physical 

642 and cognitive ability, concentration and engagement, communication issues, sensory 

643 impairment, and hearing and visual impairment.  In the acute phase, the children 

644 struggle to be in a busy ward environment where the noise and other distractions limit 

645 their focus in therapy sessions.  These children will require both the games and their 

646 environment to be adapted.  Instructions should be clear and concise for all parents to 

647 understand.

648 "In terms of understanding families and making sure that they can understand 

649 the instructions…. you need to adapt how you gave the instructions or how the 

650 interface worked….” (Participant-1)

651

652 3.5 Family factors

653 3.5.1 Family Needs

654 Digital illiteracy and digital poverty are essential factors, as some families and parents 

655 may need access to technology.  During the acute rehabilitation phase, families 
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656 struggle to cope with sudden changes, and it was considered hard to expect them to 

657 engage their children in VR programmes. 

658 ".…thinking about high incidences of and younger parents, high incidences of 

659 parents who might not have access to technology, high incidences of parents 

660 who might have needs, learning disability, physical disabilities themselves.  

661 How are we expecting them to carry over….” (Participant-7)

662  

663 3.5.2 Parenting culture and negotiation

664 Parenting covers a massive spectrum that is influenced by cultural and historical 

665 context; any technology intervention should fit meaningfully around the family culture 

666 and belief system.  Having cultural sensitivity around parenting and boundaries is 

667 required.  One aspect of this that therapists observed was the varying approaches to 

668 technology access and screen time.  Parents must see the value and feel confident 

669 that VR will support their child's rehabilitation.  Therapists suggested negotiating a set-

670 up programme with the parents.  

671 “….different parents might have different parenting approaches relating to 

672 access to technology and screen time, and one of the jobs we'd have to do to 

673 set up a treatment program is negotiate that with them." (Participant-6)

674  

675 3.5.3 Goals

676 Engaging family and children around personalised goal setting is considered 

677 paramount.  The therapist’s role is to decide whether VR helps achieve the agreed 

678 goals.

679 “….we don't want to set people up with a device that measures their failure 

680 because that's really disheartening." (Participant-3)
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681  

682 3.5.4 Structure to family

683 Families need to use VR for the well-being of their children, and they require a 

684 structure around the use of VR.  This includes clarity about how VR will be used, a 

685 timetable for VR games, and limiting the play time and frequency when playing 

686 complex games.  Participants initially recommended playing for 10 minutes and 

687 building up if the children were eager to play further.  They have suggested playing 

688 between 5 and 45 minutes, morning and evening, and having a break between 

689 sessions.   

690

691

692

693

694

695

696

697

698

699

700

701

702

703
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704 4.  Discussion

705

706 This scoping work is based on the perceptions of therapists, clinicians, YPAG 

707 members and people in an NHS setting when using VR for rehabilitation.  Five major 

708 themes relating to issues around knowledge, training, and implementation emerged.  

709 Four key principles (‘4i’) were developed, which need consideration by professionals 

710 when using VR in upper limb rehabilitation (Figure 2).  Those four principles structure 

711 the discussion. 

712  

713 4.1 Improving knowledge

714 Evidence-based intervention is the current principle that enables clinicians to use 

715 interventions with confidence[19].  To facilitate VR intervention, the NHS workforce 

716 requires extensive investment to improve awareness, knowledge, and convincing 

717 evidence base in VR use.  Although VR technology has been used for rehabilitation 

718 for over two decades, there are not enough high-quality studies encouraging clinicians 

719 to utilise VR in routine practice[12].  Commercially available VR equipment has not 

720 been used by the ABI population and requires adaptation of VR equipment.  It may 

721 not be possible to conduct research to the level of randomised controlled trials, 

722 especially under individual conditions; therefore, translating the knowledge gained 

723 from other conditions, such as adult stroke and children with CP should be considered 

724 within the paediatric ABI population.

725  

726 4.2 Invest in training

727 Therapists have trained to be 'hands-on' and require considerable and extensive 

728 training to adapt technology for treatment.  Therapists often feel uncomfortable trying 
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729 new technology as part of their practice due to their age perceptions[15].  Introducing 

730 new technology requires considerable training to change behaviour[11].  Various 

731 learning and training models and descriptors of available VR equipment, clinical 

732 indicators, and participants' experience need consideration when designing training 

733 packages.  VR needs to be embedded in routine practice to facilitate behaviour 

734 change.   Tact et al., (2021) have suggested a digital adaptation framework for the 

735 NHS workforce, and it can be considered for technology-related training and 

736 education[20].  Technology-based intervention must be a core skill gained through 

737 graduate training so future therapists can become early adopters[21,22].

738  

739 4.3 Infrastructure

740 Basic infrastructure provision will eliminate many barriers to using VR for 

741 rehabilitation[23].  Early adopters or technophobes within the workforce are at risk of 

742 abandoning VR if the required resources, such as uninterrupted Wi-Fi, updated 

743 software, and user-friendly hardware, are not readily available.  Participants perceived 

744 that much of the available rehabilitation-focused VR equipment was heavy, came in 

745 universal/uniform sizes only, was hard to operate, unstable, and time-

746 consuming.  Finally, attrition of technology limits its use due to poor longevity, and a 

747 lot of equipment needs upgrading in healthcare settings due to ongoing cost factors 

748 associated with degradation over time[24].  Technology readiness is one of the main 

749 issues organisations face; the poor compatibility between the evolving technology and 

750 the existing electronic health records often limits this[25].  The evolving evidence base, 

751 lack of user guidelines[26], and uncertainty around personalised applications[27], 

752 alongside accessibility and cost factors, further limit the organisation’s ability, 

753 willingness and capability to use technology[28].  The introduction of digital 
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754 technology, including VR, should take place alongside investment in the stability of the 

755 approach to rehabilitation, including the required infrastructure should be in place.

756

757  4.4 Implementing change

758 Our findings suggest that human factors play an essential role in digital adaptation.  

759 Various factors related to affordability, digital poverty, and the family's readiness to try 

760 technology as a tool significantly limit the uptake of VR for rehabilitation.  The NHS 

761 has a digital technology framework for allied health professionals[29] and a long-term 

762 plan for digitally enabled care[30].  However, the embodied reality is far behind and in 

763 relative infancy.  If NHS organisations commit to embedding digital interventions as a 

764 high priority, and investing heavily in their workforce and resources, technology-based 

765 interventions such as VR will likely reach end users.  Therapists are also responsible 

766 for changing their rehabilitation strategies by moving away from traditional models and 

767 adopting positive approaches of early adopters, which will lead to the evolution of 

768 future leaders who will crystallise further embedding of change.  For example, a group 

769 of practitioners have used VR for ABI rehabilitation and noted the improvement and 

770 engagement of children.  A recent survey indicates therapists' higher confidence and 

771 motivation when using digital technology[20].  This indicates either a step change in 

772 therapists' age or a sea change in the UK's commitment to health services.  Either 

773 way, it is a positive sign.

774

775 Our findings enable us to understand factors that need addressing in the 

776 implementation of VR for ABI rehabilitation.  Implementation is a complex process that 

777 requires managing barriers at various levels with multiple and holistic strategies.  

778 Kouijzer et al. (2023) suggested using an implementation framework that facilitates 
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779 behavioural changes of all the stakeholders to integrate VR into healthcare practice 

780 [31].  VR intervention can be developed by addressing the issues identified in this 

781 work, and a future feasibility study is needed to see if VR can be used for upper limb 

782 rehabilitation in children with ABI, additionally focusing on the implementation issues 

783 from the beginning.

784

785 Limitations

786 This study did not report the parents' views of using VR, and this could add value to 

787 the themes developed.  Triangulation of views was limited due to time availability of 

788 the clinicians, which could be strengthened with expert review, such as Delphi 

789 approaches but was not possible. A larger study would have encompassed more 

790 participants and a number of clinical service centres. Only two therapists and a play 

791 worker who took part in this project had some experience of VR, and the remaining 

792 therapists' views appear to be their perceptions rather than their experience of using 

793 VR. As a result, generalisability is not possible, but re-occurring themes could be made 

794 with some surety due to analytical saturation. 

795

796 Conclusion

797 The use of VR technology for upper limb rehabilitation of children with ABI depends 

798 on investing in training for health professionals to improve their knowledge and thereby 

799 implement changes in rehabilitation techniques. We must invest in 

800 improving knowledge, repeated training, and positive behaviour change among health 

801 professionals to use VR technology for upper limb rehabilitation of children with ABI.

802

803
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929 doi:10.1186/s43058-023-00442-2.

930

931

Participant Profession Experience (years)

Professional VR use

1 PT 32 4

2 PT 17 0

3 OT 6 0

4 OT 4 0

5 OT 20 0

6 OT 20 0

7 OT 10 6

8 PW 4 1

932

933

934 Table 1: Number of professional and virtual reality (VR) use experience among the 

935 participants in years (OT – Occupational Therapist; PT – Physiotherapist; PW - Play 

936 Worker)

937

938 Figure 1: Model of factors influencing virtual reality use for upper limb 

939 rehabilitation for children with acquired brain injury 

940

941 Figure 2: 4i model to use implement VR for upper limb rehabilitation
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Figure 1: Model of factors influencing virtual reality use for upper limb rehabilitation for children with 
acquired brain injury 

107x103mm (300 x 300 DPI) 
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Figure 2: 4i model to use implement VR for upper limb rehabilitation 

338x117mm (300 x 300 DPI) 
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Appendix 1:  Factors Influencing Virtual Reality Use in Paediatric 

Acquired Brain Injury Upper Limb Rehabilitation - A qualitative 

study

Standards for Reporting Qualitative Research (SRQR) Checklist

O’Brien B.C., Harris, I.B., Beckman, T.J., Reed, D.A., & Cook, D.A. (2014). Standards for reporting 

qualitative research: a synthesis of recommendations. Academic Medicine, 89(9), 1245-1251.

No.    Topic Item Page

Title and abstract

S1     Title Concise description of the nature and topic of the study identifying the 
study as qualitative or indicating the approach (e.g., ethnography, 
grounded theory) or data collection methods (e.g., interview, focus 
group) is recommended

Title 
page-1

S2     Abstract Summary of key elements of the study using the abstract format of the 
intended publication; typically includes objective, methods, results, and 
conclusions

Title page 
– 3 & 4

Introduction

S3     Problem 
formulation

Description and significance of the problem/phenomenon studied; 
review of relevant theory and empirical work; problem statement

6 - 7

S4     Purpose or 
research question

Purpose of the study and specific objectives or questions 8

Methods

S5     Qualitative 
approach and             
research paradigm

Qualitative approach (e.g., ethnography, grounded theory, case study, 
phenomenology, narrative research) and guiding theory if appropriate; 
identifying the research paradigm (e.g., positivist, 
constructivist/interpretivist) is also recommended

9

S6     Researcher 
characteristics and 
reflexivity

Researchers’ characteristics that may influence the research, including 
personal attributes, qualifications/experience, relationship with 
participants, assumptions, or presuppositions; potential or actual 
interaction between researchers’ characteristics and the research 
questions, approach, methods, results, or transferability

10
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2

S7     Context Setting/site and salient contextual factors; rationalea

S8     Sampling 
strategy

How and why research participants, documents, or events were 
selected; criteria for deciding when no further sampling was necessary 
(e.g., sampling saturation); rationalea

9 - 10

S9     Ethical issues 
pertaining to 
human subjects

Documentation of approval by an appropriate ethics review board and 
participant consent, or explanation for lack thereof; other confidentiality 
and data security issues

9

S10    Data 
collection methods

Types of data collected; details of data collection procedures including 
(as appropriate) start and stop dates of data collection and analysis, 
iterative process, triangulation of sources/methods, and modification of 
procedures in response to evolving study findings; rationalea

10 - 11

S11    Data 
collection 
instruments and 
technologies

Description of instruments (e.g., interview guides, questionnaires) and 
devices (e.g., audio recorders) used for data collection; if/how the 
instrument(s) changed over the course of the study

10 - 11

S12    Units of 
study

Number and relevant characteristics of participants, documents, or 
events included in the study; level of participation (could be reported in 
results)

9 - 10; 
12
Table 1

S13    Data 
processing

Methods for processing data prior to and during analysis, including 
transcription, data entry, data management and security, verification of 
data integrity, data coding, and anonymization/deidentification of 
excerpts

10

S14    Data 
analysis

Process by which inferences, themes, etc., were identified and 
developed, including researchers involved in data analysis; usually 
references a specific paradigm or approach; rationalea

10

S15    Techniques 
to enhance 
trustworthiness

Techniques to enhance trustworthiness and credibility of data analysis 
(e.g., member checking, audit trail, triangulation); rationalea

11

Results/Findings

S16    Synthesis 
and interpretation

Main findings (e.g., interpretations, inferences, and themes); might 
include development of a theory or model, or integration with prior 
research or theory

12 - 28

S17    Links to 
empirical data

Evidence (e.g., quotes, field notes, text excerpts, photographs) to 
substantiate analytic findings

12 - 28

Discussion

S18    Integration 
with prior work, 
implications, 
transferability, and 

Short summary of main findings; explanation of how findings and 
conclusions connect to, support, elaborate on, or challenge conclusions 
of earlier scholarship; discussion of scope of application/generalizability; 
identification of unique contribution(s) to scholarship in a discipline or 
field

29 - 32
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3

contribution(s) to 
the field
S19    Limitations Trustworthiness and limitations of findings 32

Other

S20    Conflicts of 
interest

Potential sources of influence or perceived influence on study conduct 
and conclusions; how these were managed

n/a

S21    Funding Sources of funding and other support; role of funders in data collection, 
interpretation, and reporting

Title page 
- 2

aThe rationale should briefly discuss the justification for choosing that theory, approach, method, or 

technique rather than other options available, the assumptions and limitations implicit in those 

choices, and how those choices influence study conclusions and transferability.  As appropriate, the 

rationale for several items might be discussed together.

Page 44 of 44

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 11, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
15 Jan

u
ary 2025. 

10.1136/b
m

jo
p

en
-2023-083120 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

1

Appendix 2: Interview guide 

Professionals

• What is your understanding of virtual reality (VR)?

• Would Virtual reality-based video games be useful in treating children with 

brain injuries? What is the reason?

• What motivates or stops you from using VR in clinical practice?

• What is the support or training required?

• How can we deliver VR treatment in clinical practice?

• What factors from the patient’s perspective should be considered when trying 

VR?

• What factors from the staff and resource perspective do we need to consider 

when using VR?

YPAG group

• What is your understanding of VR? What is your own experience of VR?

• Would Virtual reality-based video games be useful in treating children with 

brain injuries? What is the reason?

• What motivates children to use VR?  How can we encourage them to use it as 

a treatment tool?

• What type of games do you suggest and avoid?

• When is the best time to use VR?

• What support do you need to use VR?

• What stops you from considering VR as a treatment tool?
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