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Abstract
Background

Despite the potential added value of virtual reality technology in healthcare, its uptake in clinical practice
is still in its infancy and challenges arise in the implementation of VR. Effective implementation could
improve the adoption, uptake, and impact of VR. However, these implementation procedures still seem to
be understudied in practice. This scoping review aimed to examine the current state of affairs in the
implementation of VR technology in healthcare settings and to provide an overview of factors related to
the implementation of VR.

Methods

To give an overview of relevant literature, a scoping review was undertaken of articles published up until
February 2022, guided by the methodological framework of Arksey and O’Malley (2005). The databases
Scopus, PsycINFO, and Web of Science were systematically searched to identify records that highlighted
the current state of affairs regarding the implementation of virtual reality in healthcare settings.
Information about each study was extracted using a structured data extraction form.

Results

Of the 5523 records identi�ed, 29 were included in this study. Most studies focused on barriers and
facilitators to implementation, that highlight similar factors related to the behavior of adopters of VR and
the practical resources that the organization should arrange for. However, few studies focus on
systematic implementation and on using a theoretical framework to guide implementation. Despite the
recommendation of using a structured, multi-level implementation intervention to support the needs of all
involved stakeholders, there was no link between the identi�ed barriers and facilitators, and concrete
implementation objectives or suitable strategies to overcome these barriers in the included articles.

Conclusion

To take the implementation of VR in healthcare to the next level, it is important to ensure that
implementation is not studied in separate studies focusing on one element, e.g., caregiver-related barriers,
as is common in current literature. Based on the results of this study, we recommend that the
implementation of VR entails the entire process, from identifying barriers to developing and employing a
coherent, multi-level implementation intervention with suitable strategies. This implementation process
could be supported by implementation frameworks, and ideally focus on behavior change of
stakeholders such as caregivers, patients, and managers. This in turn might result in increased uptake
and use of VR technologies that are of added value for healthcare practice.

Contributions To The Literature
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Virtual reality is an innovative technology that is increasingly applied within different healthcare
settings. Despite its potential to improve treatment, the adoption and uptake of VR are generally
lacking.

In this scoping review, we identi�ed factors related to the implementation of VR that are important for
successful adoption and effective use in practice. However, most often these factors are not
su�ciently translated from research outcomes to healthcare practice.

The �ndings of this scoping review contribute to the recognized gaps in the literature, stating
recommendations for practice and future research on the systematic implementation of VR in
healthcare.

Background
Virtual reality (VR) is increasingly used in healthcare settings as recent technological advancements
create possibilities for diagnosis and treatment. VR is a technology that uses a headset to simulate a
reality in which the user is immersed in a virtual environment, creating the impression that the user is
physically present in this virtual space [1], [2]. VR offers a broad range of possibilities in which the user
can interact with a virtual environment or with virtual characters. Virtual characters, also known as
avatars, can provide the user with a greater sense of reality and facilitate meaningful interaction [1].
Amongst other applications, VR interventions have been piloted in healthcare and applied in treating
chronic pain [3], improving balance in patients post-stroke [4], managing symptoms of depression [5],
improving symptom burden in terminal cancer patients [6], and applied within treatment for forensic
psychiatric patients [7]. These studies highlight the opportunities for VR as an innovative technology that
could be of added value for healthcare. Nevertheless, regarding uptake in clinical practice, VR is still in its
infancy [8], [9] and challenges arise in the implementation of VR. Various barriers are identi�ed as limiting
the uptake, such as a lack of time and expertise on how to use VR in treatment, a lack of personalization
of some VR applications to patient needs and treatment goals, or the gap in knowledge on the added
value of VR in a speci�c setting [8], [10].

Not only VR uptake is challenging, other eHealth technologies experience similar di�culties in
implementation [11]. eHealth is known as “the use of technology to improve health, well-being, and
healthcare” [11]. For years, implementation has been out of scope for many eHealth research initiatives
and healthcare practices, resulting in technologies that have not surpassed the level of development [12].
For these technologies to succeed and be used as effectively as intended, they must be well integrated
into current healthcare practices and connected to the needs of patients and healthcare practitioners [10].
As a result, a focus on the implementation is of added value. It has the potential to improve the adoption,
uptake, and impact of technology [13]. However, implementation procedures for VR technology still seem
to be understudied in both research and practice [9], [14].

One of the reasons for the lacking uptake of (eHealth) technology is the complexity of the
implementation process [15], [16]. The phase between the organizational decision to adopt an eHealth
technology and the caregivers actually using the technology in their routine is complex and multifaceted
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[15], [16]. This highlights the importance of a systematic and structured implementation approach that
�ts identi�ed barriers. The use of implementation strategies, known as the “concrete activities taken to
make patients and healthcare providers start and maintain use of new evidence within the clinical
setting”, can help this process by tackling the implementation barriers [17]. These strategies can be used
as standalone, multifaceted, or as a combination [18]. Often, they are part of an implementation
intervention, which describes what will be implemented, to whom, how, and when, with the strategies as a
how-to description in the intervention [17].

While implementation interventions could help systematic implementation of VR, they are rarely used in
practice. A way to stimulate systematic implementation and help develop an implementation intervention
is by using an implementation model to guide this process. While a broad range of implementation
models have been developed, there is still limited use of these models to structure the implementation of
VR in healthcare [19]. One framework that could be used to identify important aspects of implementation
is the NASSS framework, which investigates the non-adoption, abandonment, and challenges to scale up,
spread, and sustainability of technology-supported change efforts in health and social healthcare [20].
The NASSS framework does not only focus on the technology itself, but includes the condition of the
target group, the value proposition, the adopter system (staff, patients, and healthcare providers), the
healthcare organization(s), the wider system, and the embedding and adoption of technology over time
[20]. The framework is used to understand the complexity of the adoption of new technologies within
organizations [21]. However, it remains unclear if and what factors of the NASSS framework, or any other
implementation framework, can be found in the implementation of VR in various healthcare settings.

In summary, virtual reality interventions have the potential to improve the quality of care, but only if
implemented thoroughly. As VR use becomes more prevalent, studies should expand the focus to identify
factors speci�cally related to the implementation of this new technology [16]. It is advised to perform a
needs assessment, understand potential barriers to implementation early, set implementation objectives,
and identify �tting implementation strategies before testing VR interventions in practice [22]. Therefore,
this scoping review aims to examine the current state of affairs in the implementation of VR technology
in healthcare settings and provide an overview of factors related to the implementation of VR. This leads
to the following research question: “What is the current state of affairs regarding the implementation
process of virtual reality in healthcare?”. Within this research the following sub-questions are formulated:
(1) What implementation strategies are used to implement VR in healthcare? (2) To what extent are
speci�c implementation objectives being formulated and achieved? (3) Which barriers play a role in the
implementation of VR in healthcare? (4) Which facilitators play a role in the implementation of VR in
healthcare? (5) What are the recommendations for the implementation of VR in healthcare?

Methods
To address the study aims, a systematic scoping review was undertaken on the current state of affairs
regarding the implementation of virtual reality in healthcare settings. Due to the broad scope of the
research questions, a scoping review is most suitable to examine the breadth, depth, or
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comprehensiveness of evidence in a given �eld [23]. As a result, scoping reviews represent an appropriate
methodology for reviewing literature in a �eld of interest that has not previously been comprehensively
reviewed [24]. This scoping review is based on the methodological framework of Arksey and O’Malley[25]
including the following steps: (1) identifying the research questions, (2) identifying relevant studies, (3)
study selection, (4) charting the data, and (5) collating, summarizing and reporting the results. A protocol
was developed and speci�ed the research questions, study design, data collection procedures, and
analysis plan. To the authors’ knowledge, no similar review had been published or was in development.
This was con�rmed by searching academic databases and the online platforms of organizations that
register review protocols. The protocol was registered at OSF under registration DOI
10.17605/OSF.IO/5Z3MN. This scoping review adheres to the Preferred Reporting Items for Systematic
reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) [26].

Searches
A comprehensive, systematic electronic literature search was undertaken using three databases: Scopus,
PsycINFO, and Web of Science. In each database, the same search strategy was used. Search terms were
identi�ed and included in the search strategy for three main categories relevant to the research questions;
implementation, virtual reality, and healthcare. The search terms within a category were combined using
the Boolean term ‘OR’ and the term ‘AND’ was used between the different categories. The search strategy
was piloted to check if keywords and databases were adequate and adjustments were made whenever
necessary. The full electronic search strategy can be found in Appendix 1.

Study inclusion and exclusion criteria
All identi�ed records published up until February 2022, that were peer-reviewed, and written in English,
Dutch or German, were included in the initial results. All references and citation details from different
electronic databases were imported into the online review management system Covidence and duplicate
records were removed automatically. A three-step screening approach, consisting of a title, abstract, and
full-text screening, was used to select eligible studies. In the �rst step, two authors (MK & HK) screened all
titles for assessment against the inclusion- and exclusion criteria for the scoping review. Records were
included if the titles indicated that the article focused on virtual reality within a healthcare setting and
that VR was used as a tool for prevention or treatment of patients. Because of the possibility of
implementation not being mentioned in the title, broad criteria were used to prevent the unjust exclusion
of relevant studies. Titles were included based on consensus between both authors. In the event of doubt
or disagreement, the title was discussed by both authors. After screening the titles, both authors screened
and assessed the abstracts using the inclusion and exclusion criteria. Abstracts were included or
excluded based on consensus. In the �nal step, one author screened the full-text articles (MK). Records
were included if they outline (parts of) the implementation process of VR technology (e.g., needs
assessment, planning, execution, or lessons learned). In addition, the primary target group of the VR
technology had to be patients with mental or physical disorders. If the studies focused solely on
augmented reality (AR) or mixed reality (MR) and/or described a VR technology that is utilized to train
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healthcare professionals, they were excluded. Additionally, studies were excluded if full texts could not be
obtained or if the study design resulted in no primary data collection, such as meta-analysis, viewpoint
papers, or book chapters. Reasons for excluding and any reservations about including were discussed
with the other authors. The results of the search are reported in full and presented in a Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA) �ow diagram [27] (Fig. 1).

Data extraction strategy
The data extraction of this scoping review is mostly based on the guidelines of the Cochrane Handbook
for Systematic Reviews of Interventions [28]. A systematic assessment of study quality was not
performed because this review focused on giving a broad overview of all factors related to the
implementation of VR. This resulted in a heterogeneous sample of included study topics and designs:
ranging from explorative qualitative studies to re�ective quantitative studies. The data extraction process
started with the creation of a detailed data extraction form based on the research questions in Microsoft
Excel. This form was generated to capture the most relevant information from all obtained studies and
standardize the reporting of relevant information. The extracted data included the �elds as presented in
Table 1. One author (MK) �lled out the data extraction forms; in case of uncertainties, a second author
was consulted (HK). Secondly, for each category, relevant text fragments from each study were copied
from the articles into the data extraction forms.

 
Table 1. 
Information extracted from included articles

Category Speci�cation

General information General information regarding the authors, country, and year of
publication

Study characteristics Characteristics of the study; research question or goal of the study,
study design, participants and method of data collection

VR technology
characteristics

Description of the VR technology and its goal, target group and setting
of use

Implementation
characteristics

Description of implementation model and implementation stage

Implementation objectives
and strategies (RQ1+2)

Description of the implementation objectives and implementation
strategies

Barriers (RQ3) Barriers to implementation: factors that hinder the implementation of
VR technology in healthcare settings

Facilitators (RQ4) Facilitators to implementation: factors that help the implementation of
VR technology in healthcare settings

Recommendations (RQ5) Recommendations or lessons learned to improve the implementation
of VR technology in healthcare settings
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Data synthesis and presentation
To answer the �rst and second research questions, the fragments from the data extraction forms were
coded inductively. To answer the third and fourth research questions, fragments were �rst coded
deductively, based on the main categories of the NASSS framework: technology, adopters,
organization(s), wider system or embedding, and adaptation over time [20]. Second, within these
categories, the speci�c barriers and facilitators were coded inductively to identify recurrent themes. The
implementation recommendations were coded inductively to answer the �fth and last research question.
The �rst author executed the coding process, which included multiple iterations and constant adaptations
until data saturation was reached. During this iterative process, multiple versions of the coding scheme
were discussed with all authors and adapted accordingly.

Results

Search Results
The search strategy, the number of included records, and reasons for full-text exclusion are provided in
Fig. 1. The main reason for excluding full-text articles was that studies focused on the usability or
effectiveness of VR, rather than on the needs assessment, planning, execution, or lessons learned from
the implementation process of VR.

Study and technology characteristics
An overview of the characteristics of the 29 included records and the used VR technology is provided in
Appendix 2. The following study designs were identi�ed: qualitative (n = 13), quantitative cross-sectional
(n = 10), and studies that used qualitative as well as quantitative methods (n = 6).

From the 29 included records, relatively many studies (n = 11) focused on VR use in rehabilitation clinics.
Additional settings in which VR was applied are general health clinics, mental health clinics, or clinics for
speci�c disorders e.g. eating disorder clinics or burn clinics. The goal of VR technology was often to be of
added value as a treatment tool. It was used to improve movement in rehabilitation patients (n = 11) or
decrease anxiety in patients with a stress-related disorder (n = 2). In addition, it was often applied to offer
distraction or relaxation during medical procedures (n = 4). In addition to the variety in settings and in
applications of VR, the type of technology that was applied differed as well: from immersive and
interactive VR (n = 26) to (360°) videos (n = 4).

Implementation characteristics
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An overview of the 29 included studies and the implementation characteristics, such as the use of an
implementation model or the stage of implementation research are presented in Appendix 2. In this
review, 8 of the 29 studies used a theoretical framework to structure implementation or data analysis. The
Consolidated Framework for Implementation Research (CFIR) [29] was used in 3 studies and the
Decomposed Theory of Planned Behavior (DTPB) [30] was also used in 3 studies. In addition, the Uni�ed
Theory of Acceptance and Use of Technology (UTAUT2) [31] was used in a single study, and the
Innovation Diffusion Theory [32] was applied in one study as well.

Of the 29 included studies, the data collection of 12 studies took place before actual implementation and
focused on factors, expected by stakeholders, that could in�uence future implementation. The data
collection of the other 17 studies took place after actual implementation and re�ected on existing factors
related to implementation. Thus, most identi�ed barriers, facilitators, and recommendations stated in this
review were observed in studies that evaluated an existing implementation process.

Implementation strategies and objectives
To answer the �rst research question, an overview was created of the implementation strategies and
objectives that were extracted from the included studies and is displayed in (see Appendix 2). Only in two
studies, a clear implementation objective was mentioned [10], [33]. These objectives both focused on
designing a knowledge translation (KT) intervention to translate knowledge about the use of VR to the
caregiver. In addition, they aimed at identifying factors that in�uence VR adoption and caregivers’ support
needs.

Of the 29 included records, only 8 studies described actual implementation strategies [10], [33]–[39]. Most
were mentioned in studies that collected data after implementation and re�ect on existing
implementation processes. In the included studies that described expected implementation factors,
implementation strategies were most often not described. These studies were focused on identifying
potential barriers and/or facilitators in preparation of the implementation phase and did not evaluate
used strategies.

The described implementation strategies focused on multiple resources that are necessary for
implementation. For example, VR equipment to be used in treatment, treatment rooms in which this VR
technology can be set up and used, and time for caregivers to learn about VR and how to use it have been
discussed. In addition, training and education on VR use were mentioned as important strategies. Hands-
on interactive training, e-learning modules, mentorship for support and troubleshooting, and matching
protocols and guidelines on how to use VR were mentioned. To set up VR treatment, an identi�ed
implementation strategy is to give support to caregivers in selecting appropriate content in VR that �ts the
patient's needs and give information on how to instruct the patient about VR treatment. Lastly,
implementation strategies that help to increase the motivation of caregivers to use VR were mentioned.
For example, having su�cient time to discuss the potential and added value of VR or having support
from champions or mentors, experienced caregivers who share their experience with VR, to motivate
others to integrate VR into their treatment practice were used during implementation.
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Barriers to implementation
Barriers to the implementation of VR were identi�ed based on relevant fragments from the articles. In 26
records a total of 69 different barriers were identi�ed and divided into categories of the NASSS
framework. All barriers are provided in Table 2. The barriers are explained in the accompanying text
below.
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Table 2
Barriers to implementation and the number of publications they were mentioned in (n)

Category Barrier De�nition n References

Category 1: Condition (n = 13 barriers)  

Condition Cognitive
limitations

A decline in cognitive capabilities, such
as reasoning and problem solving, could
negatively affect VR use

6 [35], [36],
[46]–[49]

  General decline A decline in functional capabilities, such
as mobility or communication, could
negatively affect VR use

4 [36], [46]–
[48]

  Distress VR use could induce distress and anxiety 4 [35], [48]–
[50]

  Fatigue Extreme fatigue in patients could
negatively affect VR experience

1 [35]

  Dissociation Experienced disconnection from
themselves and the world could
negatively affect VR experience

1 [35]

  Highly
medicated

Effects of medication use could
negatively affect VR use and experience

1 [49]

Physical Cybersickness Motion- or cybersickness experienced
while using VR

4 [10], [35],
[49], [51]

limitations Issues with
vision/hearing

Limited vision or hearing abilities could
negatively affect VR use

3 [36], [46],
[49]

  Epilepsy VR use could trigger a seizure in patients
with photosensitive epilepsy

2 [51], [52]

  Poor hand
dexterity

Limited ability moving �ngers and hands
limits the use of VR controllers

1 [46]

  Wheelchair
users

The use of a wheelchair can negatively
in�uence movement in VR

1 [33]

Socio-
demographics

Reluctance due
to old age

Elderly can be less technology-aware
and uncomfortable to use VR

7 [35], [38],
[47], [48],
[53]–[55]

  Language
barriers

Language can form a barrier when
software is in another language

1 [47], [52]

Category 2: Technology (n = 11 barriers)  

Technical
functionality

Technical issues Technical malfunctioning of VR
hardware

9 [10], [33],
[37], [50],
[52], [56]–
[59]
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Category Barrier De�nition n References

  Lack of client
safety

Lack of client safety due to unforeseen
movement of patient in the treatment
room while using VR

6 [10], [35],
[38], [39],
[60], [61]

  No reliable Wi-Fi No reliable network connection which is
necessary to use VR

4 [37], [53],
[54], [57]

  Infection control
issues

Di�cult to control contaminations when
using VR with multiple patients

3 [48], [49],
[59]

  Data privacy
and security

Lack of data privacy and security when
using patient data in VR

2 [38], [58]

  System not
charged

Battery of VR system is not charged and
VR cannot be used

1 [57]

Usability Lack of patient
comfort

The use of VR headset and headphones
could be uncomfortable

4 [35], [38],
[59], [62]

  Usability issues Issues with the usability and user-
friendliness of VR

3 [35], [39],
[61]

  Additional effort The use of VR adds additional steps for
caregivers during treatment

2 [10], [57]

Effect of VR on
treatment

Isolation from
contact

The VR headset can isolate patients
from human contact

6 [50], [51],
[53]–[55],
[62]

  Lack of realism Lack of realism and immersion
experienced by patients in VR

4 [10], [50],
[51], [63]

Category 3: Value proposition (n = 8 barriers)  

In�uencing
treatment

Lack of
personalization

Lack of personalization to treatment
goals and patients’ needs

6 [10], [38],
[57], [58],
[64], [65]

  Distract from
goals

The fun and gami�cation aspects of VR
could distract from treatment goals

1 [37]

  Disinterest
therapeutic
activities

The preference for VR treatment could
cause disinterest in other therapeutic
activities

1 [37]

  No translation
into real-world
improvement

Treatment improvements in VR do not
directly translate into real-world
improvements outside of the treatment
room

1 [58]

  Avoid in-vivo
exposure

The use of VR can be a way to avoid in-
vivo exposure

1 [50]
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Category Barrier De�nition n References

  Biased attention
in group therapy

When VR is used in group therapy, the
attention of the caregiver is focused on
one patient and not on the other
participants

1 [57]

Practical
resources

Financial costs Costs of purchasing and time for
maintaining VR

9 [35], [38],
[39], [48],
[51]–[54],
[58]

  Time for
maintaining

Lack of time for the maintenance and
updating of VR software

3 [10], [38],
[52]

Category 4: Adopter system (n = 18 barriers)  

Factors that
In�uence

Lack of research Perceived lack of research and evidence
on the added value of VR

10 [10], [33],
[35], [38],
[47]–[49],
[51], [54],
[64]

Opinion towards
VR

Lack of
experience

Perceived lack of experience in working
with VR

7 [33], [36],
[38], [50],
[53], [54],
[56]

- caregivers Lack of suitable
patients

Perceived lack of appropriate patients
that can be referred to VR treatment or
perceived lack of support in referring
patients

3 [10], [33],
[34]

  Lack of support Perceived lack of support from
management in using VR

3 [23], [33],
[34]

  Dissatisfaction
with VR

Not satis�ed with the use of VR
hardware or software

2 [48], [56]

  No interest in VR
use

Not interested in using VR technology in
treatment

1 [64]

  Negative patient
response

Expected negative patient response
towards VR

1 [54]

  Resistance to
new treatment

A general resistance towards new
therapeutic approaches

1 [35]

Factors that
in�uence

Low patient
motivation

Patient motivation is low for VR
treatment

5 [10], [33],
[36], [58],
[64]

opinion towards
VR

Stress inducing The new aspects of VR technology could
be stress inducing because patients are
exposed to a new form of treatment and
new reality

2 [36], [55]
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Category Barrier De�nition n References

- patients Disorientation
during VR

Patient could experience disorientation
when present in VR scenario

1 [59]

  Mistrust in new
treatment

Patient mistrust in new or experimental
treatment options

1 [38]

  No support
caregiver

Patient does not feel supported in VR
use by caregiver

1 [57]

Integrating VR in
routines

Di�culty
combining VR
with existing
treatment

Perceived di�culty combining VR with
existing treatments and integrating VR in
existing protocols

2 [37], [46]

Knowledge and
skills of

Lack of time to
learn and use VR

Lack of perceived time and opportunities
to learn how to use VR and integrate VR
in treatment

8 [10], [37],
[48], [52]–
[54], [57],
[64]

caregivers Lack of
knowledge/skills

Lack of knowledge and skills to feel
con�dent using VR

5 [35], [38],
[39], [54],
[59]

  Di�culty
explaining VR

Di�culty explaining the VR system to
patients during treatment

2 [33], [47]

  Di�cult to learn
VR

Di�cult to learn how to use VR in
treatment with patients

1 [50]

Category 5: Organization (n = 13 barriers)  

Readiness to
innovate

Other goals
taking priority

Other goals that do not focus on VR
taking priority within the organizational
policy

1 [33]

  Negative culture
towards
innovation

Negative organizational culture towards
innovation and new technology

1 [38]

Introducing VR
to caregivers

No opportunity
to try VR

Not giving an opportunity to caregivers
to try out VR for themselves

8 [10], [35],
[37], [47],
[48], [55],
[57], [60]

  Lack of
education

Not organizing enough educational
opportunities to learn how to use VR

2 [10], [47]

  Lack of training
courses

Not offering enough standardized
training courses to caregivers

2 [[48], [51]

Providing
support

Lack of time to
learn VR

Not making enough time available for
caregivers to learn how to use VR

13 [10], [33],
[37]–[39],
[47], [48],
[52]–[54],
[57], [64],
[65]
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Category Barrier De�nition n References

for caregivers Lack of
technical
support

Not offering technical support to help set
up the VR system or help �x hardware or
software malfunctions

12 [10], [33]–
[35], [38],
[39], [48],
[52]–[54],
[57], [64]

  Lack of rooms Not having enough rooms available for
VR treatment

8 [10], [36]–
[38], [47],
[48], [57],
[64]

  Insu�cient VR
systems

Not having enough VR systems
available for VR treatment

3 [10], [36],
[48]

  No o�cial
channels to
report
performance
issues

Not creating o�cial channels to report
performance issues experienced during
VR treatment

1 [57]

Integrating VR in
work�ow

Lack of
guidelines on
patient
suitability

Lack of guidelines on suitability of
patients and medical indication for VR
treatment

3 [35], [38],
[57]

Providing
conditions for

Lack of
treatment
protocols

Lack of validated treatment protocols on
how to use VR in treatment

2 [51], [52]

use Integration of VR Not integrating VR in existing work�ows
and traditional treatment

1 [38]

Category 6: Wider system (n = 3 barriers)  

Societal
development

Not innovation
minded

Opinion leaders are not innovation-
minded and do not support VR

2 [38], [54]

  Focus on well-
being over
treatment for
speci�c
conditions

Health industry’s focus on creating VR
for general wellbeing over developing VR
treatments for speci�c conditions

1 [38]

Regulatory/legal
issues

Ethical or legal
concerns

Ethical or legal concerns around the use
of VR in treatment, such as
cybersecurity, privacy and regulations

1 [58]

Category 7: Embedding and adoption over time (n = 3 barriers)  

Challenge to
scale up

Lack of
insurance
reimbursement

Lack of insurance reimbursement to
compensate costs of VR use

2 [38], [39]

  Sustainability VR use is not sustainable over a longer
period of time, because risk of hardware
quickly becoming obsolete

2 [51], [65]
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Category Barrier De�nition n References

  Lack of
technical
support

Lack of technical support to maintain
hardware limits upscale of VR use

1 [52]

 

A variety of barriers that were mentioned in the included studies are displayed in Table 2. A broad range
of barriers was relevant to the implementation of VR in healthcare. Most identi�ed barriers were related to
the organization category of the NASSS framework. These are mainly focused on the lack of practical
resources for caregivers to use VR. For example, the organization does not schedule su�cient time for
caregivers to learn how to use VR and how to integrate VR into practice. In addition to a lack of time, not
enough technical support, treatment rooms for VR, and VR equipment to treat patients were mentioned as
organizational barriers.

Frequently mentioned barriers related to the adopters are factors that negatively in�uence caregivers'
opinions of VR. First, a lack of research and evidence on the added value of VR was often mentioned as a
barrier. Second, a perceived lack of experience in working with VR was said to cause a lack of con�dence
and self-e�cacy in caregivers to work with VR during treatment. The perceived lack of time and limited
opportunities to learn how to use VR contributes to this feeling.

Furthermore, technical barriers were often identi�ed to hinder VR implementation. Functional issues, such
as technical malfunctioning of VR hardware or software, or a lack of client safety while wearing a VR
headset in the limited space of the treatment room that limits freedom of movement were most
frequently mentioned as barriers. Related to the VR headset, a lack of physical comfort for the patient
when wearing the VR headset and the feeling of isolation while wearing the headset were frequently
mentioned as barriers.

Lastly, barriers related to the condition, value proposition, wider system, and embedding and adoption
over time categories of the NASSS framework were less frequently identi�ed. The conditions and physical
limitations of patients that could negatively in�uence VR use, such as several cognitive limitations,
distress, or cybersickness during VR, were frequently mentioned as barriers. Related to the value
proposition, barriers such as high costs to purchase VR equipment or the lack of time for maintaining the
VR hardware were mentioned occasionally. In addition, the lack of personalization to patients’ needs and
treatment goals was frequently mentioned as a barrier. The barriers related to the wider system and
adoption over time, such as organizations not being innovation-minded or the lack of insurance
reimbursement to compensate for costs of VR use were mentioned less frequently.

Facilitators to implementation
Besides barriers, a total of 53 different facilitators to the implementation of VR in healthcare was
identi�ed in 26 records. Facilitators were identi�ed based on relevant fragments from the articles and are
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divided into categories of the NASSS framework. They are mentioned and explained in Table 3 and the
accompanying text below.
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Table 3
Facilitators to implementation and the number of publications they were mentioned in (n)

Category Facilitator De�nition n References  

Category 1: Condition (n = 1 facilitator)    

Socio-
demographics

Young age Younger people may be more open to
new technology and feel comfortable to
use VR during treatment

2 [35], [48]  

Category 2: Technology (n = 5 facilitators)    

Technical
functionality

Client safety Client is physically safe in treatment
room while using VR hardware

6 [10], [35], [38],
[39], [60], [61]

  Reliability VR hardware is reliable and stable while
in use

1 [61]

Usability Patient
comfort

The patient is comfortable while using
VR hardware and software

4 [35], [38], [59],
[62]

  Easy to use The VR hardware and software is easy
to use by end-users

3 [35], [39], [61]

Effect of VR
on treatment

Realism and
immersion

VR is able to induce feelings of realism
and immersion

4 [10], [50], [51],
[63]

Category 3: Value proposition (n = 8 facilitators)    

In�uencing
treatment

Safe and
controlled
environment

Having a virtual environment that is
controlled by the caregiver and
therefore offers a safe space to practice
behavior

5 [49]–[51],
[53], [58]

 

  Different
reality

Practice behavior in a virtual
environment of choice, while physically
in the treatment room

4 [37], [38],
[51], [58]

 

  Personalizing
treatment

VR can be adapted to �t patient needs
and treatment goals

3 [58], [60],
[61]

 

  Facilitate
human
interaction

VR could facilitate human contact by
practicing virtual roleplays, which other
technologies can not

3 [49], [53],
[55]

 

  Control and
self-e�cacy

VR could increase behavioral control
and self-e�cacy in patients

2 [51], [58]  

  Insight into
behavior and
experiences

VR could increase insight of caregiver
into behavior of patients and their
experiences

1 [35]  

Practical
resources

Financial
viability

VR demonstrates �nancial viability and
has a strong business case

1 [35]  
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Category Facilitator De�nition n References  

  Time and
resource
e�cient

VR is time and resource e�cient to use
compared to other treatment forms

1 [50]  

Category 4: Adopter system (n = 18 facilitators)    

Factors that
in�uence
opinion

Evidence of VR
value

Availability of validated evidence on the
value of VR for treatment

10 [10], [33],
[35], [38],
[47]–[49],
[51], [54],
[64]

 

towards VR

- caregivers

Experience
with
technology

Having experience with technology in
general and/or with VR

7 [33], [36],
[38], [50],
[53], [54],
[56]

 

  Added value of
VR

Being aware of the bene�ts of VR for
patients and treatment

4 [35], [37],
[46], [54]

 

  Improvement
in patients

Perception of improvement in patients’
health and treatment goals

2 [47], [57]  

  Satisfaction
with VR

Being satis�ed with the usability of VR
hardware and software

2 [48], [56]  

  Support from
management

Perceived support from management to
use VR

2 [33], [64]  

  Innovativeness Being intrigued by the innovativeness of
VR in existing treatment

1 [53]  

Attitude
towards VR

- patients

Patient
motivation

VR could enhance patient motivation
and engagement in treatment

11 [10], [33],
[35]–[37],
[39], [50],
[57], [58],
[63]–[65]

 

  Positive VR is perceived as positive, fun and
engaging by patients

1 [57]  

  Less stressful Exposure in VR is less stressful than in-
vivo exposure

1 [58]  

  Encouraged by
caregiver

Patient feels encouraged and supported
by caregiver to use VR

1 [57]  

Attitude
towards VR –
colleagues

Positive social
in�uence

Positive opinion of VR of colleagues
causes a ‘domino effect’

1 [47]  

Integrating VR
in routines

Combine and
integrate VR

The capacity to combine and integrate
VR in existing treatment

2 [37], [46]  
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Category Facilitator De�nition n References  

Knowledge
and skills
needed to use

Training Offering training on how to use VR
hardware and software

8 [35]–[37],
[47], [49],
[53], [54],
[57]

 

VR Knowledge
and skills

Developing su�cient knowledge and
skills to feel con�dent and comfortable
using VR

5 [35], [38],
[39], [54],
[59]

 

  Intervision The possibility of frequent contact with
colleagues on VR for support,
troubleshooting and reviewing VR use

2 [10], [53]  

  Protocols Having protocols or guides available on
how to use VR

2 [34], [54]  

  Technological
capabilities

The use of VR may increase
technological capabilities and vice
versa

1 [53]  

Category 5: Organization (n = 18 facilitators)    

Readiness to Innovative
culture

Having an innovative culture within the
organization

2 [35], [38]  

innovate Champions Strategic recruitment of champions to
promote VR uptake and credibility

2 [35], [38]  

  Willingness to
invest

Organization is willing to invest time
and money in VR

1 [64]  

Introducing
VR to
caregivers

Try out VR Giving the opportunity and time to
caregivers to try out VR for themselves

8 [10], [35],
[37], [47],
[48], [55],
[57], [60]

 

  Educational
materials

Creating access for caregivers to
educational materials on VR

5 [33], [34],
[54], [60],
[64]

 

  E-mail updates Sending e-mail updates on VR use and
added value of VR to keep caregivers
informed on VR progress in the
organization

2 [10], [34]  

  Staff meetings Introduce VR and opportunities of VR
during staff meetings

1 [35]  

Providing
support

Time to learn
VR

Offering enough time for caregivers to
learn how to use VR

13 [10], [33]–
[35], [38],
[39], [48],
[52]–[54],
[57], [64]
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Category Facilitator De�nition n References  

for caregivers Technical
system
support

Offering technical system support to
caregivers who work with VR

12 [10], [33]–
[35], [38],
[39], [48],
[52]–[54],
[57], [64]

 

  Rooms
availability

Having enough rooms available for VR
use

8 [10], [36]–
[38], [47],
[48], [57],
[64]

 

  Support staff Having support staff available that
helps set up the VR system

6 [33], [36],
[46], [47],
[53], [64]

 

  VR systems Su�cient VR systems to use in
treatment

5 [10], [33],
[36], [48],
[62]

 

  Staff who
operate VR

Having selected caregivers available
who operate VR for multiple patients,
instead of training all staff on VR

4 [36], [46],
[47], [64]

 

  Staff who
supervise VR

Having technical support staff available
who supervise VR sessions and help
caregivers

4 [39], [47],
[48], [53]

 

  Training on
patient
suitability

Organizing training in determining
patient suitability for VR

4 [35], [36],
[49], [65]

 

  Train-the-
trainer

A learning model in which colleagues
who have experience with VR train
colleagues that are new to VR

1 [65]  

Integrating VR
in

Fit current
protocols

VR should �t with current treatment
protocols

2 [38], [52]  

organizational
structure and
work�ow

Reinforcement
from
management

Reinforcement from management to
refer clients to VR treatment

2 [36], [47]  

Category 6: Wider system (n = 2 facilitators)    

Societal Innovation
minded

Opinion leaders being innovation
minded and open towards VR

2 [38], [54]  

development Opinion of
society

General positive opinion of society on
VR

1 [51], [54]  

Category 7: Embedding and adoption over time (n = 1 facilitator)    

Challenge to
scale up

Commonplace
and affordable

VR becomes more commonplace and
affordable, making it easier to scale up
VR use

1 [51]  
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In comparison to the barriers, facilitators to implementation are mentioned less frequently in the included
studies. Similar to the barriers, most facilitators were related to the organization category of the NASSS
framework. Providing support from the organization to caregivers to learn and use VR was mentioned
most frequently as a facilitator. More speci�cally, an organization should schedule su�cient time for
caregivers to learn how to use VR and allow them to try out and experiment with VR themselves. In
addition, technical system support, available treatment rooms with VR equipment, and support staff
during VR treatment were mentioned as important facilitators for successful VR implementation.

In multiple studies, it was mentioned that adopters of VR technology need training and education on how
to use and integrate VR in treatment. Speci�c facilitators that are frequently identi�ed are; training in
hardware and software, intervision with colleagues that are trained in VR use, and protocols or guidelines
to support VR use. Caregivers want to increase their knowledge, skills, and experience with VR to feel
con�dent and increase self-e�cacy in using VR in treatment with patients. Besides, as a facilitator in the
adopter's category, it is mentioned that having access to evidence on the value of VR for treatment is a
major facilitator in VR implementation because caregivers feel the use of VR is validated within
treatment.

Lastly, facilitators in the condition, technology, value proposition, wider system, and embedding and
adoption over time category of the NASSS framework were identi�ed less frequently. For example, when
looking at the sociodemographics of patients, the young age of patients was identi�ed as a facilitator
since these people tend to be more open to new technology and treatments and feel more comfortable
using VR. Related to technology, ensuring client safety is mentioned as a facilitator, that is creating a
physically safe space in the treatment room for patients to use VR. This safe and controlled environment
is also identi�ed in the value proposition category. Meaning that caregivers can create a safe space for
patients to practice challenging behavior. Lastly, being innovation-minded as an organization and VR
becoming more and more commonplace and affordable to scale up, are both mentioned as facilitators in
the wider system category and the adoption over time category of the NASSS framework.

Recommendations for implementation
In Table 4, a total of 51 different recommendations for the implementation of VR in healthcare are
provided in 20 records. These recommendations are inductively coded and divided into seven categories:
1) Increase understanding of patient suitability, 2) Improve knowledge and skills on VR use, 3) Improve
caregivers’ engagement with VR, 4) Have support staff available, 5) Points of attention for developing VR
treatment, 6) Support functionality of VR hardware and software, and 7) Design and development of
implementation.
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Table 4
Recommendations on implementation and the number of publications they were mentioned in (n)

Category Code Speci�cation n References

Category 1: Increase understanding of patient suitability (n = 3 recommendations)  

Understanding
patient
suitability

Understanding
suitability

Determining for which patients VR
treatment is �tting

6 [33], [35],
[48], [59],
[60], [64]

  Functional
limitations

Take patients’ functional limitations into
account, such as mobility or
communication skills, before referring
patients to VR

2 [33], [60]

  Not mandatory Consider that not all patients want to use
VR; it should not be mandatory to use

1 [66]

Category 2: Improve knowledge and skills on VR use (n = 17 recommendations)  

Learning how
to use VR

Training
programs

Offer training programs on technical skills
for caregivers

7 [35]–[37],
[48], [49],
[53], [58]

  Educational
resources

Develop and disseminate quality
educational and training activities and
materials

5 [34], [35],
[37], [49],
[53]

  Mentorship Offer mentorship by colleagues experienced
in VR use

4 [37], [48],
[60], [65]

  Multi-phased Develop multi-phased strategies to address
caregivers needs as they progress from
novice to experienced VR users

3 [33], [34],
[48]

  Decision-
making

Develop training on clinical decision-making
and application competences of when to
use VR and for whom

3 [33], [37],
[48]

  Frequently
reassess

Frequently reassess multi-phased strategies
to see if the strategies �t with the needs of
caregivers and patients

3 [33], [36],
[37]

  Different
formats

Use different formats in training (e.g. written
documentation, video, online activities)

2 [10], [48]

  Online vs. real-
life

Combine online and real-life training on VR
use for caregivers

2 [10], [48]

  Individual vs.
group

Combine individual and group learning on
VR use for caregivers

2 [10], [48]

  Train-the-trainer Use the train-the-trainer model in which
colleagues who have experience with VR
train colleagues that are new to VR

2 [33], [46]
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Category Code Speci�cation n References

  Comfortable Make caregivers comfortable with VR use
by letting them try out VR and experiment
with colleagues

2 [34], [57]

  Refresher
sessions

Include refresher sessions between initial
skills training and caregivers �rst use of VR
with patients

1 [10]

Information
provision on VR

Knowledge
gaps

Address caregivers’ knowledge gaps and
misconceptions about VR and address the
added value of VR

2 [35], [37]

  Acceptability Address acceptability and feasibility to aid
adoption and sustained uptake

1 [35]

  Theoretical
background

Provide theoretical background on VR use
and effect on treatment outcomes

1 [49]

  Protocols Develop guidelines and treatment protocols 1 [35]

Available time Support time Management should support time for
training, use and maintenance of VR

1 [37]

Category 3: Improve caregivers’ engagement with VR (n = 4 recommendations)  

Awareness and
information on

Bene�ts Communicate possible bene�ts and the
importance of VR and its possible
contributions to treatment to caregivers and
patients

4 [46], [56]–
[58]

added value of
VR

Evidence Use example cases and supporting
evidence of added value of VR from
research

2 [46], [59]

  Experience Let caregivers experience VR to see the
potential and increase motivation for use

1 [46]

  Purpose Inform about purpose of using VR 1 [53]

Category 4: Have support staff available (n = 3 recommendations)  

Support staff Staff support Hire staff to support VR use and
maintenance

4 [38], [46],
[56], [59]

  Champions Use other experienced caregivers or mentors
to promote uptake and increase self-
e�cacy

3 [35], [48],
[65]

Motivation Encouragement Organization should provide
encouragement to caregivers with regard to
using VR and motivate them to expanding
their skills

1 [56]

Category 5: Points of attention for developing VR treatment (n = 11 recommendations)  
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Category Code Speci�cation n References

Treatment Frequency of
use

Use of VR in treatment ranging from daily to
once a week

2 [52], [60]

considerations When to use Introduce VR early in treatment, but not at
the �rst appointment, because the use of VR
can be overwhelming

2 [52], [66]

  Establish goals Establish measurable goals for VR
treatment

1 [33]

  Match patient
needs

VR treatment should match patient needs 1 [64]

  Become
familiar

Patients should spend su�cient time with
VR technology before treatment starts to
become familiar with the system

1 [49]

  Step by step Start step by step and slowly navigate
within the virtual environment

1 [49]

Safety Freedom of
movement

Treatment room should offer su�cient
freedom of movement to keep risk of falling
as low as possible

1 [60]

  Switch off VR systems should be able to switch off
immediately, e.g. in case of dizziness

1 [60]

  Infection
control

Consider hygienic measures before
implementing VR in practice

1 [59]

Integration into Part of
treatment

Offer VR as part of existing treatment 2 [37], [60]

work�ow Knowledge
Translation
intervention

Support clinical integration of VR by
knowledge translation intervention

1 [48]

Category 6: Support functionality of VR hardware and software (n = 9
recommendations)

 

Functionality Clarify needs Clarify functional needs of VR technology
that are necessary in use according to
caregivers

1 [46]

  Works as
intended

Check if technology works as intended 1 [46]

Technical
issues

Channels to
report

Make sure that caregivers are aware of the
o�cial channels that they can use to report
technical issues

1 [57]

Software Patient-
appropriate

Create patient-appropriate content for VR
software that �ts patient needs

3 [33], [49],
[59]

  Setting-
appropriate

Create setting-appropriate content for VR
software that �ts the setting

2 [59], [66]
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Category Code Speci�cation n References

  Age-
appropriate

Create age-appropriate content that �ts
patient age

1 [66]

Hardware Interaction Interaction between caregiver and patient
should still be possible with headset on

1 [66]

  Relocatable System has to be practical to set up in a
treatment room and easy to relocate if
necessary

1 [57]

  Adaptable System has to be able to adapt for limited
mobility of patients

1 [66]

Category 7: Design and development of implementation (n = 4 recommendations)  

Using a
theoretical
framework

Guide
development

Use a theoretical framework to guide
development of relevant implementation
strategies to enhance uptake

1 [35]  

Implementation
intervention

Intervention Use a multi-model and active
implementation intervention to support
needs of stakeholders and address barriers
to VR use

2 [48]

Engaging
stakeholders

Key
stakeholders

Engage key stakeholders during the design
and development process of
implementation

4 [35], [46],
[57], [65]

Integration of
VR in work�ow

Understanding
needs

Understand clinical reasoning processes
and treatment needs as means of informing
features and functionality of VR systems
that support integration in practice

2 [48], [65]

The �rst recommendation is to increase the understanding of patient suitability. In other words, it should
be clear for caregivers how they can determine for which patients VR treatment is a �tting option. One
way to determine patient suitability is to take into account the functional limitations of patients, such as
level of mobility or communication skills, before referring patients to VR treatment. Next to functional
limitations, one should take into account cognitive limitations and any sensitivity to cybersickness.
Patient suitability can be dependent on the goal of VR treatment, as some functional or cognitive
limitations are not always a barrier for VR use.

The second recommendation is to improve the knowledge and skills of caregivers on VR use. Training
programs and other educational resources, such as training days, online meetings, or videos, that should
be developed and disseminated to caregivers were often mentioned as key elements to improving
knowledge and skills.

The third recommendation is to improve caregivers’ engagement with VR. To accomplish this, the bene�ts
of VR use and its possible contributions to treatment should be communicated to caregivers and
patients. The use of successful example cases or disseminating supportive evidence of the added value
of VR were mentioned as options to increase the engagement of caregivers with VR.
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The fourth recommendation is to have su�cient support staff available to support VR use during
treatment and maintain VR equipment. In addition, champions or mentors, caregivers experienced in VR
treatment, were mentioned to promote uptake and increase the self-e�cacy of caregivers in VR use.

The �fth recommendation is related to developing VR treatment. The included studies give some
inconsistent suggestions on the frequency of use, from daily to once a week. Important aspects of
developing a VR treatment are to set clear treatment goals, let the patient become familiar and
comfortable with the VR equipment and software, and increase the treatment di�culty step by step.

The sixth recommendation is to support the functionality of VR hardware and software and ensure that it
�ts the user. Software should be appropriate for the patient's needs, and age, and should �t the treatment
setting. The hardware needs to be adaptable for the limited mobility of patients, for example, patients
that are wheelchair-bound. In addition, the VR hardware should still give the possibility for caregivers and
patients to interact during the use of VR. The patient needs to be able to hear the voice of the caregiver.

The seventh and last recommendation is related to the design and development of the implementation of
VR in practice. In multiple studies, it was advised that healthcare organizations use a structured, multi-
model implementation intervention to support the needs of stakeholders and address barriers to VR use.
The key stakeholders should be engaged during the development process of implementation
interventions. It was recommended to use a theoretical framework, such as the Consolidated Framework
for Implementation Research (CFIR) [58] or the Decomposed Theory of Planned Behavior (DTPB) [59] to
guide the development of relevant implementation strategies to enhance the uptake of VR in healthcare
practice.

Discussion

Principal �ndings
This scoping review was conducted to provide insight into the current state of affairs regarding the
implementation process of virtual reality in healthcare and to identify recommendations to improve
implementation research and practice in this area. This review has resulted in an overview of current
implementation practice. A broad range of study designs was identi�ed: from qualitative studies that
described expected factors of implementation, to quantitative methods that summarized observed
factors. From the included studies, it can be concluded that the main focus of the implementation of VR
is on practical barriers and facilitators and less attention is paid to creating a systematic implementation
plan, including concrete implementation objectives and suitable implementation strategies to overcome
these barriers. Only two studies described objectives for implementation and the practical strategies that
were used to reach these objectives. Most implementation strategies that were described were related to
practical resources and organizational support to create time and room for caregivers to learn about VR
and use it in treatment. Despite differences in the type of VR technology, healthcare settings, and study
designs, many studies identi�ed the same type of barriers and facilitators. Most identi�ed barriers and
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facilitators focused on the adopter system and organization categories of the NASSS framework [20],
e.g., the needs of caregivers related to VR use and the organizational support during the implementation
of VR. The most frequently mentioned barriers were a lack of practical resources, such as time and
treatment room, a lack of validated evidence on the added value of VR, and a perceived lack of experience
in working with VR. This review showed that facilitators were studied less than barriers. However, similar
themes related to practical resources, organizational support, and providing evidence of the added value
of VR were found between identi�ed barriers and facilitators. The content of the recommendations for the
implementation of VR �ts with the foregoing.

Comparison with prior work
As stated above, the review identi�ed a lack of studies that highlight implementation objectives and
speci�c strategies. Despite the importance of concrete strategies to successfully implement VR [17], there
is a lack of research on this systematic implementation approach and on theoretical frameworks or
guidelines on which speci�c strategies are useful in which phase or level of implementation. In this
review, only a few studies used a framework to structure implementation or data analysis. Frameworks
that were mentioned most often were the Consolidated Framework for Implementation Research (CFIR)
[29], and the Decomposed Theory of Planned Behavior (DTPB) [30]. However, none of the studies that
mention the use of these models describe an explicit link between the separate strategies, barriers, or
facilitators and the integrated systematic implementation process. This illustrates the gap in research
between identifying factors that in�uence implementation and linking them to practical strategies to form
a coherent implementation intervention. Only two studies, included in this review, used a form of
systematic implementation in creating a knowledge translation (KT) intervention that focuses on the
needs and behavior of clinicians. A KT intervention could be an option to structure the implementation
process and bridge the gap between knowledge on the use of VR to actual uptake in practice [40]. KT
interventions are aimed at promoting clinician behavior change to support implementation and improving
patient care [40]. However, from implementation frameworks, such as the NASSS framework [20] or the
CFIR [29], it is clear that the focus should lie on a coherent multilevel implementation intervention that
focuses on all involved stakeholders and end-users, not only on one stakeholder.

The importance of focusing on the behavior change of all involved stakeholders, such as caregivers,
patients, support staff, and managers, is re�ected in the results of this review. Most barriers, facilitators,
strategies, and recommendations are related to stakeholders within the healthcare organization that need
to change their behavior in order to support implementation. For example, caregivers are expected to learn
new skills to use VR and organizational management needs to make time and room available to support
caregivers in their new learning needs and actual VR use during treatment. This highlights the importance
of focusing on strategies that target concrete behavior of stakeholders for successful implementation.
Identifying concrete behavior that is targeted in an implementation intervention can help describe who
needs to do what differently, identify modi�able barriers and facilitators, develop speci�c strategies, and
ultimately provide an indicator of what to measure to evaluate an intervention’s effect on behavior
change [41]. The focus on behavior in implementation is not new, it is an important point of attention in
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the implementation of other eHealth technology [11]. However, based on the results of this scoping
review, this focus is lacking in research on VR implementation.

To design implementation interventions that focus on behavior change of stakeholders and select
suitable implementation strategies, existing intervention development frameworks can be used. An
example is Intervention Mapping (IM). Intervention Mapping is a protocol that guides the design of multi-
level health promotion interventions and implementation strategies [42], [43]. It uses a participatory
development process to create an implementation intervention that �ts with the implementation needs of
all involved stakeholders [42]. Therefore, a key feature of Intervention Mapping has been its usefulness in
developing strategies to enhance the implementation, adoption, and maintenance of clinical guidelines
and enhance the effectiveness of evidence-based interventions [42], [44]. IM can provide guidance on
overcoming barriers by applying implementation strategies based on behavioral determinants and
suitable behavior change techniques [42]. For example, when re�ecting on the implementation strategies
described in this review, feedback as a behavior change method can be used during the education or
training on VR use to support the learning needs of caregivers. In addition, providing opportunities for
social support could be seen as the behavior change technique behind the need for support and
discussion of VR use during intervision groups with other caregivers.

Implications for practice and future research
The results from this review provide various points of departure for future implementation research and
implications for practice. An important implication for both is the need for a systematic approach to the
implementation process. Most studies identi�ed in this review focused only on barriers or facilitators to
implementation, ignoring the systematic process of developing an implementation intervention that
speci�es implementation objectives and describes suitable strategies that �t with these barriers and
facilitators to result in successful implementation. The development of an implementation intervention
should preferably be supported by theoretical implementation frameworks. The current review identi�ed a
lack of studies that applied implementation frameworks, such as the Consolidated Framework of
Implementation Research [29], or the NASSS framework [20]. In this review, all implementation factors
could be coded with and analyzed within the categories of the NASSS framework. Indicating its
usefulness in structuring implementation research. Future research could focus on applying and
evaluating such implementation frameworks to the implementation of VR in healthcare, specifying
factors related to the implementation of VR focusing on all phases and levels of implementation.

In addition, it could be valuable to focus on existing intervention development frameworks, such as
Intervention Mapping, to guide the design of a complete implementation intervention. Future research
could apply these existing frameworks in an implementation context and re�ect on the similarity in
working mechanisms and evaluate their in�uence on the implementation process and the behavior
change of the involved stakeholders. This way, a �rst step in identifying the added value of systematic
implementation intervention development can be made.

Strengths & Limitations
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This review set out to give an overview of factors that are related to the implementation practice of VR in
healthcare. A strength of this study is that it used the NASSS framework to structure the analysis and
review process. The use of an implementation framework contributed to systematic data collection and
analysis, which can increase the credibility of the �ndings [45]. However, the use of the NASSS framework
also revealed some drawbacks. Although all implementation factors were categorized within the
categories of the NASSS framework, this coding was limited by the description of these categories and
the overlap between some categories. For example, most barriers and facilitators that were categorized
under organization, adopters, or technology, were relevant for sustainable embedding and thus could �t in
the category ‘embedding and adaptation over time’ as well. In addition, the description of the category
‘condition’, the illness of the patient, and possible comorbidities, which are often in�uenced by biomedical
and epidemiological factors [20], is too limited to describe all factors related to patient suitability for VR.
The condition of a patient within mental healthcare is often related to other aspects, such as
sociodemographic factors like age, or technical skills, and feeling comfortable using new technology. All
these factors could in�uence patient suitability for VR. Besides, in most included studies, the barriers or
facilitators were not described in great detail, which made the coding process within the NASSS
categories more di�cult.

Furthermore, when titles of screened records did not focus on the implementation process of VR, e.g.,
studies that only focused on usability or effectiveness, they were excluded. Since usability studies could
still partly focus on implementation, this may have caused us to miss publications that could provide
interesting insights on implementation but whose main focus was other than that. We tried to overcome
this limitation by selecting detailed inclusion and exclusion criteria for the literature search and abstract
screening. Only when there was no indication of a link between usability and implementation, the study
was excluded.

Furthermore, because this scoping review aimed to provide an overview of the current state of affairs
related to the implementation of VR in healthcare, all available studies were included, regardless of their
quality and type of results. This is in line with the general aim of scoping reviews, which is to present a
broad overview of the evidence on a topic. Since a quality assessment was not conducted, not all results
of included studies might be valid or reliable. In addition, most of the barriers, facilitators, and
recommendations stated in this review are observed studies that took place after actual implementation.
However, some of these factors were mentioned as potential factors related to implementation in studies
that collected data before actual implementation. These factors were described as expected factors by
involved stakeholders, but not observed. Therefore, these �ndings should be interpreted with care.

Conclusion
This scoping review has resulted in an initial overview of the current state of affairs regarding the
implementation of VR in healthcare. It can be concluded that in the included publications, a clear focus
on types of barriers and facilitators to the implementation of VR has been identi�ed. Most factors are
related to organizational support of the needs of caregivers during the implementation of VR. Practical
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resources, such as time to use and learn VR, room for VR sets, and technical support during use were
identi�ed frequently. In addition, the importance of validated evidence on the added value of VR to
support implementation became clear. However, there is a lack of studies using implementation
frameworks and specifying concrete implementation strategies. To take the implementation of VR in
healthcare to the next level, it is important to ensure that implementation is not studied in separate
studies focusing on one element, e.g. therapist-related barriers, but that it entails the entire process, from
identifying barriers to developing and employing a coherent, multi-level implementation intervention with
suitable strategies. This implementation process should be supported by implementation frameworks,
and ideally focus on behavior change of stakeholders such as caregivers, patients, and managers. This in
turn might result in increased uptake and use of VR technologies that are of added value for healthcare
practice.
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