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Abstract 

Introduction  Health economic evaluations are required to best understand the value of interventions to the health 
economy. As extended reality technologies (an umbrella term including virtual, augmented, and mixed reality) 
become cheaper and more accessible it is likely that they will be used more within healthcare.

Objective  The aim of this study was to systematically review common practices within health economic evaluations 
of extended reality interventions in healthcare and to discuss the methods, outcomes, and methodological quality 
to inform future HEEs.

Methods  MEDLINE, Embase, NHSEED, PubMed, and the ACM Digital Library were searched, and studies retrieved 
and screened. We extracted descriptions of the population, intervention, comparator, outcomes, context, costs, 
and economic evaluation data from studies that fit our criteria. We included studies that involved healthcare patients 
who were provided extended reality interventions versus standard care, other types of care, or another extended 
reality application within the same setting where the outcome included both health outcomes and health economic 
evaluations.

Results  The search identified 1,693 records in total, of which 1,271 were excluded after title and abstract screening. 
A total of 422 articles were retrieved and screened and the majority (n = 233) were excluded as they did not con-
tain a health economic analysis or cost data. Fourteen articles were included in this review, all of which found 
that extended reality health interventions could provide cost savings. Our findings showed considerable heterogene-
ity between studies and a lack of clear descriptions of XR interventions, limiting their use within procurement.

Conclusion  Extended reality in healthcare has the potential to offer significant clinical benefits and research 
has shown it to be promising at delivering cost-savings. We make recommendations based on the findings of our 
review for future health economic analyses to help ensure that health economic analyses can support decision-mak-
ers in procuring these technologies.

Trial registration  PROSPERO 2022 CRD42022342110.
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Introduction
Health services have finite resources; it is therefore 
important to be able to demonstrate that new inter-
ventions will bring patient benefits without substan-
tial additional costs. To really understand the value an 
intervention has to the health system it is essential we 
understand both its clinical effectiveness and its cost-
effectiveness. For some interventions the lower cost and 
greater potential for adoption might mitigate slightly 
lower outcomes and, likewise, an intervention that is 
very clinically effective may not be implementable due 
to its high costs. Health systems in different countries 
often adopt different models that direct their investment. 
For example, within the UK the National Institute for 
Health and Care Excellence (NICE) has a willingness to 
pay (WTP) of £20–30,000 per quality adjusted life year 
(QALY), a measure of value given to a particular health 
state. This means that more expensive treatments will not 
be reimbursed as standard, with exceptions sometimes 
made for rarer diseases [1]. To analyse the cost of using 
and distributing healthcare resources, particularly where 
there are several alternatives or options, health econo-
mists conduct health economic evaluations (HEEs) to 
assess which interventions or resources are the best value 
for money.

One area that has garnered particular attention in 
recent years for its potential to offer cost savings to the 
health system is the application of extended reality (XR) 
technologies in healthcare [2]. XR refers to technolo-
gies that offer some level of immersion, a digital envi-
ronment that extends our senses into the virtual. The 
most common examples include virtual environments 
(VEs), virtual reality (VR) where you are fully immersed 
in a virtual environment, and augmented reality (AR) 
where a virtual environment is overlayed onto the real 
world. The cost of XR has decreased as the function-
ality has increased leading to its wider deployment on 
a variety of digital platforms. AR and VR applications 
can be found on smartphones and VR headsets used for 
gaming in peoples’ homes; they have become ubiqui-
tous in the lives of many. An XR product can consist 
either of a purpose-built system or can take advantage 
of existing systems including commercially available 
products. The latter may be less costly as it does not 
require development of the device. However, the devel-
opment of software for XR interventions still requires 
specialist knowledge that is not yet widely available or 

affordable [3, 4]. Despite this, it does appear that the 
value for money of digital health interventions may be 
more closely linked to clinical benefits rather than the 
cost of the intervention [5].

Its availability and relatively low cost have led some 
to champion it as superior to standard treatments, for 
example in the case of exposure therapy for social anxi-
ety disorder [6]. Within exposure therapy, treatments can 
be delivered by smaller teams and in less time, simulat-
ing environments that are too difficult, unsafe, or costly 
to expose people to in-vivo [7, 8]. For rehabilitation, XR 
can offer benefits beyond standard interventions in upper 
limb treatments [9], Parkinson’s Disease [10], and stroke 
[11]. It can offer relief from chronic pain [12] and burn 
wound care [13]. Its clinical efficacy in these areas, and 
others, has consistently been demonstrated yet its cost-
effectiveness is still relatively unknown.

Considering the savings that might be made utilising 
existing XR technologies such as VR or AR, which are 
decreasing in cost each year, these might be an attrac-
tive way of providing resource efficiencies in health-
care. Likewise, the potential to develop unique and/
or more effective treatments using the functionality of 
XR might lend itself to innovative new interventions. 
However, without better understanding the challenges, 
and both clinical and cost-effectiveness, XR may not 
have the opportunity to realise its full potential within 
healthcare. Even if it is demonstrated to be more effec-
tive for certain outcomes, additional requirements such 
as equipment, training, or space may limit its applica-
bility within real-world settings. XR interventions for 
healthcare are already available to private payers but 
there are limited pathways to provision within health-
care systems, for example through reimbursement [14], 
which is also seen for other digital health products.

Previous reviews have often called for evaluations 
of cost-effectiveness and noted how few have yet been 
done [11, 15–17]. No systematic reviews of the cost-
effectiveness of XR have been published and a prelimi-
nary search of PROSPERO, the Cochrane Database of 
Systematic Reviews, and the JBI Database of Systematic 
Reviews and Implementation Reports found none cur-
rently being done or underway. A broad review across 
XR and healthcare, whilst not providing a definitive 
assessment of cost-effectiveness, can highlight the 
opportunities and challenges for XR HEEs in healthcare 
for future researchers when undertaking HEEs.

Keywords  Extended reality (XR), Virtual reality (VR), Augmented reality (AR), Mixed reality (MR), Systematic review, 
Economic evaluation, Cost analysis, Costs, Methods, Medical decision making, Healthcare, Health economic analysis, 
Health economic evaluation, Health technology assessment, Value proposition



Page 3 of 14Gómez Bergin and Craven ﻿BMC Digital Health            (2023) 1:53 	

This study aimed to systematically review common 
practices within HEEs of XR in healthcare and to dis-
cuss their methods, outcomes, and reported challenges 
to inform researchers, policy makers, and developers. 
It focused on costs and health economic evaluations. 
Methods, reporting quality, and outcomes are discussed, 
and recommendations made for future research and the 
implementation of XR in healthcare.

Methods
Search strategy
The search strategy was developed alongside a Senior 
Information Specialist at Nottinghamshire Healthcare 
NHS Foundation Trust, who also ran the search. An ini-
tial limited search of Ovid MEDLINE was undertaken to 
identify articles on the topic. The text words contained in 
the titles and abstracts of relevant articles, and the data-
base specific subject headings used to describe the arti-
cles were used to develop a full search strategy for Ovid 
MEDLINE ALL, Ovid Embase, NHS Economic Evalua-
tion Database (NHSEED), PubMed, and the ACM Digi-
tal Library (see Supplementary files). The search strategy, 
including all identified keywords and subject headings, 
was adapted for each included database. The reference 
list of all included sources of evidence was screened 
for additional studies. Studies published in any lan-
guage  were included and for all time. Inclusion criteria 
are shown in Table 1.

Study selection
Following the search, all identified citations were collated 
and uploaded into EndNote 20 and duplicates removed. 
Following a pilot test, titles and abstracts were screened 
by two or more independent reviewers for assessment 
against the inclusion criteria for the review. Potentially 
relevant studies were retrieved in full, and their citation 
details imported into EndNote. The full text of selected 
citations were assessed in detail against the inclusion 
criteria. Reasons for exclusion of papers at full text that 
did not meet the inclusion criteria were recorded and 
are reported. Any disagreements that arose between the 

reviewers at each stage of the selection process were 
resolved through discussion. The results of the search 
and the study inclusion process are presented in a Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) flow diagram [18].

Assessment of methodological quality
Selected studies were appraised for methodological 
quality in the review using the Joanna Briggs Institute 
checklist for economic evaluations [19]. This checklist 
considers eleven areas of quality and asks whether these 
have been included within the study write-up. They can 
be answered as Yes, No, Unclear, or Not Applicable. 
Higher quality studies adhere to more areas of quality, 
i.e. there are more affirmative responses. Generally, this 
checklist is used to decide what studies to include in a 
review. However, all studies regardless of their methodo-
logical quality underwent data extraction and synthesis 
(where possible) as the objective of this review is to con-
sider the reporting of economic evaluations rather than 
the validity of the economic evaluation.

Data extraction
The data extracted included descriptive data about the 
intervention/s and comparator/s examined, study popu-
lation/participants and context, study methods; secondly, 
results for the resource use, cost and cost-effectiveness 
measures; and thirdly, where possible author conclusions 
about factors that promote/impede cost-effectiveness of 
the intervention.

Data synthesis
Data extracted from included studies were analysed and 
summarised to address the review objective using a for-
mal narrative synthesis. This included a textual analysis 
of the relationships between and within the different 
interventions, methodologies, clinical outcomes, and 
economic evaluation data. Due to the heterogeneity of 
the studies the review synthesised the data qualitatively 
rather than as a quantitative analysis. Our synthesised 

Table 1  Participants, Interventions, Comparators, Outcomes, Context (PICOC)

Criteria

Participants People (any age and any gender) who have a diagnosable health condition, who are symptomatic of a health condition, 
are being treated for a health condition, or who are at risk of a health condition

Interventions All studies that evaluate interventions delivered using extended reality (XR) technology

Comparators All studies that compare an intervention utilising XR technology to standard care, other types of care, or another XR 
intervention within the same setting

Outcomes All studies published in peer-reviewed journals the conduct a health economic evaluation or evaluate cost-effectiveness

Context All studies where interventions are delivered by a clinician, researcher, or self-administered in any setting
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results were reported using the Synthesis without Meta-
Analysis [20] and PRISMA guidelines [18].

Definitions
Due to the heterogeneity of health economic evaluations 
across global health systems, countries, and academic 
disciplines, we will detail here our definitions that were 
used in our data extraction and synthesis. For health eco-
nomic analyses, we have used the definitions adopted 
by the National Institute for Health and Care Excel-
lence (NICE) [21]. We use the term ‘cost-effectiveness’ to 
describe value for money and the following terms for dif-
ferent analyses.

Cost–benefit analysis
Where costs and benefits are measured using the same 
monetary units to see whether the benefits exceed the 
costs [21].

Cost‑consequence analysis
Where costs and consequences (such as health out-
comes) of an intervention are compared with a suitable 
alternative. Outcomes are not summarised in a single 
measure or in financial terms but are shown in their nat-
ural units [21].

Cost‑minimisation analysis
Where the costs of different interventions that provide 
the same benefits are compared. If they are equally effec-
tive only costs are compared, and the cheapest will be 
most cost-effective [21].

Cost‑utility analysis
Where benefits are assessed, both in terms of quality and 
duration of life, and expressed as quality-adjusted life 
years (QALYs) [21].

We also include the commonly used definition of cost-
analysis to account for analyses where only costs were 
measured and outcomes were not considered [21].

We have defined payer and societal perspectives as 
follows:

Payer perspective
Where the value for money is considered from the view-
point of the healthcare payer (e.g., an individual, an insti-
tution, a service, or a system) [21].

Societal perspective
Where the value for money is considered within the 
wider economy, e.g., where benefits might be felt by 
employers, family members, etc. [21].

Results
The search identified 1,693 records in total after exclud-
ing duplicates, of which 1,271 were excluded after title 
and abstract screening based on the exclusion criteria. A 
total of 422 articles were retrieved and screened by one 
author (AGB) with a sample of 100 checked by another 
author (MC). The majority (n = 233) were excluded as 
they did not contain a health economic analysis or cost 
data. Others were excluded as they did not fit the inclu-
sion criteria (see PRISMA flow diagram, Fig. 1). Fourteen 
articles were included in this review.

Funding
A total of seven studies received public funding [22–28], 
three from either a not-for-profit organisation or char-
ity [29, 30] and one from a commercial organisation [31]. 
Three were unclear or did not report funding [32–34]. 
Commercial affiliations were declared in three articles 
[27, 28, 31] and were unclear in five [26, 29, 32–34]. The 
rest declared none.

Types of journals
Most articles were published in medical technology jour-
nals (n = 7; [24, 26, 27, 29, 33–35]) followed by medical 
specific (n = 6; [22, 28, 30–32]) and one within a medical 
general journal [25].

Country
Studies were conducted in the USA [26, 28, 29, 31, 32], 
Spain [25, 30], Nigeria [22], Taiwan [23], Mexico [33], 
Netherlands [35], France [34] and the UK [27]. One was 
conducted in multiple countries – Norway, Denmark, 
and Belgium [24].

Currency
The currency reported included a single currency—USD 
(n = 3; [24, 29, 32], Euro [30, 35], Taiwan Dollar [23] – or 
two currencies (USD and Nigerian Naira [22]; USD and 
Mexican Peso [33]). Five did not specify the currency but 
used a dollar symbol [25, 26, 28, 31, 34].

Publication year
Articles were published between 2009 and 2022. One was 
published in 2009 [26], one in 2011 [34], and one in 2015 
[25]. Two were published in 2018 [29, 32], four in 2019 
[23, 24, 28, 33], two in 2020 [31, 35] and three in 2022 
[22, 27, 30].

Medical field
Four studies were applicable to pain management or 
distraction—within inpatient settings [29], wound care 
[32], and surgical [28, 33]. Six related to rehabilitation 
in patients who had experienced back pain [22], renal 
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failure [30], stroke [23–25], and after knee surgery [31]. 
Four related to psychiatric treatments for patients diag-
nosed with a psychotic disorder [27, 35] or post-trau-
matic stress disorder [26, 34].

Description of XR interventions
Five interventions are classed as low immersive as they 
used an MS Kinect to simulate or respond to the patient’s 
movements in a virtual environment on a screen [22, 23, 
25, 29, 30]. Four used a head mounted display, indicat-
ing that they were fully immersive [27, 28, 33, 35]. These 
included various commercially available devices includ-
ing the Google Cardboard [33], the Sony HMZ-T3W 3D 
movie goggles [28, 36], Cinimizer goggles [28], Samsung 

Gear VR System [28], and the HTC Vive Pro [27]. Six did 
not provide sufficient information to ascertain the level 
of immersiveness [24, 26, 29, 31, 32, 34].

These were mainly designed to be delivered in a clinical 
setting [22–25, 28–30, 32, 33, 35]. One was also delivered 
at home [25], one only at home [31], and three reported 
this information elsewhere [26, 27, 34]. For those that 
identified a commercial product, four companies remain 
active [24, 27, 29, 35] and one appears to no longer oper-
ate [31].

Description of HEAs
Table  2 provides an outline of the included studies. 
Many of the articles did not specify what type of HEA 

Fig. 1  PRISMA flow diagram [18]
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they conducted (n = 8; [23, 25, 26, 28, 30, 32–34]). Two 
conducted both a cost-utility analysis and a cost-conse-
quence analysis [27, 35] and one a cost-utility analysis 
only [22]. Three conducted a cost-consequence analysis 
[23, 29, 30], six a cost-minimisation analysis [24, 25, 28, 
31, 33, 34], and one conducted a cost–benefit analysis 
[26]. One conducted a cost-analysis and reported a cost 
saving but did not consider outcomes [32]. Eight did not 
report explicitly on the perspective [23, 25, 26, 28, 30, 
32–34]. Ten took a payer perspective [22–24, 28–34], one 
took a societal perspective [26] and three took both [25, 
27, 35].

Studies mainly used usual care to compare costs [22, 
23, 35, 24, 27, 29–34]. They also compared delivering the 
intervention at home and at a clinic [25] or compared 
the cost of the intervention with the cost of anaesthesia 
[28]. One did not report a comparator [26]. Studies either 
replaced existing interventions [22, 26, 28, 31, 33, 34] or 
provided XR in addition to treatment as usual or conven-
tional approaches [23–25, 27, 29, 30, 32, 35].

Costs
Two studies used micro-costing [27, 30]. One also con-
sidered the costs incurred for adverse events related to 
the XR device including minor (e.g., motion sickness) and 
major (e.g. hospitalisation) [29]. The cost incurred using 
XR was not reported by eight studies [23, 26, 28, 30–33]. 
Two provided a maximum cost for the XR based on the 
outcomes of the health economic analysis [27, 34]. Of 
those that did report costs, two provided a complete cost 
including e.g., equipment, consumables, support [24, 29, 
35]. One provided a cost for the equipment, the develop-
ment of the intervention, and variable costs such as con-
sumables which they calculated as a cost per patient [22]. 
One reported on the cost of the equipment only [25].

Most resource costs were related to service use (n = 6; 
[22, 23, 27, 30, 31, 35]) with two identifying medica-
tion costs [28, 32] and one including both medication 
costs and hospitalisation as well as reimbursement for 
improved patient satisfaction [29]. Staff time was costed 
by five studies [25, 27, 32, 34, 35] and medical consuma-
bles by four [22, 30, 32, 35]. Finally, the treatment offered 
as a comparator was provided with an overall cost by five 
[24–26, 31, 33]. An additional study considered unpaid 
care [27].

Quality adjusted life years (QALYs)
Three studies included QALY gains [22, 27, 35]. In the 
first, these were calculated by using Oswestry Disability 
index scores mapped to the SF-6D [37] and then multi-
plied by the duration of time [22]. In another, QALYs were 
derived from the Green Paranoid Thoughts Scale where 
the mean score was converted into the standard mean 

difference by dividing the raw mean change scores by the 
standard deviation of the Green Paranoid Thoughts Scale 
at baseline in control [38]. A conversion factor using a 
time trade-off was then used to identify the correspond-
ing utility change [35]. Finally, QALYs were calculated 
from health state utilities derived from EQ-5D-5L [39] 
and ReQoL-20 scores that had been converted into utility 
scores at baseline [40, 41], 6 weeks, and 6 months using 
the area under the curve approach [27, 42].

Outcomes
One study reported that there were no cost savings from 
the XR intervention within the clinical trial as it did not 
lead to a reduction in therapist time and due to the cost 
of the equipment may actually lead to an increase in cost 
[24]. However, a cost saving was reported when therapist 
time was reduced to 25% and scaled up for delivery to a 
larger population. Studies attributed savings to the XR 
intervention reducing length of hospitalisation [23, 29] 
or rehospitalisation [31], reducing the number of tests 
and outpatient visits needed [30], reducing the use of 
anaesthesia and other procedures [28, 32, 33], and reduc-
ing staff time [25, 26, 31]. Three studies considered the 
economic viability of the XR intervention, finding it to be 
less costly and more effective than a control [22, 27, 35].

Quality appraisal
The quality of six was very low, with between 0 and 4 
confirmed quality indicators reported within the article 
[23, 26, 28, 32–34]. Seven had between 7 and 10 con-
firmed quality indicators [22, 24, 25, 27, 29–31] and only 
one provided all 11 within their article [35]. The majority 
did not report on incremental or sensitivity analyses.

The results of the JBI quality appraisal are shown in 
Table 3.

Discussion
Our systematic review identified fourteen studies report-
ing health economic analyses or cost-effectiveness of an 
XR healthcare intervention. The most common health 
economic analyses were cost-minimisation and cost-con-
sequence analyses and perspectives were mainly payer. 
Usual care was frequently used as a comparator. Costs 
typically focused on resource costs such as service use, 
medication, staff time, medical consumables, and treat-
ment costs with many providing limited or no informa-
tion about XR costs (e.g., equipment). Three studies 
included QALYs. Under certain conditions, the use of XR 
was found to be cost saving in all studies. These condi-
tions included where the use of XR led to reductions in 
hospitalisation, number of medical tests or procedures 
needed, number of outpatient visits, and staff time. Many 
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also indicated cost savings when delivery was considered 
over a longer period and larger populations.

The majority of studies received public funding with 
no reported commercial affiliations, were published in 
medical technology journals, and conducted within the 
USA with the most frequently reported currency being 
USD. The articles were published between 2009 and 
2022, covering diverse medical fields such as pain man-
agement, rehabilitation, and psychiatric treatment. The 
interventions only utilised non-immersive and immersive 
virtual or augmented reality; none adopted mixed real-
ity or metaverse technologies. Most interventions were 
designed for clinical settings, while some were delivered 
at home. Our findings appear to suggest the economic 
viability of XR healthcare interventions across a range of 
disciplines and settings, and in comparison to both usual 
care and alternative interventions. However, as most did 
not include the cost or related costs of the equipment, 
it is difficult to confirm that cost savings were made in 
these cases.

Eight studies within this review did not provide a cost 
for the XR equipment with two using the health eco-
nomic analysis to provide a maximum cost based on 
willingness to pay. Although XR costs are dropping, they 
are not yet free and so without knowing the cost saving 
in consideration of the equipment, it is difficult to assess 
whether it is economically viable. Where costs were 
reported these were not always clear. Six studies also did 
not report sufficient information about the XR interven-
tion to understand the level of immersiveness offered. 
This limits providers in replicating outcomes in real-
world practice, particularly where less immersive, and 
therefore more affordable, devices have been used.

There are additional medical fields where clinical effec-
tiveness has been demonstrated that were not included 
in this review, such as ophthalmology [43], and in cer-
tain populations that were not specifically targeted, such 
as older adults [44]. This highlights the heterogeneity of 
cost-effectiveness studies within XR for healthcare where 
the focus has traditionally been on the areas covered 
within this review – pain management, psychiatric care, 
and rehabilitation.

The case for XR in healthcare
The pace of technological innovation has often meant 
that cost-effectiveness research lags behind clinical effec-
tiveness, for example in artificial intelligence healthcare 
systems [45]. However, it is interesting to note within 
our review that costs have been considered alongside 
health outcomes from as early as 2009 in the field of XR. 
This most likely reflects the long history of XR being 
used to simulate real world environments in a safer and 
more controlled way so as to deliver exposure therapy 

for various psychiatric conditions [7, 8]. It is promising, 
therefore, that our review has also found several other 
medical fields where XR shows promise, including reha-
bilitation and pain management.

The use of XR to deliver clinical and cost effectiveness 
has huge potential in healthcare. Using immersive envi-
ronments has the potential to support patients, including 
younger populations, in overcoming the pain, discom-
fort, and boredom associated with repetitive rehabilita-
tive tasks, e.g., through gamifying physical therapy [46], 
and reducing pain perception through directing atten-
tion away from painful stimuli [47]. It can also be used to 
deliver powerful and effective psychological treatments 
[48].

Within our review, we found that XR can be both clini-
cally and cost effective in replacing existing healthcare 
interventions [22, 26, 28, 31, 33, 34]. This can lead to 
reduced staff time and savings based on the replacement 
of medical tests or procedures. XR as an add-on inter-
vention, where it is considered in addition to treatment 
as usual or conventional approaches, was also found to 
be cost-effective [23–25, 27, 29, 30, 32, 35]. As an add-
on, XR can also demonstrate improved QALYs, shorter 
lengths of stay in hospital or fewer hospitalisations, and 
reductions in medical tests or procedures.

Previous reviews have addressed the lack of evaluations 
within real-world settings [16, 49]. It is promising that, of 
the five studies which used commercial products, four of 
the companies identified are still operational. The imple-
mentation of XR interventions requires not just research 
to demonstrate clinical and cost effectiveness, but also 
sustainable business practices.

XR equipment is becoming more affordable, and 
performance is improving. This could also mean that 
underserved communities can access healthcare and 
treatments that were either unavailable or difficult to 
deliver [33, 43].

Recommendations
The move towards ‘software as a medical device’ within 
regulation now means that relatively inexpensive devices 
can be purchased as capital by healthcare services with it 
then being possible to run multiple software for various 
interventions from one device. It is likely that costs will 
remain low, more so if there is high utilisation although 
the lifetime of XR devices is somewhat uncertain as this 
will depend on amount of use, whilst the longevity of 
manufacturer support may be limited if older models are 
deemed obsolete or are discontinued (e.g., Kinect).

More clarity is needed where the costs associated 
with XR are provided. Descriptions should provide suf-
ficient information on what is and isn’t included e.g., 
ongoing development or personalisation, equipment 



Page 12 of 14Gómez Bergin and Craven ﻿BMC Digital Health            (2023) 1:53 

and its replacement, maintenance, or technical support. 
Additionally, if providing a one-off cost this should also 
include the lifespan.

Potentially, where there is a clear understanding of the 
willingness to pay threshold, the maximum cost could be 
calculated based on the findings of the analysis [27, 34]. 
Alternatively, sensitivity analyses should be done to con-
sider the potential savings of scaling up to more patients 
or what variables might lead to more savings. This is par-
ticularly important in XR where the cost of the devices 
change over time or where how it is delivered can lead to 
significant savings, e.g., by reducing staff time [24].

Where XR was demonstrated to reduce lengths of 
hospital stay or fewer medical treatments, researchers 
should consider the reasons for this in more detail. It 
has long been understood that XR can lead to increased 
adherence to treatment [3] which could lead to more 
effectiveness in usual care. If the mechanisms are better 
understood, we could explore how its application within 
other areas of healthcare where XR may not have a direct 
effect but could be used to increase adherence.

We must also begin to consider cost-effectiveness 
across multiple health and care systems and perspectives. 
XR interventions can have a global reach and be available 
in different countries.

Strengths and limitations
This is the first review to consider the methods and 
results of studies addressing the cost-effectiveness of XR 
in healthcare. The quality of included studies was consid-
ered, and recommendations for future health economic 
evaluations were made. As this was a review of current 
practice within health economic analyses and cost-effec-
tiveness studies for XR in healthcare we did not exclude 
low quality studies. However, this may have led to some 
areas of this review highlighting common practices that 
are not common within studies with a higher quality rat-
ing. Despite including all languages in our search, we did 
not identify any relevant publications during screening 
that were in languages other than English. After screen-
ing full text articles, we found that whilst many identi-
fied cost-effectiveness within their abstracts, they did 
not conduct a health economic analysis to justify these 
claims. As a result, we had a high exclusion rate.

Implications for practice and future research
This review has addressed health economic evaluations 
of XR in healthcare. However, the use of XR in health-
care is still nascent in many areas and we must adopt a 
much broader consideration of its use than just cost-
effectiveness. A recent survey found that the acceptabil-
ity of VR therapies in mental health amongst the general 
population was higher in those more familiar with VR, 

suggesting that increasing adoption of consumer XR 
technologies could lead to wider spread adoption within 
health and social care [50]. However, the resources 
needed for these technologies (e.g., infrastructure, con-
nectivity, training) may require additional investment 
that is not included in health economic evaluations. 
Additionally, as with all technologies, the introduction 
of XR must consider the wider ethical implications. For 
example, if cost savings are from reduced staff time, what 
is the impact on patient experience? It is promising that 
one of the studies included ratings of patient satisfaction 
in its evaluation [29]. Their introduction into health and 
social care may also lead to the exclusion of certain popu-
lations due to e.g., accessibility issues or digital literacy. 
Moving forward, health economic evaluations of more 
complex interventions should aim to be done in tan-
dem with evaluations of the broader impact, in line with 
Medical Research Council guidelines for developing and 
evaluating complex interventions [51].

Conclusion
XR in healthcare has the potential to offer significant 
clinical benefits and research has shown it to be prom-
ising at delivering cost-savings. We make recommenda-
tions based on the findings of our review for future health 
economic analyses to help ensure that health economic 
analyses can support decision-makers in procuring these 
technologies.
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