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A scoping review of frameworks evaluating
digital health applications
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Declan J O’Sullivan3, Aaron Cole3, Ciara Hanrahan3, Catherine Blake5,
Joseph G. McVeigh3,**, Brona M Fullen5,** and David Murphy2,**

Abstract

Objectives: Despite rapid technological advances, the adoption and deployment of digital health and virtual reality (VR)
applications in healthcare appears to be progressing slowly. This scoping review is part of the Scale-Up4Rehab (SU4R) pro-
ject, which aims to create a virtual rehabilitation clinic hosting high-quality digital health interventions. The aim of this
review was to identify existing high-quality digital health evaluation frameworks, and from these, extract criteria to inform
a new set of guidelines for assessing the applications that will be hosted on the SU4R platform.

Methods: The review followed Arksey and O’Malley’s scoping review framework and was reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. A search strategy that included relevant
keywords encompassing the domains of interest; digital health, evaluation frameworks and digital health applications
was created between January 2007 and December 2023, across seven medical and computer science databases. Data
from each study were extracted by a team of four reviewers using a customized data extraction tool.

Results: The review included 18 frameworks from 11 countries, incorporating 775 criteria. Nine evaluation frameworks were
identified from the included papers (n= 12) and a further nine frameworks from grey literature. The criteria were grouped
into 19 categories, with the largest proportion of identified criteria grouped into the categories ‘Data Security and Privacy’
and ‘Validation’.

Conclusion: The criteria extracted from the reviewed frameworks will contribute to the creation of a comprehensive evalu-
ation framework. This new evaluation framework will form part of the approval process for the SU4R Virtual Rehabilitation
Clinic. This will facilitate a rigorous selection process for the digital health and VR applications to be hosted on the virtual
clinic.
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Background
Global healthcare is evolving, driven by aging populations
and the increasing prevalence of chronic diseases.1,2 These
factors place significant demands on healthcare systems,
highlighting the need for innovative solutions to deliver effi-
cient person-centred care. With advancements in technol-
ogy, there is growing interest in utilising digital health
interventions to address healthcare challenges.3 The digital
health market has been growing rapidly in recent years and
is expected to continue on this growth trajectory. The
global digital healthmarket sizewas valued at approximately
$211 billion in 2022 and is expected to grow at a compound
annual growth rate of 18.6% from 2023 to 2030.4

Virtual reality (VR) interventions have emerged as prom-
ising digital health interventions in various domains of
healthcare, offering innovative solutions for patient treat-
ment, rehabilitation, and education. VR uses a Head
Mounted Display (HMD) to simulate a reality in which the
user is immersed in a virtual environment, creating the
impression that the user is physically present within this
virtual space.5 It is emerging as a viable solution in health-
care across a variety of medical specialties, from teaching
and training,6 surgery,7 psychology,8 and rehabilitation.9

Furthermore, VR interventions have been piloted to assist
in the treatment of many medical conditions, for example
chronic pain management,10 post-stroke rehabilitation,11

the management of depression12 and symptom burden in
patients who are terminally ill with cancer.13 These studies
highlight the potential for VR interventions to revolutionise
healthcare delivery by providing easily accessible, engaging
and personalised experiences for patients and clinicians
alike.

Despite the growth of research in this field, evidence
suggests the uptake of digital health and VR interventions
in clinical practice is low and underutilised.14–18 This
may be explained by the complexities of implementation
within an established but fragmented sector such as health-
care. From the patient’s perspective, there may be chal-
lenges in using new technologies due to low digital health
literacy or limited access to technology, especially for
older adults and people with lower digital literacy.19 Poor
design of technology and/or application design, technology
experience, resistance to change and costs of acquiring
technology20 may act as barriers to patient engagement.
This can be seen in the work presented by Agnew et al.21

where they concluded that shoulder pain-related applica-
tions that are currently available do not provide an appropri-
ate quantity and quality of information to users, thus
resulting in a failure of the application to achieve an
engaging impact. With regard to VR specific digital
health interventions, the potential issue of cybersickness
may in some cases present as a further barrier to patient
engagement.22–24 In addition, a large number of

applications appear to be developed without public and
patient engagement or healthcare professional involve-
ment.25 Furthermore, Wicks and Chiauzzi26 identified
insufficient technology support and interoperability with
other pre-existing health technology as additional
challenges.

A scoping review (n= 74 studies) investigating safety
concerns with consumer facing mobile health applications
identified 80 safety concerns, the majority of which were
related to the quality of the information presented and
inappropriate responses by the applications to patient’s
needs.25 Furthermore, research by Powel et al.26 identified
the majority of publicly available reviews of mobile Health
(mHealth) apps have been based on personal experiences,
with few evidence-based, unbiased evaluations of clinical
performance and data security.26 In the context of data secur-
ity in mHealth technologies, a literature review27 investigat-
ing privacy protections and data ownership in mHealth
identified a range of issues related to data security and
access, confidentiality and consent. These reviews suggest
that the implementation of digital health andVRapplications
in healthcare appears to be lacking quality assurance and as
such, recommendations have been made to verify the
quality, accuracy and usefulness of the digital health applica-
tions before their release for clinical use.28

A number of national and international groups have pro-
duced guidelines focusing on digital health interven-
tions.29,30 Despite the growing interest and adoption of VR
in healthcare, there remains a lack of standardised protocols
and best practice guidelines governing their design, develop-
ment anddeployment.With theemergenceofVR inhealthcare,
professionals may struggle to navigate guidelines related to
patient safety, ethical considerations, technical standards, treat-
ment effectiveness and interoperability,20 when incorporating
VR into clinical practice, and in the absence of practice guide-
lines that refer specifically toVR interventions. Currently, clin-
icians must navigate a complex landscape of VR platforms,
each with its own technical specifications and requirements,
which can vary widely depending on the intended use and
target patient population. Addressing these challenges requires
collaboration between clinicians, application developers, and
experts in the fields of regulation and compliance in order to
develop standardised protocols and procedures.

Comprehensive guidelines are essential to provide
evidence-based recommendations, address technical and
ethical considerations, and to guide the development, evalu-
ation, and implementation of treatment strategies in health-
care.31 The authors acknowledge that due to the novelty of
VR in healthcare that there may not currently be VR-specific
guidelines for evaluating VR health interventions; however,
by leveraging insights from existing evaluation frameworks
for digital health applications, we can effectively gather
knowledge that will contribute to the development of a future
comprehensive framework capable of evaluating both. The
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development of comprehensive and evidence-based guidelines
specific to digital health andVR applications in healthcaremay
provide a pathway to assist in the responsible and optimal inte-
gration of these innovative technologies into patient care path-
ways. Given the rapidly evolving digital health application
environment, it is important to understand which criteria are
included in existing digital health evaluation guidelines and fra-
meworks in order to create a comprehensive evaluationmethod
required for analysis of applications to be hosted on the future
Scale-Up4Rehab32 (SU4R) virtual rehabilitation clinic.

Objectives

The primary aims of this scoping review are to (i) identify
existing digital health evaluation frameworks that have
been utilised by national or international governing bodies
to assess digital health and VR interventions, and (ii) cat-
egorise criteria within the identified frameworks. This
scoping review will inform a subsequent framework ana-
lysis and consensus study to establish a final draft of a com-
prehensive evaluation framework. This framework will be
utilised to evaluate applications seeking inclusion on the
future virtual rehabilitation clinic platform.

Methods

Study design

This scoping review followed the five-stage framework of
Arksey and O’Malley,33 including: (i) identification of the
initial research questions; (ii) identification of relevant
studies; (iii) study selection; (iv) charting the data; and (v)
collating, summarising, and reporting the results. This
will be reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) Extension for Scoping Reviews guideline.34

The scoping review was registered on the Open Science
Framework in December 2023 (https://doi.org/10.17605/
OSF.IO/CQHPE) prior to commencing the literature search.

Search strategy

The following research questions were identified; (i) What
are the existing high-quality frameworks governing digital
health applications globally? and (ii) What categories and
criteria of assessment are used in existing frameworks
evaluating digital health applications? The search strategy
(Supplemental Material, S1) was planned and created by
a team of five academics from rehabilitation and computer
science fields, with experience in scoping and systematic
reviews. The strategy included relevant keywords which
encompass terms for the three domains of interest: (i)
digital health, (ii) evaluation frameworks, (iii) digital
health interventions and applications. In addition, search
strategies from relevant reviews were also utilised.35 The

search strategy was first developed for PubMed
(Supplemental Material, S1) using medical subject head-
ings where available, and adapted for other databases to
account for differences in indexing across databases.

Searches were conducted on databases ranging from 2007
(the advent of digital applications following the release of the
first Apple Inc. Iphone), until 12thDecember 2023, on the fol-
lowing databases: Association for Computing Machine’s
Digital Library (ACM DL), Institute for Electrical and
Electronics Engineers Xplore Digital Library (IEEE
Xplore), PubMed (PubMed), Cinahl (Ebsco), Scopus
(Elsevier), Embase (Elsevier) and SportsDiscus (Ebsco). As
2007 is regarded as a pivotal moment in the evolution of
digital technology with the advent of the iPhone, frameworks
prior to this were not systematically searched for in the data-
bases, as novel elements of evaluation specific to mobile
digital health applications will not have been considered in
these frameworks. These databases were selected to include
research from both medical and computer science-oriented
databases. Reference lists of included studies were hand-
searched for potentially eligible articles and additional
sources of grey literature were searched, (Supplemental
Material, S2) which included World Health Organisation
(WHO) and government websites. Web searches using spe-
cific search strings on Google were also conducted. To
ensure quality in the grey literature findings, the inclusion cri-
teria ‘the digital application evaluation method identified was
required to be validated/endorsed/utilised by a national/inter-
national regulatory body or a national healthcare system’was
applied.

Eligibility criteria

Only articles published as full text in the English language
in peer-reviewed journals were included. Acceptable arti-
cles had to include reference to (i) evaluating a digital appli-
cation, (ii) used in healthcare (any setting), (iii) for any
medical condition, and (iv) the digital application evalu-
ation method identified was required to be validated/
endorsed/utilised by a national/international regulatory
body or a national healthcare system. If information
required was not available from the source material or via
contact with the corresponding authors, the framework
was not included in the final analysis. Frameworks identi-
fied in the grey literature or in reference lists of included
studies that were published prior to 2007 were eligible for
inclusion.

Screening

Articles obtained following the searches were exported and
saved into an online review management platform
(Rayyan). An automated deduplication process was
carried out using the Rayyan software for articles with
duplication findings of >95% duplication. Further
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duplicates, suggested by the software, with <95% duplica-
tion were reviewed by two members of the research team
(EOR, OD) and a decision was made regarding deletion
of duplicates. After deduplication was completed, study
titles, authors, journal titles and abstracts were visible to
the reviewers and screened independently for eligibility
by six pairs of 12 collaborating reviewers, including clini-
cians and academics in both computer science and health-
care across three academic institutions. Disagreements
between reviewers over eligibility were resolved by discus-
sion and consensus, and when required, the assistance of a
third reviewer as arbiter.

Study selection and data extraction

Data extraction from included studies was based on
reported procedures.36 Prior to full data extraction, four
studies were subjected to a blinded pilot data extraction
tool by two reviewers (EOR, OD) that enabled any incon-
sistencies in the data selection to be resolved. Data were
then extracted from each study by four reviewers (OD,
EOR, DM, MY) independently using a customised data
extraction tool in the form of an MS Excel spreadsheet
(Supplementary Material, S3). Extractors were masked to
data extracted by the second extractor until all papers
were completed following the trial. If any disagreements
occurred in data extraction that could not be resolved
between the two extractors, a third data extractor was avail-
able for a deciding opinion.

The following data were extracted: study title, year of
publication, authors’ names, study design, study objective,
application details (if mentioned), name of framework,
country/region of framework development, availability of
framework for use, categories analysed in the framework.

Data analysis/synthesis planning

This scoping review focused on the identification and
detailed description of the identified frameworks.
Descriptors of the identified frameworks included: frame-
work title, framework creators/authors/governing authority,
year of publication, availability of content, country of
origin, number and names of categories described, and
number and names of criteria identified. The complete set
of/criteria identified within each framework was then col-
lated and reviewed by two reviewers. Using an iterative
process, four members (EOR, OD, MY, DM) of the
research team reviewed a sample of the collated criteria
and identified a universally applicable set of categories
that addressed all critical aspects of evaluating digital
health interventions identified from the criteria. This
process was followed by analysing the scope, purpose,
and specifics of each criterion to determine its placement
within the categories. Any disagreements in the collation
of these categories were resolved through arbitration.

Output files from the data synthesis have been stored as
Microsoft Word and Excel files.

Results

Study selection

The stages of the scoping review are summarised in Figure 1.
The electronic database search yielded 7025 records. After
removal of duplicates and screening for eligibility, 12
papers were included. A total of 18 frameworks were identi-
fied, nine from the databases,37–48 and nine from the grey lit-
erature.49–57 The frameworks identified are outlined in
Tables 1 and 2.

Criteria identified

A total of 775 evaluation criteria (Supplemental material,
S4) were identified from the 18 frameworks. Two inde-
pendent assessors (EOR, OD) were assigned to a collection
of criteria to classify them under domain specific sub-
categories (Figure 2). The findings revealed that the most
frequently cited criterion pertained to ‘Data Security and
Privacy.’ Criteria within this category underscored the
importance of protecting patient information and ensuring
that digital health applications comply with stringent
privacy regulations. The criteria also highlighted proce-
dures to minimise security breaches or mishandling of per-
sonal health data. The second most commonly referenced
criteria were grouped under ‘Validation.’ Criteria included
in this category highlighted the necessity of establishing
the efficacy and reliability of digital health and VR inter-
ventions. Definitions of the criteria groupings are described
in (Supplemental material, S5).

Discussion
This scoping review identified 18 evaluation frameworks and
775 analysis criteria, utilised by national and international
governing bodies spanning 11 countries, for the evaluation
of digital health interventions and applications. Nineteen
domain specific sub-categories encompassed the 775 criteria,
with the most frequently cited criteria relating to ‘Data
Security andPrivacy.Noevaluation frameworkwas identified
for inclusion that specifically evaluated VR healthcare inter-
ventions, however a number of the analysis criteria identified
were generic to a range of digital health interventions and
applications. The extent to which they apply to VR applica-
tions and hardware with disparate and additional functional-
ities is not known. Our findings suggest that universal
gold-standards for the appraisal of digital health andVRappli-
cations are lacking, indicating the need for a new evaluation
framework to ensure a comprehensive assessment procedure
is created for the future SU4R ‘virtual clinic’. The findings
from this scoping review will inform the development of an
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evaluation framework for the VR applications used in the
SU4R ‘virtual clinic’.

A recent scoping review examined the implementation
process of VR in healthcare58 and found that the majority of
studies identified in the review focused on barriers or facilita-
tors to implementation that limit the uptake of VR. One of
the barriers included was lack of personalisation of some
VR applications to patient needs and treatment goals.
Furthermore, this review suggested that the implementation
process of VR in healthcare settings could be supported by
implementation frameworks, further highlighting the need to
examine each frameworks’ criteria and to establish robust eligi-
bility criteria for VR applications to be hosted on the virtual
clinic.58 As digital health interventions and applications,

includingVR, continue to proliferate, selecting themost appro-
priate interventions has become increasingly challenging for
both patients and clinicians.59 For example, individuals typic-
ally rely on the use of star rating systems and user reviews in
app stores, despite strong evidence that such evaluation
methods are misleading.60 The challenge for appropriate
evaluation methods for patients and clinicians is multifa-
ceted, including the rates of evolving evidence, risks of
data privacy, concerns regarding usability and the fact
that applications are continually updated and modified.61

The range of evaluation frameworks identified in this
review, in addition to large numbers of criteria within
each framework introduces additional complexity to the
evaluation process.

Figure 1. PRISMA flow diagram.
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Table 1. Frameworks identified in the database search.

Author (year) Study type Framework Country

Year of
Framework
Publication Categories

Camacho et al.
(2020)37

Pilot study American Psychiatric
Association’s (APA)
smartphone app
evaluation framework

USA 2019 1. Access and Background
2. Privacy and Security
3. Clinical Foundation
4. Usability
5. Data Integration towards
therapeutic goal

Deniz-Garcia et al.
(2023)38

Opinion
piece

V3 validation framework USA 2020 1. Verification
2. Analytical Validation
3. Clinical Validation

Hussain et al.
(2021)39

Scoping
review

Precision Health Innovation
Assessment Framework

Australia 2018 1. Technical
2. Human Factors
3. Clinical
4. Implementation

Jensen et al.
(2016)40

Qualitative
study

Model for Assessment of
Telemedicine applications
(MAST)

Denmark 2009 1. Health problem and
characteristics of the application
2. Safety
3. Clinical effectiveness
4. Patient perspectives
5. Economic aspects
6. Organisational aspects
7. Socio-cultural, ethical and
legal aspects

Kidholm et al.
(2016)41

Delphi study Model for Assessment of
Telemedicine (MAST)

Denmark 2009 1. Health problem and
characteristics of the application
2. Safety
3. Clinical effectiveness
4. Patient perspectives
5. Economic aspects
6. Organisational aspects
7. Socio-cultural, ethical and
legal aspects

Lin et al. (2023)42 Systematic
Review

Health on the Net Foundation
certification of mobile
applications (mHONcode)

Switzerland 2014 1. Authoritative
2. Complementarity
3. Privacy
4. Attribution
5. Justifiability
6. Transparency
7. Financial disclosure
8. Advertising policy in apps.

Loh et al. (2022)43 Usability
study

Health-ITUES USA 2010 1. Quality of work life
2. Perceived usefulness
3. Perceived ease of use
4. User control

Patel et al. (2021)44 Systematic
review

Digital Technology UK 2021 1. Company info
2. Value proposition,

(continued)
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Nine out of the 18 frameworks included in the review
were not published in peer-reviewed journals but on
sources of grey literature (national and international websites
dedicated to health implementation guidelines and informa-
tion). This finding highlights a substantial gap in the scien-
tific literature regarding the availability and dissemination
of comprehensive evaluation frameworks for digital health
applications. The absence of peer-reviewed validation for
many of these frameworks may raise concerns about their
scientific rigor and acceptance within the academic and clin-
ical communities. In the current review, to be eligible
for inclusion, the digital application evaluation method
identified must be validated/endorsed/utilised by a
national/international regulatory body or a national
healthcare system. This inclusion criterion was applied
in order to set a minimum quality for the frameworks
included, as no gold standard evaluation process has
been developed. However, given the number of frame-
works used by national bodies not represented in

peer-reviewed literature, there is a need for a more sys-
tematic and rigorous approach to their creation.

The 775 criteria categorised in the current review
revealed an imbalance in the frequency of occurrence of cri-
teria categories across frameworks. Approximately
one-third (250/775) of the criteria identified ‘data security
and privacy’, whilst less than 50 criteria were related to
clinical functionality (see Figure 1). These findings are con-
sistent with a number of other systematic reviews.
Napetsching et al. (2023)62 and Mc Cool et al. (2018)63

also highlighted that sub-group data related to data protec-
tion and data privacy encompassed a broader range of
content compared with other reported categories.
Napetsching and colleagues62 suggested an explanation
for this may be that these topic areas are subject to more
stringent regulatory standards and requirements and this
may result in a larger amount of detailed explanations com-
pared with other categories. While confidence in data
privacy is paramount, the regulatory standards for the

Table 1. Continued.

Author (year) Study type Framework Country

Year of
Framework
Publication Categories

Assessment Criteria for
Health and Social Care

3. Technical questions [clinical
safety, data protection, technical
security, interoperability],
4. Principles for success
[usability & accessibility)

Rodriguez-Villa
et al. (2019)45

Opinion
piece

American Psychiatric
Association app evaluation
framework

USA 2019 1. Access and Background
2. Privacy and Security
3. Clinical Foundation
4. Usability
5. Data Integration towards
therapeutic goal

Stoll et al. (2017)46 Usability
study

The International
Organisation for
Standardisation (ISO/TS
82304-2:2021)

International 2009 1. Product information
2. Healthy and safe
3. Easy to use
4. Secure data
5. Robust build

Volk et al. (2015)47 Case study EU and national legal
framework for safety and
privacy of digital health
apps

EU 2015 1. Quality process standards/
Product specific
2. Regulatory
3. Documentation
4. Customer satisfaction
5. Continual improvement

Wisniewsk et al.
(2018)48

Systematic
Review

American Psychiatric
Association’s (APA)
smartphone app
evaluation framework

USA 2019 1. Access and Background
2. Privacy and Security
3. Clinical Foundation
4. Usability
5. Data Integration towards
therapeutic goal

Deegan et al. 7



Table 2. Frameworks identified in the grey literature.

Framework Country Year Categories

DiGav49 Germany 2019 1. Safety and suitability for use
2. Data protection
3. Information security

Digi-HTA50 Finland 2019 1. Company information
2. Product information
3. Technical stability
4. Cost
5. Effectiveness
6. Clinical safety
7. Data security and protection
8. Usability and accessibility
9. Interoperability

Digital Health Assessment Framework51 USA 2022 1. Data and Privacy
2. Clinical Assurance and Safety
3. Usability and Accessibility
4. Technical Security and Stability

Digital Health Technology Assessment52 Spanish 2022 (latest
update)

1. Design Factors
2. Value Description
3. Performance Demonstration
4. Value Contribution
5. Implementation Considerations

EU Mhealth assessment guidelines53 Europe 2016 1. Privacy
2. Transparency
3. Reliability
4. Validity
5. Interoperability
6. Safety
7. Technical Ability
8. Effectiveness

Haute Autorite de Sante-Good Practice
Guidelines on Health Applications and
Smart Devices54

France 2016 1. Informing user
2. Health Content
3. Technical Content
4. Security/Reliability
5. Usability

mHealth Belgium55 Belgium 2020 Level 1 (M1) determines the basic criteria for an app Level 2
(M2) indicates which apps have made a reimbursement
request that was declared admissible by NIHDI Level 3
(M3) is reserved for applications funded by NIHDI

NICE Evidence Standards Framework for
Digital Technology56

England/
Wales

2019 1. Design factors
2. Describing value
3. Demonstrating performance
4. Delivering value
5. Deployment considerations

(continued)
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veracity of health or medical claims in many applications
and digital interventions appear much less frequently.
This lack of standards challenges the real-world utilisation
of these interventions and affects the confidence healthcare
providers have in incorporating them into patient care plans.

The current review also highlights that economic-based
criteria were underrepresented within the evaluation criteria
across the identified frameworks, despite economic limita-
tions being reported as key barriers to the implementation
of VR by both clinicians and patients.64 Currently, digital
health and VR applications and evaluation frameworks
are typically developed through multidisciplinary colla-
borations between VR developers, computer scientists
medical staff or health scientists.65 However, there seems
to be minimal input from experts in health economics and
finance to oversee the financial planning to ensure that
health applications are durable and that the companies
involved have the necessary resources for ongoing tech-
nical maintenance and development.

In relation to financial stability, a study by Wang et al.
(2006)66 identified that measuring scalability both

financially and technically is not a commonly undertaken
process. While the current frameworks reviewed place
low emphasis on scalability criteria, the SU4R project con-
sortium has identified financial and scalability criteria as
crucial for ensuring the sustainability and durability of the
future online virtual rehabilitation clinic. The consortium
has engaged experts in health economics in VR in order
to analyse the criteria identified under both the ‘financial’
and ‘scalability’ categories. Analysis of these criteria and
identification of additional criteria that will be considered
for the final ‘virtual clinic’ approval process will ensure
the model is financially viable and scalable.

Limitations

Several limitations relating to this review are acknowledged.
It is important to recognise that the criteria within the
final evaluation framework are expected to remain valid
only for a limited time-frame, considering the rapid techno-
logical advancements in the digital technologies and VR
healthcare market.67 These variabilities highlight the need

Table 2. Continued.

Framework Country Year Categories

Public Health England: Criteria for Health
Applications57

England 2017 1. Evidence of effectiveness
2. Regulatory approval
3. Clinical Safety
4. Privacy and Confidentiality
5. Security
6. Usability and accessibility
7. Interoperability
8. Technical Stability

Figure 2. Grouping of the framework criteria.
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for continuous refinement and updates to the evaluation
framework to maintain its relevance and accuracy in the
face of evolving technology and diverse expert opinions.
In addition, the multidisciplinary nature of the research
group may have influenced the grouping and categorisation
of criteria depending on their level of exposure and knowl-
edge of digital health applications. It is noted that only
papers published in the English language were included in
the current review, which may have excluded frameworks
published in other languages. Furthermore, this scoping
review did not set out to review the pros and cons of the iden-
tified frameworks as this was not within the aims and outside
the scope of the review. However, it is acknowledged that
reviewing the pros and cons of the different frameworks
would be a useful area for future research.

Conclusion
This scoping review represents the initial step in developing a
core set of criteria tailored for the SU4R virtual rehabilitation
clinic. A range of 775 criteria were identified from frame-
works currently in use across various countries and were
grouped into domain specific sub-categories for the purposes
of future analysis. The criteria identified within the current
scoping review will be analysed using a framework analysis
in phase two of this project to inform the development of a
comprehensive evaluation process. In the final phase of this
project workshops will be conducted with experts with a
range of expertise in digital health and VR applications
(medical, technical, economic etc.). Through this iterative
process the criteria will be further refined. Thefinal evaluation
frameworkwill be utilised by an expert committee as a bench-
marking tool to appraise and quality assure applications that
may be hosted on the virtual clinic platform. Details of this
process will be published in due course. The final evaluation
framework will consist of criteria identified from a large
number of high-quality published frameworks, and in add-
ition, will include input from experts in the field of digital
health and VR applications from a medical, technical, eco-
nomic and compliance perspective. This will ensure the
newly established framework will build and improve on pre-
viously identified key criteria, in addition to identifying
nuances in thefield identified by expert input. Fromapractical
implementation perspective, the final evaluation framework
will initially be piloted by the expert committee to identify
any implementation issues. This will be followed by frame-
work deployment phase which will include ongoing evalu-
ation and monitoring of the framework’s performance
allowing for a feedback loop and improvement opportunities.
As a result of thefield’s rapid progression, themost significant
challenge in implementation of the framework will be ensur-
ing the regular review and update of the evaluation framework
to remain up to date with advances in the field. While there
remains a lackof consensus on the precise nature of the criteria
necessary to establish a comprehensive evaluation framework

for digital health interventions, the initial identification of cri-
teria from this review will provide a foundation to ensure a
rigorous selection process for the SU4R virtual clinic,
grounded in the best available evidence for evaluating
digital health interventions.

Acknowledgements: The authors extend their gratitude to
Catherine Doody, Tara Cusack, and Marta Moreno Legero for
their valuable expertise and contributions during group meetings
throughout this scoping review process.

Authors’ contributions: BF, DM, JMcV, EOR and OD were
responsible for the study conception and design. DOS, AC, CH,
SMM, KS, BF, JMcV, DM, EOR, OD, TS undertook the article
screening. With respect to this manuscript, the paper was drafted
by OD, EOR and MOD and was critically revised by KS, SMM
and DOS. Final revisions were made by DM, BF and JMcV. All
authors read and approved the final manuscript.

Authors’ note: BronaM Fullen is also affiliated with UCD Centre
for Translational Pain Research, University College Dublin,
Dublin, Ireland.

Consent for publication: Consent for publication is not
applicable because this study is based exclusively on published
literature.

Data availability: Data is available upon request from the
corresponding author.

Declaration of conflicting interests: The authors declared no
potential conflicts of interest with respect to the research,
authorship, and/or publication of this article.

Ethical considerations: Ethics approval was not required for this
study as it was a scoping review of the literature, which involved
synthesising existing published studies rather than conducting new
research involving human participants.

Funding: The Scale-Up4Rehab project is funded by Interreg
North-West Europe and co-funded by the European Union
(Grant Code: NWE0100082).

Guarantor: Orla Deegan (odeegan@qu.edu.qa)
Eoghan O’Riain (eoghanoriain@ucc.ie)

ORCID iDs: Orla Deegan https://orcid.org/0000-0002-3571-9950
Eoghan O Riain https://orcid.org/0009-0006-9268-4164

Supplemental material: Supplemental material for this article is
available online.

References
1. Barnett K, Mercer SW, Norbury M, et al. Epidemiology of

multimorbidity and implications for health care, research,
and medical education: a cross-sectional study. Lancet
2012; 380: 37–43.

10 DIGITAL HEALTH

https://orcid.org/0000-0002-3571-9950
https://orcid.org/0000-0002-3571-9950
https://orcid.org/0009-0006-9268-4164
https://orcid.org/0009-0006-9268-4164


2. World Population Prospects 2022: The 2022 Revision. United
Nations Department of Economic and Social Affairs 2022.
https://population.un.org/wpp.

3. Kasoju N, Remya NS, Sasi R, et al. Digital health: trends,
opportunities and challenges in medical devices, pharma and
bio-technology. CSI Transactions on ICT 2023; 11: 11–30.

4. Digital Health Market Size, share and Growth Report. Digital
Health Market Size, Share And Growth Report, 2030 https://
www.grandviewresearch.com/industry-analysis/digital-health-
market (accessed 3 June 2024). 2030.

5. Burdea GC and Coiffet P. Virtual Reality Technology. 2nd ed.
London: John Wiley & Sons, 2003.

6. Kyaw BM, Saxena N, Posadzki P, et al. Virtual reality for
health professions education: systematic review and
meta-analysis by the digital health education collaboration.
JMIR 2019; 21: 1.

7. Seymour NE, Gallagher AG, Roman SA, et al. Virtual reality
training improves operating room performance. Ann Surg
2002; 236: 458–464.

8. Freeman D, Reeve S, Robinson A, et al. Virtual reality in the
assessment, understanding, and treatment of mental health
disorders. Psychol Med 2017; 47: 2393–2400.

9. Laver KE, Lange B, George S, et al. Virtual reality for stroke
rehabilitation. Cochrane Database of Syst Rev 2017; 11: 11.

10. Goudman L, Jansen J, Billot M, et al. Virtual reality applica-
tions in chronic pain management: systematic review and
meta-analysis. JMIR Serious Games 2022; 10: e34402.

11. Shen J, Gu X, Yao Y, et al. Effects of virtual reality-based
exercise on balance in patients with stroke: a systematic
review and meta-analysis. Am J Phys Med Rehabil 2023; 4:
316–322.

12. Oing T and Prescott J. Implementations of virtual reality for
anxiety-related disorders: systematic review. JMIR Serious
Games 2018; 7: 6.

13. Buche H, Michel A and Blanc N. Use of virtual reality in
oncology: from the state of the art to an integrative model’.
Front Virtual Real 2022; 3: 894162.

14. Albrecht U-V, Afshar K, Illiger K, et al. Expectancy, usage
and acceptance by general practitioners and patients:
Exploratory results from a study in the German outpatient
sector. Digit Health 2017; 3: 1–22.

15. Chan CV and Kaufman DR. A framework for characterizing
eHealth literacy demands and barriers. J Med Internet Res
2011; 17: 13.

16. Gagnon M-P, Ngangue P, Payne-Gagnon J, et al. M-health
adoption by healthcare professionals: a systematic review.
JAMIA 2016; 23: 212–220.

17. Halbig A, Babu SK, Gatter S, et al. Opportunities and chal-
lenges of virtual reality in healthcare–a domain experts
inquiry. Front Virtual Real 2022: 3; 837616.

18. Guan H, Xu Y and Zhao D. Application of virtual reality tech-
nology in clinical practice, teaching, and research in comple-
mentary and alternative medicine. eCAM 2022; 2022:
1373170.

19. Ong DSY and Poljak M. Smartphones as Mobile microbio-
logical laboratories. Clin Microbiol Infect 2020; 26: 421–424.

20. Coons SJ, Eremenco S, Lundy JJ, et al. Capturing patient-
reported outcome (PRO) data electronically: the past,
present, and promise of EPRO measurement in clinical
trials. Patient 2015; 8: 301–309.

21. Agnew JMR, Nugent C, Hanratty CE, et al. Rating the quality
of smartphone apps related to shoulder pain: systematic search
and evaluation using the Mobile app rating scale. JMIR for-
mative Research 2022; 6: 5.

22. Caserma P, Garcia-Agundez A, Gámez Zerban A, et al.
Cybersickness in current-generation virtual reality head-mounted
displays: systematic review and outlook. Virtual Real 2021; 25:
1153–1170.

23. Ramaseri Chandra AN, El Jamiy F and Reza H. A systematic
survey on cybersickness in virtual environments. Computers
2022; 11: 51.

24. Gallagher M and Ferrè ER. Cybersickness: a multisensory
integration perspective. Multisens Res 2018; 31: 645–674.

25. Akbar S, Coiera E and Magrabi F. Safety concerns with
consumer-facing mobile health applications and their conse-
quences: a scoping review. J Am Med Inform Assoc 2020;
27: 330–340.

26. Powell AC, Landman AB and Bates DW. In search of a few
good apps. JAMA 2014; 311: 1851.

27. Galvin HK and DeMuro PR. Developments in privacy and
data ownership in Mobile health technologies, 2016–2019.
Yearb Med Inform 2020; 29: 032–043.

28. Wicks P and Chiauzzi E. Trust but verify’ – five approaches to
ensure safe medical apps. BMC Med 2015; 13: 205.

29. Unsworth H, Dillon B, Collinson L, et al. The nice evidence
standards framework for digital health and care technologies –
developing and maintaining an innovative evidence frame-
work with global impact. Digit Health 2021; 24: 7.

30. Labrique A, Agarwal S, Tamrat T, et al. Who digital health
guidelines: a milestone for global health. NPJ Digit Med
2020; 18: 120.

31. Shekelle P, Woolf S, Grimshaw JM, et al. Developing clinical
practice guidelines: reviewing, reporting, and publishing
guidelines; updating guidelines; and the emerging issues of
enhancing guideline implementability and accounting for
comorbid conditions in guideline development. Implement
Sci 2012; 7: 62.

32. Scale-UP4REHAB. Available at: https://scale-up4rehab.
nweurope.eu/ (Accessed: 03 March 2024).

33. Arksey H and O’Malley L. Scoping studies: towards
a methodological framework. Int J Soc Res Methodol 2005;
8: 19–32.

34. Tricco AC, Lillie E, Zarin W, et al. PRISMA Extension for
scoping reviews (PRISMA-ScR): checklist and explanation.
Ann Intern Med 2018; 169: 467–473.

35. Moshi MR, Tooher R and Merlin T. Suitability of current
evaluation frameworks for use in the health technology
assessment of mobile medical applications: a systematic
review. Int J Technol Assess Health Care 2018; 34:
464–475.

36. Pollock D, Peters MDJ, Khalil H, et al. Recommendations for
the extraction, analysis, and presentation of results in scoping
reviews. JBI Evidence Synthesis 2023; 21: 520–532.

37. Camacho E, Hoffman L, Lagan S, et al. Technology evalu-
ation and assessment criteria for health apps (teach-apps):
pilot study. J Med Internet Res 2020; 22: 8.

38. Deniz-Garcia A, Fabelo H, Rodriguez-Almeida AJ, et al.
Quality, usability, and effectiveness of mHealth apps and
the role of artificial intelligence: current scenario and chal-
lenges. J Med Internet Res 2023; 25: e44030.

Deegan et al. 11

https://population.un.org/wpp
https://population.un.org/wpp
https://www.grandviewresearch.com/industry-analysis/digital-health-market
https://www.grandviewresearch.com/industry-analysis/digital-health-market
https://www.grandviewresearch.com/industry-analysis/digital-health-market
https://www.grandviewresearch.com/industry-analysis/digital-health-market
https://scale-up4rehab.nweurope.eu/
https://scale-up4rehab.nweurope.eu/
https://scale-up4rehab.nweurope.eu/


39. Hussain MS, Silvera-Tawil D and Farr-Wharton G.
Technology assessment framework for precision health appli-
cations. Int J Technol Assess Health Care 2021; 26: 37.

40. Jensen LK, Kidholm K, Stafylas P, et al. Organisational
assessment of three telehealth interventions in a European
multicentre study: the united4health project. Int J Integr
Care 2016; 16: 25.

41. Kidholm K, Jensen LK, Kjølhede T, et al. Validity of the
model for assessment of telemedicine: a Delphi study. J
Telemed Telecare 2018; 24: 118–125.

42. Lin X, Martinengo L, Jabir AI, et al. Scope, characteristics,
behavior change techniques, and quality of conversational
agents for mental health and well-being: systematic assess-
ment of apps. J Med Internet Res 2023; 18: 25.

43. Loh KP, Liu J, Ganzhorn S, et al. Establishing a usability cut-
point for the health information technology usability evaluation
scale (Health-ITUES). Int J Med Inform 2022; 160: 104713.

44. Patel B, Edwards T, Schrire T, et al. Is the quality of mobile
health applications for burns being adequately assessed? J
Burn Care Res 2022; 43: 814–826.

45. Rodriguez-Villa E and Torous J. Regulating digital health
technologies with transparency: the case for dynamic and
multi-stakeholder evaluation. BMC Med 2019; 17: 226.

46. Stoll RD, Pina AA, Gary K, et al. Usability of a smart-
phone application to support the prevention and early
intervention of anxiety in youth. Cogn Behav Pract
2017; 24: 393–404.

47. Volk M, Sterle J and Sedlar U. Safety and privacy considera-
tions for Mobile application design in digital healthcare. Int J
Distrib Sens Netw 2015; 11: 549420

48. Wisniewski H, Liu G, Henson P, et al. Understanding the
quality, effectiveness and attributes of top-rated smartphone
health apps. Evidence Based Mental Health 2019; 22: 4–9.

49. DiGAV – Verordnung über das Verfahren und die
Anforderungen zur Prüfung der Erstattungsfähigkeit digitaler
Gesundheitsanwendungen in der gesetzlichen
Krankenversicherung. https://www.gesetze-im-internet.de/
digav/BJNR076800020.html (accessed 10 December 2023).

50. Haverinen J, Keränen N, Falkenbach P, et al. Digi-HTA:
Health Technology Assessment Framework for Digital
Healthcare Services. Finnish Journal of eHealth and
eWelfare 2019; 11: 326–341.

51. Digital Health Assessment Framework. https://dhealthframework.
org/ (accessed 10 December 2023).

52. La Introducción de las tecnologías red entre los profesionales
de salud. https://www.fundacionisys.org/es/blogs/profesional/
profesional/39-la-introduccion-de-las-tecnologias-red-entre-
los-profesionales-de-salud (accessed 10 December 2023).

53. European Union E-Health Assessment Guidelines. file:///
Users/orladeegan/Downloads/report_of_mhealth_working_
group-june_2017clean_3_45251.pdf/ (accessed 10 December
2023).

54. Good practice guidelines on health apps. https://www.
has-sante.fr/upload/docs/application/pdf/2017-03/dir1/good_
practice_guidelines_on_health_apps_and_smart_devices_
mobile_health_or_mhealth.pdf (accessed 10 December 2023).

55. Validation pyramid. mHealthBELGIUM. https://mhealthbelgium.
be/validation-pyramid (accessed 10 December 2023).

56. Evidence standards framework (ESF) for Digital Health
Technologies. NICE. https://www.nice.org.uk/about/what-
we-do/our-programmes/evidence-standards-framework-for-
digital-health-technologies (accessed 10 December 2023).

57. Criteria for health app assessment. GOV.UK. https://www.
gov.uk/government/publications/health-app-assessment-
criteria/criteria-for-health-app-assessment (accessed 10
December 2023).

58. Kouijzer MMTE, Kip H, Bouman YHA, et al.
Implementation of virtual reality in healthcare: a scoping
review on the implementation process of virtual reality in
various healthcare settings. Implement Sci Comm 2023; 4: 67.

59. Brönneke JB, Herr A, Reif S, et al. Dynamic HTA for Digital
Health Solutions: Opportunities and challenges for patient-
centered evaluation. Int J Technol Assess Health Care
2023; 39: e72.

60. Singh K, Drouin K, Newmark LP, et al. Many mobile health
apps target high-need, high-cost populations, but gaps remain.
Health Aff 2016; 35: 2310–2318.

61. Johns G, Whistance B, Burhouse A, et al. Benefits, challenges
and sustainability of digital healthcare for NHS Wales: a
qualitative study. BMJ Open 2023; 13: e069371.

62. Napetschnig A, Brixius K and Deiters W. Development of a
core set of quality criteria for virtual reality applications
designed for older adults: multistep qualitative study.
Interact J Med Res 2023; 27: 12.

63. McCool M and Reshetova E. Distributed security risks and
opportunities in the W3C web of things. In: Proceedings
workshop on decentralized IoT security and standards, San
Diego, CA, USA, 18 February 2018. ISBN: 1-891562-51-7
Available at: https://dx.doi.org/10.14722/diss.2018.23008
(accessed 10 December 2024).

64. Regmi K and Mudyarabikwa O. A systematic review of the
factors - barriers and enablers – affecting the implementation
of clinical commissioning policy to reduce health inequalities
in the national health service (NHS), UK. Public Health 2020;
186: 271–282.

65. Khatri R, Endalamaw A, Erku D, et al. Continuity and care
coordination of primary health care: a scoping review. BMC
Health Serv Res 2023; 23: 1.

66. Wang S, Moss JR and Hiller JE. Applicability and transfer-
ability of interventions in evidence-based public health.
Health Promot Int 2006; 21: 76–83.

67. Ullah H, Manickam S, Obaidat M, et al. Exploring the potential
of metaverse technology in healthcare: applications, challenges,
and future directions. IEEE Access 2023; 11: 69686–69707.

12 DIGITAL HEALTH

https://www.gesetze-im-internet.de/digav/BJNR076800020.html
https://www.gesetze-im-internet.de/digav/BJNR076800020.html
https://www.gesetze-im-internet.de/digav/BJNR076800020.html
https://dhealthframework.org/
https://dhealthframework.org/
https://dhealthframework.org/
https://www.fundacionisys.org/es/blogs/profesional/profesional/39-la-introduccion-de-las-tecnologias-red-entre-los-profesionales-de-salud
https://www.fundacionisys.org/es/blogs/profesional/profesional/39-la-introduccion-de-las-tecnologias-red-entre-los-profesionales-de-salud
https://www.fundacionisys.org/es/blogs/profesional/profesional/39-la-introduccion-de-las-tecnologias-red-entre-los-profesionales-de-salud
https://www.fundacionisys.org/es/blogs/profesional/profesional/39-la-introduccion-de-las-tecnologias-red-entre-los-profesionales-de-salud
https://www.has-sante.fr/upload/docs/application/pdf/2017-03/dir1/good_practice_guidelines_on_health_apps_and_smart_devices_mobile_health_or_mhealth.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2017-03/dir1/good_practice_guidelines_on_health_apps_and_smart_devices_mobile_health_or_mhealth.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2017-03/dir1/good_practice_guidelines_on_health_apps_and_smart_devices_mobile_health_or_mhealth.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2017-03/dir1/good_practice_guidelines_on_health_apps_and_smart_devices_mobile_health_or_mhealth.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2017-03/dir1/good_practice_guidelines_on_health_apps_and_smart_devices_mobile_health_or_mhealth.pdf
https://mhealthbelgium.be/validation-pyramid
https://mhealthbelgium.be/validation-pyramid
https://mhealthbelgium.be/validation-pyramid
https://www.nice.org.uk/about/what-we-do/our-programmes/evidence-standards-framework-for-digital-health-technologies
https://www.nice.org.uk/about/what-we-do/our-programmes/evidence-standards-framework-for-digital-health-technologies
https://www.nice.org.uk/about/what-we-do/our-programmes/evidence-standards-framework-for-digital-health-technologies
https://www.nice.org.uk/about/what-we-do/our-programmes/evidence-standards-framework-for-digital-health-technologies
https://www.gov.uk/government/publications/health-app-assessment-criteria/criteria-for-health-app-assessment
https://www.gov.uk/government/publications/health-app-assessment-criteria/criteria-for-health-app-assessment
https://www.gov.uk/government/publications/health-app-assessment-criteria/criteria-for-health-app-assessment
https://www.gov.uk/government/publications/health-app-assessment-criteria/criteria-for-health-app-assessment
https://dx.doi.org/10.14722/diss.2018.23008

	 Background
	 Objectives

	 Methods
	 Study design
	 Search strategy
	 Eligibility criteria
	 Screening
	 Study selection and data extraction
	 Data analysis/synthesis planning

	 Results
	 Study selection
	 Criteria identified

	 Discussion
	 Limitations

	 Conclusion
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


