Received: 16 October 2023

Revised: 28 February 2024

'.) Check for updates

Accepted: 29 February 2024

DOI: 10.1002/ejp.2262

REVIEW ARTICLE

EJP

European Journal of Pain

Implementation frameworks guiding digital
self-management intervention in chronic pain:

A scoping review

R. de la Vega'?

!Faculty of Psychology, University of
Malaga, Malaga, Spain

“Biomedical Research Institute of
Malaga (IBIMA), Malaga, Spain

3Department of Clinical Neuroscience,
Karolinska Institutet, Stockholm,
Sweden

“Department of Psychiatry and
Neuropsychology, Maastricht
University, Maastricht, the Netherlands

SPain Clinic, Capio St. Géran Hospital,
Stockholm, Sweden

Correspondence

R. de la Vega, Facultad de Psicologia y
Logopedia, Universidad de Malaga, C/
Doctor Ortiz Ramos 12, 29190 Malaga,
Spain.

Email: rocio.delavega@uma.es

| S.L.Bartels** | R.W. Wicksell*®

Abstract

Background and Objective: The development, evaluation and implementation
of digital self-management interventions for chronic pain have increased expo-
nentially. While intervention outcomes appear promising to improve well-being
and functioning in target populations, it is unclear how the development and
evaluation processes were structured and how implementation was planned and
executed. The aim of this systematic review is to provide a comprehensive over-
view of implementation frameworks used to guide and evaluate scientific innova-
tion in chronic pain.

Databases and Data Treatment: Four bibliography databases (Medline, Web
of Science, PsycInfo, CINAHL) and two registries (PubMed Central, MedaRxiv)
were systematically searched. Hits (n=6830) and full texts (n=351) were
screened and read by two independent reviewers. Peer-reviewed articles that met
the inclusion criteria were included in the narrative synthesis.

Results: In total, 10 studies were identified that report on seven distinct inter-
ventions. Five implementation frameworks were utilized across these studies:
Behavioural Interventions using Technology (BIT); Consolidated Framework
for Implementation Research (CFIR); mHealth Agile and User-Centered
Research and Development Lifecycle; Medical Research Council (MRC);
Reach, Effectiveness, Adoption Implementation, and Maintenance (RE-AIM).
Frameworks were operationalized using qualitative and quantitative methods,
evaluating the innovation on various levels (e.g., individual vs. organizational)
and applying a variety of study designs (e.g., single-arm or large trials).
Conclusions: By utilizing implementation frameworks, access to evidence-
based chronic pain care may be increased. Although the evidence on the utility
of implementation frameworks to guide and evaluate digital self-management
interventions is still limited, the body of literature is increasing. Future studies
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1 | INTRODUCTION

The prevalence of chronic pain is high, globally and across
the lifespan (de la Vega et al., 2018; Murray et al., 2022;
Todd et al., 2019; Yong et al., 2022). Due to the burden
for patients and families (Breivik et al., 2006; Lapane
et al., 2015) as well as the financial implications for so-
ciety (Gaskin & Richard, 2012; Groenewald et al., 2014),
improving access to effective pain treatment is a key ob-
jective. Access to adequate pain treatment is recognized as
a human right (Lohman et al., 2010), but remains insuffi-
cient with considerable disparities related to geographical
location and socioeconomic status.

Digital health interventions (i.e., treatments delivered
remotely, using the internet or smartphone applications
to support self-management) may be a cost-effective solu-
tion to improve access to evidence-based care and reduce
waiting times. Over the last years, the number of digital
interventions for chronic pain has increased exponentially
(Valentijn et al., 2022) and a growing body of research
(Hedman-Lagerlof et al., 2023; Terpstra et al., 2022) sup-
ports the efficacy of this delivery format. However, im-
proved access to these interventions in regular health care
requires a successful development, evaluation and imple-
mentation process.

The World Health Organization (WHO) in its 71st
Assembly report urged its member states to ‘prioritize,
as appropriate, the development, evaluation, implemen-
tation, scale-up, and greater utilization of digital technol-
ogies, as a means of promoting equitable, affordable and
universal access to health for all (p. 2)’ (World Health
Organization, 2018). In line with WHO, the ‘Societal
Impact of Pain’ (SIP) platform, a multi-stakeholder part-
nership led by the European Pain Federation (EFIC) and
Pain Alliance Europe (PAE), recommends to ‘Support the
development and implementation of patient and clinician-
friendly, interoperable, and validated digital technolo-
gies for pain assessment (p. 1)’ (Societal Impact of Pain
[SIP], 2022). Although implementing digital interventions

are urged to operationalize, communicate and discuss the innovation process, to
promote transparency and replicability.

Significance: The use of implementation frameworks to guide and evaluate
digital self-management interventions for chronic pain is a recent development
in the field. Several promising examples exist and are presented in this review.
Currently, the evidence is still limited, and prospective studies need to trans-
parently operationalize, communicate and discuss their efforts. By utilizing an
implementation framework, promising interventions can be made available to
end-users, closing the research-to-clinical practice gap and increasing access to
evidence-based care to people with chronic pain.

(i.e., making treatment sustainably available to end users)
is listed as an important step of the process, there is a lack
of implementation standards to guide these efforts.

Several implementation frameworks, of which some are
specific for digital interventions, are available (de la Vega
et al., 2020). These frameworks can provide a structure for
the innovation process, from conception to implementa-
tion. Broad adoption of such frameworks can enhance the
quality of research and innovation, facilitate implementa-
tion of evidence-based interventions and shape the future
landscape of digital interventions for pain.

To date, it is unclear if and how implementation frame-
works are used in pain research. This study therefore aims
to provide a comprehensive overview of implementation
frameworks currently used to guide and evaluate scien-
tific innovations of digital self-management interventions
for people with chronic pain. In addition, strengths and
weaknesses of the frameworks are presented, and recom-
mendations for future digital health innovation provided.

2 | LITERATURE SEARCH
METHODS
2.1 | Search strategy
The systematic literature search was conducted in four
bibliographic databases (Medline, Web of Science Core
Collection, PsycInfo and CINAHL) and two registries
(PubMed Central and medaRxiv) to identify digital self-
management interventions for chronic pain. The search
was first performed in September 2021, and updated twice
(June and November 2022) using established methods
(Bramer & Bain, 2017). The outcome of the original search
was also used in another systematic review with a differ-
ent aim: the use of Personas in the development of digital
interventions for chronic pain (Bartels et al., 2023).

The search strategy was developed in Medline (Ovid)
in collaboration with research librarians at the Karolinska
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Institutet University Library. For each search concept,
Medical Subject Headings (MeSH terms) and free text
terms were identified. The search was then translated into
the other databases. The following terms were included: (i)
digital, eHealth or internet, (ii) intervention or programme
and (iii) chronic, persistent or long-term pain. The term
‘framework’ was not included in the main search, as it was
expected to occur in the full text rather than in the title or
abstract. Language was restricted to only include English.
Studies had to be published in peer-reviewed journals.
Articles older than 2007 were not reviewed as that is when
the first smartphones were released, thus marking a new
era of technology, which is in line with previous reviews
(Bartels et al., 2019; Christie et al., 2018). Duplicates of
hits were removed, in line with previous research (Bramer
et al., 2016). Also, reference lists from included articles
were searched for other relevant papers.

Next, a list of articles citing the primary article of the
identified frameworks was retrieved from Web of Science,
to identify any articles that were potentially missed in
the initial search (i.e., searches were made within the
list of articles that cited the frameworks for those meet-
ing the inclusion criteria of being digital interventions
for pain). The search strategy and purpose of the review
were registered in the Open Science Framework platform
(https://osf.io) before selecting the included articles (ac-
cessible at: https://doi.org/10.17605/OSF.IO/XDPS9/; de
la Vega et al., 2022). The search strategy is presented in
Supplemental Material 1.

2.2 | Study selection

Once the search was finished, abstracts and full-text ar-
ticles were read by two reviewers independently. SLB
performed the complete search together with RV, or with
another researcher (SP; AST, see Acknowledgements).
Differences between reviewers in decisions to include or
exclude articles were resolved by consensus.

2.3 | Inclusion and exclusion criteria

Studies had to meet the following criteria to be included in
the synthesis: (i) An implementation framework, defined
as a theoretical and pragmatic structure to guide research
efforts (Damschroder et al., 2022), was used to assess both
the effectiveness and implementation of programmes (de
la Vega et al., 2020). (ii) Implementation frameworks had
to be used in the context of eHealth, defined as ‘treatment,
typically behaviorally based, that is operationalized for
delivery via the internet’ (p. 1; Ritterband et al., 2006).
(iii) Interventions were developed for people with chronic

E)P__ N
pain, with chronic pain defined as ‘pain that persists or
recurs for longer than three months’ (Treede et al., 2019).
Notably, studies targeting all types of pain such as pri-
mary, cancer, neuropathic, headache, orofacial, visceral
and musculoskeletal pain were therefore included. (iv)
Studies had to use the implementation framework in mul-
tiple phases or stages of the innovation process.

Studies were excluded if the intervention only pro-
vided support for physical health (e.g., exercising, physio-
therapy, medication monitoring only) as the focus of this
review lies on self-management, which typically includes
psychological and/or social aspects. Notably, telephone-,
virtual reality-, video-only, CD-ROM and assistive tech-
nology (e.g., sensors) were not included as they did not fit
the eHealth definition. The design (e.g., pilot study) or sta-
tus of the study (e.g., protocol) was not an exclusion crite-
rion as frameworks were expected to be used at any stage.

2.4 | Data extraction

General information of the study was extracted, including
author, year, country, study design, aim, target population
(i.e., age range and type of pain) and intervention descrip-
tion. Furthermore, data extraction focused on the use of
the framework: (i) when (at what stages of the project) the
framework is used, (ii) how the framework is operational-
ized, (iii) what strengths and/or weaknesses are reported
by the authors using the framework. Additionally, as a
measure of the respective frameworks impact, the total
number of citations in Web of Science is reported, as well
as how many of those citations that are specifically related
to pain.

2.5 | Data synthesis

The main objective of this study is to provide an overview
of the use of implementation frameworks in the scientific
literature, that is not evaluate the effectiveness of digital
interventions itself. Therefore, a narrative synthesis was
seen as most suitable, and with such textual approach, in-
formation from different studies can be summarized and
descriptively elaborated (Popay et al., 2006).

2.6 | Study quality

Study quality was assessed using a modified version
of the US National Institutes of Health Study Quality
Assessment tool (US National Institutes of Health, 2014)
in line with previous reviews (Murphy et al., 2021; Murray
et al., 2022).
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3 | RESULTS

3.1 | Review process

A total of n=6830 hits (titles and abstracts) were screened,
and n=377 articles were included in the full-text review.
Of these, 10 articles could not be accessed or retrieved
and an additional 16 were not peer-reviewed reports, re-
sulting in 351 articles that were reviewed in full. In total,
10 articles were included in the synthesis, consisting of
7 distinct interventions and 5 different implementation
frameworks. The systematic review process is illustrated
in Figure 1.

3.2 | General study characteristics

The 10 included studies were published between 2018
and 2022 and conducted in USA (n=6), Sweden (n=3) or
Norway (n=1). Four were study protocols that presented
research plans (Bartels et al., 2022; Burgess et al., 2020;
Harrison et al., 2022; Palermo et al., 2018), four inter-
ventions were evaluated in a feasibility study (Gentili
et al., 2020; Phillips et al., 2021; Rognsvag et al., 2021)
and/or effectiveness trial (Gentili et al., 2021; Palermo
et al., 2020). Moreover, the implementation of one inter-
vention was studied (de la Vega et al., 2020). Interventions

targeted adults with chronic pain (Bartels et al., 2022;
Gentili et al., 2020), paediatric chronic pain (de la Vega
et al., 2020; Harrison et al., 2022; Palermo et al., 2020), a
specific pain condition (i.e., Sickle cell disease; Phillips
et al., 2021), a certain care context (i.e., military health
service; Burgess et al., 2020), and people at risk for
chronic pain (following total knee arthroplasty; Rognsvag
et al., 2021). All interventions used an internet-based for-
mat (i.e., web- and/or smartphone-delivered). More de-
tails from the included studies are presented in Table 1.

3.3 | Identified implementation
frameworks and their citations in the
field of pain

In total, five implementation frameworks meeting the
study criteria were identified: (i) Behavioural Interventions
using Technology (BIT) (Hermes et al., 2019); (ii) Reach,
Effectiveness, Adoption Implementation, and Maintenance
(RE-AIM) (Glasgow et al., 2019); (iii) Consolidated
Framework for Implementation Research (CFIR)
(Damschroder et al., 2022); (iv) Framework commissioned
by the Medical Research Council and National Institute
for Health Research (MRC/NHIR framework) (Skivington
et al., 2021); and (v) the mHealth Agile Development and
Evaluation Lifecycle (Wilson et al., 2018).

 \
Records identified in September
2021
s Databases
= Medline n = 3740 Records removed before screening
° Web of Science n = 3948 - . _
= Psycinfo n = 1097 > Duplicates n = 5302
§ CINAHL n = 2117 No author information available n = 95
= Registries
PubMed Central n= 565
medaRxiv n = 57
—J
T l
Records screened (Title/ abstract) Records excluded
n=6127 n = 5800
Records identified in June 2022 Records excluded in June
n =703 and Nov. 2022 n=469 n = 653 and November n=420
2
£ l
$
Report t retri
“,,‘5 Reports sought for full-text retrieval epo s not retrieved ) _
=426 Articles not accessible n = 10
l Not peer-reviewed (e.g., dissertations) n = 18
Full-text reports assessed for Reports excluded
eligibility n = 398 No implementation framework used n=388
S l
Studies using implementation Additional reports identified through Web of
- framewo:l;s(lnF:Ludeg '(;‘ SY"thes's Science framework back-referencing (n=2)
o n= with n=7 distinct No impl tation f K used n=342
3 interyentions) © Implementation framework used n FIGURE 1 PRISMA flowchart
2 v of the review process from reference
'mp'eme"ta“”;framew”ks identification to inclusion for narrative
n=
- synthesis.
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P
TABLE 2 Identified studies using the BIT framework.

BIT domains Brief description of BIT domain  Study

Measures (as operationalized in the study)

Acceptability Perception of the treatment as de la Vega Individual level: level of satisfaction with treatment
useful or satisfactory et al. (2020) (questionnaire)
Organization level: clinician satisfaction with app
prescription
Adoption Initiation of use of the intervention Individual level: % of participants installing the app; %
using the app after first log-in; % completing at least
1 module
Appropriateness ~ Relevance of fit within a context, Individual level: satisfaction with appearance, navigation,
compatibility with practice, theme and content (questionnaire)
usability
Feasibility Extent to which the intervention Individual level: number of technical issues
can be successfully used in a Organization level: % of centres agreeing to participate; %
specific context making referrals; clinician feedback (questionnaire)
Fidelity Intended use versus actual use Individual level: % of participants completing treatment;
number of days tracking symptoms
Implementation  Expenses related to the Actual costs compared with budgeted costs
costs intervention development or its
implementation
Penetration Integration of the intervention Individual level: number of participants using the app
within the service or clinic after the study ended
Organization level: % of centres recommending the app
after the study ended
Sustainability Extent to which the practice is Organization level: % of centres agreeing to keep

maintained, its ongoing use

recommending the app after the study ended; % of
them making 1 or more recommendations

Abbreviation: BIT, Behavioural Intervention using Technology.

According to Web of Science (WoS) (accessed February
2023), the CFIR has the most citations (n=5653), with
n=256 (5%) on ‘pain’. Following, the original MRC frame-
work (Craig et al., 2008) had n=4291 citations, with 346
(8%) referring to pain. The updated version of the MRC
framework (Skivington et al., 2021) had 328 citations and
23 (7%) regarding pain. The RE-AIM has n=2901 cita-
tions, with n=92 (3%) being pain-related studies. The BIT
framework was cited n =252 times, one of them (0.4%) was
in the pain field. Finally, the mHealth Agile Development
and Evaluation Lifecycle was cited the least often (n=27
citations) with n=8 (30%) including the term ‘pain’ in the
full text.

3.4 | Frameworks used to guide scientific
innovation in chronic pain

This review sought to identify how each of the frameworks
was used, when (at what stages of the study), as well as
strengths and weaknesses as mentioned and discussed in
these studies by the researchers.

The Behavioural Interventions using Technology
Framework (BIT): Only one study used the BIT framework
to assess implementation outcomes (de la Vega et al., 2020).

This framework is technology-specific, and the identified
study compared it with a well-established implementa-
tion framework, the RE-AIM, to determine whether it al-
lowed to capture different or additional implementation
domains. It was used retrospectively (once the study had
finished) and included the assessment of all stages of the
process (e.g., reaching out to participating centres, recruit-
ment, adherence, sustainability of the intervention). The
authors concluded that there is some overlap between the
frameworks and that whereas the RE-AIM focuses more
on the reach and effectiveness of the intervention, the BIT
allows for assessing several items at the maintenance level
and some technology-specific aspects. See Table 2 for a
summary of the use of the framework domains.

The Consolidated Framework for Implementation
Research (CFIR): One multi-phase project reported in astudy
protocol paper the use of the CFIR (Bartels et al., 2022). The
framework is included in two phases: (i) the development
phase to prepare the implementation process through a
business model and identify potential barriers and facilita-
tors and (ii) the post-market surveillance to follow-up on the
implementation process and summarize lessons learned. In
these two phases, stakeholder interviews will be conducted
and qualitative data will be mapped onto the CFIR domains
(Table 3). The protocol was published prior to the updated
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TABLE 3 Identified studies using the CFIR framework.

Topic

L Intervention characteristics

A: Intervention source

B: Evidence strength and

quality

C: Relative advantage

D: Adaptability

E: Trialability

F: Complexity

G: Design quality and
packaging
H: Cost

II. Outer setting
A: Patient needs and
resources

B: Cosmopolitanism

C: Peer pressure

D: External policy and
incentives

III. Inner setting

A: Structural characteristics

B: Networks and
communication

C: Culture

D: Implementation climate®

Brief description (Damschroder et al., 2009)

Perception of key stakeholders about whether the
intervention is externally or internally developed.

Stakeholders' perceptions of the quality and validity of
evidence supporting the belief that the intervention will
have desired outcomes.

Stakeholders' perception of the advantage of implementing
the intervention versus an alternative solution.

The degree to which an intervention can be adapted,
tailored, refined, or reinvented to meet local needs.

The ability to test the intervention on a small scale in the
organization and to be able to reverse course (undo
implementation) if warranted.

Perceived difficulty of implementation, reflected by
duration, scope, radicalness, disruptiveness, centrality
and intricacy and number of steps required to
implement.

Perceived excellence in how the intervention is bundled,
presented and assembled.

Costs of the intervention and costs associated with
implementing that intervention including investment,
supply and opportunity costs.

The extent to which patient needs, as well as barriers and
facilitators to meet those needs are accurately known
and prioritized by the organization.

The degree to which an organization is networked with
other external organizations.

Mimetic or competitive pressure to implement an
intervention; typically, because most or other key peer
or competing organizations have already implemented
or in a bid for a competitive edge.

A broad construct that includes external strategies to
spread interventions including policy and regulations
(governmental or other central entity), external
mandates, recommendations and guidelines, pay-for-
performance, collaboratives and public or benchmark
reporting.

The social architecture, age, maturity and size of an
organization.

The nature and quality of webs of social networks
and the nature and quality of formal and informal
communications within an organization.

Norms, values and basic assumptions of a given
organization.

The absorptive capacity for change, shared receptivity of
involved individuals to an intervention and the extent
to which use of that intervention will be rewarded,
supported and expected within their organization.

JP

European Journal of Pain

Bartels et al. (2022)

Phase 1: Development

Study 2: Stakeholder interviews (regional)

Aim: Develop a preliminary business

model for the digital behavioural
treatment and identify barriers
and facilitators of the prospective
implementation process.

Methods:

» ‘To build knowledge base across the
multiple studies and settings, the
CIFR will be used. The CFIR has
five major domains: intervention
characteristics, outer setting,
inner setting, characteristics of the
individual involved, and the process of
implementation. It will be used as part
of the analysis [...]" (p. 7).

« Semi-structured interview guide
(provided in Supplementary Material
in Bartels et al., 2022) will gather
information on gatekeepers, barriers and
facilitators for prospective dissemination
and use, with questions being tailored
to the different stakeholder (n=38, e.g.,
healthcare professionals, managers, IT
developers).

» ‘A qualitative thematic analysis will
be performed with statements related
to potential barriers and facilitators.

An indicative approach to group the
information will be applied in order

to best scope the replies and map
categories onto the CFIR domains’ (p. 8).

Phase 4: Post-market surveillance

Study 5: Stakeholder interviews (national)

Aim: Follow-up of the implementation

process and summarize lessons-learned

Methods:

« Semi-structured interview (in line
with study 2, Supplementary Material
provided in Bartels et al., 2022) with
participants of study 2 and additional
stakeholders identified during the
process.

+ Qualitative data: ‘An inductive analysis
to identify and summarize themes will
be performed, and information will
be mapped onto the domains of the
CFIR’ (p. 15).

(Continues)
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TABLE 3 (Continued)

Topic Brief description (Damschroder et al., 2009)

E: Readiness for
implementation®
intervention.

IV. Characteristics of individuals

A: Knowledge and beliefs
about the intervention

Bartels et al. (2022)

Tangible and immediate indicators of organizational
commitment to its decision to implement an

Individuals' attitudes toward and value placed on the
intervention as well as familiarity with facts, truths and

principles related to the intervention.

B: Self-efficacy

Individual belief in their own capabilities to execute

courses of action to achieve implementation goals.

C: Individual stage of change

Characterization of the phase an individual is in, as he

or she progresses towards skilled, enthusiastic and

sustained use of the intervention.

D: Individual identification
with organization

A broad construct related to how individuals perceive
the organization and their relationship and degree of

commitment with that organization.

E: Other Personal attributes

A broad construct to include other personal traits such as

tolerance of ambiguity, intellectual ability, motivation,
values, competence, capacity and learning style.

V. Process

A: Planning

The degree to which a scheme or method of behaviour and

tasks for implementing an intervention are developed in
advance and the quality of those schemes or methods.

B: Engaging®

Attracting and involving appropriate individuals in the

implementation and use of the intervention through a
combined strategy of social marketing, education, role
modelling, training and other similar activities.

C: Executing
according to plan.

D: Reflecting and evaluating

Carrying out or accomplishing the implementation

Quantitative and qualitative feedback about the progress

and quality of implementation accompanied with
regular personal and team debriefing about progress

and experience.

Abbreviation: CFIR, Consolidated Framework for Implementation Research.

*Including: Tension for change, compatibility, relative priority, organization incentives and rewards, goals and feedback, learning climate.

“Including: Leadership engagement, available resources, access to knowledge and information.

“Including: Opinion leaders, formally appointed internal implementation leaders, champions, external change agents.

CFIR (Damschroder et al., 2022) and therefore refers to the
previous version of the CFIR (Damschroder et al., 2009).
No findings of this study are published.

The mHealth Agile Development and Evaluation
Lifecycle: This framework is used in three projects (Bartels
et al., 2022; Gentili et al., 2020; Harrison et al., 2022).
All three projects utilize the framework in Phases 0-2,
including the project identification phase (Phase 0),
user-experience design, development, & Alpha-testing
(Phase 1), and Beta-testing (Phase 2) (see Table 4). Bartels
et al. (2022) and Harrison et al. (2022) present study pro-
tocols, and Gentili et al. (2020) report results of Phase 0-2.
Additionally, Bartels et al. (2022) provided an operational-
ization of Phase 3 (Clinical trial evaluation) and Phase 4
(Post-market surveillance).

The Framework commissioned by the Medical Research
Council and National Institute for Health Research (MRC/
NHIR framework): Two studies refer to the MRC framework
in their articles. In Rognsvag et al. (2021), two phases (i.e.,
development, feasibility) of the 2013 version of the MRC
framework (Craig et al., 2013) were operationalized as ‘prob-
lem identification, determination of recipients’ and provid-
er's needs, examination of the current practice and context,
and intervention design’ (p. 11). In the development phase,
evidence, theory and model underlying pathways were iden-
tified. In the feasibility phase, feedback loops were used to
evaluate whether the programme was relevant, manageable
and understandable for patients, and whether the manual
was relevant for the physiotherapists. Prospectively, a three-
armed RCT is planned to determine the effectiveness of the
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treatment, which refers to the ‘Evaluation’ element of the
MRC, while the ‘Implementation’ was not mentioned by the
authors. The study protocol from Bartels et al. (2022) refer-
enced both Craig et al. (2013) and the updated MRC version
by Skivington et al. (2021), however, authors do not specifi-
cally refer to the MRC in their study plan (Table 5).

The Reach, Effectiveness, Adoption Implementation, and
Maintenance Framework (RE-AIM): Three studies used
the RE-AIM framework. As mentioned above, de la Vega
et al. (2020) used both RE-AIM and BIT to assess the im-
plementation of an intervention, comparing the utility of
these frameworks. Burgess et al. (2020) report planning to
use RE-AIM as a guide to assess implementation barriers
and facilitators and to develop an ‘implementation toolkit’,
although not specifying how the different domains will be
assessed. Finally, Phillips et al. (2021) used RE-AIM in
their pilot study providing detailed metrics per domain as
well as the plan to use it in a future effectiveness trial. See
Table 6 for more details on the studies using RE-AIM.

3.5 | Strengths and weaknesses of each
framework as identified by the researchers

Four protocol studies are included, and none of these pre-
sent strengths or weaknesses of the frameworks, simply
because they are not yet evaluated. Gentili et al. (2020) re-
port that the mHealth Agile Development and Evaluation
Lifecycle was useful as the agile process allowed for a con-
tinuous development of the technical solution as well as
the intervention, until satisfying levels of acceptance and
practicalities (e.g., technical feasibility) were reached. For
the other included studies, a full comparison of the BIT and
RE-AIM is provided in de la Vega et al. (2020), concluding
that the main challenges include the costs to assess the dif-
ferent domains (e.g., increased app development costs to
be able to track back-end information; increased human
resources cost to follow-up with participants), and the sug-
gestion to consider implementation assessment costs at
the grant writing stage, to secure funding for this process.
The other articles using RE-AIM (i.e., Burgess et al., 2020;
Phillips et al., 2021) did not comment on its feasibility of
use or on the strengths or weaknesses. Similarly, Rognsvag
et al. (2021) did not reflect on the MRC framework in detail
but refers to the use of it as a general study strength.

3.6 | Quality of the included studies

Following the National Institutes of Health Study Quality
Assessment tool (US National Institutes of Health, 2014),
the quality of most of the included studies is on average
very good, with five studies reporting on all applicable

items of the scale (i.e., questions about recruitment, par-
ticipation, or sample retention were not applicable for
protocol studies) and one having only one item that was
difficult to determine. One study reported on all but one
item (Phillips et al., 2021), one study was missing two items
(Rognsvag et al., 2021), and two studies did not report on
four items (Gentili et al., 2020, 2021). In all studies, the
research questions were clearly stated, the population was
defined, sufficient time to observe treatment effects was
allowed, and the independent variables were clearly spec-
ified and assessed more than once. A few studies failed
to conduct sample size calculations, to report on sample
sizes, participation rates or the sample lost at follow-up
(see Table 7).

4 | DISCUSSION AND
CONCLUSIONS

This review provides a comprehensive overview of imple-
mentation frameworks used to guide and evaluate digital
innovations in digital self-management interventions for
chronic pain. Through a systematic search, 10 articles pre-
senting seven distinct interventions were identified. In these
studies, ranging in methodological quality from good to high,
five frameworks were used; BIT (Hermes et al., 2019), CFIR
(Damschroder et al., 2022), mHealth Agile Development
and Evaluation Lifecycle (Wilson et al., 2018), MRC (Craig
et al., 2013), and RE-AIM (Dzewaltowski et al., 2004).
Overall, the use of implementation frameworks is a recent
development in the field, as a rather small number of studies
(n=10) was identified, which for the most (n=9) part were
published within the past 3years. Results also illustrate that,
although the MRC and CFIR are more established frame-
works (i.e., they have more citations), they are not used
(proportionally) more often in the pain field than less es-
tablished frameworks such as RE-AIM, BIT and mHealth
Agile Development and Evaluation Lifecycle. In the arti-
cles included in this review, researchers operationalized
frameworks in different ways, integrating both qualitative
and quantitative methods, evaluating the innovation on
various levels (e.g., individual vs. organizational; de la Vega
et al., 2020) and applied different study designs, includ-
ing single-arm or small cohorts as well as large-scale trials
(Bartels et al., 2022; Gentili et al., 2020; Harrison et al., 2022).
This heterogeneity reflects the adaptability of frameworks
but makes comparisons of studies difficult. Moreover, sev-
eral researchers cite or refer to frameworks without provid-
ing details on how they are applied.

Referencing a framework without detailed infor-
mation on its operationalization causes ambiguity as
to which extent researchers view frameworks as prac-
tical guidelines or as general inspiration, and whether
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frameworks ideally include step-by-step instructions
and examples to promote standardization. In the field of
digital self-management interventions for chronic pain,
the identified studies provide useful examples, but the
existing literature is still scarce. Prospective trials may
take inspiration also from other fields, for instance, Faes
et al. (2010) illustrate the use of the MRC framework
in geriatrics with detailed examples of methodological
considerations and checklists matching each phase.
Similarly, Safaeinili et al. (2020) used the CFIR in pri-
mary health care, describing a qualitative study to iden-
tify barriers and facilitators to implementation. In their
study, changes to the CFIR were documented and trans-
parently communicated, illustrating how tailoring of
the framework can be conducted (Safaeinili et al., 2020).
Following, pain researchers are encouraged to contrib-
ute to more transparency and reproducibility by clearly
operationalizing the frameworks used and communicat-
ing methodological considerations and steps followed in
more detail.

Overall, it appears that the MRC as well as mHealth
Agile Development and Evaluations Lifecycle might be
especially useful for the planning of multi-phase projects
in which the whole process is considered (i.e., develop-
ment/adaptations of the intervention, evaluation), and to
warrant sustainable implementation (Bartels et al., 2022;
Gentili et al., 2020, 2021; Harrison et al., 2022; Rognsvag
et al., 2021). In contrast, RE-AIM and BIT seem more ade-
quate for evaluation and assessment of outcomes (e.g., sat-
isfaction; reach/ success of implementation) (de la Vega
et al., 2020; Phillips et al., 2021). The CFIR, especially the
updated version (Damschroder et al., 2022), may be use-
ful for both aspects of implementation (i.e., planning and
evaluation). However, CFIR is by far the most complex
and detailed framework, and tailoring this framework
to match the conditions within research studies might
be necessary (Safaeinili et al., 2020). Nevertheless, inno-
vation research aiming at improving human health and
sustainable societal impact are usually complex by nature
(Petticrew, 2011), thus, embracing complexity is critical
for a useful framework. For instance, the PRECIS-2 tool
(Loudon et al., 2015) can help researchers make design
decisions for their trials. Additionally, intervention com-
plexity can be determined through formal assessments
(e.g., iCAT_SR; Moore et al., 2017), and checklists such as
TIDieR are available to promote full and accurate report-
ing of intervention trials (Cotterill et al., 2018).

In the present review, frameworks that guided and
evaluated interventions in at least two phases were sought
while single-phase or design trials were viewed as dis-
tinctly different as their aims were narrower. Design
and development frameworks such as the Persuasive
System Design (PSD; Torning & Oinas-Kukkonen, 2009)

E)P_ B

or Participatory Action Research (PAR; Viswanathan
et al., 2004) might be complementary and have been used
in pain research (Perry et al., 2022; Reuman et al., 2022).
Moreover, studies using frameworks such as the MRC,
Unified Theory of Acceptance and Use of Technology
framework (UTAUT; Venkatesh et al., 2003), or a holistic
framework proposed by van Gemert-Pijnen et al. (2011) in
a single phase in the context of chronic pain were iden-
tified in our systematic search, but not included in the
synthesis because they did not match the inclusion cri-
teria (i.e., framework used in multiple phases/evaluation
and implementation) (e.g., Baumeister et al., 2015; Burke
et al., 2019; Cooke et al., 2021; Devan et al., 2021; Fanning
et al., 2020; Fledderus et al., 2015; Hennemann et al., 2016;
Lin et al., 2018; Sandhu et al., 2022; Song et al., 2021;
Sweeney et al., 2021). These studies may be inspirational
for prospective trials, but an in-depth analysis is outside
the scope of this review. Finally, the Double-Diamond
model (UK Design Council, 2004) offers a step-by-step
guide to develop and implement new interventions, focus-
ing on: research (Discover), Synthesis (Define), Ideation
(Develop) and Implementation (Deliver). This model was
not mentioned by the identified studies but may poten-
tially facilitate digital interventions, as seen in other fields
(Banbury et al., 2021; Ford et al., 2022).

While this review offers a timely overview of frame-
works for digital self-management interventions in the
field of chronic pain that can facilitate the use of frame-
works in prospective research, several limitations are
acknowledged. The number of studies included in this
review (n=10 studies reporting on n="7 distinct interven-
tions) is small, with a primary focus on planning (proto-
cols), development and feasibility evaluations. With more
evidence, researchers may want to determine if/how using
implementation frameworks benefits the development
and evaluation of digital interventions for chronic pain,
compared to studies in which no frameworks were uti-
lized. This question, however, lies outside the scope of this
review. Also, researchers provided little or no reflections
on their experiences using the frameworks, or on the re-
spective model's strengths and/or weaknesses. To evolve
the field, prospective studies should transparently docu-
ment how frameworks were used and what was learned
during the trial. Additionally, the focus of this review was
set specifically on digital self-management interventions;
it might be interesting to conduct a review with a wider
lens, for instance, including virtual reality, exergaming
or wearables for chronic pain as the operationalization of
frameworks might be transferable to those areas.

In summary, using frameworks to guide and evalu-
ate digital self-management interventions for chronic
pain is a recent development that can advance the field.
Several promising examples exist that are included in
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this review. Evidence is yet limited, and prospective
studies may add to the field by transparently operation-
alizing, communicating and reflecting on the use of
the BIT, RE-AIM, MRC, mHealth Agile Development
and Evaluation Lifecycle, CFIR and other implemen-
tation frameworks. In addition to protocol papers, de-
tailed evaluation studies are helpful to evolve the field
of chronic pain and digital innovations. By organizing
efforts using an implementation framework, researchers
increase the chances of making promising interventions
available to end-users, close the research-to-clinical
practice gap, and thus increase access to evidence-based
care to people living with chronic pain.
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