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Abstract

Introduction: Digital delivery of pre-operative total knee replacement (TKR)
education and prehabilitation could improve patient outcomes pre- and post-
operatively. Rigorously developing digital interventions is vital to help ensure they
achieve their intended outcomes whilst mitigating their potential drawbacks.
Objective: To develop a pre-operative TKR education and prehabilitation digital
intervention, the ‘Virtual Knee School’ (VKS).

Methods: The VKS was developed using an evidence-, theory- and person-based
approach. This involved a mixed methods design with four phases. The first three
focused on planning the VKS. The final phase involved creating a VKS prototype and
iteratively refining it through concurrent think-aloud interviews with nine patients who
were awaiting/had undergone TKR. Meta-inferences were generated by integrating
findings from all the phases. ISRCTN registration of the overall project was obtained on
24 April 2020 (ISRCTN11759773).

Results: Most participants found the VKS prototype acceptable overall and
considered it a valuable resource. Conversely, a minority of participants felt the
prototype's digital format or content did not meet their individual needs.
Participants' feedback was used to refine the prototype's information architecture,
design and content. Two meta-inferences were generated and recommend:

1. Comprehensive pre-operative TKR education and prehabilitation support should

be rapidly accessible in digital and non-digital formats.
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1 | INTRODUCTION

Total knee replacement (TKR) is a transformative operation for many
patients with end-stage knee osteoarthritis.! Correspondingly, the
worldwide demand for TKR is high and growing.® Large numbers of
patients face lengthy waits for TKR, especially since the start of the
coronavirus disease 2019 (COVID-19) pandemic.2 During their wait,
patients typically experience severe pain and difficulty with daily
activities.? Even after TKR, around 10%-20% of patients report poor
outcomes, such as persistent pain or dissatisfaction.>~>

Numerous predictors of poor post-TKR outcomes have been
identified, including worse pre-operative pain and function, low
musculoskeletal health literacy and unfulfilled outcome expecta-
tions.>® Pre-operative TKR interventions can potentially modify
these predictors. Pre-operative TKR education is particularly impor-
tant for setting realistic expectations and supporting patients to
actively engage in their care.”1° There is also growing evidence that
prehabilitation (health/wellbeing optimisation) interventions may
improve patient outcomes pre- and post-TKR.!1"1® Despite this,
current United Kingdom (UK) National Health Service (NHS) pre-
operative TKR intervention provision is variable, inefficient and often
inadequate.**'> When provided, pre-operative TKR support has
traditionally been delivered via face-to-face group classes, often
called ‘knee schools’.?*1¢ These present various limitations. For
example, they are time-consuming to deliver, and patients may not
remember the information provided.”*”

Delivering pre-operative TKR support via a digital intervention could
help address these limitations and aligns with the NHS's focus on digital
transformation.®1? Preliminary evidence suggests TKR digital interven-
tions may improve patient outcomes and be cost-effective.2’ However,
digital interventions also have many potential drawbacks. For example,
engagement with digital interventions is often low and varies between
different patient subgroups; this can limit their effectiveness and risks

21,22

increasing health inequities. Rigorously developing digital

2. Pre-operative TKR digital interventions should employ computer- and self-
tailoring to account for patients' individual needs and preferences.

Conclusions: Integrating evidence, theory and stakeholders' perspectives enabled
the development of a promising VKS digital intervention for patients awaiting TKR.
The findings suggest future research evaluating the VKS is warranted and provide
recommendations for optimising pre-operative TKR care.

Patient or Public Contribution: Patient and Public Involvement (PPI) was central
throughout the project. For example, PPI representatives contributed to the project
planning, were valued members of the Project Advisory Group, had key roles in

developing the VKS prototype and helped disseminate the project findings.

digital intervention, intervention development, mixed methods, prehabilitation, pre-operative
education, total knee replacement

interventions is essential to mitigate these drawbacks. Despite this, a
recent review of educational joint replacement digital interventions
reported none had been developed using a validated framework or co-
designed with the intended users.?® Other reviews have raised concerns
about the quality of TKR apps and YouTube videos, and the readability of
online TKR educational resources.?*"2¢

To help address the above issues, this project aimed to develop a
novel UK-based pre-operative TKR education and prehabilitation
digital intervention, the ‘Virtual Knee School’ (VKS).?” Figure 1
provides the objective of each project phase. In line with current
guidance,?® this paper comprehensively reports the VKS develop-
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ment process. Phases 1 and 2 are reported elsewhere, so this

paper focuses on the overall project and Phases 3 and 4.

2 | METHODS

2.1 | Design

The VKS was developed using an evidence-, theory- and person-
based approach (PBA). This involved drawing on the Medical
Research Council (MRC) framework for developing and evaluating
complex interventions®! and the PBA.>2 The MRC framework was
chosen because it provides well-established, flexible guidance.3! The
PBA was identified as a valuable complementary approach as it
provides more detailed guidance on intervention development
actions.3? Furthermore, it focuses on understanding the intended
users' psychosocial contexts and perspectives, with the aim of
ensuring interventions are acceptable and engaging for users.®? This
was considered particularly important because the VKS was designed
to be used without health professional support. The PBA's core
elements include iterative qualitative/mixed methods research and
the creation of ‘guiding principles’ (summary of the key intervention

design objectives and features).3%3
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Phase 1a: Mixed methods
rapid review
To identify and synthesise
recent literature on the content
and delivery of pre-operative
TKR interventions

Phase 2: Qualitative
descriptive study

To explore patients’
perspectives of potential
barriers and facilitators to

engagement with the VKS

Phase 1b: Modified Delphi
study
To develop recommendations
on the content and delivery of
pre-operative TKR

Phase 3: guiding principles,
behavioural analysis, logic
model

To use theoretical modelling to
guide the design, description

Phase 4: Prototype
development, iterative
refinement Future
To develop a prototype VKS and work
iteratively refine it by evaluating
how patients use it and exploring
their perspectives of it

interventions and evaluation of the VKS
| Patient and Public Involvement >||||
Intervention planning Intervention development Intervention evaluation and
(Phases 1-3) (Phase 4) implementation (future work)

FIGURE 1 Project flowchart. Flowchart showing the design and objective of each project phase, and how the phases link to each other and
future work. Arrows at the bottom of the flow chart demonstrate that Patient and Public Involvement (PPI) was central throughout the project,
and PPI is anticipated to be central during any future related work. Pre-op, pre-operative; TKR, total knee replacement; VKS, Virtual Knee

School.

A mixed methods design with four phases was employed (Figure 1).
The design was considered using the typology of Creswell et al.,** who
describe three ‘core’ mixed methods designs. These can be used in
isolation or intersected with other approaches to form a ‘complex’
design. This project's design was considered complex as it involved
multiple phases and each empirical phase had a qualitative or mixed
methods design. The project's intent most closely aligns with that of an
‘exploratory sequential’ core design, which involves using qualitative data
to inform a novel ‘quantitative feature’ (e.g, an intervention or
instrument), which is then quantitatively evaluated. A process evaluation
of the VKS was initially planned but could not be conducted due to
factors such as the COVID-19 pandemic and the large volume of content
included in the VKS. The project's overarching design was still considered
exploratory sequential, which helped to ensure that validity concerns
associated with the exploratory sequential design were identified and
addressed. For example, to demonstrate that the qualitative/mixed
methods findings informed the quantitative feature, the findings of the
intervention planning phases were explicitly linked to the VKS features.

Each phase was given equal priority, conducted largely sequen-
tially, and informed by the preceding phase(s). Correspondingly, all
the phases involved integration through building.®®> Additionally, all
the phases' findings were integrated to generate ‘meta-inferences’.
Meta-inferences provide a more complete understanding of a topic
than the inferences of the separate strands of a mixed methods
study, as they are overall conclusions developed by integrating
findings from the separate strands.3¢ Generating the meta-inferences
involved linking inferences from the different phases; assessing

potential similarities/differences; developing credible explanations of
the similarities/differences; and identifying implications of the
findings.3¢ Consistent with the mixed methods design, the project

was primarily underpinned by pragmatism.®*

2.2 | Ethical approval, registration and reporting

Ethical approval for Phase 1b and Phases 2-4 was gained from the
London - Riverside Research Ethics Committee (REC) (19/LO/0813)
and Yorkshire and The Humber - Bradford Leeds REC (20/YH/0095)
respectively. All participants provided electronic informed consent
before participating. ISRCTN registration of the overall project was
obtained on 24 April 2020 (ISRCTN11759773). The primary
reporting guideline used for this paper was the GUIDance for the
rEporting of intervention Development (GUIDED) checklist.?®

2.3 | Research team and oversight

This project was led by a female physiotherapist (A.M.A.) during her
full-time Clinical Doctoral Research Fellowship. Before the project,
she had gained relevant skills through her clinical/academic work
(e.g., interviewing skills) but had not conducted an intervention
development project. Other team members have expertise in multiple
relevant areas including orthopaedics, qualitative/mixed methods
research and digital behaviour change intervention development.
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The project was overseen by a Project Advisory Group (PAG),
which included an independent chair, a local collaborator, the lead
researcher, three of her supervisors and three Patient and Public
Involvement (PPI) representatives (one of whom was recruited
halfway through the project to improve the group's ethnic diversity).
The PAG contributed to multiple activities such as defining the
project success criteria and monitoring the project progress. The PAG
met approximately every 6 months throughout the 39-month project.
Additional meetings with specific members were organised when

required.

24 | PPI

PPI was central throughout the project with the aim of ensuring the
research procedures and VKS were acceptable and inclusive, and the
findings were effectively disseminated (Table 1).

2.5 | VKS prototype planning (Phases 1-3)

Three intervention planning phases were conducted (Figure 1).

29,30

Phases 1 and 2 are reported elsewhere, so are not detailed here.

2.5.1 | Theoretical modelling (Phase 3)
Phase 3 involved using the following three theoretical modelling

approaches to help guide the VKS design, description and evaluation:

1. Creating guiding principles.
2. Undertaking a behavioural analysis.

3. Developing a logic model.

All three approaches were implemented by the lead researcher.

The findings were then refined through discussions with other

TABLE 1 PPl overview.

Activity

Project planning consultations

PAG meetings and follow-up

Reviewing documents

Survey pilot testing

Consultations on the VKS content
and exercise programme

Consultations and coproduction
activities during the VKS
prototype design, build and
testing

Filming to create VKS videos

Dissemination of the project findings

Abbreviations: BRC, Biomedical Research Centre; NIHR, National Institute for Health and Care Research; PAG, Project Advisory Group; PPI, Patient and

Description

Seven NIHR Leeds BRC PPI representatives joined a
general consultation, which involved discussing pre-
operative TKR care. Two NIHR Leeds BRC PPI
representatives joined a more focused consultation,
which involved reviewing an existing digital
intervention for people with joint pain.

Three PAG PPl members provided oversight of the
project by attending PAG meetings and contributing
to follow-up activities as required.

Two PAG PPl members and seven NIHR Leeds BRC PPI
representatives reviewed the Phase 1b participant
documents. Three PAG PPl members reviewed the
Phase 2 and/or 4 participant documents and topic
guides.

Two PAG PPl members and one additional PPI
representative pilot tested the Round 1 survey in
the Phase 1b Delphi study.

Two PAG PPl members participated in consultations
about the VKS content and exercise programme
design.

Three PAG PPl members contributed to creating a
provisional VKS template and style guide; creating
the VKS designs; informing the VKS prototype build;
and/or formal UAT. Two additional PPI
representatives contributed to informal UAT.

Eight volunteer Patient Models were filmed to create
the VKS education and exercise videos.

Three PAG PPl members reviewed plain English
summaries and an infographic of the project
findings. Two PAG PPl members contributed to a
public dissemination event, which included helping
to plan the event and presenting at the event.

Public Involvement; UAT, user acceptance testing; VKS, Virtual Knee School.

Example of impact

The VKS was developed as a website (rather than a
mobile application) to help maximise
accessibility.

The phase 4 recruitment procedures were
amended to include a PAG PPl member sharing
a WhatsApp recruitment message with
contacts in her communities.

Bold 18 pt text was added to the top of the Phase
2 and 4 Participant Information Sheets to
explain how to request the document in large
print.

Explanations of the roles of different health
professional teams were added.

Extra details were added to the educational video
transcripts, for example, about sleep difficulties
and psychological wellbeing.

Instructions on how to use the accessibility toolbar
were added to the ‘About the Virtual Knee
School’ and ‘Help’ webpages.

The VKS videos were positively evaluated by
participants in Phase 4.

PPl input was weaved throughout the
dissemination event presentation, rather than
being limited to a section on PPI.
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research team members. Further details of each theoretical modelling

approach are provided below:
1. Creating guiding principles.

In line with the PBA,2 guiding principles were created with the
aim of ensuring the VKS has a coherent focus and is acceptable and
engaging for users. This involved specifying what the VKS aims to
provide (outcome objective) and the behaviours it seeks to change
(behavioural objective). The objectives were primarily based on the
project planning PPI consultations and pre-operative TKR interven-
tion literature. Next, groups of considerations related to the intended
VKS users' characteristics, contexts and needs were identified from
the project planning PPl consultations and Phase 1 and 2 findings.
Considerations that could not be addressed through a fully
automated digital intervention (e.g., direct social support) were
excluded. Each group of considerations was used to develop a VKS
guiding principle. The VKS guiding principles were designed to be
complementary to the PBA common guiding principles (principles
proposed to optimise engagement with most digital behaviour

change interventions).3?

2. Undertaking a behavioural analysis.

A behavioural analysis was undertaken to systematically analyse
each behaviour targeted by the VKS, code potential VKS features
using standardised terminology and map the features to the project
planning PPl consultations and Phase 1 and 2 findings. The
behavioural analysis was conducted using the Behaviour Change
Wheel (BCW), a theoretical framework underpinned by the Capabil-
ity, Opportunity, Motivation, Behaviour (COM-B) model of beha-
viour.3” The BCW was primarily chosen because it is comprehensive,
relatively simple and well-established; addresses context; and is
linked to the Behaviour Change Technique Taxonomy v1 (BCTTv1), a
well-established taxonomy of 93 behaviour change techniques
(BCTs).%8

The behavioural analysis methods were based on previous
relevant studies.®"*' First, behavioural analysis tables were
created for each of the VKS's target behaviours. To populate the
tables, sets of barriers and facilitators to the target behaviour and
potential VKS features that could address the barriers and
facilitators were identified from the project planning PPI consul-
tations and Phase 1 and 2 findings. Extra features were added
based on research team discussions. All the features were mapped
to COM-B model components, BCW intervention functions and
BCTTv1 BCTs.

To check for additional potentially important behavioural
targets/intervention components, the behavioural analysis tables
were compared to the BCW, BCTTvl and BCTs identified in a
systematic review of digital-based osteoarthritis self-management

programmes by Safari et al.*?

The behavioural analysis tables were
also compared with the VKS guiding principles to check for

inconsistencies.

3. Developing a logic model.

A process-orientated logic model was developed to provide a
diagrammatic representation of the VKS, including its proposed
causal mechanisms and intended outcomes.*® This process was
informed by the MRC process evaluation guidance,** other digital

39-41 and Type 4 logic model guidance.*

intervention logic models
The logic model content was based on the project planning PPI
consultations, Phase 1 and 2 findings, additional Phase 3 findings,
pre-operative TKR intervention literature and digital intervention

literature.

2.6 | VKS prototype development and refinement
(Phase 4)

Phase 4 involved developing a VKS prototype and iteratively refining
it by evaluating how patients used it and exploring their perspectives
of it.

2.6.1 | VKS prototype development

Intervention features selection

In line with PBA guidance,*® intervention planning tables were
created to collate potential VKS features and document the rationale
and priority of each feature. The features were prioritised using the
‘Must have, Should have, Could have, Would like’ (MoSCoW)
model*’*® based on criteria developed by the research team
(Table 2). Separate intervention planning tables were created for
each proposed VKS section (Supporting Information: File 1).

All ‘Must have’ and ‘Should have’ features, some ‘Could have’
features and no ‘Would like’ features were included. The selection of
‘Could have’ features was primarily based on consensus within the
research team on how important each feature was perceived to be
and the time required to develop it.

Content development

The content was drafted by the lead researcher and informed by
research team discussions and PAG PPl member consultations.
Sources used to inform the content included the Phase 1-3 findings,
additional relevant research, other digital interventions research team

members had helped develop, relevant guidelines,1#47-55

publicly
available information from respected sources®® 2 and West York-
shire Association of Acute Trusts orthopaedic education resources.
The exercise programme was designed using a multistep process
(Supporting Information: File 1). Key priorities during the content
development included addressing the VKS and common guiding

principles and promoting accessibility/inclusion.

Prototype design, build and testing
A web design/development company called ‘Frank’ was commis-

sioned to create and host the VKS prototype.®® This involved a
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TABLE 2

Code

FN

S

R

VGP (VGP number)
CGP (CGP number)
PPI

PAS

NICE

VIR (item number)

IR (item number)

BF (barrier/
facilitator set)

ANDERSON ET AL.

Prioritisation criteria for including features in the VKS prototype.

Reason for inclusion?

Important for the VKS functioning/navigation.

Required for safety purposes.

Required to meet relevant regulations/guidelines.

Required to meet one or more VGPs developed in Phase 3.
Required to meet one or more person-based approach CGPs.>?
Addresses PAG PPl member feedback.

Addresses BSI PAS 277:2015 quality criteria.*’

Addresses the NICE primary joint replacement guideline.**

Addresses one or more items prioritised as ‘Very important’ in the
Phase 1b modified Delphi study final recommendations.*°

Addresses one or more items prioritised as ‘Important’ in the Phase
1b modified Delphi study recommendations.*°

Addresses one or more barriers/facilitators identified in the Phase 3
behavioural analysis.

Time-consuming

Importance level  to develop® Priority©

1 No Must have
Yes Must have

2 No Should have
Yes Could have

3 No Could have
Yes Would like

Abbreviations: BSI, British Standards Institution; CGP, common guiding principle; NICE, National Institute for Health and Care Excellence; PAG, Project
Advisory Group; PAS, publicly available specification; PDF, portable document format; PPI, Patient and Public Involvement; VGP, Virtual Knee School
guiding principle; VKS, Virtual Knee School.

Key findings from the Phase 1a rapid review,2’ Phase 1b modified Delphi study free-text comments,® and Phase 2 qualitative descriptive study were
covered by the modified Delphi study recommendations and behavioural analysis; therefore, they were not listed as reasons for inclusion to help keep the
length/complexity of the table manageable.

bFeatures were classed as time-consuming to develop if they would require substantial programming time or involve developing a video, photograph,

infographic or PDF document.

°If a feature was supported by more than one reason, the priority was based on the reason with the highest importance level.

%The barrier/facilitator sets were labelled with the codes reported in the behavioural analysis tables (Supporting Information: File 2).

multistage design, build and testing process informed by Frank's well-

established procedures (Table 3).

2.6.2 | VKS prototype evaluation and refinement
Overview

A think-aloud study was undertaken to evaluate the VKS prototype's
usability, explore patients' perspectives of it, and prioritise and
implement changes to it. The think-aloud method was chosen
because it allows users' immediate responses to an intervention to
be observed/explored, enabling important content and navigational
issues to be addressed before evaluating the intervention in real-
world settings.>?4” Multiple strategies were employed to ensure
trustworthiness. For example, an audit trail was maintained and the

lead researcher kept a reflexive journal.

Participants

Patients were recruited from an NHS teaching hospital by posting
recruitment packs to patients and discussing the study with patients
at orthopaedic and preassessment clinics. Patients who heard about
the study via word of mouth were also included. Additional
recruitment activities were employed with the aim of facilitating

the recruitment of patients who were male and/or from a Black,
Asian or other minority ethnic group (Supporting Information: File 1).
None of the additional activities led to the recruitment of any
participants.

Adults able to give informed consent were eligible for inclusion if
they were:

e able to communicate in English;

o listed for primary TKR at a UK hospital and/or had undergone
primary TKR at a UK hospital within the past two years; and

e able to use and had access to the Internet and email and/or were
willing and able to be interviewed in person.

To help ensure the VKS meets the needs of diverse patients,
maximum variation purposive sampling was employed based on age,
gender, ethnicity, highest educational qualification completed, vary-
ing experience of TKR and varying confidence in using the Internet.®>

Nine participants were interviewed as analysis of the eighth and
ninth participants' interviews did not suggest any substantial changes
should be made to the VKS prototype, suggesting the sample size was
sufficient.®® Seven participants were patients at the hospital where
the lead researcher was based, but none had received care from the

lead researcher or any other research team member before the study.
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(Continued)

TABLE 3

Impact of feedback (key points)

Contributors®

Activities®

Details

Stage

content (expandable headings) to all videos

for clarity.
Captions were turned on by default on all videos

possible and asked the Frank team to address

it if not.

ANDERSON ET AL.

to improve accessibility.
The login process and goal-setting feature error

messages were updated for clarity. Back and

next buttons were labelled with the names of

the pages they go to for clarity.
Buttons were added to the final page in each

section to allow users to return directly to the
homepage to improve the ease of navigation.

Abbreviations: PAG, Project Advisory Group; PDF, portable document format; PPI, Patient and Public Involvement; VKS, Virtual Knee School.

aThe term ‘coproduction’ refers to activities in which PAG PPl members played a direct role in making decisions.®*

bThe lead researcher was involved in all the stages but is not listed in the contributor's column.

Data collection

The lead researcher undertook the data collection independently
between 13 October 2021 and 20 January 2022. All participants
were invited to participate in two concurrent think-aloud inter-
views.®”%8 To meet COVID-19 guidance, participants were encour-
aged to participate remotely via Microsoft Teams but could
participate in person if necessary (e.g., if they lacked internet access).
All four participants who requested in-person interviews chose to be
interviewed in their own homes. All the participants were aware that
the lead researcher's Ph.D. was focused on developing the VKS,
which may have encouraged them to provide socially desirable
feedback.®® To help address this, the researcher emphasised that
negative comments would be particularly valuable for refining the
VKS prototype.

Each interview was guided by a topic guide (Supporting
Information: File 1). To ensure that sufficiently detailed information
was obtained, an interactive think-aloud interview style was
employed.®”7° This involved the researcher instructing the partici-
pant to work through the VKS prototype whilst speaking their
thoughts out loud, asking them probing questions, and directing
them to specific pages/aspects when appropriate. Additionally, the
researcher asked brief semi-structured questions towards the end of
each interview to explore the participant's perspectives of the
prototype overall. To the lead researcher's knowledge, all the
participants were alone during their interviews. One participant's
health problems made it difficult/painful for her to use a digital
device, so the lead researcher performed the manual actions
required to navigate the prototype for this participant in line with
her directions.

All the interviews were video- and audio-recorded except for
one in-person interview, which was not video-recorded due to an
error. The lead researcher documented field notes during and/or
shortly after each interview. Interviews lasted between 23 and
87 min (median: 63 min; interquartile range: 17 min) and were
transcribed intelligent verbatim by a professional transcription
company.

Data analysis

Data were analysed using the approach described by Bradbury
et al.,%® which facilitates efficient systematic analysis of qualitative
data during intervention refinement studies. This involved the lead
researcher working through each transcript line by line to identify
positive and negative comments about the VKS prototype. Changes
that could be made to address each negative comment were
identified and prioritised. The prioritisation was undertaken using
the MoSCoW model*”*® based on criteria adapted from Bradbury
et al.%® and the other PBA resources’'’? (Table 4). The research
team discussed the potential changes and agreed on which changes
to implement.

The analysis was documented in a ‘table of changes’ in Microsoft
Excel”® (Supporting Information: File 1). Comments were also coded
using QSR International NVivo software (Version 12 and Release 1)
to ensure verbatim comments were readily accessible.

85U01 SUOLULLOD BAFea1D dedldde aus Aq pauseob afe SajolLe YO ‘88N JO Sa|NJ 1o} Afeig1T 8UIUO A3]1/M UO (SUO T PUOD-pUe-SWLBYW00™AB | IM A Iq 1 BU1UO//:SANY) SUORIPUOD PUe S | 8Y) 885 *[£202/80/€2] U0 AReiqiauliuo A8|IM 1591 AQ GGBET XeU/TTTT OT/I0p/Wo0 A8 ImAIq U1 |UO//SdnY WOy papeojumod ‘0 ‘S29L69€T



13697625, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/hex.13855 by Test, Wiley Online Library on [23/08/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

1
-
2

‘pasiioud jou asam a3elidosdde JoN|, paJapisuod sadueyd ‘|9A3| aduenoduwl 1saysIy ayl YIM uoseas ayl uo paseq sem Ajlioud oyl ‘uoseas auo ueyl alow Aq papioddns sem adueyd e J|,

Juawndop 4dd 4o odydes3oyul ‘ydesSojoyd ‘oapia ‘93ed mau e 3uidojansp

P3AJOAUL JO/pUE 03pIA 4O SFeW dlje)s e Sulpusawie paAjoAul isaSed a|dinw Sulpusie PaAjoAUL Wi} Sulwwel3old [efueisans padinbas Asy Ji Jusws|dwl 03 SUINSUOD-aWI] SB PIsSe|d dIam sa3ueyd,
'$924n0sa. Yoeoidde paseqd-uosiad |euolippe pue , ‘|e 39 Aingpelg wo.y pajdepe elajlid dSUeYD 104 SUOSEY,
‘looyds

29U} [BNMIA ‘SHA ‘d]ddurid Suiping jooyds aauy| [enUIA ‘dDA Juswade|das aauy| [e303 ‘YL DAljesado-aid ‘do-aud SJuswan|oAu| dljgnd pue judiled ‘|dd ‘1ew.o) Juawndop ajgeod ‘4dd ‘uonediydads ajgejieae
Ap1gnd ‘syd ‘dnoug Alosiapy 399foid ‘Oyd 92ua||20x3 248D pue yjjeaH Joj aInjiasu| [euoneN ‘IDIN o|qedijdde jou ‘y/N o[dpunid Suiping uowwod ‘49D UoiIN}ISu| SpJepuels ysig ‘|Sg :suoljelinalqqy

TLTL

V/N V/N V/N ‘9A0Qe Pa)sI| eLI9ILID 9y} JO Suo 3uiidipesjuod o3 anp ‘Sjdwexs Jo) ‘9jeldosdde JoN (uoseal) V1IN
(‘paydde
aA0(e BLI3}LID 3y} JO duoU JI S9Sueyd Jo 3|qe) ay3 Ul pajsl] AjuQ) "9A0ge pajs]| BLI91ID 3Y) JO Aue JDIpeIIuUOD JouU S90( JIN
1| pIno, )
Ml PINOM A "AjIe[d 4oy
aAey pjnod oN I 92ua3juUas e uipuswe ‘ddwexa Joy ‘sagueyd ugisap |elpuelsqns Aue a4inbas 30U S0P 31 Se |BISISA0IUOdUN pue Ase] Sv3
‘Juedidijued suo uey) aiow Aq pajeadau julod e sassauppy d3y

‘UO 0S pue ssauaAisens.tad
111qISS922€ ‘A}l[Iqe3dadde ‘9|dwexa 104 ‘SINOIABYS(] PaJisap 3y} 03 siosindaid Joedwi jeyy sagueyd pue sisAjeue
|BANOIABYD( € SeYd DY} Ul PaIIIUSPI SI03e|1D€)/SIa1LIE] SSRIPPE Jey) sa8ueyd ‘03 pajiwi| 30U S| Ing ‘Sapnjoul Siy |

'so3ueyd 3JA1sayl| Ayyesy e

‘awweaSoud as104axa Y| do-aid e e
‘uoneanpa ¥y | do-aud e

{Jewoy paseq-gom e ul a1ed ¥y | do-aid e

:3uIMO||0J 3y} JO Aue yum juswa3e3us joedwl 03 A1 (4noineyaq 3034e3) H3g

"Wea) Y24easas ay Jo asipiadxa ay3 Jo/pue ( suoiepuswwodas Apnis 1ydieQ
payipow qT aseyd ay3 ,;‘duljaping juswade|dad julof Atewlid 3DIN aY3 Hoeqpasy Jaquisw Oy d Aq papioddns

aAeYy pinod SOA se8ueyd sapnjoul siy| ,, elia3d Ajjenb GT0Z://Z SVd ISE Sy} 10/pue 32USpIAS ‘@dualadX® UM JU3SISuo) (2dA3) D33

aAeY pnoys oN z 26'SdDD Yoeoudde paseq-uosiad ay3 yum Juaisisuo) (4aquinu 49?d) d9D

aAeY ISNIA S9A "€ 9Seyd Ul pdo[aASP SdDA BU3 YHM JUS)sIsU0D (43quinu dOA) dOA

aney Isnn oN 1 ‘sauljapInd/suoi3e|n8al JueAajas Yum adueldwod Jo Ajajes ‘uofiediaeu/Suluoiduny SHA Y 104 juepodu) ¥S4

JAuoug qHuswa|dwi 0y [ELE]] .23ueyd 10j uoseay ?po)
Sulwnsuod awi | ouepodw|

‘adAjoj0ud SHA 9y} 03 sa3ueyd Suipuawajdwi Joj BLIBILD 37149V L

ANDERSON ET AL.



£‘—Wl LEY

ANDERSON ET AL.

The data analysis and implementation of changes were con-
ducted concurrently with the data collection to enable the impact of
changes made based on earlier interviews to be explored in
subsequent interviews.>> Member checking was not employed due
to the rapid iterative nature of the analysis.

3 | RESULTS

3.1 | VKS prototype planning (Phases 1-3)

29,30

The Phase 1-2 findings are reported elsewhere, so only the

Phase 3 findings are detailed below.

3.1.1 | Theoretical modelling (Phase 3)
1. Creating guiding principles.
The following VKS objectives were specified.

e Qutcome objective: to provide a patient-centred, widely accessi-
ble and cost-effective pre-operative TKR education and prehabi-
litation resource.

e Behavioural objective: to support patients listed for primary TKR to
engage with pre-operative TKR care in a web-based format, pre-
operative TKR education, a pre-operative TKR exercise pro-

gramme and healthy lifestyle changes.

Six groups of considerations related to the intended VKS
users' characteristics, context and needs were identified (Supporting
Information: File 2), each of which informed a VKS guiding principle
(Table 5).

2. Undertaking a behavioural analysis.

Supporting Information: File 2 provides the behavioural analysis
tables. The potential VKS features targeted all six COM-B model
components and employed six BCW intervention functions (educa-
tion, persuasion, training, environmental restructuring, modelling and
enablement). The BCW intervention functions not employed (in-
centivisation, coercion and restrictions) involve creating an expecta-
tion of external consequences or imposing external rules, which may

7475 and thus were not considered

reduce intrinsic motivation,
appropriate for the VKS.
The potential VKS features employed 25 BCTs. Fourteen
additional BCTs were identified from the systematic review by Safari
et al.*? (Supporting Information: File 2). A comparison of the
behavioural analysis tables with these 14 BCTs and the BCTTv1 did
not lead to the inclusion of any extra BCTs. This was mainly because
the behavioural analysis tables already included numerous BCTs

identified through a rigorous process, so implementing these BCTs

well was considered more of a priority than adding extra BCTs, which
are likely to have been less contextually relevant.

No major inconsistencies between the behavioural analysis
tables and VKS guiding principles were identified. However, the
healthy lifestyle change behavioural analysis table was particularly
extensive. Adding extra healthy lifestyle change-related features
to the VKS guiding principles to account for that was decided
against to help ensure the VKS was not too complex/over-

whelming for users.
3. Developing a logic model.

Figure 2 provides the VKS logic model. As this shows, the VKS
aims to help address variations, inefficiencies, and inadequacies in
current pre-operative TKR intervention provision. The key VKS
features target all the COM-B model components except for
automatic motivation. The intended patient responses to the VKS
are proposed to dynamically interact with the VKS mediators.
Some patients may be unable to access/effectively engage with
websites; therefore, the key unintended consequence to avoid is
increasing health inequities. The VKS mediators are proposed to
improve numerous pre- and post-operative patient outcomes.
Various contextual moderators may affect patient outcomes both
directly and indirectly by influencing VKS's proposed causal

mechanisms.

3.2 | VKS prototype development and refinement
(Phase 4)

3.2.1 | VKS prototype summary

Figure 3 and Supporting Information: File 3 summarise the initial VKS
prototype. A hybrid information architecture was employed. On their
first login, users were tunnelled to the introductory section menu to
help ensure they viewed a welcome video aimed at addressing key
barriers to engagement with the VKS and its target behaviours. Users
could then access the remaining sections in any order.

To account for users' varying preferences and needs, two

tailoring strategies were employed.

1. Computer-tailoring: this involves using computer algorithms to
adapt an intervention's content/delivery to the individual
user.”®”” The key application of computer tailoring in the VKS
prototype was in the goal-setting feature, which provided
personalised feedback based on the user's goal attainment.

2. Self-tailoring: this involves offering choices so the user can adapt
the intervention's content/delivery themselves.”® Multiple self-
tailoring strategies were employed in the VKS prototype. For
example, the accessibility toolbar enabled users to change the
language, text size and contrast; and the goal-setting feature

included the option to set a personal exercise goal.
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TABLE 5 VKS guiding principles.

VGP
1

Intervention design objective

To provide a cost-effective, credible source of pre-operative TKR
education and prehabilitation support that is widely/immediately
accessible, easy to use and engaging for a wide range of users.

To address users' potential concerns about pre-operative TKR
education.

To account for users' varying pre-operative TKR education
preferences and needs.

To address users' potential misconceptions about pre-operative TKR
exercise and build their motivation to engage with the VKS
exercise programme.

To ensure that users with severe knee signs/symptoms and varying
personal preferences and circumstances can safely engage with
the VKS exercise programme.

To ensure that users know how to make healthy lifestyle changes
and build their motivation to do so.

Key intervention features
Being fully automated.

Emphasising that the VKS is evidence-based, developed by a team of
UK-based experts, and linked to the NHS.

Ensuring all sections can be accessed rapidly during any session.

Providing clear instructions on how to use the VKS, including a ‘Help’
page at a minimum.

Ensuring that the navigation and features are simple and quick to use.

Providing PDF versions of key content/digital tools that users can
download and print out, including a PDF exercise booklet and the
documents listed under VGP-4 at a minimum.

Emphasising that the VKS does not include any graphic details of TKR
surgery.

Providing brief information about TKR surgery only, without any
graphic details.

Ensuring that a range of appropriately moderated patient stories is
provided, which are unlikely to be interpreted as ‘horror stories’,
and highlighting that everyone's preparations for/recovery from
TKR surgery are different.

Providing pre-operative TKR education in accessible and engaging
formats, ensuring key information is kept brief, but more detailed
information is available for users who wish to access it.

Providing information using simple language, avoiding medical terms
where possible.

Providing a glossary of medical terms.

Providing key information using pictures and videos where
appropriate, including videos related to understanding what to
expect, pain management and rehabilitation (including using
walking aids) at a minimum.

Providing reassurance that performing pre-operative exercises is safe
for people with severe knee arthritis.

Explaining the potential benefits of performing pre-operative
exercises, including for post-operative recovery.

Including patient stories modelling how other patients have benefitted
from performing pre-operative TKR exercises.

Providing features designed to motivate users to engage with the VKS
exercise programme, including an online goal-setting feature that
provides personalised feedback, a PDF goal-setting and recording
sheet and a PDF exercise diary at a minimum.

Providing a flexible pre-operative TKR exercise programme that is
tailored to the needs of users with severe knee signs/symptoms
and does not require nonhousehold equipment or facilities.

Providing clear guidance about how to safely select, perform and
progress exercises, including videos of relatable Patient Models
demonstrating exercises at a minimum.

Explaining the potential benefits of making healthy lifestyle changes,
including for post-operative recovery.

Including brief guidance on making healthy lifestyle changes, with
signposting to credible sources of further guidance.

Abbreviations: NHS, National Health Service; PDF, portable document format; TKR, total knee replacement; UK, United Kingdom; VGP, Virtual Knee
School guiding principle; VKS, Virtual Knee School.
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| Problems | | Objectives | | Key VKS features and intervention processes | | Mechanisms | | Patient outcomes
Overall problem Outcome Clear guidance on a flexible Patient responses Pre-op outcomes
Current pre-op objective exercise p_rogrammethat is tailored 1 phys_igal Engagement with the 1 knowledge of TKR
TKR intervention To provide a tg users with severe knee_problems capability VKS introductory, Appropriate outcome
provision is patient- (including patient model videos) education and expectations
variable, centred, l exercise sections | anxiety, | pain and 1
Ic?f?égqr?:ctj:ndate widely " Clear instructions for using the VKS e t function
! qu accessivle Healthy lifestyle change brief > s " Improved quality of life
and cost- i ; ; capability Mediators
* ) guidance and signposting
effective pre- 7'} En ; ‘
gagement with the
Pre-op problems op TKR A
f tients ) ; VKS educational Post-op outcomes
or patien education and Introductory section that content, VKS )
Limited prehabilitation emphasises the VKS is credible and exercisé programme 1 fulfllmgnt CELEIC
knowledge of TKR resource does not include graphic details or and healthy lifestyle expec?tanons
Inappropriate * “horror stories” of TKR changes | anxiety abou.{t
outcome i Reassurance that exercise is safe ) ;ecoyery, {painand 1
expectations Behavioural for people with severe knee arthritis T retf_lecttllve Soction ) )
High anxiety, high Colective Explanations about the benefits of motivation Key unintended |mpf9Ved guallt'y of life
pain and poor To support pre-op exercise and healthy lifestyle 1 consequence to 1 satisfaction with TKR
function engagement changes avoid
Poor quality of life _I\A_IligprE-op Exercise goal setting and other 1 health inequities
careina motivating features
{ web-based
Post-op fTOI:lgat Peee Patient stories to provide educati
roblems for ) atient stories to provide education . toxtuaimoderatar
gatients education, a and model performing a pre-op Tsocnal_ [ Co ) extua odg ators . -
h pre-op TKR exercise programme opportunity Sociodemographic characteristics e.g. digital
Unfulfilled SETEEE literacy
outcome programme - Physiological/psychological factors e.g. beliefs
e)l(pectatllons and healthy Sections that can be accessed about the benefits of prehabilitation
High anxiety lifestyle dunpg BN S Social/occupational factors e.g. work commitments
ooy | CEESI ([P e ]| | personatprferences
] physica .
and poor function T A > opportunity je— Accgss to othe-r sources of pre-op TKR care
Previous experience of TKR

Poor quality of life

Low satisfaction
with TKR

content/digital tools

Information provided in accessible
and engaging formats

Length of waiting time
Environmental circumstances

FIGURE 2 Virtual Knee School (VKS) logic model. Logic model of the VKS, including the problems it seeks to address, its main objectives, its
key features and intervention processes, its proposed causal mechanisms, the intended patient outcomes and contextual moderators. To avoid
overcrowding and ensure legibility, relationships between factors in different columns of the logic model are not shown. Postop, post-operative;

pre-op, pre-operative; psych, psychological; TKR, total knee replacement.

3.2.2 | VKS prototype evaluation and refinement

The lead researcher approached 29 patients via the NHS teaching
hospital and was contacted by six additional patients. Of these 35
patients, 24 were screened, 10 were invited to participate, and
nine consented. Two participants withdrew after their first
interview due to increased anxiety or serious health problems.
Supporting Information: File 3 provides the participant flow chart
and participants' characteristics. The relevant participant's pseu-
donym, age group, experience of TKR and confidence in using the

Internet are provided for each illustrative quote.

Participants' overall views of the VKS prototype

Most participants were positive about the VKS prototype overall,
making comments such as ‘I think it's an absolutely invaluable tool’.
Key reported benefits included that it is comprehensive, realistic and
reassuring; and would provide a constantly available resource to refer
back to. One participant felt viewing the VKS before being listed for
TKR would have facilitated her decision-making and helped her
three

identify questions to ask her consultant. Furthermore,

participants commented they would have liked to access the

prototype pre- and post-operatively:

And | would have loved, if | had been lying in bed
afterwards, it would have been great to just be able to
look up anything | thought about. (Arthur, 80-89,
post-TKR, very confident)

Feedback about the variety of exercises, accordions (expandable
headings) and patient stories was particularly positive. Participants
were also very complimentary about the ‘perfectly great videos’,
valuing aspects such as their clarity and the option to add subtitles in
other languages. Three participants specifically highlighted that the

exercise videos were easier to follow than static images:

It's nice to have all the exercises videoed out, rather than
just a diagram showing you where to move your hand
next or where to move your leg next because | don't
think they're very constructive a thing. Seeing videos like
this is more beneficial. (Ella, 40-49, pre-TKR, confident)
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FIGURE 3 Virtual Knee School (VKS) prototype information architecture summary. Summary of the VKS prototype information architecture,
showing the five website sections and three page levels. # The main section also included the following pages accessible via the header, footer or
meganav (expandable menu): Help; Accessibility statement; Privacy and cookies policy; Other helpful websites; Contact us. ® Users were
tunnelled to the introductory section menu on their first login but not subsequent logins.

Participants generally felt the accessibility toolbar was useful,
and a few emphasised they liked the ‘simple language’. Most
participants also thought the website was clear and simple to use,

even for people with lower digital literacy:

| liked the website, how it was organised. And it was
very visual. Then if you're not very computer literate
it's very practical. (Jessica, 50-59, pre-TKR, neither

confident nor unconfident)

In contrast, both participants who were unconfident in using the
Internet felt the digital format did not meet their needs, as they found

it anxiety-provoking and/or too difficult to use:

[...] to me a website is alright if you can use these, but
if you can't use them, it's just not helpful at all. (Vera,
70-79, post-TKR, unconfident)

Both these and other participants emphasised the importance of
providing support via alternative formats such as face-to-face care, a
video or a booklet. Correspondingly, all four participants who viewed the

portable document format (PDF) exercise booklet felt it was valuable:

| think that [exercise booklet]'s really good because |
think, again, thinking about accessibility and people
not having full-time access to the Internet or laptop or

whatever. (Naomi, 60-69, post-TKR, very confident)

One participant who was confident in using the Internet also felt
the VKS prototype did not meet his needs. This was mainly because
he knew most of the information already and perceived the exercise
programme as too easy. The latter appeared to be at least partly
because he had ready access to a swimming pool, so was used to
exercising in water. This participant also disliked the instructions on
aspects such as how to use the website and play a video, which he

found ‘a bit babyish’ and unnecessary:

[...] but it's just a bit, making me feel like, ooh,
blooming heck, more load of rubbish, you know, | don't
need all this. (Laurence, 60-69, pre-TKR, confident)

Conversely, other participants provided positive feedback about
the instructions. Conflicting feedback was also obtained about other
content/features. For example, some participants felt the goal-setting

feature would support them to engage with the exercise programme.
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Reasons for this included that it would provide a focus and
‘something to kind of measure yourself against’. Many participants
particularly liked the personalised feedback as they considered it
encouraging, constructive and specific. In contrast, a few participants
did not think they would use the goal-setting feature. This appeared
to be because they were already confident in their ability to adhere to
their exercise programme. One participant also suggested that an
individual's personality would influence whether they used the goal-

setting feature:

| think a lot of it's down to your personality, to be
quite honest. | think there are people that would
welcome it and think it's absolutely brilliant. There are
other people that would think, well, | can't be
bothered [...] (Glen, 70-79, post-TKR, confident)

Participants' opinions were also divided over the sign-up/login
process. Although many participants found the process easy, others
found it difficult or required assistance to complete it. Additionally,
some participants raised broader concerns about signing up, such as a
fear of being sent lots of messages. Correspondingly, a few
participants felt at least some of the VKS should be freely accessible
without the need to sign up:

| think you should [make most of the VKS freely
accessible], especially for... Most of the people will be
older people who are not very computer literate and
having to put passwords in, understanding lowercase
and uppercase and with their stubbly arthritic fingers,
like myself, they seem to go everywhere. (Haaniya,
60-69, pre- and post-TKR, neither confident nor

unconfident)

In contrast, other participants were quite happy with the idea of
signing up or even preferred it, for example, due to feeling it would
enable them to receive more personalised content.

Refinements to the VKS prototype
Multiple potential changes to the VKS prototype were identified,
prioritised and implemented when appropriate (Table 6).

Two of the most substantial changes involved amending the VKS
prototype's information architecture. First, the tunnelling to the
introductory section menu was removed because two of the four
participants who trialled it found it unhelpful/confusing. One
participant related this to the relatively large volume of text on the
introductory menu, which she felt could be ‘off-putting’. The other
participant felt all websites should open at the homepage because
‘that's the starting point’. The second major information architecture
change was primarily made in response to comments about the
education dropdown menu. This displayed the titles of all 24
education pages/subpages, making the volume of content seem

overwhelming:

When you see all these sections, you think it's going to
be a mammoth, but | like the fact that it's short, it's
straight to the point. (Ella, 40-49, pre-TKR, confident)

This was addressed by removing the education menu page and
promoting the education subsections to full sections. Each education
section then had a separate dropdown menu, limiting the number of
page titles displayed to a maximum of eight.

Most other changes were more minor adaptions to the design or
content. For example, ‘pre-op’ was added to the exercise section title
to help avoid confusion about the exercise programme timing.
Subsequent feedback suggested this change was successful:

[...] because you've put pre-op exercise plan, it is made
clear it's pre-op, not post-op. (Jessica, 50-59, pre-

TKR, neither confident nor unconfident)

Examples of issues that were not fully resolved

Whilst most changes appeared to be successful, some issues were
not fully resolved. For example, after amending the accessibility
toolbar instructions and header for clarity, one participant still felt the
accessibility toolbar was too complex for her:

Well, it is good for people who are very literate, fluent
in computer and anything it's alright, but I'm at the
creeping stage. [...] I'm still bottle fed. (Zuri, 70-79,
pre- and post-TKR, unconfident)

A few issues were not fully resolved because participants missed
extra text that had been added. There were also some issues that
were not addressed to avoid contradicting other priorities/feedback.
For example, one participant felt patients may not have time/be able
to make lifestyle changes pre-operatively, so was concerned that the
healthy lifestyle information may risk ‘setting you up to fail' Removing
the healthy lifestyle information to address this would have been
inconsistent with VKS guiding principle six. Furthermore, other

participants felt the healthy lifestyle guidance was valuable:

It's all good general stuff that relates specifically to the
operation but has much wider implications. (Glen,
70-79, post-TKR, confident)

3.3 | Meta-inferences

Two intersecting meta-inferences were generated, each of which
is underpinned by three principles and provides a recommenda-
tion for clinical practice and future research (Figure 4). A brief
overview of the rationale for each meta-inference is provided

below.
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TABLE 6

VKS prototype
section/aspect

Design and overall
content

Information
architecture and
navigation

Login section

Main section

Summary of the main changes made to the VKS prototype.

Issues®

Not realising it was possible to select the accordions
(expandable headings).

Feeling there was too much text.

Having difficulty locating and/or using the accessibility
toolbar.

Being concerned about whether there was enough time
to watch the videos.

Believing the patient stories were from real-life patients.

Finding the tunnelling to the introductory section menu
unhelpful/confusing.

Feeling overwhelmed by the volume of content due to
the education dropdown menu displaying the titles
of all 24 education pages/subpages.

Not realising it was possible to select the small triangles
to display lower level pages when using the meganav
on a mobile device in portrait orientation.

Feeling confused by the back and next buttons both
going to the same page if the user accessed the last
page in a section from the section menu.

Feeling extra hyperlinks would be useful for quickly
checking other pages, and feeling confused about
whether words in bold were hyperlinks.

Mistyping characters leading to the two passwords
entered on the sign-up page not matching or the
password entered on the login page being incorrect.

Feeling the main homepage did not make it clear that
the website had three main sections.

Feeling it should be clearer that the website provides
information related to the peri- and post-operative
phases, rather than just the pre-operative phase.

Feeling the three homepage picture buttons did not
indicate where to find the information the user
wanted.

Feeling a link to the ‘Contact us’ page should be included in
the website footer for consistency with other websites.

Considering using the VKS email address to ask
questions about the user's own operation.

Main changes

The accordions' background colour was changed to blue to
distinguish them from other website features.
Text was added to highlight that users can select the accordions.

Restructuring some of the text into accordions.

The accessibility toolbar instructions were updated for clarity.
The accessibility toolbar header was amended to display ‘Hide
website accessibility tools’ when it was open and ‘Show

website accessibility tools’ when it was closed.

The duration of each educational video was added to its title.
(Durations were also added to the exercise video titles but
were misunderstood as referring to the durations of the
exercises themselves, so were subsequently removed).

Text was added above the stories to explain that the stories
were based on other patients' experiences.

The tunnelling was removed so that users went straight to the
main homepage on their first login, and text was added to
advise users to select the introductory section picture
button if it was their first login.

The education menu page was removed and the education
subsections were promoted to full sections, limiting the
number of page titles displayed at once to a maximum of eight.

The size of the triangles in the meganav was increased.

The next buttons were removed from the final page in each
section.

Extra hyperlinks were added where appropriate.

‘Show password’ options were added to the sign-up and login
pages.

The location and formatting of the button to the introductory
section menu was amended so that the homepage included
three picture buttons, corresponding with the three website
sections.

Text was added to explain how many sections the website has.

The banner text on the main homepage and the text on the
login page were updated to explain that the website is
designed to help patients ‘prepare for before, during and
after’ TKR surgery.

The three education subsections were promoted to full sections so
that the homepage included five picture buttons,
corresponding with the five website sections, hence providing
a greater level of detail about the information available.

The title of the expectations section was changed from ‘What
to expect’ to ‘About your operation’ for clarity.

A link to the ‘Contact us’ page was added to the website footer.

Text was added to clarify that users should contact their own
care team for questions about their own operation and the
VKS email address is only for questions about the VKS itself.

(Continues)
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TABLE 6 (Continued)

VKS prototype
section/aspect

Introductory section

Education section

Exercise section

Issues?

Feeling there was too much information on the
introductory section menu.

Feeling confused by the instructions on how to use the
website.

Finding the PDF of the Phase 1b modified Delphi study
recommendations too detailed and ‘very confusing’.

Feeling it would be helpful to amend the wording of
certain answers on the ‘Common questions’ page.

Feeling it would be helpful to cover what to do if the
user has bilateral knee problems on the ‘Common
questions’ page.

Requesting further information about specific topics.

Feeling the ‘Goal setting’ page should provide more
encouragement for users who do not meet their
goals.

Wanting post-operative goals to look forward to and
‘something visual'.

Feeling confused about whether the exercise section
was for the pre- or post-operative phase.

Highlighting queries or concerns about specific aspects
of the exercise section text.

Thinking the exercise category titles related to the
videos above them rather than below them.

Missing the ‘Submit’ button on the goal-setting and
review forms.

Entering numbers in the goal-setting form as words
rather than numerals.

Finding it challenging to set appropriate exercise goals
due to unfamiliarity with the VKS exercise
programme.

Abbreviations: PDF, portable document format; VKS, Virtual Knee School.

2Supporting Information: File 3 provides an example quote for each issue.

Main changes

The instructions on how to use the accessibility toolbar and
website were moved into accordions.

Separate instructions were provided about how to use the
website on computers and mobile devices.
Labelled screenshots were added to the instructions.

The document was deleted from the ‘VKS development and
team’ page and a link to the Phase 1b journal publication
was added to the ‘Other helpful websites’ page instead.

Minor text amendments were made to specific answers, for
example, to highlight that exercising can help to relieve knee
stiffness.

An accordion was added to explain that the VKS exercise
programme is appropriate for people with bilateral knee
problems.

Hyperlinks to other pages of the prototype were added where
appropriate, for example, a hyperlink to the ‘Recovering
from your operation’ menu was added to the ‘After your
hospital stay’ page.

Minor text amendments were made where appropriate, for
example, text was added to the ‘Planning your return to
work’ page to explain why users may want to keep their
original fit note.

Text was added to provide more encouragement for users who
do not meet their goals.

An accordion with examples of post-operative goals to look
forward to and a photograph of a beach was added.

‘Pre-op’ was added to the exercise section title.
The introductory text on the exercise section menu was
amended for clarity.

Minor text amendments were made where appropriate, for
example, text was added to the exercise instructions to advise
users to build up to exercising every day if they feel able to.

A horizontal line was added above and below each exercise
category.

The exercises were labelled to correspond with their category,
for example, ‘Category 1' exercises were labelled as ‘1a
Seated Marching’, ‘1b Walking on the spot’ and so on.

Text was added to the goal-setting and review forms to explain
that users need to select the ‘Submit’ button before
proceeding to the next page.

Text was added to the goal-setting form to advise users to enter
numbers as numerals rather than words.

The exercise pages were reordered so that the ‘Carry out an
exercise session’ page was before the goal-setting pages.

Text was added to the ‘Set your exercise goals’ page to advise
users to try carrying out a VKS exercise session before
setting their goals.

85U01 SUOLULLOD BAFea1D dedldde aus Aq pauseob afe SajolLe YO ‘88N JO Sa|NJ 1o} Afeig1T 8UIUO A3]1/M UO (SUO T PUOD-pUe-SWLBYW00™AB | IM A Iq 1 BU1UO//:SANY) SUORIPUOD PUe S | 8Y) 885 *[£202/80/€2] U0 AReiqiauliuo A8|IM 1591 AQ GGBET XeU/TTTT OT/I0p/Wo0 A8 ImAIq U1 |UO//SdnY WOy papeojumod ‘0 ‘S29L69€T



ANDERSON ET AL.

Meta-inference 1

Comprehensive pre-op TKR education and
prehabilitation support should be rapidly
accessible in digital and non-digital formats

Principle 1a Principle 1b Principle 1c
When appropriately Digital interventions Digital interventions
delivered, offer many are unable to fully
comprehensive potential benefits in cater for all patients’
pre-op TKR care is the pre-op TKR needs and
valued context preferences

Meta-inference 2

Pre-op TKR digital interventions should employ
computer- and self-tailoring to account for
patients’ individual needs and preferences

Principle 2a Principle 2b Principle 2c
Tailoring Computer tailoring is Self-tailoring is
interventions to valuable for valuable for
patients’ individual providing promoting autonomy
needs/preferences is personalised and providing freely
a priority feedback accessible content

FIGURE 4 Meta-inferences schematic diagram. Summary of the meta-inferences generated by integrating the findings of all the project
phases. The three principles underpinning each meta-inference, and the intersection between the two meta-inferences, are included. P

re-op, pre-operative; TKR, total knee replacement.

3.3.1 | Meta-inference 1: Comprehensive pre-
operative TKR education and prehabilitation support
should be rapidly accessible in digital and non-digital
formats

This project's findings suggest patients and health professionals generally
perceive comprehensive pre-operative TKR support as valuable, but

there is a risk of overwhelming patients with too much information.
Delivering information appropriately appears key to addressing this risk.
For example, Phase 4 participants felt the accordions were useful for
reducing the volume of text displayed on the VKS prototype. Another
important finding was that digital interventions offer multiple potential
benefits in the pre-operative TKR context. A range of potential benefits
were identified across all the project phases. These included increasing
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service efficiency, providing tailored support, allowing rapid information
provision, and providing a constantly available resource to refer back to.
Benefits of specific digital features were also identified, such as exercise
videos being easier to follow than static images. Conversely, it was
evident throughout this project that digital interventions are unable to
fully cater for all patients' needs and preferences. For example, some
patients find digital interventions difficult to use and anxiety-provoking,
or simply prefer paper-based alternatives. Providing support in both

digital and non-digital formats is therefore recommended.

3.3.2 | Meta-inference 2: Pre-operative TKR digital
interventions should employ computer- and self-
tailoring to account for patients' individual needs and
preferences

Meta-inference 2 focuses on digital intervention tailoring. It, therefore,
intersects with meta-inference 1, which highlights a potential benefit of
digital interventions is that they can provide tailored support. The
importance of tailoring pre-operative TKR interventions to patients' indi-
vidual needs and preferences was emphasised throughout this project.
For example, the VKS guiding principles state the VKS education and
exercise programme should account for users' varying preferences and
needs/circumstances. To help address this, computer- and self-tailoring
strategies were employed in the VKS prototype. Some Phase 4
participants particularly liked the VKS goal-setting feature, supporting
the use of computer-tailoring for providing personalised feedback. Phase
4 participants also provided positive comments about features such as
the accessibility toolbar, highlighting the value of self-tailoring strategies.
Another key benefit of self-tailoring strategies is that they do not rely on

users logging in, unlike many computer-tailoring strategies.

4 | DISCUSSION

This paper reports how a VKS digital intervention for patients awaiting
TKR was systematically developed using an evidence-, theory- and
person-based approach. The findings of three intervention planning
phases were combined with numerous PPI activities to create a VKS
prototype. Evaluating how patients used the prototype and exploring
their perspectives of it enabled key usability problems and broader
concerns about the prototype to be identified. Most of these were
successfully addressed. Many participants considered the VKS a valuable
resource, but a minority felt its digital format or content did not meet
their individual needs. Integrating the findings of all the project phases
generated two meta-inferences, each of which provides a recommenda-
tion on pre-operative TKR care for clinical practice and future research.

The diversity of feedback obtained about the acceptability of the
VKS prototype is a key finding of this project. Acceptability is a broad
concept, encompassing components such as perceived effectiveness,
usability and burden.”? Most participants appeared to find the VKS
prototype acceptable overall because they valued its content and
considered it relatively easy to use. Conversely, three participants felt

the prototype's acceptability was low in their specific context. For
one participant, this appeared to relate mainly to the prototype's
perceived effectiveness, as he thought its content was too basic.
Arguably, this does not present a major concern for the potential
value of the VKS as this individual had already obtained and acted on
relevant health information, suggesting he had high health literacy.
Ensuring the VKS is appropriate for individuals with low health
literacy is more of a priority because low musculoskeletal health
literacy is associated with worse outcomes post-TKR,” and digital
interventions have the potential to improve health literacy.?®

The other two participants who perceived the VKS as less acceptable
related this to the digital delivery format, which they found anxiety-
provoking and/or too difficult to use. This demonstrates that digital
interventions are unlikely to meet all patients' needs, even when their
development involves extensive patient input and prioritises accessibility/
inclusion. This is a major concern for health equity, as patients at risk of
digital exclusion often have the greatest health needs.?? One option to
address this would be to employ digital inclusion strategies, such as
signposting patients who are given a digital health intervention to third-
sector digital skills training programmes. This may be particularly valuable
because gaining digital skills is likely to have positive effects on other
areas of patients' lives.?? As participants in this project highlighted, it is
also essential to offer non-digital formats to account for patients who
remain unable/unwilling to use digital interventions.

Usability incorporates the effectiveness, efficiency and satisfaction
with which users can achieve their objectives when using an interven-
tion.2° Many of the VKS prototype's initial usability problems were linked
to efficiency and satisfaction. For example, a couple of participants found
the tunnelling to the introductory section unhelpful/confusing, but it did
not prevent them from navigating the prototype. There were also
instances where participants were unable to achieve their objectives
effectively. Most notably, a few participants could not complete the sign-
up/login process independently. Some participants also raised broader
concerns about signing up, such as a fear of being sent lots of messages.
Similar issues have been highlighted in previous research®! and could be
addressed by making some of the intervention content freely accessible
without the need to sign up. This approach could feasibly be
implemented in clinical practice. However, it could pose problems from
an evaluation perspective. For example, control group participants could
potentially access the freely accessible content, increasing the risk of
contamination bias.®?

This project builds on previous studies demonstrating the value of
using an evidence-, theory- and person-based approach to develop
digital interventions.>?=#! There are some notable similarities between
this project's findings and those of previous studies. For example, when
refining their digital intervention for cancer survivors, Bradbury et al.*!
made the names of buttons in the intervention sections more descriptive
to help avoid confusion. Similarly, the VKS exercise section title was
amended to include ‘pre-op’. This emphasises the importance of ensuring
that digital intervention content is self-evident or at least self-
explanatory.8® This project expands on previous evidence-, theory- and
person-based approach intervention development studies by demon-

strating how aspects of the approach can be adapted. For example, this

85U01 SUOLULLOD BAFea1D dedldde aus Aq pauseob afe SajolLe YO ‘88N JO Sa|NJ 1o} Afeig1T 8UIUO A3]1/M UO (SUO T PUOD-pUe-SWLBYW00™AB | IM A Iq 1 BU1UO//:SANY) SUORIPUOD PUe S | 8Y) 885 *[£202/80/€2] U0 AReiqiauliuo A8|IM 1591 AQ GGBET XeU/TTTT OT/I0p/Wo0 A8 ImAIq U1 |UO//SdnY WOy papeojumod ‘0 ‘S29L69€T



ANDERSON ET AL.

19
Wi LEY—‘—

project involved developing bespoke criteria for prioritising potential

features and prototype changes (Tables 2 and 4).

41 | Strengths and limitations

The systematic and transparent approach used to develop the VKS is
a key strength of this project. Furthermore, generating meta-
inferences provided greater insights than would have been gained
by considering each phase in isolation. The central role of PPl was
another strength. By being involved in multiple activities, the PAG
PPl members developed a thorough understanding of the project and
provided highly valuable input. This complemented the qualitative
research, which involved patients who were unfamiliar with the
project and hence offered ‘fresh’ perspectives.®*

Only including three PPl members in the PAG limited the group's
diversity. Similarly, there were some limitations with the diversity of
the think-aloud interview sample. Diversity was obtained in key
characteristics, such as age, confidence in using the Internet and
educational level (Supporting Information: File 3). Some ethnic
diversity was obtained, but only patients able to communicate in
English were eligible. Furthermore, few participants had a disability or
health condition that could affect their ability to use a website or
carry out gentle exercises, so it was not possible to comprehensively
explore the accessibility of the VKS. Additional limitations of this
project were that all the phases relied on some subjective judgements
(e.g., during the data analysis), and participants did not have the
opportunity to try using the VKS prototype independently or
implementing the intended health behaviour changes.

4.2 | Implications for practice and future research

Both meta-inferences generated in this project provide a recommen-
dation for clinical practice and future research. The first recommen-
dation states comprehensive pre-operative TKR education and
prehabilitation support should be rapidly accessible in digital and
non-digital formats. The project's findings highlight strategies for
addressing this, such as ensuring that all sections of digital
interventions are rapidly accessible and providing pre-operative
TKR support via a booklet. Future research focused on identifying
how to optimise the implementation of pre-operative TKR care in
digital and non-digital formats would be valuable. As discussed
above, this could include incorporating digital inclusion strategies.
The second recommendation suggests pre-operative TKR digital
interventions should employ computer- and self-tailoring to account
for patients' individual needs and preferences. Complementary
benefits of these tailoring strategies were identified and suggest it

would be helpful to employ the following:

1. Self-tailoring strategies in isolation to deliver freely accessible
content: This could include offering features such as an accessibil-

ity toolbar (for changing the language, text size and contrast) and

accordions (for providing optional extra text); providing a flexible
exercise programme with a choice of different exercises; and
delivering content using more than one format (e.g., exercise

videos and a PDF exercise booklet).

2. Computer-tailoring strategies combined with self-tailoring strategies,

where appropriate, deliver features that provide personalised feed-
back: This could include providing a goal-setting feature that
offers a choice of goals and provides personalised feedback based
on the user's goal attainment. It could also include providing
healthy lifestyle screening features, such as an alcohol consump-
tion screening feature that provides personalised feedback about
whether the user is meeting low-risk drinking guidelines. This
study's findings highlight the importance of ensuring that any

feedback provided is encouraging, constructive and specific.

Future research of pre-operative TKR digital interventions could
explore other computer-tailoring strategies, such as tailoring the
message frame to patients' information processing styles.””

Overall, this project's findings suggest the VKS is a potentially
valuable resource and warrants further research. Conducting a
randomised feasibility study to determine if/how to progress to a
randomised controlled trial (RCT) would be a logical next step.
Pursuing this option would be a lengthy process. This presents a
tension with PAG members' feedback, which suggested the priority
should be to rapidly implement the VKS. In light of this feedback and
the limitations of RCTs, considering alternative evaluation options is
warranted. For example, conducting a realist evaluation could be
valuable for exploring how the VKS works/does not work for specific
groups of patients in specific contexts.8> Given the concerns about
digital exclusion highlighted above, and the intersection of digital

exclusion with other social determinants of health,??

it is a priority to
ensure that any future research into the VKS explores its impact on

health inequities.

5 | CONCLUSIONS

This project systematically integrated evidence, theory, and stake-
holders' perspectives to develop a novel pre-operative TKR educa-
tion and prehabilitation digital intervention, the ‘Virtual Knee School'.
The central role of PPI throughout the project helped to optimise the
acceptability and inclusivity of the research procedures and VKS
prototype. Feedback from diverse participants enabled the prototype
to be iteratively refined. The findings suggest the VKS is a promising
resource, but its digital format is unlikely to meet all patients' individ-
ual needs. Future research of the VKS is therefore warranted and
should include exploring its impact on health inequities. Integrating
the findings of all the project phases emphasised the importance of
providing comprehensive, rapidly accessible pre-operative TKR
support in digital and non-digital formats; and suggested that pre-
operative TKR digital interventions should employ computer- and
self-tailoring to account for patients' individual needs and

preferences.
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