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Abstract

Background: Knee osteoarthritisis a chronic condition with no known cure. Treatment focuses on symptom management, with
exercise recommended as a core component by al clinical practice guidelines. However, long-term adherence to exercise is poor
among many people with knee osteoarthritis, which limits its capacity to provide sustained symptom relief. To improve exercise
outcomes, scalable interventions that facilitate exercise adherence are needed. SM S (short message service) interventions show
promise in health behavior change. The Behavior Change Wheel (BCW) is awidely used framework that provides a structured
approach to designing behavior changeinterventions and has been used extensively in health behavior changeintervention design.

Objective: The study aimed to describe the development of, and rationale for, an SM'S program to support exercise adherence
in people with knee osteoarthritis using the BCW framework.

Methods: The intervention was developed in two phases. Phase 1 involved using the BCW to select the target behavior and
associated barriers, facilitators, and behavior change techniques (BCTs). Phase 2 involved design of the program functionality
and message library. Messages arranged into a 24-week schedule were provided to an external company to be devel oped into an
automated SM S program.

Results: The target behavior was identified as participation in self-directed home-based strengthening exercise 3 times a week
for 24 weeks. A total of 13 barriers and 9 facilitators of the behavior and 20 BCTs were selected to use in the intervention. In
addition, 198 SM S text messages were developed and organized into a 24-week automated program that functions by prompting
users to self-report the number of home exercise sessions completed each week. Users who reported >3 exercise sessions/week
(adherent) received positive reinforcement messages. Userswho reported & It; 3 exerci se sessions/week (nonadherent) were asked
to select a barrier (from a list of standardized response options) that best explains why they found performing the exercises
challenging in the previous week. This automatically triggers an SMS containing a BCT suggestion relevant to overcoming the
selected barrier. Users also received BCT messages to facilitate exercise adherence, irrespective of self-reported adherence.

Conclusions: This study demonstrates application of the BCW to guide development of an automated SMS intervention to
support exercise adherencein knee osteoarthritis. Future research is needed to assess whether the intervention improves adherence
to the prescribed home-based strengthening exercise.
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Introduction

Knee osteoarthritisisachronic, highly prevalent condition with
no known cure [1] and is aleading contributor to the burden of
disease globally [2]. Pain and impaired physical function are
characteristic symptoms leading to disability, inactivity, and
reduced quality of life [3,4]. Self-management and lifestyle
modification to facilitate long-term symptom relief isadvocated
[5]. Thisincludes exercise, which isrecommended in all clinical
guidelines irrespective of the person’s age, disease severity,
pain, physical dysfunction, and/or comorbidities [5-7].
Unfortunately, adherence to exercise is often poor, particularly
inthemid to longer term [8-13], limiting its capacity to provide
long-term symptom relief. To improve exercise outcomes,
scalable interventions that facilitate exercise adherence are a
research priority.

Adherence, defined as the extent to which a person’s behaviour
corresponds with agreed recommendations [14], is complex,
multifaceted, and not fully understood [11,15,16]. As such,
designing interventions to promote exercise adherence is
challenging. To aid complex intervention design, the use of
theoretical frameworksisrecommended [17-19]. The Behavior
Change Wheel (BCW) isa synthesis of 19 models of behavior
[20,21] that has been used extensively in intervention design
[22-27]. When applying the BCW, thefirst step of intervention
design is to use the Capability, Opportunity, Motivation model
of behavior (COM-B) to analyze the desired behavior and
identify key barriersto and facilitators of the behavior that the
intervention isintended to change. The COM-B model describes
three interacting categories that influence behavior: (1)
capability that includes physical capability (eg, physical skill)
and psychological capability (eg, knowledge and psychological
skill); (2) opportunity that includes physical opportunity (eg,
the environment such as time and resources) and socid
opportunity (eg, social cues, norms, and interpersonal
influences); and (3) motivation including reflective motivation
(eg, self-conscious intentions and beliefs) and automatic
motivation (eg, emotional reactions, desires, and impulses).
These categories can be further divided into the Theoretical
Domains Framework (TDF), 14 additional domains of behavior
if greater detail is required [21]. Once the behavior has been
analyzed using the COM-B model, the BCW then provides
recommendations about the functions that interventions could
serve to bring about change (eg, education or training) and
guides the selection of potential behavior change techniques
(BCTs—activeingredients designed to bring about change) that
could deliver selected intervention functions.

SMS or mobile phone text messaging programs are becoming
an increasingly popular delivery method for health behavior
change interventions [28-34]. Thisis unsurprising considering
the widespread use of mobile phonesacrossall populationsand
age groups[29] and the many benefits of using SM Stechnology.
These include instantaneous communication [30], convenience,
cost-effectiveness [35], and, most importantly, high user
acceptability [36]. Reviews do, however, suggest the need for
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caution when drawing conclusions about the effectiveness of
SMSS health behavior change interventions owing to the overall
low quality of individual studies [37,38] and the absence of
interventions that are rigorously informed by behavior change
theory [34,39].

To our knowledge, only two small studies have specifically
assessed mobile phone message interventionsto support exercise
adherence in people with knee osteoarthritis [40,41]. First, a
pilot study on 14 participants evaluated 12 video messages
(multimediamessaging service[MMS)), delivered every second
day to providevisual promptsto exercise[40]. Over the 6-week
intervention, there was no change in functional outcomes or
exercise adherence. Participants who received the MMS
messages did, however, highly valuethem asreminders. Second,
afeasibility study on 27 participants assessed the effects of an
educational booklet about knee osteoarthritis and exercise
(delivered by mail) plus 4 weekly activity-promoting text
messages [41]. Message content was informed by the socia
cognitive theory, although how exactly the theory informed the
intervention design was not described. Significant improvements
in pain and exercise self-efficacy were reported. In total, 96%
of participants enjoyed receiving the messages and 88% found
them useful. Collectively, the limited research to date suggests
that people with knee osteoarthritis find SMS technology an
acceptable method to support home exercise.

The ability of automated SMS programs to improve adherence
to home-based exercise has been demonstrated in healthy adults
[42] and adults with frozen shoulder [43]. A randomized
controlled trial (RCT) assessed the effect of a 12-week
automated SMS program to promote adherence to weekly
home-based strengthening exercise in nonexercising healthy
adults (aged 50-70 years) from an upper-middle-income country
[42]. Participants in the intervention and control received
exercise prescription via a booklet. In addition to the exercise
booklet, participants in the SMS intervention aso received 60
SMS text messages (1 per weekday) containing BCTs aimed
to provide encouragement and exercise reminders. BCT
selection was informed by the literature. Messages came from
a standard set and were not tailored. At 12 weeks, participants
receiving the SM S exercised significantly more than participants
who received the exercise booklet only. These benefits were
not sustained once SM S contact ceased and had diminished by
a 24-week follow-up. A second RCT, which assessed the
additive effect of a 2-week automated SMS intervention to
therapist-prescribed shoulder exercise for people with frozen
shoulder, found significantly higher exercise adherence and
improved shoulder range of movement in the SMS group
compared with the control group who received exercise
instruction only [43]. Messagesin thisstudy included reminders,
encouragement, and education.

To explore if SMS interventions are effective in promoting
exercise adherence in knee osteoarthritis, specificaly, theory
informed and systematically designed interventions that are
clearly reported and rigorously assessed are needed. Therefore,
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the aim of this study was to describe the development of, and
rationale for, an SMS behavior change intervention designed
by applying the BCW for people with knee osteoarthritis to
support exercise adherence.

Methods

Overview

The SMS intervention was developed in two phases. Phase 1
applied the BCW framework [20,44] to identify barriersto and
facilitators of the target behavior to inform selection of the
intervention content. Phase 2 developed the SMS program
functionality (ie, how users interact with the program) and the
SMS text message library, according to published
recommendations for the development of mobile phone text
message health behavior interventions [19].

Phase 1. Applying the Behavior Change Whesl
Framework to I nform I ntervention Design

Thethree stages outlined in the BCW were applied (see Textbox
1) [20,21]. The three stages were initially completed by one
author (RN) and then reviewed and discussed by three authors
(RN, KB, and RH). The process was overseen by one author
(LA), a behavior change expert involved in developing the
original BCW framework and with extensive experience in its
practical application.

Nelligan et a

Stage 1 involved gaining a thorough understanding of the
behavior. Through reviewing the literature, the problem was
defined in behavioral terms and the target behavior selected and
explained in detail with context. To identify what needs to
change to support the target behavior, we drew on the findings
of a scoping review previously conducted by members of our
team [45]. Thisreview synthesized key barriers and facilitators
for people with hip and/or knee osteoarthritis to participate in
intentional exercise, mapped according to the TDF domains.
Barriers and facilitators relevant to the target behavior and
suitable for SMS delivery were selected from this review and
organized according to the COM-B model of behavior.

Stages 2 and 3 used the BCW mapping process to select
intervention functions and BCTs to address the barriers and
facilitators identified in Stage 1 and with the capacity to be
incorporated into the SMSformat. First, thisinvolved selecting
intervention functions appropriate for SMS delivery that link
to the COM-B categories identified in Stage 1. Intervention
functions are the types of interventions most likely to bring
about change in behavior and include education, persuasion,
incentivisation, coercion, training, restriction environmental
restructuring, modelling, and enablement. Once intervention
functions were selected, BCTs relevant to each intervention
function were chosen fromthe BCT Taxonomy (BCTTv1) [46].

Textbox 1. Stages of intervention design using the behavior change technique.

1. Understand the behavior
1. Definethe problem in behavioral terms
2. Select target behavior
3. Specify the target behavior
4.  |dentify what needs to change

2. ldentify intervention options
1. Identify intervention functions

2. ldentify policy categories

3. ldentify content and implementation options
1. ldentify behavior change techniques

2. ldentify mode of delivery

Phase 2: Development of the SM'S Program
Functionality and Message Library

Construction of the SMS program functionality (including
message type, message frequency, and level of program
interaction) was guided by published recommendations [19]
and the associated literature. To develop the message library,
BCTs linked to the barriers and facilitators identified in phase
1 were converted into an SMS of a maximum 308 characters.
A total of 12 people (7 academicsworking in knee osteoarthritis
conservative management, 4 clinical physiotherapists, and 1
person with knee osteoarthritis) individually provided input
about message wording. Three authors (RN, RH, and KB)
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compiled this feedback and used it to construct the final SMS
library. Samples of messageswere reviewed by one author (LA)
to ensure SM Swording accurately reflected the BCW mapping
process (from phase 1) and the intended BCT. The fina SMS
library wasthen arranged into a 24-week schedule. Theliteracy
demands of al messages were assessed with Web-based
readability software (Readable.io, Added Bytes, Ltd), using the
Flesch-Kincaid Grade Level, a mathematical calculation to
determine the US grade reading level based on word and
sentence length. This is a recommended tool to assist health
material writing [47] used previoudly in the literature [48,49].
A SMS practice sequence was also devel oped to give usersthe
option to practice replying to messages before commencing the
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24-week program. The 24-week message schedule and practice
sequence were provided to an external company (SM S Solutions
PTY LTD) who were responsible for devel oping the automated
text message program and administrator interface. The 24-week
SM S program wastrialed by oneresearcher (RN) and company
staff to test functionality and identify message errors.

Results

Phase 1: Applying the Behavior Change Technique
Framework to Inform Intervention Design

Stage 1: Understand the Behavior

The problem wasidentified aslack of adherenceto self-directed
home exercise. Home-based exercise in knee osteoarthritis
typically includes knee strengthening exercise that is prescribed
and supervised by a clinician, such as a physiotherapist. After
initial supervision, strengthening exercise is then continued
unsupervised by a patient in their home. Home programs are
reported to have similar symptomatic effects as supervised
exercise (individual or group-based) [50,51]; however,
adherence to these programs once supervision ceases often
declines [16]. To be effective, home-based strengthening
programs should follow strength-based protocols [52].
Adherence over the longer term is required to allow muscle
adaptation and habit formation to occur. Habit formation, which
can take an average of 2 months and up to 8 months, is a key

Table 1. Target behavior described in detail.
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component to the successful adoption of a new behavior [53]
and is particularly important as exercise is encouraged on an
ongoing basis for individual s with knee osteoarthritisto ensure
long-term symptomatic relief [54]. The target behavior was
therefore selected to be participation in structured, self-directed
progressive home-based strengthening exercises, 3 timesaweek.
Conservatively, aduration of 24 weekswas selected to facilitate
habit formation. The target behavior is described in detail in
Table 1.

A total of 9 facilitators and 13 barriers to the target behavior
were selected from those identified in the extensive scoping
review [45] and considered appropriate for an SM Sintervention
(Textboxes 2 and 3). These were coded using COM-B/TDF
domains and listed in BCW intervention mapping tables
(Multimedia Appendices 1 and 2). Barriers within the same
COM-B category that had a similar meaning were grouped,
resulting in 8 barrier categories. COM-B/TDF mapping as
outlined by Dobson et al [45] was retained except for barrier
too tired with all authors identifying this as a reflective
motivation barrier in addition to a psychological capability
barrier. From the BCW intervention mapping tables, the COM-B
categories of psychological capability, reflective motivation,
automatic motivation, and social opportunity were identified
asthe key areas requiring change to support thetarget behavior.
Most barriers were linked to reflective motivation. Most
facilitators were linked to physiological capability.

Target behavior
for 24 weeks

Participation in astructured, self-directed progressive home-based strengthening exercise, 3 timesaweek,

Who needs to perform the behavior?
When will they do it?

Where will they do it? Home-base
How often will they do it?

With whom will they do it? Independently

Individuals with symptomatic knee osteoarthritis

When convenient to the person with knee osteoarthritis

3 times aweek in accordance with exercise guidelines [55] for 24 weeks

Textbox 2. Facilitators selected as key to participation in structured, progressive strength-based home exercise with the SMS intervention.

Selected facilitators

Accurate osteoarthritis disease knowledge

Prioritizing exercise

Integrating exercise into daily tasks

Belief that you are taking control of your own disability
Perceived benefits of exercising

Belief that exerciseis good for health

Positive outcome expectations

Long- & Short-term goals

© ©o N o g &M w N P

Receiving medical advice to exercise
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Textbox 3. Barriers selected as key to participation in structured, progressive strength-based home exercise with the SMS intervention.

Selected barriers
Forgetfulness
Too tired

Knee pain limiting perceived ability to exercise

Lack of improvement with exercises

Lacking time (includes conflict with routines + lack of time)

© N o g M W DN P

Concerned exercise is causing pain/damage (includes concern exercise is causing pain + fear of damaging knee further)

Boredom with exercise (includes lack of enjoyment in exercise + boredom with exercise)

Life stress (includes family commitments + increased social strain + life events)

Stage 2: Identifying I ntervention Options

A total of five intervention functions were selected: (1)
education, (2) persuasion, (3) training, (4) environmental
restructuring, and (5) enablement. The five selected intervention
functions were added to the BCW intervention mapping tables
(Multimedia Appendices 1 and 2).

Stage 3: | dentifying Content and | mplementation
Options

To address the 8 barrier categories, 19 BCTs were selected. To
addressthe 9 facilitators, 4 BCTswere selected. Findings from
theliterature [56-58] were used to reduce the number of possible
facilitator BCTsaslessfacilitator BCT messageswererequired
for the program (refer to Phase 2: Development of how the SMS
program functions and the message library). Three BCTs
addressed both barriers and facilitators. The BCTs were then
added to BCW intervention mapping tables (Multimedia
Appendices 1 and 2).

SM S was selected by the authors (KB and RH) as the mode of
delivery for anintervention to support exercise adherence at the
outset of intervention design. This was based on the available
literatureidentifying SMSasascalable, effective, efficient, and
affordable tool to promote adherence to a range of health
behaviorsincluding physical activity and exercise[29-33,59,60].
Thisdecision limited barriers, facilitators, intervention function,
and BCT selection to those who would be suitable to be
addressed viaSM'S.

Phase 2: Development of How the SM 'S Program
Functionsand the Message Library

The SMS program was developed to incorporate the barriers
and facilitators and BCTs identified in phase 1 and be
automated, interactive, and tailored, important characteristics
of effective SMS behavior change interventions [19,31].

A total of 9 message types were developed (see Multimedia
Appendices 3 and 4) for the automated SMS program. The
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automated SM S sequence was designed to start with an initial
message asking the participant to self-report the number of
home exercise sessions they completed in the previous week.
Users who self-reported =3 exercise sessions/week (adherent)
were sent apositive reinforcement message aimed to encourage
continued adherence. Users who reported <3 exercise
sessions/week (nonadherent) were sent a message asking them
to reply by selecting one barrier (from a predefined list of 9
options, including an option of none above apply to me) which
best explains what made doing the prescribed exercises in the
previous week challenging. The user’s reply triggers an SMS
response containing aBCT suggestion relevant to their selected
barrier. BCT messages to facilitate exercise adherence are al'so
sent, irrespective of self-reported adherence. Figure 1 provides
a diagrammatic representation of message interactions and
triggers.

To address user messagesthat are not recognized by the program
automation (eg, repliesto one-way messagesor repliesnot from
apredefined list), aresponse not supported message was created
encouraging the user to try again or contact program staff if
needed. Where appropriate, messages were designed to contain
participants’ first names. To assist program use (eg, replying
to messages), a guided three-message practice sequence was
developed. The practice sequence is activated by sending the
word START to the phone number assigned to the SMS
program.

Guidance from the literature regarding message frequency is
highly varied, ranging from daily to once weekly [29,30,33,59],
although it has been recommended that 3 messages per week
are suitable, with more messages sent initialy [19]. Message
frequenciesthat decrease over time appear to be more effective
[19,31]. Inline with these recommendations, the SMS program
was designed to send 4 to 5 messages per week and be reduced
to 2 per week by completion of the intervention. Multimedia
Appendices 3 and 4 outline message frequency, and the number
of each message type required for the 24-week intervention
period.
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Figure 1. Message interactions and triggers. BCT= behavior change technique.
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On the basis of how the program automation works and the
message frequency, 198 messages were developed for the
intervention: 144 barrier BCT messages (16 per barrier category
plus 16 messages relating to none apply to me); 24 facilitator
BCT messages; 20 positive reinforcement messages; and 10
program logistic messages. A total of 144 barrier messageswere
required to ensure users do not receive duplicate barrier BCT
messages in the event that the same barrier is selected more
than once over the 24-week intervention. The literacy demands
of all messages in the 24-week schedule were assessed as 5.4
grade, well below the maximum 8th-grade reading level
recommended for consumer health care information [19,61].
All messages were arranged into a 24-week schedule, ensuring
aspread of BCTswithin each COM-B category.

Figure 2 provides an example of an automated message sequence
for reported low exercise adherence. Tables 2 and 3 provide
examples of the mapping of barrier and facilitator BCT messages
following the BCW framework.

https://mhealth.jmir.org/2019/10/€14619
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The 24-week message schedule and practice sequence was
provided to SMS Solutions PTY LTD who were contracted to
convert both into an automated text message program with
administrative access via a password-protected website. SMS
Solutions PTY LTD provided training to the research staff in
program and website interface use. The program was then
pretested with minor spelling and message duplication errors
identified and corrected. The websiteinterface enables addition
of program users by entering their name, mobile phone number,
birth date, and program start date (set asthe following Monday)
which triggers the automated 24-week message sequence. The
sequence commences with a Goal Tracking message. All user
messages sent and received are recorded within the program
website. All unsupported user communication (eg, replies to
one-way messages) is marked with an identifier to allow easy
monitoring and subsequent follow-up by research staff if
required.
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Figure2. Example automated message sequencefor low exercise adherence (<3 exercise sessions) and barrier ‘forgot'. BCT= behavior change technique.

Goal-tracking message

University of Melbourne

Hi (name),

How many days did you
manage to do your home
exercises this week?

Please reply with ONLY
ONE number between 0-7

Exercise goal not met
barrier identification message

Barrier BCT message

Itcan be tough doing the exercises 3 x each week!

(Name), what made it hard for you this week?

1. forgot

2. too tired

3. knee hurts so can't ex

4. worried ex is causing pain
5. ex isn't helping

6. boring

7. lack time

8. life stresses

9. none above apply

Reply with the ONE number that best explains why
you did not complete your exercises at least 3 x

this week

[Name], it can be hard to
remember.

Think about your daily
routine.

Activities you do every
day can serve as
reminders to exercise.
For instance, you can
exercise after you finish
breakfast or once you
clean up after dinner.
Use this technique this
week, see if it works for
you.

Table 2. Example mapping of barrier behavior change technique messages following the behavior change wheel framework.

Barrier COM-B2 category TDF? domain Intervention  gcre sms? content
function
Forgetfulness Psychological capability 10. Memory, attention  Training 8.3 Hahit [Name], it can be hard to remember. We sug-
and decision processes formation gest making the exercises ahabit. Set asidethe

same time each day to do them. It's much
harder to forget when something isadaily
routine.

Concern exercise  Reflective motivation 6. Beliefsabout conse- Enablement 1.2 Problem Remember mild pain with knee exerciseis

(causing) pain quences Solving okay but significant pain’sdiscouraging. Figure

out the cause! Use alog book thisweek, record
how you feel after EACH exercise. |dentify
the exercise linked to your concern. Modify
that ONE exercise & keep doing your program
3x week.

3COM-B: Capability, Opportunity, Motivation model of behavior.

bTDF: Theoretical Domains Framework.
®BCT: behavior change technique.

Table 3. Example mapping of facilitator behavior change technique messages following the behavior change wheel framework. OA: osteoarthritis.

Facilitator COM-B2 category

sms? content

Accuratedisease Psychological capability 1. Knowledge Education

knowledge

Prioritizing exer- Psychological capability 14.Behavioral Enablement

cise

TDF? domain  Intervention  gct¢
function
5.1 Information about
health consequences
10.9 Self reward

regulation

Let’sbust this myth - Surgery is not inevitable
if you have knee OA! Exerciseis one of the
most effective ways to reduce your knee pain
and prevent surgery. Stick with your exercise
to see the benefits!

Did you prioritize your exercise thisweek and
get them done? Then reward yourself, (name)!
Sticking to an exercise program for this long
isareal accomplishment that deserves celebra-
tion.

8COM-B: Capability, Opportunity, Motivation model of behavior.

bTDF: Theoretical Domains Framework.
°BCT: behavior change technique.
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Discussion

Overview

This study reports the systematic design of an intervention to
support exercise adherence targeting people with knee
osteoarthritis using the BCW framework and current evidence.
The intervention is a 24-week automated, semipersonalized
mobile phone SM 'S program to support adherence to prescribed
home-based strengthening exercise 3timesaweek. The program
aims to do this by asking users how many home exercise
sessionsthey completed in the previousweek, providing positive
reinforcement messages to adherent users, prompting barrier
identification and providing targeted behavior change support
messages to nonadherent users, and providing facilitation to
exercise messages irrespective of weekly exercise adherence.

Strengthsand Limitations

The systematic design of the SMS intervention content is a
significant strength of this study. Application of the BCW
provided aclear framework to develop atargeted and informed
intervention that incorporates BCTs specifically selected to
address known barriers and facilitators to exercise adherence
in people with knee osteoarthritis. The BCW aso provided
structure for the transparent and thorough reporting of
intervention design, vital for future evidence synthesisthat will
enable a greater understanding of how digital behavior change
interventions may have their effect [44]. There are several
additional strengths related to the SMS program functionality.
Owing to its automated design, minimal administrative support
is required throughout the 24-week intervention, making it
scalable and potentially cost-effectivefor both the deliverer and
user. The program includes weekly to fortnightly exercise
monitoring and provides instantaneous feedback, important
characteristics of effective exercise adherence interventions
[13,44]. The use of keywords selected from predetermined lists
triggers appropriate replies and enables tailoring of content,
important in addressing users’ individual needs. Intervention
fidelity is aso guaranteed with all users receiving standardized
evidence-based information.

Several limitations should be acknowledged. First, the SMS
delivery mode requires users to have adequate vision, a
reasonable level of English literacy, access to a mobile phone,
and ability to use the SMS function on their phone. However,
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87% of Australian adults aged above 55 years use a mobile
phone [62] and 75% of all mobile phone users are regular text
message senders [63], suggesting this SMS intervention is
broadly relevant to most Australians. Second, users who report
low exercise adherence must select from a predetermined list
of barrier categoriesthat may not specifically target their unique
needs. Users are also not able to seek clarification of message
content and do not receive additional support that may be
required if the same barrier is selected repeatedly. The program
functionality does, however, ensure a user will not receive the
same BCT message in response to selecting the same barrier.
For futureimplementation of this SMS program, several factors
must be considered such as funding sources for intervention
delivery (approximately Aus $8 for the 24-week outgoing
messages per user) and the need for some level of ongoing
administrative support to follow up emergency messages, if
received.

Future Research

We intend to evaluate the feasihility, effectiveness, and
acceptability of the SMS program to support adherence to
prescribed home-based strengthening exercise in RCTS, using
both quantitative and qualitative methods. If effective, the
intervention could be an easily scalable, cost-effective,
convenient solution to support adherence to prescribed
home-based strengthening exercise for people with knee
osteoarthritis. The intervention could be incorporated into
current or future exercise resources (eg, Web-based, remotely
delivered exercise programs) or be provided by hedth
professional sto facilitate exercise adherence, improve exercise
outcomes, and ultimately improve longer term knee
osteoarthritis symptom management. The program could also
be adapted for use in other health conditions where exercise
adherence is needed.

Conclusions

This study describes how the BCW can be successfully and
systematically used to guide development of an automated SMS
intervention to support exercise adherencein knee osteoarthritis.
Future research is needed to assess whether the intervention
improves adherence to prescribed home-based strengthening
exercise and is accepted by users, people with knee
osteoarthritis.
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Multimedia Appendix 1

Mapping barrier to exercise to behavior change technique using the Behavior Change Wheel.
[PDE File (Adobe PDF File), 212 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Mapping facilitator to exercise to behavior change technique using the Behavior Change Wheel.
[PDF File (Adobe PDF File), 227 KB-Multimedia Appendix 2]
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Description and frequency of behavior change automated messages.
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Multimedia Appendix 4

Description and frequency of logistic and other automated messages.
[PPTX File, 42 KB-Multimedia Appendix 4]

References

1.  Hunter DJ, Schofield D, Calander E. Theindividual and socioeconomic impact of osteoarthritis. Nat Rev Rheumatol 2014
Jul;10(7):437-441. [doi: 10.1038/nrrheum.2014.44] [Medline: 2466264Q]

2. CrossM, SmithE, Hoy D, Nolte S, Ackerman |, Fransen M, et al. The global burden of hip and knee osteoarthritis: estimates
from the global burden of disease 2010 study. Ann Rheum Dis 2014 Jul;73(7):1323-1330. [doi:
10.1136/annrheumdis-2013-204763] [Medline: 24553908]

3.  Dieppe P, Cushnaghan J, Tucker M, Browning S, Shepstone L. The Bristol 'OA500 study': progression and impact of the
disease after 8 years. Osteoarthritis Cartilage 2000 Mar;8(2):63-68 [ FREE Full text] [doi: 10.1053/joca.1999.0272] [Medline:
10772234]

4.  Sharmal, Cahue S, Song J, Hayes K, Pai YC, Dunlop D. Physical functioning over three years in knee osteoarthritis: role
of psychosocial, local mechanical, and neuromuscular factors. Arthritis Rheum 2003 Dec;48(12):3359-3370 [FREE Full
text] [doi: 10.1002/art.11420] [Medline; 14673987]

5. Osteoarthritis: Care and Management - Clinical Guideline. London: National Institute for Health and Care Excellence;
2014.

6. Bannuru RR, Schmid CH, Kent DM, Vaysbrot EE, Wong JB, McAlindon TE. Comparative effectiveness of pharmacologic
interventionsfor knee osteoarthritis: asystematic review and network meta-analysis. Ann Intern Med 2015 Jan 6;162(1):46-54.
[doi: 10.7326/M14-1231] [Medline: 25560713]

7. NelsonAE, Allen KD, Golightly YM, Goode AP, Jordan JM. A systematic review of recommendations and guidelines for
the management of osteoarthritis: the chronic osteoarthritis management initiative of the USbone and joint initiative. Semin
Arthritis Rheum 2014 Jun;43(6):701-712. [doi: 10.1016/j.semarthrit.2013.11.012] [Medline: 24387819]

8. Benndl KL, Campbell PK, Egerton T, Metcalf B, Kasza J, Forbes A, et al. Telephone coaching to enhance a home-based
physical activity program for knee osteoarthritis: arandomized clinical trial. Arthritis Care Res (Hoboken) 2017
Jan;69(1):84-94 [FREE Full text] [doi: 10.1002/acr.22915] [Medline: 27111441]

9. Benndl KL, Nélligan R, Dobson F, Rini C, Keefe F, Kasza J, et a. Effectiveness of an internet-delivered exercise and
pain-coping skills training intervention for persons with chronic knee pain: arandomized trial. Ann Intern Med 2017 Apr
4;166(7):453-462. [doi: 10.7326/M16-1714] [Medline: 28241215]

10. Pisters MF, Veenhof C, de Bakker DH, Schellevis FG, Dekker J. Behavioural graded activity resultsin better exercise
adherence and more physical activity than usual care in people with osteoarthritis: a cluster-randomised trial. J Physiother
2010;56(1):41-47 [FREE Full text] [doi: 10.1016/S1836-9553(10)70053-9] [Medline: 20500136]

11. MarksR. Knee osteoarthritis and exercise adherence: areview. Curr Aging Sci 2012 Feb;5(1):72-83. [doi:
10.2174/1874612811205010072] [Medline: 21762086]

12. Pisters MF, Veenhof C, van Mesteren NL, Ostelo RW, de Bakker DH, Schellevis FG, et a. Long-term effectiveness of
exercise therapy in patients with osteoarthritis of the hip or knee: a systematic review. Arthritis Rheum 2007 Oct
15;57(7):1245-1253 [FREE Full text] [doi: 10.1002/art.23009] [Medline: 17907210]

13. Nicolson PJ, Hinman RS, Kasza J, Bennell KL. Trajectories of adherence to home-based exercise programs among people
with knee osteoarthritis. Osteoarthritis Cartilage 2018 Apr;26(4):513-521 [ FREE Full text] [doi: 10.1016/j.joca.2018.01.009]
[Medline: 29360592]

14. World Health Organization. Adherence to Long-Term Therapies. Evidence for Action. Geneva, Switzerland: World Health
Organisation; 2003.

https://mhealth.jmir.org/2019/10/€14619 JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 10 | €14619 | p. 9
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=Multimedia+Appendix+1.pdf&filename=2b7be244492bd46e41fa497b78fd1cb1.pdf
https://jmir.org/api/download?alt_name=Multimedia+Appendix+1.pdf&filename=2b7be244492bd46e41fa497b78fd1cb1.pdf
https://jmir.org/api/download?alt_name=Multimedia+Appendix+2.pdf&filename=f80501eed92b09ded058c7cdacba6744.pdf
https://jmir.org/api/download?alt_name=Multimedia+Appendix+2.pdf&filename=f80501eed92b09ded058c7cdacba6744.pdf
https://jmir.org/api/download?alt_name=mhealth_v7i9e14619_app3.pptx&filename=569acae114a453ba4ea27c3a8f96690c.pptx
https://jmir.org/api/download?alt_name=mhealth_v7i9e14619_app3.pptx&filename=569acae114a453ba4ea27c3a8f96690c.pptx
https://jmir.org/api/download?alt_name=mhealth_v7i9e14619_app4.pptx&filename=e189d8cfca7bb2538c1fdbfed172bbe2.pptx
https://jmir.org/api/download?alt_name=mhealth_v7i9e14619_app4.pptx&filename=e189d8cfca7bb2538c1fdbfed172bbe2.pptx
http://dx.doi.org/10.1038/nrrheum.2014.44
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24662640&dopt=Abstract
http://dx.doi.org/10.1136/annrheumdis-2013-204763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24553908&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S1063-4584(99)90272-8
http://dx.doi.org/10.1053/joca.1999.0272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10772234&dopt=Abstract
https://doi.org/10.1002/art.11420
https://doi.org/10.1002/art.11420
http://dx.doi.org/10.1002/art.11420
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14673987&dopt=Abstract
http://dx.doi.org/10.7326/M14-1231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25560713&dopt=Abstract
http://dx.doi.org/10.1016/j.semarthrit.2013.11.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24387819&dopt=Abstract
https://doi.org/10.1002/acr.22915
http://dx.doi.org/10.1002/acr.22915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27111441&dopt=Abstract
http://dx.doi.org/10.7326/M16-1714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28241215&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1836-9553(10)70053-9
http://dx.doi.org/10.1016/S1836-9553(10)70053-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20500136&dopt=Abstract
http://dx.doi.org/10.2174/1874612811205010072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21762086&dopt=Abstract
https://doi.org/10.1002/art.23009
http://dx.doi.org/10.1002/art.23009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17907210&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1063-4584(18)30032-3
http://dx.doi.org/10.1016/j.joca.2018.01.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29360592&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Nelligan et a

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

Jordan JL, Holden MA, Mason EE, Foster NE. I nterventions to improve adherence to exercise for chronic musculoskel etal
painin adults. Cochrane Database Syst Rev 2010 Jan 20(1):CD005956. [doi: 10.1002/14651858.CD005956.pub2] [Medline:
20091582]

Pisters MF, Veenhof C, Schellevis FG, Twisk JW, Dekker J, de Bakker DH. Exercise adherence improving long-term
patient outcome in patients with osteoarthritis of the hip and/or knee. Arthritis Care Res (Hoboken) 2010 Aug;62(8):1087-1094
[FREE Full text] [doi: 10.1002/acr.20182] [Medline: 20235201]

Craig P, Dieppe P, Macintyre S, Michie S, Nazareth |, Petticrew M. Developing and evaluating complex interventions: the
new Medical Research Council guidance. Int J Nurs Stud 2013 May;50(5):587-592. [doi: 10.1016/].ijnurstu.2012.09.010]
[Medline: 23159157]

Michie S. Designing and implementing behaviour change interventions to improve population health. JHealth Serv Res
Policy 2008 Oct;13(Suppl 3):64-69. [doi: 10.1258/jhsrp.2008.008014] [Medline: 18806194]

Abroms LC, Whittaker R, Free C, van Alstyne JM, Schindler-Ruwisch JM. Developing and pretesting a text messaging
program for health behavior change: recommended steps. IMIR Mhealth Uhealth 2015 Dec 21;3(4):e107 [FREE Full text]
[doi: 10.2196/mhealth.4917] [Medline: 26690917]

Michie S, Atkins L, West R. The Behaviour Change Wheel: A Guide to Designing Interventions. Great Britain: London
Silverback Publishing; 2014.

Michie S, van Stralen MM, West R. The behaviour change wheel: anew method for characterising and designing behaviour
changeinterventions. Implement Sci 2011 Apr 23;6:42 [FREE Full text] [doi: 10.1186/1748-5908-6-42] [Medline: 21513547]
Mc Sharry J, Murphy PJ, Byrne M. Implementing international sexual counselling guidelinesin hospital cardiac rehabilitation:
devel opment of the CHARM S intervention using the behaviour change wheel . Implement Sci 2016 Oct 10;11(1):134 [FREE
Full text] [doi: 10.1186/s13012-016-0493-4] [Medline: 27724957]

Fulton EA, Brown KE, Kwah KL, Wild S. StopA pp: using the behaviour change wheel to devel op an app to increase uptake
and attendance at NHS stop smoking services. Healthcare (Basel) 2016 Jun 8;4(2):E31 [FREE Full text] [doi:
10.3390/healthcare4020031] [Medline: 27417619]

Barker F, Atkins L, de Lusignan S. Applying the COM-B behaviour model and behaviour change wheel to develop an
intervention to improve hearing-aid use in adult auditory rehabilitation. Int JAudiol 2016 Jul;55(Suppl 3):S90-S98. [doi:
10.3109/14992027.2015.1120894] [Medline: 27420547]

Sinnott C, Mercer SW, Payne RA, Duerden M, Bradley CP, Byrne M. Improving medication management in multimorbidity:
devel opment of the MultimorbiditY COllaborative Medication Review And DEcision Making (MY COMRADE) intervention
using the Behaviour Change Wheel. Implement Sci 2015 Sep 24;10:132 [FREE Full text] [doi: 10.1186/s13012-015-0322-1]
[Medline: 26404642]

Atkins L, Michie S. Designing interventions to change eating behaviours. Proc Nutr Soc 2015 May;74(2):164-170. [doi:
10.1017/S0029665115000075] [Medline: 25998679]

CurtisKE, Lahiri S, Brown KE. Targeting parents for childhood weight management: development of a theory-driven and
user-centered healthy eating app. JIMIR Mhealth Uhealth 2015 Jun 18;3(2):e69 [FREE Full text] [doi: 10.2196/mhealth.3857]
[Medline: 26088692]

Armanasco AA, Miller YD, Fjeldsoe BS, Marshall AL. Preventive health behavior change text message interventions: a
meta-analysis. Am J Prev Med 2017 Mar;52(3):391-402. [doi: 10.1016/j.amepre.2016.10.042] [Medline: 28073656]

Hall AK, Cole-LewisH, Bernhardt JM. Mobile text messaging for health: asystematic review of reviews. Annu Rev Public
Health 2015 Mar 18;36:393-415 [ FREE Full text] [doi: 10.1146/annurev-publhealth-031914-122855] [Medline: 25785892]
deJongh T, Gurol-Urganci |, Vodopivec-Jamsek V, Car J, Atun R. M obile phone messaging for facilitating self-management
of long-term illnesses. Cochrane Database Syst Rev 2012 Dec 12;12:CD007459 [FREE Full text] [doi:
10.1002/14651858.CD007459.pub?] [Medline: 23235644]

Head KJ, Noar SM, lannarino NT, Grant HN. Efficacy of text messaging-based interventions for health promotion: a
meta-analysis. Soc Sci Med 2013 Nov;97:41-48. [doi: 10.1016/j.socscimed.2013.08.003] [Medline: 24161087)

Chow CK, Redfern J, Thiagalingam A, Jan S, Whittaker R, Hackett M, et al. Design and rationale of the tobacco, exercise
and diet messages (TEXT ME) trial of atext message-based intervention for ongoing prevention of cardiovascular disease
in people with coronary disease: arandomised controlled trial protocol. BMJ Open 2012;2(1):e000606 [ FREE Full text]
[doi: 10.1136/bmjopen-2011-000606] [Medline: 22267690]

Kannisto KA, Koivunen MH, Véliméki MA. Use of mobile phone text message remindersin health care services: anarrative
literature review. JMed Internet Res 2014 Oct 17;16(10):e222 [FREE Full text] [doi: 10.2196/jmir.3442] [Medline:
25326646]

Orr JA, King RJ. Mobile phone SM S messages can enhance healthy behaviour: a meta-analysis of randomised controlled
trials. Health Psychol Rev 2015;9(4):397-416. [doi: 10.1080/17437199.2015.1022847] [Medline: 25739668]

Iribarren SJ, Cato K, Falzon L, Stone PW. What is the economic evidence for mhealth? A systematic review of economic
evaluations of mhealth solutions. PLoS One 2017;12(2):e0170581 [ FREE Full text] [doi: 10.1371/journal.pone.0170581]
[Medline: 28152012]

Stephens J, Allen J. Mobile phone interventions to increase physical activity and reduce weight: a systematic review. J
Cardiovasc Nurs 2013;28(4):320-329 [FREE Full text] [doi: 10.1097/JCN.0b013e318250a3e7] [Medline: 22635061]

https://mhealth.jmir.org/2019/10/€14619 JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 10 | €14619 | p. 10

(page number not for citation purposes)


http://dx.doi.org/10.1002/14651858.CD005956.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20091582&dopt=Abstract
https://doi.org/10.1002/acr.20182
http://dx.doi.org/10.1002/acr.20182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20235201&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2012.09.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23159157&dopt=Abstract
http://dx.doi.org/10.1258/jhsrp.2008.008014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18806194&dopt=Abstract
https://mhealth.jmir.org/2015/4/e107/
http://dx.doi.org/10.2196/mhealth.4917
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26690917&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-6-42
http://dx.doi.org/10.1186/1748-5908-6-42
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21513547&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-016-0493-4
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-016-0493-4
http://dx.doi.org/10.1186/s13012-016-0493-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27724957&dopt=Abstract
http://www.mdpi.com/resolver?pii=healthcare4020031
http://dx.doi.org/10.3390/healthcare4020031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27417619&dopt=Abstract
http://dx.doi.org/10.3109/14992027.2015.1120894
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27420547&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-015-0322-1
http://dx.doi.org/10.1186/s13012-015-0322-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26404642&dopt=Abstract
http://dx.doi.org/10.1017/S0029665115000075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25998679&dopt=Abstract
https://mhealth.jmir.org/2015/2/e69/
http://dx.doi.org/10.2196/mhealth.3857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26088692&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2016.10.042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28073656&dopt=Abstract
http://europepmc.org/abstract/MED/25785892
http://dx.doi.org/10.1146/annurev-publhealth-031914-122855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25785892&dopt=Abstract
http://europepmc.org/abstract/MED/23235644
http://dx.doi.org/10.1002/14651858.CD007459.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23235644&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2013.08.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24161087&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=22267690
http://dx.doi.org/10.1136/bmjopen-2011-000606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22267690&dopt=Abstract
https://www.jmir.org/2014/10/e222/
http://dx.doi.org/10.2196/jmir.3442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25326646&dopt=Abstract
http://dx.doi.org/10.1080/17437199.2015.1022847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25739668&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0170581
http://dx.doi.org/10.1371/journal.pone.0170581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28152012&dopt=Abstract
http://europepmc.org/abstract/MED/22635061
http://dx.doi.org/10.1097/JCN.0b013e318250a3e7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22635061&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Nelligan et a

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

Vodopivec-Jamsek V, de Jongh T, Gurol-Urganci |, Atun R, Car J. Mobile phone messaging for preventive health care.
Cochrane Database Syst Rev 2012 Dec 12;12:CD007457 [FREE Full text] [doi: 10.1002/14651858.CD007457.pub2]
[Medline: 23235643]

MarcolinoMS, OliveiraJA, D'Agostino M, Ribeiro AL, Alkmim MB, Novillo-Ortiz D. Theimpact of mhealth interventions:
systematic review of systematic reviews. IMIR Mhealth Uhealth 2018 Jan 17;6(1):e23 [FREE Full text] [doi:
10.2196/mhesalth.8873] [Medline: 29343463]

Ludwig K, Arthur R, Sculthorpe N, Fountain H, Buchan DS. Text messaging interventions for improvement in physical
activity and sedentary behavior in youth: systematic review. IMIR Mhealth Uhealth 2018 Sep 17;6(9):e10799 [FREE Full
text] [doi: 10.2196/10799] [Medline: 30224335]

Dar G, MarxY, loffe E, Kodesh E. The effectiveness of a multimediamessaging service reminder system in the management
of knee osteoarthritis: apilot study. Int J Clin Exp Med 2014;5(9):483-489. [doi: 10.4236/ijcm.2014.59067]

BlakeH, RaobertsAL, Batt ME, Moses JP. Motive8! Feasibility of atext messaging intervention to promote physical activity
in knee osteoarthritis. Int J Sports Exerc Med 2015 Dec 31;1(5):1-8. [doi: 10.23937/2469-5718/1510027]

Miller AM, Khoo S, MorrisT. Text messaging for exercise promotion in older adults from an upper-middle-income country:
randomized controlled trial. JMed Internet Res 2016 Jan 7;18(1):e5 [FREE Full text] [doi: 10.2196/jmir.5235] [Medline:
26742999

Chen HC, Chuang TY, Lin PC, Lin YK, Chuang Y H. Effects of messages delivered by mobile phone on increasing
compliance with shoulder exercises among patients with afrozen shoulder. JNurs Scholarsh 2017 Jul;49(4):429-437. [doi:
10.1111/jnu.12308] [Medline: 28632975]

Michie S, Yardley L, West R, Patrick K, Greaves F. Developing and evaluating digital interventions to promote behavior
changein health and health care: recommendations resulting from an international workshop. JMed Internet Res 2017 Jun
29;19(6):€232 [FREE Full text] [doi: 10.2196/jmir.7126] [Medline: 28663162]

Dobson F, Bennell KL, French SD, Nicolson PJ, Klaasman RN, Holden MA, et al. Barriers and facilitators to exercise
participation in people with hip and/or knee osteoarthritis: synthesis of the literature using behavior change theory. Am J
Phys Med Rehabil 2016 May;95(5):372-389. [doi: 10.1097/PHM.0000000000000448] [Medline: 26945211]

Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior change technique taxonomy
(v1) of 93 hierarchically clustered techniques: building an international consensus for the reporting of behavior change
interventions. Ann Behav Med 2013 Aug;46(1):81-95. [doi: 10.1007/s12160-013-9486-6] [Medline: 23512568]
MedlinePlus. 2016. How to Write Easy-to-Read Health Material SURL : https://medlineplus.gov/etr.html [accessed 2016-02-22]
Santos PJ, Daar DA, Badeau A, LeisA. Readability of online materials for Dupuytren's contracture. JHand Ther
2018;31(4):472-479. [doi: 10.1016/j.jht.2017.07.005] [Medline: 28843342]

Saunders CH, Elwyn G, Kirkland K, Durand MA. Serious choices: aprotocol for an environmental scan of patient decision
aidsfor seriously ill people at risk of death facing choices about life-sustaining treatments. Patient 2018 Feb;11(1):97-106.
[doi: 10.1007/s40271-017-0268-2] [Medline: 28825182]

Anwer S, Alghadir A, Brismée JM. Effect of home exercise program in patients with knee osteoarthritis: a systematic
review and meta-analysis. J Geriatr Phys Ther 2016;39(1):38-48. [doi: 10.1519/JPT.0000000000000045] [Medline:
25695471]

Fransen M, McConnell S, Harmer AR, van der Esch M, Simic M, Bennell KL. Exercise for osteoarthritis of the knee: a
Cochrane systematic review. Br J SportsMed 2015 Dec;49(24):1554-1557. [doi: 10.1136/bjsports-2015-095424] [Medline:
26405113]

Bartholdy C, Juhl C, Christensen R, Lund H, Zhang W, Henriksen M. The role of muscle strengthening in exercise therapy
for knee osteoarthritis: asystematic review and meta-regression analysis of randomized trials. Semin Arthritis Rheum 2017
Aug;47(1):9-21. [doi: 10.1016/j.semarthrit.2017.03.007] [Medline: 28438380]

Lally P, van Jaarsveld CH, Potts HW, Wardle J. How are habits formed: modelling habit formation in the real world. Eur
J Soc Psychol 2009 Jul 16;40(6):998-1009. [doi: 10.1002/ejsp.674]

Brosseau L, Taki J, Degardins B, Thevenot O, Fransen M, Wells GA, et al. The Ottawa panel clinical practice guidelines
for the management of knee osteoarthritis. Part two: strengthening exercise programs. Clin Rehabil 2017 May;31(5):596-611.
[doi: 10.1177/0269215517691084] [Medline: 28183213]

Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee IM, American College of Sports Medicine.
American College of Sports Medicine position stand. Quantity and quality of exercise for developing and maintaining
cardiorespiratory, musculoskel etal, and neuromotor fitness in apparently healthy adults: guidance for prescribing exercise.
Med Sci Sports Exerc 2011 Jul;43(7):1334-1359. [doi: 10.1249/M SS.0b013e318213fefb] [Medline: 21694556]

French DP, Olander EK, Chisholm A, Mc Sharry J. Which behaviour change techniques are most effective at increasing
older adults' self-efficacy and physical activity behaviour? A systematic review. Ann Behav Med 2014 Oct;48(2):225-234.
[doi: 10.1007/s12160-014-9593-z] [Medline: 24648017]

Olander EK, Fletcher H, Williams S, Atkinson L, Turner A, French DP. What are the most effective techniquesin changing
obese individuals' physical activity self-efficacy and behaviour: a systematic review and meta-analysis. Int J Behav Nutr
PhysAct 2013 Mar 3;10:29 [FREE Full text] [doi: 10.1186/1479-5868-10-29] [Medline: 23452345]

https://mhealth.jmir.org/2019/10/€14619 JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 10 | €14619 | p. 11

(page number not for citation purposes)


http://europepmc.org/abstract/MED/23235643
http://dx.doi.org/10.1002/14651858.CD007457.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23235643&dopt=Abstract
https://mhealth.jmir.org/2018/1/e23/
http://dx.doi.org/10.2196/mhealth.8873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29343463&dopt=Abstract
https://mhealth.jmir.org/2018/9/e10799/
https://mhealth.jmir.org/2018/9/e10799/
http://dx.doi.org/10.2196/10799
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30224335&dopt=Abstract
http://dx.doi.org/10.4236/ijcm.2014.59067
http://dx.doi.org/10.23937/2469-5718/1510027
https://www.jmir.org/2016/1/e5/
http://dx.doi.org/10.2196/jmir.5235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26742999&dopt=Abstract
http://dx.doi.org/10.1111/jnu.12308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28632975&dopt=Abstract
https://www.jmir.org/2017/6/e232/
http://dx.doi.org/10.2196/jmir.7126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28663162&dopt=Abstract
http://dx.doi.org/10.1097/PHM.0000000000000448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26945211&dopt=Abstract
http://dx.doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23512568&dopt=Abstract
https://medlineplus.gov/etr.html
http://dx.doi.org/10.1016/j.jht.2017.07.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28843342&dopt=Abstract
http://dx.doi.org/10.1007/s40271-017-0268-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28825182&dopt=Abstract
http://dx.doi.org/10.1519/JPT.0000000000000045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25695471&dopt=Abstract
http://dx.doi.org/10.1136/bjsports-2015-095424
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26405113&dopt=Abstract
http://dx.doi.org/10.1016/j.semarthrit.2017.03.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28438380&dopt=Abstract
http://dx.doi.org/10.1002/ejsp.674
http://dx.doi.org/10.1177/0269215517691084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28183213&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0b013e318213fefb
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21694556&dopt=Abstract
http://dx.doi.org/10.1007/s12160-014-9593-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24648017&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-10-29
http://dx.doi.org/10.1186/1479-5868-10-29
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23452345&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Nelligan et a

58.

59.

60.

61.

62.

63.

Williams SL, French DP. What are the most effective intervention techniques for changing physical activity self-efficacy
and physical activity behaviour--and are they the same? Health Educ Res 2011 Apr;26(2):308-322. [doi: 10.1093/her/cyr005]
[Medline: 21321008]

Buchholz SW, Wilbur J, Ingram D, Fogg L. Physical activity text messaging interventions in adults: a systematic review.
Worldviews Evid Based Nurs 2013 Aug;10(3):163-173. [doi: 10.1111/wvn.12002] [Medline: 23746267]

Iribarren SJ, Brown W, Giguere R, Stone P, Schnall R, Staggers N, et al. Scoping review and evaluation of SM S/text
messaging platformsfor mhealth projectsor clinical interventions. Int JMed Inform 2017 May;101:28-40 [ FREE Full text]
[doi: 10.1016/j.ijmedinf.2017.01.017] [Medline: 28347445]

Schilling L, Bennett B, Bull S, Kempe A, Wretling MP, Staton E. University of Colorado Denver. 2013. Text Messaging
in Healthcare Research Toolkit: The Center for Research in Implementation Science and Prevention (CRISP)URL :http:/
Iwww.ucdenver.edu/academi cs/colleges/medi cal school /programs/crisp/trai ning/tool kits/textingtool kit/Documents/
Text%20M essaging%20in%20Heal thcare%20Research%20Tool kit%202.pdf [accessed 2019-08-22]

Australian Communications and Media Authority. 2009. Use of Digital Media and Communications by Senior
AustraliansURL : https://www.acma.gov.au/theACM A/use-of -di gital -medi a-and-communi cati ons-by-seni or-australians
[accessed 2017-01-20]

Kohut A, Wike R, Horowitz M, Simmons K, Poushter J, Barker C, et al. Pew Research Center. 2011. Global Digital
Communication: Texting, Social Networking Popular WorldwideURL :https://www.pewresearch.org/global /2011/12/20/
global -digital -communi cati on-texting-soci al -networking-popul ar-worldwide/ [accessed 2019-08-22]

Abbreviations

BCT: behavior change technique

BCW: Behavior Change Wheel

COM-B: Capahility, Opportunity, Motivation model of behavior
MMS: multimedia messaging service

RCT: randomized controlled trial

TDF: Theoretical Domains Framework

Edited by G Eysenbach; submitted 08.05.19; peer-reviewed by F Barker, T Jiang; comments to author 31.05.19; revised version
received 24.07.19; accepted 27.07.19; published 01.01.19

Please cite as:

Nelligan RK, Hinman RS, Atkins L, Bennell KL

A Short Message Service | ntervention to Support Adherence to Home-Based Srengthening Exercisefor PeopleWth Knee Osteoarthritis:
Intervention Design Applying the Behavior Change Wheel

JMIR Mhealth Uhealth 2019; 7(10): €14619

URL: https://mhealth.jmir.org/2019/10/€14619

doi: 10.2196/14619

PMID:

©Rachel K Nelligan, Rana S Hinman, Lou Atkins, Kim L Bennell. Originally published in JIMIR Mheath and Uhealth
(http://mhealth.jmir.org), 02.10.2019. Thisis an open-access article distributed under the terms of the Crestive CommonsAttribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in IMIR Mhealth and Uhealth, is properly cited. The complete bibliographic
information, alink to the original publication on http://mhealth.jmir.org/, as well asthis copyright and license information must
be included.

https://mhealth.jmir.org/2019/10/€14619 JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 10 | €14619 | p. 12

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1093/her/cyr005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21321008&dopt=Abstract
http://dx.doi.org/10.1111/wvn.12002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23746267&dopt=Abstract
http://europepmc.org/abstract/MED/28347445
http://dx.doi.org/10.1016/j.ijmedinf.2017.01.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28347445&dopt=Abstract
http://www.ucdenver.edu/academics/colleges/medicalschool/programs/crisp/training/toolkits/textingtoolkit/Documents/Text%20Messaging%20in%20Healthcare%20Research%20Toolkit%202.pdf
http://www.ucdenver.edu/academics/colleges/medicalschool/programs/crisp/training/toolkits/textingtoolkit/Documents/Text%20Messaging%20in%20Healthcare%20Research%20Toolkit%202.pdf
http://www.ucdenver.edu/academics/colleges/medicalschool/programs/crisp/training/toolkits/textingtoolkit/Documents/Text%20Messaging%20in%20Healthcare%20Research%20Toolkit%202.pdf
https://www.acma.gov.au/theACMA/use-of-digital-media-and-communications-by-senior-australians
https://www.pewresearch.org/global/2011/12/20/global-digital-communication-texting-social-networking-popular-worldwide/
https://www.pewresearch.org/global/2011/12/20/global-digital-communication-texting-social-networking-popular-worldwide/
https://mhealth.jmir.org/2019/10/e14619
http://dx.doi.org/10.2196/14619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

