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Abstract  

Knee osteoarthritis (OA) is one of the most common musculoskeletal conditions. Knee 

OA imposes a substantial individual and societal burden. This burden is projected to 

increase due to rising obesity rates and an ageing population and become unsustainable 

for healthcare systems within the next 15 years. In light of this, it is unacceptable that 

many people with knee OA are not participating in evidence-based and recommended 

treatments, such as strengthening exercise and physical activity. This is in part due to 

issues of access to suitably trained health professionals to prescribe and support 

recommended exercise as well as the challenges people with knee OA experience 

adhering to regular exercise.   This thesis will explore a novel and scalable method of 

delivering and supporting evidence-based exercise management to people with knee OA. 

Specifically, this thesis will develop and rigorously evaluate a self-directed digitally-

delivered exercise intervention for people with knee OA.  

 

Study One involved the development of a 24-week automated mobile phone text message 

intervention to support exercise adherence for people with knee OA. This study used the 

Behaviour Change Wheel framework which guided the application of evidence and 

behaviour change theory. The intervention was designed to promote participation in 

weekly knee strengthening exercise by targeting common exercise facilitators and 

barriers experienced by people with knee OA. 

 

Study Two reports the methodology of a two-arm parallel-design, assessor- and 

participant-blinded randomised controlled trial. This study was designed to evaluate a 

digitally-delivered intervention combining web-based OA and exercise information, 
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physical activity guidance and prescription of a 24-week self-directed knee strengthening 

regimen (the My Knee Exercise website) supported by the mobile phone intervention 

designed in Study One, compared to web-based OA and exercise information only 

(control), in people with knee OA. Primary outcomes were overall knee pain and physical 

function (WOMAC function), at 24-weeks. 

 

Study Three presents the results of the RCT described in Study Two. In this study 206 

people with clinically diagnosed knee OA were recruited from the community across 

Australia and randomised into one of the two groups. Study findings demonstrate that the 

self-directed, digitally-delivered exercise intervention resulted in greater improvements 

in pain and function at 24 weeks, compared to internet-delivered education alone in 

people with knee OA. These findings may be clinically relevant on a population level. 

 

Study Four qualitatively explored participants’ experience and perceptions of using the 

self-directed digitally-delivered exercise intervention (n=16). Participants had overall 

positive experiences with the intervention, valuing its simplicity and comprehensiveness, 

and most appreciated the regular text message contact as an exercise prompt. However, 

the messages evoked feelings of guilt for some if weekly exercise was not possible. 

Additionally, a human presence associated with the intervention appeared important.   

 

Study Five involved a secondary analysis of data from Study Four and explored if certain 

baseline participant characteristics were potential moderators of the effect of the self-

directed digitally-delivered exercise intervention on changes in pain and function at 24 

weeks, compared to the control. Except for pain self-efficacy, which moderated change 
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in function but not pain, only weak evidence was found that the selected baseline patient 

characteristics moderated intervention outcomes. 

 

Collectively, findings of this thesis demonstrate the unsupervised, free-access 

intervention is an acceptable and efficacious method of providing recommended 

evidence-based exercise to people with knee OA. Findings of this thesis will inform 

intervention modifications and can be used to guide the design of future digitally-

delivered exercise interventions in people with knee OA or other chronic conditions 

where exercise is a core treatment.  
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Chapter One  

Introduction and overview  

 

Knee osteoarthritis (OA) causes pain and disability and is one of the most common 

musculoskeletal conditions. With rising obesity rates and an ageing population, 

projections suggest that the burden of knee OA will become unsustainable for healthcare 

systems within the next 15 years, globally. Considering this, it is unacceptable that many 

people with knee OA are not receiving evidence-based core recommended care, such as 

strengthening exercise and physical activity, which are known to improve symptoms. A 

significant challenge for many people is limited access to services and facilities as well 

as a scarcity of appropriately trained health professionals to support exercise uptake and 

maintenance. 

  

Evidence indicates that people with knee OA are increasingly seeking information about 

their condition from internet sources. Unfortunately, the quality of this information is 

highly variable. Reputable OA organisations do provide freely available exercise and 

physical activity information online, but this tends to lack clear instruction about how to 

implement an exercise program or physical activity plan, which can prevent people from 

exercising to manage their condition. Furthermore, people with knee OA typically find it 

challenging to adhere to prescribed or self-directed exercise for a variety of reasons (e.g. 

lack of support, cost) which may be a reason why the clinical benefits of exercise are 

modest in the short term and decline over time.  
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There is an urgent need to explore novel ways of delivering and supporting evidence-

based exercise management for people with knee OA. To address this, this thesis will aim 

to develop and rigorously evaluate a scalable, self-directed digitally-delivered 

intervention to support people with knee OA participate in evidence-based exercise 

management. Firstly, this thesis will develop an automated intervention to facilitate 

exercise adherence for people with knee OA, using evidence and behaviour change 

theory. This thesis will then design and describe a protocol for a large-scale, randomised 

controlled trial (RCT) to evaluate a fully self-directed, digitally-delivered, exercise 

intervention for people with knee OA and present and summarise the findings of this 

RCT. This thesis will also quantitatively explore the experience and perceptions of a 

sample of people who use the self-directed intervention in the RCT to better understand 

its acceptability and usefulness. Findings of the qualitative study will also inform 

potential intervention modifications. Finally, this thesis will explore if certain participants 

with specific characteristics respond more or less favourably to the self-directed, 

digitally-delivered intervention. Findings from this thesis will provide robust evidence 

regarding the efficacy and acceptability of a novel self-directed exercise intervention and 

may inform future research exploring new models of delivering evidence-based 

management to people with knee OA.  

 

Chapter two provides a review of the literature relevant to this thesis. This section will 

describe OA including prevalence and burden and will discuss recommended OA 

management focussing on the first-line treatments of education, exercise and physical 

activity. Discrepancies between recommended and actual OA care and contributing 
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factors will be discussed. Finally, the use of digital technologies and behaviour change 

theory to support exercise participation in people with knee OA will be presented. 

 

Chapter three outlines the development of an automated mobile phone text message 

intervention, designed to support regular participation in home-based strengthening 

exercise for people with knee OA. This was done using the Behaviour Change Wheel 

framework which guided the application of evidence and theory. This study has been 

published in JMIR mHealth and uHealth. 

 

Chapter four reports a protocol for an RCT evaluating a self-directed digitally-delivered 

intervention consisting of an internet-delivered education, exercise and physical activity 

program, supported by the mobile phone text message intervention described in Chapter 

three, for people with knee OA. This study has been published in BMC Musculoskeletal 

Disorders. 

 

Chapter five evaluates and presents the results of the large-scale RCT (n=207) evaluating 

the self-directed, digitally-delivered intervention compared to internet delivered 

educational information, on changes in pain and function at 24 weeks, in people with knee 

OA. This study has been published in JAMA Internal Medicine. 

 

Chapter six explores the experience and perceptions that people with knee OA have 

toward using the self-directed digitally-delivered intervention. This was done via a 

qualitative study which included a sample of participants (n=16) involved in the 

intervention arm of the RCT. Semi-structured telephone interviews were conducted with 
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participants within two months of completing their involvement in the RCT. Transcripts 

were transcribed and thematically analysed. This study has been published in JMIR 

Rehabilitation and Assistive Technologies. 

 

Chapter seven investigates if sub-groups of people respond more or less favourably to 

the self-directed, digitally-delivered intervention compared to the control. This was done 

via a secondary analysis of RCT data exploring if selected baseline participant 

characteristics moderated the effect of the self-directed, digitally-delivered intervention 

on changes in pain and function at 24 weeks, compared to the control. This study is in 

revision following peer-review by Journal of Medical Internet Research. 

 

Chapter eight summarises the main findings of this thesis and their implications. The 

strengths and weaknesses of the research are also identified and directions for future 

research presented.  
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Chapter Two  

Literature Review 

 
2.1. Osteoarthritis  

Osteoarthritis is highly prevalent and is a leading contributor to the burden of disease 

globally (Cross et al., 2014) with the knee being the most commonly identified and 

studied joint (Pereira et al., 2011). For the person with OA, joint pain and stiffness, and 

reduced physical function can lead to inactivity, disability and reduced quality of life 

(Dieppe et al., 2000; Sharma et al., 2003). This section will define OA describing the 

pathophysiology, diagnosis, prevalence and incidence with a focus on knee OA as it is 

the focus of this thesis. 

 

2.1.1. Pathophysiology 

Osteoarthritis (OA) is a condition of synovial joints (Nuki, 1999). Originally, OA was 

defined simplistically as ‘wear and tear’ of a joint’s articular cartilage. We now know OA 

is far more complex, involving mechanical, inflammatory, and metabolic factors which 

affect the entire joint (Hunter et al., 2009; Man et al., 2014). Joint changes are 

heterogeneous, varying from person to person, and can include loss of articular cartilage, 

altered subchondral bone, formation of osteophytes, bone marrow lesions, meniscal 

breakdown, and changes in the synovium, joint capsule, ligaments and surrounding 

muscles (Man et al., 2014; Nuki, 1999). Much remains unknown regarding the 

pathogenesis of OA. Current understanding is that joint changes are dynamic and occur 

because of failed remodelling, when there is an imbalance between repair and destruction 
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of joint tissues (Fu et al., 2018). Beyond local tissue changes, biopsychosocial factors and 

altered pain processing (peripheral and central sensitisation) contribute to the experience 

of OA pain (Caneiro et al., 2020; Fu et al., 2018). Figure 2.1 summarises the vast range 

of factors that can contribute to the experience of OA pain. 

 

 

Figure 2.1 The cause of pain in osteoarthritis within a biopsychosocial model.  
Taken from Hunter et al. (2019). 
 

2.1.2. Diagnosis 

Clinical criteria are recommended to diagnose OA.  The National Institute for Health & 

Care Excellence (NICE) clinical criteria state an OA diagnosis is made if a person is 45 

years or over, has activity-related joint pain, and no morning joint stiffness or morning 

joint stiffness lasting no more than 30 minutes (NICE, 2014). The NICE clinical criteria 

are recommended for use in primary care (NICE, 2014; Skou et al., 2020) and have been 
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used throughout this thesis. Plain radiographs (x-rays) were historically used to diagnose 

OA as they can identify joint changes (e.g. joint space narrowing, osteophytes, deformity) 

(Kellgren et al., 1957). However, there is a poor link between joint changes observed on 

imaging (x-ray, magnetic resonance imaging) and OA symptoms (Bedson et al., 2008; 

Javaid et al., 2012). For example, someone with significant joint deformity on x-ray may 

have minimal pain or disability, and conversely someone may have minimal changes on 

x-ray and experience severe joint pain. Therefore, joint imaging is no longer 

recommended for the diagnosis of OA and should only be used if an alternate diagnosis 

could be possible (Sakellariou et al., 2017) 

 

2.1.3. Prevalence and incidence  

Osteoarthritis is a highly prevalent and chronic joint condition with the knee being the 

most commonly identified and studied joint (Pereira et al., 2011). Calculating the precise 

prevalence and incidence of OA is challenging as a variety of self-report, radiographic 

and symptomatic (clinical plus radiographic) classifications are used to diagnose OA 

across individual studies. (Pereira et al., 2011).  The most recent global estimates of 

prevalent cases of hip and knee OA are from an analysis of the Global Burden of Disease 

Study 2017 (Safiri et al., 2020). This study identified 303.1 million cases of hip and knee 

OA (symptomatically defined) across 195 countries and an age-standardised prevalence 

estimate of 3,754.2 per 100,000 (3.8%), an increase of 9.3% compared to 1990 estimates. 

Global prevalence was higher in women and peaked at 60–64 years. (Figure 2.2). The 

same study provides the most up-to-date estimates of global incidence of knee and hip 

OA, reporting an age-standardised incidence rate of 181.2 per 100,000 population in 

2017, an 8.2% increase from 1990 estimates. This study found incidence peaked at 55-59 
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years of age while prior studies have identified incidence peaking at around 75-85 years 

(Prieto-Alhambra et al., 2014; Yu et al., 2015). 

 

In Australia, it was estimated that over 2.2 million people (9.3%) had OA in 2015 (based 

on a self-reported diagnosis) with predictions estimating a 50% increase by 2030 due to 

rising obesity rates and increases in the average population age (Ackerman et al., 2018). 

Data from the Australian Bureau of Statistics in 2019, found 10% of females and 6.1% 

of males had OA in Australia and although OA affects people of all ages, prevalence 

sharply increased from 45 years (Figure 2.3) (AIHW, 2020b).  Osteoarthritis is also more 

prevalent in regional areas. The Australian Bureau of Statistics estimates that around 25% 

of people aged 45 years and over in inner and outer regional areas had OA in 2017-18, 

compared to 19% in major cities. (AIHW, 2020b).  
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Figure 2.2 Global number of prevalent cases and prevalence estimates of osteoarthritis 
per 100 000 population by age and sex, 2017; Dotted and dashed lines indicate 95% 
upper and lower uncertainty intervals, respectively. Taken from Safiri et al. (2020). 
 
 
 

 
Figure 2.3 Australian prevalence of self-reported OA, by age and sex, 2017-18.  
Taken from the Australian Institute of Health and Welfare (2020b). 
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2.1.4. Risk factors  

Osteoarthritis risk factors are defined as non-modifiable and modifiable (Fu et al., 2018; 

Georgiev et al., 2019). Of the non-modifiable risk factors, ageing is reported to have the 

greatest impact on OA prevalence and incidence (Prieto-Alhambra et al., 2014; Safiri et 

al., 2020). This is potentially due to the cumulative effects of other risk factors (e.g. joint 

injuries) as well as age-related cellular processes (e.g. oxidative stress) (Loeser, 2017). 

Additionally, female sex and genetic predisposition are strong non-modifiable risk factors 

(Silverwood et al., 2015; Valdes et al., 2011). Modifiable risk factors are those which are 

amenable to change (or preventable) and therefore can be targeted by prevention and/or 

treatment (e.g. exercise). A strong modifiable risk factor is overweight or obesity. A 

recent UK based study of individual-level data from 384,838 participants found robust 

evidence that higher body mass index (BMI) is a major causal risk factor for knee OA 

across all age groups and sexes (Funck‐Brentano et al., 2019). Other studies have also 

demonstrated the positive effect of weight loss on OA symptoms (Hall et al., 2019; Webb 

et al., 2021). However, the effect weight loss has on structural OA joint changes remains 

unclear (Daugaard et al., 2020). Muscle weakness is another modifiable risk factor. A 

meta-analysis including over 5,700 people with knee OA demonstrated that weakness in 

the quadriceps was associated with an increased risk of developing knee OA in both men 

and women (Øiestad et al., 2015). Other modifiable risk factors with moderate to strong 

evidence supporting them include previous joint injury, comorbidities (e.g. diabetes and 

depression), occupational risk (through force exertion and increased injury incidence) and 

other biomechanical factors (e.g. joint malalignment) (Georgiev et al., 2019; Silverwood 

et al., 2015; Wang et al., 2020). 
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2.2. The burden of osteoarthritis  

The impact of OA on the individual and economies worldwide is considerable. OA is a 

leading cause of disability and was ranked the 12th highest contributor to global disability 

in 2016 (GBD 2016 Disease and Injury Incidence and Prevalence Collaborators, 2017). 

Globally, nearly 9.6 million years lived with disability (YLD) were attributed to OA, with 

an age-standardised YLD rate of 118.8 per 100,000 population (Safiri et al., 2020). 

Evidence suggests the knee accounts for 80% of the total OA burden, which is largely 

attributed to total knee joint replacement surgeries (Vos et al., 2016). Figure 2.4 

summarises the vast range of direct, indirect and intangible costs contributing to the 

overall OA burden. As there is no known curative treatment for OA and with an ageing 

population, rising obesity rates and inadequate implementation of recommended 

evidence-based treatments, the OA burden is predicted to overwhelm health systems in 

the next decade (Ackerman et al., 2016; Ackerman et al., 2019).   

 

Figure 2.4 The burden of OA is measured in not only direct and indirect financial costs, 
but also in intangible costs to the individual. Taken from Hunter et al. (2014). 
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2.2.1. Individual burden  

For the individual, pain and impaired physical function lead to disability and reduced 

quality of life (Hunter et al., 2014). Stiffness, swelling, joint instability and crepitus are 

also typical features of OA (Hunter et al., 2009). A systematic review of qualitative 

studies (21 studies and 665 people with knee OA) provides valuable insights into the lived 

experience of people with knee OA (Wallis et al., 2019). This review found pain and pain 

management was a major concern for people with knee OA. People also reported that OA 

affected their ability to function and socialise, their emotional wellbeing and 

psychological health, and often forced life adjustments which resulted in feelings of loss 

and grief.    

 

The primary symptom causing people with knee OA to seek treatment is pain. Pain is 

typically activity-related and linked to weight-bearing activities. However, pain can 

progress and become constant, experienced even at rest (e.g. night pain), as the condition 

progresses (Dieppe et al., 2000; Fu et al., 2018; Neogi, 2013).  Symptom ‘flares’ are 

characteristic in OA and defined as transient symptoms that are different from the usual 

and last for a few days. They can resolve spontaneously or may require treatment 

(Guillemin et al., 2019). Regarding functional limitations, people with lower limb OA 

experience difficulties with activities of daily living including standing and sitting down, 

walking and ascending/descending stairs (Clynes et al., 2019; Stamm et al., 2016). Pain 

and functional limitations are associated with reduced physical activity, social 

participation and poor mental health (Briggs et al., 2016; Perruccio et al., 2020).  
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People with OA are also more likely to develop comorbidities including heart failure, 

dementia, liver diseases, irritable bowel syndrome, gastrointestinal bleeding and other 

musculoskeletal conditions (Swain et al., 2021) as well as diabetes, cardiovascular 

disease and mental health conditions (Caughey et al., 2008). In fact, people with OA may 

be 1.2 times more likely to have at least one comorbidity and 2.5 times more likely to 

have 3 or more comorbidities compared to people without OA (Swain et al., 2020). Also, 

the presence of comorbidities is predictive of further worsening of OA symptoms 

(Calders et al., 2018). Furthermore, approximately 20% of people with knee OA 

experience symptoms of depression and/or anxiety (Stubbs et al., 2016). People with knee 

OA may also have an increased likelihood of premature mortality compared to people 

without OA (Leyland et al., 2021; Veronese et al., 2016; Xing et al., 2016). A participant-

level meta-analysis of over 100,000 people from four countries found people with knee 

pain had a 35–37% increased association with reduced time-to all-cause mortality, 

independent of the cofounders age, sex, race, BMI, smoking, alcohol, cardiovascular 

disease, or diabetes. (Leyland et al., 2021). Finally, it is important to acknowledge people 

living regionally and in low- and middle-income countries face a greater burden due to 

the disparities in healthcare related to social determinants, the built environment, and 

access to healthcare (Briggs et al., 2016; Luong et al., 2012).  

 

2.2.2. Socioeconomic burden 

Osteoarthritis presents a significant challenge for health systems and economies. In 

Australia, direct healthcare costs of OA were estimated to be over $2.1 billion in 2015 

(Ackerman et al., 2016).  In the US, a more densely populated country with higher rates 

of obesity, incremental direct medical costs associated with OA were $65.5 billion, 
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annually (estimates calculated between 2008-2014) (United States Bone and Joint 

Initiative, 2020). The majority of direct healthcare expenditure on OA relates to hospital 

admissions for elective joint replacement surgeries (Hunter et al., 2014). In Australia, 

between 2008–09 and 2017–18, the age-standardised rate of total knee replacements 

increased by 27% (144 to 183 per 100 000 population) (AIHW, 2020b). Data from the 

Australian Orthopaedic Association National Joint Replacement Registry estimates 

annual knee replacement procedures have increased by 133% between 2003-2019 (Figure 

2.5) (Australian Orthopaedic Association National Joint Replacement Registry, 2020). 

Other Australian estimates suggest knee joint replacements will increase by 276% from 

2013-2030, costing $5.32 billion. This is predicted to be unsustainable for the Australian 

healthcare system (Ackerman et al., 2019). For the management of knee OA, joint 

replacement is only recommended for end stage OA and after non-surgical treatments 

have been exhausted (Bannuru et al., 2019; Kolasinski et al., 2020; NICE, 2014). 

However people with OA are not participating in recommended non-surgical treatments 

such as education and exercise (Basedow et al., 2015; Hagen et al., 2016; Hinman et al., 

2015), which can prevent surgery. It is estimated that with improved uptake of 

recommended non-surgical treatments for people with severe knee OA, the demand for 

joint replacements would reduce resulting in substantial savings for the Australian 

healthcare system of more than $233 million by 2030 (Ackerman et al., 2016).  

 

Indirect costs of OA are reported to be considerable. However, they are challenging to 

measure and are typically underreported. Estimates suggest indirect costs of OA are five 

times higher than direct costs (Arthritis and Osteoporosis Victoria, 2013) and relate to 

reduced productivity due to time taken off work, reduced capacity while at work, early 



Chapter Two: Literature Review 
 
 

 43 

retirement and premature death (Hunter et al., 2014). In 2007, Australian economic costs 

of OA were estimated to be $23.9 billion, with $3.7 billion a result of early retirement 

due to arthritis (Arthritis Australia, 2007). In the absence of more recent estimates, current 

costs would be considerably higher.  Considering the high prevalence of OA, its 

considerable individual and socioeconomic burden, and the prediction that this burden 

will soon become unsustainable for healthcare systems, there is an urgent need to explore 

novel ways of delivering effective, evidence-based OA management, at scale across 

populations.  

 

 

Figure 2.5 Number of knee replacement procedures performed per year in Australia. 
Taken from the Australian Orthopaedic Association National Joint Replacement 
Registry (2021). 
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2.3. Osteoarthritis management 

As OA has no known cure, management focuses on controlling symptoms and optimising 

quality of life. Typically, people with OA self-manage their condition in the community 

supported by General Practitioners (GPs) (Brand et al., 2014). The Bettering the 

Evaluation and Care of Health (BEACH) program, a continuous cross-sectional study of 

GP activity in Australia (Britt et al., 2013), has been analysed in several studies to 

highlight the high frequency of OA presentation in primary care. An analysis of The 

BEACH program data between 2005-2010 identified that GP encounters for OA 

management were very common, at a rate of 26.4 per 1,000 (Brand et al., 2014).  Another 

analysis conducted between 2012-16, estimated OA was one of the most prevalently 

diagnosed chronic conditions a GP encounters (22.7%), second to hypertension (26.5%) 

(Harrison et al., 2017). To assist clinicians better manage OA in the community, OA 

clinical guidelines provide evidence-based recommendations for the diagnosis and non-

surgical management of knee OA. However, the actual management of knee OA in the 

community can be incongruous with these recommendations. This section will firstly 

summarise evidence-based, recommended knee OA management, focusing on education, 

exercise and physical activity which are relevant to this thesis. Subsequently the actual 

management of knee OA in the community will be discussed, highlighting common 

evidence-to-practice gaps. 

 

2.3.1. Overview of recommended knee OA management  

A holistic approach to the assessment and management of the person with knee OA is 

recommended (NICE, 2014). Assessment should be patient-centred and encompass a 

biopsychosocial understanding of OA, covering all of the domains known to contribute 
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to a person’s OA experience (Figure 2.6). Multiple knee OA clinical guidelines exist 

(Table 2.1) (Bannuru et al., 2019; Kolasinski et al., 2020; NICE, 2014; The Royal 

Australian College of General Practitioners, 2018) and are all in agreement  

recommending self-management, education, exercise, physical activity and weight loss 

(if indicated), as first-line treatments (Hunter et al., 2019). Figure 2.7 summarises the 

NICE Guidelines for the management of OA (NICE, 2014). As education, exercise and 

physical activity are the focus of this thesis they will be discussed in more detail in 

subsequent sections. Recommended adjunct treatments include supportive footwear, 

assistive devices (e.g. walking stick, knee brace) and topical non-steroidal anti-

inflammatory drugs (NSAIDs). Oral NSAIDs are recommended for short-term use only, 

where not contraindicated (e.g. gastrointestinal comorbidity). The use of paracetamol is 

more controversial with recommendations inconsistent across guidelines.  The recent 

review of the Osteoarthritis Research Society International (OARSI) Guidelines to 

address non-surgical management of Knee, Hip and Polyarticular OA recommend against 

the use of paracetamol for knee OA based on evidence of its lack of effect (Bannuru et 

al., 2019), whereas the NICE guidelines recommend (NICE, 2014) and the revised 2019 

American College of Rheumatology Guideline for the Management of Osteoarthritis of 

the Hand, Hip, and Knee (Kolasinski et al., 2020) conditionally recommend paracetamol 

for short-term episodic use. Oral or transdermal opioids are strongly recommended 

against in some guidelines due to their risk of dependency and questionable effects on 

pain (Bannuru et al., 2019; Practitioners, 2018). However, they are recommended with 

caution in others (Kolasinski et al., 2020; NICE, 2014). There is strong agreement that 

arthroscopic surgery is not recommended for people with knee OA, based on questionable 

outcomes and potential serious adverse effects (Thorlund et al., 2015). For end stage 



Chapter Two: Literature Review 
 
 

 46 

management, total joint replacement surgery is considered an effective treatment for knee 

OA and is recommended in the presence of severe pain, functional limitations and only 

after appropriate non-surgical, first-line treatments have been exhausted (NICE, 2014).  

Total joint replacement effectively reduces pain and improves function (Neuprez et al., 

2020; Skou et al., 2015), although it is also associated with serious adverse events (Skou 

et al., 2015). Furthermore, around 12-20% of people do not experience clinically 

meaningful improvements in pain and function following a joint replacement, suggesting 

that the procedure may not be suitable for all people with knee OA (Dowsey et al., 2016). 

The following two sections will focus on the core recommended first-line treatments; 

education and physical activity and exercise. 
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Figure 2.6 The holistic assessment of a person with OA. Taken from National Institute 
for Health and Care Excellence (2014). 
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Figure 2.7 NICE recommended OA treatment options. Taken from the National Institute 
for Health and Care Excellence (2014). NSAIDs = non-steroidal anti-inflammatory 
drugs. 
 
Table 2.1 Summary of OA treatment guidelines 

Recommendation NICE ACR OARSI RACGP 
Non-pharmacological 
treatments     

Education √ √ √ √ 
Muscle strengthening exercise √ √ √ √ 
Aerobic fitness √ √ √ √ 
Weight loss √ √ √ √ 
Assistive walking devices √* √ √* √* 
Acupuncture X √* - X* 
Pharmacological treatments     
Topical NSAIDs √ √ √ ≈ 
Oral NSAIDs √* √ √* √* 
Paracetamol √ √* X* ≈ 
Opioids √* X* X X 

 
NICE = National Institute for Health and Care Excellence; ACR = American College of 
Rheumatology; OARSI = Osteoarthritis Research Society International; RACGP = 
Royal Australian College of General Practitioners; NSAID = non-steroidal anti-
inflammatory drugs. *conditional; ≈ neutral recommendation. 
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2.3.2. Recommended educational information for the management of knee OA 

All current guidelines recommend that people with OA should be provided with 

educational information about their condition and its management. Although there is a 

paucity of evidence demonstrating the effect of education alone on OA symptoms 

(Bannuru et al., 2019), improving people’s knowledge of OA aetiology, prognosis and 

management can support the uptake of other recommended core treatments, such as 

exercise (French et al., 2015; Gay et al., 2016). A Cochrane review has evaluated the 

effectiveness of self-management education programs and found moderate-quality 

evidence suggesting they provide small benefits in self-management skills, pain, and 

function for up to 21 months for people with OA when compared with usual care (Kroon 

et al., 2014). However, the clinical relevance of the magnitude of effect is questionable.  

Nevertheless, the importance of education in the management of OA is undisputed across 

all clinical guidelines (Bannuru et al., 2019; Kolasinski et al., 2020; NICE, 2014; The 

Royal Australian College of General Practitioners, 2018). Furthermore, people with OA 

want to receive educational information to be better informed about their condition (Chou 

et al., 2018; Kamsan et al., 2020). A qualitative study explored the lived experiences of 

20 urban and rural community-dwelling seniors with OA (Ali et al., 2018). This study 

found that participants were seeking greater access to OA specific information, 

particularly early after diagnosis, to prevent the propagation of myths. This is important 

as misconceptions about the aetiology of OA and its prognosis can impede the uptake of 

recommended non-surgical management causing people to question the rationale, safety 

and effectiveness of evidence-based treatments such as exercise (Bunzli et al., 2019; 

Darlow et al., 2018; Hurley et al., 2018). Common misconceptions will be discussed 
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further in section 2.4.3. of this thesis. To change misconceptions, educational information 

must be evidence-based and reflect a modern understanding of the causes of OA and its 

progression. Key educational messages for people with hip and/or knee OA have been 

developed and should be used to inform the content of high quality OA educational 

information (Caneiro et al., 2020; French et al., 2015). These include messages that 

provide evidence-based information about OA and its management, reinforce the 

importance of exercise and physical activity and tackle common misconceptions. For 

example, OA is not an inevitable part of ageing, joint damage on an x-ray poorly relates 

to symptoms and surgery is often not required. Furthermore, the inclusion of educational 

components in internet-delivered interventions targeting physical activity has been shown 

to moderate their effect on physical activity (Davies et al., 2012). 

 

2.3.3. Recommended exercise and physical activity for the management of knee OA 

All current guidelines advocate exercise and physical activity as core treatments for knee 

OA irrespective of age, the presence of comorbidity, pain severity or disability (Bannuru 

et al., 2019; Kolasinski et al., 2020; NICE, 2014; The Royal Australian College of 

General Practitioners, 2018). A range of exercise types is beneficial for people with knee 

OA including land-based physical activity (Fernandopulle et al., 2017; Fransen et al., 

2015), hydrotherapy (Bartels et al., 2016), Tai chi (Hu et al., 2021), and lower limb 

strengthening (Hislop et al., 2020; Jansen et al., 2011; Raghava Neelapala et al., 2020; 

Tanaka et al., 2013). These have all been shown to positively impact OA symptoms in 

the short term. Furthermore, exercise appears to be safe for all people with knee OA, 

including those with multi-morbidity (Bricca et al., 2020; Jonathon et al., 2019).  
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The most up-to-date Cochrane review evaluated the effect of land-based exercise 

compared to no exercise, on pain and function in people with knee OA and included 54 

randomised controlled trials (RCTs) evaluating a wide range of land-based exercise 

programs including strengthening, aerobic, tai chi and balance. The majority of studies 

included some form of strengthening exercise. This review found that land-based exercise 

reduces knee pain (standardised mean difference -0.49, 95% confidence interval -0.39 to 

-0.59), and improves physical function (-0.52, -0.39 to -0.64) immediately after treatment 

(from 44 trials). These treatment effects are considered moderate and comparable to those 

reported in studies comparing NSAIDs and a placebo (Zhang et al., 2010). Improvements 

in pain and function were sustained in the longer term (two to six months), although 

treatment effects were downgraded to small. Furthermore, there was no evidence of 

differences in treatment effect between exercise type or delivery mode (i.e. home-based, 

individual or class-based exercise programs). Another systematic review also identified 

exercise, irrespective of type, may improve depression, social function and self-efficacy 

in people with hip and/or knee OA (Hurley et al., 2018).  

 

While one exercise type does not appear to be superior over another, guidelines 

recommend all people with knee OA participate in some form of structured lower limb 

strengthening exercise (NICE, 2014). Lower limb muscle weakness is common in people 

with knee OA (Deasy et al., 2016; Vårbakken et al., 2019) and contributes to functional 

decline (Culvenor et al., 2017). Also, there is evidence that gains in quadriceps strength 

moderate improvements in pain and physical function in knee OA (Bartholdy et al., 2017; 

Hall et al., 2018) and that quadriceps exercise in combination with resistance hip exercise 

may provide additional benefits in patient-reported outcomes above quadriceps exercise 
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alone (Hislop et al., 2020). Furthermore, a recent network meta-analysis comparing the 

effects of nonpharmacological and nonsurgical interventions on pain in people over 60 

years old with OA found evidence that strengthening exercise has the greatest long-term 

(>6 month) effect on pain reduction compared to other exercise interventions including 

walking programs, Tai Chi, yoga and aquatic exercise (Zhang et al., 2019). Taken 

together, these findings reinforce the importance of lower limb strengthening exercise as 

a core part of knee OA management.  

 

Although all guidelines recommended structured lower limb strengthening exercise for 

people with knee OA, guidelines are unable to provide specific exercise dosage 

recommendations. This is because the optimal prescription for strengthening exercise in 

people with knee OA remains unknown. This is in part due to the considerable variation 

in the duration, frequency and intensity of exercise protocols used in RCTs as well as the 

challenges of measuring actual versus prescribed exercise behaviour (Fransen et al., 

2015). Interestingly, a recent RCT comparing high-intensity strength training, low-

intensity strength training and an attention control found no evidence of a difference 

between the three treatments in reductions in knee pain or knee joint compressive forces, 

at 18 months (Messier et al., 2021). Nevertheless, evidence from systematic reviews 

suggests three strengthening exercise sessions a week may be sufficient for pain reduction 

in knee OA (Imoto et al., 2019; Juhl et al., 2014). While another systematic review of 45 

RCTs found evidence that exercise protocols meeting the American College of Sports 

Medicine (ACSM) criteria for strength training provide superior improvements in knee 

extensor strength, compared to protocols not meeting these criteria, in people with knee 

OA (Bartholdy et al., 2017). This may be relevant as improved knee extensor strength 
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may mediate pain reductions in people with knee OA (Hall et al., 2018). The ACSM 

criteria for strength training recommend an exercise intensity above 40% of 1 repetition 

maximum (40% corresponds to very light to light intensity and is recommended for 

sedentary individuals), volume of 2–4 sets of 8–12 repetitions (to contraction failure or 

muscular exhaustion), and a frequency of at least 2–3 sessions per week (American 

College of Sports Medicine et al., 2018). In the absence of exercise dosage 

recommendations in OA, the ACSM guidelines provide useful criteria to inform exercise 

prescription in people with knee OA.  

 

Increasing general physical activity is also recommended for people with knee OA for its 

benefits on both OA-specific and general health outcomes (Rausch Osthoff et al., 2018). 

For health benefits, the ACSM recommends all adults should be participating in 150 

minutes of moderate or 75 minutes of vigorous physical activity each week (American 

College of Sports Medicine et al., 2018). A recent umbrella review of systematic reviews 

and meta-analyses synthesised the effects of physical activity interventions on pain, 

physical function, health-related quality of life, and structural OA progression in knee 

and hip OA (Kraus et al., 2019). This review included data from 261 individual studies 

(25,924 participants) and found that recommended levels of physical activity (150 

minutes/week of moderate-intensity activity), and lower levels of physical activity (45 

min/week of moderate-intensity activity) were associated with improvements in function 

which were sustained for up to six months. This high-quality review also found no 

evidence that physical activity up to 10,000 steps per day resulted in accelerated 

progression of structural OA. With the proliferation of wearable devices containing 

accelerometers, daily step counting has become a readily accessible and popular means 
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of estimating and monitoring daily physical activity (Kraus et al., 2019). In people with 

or at risk of knee OA, greater levels of walking may in fact be protective against 

functional decline. A longitudinal study of 1,788 people with or at risk of knee OA 

investigated the association of step-defined daily walking with functional limitation over 

two years (White et al., 2014). This study found, at two years, that each additional 1 000 

steps walked per day was linked to reductions in functional limitation of 16% (objective 

measurement) and 18% (subjective measurement, respectively) and that 6,000 steps per 

day appeared to be the optimal target for people with knee OA.  

 

To summarise, all people with knee OA should be provided educational information 

about OA aetiology, management and prognosis as well as information which corrects 

commonly held misconceptions. People with knee OA should also be supported to 

participate in regular structured lower limb strengthening exercise and general physical 

activity to manage symptoms and improve OA outcomes.  

 

2.3.4. Actual knee OA management is inconsistent with recommendations   

Despite conclusive evidence of the beneficial effects of exercise and physical activity on 

OA symptoms (Verhagen et al., 2019) they remain underutilised in knee OA 

management, limiting their ability to meaningfully impact the individual and societal 

burden of OA. Research highlights the existence of evidence-practice gaps in OA primary 

care (Eyles et al., 2020). A systematic review examining the quality of community-based 

knee and hip OA care in the US, Canada, Europe and Australia found only one-third of 

people with OA were offered recommended education and exercise treatments (Bartels 

et al., 2016).  In Australia, an analysis of The BEACH dataset, between 2005 and 2010, 
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found referral to another health practitioner was the most frequently used non-

pharmacologic management by GPs for knee and hip OA with referral to an orthopaedic 

surgeon most common (Brand et al., 2014). While only 17% of all OA contacts were 

offered lifestyle management (such as education, exercise and weight management) 

Furthermore, up to 68 per cent of people on waiting lists for elective joint replacement 

surgery have not participated in appropriate first-line treatments (Arthritis Australia, 

2014). 

 

In Australia, exercise treatments are most commonly delivered by physiotherapists but 

people with OA are not being referred to physiotherapists. Brand and colleagues (Brand 

et al., 2014) found 3.2 % of people with knee OA were referred to a physiotherapist by 

their GP.  Another analysis of the BEACH dataset, between 2010 and 2015, investigated 

GP referral rates to physiotherapy (Dennis et al., 2018). From 487,400 encounter records, 

completed by 4,874 GPs, OA was in the top three commonly referred medical conditions 

to physiotherapy (8.6%). However, this was largely due to the frequency of OA 

presentations. When the researchers looked at both the frequency of OA presentations 

and the number of referrals the likelihood of someone with OA being referred to a 

physiotherapist was low (4.3% (95% CI 3.9 to 4.7).  Considering this, it is unsurprising 

that people with knee OA are not exercising at recommended levels. Past meta-analysis 

findings identify only 13% of people with knee OA as meeting physical activity 

guidelines in Australia (Wallis et al., 2013). More recent findings from an analysis of 

1,922 adults with or at high risk of knee OA identified less than 50% of men and 20% of 

women achieve the recommended 150 minutes of moderate-to-vigorous intensity 

physical activity each week (Chang et al., 2020). People with knee OA are also typically 
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sedentary. Findings from a cross-sectional study of 1,168 people with knee OA found that 

people with knee OA spent two-thirds of their day sedentary and that greater time spent 

sedentary was significantly associated with poorer physical function (Lee et al., 2015).  

 

Exercise adherence is also problematic in knee OA. Even if people with knee OA do 

commence appropriate exercise treatment, adherence beyond the short term can be poor 

(Nicolson et al., 2018). This may explain why the clinical benefits of exercise reduce over 

time (Fransen et al., 2015; Pisters et al., 2007).  Researchers have explored how self-

reported adherence to home-based exercise changes over time amongst people with knee 

OA (Nicolson et al., 2018). Pooled data from three RCTs of exercise interventions 

delivered by a physiotherapist, for people aged 50 years and over with clinical knee OA 

(n = 341), were used to investigate if distinct trajectories of adherence existed. In all three 

RCTs, self-reported exercise adherence was measured via an 11-point numerical rating 

scale at 12 weeks after baseline (when physiotherapist input ceased) and asked people if 

they had completed their exercise program as prescribed (terminal descriptors 0 = not at 

all, 10 = completely as instructed). Using latent class growth analysis, the researchers 

discovered three distinct trajectories of adherence (Figure 2.8); a ‘rapidly declining 

adherence’ group (n = 157, 47.4%) whose adherence declined rapidly from 12 to 22 

weeks and remained low; a ‘gradually declining adherence’ group (n = 153, 45.1%) 

whose adherence declined slowly from 12 to 75 weeks, and a ‘low adherence’ group (n 

= 21, 6.3%) whose adherence remained low from 12 to 75 weeks.  Declining adherence 

over time is problematic due to the chronic nature of knee OA. Therefore, to experience 

meaningful exercise-related health benefits people with knee OA need to make 

recommended exercise part of their daily lives. 
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In summary, people with knee OA are not participating in recommended first-line 

treatments due to suboptimal care in the community and the challenges they experience 

adhering to recommended exercise treatments. To support people with knee OA 

participate in exercise and increase their physical activity levels, barriers and facilitators 

need to be identified and strategies implemented to improve access to appropriate 

evidence-based exercise and support exercise adherence and behaviour change. 
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Figure 2.8 Individual trajectories of adherence over time, assuming all participants 
follow a common trajectory, and for the optimal three group model. The “smoothed” 
adherence, constructed using loess, is shown with confidence intervals shaded in grey. 
Taken from Nicolson et al. (2018). 

 

 

2.4. Barriers and facilitators to exercise and physical activity participation 

A vast range of factors contribute to the poor rates of exercise participation reported in 

people with knee OA. Barriers are experienced by both primary care clinicians, relating 

to the provision of exercise, and by people with knee OA regarding commencing and 

adhering to exercise. Understanding the barriers and targeting those that are modifiable 

are needed to maximise the clinical benefits of exercise. A systematic review and 

evidence synthesis of qualitative studies investigated primary care clinicians' barriers and 



Chapter Two: Literature Review 
 
 

 59 

enablers to OA management according to clinical practice guidelines (Egerton et al., 

2017). Eight studies were included involving 83 GPs, 24 nurses, 12 pharmacists and 10 

physiotherapists. This review identified several barriers and no enablers (Table 2.2). 

Barriers included clinicians’ trivialisation of OA resulting in the prioritisation of other 

health conditions during consultations and that clinicians felt ill-prepared to deliver 

recommended OA management. A scoping review of 23 studies (4,633 participants) also 

identified key barriers and facilitators for people with hip and/or knee OA to participation 

in intentional exercise. Barriers and facilitators were synthesised according to the 

domains of a behaviour change framework, the Theoretical Domains Framework (TDF) 

(Table 2.3) (Dobson et al., 2016). This review found facilitators related to the domains of 

reinforcement (e.g. pain improvement, encouragement from health professional) and 

environmental context and resources (e.g. easy access to suitable, low-cost classes) and 

barriers related to beliefs about consequences and capabilities of exercise participation 

(e.g. exercise has limited effectiveness for OA, exercising would result in increased 

symptoms), as well as the environmental context and resources (e.g. access to facilities, 

costs of exercise programs). The factors relevant to this thesis will be elaborated upon in 

the following sections. 
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Table 2.2 Primary care clinicians' barriers and enablers to the management of 
osteoarthritis. Adapted from Egerton et al. (2017). 

Barrier Theme  Subtheme Description  
OA is not that serious Trivialisation 

because of perceived 
inevitability 

Trivialisation of a problem that is believed to be 
inevitable as GPs consider OA to be an anticipated part of 
normal aging 

 A comorbidity that 
might seem less 
important 

Despite GPs seeing OA as a frequently occurring 
comorbidity, it is perceived to be of relatively less 
importance and leads to prioritisation of other health 
conditions. 

Clinicians are, or 
perceive they are, 
under-prepared 

Clinicians lack 
knowledge about 
recommended 
practice 

Some clinicians' comments demonstrated that they, or 
their colleagues, were not familiar with specific 
treatments recommended in clinical practice guidelines. 

 Problems with the 
guidelines 
 

Clinicians perceived that the guidelines lacked clarity or 
specificity. They indicated that there are issues with how 
guidelines are written, for example, the level of detail 
they provide and whether they are easily implementable 
in clinical practice. 

 Feeling under-
prepared 

Some clinicians perceive they are inadequately prepared 
in terms of knowledge to treat patients with OA. 

Personal beliefs at 
odds with providing 
recommended 
practice 

Negativity 
 

Clinicians seem to have negative attitudes about the 
disease progression and about managing the condition, 
which may lead to apathy or avoidance when managing 
people with OA. 

 Beliefs about patient 
adherence 

Many clinicians expressed frustration with the difficulty 
that patients have in adhering to recommended treatment. 
They believed that patients cannot or will not adhere to 
advice or make the suggested lifestyle changes. 

 Doubts about 
treatment 
effectiveness 

A lack of belief in effectiveness or adequacy of available 
interventions was evident in participant quotations and in 
the summary of findings from two articles. 

Dissonant patient 
expectations 

 The data suggest that GPs are challenged by patient 
expectations that are not in agreement with their own 
views, but still influence GP management of the disease. 

 
 
 
Table 2.3 Common barriers and facilitators to exercise participation in people with Hip 
and/or Knee OA mapped to the Theoretical Domains Framework (TDF). Adapted from 
Dobson et al. (2016). 
 

TDF Domain Barrier Facilitator 
Environmental context 
and lack of resources 
available:  
any circumstance of a 
person’s situation or 
environment that 
discourages or encourages 
the development of skills 
and abilities, independence, 
social competence, and 
adaptive behaviour 

Use of a walking aid  
Bad weather conditions  
Gym-based exercise  
Having to go down hills or stairs 
during walking program  
Rigid program  
Lack of access to facilities  
Concerns about safety  
Other commitments  
Conflict with routines  
Lack of time  
Classes not easily available  
Transport difficulties  
Cost of exercising  

Online program  
Printed instructions for exercises  
Shoes with shock absorption  
Easy access to facilities  
Pedometer use  
Gym-based exercises  
Being outdoors while exercising  
Ability to accommodate in everyday 
life  
Good weather conditions  
No financial trouble  
Easily accessible exercise classes  
Ease of transportation  
Finding suitable exercise  
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Unable to find suitable exercise  
Cold changing room temperature  
Pool temperature too hot or too 
cold  
Difficult to find parking at the pool  
Poorly organised instructor  

Doctor gave gym referral  
Exercise as part of organised event  
Supervision one-on-one  
Physiotherapist’s care  
Booster sessions  
Physiotherapist guidance of program  
Well organised instructor  
Pool close to home  

Beliefs about 
Capabilities: acceptance of 
the truth reality, or validity 
about an ability, talent, or 
facility that a person can 
put to constructive use 

Beliefs about limitations due to 
disability  
Knee pain limited perceived 
ability to exercise  
Excess weight leading to 
perceived inability to exercise  
Beliefs about severity of 
symptoms  
Stiffness and fatigue limiting 
perceived ability to exercise  
Other joint pain  
Hypertension  
Higher number of comorbidities 

Low level of self-reported physical 
limitations  
Perception of being physically active  
Belief that you are taking control of 
own disability  
Lower body mass index  
Few or no comorbidities  
Joint stiffness  

Beliefs about 
Consequences: 
acceptance of the truth, 
reality, or validity about 
outcomes of a behaviour in 
a given situation. 

Beliefs about disease  
Beliefs about wear and tear  
Beliefs about worsening 
symptoms  
Unrealistic expectations of 
exercise  
Belief that exercise has limited 
effectiveness  
Concern over exercise (causing) 
pain  
Fear of jarring knee  
Fear of flare-ups  
Fear of damaging knee further  

Perceived benefits of exercising  
Belief that exercise is good for health  
Positive outcome expectations  
Pain limiting land-based activities, 
causing to try pool exercise  

Reinforcement: 
Increasing the probability 
of a response by arranging 
a dependent relationship 
between the response and a 
given stimulus 

Being advised not to ‘overdo’ 
exercise 
No professional encouragement 
 

Previous positive personal experience 
of exercise  
Easing of symptoms with exercise  
Improved pain after initial exercise 
experience  
Being offered incentives to exercise 
Higher pain levels motivating 
participant to return to exercise  
Receiving medical advice to exercise 
Reappearance of pain when not 
exercising 
Doctor’s encouragement 
Exercise helping to maintain general 
mobility 
Telephone reinforcement 
Pain relief as a result of doing aqua-
based exercise 
Feeling better and able to do more after 
exercise 
Improved mobility after class 
Improved confidence/keeping the mind 
active 
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2.4.1. Accessibility  

Access has been identified as a major barrier preventing the uptake of exercise by people 

with OA. Key challenges include limited allied health and community-based facilities, 

particularly in regional areas, a lack of easily accessible resources to support the delivery 

of evidence-based care (such as exercise self-management materials), and financial 

barriers (such as the cost of appointments and interference with work schedules) (Briggs 

et al., 2019; Ackerman et al., 2016).  

 

People living outside major cities are particularly affected by limited access to health 

services and by shortages of experienced clinicians. These disparities are particularly 

problematic as OA is more prevalent in regional areas (see section 2.1.3). Data from the 

2016 Australian Bureau of Statistics Survey of Health Care found Australians aged 45 

years and over living in outer regional and remote/very remote areas were 2.5 times and 

6 times respectively more likely to describe a lack of GP access as a barrier to seeking 

care, compared to people living in major cities (AIHW, 2018). Furthermore, the National 

Health Workforce Dataset 2017 identified significant allied health professional shortages 

in regional areas compared with major cities. For example, the clinical full-time 

equivalent for physiotherapists per 100,000 population was 90 in major cities and only 

40 in remote areas (AIHW, 2019).  

 

A lack of financial support can also preclude people with OA from accessing 

recommended OA care in the community (Briggs et al., 2019). Typically, people with 

OA face high out-of-pocket expenses when participating in recommended OA care, with 

governments and private health insurance companies poorly funding health services 
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focused on OA prevention and self-management (The National Osteoarthritis Strategy 

Project Group, 2018). In Australia, the government provides limited financial support for 

people to access five allied health consultations per year, or 10 for Aboriginal or Torres 

Strait Islanders, through the Medicare Benefits Schedule (The National Osteoarthritis 

Strategy Project Group, 2018). To receive this funding people must have care needs 

considered chronic and complex. They also require a GP Management Plan and Team 

Care Arrangement to be prepared by their GP. Commonly, the rebate provided only 

partially covers the cost of allied health consultations. This means people with OA may 

still be required to pay out-of-pocket costs. Furthermore, it is questionable whether only 

five consultations can provide the support required by people with OA, who typically 

have multi-morbidity and may require the services of multiple allied health disciplines.   

 

2.4.2. Clinician attitudes and perceptions 

Clinician attitudes and perceptions can also impede the uptake of appropriate exercise 

management by people with knee OA. Evidence suggests despite clinicians having 

favourable views about the role of exercise and physical activity in OA management they 

feel ill-equipped to provide these treatments according to guidelines. A multi-national 

(Australia, New Zealand, Canada) cross-sectional survey of 1,886 clinicians (GPs, GP 

registrars, primary care nurses, and physiotherapists) and 1,161 students (final year 

medical and physiotherapy) evaluated confidence and attitudes towards delivery of OA 

care (Briggs et al., 2019). This study found 90%-98% of clinicians and 92%-97% of 

students agreed that exercise is indicated in OA management irrespective of disease stage. 

While most felt confident discussing exercise and physical activity as a treatment option, 

all disciplines except physiotherapists and physiotherapy students had low confidence 
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regarding exercise and physical activity prescription.  Another recent multi-national 

cross-sectional survey of physiotherapists (n=1,352) from 56 countries found 

physiotherapists agreed their role included prescription of aerobic (75%) and resistance 

(89%) exercise to people with musculoskeletal pain. However, only 50% and 67% felt 

they had the skills and only 45% and 58% the confidence to deliver aerobic exercise and 

resistance exercise respectively according to accepted guidelines (Barton et al., 2021). 

Additionally, a lack of support and ambiguous, conflicting information provided by 

health professionals has been identified as an important barrier to exercise and physical 

activity participation in people with knee and hip OA (Kanavaki et al., 2017). 

 

2.4.3. People with knee OA’s attitudes and perceptions 

People with knee OA hold a range of attitudes and beliefs that are at odds with exercise 

participation.  As mentioned earlier, Dobson and colleagues (2016), identified beliefs 

about capabilities and beliefs about consequences as key barriers to people with knee and 

hip OA starting and adhering to recommended exercise. Specifically, negative beliefs 

about the severity of OA symptoms (e.g. pain, stiffness, fatigue, and disability) and the 

presence of comorbidities can make people feel they are not capable of participating in 

exercise. Additionally, beliefs that there are consequences associated with exercise such 

as increased joint pain also deterred people from using exercise to manage their condition. 

Similar findings were identified in another systematic review of qualitative studies which 

explored barriers and facilitators of physical activity in knee and hip OA (Kanavaki et al., 

2017). Inaccurate beliefs about OA including that nothing can be done for the condition, 

that overuse causes OA and that physical activity is harmful and may cause further joint 

deterioration, prevented people from being active.  Moreover, for those who had 
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previously participated in physical activity, unmet expectations of symptom improvement 

resulted in distrust of physical activity as an effective treatment. A more recent qualitative 

synthesis of 12 studies explored the opinions and exercise beliefs of people with knee 

and/or hip OA and provides further evidence of the detrimental impact negative beliefs 

about OA aetiology and prognosis have on exercise participation (Hurley et al., 2018). 

For example, the perception that OA is ‘wear and tear’, is an inevitable part of ageing and 

there is no hope for improvement demotivated people from participating in exercise to 

manage their OA. These maladaptive beliefs stem from historical and out-of-date 

understandings of OA (e.g. OA is joint wear and tear, OA symptoms will progressively 

worsen over time) and highlight the importance of providing people with accurate, 

consistent and evidence-based OA educational information which seeks to address 

harmful OA misconceptions (as discussed in section 2.3.2).  

 

To summarise, there are multiple barriers experienced by primary care clinicians and 

people with OA preventing exercise participation in accordance with OA guidelines. Key 

modifiable barriers include issues of access to appropriate care, clinicians’ perception that 

they are ill-prepared to deliver exercise management, and negative exercise beliefs held 

by people with OA. To support both primary care clinicians and people with OA 

participate in evidence-based OA management, there is a need for novel models of 

delivering core OA treatments, such as exercise and physical activity. One approach 

which has been highlighted by The National Osteoarthritis Strategy, an Australian 

initiative developed to improve health outcomes for people at risk of, or with OA, is the 

production of digital educational resources and clinical tools, for use by clinicians and 

people with OA (Eyles et al., 2020). Remotely-delivered, accessible, evidence-based 
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resources have the potential to be delivered at scale across populations and improve health 

outcomes for all people with OA irrespective of where they live or their financial 

circumstances. 

 

 

2.5. Digital delivery of OA management  

Digital technologies are becoming increasingly accepted as an effective way to deliver 

healthcare. Digital delivery has the potential to provide easily accessible, low-cost, 

scalable interventions with the potential to address access issues and the impact of a 

growing musculoskeletal burden (Briggs et al., 2016; Slater et al., 2016).  The Australian 

government has announced digital delivery as vital to the future of healthcare, 

establishing the Digital Health Agency to develop and implement a National Digital 

Health Strategy (Australian Digital Health Agency, 2017). The Strategy was co-

developed by patients, community groups, health providers, and professional bodies. A 

key priority of the Strategy is to support digital models of care that improve healthcare 

accessibility, quality, safety and efficiency. The Strategy has also identified that health 

consumers have expectations that digital technologies will improve their access to 

healthcare and healthcare options (Australian Digital Health Agency, 2017). A wide 

range of digital technologies can be used to deliver healthcare such as internet platforms, 

mobile phone technologies and applications, wearable sensors and other medical and 

assistive devices (AIHW, 2020a). Discussing all is beyond the scope of this thesis. 

Therefore, the subsequent sections will focus on the digital technologies relevant to this 

thesis, including how the internet is being utilised to provide education, exercise and 
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physical activity support to people with knee OA and the use of mobile phone text 

messaging to facilitate exercise behaviour change.  

 

2.5.1. The internet as a source of OA information    

With the rapid expansion of the internet, seeking information about health conditions 

from internet sources is becoming commonplace. In Australia, 73% of adults and 69% of 

people 65 years and older have used the internet to research health concerns and 77% of 

adults would like their doctor to recommend health information websites (Australian 

Digital Health Agency, 2017). Specifically, people with OA are increasingly using the 

internet to better understand their condition and how to manage it. A systematic scoping 

review of 30 studies (16 qualitative, 11 quantitative and 3 mixed-methods) between 1990 

and 2016, investigated people’s perceived needs regarding OA health information. The 

authors identified that people with OA wanted to access OA information from a range of 

sources (e.g. health professionals, internet, print) and were most interested in using the 

internet when information needs were not met by other sources (Chou et al., 2018). They 

also raised concerns about the credibility of information on the internet. Recently, this 

review was updated to include studies from 2015-19. With the addition of 15 studies, the 

authors found a significant shift in views about the internet (Sotthivej et al., 2020).  The 

internet was now seen as the most valuable source of OA information despite continued 

concerns regarding credibility. Further demonstrating the increased desire of people with 

OA to seek information about their condition on the internet is a novel study which used 

Google Trends to assess internet search popularity for OA (Jellison et al., 2018). Google 

Trends is a feature within the Google Chrome web browser which measures the 

popularity of internet search topics relative to other searches within the same category. 
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Popularity is assessed on a scale of 0-100 (100 = highest level of popularity at a specified 

location and time frame). Using Google Trends the authors investigated worldwide 

searches for the word ‘osteoarthritis’, within the topic ‘disease’ and category ‘health’ and 

found interest gradually increased between 2004 and 2018, peaking in April 2018 at 

100/100 (the highest level of popularity relative to other health searches). The mean 

popularity score for the 14-year period was high at 79.5/100. Beyond increasing access, 

internet-based information can empower people with OA to take a more active role in 

managing their condition. A survey of 104 people with OA found when people did not 

understand information received from healthcare providers, 69% used internet searches 

to get more information and most believed this would give them confidence to ask more 

questions about medications and other treatment options during future interactions with 

healthcare providers (Khurana et al., 2017).   

 

As the internet provides free and easily accessible information it makes sense people with 

OA are increasingly looking for information online. Unfortunately, the internet is largely 

unregulated with a plethora of health information which is inconsistently evidence-based. 

A recent study showed the quality of OA information available on websites to be highly 

variable and dependent on the country of development (Varady et al., 2018). Websites 

developed by academic and nonprofit organisations, from western countries and those 

displaying HONCode certification, were generally of higher quality. HONCode 

certification, developed by The Health on the Net Foundation, is a globally accepted 

ethical standard for online health information (Health on the Net Code of Conduct, 2019). 

To obtain HONcode certification websites are assessed on their adherence to eight key 

principles (Figure 2.9). Whether a website displays the HONcode certification badge is 
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one way for people with OA to gauge a website’s credibility.  However, this certification 

does not ensure the content of OA information is in accordance with current 

recommendations. For example, sites displaying the HONcode may still contain 

inaccurate and damaging terminology such as the use of ‘wear and tear’ to describe OA.  

Another recent study evaluated the quality and content of OA websites accessible through 

United Kingdom-based search engines (Barrow et al., 2018). This study found the overall 

quality of 50 websites was generally high, when considering criteria such as transparently 

reported authorship, funding and information sources and having external seals of 

approval (e.g. HONcode). However, the accuracy of OA-specific content was variably 

evidence-based. For example, 76% of websites included details of pharmacological 

management, while only 50% included nonpharmacological options and 34% included 

holistic OA management. Considering both the growing demand for internet-sourced OA 

information and the variable quality of information currently available, there is an urgent 

need for evidence-based resources to be developed and provided by credible sources. 
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Figure 2.9 The 8 key principles of HONcode certification of websites. 
Taken from Health on the Net Code of Conduct (2019). 

 

2.5.2. Freely available internet-delivered OA resources  

High quality, online platforms which provide evidence-based OA self-management 

information do exist and are typically provided through not-for-profit consumer 

organisations. Specifically, within Australia, there are several internet-delivered OA 

consumer resources freely available which provide up-to-date information about OA and 

its management, such as those developed by Arthritis Australia (My Joint Pain) and 

Musculoskeletal Australia. However, there is minimal evidence to support their use or 

demonstrate their impact. My Joint Pain is the only freely available resource which has 

been evaluated. A quasi-experimental study investigated the effect of 12 months’ use of 

My Joint Pain. At 12 months, there was no evidence of between group differences 

comparing ‘users’ and ‘nonusers’ in the primary outcome assessing the impact of health 
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education on self-management skills (via the Health Evaluation Impact Questionnaire). 

However, there was evidence of between group differences in self-management and 

weight reduction, favouring the ‘users’ group, assessed via two subscales of the 

Osteoarthritis Quality Indicator questionnaire (a secondary outcome). Based on these 

findings the authors concluded that ‘further work is required to improve the quality of 

information delivered in order to provide a greater impact’ (Umapathy et al., 2015). A 

follow-up study then sought to investigate an additional 12 months’ (24 months after 

baseline) use of My Joint Pain, finding no evidence of meaningful differences between 

‘users’ and ‘nonusers’. Unfortunately, with 56% of people not contactable at the 24-

month time point the study was insufficiently powered and attrition bias cannot be 

excluded.   

 

Currently available, free-to-access, evidence-based internet resources, such as My Joint 

Pain, provide information about OA and its management, such as recommendations to do 

muscle strengthening exercise 2-3 days a week, but lack specific and more detailed 

exercise prescription. This may be problematic as a lack of adequate instruction has been 

shown to prevent people with OA from exercising (Dobson et al., 2016; Hurley et al., 

2018). For example, a Cochrane qualitative synthesis found exercise instructions needed 

to be clear enough so that the person with OA unequivocally knew what exercises to do 

and how to do them to allay fears and anxieties and facilitate exercise uptake (Hurley et 

al., 2018). Therefore, it can be speculated that the effectiveness of currently available, 

free-to-access, evidence-based internet-delivered OA self-management resources may be 

enhanced by the addition of more specific exercise and physical activity instruction. 
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2.5.3. Internet-delivered exercise and physical activity interventions 

Several internet-delivered exercise and physical activity interventions for people with hip 

or knee OA have been described in the literature requiring varying levels of health 

professional contact ranging from fully self-directed to offered as an adjunct to in-person 

physiotherapy. From limited quantitative and qualitative evaluation, the programs appear 

promising, improving knee and/or hip OA symptoms in some cases, and are overall 

accepted and valued for their flexibility by the people who use them. Three self-directed 

interventions have been described, two of which have been evaluated in RCTs. The first 

RCT evaluated the ‘Join2Move’ intervention compared to a waitlist control group in 

adults with knee and/or hip OA (n=199) (Bossen et al., 2013). The ‘Join2move’ 

intervention consisted of a 9-week web-based program containing OA educational 

information and a progressive physical activity plan using the participant’s own chosen 

recreational activity. To tailor the program starting level, module one asked participants 

to perform a 3-day test of their current activity. An algorithm then generated an additional 

eight tailored modules, which were presented one a week within the program. Each week 

participants were prompted to input their current pain level on a numeric rating scale and 

their adherence to that week’s physical activity plan. If participants reported doing less 

than instructed they were required to select one of four reasons; time constraints, weather 

conditions, pain in my knee and/or hip, and other physical complaints. Participant 

responses to these questions triggered a tailored automatic text-based message to appear 

within the program. Participants also received automatically generated emails if no 

program login was detected within two weeks. Findings from the RCT were mostly 

positive. At three months, regarding primary outcomes there was evidence of between-

group differences in physical function (KOOS, mean difference 6.5, (95% CI 1.8 to 11.2)) 
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and in the proportion of participants reporting improvements (odds ratio 10.7, (4.3 to 

26.4)) which favoured the Join2move intervention. However, there was no evidence of 

between-group improvements in physical activity behaviour, measured by two additional 

primary outcomes, the Physical Activity Scale for the Elderly and daily accelerometery. 

Engagement with the web program was problematic with only 80% of participants 

completing the first module, 55% completing the second module and only 46% reaching 

the a priori adherence threshold of six out of nine modules. The authors concluded that 

more advanced feedback and regular reminders may be required to enhance engagement 

and outcomes. Regarding implementation, the Join2move intervention has been modified 

and is currently available (in Dutch) to download from app stores costing approximately 

5 Euros. Secondly, the ‘Help my Knees’ intervention was compared to a wait-list control 

group (superiority hypothesis) and up to eight one-hour sessions of in-person 

physiotherapy (inferiority hypothesis) in adults with knee OA (n=350) (Allen et al., 

2018). The ‘Help My Knees’ intervention consisted of an eight-week web-based program 

containing OA educational information and a progressive lower-limb strength, flexibility 

and walking plan. The intensity of the initial exercise routine was individualised based 

on responses to self-reported questionnaires including the Western Ontario and McMaster 

Universities Arthritis Index (WOMAC), exercise history and general health information. 

Exercise intensity was varied by changing the number of exercises (maximum five), 

changing resistance with body weight, ankle weights or resistance bands and modifying 

walking duration. Exercise routines were generated automatically and provided within 

the program using static and video demonstrations. During the intervention, participants 

were required to use online logs to record each exercise session and any increases in knee 

pain experienced. Exercise progressions were automatically promoted if exercise logs 
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recorded two weeks of exercise with no increases in pain. Exercise regression was 

prompted if participants experienced three or more days of increased pain.  To support 

program engagement, automatic reminders were sent via email to encourage program 

access if no login was identified every seven days (Brooks et al., 2014). The 

physiotherapy group received up to eight one-hour in-person sessions with a 

physiotherapist with emphasis placed on prescribing a home exercise program. 

Adherence to home exercise was not measured in any group. Findings of the RCT were 

mixed. There was no evidence of between group differences in the primary outcome of 

total WOMAC score comparing the ‘Help My Knees’ group with the physiotherapy 

group, at four months. This suggests that the ‘Help My Knees’ intervention was non-

inferior to in-person physiotherapy and a tailored home exercise program. However, this 

finding should be interpreted with caution as there was also no evidence that ‘Help My 

Knees’ or in-person physiotherapy were superior to a waitlist control group, at four 

months. The authors speculated that this finding may be due to the physiotherapist-

prescribed exercise programs being suboptimal as they did not adhere to ACSM 

guidelines, and due to low engagement with ‘Help My Knees’ with 20% of participants 

in the ‘Help My Knees’ group not accessing the program at all over the four-month 

intervention period. The ‘Help My Knees’ program is not currently available to the 

public. Although findings from both RCT are mixed, they both demonstrate self-directed 

exercise interventions are safe with few adverse events reported. The third program 

‘Escape-pain Online’, has been described in the literature but has not been evaluated to 

date (Pearson et al., 2016). ‘Escape-pain Online’ is an online adaptation of a face-to-face 

group-based self-management program ‘Escape-pain for knees and hips’. The online 
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version is a six-week OA education and exercise program delivered via two sessions per 

week and is available free to access online.  

 

Engagement with digital interventions designed to support behaviour change has been 

defined as both “the extent (e.g. amount, frequency, duration, depth) of usage and as a 

subjective experience characterised by attention, interest and affect” (Perski et al., 2017). 

These behavioural and cognitive aspects of engagement can be measured objectively (e.g. 

number of logins and page views via automatically generated system usage data) and 

subjectively (e.g. user experience and self-reported usage patterns via user interviews 

and/or self-report questionnaires) (Perski et al., 2017; Short et al., 2018). A major 

limitation of self-directed internet-delivered interventions designed to promote behaviour 

change is poor engagement (Vandelanotte et al., 2016). This may affect their ability to 

meaningfully influence behaviour and subsequently positively impact outcomes. 

Therefore, to enhance the effects of self-directed digitally delivered exercise interventions 

for people with OA understanding reasons that contribute to poor engagement is 

important. 

 

A secondary analysis of the Join2move RCT was conducted as well as qualitative 

interviews to investigate predictors and reasons for non-usage of the self-directed web-

based physical activity intervention (Bossen et al., 2013). Multivariate regression analysis 

identified older age (OR 0.94, P=.08) and the presence of a comorbidity (OR 0.33, P=.02) 

predicted non-usage, while qualitative data from 15 semi-structured interviews found 

most participants appreciated the flexibility of the internet-delivered program compared 

to face-to-face care. However, insufficient motivation, a lack of guidance and the absence 
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of human involvement negatively impacted program usage. Another study explored the 

opinions and preferences of people with knee OA relating to internet-delivered exercise 

interventions and found that people wanted some level of health professional contact to 

maintain engagement and interaction (Pearson et al., 2016). 

 

Several studies have explored internet-based exercise and physical activity interventions 

which include varying levels of human involvement.  Firstly, Join2move was integrated 

with five face-to-face physiotherapy sessions to create the 12-week eExercise 

intervention (Kloek et al., 2018). The purpose of the physiotherapy sessions was to help 

set up the internet-delivered physical activity intervention and discuss physical activity 

progress and maintenance. In a superiority RCT, the blended eExercise intervention was 

compared to face-to-face physiotherapy alone in people with hip and/or knee OA 

(n=208). At three months, there was no evidence of between-group differences in either 

primary outcome (physical function or physical activity) meaning the eExercise 

intervention was not superior to physiotherapy alone. A promising finding was the 

difference in physiotherapy treatment received between the two groups. People in the 

physiotherapy only group received more non-evidence based treatments (such as massage 

and joint mobilisations) and had more face-to-face contact over three months compared 

to the eExercise group (eExercise: average five sessions, range two to 16 versus 

physiotherapy average 12 sessions, range two to 29). Relating to engagement, despite the 

addition of physiotherapy contact to support the use of the web-based program, adherence 

to the web-based component was low. Only 67% of participants in the eExercise group 

were classified as adherent. However, as only 46% of participants were classified as 

adherent to the original Join2move intervention (de Vries et al., 2017) this may indicate 
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the addition of face-to-face physiotherapy impacted engagement. As the eExercise and 

Join2move interventions have not been directly compared, the actual benefit of adding 

face-to-face physiotherapist contact to the web-based exercise program remains 

unknown. However, the researchers did conduct qualitative interviews (n=10) with 

participants who had completed the eExercise intervention and explored their perceptions 

of the physiotherapist’s role. Findings were mixed. Some participants valued the 

physiotherapist’s involvement, tailoring the internet-delivered program and monitoring 

their progress, while others found it restricting, particularly when the therapist was not 

fully aware of the program’s content. Joint Academy is another internet-delivered 

exercise intervention for people with knee or hip OA which includes OA education, 

exercise prescription and physiotherapist contact via one-on-one online written chat or 

telephone (Nero et al., 2017). Results from a recent RCT found people with knee OA who 

participated in six weeks of Joint Academy had greater reductions in pain (0-10 numeric 

rating scale) compared to a usual care control (between-group difference, −1.5 [95% CI, 

−2.2 to −0.8]; P < .001) (Gohir et al., 2021). Although retention was poor with the authors 

attributing this to the impact of the COVID-19 pandemic. Results from another study, an 

observational design, suggest continuous use of Joint Academy by people with knee OA 

positively impacted function and pain for up to 12 months (Dahlberg et al., 2020) while 

qualitative data of 19 people who had completed six weeks’ use identified the remote 

delivery was valued over face-to-face management for its flexibility (location and time) 

and lack of waiting lists (Cronstrom et al., 2019). However, participants’ perception of 

the usefulness of the therapist input was mixed. Some valued the interaction and the 

possibility of daily contact while some others felt the contact did not meet expectations 

with unsatisfactory therapist input and lack of feedback and encouragement on their 
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performance. The Joint Academy intervention is currently available online in Norway 

and in the United States for $89 US.  

 

From limited research it appears that people with OA perceive that some form of support 

or therapist interaction is valuable when participating in internet-delivered exercise 

interventions (Bossen et al., 2013; Pearson et al., 2016). However, when therapist support 

is provided it can be unsatisfactory for some regardless of the type or amount offered 

(Cronstrom et al., 2019; de Vries et al., 2017). This may reflect that a ‘one size fits all’ 

approach to implementing internet-delivered exercise management is inappropriate. 

Furthermore, in the absence of direct comparisons the effect of adding one-on-one health 

professional contact to internet-delivered exercise on engagement and outcomes remains 

unknown. In addition, the inclusion of health professional contact may not be feasible or 

practical in all settings and does not fully address access or health workforce shortage 

issues. 

 

One strategy to tailor the level of support provided with self-directed internet-delivered 

exercise programs may be the use of a stepped care approach. Stepped care is where 

people move through a hierarchy of evidence-based interventions (least to most intensive) 

based on outcomes and individual preferences. Using this approach, a self-directed 

internet-delivered exercise program could be offered as the entry level intervention and 

increased health professional input could be provided in subsequent steps, as needed. One 

high quality pragmatic RCT has evaluated this approach, compared to an education 

control, in people with knee OA (n=345) (Allen et al., 2021). In this study, the stepped 

care intervention consisted of three, three-month ‘steps’; step 1 an internet-delivered 
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exercise program (Help My Knees), step 2 bi-weekly physical activity coaching phone 

calls; and step 3 in-person physiotherapy. Participants progressed to the next step if they 

did not meet response criteria demonstrating a clinically meaningful improvement in pain 

or function at three-month intervals. At 9 months, there was evidence of a greater 

improvement in total WOMAC score in the stepped exercise group compared to the 

education control group (-6.8 points (CI, -10.5 to -3.2 points [P= 0.0003])), described by 

the authors as ‘on the lower end of clinically relevant improvement for WOMAC scores.’ 

Sixty-five percent of participants progressed to step 2 (150 of 230) and 35% progressed 

to step 3 (81 of 230). This demonstrates only 35% of participants meaningfully benefited 

from the self-directed internet-delivered intervention alone. This may once again be 

partly attributed to poor engagement, as only 72% of people accessed the self-directed 

internet-delivered intervention, and total access per participant was low (median two days 

access, 1st and 3rd quartiles (0 and 33)). This further highlights the need for novel 

strategies which support engagement and adherence to self-directed internet-delivered 

exercise interventions to optimise their effects on knee OA symptoms.  

 

Collectively, the available evidence demonstrates internet-delivered exercise intervention 

for people with OA can beneficially impact OA symptoms and are appreciated for their 

convenience and flexibility. However, they may be too simplistic or lack sufficient 

support to engage and benefit all people with OA. As there is evidence that engagement 

with digitally delivered physical activity interventions is associated with better outcomes 

(McLaughlin et al., 2021), strategies to improve engagement are needed to maximise the 

potential impacts on OA outcomes. As mentioned, studies have investigated the inclusion 

of health professional input which may potentially enhance engagement with internet-
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delivered exercise programs and may support exercise adherence. However, ongoing 

health professional input may not always be practical or feasible due to cost, convenience 

or geographical location.  Therefore, there is a need to explore alternate methods of 

providing support with self-directed internet-delivered exercise. Additionally, no studies 

have investigated if subgroups of people with OA exist who may respond more or less 

favourably to self-directed internet-delivered exercise interventions. An understanding of 

the characteristics of those more or less likely to benefit could better tailor the delivery 

of internet-delivered interventions to people with OA. Ultimately, this could improve OA 

outcomes and better distribute scarce healthcare resources.  

  

2.5.4. Text messaging to support exercise behaviour  

Text messaging or Short Message Service (SMS) is defined as the real-time exchange of 

messages of up to 160 alphabetic and numeric characters via mobile phones. Mobile 

phone text messaging is widely adopted across all populations and age groups (Hall et 

al., 2015). Text messages are low cost for end users, enable instantaneous communication 

(de Jongh et al., 2012) and are considered the most simple, familiar and expeditious form 

of digital communication (Willcox et al., 2019). Hence, text messaging offers several 

advantages over other digital communication modalities (e.g. emails, social media, apps) 

to support behaviour change in the health care setting. Health behaviour change text 

message interventions are typically sent according to a preset schedule via an automated 

system making them highly scalable (Abroms et al., 2015).  

 

As described, people with knee OA have a preference for some level of health 

professional contact to support exercise adherence (Dobson et al., 2016) and to maintain 



Chapter Two: Literature Review 
 
 

 81 

engagement with internet-delivered exercise programs (Pearson et al., 2016). People with 

OA want support to monitor progress, guide progression, reinforce health messages, and 

provide reassurance, motivation, and encouragement (Pearson et al., 2016), all of which 

could feasibly be provided via text messaging. A systematic review and meta-analysis 

which evaluated internet-based health behaviour change interventions identified internet-

based interventions that incorporated mobile phone text messaging (or SMS) to promote 

interaction with the internet platform, send motivational messages (e.g. discuss the 

benefits of exercise), challenge dysfunctional beliefs and/or provide cues to action, have 

larger effects than those which do not include text messaging (weighted average effect 

size = 0.81, 95% CI 0.14 to 1.49) (Webb et al., 2010). Furthermore, numerous systematic 

reviews demonstrate text messaging interventions can enhance treatment adherence and 

physical activity behaviour in adult populations (Armanasco et al., 2017; Buchholz et al., 

2013; Hall et al., 2015; Head et al., 2013; Smith et al., 2020). Thus, text messaging may 

be one way to enhance both engagement with self-directed internet-delivered exercise 

interventions and adherence to prescribed home-based exercise programs whilst ensuring 

they remain cost-effective, accessible and easily scalable. 

 

Prior to this thesis, no study had investigated the addition of automated text message 

support to self-directed internet-delivered exercise in people with OA and only two small 

studies had explored the use of text messaging to enhance physical activity or exercise 

behaviour in people with OA. First, a feasibility study evaluated an intervention 

consisting of four physical activity-promoting text messages sent per week for six weeks 

to 27 people with knee OA (Blake et al., 2015). Participants experienced improvements 

in physical activity, self-efficacy for exercise and perceived benefits of exercise. 
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Participants were highly engaged reading 100% of the messages and reported to enjoy 

the message contact. Second, a pilot study evaluated motivational text messages sent to 

people with knee OA after completing group-based education and exercise (Bartholdy et 

al., 2017). Participants in the intervention group (n=19) received three text messages per 

week for six weeks containing information about the importance of physical activity. 

Participants in the control group received no messages (n=19). At six weeks, there was 

no evidence that the text messages improved physical inactivity or clinical outcomes. 

Although these studies cannot provide evidence of efficacy they do demonstrate that 

people with knee OA accept text messaging as a method of supporting home exercise 

behaviour.  

  

Text message interventions may better support people with OA participate in exercise 

and physical activity if they are more thoughtfully designed. There is evidence to suggest 

certain features may enhance the effect of text messaging interventions designed to 

promote healthy behaviour in adults. A meta-analysis of 19 RCTs conducted in 13 

countries explored moderators of efficacious text messaging interventions for health 

promotion (such as physical activity and weight loss) directed at young adult and adult 

populations (Head et al., 2013). This study found the largest effect sizes were for 

interventions which included text message tailoring and targeting (d = .442 (95% CI (.364 

to .519)) and those with message frequency declining over time (d = .523 (.438, .609)). 

Interventions that used personalisation were also more efficacious than those that did not. 

A more recent systematic review and meta-analysis found text message interventions 

promoting physical activity in adults which contained more components, tailored content, 

and those geared to medical populations led to larger, albeit non-significant effects (Smith 
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et al., 2020). Another meta-analysis of behaviour change text message interventions 

targeting preventive health behaviours (e.g. physical activity) explored moderators of 

intervention efficacy (Armanasco et al., 2017). This study found interventions which 

lasted from six to 12 months, included supplementary components (e.g. websites) and 

those not using a theoretical basis reported the largest effects. In contrast, an umbrella 

review exploring electronic and mobile health interventions to enhance physical activity, 

sedentary behaviour and nutrition in healthy subjects (Fiedler et al., 2020) and a meta-

analysis exploring the effectiveness of mobile phone-based interventions on health 

outcomes in a variety of conditions (e.g. obesity, diabetes mental health), found evidence 

to suggest that mobile phone interventions designed to influence healthy behaviours may 

have greater effect if they are based on cognitive and behavioural theories (Yang et al., 

2019). Incorporating these findings into the development of future text messaging 

interventions targeting exercise participation in knee OA may improve their ability to 

support exercise adherence and ultimately help people with knee OA experience exercise-

related health benefits. 

 

 

2.6.  Intervention design and behaviour change theory 

As discussed, exercise and physical activity can positively impact knee OA symptoms. 

However, their clinical benefits are not sustained in the mid to long-term. This is mirrored 

by a decline in exercise adherence over time (Fransen et al., 2015; Pisters, 2010) and 

highlights that interventions targeting exercise and physical activity in people with knee 

OA may not adequately support exercise behaviour change. Behaviour change techniques 

(BCT) are described as the active ingredients responsible for changing a behaviour and 
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help describe the behavioural content of interventions (Michie et al., 2013). The 

Behaviour Change Technique Taxonomy (BCTTv1) is a widely used and extensive 

hierarchy of 93 distinct BCT, grouped into 16 clusters (See Figure 2.10) (Michie et al., 

2013). The BCTTv1 was rigorously developed by 55 behaviour change experts from 

seven countries in a series of consensus exercises. It provides a standardised terminology 

to identify and characterise BCTs in interventions and enables the coding of intervention 

content and comparisons across multiple studies. This is valuable as evidence synthesis 

can help identify what BCTs are most effective to promote specific behaviours and can 

inform the development of future behaviour change interventions.  

 

However, there are problems in relying solely on the results of evidence synthesis to guide 

what BCT to include in an intervention. A major issue is the incomplete reporting of 

intervention and comparator group components in original studies. This makes it 

challenging to accurately and completely code the BCTs present in interventions and 

jeopardises the quality of evidence syntheses. Also, heterogeneity across studies can 

make comparison not feasible. Another concern is that reviews evaluating BCT 

effectiveness can include a range of settings, populations and delivery modes in order to 

be sufficiently powered to do sophisticated analysis. This is a problem as BCT functions 

vary in different contexts. For example, a BCT (or group of BCT) may effectively 

promote physical activity in a one-on-one telehealth intervention for adults with obesity 

but not in a group class for the elderly.  Finally, this approach may identify a large number 

of BCT which are frequently present in physical activity interventions but may not 

actually contribute to effectiveness (Michie et al., 2018). Therefore, it is recommended 

that both evidence and theory be used to develop interventions targeting behaviour 
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change. Evidence can help identify which behaviour needs to change, and which BCT 

may potentially be effective (French et al., 2012), while theory can help identify exactly 

what to target (i.e. the specific behaviour and its barriers/facilitators), inform how best to 

target it (i.e. what the intervention functions will be) and tailor the selection of BCT 

content (i.e. provide guidance to link appropriate BCT to the identified 

barriers/facilitators and interventions functions) (Michie et al., 2016).  

 

It should be acknowledged that current evidence suggests grounding physical activity 

interventions in theory may not necessarily enhance their effects (McEwan et al., 2019). 

A potential reason theory-based interventions may not produce significantly larger effects 

when compared to non-theory based interventions may be due to theory being applied 

loosely or tokenistically in studies described as ‘theory-based’. Also, interventions 

classified as ‘non-theory’ may actually include some level of theoretical underpinning 

despite it not being explicitly reported. The poor application and reporting of theory in 

intervention design may be a result of an abundance of theories to choose from and 

limited guidance on how they should be operationalised in intervention design (Michie et 

al., 2016; Michie et al., 2014), for example, a scoping review identified 83 theories of 

behaviour and behaviour change, containing over 1,700 theoretical constructs (Davis et 

al., 2015). Frameworks that provide structured guidance for intervention design do exist 

and 19 were identified in a systematic review (Michie et al., 2011). However, these 19 

frameworks were found to have considerable overlap and inconsistencies in 

comprehensiveness, coherence and links to a theory of behaviour. To address this, the 19 

frameworks were synthesised to provide one cohesive overarching framework called the 

Behaviour Change Wheel (BCW). The BCW provides a transparent and systematic 
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framework, underpinned by behaviour change theory, to guide researchers, practitioners 

and policy makers developing behaviour change interventions (Michie et al., 2014; 

Michie et al., 2011). 

 

As the health behaviour change and intervention design literature is vast, this section will 

focus solely on areas related to this thesis. Firstly, results of evidence synthesis will be 

discussed relating to BCT use in exercise and physical activity interventions in OA. 

Secondly, the BCW framework will be described in detail to demonstrate how evidence 

and theory can be systematically applied in intervention design. Finally, challenges in 

maintaining fidelity when delivering behaviour change interventions will be 

acknowledged, providing additional support for the use of digital technologies.  

  



Chapter Two: Literature Review 
 
 

 87 

 

1. Goals and planning 6. Comparison of behaviour 12. Antecedents 
1.1. Goal setting (behaviour) 
1.2. Problem solving 
1.3. Goal setting (outcome) 
1.4. Action planning 
1.5. Review behaviour goal(s) 
1.6. Discrepancy between 

current behaviour and goal 
1.7. Review outcome goal(s) 
1.8. Behavioural contract 
1.9. Commitment 
2. Feedback and monitoring 
2.1. Monitoring of behaviour  
        by others without       
        feedback 
2.2. Feedback on behaviour 
2.3. Self-monitoring of   
        behaviour 
2.4. Self-monitoring of  
        outcome(s) of behaviour 
2.5. Monitoring of outcome(s)  
        of behaviour without  
        feedback 
2.6. Biofeedback 
2.7. Feedback on outcome(s)   
        of behaviour 
3. Social support 
3.1. Social support (unspecified) 
3.2. Social support (practical) 
3.3. Social support (emotional) 
4. Shaping knowledge 
4.1. Instruction on how to      
        perform the behaviour 
4.2. Information about  
        antecedents 
4.3. Re-attribution 
4.4. Behavioural experiments 
5. Natural consequences 
5.1. Information about health  
        consequences 
5.2. Salience of consequences 
5.3. Information about social and 

environmental consequences 
5.4. Monitoring of emotional 

consequences 
5.5. Anticipated regret 
5.6. Information about emotional 

consequences 

6.1. Demonstration of the     
        behaviour 
6.2. Social comparison 
6.3. Information about others’  
        approval 
7. Associations 
7.1. Prompts/cues 
7.2. Cue signalling reward 
7.3. Reduce prompts/cues 
7.4. Remove access to the  
       reward 
7.5. Remove aversive stimulus 
7.6. Satiation 
7.7. Exposure 
7.8. Associative learning 
8. Repetition and substitution    
8.1. Behavioural  
        practice/rehearsal 
8.2. Behaviour substitution 
8.3. Habit formation 
8.4. Habit reversal 
8.5. Overcorrection 
8.6. Generalisation of target  
        behaviour 
8.7. Graded tasks 
9. Comparison of outcomes 
9.1. Credible source 
9.2. Pros and cons 
9.3. Comparative imagining of     
        future outcomes 
10. Reward and threat 
10.1. Material incentive (behaviour) 
10.2. Material reward (behaviour) 
10.3. Non-specific reward 
10.4. Social reward 
10.5. Social incentive 
10.6. Non-specific incentive 
10.7. Self-incentive 
10.8. Incentive (outcome) 
10.9. Self-reward 
10.10. Reward (outcome) 
10.11. Future punishment 
11. Regulation 
11.1. Pharmacological support 
11.2. Reduce negative emotions 
11.3. Conserving mental resources 
11.4. Paradoxical instructions 

12.1. Restructuring the physical  
          environment 
12.2. Restructuring the social  
          environment 
12.3. Avoidance/reducing exposure to 

cues for the behaviour 
12.4. Distraction 
12.5. Adding objects to the 

environment 
12.6. Body changes 
13. Identity 
13.1. Identification of self as role     
          model 
13.2. Framing/reframing 
13.3. Incompatible beliefs 
13.4. Valued self-identify 
13.5. Identity associated with changed 

behaviour 
14. Scheduled consequences 
14.1. Behaviour cost 
14.2. Punishment 
14.3. Remove reward 
14.4. Reward approximation 
14.5. Rewarding completion 
14.6. Situation-specific reward 
14.7. Reward incompatible behaviour 
14.8. Reward alternative behaviour 
14.9. Reduce reward frequency 
14.10. Remove punishment 
15. Self-belief 
15.1. Verbal persuasion about  
          capability 
15.2. Mental rehearsal of successful  
          performance  
15.3. Focus on past success 
15.4. Self-talk 
16. Covert learning 
16.1. Imaginary punishment 
16.2. Imaginary reward 
16.3. Vicarious consequences 
 
 

 
Figure 2.10 The Behaviour Change Technique Taxonomy (v1): 93 hierarchically-
clustered techniques grouped within categories. Adapted from Michie et al. (2013).  
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2.6.1. Behaviour change techniques to promote physical activity in OA  

Several reviews have sought to identify the BCTs which are commonly used in physical 

activity interventions and the BCTs which may enhance physical activity behaviour in 

OA populations.  A recent systematic review explored the application of theory and use 

of BCTs in digital behaviour change interventions to facilitate physical activity in OA 

(Berry et al., 2018). This review identified nine studies relating to five different digital 

interventions (internet and app). Six studies reported intervention design guided by Social 

cognitive theory and the construct ‘self-efficacy’ but all lacked explicit detail about how 

theory informed intervention content. The most commonly identified BCTs related to 

‘goals and planning’, ‘feedback and monitoring’ and ‘social support’. Comparisons and 

meta-analysis were not possible due to design and population heterogeneity across 

studies. Another systematic review sought to identify the BCT used in one-on-one 

physiotherapy interventions to promote physical activity adherence in lower limb OA and 

evaluate the effect of individual BCT on adherence (Willett et al., 2019). Twenty-four 

RCT (n = 2366) were included from 10 countries. Meta-analysis was not possible due to 

outcome and intervention heterogeneity. Instead, effectiveness ratios were used to 

identify the BCTs associated with better physical activity outcomes in the short-, 

medium- and long-term. Effectiveness ratios could not be calculated for 11 of the 24 

studies as they did not measure physical activity adherence between groups at follow-up.  

The most effective BCTs to promote physical activity adherence across all time points 

were ‘behavioural contract’, ‘non-specific reward’, ‘patient-led goal setting (behaviour)’, 

‘self-monitoring of behaviour’, and ‘social support (unspecified)’. Another systematic 

review explored BCTs in interventions to enhance physical activity adherence, delivered 

by health professionals, in adults with chronic musculoskeletal conditions (Eisele et al., 
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2019). Twenty-two studies, of which eight were in knee or hip OA, were included 

(n=3715). A large range of BCTs were identified. The most common BCT used was 

‘instruction on how to perform a behaviour’ followed by ‘information about health 

consequences’ and the most common unique BCTs (i.e. present in the intervention, not 

the control group) were ‘graded tasks’, ‘goal setting (behaviour)’, ‘self-monitoring of 

behaviour’, ‘problem solving’ and ‘feedback on behaviour’. No BCTs were identified as 

superior as all were used in both effective and non-effective interventions. However, 

subgroup meta-analysis (n=17) found interventions which used eight BCTs or greater 

were more effective (pooled SMD = 0.29, 95% CI 0.19-0.40, p<0.001) than those using 

less (pooled SMD = 0.08, 95% CI -0.11-0.27, p = 0.41). Finally, a recent meta-regression 

sought to identify the five most common BCTs used in automated mobile phone-

delivered physical activity interventions (app or text message) and their effect on physical 

activity behaviour (Eckerstorfer et al., 2018). Fifty RCT (n=5997) of interventions 

targeting physical activity were included from varied populations (e.g. healthy, unwell, 

sedentary, overweight/obese, prenatal, adults and children) with the mean age of the 

sample 40.6 (SD 16.7). The five most commonly included BCTs were (1) behavioural 

goals, (2) general information, (3) self-monitoring, (4) information on where and when, 

and (5) instructions on how to. Moderation analysis revealed interventions including 

behavioural goals (g = 0.20, 95% CI 0.02 to 0.38, P=.03) or self-monitoring (g=0.17 95% 

CI 0.01 to 0.34, P=.04) were associated with greater improvements in physical activity.  

 

Overall, these studies demonstrate that a range of BCTs are used in interventions targeting 

physical activity in OA populations and that BCTs within the categories ‘goals and 

planning’ and ‘feedback and monitoring’ may be associated with better physical activity 



Chapter Two: Literature Review 
 
 

 90 

participation and adherence. However, these findings should be considered 

acknowledging key limitations across all of the reviews. As described earlier, incomplete 

descriptions of intervention and comparator groups, target populations and settings make 

it challenging to accurately identify, code, synthesise and draw concrete conclusions 

about the effectiveness of specific BCT on a behaviour (Michie et al., 2018). 

Additionally, BCTs will function differently dependent on context. To overcome these 

limitations the use of theory can be valuable as theory can help individualise and refine 

the selection of BCTs in an intervention.  

 

2.6.2. The Behaviour Change Wheel to design behaviour change interventions  

The BCW provides a simple, systematic framework to guide behaviour change 

intervention design and is recommended for policymakers, healthcare providers, 

researchers and educators (Michie et al., 2014). The BCW has been widely adopted and 

extensively used for intervention design and evaluation. For example, the paper 

presenting the BCW and its development, published in 2011, has been accessed over 

424,000 times and cited 3,275 times (as of April 2021).  

 

The BCW has three layers (Figure 2.11). The first and innermost layer is the COM-B, a 

model of behaviour. (Figure 2.12). The COM-B explains behaviour in terms of three 

interacting categories: i) capability including physical (e.g. physical skill), and 

psychological (e.g. knowledge and psychological skill); ii) opportunity including 

physical (e.g. the environment such as time/resources) and social (e.g. social 

cues/norms/interpersonal influences); and iii) motivation including reflective (e.g. self-

conscious intentions and beliefs) and automatic (e.g. emotional reactions, desires, 
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impulses). The second layer identifies nine intervention functions (education, persuasion, 

incentivisation, coercion, training, restriction, environmental restructuring, modelling 

and enablement). These are the types of interventions most likely to address deficits in 

capability, opportunity or motivation. The final layer identifies seven types of policy that 

can support delivery of the intervention functions. 

 

Detailed guidance on how to use the BCW to design an intervention is provided in three 

stages (Michie et al., 2014) (Table 2.4). The first stage involves gaining a thorough 

understanding of the behaviour. This involves defining the problem in behavioural terms, 

selecting the target behaviour considering an exhaustive list of possibilities, and 

specifying the behaviour in detail describing the who, what, when, where, how often and 

with whom. This process should be evidence-informed (e.g. using literature searches, 

qualitative inquiry). Next the COM-B model is used to conduct a ‘behavioural diagnosis’ 

to identify what needs to change for the behaviour to occur (i.e capability, opportunity 

and/or motivation). The COM-B categories can be further divided into the 14 domains of 

the Theoretical Domains Framework (TDF), if greater detail is required. The TDF is a 

synthesis of 33 theories of behaviour change.  In stage two, the BCW framework 

systematically guides how to link the COM-B categories, identified in stage one, to 

appropriate intervention functions and policy types. Stage three provides guidance to 

select and link BCTs, from the BCTTv, to the intervention functions identified in stage 

two and lastly, the most appropriate mode of delivering the intervention (given the 

population and setting) should be considered and selected. The BCW also includes the 

APEASE criteria.  These criteria consider affordability, practicality, effectiveness and 

cost-effectiveness, acceptability, side effects/safety, and equity, and are recommended as 
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a way to assess what intervention functions, policy types, BCTs and modes of delivery 

are practical and appropriate for the intended context. The BCW is a widely accepted and 

regarded framework and has been used to design an intervention aiming to improve the 

delivery of evidence-based knee OA care by Australian GPs (Egerton et al., 2020), but to 

our knowledge it has not been used to design an intervention specifically to support 

people with knee OA adhere to regular exercise or physical activity. 

 

 

 

Figure 2.11 The three layers of the Behaviour Change Wheel framework. 
Taken from Michie et al. (2011). 
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Figure 2.12 The components of the COM-B model of behaviour.  Taken from Michie et 
al. (2011). 
 
 
 
Table 2.4 The three stages in the Behaviour Change Wheel approach to intervention 
design. Adapted from Michie et al. (2014). 
 
 

Stage Steps 

1. Understand the behaviour 
      using the COM-B model 

1.1 Define the problem in behavioural terms    

1.2 Select target behaviour  

1.3 Specify the target behaviour 

1.4 Identify what needs to change  

2. Identify intervention options 
      using the BCW 

2.1 Identify intervention functions 

2.2 Identify policy categories  

3. Identify content & implementation 
options 

      using the BCW & BCTTv1  

3.1 Identify behaviour change techniques 

3.2 Identify mode of delivery 
 
COM-B = Capability, opportunity, motivation model of behaviour  
BCTTv1 = Behaviour Change Technique Taxonomy version 1 
BCW = Behaviour Change Wheel 

 
 
 
 
2.6.3. Behaviour change intervention fidelity 

Another important consideration in the design, evaluation and implementation of 

behaviour change interventions is the extent to which they can be delivered as intended.  
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A recent study assessed physiotherapists’ fidelity to protocol-listed BCT during a group-

based self-management intervention for adults with OA or low back pain (Keogh et al., 

2018). The group-based intervention consisted of once-a-week physiotherapist-led 

education and discussion followed by group exercise (aerobic fitness, and strengthening 

and mobilisation), over six weeks. The group classes were underpinned by self-

determination theory (SDT) and contained 26 BCT selected to target physical activity 

behaviour. Prior to delivering the intervention, physiotherapists participated in two days 

of training which included the delivery of specific BCT. Eight of the trained 

physiotherapists were audio-recorded delivering the six weekly group classes and all 

transcripts were coded with BCT by two trained researchers.  Analysis identified only 

12.9 out of the 26 per-protocol BCT were actually delivered per class (49.5%; 29.2–

76.9%) and only 9.8 (37.8%; min–max = 19.2–57.7%) were fully delivered per class. 

Many BCT were partially delivered. Forty-four per percent of the partially delivered BCT 

related to ‘goals and planning’, despite these being a key focus of physiotherapist training. 

Similarly, another study explored the extent to which facilitators (a dietician, two nurses 

and a physical fitness instructor) used per-protocol BCT when delivering an intervention 

designed to increase physical activity among sedentary adults (Hardeman et al., 2008). 

Facilitators underwent a five-day training course which included role play of BCT 

application. This study found adherence to per-protocol BCT use was low (median: 44%, 

IQR (35–62%)) despite facilitators self-reporting their adherence as 100% (IQR 97–

100%).  These studies demonstrate the challenge of delivering physical activity behaviour 

change interventions as designed, in practice. A potential strategy to improve the fidelity 

of behaviour change interventions may be more extensive training in the delivery of BCT. 

However, intensive and ongoing clinician training may not be practical or feasible. 
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Another option may be using digital automation to deliver behaviour change 

interventions, such as automated text messaging, as this enables an intervention to be 

delivered entirely as planned. This further supports the potential role of automated text 

messaging in the delivery of interventions designed to support exercise adherence in OA.  
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2.7. Summary and aims  

In summary, knee OA is a highly prevalent and burdensome condition, impacting both 

the individual and society, globally. This burden is forecast to overwhelm healthcare 

systems, in part due to an ageing population and rising obesity rates. Recommended first 

line management includes education, structured strengthening exercise and physical 

activity. However, exercise treatment remains underutilised, limiting its ability to 

meaningfully impact the burden of OA. This is in part due to issues of access to services 

and appropriately trained health professionals, as well as the challenges people with knee 

OA face adhering to exercise over time.  There is an urgent need for innovative 

mechanisms to deliver and support exercise at scale across populations. The use of digital 

technologies may be a feasible option, especially as people with OA are increasingly 

seeking information about their health from internet sources. However, this information 

can be of variable quality and lacks specific exercise instruction. Furthermore, self-

directed internet-based resources which do provide exercise instruction are not freely 

available, report low rates of user engagement and do not provide the level of exercise 

support people with OA desire. The use of text messaging to deliver behaviour change 

interventions shows promise and may be a valuable strategy to support exercise and 

physical activity behaviour as well as promote engagement with self-directed internet-

delivered interventions. Additionally, it is widely accepted that using theory to guide the 

design of behaviour change interventions is valuable and the Behaviour Change Wheel 

offers a systematic framework to help researchers design theory-based behaviour change 

interventions. To the best of our knowledge, the BCW has not been used to develop an 

intervention targeting exercise adherence in knee OA. Also, the combination of self-

directed internet-delivered education and exercise supported by behaviour change text 
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messaging has not been evaluated. Therefore, the aim of this thesis was to develop and 

rigorously evaluate a self-directed, internet-delivered education, exercise and physical 

activity program supported by exercise behaviour change text messaging for people with 

knee OA. Each chapter within this thesis will present an individual, peer-reviewed study 

which sought to address this aim. 

 

Specifically, this aim was addressed by: 

1. Developing an automated text message intervention to support participation in 

home-based strengthening exercise, for people with knee OA, using the BCW; 

2. Designing and reporting a protocol for an RCT to evaluate a self-directed, 

internet-delivered education, exercise and physical activity program supported by 

the text message intervention, for people with knee OA; 

3. Evaluating and presenting the results of the RCT which evaluated the self-directed 

internet- and text message-delivered intervention compared to a control website 

containing only educational information about OA and the importance of 

exercise/increasing physical activity, similar to that currently available online; 

4. Exploring participants’ experience and perceptions of using the self-directed 

internet- and text message-delivered intervention; and 

5. Exploring if certain participant baseline characteristics influenced any changes in 

pain and function observed with the self-directed internet- and text message-

delivered intervention in the RCT, to identify if participants with specific 

characteristics respond differently. 
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Chapter Three 

A Short Message Service Intervention to Support Adherence to Home-

Based Strengthening Exercise for People With Knee Osteoarthritis: 

Intervention Design Applying the Behaviour Change Wheel  

 
The following manuscript is reprinted from JMIR mHealth and uHealth. Nelligan RK, 

Hinman RS, Atkins L, Bennell KL (2019). A Short Message Service Intervention to 

Support Adherence to Home-Based Strengthening Exercise for People With Knee 

Osteoarthritis: Intervention Design Applying the Behavior Change Wheel. JMIR mHealth 

and uHealth, 7(10), e14619. doi:10.2196/14619. This is an open access article distributed 

under the terms of the Creative Commons Attribution License, see Appendix A. 

Supplementary material refer to Appendix B. 

 
The authors declare the following contributions to this study: conception and design (all 

authors); drafting of the manuscript (RKN); critical revision of the manuscript (all 

authors). All authors approved the final version of the manuscript. 

 
Funding: This work is funded by the NHMRC (Grant # 1091302). RSH is supported by 

a NHMRC Fellowship (#1154217). KLB is supported by a NHMRC Fellowship 

(#1058440). RKN is supported by an Australian Government Research Training Program 

Scholarship. 

 



Chapter Three 
 
 

 100 

 

 
 
 

Original Paper

A Short Message Service Intervention to Support Adherence to
Home-Based Strengthening Exercise for People With Knee
Osteoarthritis: Intervention Design Applying the Behavior Change
Wheel

Rachel K Nelligan1, BPhysio; Rana S Hinman1, PhD; Lou Atkins2, PhD; Kim L Bennell1, PhD
1Centre for Health Exercise and Sports Medicine, Department of Physiotherapy, The University of Melbourne, Parkville, Australia
2Centre for Behaviour Change, University College London, London, United Kingdom

Corresponding Author:
Kim L Bennell, PhD
Centre for Health Exercise and Sports Medicine
Department of Physiotherapy
The University of Melbourne
161 Barry Street
Parkville, 3010
Australia
Phone: 61 3 8344 0556
Email: k.bennell@unimelb.edu.au

Abstract
Background: Knee osteoarthritis is a chronic condition with no known cure. Treatment focuses on symptom management, with
exercise recommended as a core component by all 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. SMS (short message service) interventions show
promise in health behavior change. The Behavior Change Wheel (BCW) is a widely used framework that provides a structured
approach to designing behavior change interventions and has been used extensively in health behavior change intervention design.
Objective: The study aimed to describe the development of, and rationale for, an SMS 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 developed into an
automated SMS 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 SMS 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. Users who reported &lt;3 exercise 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 adherence in 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 osteoarthritis is a chronic, highly prevalent condition with
no known cure [1] and is a leading 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 is advocated
[5]. This includes exercise, which is recommended 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
in the mid 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 frameworks is recommended [17-19]. The Behavior
Change Wheel (BCW) is a synthesis of 19 models of behavior
[20,21] that has been used extensively in intervention design
[22-27]. When applying the BCW, the first step of intervention
design is to use the Capability, Opportunity, Motivation model
of behavior (COM-B) to analyze the desired behavior and
identify key barriers to and facilitators of the behavior that the
intervention is intended 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 social
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—active ingredients 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]. This is unsurprising considering
the widespread use of mobile phones across all populations and
age groups [29] and the many benefits of using SMS technology.
These include instantaneous communication [30], convenience,
cost-effectiveness [35], and, most importantly, high user
acceptability [36]. Reviews do, however, suggest the need for

caution when drawing conclusions about the effectiveness of
SMS 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 interventions to support exercise
adherence in people with knee osteoarthritis [40,41]. First, a
pilot study on 14 participants evaluated 12 video messages
(multimedia messaging service [MMS]), delivered every second
day to provide visual prompts to 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 value them as reminders. Second,
a feasibility 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 social
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 also 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 SMS exercised significantly more than participants
who received the exercise booklet only. These benefits were
not sustained once SMS 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]. Messages in this study included reminders,
encouragement, and education.

To explore if SMS interventions are effective in promoting
exercise adherence in knee osteoarthritis, specifically, 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 barriers to 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 Wheel
Framework to Inform Intervention Design
The three 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.

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]. This review 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 SMS format. First, this involved 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 from the BCT Taxonomy (BCTTv1) [46].

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

1. Understand the behavior

1. Define the problem in behavioral terms

2. Select target behavior

3. Specify the target behavior

4. Identify what needs to change

2. Identify intervention options

1. Identify intervention functions

2. Identify policy categories

3. Identify content and implementation options

1. Identify behavior change techniques

2. Identify mode of delivery

Phase 2: Development of the SMS 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 academics working 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)

compiled this feedback and used it to construct the final SMS
library. Samples of messages were reviewed by one author (LA)
to ensure SMS wording accurately reflected the BCW mapping
process (from phase 1) and the intended BCT. The final SMS
library was then arranged into a 24-week schedule. The literacy
demands of all 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 previously in the literature [48,49].
A SMS practice sequence was also developed to give users the
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 (SMS Solutions
PTY LTD) who were responsible for developing the automated
text message program and administrator interface. The 24-week
SMS program was trialed by one researcher (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 was identified as lack of adherence to 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

component to the successful adoption of a new behavior [53]
and is particularly important as exercise is encouraged on an
ongoing basis for individuals with knee osteoarthritis to 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 times a week.
Conservatively, a duration of 24 weeks was 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 SMS intervention
(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
as the key areas requiring change to support the target behavior.
Most barriers were linked to reflective motivation. Most
facilitators were linked to physiological capability.

Table 1. Target behavior described in detail.

Participation in a structured, self-directed progressive home-based strengthening exercise, 3 times a week,
for 24 weeks

Target behavior

Individuals with symptomatic knee osteoarthritisWho needs to perform the behavior?

When convenient to the person with knee osteoarthritisWhen will they do it?

Home-baseWhere will they do it?

3 times a week in accordance with exercise guidelines [55] for 24 weeksHow often will they do it?

IndependentlyWith whom will they do it?

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

Selected facilitators

1. Accurate osteoarthritis disease knowledge

2. Prioritizing exercise

3. Integrating exercise into daily tasks

4. Belief that you are taking control of your own disability

5. Perceived benefits of exercising

6. Belief that exercise is good for health

7. Positive outcome expectations

8. Long- & Short-term goals

9. 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

1. Forgetfulness

2. Too tired

3. Knee pain limiting perceived ability to exercise

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

5. Lack of improvement with exercises

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

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

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

Stage 2: Identifying Intervention 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: Identifying Content and Implementation
Options
To address the 8 barrier categories, 19 BCTs were selected. To
address the 9 facilitators, 4 BCTs were selected. Findings from
the literature [56-58] were used to reduce the number of possible
facilitator BCTs as less facilitator BCT messages were required
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).

SMS was selected by the authors (KB and RH) as the mode of
delivery for an intervention to support exercise adherence at the
outset of intervention design. This was based on the available
literature identifying SMS as a scalable, effective, efficient, and
affordable tool to promote adherence to a range of health
behaviors including physical activity and exercise [29-33,59,60].
This decision limited barriers, facilitators, intervention function,
and BCT selection to those who would be suitable to be
addressed via SMS.

Phase 2: Development of How the SMS Program
Functions and 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

automated SMS 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 a positive 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 a BCT suggestion relevant to their selected
barrier. BCT messages to facilitate exercise adherence are also
sent, irrespective of self-reported adherence. Figure 1 provides
a diagrammatic representation of message interactions and
triggers.

To address user messages that are not recognized by the program
automation (eg, replies to one-way messages or replies not from
a predefined list), a response 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 initially [19]. Message
frequencies that decrease over time appear to be more effective
[19,31]. In line 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.

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 messages were
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
a spread of BCTs within 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.

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 website interface enables addition
of program users by entering their name, mobile phone number,
birth date, and program start date (set as the 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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Figure 2. Example automated message sequence for low exercise adherence (<3 exercise sessions) and barrier ‘forgot'. BCT= behavior change technique.

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

SMSd contentBCTcIntervention
function

TDFb domainCOM-Ba categoryBarrier

[Name], it can be hard to remember. We sug-
gest making the exercises a habit. Set aside the
same time each day to do them. It’s much
harder to forget when something is a daily
routine.

8.3 Habit
formation

Training10. Memory, attention
and decision processes

Psychological capabilityForgetfulness

Remember mild pain with knee exercise is
okay but significant pain’s discouraging. Figure
out the cause! Use a log book this week, record
how you feel after EACH exercise. Identify
the exercise linked to your concern. Modify
that ONE exercise & keep doing your program
3x week.

1.2 Problem
Solving

Enablement6. Beliefs about conse-
quences

Reflective motivationConcern exercise
(causing) pain

aCOM-B: Capability, Opportunity, Motivation model of behavior.
bTDF: Theoretical Domains Framework.
cBCT: behavior change technique.

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

SMSd contentBCTcIntervention
function

TDFb domainCOM-Ba categoryFacilitator

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

5.1 Information about
health consequences

Education1. KnowledgePsychological capabilityAccurate disease
knowledge

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

10.9 Self rewardEnablement14. Behavioral
regulation

Psychological capabilityPrioritizing exer-
cise

aCOM-B: Capability, Opportunity, Motivation model of behavior.
bTDF: Theoretical Domains Framework.
cBCT: 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 SMS program to support adherence to prescribed
home-based strengthening exercise 3 times a week. The program
aims to do this by asking users how many home exercise
sessions they completed in the previous week, 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.

Strengths and Limitations
The systematic design of the SMS intervention content is a
significant strength of this study. Application of the BCW
provided a clear framework to develop a targeted and informed
intervention that incorporates BCTs specifically selected to
address known barriers and facilitators to exercise adherence
in people with knee osteoarthritis. The BCW also provided
structure for the transparent and thorough reporting of
intervention design, vital for future evidence synthesis that 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-effective for 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 also 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,

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 categories that 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 future implementation 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 feasibility, 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 health
professionals to 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 adherence in 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.
[PDF 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]

Multimedia Appendix 3
Description and frequency of behavior change automated messages.
[PPTX File , 47 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Description and frequency of logistic and other automated messages.
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STUDY PROTOCOL Open Access

Effectiveness of internet-delivered
education and home exercise supported by
behaviour change SMS on pain and
function for people with knee
osteoarthritis: a randomised controlled trial
protocol
Rachel K. Nelligan1, Rana S. Hinman1, Jessica Kasza2 and Kim L. Bennell1*

Abstract

Background: Knee osteoarthritis (OA) is a prevalent and chronic condition with no known cure. Exercise is
advocated in all clinical guidelines due to its positive effects on symptoms. Despite this, exercise participation is
often poor in people with knee OA with access to exercise treatments a known barrier. Internet-delivered exercise
interventions have the potential to improve access to evidence-based exercise treatments and can benefit OA
outcomes, although non-usage and low adherence potentially limit their effectiveness. Short message services
(SMS) show promise in facilitating exercise adherence and may be one solution to improve adherence to internet-
delivered exercise interventions. The combination of internet-delivered exercise and SMS adherence support has
not been specifically evaluated in people with knee OA.

Methods: This protocol reports a two-arm parallel-design, assessor- and participant-blinded randomised controlled trial.
This trial is recruiting 206 people aged 45 years and older, with a clinical diagnosis of knee OA from the Australian-wide
community. Eligible and consenting participants are enrolled and randomised to receive access to either i) ‘My
Knee Education’, an education control website containing OA and exercise information only or ii) a combined
intervention that includes a website, ‘My Knee Exercise’, containing the same educational information as the
control, guidance to increase general physical activity, and the prescription of a 24-week self-directed home-
based lower-limb strengthening program in addition to a 24-week behaviour change SMS exercise adherence
program. Outcome measures are being collected at baseline and 24-weeks. Primary outcomes are self-reported
knee pain and physical function. Secondary outcomes include another self-reported measure of knee pain, function in
sport and recreation, quality-of-life, physical activity, self-efficacy, participant satisfaction and perceived global change.

Discussion: This randomised controlled trial will provide evidence about the effectiveness of a combined intervention
of internet-delivered OA and exercise education, physical activity guidance and prescription of a 24-week lower-limb
strengthening exercise program supported by a behaviour change SMS program compared to internet delivered OA
and exercise education alone.

(Continued on next page)
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Background
Knee osteoarthritis (OA) is a chronic condition that
affects the entire joint including cartilage, bone, liga-
ment and muscle, with low grade inflammation typ-
ically present [1]. Knee OA is clinically diagnosed in
people 45 years of age or over with activity related
joint pain and morning joint stiffness lasting 30 min
or less [2]. Symptoms include pain and impaired
physical function which commonly leads to inactivity
and reduced quality of life [3, 4]. Osteoarthritis is a
leading contributor to global disability [5] with con-
siderable economic costs and as such is a global
public health problem [6]. With the number of
people with symptomatic OA projected to steadily
increase each year due to an ageing population and
rising obesity [7], low-cost, scalable interventions
that could be effective at a population level are
needed to prevent an unmanageable increase in OA
related health-care costs.
As knee OA is a chronic condition with no known

cure, self-management and lifestyle modification are
central to long-term symptom relief [8]. This includes
exercise which has benefits on pain and physical func-
tioning [9]. Despite this, exercise is underutilised in the
management of knee OA [10–12]. A combination of fac-
tors may be responsible. General Practitioners (GPs),
who commonly manage knee OA, report time pressures
and lack of skill and/or insufficient knowledge to pre-
scribe exercise to their patients [13, 14]. Exercise profes-
sionals, such as physiotherapists, who have the skills and
knowledge are often not referred to [15, 16], and if con-
sulted may not be equipped with sufficient training or
skill to facilitate behaviour change in their patients to
promote longer-term exercise adherence [17–20]. On an
individual level, people with knee OA can lack the mo-
tivation [21], knowledge and confidence to commence,
progress and adhere to self-directed exercise [22] and
often have negative beliefs about the impact of exercise
on their joints preventing initiation of exercise in the
first place [23]. Challenges of access to exercise treat-
ments also exist including associated costs and geo-
graphical location [24]. To overcome these barriers,
innovative approaches to exercise education, prescrip-
tion and adherence are needed.
Using technology to deliver exercise interventions may

be one solution. Several self-directed OA targeted inter-
net-delivered physical activity and/or exercise interven-
tions have been described in the literature [25–28] with

three evaluated in randomised controlled trials (RCTs)
[25, 27, 29]. ‘First Step to Active Health’, a 12-week pro-
gram with 4 exercise steps (cardiovascular, flexibility,
upper and lower body strength, and balance) for users to
incorporate over 12 weeks was compared to a nutrition
control in adults with self-reported arthritis of any type
[25]. Participants in the intervention group showed
greater improvements in self-reported physical activity
at 3 months, but not at 9 months, compared to control
with similar gains in functional performance measures
and arthritis self-efficacy. Measures of program usage
and adherence were not reported. The ‘Join2Move’ pro-
gram, a 9-week, 9-module physical activity program was
compared to a wait-list control in adults with hip and/or
knee OA [29]. At 3 months, participants receiving the
intervention had significant improvements in self-re-
ported physical function compared to the control, but
this was not sustained at 12-months. Adherence to the
intervention was problematic with 80% of participants
completing the first and only 55% completing the second
of nine modules. Finally, the 8-week ‘Help my Knees’
program was compared to standard in-person physio-
therapy and a wait-list control in adults with knee OA
[27]. The ‘Help My Knees’ program consisted of a pro-
gressive lower-limb strength and flexibility program and
a walking program with access reminders sent via email
if no program login was identified every 7 days. No sig-
nificant between-group differences in pain or function
were identified at 4 or 12 months. Exercise adherence
was not reported, although engagement with the ‘Help
My Knees’ program was overall low. Overall, the self-di-
rected programs appeared safe with few adverse events
reported [26, 27].
High rates of non-usage of internet-delivered exercise

interventions and poor adherence to their recommenda-
tions is consistently reported [29–31]. Further research
is needed to explore strategies to optimise adherence to
these interventions and potentially enhance outcomes. A
blended intervention where the internet resource is
combined with face-to-face therapist contact is one op-
tion [32, 33]. However, this does not fully address access
barriers to exercise treatments as patients are still re-
quired to travel to health care clinics. Another option
may be the use of short message services (SMS) deliv-
ered using mobile phones. SMS can effectively promote
adherence to a variety of health interventions including
diabetes self-management and smoking cessation pro-
grams and health appointments [34, 35]. Specifically
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related to home-exercise adherence, the use of SMS
shows promise in adults with knee OA [36], frozen
shoulder [37] and healthy populations [38]. There are
many benefits to using SMS to promote adherence to
healthy behaviours. These include instantaneous com-
munication and feedback [39], convenience, accessibility
and cost-effectiveness [40] and user acceptability [41].
SMS programs underpinned by behaviour change theory
appear to have greater effects [9]. The combination of
an internet-delivered exercise intervention supported by
a behaviour change SMS exercise adherence intervention
has not been evaluated.
Therefore, we developed a 24-week combined inter-

vention consisting of self-directed, internet-delivered OA
education and exercise guidance, the ‘My Knee Exercise’
website, and a behaviour change SMS exercise adherence
program. ‘My Knee Exercise’ is a website that includes
knee OA and exercise educational information, guidance
to increase general physical activity and describes a 24-
week, progressive lower limb strengthening exercise pro-
gram to be completed three times each week. The
strengthening exercises have previously been found to
reduce pain and improve physical function in people
with knee OA when prescribed by a physiotherapist, re-
motely using video conferencing [42].
The behaviour change SMS exercise adherence

program was developed applying the Behaviour
Change Wheel (BCW), a synthesis of 19 models of
behaviour which can be applied to inform behaviour
change intervention design [43, 44]. The BCW uses
the Capability, Opportunity, M motivation model of
behaviour (COM-B) and the Theoretical Domains
Framework (TDF) [45] to guide selection of barriers/
facilitators of a behaviour. The COM- B model in-
cludes six categories to describe behaviour; i) phys-
ical capability (e.g physical skill); ii) psychological
capability (e.g knowledge and psychological skill); iii)
physical opportunity (e.g. the environment such as
time/resources); iv) social opportunity; v) reflective
motivation (e.g. self-conscious intentions and beliefs);
and vi) automatic motivation (e.g. emotional reac-
tions, desires, impulses). The TDF includes 14 add-
itional domains that link to COM-B categories [19].
These domains can be used to understand a behav-
iour in greater detail if needed. Once barriers/facili-
tators of the behaviour are identified and linked to
COM-B/TDF the BCW then suggests intervention
functions (e.g. education or training) which may
bring about change and guides selection of behav-
iour change techniques (BCTs) from the Behaviour
Change Technique Taxonomy (BCTTv1) [46] to use
in the intervention.
Development of the SMS program is reported else-

where (manuscript provisionally accepted). In brief, the

program is a 24-week automated program that aims to
facilitate adherence to the strengthening exercise pro-
gram, 3 times weekly. The program prompts weekly self-
reporting of exercise sessions completed in the previous
week, addresses key barriers and facilitators to exercise
adherence in knee OA [23], and provides BCT sugges-
tions to address these barriers/facilitators. One hundred
and ninety-eight SMS were constructed to form the
SMS program library with SMS wording input from 16
people including the authors (academics, clinical physio-
therapists and a person with knee OA). The finalised
SMS library was provided to an external company who
developed the automated SMS program.
The primary aim of this pragmatic randomised con-

trolled trial (RCT) is to evaluate the effect of this com-
bined intervention consisting of the “My Knee Exercise”
website and SMS adherence support compared to a con-
trol website that contains standard OA and exercise edu-
cational information alone, like what is already currently
available on the internet. Our primary hypothesis is that
participants who receive “My Knee Exercise” and the
SMS support will have greater improvements in pain
and function compared to those who receive the educa-
tion control at 24-weeks. Our secondary hypothesis is
that improvements in other outcomes such as other
measures of pain, health-related quality-of-life, physical
activity, self-efficacy, global change and satisfaction will
be greater in the combined intervention compared to
the education control group.

Methods/design
Trial design
This protocol reports a pragmatic, 2-arm, parallel-de-
sign, assessor- and participant- blinded randomized con-
trolled trial and complies with SPIRIT guidelines [47].
Reporting will comply with CONSORT [48–51] and
TIDieR guidelines [47]. Trial phases are outlined in
Fig. 1.

Participants
Informed by a sample size calculation, 206 participants
are being recruited from the Australia-wide community
via social media, internet-based newspapers and from
our volunteer study database. Participants are !45 years
of age and have a clinical diagnosis of knee OA [8].
Table 1 lists the full eligibility criteria. Ethics approval
has been obtained from the Human Research Ethics
Committee of University of Melbourne (HREC No.
1851085.1).

Procedures
Baseline and 24-week assessments are being collected
remotely via password protected online surveys using
RedCap™ software. Data will be deidentified and
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downloaded into Microsoft® Office Excel software and
stored in password protected computer files on the uni-
versity server. All authors will have access to the final
trial dataset. The most symptomatic knee at the time of
enrolment is the focus of evaluation. In cases where both
knees are equally symptomatic and eligible, the right
knee is deemed the study knee. All participants provide

informed consent to participate via online consent
forms, prior to completing baseline assessments.

Randomization and blinding
On completion of baseline assessment, participants are
randomised into one of two groups i) My Knee Exercise
and SMS support; or ii) My Knee Education. Computer-

Fig. 1 Flow diagram of trial procedures

Table 1 Trial inclusion/exclusion criteria
Inclusion criteria Exclusion criteria

Meet the National Institute for Health and Care Excellence (NICE)
osteoarthritis clinical criteria [8]:
- aged 45 years and over
- activity related knee joint pain
- morning stiffness !30 min

Booked for knee joint replacement surgery;

History of knee pain on most days for "3 months Have had a knee joint replacement in the most painful knee

Overall average knee pain in past week self-rated as "4 out of 10 on
an 11-point numeric rating scale (NRS)

Have participated in a structured knee exercise program within the past 6
months

Able to give informed consent and to participate fully in the
interventions and assessment procedures

Self-reported diagnosis of rheumatoid arthritis or other inflammatory arthritis

Have a mobile phone with text message functioning and be willing
to use it during the study to receive and send text messages

Have had a fall within the last 12 months and do not receive clearance from a
General Practitioner to participate in an unsupervised home exercise program

Have a home Internet connection and a device that enables access
to the Internet.

Are housebound requiring assistance from another person to leave the house
in the previous month and do not receive medical clearance from a General
Practitioner to participate in an unsupervised home exercise program

Fail pre-exercise screening [73] and do not receive medical clearance from a
General Practitioner to participate in an unsupervised home exercise program

Unable to speak or read English
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generated randomisation has been prepared by our study
biostatistician (JK) in permuted blocks of sizes 6 to 12.
To conceal allocation, the randomisation schedule is
accessed via a password-protected, computer program
by a researcher not involved in participant recruitment
scheduling or assessment. The person who determines if
a potential participant is eligible for inclusion in the trial
is unaware, when this decision is made, to which group
the participant will be allocated. Participants are blinded
to study groups, informed at the time of recruitment
that the study will investigate and compare digital re-
sources/websites aimed at helping people self-manage
their knee pain and that this may include exercise and
mobile phone text message contact. Data will be ana-
lysed with blinding to group allocation. As outcomes are
self-reported measures and participants are blinded this
constitutes assessor blinding.

Interventions
My Knee Exercise website and SMS support (Intervention)
Participants in this group receive access to the ‘My Knee
Exercise’ website and a 24-week behaviour change SMS
program. After randomisation, participants receive an
email from the study co-ordinator, which contains de-
tails of how to access the website (the URL and their
unique username and password). Participants are asked
to access the website at home, on their own device
within 7 days and are informed they can view the web-
site as often as they require. Participants also receive a
welcome SMS prompting them to access the website
and start the prescribed knee strengthening exercise
within the coming 7 days.

My Knee Exercise website The website contains a
home page and four sections that provide educational
information, guidance to increase general physical activ-
ity, a 24-week home-based lower limb strengthening ex-
ercise program and resources to support exercise (e.g.
printable logbooks). The website was constructed by the
authors who received website development training from
a web-designer. The website was developed in accord-
ance with recommendations outlined by The Health on
the Net Foundation’s Code of Conduct [52]. This code
provides an ethical standard for the reliability of inter-
net-delivered medical and health information. Three
people with knee OA provided input on the website
prototype regarding design, content and usability which
informed the finalised website. The literacy demands of
all written material in the website was evaluated with
recommended [53] and previously used [54, 55] online
readability software (Readable.io, Added Bytes, Ltd., Sus-
sex, UK) as suitable for individuals with a 5th-grade
reading ability. This is in accordance with the recom-
mended reading level for consumer healthcare

information of no greater than 6th–8th grade [56, 57].
Material within the website was specifically developed
for this study. The website is not tailored to each partici-
pant. All participants receive the same standardised web-
site. Website sections are discussed in detail below.
Home Page: The website home page includes a video

tutorial called “Start here.” This tutorial explains and
models use of each section of the website, encourages
participants to start the strengthening exercise as soon
as possible and explains the SMS exercise support. The
home page also contains links to the four sections of the
website plus links to ‘contact us’ and ‘about us’
information.
My Knee Education: This section contains written in-

formation about living with knee OA, knee OA treat-
ments, exercise as treatment for knee OA,
recommended exercise for knee OA and managing exer-
cise pain. Written information is supported by video in-
terviews of people with knee OA and OA experts.
Participants are directed to view the written and audio-
visual material prior to commencing the strengthening
exercise program prescribed within the ‘My Knee
Strength’ section of the website. Participants can down-
load copies of all written information.
My Knee Strength: This section describes a 24-

week, self-directed, home-based, lower limb strength-
ening exercise program. Over 24-weeks, participants
are instructed to complete three, eight-week exercise
programs, completed in succession. The exercise pro-
tocols were chosen based on those demonstrated to
reduce pain and improve physical function in people
with knee OA when prescribed by a physiotherapist
[42, 58]. Participants receive a SMS at week one to
prompt commencement of exercise program one and
a SMS at week eight and week 16 to encourage use
of the website and progression to exercise program
two and three, respectively. Program one and two
contain five exercises and program three contains six
exercises. Exercises in each program target the hip,
knee and ankle, and include for example seated knee
extension, walk squats, hip abduction and calf raises.
Two to three new exercises replace other exercises in
each program to add variety and increase the exercise
challenge. Exercise dosage, in accordance with recom-
mendations for muscle hypertrophy [59], is: 10 repeti-
tions; three sets with 2 min rest between each set;
three times a week; at an exercise intensity of hard
[4, 5] in program one and very hard [6, 7] in pro-
gram two and three, as rated on an 11-point scale of
Rated Perceived Exertion (RPE) for strength training
[60]. Intensity is increased for each exercise by adding
ankle weights and/or changing body position. In line
with a pragmatic approach, participants are encour-
aged to purchase their own ankle weights to progress
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their exercises throughout the 24-week intervention.
Each exercise session is estimated to be 20–30 min
duration. Written instructions are provided for each
exercise as well as photographic and video demon-
strations. Participants can download and print a copy
of each exercise program. Downloadable exercise log-
books for each program are also provided. Partici-
pants are encouraged, but not mandated, to use the
log books to record their weekly exercise practice.
‘My Knee Strength’ also contains suggestions of what
and where to purchase exercise equipment to pro-
gress the exercises, tips for starting and sticking to
exercise, and provides details about the SMS exercise
adherence program.
My Knee Physical Activity: This section contains infor-

mation and guidance to assist participants to increase
their general physical activity over the 24-week interven-
tion period. Information includes why and how to in-
crease general physical activity, how to track and safely
increase daily steps, activity pacing and how to make a
physical activity plan. A physical activity plan and a
physical activity log book are available in downloadable
PDF format. This section also includes video interviews
of people with knee OA discussing their experience in-
creasing activity in the presence of knee pain.
My Knee Tools: This section synthesises downloadable

resources from the other three sections of the website
including a physical activity plan template, strengthening
program one, two and three logbooks; and a physical ac-
tivity logbook. Exercise equipment suggestions, tips for
starting and sticking to exercise and video interviews of
people with knee OA discussing their experience with
knee exercise and increasing activity with knee pain are
also included.

SMS exercise adherence support The development of
the SMS program is reported elsewhere (manuscript
provisionally accepted). In summary, over the 24-week
intervention period participants receive two to five SMS
weekly. Message frequency declines over time to reduce
user burden, as recommended [61]. SMS length ranges
from 105 to 420 characters and are personalised by
using the participant’s first name. The SMS program is
mentioned in the website, but they are not linked. The
start of the automated SMS program is triggered by the
study co-ordinator at the time of participant enrolment.
The study co-ordinator enters, into an online platform, a
start date for when the first automated SMS will be sent.
To allow participants enough time to access the website
and start their strengthening exercise, the program start
date is the next Monday that is 5 days or more after en-
rolment. On the start date and proceeding Mondays
(weekly between weeks 1–8 and fortnightly between
weeks 9–24), users receive a SMS asking them to self-

report the number of knee strengthening exercise ses-
sions completed in the previous week. If users self-report
!2 exercise session/week (classified as low adherence)
they then receive a SMS that prompts them to select a
barrier from a prespecified list (forgot, too tired, knee
hurts so can’t exercise, worried exercise is causing pain,
exercise isn’t helping, boring, lack of time, life stress,
and none above apply to me) which best explains why
they were unable to complete their exercises three times
in the previous week, as recommended in the website.
The user’s barrier selection triggers a SMS that contains
a BCT suggestion related to the selected barrier. Users
who report "3 exercise session/week (classified as adher-
ent) receive a SMS that encourages continued comple-
tion of the exercises "3/week. Users also receive regular
SMS (twice weekly initially and reducing to once fort-
nightly by 24-weeks) which contain BCT suggestions to
facilitate completion of the exercises "3/week, irrespect-
ive of their self-reported adherence. Program automation
prevents the same BCT SMS being sent for example if
the same barrier is selected more than once. Add-
itional files 1 and 2 list the barriers and facilitators used
in the SMS program and the BCTs selected to address
them. To further enhance engagement, participants are
sent special occasion messages (e.g. birthday,
Christmas).

My Knee Education (control)
Participants in the control condition are provided with a
URL to access ‘My Knee Education’, a website containing
only the educational information provided in the interven-
tion within the ‘My Knee Education’ section with any ref-
erence to the intervention exercise program removed and
replaced with general exercise and physical activity recom-
mendations, like those available in current Internet-based
Australian OA consumers resources. The control site does
not contain an exercise program. All material within the
website has been specifically developed for this study.
After randomisation, participants receive an email, from
the study co-ordinator, containing details of how to access
the website (the URL and their unique username and
password). Participants are asked to access the website at
home, on their own device within 7 days, read the educa-
tional information provided and implement any exercise
and physical activity recommendations as they see fit. Par-
ticipants are instructed that they can view the website as
often as they require. At the same time participants re-
ceive their access email they also receive a welcome SMS
prompting them to access the website.

Outcomes
Outcome measures are self-reported. The primary time
point is 24-weeks after baseline. Table 2 summarises all
measures captured.
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Descriptive and other measures
Age, sex, education level, current employment status,
co-morbid conditions, duration of knee OA symptoms,
laterality of symptoms, previous treatments and medica-
tions, problems in other joints, residential postcode and
self-reported height and body mass are obtained at base-
line. Body mass index is calculated using height and
weight measures.

Primary outcomes
Primary outcomes are collected at baseline and 24-
weeks.
Overall knee pain: Average overall knee pain in the

past week is self-assessed using a 11-point numeric rat-
ing scale (NRS) [62] with terminal descriptors of ‘no
pain’ (score 0) and ‘extreme pain’ (score 10).
Physical function: Limitations with physical function-

ing over the past week are measured by extracting the
Physical Function subscale of the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC)
from the Activity of Daily Living subscale of the Knee
Injury and Osteoarthritis Outcome Score (KOOS) [63],
which contains the WOMAC questions. It is a self-re-
port measure with established validity, reliability and re-
sponsiveness in knee OA [64]. The physical function
subscale contains 17 questions with response captured
on a 5-point scale with terminal descriptors 0 = “none”
to 4 = “extreme”. Total score ranges from 0 to 68 with
lower scores indicating worse functioning.

Secondary outcome measures
Self-reported secondary outcomes are measured at base-
line and 24 weeks, unless indicated otherwise.
Pain, function in sport and recreation and knee-related

quality of life in the last week: Additional subscales of
the Knee Injury and Osteoarthritis Outcome Score
(KOOS) are being measured [63] including i) pain (9-
items), ii) function in sport and recreation (5-items) and
iii) knee-related quality of life quality of life (4-items).
Responses are provided on a 5-point scale. Scores will
be calculated for each subscale and range from 0 to 100
with 0 indicating worst possible symptoms.
Health-related quality of life: The AQoL questionnaire

(version AQoL-II) [65] is measuring health related qual-
ity of life. This is a 20-item measure with responses pro-
vided on a 5-point scale. Scores range from ! 0.04 to
1.00 with 1 indicating full health-related quality of life.
Physical activity: The Physical Activity Scale for the

Elderly [66] is being used to assess physical activity, over
the previous week. This is a 10-item measure which col-
lects responses for the frequency, duration, and intensity
level of a range of activities typically chosen by older
adults. Scores range 0 to > 400 with higher scores indi-
cating greater levels of physical activity.

Table 2 Schedule of enrolment, intervention, and assessments

BMI Body Mass Index, EARS Exercise Adherence Rating Scale, NRS numeric
rating scale, WOMAC The Western Ontario and McMaster Universities
Osteoarthritis Index, KOOS Knee Osteoarthritis Outcome Score, ADL Activity of
Daily Living, AQoL2 Assessment of Quality of Life Instrument, PASE Physical
Activity scale for the elderly, ASE Arthritis Self Efficacy scale, SEE Self- efficacy
for exercise scale, SMS Short Message Service
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Self-efficacy: The Arthritis Self-Efficacy Scale [67] is
being used to measure arthritis specific self-efficacy.
Two subscales are being collected, self-efficacy for man-
aging pain (5-items) and physical function self-efficacy
(9-items) with responses provided on a 10-point scale.
Scores for each subscale range from 1 to 10 with higher
scores indicating greater self-efficacy.
Exercise self-efficacy: The Self-efficacy For Exercise

(SEE) Scale is measuring exercise self-efficacy. This is a
9-item measure with responses provided on a 11-point
scale. Scores range from 0 to 90 with higher scores indi-
cates higher self-efficacy for exercise.
Participant-perceived change overall due to treatment

(24 week only): Participants rate their perceived change
in their condition overall, since baseline, on a 7-point
scale with terminal descriptors of 1 = “much worse” to
7 = “much better”. Scores of 6 (“moderately better”) and
above will be considered to indicate improvement [68].
Overall satisfaction (24 week only): Participants rate

their overall satisfaction with the digital resource(s) they
accessed as part of the study on a 7-point scale with ter-
minal descriptors of 1 = “very dissatisfied” to 7 = “very
satisfied”. Scores range from 1 to 7 with higher scores
indicating greater satisfaction.

Process measures
A range of process measures are assessed at 24-weeks,
unless indicated otherwise.
Exercise importance (baseline and 24-weeks): Partici-

pants will be asked the question “How important is it to
you to do regular exercise to manage your knee condi-
tion?” Responses are collected on a 7-point scale with
terminal descriptors 1 = ‘not at all important’ and
7 = ‘extremely important’. Scores range from 1 to 7, with
higher scores indicating higher importance.
Self-reported number of exercise days in the previous

week: Participants are asked “In the past week, how
many days did you participate in exercise for your knee
condition?” Scores range from 0 to 7.
Adherence to prescribed home exercise: Exercise Ad-

herence Rating Scale (EARS) Section B is being used to
measure adherence to prescribed home exercise [69].
This is a 6-item measure. Responses are collected on a
5-point scale. Scores range from 0 to 24 with higher
score indicating better adherence.
Perceived usefulness of study website: Participants are

asked to report their level of agreement with the state-
ment “I thought the website I accessed as part of the
study was useful in helping me manage my painful
knee”. Responses will be collected on a 7-point scale
with terminal descriptors 1 = ‘strongly disagree’ and
2 = ‘strongly agree’. Scores range from 1 to 7 with higher
scores indicating higher perceived usefulness.

Perceived usefulness of SMS exercise adherence support
(intervention only): Participants are asked to report their
level of agreement with the statement “I thought the
mobile phone text messages I received were useful in
helping me manage my painful knee”. Responses will be
collected on a 7-point scale with terminal descriptors
1 = ‘strongly disagree’ and 2 = ‘strongly agree’. Scores
range from 1 to 7 with higher scores indicating higher
perceived usefulness.
SMS frequency feedback (intervention only): Partici-

pants agreement with the statement “The number of text
messages I received over the past 6 months was the right
amount for me.” Responses will be collected on a 7-
point scale with terminal descriptors 1 = ‘strongly dis-
agree’ and 2 = ‘strongly agree’. Scores range from 1 to 7
with higher scores indicating higher agreement. Partici-
pants who select !3 will be asked ‘Did you receive too
many or too few?’ with response collected via 1 = ‘too
few’ or 2 = ‘too many’.
Website access: Participants are asked to estimate how

many times they accessed their study website in: i) the
first month of the study, and ii) month five of the study.
Responses are collected in an open numerical field box.
Exercise equipment purchased: Participants will be

asked if they purchased any exercise equipment to help
them with their knee exercise. Participants who select
‘yes’ will be asked to estimate the cost of the equipment
purchased in an open numerical field box.
Website and SMS program data: Interaction data will

be collected from both websites and the SMS program
such as website logins and SMS program ‘opt-outs’.
Adverse events: Any problem that participants believe

was caused by the information received as part of the
study and required them to seek treatment/take medica-
tions, and/or interfered with function for two or more
days are recorded via questionnaire.
Co-interventions: Medications and other treatments

for knee OA are recorded at 24 weeks using a cus-
tom-developed survey. This survey records the fre-
quency of use of a range of pain and arthritis
medications and co-interventions over the past 6
months.

Data analysis, monitoring and auditing
Sample size calculation
The sample size is based on detecting an effect size of
0.40 for the two primary outcomes of pain and
WOMAC physical function. According to Cohen [70],
an effect size of 0.40 represents a small to moderate dif-
ference between groups. This effect size was chosen
based on mean effect sizes for exercise treatment in
people with knee osteoarthritis. A meta-analysis of 44
clinical trials investigating land-based exercise showed
effect sizes of 0.49 for pain and 0.52 for physical
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function [9]. As the current trial includes unsupervised
exercise, which we believe may result in smaller effects,
we powered the trial to detect a more conservative effect
size of 0.40 for both primary outcomes. Thus, to achieve
80% power and 0.05 two-sided significance level, with a
correlation between pre- and post-measurements of 0.35
for pain and function, and accounting for 15% loss to
follow up [42, 58], we require 103 participants per arm,
for a total of 206 participants. Assuming between-par-
ticipant standard deviations of 2.3 for pain and 11.7 for
WOMAC physical function based on our previous re-
search [58] and a pre-post correlation of 0.35, this sam-
ple size of 206 participants will provide us with > 99%
power to detect a minimal clinically important difference
in pain of 1.8 units [71] and 95% power to detect a min-
imal clinically important difference in function of 6
WOMAC units [72].

Data analysis
Analyses comparing the two groups will be performed
by the statistician in a blinded fashion using all available
data from all randomised participants according to the
intention-to-treat principle. Should the amount of miss-
ing data for an outcome be greater than 5%, multiple
imputation will be conducted, and the method reported.
The primary analysis will analyse the multiply imputed
datasets. Demographic and baseline characteristics of
participants will be summarised as appropriate (means
and standard deviations for continuous variables that ap-
pear to be distributed approximately symmetrically, me-
dians and interquartile ranges for other continuous
variables, counts and percentages for categorical vari-
ables) and will be inspected to assess baseline compar-
ability of treatment groups. For continuous outcomes,
differences will be compared between groups in either
change (baseline minus follow up) or at 24 weeks using
linear regression models adjusted for baseline levels of
these outcomes. Model assumptions will be assessed
using standard diagnostic plots. We will also calculate
the proportion of participants in each group that show
an improvement that reaches or exceeds the minimal
clinically important difference in NRS pain (!1.8 units)
and in WOMAC function (!6 units). For this and other
binary outcomes, differences between groups will be
compared using relative risks, calculated from logistic
regression models.

Monitoring
Monthly meetings are held between the trial coordinator
and lead investigators to review recruitment, trial pro-
gress, monitor adverse events and any other issues relat-
ing to the trial.

Dissemination plans
Trial findings will be disseminated at conferences, pub-
lished in a peer-reviewed journal and a lay summary of
findings provided to all participants. Findings will also
be dissemination through research networks including
the Centre for Health, Exercise and Sports Medicine,
and the National Health and Medical Research Council
Centre for Research Excellence in Translational Re-
search in Musculoskeletal Pain. We anticipate making
the ‘My Knee Exercise’ website available for the general
population to access.

Discussion
This RCT is investigating if a digitally delivered inter-
vention that combines "My Knee Exercise’, a website
containing knee OA and exercise education, guidance to
increase general physical activity, and prescribes a 24-
week home-based lower limb strengthening program
with a behaviour change SMS exercise adherence pro-
gram can improve knee pain and physical function at
24-weeks when compared to OA and exercise education
alone. If effective, this combined intervention will be an
easily scalable intervention with the potential to increase
access to exercise programs for the treatment of knee
OA. This intervention could be easily disseminated by
primary care doctors and health professionals as a first-
line intervention in a stepped care approach, provided
by health insurers for their members and/or linked to
currently available Internet delivered OA consumer
resources.

Additional files

Additional file 1 Exercise barriers and the BCTs which were converted
into individual SMS to address each barrier. Demonstrates the application
of the BCW framework using COM-B categories, TDF domains and
intervention functions. (PDF 63 kb)

Additional file 2 Exercise facilitators and the BCTs which were
converted into individual SMS to address each facilitator Demonstrates
the application of the BCW framework using COM-B categories, TDF
domains and intervention functions. (PDF 35 kb)
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Effects of a Self-directed Web-Based Strengthening Exercise
and Physical Activity Program Supported by Automated Text Messages
for People With Knee Osteoarthritis
A Randomized Clinical Trial
Rachel K. Nelligan, PGCertPhysio; Rana S. Hinman, PhD; Jessica Kasza, PhD; Samuel J. C. Crofts, MPH; Kim L. Bennell, PhD

IMPORTANCE Exercise therapies are advocated in osteoarthritis (OA) clinical guidelines.
However, challenges to accessing exercise may be limiting widespread uptake.

OBJECTIVE To evaluate the effects of a self-directed web-based strengthening exercise and
physical activity program supported by automated behavior-change text messages on knee
pain and function for people with knee OA.

DESIGN, SETTING, AND PARTICIPANTS The participant-blinded and assessor-blinded
randomized clinical trial enrolled 206 people who met clinical criteria for knee OA in
communities across Australia from July 2018 to August 2019, with follow-up taking place at
24 weeks.

INTERVENTIONS The control group was given access to a custom-built website with
information on OA and the importance of exercise and physical activity. The intervention
group was given access to the same information plus a prescription for a 24-week
self-directed strengthening regimen and guidance to increase physical activity, supported by
automated behavior-change text messages encouraging exercise adherence.

MAIN OUTCOMES AND MEASURES Primary outcomes were change in overall knee pain
(numeric rating scale, 0-10) and difficulty with physical function (Western Ontario and
McMaster Universities Osteoarthritis Index, 0-68) over 24 weeks. Secondary outcomes were
another knee pain measure, sport and recreation function, quality of life, physical activity,
self-efficacy, overall improvement, and treatment satisfaction.

RESULTS Of 206 participants, 180 (87%; mean [SD] age, 60 [8.4] years; 109 [61%] women)
completed both 24-week primary outcomes. The intervention group showed greater
improvements in overall knee pain (mean difference, 1.6 units; 95% CI, 0.9-2.2 units;
P < .001) and physical function (mean difference, 5.2 units; 95% CI, 1.9-8.5 units; P = .002)
compared with the control. There was evidence of differences in the proportion of
participants exceeding the minimal clinically important improvement in pain (intervention
group, 72.1%, vs control, 42.0%; risk difference, 0.30 [95% CI, 0.16-0.44]; P <. 001) and
function (intervention group, 68%, vs control, 40.8%; risk difference, 0.27 [95% CI,
0.13-0.41]; P < .001) favoring the intervention. Between-group differences for all secondary
outcomes favored the intervention except for physical activity, self-efficacy for function, and
self-efficacy for exercise, for which there was no evidence of differences.

CONCLUSIONS AND RELEVANCE This randomized clinical trial found that a self-directed
web-based strengthening exercise regimen and physical activity guidance supported by
automated behavior-change text messages to encourage exercise adherence improved knee
pain and function at 24 weeks. This unsupervised, free-to-access digital intervention is an
effective option to improve patient access to recommended OA exercise and/or to support
clinicians in providing exercise management for people with knee OA at scale across the
population.

TRIAL REGISTRATION Australian New Zealand Clinical Trials Registry Identifier:
ACTRN12618001167257

JAMA Intern Med. 2021;181(6):776-785. doi:10.1001/jamainternmed.2021.0991
Published online April 12, 2021.
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K nee osteoarthritis (OA) is highly prevalent and has no
known cure.! Recommended first-line management in-
cludes education and strengthening exercise."-# How-

ever, exercise remains underutilized,$-!% partly because of lim-
ited access to appropriately trained health professionals to
prescribe and support exercise.!!-!& Access challenges will con-
tinue to worsen given the aging population and rising obe-
sity, and the burden of knee OA is forecast to overwhelm health
care systems by "%'%.!( Therefore, there is an urgent need to
innovate how exercise is prescribed.!#

Digital technologies may be a feasible solution given that
people with knee OA are increasingly seeking information about
their condition from internet sources.!$ This information is of
variable quality, inconsistently evidence based, and poten-
tially difficult for the general public to comprehend.!) Some
high-quality online OA self-management platforms are freely
available through consumer organizations (eg, MyJointPain.
org.au). However, they provide general exercise information
only. This is problematic as a lack of clear instructions pre-
vents people with knee OA from exercising.!',!* Adherence to
exercise is typically poor in people with knee OA,"%,"! which may
explain why the clinical benefits of exercise are not
sustained."!-"' Barriers include participation costs and lack of
support.!' Cell phone text messages positively influence chronic
disease self-management and physical activity behavior."&,"(

Thus, text messages may help support exercise participation
without the need for health professional involvement.

We developed a "&-week self-directed intervention con-
sisting of a website and automated text messages. The web-
site contains educational information on OA and exercise, plus
guidance to increase physical activity and a prescription for a
structured "&-week self-directed strengthening regimen."# The
text messaging system was developed using behavior change
theory"$ to support home exercise and has been shown to in-
crease physiotherapist-prescribed home exercise adherence.")

We hypothesized that use of the website and cell phone–
based intervention would lead to greater improvements in knee
pain and function in people with knee OA compared with a con-
trol website offering only educational information on OA and
the importance of exercise and physical activity. The control
website content was similar to content currently available
through high-quality online platforms.

Methods
Trial Design
Study Oversight
We conducted a parallel, "-arm, superiority randomized clinical
trial that was prospectively registered in the Australian New Zea-
land Clinical Trials Registry (ACTRN!"#!)%%!!#$"($). Reporting
aligned with the Consolidated Standards of Reporting Trials
(CONSORT) guideline,"* relevant Consolidated Standards of
Reporting Trials Extension (CONSORT Extension) guideline,'%-'"

and the template for intervention description and replication
(TIDieR) guideline.'' The study protocol is available in
Supplement ! and has been published elsewhere."# Approval was
obtained from The University of Melbourne Human Research

Ethics Committee (No. !)(!%)(). Digital informed consent was
obtained using an online form prior to baseline assessments.

Study Participants
Study participants were recruited nationwide in Australia from
July "%!) to August "%!* via online advertisements and the
Centre for Health Exercise and Sports Medicine’s volunteer da-
tabase. Screening was via an electronic survey developed using
REDCap software (Vanderbilt University), and eligibility was
confirmed by telephone. Inclusion criteria were: (!) OA clini-
cal criteria (age +&( years, activity-related knee pain, and morn-
ing knee stiffness ,'% minutes)(; (") knee pain on most days
for ' months or more; (') average overall knee pain severity
of & or greater on an !!-point numeric rating scale (NRS) dur-
ing the previous week; (&) own a cell phone with text messag-
ing; (() home internet access; and (#) ability to consent, par-
ticipate, and complete assessments. Exclusion criteria are
presented in eTable ! in Supplement ".

Study Design and Procedures
Randomization, Allocation Concealment, and Blinding
Participants were randomized with a !:! ratio. Computer-
generated randomization was prepared by the biostatistician
(J.K.) in permuted blocks of sizes # to !". To ensure conceal-
ment, the randomization schedule was accessed via a pass-
word-protected computer program by a researcher not in-
volved in participant screening, recruitment scheduling, or
assessment (S.S. or P.C.). Limited disclosure was used to blind
participants who were also assessors, as all outcomes were par-
ticipant reported. Participants were informed that the study
was investigating a range of digital resources (eg, computer,
cell phone) to promote knee pain self-management that might
include exercise and email or text messaging but were not given
specific details of either the intervention or the control groups
nor the hypothesis under investigation. The biostatisticians
(J.K. and S.J.C.C.) were blinded.

Intervention: My Knee Exercise Website Plus Text Messages
Adetaileddescriptionoftheintervention(MyKneeExerciseweb-
site and automated text messages) and its development have

Key Points
Question How does adding a 24-week self-directed
strengthening exercise regimen and physical activity guidance
supported by automated behavior-change text messages to
web-based osteoarthritis (OA) information affect pain and
function in people with knee OA?

Findings This randomized clinical trial of 206 adults with a clinical
diagnosis of knee OA found that a web-based exercise
intervention supported by text messaging improved knee pain and
function at 24 weeks compared with web-based information
alone.

Meaning This freely available digital intervention is a useful and
effective option for improving access to recommended OA
exercise and/or supporting clinicians in providing exercise
management to people with knee OA at scale across the
population.
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beenpublished.!",!# Interventiondesignfeaturesaresummarized
in eTable ! in Supplement !. The website is accessed via https://
mykneeexercise.org.au/, and the text messaging system, My
ExerciseMessages,wasadaptedforreleaseasanappandisdown-
loadable via app stores. Access is free of charge for both.

The study coordinator (R.K.N.) sent an email to participants
in the intervention group describing the intervention (access to
the My Knee Exercise website containing a prescription for a !$-
week knee strengthening regimen supported by periodic text
messages), website access details (the web address and a unique
login username and password), and a request to commence the
exercise regimen within % week. The website was divided into
$ sections (eTable & in Supplement !).

All participants in the intervention group received the same
standardized website and were permitted to access it at will
for !$ weeks. Participant details were added to the text mes-
saging system, triggering the !$-week automated messages de-
signed to encourage adherence to the prescribed strengthen-
ing exercise. Descriptions of all text message types and their
frequencies during the !$ weeks are provided in eTable $ in
Supplement !. Messages were personalized with first names.
No changes were made to the website or text messaging sys-
tem during the trial.

Control Website: My Knee Education Website
The study coordinator (R.K.N.) sent an email to the participants
in the control group describing the intervention (access to the My
Knee Education website containing information on knee pain,
knee OA, and the importance of exercise and physical activity),
website access details (the web address and a unique login user-
name and password), and a request to access the website within
% week. At enrollment, control participants received a text mes-
sage prompting them to access the website.

The control website contained the same textual informa-
tion as the My Knee Education section of the intervention web-
site, but references to the specific strengthening exercise regi-
men and physical activity guidance were removed. Only
general recommendations were retained, similar to those freely
accessible from OA web-based consumer resources (eg, ge-
neric information on the importance of strengthening exer-
cises and meeting physical activity guidelines).

Outcomes
Outcomes were participant reported and collected via elec-
tronic surveys at baseline and at !$ weeks. The ! primary out-
comes were reliable and valid (%) pain and (!) physical func-
tion measures recommended for knee OA clinical trials.&$-&"

Average overall knee pain in the past week was assessed using
an %%-point NRS with terminal descriptors of no pain (score ')
and extreme pain (score %').&# Limitations with physical func-
tioning during the past week were measured by the physical
function subscale of the Western Ontario and McMaster Uni-
versities Osteoarthritis Index (WOMAC, Likert version &.%),&(

extracted from the Knee Injury and Osteoarthritis Outcome
Score (KOOS),&) with a total score ranging from ' (no dysfunc-
tion) to ") (maximum dysfunction).

Secondary outcomes were (%) KOOS pain, function in sport
and recreation, and knee-related quality-of-life subscales&);

(!) Assessment of Quality of Life (version AQoL-"D)&*; (&) Physi-
cal Activity Scale for the Elderly$' (PASE); ($) Arthritis Self-
Efficacy Scale (ASES)$% pain and physical function subscales;
(() Self-Efficacy for Exercise scale (SEE)$!; (") participant-
perceived change overall since baseline (!$-week follow-up
only)$&; and (#) overall satisfaction (!$-week follow-up only).

Adverse events were participant-reported at !$ weeks, de-
fined as any problem believed to be caused by the study in-
tervention requiring treatment or medication and/or interfer-
ing with function for ! days or more. Custom-developed
surveys collected cointervention use (pain medications and
other knee OA treatments) at !$ weeks (retrospective recall over
previous " months). Exercise adherence was assessed by the
number of days that knee exercises were performed during the
previous week and the Exercise Adherence Rating Scale sec-
tion B$$ at !$ weeks. A range of process measures was col-
lected (eTable ( in Supplement !). Another article reports quali-
tative evaluation.$(

Sample Size
We aimed to detect a conservative effect size of '.$' (small
to moderate between-group difference)$" for the primary out-
comes. We believed self-directed unsupervised exercise may
have smaller effects than the '.$* for pain and '.(! for physi-
cal function observed with land-based supervised exercise for
knee OA.!& To obtain )'% power, a !-sided significance level
of .'(, and a correlation between baseline and follow-up mea-
surements of '.&( with a %(% loss to follow-up,$#,$) %'& par-
ticipants were required per arm. Assuming between-
participant SDs of !.& for pain and %%.# for WOMAC function$)

and a pre-post correlation of '.&(, this sample allowed greater
than **% power to detect a minimal clinically important dif-
ference (MCID) in pain of %.) units$* and *(% power to detect
a MCID in function of " units.('

Statistical Analysis
Analyses were performed by biostatisticians (S.J.C.C. and J.K.)
using Stata, release %" (StataCorp LLC), and intention-to-
treat with all available data from all randomized participants
using their randomized group allocation. Baseline character-
istics of participants who provided both primary outcomes and
those who did not were compared using t tests or +! tests. P
values were !-tailed and statistical significance was defined
as P < .'(. Missing outcomes were imputed using chained
equations with predictive mean matching and ( nearest neigh-
bors for continuous outcomes, and logistic regression impu-
tation models for binary improvement outcomes. Imputa-
tion models for continuous outcomes at !$ weeks included all
primary and secondary outcomes at both baseline and !$
weeks, along with age, sex, body mass index (calculated as
weight in kilograms divided by height in meters squared), edu-
cation level, geographical location, employment status, du-
ration of symptoms, and laterality. The imputation model for
the binary variable of global improvement was similar except
that all secondary outcome variables at !$ weeks were omit-
ted owing to the tendency for perfect prediction. Data were im-
puted for each treatment group separately. Estimates from %(
imputed data sets were combined using Rubin rules.(%
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For continuous outcomes, the mean (!"% CI) difference
in change (baseline minus follow-up) between groups was es-
timated using linear regression models, adjusted for baseline
scores. The proportion of participants with self-perceived im-
provement overall and the magnitude of improvements that
met or exceeded MCIDs for NRS pain and WOMAC function
were compared between groups using logistic regression mod-
els, with results presented as risk ratios and risk differences
(both obtained using marginal standardization)."# Validity of
model assumptions and imputed data sets was assessed using

standard diagnostic plots. Analyses were repeated using
complete-case data.

Results
Study Participants
We randomized #$% participants, of which &'$ ('(%; mean [SD]
age, %$ ['.)] years; &$! [%&%] women) completed both pri-
mary outcome measures at #) weeks (Figure). Groups were

Figure. Participant Flow Through the Randomized Clinical Trial

1218 Assessed for eligibility by an online
questionnaire and/or by telephone

299 Baseline assessment

919 Excluded

438 Failed inclusion criteria
315 Morning stiffness >30 min
64 Low knee pain level
25 Age <45 y
12 Knee pain <3 mo
11 No access to internet or cell phone/text 

messaging
6 Unable to commit for 6 mo
5 No activity-related pain

481 Met exclusion criteria
297 Not interested/not able to contact
67 Current participation in structured exercise
60 Previous knee replacement
43 Not cleared by general practitioner
14 Systemic arthritic conditions

93 Excluded
77 Met exclusion criteria

64 Did not complete consent/baseline
13 Declined to participate

16 Failed inclusion criteria
16 Low knee pain level

206 Randomization

103 Analyzed
0 Excluded from analysis

103 Analyzed
0 Excluded from analysis

90 Completed both 24-wk primary outcomes
13 Lost contact

90 Completed both 24-wk primary outcomes
11 Lost contact
2 Study withdraw

103 Randomized to control group 103 Randomized to intervention group

Website access to educational information
about OA and the importance of exercise and
physical activity

24-wk intervention
Website access to educational information about OA
and the importance of exercise and physical activity
plus guidance to increase physical activity and a
self-directed knee strengthening regimen
 +
Automated text messages providing adherence 
support
 +
Home exercise 3/wk

24-wk intervention

OA denotes osteoarthritis.
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similar at baseline (Table !). Participants who did not com-
plete both primary outcomes at !" weeks reported greater past
use of injections, nonsteroidal anti-inflammatory drugs, and
oral opioids to manage knee pain and higher rates of foot prob-
lems at baseline (eTable # in Supplement !). Website and text
message usage are outlined in eTable $ in Supplement !. Four-
teen (%%) participants reported no website access in the first
month (intervention: n = & [&%]; control: n = '' ['&%]) and %(
(")%) participants reported no website access in the past month
(intervention: n = &( [&)%]; control: n = (* [#*%]) in the past
month. The mean (SD) number of website logins per partici-
pant was #.* (".)) in the intervention group and &.! (!.#) in
the control group. In the intervention group, the mean (SD)
number of text messages sent to each participant during the
!" weeks was #*.* ($.() and the average participant reply rate
was $&% (&"%).

At !" weeks, the number of participant-reported knee ex-
ercise sessions in the previous week was similar in both groups
(eTable % in Supplement !). There was evidence of between-
group differences in adherence to knee exercise measured by
the Exercise Adherence Rating Scale (mean difference, !.# units;
)(% CI, *.%-"." units; P = .**(), favoring intervention. Few ad-
verse events were reported, and none were serious (eTable ) in
Supplement !). More intervention participants experienced knee
pain than control participants (n = % [).#%] vs n = ' ['.&%];
P = .*')). Use of pain medications and other treatments for the
knee during the !" weeks was similar across groups, except more
control participants used massage, heat or cold, and topical anti-
inflammatories (eTable ) in Supplement !).

Primary Outcomes
There was evidence of greater improvements in overall pain
(mean difference, '.# units; )(% CI, *.)-!.! units; P < .**') and
in WOMAC function (mean difference, (.! units; )(% CI, '.)-
%.( units; P = .**!) favoring the intervention (Tables " and #).
More participants in the intervention group reached MCIDs in
pain and in function than in the control group (Table $). Analy-
ses using complete case data produced similar results
(eTables '* and '' in Supplement !).

Secondary Outcomes
There was evidence of between-group differences favoring the
intervention in most secondary outcomes—all & KOOS sub-
scales (pain, sports/recreation, and quality of life), AQoL, ASES
pain, participant change since baseline, and overall satisfac-
tion. Changes in PASE, ASES function, and SEE were similar
in both groups (Table &). More participants in the interven-
tion group reported overall improvement than in the control
group (Table "). Analyses using complete case data produced
similar results (eTable '* and eTable '' in Supplement !).

Discussion
This randomized clinical trial provides robust evidence of the
effectiveness of adding a !"-week self-directed strengthen-
ing exercise regimen and physical activity guidance sup-
ported by automated text messages to web-based informa-

tion similar to what is currently available online through
reputable OA consumer organizations. We found significant
between-group differences in pain of '.# units ()(% CI, *.)-
!.! units) and function of (.! units ()(% CI, '.)-%.( units) fa-
voring the intervention. While these were just below the
MCIDs for pain ('.% units) and function (# units), the )(% CIs
include these differences within the plausible ranges. Addi-
tionally, substantially more participants reached the MCIDs in
the intervention group than in the control group, while within-
group changes in pain and function exceeded MCIDs in the in-
tervention group but not in the control group. Furthermore,
effect sizes (pain, *.#% and function, *.&)) favoring the inter-
vention group were similar to those observed with land-
based therapist-supervised exercise.!&

Taken together, the findings of the present study demon-
strate that this easily scalable, unsupervised, free-to-access in-
tervention is effective and may be clinically relevant on a popu-
lation level. Further supporting its effectiveness are the findings
of beneficial effects on secondary outcomes. An additional knee
pain measure, function in sport and recreation, ! quality-of-
life measures, pain self-efficacy (& KOOS subscales, AQoL, and
ASES pain), perceived improvement overall, and treatment sat-
isfaction all showed the intervention’s significant benefit, al-
though other measures (PASE, ASES function, and SEE) showed
similar changes in both groups.

To our knowledge, only ! other randomized clinical
trials(&,(" have evaluated web-based interventions without
health professional contact in OA. One trial evaluated a self-
directed progressive lower-limb strength, flexibility, and walk-
ing program (Help My Knees)(& in people with knee OA com-
pared with a wait-list control group. Unlike the present study
findings, no between-group differences were found with the
primary outcome of total WOMAC score (combined measure
of pain, stiffness, and function) or secondary outcomes of
physical function and pain at " months. The other trial evalu-
ated a )-module physical activity program (Join!Move)(" in
adults with knee and/or hip OA compared with a wait-list con-
trol. Similar to the present study findings, there was evi-
dence of between-group differences in physical function
(KOOS; mean difference, #.( units; )(% CI, '.%-''.! units) and
in proportion of participants reporting improvements (odds ra-
tio, '*.$; )(% CI, ".&-!#."), favoring intervention at & months.
In contrast with the present study findings, there was no evi-
dence of between-group differences in quality of life or func-
tion in sport and recreation at & months.

Conflicting findings across studies may partially be ex-
plained by low engagement levels with web-based programs.
In the Help My Knees study,(& !*% of participants did not ac-
cess the program during the "-month intervention. Similarly,
only ((% of participants completed the second of ) modules
of Join!Move.(" The present intervention had much higher lev-
els of user engagement—participant-reported website access
was )$% in the first month and #'% in the final month. These
differences may be due to variation in the type and level of sup-
port provided. In Help My Knees and Join!Move, automated
support and exercise reminders seemed to occur just once per
week. In contrast, the present intervention used automated text
messages (average, !.( messages sent per participant per week),
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Table 1. Baseline Characteristics of Participants by Group

Characteristic

Mean (SD)
Standardized
difference, %a

Intervention
(n = 103)

Control
(n = 103)

Age, y 60.3 (8.2) 59.0 (8.5) 15.4

Female, No. (%) 60 (58) 66 (64) !12.0

Height, m 1.7 (0.1) 1.7 (0.1) 5.3

Body mass, median (IQR), kg 89.0 (76.0-105.0) 90.0 (76.0-106.0) 2.4

BMI, median (IQR) 31.1 (26.6-34.9) 31.6 (26.9-36.4) !0.2

Geographic location,b No. (%)

Metropolitan 64 (62) 58 (56) 11.9

Regional 39 (38) 45 (44) !11.9

Education level

Secondary 49 (48) 48 (47) 2.0

Tertiary (university or equivalent) 54 (52) 55 (53) !2.0

Currently employed, No. (%) 62 (60) 70 (68) !16.2

Symptom duration, y 8.5 (10.0) 7.7 (8.0) 8.1

Laterality, No. (%)

Unilateral OA 38 (37) 42 (41) !8.0

Bilateral OA 65 (63) 61 (59) 8.0

Problems in other joints, No. (%)

Back 35 (34) 37 (36) !4.1

Hip 27 (26) 31 (30) !8.6

Shoulder 26 (25) 28 (27) !4.4

Hand 26 (25) 25 (24) 2.3

Neck 23 (22) 21 (20) 4.7

Foot 21 (20) 27 (26) !13.8

Treatments for knee OA in past 6 mo, No. (%)

"1 Treatment 87 (84) 96 (93) !28.0

Land-based exercises 55 (53) 49 (48) 11.7

Heat/cold treatment 51 (50) 66 (64) !29.7

Massage 32 (31) 42 (41) !20.3

Knee braces 26 (25) 39 (38) !27.4

Orthotics, arch supports 23 (22) 24 (23) !2.3

Manual therapy 21 (20) 22 (21) !2.4

Hydrotherapy 20 (19) 14 (14) 15.7

Walking stick 16 (16) 10 (10) 17.6

TENS 13 (13) 11 (11) 6.1

Injections (eg, cortisone, hylan G-F 20,
platelet-rich plasma)

9 (9) 9 (9) 0.0

Therapeutic ultrasound 8 (8) 9 (9) !3.5

Acupuncture 8 (8) 8 (8) 0.0

Arthroscopic surgery 4 (4) 8 (8) !16.6

Low-level laser therapy 0 2 (2) !19.9

High-tibial osteotomy surgery 0 2 (2) !19.9

Ligament reconstruction 0 3 (3) !24.5

Current pain medication use,c No. (%)

"1 Medication used 86 (83) 91 (88) !14.0

Analgesics (paracetamol combinations) 66 (64) 73 (71) !14.6

Topical anti-inflammatory drugs 59 (57) 69 (67) !20.1

Nonsteroidal anti-inflammatory drugs 55 (53) 63 (61) !15.8

Cyclooxygenase-2 inhibitors 12 (12) 16 (16) !11.4

Oral opioids 5 (5) 5 (5) 0.0

Oral corticosteroids 1 (1.0) 0 14.0

(continued)
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designed to address common exercise barriers and facilita-
tors in knee OA.!" Such communication has been shown to en-
hance adherence to physiotherapist-prescribed exercise in
people with knee OA.#$ The text messages provided along with
the web-based exercise program may have facilitated better
engagement and enhanced its effectiveness. Furthermore, ad-
ditional qualitative research%& highlights that participants val-
ued the text messages as a prompt to exercise, keeping them
accountable to the program.

In the present study, '#% of intervention participants
experienced clinically important improvements in pain and

($% in function, demonstrating that most participants expe-
rienced meaningful improvements in knee OA symptoms
without needing health professional contact. Conversely,
")% of participants did not benefit from the unsupervised
approach, suggesting that more intensive, personalized
management may be required. This gap could be addressed
through a stepped-care approach where people move
through a hierarchy of evidence-based interventions based
on outcomes.&&

Our free-to-access, unsupervised program could serve
as an entry-level intervention, with participants who do not

Table 1. Baseline Characteristics of Participants by Group (continued)

Characteristic

Mean (SD)
Standardized
difference, %a

Intervention
(n = 103)

Control
(n = 103)

Comorbid conditions, No. (%)

!1 Comorbid condition 55 (53) 57 (55) "3.9

High blood pressure 36 (35) 37 (36) "2.0

Depression 14 (14) 15 (15) "2.8

Diabetes 10 (10) 6 (6) 14.6

Spine condition, including arthritis 9 (9) 11 (11) "6.6

Lung disease 7 (7) 7 (7) 0.0

Other 10 (10) 9 (9) 3.4

Exercise importanced 6.1 (1.2) 6.1 (1.2) 0.8

Abbreviations: BMI, body mass index calculated as weight in kilograms divided
by height in meters squared; IQR, interquartile range; OA, osteoarthritis;
TENS, transcutaneous electrical nerve stimulation.
a Calculated as intervention minus control group.
b Based on residential postal code, in accordance with Australian Statistical

Geography Standard.
c Defined as !1 per week during the prior 6 mo.
d Rated by level of agreement with the statement “How important is it to you to

do regular exercise to manage your knee condition?” Scores range from 1-7,
with higher scores indicating higher agreement.

Table 2. Mean (SD) Scores on Continuous Outcome Measures Across Time, by Group

Outcome measurea

Baseline Follow-up (24 wk)
Intervention (n = 103) Control (n = 103) Intervention (n = 91)b Control (n = 92)c

Primary outcomes
Overall average knee pain (NRS) 6.3 (1.5) 6.2 (1.5) 3.5 (2.2) 5.0 (2.4)
Physical function (WOMAC) 26.7 (11.8) 25.0 (12.2) 16.6 (13.0) 20.7 (13.9)

Secondary outcomes
Pain (KOOS) 50.8 (16.0) 53.1 (14.6) 69.1 (17.0) 60.5 (19.1)
Sport and recreation (KOOS) 31.7 (19.2) 30.0 (21.5) 47.7 (23.0) 39.6 (26.4)
Knee-related quality of life (KOOS) 35.0 (18.0) 34.3 (15.7) 49.9 (18.5) 43.3 (21.4)
Health-related quality of life (AQoL) 0.68 (0.16) 0.68 (0.17) 0.75 (0.16) 0.69 (0.20)
Physical activity levels (PASE) 146.9 (71.7) 136.0 (68.2) 157.5 (75.6) 144.5 (73.0)
Self-efficacy (ASES)

Pain 6.0 (1.7) 6.0 (1.7) 6.7 (2.3) 6.0 (1.9)
Function 7.9 (1.5) 8.1 (1.3) 8.2 (2.0) 8.3 (1.3)

Self-efficacy exercise (SEE) 60.6 (21.5) 58.8 (18.6) 55.4 (22.7) 52.7 (20.0)
Treatment satisfaction NA NA 5.6 (1.5) 4.4 (1.7)

Abbreviations: AQoL, Assessment of Quality of Life; ASES, Arthritis Self-Efficacy
Scale; KOOS, Knee Injury and Osteoarthritis Outcome score; NA, not applicable;
NRS, numerical rating scale; PASE, Physical Activity Scale for the Elderly;
SEE, Self-Efficacy for Exercise; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index.
a Instruments and scoring ranges: AQoL, !0.04 to 1.0, with higher scores

indicating better quality of life; ASES function subscale, 1-10, with higher
scores indicating greater self-efficacy; ASES pain subscale, 1-10, with higher
scores indicating greater self-efficacy; KOOS, 0-100, with lower scores
indicating worse pain/symptoms/function/quality of life; NRS, 0-10 with
higher scores indicating worse pain; PASE, 0-400+, with higher scores

indicating more activity; SEE scale, 0-90, with high scores indicating greater
self-efficacy; treatment satisfaction, 1-7, with higher scores indicating greater
treatment satisfaction; and WOMAC physical function subscale, 0-68, with
higher scores indicating worse function.

b For overall knee pain, n = 91; for physical function (WOMAC) and pain (KOOS),
n = 90; and for all other outcomes, n = 89.

c For overall knee pain, n = 92; for physical function (WOMAC), n = 90; for pain
(KOOS), n = 89; for sport and recreation (KOOS) and knee-related quality of
life (KOOS), n = 88; for AQoL, n = 87; and for all other outcomes, n = 86.
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experience clinical benefits progressing to subsequent
steps for more intensive, personalized management.
Such an approach has the potential to better distribute
limited health care resources and reduce demand for con-
tact with health professionals, thus improving access for
those requiring it. The present intervention may also be
valuable in low-income to middle-income countries with
large unmet needs for physiotherapy care.!" Further
research is required to evaluate the effectiveness of this pro-
gram when stepped care and/or face-to-face care is incorpo-
rated.

Strengths and Limitations
There are several study strengths. The robust randomized clini-
cal trial design with reliable and valid outcomes, participant

blinding and assessor blinding, and excellent participant re-
tention enhances internal validity. Generalizability is maxi-
mized by broad inclusion criteria, recruitment of participants
nationwide, and no restrictions placed on cointervention and
medication use. Another strength is the rigorous interven-
tion design, which was evidence informed, incorporated be-
havior change theory, and included input from clinicians and
people with knee OA.

Several limitations are acknowledged. There was poten-
tial for bias with participants self-selecting to volunteer for a
study investigating different digital resources to support
knee OA management, which may have led to inclusion of
people with more favorable views of technology. Partici-
pants had completed high school or higher education and
reported moderate to high self-efficacy at baseline, meaning

Table 3. Change Within Groups and Difference in Change Between Groups for Continuous Outcomes, Using Multiply Imputed Data

Outcome measuresa

Change within groups, mean (SD) Difference in change between groupsb

Baseline minus week 24 Baseline to week 24
Intervention (n = 103) Control (n = 103) Mean difference (95% CI) P value

Primary outcomes
Overall average knee pain (NRS)c 2.8 (2.1) 1.2 (2.2) 1.6 (0.9 to 2.2) <.001
Physical function (WOMAC)d 10.1 (10.8) 4.4 (11.9) 5.2 (1.9 to 8.5) .002

Secondary outcomes
Pain (KOOS)d !18.5 (15.3) !6.4 (15.9) !11.3 (!15.7 to !7.0) <.001
Sport and recreation (KOOS)d !16.9 (22.2) !8.4 (22.8) !9.1 (!15.3 to !2.9) .004
Knee-related quality of life (KOOS)d !15.3 (19.6) !8.2 (17.8) !7.4 (!12.6 to !2.2) .005
Health-related quality of life (AQoL)d !0.07 (0.16) !0.00 (0.14) !0.07 (!0.11 to !0.02) .002
Physical activity levels (PASE)d !14.0 (67.1) !9.6 (78.7) !9.6 (!29.8 to 10.5) .35
Self-efficacy (ASES)d

Pain !0.7 (2.6) !0.0 (1.9) !0.6 (!1.3 to !0.0) .046
Function !0.3 (2.2) !0.2 (1.3) 0.0 (!0.4 to 0.5) .89

Self-efficacy exercise (SEE) 4.8 (23.5) 6.2 (19.5) !2.4 (!7.9 to 3.1) .39
Treatment satisfactionc NA NA 1.2 (0.7 to 1.6) <.001

Abbreviations: AQoL, Assessment of Quality of Life; ASES, Arthritis Self-Efficacy
Scale; KOOS, Knee Injury and Osteoarthritis Outcome score; NA, not applicable;
NRS, numeric rating scale; PASE, Physical Activity Scale for the Elderly;
SEE, Self-Efficacy for Exercise; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index.
a Instruments and scoring ranges: AQoL, !0.04 to 1.0, with higher scores

indicating better quality of life; ASES function subscale, 1-10, with higher
scores indicating greater self-efficacy; ASES pain subscale, 1-10, with higher
scores indicating greater self-efficacy; KOOS, 0-100, with lower scores
indicating worse pain/symptoms/function/quality of life; NRS, 0-10 with
higher scores indicating worse pain; PASE, 0-400+, with higher scores
indicating more activity; SEE scale, 0-90, with high scores indicating greater

self-efficacy; treatment satisfaction, 1-7, with higher scores indicating greater
treatment satisfaction; and WOMAC physical function subscale, 0-68, with
higher scores indicating worse function.

b Adjusted for baseline value of outcome where possible.
c For change within groups, positive changes indicate improvement. For

difference in change between groups, positive differences favor the
intervention.

d For change within groups, negative changes indicate improvement. For
difference in change between groups, negative differences favor the
intervention.

Table 4. Percentage of Participants Achieving Minimal Clinically Important Improvements and Reporting Global Improvement,
Using Multiply Imputed Data

Measurement Intervention Control

Relative risk Risk difference

(95% CI)a P value (95% CI)b P value
Improvement, units

NRS, "1.8c 72.1 42.0 1.72 (1.25-2.18) <.001 0.30 (0.16-0.44) <.001

WOMAC, "6c 68.0 40.8 1.66 (1.19-2.13) <.001 0.27 (0.13-0.41) <.001

Improved overalld 57.3 27.4 2.09 (1.26-2.92) <.001 0.30 (0.16-0.44) <.001

Abbreviations: NRS, numeric rating scale; WOMAC, Western Ontario and
McMaster Universities Osteoarthritis Index.
a Relative risk of >1 favors the intervention.
b Risk difference of >0 favors the intervention.

c Minimal clinically important improvements.
d Rated using 7-point scales with terminal descriptors of much worse to much

better, with those indicating moderately better or much better classified as
improved.
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the study findings may not generalize to people with lower
levels of education or self-efficacy. At baseline, participants
not completing !"-week outcomes used more analgesics
and injections, although symptom severity was similar
between groups; therefore, the intervention may not meet
the needs of those who prefer pharmacological treatments.
We did not include a long-term follow-up; therefore,
whether the intervention effects are maintained beyond !"
weeks is unknown. Finally, because the comparator was
web-based education, it remains unknown how the inter-
vention compares with clinician-delivered interventions
(#-on-# or group based).

Conclusions

A web-based intervention of self-directed strengthening ex-
ercise and physical activity guidance supported by auto-
mated behavior-change text messages improved knee pain and
function at !" weeks. The benefits may be clinically relevant
and indicate that this unsupervised, free-to-access interven-
tion could be an effective option for improving patient access
to recommended OA exercise and supporting clinicians in pro-
viding exercise management to people with knee OA at scale
across the population.
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Abstract
Background: Knee osteoarthritis (OA) is a highly prevalent and debilitating condition. Exercise is a recommended treatment
because of its effectiveness at improving pain and function. However, exercise is underutilized in OA management. Difficulty
accessing health care has been identified as a key barrier to exercise uptake. Innovative and scalable methods of delivering exercise
treatments to people with knee OA are needed. We developed a self-directed eHealth intervention to enable and encourage exercise
participation. The effectiveness of this intervention on pain and function in people with knee OA is being evaluated in a randomized
clinical trial.
Objective: This study aimed to explore the attitudes and experiences of people with knee OA who accessed the self-directed
eHealth intervention and the features perceived as useful to facilitate self-directed exercise.
Methods: This was a qualitative study embedded within a randomized controlled trial. Individual, semistructured phone
interviews were conducted with 16 people with knee OA who had accessed a 24-week eHealth intervention (website and behavior
change SMS program) designed to support exercise participation. Interviews were audiorecorded, transcribed verbatim, and
thematically analyzed using an inductive approach.
Results: Five themes arose: (1) technology easy to use and follow (website ease of use, SMS ease of use), (2) facilitators to
exercise participation (credible OA and exercise information, website features, prescribed exercises simple to do unsupervised,
freedom to adapt the exercise to suit needs, influence of other health care experiences), (3) sense of support and accountability
(SMS good reminder and prompt, accountable, SMS tone and automation could trigger negative emotions [eg, guilt or shame],
inability to contact someone when needed), (4) positive outcomes (knee symptom improvements, confidence to self-manage,
encouraged active living), (5) suggestions for real-world application (provided by a health professional preferred, should be
provided at subsidized or low out-of-pocket cost).
Conclusions: People with knee OA had mostly positive experiences with and attitudes towards the use of an eHealth intervention
that supported exercise participation independent of a health professional. A human connection associated with the eHealth
intervention appeared important.

(JMIR Rehabil Assist Technol 2020;7(2):e18860) doi: 10.2196/18860

KEYWORDS
text messaging; mobile phone; knee osteoarthritis; exercise; qualitative; pain

JMIR Rehabil Assist Technol 2020 | vol. 7 | iss. 2 | e18860 | p. 1http://rehab.jmir.org/2020/2/e18860/
(page number not for citation purposes)

Nelligan et alJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX



Chapter Six 
 
 

 139 

 

 
 
 
 
 

Introduction
Knee osteoarthritis (OA) is a highly prevalent and debilitating
condition [1]. Knee OA clinical guidelines advocate
condition-specific information and exercise as first-line
treatments [2-6]. Despite this, exercise is underutilized in
preference for pharmacological, surgical, or “wait and see”
management [7-10]. This is in part due to some patients having
difficulty accessing health professionals trained in exercise
prescription [11,12], particularly in remote areas [13].
Furthermore, in the absence of health professional input, people
with knee OA can lack confidence navigating nonsurgical
interventions [14] and motivation to adhere to exercise [11,15].
They may also hold negative exercise beliefs [11,16], which
may prevent uptake of and adherence to self-directed exercise.
The prevalence of knee OA is forecast to increase substantially
due to an aging population and rising obesity. This is predicted
to place even greater pressure on access to health care resources
[17]. In light of this, innovative and scalable methods of
delivering evidence-based, first-line treatments, such as exercise,
are needed.

eHealth programs may be one solution to increase exercise
participation in people with knee OA [18,19]. While qualitative
studies demonstrate that, overall, self-directed, web-based
programs designed to support exercise or physical activity are
viewed positively by people with OA [20-22], engagement is
low [23,24]. This may impede their successful implementation
and subsequently their usefulness in facilitating improved health
outcomes [25]. Identified facilitators of acceptance and
engagement with these programs include content credibility
and technology ease of use, while a key barrier is lack of health
professional involvement [20,21]. Incorporating health
professional input may be one solution to improve acceptance
and engagement; however, this does not fully address the
problem of health care accessibility.

SMS using mobile phones may be one strategy to improve
engagement with OA eHealth self-management programs and
support exercise behavior without the need for health
professional input. SMS has been shown to effectively increase
uptake of healthy behaviors including physical activity, smoking
cessation [26], adherence to diabetes self-management, and
medication adherence [27]. The combination of a self-directed,
web-based intervention supported by SMS has not been
evaluated in people with OA.

To explore this, we developed a “light-touch,” self-directed,
eHealth intervention that combines a website, “My Knee
Exercise,” and a 24-week behavior change SMS program. The
effect of this intervention on knee pain and function is currently
being evaluated in a randomized controlled trial (RCT) of 206

people with a clinical diagnosis of knee OA [28]. In addition,
as patient acceptability is a key component to successful
intervention implementation [29], qualitative enquiry is also
needed to understand if the eHealth intervention is accepted by
people with knee OA to facilitate self-directed exercise.
Qualitative enquiry will also inform intervention modifications.
The aim of this study was therefore to explore the experiences
and attitudes of people with knee OA who accessed the eHealth
intervention and identify which features were perceived as useful
to facilitate self-directed exercise.

Methods
Design
A qualitative study based on an interpretivist paradigm [30]
was nested within an RCT [28] evaluating the effectiveness of
an eHealth intervention of web-based information and exercise
prescription supported by behavior change mobile phone SMS
(data collection completed and manuscript in preparation;
Australian New Zealand Clinical Trials Registry
ACTRN12618001167257). Reporting complies with The
Consolidated Criteria for Reporting Qualitative Research
checklist [31].

Participants
Participants in this study were a subsample of those allocated
to the intervention arm of the RCT who had completed the
24-week intervention within the past 2 months. Participants
were purposively sampled to participate in this qualitative study.
Purposive sampling was used to ensure variation across sex,
age, geographical location (eg, metropolitan, regional), and
responses to 24-week measures of self-reported perceived
change in symptoms and of website and SMS usefulness. The
sample size was dictated by theoretical saturation, a concept
where recruitment ceases when no new information emerges
from the data [32]. Ethics approval was obtained from the
Human Research Ethics Committee of University of Melbourne
(HREC No. 1852367.1). Participants provided informed consent
via online consent forms prior to the interview. Initial
recruitment for the RCT was from the Australia-wide
community via internet sources (social media and online
newspapers) and a volunteer database. Eligibility criteria for
the RCT included age ≥45 years and a clinical diagnosis of knee
OA [5]. Full RCT eligibility criteria are reported elsewhere [28].

Table 1 describes the characteristics of the 16 participants
interviewed. The mean age of participants was 63 years, and
half (8/16, 50%) were female. Participants lived in locations
across all states and territories within Australia, except for the
Northern Territory; 9 (9/16, 56%) lived in regional Australia.
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Table 1. Participant details (n=16).

SMS useful-
nessd (24
weeks)

Website
usefulnessc

(24 weeks)

Perceived change in
knee condition (24
weeks)

Base-
line
knee
painb

Geographical
locationa

StateEmployment
status

Level of
education
completed

Age
(years)

SexPseudonym

77Much better6MetropolitanNSWfPart-timeTertiary65FeOlivia

65Moderately better5MetropolitanQldhRetiredTertiary73MgHarry

41Much worse7MetropolitanWAiRetiredSecondary67FCharlotte

76Much better5RegionalVICjRetiredSecondary67MJames

42Slightly better4MetropolitanACTkFull-timeTertiary58MWilliam

12Slightly better5MetropolitanSAlRetiredTertiary75FAmelia

77Much better7RegionalNSWFull-timeTertiary48MCharlie

66Much better5RegionalWARetiredTertiary68MLiam

42Moderately better6RegionalSARetiredTertiary73FGrace

55Much better4RegionalQldRetiredSecondary62MJoshua

65Moderately better5RegionalNSWFull-timeSecondary56MGeorge

45Moderately better6MetropolitanNSWPart-timeSecondary59FLucy

25Slightly worse7RegionalWAFull-timeSecondary53MOliver

65Much better6MetropolitanSAPart-timeTertiary57FSophie

66Much better7RegionalTasmPart-timeTertiary55FEmily

66Slightly better8RegionalWARetiredSecondary65FChloe

aDefined according to The Australian Statistical Geography Standard Remoteness Structure [33].
bSelf-reported overall knee pain in the past week rated on a numeric rating scale, ranging from 0 to 10, where lower scores indicate less pain.
cAgreement with the statement “I thought the website I accessed as part of the study was useful in helping me manage my painful knee,” rated on scale
ranging from 1 to 7 (1= strongly disagree; 7=strongly agree).
dAgreement with the statement “I thought the mobile phone text messages I received were useful in helping me manage my painful knee,” rated on a
scale ranging from 1 to 7 (1= strongly disagree; 7=strongly agree).
eF: female.
fNSW: New South Wales.
gM: male.
hQld: Queensland.
iWA: Western Australia.
jVic: Victoria.
kACT: Australian Capital Territory.
lSA: South Australia.
mTas: Tasmania.

Intervention
Full details of the digital intervention are described elsewhere
[28]. In summary, the intervention included a website, “My
Knee Exercise,” and a 24-week mobile phone SMS behavior
change program. The website contained information about knee
OA, exercise, and general physical activity and prescribed a
24-week lower limb strengthening program to be completed 3
times per week. Figure 1 outlines the contents of the website.
The website was developed by the researchers (RN, KB, RH),
and 3 people with knee OA provided feedback on a prototype,
which informed the final design. The strengthening exercises
were based on those found to be effective at reducing pain and

improving physical function in people with knee OA (when
prescribed by a physiotherapist) in our prior clinical trials and
were originally developed by the researchers, who are
physiotherapists, in collaboration with a clinical physiotherapist
[34-37]. Exercises focused on the hip, knee, and ankle such as
sit-to-stand, seated knee extension, and calf raise. Exercise
instructions were provided in text and visual formats (photo,
video). Exercise equipment (eg, ankle weights) was
recommended to progress the exercises, and information about
where these could be purchased was provided. Exercise
instructions and logbooks were available to download.
Participants could access the website whenever they chose.
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Figure 1. Description of the content in the 4 sections of the intervention website, "My Knee Exercise." OA: osteoarthritis.

The 3-times weekly strengthening exercise program was
supported by an automated SMS program. The SMS program
was rigorously developed using behavior change theory [38],
with input into message tone and wording provided by 12 people
(7 academics working in knee OA, 4 clinical physiotherapists,
and 1 person with knee OA) in addition to the researchers who
developed the program (RN, KB, RH, and a behavior change
expert). In brief, the program functioned by prompting
participants, on Mondays, to self-report how many strengthening
exercise sessions they had completed in the previous week.
Participants then received an SMS response based on their
reported level of adherence. Adherent participants (≥3 exercise
sessions/week) received a positive reinforcement SMS.
Low-adherent participants (≤2 exercise sessions/week) received
an SMS asking them to choose, from a prespecified list of

exercise barriers, what made it challenging to complete their
exercises 3 times as recommended. This triggered a response
SMS containing a behavior change technique suggestion related
to the selected barrier (see example in Figure 2). Irrespective
of self-reported adherence, participants also received SMS
(initially twice weekly and reducing to once a fortnight by week
24) containing behavior change technique suggestions to
motivate and facilitate exercise participation. Participant
responses not recognized by the program (eg, responses not
using suggested keywords) triggered a “response not supported”
message encouraging them to try again or contact program staff
if needed. Participants received on average 2-5 SMS per week,
dependent on weekly responses, with the frequency of contact
declining over 24 weeks.
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Figure 2. Example automated message sequence for a person with low exercise adherence (reporting <3 exercise sessions over the past week) and
reporting their main barrier to exercise as "forgot." BCT: behavior change technique. [38] Reproduced under the terms of Creative Commons Attribution
4.0 license.

After randomization, participants in the intervention received
a welcome email that provided website access (a URL and
individualized username and password), asking them to login
to the website within 7 days and were scheduled to receive their
first SMS, after a period of at least 5 days beginning with
Monday. The first SMS in the sequence was a prompt to
self-report the number of prescribed exercise sessions completed
in the previous week.

Interviews
Individual semistructured telephone interviews were conducted
by RN (RCT coordinator, PhD candidate, and physiotherapist),
who was also involved in intervention design and responsible
for recruitment for the RCT. The interview guide was developed
by the authors (RN, KB, RH) and aimed to explore experiences
overall and with individual elements of the eHealth intervention

(Multimedia Appendix 1). All interviews were audiorecorded,
transcribed verbatim by an external service, and stored and
de-identified in a password-protected, secure computer file on
the university server. Pseudonyms were assigned to each
participant to maintain confidentiality.

Data Analysis
An inductive thematic analytical approach was applied using
the 6 phases outlined by Braun and Clarke [39,40]. Data were
coded by 2 independent researchers, one who conducted the
interviews (RN) and the second (PT) who had no prior
involvement in design or evaluation of the eHealth intervention.
Full details are provided in Table 2. Analysis occurred iteratively
and reflectively with forward and backward movement within
Phases 1-3. To present the data, pseudonyms were assigned to
exemplary quotes.

Table 2. Thematic analysis process conducted based on the phases described by Braun and Clarke [39].

Description of the processPhase

Data were transcribed by an external company. All transcripts were read by RN for accuracy and to
note initial ideas.

1. Familiarizing yourself with your data

Two researchers experienced in qualitative analysis (RN, PT) independently coded all transcripts and
collated data relevant to each code. The 2 researchers met after coding transcripts, in blocks of 4, to
discuss and seek agreement of codes and their meaning before proceeding to the next 4 transcripts.

2. Generating initial codes

RN and PT independently grouped codes into potential subthemes and themes, gathering all data
relevant to each potential theme. They then met to compare, discuss, and seek agreement on themes.
Agreement between the 2 researchers was strong; therefore, a third coder was not required.

3. Searching for themes

KB read all transcripts. RN, PT, and KB checked that subthemes and themes truly represented the
coded extracts and the entire data set.

4. Reviewing themes

All authors discussed and refined subthemes and themes as well as definitions and names for each.5. Defining and naming themes

RN developed the draft of this manuscript. All authors provided input and approved the final version.6. Producing the report
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Results
Thematic Analysis
From the data, 5 themes were identified. Multimedia Appendix
2 outlines the themes, subthemes, and supporting quotes.

Theme 1: Technology Easy to Use and Follow
For the first subtheme of “website ease of use,” participants
found the website easy to get around, the navigation easy to
follow, and the information provided easy to grasp regardless
of technical abilities:

I’m not the smartest computer user in the world, but
if I can do it, I reckon anybody can do it. [George]

For the second subtheme of “SMS ease of use,” participants
mostly found the SMS program easy to use: “It's just simple”
[Olivia]. However, one participant reported difficulty replying
to messages in the recommended format:

Sometimes with the SMS, I'd put the letters and the
things around the wrong way… it was very particular,
you know, you had to do it in the right…But other
than that, no worries at all. [Lucy]

Theme 2: Facilitators to Exercise Participation
The first subtheme was “credible OA and exercise information.”
For many, the fact that the intervention was developed and
delivered by a university, a credible source, was appreciated
and gave them confidence to apply the eHealth program’s
information and recommendations. Participants felt they could
trust the information, which reinforced and improved their
understanding of OA and the role of exercise in managing their
knee symptoms. This built their confidence to exercise despite
discomfort and without health professional guidance.

The second subtheme was “website features.” Participants
appreciated certain features of the intervention that enabled
exercise participation. Participants felt the website was
comprehensive, and the information in the “My Knee Education”
section of the website was easy to understand and helpful in
supporting self-directed exercise being “more than what the
doctor has given you” [Emily]. They found that the written
exercise instructions, exercise pictures, and videos helped them
master the exercises easily without needing supervision. Some
participants valued being able to access the website frequently
to view the exercises, while others only accessed the website
once or twice, preferring to download and print exercise sheets
and logbooks.

The third subtheme was “prescribed exercises simple to do
unsupervised.” Participants appreciated the simplicity of the
recommended exercises. As they perceived the exercises as
simple, they believed they did not need supervision:

An allied health (person) to actually monitor the
exercises was not necessary. [Harry]

The fourth subtheme was the “freedom to adapt the exercise to
suit needs.” Participants reported the freedom to use a flexible
approach to execute and progress their exercise program over
the 24 weeks to suit their needs. As a result, how each
participant completed the recommended exercise regime varied

greatly. For example, some completed all prescribed exercises
at least 3 times a week, many chose not to add additional weight,
and others replicated the exercises by doing similar activities
in their daily routines. Some also chose their own exercise or
physical activity program to complete at the recommended
frequency, typically because they found the prescribed exercises
too easy and boring. In addition, most participants expressed
difficulty with at least one prescribed exercise (the wall squat
most frequently reported). This, however, did not deter
participants from completing the unsupervised program. If a
recommended exercise caused pain, this was typically managed
by leaving out the specific exercise and continuing with the
remaining exercises or substituting with their own exercise.

The fifth subtheme was the “influence of other health care
experiences.” Many discussed their previous experiences with
health professionals that influenced their willingness to
undertake unsupervised exercise. This included already being
familiar with exercise prescription due to prior health
professional input and dissatisfaction with past face-to-face care
received.

Theme 3: Sense of Support and Accountability
The first subtheme was “SMS good reminder and prompt.”
Participants felt the text messages were a good reminder and
prompted them to continue exercising. Most participants
appreciated the predictability of the messages, receiving them
at the same time each week. This encouraged them to complete
their exercise in anticipation of having to report their weekly
exercise sessions each Monday.

The second subtheme was “accountable.” Many of the
participants reflected that the SMS program supported their
weekly exercise by keeping them accountable to the research
team or their commitment to the exercise program. Many
described that the messages felt like someone was checking up
on them:

You felt like you had to do it because you were going
to get checked up… [Chloe]
It was like a devil sitting on my shoulder going “have
you done your exercises?” Oh, my God, I can only
put two in for an answer this week; I’ve got to do
better next week. [Sophie]

The third subtheme was “SMS tone and automation could trigger
negative emotions (eg, guilt/shame).” Participants frequently
described feelings of guilt or shame when receiving an SMS
particularly if they had not completed the recommended exercise
frequency. Most believed this facilitated exercise participation.
A few participants did, however, find the message response to
exercise low-adherence demotivating: “it was a reminder of the
bleeding obvious” [Amelia]. The automated and unsupervised
nature of the SMS program was problematic for some, especially
in extenuating circumstances:

When I got the planter fasciitis and the texts were
coming through…they just kept coming, and it was
kind of like a little shame thing. [Charlotte]

The fourth subtheme was “inability to contact someone when
needed.” Many participants thought it would be beneficial if
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the SMS program allowed them to provide more detail or
converse with someone to better explain low adherence,
particularly when the reason did not relate to the options
provided. Some also wanted the ability to ask a question or
contact someone about the exercise program or their condition
if needed.

Theme 4: Positive Outcomes
The first subtheme was “knee symptom improvements.” All
participants felt the 24-week intervention had benefited them
in some way. Many reported reductions in knee pain. This
enabled them to walk more, rely less on pain medication, and
delay or avoid knee surgery.

The second subtheme was “confidence to self-manage.” Most
participants expressed improved confidence in their ability to
self-manage their condition. This included greater confidence
to maintain their preferred lifestyle. For example:

…it’s helped me not only with my mobility but my
self-confidence to be able to go, yeah, I can get up
there all right and come down there. [Grace]

Several participants also reported the program helped motivate
them to lose weight:

Not only has it changed the strength in my knees and
reduced the amount of ongoing pain that I have with
them, it’s also inspired me to lose weight. I’ve actually
lost at this stage — about 14 and a half kilos.
[George]

The third subtheme was “encouraged active living.” Participants
reported increases in physical activity and greater enjoyment
in being physically active, which they attributed to their
participation in the study. Except for one participant, all
expressed a desire to continue to exercise and be physically
active to maintain improvements in their condition.

Theme 5: Suggestions for Real-World Application
The first subtheme was “provided by a health professional
preferred.” All participants would recommend the program
beyond the research environment. Relating to how participants
could see the intervention being used outside the research
environment, most suggested it could be provided by a health
professional, particularly a general practitioner or a
physiotherapist, to enhance or improve care. Some also believed
promoting the intervention through social media was suitable.

The second subtheme was “should be provided at subsidized
or low out-of-pocket cost.” Most participants believed costs of
participating in the intervention should be subsidized by private
health insurers or government initiatives. A few felt strongly
that themselves, the user, should pay “so long as it wasn’t too
expensive” [Grace], perceiving that this might support
adherence.

Discussion
Principal Findings
This study explored the experiences and views of people with
knee OA who participated in a self-directed, 24-week eHealth
intervention designed to facilitate exercise participation. Overall,

participants described positive experiences, valuing the
simplicity and comprehensiveness of the resources (technical
and content) and the regular SMS messages, both of which
supported self-directed exercise. However, the SMS automation
and tone were problematic for some people when weekly
exercise was not completed. Human connection associated with
the eHealth intervention also appeared important.

Our findings highlight that simple-to-use technology that
conveys easy-to-understand information is well received by
people with knee OA. This is in accordance with the findings
of a qualitative study that investigated the preferences of people
with chronic joint pain regarding the development of a
web-based version of a face-to-face self-management program
[20]. In order to engage with a web-based version of the
program, participants believed it should be easy to understand
and navigate, as well as be free from jargon. Participants also
valued the eHealth intervention being developed and delivered
by a credible source, a university. This influenced their
confidence in and acceptability of the self-directed exercise
program. Trustworthiness is a similar finding in other OA
studies investigating eHealth interventions [20,21]. Furthermore,
participants in our study believed the intervention should be
provided by health professionals. Endorsement from a trusted
health professional is a key facilitator to the adoption of eHealth
programs [25]. Therefore, to facilitate implementation of the
eHealth intervention, future studies could explore how health
professionals might take an active role in dissemination.

In our study, participants valued the SMS messages as a
predictable exercise prompt. However, for some people, the
automation and tone of the messages were demotivating or
evoked feelings of guilt when weekly exercise was not possible
(particularly for reasons beyond their control such as an
unrelated health problem). To our knowledge, there are no other
studies exploring the views of people with knee OA toward the
use of text messages to support exercise participation. People
with diabetes who received twice weekly text messages to
support physical activity participation valued the text messages
as a functional reminder but many disliked receiving repetitive
messages, describing them as “nagging” [41]. Another study
explored the use of text messages to promote exercise in older
adults and found participants valued the messages as
encouraging and an important “push” to exercise [42]. However,
similar to our findings, the messages could cause feelings of
guilt when exercise was not completed. Overall, text messaging
appears to be an accepted and valued way to remind or prompt
people to complete regular exercise. However, such programs
may also simultaneously evoke negative emotions. Possible
strategies to address this issue, as described by participants,
could include revising the tone and tenor of these messages and
reducing the frequency of messages sent to people who are
unable to exercise due to unrelated health concerns or personal
circumstances.

Although the autonomy afforded by the eHealth intervention
was valued, our findings also suggest a human connection was
important to participants. Most participants felt that the regular
SMS made them feel accountable to the people behind the
program or research team, which facilitated regular exercise.
Commitment to study researchers has been identified in other
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qualitative evaluations of digital OA self-management programs
[21,43]. This has implications for translation into real-world
settings, as the perception that someone is “behind” the digital
program appears vital. In addition, participants in our study
suggested the intervention could be improved by having the
ability to contact someone when needed, for example, to further
explain reasons for low adherence or ask a clinical question.
When using digital self-management programs, people with
knee OA tend to prefer some form of support or therapist
interaction [20]. Other studies have evaluated blended
interventions where digital knee OA programs are supported
by therapist input. One study explored the experiences of people
with knee OA who had completed a 12-week digital physical
activity program supported by up to 5 face-to-face physical
therapy sessions [43]. Some participants described the physical
therapist’s involvement as positive, tailoring the digital program
and monitoring their progress, while others felt it was restricting,
particularly when the therapist did not know how the digital
program worked. Another qualitative study evaluated the
experiences of people with hip or knee OA who had participated
in 6 weeks of “Joint Academy,” a digital education and exercise
program supported by 1:1 online written contact with a physical
therapist [22]. Some participants in this study valued the
interaction with their therapist, especially if they experienced
pain during an exercise, while others felt the contact was
unsatisfactory and that feedback and encouragement on their
performance was lacking. These results, in combination with
ours, may indicate that people have different preferences for
the level of support that should be provided with eHealth
self-management programs and highlights that a one-size -fits-all
approach to implementation may be inappropriate. As the
integration of eHealth interventions into usual care facilitates
their successful implementation [25], one solution may be to
integrate the eHealth intervention into a stepped model of OA
care [44,45], where it is provided as the first “step” in the care
plan. Stepped care is where support or interventions are provided
in “steps,” with input escalating based on an individual’s
outcomes or preferences for care [46]. This may better ensure
the right level of input is provided to meet an individual’s needs.

Strengths and Limitations
Our study had several strengths and limitations. Strengths
include that this study was nested within an RCT, allowing for
the comprehensive and robust evaluation of the eHealth
intervention; use of purposive sampling to ensure a variety of
participants was included (age, sex, geographical location,

education level, and 24-week outcomes of self-reported
perceived improvements and resource usefulness); conduct of
all interviews within 2 months of completing the study to
facilitate accurate recall; and independent data coding by 2
researchers (RN, PT) to formulate themes, which were reviewed
for accuracy and completeness by a third researcher (KB) who
also read all transcripts. There were several limitations. There
was potential for bias as participants self-selected to volunteer
for the overarching RCT advertised as investigating different
electronic and digital resources to support knee OA
management. Therefore, participants may have held more
favorable views regarding the use of technology at the outset.
Selection bias may also have occurred in the recruitment for
this qualitative study, despite the use of purposive sampling, as
participants with more favorable opinions of the eHealth
intervention may have been more inclined to consent to be
interviewed. However, we attempted to overcome this by
deliberately recruiting people with low self-reported perceived
usefulness of the resources and low self-reported perceived
overall improvements in their knee condition (see Table 2). The
researcher’s (RN) perspectives and potential prior relationship
with participants could have affected findings, as she was the
interviewer for this study, the participant recruiter for the RCT
this study is embedded within, and involved in developing the
digital resources. We attempted to address this by selecting a
second coder for analysis who had no prior involvement in the
design or evaluation of the resources.

Conclusions
In summary, we found that people with knee OA had mostly
positive experiences and perspectives of the eHealth
intervention. Overall, participants valued the simplicity and
comprehensiveness of the resources (technical and content) and
the regular SMS prompts, which supported participation in
self-directed exercise. Our findings demonstrate the intervention
may be an acceptable resource for people with knee OA to
encourage self-directed exercise participation. However, a
human presence associated with the intervention appears
important. Future modifications to the intervention could include
adaptations to parts of the SMS program (tone and automation)
to minimize inciting negative emotions when exercise is not
possible. Further research should explore the real-world
application of the intervention, including how the intervention
could provide more personalized support for individuals wanting
greater input and how it could be integrated into OA care or
health professional consultations.
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Moderators of the effect of self-directed digitally-delivered exercise for people with 

knee osteoarthritis: An exploratory analysis of a randomised controlled trial 

Rachel K Nelligan, Rana S Hinman, Fiona McManus, Karen Lamb, Kim L Bennell 

 

Abstract  
 
Background: A 24-week self-directed digitally-delivered intervention was found to 

improve pain and function in people with knee OA. However, it is possible that this 

intervention may be better suited to certain sub-groups of people with knee OA compared 

to others.   

Objective: To explore whether certain individual baseline characteristics moderate the 

effects of this intervention on changes in pain and/or function over 24 weeks in people 

with knee OA. 

Methods: An exploratory analysis was conducted on data from a randomized controlled 

trial involving 206 people with a clinical diagnosis of knee OA. The trial compared a self-

directed digitally-delivered intervention comprising of web-based education, exercise and 

physical activity program supported by automated exercise behaviour change mobile 

phone text messages to web-based education alone (control). The primary outcomes were 

changes in overall knee pain (11-point numerical rating scale) and physical function 

(Western Ontario and McMaster Universities Osteoarthritis Index function subscale) at 

24 weeks. Five baseline patient characteristics were selected as potential moderators: i) 

number of comorbidities; ii) number of other painful joints; iii) pain self-efficacy; iv) 

exercise self-efficacy; and v) self-perceived importance of exercise. Separate linear 

regression models for each primary outcome and each potential moderator were fit 
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including treatment group, the moderator and an interaction between treatment group and 

moderator, adjusting for the outcome at baseline. 

Results: There was evidence that pain self-efficacy moderated the effect of the 

intervention on physical function compared to the control at 24 weeks (interaction 

p=0.02). Post-hoc assessment of the mean change in WOMAC function by treatment arm, 

showed that each 1-unit increase in baseline pain self-efficacy was associated with a 1.52 

(95% CI: 0.27, 2.78) unit improvement in the control group. In contrast, a reduction of 

0.62 (95% CI: -1.93, 0.68) units was observed in the intervention group with each unit 

increase in pain self-efficacy. There was only weak evidence that pain self-efficacy 

moderated the effect of the intervention on pain and that number of comorbidities, number 

of other painful joints, exercise self-efficacy or exercise importance moderated the effect 

of the intervention on pain or function.  

Conclusions: With the exception of pain self-efficacy, which moderated change in 

function but not pain, we found limited evidence that our selected baseline patient 

characteristics moderated intervention outcomes. This indicates people with a range of 

baseline characteristics respond similarly to the unsupervised, digitally-delivered exercise 

intervention. As these findings are exploratory in nature, they require confirmation in 

future studies. 
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7.1  Introduction 

Osteoarthritis (OA) is a condition of synovial joints [1] with the knee being commonly 

affected [2]. Knee OA causes joint pain and stiffness which can often lead to reduced 

physical function and quality of life [3, 4]. Knee OA is a highly prevalent condition and 

a leading contributor to disability, globally [5]. Exercise is a core treatment in the 

management of knee OA, recommended in all clinical guidelines [6-9]. However, the 

effects of exercise on knee OA pain and function are modest overall [10]. This may be 

due to the existence of subgroups of people with certain baseline characteristics that cause 

them to respond in different ways to exercise [11]. Baseline patient characteristics that 

affect how a patient responds to treatment are called moderators [12]. A better 

understanding of potential moderators of the effects of exercise in knee OA will enable 

the identification of subgroups of people who respond more or less favourably to exercise 

treatments. This will facilitate the targeting of exercise treatments in knee OA, and thus 

may improve the effects of exercise on patient outcomes. The evaluation and 

identification of moderators of treatment effects has been named a major research priority 

in OA clinical guidelines [9, 13].   

 

The use of digitally-delivered interventions to support chronic condition management is 

rapidly increasing as a means of improving access to evidence-based health care [14]. 

Recently, we developed and evaluated a 24-week self-directed digitally-delivered 

intervention, designed to support people with knee OA to access and participate in an 

evidence-based exercise program [15]. In a randomised controlled trial (RCT) we found 

that this intervention led to greater improvements in pain and function, compared to an 

education control, at 24 weeks, in people with knee OA. We also found 72% and 68% of 
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participants in the intervention group (compared to 42% and 41% in the control group) 

experienced clinically meaningful improvements in pain and function, respectively. This 

demonstrates that most, but not all, people benefited from the intervention and could 

indicate the existence of subgroups of people who responded more (or less) favourably 

to the unsupervised, digitally-delivered exercise intervention. 

 

To our knowledge, no previous studies have conducted formal moderation analyses to 

explore baseline patient characteristics associated with the effect of self-directed 

digitally-delivered exercise for people with OA. However, two studies have explored 

baseline characteristics as predictors of outcomes from self-directed exercise.  One study 

identified that increased age and the presence of a comorbidity at baseline predicted non-

usage of a self-directed web-based physical activity intervention for patients with knee 

and/or hip OA [16]. Another study found the presence of comorbidity was associated 

with lower physical activity levels, while greater baseline arthritis self-efficacy was 

associated with greater physical activity, following a 12-week self-directed exercise 

program, in adults with arthritis [17]. As these studies only examined associations 

between baseline characteristics and outcomes in the intervention arms with no control 

group comparisons, it is possible that these findings could have occurred regardless of 

the interventions received. Therefore, these findings do not enable identification of 

potential subgroups of people who benefit (or not) from self-directed exercise 

interventions.  

 

Therefore, this exploratory study sought to identify moderators of the effect of a self-

directed digitally-delivered exercise intervention on changes in pain and physical 
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function at 24 weeks, relative to the control, in people with knee OA. The findings will 

address a key knee OA research priority and provide direction for future confirmatory 

studies. 

 
7.2 Methods 

Design 
 
We conducted exploratory moderation analyses [18] using data from a two-arm 

participant- and assessor-blinded RCT [15]. The RCT evaluated the effects of self-

directed digitally-delivered exercise compared to an education control. Limited 

disclosure was used to blind participants. All participants provided consent prior to 

enrolment into the RCT which included the use of their de-identified data in secondary 

analysis. The RCT was approved by the University of Melbourne Human Research Ethics 

Committee (no. 1851085) and prospectively registered (ACTRN12618001167257).  

 

Participants 
 
In the RCT, 206 people with knee OA were recruited from the Australia-wide community 

via internet sources (social media and online newspapers) and a volunteer database. Full 

RCT eligibility criteria are reported elsewhere [19] and included ≥45 years of age, a 

clinical diagnosis of knee OA and internet access. 

 

Intervention 
 
Full details of the self-directed digitally-delivered exercise intervention have previously 

been published [19, 20]. To summarise, participants in the intervention received access 

to the same standardised, custom-built website, ‘My Knee Exercise’ and received a 24-

week automated behaviour change mobile phone text messaging program. The website 
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was developed by the researchers (RKN, KLB, RSH) and feedback was provided by three 

people with knee OA. The website contained i) educational information about OA, 

exercise and sought to address common misconceptions about OA, ii) prescribed a 24-

week lower limb strengthening exercise regimen and, iii) provided general physical 

activity guidance. The 24-week strengthening exercise regimen was divided into three 

programs, each of eight weeks duration. The website advised that the three programs be 

completed consecutively. Each program contained five to six exercises. Within the 

website participants were asked to perform these exercises three times per week. The 

strengthening exercises focused on the hip, knee and ankle (e.g. sit-to-stand, seated knee 

extension, calf raise). Detailed exercise instructions, including when and how to increase 

an exercise challenge, were provided in both text and visual formats (photo, video) and 

were available to download. Exercise equipment (e.g. ankle weights, resistance bands) 

was recommended, and suggestions about where to purchase equipment were provided. 

Exercise and physical activity logbooks were also provided and available to download.  

 

Augmenting the strengthening exercise regimen was a 24-week automated exercise 

behaviour change mobile phone text messaging program. The text messages were 

designed to monitor weekly exercise session completion and address exercise facilitators 

and barriers commonly encountered by people with knee OA. Program development 

systematically followed the Behaviour Change Wheel Framework, a universally accepted 

approach to designing behaviour change interventions [21]. The program functioned by 

prompting self-report of how many strengthening exercise sessions were completed in 

the previous week (each Monday initially, reducing to fortnightly by 24 weeks) and then 

provided tailored support dependent on the level of exercise adherence (≥3 exercise 
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session/week = adherent). Participants who self-reported ≥3 exercise session/week 

received a positive reinforcement message. Participants self-reporting <3 exercise 

session/week received a follow-up message asking them to select one reason (from a pre-

specified list of exercise barriers), which best explained the reason for <3 exercise 

sessions/week. Participants then received a message containing a behaviour change 

suggestion linked to their selected barrier. Participants also received regular messages 

designed to facilitate ≥3 exercise sessions/week (twice weekly initially, reducing to 

fortnight by week 24). Dependent on weekly responses, participants received on average 

two to five messages per week. The frequency of messages sent to participants was 

designed to decline over the 24 weeks. 

 

After randomisation and enrolment into the study, intervention participants received an 

email containing website access, information about receiving text messages, the 

recommendation to access the website within a week to commence their exercise program 

and were told they could access the website at any time over the 24 weeks. Participants 

also received a text message encouraging website access.  

 

The control group received access to another custom-built website containing the same 

educational information as the intervention website. After randomisation and enrolment 

into the study, control participants received an email containing website access, the 

recommendation to access the website within a week and were told they could access the 

website at any time over the 24 weeks. Participants also received a single text message 

encouraging website access.  
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Dependent variables 
 
All RCT outcomes were participant-reported and collected via REDCap™ electronic 

surveys at baseline and 24 weeks.  The two primary outcomes were i) overall pain in the 

last week, measured using an 11-point NRS (terminal descriptors 0 = ‘no pain’ to 10 = 

‘worst pain possible’ and ii) physical function, measured using the physical function 

subscale of The Western Ontario and McMaster Universities Osteoarthritis Index 

(WOMAC) (score range 0 = no dysfunction, 68 = maximum dysfunction). These 

measures are reliable and valid measures recommended for knee OA clinical trials [22-

24]. At 24 weeks the change in i) pain and ii) function was calculated as baseline minus 

24-week values of each. 

 

Selected moderators 
 
The selection of moderators was based on evidence and theoretical rationale and involved 

a review of the literature and consensus by all authors (Multimedia Appendix 1). Five 

baseline variables were selected. 

 
i) number of comorbidities  
 
Number of comorbidities was collected via a question asking participants to select from 

a list of 13 comorbidities any which were relevant to them (see Texbox 1). A participant’s 

selected comorbidities were then added to create a continuous score of total number of 

comorbidities per participant. This resulted in a score range of 0 to 4. 

 
ii) number of other joints with pain 

 
Number of other joints with pain was collected via a question asking participants to select 

any other joint they currently experience pain in, from a list of nine joints, with responses 
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converted into a continuous score of number of other joints with pain per participant. This 

resulted in a score range of 0 to 9. 

 
iii) pain self-efficacy 
 
Pain self-efficacy relates to a person’s confidence in their ability to control or manage 

pain [25, 26]. Pain self-efficacy was measured using the pain subscale of the Arthritis 

Self Efficacy Scale. The score range of the pain subscale is 1 to 10 with higher scores 

indicating greater pain self-efficacy [26].  

 
iv) exercise self-efficacy  
 
Exercise self-efficacy relates to a person’s ability to continue exercising in the face of 

barriers to exercise [27]. Exercise self-efficacy was measured using the Self-efficacy for 

Exercise Scale. The score range for this scale is 0 to 90 with higher scores indicating 

greater exercise self-efficacy [27].  

 
v) self-perceived importance of exercise  
 
Exercise importance was measured in response to the question ‘How important is it to 

you to do regular exercise to manage your knee condition?’ Responses were collected 

using a 7-point Likert scale with a score range of 1 to 7 with higher scores indicating 

greater importance. 
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Textbox 1. List of comorbidities  

1. Heart disease (for example angina, heart attack or heart failure)  
2. High blood pressure |  
3. Problems caused by a stroke  
4. Leg pain when walking due to poor circulation  
5. Lung disease (for example asthma, chronic bronchitis or emphysema)  
6. Diabetes  
7. Kidney disease 
8. Diseases of the nervous system (for example Parkinson's disease or multiple sclerosis) 
9. Liver disease  
10. Cancer (within the last five years) 
11. Depression 
12. Arthritis in your back or other condition affecting your spine 
13. Rheumatoid arthritis or another kind of arthritis in addition to osteoarthritis 

 

 

Statistical analysis 
 
Separate linear regression models were fit for each primary outcome with the baseline of 

the relevant outcome, treatment group and one of the five potential moderators as 

covariates, including an interaction between treatment group and the relevant potential 

moderator. Results were calculated as the estimated mean effect of a one-unit increase in 

the potential moderator for each treatment group. Using complete case data, fractional 

polynomials were employed to determine if non-linear interaction models were 

warranted. All other analyses were performed on complete case data and multiply-

imputed data, including assessing regression assumptions of linearity and 

homoscedasticity using standard diagnostic plots. These potential moderator interactions 

were also assessed visually via plots of the difference in the change in the primary 

outcomes between groups versus the potential moderator. Multiply-imputed data was the 

primary analysis in all interpretation. All statistical analyses were performed using Stata 

version 16.1 (StataCorp LLC, College Station, TX, USA).  
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7.3 Results 

Two hundred and six people with a clinical diagnosis of knee OA were recruited from all 

Australian states and territories and were enrolled into the study (61% female; mean (SD) 

age 60 (8.4)). Baseline characteristics of participants in both groups were similar (Table 

1). At the 24-week follow-up, 88% (91/103) and 87% (90/103) participants in the 

intervention group and 89% (92/103) and 87% (90/103) participants in the control group 

provided pain and function primary outcomes, respectively.  

 

Table 7.1 Baseline descriptive characteristics by treatment group, presented as mean 
(SD) unless otherwise indicated. 

Baseline variable Intervention 
(n = 103) 

Control 
(n = 103) 

Age (years) 60.3 (8.2) 59.0 (8.5) 
Female, n (%) 60 (58) 66 (64) 
Number of comorbiditiesa 0.8 (1) 0.8 (0.9) 
Number of other joints with painb 1.7 (1.5) 1.9 (1.7) 
Arthritis Self-Efficacy pain subscalec 6.0 (1.7) 6.0 (1.7) 
Self-Efficacy for Exercised 60.6 (21.5) 58.8 (18.6) 
Exercise importancee 6.1 (1.2) 6.1 (1.2) 
SD: standard deviation.  
a Collected via a question asking participants to select from a list of 13 comorbidities any which were relevant 
to them. A participant’s selected comorbidities were then added to create a continuous score of total number of 
comorbidities per participant; this resulted in a range of 0 to 4. 
b Collected via a question asking participants to select from a list of 9 joints any they currently experience pain 
in. Responses were converted into a continuous score of number of other joints with pain per participant, ranging 
from 0 to 9. 
c Scores range from 1 to 10 with higher scores indicate greater self-efficacy for pain. 
d Scores range from 0 to 90 with higher scores indicate greater self-efficacy for exercise.  
e Measured via response to the question “How important is it to you to do regular exercise to manage 
your knee condition?”. Scores range from 1 to 7; higher indicates higher importance. 
 
 

 
Moderators of the effect of the intervention on change in physical function 
 
Findings from the fractional polynomial assessment indicated that the models assuming 

a linear relationship between each potential moderator and change in physical function 

provided the best fit, therefore more complex models were not needed (refer to scatter 
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plots in Multimedia Appendix 2). Results of linear models using multiply-imputed data 

are presented in Table 2 and visually in Figures 1 and 2. There was evidence that pain 

self-efficacy moderated the effect of the intervention on physical function compared to 

the control at 24 weeks using multiply-imputed data (estimated mean difference -2.14 

(95% CI (-3.96, -0.33), p=0.02). Post-hoc assessment of the mean change in WOMAC 

function by treatment arm following identification of an interaction effect showed that 

each 1-unit increase in baseline pain self-efficacy was associated with a 1.52 (95% CI: 

0.27, 2.78) WOMAC units improvement in the control group. In contrast, with each unit 

increase in pain self-efficacy, a reduction of 0.62 (95% CI: -1.93, 0.68) WOMAC units 

was observed in the intervention group. There was only weak evidence that the other 

selected baseline variables moderated the effect of the intervention on physical function 

compared to the control at 24 weeks (Table 2). Additionally, results show positive 

associations between each of number of comorbidities, self-efficacy for exercise and 

exercise importance and change in WOMAC function for both control and intervention 

groups (Figure 2). There appears to be a negative relationship between number of other 

joints with pain and change in WOMAC function for the intervention group but a positive 

relationship for the control group (Figure 2). However, there was only weak evidence of 

an interaction effect (p=0.16).  Results using complete case data were similar (Multimedia 

Appendix 3, and Multimedia Appendix 4). 



Chapter Seven 
 
 

 162 

 
Figure 7.1 Difference in average change in WOMAC function (baseline–24 weeks) 
between treatment groups (intervention-control) for each potential continuous 
moderator, using multiply-imputed data. 
Positive values favour the intervention. Solid line indicates the difference between the 
control and intervention arms. Dashed line indicates no difference between the control 
and intervention arms. Shaded areas indicate 95% confidence intervals.  
WOMAC = The Western Ontario and McMaster Universities Osteoarthritis Index 
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Figure 7.2 Average change in WOMAC function (baseline–24 weeks) in each treatment 
group for each potential continuous moderator, using multiply-imputed data. 
Positive changes indicate improvement. Solid line indicates the average change in each 
treatment group (green = intervention; orange = control). Bars indicate 95% confidence 
intervals. WOMAC = The Western Ontario and McMaster Universities Osteoarthritis 
Index 
 
 
Table 7.2 Results of the moderation analysis, presented in terms of the effect on change 
in WOMAC function of a one-unit increase in the potential moderators in each of the 
control and intervention groups using multiply imputed data. 

Moderator  
(taken at baseline) 

Estimated moderator coefficient  
(95% CI) Interaction 

p-value 
Intervention group Control group 

Number of co-morbiditiesa 0.49 (-1.68, 2.66) 2.41 (0.01, 4.81) 0.24 

Number of other joints with painb -0.68 (-2.21, 0.84) 0.76 (-0.55, 2.07) 0.16 

Arthritis Self Efficacy pain subscalec -0.62 (-1.93, 0.68) 1.52 (0.27, 2.78) 0.02 

Self-efficacy for exercise scaled 0.04 (-0.07, 0.14) 0.09 (-0.03, 0.20) 0.54 

Exercise importancee -0.33 (-1.48, 2.13) 1.00 (-0.81, 2.81) 0.61 
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a Collected via a question asking participants to select from a list of 13 comorbidities any which were relevant to 
them. A participant’s selected comorbidities were then added to create a continuous score of total number of 
comorbidities per participant, this resulted in a range of 0 to 4. 
b Collected via a question asking participants to select from a list of 9 joints any they currently experience pain 
in. Responses were converted into a continuous score of number of other joints with pain per participant, ranging 
from 0 to 9. 
c Scores range from 1 to 10 with higher scores indicate greater self-efficacy for pain 
d Scores range from 0 to 90 with higher scores indicate greater self-efficacy for exercise  
e Measured via response to the question ‘How important is it to you to do regular exercise to manage your knee 
condition?’ Scores range from 1 to 7; higher indicates higher importance 
 
 
 
Moderators of the effect of the intervention on change in overall pain 
 
The models assuming a linear relationship between each potential moderator and change 

in overall pain provided the best fit, therefore more complex models were not needed 

(refer to scatter plots in Multimedia Appendix 5). Results of linear models using multiply-

imputed data are presented in Table 3 and visually in Figures 3 and 4. There was only 

weak evidence that any of the investigated variables moderated the effect of the 

intervention on pain compared to the control at 24 weeks. In general, positive 

relationships were observed between each of the baseline characteristics and change in 

overall pain for both intervention and control arms, with little difference in the magnitude 

of the slope for each group (Figure 4). Results using complete case data were similar 

(Multimedia Appendix 3, and Multimedia Appendix 6). 
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Figure 7.3 Difference in average change in NRS overall knee pain (baseline–24 weeks) 
between treatment groups (intervention-control) for each potential continuous 
moderator, using multiply imputed data 
Positive values favour the intervention. Solid line indicates the difference between the 
control and intervention arms. Dashed line indicates no difference between the control 
and intervention arms. Shaded areas indicate 95% confidence intervals.  
NRS = numerical rating scale 
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Figure 7.4 Average change in NRS overall knee pain (baseline–24 weeks) in each 
treatment group for each potential continuous moderator, using multiply imputed data. 
Positive changes indicate improvement. Solid line indicates the average change in each 
treatment group (green = intervention; orange = control). Bars indicate 95% confidence 
intervals. NRS = numerical rating scale 
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Table 7.3 Results of the moderation analysis, presented in terms of the effect on change 
in NRS overall knee pain of a one-unit increase in the potential moderators in each of 
the control and intervention groups using multiply imputed data  

Moderator  
(taken at baseline) 

Estimated moderator coefficient (95% 
CI) Interaction 

p-value 
Intervention group Control group 

Number of comorbiditiesa 0.23 (-0.21, 0.68) 0.13 (-0.35, 0.62) 0.76 

Number of other joints with painb -0.02 (-0.32, 0.28) 0.10 (-0.16, 0.36) 0.56 

Arthritis Self Efficacy pain subscalec 0.23 (-0.02, 0.49) 0.14 (-0.10, 0.38) 0.60 

Self-efficacy for exercise scaled 0.00 (-0.02, 0.02) 0.02 (0.00, 0.05) 0.13 

Exercise importancee 0.11 (-0.23, 0.45) 0.47 (0.12, 0.83) 0.15 
aCollected via a question asking participants to select from a list of 13 comorbidities any relevant to them. A 
participant’s selected comorbidities were then added to create a continuous score of total number of comorbidities 
per participant, this resulted in a range of 0 to 4. 
b Collected via a question asking participants to select from a list of 9 joints any they currently experience pain 
in. Responses were converted into a continuous score of number of other joints with pain per participant, ranging 
from 0 to 9. 
c Scores range from 1 to 10 with higher scores indicate greater self-efficacy for pain 
d Scores range from 0 to 90 with higher scores indicate greater self-efficacy for exercise  
e Measured via response to the question ‘How important is it to you to do regular exercise to manage 
your knee condition? Scores range from 1 to 7; higher indicates higher importance. 
 
 
 
7.4 Discussion 

Principal findings 
 
This study explored potential moderators of the effect of a self-directed digitally-

delivered exercise intervention for people with knee OA, on changes in pain and physical 

function over 24 weeks. Except for pain self-efficacy, we found little evidence that our 

selected patient characteristics moderated treatment outcomes. Regarding pain self-

efficacy, the hypothesis generated from this exploratory study is that participants with 

higher pain self-efficacy at baseline experienced smaller improvements in function with 

the self-directed digitally-delivered exercise intervention, compared to the control. 

Conversely, participants with lower pain self-efficacy at baseline experienced greater 

improvements in function from the intervention, compared to the control.  
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After identifying an interaction effect between pain self-efficacy and function, we further 

explored our finding by treatment group. We identified that the interaction effect was 

driven by changes in the control group. Specifically, each unit increase in pain self-

efficacy was associated with a 1.52-unit (95% CI 0.27, 2.78) improvement in function in 

the control group. In contrast, there was a reduction in function of 0.62 units (95% CI: -

1.93, 0.68) for each unit increase in pain self-efficacy in the intervention group, although 

this finding is equivocal given the confidence interval crossed zero. Pain self-efficacy 

refers to a person’s confidence in their ability to control their pain and function while in 

pain [25] and determines how much effort people will expend, and how long they will 

persist, while experiencing pain [28]. Therefore, it may be possible that participants in 

the control group who had higher baseline pain-self-efficacy were more confident and/or 

felt more willing to act upon the general knee exercise information offered in the control 

website, while experiencing pain. Hence, this may be why people in the control group 

with greater baseline pain-self efficacy (over 4/10) experienced improvements in function 

while those with lower pain self-efficacy (less than 4/10) experienced worsening 

function. (See Figure 2). This suggests that for people with knee OA and low pain self-

efficacy, interventions that combine exercise with strategies to improve pain self-

efficacy, such as evidence-based pain education and psychological interventions (e.g. 

pain coping skills training) [29], may be more appropriate than education only. 

 

There is limited research investigating the moderating effects of self-efficacy on exercise 

outcomes in knee OA. One exploratory study found evidence that pain self-efficacy 

moderated the effect of a telehealth-delivered, physiotherapist-prescribed exercise 

program combined with an automated pain coping skills training program for people with 
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knee OA, on changes in pain but not function when compared to an education control 

[30]. This contrasts our findings where pain self-efficacy moderated changes in function 

but not pain. The reason for the variation in findings between the two studies is unclear 

however it may relate to the vast differences between interventions. For example, the 

former study included physiotherapist-prescribed exercise and psychological treatment 

addressing pain coping, while the intervention in our study comprised fully self-directed 

exercise and automated exercise adherence support. Regardless, the differences in 

findings highlight the need for future, adequately powered studies to rule out chance 

findings and rigorously explore the moderating role of pain-self efficacy on exercise 

effects and the related mechanisms that may be at play in people with knee OA. Regarding 

self-efficacy for exercise, one study has conducted a secondary analysis of data from an 

RCT comparing exercise, self-management, and active coping strategies (individual- and 

group-delivered) to usual care on function in people with chronic knee pain [31]. Similar 

to our findings, this study found no evidence that baseline self-efficacy for exercise 

(measured in this study via a subscale of an exercise health beliefs and self-efficacy 

questionnaire) moderated the effect of the intervention on function at six months, 

compared to a usual care control. A possible explanation for these findings may relate to 

uncertainties about the effect of exercise adherence on knee OA outcomes. For example, 

although self-efficacy for exercise is associated with higher levels of physical 

activity/exercise participation in people with knee pain [32], greater exercise adherence 

may not actually translate to improved knee OA outcomes [33]. As these findings are all 

exploratory in nature, future studies are required to explore the potential of self-efficacy 

to moderate the effects of exercise on OA symptoms. Nonetheless, our findings do 

demonstrate that patients with all levels of self-efficacy experienced improvements in 
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function and reductions in knee pain from the self-directed digitally-delivered exercise 

intervention, which supports the use of this intervention for people with knee OA and all 

levels of self-efficacy at baseline. 

 

To our knowledge this is the first study to investigate multi-joint pain and comorbidities 

as moderators of the effect of self-directed exercise on outcomes in people with OA. We 

found that neither of these baseline characteristics moderated the effect of the intervention 

on changes in pain or function, relative to the control. Despite this, an interesting 

observation was a negative relationship between number of other joints with pain and 

changes in physical function for the intervention group (i.e those with a greater number 

of joints with pain experienced smaller improvements in function). Although, this was 

supported by only weak evidence of an interaction effect (p=0.16), this observation may 

indicate that the self-directed digitally-delivered intervention may be less beneficial for 

people with pain in multiple joints. Multi-joint pain can be indicative of complex pain 

presentations such as widespread pain and fibromyalgia [34] and people with knee OA 

and widespread pain have been found to have poorer self-reported function when 

compared to people with knee OA only [35, 36]. Furthermore, personalised exercise 

prescription and monitoring (e.g. via a health professional) and/or psychological 

treatments such as cognitive behaviour therapy are recommended for people with 

widespread pain [37]. Therefore, people with knee OA and pain in multiple other joints 

may be better suited to a tailored approach to management over a self-directed digitally-

delivered exercise intervention. Regarding comorbidity, two studies have explored the 

potential for the number of comorbidities present at baseline to moderate the effect of 

therapist-led exercise on pain and function in people with knee OA and support our 
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findings [38, 39]. A systematic review of sub-group analyses from 14 RCTs found the 

number of comorbidities present at baseline did not moderate the effects of exercise 

interventions on pain or function compared to non-exercise controls for people with knee 

or hip OA [38]. Similarly, a recent secondary analysis of RCT data found the number of 

comorbidities present at baseline did not moderate the effect of a course of 

physiotherapist-led exercise on pain and function at six months, compared with a non-

exercise control [39]. Although these findings are exploratory and require confirmation 

in future studies, they do indicate that people with knee OA and multiple comorbid 

conditions may respond to exercise in similar ways to those without comorbidity. This 

may be unsurprising considering exercise is safe and effective for people with 

multimorbidity and is recommended for a broad range of chronic conditions [40]. 

 

There appears to be currently no research exploring patient characteristics as potential 

moderators of the effects of digitally-delivered exercise in OA populations and limited 

research in adult populations more broadly. We found two studies which conducted sub-

group analyses of RCT data exploring potential moderators of the effect of digitally-

delivered physical activity interventions in adults. One study explored potential 

moderators of the effect of a computer-tailored physical activity intervention on changes 

in total weekly minutes of physical activity, at 12 months, in people aged 50 and over 

[41]. Moderation analysis found participants with a higher age, lower body mass index, 

and higher self-reported intention to be physically active at baseline were not responsive 

to computer-tailored physical activity, relative to a waitlist control. Another study 

explored potential moderators of the effect of a computer-tailored physical activity 

intervention on changes in physical activity behaviour (accelerometry measured 



Chapter Seven 
 
 

 172 

moderate-vigorous physical activity per week and steps per day), at three months, in 

inactive adults [42]. This study found the intervention was more effective for women than 

men, relative to a usual care control. Due to differences in the selected moderators and 

outcomes, direct comparisons cannot be made with our findings. However, our findings 

add to the scant literature regarding the role of patient characteristics as moderators of 

the effect of digitally-delivered exercise in adult populations and may provide direction 

for the selection of potential moderators in future research. 

  

Overall, our findings suggest that our self-directed digitally-delivered exercise 

intervention is similarly effective for pain for a range of people with knee OA. With 

respect to function, it may be that our 24-week intervention is less beneficial when 

compared to control for people with high baseline pain self-efficacy (a score of over 

9/10). Conversely, the intervention may be more beneficial when compared to control for 

people with lower levels of pain self-efficacy. Therefore, it may be a novel treatment 

approach for people with knee OA and low pain self-efficacy who typically report greater 

levels of disability [43].  

 

Strengths and limitations 
 
Strengths of this study include its robust design using reliable and valid clinical outcome 

measures [22-24] and appropriate methods of statistical analyses of 

interaction/moderation [18]. Also, our selection of potential moderator variables was 

evidence-informed and explicitly described a priori while the selection of only a few 

variables aimed to minimize the risk of potentially erroneous findings. Our findings and 

the hypothesis generated can also be considered generalisable to the broader knee OA 
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population due to the limited inclusion criteria and nationwide community recruitment of 

participants in the RCT. Several limitations must also be acknowledged. This study was 

exploratory as the original RCT was powered to detect changes in pain and function, not 

to detect moderator effects. As this was exploratory, no adjustment for multiple testing 

was conducted. It is possible that a lack of power prevented the identification of potential 

moderators, rather than the absence of an effect or that our finding occurred by chance. 

Although, a chance finding was controlled for by limiting the number of potential 

moderators to analyse. As such, further confirmatory studies are required. Additionally, 

despite our selection of variables being evidence-informed, it is possible that baseline 

variables other than those selected could be potential moderators.  

 

Conclusion 
 
With the exception of pain self-efficacy, we found little evidence that our selected patient 

characteristics moderated treatment outcomes. Although these findings are exploratory in 

nature, they do contribute to the sparse literature regarding moderators of the effect of 

digitally-delivered exercise in adult populations and may inform future research aiming 

to improve the targeting of exercise treatments.  
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Chapter Eight 

Summary and Implications 

 
 
The aim of this thesis was to develop and rigorously evaluate an evidence- and theory-

informed intervention to support people with knee OA participate in recommended 

exercise and physical activity management. This chapter will summarise the main 

findings of this thesis, outline the strengths and limitations of the research and suggest 

areas for future research. 

 

8.1 Summary of each study 

Study One (Chapter three) describes the development of an automated mobile phone text 

message intervention to support exercise adherence for people with knee OA using the 

BCW framework. Firstly, the target behaviour was selected as participation in self-

directed, home-based strengthening exercise, three times a week, for 24 weeks. The 

content of the intervention was then formed to address this target behaviour. This 

involved identifying the barriers (n=13) and facilitators (n=9) relevant to the target 

behaviour and linking them to suitable BCTs (n=20). Secondly, the barriers, facilitators 

and BCTs were converted into text messages (n=198) and organised into a 24-week 

automated schedule. As an overview, the automated text messaging schedule functioned 

by prompting users to self-report the number of home exercise sessions they completed 

in the previous week, which then triggered tailored responses dependent on the level of 

self-reported exercise adherence (adherent is classified as ≥3 exercise sessions/week). 

Those who self-reported ≥3 exercise sessions/week received a message encouraging 
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continued exercise while those who reported <3 exercise sessions/week were prompted 

to select an exercise barrier from a standardised list, which best explained the reason for 

low adherence in the previous week. If a barrier was selected, it automatically triggered 

a text message response containing a BCT suggestion relevant to the selected barrier. In 

addition, text messages containing BCTs designed to address common exercise 

facilitators were also sent regularly (twice per week reducing to once a fortnight). 

Facilitator messages were sent on a predetermined schedule, irrespective of self-reported 

adherence. 

 

Study Two (Chapter four) describes the protocol of a 206-participant, two-arm parallel -

design, assessor- and participant-blinded RCT. This study was designed to compare i) a 

control intervention consisting of a custom-built website containing OA and exercise 

information with ii) a self-directed digitally-delivered intervention consisting of another 

custom-built website, My Knee Exercise containing the same educational information as 

the control, general physical activity guidance, and prescription of a 24-week self-

directed knee strengthening program, supported by exercise behaviour change text 

messages (designed in Study One) on changes in pain and function at 24 weeks, in people 

with knee OA.  

 

Study Three (Chapter five) presents the results of the RCT described in Study Two. This 

study found evidence that the self-directed, digitally-delivered exercise intervention 

improved pain and function in people with knee OA compared to internet-delivered 

education alone, at 24 weeks. This study also found substantially more participants in the 

intervention group obtained clinically meaningful improvements in pain and function 
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than in the control group, and within-group changes in pain and function exceeded 

clinically meaningful levels in the intervention group but not in the control. Furthermore, 

calculated effect sizes, which favoured the intervention group, were similar to those 

observed in studies of land-based therapist-supervised exercise. Finally, there was 

evidence that the intervention group improved in a range of secondary outcomes (another 

measure of knee pain, sport and recreation, knee related quality of life, health-related 

quality of life and pain self-efficacy) compared to the control group, at 24 weeks. Taken 

together these findings could be considered clinically relevant and demonstrate that this 

easily scalable, free-to-access, self-directed exercise intervention is an effective option to 

support the delivery of evidence-based exercise to people with knee OA. 

 

Study Four (Chapter six) explored participants’ experience and perceptions of using the 

self-directed, digitally-delivered exercise intervention. This study found participants had 

overall positive experiences with the intervention. Participants valued the website for its 

simplicity and comprehensiveness and the regular text messages as a predictable exercise 

reminder. Participants also reflected that the regular text message contact supported 

weekly exercise by keeping them accountable to the research team and/or their 

commitment to the exercise program. A small number of participants did find the 

automation and tone of some of the text messages problematic, creating feelings of guilt 

if they were unable to complete weekly exercise. A human connection (e.g. the sense that 

someone was ‘behind’ the program) also appeared important.   

 

Study Five (Chapter seven) was an exploratory, secondary analysis of RCT data from 

Study Three. This study investigated if certain baseline participant characteristics were 
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potential moderators of the effect of the self-directed, digitally-delivered exercise 

intervention on changes in pain and function at 24 weeks, compared to the control. Five 

baseline participant characteristics were selected as potential moderators; i) number of 

comorbidities; ii) number of other joints with pain; iii) pain self-efficacy; iv) exercise 

self-efficacy; and v) exercise importance. This study found evidence that pain self-

efficacy moderated the effect of the intervention on physical function compared to the 

control at 24 weeks (interaction p=0.02). Following identification of this interaction effect 

post-hoc assessment of the mean change in WOMAC function by treatment arm showed 

that a one unit increase in baseline pain self-efficacy was associated with a 1.52 (95% CI: 

0.27, 2.78) unit improvement in WOMAC function in the control group. In contrast, a 

reduction of 0.62 (95% CI: -1.93, 0.68) units was observed in the intervention group with 

each unit increase in pain self-efficacy. There was only weak evidence that pain self-

efficacy moderated the effect of the intervention on pain or that number of comorbidities, 

number of other joints with pain, exercise self-efficacy, or exercise 

importance, moderated the effect of the intervention on pain or function. As this study is 

exploratory in nature, these findings need to be confirmed in future studies. However, 

they do contribute to the sparse literature regarding moderators of the effect of digitally-

delivered exercise in adult populations and may inform future research aiming to improve 

the targeting of exercise treatments to those who may benefit most.  

 

 

8.2 Implications of the findings of this thesis  

The findings of this thesis demonstrate the self-directed, digitally-delivered exercise 

intervention is overall an acceptable and effective method of delivering exercise treatment 
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to people with knee OA. This intervention is a viable option to improve access to 

evidence-based exercise treatment for people with knee OA and may be a useful resource 

to support clinicians in their management of people with knee OA at scale across 

populations.  

 

Findings from this thesis have a number of implications for the design of future self-

directed, digitally-delivered exercise interventions. In our RCT (Study Three), 

engagement with the My Knee Exercise website was high compared to other self-directed 

digitally-delivered exercise interventions evaluated in knee OA populations (Allen et al., 

2018; Bossen et al., 2013). This may be due to the more intensive and targeted contact 

provided in our intervention. This contact was delivered via automated text messages 

(average 2.5 messages sent per participant per week), developed rigorously using the 

BCW framework (Michie et al., 2014), and addressed common exercise barriers and 

facilitators experienced by people with knee OA. Findings of our qualitative research 

(Study Four) support this. Participants valued the regular text message contact as a 

reliable exercise prompt and reflected that the messages supported regular exercise by 

making them feel accountable. Further supporting the usefulness of the automated text 

message contact in facilitating exercise participation are findings from another recent 

RCT (Bennell et al., 2020). This RCT evaluated the efficacy of the same 24-week text 

message intervention (developed in Study One) to promote adherence to unsupervised 

home exercise in people with knee OA and comorbid obesity. In this study, all 

participants had attended a physiotherapist (face-to-face), five times over 12 weeks, 

where they were prescribed a lower-limb strengthening exercise program. Once 

physiotherapist input ceased (at 12 weeks), participants were asked to continue their 
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prescribed home exercises independently for an additional 24 weeks and were randomly 

allocated to receive i) the 24-week automated text messages or ii) no text message 

support. This study found evidence that participants who received the text message 

support had higher levels of adherence at 24 weeks to the physiotherapist-prescribed 

home exercise program, compared to participants who did not receive the text messages. 

Taken together, findings across studies highlight that regular automated behaviour change 

text message contact can support self-directed home exercise in people with knee OA and 

suggests similar regular targeted contact may be a valuable addition in future self-directed 

exercise interventions targeting people with knee OA.  

  

Findings from this thesis demonstrate the self-directed, digitally-delivered exercise 

intervention was acceptable to people with knee OA (Study Four) and positively impacted 

pain and function outcomes at 24 weeks (Study Three). However, most but not all people 

meaningfully benefited from the intervention (72% and 68% in the intervention group 

experienced clinically meaningful improvements in pain and function at 24 weeks, 

respectively). Additionally, the intervention may be less beneficial for people with high 

pain self-efficacy and greater physical disability as participants with high baseline pain 

self-efficacy (a score of greater than 9/10) experienced smaller improvement in function 

from the intervention, compared to the control (Study Five). Conversely, the intervention 

may be beneficial for people with lower pain self-efficacy as participants with lower pain 

self-efficacy experienced greater improvements in function from the intervention, 

compared to the control. Taken together, findings suggest that the self-directed 

intervention does not meet the needs of all people with knee OA equally and may indicate 

that a more tailored approach to exercise prescription and monitoring could be more 
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suitable for some people. A more tailored approach could be achieved through 

intervention modifications that enable the ability for exercise personalisation at the 

patient level. For example, the use of algorithms to select, prescribe and progress 

exercises based on a participant’s self-reported goals, physical abilities and pain levels. 

A more tailored approach could also be achieved by blending the program with health 

professional input. This is supported by the findings of the qualitative study (Study Four) 

and of other studies evaluating self-directed digitally-delivered programs designed for 

people with knee OA, where a preference for some level of human involvement has been 

identified (Bossen et al., 2013; Pearson et al., 2016). Participants in Study Four 

appreciated the comprehensiveness of the information provided, the simplicity of the 

prescribed exercises and felt confident doing the exercises without health professional 

involvement. However, they also suggested the intervention could be improved by having 

the ability to contact someone if needed (e.g. to explain or seek guidance if an unrelated 

injury prevented weekly exercise) and expressed a preference for the intervention to be 

provided by a health professional beyond the research environment (e.g. GP, 

physiotherapist), thinking this could enhance or improve traditional care. In addition, 

people valued the text message support as it kept them accountable to the ‘people’ behind 

the program. This perception that someone is ‘behind’ the self-directed, digitally-

delivered program has implications for its real-world implementation and further supports 

the delivery of the intervention with some level of health professional presence. One way 

to incorporate health professional input could be for the intervention to be provided by a 

primary care clinician, as the entry level of a stepped care approach. The primary care 

clinician could monitor outcomes to identify those not obtaining meaningful 

improvements from the self-directed intervention alone and subsequently provide 
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additional support as indicated. This approach may better tailor exercise treatment, 

optimise outcomes and better distribute scarce healthcare resources.  

 

Our findings provide insight into additional intervention improvements which may better 

meet the needs of more people with knee OA. Most participants expressed difficulty with 

the wall squat exercise, which was prescribed in exercise program one. Also, some 

participants experienced feelings of guilt when receiving the regular text messages if they 

were unable to do the recommended number of weekly exercise sessions.  This feedback 

has informed changes to both the website and the text message intervention. For example, 

in the My Knee Exercise website, the wall squat exercise has been removed from the 24-

week strengthening exercise program. In the mobile phone text message program, 

adaptations to the tone and tenor of some text messages have been made, and additional 

tailoring has been included for people unable to complete their exercises due to reasons 

beyond their control (e.g. an injury, illness, the weather). In the qualitative interviews, 

most participants also felt the intervention should be provided with low out-of-pocket 

costs. To enable free access and support dissemination of the mobile phone text message 

intervention, the text messages have been adapted into a free-to-download mobile phone 

App, My Exercise Messages. This will enable the messages to be provided without any 

administrative support (i.e. users will no longer need to be manually added into the 

program prior to receiving the 24-week automated messages) and therefore can be 

provided to the user with no out-of-pocket costs. The website has also been made 

available online, free to access at https://mykneeexercise.org.au/. Finally, HONcode 

certification from Health on the Net will be sought for the website  (see section 2.5.1).  
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Finally, regarding intervention implementation, foundational work has been conducted 

through involvement in Translating Research at Melbourne (TRaM). Translating 

Research at Melbourne is a University of Melbourne-based research impact accelerator 

program. It consists of four consecutive programs providing training and mentorship in 

business case modelling. Business case modelling is a recommended method to inform 

the design of implementation strategies for digital-health interventions (van Limburg et 

al., 2011). Specifically, involvement in the TRaM program centred around investigating 

problem-solution-fit (Osterwalder, 2014). This involves identifying the problems key 

stakeholders experience and subsequently exploring if and how the intervention could 

address these problems. To do this, interviews with key stakeholders were conducted to 

better understand the challenges that different organisations face regarding delivering 

evidence-based conservative management to people with knee OA. Thirty-five interviews 

were conducted with people working in a broad range of organisations including public 

hospitals (e.g. outpatient physiotherapists, directors of community health), private health 

insurers (e.g. Head of Public Health), primary care (e.g. GPs and Primary Health 

Networks which support community-based GPs deliver high value healthcare), arthritis 

consumer organisations, government health departments and people with knee OA. From 

this preliminary work it appears the intervention may have the best value being offered 

to people with knee OA via GPs through Australian Primary Health Network resources 

and through OA consumer organisations. Dissemination discussions with key 

stakeholders will be revisited now that the findings of this thesis have demonstrated the 

intervention is safe, effective, and overall accepted by people with knee OA.  

 

 



Chapter Eight: Summary and Implications 
 
 

 189 

8.3 Strengths of the research  

This section provides an overview of the strengths of the research within this thesis. The 

strengths of each individual study have been outlined within the relevant chapter. A major 

strength of this thesis is the combination of robust methods used. The intervention was 

designed rigorously incorporating evidence and behaviour change theory, and included 

input from clinicians and people with knee OA. The intervention was comprehensively 

evaluated both quantitatively (via a large-scale participant and assessor blinded RCT and 

a follow-up secondary analysis, both using reliable and valid clinical outcomes) and 

qualitatively (via individual, semi-structured phone interviews and thematic analysis).  

 

Additionally, generalisability of the research findings was maximised via the broad 

inclusion criteria used in the RCT and participant recruitment from the Australia-wide 

community with no restrictions placed on co-intervention and medication use. Also, the 

use of purposive sampling in the qualitative study ensured a range of participants were 

included (e.g. variation in age, sex, geographical location, education level and 24-week 

outcomes of self-reported perceived improvements and resource usefulness). Adding to 

the rigour of the findings of this thesis is that all studies presented have undergone peer-

review and scrutiny for publication in high-quality medical journals. 

 

 

8.4 Limitations of the research  

This section provides an overview of the limitations of the research within this thesis. The 

limitations of each individual study have been outlined within the relevant chapter. 

Several limitations should be acknowledged that could have influenced the findings of 
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this thesis. As participants chose to volunteer for the RCT, which was advertised as 

investigating different digital resources to support knee OA management, people with 

more favourable views about technology may have been recruited, therefore introducing 

bias and affecting our results. All participants were high school educated, at least, 

meaning our findings may not be relevant to people with lower education levels. Also, no 

long-term follow-up was included. Therefore, it is unknown if the intervention effects are 

maintained beyond 24 weeks. In addition, bias could have been introduced as the same 

researcher (RKN) was involved in development of the intervention, participant screening 

for the RCT, was both the interviewer and transcript coder in the qualitative study and 

interpreted the results of all studies. However, the effects of this were minimised in 

several ways: by having another researcher responsible for randomisation and enrolment 

into the RCT; by including a second researcher who independently coded all qualitative 

interview manuscripts and a third researcher who read all manuscripts and reviewed 

theme development; and in each individual study, all authors contributed to the 

interpretation of findings and approved all final manuscripts. Finally, the moderator 

analyses in Study Five are only hypothesis generating and therefore require confirmation 

in future appropriately powered trials. 

 

 

8.5 Future research 

This thesis provides a sound foundation to inform future research.  As the comparator in 

the RCT was internet-delivered education only it remains unknown how the self-directed, 

digitally-delivered exercise intervention compares to clinician-delivered care (1:1 or 

group-based). Future evaluation of the intervention compared to traditional models of 
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delivering exercise (e.g. physiotherapist prescribed and progressed exercise) is warranted 

and could provide valuable information regarding comparative effectiveness and cost-

effectiveness and could also provide insight into the types of people who may benefit 

from different intensities of care.  A deeper exploration of website and text message 

engagement data will also be valuable to better understand how interaction with the 

intervention may have influenced outcomes. This could inform further intervention 

modifications and more broadly contribute to the literature exploring the interaction 

between digital behaviour change intervention engagement and effectiveness. In addition, 

the text messages adapted into the My Exercise Messages App requires evaluation. 

Currently, ethics has been sought (both quantitative and qualitative) to evaluate the My 

Exercise Messages App combined with physiotherapist-prescribed exercise in people 

with knee OA. 

 

As demonstrated in the findings of this thesis, people with knee OA had a preference for 

some level of human involvement within the self-directed intervention. Therefore, future 

research evaluating the intervention combined with health professional contact (e.g. 

delivered by a GP or physiotherapist as an adjunct to usual care) could help ascertain if 

human involvement does actually optimise intervention effects and may also inform how 

the intervention could be disseminated in real-world settings. As already mentioned, a 

stepped care approach could be one way of incorporating the intervention with health 

professional input. In fact, a stepped-care approach to knee OA exercise delivery which 

includes a digitally-delivered exercise program as ‘Step One’ has recently been evaluated 

in an RCT (Allen et al., 2021). This study found the stepped-care approach resulted in 

modest improvements in knee osteoarthritis symptoms at nine months compared to an 
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education control. Although in this study, 65% of participants did not meaningfully 

benefit from Step One, the self-directed digitally-delivered intervention, hence were 

escalated to receive health professional input. This may be a result of poor engagement 

with the self-directed digitally-delivered program (only 72% of people accessed the 

program). In contrast, engagement with the self-directed digitally-delivered exercise 

program designed and evaluated in this thesis was high (97% accessed the My Knee 

Exercise website) and the majority of participants experienced meaningful improvements 

in pain and function from the intervention (72% and 68% respectively). Considering these 

findings, it would be valuable to evaluate the intervention designed in this thesis as Step 

One in a stepped-care approach. It could be hypothesised that due to the high levels of 

engagement with our program, less people would require escalation to a more intensive 

Step Two. Hence, a stepped-care approach using our intervention as Step One may help 

address the issue of healthcare resource scarcity.  In addition, the comparative 

effectiveness of a stepped care approach incorporating a self-directed digitally-delivered 

intervention compared to the self-directed intervention alone or to a more traditional 

model of care (i.e. 1:1 physiotherapist-led exercise) on clinical outcomes in knee OA has 

not been conducted and warrants further investigation. 

 

The evaluation of the intervention in other settings is also needed to explore if the self-

directed exercise intervention is suitable for other populations. This is currently ongoing, 

with the intervention being adapted for use in the United Kingdom (My Knee Exercise 

UK) and Japan (My Knee Exercise Japan) and funding currently being sought to modify 

and evaluate the intervention in The United States and Tanzania. Finally, as exercise and 

physical activity are key therapies for many chronic conditions, and in a time when access 
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to health services is becoming increasingly challenging, the transparent design of the 

intervention and the findings of this thesis could be used to inform the development of 

similar interventions for other health conditions. 

 

 

8.6 Conclusion  

This thesis provides robust evidence to support the acceptability and effectiveness of a 

novel 24-week self-directed, digitally-delivered exercise intervention combining internet-

based education and exercise, supported by automated mobile phone text messaging for 

people with knee OA. Findings suggest this light-touch, free-to-access intervention is an 

easily accessible means of providing recommended exercise-based management to 

people with knee OA, at scale across the population. Findings of this thesis will inform 

future research to further evaluate the effectiveness of the intervention and explore 

potential avenues for implementation in real-world settings. This may include 

comparisons with face-to-face care, exploration of the intervention provided as an adjunct 

to traditional care (e.g. provided by a primary care clinician and/or incorporated into a 

stepped care approach) and evaluation of the intervention in other settings and 

populations. The findings of this thesis may also be transferable to other health conditions 

where exercise is a core treatment and could inform the design of self-directed exercise 

interventions targeting a range of chronic conditions. 
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Appendix B 

Chapter Three - Supplementary material 
Multimedia Appendix 1: Mapping barrier to exercise to behaviour change technique using the 

Behaviour Change Wheel. 
 
 

 

Barrier 
selected 

COM-B 
category 

TDF Domain Relevant 
intervention 
function 

BCT used within the 
SMS intervention from 
BCTTv1 

Forgetfulness Psychological 

capability 

10. Memory,

attention and

decision processes

Training 8.3 Habit formation 

Environmental 

restructuring  

7.1 Prompts/cues 

Enablement 3.1 Social support 

(unspecified) 

10.9 Self-reward 

1.2 Problem Solving 

1.4 Action Planning 

Too tired Psychological 

capability 

Reflective 

motivation* 

10. Memory,

attention and

decision processes

8. Intentions

Education* 5.1 Information about 

health consequences * 

Persuasion*  - 

Training  - 

Environmental 

restructuring  

 - 

Enablement 1.4 Action planning 

15.4 Self talk 

15.1 Verbal persuasion 

about capability  

1.2 Problem Solving 

8.7 Graded tasks 

Knee pain 

limiting 

perceived 

ability to 
exercise 

Reflective 

motivation 

4. Beliefs about

Capabilities

Education 5.1 Information about 

health consequences 

Persuasion - 

Enablement 8.7 Graded tasks 

12.4 Distraction 

15.4 Self talk 

1.4 Action Planning 

1.2 Problem Solving 

Concern 

exercise 

Reflective 

motivation 

6. Beliefs about

consequences

Persuasion 5.1 Information about 

health consequences 

Enablement 1.2 Problem Solving 
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(causing) 
pain + 

Fear of 
damaging 
knee further 

1.4 Action planning 

Lack of 
improvement 
with 
exercises 

Automatic 
motivation 

7. Reinforcement Training 2.4 Self-monitoring 
outcome(s) of behaviour 

2.2 Feedback on 
behaviour  

4.4 Behavioural 
experiments 

4.1 Instruction on how to 
perform the behaviour 

Environmental 
restructuring 

- 

Lack of 
enjoyment in 
exercise + 

Boredom 
with exercise 

Automatic 
motivation 

13. Emotion Persuasion 5.1 Information about 
health consequences 

Enablement 12.4 Distraction 

15.4 Self talk 

10.9 Self-reward 

12.1 Restructuring the 
physical environment 

1.2 Problem Solving 

1.4 Action Planning 

3.1 Social support 
(unspecified) 

Conflict with 
routines + 

Lack of time 

Reflective 
motivation 

11. Environmental
context and
resources

Training 4.1 Instruction on how to 
perform the behaviour 

Environmental 
restructuring 

- 

Enablement 3.1 Social support 
(unspecified)  

1.2 Problem solving 

1.4 Action Planning 

15.3 Focus on past 
success 
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1.3 Goal setting 
(outcome) 

Family 
commitments 
+ 

Increased 
social strain 
+ 

Life events 

Social 
Opportunity 

12. Social influences Environmental
restructuring 

- 

Enablement 1.4 Action Planning 

2.4 Self-monitoring of 
outcome(s) of behaviour 

15.1 Verbal persuasion 
about capability  

1.2 Problem solving 

15.4 Self talk 

15.3 Focus on past 
success 

1.1 Goal setting 
(behaviour) 

'DVK����� �QR�%&7�PHVVDJH�XVHG�LQ�ILQDO�606�OLEUDU\�IURP�WKLV�LQWHUYHQWLRQ�IXQFWLRQ

BCT= %HKDYLRU change technique��BCW=%HKDYLRU Change Wheel��

&20�% �&DSDELOLW\��2SSRUWXQLW\��0RWLYDWLRQ�PRGHO�RI�EHKDYLRU��

%&77Y� �%HKDYLRU�FKDQJH�WHFKQLTXH�WD[RQRP\
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Chapter Three - Supplementary material 
Multimedia Appendix 2: Mapping facilitator to exercise to behaviour change technique using 

the Behaviour Change Wheel. 
 

 

 
 

 

Facilitators COM-B 
category 

TDF Intervention 
Function 

BCT used within the SMS 
intervention from 
BCTTv1 

Accurate disease 
knowledge  

Psychological 
capability 

1. Knowledge Education 5.1 Information about 
health consequences 

Prioritising 
exercise 

Psychological 
capability 

14. 
Behavioural 
regulation 

Education - 

Training 4.1 Instruction on how to 
perform the behaviour 

Enablement 10.9 Self reward 

Integrating 
exercise into 
daily tasks 

Psychological 
capability 

14. 
Behavioural 
regulation 

Education 5.1 Information about 
health consequences 

Training 4.1 Instruction on how to 
perform the behaviour 

Enablement - 

Belief that you 
are taking control 
of own disability  

Psychological 
capability 

4. Beliefs
about
Capabilities

Education 5.1 Information about 
health consequences 

Persuasion 5.1 Information about 
health consequences 

6.2 Social Comparison 

Perceived 
benefits of 
exercising 

Psychological 
capability 

6. Beliefs
about
consequences

Education 5.1 Information about 
health consequences 

Persuasion - 

Belief that 
exercise is good 
for health  

Psychological 
capability 

6. Beliefs
about
consequences

Education - 

Persuasion 5.1 Information about 
health consequences 

Positive outcome 
expectations 

Psychological 
capability 

6. Beliefs
about
consequences

Education - 

Persuasion 5.1 Information about 
health consequences 

6.2 Social Comparison 

Long-term goals 
as well as short-
term goals 

Psychological 
capability 

9. Goals Education - 

Persuasion 6.2 Social Comparison 

Enablement 10.9 Self reward 
   
 

   
 

Receiving 
medical advice to 
exercise  

Automatic 
motivation 

7. 
Reinforcement 
 

Training 4.1 Instruction on how to 
perform the behaviour 

Environmental 
restructuring 

- 

Dash (-) indicates no BCT messages used in final SMS library from intervention function  

BCT= Behaviour change technique, BCW=Behaviour Change Wheel 
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Chapter Three - Supplementary material 

Multimedia Appendix 3: Description and frequency of behaviour change automated messages. 
 

 
  

Frequency

Automated messages Description 

Week
0-4

Week 
4-8

Week 
8 - 16

Week 
16 - 24

Message 
totals over 
24 weeks

Message to prompt self-report 
of exercise sessions in the past 
week 

Two-way message. Asks how 
many times home exercise 
program completed in previous 
week. Prompt to reply with one 
number between 0-7. 

1 /week
Scheduled for 

Monday.

1 /week
Scheduled for 

Monday.

1 /fortnight
Scheduled for 

Monday.

1 /fortnight
Scheduled 
alternating

Monday from 
facilitator message

16

Positive reinforcement message 
(sent only if response to goal 
tracking message is ≥ 3)

One-way message. 
Positive reinforcement.

1 /week 1 /week 1 /fortnight 1 /fortnight
16 

(if triggered)

Barrier identification message
(sent only if response to goal 
tracking message is < 3)

Two-way message. Contains a 
list of 9 barriers. Prompt to 
reply with keyword that 
corresponds to the barrier that 
best explains low adherence. 

1 /week 1 /week 1 /fortnight 1 /fortnight
16 

(if triggered)

Barrier BCT message
(message triggered from Barrier 
identification message keyword)

One-way message. Contains BCT 
to target barrier selected in 
Barrier identification message. 

1 /week 1 /week 1 /fortnight 1 /fortnight
16 

(if triggered)

Facilitator BCT message
(sent independent from message 
types 1-4)

One-way message. To support 
and encourage completion of 
3/week home exercise practice. 

2 /week
Scheduled for 

Wednesday/Friday 

Weekly
Scheduled for 

Friday 

Weekly
Scheduled for 

Friday 

Fortnightly 
Scheduled 
alternating

Monday from goal 
message

24

Average number of messages
sent to participants / week  
(min-max)

4 - 5 4 - 5 2 – 2.5 1.5 - 2 46 – 58

1

5

2

3

4
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Chapter Three - Supplementary material 
Multimedia Appendix 4: Description and frequency of logistic and other automated messages. 
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PROTOCOL SYNOPSIS 

Title Effectiveness of internet-delivered education and home exercise 

supported by behaviour change SMS on pain and function for 

people with knee osteoarthritis: A randomised controlled trial 

protocol. 

Objectives 

 

Primary objective: The primary aim of this randomised controlled 

trial (RCT) is to evaluate the effect of the “My Knee Exercise” 

website and SMS adherence support compared to a control 

website that contains only standard OA and exercise educational 

information (same as that provided in the intervention), like what 

is already currently available on the internet. 

Study Design A pragmatic superiority randomised controlled trial (RCT) 

Planned Sample Size 206 participants  

Selection Criteria Participants will meet National Institute for Health and Care 

Excellence clinical criteria for OA (age�45 years; activity-related 

knee joint pain; morning knee stiffness �30 mins). Other inclusion 

criteria are i) history of knee pain on most days for � 3 months 

ii) overall average knee pain in past week self-rated as � 4 out of 

10 on an 11-point numeric rating scale (NRS) iii) able to give 

informed consent and to participate fully in the interventions and 

assessment procedures iv) have a mobile phone with text message 

functioning and be willing to use it during the study to receive and 

send text messages v) have a home internet connection and a 

device that enables you to access the Internet. 

Study Procedures Following informed consent and baseline assessment, participants 

will be randomly allocated to receive either  

i)  My Knee Exercise website and SMS support (Intervention); or 

ii) My Knee Education (control)  

Participants will be asked to access and use the information 

provided in their study website (as they chose) over 24-weeks. 

Participants will be reassessed via web-based questionnaires, at 

24-weeks after randomisation. 

Statistical Procedures 

Sample Size Calculation: 

Analysis Plan: 

Sample Size Calculation: � For an effect size of 0.4, with a 

correlation between pre- and post- measurements of 0.35, power 

80% (using ANCOVA for analysis) and allowing for a 15% loss 

to follow up, 103 participants per arm are required, for a total of 

206. These estimates are based on data from our previously 

published RCT investigating home exercise with a comparable 

patient population. 

 

Analysis Plan: � Analyses comparing the two groups will be 

performed by the statistician in a blinded fashion using all 

available data from all randomised participants. Demographic and 

baseline characteristics of participants will be summarised as 

appropriate (means and standard deviations for continuous 

variables that appear to be distributed approximately 

symmetrically, medians and interquartile ranges for other 

continuous variables, counts and percentages for categorical 

variables) and will be inspected to assess baseline comparability 

of treatment groups. For continuous outcomes, differences in 

change will be compared between groups using linear regression 

models adjusted for baseline levels of these outcomes. Model 

assumptions will be assessed using standard diagnostic plots. For 

binary outcomes, differences between groups will be compared 

using relative risks, calculated from logistic regression models. 
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GLOSSARY OF ABBREVIATIONS 
 

ABBREVIATION TERM 
ANCOVA Analysis of Covariance 
AQoL-6d Assessment of Quality of Life instrument – 6-dimension 
BMI Body Mass Index 
CHESM Centre for Health, Exercise and Sports Medicine 
CI Confidence Interval 
KOOS Knee Osteoarthritis Outcome Score 
WOMAC Western Ontario and McMaster Universities Osteoarthritis Index 
NHMRC National Health and Medical Research Council 
NRS Numeric Rating Scale 
OA Osteoarthritis 
OARSI Osteoarthritis Research Society International 
PASE Physical Activity Scale for the Elderly 
PLS Plain Language Statement 
RCT Randomized Controlled Trial 
SD Standard Deviation 

 
1. STUDY MANAGEMENT  

 
1.1 Principal Investigator 

 
Name Role Contact information 
Prof Kim Bennell Prof Bennell is a research physiotherapist and 

Director of the Centre for Health, Exercise and 
Sports Medicine (CHESM). She will lead the RCT, 
manage budget, and supervise the Trial 
Coordinator.  
 

P:  03 8344 4135 
E:  k.bennell@unimelb.edu.au 
 
Centre for Health, Exercise and Sports 
Medicine 
Department of Physiotherapy 
School of Health Sciences 
University of Melbourne  VIC  3010 

 
1.2 Associate Investigators 

 
Name Role Contact information 
Miss Rachel 
Nelligan 

Miss Nelligan is a physiotherapist and a PhD 
candidate within the Centre for Health, Exercise 
and Sports Medicine (CHESM). She has 
experience in the set-up and coordination of 
RCTs involving individuals with OA, as well as 
qualitative methods. She will take on the role of 
Trial Co-ordinator. She will also be responsible 
for publishing the trial protocol and the findings 
of the trial. 

P: N/A 
E: Rachel.nelligan@unimelb.edu.au  
 
Centre for Health Exercise and Sports 
Medicine 
Department of Physiotherapy 
School of Health Sciences 
University of Melbourne  VIC  3010 

Prof Rana Hinman  Prof Hinman is a research physiotherapist who 
has conducted >20 RCTs in musculoskeletal 
conditions, most in knee OA. She will provide 
expertise in conducting the trial and reporting of 
the findings.  

P: 03 8344 3223 
E: ranash@unimelb.edu.au 
 
Centre for Health Exercise and Sports 
Medicine 

Should the amount of missing data for an outcome be greater than 
5%, multiple imputation will be conducted and the method 
reported. 

Duration of the study Each participant will be involved for 24-weeks. 
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Department of Physiotherapy 
School of Health Sciences 
University of Melbourne  VIC  3010 

Dr Jessica Kasza Dr Kasza is a biostatistician. She will oversee all 
statistical analyses related to the trial and will 
assist with writing up of the trial findings. 

P: 03 9903 0597 
E: Jessica.Kasza@monash.edu 
 
Department of Epidemiology and 
Preventative Medicine 
Monash University 
553 St Kilda Rd 
Melbourne  VIC  3004 

Mr Samuel Crofts  Mr Crofts is a biostatistician and research 
assistant. He will conduct the 24-week statistical 
analyses related to the trial and will assist with 
writing up of the trial findings. 

P: 03 8344 6168 
E: sam.crofts@unimelb.edu.au   
 
Centre for Epidemiology and Biostatistics  
Melbourne School of Population and 
Global Health 
The University of Melbourne  VIC  3010 
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1.3 Statistician 

 
Dr Jessica Kasza P: 03 9903 0597 

E: Jessica.Kasza@monash.edu 
 
Department of Epidemiology and Preventative Medicine 
Monash University 
553 St Kilda Rd 
Melbourne  VIC  3004 

Mr Samuel Crofts  P: 03 8344 6168 
E: sam.crofts@unimelb.edu.au  
 
Centre for Epidemiology and Biostatistics  
Melbourne School of Population and Global Health 
The University of Melbourne  VIC  3010 

 
1.4 Internal Trial Monitoring Committee 

 
The Principal Investigator, the Trial Coordinator, and at least one other Investigator will meet 
fortnightly to monitor progress of the trial, including any reported adverse events.  
 

1.5 Sponsor 
 
The University of Melbourne. 
 

1.6 Funding and resources 
 
Funding has been provided by the National Health and Medical Research Council (Grant # 1091302). 
 

2. INTRODUCTION AND BACKGROUND 
 
2.1 Background Information 

 
Persistent knee pain, most commonly defined as knee OA, is a highly prevalent condition and a 
leading contributor to burden of disease in Australia [1] . Pain and impaired function are characteristic 
symptoms leading to physical disability, inactivity and reduced quality of life all of which further 
perpetuate functional decline [2-4].  
 
Guidance to facilitate self-management is key in the treatment of knee OA with physical activity and 
exercise advocated by all clinical guidelines as the cornerstone of conservative management 
irrespective of disease severity [5-7],  Unfortunately, many people suffering with knee OA are not 
receiving the advice or behaviour change support required to incorporate regular exercise and physical 
activity into their daily routines [8-11]. A combination of factors may be responsible: General 
Practitioners (GPs), who predominantly manage knee OA, report time pressures, lack of skill and/or 
insufficient knowledge to prescribe exercise to their patients [12, 13]; Physiotherapists and Exercise 
Physiologists, who have the skills and knowledge to prescribe exercise programs are often not 
referred to [14], can be challenging for patients to access due to associated costs and geographical 
location [15], and if consulted some practitioners may not be equipped with sufficient training or skill 
to facilitate behaviour change in their patients to promote longer term exercise adherence [16-19]; and 
finally individuals, in the absence of health professional advice, can lack the knowledge and 
confidence to commence, progress and adhere to self-directed exercise [20] and often have negative 
beliefs about the impact of exercise on their joints preventing initiation of exercise in the first place 
[21].   
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To overcome these barriers innovative and novel approaches to exercise education, prescription and 
exercise behaviour change are needed to increase exercise uptake and reduce physical inactivity in the 
knee OA population and ultimately reduce both the individual and societal burden of OA in Australia. 
 

2.2 Research Question  
 
Does access to internet-delivered OA and exercise education, physical activity guidance and 
prescription of a 24-week lower-limb strengthening exercise program supported by automated SMS, 
lead to significantly greater reductions in patient reported knee pain and/or improvements in patient-
reported physical function, when compared to access to internet delivered OA and exercise education 
alone at 24-weeks? 
 
 

2.3 Rationale for Current Study 
 
Electronically delivered physical activity and exercise interventions may be one solution to 
overcoming the barriers associated with exercise prescription and uptake in individuals with knee OA.  
Several OA targeted Internet delivered physical activity and/or exercise interventions currently exist 
[22-26] and show promise in improving function [27], reducing pain [24], and are overall well 
received by users, individuals with OA [27]. These programs, however have not been developed or 
assessed in the Australian context; continue to require health practitioner or administrative 
involvement and are not fully self-directed [24, 25, 28]; require substantial input by users for program 
individualisation [28], which can be burdensome [26]; do not include resistance/strength training 
protocols [29] and; lack support recommended to achieve long term exercise behaviour change [24, 
28]. 
 
Specifically, within Australia there are several Internet delivered OA consumer resources freely 
available such as those developed by Arthritis Australia and Move- Muscle, Bone and Joint Health. 
These resources provide evidence based self-management advice and education but lack more explicit 
physical activity and exercise instruction which consumers identify as a vital component of uptake 
and adherence to Internet delivered PA and exercise interventions [26]. There is also minimal 
evidence to support their use, with My Joint Pain (Arthritis Australia) being the only resource 
investigated in a quasi-experimental study, finding positive effects on OA self-management, albeit 
small, with the study concluding that ‘further work is required to improve the quality of information 
delivered in order to provide a greater impact’ [30]. It can be speculated that the effectiveness of 
Internet delivered OA self-management information and exercise education may be enhanced by the 
addition of higher quality and specific physical activity and exercise instruction and guidance. 
 
Therefore, we developed a 24-week combined intervention consisting of self-directed, internet-
delivered OA education and exercise guidance, the ‘My Knee Exercise’ website, and a behaviour 
change SMS exercise adherence program.  ‘My Knee Exercise’ is a website that includes knee OA 
and exercise educational information, guidance to increase general physical activity and describes a 
24-week evidence-based, progressive lower limb strengthening exercise program to be completed 
three times each week. The strengthening exercises have previously been found to reduce pain and 
improve physical function in people with knee OA when prescribed by a physiotherapist, remotely 
using video conferencing [31].  
 
The behaviour change SMS exercise adherence program was developed applying the Behaviour 
Change Wheel (BCW), a synthesis of 19 models of behaviour which can be applied to inform 
behaviour change intervention design [32, 33]. The BCW uses the COM-B model and the Theoretical 
Domains Framework (TDF) [34] to guide selection of barriers/facilitators of a behaviour. The COM-
B model includes six categories to describe behaviour; i) physical capability (e.g physical skill); ii) 
psychological capability (e.g knowledge and psychological skill); iii) physical opportunity (e.g. the 
environment such as time/resources); iv) social opportunity; v) reflective motivation (e.g. self-
conscious intentions and beliefs); and vi) automatic motivation (e.g. emotional reactions, desires, 
impulses). The TDF includes 14 additional domains that link to COM-B categories (20). These 



Appendix E 
 
 

 230 

� �Confidential�

� � Page�9�of�27�
Version�1��

domains can be used to understand a behaviour in greater detail if needed. Once barriers/facilitators of 
the behaviour are identified and linked to COM-B/TDF the BCW then suggests intervention functions 
(e.g. education or training) which may bring about change and guides selection of behaviour change 
techniques (BCTs) from the Behaviour Change Technique Taxonomy (BCTTv1) [35] to use in the 
intervention.   
 
Development of the SMS program will be reported elsewhere. In brief, the program is a 24-week 
automated program that aims to facilitate adherence to the strengthening exercise program, 3 times 
weekly. The program prompts weekly self-reporting of exercise sessions completed in the previous 
week, addresses key barriers and facilitators to exercise adherence in knee OA [21], and provides 
BCT suggestions to address these barriers/facilitators. One hundred and ninety-eight SMS were 
constructed to form the SMS program library with SMS wording input from 16 people including the 
authors (academics, clinical physiotherapists, and a person with knee OA). The finalised SMS library 
was provided to an external company who developed the automated SMS program.   
 
The combination of internet-delivered exercise and SMS adherence support has not been specifically 
evaluated in people with knee OA. This robust RCT will be the first to provide evidence about the 
effectiveness of our combined intervention of internet-delivered OA and exercise education, physical 
activity guidance and prescription of a 24-week lower-limb strengthening exercise program supported 
by a behaviour change SMS program compared to internet delivered OA and exercise education 
alone. 
 
 
3 STUDY OBJECTIVES  
 

3.1 Primary Objective 
 
The primary aim of this pragmatic randomised controlled trial (RCT) is to evaluate the effect of the 
combined intervention consisting of the “My Knee Exercise” website and SMS adherence support 
compared to a control website that contains standard OA and exercise educational information alone. 
Our primary hypothesis is that participants who receive “My Knee Exercise” and the SMS support 
will have greater improvements in pain and function compared to those who receive the education 
control at 24-weeks.  
 

3.2 Secondary Objectives 
 
To compare other outcomes such as another measure of pain, health-related quality-of-life, physical 
activity, self-efficacy, global change, and satisfaction at 24-weeks. 

 
 
4. STUDY DESIGN 

 
4.1 Type of Study 

 
Pragmatic superiority RCT. 
 

4.2 Study Design 
 

This is a pragmatic, 2-arm, parallel-design, assessor- and participant- blinded randomized controlled 
trial which complies with SPIRIT guidelines [36]. Reporting will comply with CONSORT [37-39] and 
TIDieR guidelines [40] Consistent with OARSI recommendations for pragmatic RCTs evaluating 
exercise for OA[41], we will use broad selection criteria for participants, and recruit from the Australia-
wide community, to maximise external validity. 
 
Two hundred and six participants will be recruited from the Australia-wide community via social media, 
internet-based newspapers and from our volunteer study database. Participants are � 45 years of age 
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and have a clinical diagnosis of knee OA [6]. Ethics approval will be obtained from the Human Research 
Ethics Committee of University of Melbourne. 
 

4.3 Number of Participants 
 

We will recruit 103 participants per treatment arm; therefore 206 participants will be recruited in total. 
 

4.4 Study sites 
 
The study will be conducted at The University of Melbourne. 
 

4.5 Expected Duration of Study 
 
Anticipated participant recruitment commences: July 2018 
Anticipated data collection completion: April 2020
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4.6 Primary and Secondary Outcome Measures (follow-up time-points are relative to 
randomisation) 

 
Measure name  Description Scale Time-points 

measured 
Primary Outcomes    
Overall pain [42] Scored on an 11-point NRS 

for average overall pain in 
the last week where 0=no 
pain and 10=worst pain 
possible. 

Ranges from 0 to 10; 
higher scores indicate 
worse pain. 

Baseline and 24-
weeks  

Physical Function [43] Scored from 17 questions 
regarding knee function in 
the last week from the Knee 
Osteoarthritis Outcome 
Score (KOOS) 

Ranges from 0 to 100; 
lower scores indicate 
worse function. 

Baseline and 24-
weeks 

Secondary Outcomes    
KOOS Knee Osteoarthritis Outcome 

Score 
  

Pain [43] Scored using 9 questions 
about knee pain experienced 
in the last week, with Likert 
response options ranging 
from None to Extreme. 

Ranges from 0 to 100; 
lower scores indicate 
worse pain. 

Baseline and 24-
weeks 

Function in Sport 
and Recreation[43] 

Scored using 5 questions 
about function with sport and 
recreational activities in the 
last week, with Likert 
response options ranging 
from None to Extreme. 

Ranges from 0 to 100; 
lower scores indicate 
worse function. 

Baseline and 24-
weeks 

Knee-related 
Quality of Life [43] 

Scored using 4 questions 
about knee related quality of 
life experienced in the last 
week, with 5 Likert response 
options for each question. 

Ranges from 0 to 100; 
lower scores indicate 
worse quality of life. 

Baseline and 24-
weeks 

Global improvement 
overall 

Global rating of change: 
Scored from a 7-point global 
rating of change Likert scale 
from “much worse” to 
“much better” when 
compared to baseline. 

Those “moderately better” 
or “much better” will be 
classified as improved. 

24-weeks 

Quality of life (AQoL-
6D) [44] 

Scored using the 20-item 
Assessment of Quality of 
Life II Instrument (6D 
version), which covers the 
topics of Independent Living, 
Relationships, Mental 
Health, Coping, Pain and 
Senses to come up with one 
overall value representing 
quality of life. 

Total score ranges from 
í0.04 to 1.00; higher 
scores indicate better 
quality of life. 
 

Baseline and 24-
weeks 

Physical Activity scale 
for the Elderly (PASE) 
[45] 

A self-reported assessment 
of physical activity, covering 
occupational, household and 
leisure items over the past 
week with one overall value 
representing physical activity 
level. 

Scores range from 0 to 
400+; higher scores 
indicate greater levels of 
physical activity 

Baseline and 24-
weeks 

Arthritis self-efficacy 
scale[46] 
 

Scored from 2 subscales: 
Self-Efficacy Pain Scale (5 
questions), 

Scores are the mean of the 
items in each scale.   

Baseline and 24-
weeks 
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Self-Efficacy Function Scale 
(9 questions) 
scored on a 10-point Likert 
scale from “very uncertain” 
to “very certain”.  

Self-efficacy For 
Exercise (SEE) 
Scale[47] 

9 items scored on an 11-
point NRS from “not 
confident” to “very 
confident” 

Score is calculated by 
summing the responses to 
each question. This scale 
has a range of total scores 
from 0-90. A higher score 
indicates higher self-
efficacy for exercise. 

Baseline and 24-
weeks  

Overall satisfaction  How satisfied are you with 
the electronic resources you 
accessed as part of this 
study?  
Rated on a 7-point Likert 
scale (1 – very dissatisfied to 
7 – very satisfied). 

Range 1-7. Highest scores 
indicate less satisfaction.  

24-weeks  

 
Process measures  Description   Scale Time-points measured 
Exercise 
importance rating  

Response to: 
“How important is it to you 
to do regular exercise to 
manage your knee 
condition?” 
  
Rated on a 7 point Likert 
with 1= not at all important, 
7=extremely important  
 

Ranges from 1-7. A 
higher score indicates 
higher perceived 
importance to complete 
exercise for knee pain.  
 

Baseline and 24-weeks  

Self-reported 
number of exercise 
sessions in the last 
week (max 7) 

Participants will be asked, in 
the past week, how many 
days they participated in 
exercise for their knee 
condition.  

Range from 0-7. 24-weeks  

Exercise Adherence 
Rating Scale 
(EARS) Section B 
[48] 
 

Section B - Scored from 6 
questions regarding exercise 
adherence.   
 
Rated on a 5-point Likert 
scale (0 - completely agree 
to 4 - completely disagree). 

Ranges from 0 and 24. 
A higher score 
indicates better 
adherence. 
 
Items 1, 4 and 6 are 
reverse scored. 
 
 

24-weeks 
 

Usability    
Usefulness  Participants will be asked to 

rate how useful they found 
the:  

1)  website they 
accessed as part of 
the study. 

2) ‘My Knee 
Exercise’ text 
message support 
(intervention only) 
  

 
 

Ranges from 1-7. 
A higher score 
indicates the webpage 
and text message was 
perceived to be more 
useful.  

24-weeks 



Appendix E 
 
 

 234 

� �Confidential�

� � Page�13�of�27�
Version�1��

Rated on a 7-point Likert 

scale (1 = strongly disagree 

to 7 = strongly agree).  

 

SMS frequency 

feedback  

Response to: 

Question a: Please answer 

the below question 

reflecting only on the mobile 

phone text messages you 

received, as part of the 

study, in the last 6 months.  

 

“The number of text 

messages I received over the 

past 6 months was the right 

amount for me” 

 

Rated on a 7-point Likert 

scale (1 =strongly disagree, 

7 = I strongly agree).  

 

Responses of 1-3 will trigger 

Question b: 

“Did you receive too many 

or too few?” select one. 

 

Qa) Ranges from 1-7. 

Qb) Ranges 1-2  

 

24-weeks (intervention 

group only)  

Webpage access  Participants will be asked to 

estimate how many times 

they accessed their study 

website; 

a) in the last month of the 

study, and 

b) in the first month of the 

study (5 months ago). 

Responses will be provided 

in an open text field. 

Responses will be 

dichotomised.  

Higher scores 

indicating more 

frequent webpage 

access.  

24-weeks 

Equipment 

purchased  

Participants will be asked  

“Did you purchase any 

exercise equipment to help 

you with home exercises?” 

 

If yes, please estimate the 

approximate cost (open text 

field) 

  

Response Yes/No 24 weeks  

Website interaction 

data: Frequency of 

use and usage 

patterns 

Data will be collected, from 

both websites using Google 

analytics, regarding 

participant interaction with 

the site including logins, 

page views, document 

downloads 

Reported in number 

and % 

During intervention  

 

SMS program data: 

Opt outs 

Participants will be able to 

cease receiving SMS 

adherence support text 

messages at any time they 

request by sending the word 

‘STOP’. 

Reported as a number 

and % 

During intervention 
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SMS program data: 
Interaction  

Back end data from the SMS 
platform will record number 
of SMS responses requested 
and received 

Reported as % During intervention 

Other Measures    
DOB Patient reported  DD/MM/YYYY Baseline  
Gender Patient reported 1= Male  

2= female 
Baseline 

Height Patient reported 
How tall are you?  

Measured in metres Baseline  

Weight Patient reported 
How much do you weigh? 

Measured in KG’s Baseline  

Body mass index 
(BMI) 

Calculated from self-
reported height and weight  

Reported in kg/m2 Baseline  

Education level  Patient reported 
‘What is the highest level of 
schooling you have 
completed?’ 
0=none, 1=primary, 
2=secondary, 3=tertiary 
(university or equivalent)  

Reported as a number 
and % per category 

Baseline  

Current 
employment status  

Participants will report their 
current employment status 
by selecting from: 
1=Work full-time 
2=Work part-time 
3=Unable to work at the 
moment 
4=Retired 
5=Unemployed 
6=Homemaker  
7=Student 

The number and 
proportion of 
participants currently 
employed (either full 
time or part time) will 
be reported. 

Baseline  

Co-morbid 
conditions  

Patient selection from 
comorbidities; 
1 = Heart disease (for 
example angina, heart attack 
or heart failure) 2 = High 
blood pressure 3 = Problems 
caused by a stroke 4 = Leg 
pain when walking due to 
poor circulation 5 = Lung 
disease (for example asthma, 
chronic bronchitis or 
emphysema) 6 = Diabetes 7 
= Kidney disease 8 = 
Diseases of the nervous 
system (for example 
Parkinson’s disease or 
multiple sclerosis) 9 = Liver 
disease 10 = Cancer (within 
the last 5 years) 11 = 
Depression 12 = Arthritis in 
your back or other condition 
affecting your spine 13 = 
Rheumatoid arthritis or 
another kind of arthritis in 
addition to osteoarthritis  

Reported as a number 
and % per category 

Baseline  

Symptoms in other 
joints 

Participants will be asked to 
tick joints from a list that 
they currently experience 

Number of other 
symptomatic joints per 
participant. 

Baseline  
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symptoms in (at the time of 
completing the assessment) 

Duration of 
symptoms 

Participants self-reported 
duration since their knee 
symptoms began  

Reported in years Baseline  

Laterality of 
symptoms  

Participants self-reported 
Bilateral or unilateral knee 
symptoms  

Reported as one knee or 
both  

 

Co-intervention use Participants will complete a 
custom-developed table to 
indicate the frequency of use 
(over the past 6 months) of a 
range of pain and arthritis 
medications and co-
interventions. 

Participants who 
indicate they have used 
a drug/supplement at 
least once a week in the 
past month will be 
reported as a current 
user of the relevant 
medication. Participants 
who have used a co-
intervention once in the 
past 6 months will be 
reported as a current 
user. 

Baseline and 24-weeks  

Adverse events Adverse events will be 
defined as any problem 
experienced in the study 
knee or elsewhere in the 
body as a result of the study 
treatments. These will be 
self-reported by participants 
using a custom-developed 
table. 

Type of adverse events 
and proportions of 
participants 
experiencing each 
adverse events will be 
reported. 

24-weeks 

 

5. PARTICIPANT ENROLLMENT AND RANDOMISATION 
 

5.1 Recruitment 
Two hundred and six participants will be recruited from the Australia-wide community via social 
media, internet-based newspapers and from our volunteer study database.�Baseline and 24-week 
assessments will be collected remotely via online surveys using RedCap TM software. The most 
symptomatic knee at the time of enrolment will be the focus of evaluation. In cases where both knees 
are equally symptomatic and eligible, the right knee will be deemed the study knee. All participants 
will provide informed consent to participate via online consent forms, prior to completing baseline 
assessments. 
 
 

5.2 Eligibility Criteria 
 

5.2.1 Inclusion Criteria 
! Meet the National Institute for Health and Care Excellence (NICE) osteoarthritis clinical 

criteria [6]: 
! aged 45 years and over 
! activity related knee joint pain 
! morning stiffness �30 minutes 
! History of knee pain on most days for � 3 months 
! Overall average knee pain in past week self-rated as � 4 out of 10 on an 11-point numeric 

rating scale (NRS) 
! Able to give informed consent and to participate fully in the interventions and assessment 

procedures 
! Have a mobile phone with text message functioning and be willing to use it during the study 

to receive and send text messages  
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! Have a home Internet connection and a device that enables you to access the Internet. 
 

5.2.2 Exclusion Criteria 
! Booked for knee joint replacement surgery 
! Have had a knee joint replacement in the most painful knee 
! Have participated in a structured knee exercise program within the past 6 months 
! Self-reported diagnosis of rheumatoid arthritis or other inflammatory arthritis 
! Have had a fall within the last 12 months and do not receive clearance from a General 

Practitioner to participate in an unsupervised home exercise program 
! Are housebound requiring assistance from another person to leave the house in the previous 

month and do not receive medical clearance from a General Practitioner to participate in an 
unsupervised home exercise program  

! Fail pre-exercise screening [49] and do not receive medical clearance from a General 
Practitioner to participate in an unsupervised home exercise program 

! Unable to speak or read English 
 
 

5.3 Informed Consent Process 
 
All potential participants will receive oral and textual information about the purposes, potential risks 
and processes involved in the study from the Trial Coordinator. All participants provide informed 
consent to participate via online consent forms. 
 
If participants pass the telephone screening process, which will involve a verbal description of the 
project to ensure that participants are happy to comply with trial procedures, participants will be sent 
the Plain Language Statement (PLS) and Consent Form via email. 
 
Participants will be encouraged to phone researchers if they have any questions or concerns regarding 
the contents of the PLS and/or Consent Form. Consent will be obtained online using REDCap prior to 
completion of the baseline questionnaire. 
 
To ensure participant blinding (see below), the PLS and consent processes will involve limited 
disclosure. Participants will be informed at the time of recruitment that the study will investigate and 
compare digital resources/websites aimed at helping people self-manage their knee pain and that this 
may include exercise and mobile phone text message contact.   
 
 

5.4 Enrolment and Randomisation Procedures 
 
Participants will be enrolled into the study once the informed consent process has been completed and 
they have completed the baseline questionnaire on the web-based platform (REDCap). Participants will 
be randomised into one of two groups i) My Knee Exercise and SMS support; or ii) My Knee Education. 
Each participant will receive a unique study ID code, and this will be documented in the participant’s 
record/database in addition to all study documents. 
 
Computer-generated randomisation will be prepared by our study biostatistician (JK) in permuted 
blocks of sizes 6 to 12.  To conceal allocation, the randomisation schedule is accessed via a password-
protected, computer program by a researcher not involved in participant recruitment scheduling or 
assessment. The person who determines if a potential participant is eligible for inclusion in the trial is 
unaware, when this decision is made, to which group the participant will be allocated.  
 
 

5.5 Blinding Arrangements 
 
Participants will be blinded to study groups, informed at the time of recruitment that the study will 
investigate and compare digital resources/websites aimed at helping people self-manage their knee 
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pain and that this may include exercise and mobile phone text message contact.  Data will be analysed 
with blinding to group allocation. As outcomes are self-reported measures and participants are blinded 
this constitutes assessor blinding. 
 
 

5.6 Participant Withdrawal 
 
As participation in this study is voluntary, participants may withdraw from i) accessing the study 
website and/or receiving SMS contact; and/or ii) completing their 24-week assessments. Participants 
may choose to stop accessing their website/receiving SMS but continue with some/all aspects of data 
collection. In order to minimise data loss, research staff will encourage participants to complete primary 
outcome measures (at a minimum) at the 24-week time frame, over the telephone if necessary. If a 
participant withdraws from the study, the nature, timing of and reasons for withdrawal will be recorded 
(provided the participant responds to contact made by the research team). This information will be 
reported in the findings manuscript within the CONSORT participant flow diagram. These participants 
will also be invited to participate in a nested qualitative interview (a separate study with its own ethics 
application, PLS and informed consent procedures). Any data provided up to the point of withdrawal 
will be kept and used in analyses, unless the participant specifically requests to withdraw all of their 
data from the study. 
 
 

5.7 Trial Closure 
 
For each participant, the longest follow-up duration will be 24- weeks from randomisation. At this point, 
final assessment will take place and no further data collection or monitoring will occur.  
 
 

5.8 Continuation of therapy 
 
Participant website access does not expire after their involvement in the study has ended. Therefore, 
they may choose to continue accessing the website and/or participating in exercises/physical activity, 
or not.  
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6. STUDY VISITS AND PROCEDURES SCHEDULE 
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7. DATA COLLECTION 
 
All outcome measures are participant-reported and will be collected electronically via computer at 
baseline and 24-weeks 
 
 
8. INTERVENTIONS 
 
i) My Knee Exercise website and SMS support (Intervention)  
 
Participants in this group receive access to the ‘My Knee Exercise’ website and a 24-week behaviour 
change SMS program. After randomisation, participants receive an email from the study co-ordinator, 
which contains details of how to access the website (the URL and their unique username and 
password). Participants are asked to access the website at home, on their own device within 7 days 
and are informed they can view the website as often as they require. Participants also receive a 
welcome SMS prompting them to access the website and start the prescribed knee strengthening 
exercise within the coming 7 days.  
 
My Knee Exercise website  
The website contains a home page and four sections that provide educational information, guidance to 
increase general physical activity, a 24-week home-based lower limb strengthening exercise program 
and resources to support exercise (e.g. printable logbooks). The website was constructed by the 
authors who received website development training from a web-designer. The website was developed 
in accordance with recommendations outlined by The Health on the Net Foundation’s Code of 
Conduct [50]. This code provides an ethical standard for the reliability of internet-delivered medical 
and health information. Three people with knee OA provided input on the website prototype regarding 
design, content and usability which informed the finalised website. The literacy demands of all 
written material in the website was evaluated with recommended [51] and previously used [52, 53] 
online readability software (Readable.io, Added Bytes, Ltd, Sussex, UK) as suitable for individuals 
with a 5th-grade reading ability. This is within the recommended reading level for consumer 
healthcare information of 6th-8th grade [54, 55].  Material within the website was specifically 
developed for this study. Website sections are discussed in detail below. 
 
Home Page: The website home page includes a video tutorial called “Start here.” This tutorial 
explains and models use of each section of the website, encourages participants to start the 
strengthening exercise as soon as possible and explains the SMS exercise support. The home page 
also contains links to the four sections of the website plus links to ‘contact us’ and ‘about us’ 
information.   
 
My Knee Education: This section contains written information about living with knee OA, knee OA 
treatments, exercise as treatment for knee OA, recommended exercise for knee OA and managing 
exercise pain. Written information is supported by video interviews of people with knee OA and OA 
experts. Participants are directed to view the written and audio-visual material prior to commencing 
the strengthening exercise program prescribed within the ‘My Knee Strength’ section of the website. 
Participants can download copies of all written information.  
 
My Knee Strength: This section describes a 24-week, self-directed, home-based, lower limb 
strengthening exercise program. Over 24-weeks participants are instructed to complete three, eight-
week exercise programs, completed in succession. Participants receive a SMS at week one to prompt 
commencement of program one and a SMS at week eight and 16 to encourage use of the website and 
progression to program two and three, respectively. Program one and two contain five exercises and 
program three contains six exercises. Exercises in each program target the hip, knee and ankle, and 
include for example seated knee extension, walk squats, hip abduction and calf raises. Two to three 
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new exercises replace other exercises in each program to add variety and increase the exercise 
challenge. Exercise dosage is: 10 repetitions; three sets; three times a week; at an exercise intensity of 
hard (5-6) in program one and very hard (7-8) in program two and three, as rated on an 11-point scale 
of Rated Perceived Exertion (RPE) for strength training [56]. Intensity is increased for each exercise 
by adding ankle weights and/or changing body position. In line with a pragmatic approach, 
participants are encouraged to purchase their own ankle weights to progress their exercises throughout 
the 24-week intervention. Each exercise session is estimated to be 20-30 minutes duration. Written 
instructions are provided for each exercise as well as photographic and video demonstrations. 
Participants can download and print a copy of each exercise program. Downloadable exercise 
logbooks for each program are also provided. Participants are encouraged, but not mandated, to use 
the logbooks to record their weekly exercise practice. ‘My Knee Strength’ also contains suggestions 
of what and where to purchase exercise equipment to progress the exercises, tips for starting and 
sticking to exercise, and provides details about the SMS exercise adherence program.  
 
My Knee Physical Activity: This section contains information and guidance to assist participants to 
increase their general physical activity over the 24-week intervention period. Information includes 
why and how to increase general physical activity, how to track and safely increase daily steps, 
activity pacing and how to make a physical activity plan. A physical activity plan and a physical 
activity logbook are available in downloadable PDF format. This section also includes video 
interviews of people with knee OA discussing their experience increasing activity in the presence of 
knee pain.  
 
My Knee Tools: This section synthesises downloadable resources from the other three sections of the 
website including a physical activity plan template, strengthening program one, two and three 
logbooks; and a physical activity logbook.  Exercise equipment suggestions, tips for starting and 
sticking to exercise. and video interviews of people with knee OA discussing their experience with 
knee exercise and increasing activity with knee pain are also included.  
 
SMS exercise adherence support 
The development of the SMS program will be reported in detail elsewhere. In summary, over the 24-
week intervention period participants receive two to five SMS weekly. Message frequency declines 
over time to reduce user burden, as recommended [57]. SMS length ranges from 105 to 420 
characters. The start of the automated SMS program is triggered by the study co-ordinator at the time 
of participant enrolment. The study co-ordinator enters, into an online platform, a start date for when 
the first automated SMS will be sent. To allow participants enough time to access the website and 
start their strengthening exercise, the program start date is the next Monday that is five days or more 
after enrolment. On the start date and proceeding Mondays (weekly between weeks 1-8 and 
fortnightly between weeks 9-24), users receive a SMS asking them to self-report the number of knee 
strengthening exercise sessions completed in the previous week. If users self-report �2 exercise 
session/week (classified as low adherence) they then receive a SMS that prompts them to select a 
barrier from a prespecified list (forgot, too tired, knee hurts so can’t exercise, worried exercise is 
causing pain, exercise isn’t helping, boring, lack of time, life stress, and none above apply to me) 
which best explains why they were unable to complete their exercises three times in the previous 
week, as recommended in the website. The user’s barrier selection triggers a SMS that contains a 
BCT suggestion related to the selected barrier. Users who report �3 exercise session/week (classified 
as adherent) receive a SMS that encourages continued completion of the exercises �3/week. Users 
also receive regular SMS (twice weekly initially and reducing to once fortnightly by 24-weeks) which 
contain BCT suggestions to facilitate completion of the exercises �3/week, irrespective of their self-
reported adherence. To enhance engagement, participants receive special occasion messages (e.g. 
birthday, Christmas). Program automation prevents the same BCT SMS being sent for example if the 
same barrier is selected more than once. Additional file 1 and 2 list the barriers and facilitators used in 
the SMS program and the BCTs selected to address them. 
 
 
ii. My Knee Education (control) 
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Participants in the control condition are provided with a URL to access ‘My Knee Education’, a website 
containing the same information provided in the intervention within ‘My Knee Education’. General 
exercise and physical activity recommendations are also provided, like those available in current 
Internet-based Australian OA consumers resources but the site does not contain an exercise program. 
All material within the website has been specifically developed for this study. After randomisation, 
participants receive an email, from the study co-ordinator, containing details of how to access the 
website (the URL and their unique username and password). Participants are asked to access the website 
at home, on their own device within 7 days, read the educational information provided and implement 
any exercise and physical activity recommendations as they see fit. Participants are instructed that they 
can view the website as often as they require. At the same time participants receive their access email 
they also receive a welcome SMS prompting them to access the website. 
 
9. NESTED STUDIES 
 
Qualitative evaluation 
To explore attitudes and experiences of people with knee OA regarding the digital intervention we will 
complete qualitative inquiry of participants randomised into the intervention group. Findings will also 
inform future program updates and implementation. Interviews will be audio-recorded, transcribed and 
analysed thematically. The qualitative study will be reported separate to the main trial and will have its 
own ethics application and consent procedures.  
 
 
10. ADVERSE EVENT REPORTING 
 
An adverse event is defined as any problem that participants believe was caused by the information 
received as part of the study and required them to seek treatment/take medications, and/or interfered 
with function for two or more days. Adverse events will be captured within the 24-week questionnaire. 
 
Due to the low-risk nature of the interventions in this trial, serious adverse events (incapacitating, life-
threatening, hospitalisation or death) are extremely unlikely but will be reported to the Sponsor’s Ethics 
Committee should they occur. Any adverse events reported by telephone or in questionnaires will be 
reported to the internal Trial Monitoring Committee who will be responsible for deciding what action 
if any is needed on a case by case basis. 
 
 
11. STATISTICAL METHODS 
 

11.1 Sample Size Estimation 
 
The sample size is based on detecting an effect size of 0.40 for the two primary outcomes of pain and 
WOMAC physical function. According to Cohen [58], an effect size of 0.40 represents a small to 
moderate difference between groups. This effect size was chosen based on mean effect sizes for 
exercise treatment in people with knee osteoarthritis. A meta-analysis of 44 clinical trials 
investigating land-based exercise showed effect sizes of 0.49 for pain and 0.52 for physical function 
[59]. As the current trial includes unsupervised exercise, which we believe may result in smaller 
effects, we powered the trial to detect a more conservative effect size of 0.40 for both primary 
outcomes. Thus, to achieve 80% power and 0.05 two-sided significance level, with a correlation 
between pre- and post-measurements of 0.35 for pain and function, and accounting for 15% loss to 
follow up [31, 60], we require 103 participants per arm, for a total of 206 participants.  Assuming 
between-participant standard deviations of 2.3 for pain and 11.7 for WOMAC physical function based 
on our previous research [60] and a pre-post correlation of 0.35, this sample size of 206 participants 
will provide us with >99% power to detect a minimal clinically important difference in pain of 1.8 



Appendix E 
 
 

 243 

� �Confidential�

� � Page�22�of�27�
Version�1��

units [61] and 95% power to detect a minimal clinically important difference in function of 6 
WOMAC units [62] 
�

11.2 Statistical Analysis Plan  
 
Analyses comparing the two groups will be performed by the statistician in a blinded fashion using all 
available data from all randomised participants according to the intention-to-treat principle. Should 
the amount of missing data for an outcome be greater than 5%, multiple imputation will be conducted, 
and the method reported. The primary analysis will analyse the multiply imputed datasets. 
Demographic and baseline characteristics of participants will be summarised as appropriate (means 
and standard deviations for continuous variables that appear to be distributed approximately 
symmetrically, medians and interquartile ranges for other continuous variables, counts and 
percentages for categorical variables) and will be inspected to assess baseline comparability of 
treatment groups. For continuous outcomes, differences will be compared between groups in either 
change (baseline minus follow up) or at 24 weeks using linear regression models adjusted for baseline 
levels of these outcomes. Model assumptions will be assessed using standard diagnostic plots. We 
will also calculate the proportion of participants in each group that show an improvement that reaches 
or exceeds the minimal clinically important difference in NRS pain (�1.8 units) and in WOMAC 
function (�6 units).  For this and other binary outcomes, differences between groups will be compared 
using relative risks, calculated from logistic regression models. 
 
 

11.3 Interim Analyses 
 
It is not anticipated that any interim analyses will be performed. 
 
 
12. DATA MANAGEMENT 

 
12.1 Data Collection & Storage 

 
Identifiable data 

! Screening information and study consent forms will be stored within a website (REDCap) and 
accessible only by password to the researchers.  

! Details of people screened will be stored electronically in REDCap and exported into Microsoft 
Excel database, accessible only to the research team and stored securely on password-protected 
servers. 

 
Re-identifiable/coded data 

! Questionnaires will be completed electronically, and will contain only participant codes, and 
no identifying information. They will be stored in the REDCap website, accessible only to the 
researchers by password protection. Data from within REDCap will be exported to Microsoft 
Excel and other statistical packages used by the researchers for analyses and stored securely on 
password-protected servers. 

! All computer files will be stored on secure and backed-up servers, accessibly only to the 
researchers using a password.  

 
12.2 Data Confidentiality  

 
No information which could lead to the identification of a participant will be included in the 
dissemination of results. Only fully non-identifiable data will be presented when disseminating results.  
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12.3 Study Record Retention 
 
Data will be retained for 15 years consistent with clinical trial recommendations outlined in section 
2.1.1 of the National Health and Medical Research Council’s “Australian Code for the Responsible 
Conduct of Research”. 
 

 
13. PROTOCOL DEVIATIONS 
 
Any protocol deviations including errors applying inclusion/exclusion criteria and/or administration 
of the wrong intervention will be documented, if they occur, in the findings manuscript with the trial 
results (patient flow diagram/text). 
�

14. ADMINISTRATIVE ASPECTS 
 
The trial will be prospectively registered (ANZ Clinical Trials Registry) and the protocol published in 
a peer review journal.  
 

14.1 Independent HREC approval 
 
Ethics approval was obtained on 9 March 2018 from the Human Research Ethics Committee of 
University of Melbourne (HREC No. 1851085.1). 

 
14.2 Participant reimbursement 

 
Participants will receive no reimbursement. 
 

14.3 Financial disclosure and conflicts of interest 
 
There are no conflicts of interest to declare.  
 
 
15. USE OF DATA AND PUBLICATIONS POLICY 
 
We will publish a protocol paper prior to completion of the trial. The main trial will be published in an 
osteoarthritis or general medical journal. Statistical code may be made available from Dr Kasza, upon 
request from individual researchers. Data and the SMS message library may be made available from 
Professor Bennell, upon request from individual researchers. In addition, the results of the trial will be 
disseminated through avenues such as conference presentations, professional organisations, media, 
social media and consumer organisations.   
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Chapter Five - Supplementary material 
Supplementary 2: Supplementary Online Content 

 

 
1"

6XSSOHPHQWDU\�2QOLQH�&RQWHQW
,

1HOOLJDQ�5.��+LQPDQ�56��.DV]D�-��&URIWV�6-&��%HQQHOO�./��(IIHFWV�RI�D�VHOI�GLUHFWHG�
ZHE�EDVHG�VWUHQJWKHQLQJ�H[HUFLVH�DQG�SK\VLFDO�DFWLYLW\�SURJUDP�VXSSRUWHG�E\�
DXWRPDWHG�WH[W�PHVVDJHV�IRU�SHRSOH�ZLWK�NQHH�RVWHRDUWKULWLV��D�UDQGRPL]HG�FOLQLFDO�WULDO��
-$0$�,QWHUQ�0HG��3XEOLVKHG�RQOLQH�$SULO�����������GRL���������
MDPDLQWHUQPHG����������

H7DEOH����7ULDOV�H[FOXVLRQ�FULWHULD
H7DEOH����2XWOLQH�RI�WKH�NH\�GHVLJQ�IHDWXUHV�RI�WKH�0\�.QHH�([HUFLVH�ZHEVLWH�DQG�WKH�
WH[W�PHVVDJH�V\VWHP
H7DEOH����'HVFULSWLRQ�RI�WKH�FRQWHQW�LQ�WKH�IRXU�VHFWLRQV�RI�WKH�LQWHUYHQWLRQ�ZHEVLWH��0\�
.QHH�([HUFLVH��7KH�0\�.QHH�(GXFDWLRQ�WH[WXDO�FRQWHQW�SUHVHQWHG�KHUH�LV�FRPPRQ�LQ�
ERWK�WKH�LQWHUYHQWLRQ�DQG�FRQWURO�JURXS
H7DEOH����'HVFULSWLRQ�RI�DOO�PHVVDJH�W\SHV�XVHG�ZLWKLQ�WKH�WH[W�PHVVDJH�V\VWHP�
H7DEOH����3URFHVV�PHDVXUHV�FROOHFWHG�
H7DEOH����%DVHOLQH�FKDUDFWHULVWLFV�DQG�RXWFRPH�VFRUHV�RI�SDUWLFLSDQWV�ZKR�GLG�DQG�GLG�
QRW�FRPSOHWH�ERWK�SULPDU\�RXWFRPHV��UHSRUWHG�DV�PHDQ��VWDQGDUG�GHYLDWLRQ��XQOHVV�
RWKHUZLVH�VWDWHG��3�YDOXHV�EDVHG�RQ�W�WHVWV�IRU�FRQWLQXRXV�FKDUDFWHULVWLFV�DQG�FKL�
VTXDUHG�WHVWV�IRU�FDWHJRULFDO�FKDUDFWHULVWLFV
H7DEOH����0HDVXUHV�RI�SHUFHLYHG�ZHEVLWH�DQG�WH[W�PHVVDJH�XVHIXOQHVV��ZHEVLWH�DQG�WH[W�
PHVVDJH�XVDJH�DQG�H[HUFLVH�LPSRUWDQFH�WDNHQ�DW����ZHHNV��UHSRUWHG�DV�PHDQ��6'���
XQOHVV�RWKHUZLVH�VWDWHG
H7DEOH����0HDQ��6'��RI�DGKHUHQFH�PHDVXUHV�ZLWKLQ�JURXSV��DQG�GLIIHUHQFH�LQ�
DGKHUHQFH�PHDVXUHV�EHWZHHQ�JURXSV��XVLQJ�FRPSOHWH�FDVH�GDWD
H7DEOH����1XPEHU��SHUFHQWDJH��RI�SDUWLFLSDQWV�ZLWK�DGYHUVH�HYHQWV��FR�LQWHUYHQWLRQV��RU�
SDLQ�PHGLFDWLRQ�XVH�GXULQJ�WKH����ZHHNV�
H7DEOH�����&KDQJH�ZLWKLQ�JURXSV��DQG�GLIIHUHQFH�LQ�FKDQJH�EHWZHHQ�JURXSV��DGMXVWHG�
IRU�EDVHOLQH�YDOXH�RI�RXWFRPH�ZKHUH�SRVVLEOH��IRU�FRQWLQXRXV�RXWFRPHV��XVLQJ�FRPSOHWH�
FDVH�GDWD
H7DEOH�����3URSRUWLRQ��SHUFHQWDJH��RI�SDUWLFLSDQWV�DFKLHYLQJ�PLQLPDO�FOLQLFDOO\�
LPSRUWDQW�LPSURYHPHQWV������XQLWV�IRU�156�RYHUDOO�SDLQ����XQLWV�IRU�:20$&�IXQFWLRQ��
DQG�SURSRUWLRQ��SHUFHQWDJH��RI�SDUWLFLSDQWV�UHSRUWLQJ�JOREDO�LPSURYHPHQW��XVLQJ�
FRPSOHWH�FDVH�GDWD�

7KLV�VXSSOHPHQWDO�PDWHULDO�KDV�EHHQ�SURYLGHG�E\�WKH�DXWKRUV�WR�JLYH�UHDGHUV�DGGLWLRQDO�
LQIRUPDWLRQ�DERXW�WKHLU�ZRUN�
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eTable,1.,Trials,exclusion,criteria,

,
,

Number,,

,

Criteria,

1, scheduled(joint(replacement(surgery(

2, knee(joint(replacement(in(the(most(painful(knee(

3, participation(in(structured(knee(exercise(in(past(6(months(

4, inflammatory(arthritic(condition(

5, fall(in(the(past(12(months(and(did(not(receive(clearance(from(a(general(
practitioner(to(undertake(unsupervised(home(exercise(

6, housebound(in(the(past(month(and(did(not(receive(clearance(from(a(general(
practitioner(to(undertake(unsupervised(home(exercise(

7, failed(pre;exercise(screening1(and(did(not(receive(clearance(from(a(general(
practitioner(to(undertake(unsupervised(home(exercise(

8, unable(to(speak(English.(

, ,
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eTable,2.,,Outline,of,the,key,design,features,of,the,‘My,Knee,Exercise’,website,and,the(
text,message,system,

Design,feature, Description,
Website,
EvidenceQinformed, Textual(information(about(knee(OA,(exercise(and(

physical(activity(was(based(on(material(from(
previous(knee(OA(trials2;4(

, Exercise(protocols(were(based(on(previous(knee(
OA(exercise(programs(effective(at(reducing(pain(
and(improving(physical(function((when(prescribed(
by(a(physiotherapist)(and(focused(on(
strengthening(the(hip,(knee,(and(ankle(muscles2;
4.(

Readability,Assessment,,, All(textual(education(content(was(evaluated(with(
online(readability(software5(as(acceptable(for(
people(with(a(5th;grade(reading(ability((Flesch;
Kincaid(Grade(Level).((

Health,on,the,Net,(HON)6,
certification,,

The(Health(on(the(Net((HON)(Foundation’s(Code(
of(Conduct(for(online(health(material(were(
followed.(
HON(foundation(certification(will(be(sort,(although(
not(completed(at(time(of(this(publication.(

CoQdesign,, The(website(was(developed(by(the(researchers(
(RKN,(RSH,(KLB)(using(the(WordPress®(content(
management(system(with(training(provided(by(an(
external(web;developer,(as(required.(
(
Three(people(with(knee(OA(provided(feedback(on(
the(usability(and(content(of(a(website(prototype(
which(informed(design(of(the(final(website.((

Text,message,system,,
Evidence,informed,content, The(text(message(system(was(developed(

applying(a(behaviour(change(framework(
recommended(for(intervention(design7(and(based(
on(previous(research(of(barriers(and(facilitators(of(
exercise(in(people(with(knee(OA8.(

, The(24;week(duration(was(selected(as(
appropriate(to(support(exercise(habit(
formation9,10.(

Readability,Assessment,,, The(full(text(message(library(was(evaluated(with(
online(readability(software5(as(acceptable(for(
people(with(a(5th;grade(reading(ability((Flesch;
Kincaid(Grade(Level).(

CoQdesign,, The(text(message(system(was(developed(by(
three(authors((RKN,(RSH,(KLB)(with(oversight(
provided(by(a(behaviour(change(expert((LA).((
(
Twelve(people(provided(input(into(message(tone(
and(wording((7(academics(working(in(knee(OA,(4(
clinical(physiotherapists,(and(1(person(with(knee(
osteoarthritis).(

,
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eTable,3:,Description,of,the,content,in,the,four,sections,of,the,intervention,website,,‘My,
Knee,Exercise’.,The,‘My,Knee,Education’,textual,content,presented,here,is,common,in,
both,the,intervention,and,control,group.,

(

Website,section, Website,content, Additional,
features,

My(Knee(Education( Understanding(knee(OA( ((
Understanding(knee(pain( ((
Knee(pain(treatments( ( (
Exercise(as(treatment(( ( (
Recommended(exercise( (
Managing(exercise(pain( ( (

My(Knee(Strength( How(to(start(your(knee(exercise( (

Exercise(equipment(recommendations‡(( (

Tips(for(starting(and(sticking(to(exercise( (
Information(about(the(mobile(phone(message(support(( (

24;week(strengthening(plan:(
Details:(3(x(8;week(exercise(programs(
Exercise(dosage:(10(x(3((2(min(rest(between(sets)((
Frequency:(3(x(week(
Progressions:(ankle(weight(or(change(of(position((
Resources:(exercise(logbooks(

(
(
(

(

(

(

Program(1((weeks(1;8)(
Intensity:(5;6(out(of(10†,(“pushing(yourself(a(bit”(
Exercises:(1.(seated(knee(extensionh(2.(wall(squath(3.(standing(abductionh(4.(
hamstring(curlh(5.(calf(raise(

(

(

(

Program(2((weeks(9;16)(
Intensity:(7;8(out(of(10†,(“challenging(yourself”(
Exercises:(1.(seated(knee(extensionh((
2.(sit(to(standh(3.(standing(wall(pushh(4.(hamstring(curlh(5.(calf(raise(

(

(

(

Program(3((weeks(17;24)(
Intensity:(7;8(out(of(10†,(“challenging(yourself”(
Exercises:(1.(seated(knee(extensionh((
2.(sit(to(standh(3.(step(upsh(4.(crab(walkh(5.(bridgeh(6.(step(calf(raise"

(

(

(

My(Knee(Physical(
Activity(

Why(increase(physical(activity( (

How(to(increase(physical(activity( (

How(to(track(daily(steps(( (

Activity(Pacing(+(pacing(logbook( (
Physical(activity(plan(+(template( ( (
Physical(activity(logbook( (
Physical(activity(stories(( (

My(Knee(Tools( A(synthesis(of(information/resources(provided(in(the(other(three(sections(of(
the(website(such(as(downloadable(logbooks(

(
(
(
(

( (
(

OA(=(osteoarthritish(*progression(to(next(program(recommended,(not(mandatedh((
†11;point(scale(of(Rated(Perceived(Exertionh((
‡(Participants(were(encouraged(to(purchase(ankle(weights/elastic(bandsh(

(
(

((((

((

(("

Downloadable(informationh"
Audio;visual(material:(interviews(RI(people(with(knee(OA(+(OA(H[SHUWV�"

Photo(and(video(exercise(demonstrationsh"
"

"
Text(message(sent(to(prompt(website(access(+(commencement(of(new(exercise(program."

"

"

©�2021�American�Medical�Association.�All�rights�reserved.�
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eTable&4:&Description&of&all&message&types&used&within&the&text&message&system&
&

Message&type& Description& Frequency&
1.#Message#to#prompt#self0report#
number#of#exercise#sessions#in#
the#past#week###

Reply#supported.#Asks#how#many#times#home#exercise#program#completed#in#
previous#week.#Prompt#to#reply#with#one#number#between#007.##

Sent#weekly#weeks#008#and#
fortnightly#weeks#9024.#

2.#Positive#reinforcement#
message##
#

Reply#not#supported.#Provides#positive#reinforcement#for#completion#of#≥#3#
exercise#sessions#in#the#previous#week.#

Sent#only#if#response#to#self0
report#number#of#exercise#
sessions#in#the#past#week#is#≥#3.#

3.#Barrier#identification#message#
#

Reply#supported.#Contains#a#list#of#9#barriers.#Prompts#a#reply#using#a#
keyword#that#corresponds#to#the#barrier#that#best#explains#low#adherence.##

Sent#only#if#response#to#self0
report#number#of#exercise#
sessions#in#the#past#week#is#<#3.#

4.#Barrier#behaviour#change#
message#
#

Reply#not#supported.#Contains#a#behaviour#change#technique#suggestion#to#
target#the#barrier#selected#in#the#‘Barrier#identification#message’.#

Sent#only#if#a#barrier#is#selected#
in#message#type#‘Barrier#
identification#message’.#
#

5.#Facilitator#behaviour#change#
technique#message#

Reply#not#supported.#Contains#a#facilitatory#behaviour#change#technique#
suggestion#designed#to#support#and#encourage#completion#of#3/week#home#
exercise#sessions.##
Sent#independent#from#message#types#104.#

Sent#twice#weekly,#reducing#to#
fortnightly#by#week#24.#

6.#Reminder#to#respond#
message#
#

Reply#not#supported.#Prompts#a#response#to#self0report#number#of#exercise#
sessions#in#the#past#week.#
#

Sent#if#the#self0report#number#of#
exercise#sessions#in#the#past#
week#is#not#received#in#24#hours.#
#

7.#Response#not#supported#
message#

Reply#not#supported.#States#response#not#recognised.#Encourages#contacting#
research#team#if#needed.#Inappropriate#responses#are#monitored#by#the#
research#team.#Any#that#require#action#(e.g.#safety#concern)#will#be#followed#
up#by#the#research#team.#
#

Sent#in#response#to#any#message#
received#not#using#keyword.#
#

8.#Opt0out#message# Reply#not#supported.#States#the#study#coordinator#will#contact#the#participant#
to#discuss#ceasing#the#text#message#intervention.##

Sent#if#a#participant#sends#a#
message#containing#“stop”.#

9.#Special#occasion#message# Sent#at#participant#i)#birthdays,#ii)#Easter,#iii)#Christmas,#iv)#intervention#
completion.##

Sent#based#on#dates#inputted#by#
research#team.#

©�2021�American�Medical�Association.�All�rights�reserved.�
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!
eTable&5:&Process&measures&collected&&
Process&
measures&& Description& & & Scale& Time7points&measured&

Participant&self7report&
Exercise!
importance!rating!!

Response!to:!
“How!important!is!it!to!you!
to!do!regular!exercise!to!
manage!your!knee!
condition?”!

Ranges!from!1>7.!
Higher!score!
indicates!higher!
perceived!importance!
to!complete!exercise!
for!knee!pain.!!

Baseline!and!24>weeks!!

Website!
usefulness!!

Participants!asked!to!rate!
how!useful!they!found!the!
website!they!accessed!as!
part!of!the!study!

Ranges!from!1>7.!
Higher!score!
indicates!the!
webpage!and!text!
message!was!
perceived!to!be!more!
useful.!!

24>weeks!

Text!message!
usefulness!

Participants!asked!to!rate!
how!useful!they!found!the!
text!message!support!!

Ranges!from!1>7.!
Higher!score!
indicates!the!
webpage!and!text!
message!was!
perceived!to!be!more!
useful.!

24>weeks!
(intervention!only)!

Text!message!
frequency!
acceptability!!

Response!to:!
The!number!of!text!
messages!I!received!over!
the!past!6!months!was!
the!right!amount!for!me.!

Ranges!from!1>7.!
Higher!score!
indicates!higher!
agreement.!!

24>weeks!!
(intervention!only)!!

Website!access!! Participants!were!asked!
to!estimate!how!many!
times!they!accessed!their!
study!websiteO!
a)! in!the!last!month!of!

the!study,!and!
b)! in!the!first!month!of!

the!study!(5!months!
ago).!

Responses!provided!
in!an!open!text!field!
and!dichotomised.!!
Higher!scores!
indicating!more!
frequent!webpage!
access.!!

24>weeks!

Equipment!
purchased!!

Participants!asked!!
“Did!you!purchase!any!
exercise!equipment!to!
help!you!with!home!
exercises?”!

Response!Yes/No! 24!weeks!!

Automatically&collected&website&data&
Average!website!
logins!per!
participant!

Captured!using!Google!
Analytics!and!
MonsterInsights®!plugina!

Reported!as!mean!
(SD)!

During!intervention!!
!

Average!
document!
downloads!per!
participant!

Captured!using!Google!
Analytics!and!
MonsterInsights®!plugina!

Reported!as!mean!
(SD)!

During!intervention!

Automatically&collected&text&message&data&
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Text!message!
system!Opt>outs!

Extracted!from!text!
message!system!backend!!

Reported!as!a!
number!and!%!

During!intervention!
(intervention!group)!

Average!number!
of!text!message!
sent!to!each!
participant!

Extracted!from!text!
message!system!backend!

Reported!as!mean!
(SD)!

During!intervention!
(intervention!group)!

text!message!
reply!rate!!

Extracted!from!text!
message!system!
backend:!
i)!average!participant!
reply!rate!to!all!messages!
requiring!a!response!!
ii)!average!participant!
reply!rate!to!self>reported!
exercise!sessions!in!
previous!week!message!
only!
ii)!average!participant!
reply!rate!to!self>report!
barrier!selection!message!
only!(triggered!if!self>
report!exercise!sessions!
<3)!

Reported!as!mean!
(SD)!percentages!

During!intervention!
(intervention!group)!

a!website!data!was!captured!using!Google!Analytics!and!MonsterInsights®!plugin!which!tracked!individual!
participant!usage!across!multiple!devices!

&

& &
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eTable&6.&Baseline&characteristics&and&outcome&scores&of&participants&who&did&
and&did&not&complete&both&primary&outcomes,&reported&as&mean&(standard&
deviation)&unless&otherwise&stated.&P7values&based&on&t7tests&for&continuous&
characteristics&and&chi7squared&tests&for&categorical&characteristics&

Characteristics&

Missing&at&
least&one&
primary&
outcome&
(n=26)&

Provided&both&
outcomes&&
(n=180)&

p7
value&

Age!(years)! 57.4!(7.6)! 60.0!(8.4)! !0.15!
Female,!n!(%)! 17!(65%)! 109!(61%)! !0.64!
Height!(m)! 1.7!(0.1)! 1.7!(0.1)! !0.82!
Body!mass!(kg),!median!(IQR)! 86.5!(74.0>102.0)! 90.0!(77.5>106.0)! !0.35!
Body!mass!index!(kg/m2),!median!(IQR)! 30.1!(26.5>34.8)! 31.4!(27.4>35.8)! !0.33!
Geographical!location,!n!(%)a! ! ! !0.80!
!!!Metropolitan! 16!(62%)! 106!(59%)! !
!!!Regional! 10!(39%)! 74!(41%)! !
Education!Level,!n!(%)! ! ! !0.46!
!!!Secondary! 14!(54%)! 83!(46%)! !
!!!Tertiary!(university!or!equivalent)! 12!(46%)! 97!(54%)! !
Currently!employed,!n!(%)! 18!(69%)! 114!(63%)! !0.56!
Symptom!duration!(years)! 7.7!(8.8)! 8.1!(9.1)! !0.82!
Laterality,!n!(%)! ! ! !0.70!
!!!Unilateral!OA! 11!(42%)! 69!(38%)! !
!!!Bilateral!OA! 15!(58%)! 111!(62%)! !
Problems!in!other!joints,!n!(%)! ! ! !
!!!Hand! 7!(27%)! 44!(24%)! !0.78!
!!!Neck! 5!(19%)! 39!(22%)! !0.78!
!!!Back! 6!(23%)! 66!(37%)! !0.17!
!!!Hip! 9!(35%)! 49!(27%)! !0.43!
!!!Foot! 12!(46%)! 36!(20%)! !0.003!
!!!Shoulder! 9!(35%)! 45!(25%)! !0.30!
Treatments!for!knee!OA!in!the!last!6!months,!n!(%)! ! ! !
At!least!one!treatment! 22!(85%)! 161!(89%)! !0.46!
!!!Massage! 6!(23%)! 68!(38%)! !0.14!
!!!Manual!therapy! 3!(12%)! 40!(22%)! !0.21!
!!!Walking!stick! 2!(8%)! 24!(13%)! !0.42!
!!!Ultrasound! 3!(12%)! 14!(8%)! !0.51!
!!!Low!level!laser!therapy! 0!(0.0%)! 2!(1%)! !0.59!
!!!TENS! 3!(12%)! 21!(12%)! !0.98!
!!!Orthotics,!arch!supports! 4!(15%)! 43!(24%)! !0.33!
!!!Knee!braces! 8!(31%)! 57!(32%)! !0.93!
!!!Heat/cold!treatment! 16!(62%)! 101!(56%)! !0.60!
!!!Land>based!exercises! 12!(46%)! 92!(51%)! !0.64!
!!!Injections!(eg.!cortisone,!Synvisc,!platelet>rich!
plasma)! 5!(19%)! 13!(7%)! !0.043!
!!!Hydrotherapy! 2!(8%)! 32!(18%)! !0.20!
!!!Acupuncture! 1!(4%)! 15!(8%)! !0.42!
!!!Arthroscopic!surgery! 2!(8%)! 10!(6%)! !0.66!
!!!High!tibial!osteotomy!surgery! 1!(4%)! 1!(1%)! !0.11!
!!!Ligament!reconstruction! 1!(4%)! 2!(1%)! !0.28!
Current!pain!medication!use,!n!(%)b! ! ! !
Taking!pain!medication!! 24!(92%)! 153!(85%)! !0.32!

!!!Non>steroidal!anti>inflammatory!drugs! 21!(81%)! 97!(54%)! !0.010!
!!!Cyclooxygenase>2!inhibitors! 3!(12%)! 25!(14%)! !0.74!
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!!!Analgesics!(paracetamol!combinations)! 18!(69%)! 121!(67%)! !0.84!
!!!Topical!anti>inflammatory!drugs! 17!(66%)! 111!(62%)! !0.71!
!!!Oral!corticosteroids! 0!(0.0%)! 1!(1%)! !0.70!
!!!Oral!opioids! 4!(15%)! 6!(3%)! !0.008!
Comorbid!conditions,!n!(%)! 13!(50%)! 99!(55%)! !0.63!
Overall!average!knee!pain!(NRS)! 6.4!(1.4)! 6.3!(1.5)! !0.72!
Physical!function!(WOMAC)! 25.9!(12.0)! 25.8!(12.0)! !0.97!
Pain!(KOOS)!! 51.6!(15.9)! 52.0!(15.2)! !0.90!
Sport!and!recreation!(KOOS),!median!(IQR)! 30.0!(5.0>50.0)! 30.0!(15.0>45.0)! !0.74!
Knee>related!quality>of>life!(KOOS)! 33.7!(16.9)! 34.8!(16.9)! !0.75!
Health>related!quality!of!life!(AQoL)! 0.6!(0.2)! 0.7!(0.2)! !0.18!
Physical!activity!levels!(PASE),!median!(IQR)! 157.3!(99.0>

203.0)!
127.7!(93.1>
171.2)! !0.092!

Self>efficacy!>!Pain!(ASES)! 6.1!(2.0)! 5.9!(1.7)! !0.59!
Self>efficacy!>!Function!(ASES),!median!(IQR)! 8.4!(7.2>9.1)! 8.1!(7.2>9.1)! !0.86!
Self>efficacy!–!Exercise!(SEE),!median!(IQR)! 59.5!(41.0>77.0)! 64.0!(46.0>74.0)! !0.81!
Exercise!importancec! 6.0!(4.0>7.0)! 7.0!(5.0>7.0)! !0.074!
Treatment!group,!n!(%)! ! ! !1.00!
!!!!Intervention! 13!(50%)! 90!(50%)! !
!!!!Control!! 13!(50%)! 90!(50%)! !

IQR=interquartile!rangeO!OA=osteoarthritisO!TENS=transcutaneous!electrical!nerve!stimulation!
a!Based!on!residential!postcode,!in!accordance!with!Australian!Statistical!Geography!Standard!
b!defined!as!at!least!once!per!week!over!the!prior!6!months!
c!rated!by!level!of!agreement!with!the!statement!“How!important!is!it!to!you!to!do!regular!exercise!to!manage!your!
knee!condition?”!(scores!range!from!1!to!7,!with!higher!scores!indicating!higher!agreement)!
!

!
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eTable&7.&Measures&of&perceived&website&and&text&message&usefulness,&website&
and&Text&message&usage&and&exercise&importance&taken&at&247weeks,&reported&
as&mean&(SD),&unless&otherwise&stated&

! Intervention& Control&
Perceived!usefulness!of!websitea! 5.3!(1.5)! 3.9!(1.7)!
Perceived!usefulness!of!text!messageb! 5.3!(1.8)! >!
Text!message!frequencyc! 5.3!(1.7)! >!
Exercise!equipment!purchased,!n!(%)! 37!(42%)! 14!(16%)!
Participant>reported!usage! ! !
Website!accessed!first!month,!n!(%)! ! !
0!times! 3/89!(3%)! 11/84!(13%)!
1!to!2!times! 17/89!(19%)! 29/84!(35%)!
3!to!8!times! 58/89!(65%)! 42/84!(50%)!
9!or!more!times! 11/89!(12%)! 2/84!(2%)!

Website!access!last!month!n!(%)! ! !
0!times! 35/89!(39%)! 50/84!(60%)!
1!to!2!times! 36/89!(40%)! 20/84!(24%!
3!to!8!times! 16/89!(18%)! 13/84!(15%)!
9!or!more!times! 2/89!(2%)! 1/84!(1%)!

Automatic!website!interaction!data! ! !
Average!logins! 6.0!(4.9)! 3.2!(2.6)!
Document!downloads!! 3.7!(4.7)! 0.9!(1.8)!

Automatic!text!message!interaction!data! ! !
Opt>outs,!n!(%)! 8!(8%)! !
Text!message!sent!to!participant!over!24>weeks! 60.0!(7.5)d! 1!(0)!
Average!participant!reply!rate!overalle! 73%!(34%)! !
Average!participant!reply!rate!to!no.!of!exercise!sessions!text!messagef! 73%!(35%)! !
Average!participant!reply!rate!to!barrier!selection!text!messageg! 84%!(23%)! !

Exercise!importance!ratingh! 5.9!(1.2)! 5.7!(1.2)!
a!level!of!agreement!with!the!statement!“I!thought!the!website!I!accessed!as!part!of!the!study!was!useful!in!helping!
me!manage!my!painful!knee”!(Scores!range!from!1!to!7!with!higher!scores!indicating!higher!agreement)!
b!level!of!agreement!with!the!statement!“I!thought!the!mobile!phone!text!messages!I!received!were!useful!in!helping!
me!manage!my!painful!knee”!Scores!range!from!1!to!7!with!higher!scores!indicating!higher!agreement)!
c!level!of!agreement!with!the!statement!“The!number!of!text!messages!I!received!over!the!past!6!months!was!the!
right!amount!for!me.”!(scores!range!from!1!to!7!with!higher!scores!indicating!higher!agreement.)!
d!n=95,!excludes!opt>outsO!includes!text!message!types:!facilitator!BCTO!no.!of!exercise!sessions!promptO!barrier!
selection!promptO!barrier!BCTO!positive!reinforcementO!response!not!supportedO!welcomeO!completion.!
e!A!requested!reply!to!a)!number!of!exercise!sessions!in!the!previous!week!text!message!and/or!b)!barrier!selection!
text!message!
f!Participants!are!asked!to!self>report!the!number!of!exercise!sessions!completed!in!the!previous!week!16!times!
over!24>weeks!
g!Barrier!selection!text!message!triggered!if!self>reported!exercise!sessions!in!the!previous!week!<3!
h!rated!by!level!of!agreement!with!the!statement!“How!important!is!it!to!you!to!do!regular!exercise!to!manage!your!
knee!condition?”!(scores!range!from!1!to!7,!with!higher!scores!indicating!higher!agreement)!
&
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eTable&8.&Mean& (SD)&of&adherence&measures&within&groups,&and&difference& in&
adherence&measures&between&groups,&using&complete&case&data&at&247weeks&

Adherence&measures& Mean&(SD)&in&groups&
Difference&between&

groups&

&
Intervention&
(n=89)&

Control&
(n=86)a&

Mean&
difference&
(95%&CI)&

P7
value&

Number!of!days!participated!in!exercise!for!
the!knee!in!the!past!week!(0>7)! 3.3!(1.9)! 3.1!(2.3)! 0.2!(>0.4,!0.9)! 0.44!

Exercise!Adherence!Rating!Scale!(EARS)!
section!Bb! 15.3!(6.3)! 12.7!(6.0)! 2.6!(0.8,!4.4)! 0.005!

a!n=85!for!Exercise!Adherence!Rating!Scale!(EARS)!section!B!
b!Scores!range!from!0>24!with!higher!scores!indicating!better!adherence!
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eTable& 9.& Number& (percentage)& of& participants& with& adverse& events,& co7
interventions,&or&pain&medication&use&during&the&24&weeks&&

!
Intervention&
(n=90)a&

Control&
(n=89)b& P7value!

Adverse&events& ! ! !
Any!adverse!event! 13!(15.7%)! 5!(6.3%)! 0.055!
!!!!Knee!pain! 8!(9.6%)! 1!(1.3%)! 0.019!
!!!!Pain!in!other!areas! 6!(7.2%)! 4!(5.0%)! 0.55!
Co7interventions& ! ! !
Any!co>interventions! 84!(93.3%)! 85!(94.4%)! 0.76!
Massage! 23!(26%)! 40!(45%)! 0.007!
Manual!therapy! 19!(21%)! 23!(26%)! 0.46!
Walking!stick! 12!(13%)! 9!(10%)! 0.50!
Ultrasound! 2!(2%)! 2!(2%)! 0.99!
Low!level!laser!therapy! 0!(0%)! 0!(0%)! !
TENS! 8!(9%)! 10!(11%)! 0.60!
Orthotics,!arch!supports! 21!(23%)! 20!(22%)! 0.86!
Knee!braces! 18!(20%)! 30!(34%)! 0.038!
Heat/cold!treatment! 30!(33%)! 55!(62%)! <0.001!
Land>based!exercises! 68!(76%)! 63!(70%)! 0.40!
Injections!(eg.!cortisone,!Synvisc,!platelet>rich!plasma)! 6!(7%)! 5!(6%)! 0.77!
Hydrotherapy! 9!(10%)! 18!(20%)! 0.056!
Acupuncture! 2!(2%)! 4!(4%)! 0.40!
Arthroscopic!surgery! 1!(1%)! 1!(1%)! 0.99!
High!tibial!osteotomy!surgery! 1!(1%)! 0!(0%)! 0.32!
Ligament!reconstruction! 1!(1%)! 0!(0%)! 0.32!
Total!Knee!Replacement!! 1!(1.1%)! 0!(0.0%)! 0.32!
Pain&medications& ! ! !
Any!pain!medication! 70!(78%)! 71!(80%)! 0.74!
!!!Anti>inflammatory!tablets! 39!(43%)! 48!(54%)! 0.16!
!!Cyclooxygenase>2!inhibitor!tablets! 6!(7%)! 14!(16%)! 0.054!
!!!Analgesia,!paracetamol! 49!(54%)! 59!(66%)! 0.11!
!!!Topical!anti>inflammatories! 40!(44%)! 54!(61%)! 0.030!
!!!Oral!corticosteroids! 1!(1%)! 2!(2%)! 0.55!
!!!Oral!opioids! 4!(4%)! 2!(2%)! 0.41!
TENS=transcutaneous!electrical!nerve!stimulation!
a!n=83!for!adverse!event!measures,!n=90!for!all!other!variables!
b!n=80!for!adverse!event!measures,!n=90!for!“any!co>interventions”,!“orthotics/arch!supports”!and!“land>based!
exercises”,!n=89!for!all!other!variables!!
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eTable&10.&&Change&within&groups,&and&difference&in&change&between&groups&(adjusted&for&baseline&value&of&outcome&where&
possible)&for&continuous&outcomes,&using&complete&case&data&

& Mean&(SD)&change&within&groups& Difference&in&change&between&groups&

& Baseline&minus&week&24& Baseline&to&week&24&

&
Intervention&

&
Control&

&

Mean&difference&
(95%&CI)&

PKvalue&

Primary&outcomes! ! ! ! !
Overall!average!knee!pain!(NRS)a! 2.8!(2.1)! 1.3!(2.3)! 1.5!(0.9,!2.1)! <0.001!
Physical!function!(WOMAC)a! 10.1!(10.6)! 4.3!(11.9)! 5.2!(2.1,!8.4)! <0.001!

Secondary&outcomes! ! ! ! !
Pain!(KOOS)b& M18.3!(15.2)! M6.9!(16.0)! M10.5!(M14.9,!M6.1)! <0.001!
Sport!and!recreation!(KOOS)b! M16.7!(21.7)! M8.8!(22.7)! M8.0!(M14.2,!M1.7)! 0.012!
KneeMrelated!qualityMofMlife!(KOOS)b! M14.2!(18.9)! M8.5!(17.8)! M6.0!(M11.1,!M0.9)! 0.021!
HealthMrelated!quality!of!life!(AQoL)b& M0.06!(0.16)! M0.00!(0.13)! M0.06!(M0.10,!M0.02)! 0.003!
Physical!activity!levels!(PASE)b! M15.0!(63.4)! M11.5!(72.4)! M7.3!(M25.9,!11.2)! 0.44!
SelfMefficacy!M!Pain!(ASES)b! M0.8!(2.5)! M0.0!(1.9)! M0.7!(M1.3,!M0.1)! 0.014!
SelfMefficacy!M!Function!(ASES)b! M0.4!(2.2)! M0.1!(1.2)! 0.0!(M0.5,!0.5)! 0.99!
SelfMefficacy!–!Exercise!(SEE)b! 4.0!(23.5)! 7.8!(18.5)! M3.3!(M8.8,!2.3)! 0.25!
Treatment!satisfactiona! M! M! 1.2!(0.7,!1.7)! <0.001!

a!For!change!within!groups,!positive!changes!indicate!improvement.!For!difference!in!change!between!groups,!positive!differences!favour!the!intervention.!
b!For!change!within!groups,!negative!changes!indicate!improvement.!For!difference!in!change!between!groups,!negative!differences!favour!the!intervention.!
!
NRS=numerical!rating!scale!(0M10\!higher!scores!indicate!worse!pain)\!WOMAC=!Western!Ontario!and!McMaster!Universities!Osteoarthritis!Index!(physical!function!subscale!
0M68\!higher!scores!indicate!worse!function)\!KOOS!=!Knee!Injury!and!Osteoarthritis!Outcome!Score!(0!to!100\!lower!scores!indicating!worse!pain/symptoms/function/qualityM
ofMlife)\!AQoL=Assessment!of!Quality!of!Life!instrument!(M0.04M1.0\!higher!scores!indicate!better!quality!of!life)\!PASE!=!Physical!Activity!Scale!for!the!Elderly!(0M400+\!higher!
scores! indicate!more!activity)\!ASES!Pain!=!Arthritis!Self!Efficacy!Scale:!pain!subscale!(1M10\!higher!scores! indicate!greater!selfMefficacy)\!ASES!Function!=!Arthritis!Self!
Efficacy!Scale:!function!subscale!(1M10\!higher!scores!indicate!greater!selfMefficacy)\!SEE!=!SelfMefficacy!for!exercise!scale!(0M90\!high!scores!indicate!greater!selfMefficacy)\!
Treatment!satisfaction!(1M7\!higher!scores!indicate!greater!treatment!satisfaction)!
! !
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!
eTable&11:&Proportion&(percentage)&of&participants&achieving&minimal&clinically&important&improvements&(1.8&units&for&NRS&
overall&pain,&6&units&for&WOMAC&function)&and&proportion&(percentage)&of&participants&reporting&global&improvement,&using&
complete&case&data.&&

& Intervention& Control&&
Relative&
Risk&(95%&

CI)a&

Relative&
Risk&pK
value&

Risk&
Difference&
(95%&CI)b&

Risk&
Difference&
pKvalue&

NRS!
improvement!
≥1.8!units!

66/91!(72.5)! 40/92!(43.5)!
1.67!(1.23,!
2.11)!

<0.001! 0.29!(0.15,!0.43)! <0.001!

WOMAC!
improvement!≥!
6!units!

61/90!(67.8)! 36/90!(40.0)!
1.69!(1.20,!
2.19)!

<0.001! 0.28!(0.14,!0.42)! <0.001!

Improved!
overallc!

50/89!(56.2)! 24/86!(27.9)!
2.01!(1.24,!
2.79)!

<0.001! 0.28!(0.14,!0.42)! <0.001!

a!Relative!risks!>!1!favour!the!intervention!
b!Risk!difference!>0!favours!the!intervention!
c!Rated!using!7Mpoint! scales!with! terminal! descriptors!of! ‘much!worse’! to! ‘much!better’,!with! those!
indicating!‘moderately!better’!or!‘much!better’!classified!as!improved.!
!
!

©�2021 American�Medical Association. All�rights reserved.�©�2021�American�Medical�Association.�All�rights�reserved.�©�2021�American�Medical�Association.�All�rights�reserved.�

©�2021 American�Medical Association. All�rights reserved.�

©�2021�American�Medical�Association.�All�rights�reserved.�



Appendix E 
 
 

 263 

15#

Supplementary,references,,
,
1., Norton,KI,,Norton,L.,Pre$exercise)screening:)Guide)to)the)Australian)adult)pre$exercise)

screening)system.,Exercise,and,Sports,Science,Australia,Australia=,2011.,
2., Bennell,KL,,Nelligan,R,,Dobson,F,,et,al.,Effectiveness,of,an,InternetGDelivered,Exercise,

and,PainGCoping,Skills,Training,Intervention,for,Persons,With,Chronic,Knee,Pain:,A,
Randomized,Trial.,Annals)of)internal)medicine.)2017=166(7):453G462.,

3., Bennell,KL,,Campbell,PK,,Egerton,T,,et,al.,Telephone,Coaching,to,Enhance,a,HomeG
Based,Physical,Activity,Program,for,Knee,Osteoarthritis:,A,Randomized,Clinical,Trial.,
Arthritis)care)&)research.)2017=69(1):84G94.,

4., Hinman,RS,,Campbell,PK,,Lawford,BJ,,et,al.,Does,telephoneGdelivered,exercise,advice,
and,support,by,physiotherapists,improve,pain,and/or,function,in,people,with,knee,
osteoarthritis?,Telecare,randomised,controlled,trial.,British)journal)of)sports)medicine.)
2020=54(13):790G797.,

5., Readable.,,https://readable.com/.,Accessed,January,,2018,
6., HONcode©.,,https://www.hon.ch/HONcode/.,Accessed,January,,2018,
7., Michie,S,,Atkins,L,,West,R.,The)Behaviour)Change)Wheel:)A)Guide)To)Designing)

Interventions.,London:,Silverback,Publishing=,2014.,
8., Dobson,F,,Bennell,KL,,French,SD,,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=95(5):372G389.,

9., Lally,P,,Van,Jaarsveld,CHM,,Potts,HWW,,Wardle,J.,How,are,habits,formed:,Modelling,
habit,formation,in,the,real,world.,European)Journal)of)Social)Psychology.)
2010=40(6):998G1009.,

10., Nelligan,RK,,Hinman,RS,,Atkins,L,,Bennell,KL.,A,Short,Message,Service,Intervention,to,
Support,Adherence,to,HomeGBased,Strengthening,Exercise,for,People,With,Knee,
Osteoarthritis:,Intervention,Design,Applying,the,Behavior,Change,Wheel.,JMIR)mHealth)
and)uHealth.)2019=7(10):e14619.,

,

©�2021�American�Medical�Association.�All�rights�reserved.�



Appendix E 
 
 

 264 

Chapter Five - Supplementary material 
Supplementary 3: Data Sharing Statement  
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Chapter Six - Supplementary material 
Multimedia Appendix 1: Semi-structured interview guide 

 
 

1. Can you tell me about your overall experience with the website and SMS over the last 6 
months?  

Prompts: What did you like? What didn’t you like? What changed, if anything, for you 
because of using the website/SMS?  

  
The next few questions relate to each section of the website.  
2. Thinking about the My Knee Education section. This was the section that contained 
information about knee OA, knee pain and exercising with knee OA.   

How useful was the information in this section for you in managing your knee 
problems?  
Prompts: What did you find useful? What was not useful? Was there other information 
you would have liked to see included? How did you use the information to change the 
way you manage your knee problems? What key points do you remember from the 
information in this section? Thoughts on videos?   
  

3. Thinking about the My Knee Strength section now. This section of the website 
prescribed a strength exercise program to be completed 3 times each week.    

How did you go doing the recommended strength exercise program over the last 6 
months?   
Prompts: What information was most useful? Least useful? Is there any other 
information you would have liked to see?  
How did you go doing them three times each week for 6 months?   
What helped you stick to the exercises? What made it hard for you? What would have 
helped you more?    
How did you go progressing your program over the 6 months? Were there any 
challenges you faced?   

  
4. How did you feel doing the strengthening exercises on your own without involvement 
from a healthcare provider like a Physio?  

Prompts: how confident were you performing the exercises correctly? how motivated 
were you to do the exercises on your own at home? Did you encounter any problems 
and if so, how did you try to overcome them?  
  

5. What are your thoughts on the recommendation to buy ankle weights to progress 
your strength exercises?  

Prompts: did you purchase any exercise equipment? Why/why not?  
  

6. Thinking about the My Knee Activity section now. This section provided information 
about increasing your general physical activity levels.   

In the last 6 months how did you go increasing your general physical activity?   
Prompts: Why/why not? What types of physical activity did you do? Was the 
information in this section useful/not useful for you to increase physical activity levels? 
What information was most useful? Least useful? Is there any other information you 
would have liked to see?  
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What helped you? What would have helped you more?  How did you feel increasing 
physical activity without direction from a healthcare professional like a physio?   
  

7. Finally thinking about the My Knee Tools section of the website. This section 
contained a range of resources used within the website, such as the logbooks. How did 
you use the My Knee Tools section of the website?  

Prompts: What was useful? What was not useful? How could this section have been 
more useful for you?  

  
8. Now thinking about the mobile phone messages. These were designed to support you to 
do your strengthening exercise 3 times each week.   

How useful were they in helping you stick to your strengthening exercises 3 times each 
week?  
Prompts: In what way were they useful? In what way were they not useful for you?   
How relevant were the messages to you and your personal situation?   
What are your thoughts on the message frequency? What are your thoughts on the 
content of the actual messages?   
How could the mobile phone messages have been more useful to help you stick to your 
strengthening exercises 3 times each week over the 6-months?   

  
9. Thinking about your doctor, and other healthcare providers that you may have worked 
with, your friends and family……. what did they think about you using the website and 
SMS to manage your knee problems?   

Prompt: In what ways did they support you? In what ways didn’t they? Did their 
opinions influence how you used the website or SMS program to manage your knee 
problems?  
  

10. Would you recommend the website and the SMS program to others?  
Prompts: Consider both the website and mobile phone messages. Why/why not? Will 
you continue using anything you have learned from the program in the 
future? Why/why not?  
  

11. Is there anything else you would like to add?  
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Chapter Six - Supplementary material 
Multimedia Appendix 2: Themes, sub-themes, and exemplary quotes. Pseudonyms used for 

participant names. 
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Sub-theme Exemplary quote 
Theme 1: Technology easy to use and follow 
Website ease of use  (Lucy) “I found the website was easy to get around, and I'm not a very technical person, so I found it was pretty good.  So yeah, no 

problems at all.” 
 
 (James) “It’s easy to grasp, it’s easy to follow.”   
 
(Olivia) “It was pretty basic, you know, the way you could watch the video and then you can take a bit at a time, so you could understand 
and then you could do it from one exercise to the next without having to chase it up. So, it was pretty easy to follow. And again, I’m not 
the smartest computer user in the world, but if I can do it I reckon anybody can do it.” 

SMS ease of use  (Olivia) “It's just simple” 
 
 (William) “The way the numbering and the lettering was done made it all, I think, easy to understand for me.” 
 
 (Lucy) “Sometimes with the SMS's I'd put the letters and the things around the wrong way… it was very particular, you know, you had 
to do it in the right…But other than that, no worries at all” 

Theme 2: Facilitators to exercise participation 
Credible OA and exercise 
information  

 (Charlotte) “I figured it was a study that you had done through university... I figured it was a good study that you would have researched 
a lot of things, and I thought it was worth a try, you know, like definitely worth a try…I always thought that, because my mother had 
three knee replacements, and people would say oh, it’s bone on bone. But when I read your thing, it was saying that’s not the case, and 
that moving your knee is the best thing for it. So that was really interesting, So, I did get some good information off it, I really did” 
 
(Olivia) “It was good, because up until I read the first part of that introduction, basically, to the whole process, when I used to start 
exercising my knees got worse... But what it’s done is it’s given me the information to say that, yeah, you’ll suffer some initial probably 
deterioration or increase in knee pain, but if you’re consistent and you keep going, that will then strengthen the knees and help reduce that 
pain, which is exactly what’s happened.” 
 
 (Emily) “I think probably the biggest thing that worked for me…Well, what I thought initially was if it hurts, don’t do it. So, changing 
my idea was what I needed, yeah.” 

Website features  (Olivia) “The website is good.  It shows you how to do the exercise and there's also a video to watch on how to do it - so that really 
helps… I haven't seen the physio after this one - actually saved me plenty of money going to the physio, because care plan is only five, 
you can only get five care plan - usually the physio charge us more than the care plan.  So, with this video and exercises that is suggested 
it actually saved me plenty of money.  And I haven't seen the physio as I've told you, but I was able to mention this to my GP and he was 
very happy about this.” 
 
 (James) “And the good thing was the pictures and that shows you how to do it, and where you could do it; against the table, against the 
bench, that sort of stuff. So, it was very, very good in the sense that it showed you how to do all the exercises.” 
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 (Amelia) “So I found the videos … the descriptions were good and clear, but the combination of the textual descriptions and the videos 
helped me just master it very quickly, and they were simple ones. Very simple.” 
 
 (Charlotte) “So printing them off and just having them printed there in front of you, you can just do them. You can do one more, and you 
just turn it over and you’ve got the page with the next lot there in front of you instantly. So, I found that helpful.” 
 
 (Sophie) “The website, I used initially to download the logbook and the pictures of the exercises, and then I didn’t really go back to it at 
all, because I was on the SMS train.” 
 

Prescribed exercises simple to 
do unsupervised 

 (Harry) “The exercises were easy, the exercises, I thought, were relevant and they were logical and so far as I was concerned, they worked. 
So, having a physio to monitor, I don’t know what the physio would have done, but having a physio or an Allied Health to actually monitor 
the exercises was not necessary.” 
 
 (Charlotte) “I didn't mind doing the exercises on my own. I had the sheets, you have the things, so that was okay; .... I mean, you’re sitting 
in a chair and you’re lifting your leg up, and you are sliding down a wall. It’s not super difficult to follow them. I don't know how wrong 
you could get them.”  
 
 (Amelia) “The reason that I felt ok with it was that they were simple enough that I didn’t need to have somebody saying “No, you need to 
be standing there” or “You need to be doing this” to get a good result. I didn’t ever feel unsafe” 
 
 (Sophie) “They were easy. The exercises weren’t ridiculous. They were easy to do, easy to increase. I bought the ankle weight thingies to 
help me. They were simple, and easy to understand.” 

Freedom to adapt the exercise 
to suit needs 

 (Amelia) “Sometimes I did them in a batch as if they were an exercise cycle of however long it took, and sometimes I fitted bits and 
pieces in around other things that were happening in my life.” 
 
 (Emily) “I’d do it standing at the breakfast bar. So, I’ve been mindful of when just standing up there doing a bit of cooking or something 
like that, I can fit this in while I'm looking at the TV as well. So, it wasn’t a big ask.” 
 
 (Harry) “I actually started off by getting some old socks and I filled them, I put some sand in them and I used them.” 
 
 (Lucy) “One of my favourites was the standing side leg one – I love the hamstring curl and the calf raises.  I actually added bands to 
those at different times and an ankle weight and things like that, to extend them further in the second part…I tightened the band, I made it 
a smaller band, rather than a larger band, to get more resistance on it, and added extra weight in the ankle weights.” 
 
 (Michael) “I just did what I could when I could, whether it was the right exercises I don’t know. Well, if I was sitting at the desk doing 
paperwork I might try and do something there. And if not, I was doing it when I was out walking around because I sort of work a 12-hour 
day. I just did what I can when I can whether it was days or nights because I work shift work sometimes.”  
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 (Liam) “You didn’t have to sit down and do the regime every day, as long as you did something that replicated that regime. It was much 
simpler. And if I’m climbing up and down a ladder painting a wall, putting a roof on or something all day, it’s doing a lot – the exercise 
counted, what you’re requesting there. A lot of those things are targeted for people that are like, I can’t walk anymore and I’m going to sit 
down and watch television all day. Whereas I don’t do that.” 
 
 (Chloe) “I didn’t mind actually because you can do them any time of the day that you want.  If you feel a bit wonky or something you 
can just take it easy and then you just push yourself a little bit and sometimes if you push yourself a little bit too hard, they’ll say, calm 
down a bit, and I’m one for pushing yourself just that little bit harder because I think it really helps.  So, I think when you do them on 
your own, you can do it to your own, to your own time.” 
 
(Harry) “The exercise that I had trouble with, the leg stretches, I just did the basic number and that was it. So those ones I didn’t try and 
stretch myself to do anything more and I just said okay, they're in the programme, I'll just do them and that’s it. I'm not going to do 
anything more, so they just became a basic. But, certainly, I didn’t need any kind of Allied Health professional to try and work through 
those. They weren’t needed.” 
 
(William) “Well, I thought at the time when I was looking at it a lot of them were quite basic, leg lifts and sitting squats and those sorts of 
minor knee activity. I thought I don’t need to do that because I’m relatively strong anyway, and I do a lot of cycling, and so I thought if I 
just concentrate on my cycling I probably don’t need to do these other exercises. So, my whole focus around knee strength, my knee 
strength, was around cycling and within a certain range of motion, no standing or no very heavy pedalling. And so, I guess I didn’t do a 
lot of those other exercises that were presented.” 

Influence of other healthcare 
experiences 

 (James) “I had seen a physiotherapist before, but I had very little information on what I could do. It seemed to be like, you know, it’s 
your age, bad luck, that sort of thing.” 
 
 (Olivia) “With the physio sometimes you stay there for half an hour, or forty-five minutes - it's not as comprehensive.  They will just 
give you general information.  And most physio, because I have been to a few physio already, they would manage two or three patients in 
one session.  So, let's say for example you do this one exercise, and they say: ok you do that one - and then they will leave you.  You do 
that for ten minutes, and then they would attend to the other patient.  For this one nobody monitors you but yourself and the video really 
helps.” 
 
 (Lucy) “I've worked with exercise physiologists before so I kind of knew – I knew how to do all the exercises that were in the 
programme…I kind of liked it better because it used to bug the crap out of me when I had to go into the exercise physiologist, and you 
sort of stand there and they'll come and they'll watch you and say: ok no worries – and they walk away and they go to somebody else….  
And it kind of, I don't know – having worked with health practitioners before I know what the system is like and I'm much better on my 
own doing exercises.  I much prefer to do it on my own.” 
 
 (Grace) “No, it wasn’t a problem because I have, in the past, been a gym goer, so understanding how to apply an exercise wasn’t actually 
a problem, I got the gist of that very easily, so, no, that wasn’t a problem.” 

Theme 3: Sense of support and accountability  
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SMS good reminder and 
prompt 

 (Olivia) “The good thing about the SMS is that it reminds you what to do, it's a good reminder.” 
 
 (Charlotte) “They were great. When you are capable of doing the exercises, they’re fantastic. It’s a really good reminder.” 
 

 (Amelia) “Every now and then I’d think “Oh, Monday is coming up. How many times have I done it this week?  Oh, I better do another 

one.”   
 
 (Sophie) “They were useful in reminding me that I needed to do my exercises. They were annoying because they reminded me that I 
maybe hadn’t done them last week, hence my love/hate relationship with them. But, yes, I probably wouldn’t have stuck to it without 
them.” 

Accountable  (George) “So those knee exercises were giving me the drive, and it was the SMS messages that were contributing to that too because I 
liked to be honest when I was sending the messages back so I made sure that I complied all the time.” 
 
 (Charlie) “I think for me it’s about being accountable. It wasn’t so much about the messages, it was about the transfer of information for 
what I had done.” 
 
 (Lucy) “Like I said, it just made me – how can I put it?  Don't be so lazy some days, you know.  I was like: get off your bum and go and 
do it.  You know what I mean?  I suppose that's a change.  And the fact that I had to do it, the fact that I had made a commitment to do it.  
I wasn't going to let myself down or the programme.” 
 
 (Emily) “You get a text halfway through the week, and it says you're doing a good job or whatever, or the one after and that. I think it’s 
that someone constantly niggling at you just going – Someone there’s, you know.” 
 
 (Sophie) “It was like a devil sitting on my shoulder going ‘have you done your exercises?’ Oh, my God, I can only put two in for an 
answer this week, I’ve got to do better next week.” 
 
 (Chloe) “I felt like someone was checking up on me.  You felt like you had to do it because you were going to get checked up during the 
week so you needed to do your bit so that you had something to send back in the message.” 

SMS tone and automation 
could trigger negative 
emotions (e.g. guilt/shame) 

 (Charlotte) “When I got the planters fasciitis and the texts were coming through, it made me feel really guilty, and I would confess, when 
I tried phoning you or email, and then they just kept coming, it was kind of like a little shame thing...I wasn’t able to do them, it doesn't 
accept it and then the thing comes, you get the return message with just try more next week. You’re just thinking, like didn't they 
understand?” 
 
 (Amelia) “The minute I get an automated response a half a minute after sending something, I’m immediately demotivated, I’m 
immediately distanced…If somebody doesn’t do a round of exercises they’ve agreed to, they don’t need to be told doing them is 
important  [laughs]…it was a reminder of the bleeding obvious” 

Inability to contact someone 
when needed 

 (Charlotte) “…the messages were good. You just need that tweaking, that if something happens, the person can leave a message or text 
you back or something, if there’s a reason. You know, if there’s a reason that they’re not doing it.” 
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 (James) “but, yeah, as to why, you know, why maybe it could be handy, if you couldn’t have done the three, why? What happened? Is 
there any other reason? You might’ve been away, had a sick child or whatever, you just couldn’t get around to doing it…you have got 
someone to follow up if you need to, like someone like you, really follow it up if there’s a real problem.” 
 
 (George) “It’d be nice if you had the opportunity to, when you respond to those emails [SMS], if you could just ask a short question….I 

like the encouragement it gives you to keep going.  You know, your knee pain’s getting better and the response is a good job. But again, I 

think people would find it, you know, if they could ask a question. You know, put their 3C or 4B or whatever they’re doing, and then go, 

hey, I’m feeling this, or I want to do this, or I’m struggling with that.”  

Theme 4: Positive outcomes  
Knee symptom improvements   (Olivia) “It has improved so much.  I think if you do it on a regular basis, it's recommended at least three times a week, it does strengthen 

your knee and the pain is gone I think, after a couple of months, doing regular exercise.  I don't know if I told you, there was a time 
before I started this one that I cannot even walk.  I was on the street and it was really so painful that my brother had to pick me up from 
one corner of a place where I was.  And I cannot even step on my foot, for the knee, and he has to hire a wheelchair for me.” 
 
 (Harry) “I'm hoping that something like this is going to delay the need for surgery. I think it’s done that. Personally, I don’t think it could 
have done any more than it’s done” 
 
 (James) “Just probably over time the fact that I could feel there’s no pain there, it was getting rid of the pain, and I wasn’t getting as 
much pain. I wasn’t needing to put the strap on or the bandage on it, the elastic bandage on it, and just to say “oh geez, it is working”. 
And the fact that I hadn’t been taking Panadol Osteo, great! Not that they don’t work that well, but I was taking them because of the pain 
in my knee.” 
 
 (Charlie) “As I said, my knee’s completely healed and I didn’t think it would ever be the way it is now. So, for two years I was putting 
up with pain and hobbling around, and now I’m riding pushbikes and bush walks and all sorts of groovy things.” 
 
 (Sophie) “It’s not as puffy; it’s definitely not as painful during the day, and I’m not having the discomfort at night at all, so it’s been 
really good. So, make sure you let me know when you’ve refined your resources so I can go back and use them again, please.” 
 
 (Emily) “It’s worked for me. It has a lot more information than what you’d get from your GP. It’s a motivational experience where you 
can get exercises and learn something new, and how to give your knee strength. The text messages were great, very motivational.” 
 
 (Chloe) “I think because it gradually started to feel a bit better, so I thought, oh, bloody hell this is actually working because you know 
how you get told some things and they’re going to work.  Like telling someone to go on a diet but it doesn’t work.  But I just felt, I don’t 
know, that’s why I say, I wonder if it was in my head because I felt better, I started to feel better.  I mean the pain hasn’t 100% gone, 
don’t get me wrong, but it’s just better.  It’s hard to explain.  It’s good.” 

Confidence to self-manage   (Harry) “I was just going to say that the exercises gave you the confidence to be able to maintain your regular lifestyle and that’s the 
main thing.” 
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 (George) “I used to jump in the ute and I’d drive to the other end of the [shop], now I walk to the other end of the shop and back. So, it’s 
helped me with my mobility, and it’s helped me not only with my mobility but my self-confidence to be able to go, yeah, I can get up 
there all right and come down there.” 
 
 (Emily) “Well, as I said, being told that doing these things is not going to do more damage, and that was my initial thing. That was my 
biggest fear, yeah. So, I thought when I walked out of the doctor if that hurts don’t do it. And so, I came to an attitude where you pushed 
through a bit of pain” 
 
 (Charlie) “I was sick and tired of the pain, to be honest. I guess this whole journey for me has been, I got to a point where I was just sick 
and tired of being sick and tired of the pain, and I just wanted to do anything to solve it. And had you guys not come along I don’t think I 
would have got to a physio. So, there’s sort of all these different spin-off benefits to what the study’s done… 
I couldn’t ride a pushbike at that time and that annoyed me. I just wanted to get the weight down and get on with it. And in the middle of 
all this I’ve lost 40 kilo as well.” 

Encouraged active living  (Charlotte) “When my planters fasciitis got a bit better and I could actually sort of limp, I was going down to the gym in my building and 
cycling just to keep movement happening in my knee. That was what I picked up from the things [the program] that you do… I'm still 
doing that because like reading that, because when I thought it was bone on bone, you kind of think oh no, I'm grinding away at it and it’s 
going to make it worse. But after reading that, it was like keep moving, keep fluid happening through them and stuff.” 
 
 (Grace) “What it’s done is made me generally keep more active, walk wherever I can walk, instead of driving right up to the door of 
something I walk. It’s made me walk more briskly, I’ve made a conscious effort to do those things. But I do feel better, I feel better for all 
that.” 
 
 (Sophie) “I downloaded the log on that first day, and I never went back. I started to do little things and writing it, but I also use my step 
counter, and initially I can remember being quite shocked because I was only doing maybe 3-4,000 if I was lucky, steps a day. So, when I 
was away overseas, I was up to 14 or 15, and I don’t think I could’ve done that if I hadn’t done some of the strengthening beforehand.” 
 
 (Olivia) “I have been doing it for the last six months, it already became a habit.  I have developed a habit of doing the exercise because I 
don't have pain anymore and I don't want to experience the same pain that I had before.  So, I would really stick to this exercise and I will 
do it regularly.” 

Theme 5: Suggestions for real world application   
Provided by a health 
professional preferred 
(General Practitioner or 
Physiotherapist) 

 (Chloe) “ …I’d been to the doctors and he would just say, later on down the track you’re going to probably need knee replacement and 
just…painkillers and all that and I like to walk so I found that hard.  But once I started doing this, it’s just different and I wish the doctors 
would tell you, hey, go onto this website and read all this stuff, but they don’t….if you can get it through to the GPs and they can give it 
to people when they go in the first ever appointment and just say, well ok, check on this. If I’d known about it ten years ago, I don’t think 
I would have ended up as bad as I was.” 
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 (George) “As part of that recovery process it would be ideal instead of just going, hey, you need to go to a physiotherapist for the next 
three months, or whatever, get … either doctors or physios to…” 
 
 (Amelia) “I could imagine a physio saying to somebody who’s coming in with some knee problems “Look at this programme. Look at 
this website and do those exercises as well as these other things I’m giving you. I’ll see you in a week or two weeks, and we’ll see how 
you’re going with it.” I could imagine that working quite well.” 

Should be provided at 
subsidised or cheap out-of-
pocket cost  
 
 
 
 
 
 

 (Liam) “A fee or have it funded through a Medicare levy, or through the Medicare programme. If it was recognised by Medicare, or in 
our case, because we’re on a pension, it would be covered by the government to a certain extent. If there was fee, and it was subsidised in 
some way, just like drugs were.” 
 
 (Joshua) “A lot of people that’ve got health insurance. health insurance could come to the party as well and pay some of it.” 
 
 (Grace) “I think people should pay for themselves, generally. So long as it wasn’t too expensive, because people won’t partake if it’s 
expensive, but I think that people have to have some motivation of their own and have to be willing to pay at least some small amount as 
long as it’s reasonable.” 
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Appendix H 

Chapter Seven - Supplementary material 
Multimedia Appendix 1: Overview of selected moderators and their rationale for inclusion 

 
Baseline variable Rationale  
Number of 
comorbidities  

Based on evidence that comorbidities are associated with usage of a self-directed web-
based physical activity program (Bossen et al., 2013) and with physical activity 
behaviour post self-directed exercise (Baruth et al., 2014). 

Number of other joints 
with pain 

Chosen based on theoretical rationale that multi-joint pain can be indicative of additional 
pain syndromes which are commonly observed in knee OA populations (Bergman et al., 
2019; Mahgoub et al., 2020). People with knee OA and pain in additional joints may 
require more comprehensive management than a self-directed digitally-delivered 
exercise intervention. 

Arthritis Self Efficacy 
Scale: pain subscale 

Based on evidence that pain self-efficacy is a potential moderator of the effect of internet 
delivered physiotherapist-prescribed exercise and pain coping skills training on pain, in 
people with knee OA (Lawford et al., 2018). 

Self-efficacy for 
Exercise 

Based on evidence that self-efficacy for exercise is associated with physical activity 
behaviour post 1:1 physical therapist–led exercise (Quicke et al., 2017). 

Exercise importance  Chosen based on theoretical rationale. There is evidence to suggest positive views of 
exercise can facilitates exercise participation (Dobson et al., 2016) and predict exercise 
behaviour (Quicke et al., 2017) in people with knee OA, which may optimise exercise 
outcomes.  
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Chapter Seven - Supplementary material 

Multimedia Appendix 2: Change in function (WOMAC) (baseline-24 weeks) against each continuous 
potential moderator, by treatment group using multiply-imputed data. 
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Chapter Seven - Supplementary material 
Multimedia Appendix 3: Results of the moderation analysis, presented in terms of the effect on the primary outcomes of a one-unit increase in the moderators 

in each of the control and intervention groups using complete case data. 
 

Outcome (change 
from baseline) 

Moderator (taken at 
baseline) 

Intervention 
Moderator Coeff. 

(95%CI) 
p-

value 
Control 

Moderator 
Coeff. (95%CI) 

p-value 
Difference in 
coefficients, 

Intervention - 
Control (95% CI) 

Interaction 
p-value  

NRS overall pain Number of co-
morbidities a 

0.26 (-0.20, 0.72) 
        
0.26 0.16 (-0.32, 0.64) 

        
0.51 0.10 (-0.56, 0.77)         0.760 

WOMAC function 0.44 (-1.88, 2.77) 
        

0.71 2.36 (-0.04, 4.76) 
       

0.054 -1.92 (-5.25, 1.41)         0.260 

NRS overall pain Number of other joints 
with pain b 

-0.01 (-0.31, 0.29) 
        

0.96 0.10 (-0.15, 0.35) 
        

0.44 -0.11 (-0.50, 0.29)         0.590 

WOMAC function -0.74 (-2.24, 0.77) 
        

0.33 0.94 (-0.36, 2.24) 
        

0.15 -1.68 (-3.67, 0.31)        0.097 

NRS overall pain Arthritis Self Efficacy 
Scale: pain subscale c 

0.23 (-0.04, 0.50) 
       

0.092 0.13 (-0.11, 0.38) 
        

0.29 0.10 (-0.26, 0.46)         0.590 

WOMAC function -0.61 (-2.00, 0.77) 
        

0.38 1.53 (0.22, 2.84) 
       

0.022 -2.15 (-4.03, -0.27)        0.025 

NRS overall pain Self-efficacy for 
exercise scale d 

-0.00 (-0.02, 0.02) 
        

0.94 0.03 (0.00, 0.05) 
       

0.031 -0.03 (-0.06, 0.00)        0.089 

WOMAC function 0.03 (-0.07, 0.14) 
        

0.55 0.09 (-0.03, 0.21) 
        

0.15 -0.06 (-0.22, 0.10)         0.470 

NRS overall pain 
Exercise importance e 

0.09 (-0.26, 0.45) 
        

0.61 0.55 (0.18, 0.92) 
       

0.004 -0.46 (-0.97, 0.05)        0.080 

WOMAC function 0.10 (-1.74, 1.93) 
        

0.92 1.25 (-0.67, 3.17) 
        

0.20 -1.15 (-3.82, 1.51)         0.390 
a Collected via a question asking participants to select from a list of 13 comorbidities any which were relevant to them. Participant responses were added to create a 
continuous score of total number of comorbidities per participant, resulting in a range of 0 to 4. 
b Collected via a question asking participants to select from a list of 9 joints any they currently experience pain in. Responses were converted into a continuous score of 
number of other joints with pain per participant, ranging from 0 to 9. 
c Scores range from 1 to 10 with higher scores indicate greater self-efficacy for pain 
d Scores range from 0 to 90 with higher scores indicate greater self-efficacy for exercise  
e Measured via response to the question “How important is it to you to do regular exercise to manage your knee condition?”. Scores range from 1 to 7; higher indicates higher 
importance. 
NRS = numerical rating scale; WOMAC = The Western Ontario and McMaster Universities Osteoarthritis Index 
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Multimedia Appendix 4: Difference in average change in WOMAC function (baseline–24 weeks) 
between treatment groups (intervention-control) for each potential continuous moderator, using 

complete case data. 
 

 
Positive values favour the intervention. Solid line indicates the difference between the control 
and intervention arms. Dashed line indicates no difference between the control and 
intervention arms. Shaded areas indicate 95% confidence intervals. WOMAC = The Western 
Ontario and McMaster Universities Osteoarthritis Index
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Chapter Seven - Supplementary material 
Multimedia Appendix 5: Change in overall pain (NRS) (baseline-24 weeks) against each continuous 

potential moderator, by treatment group using multiply-imputed data. 
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Chapter Seven - Supplementary material 
Multimedia Appendix 6: Difference in average change in NRS overall knee pain (baseline–24 weeks) 

between treatment groups (intervention-control) for each potential continuous moderator, using 
complete case data.  

 

 
Positive values favour the intervention. Solid line indicates the difference between the control 
and intervention arms. Dashed line indicates no difference between the control and 
intervention arms. Shaded areas indicate 95% confidence intervals.  
NRS = numerical rating scale 

 
 


