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Abstract
Knee osteoarthritis (OA) is a significant cause of pain and disability among older adults
worldwide. Evidence and all guidelines recommend exercise as the cornerstone of nonsurgical treatment for all people with knee OA. However, the clinical benefits of
exercise among people with knee OA have been demonstrated to be modest, and decline
from short- to long-term. Poor adherence to exercise programs as prescribed has been
suggested as an important factor impacting the effectiveness of these exercise
interventions for people with knee OA. This thesis aimed to gain a better understanding
of adherence to exercise among people with knee OA through five related studies.

Study One examined the presence of common trajectories of self-reported adherence to
home exercise programs over time among a large cohort of people with knee OA. Using
latent class growth analysis three distinct trajectory groups were identified: a “Rapidly
declining adherence” group, a “Gradually declining adherence” group and a “Poor
adherence” group. These findings affirmed the importance of monitoring adherence, and
identifying interventions and behaviour change techniques to achieve and maintain
adherence to exercise long-term.

Study Two clarifies the current understanding of interventions targeting adherence to
exercise among older adults with knee/hip OA or chronic low back pain by way of a
systematic review. Meta-analysis found moderate quality evidence that booster sessions
with a physiotherapist may improve exercise adherence in people with lower limb OA.
Findings highlighted the limited number and heterogeneous nature of published
randomised controlled trials (RCTs) specifically evaluating interventions aimed at
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increasing exercise adherence. Study Three explored the perspectives of people with
knee OA and physiotherapists who treat people with knee OA regarding theory-derived
behaviour change techniques (BCTs) to improve adherence to exercise. Results of the
online questionnaire identified a mismatch between the BCTs experienced by people
with knee OA and used by physiotherapists, and those perceived to be most likely to be
effective.

A limitation identified in Studies One, Two and Three was the lack of evaluation of the
validity and reliability of commonly used self-reported measures of exercise adherence.
Study Four used unique concealed accelerometer technology to examine the concurrent
validity of exercise diary completion and a retrospective self-rated adherence scale
among a cohort of older adults with chronic knee pain undertaking a home
strengthening program. Both self-reported measures showed questionable validity, and
the self-rated adherence scale also demonstrated less than acceptable test-retest
reliability. Finally, using the accelerometer-measured exercise adherence data Study
Five examined the effect of home exercise adherence on changes in patient outcomes of
pain, function and quadriceps strength over the 12-week intervention. While a
significant decline in adherence, and significant improvements in patient outcomes were
observed, the level of home exercise adherence was not significantly associated with
changes in these outcomes in linear or non-linear models.

Taken together, the findings of these studies provide new knowledge of adherence to
exercise specifically among people with knee OA. Furthermore, the results of this work
raise a number of research questions worthy of future investigation.
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Chapter One: Introduction and overview

CHAPTER 1

Introduction and thesis overview

1.1

INTRODUCTION

Knee osteoarthritis (OA) is a significant cause of pain and disability among older adults
worldwide. Exercise is recommended as the cornerstone of non-surgical treatment for
all people with knee OA, irrespective of disease severity, pain levels or functional
status. However, the benefits of exercise for improving clinical outcomes among people
with knee OA have been demonstrated to be modest, and decline from short- to longterm. Poor adherence to exercise programs as prescribed has been suggested as a
significant factor limiting the effectiveness of these exercise interventions for people
with knee OA. In order to actualize the full potential of exercise interventions,
maximising and maintaining adherence is essential. To date, limited research has
examined adherence to exercise specifically in the context of older adults with knee OA.

It is critical to develop a thorough understanding of adherence to exercise among people
with knee OA in order to better manage the disease and its consequences. In particular,
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gaining insight into both the existing evidence for, and patient and practitioner
preferences towards, techniques to improve adherence to exercise is required to inform
the design and implementation of interventions to optimize and maintain exercise
adherence long-term. Moreover, examining the validity and reliability of commonly
used self-reported measures of exercise adherence is essential for the effects of these
interventions to be comprehensively evaluated.

1.2

THESIS OVERVIEW

This thesis examines adherence to exercise among people with knee OA through a
series of five related studies. First, the presence of distinct groups showing different
trajectories of self-reported exercise adherence is investigated. Second, interventions to
increase adherence to exercise are reviewed. Third, the experience and perceived
effectiveness of behaviour change techniques (BCTs) to increase adherence to exercise
are explored among both people with knee OA and physiotherapists treating this
population. Fourth, through the novel use of accelerometers concealed in ankle cuff
weights the validity and reliability of exercise diaries and self-rated adherence scales to
assess exercise adherence are examined. Finally, the effect of exercise adherence, as
measured by the concealed accelerometers, on changes in patient outcomes during a 12week intervention is explored.

Knowledge gained from this thesis will lay the foundation for the optimal design and
evaluation of evidence-based interventions to improve adherence to exercise among
people with knee OA. Furthermore, the results of this work will provide guidance for
clinicians and students about monitoring, optimizing and maintaining exercise

2

Chapter One: Introduction and overview

adherence among people with knee OA. This thesis is structured in the following
manner:

Chapter One presents an introduction to the topic and an overview of the thesis.

Chapter Two presents a review of the literature relevant to the topics of this thesis.
First the problem of knee OA is reviewed, including its definition and classification,
pathophysiology, diagnosis, incidence and prevalence, prognosis and burden at both
personal and socioeconomic levels. Second, management of knee OA is reviewed,
specifically the use of exercise and evidence for its effectiveness in treating knee OA.
Third, adherence is defined in context, and the importance of adherence in healthcare,
and specifically adherence to exercise is reviewed. Consequences of poor adherence,
interventions to improve adherence and measurement of adherence to exercise are all
examined. Finally, the aims and key research questions to be addressed in this thesis are
outlined.

Chapter Three investigates the presence of distinct groups showing different
trajectories of self-reported adherence to home exercise programs among people with
knee OA and compares characteristics across identified groups (Study One).
Specifically, latent class growth analysis is utilised to examine data pooled from three
randomised controlled trials involving home exercise interventions for older adults with
clinical knee OA.

Chapter Four describes a systematic review and meta-analysis of the existing literature
testing interventions to increase adherence to therapeutic exercise in older adults with

3
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knee/hip OA or chronic low back pain (Study Two). Consequently, this chapter
summarises the effects of interventions specifically aiming to target adherence to
exercise in these populations, reports on the quality of previously published studies, and
highlights knowledge gaps that warrant future research.

Chapter Five examines whether people with knee OA and physical therapists agree on
the behavioural approaches likely to succeed in improving adherence to exercise (Study
Three). An online questionnaire is used to describe which behaviour change techniques
(BCTs) to promote adherence to exercise have been experienced by people with knee
OA or used by physical therapists; and examine patient- and physical therapistperceived effectiveness of a range of BCTs derived from behavioural theory.

Chapter Six examines the validity and reliability of two commonly used self-reported
measures of adherence to exercise in a cohort of older adults who self-report chronic
knee pain (Study Four). Exercise diaries and a simple self-rated exercise adherence
scale are compared to data obtained from a gold standard – an accelerometer concealed
in an ankle cuff weight used for a home quadriceps strengthening program. Test-retest
reliability of the self-rated scale is also assessed.

Chapter Seven utilises the objectively measured home exercise adherence data
obtained in Study Four to examine the effects of adherence to the home strengthening
program on changes in outcomes of pain, physical function and knee extensor strength
over the 12-week intervention (Study Five). Specifically, mixed effects models, linear
regression models and fractional polynomials are used to investigate the presence of
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relationships between home exercise adherence and changes in patient outcomes over 2week periods, and over the entire 12-week intervention.

Chapter Eight summarises the primary findings of the five studies included in this
thesis, particularly in relation to their clinical and research implications. Strengths and
limitations of the research are outlined along with recommendations for future research
and conclusions.
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Table 1:1
Chapter

Thesis structure and outline.
Title

Content

Introduction

Thesis overview

2

Literature review

Background information on osteoarthritis,
non-surgical management of knee
osteoarthritis and adherence.
Aims of thesis are outlined.

3

Study One:
Trajectories of exercise
adherence

Investigation of the presence of different
trajectories of self-reported adherence to
home exercise programs.

4

Study Two:
Interventions to improve
exercise adherence

A systematic literature review and metaanalysis of interventions to improve
adherence to exercise.

5

Study Three:
Behaviour change
techniques to improve
exercise adherence

Online questionnaire describing patientand physiotherapist-perceived
effectiveness of behavior change
techniques to improve exercise adherence.

6

Study Four:
Validity and reliability of
self-reported exercise
adherence measures

Concurrent validity and reliability of
exercise diaries and a self-rated scale
utilizing accelerometers concealed within
ankle cuff weights used for home
exercises.

7

Study Five:
Exercise adherence and
change in patient
outcomes

The effect of covertly measured exercise
adherence on changes in patient
outcomes.

8

Summary, implications
and future directions

Summary and implications of thesis
findings are outlined. Recommendations
for future research directions. Conclusion.
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CHAPTER 2

Literature Review

2.1

OSTEOARTHRITIS

Osteoarthritis (OA) is a common chronic joint disease, and is a leading cause of
disability in Australia and worldwide (Ackerman et al., 2016; Cross et al., 2014). The
knee is the most commonly affected lower limb joint, and optimal non-surgical
management of knee OA includes exercise interventions (NICE: National Institute for
Health and Care Excellence, 2014). This section outlines OA classification,
pathophysiology, diagnosis, prevalence and incidence, and the personal and
socioeconomic impact of the disease.

2.1.1 Definition and classification
Osteoarthritis is defined as “a disorder involving movable joints characterized by cell
stress and extracellular matrix degradation initiated by micro- and macro-injury that
activates maladaptive repair responses” (Kraus et al., 2015). Contrary to historical
beliefs, it is now recognized that OA consists of many disorders with different
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aetiologies that ultimately result in a common final presentation (Cicuttini & Wluka,
2014; Felson et al., 2000; Felson, 2009; Kraus et al., 2015). Consequently, OA is
considered to represent failure of a joint as an organ (Arden & Nevitt, 2006; Cicuttini &
Wluka, 2014). Osteoarthritis can be classified as primary or secondary (Altman et al.,
1986). Primary OA is idiopathic in nature. Secondary OA can be due to a variety of
causes, and is characterised as the dynamic reaction of the joint in response to insult or
injury (Altman et al., 1986). Osteoarthritis can also be classified by the number of joints
involved (monoarticular; oligoarticular or polyarticular), or the chief joint site (index
joint) (Arden & Nevitt, 2006). At the knee joint, OA can be classified according to the
area of the joint that is primarily affected; medial compartment; lateral compartment;
patellofemoral compartment (e.g., chondromalacia) or a combination (Altman et al.,
1986; Altman, 1991).

2.1.2 Pathophysiology
The signature pathologic feature of OA is hyaline articular cartilage loss, however it is
now recognized that OA affects all structures within the joint (Brandt et al., 2009;
Felson, 2009). Pathologic features are diverse and can include focal and progressive
loss of articular cartilage, development of subchondral marginal outgrowths (known as
osteophytes), thickening of the bone (bony sclerosis), ligamentous laxity, weakening of
periarticular muscles and synovial inflammation (Felson, 2009). The exact cause of OA
remains unclear. It appears to be a complex interaction between abnormal loading and
inflammatory responses to those loads (Brandt et al., 2009; Felson, 2014; Visser et al.,
2015). The combination and interaction of these factors differ in each individual, and
between different joints within an individual. Osteoarthritis manifests first as molecular
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derangement, followed by anatomic, and/or physiologic changes that can culminate in
clinical disease symptoms (Kraus et al., 2015). By the time the first knee joint changes
are able to be detected by radiography, more than 10% of cartilage is already lost, and
by the time people are suffering frequent joint pain extensive structural damage has
generally already occurred (Felson & Hodgson, 2014; Jones et al., 2004).

2.1.3 Diagnosis
Historically the diagnosis of OA has been made based on radiographic appearance
(Altman et al., 1986). Over four decades ago Kellgren and Lawrence described a
classification system for evaluating radiographic OA using a radiographic atlas
(Kellgren & Lawrence, 1957). Radiographic disease severity is rated on a five-point
ordinal scale (0-4) with each grade describing worsening structural changes. Features of
OA considered by this system include formation of osteophytes at joint margins, loss of
joint space, subchondral sclerosis and bony attrition (Arden & Nevitt, 2006; Kellgren &
Lawrence, 1957; Scott et al., 1993). This classification system is considered the gold
standard for radiographic OA, however the use of this system alone is complicated by
the weak correlation observed between structural abnormalities and clinical symptoms
(Cibere et al., 2010). For instance, individuals with mild radiographic disease may
experience severe OA symptoms, or inversely, individuals whose radiographic disease
is classified as severe may experience mild or no symptoms.

In an effort to address these discrepancies between joint pathology and joint symptoms
the American College of Rheumatology (ACR) developed criteria for defining clinical
knee OA (Altman et al., 1991; Altman et al., 1986; Altman, 1991). Three different
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classification systems were developed from a combination of clinical, laboratory and
radiographic features evaluated in symptomatic knee OA patients and a group with knee
pain not attributable to OA. In 2010 the European League Against Rheumatism
(EULAR) produced evidence-based recommendations primarily for the clinical
diagnosis of knee OA (Zhang et al., 2010a). Three symptoms (persistent knee pain,
limited morning stiffness and reduced function) and three signs (crepitus, restricted
movement and bony enlargement) appeared to be the most useful in diagnosing knee
OA (Zhang et al., 2010a). Figure 2.1 displays the cumulative probability of knee OA
with the presence of these six symptoms. These criteria are used throughout this thesis.

Figure 2:1 Probability of knee osteoarthritis with presence of six symptoms
(reference standard: radiographic Kellgren and Lawrence ≥2) (Zhang
et al., 2010a).
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2.1.4 Prevalence and incidence
Osteoarthritis is the most common joint disorder worldwide, and of the lower limb
joints, the knee is the most commonly affected (Pereira et al., 2011). The 2010 Global
Burden of Disease study estimated the global age-standardized prevalence of knee OA
to be 3.8% (Cross et al., 2014). This prevalence is predicted to double from the year
2000 to 2020 due to the ageing population and increasing rates of obesity (Cross et al.,
2014; Felson & Zhang, 1998; Pereira et al., 2011). In Australia the number of people
with OA in 2015 was almost 2.2 million, and this is predicted to increase to almost 3.1
million by the year 2030 (Figure 2.2) (Ackerman et al., 2016).

Figure 2:2 Projected prevalence of osteoarthritis in Australia to 2030 (Ackerman
et al., 2016).
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Currently there is no widely agreed gold standard for identification of OA cases within
epidemiological studies (Busija et al., 2010). Reported estimates of knee OA incidence
and prevalence vary depending on the definition of OA used (radiographic,
symptomatic, clinical or self-report) and the characteristics of the sample (including
age, sex and ethnicity). Not all individuals who demonstrate radiographic OA will
develop joint symptoms, hence utilising a radiographic definition of OA provides higher
estimates of prevalence compared to using a symptomatic definition or self-report
(Pereira et al., 2011). Among studies included in a 2011 systematic review of OA
incidence and prevalence radiographic knee OA, prevalence ranged from 7.1% to 70.8%
(Pereira et al., 2011). Among studies using self-reported knee OA, prevalence ranged
from 7.1% to 15.0% (Pereira et al., 2011). This variability was attributed to differences
in age and gender characteristics of the cohorts and methods of evaluation between the
studies.

Knee OA prevalence has a strong association with increasing age. Among the large
Framingham cohort in the United States of America (USA) radiographic knee OA was
identified in 27% of adults aged 65-69 years, and in 44% of adults aged over 80 years
(Felson et al., 1987). This association between increasing prevalence of knee OA and
increasing age has been supported by multiple studies since (Arden & Nevitt, 2006;
Dillon et al., 2006; Lawrence et al., 2008; Lawrence et al., 1998; Peat et al., 2007),
however the reasons for this association are not well understood (Busija et al., 2010;
Felson & Zhang, 1998; Lawrence et al., 2008). Knee OA is also more prevalent among
women than men. Meta-analysis of studies reporting radiographic knee OA separately
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for women and men showed 38.8% prevalence in women and 31.7% in men (Pereira et
al., 2011).

Incidence rates of knee OA have been studied considerably less than prevalence rates.
Only six studies included in the 2011 systematic review by Pereira and colleagues
reported annual incidence of radiographic knee OA (Pereira et al., 2011). Rates ranged
between 2.5% to 3.1% overall, and specifically 2.0% in women and 1.2% in men
(Pereira et al., 2011). Symptomatic annual incidence rates were reported at 1.0% for
women and 0.6% for men (Pereira et al., 2011). The lifetime risk of developing
symptomatic knee OA is estimated to be approximately 45% (47% in women and 40%
in men) (Murphy et al., 2008). Among individuals who are obese, the lifetime risk of
knee OA increases to 60.5%, which is approximately double the risk of those who are of
normal weight or underweight (Murphy et al., 2008; Niu et al., 2009). This association
between weight and knee OA also appears to be stronger in women than men. In the
Framingham study, which commenced in 1983 and had an 8 year follow-up period, for
women, the risk ratio (RR) (age-adjusted) of knee OA for those in the heaviest quintile
of weight at the first examination compared to those in the lightest three quintiles was
2.07 (95% confidence interval (CI) 1.67 to 2.55). For men in the most overweight
quintile at the first examination the RR of developing knee OA was 1.51 (95% CI 1.14
to 1.98) (Felson et al., 1988).
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2.1.5 Personal and socioeconomic impact
Given the chronic and non-fatal nature of OA, individuals often live for many years in a
state of disability, causing significant burden at both a personal and socioeconomic
level. According to the 2016 Global Burden of Disease study, OA is the 12th leading
cause of years lived with disability (YLDs) worldwide (GBD 2016 Disease and Injury
Incidence and Prevalence Collaborators, 2017). Among musculoskeletal conditions OA
is the 4th leading cause of YLDs, and knee OA accounts for 83% of the total OA burden
(GBD 2016 Disease and Injury Incidence and Prevalence Collaborators, 2017). Between
2006 and 2016 YLDs attributable to OA increased by 31.5%. This increase is second
only to that of ischaemic heart disease (GBD 2016 Disease and Injury Incidence and
Prevalence Collaborators, 2017). Given the predicted increase in prevalence of OA, the
burden attributable to the disease is expected to continue to rise in the coming years.

Personal impact
At a personal level the burden of knee OA can vary significantly. People with knee OA
commonly have joint pain, joint stiffness, reduced joint range of movement, muscle
weakness, joint instability, crepitus, reduced physical function, sleep disturbances and
increased rates of depression and anxiety (Hunter et al., 2008). These symptoms impact
on work participation, social participation, management of comorbid health conditions,
and health-related quality of life (Figure 2.3) (Hunter et al., 2008; Hunter et al., 2014).
Directly of relevance to this thesis joint pain, physical function and muscle weakness
will be reviewed.
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Figure 2:3 The disease burden of osteoarthritis (Hunter et al., 2014).

Pain caused by OA is the primary symptom that drives people to seek medical attention,
and contributes to functional limitations, reduced quality of life and depressive
symptoms (Arden & Nevitt, 2006; Hunter et al., 2008). However, the causes of pain in
OA are not yet well understood, and are complicated by weak correlations between
structural changes and symptoms (Hunter et al., 2013; Neogi et al., 2009). The reported
experience of pain intensity, frequency, pattern, and quality varies significantly between
individuals with OA (Hawker et al., 2008; Neogi, 2013). People with symptomatic knee
OA commonly describe deep, aching joint pain, often brought on with weight-bearing
activities such as walking, stair climbing and standing from sitting (Hawker et al.,
2008). This pain is often intermittent in the early stages of disease, and can develop to
become chronic, occur at night and at rest in later stages of disease, often punctuated by
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episodes of intermittent intense pain (Hawker et al., 2008; Neogi, 2013). These flares of
pain have been found to be stress and anxiety-provoking, negatively impacting on
mood, participation in social and recreational activities, and sleep (Hawker et al., 2008;
Neogi, 2013).

A number of factors are believed to contribute to the wide variation in pain experience
reported by people with OA. Increasing evidence demonstrates that central sensitization
occurs among people with knee OA, where pathological neural signals from the joint
cause central nervous system changes (Fingleton et al., 2015; Neogi, 2013; Neogi et al.,
2013). The contribution of neuropathic pain has also been proposed, and a recent
systematic review estimated the prevalence of neuropathic pain in hip and knee OA at
23% (95% CI 10% to 39%) (French et al., 2017). Psychological and social factors have
also been found to play an important role in the pain experience (Neogi, 2013).
Psychosocial factors that can predispose an individual to altered symptoms (such as
pain and functional limitation) include self-efficacy, pain catastrophizing and the social
context of their OA (social support, pain communication) (Rayahin et al., 2014).

People with knee OA commonly experience functional limitations in comparison to
their unaffected peers (de Rooij et al., 2016). A range of daily activities may become
limited due to knee OA, such as walking, stair-climbing, standing from sitting and
crouching (Bellamy & Buchanan, 1986). A number of factors including muscle
weakness, pain and self-efficacy can affect the impact of knee OA on physical function
(McAlindon et al., 1993; Scopaz et al., 2009; Sharma et al., 2003; Sinikallio et al.,
2014). Among elderly subjects with knee OA, knee extensor strength, knee pain, and
age were found to be more important determinants of functional impairment than the
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radiographic severity of their knee OA (McAlindon et al., 1993). A 2017 systematic
review and meta-analysis showed lower knee extensor strength was associated with an
increased risk of symptomatic (Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) pain: odds ratio (OR) 1.35, 95%CI 1.10 to 1.67) and
functional decline (WOMAC function: OR 1.38, 95%CI 1.00 to 1.89) among people
with knee OA (Culvenor et al., 2017). Knee extensor weakness is a frequent finding
among people with knee OA (Liikavainio et al., 2008; Palmieri-Smith et al., 2010;
Slemenda et al., 1997), has been implicated in disease pathogenesis (Segal et al., 2010;
Segal et al., 2009) and is associated with pain severity and physical dysfunction in
addition to functional decline (Sharma et al., 2003). Consequently, interventions
designed to optimise muscle strength have the potential to reduce the vast burden of
functional limitation among people with knee OA (McAlindon et al., 1993).

Socioeconomic impact
The socioeconomic burden of OA is significant. As there is currently no cure for the
disease, and limited effective treatments, the use of joint replacement surgery has
become increasingly common. In 2016 in Australia 60,903 knee replacement procedures
(primary and revision surgeries) were performed, an increase of 3.5% from 2015
(Australian Orthopaedic Association National Joint Replacement Registry, 2017). In the
period 2003 to 2016 the number of knee replacement procedures being performed in
Australia has increased 11-fold (Australian Orthopaedic Association National Joint
Replacement Registry, 2017). The direct healthcare costs (in-hospital costs, out-ofhospital costs and prescription medication costs) associated with OA were estimated to
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be over $2.1 billion AUD in Australia in 2015. By the year 2030 these costs are forecast
to exceed $2.9 billion AUD (Ackerman et al., 2016).

Research has focused on the direct healthcare costs associated with OA, however the
majority of the cost of OA is indirect, and some studies suggest that indirect costs could
be up to eight times greater than the direct costs (Gupta et al., 2005). Indirect costs
result from absenteeism, loss of productivity, early retirement, premature death and
compensation for household work performed by others (Ackerman et al., 2016; Deloitte
Access Economics, 2013; Hunter et al., 2014). Consequently, the true burden of OA is
often underestimated. Given the substantial and growing cost of knee OA optimizing
cost-effective non-surgical treatments is essential.
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2.2

MANAGEMENT OF KNEE OSTEOARTHRITIS

People with knee OA commonly self-manage their condition in the community in
conjunction with their general practitioner (GP) (Brand et al., 2014). In Australia, data
from the Bettering the Evaluation and Care of Health (BEACH) program was used to
examine GP management of OA (Brand et al., 2014). The most frequently used
management action for knee OA was to refer the patient to another health practitioner.
Among referrals for knee OA, 68% were to orthopaedic surgeons, and 18% were to
physiotherapists (Brand et al., 2014). Consequently, physiotherapists play a key role in
delivering non-surgical treatments for knee OA. Section 2.2.1 further details nonsurgical management of knee OA.

Contrary to historical approaches to chronic disease management, patient-centred care
should be central to all aspects of knee OA management (Brand et al., 2013). Patientcentred care is defined as ‘providing care that is respectful of, and responsive to,
individual patient preferences, needs, and values, ensuring that patient values guide all
clinical decisions’ (Weinberg et al., 2011). This approach empowers patients to take
personal responsibility for their treatment through education, shared decision-making,
self-management, involvement of family and friends and physical and emotional
support (Voshaar et al., 2015). Fundamentally, patient-centred care is about a ‘sharing
of power’ between clinicians and patients. However, current evidence suggests that this
is not always the case in the management of knee OA, and patient experience of care
has been found to be poorer for OA than for other chronic conditions (Rosemann et al.,
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2008). Moving forward, research related to the management of knee OA must adopt a
patient-centred approach, and include patient input.

There is no cure for knee OA, and once diagnosed, not all individuals will experience
progression of symptoms (Bastick et al., 2015; de Rooij et al., 2016). Joint replacement
procedures are indicated when other interventions no longer provide adequate relief, and
for people with severe knee OA, are considered the most cost-effective option (Allen et
al., 2016; Kamaruzaman et al., 2017). However, the demand for, and cost of, joint
replacement procedures are increasing rapidly (Allen et al., 2016). A landmark 2015
randomised controlled trial (RCT) compared the effectiveness of total knee replacement
(TKR) plus non-surgical treatments compared to non-surgical treatments alone (Skou et
al., 2015). One hundred patients in Denmark who were eligible for TKR were
randomised to receive TKR followed by 12 weeks of non-surgical treatments delivered
by physiotherapists (exercise, education, dietary advice, use of insoles, and pain
medication), or 12 weeks of non-surgical treatments delivered by physiotherapists
alone. Both groups reported significant improvements in pain, functional outcomes and
quality of life. The TKR group experienced greater improvements at 12 months than the
non-surgical group, however, TKR was associated with a higher number of serious
adverse events. Among the non-surgical group only 26% went on to have TKR in the
following year, suggesting that the nonsurgical interventions delayed the need for
surgery for 74% of participants (Skou et al., 2015). These findings highlight the need to
optimize and implement non-surgical interventions delivered by physiotherapists for
people with knee OA.
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2.2.1 Non-surgical management of knee osteoarthritis
All current evidence-based guidelines recommend a combination of both nonpharmacological (education, weight loss, exercise) and pharmacological (paracetamol
and non-steroidal anti-inflammatory drugs (NSAIDS)) modalities for optimal nonsurgical management of knee OA (Fernandes et al., 2013; Hochberg et al., 2012;
McAlindon et al., 2014; NICE: National Institute for Health and Care Excellence,
2014). Evidence has raised concern about the effectiveness and safety of commonly
prescribed drugs for pain relief in OA (Machado et al., 2015), and as a result nonpharmacological, non-surgical strategies are considered the cornerstone of management,
with drugs now considered adjunctive treatments (NICE: National Institute for Health
and Care Excellence, 2014). Interventions recommended for all patients with knee OA,
regardless of age, pain levels, disease severity or functional ability are education and
self-management, weight loss or weight management, and exercise (land-based, waterbased and strength training) (McAlindon et al., 2014). Figure 2.4 outlines the evidencebased guidelines for the non-surgical management of knee OA as recommended by the
Osteoarthritis Research Society International (OARSI) (McAlindon et al., 2014).
Exercise interventions are the focus of this thesis, and are further detailed in Section
2.2.2.
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Figure 2:4 Osteoarthritis Research Society International (OARSI) guidelines for the non-surgical management of knee
osteoarthritis (McAlindon et al., 2014).
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Self-management and education interventions aim to encourage people with chronic
disease to take an active self-management role by increasing disease knowledge and
understanding of techniques that may prevent or provide symptomatic relief (Kroon et
al., 2014). A 2014 Cochrane review of self-management education programs for OA
included 29 studies (6,753 participants) (Kroon et al., 2014). Meta-analysis found that
compared with usual care, moderate-quality evidence from 11 studies indicated that
self-management programs may provide small benefits short to mid-term for selfmanagement skills, pain, symptoms and function (Kroon et al., 2014).

The benefits of weight reduction and optimal weight maintenance in the management of
knee OA have been demonstrated for more than three decades (Williams & Foulsham,
1981). A 2007 meta-regression analysis showed that disability could be significantly
improved among obese patients with knee OA when weight was reduced over 5.1%, or
at the rate of >0.24% reduction per week (Christensen et al., 2007).

A number of additional treatments are conditionally recommended for people with knee
OA or recommended only for individuals with specific clinical subtypes. Biomechanical
interventions including knee braces, knee sleeves, foot orthoses and footwear are
conditionally recommended for knee OA management on the basis of inconclusive
evidence from randomised trials (Duivenvoorden et al., 2015; Fernandes et al., 2013;
Hochberg et al., 2012; McAlindon et al., 2014). Recommendations regarding the use of
manual therapy for people with knee OA are mixed across evidence-based guidelines,
however recently published RCT results have demonstrated short-term benefits of
manual therapy, in combination with exercise for knee OA (Abbott et al., 2015;
Fitzgerald et al., 2016). Recommendations for the use of balneotherapy and acupuncture
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are inconsistent across the guidelines, and evidence does not support the use of these
treatments as primary interventions (Fernandes et al., 2013; Hochberg et al., 2012;
McAlindon et al., 2014).

2.2.2 Evidence for the effectiveness of exercise for knee osteoarthritis
Substantial evidence supports the use of exercise to improve symptoms attributable to
knee OA. The results of a 2013 network meta-analysis found that by 2002, sufficient
evidence had been accrued to show significant benefit of exercise interventions over no
exercise control interventions for lower limb OA and that further studies of exercise
compared to control were not required (Uthman et al., 2013). The magnitude of
treatment benefits of exercise may be considered moderate at best, however these effect
sizes are comparable to reported estimates for analgesics and oral NSAIDs for OA pain
(Henriksen et al., 2016; Zhang et al., 2010b).

Short-term effects
A review of RCTs of exercise for hip and knee OA published between 2001 and 2017
found overwhelming evidence for the ability of exercise to decrease joint-related pain
(Wellsandt & Golightly, 2018). Pooled data from 44 studies (3537 participants) in the
2015 Cochrane review of exercise for knee OA demonstrated statistically significant
improvement in pain immediately post-treatment with a standardised mean difference
(SMD) of 0.49 (95%CI 0.39 to 0.59) (Figure 2.5) (Fransen et al., 2015). This is
equivalent to a reduction of 12 points (95% CI 10 to 15 points) on a 0 to 100-point
visual analogue scale (VAS) pain scale (0 = no pain) (Fransen et al., 2015). Several
subsequent systematic reviews have reinforced these positive findings in relation to pain
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relief from a variety of exercise interventions (Anwer et al., 2016; Bartholdy et al.,
2017; Li et al., 2016).

Literature also consistently demonstrates the benefits of exercise interventions for
improving both subjective and objective physical function among people with knee OA.
Pooled data from 44 studies (3913 participants) in the most recent Cochrane review of
exercise for knee OA demonstrated statistically significant improvement in self-reported
function immediately post-treatment with an SMD of 0.52 (95%CI 0.39 to 0.64) (Figure
2.6) (Fransen et al., 2015). This is equivalent to an improvement of 10 points (95% CI 8
to 13 points) on a 0 to 100-point scale (Fransen et al., 2015). Systematic reviews have
also demonstrated the benefits of exercise for improving physical function as assessed
by tests such as the 6-minute walk test or 30-second chair stand test (Anwer et al., 2016;
Bartholdy et al., 2017; Li et al., 2016; Tanaka et al., 2016).
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Figure 2:5 Forest plot of effects immediately post-treatment for pain (Fransen et
al., 2015).
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Figure 2:6 Forest plot of effects immediately post-treatment for function (Fransen
et al., 2015).
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Health-related quality of life incorporates an individual’s emotional, physical, social,
and subjective feelings of wellbeing. Within the Cochrane review of land-based exercise
for knee OA 13 studies (1073 participants) reported quality of life data. Meta-analysis
resulted in an SMD of 0.28 (95%CI 0.15 to 0.40), demonstrating small but significant
improvements in quality of life. This change was equivalent to an improvement of 4
points (95%CI 2 to 5 points) on a 0 to 100-point scale (Fransen et al., 2015). A recent
systematic review and meta-analysis found moderate evidence for medium effect of
exercise therapy (with or without being combined with other interventions) improving
health-related and knee-related quality of life or psychosocial factors of individuals with
knee OA (Briani et al., 2018).

Depression and anxiety are commonly reported by people with knee OA and systematic
review data estimate the prevalence of depression among people with OA to be
approximately 20% (Sharma et al., 2016). Regular exercise and higher levels of
physical activity are associated with fewer symptoms of depression and anxiety among
people with OA (Mesci et al., 2015; Sharma et al., 2016). Several recent studies of
exercise interventions for knee OA have demonstrated significant improvements in
depression, self-efficacy, stress, pain catastrophizing, anxiety, and fear of movement
(Bennell et al., 2016; Focht et al., 2017). Exercise interventions have also been found to
have beneficial effects on sleep and fatigue among people with knee OA. A recent RCT
comparing individualized physical therapy to usual care reported greater improvements
in fatigue measured on a 0–10 scale at 20-week follow-up with physical therapy
(between-group mean difference: 0.91 (95% CI 0.71 to 1.66)) (de Rooij et al., 2017).
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Long-term effects
Despite the many significant benefits of exercise for knee OA immediately posttreatment, many RCTs have reported a decline in benefit at long-term follow-up (Abbott
et al., 2013; Ettinger et al., 1997; Messier et al., 2004; Pisters et al., 2010a; Thomas et
al., 2002). A 2010 systematic review investigated the effects of exercise therapy for
people with hip or knee OA more than 6 months after treatment (Pisters et al., 2010a).
Strong evidence was found from 11 RCTS for no long-term benefit for pain and selfreported physical function, and conflicting evidence for observed physical function
(Pisters et al., 2010a). In the most recent Cochrane review of exercise for knee OA,
pooled data from 12 studies that reported 2 to 6 month follow-up demonstrated that the
effect size for pain (SMD 0.24, 95% CI 0.14 to 0.35) and function (SMD 0.15, 95% CI
0.04 to 0.26) at this time had decreased from moderate immediately following the
intervention to small. Data from the 6 studies that reported follow-up longer than 6
months demonstrated no significant benefits of exercise for pain long-term (SMD 0.08,
95%CI -0.15 to 0.30), while the small effect for physical function immediately
following the intervention period remained unchanged (SMD 0.20, 95% CI 0.08 to
0.32) (Fransen et al., 2015). The commonly observed decline in benefits of exercise for
people with knee OA from short- to long-term may result from a combination of factors,
however it is important to consider the potentially significant role that adherence to
exercise may play. Adherence to exercise specifically in the context of knee OA is
examined in detail in Section 2.3.3.
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2.2.3 Exercise prescription for knee osteoarthritis
Exercise has multiple benefits, as has been described in Section 2.2.2. However, it is
likely that aspects of exercise prescription, such as the type of exercise, mode of
delivery, and intensity of exercise may be important in determining the benefits of an
intervention. The following section outlines these factors.

Type of exercise
Multiple types of exercise have been described in the literature for people with knee
OA,

including

muscle

strengthening,

stretching/range

of

motion

exercises,

cardiovascular or aerobic conditioning, yoga, Tai Chi, neuromuscular exercise and
balance training. Systematic reviews have demonstrated that both traditional (e.g.
strength, aerobic) and mind-body (e.g yoga, Tai Chi) exercise may improve patient
outcomes related to pain, function, quality of life, psychological health, musculoskeletal
properties, body composition, sleep, and fatigue (Fransen et al., 2015; Juhl et al., 2014;
Tanaka et al., 2013; Uthman et al., 2013; Wellsandt & Golightly, 2018).

Both land-based and aquatic exercises have demonstrated benefits for people with knee
OA. Systematic reviews of aquatic exercise have demonstrated moderate-quality
evidence of significant short-term benefits for patient-reported pain, disability, and
quality of life in people with knee OA (Bartels et al., 2007; Dannaway et al., 2017; Lu
et al., 2015; Waller et al., 2014). The 2015 Cochrane review of land-based exercise for
knee OA (44 trials, 3537 participants) reported slightly larger effects immediately posttreatment and at 2 to 6 month follow-up compared to aquatic exercise (Fransen et al.,
2015).
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Both RCT evidence and guideline recommendations support the use of either single or
combined exercise types for knee OA. A 2013 systematic review and meta-analysis
supported a combined intervention of strengthening with flexibility and aerobic exercise
(either land or water based) as the most effective for improving functional limitations
(Uthman et al., 2013). A 2014 systematic review and meta-regression concluded that
exercise programs that focused on a single type of exercise within each session were
more efficacious than programs that included different exercise types together (Juhl et
al., 2014). These contrasting findings suggest that the optimal exercise program may
differ for different individuals, but that benefits can be gained from a variety of exercise
programs.

The Ottawa panel recently produced evidence based guidelines for mind-body exercise
programs; strengthening exercise; and aerobic exercise. Based on high-quality RCT
evidence the panel recommend the use of any of the exercise types, either alone or in
combination for people with knee OA (Brosseau et al., 2017a; Brosseau et al., 2017b,
2017c). Similarly the most recent Cochrane review of exercise for knee OA found
significant benefits from a range of exercise types and no significant differences
between the various exercise programs in terms of benefits for pain and function (Table
2.1) (Fransen et al., 2015). Given the prevalence of knee extensor weakness, the impact
of this weakness on pain and physical function (Culvenor et al., 2017), and the
established benefits of strengthening exercises (Li et al., 2016), this thesis focuses on
knee extensor strengthening exercise programs, prescribed and monitored by
physiotherapists.
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Table 2:1

Effect of type of exercise on changes in pain and physical function
immediately post-treatment (Fransen et al., 2015).

Outcome /
Exercise type

Number
of studies

Number of
participants

Effect size*

Pain

44

3487

-0.51 [-0.60, -0.41]

Quads strengthening only

9

620

-0.64 [-0.95, -0.33]

Lower limb strengthening

12

863

-0.53 [-0.78, -0.28]

Strengthening and aerobics

10

920

-0.50 [-0.64, -0.37]

Walking programs

4

351

-0.48 [-0.83, -0.13]

Other programs

10

733

-0.35 [-0.49, -0.20]

Physical function

44

4255

-0.51 [-0.62, -0.39]

Quads strengthening only

10

726

-0.74 [-1.07, -0.41]

Lower limb strengthening

13

1066

-0.54 [-0.83, -0.26]

Strengthening and aerobics

10

1231

-0.52 [-0.67, -0.36]

Walking programs

3

317

-0.35 [-0.58, -0.11]

Other programs

10

915

-0.27 [-0.47, -0.07]

* All calculated as pooled Standardised Mean Difference (IV, Random, 95%
Confidence Interval)
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Exercise delivery mode
Individual, group and home exercise programs prescribed by health professionals have
all been studied among cohorts with knee OA. The most recent Cochrane review found
that individual, class-based and home-based programs all achieved beneficial treatment
effects in terms of self-reported pain and function among people with knee OA (Table
2.2) (Fransen et al., 2015). Effect sizes ranged from large for individual treatments
(effect size -0.76 (95% CI -1.01 to -0.52) for pain and -0.76 (-1.03 to -0.50) for
function) to small for home programs (-0.38 (-0.55 to -0.21) for pain and -0.37 (-0.53 to
-0.20) for function). However after removal of extreme outliers no statistically
significant difference existed in the results comparing different treatment delivery
modes (Fransen et al., 2015). Due to financial, time, access and resource constraints
optimizing home exercise programs is essential in the successful long-term management
of knee OA. Consequently, this thesis focuses on home exercise programs.
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Table 2:2

Effects of exercise delivery mode on changes in pain and physical
function immediately post-treatment (Fransen et al., 2015).

Outcome /
Exercise delivery mode

Number of
studies

Number of
participants

Effect size*

Pain

44

3588

-0.50 [-0.60, -0.41]

Individual treatments

14

1133

-0.76 [-1.01, -0.52]

Class-based programs

24

1905

-0.42 [-0.51, -0.33]

Home-based programs

7

550

-0.38 [-0.55, -0.21]

Physical function

45

4344

-0.49 [-0.61, -0.38]

Individual treatments

16

1493

-0.76 [-1.03, -0.50]

Class-based programs

24

2152

-0.38 [-0.49, -0.26]

Home-based programs

7

699

-0.37 [-0.53, -0.21]

* All calculated as pooled Standardised Mean Difference (IV, Random, 95%
Confidence Interval)
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Exercise intensity
Limited research has examined the optimal intensity of exercise for people with knee
OA. A 2015 Cochrane review of intensity of exercise for OA included 6 studies
involving 656 participants with knee OA (Regnaux et al., 2015). Low quality evidence
demonstrated beneficial effects from both high and low-intensity exercise programs,
with no significant differences between outcomes of the two (Regnaux et al., 2015). A
recent systematic review and meta-analysis examined the role of intensity of muscle
strengthening exercise interventions for knee OA (Bartholdy et al., 2017). Forty-five
studies were included (4699 participants). Exercises that met the American College of
Sports Medicine definition of adequate dosage for muscle strengthening (≥40% 1repetition maximum, 2–4 sets of 8–12 repetitions, ≥2 sessions/week) resulted in greater
knee extensor strength gains among participants than programs not meeting this
definition, however no differences were found for effects on pain and disability
(Bartholdy et al., 2017). Studies included in this thesis involving prescription of muscle
strengthening exercises exceeded this level of intensity.

Despite strong evidence showing the beneficial effects of exercise for people with knee
OA, and all clinical guidelines advocating exercise, international surveys have found
that exercise is underused by both GPs and physiotherapists when treating knee OA
(Cottrell et al., 2017; Cottrell et al., 2010; Holden et al., 2009). Furthermore, negative
attitudes and beliefs of health care professionals regarding exercise may be
counterproductive to facilitating patient behavioural changes to ensure ongoing exercise
adherence (Holden et al., 2009). Research examining both clinician and patient
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experience and views is essential if we are to optimize and implement exercise
interventions.
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2.3

ADHERENCE

2.3.1 Definition
Adherence is defined by the Oxford Dictionary of English as “steadfast commitment to
a belief, practice, etc.; fidelity, devotion; strict or faithful observance of (a rule, promise,
etc.)” (Oxford Dictionary of English, 3rd ed, 2010). More specifically, in the context of
healthcare, the World Health Organization (WHO) defined adherence as “the extent to
which a person’s behaviour corresponds with agreed recommendations from a health
care provider” (Sabate, 2001). This is the definition used throughout this thesis.

Multiple terms have been used when describing adherence in the literature, including
compliance, concordance, co-operation and engagement (Vrijens et al., 2012). Although
often used interchangeably, it is important to note that these terms in fact have different
meanings. Compliance is defined as “the action, practice, or fact of complying. Acting
in accordance with, or the yielding to a desire, request, condition, direction, in
submission or active obedience to” (Oxford Dictionary of English, 3rd ed, 2010). In a
medical setting, compliance has traditionally meant that the patient has to do as the
clinician tells them, without taking into account personal preferences or concerns
(Myers & Midence, 1998). However, the WHO definition of adherence requires the
relationship between patient and health care provider to be a partnership that draws on
the abilities of each for it to be successful, rather than a traditional hierarchical
practitioner-patient relationship (World Health Organization, 2003). This conceptual
shift from compliance to adherence implies an active, collaborative relationship
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between patient and clinician, with greater emphasis on the patient role in deciding to
undertake a particular treatment (Myers & Midence, 1998).

Over three decades ago Meichenbaum suggested four interdependent factors that
operate on treatment adherence behaviour: knowledge and skills, beliefs, motivation and
action (Meichenbaum & Turk, 1987). In the same year Leventhal proposed that nonadherence is multifactorial, and is influenced by characteristics of the disease, the
treatment itself, as well as a variety of relatively stable dispositions and highly variable
states of the individual (Leventhal, 1987). The WHO uses a model that describes
adherence as being determined by the interplay of five dimensions: social/economic
factors, health system/ health care team factors such as developing a good patientprovider relationship, condition-related factors including severity of symptoms, level of
disability, rate of progression and co-morbidities, therapy-related factors such as the
complexity of the regimen, previous treatment experiences, immediacy of benefits from
treatment, side effects, and patient-related factors including resources, knowledge,
attitudes, beliefs, perceptions and expectations (Figure 2.7) (World Health Organization,
2003).
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Figure 2:7 The five dimensions of adherence as defined by the World Health
Organization (World Health Organization, 2003).

2.3.2 The importance of adherence in healthcare
Adherence in healthcare is a worldwide issue of striking magnitude (World Health
Organization, 2003). The WHO stated in 2003 that “it is undeniable that many people
experience difficulty in following treatment recommendations, leading to poor health
outcomes and increased health care costs” (World Health Organization, 2003). As the
incidence and burden of chronic disease increases worldwide, the consequences of nonadherence to prescribed therapies, both at a personal and societal level, has made it a
critical issue in population health (Hamine et al., 2015; Reach, 2009; Sabate, 2001).
Adherence to long-term therapies in chronic diseases was identified as a priority area by
the WHO in 2001, and The Adherence Project was formulated (Sabate, 2001; World
Health Organization, 2003). The report of this meeting stated that “across diseases
adherence is the single most important modifiable factor that compromises treatment
outcome” (Sabate, 2001). Similarly, a 2008 Cochrane review of interventions to
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increase adherence to medical regimens concluded that increasing the effectiveness of
adherence interventions may have far greater impact on the health of the worlds
population than any improvement in specific medical treatments (Haynes et al., 2008).

Operationalizing adherence in the context of healthcare can take multiple forms
including: a percentage or ratio to which a regimen is followed, an index score, or as a
categorical behaviour. However, defining “good” and “bad” adherence or classifying
individuals as “adherent” or “non-adherent” is inherently unreliable given that there is
no consensus about definitions of these terms (Myers & Midence, 1998). Terms such as
poor, incomplete or inadequate have been suggested as better descriptors, as it has been
found that few patients do not partake in treatments at all (Myers & Midence, 1998;
Sabate, 2001; World Health Organization, 2003).

Most healthcare adherence research to date has focused on adherence to medication
regimens (Haynes et al., 2008). However adherence encompasses any health related
intervention, which often require significant and long-term behaviour change (Haynes et
al., 2008). Given the complexity of adherence, generalization of adherence findings
from other health related interventions to exercise interventions and from one
population to another is not recommended. Consequently, further research specifically
examining adherence to non-pharmacologic interventions such as exercise is warranted.
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2.3.3 Adherence to exercise in knee osteoarthritis
Adherence to exercise is both complex and multidimensional. In the context of chronic
musculoskeletal conditions such as knee OA, exercise adherence is particularly
challenging as the exercise may need to be continued long-term and often people are
required to continue exercising in the presence of significant pain and other symptoms
(Sluijs & Knibbe, 1991).

Adherence to exercise among people with knee OA has been found to vary significantly
between individuals, and decline from short- to long-term (Marks, 2012). Among the 54
RCTs included in the 2015 Cochrane review of exercise for knee OA (Fransen et al.,
2015) only 25 (46%) reported adherence to the exercise intervention. Table 2.3 details
exercise adherence as reported in these studies. An additional 3 studies reported that
adherence was assessed but did not include results. Methods used to assess exercise
adherence varied widely between studies, precluding accurate comparison of findings.
Section 2.3.8 further details measurement of adherence to exercise. Short-term exercise
adherence within the active treatment period was generally high. In a 12-week hip
strengthening RCT home exercise adherence as measured by logbooks was on average
(mean±standard deviation (SD)) 89±7% (Bennell et al., 2010). Similarly in a 16 week
strengthening program home exercise adherence as measured by logbooks was 84±27%
(Baker et al., 2001). Very few studies reported long-term exercise adherence. One RCT
comparing exercise with a health education program in older adults with knee OA
recorded log-book exercise completion from 3 months to 18 months (Ettinger et al.,
1997). The authors reported declining adherence to the exercise program over the
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course of the study from 85% at 3 months to 70% at 9 months and 50% at 18 months
(Ettinger et al., 1997).

Given that adherence to exercise among people with knee OA is influenced by a
multitude of factors (Dobson et al., 2016; Marks, 2012), it is unsurprising that exercise
adherence varies between individuals, and within individuals over time. Reporting of
group mean values, as these previous studies have done, does not account for such
variations, and gives a limited view of exercise adherence across a cohort. Chapter 3
details a study that investigates the presence of groups showing different trajectories of
self-reported adherence to home exercise programs over time.
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Table 2:3

Exercise adherence as reported in studies included in the Cochrane review of exercise for knee OA (Fransen et al.,
2015).

Study
(Abbott et al., 2013)

Measure/s of exercise adherence
Attendance at >80% of scheduled clinic sessions (9
sessions total)
Home exercise logbooks (exercises to be completed
3 days per week)

Results as reported
88% of participants attended >80% of scheduled clinic
sessions
42% of participants returned logbooks “demonstrating
compliance with their home program”

(Baker et al., 2001)

Exercise logbooks (exercises to be completed 3
days/week for a total of 48 days over the 16 weeks;
≤2 missing days or ≥46 days considered 100%
adherence)

Mean (SD) adherence at 16 weeks = 84% (27%)
(range 24% - 100%)

(Bennell et al., 2005)

Attendance at clinic sessions
Exercise diaries (exercises to be completed 3 days
per week)

95% of clinic sessions attended
Home exercise sessions completed: at 12 weeks mean =
72%; at 24 weeks = 50%

(Bennell et al., 2010)

Number of clinic sessions attended (maximum of 7
converted to a %)
Home exercise logbooks (maximum of 60 exercise
days converted to a %)

Mean (SD) physiotherapy attendance = 96% (11%)

(Brismee et al., 2007) Attendance at exercise sessions (3 days per week for
Weeks 0-6)
Exercise logbooks (3 days per week for Weeks 712)
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Study
(Bruce-Brand et al.,
2012)

Measure/s of exercise adherence
Exercise logbooks (exercises to be completed 3
sessions per week for 6 weeks (%))

Results as reported
Mean number of exercise sessions completed = 83%

(Ettinger et al., 1997)

Attendance at group exercise classes 3x per week
for 3 months + home walking program for 15
months

Compliance was 85% at 3 months, 70% at 9 months, and
50% at 18 months

(Fransen et al., 2007)

Adherence defined as attending ≥50% of prescribed
sessions (2x per week for 12 weeks)

Adherence: Hydrotherapy group = 81%; Tai chi group =
61%

(Huang et al., 2003)

Compliance determined as the number of
In the isokinetic group = 88% (29 of 33 participants) and
participants who had completed the treatment course in the isotonic/ isometric group = 93% (31 of 33
divided by the number of participants initially (3x
participants) met the criteria for compliance
per week for 8 weeks)

(Hughes et al., 2004)

Minutes spent exercising compared to goal (goal
was 30minutes 3x per week = 90minutes)

Mean time spent exercising at 2 months = 168.9 minutes;
at 6 months = 148.8 minutes

(Hurley et al., 2007)

Adherence defined as attendance at ≥10 of 12
sessions

At 6 months: 85% of individual participants and 55% of
group participants adhered

(Jenkinson et al.,
2009)

Exercise compliance graded as high or low
according to how well exercise diaries were
completed (categorised by a single observer)

At 24 months: 45% of the diet + exercise group and 45%
of the exercise only group complied “highly” with the
exercise programme
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Study
(Kovar et al., 1992)

Measure/s of exercise adherence
Adherence = number of sessions attended (out of 24
prescribed sessions)

Results as reported
Mean (SD) attendance =21 sessions (6 sessions); range =
3 to 28

(Lim et al., 2008)

Compliance = 100% if participant had completed 5
days of exercises per week over 12 weeks (total of
60 exercise days)

Mean (SD) compliance = 89% (21%) for the malaligned
group and 86% (22%) for the neutral group

(Lund et al., 2008)

Attendance at exercise sessions (2 sessions per week
for 12 weeks (%))

Mean attendance aquatic exercise group = 92%; landbased exercise group = 85%

(Messier et al., 2004)

Exercise group: number of exercise sessions
completed divided by the number of sessions
scheduled (3 days per week for 18 months)
Diet plus exercise group: average of the 2
intervention requirements

Mean adherence: exercise group = 60%; diet + exercise
group = 64%

(Mikesky et al.,
2006)

Attendance at exercise sessions (24 sessions
scheduled over 12 weeks)
Subjects self reported how often they exercised ≥2
times per week (months 0-12 = facility-based;
months 13-30 = home-based)

Mean attendance: strengthening group = 46%; ROM
group = 49%
Mean completion of 2 sessions per week at 12 months:
strength group = 59%; ROM group = 64%
At 30 months: strength group = 56%; ROM group = 62%

(Minor et al., 1989)

Attendance at exercise sessions (3 per week for 12
weeks)
Months 3–9 = at least 60 minutes of exercise/week

Mean attendance = 85%
At 6 months 63% of subjects reported ≥60 mins of
exercise per week
At 9 months = 57%
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Study
(Peloquin et al.,
1999)

Measure/s of exercise adherence
Attendance at sessions (3 sessions per week for 12
weeks)

Results as reported
Mean attendance = 86% (range 39% to 100%)

(Rogind et al., 1998)

Attendance at group training sessions (280 sessions
over 12 months)
Attendance at 3 exercise sessions per week for 12
weeks

Mean attendance = 218 sessions (77.9%)

(Talbot et al., 2003)

Number of classes attended (out of 12)
Meeting or surpassing individual weekly step goal
on daily pedometer log
Average adherence to wearing the pedometer and
recording on the log daily

(Thomas et al., 2002)

Exercise diaries collected every 6 months: crudely
graded as high, medium or low

Mean class attendance = 71%
Weeks 0-12 = 48% of participants met or surpassed their
weekly step goal (Range = 56% in Weeks 4-8 to 35% in
Weeks 9-12)
Mean adherence to wearing the pedometer and recording
on the log daily = 76%
High adherence (27% of the group), medium (7%), low
(66%)

(Thorstensson et al.,
2005)

Attendance at exercise sessions (2 per week for 6
weeks (%))

Mean attendance = 89.9%

(Wang et al., 2011)

Attendance at exercise classes (3 per week for 12
weeks (%))

Mean (SD) attendance: aquatic group = 86.4% (10.9%),
in land-based group = 86.5% (13.5%)

(Simao et al., 2012)

Mean attendance: platform group = 99.7%; squat group =
98.6%

Note: results are entered as reported in each study (ie use of terms adherence, compliance, data reported (mean, median, not specified)
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2.3.4 Consequences of poor adherence to exercise
In 2001 Carr proposed that poor adherence was one of the main barriers to achieving
and maintaining the benefits of exercise for people with OA (Carr, 2001). Despite this
widely-held view, research to identify the extent to which exercise adherence influences
changes in patient outcomes specifically in knee OA has been limited (Marks, 2012).
However, if the short-term benefits of exercise for pain and function are used as a guide,
the effects of non-adherence on the costs of OA management are likely to be significant
(Marks & Allegrante, 2005). Among patient groups with other chronic musculoskeletal
conditions studies have reported that patients who adhere to regular exercise are less
likely to progress to recurrent, persistent or disabling problems (Hayden et al., 2005).
Non-adherence has also been associated with negative impacts on treatment
effectiveness and efficiency, costs to personal health, additional healthcare provider
costs, excessive morbidity, emotional distress, dissatisfaction and decline in therapeutic
relationships (Hayden et al., 2005). Figure 2.8 outlines the hypothetical outcomes with
increased adherence as proposed by Marks (Marks, 2012).

A limited number of studies have grouped participants as “adherent” or “non-adherent”
to investigate relationships between adherence and outcomes among participants with
knee OA. In post-hoc analysis of data from a RCT comparing exercise, diet and a
combined intervention in overweight and obese people with knee OA, van Gool et al
(van Gool et al., 2005) reported higher exercise adherence was associated with greater
improvements in 6 minute walking distance after 6 and 18 months, and in self-reported
disability after 6 months. A RCT comparing behavioural graded therapy and usual
exercise therapy (Pisters et al., 2010b) reported adherence to home exercises was
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significantly associated with better outcomes of self-reported pain (B= -0.97 (95%CI 1.64 to -0.29)) and physical function (B= -2.39 (95%CI -4.39 to -0.38)) and physical
performance measured using the 5m walk (B= -0.24 (95%CI -0.42 to -0.06)). Further
investigation of these relationships could facilitate optimisation of exercise
interventions, and guide interventions specifically to improve adherence to exercise.
Chapter 7 of this thesis details a study utilising objectively assessed home exercise
adherence data to examine potential linear and non-linear relationships between
adherence and change in patient outcomes.

Figure 2:8 Hypothetical outcomes with increased adherence (Marks, 2012).
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2.3.5 Predictors of exercise adherence
A limited number of studies have examined predictors of adherence to exercise among
people with knee OA, and findings have been inconsistent. Among a large cohort
(n=325) with meniscal tear and knee OA taking part in a 12-week exercise intervention
in the USA, low income, no pain with pivoting, male gender, and being of non-white
race were predictive of poor adherence (defined as completing <50% of prescribed
exercises). Age, self-reported symptoms or function, quality of life and radiographic
severity of disease had no impact on adherence (Tuakli-Wosornu et al., 2016). Another
study involving participants with knee and/or hip OA completing an 8-week exercise
intervention found adherence to exercises completed in the clinic was predictive of
home exercise adherence, and adherence in Weeks 1-4 was predictive of adherence in
Weeks 5-8 (Schoo et al., 2005). Higher physical activity levels and previous exercise
adherence have also been found to predict higher exercise adherence in a study setting
among people with knee OA (Hendry et al., 2006; Schoo et al., 2005).

2.3.6 Factors influencing exercise adherence
A number of reviews have explored potential factors influencing adherence to exercise
among people with knee OA. A 2012 review (Marks, 2012) identified a vast array of
intrinsic and extrinsic factors that can interact to influence exercise adherence. Bennell
(2013) further summarised these factors as being associated with the social
environment, physical environment, personal experience or individual attributes (Figure
2.9) (Bennell, 2013). In our review of barriers and facilitators to exercise participation
among people with hip and/or knee OA (Dobson et al., 2016), identified factors were
mapped to the Theoretical Domains Framework (TDF). Twenty-three studies (4633
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participants) were included in the review. The greatest number of unique barriers and
facilitators mapped to the Environmental Context domain of the TDF. Many barriers
were related to Beliefs about Consequences and Beliefs about Capabilities, whereas
many facilitators were related to Reinforcement.

A qualitative study among people who took part in a 2 year RCT of home exercise for
knee OA identified the most common reasons given for failing to adhere to the exercise
program were pain and lack of time (Thomas et al., 2002). Another qualitative study
found continued exercise adherence among participants taking part in a RCT of home
exercise for knee OA was influenced by the willingness and ability of participants to
accommodate exercises within their everyday life, their perceived severity of symptoms,
and attitudes towards, and previous experiences concerning their disease (Campbell et
al., 2001). Similarly, in secondary analysis of an exercise intervention RCT, greater
exercise self-efficacy and more positive exercise outcome expectations were associated
with higher current and future physical activity levels (Quicke et al., 2017).
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Figure 2:9 Factors influencing exercise adherence among people with
osteoarthritis (Bennell, 2013).
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2.3.7 Improving adherence to exercise
Adhering to exercise long-term, or improving exercise adherence, often requires
significant behaviour change. Interventions aiming to change behaviour comprise
multiple irreducible and replicable components known as behaviour change techniques
(BCTs) (Michie & Abraham, 2004). Michie and Abraham

(2004) developed

taxonomies of BCTs based on empirical theory in an effort to enable those studying,
designing or delivering complex behavioural interventions to describe them in enough
detail to be replicated, and to facilitate identification of their active ingredients and
underlying mechanisms (Michie & Abraham, 2004). Michie and colleagues conducted a
meta-regression of effective BCTs in healthy eating and physical activity interventions,
which led to the development of the (CALO-RE) taxonomy (Michie et al., 2009; Michie
et al., 2011). Subsequently the comprehensive Behaviour Change Technique Taxonomy
(v1) has been published which consists of 93 hierarchically clustered techniques
(Michie et al., 2013). In order to design and implement optimal behaviour change
interventions for people with knee OA, research is required to understand which BCT’s
are successful in improving adherence to exercise, how these techniques are used
clinically, and how people with knee OA and clinicians treating this population perceive
different BCTs.

A number of studies have investigated interventions to improve and maintain adherence
to exercise long-term. A 2010 Cochrane review evaluated the effects of interventions to
improve adherence to exercise for people with chronic musculoskeletal pain (Jordan et
al., 2010). Of the 42 included studies 21 involved participants with hip and/or knee OA.
Intervention content, reporting of interventions, comparison groups and adherence
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measurement tools used varied widely across included studies. The quality of included
studies ranged from poor to high quality. Less than half of the studies (18/42 studies)
reported positive effects of the included adherence-enhancing strategies. The authors
concluded that moderate quality evidence suggested that supervised or individualized
exercise therapy and self-management techniques such as education about the pathology
of OA, joint protection, active coping strategies, activity goal setting and use of a
pedometer may enhance adherence, however they noted uncertainty in the findings as
effects were inconsistent across included studies. Similarly, a systematic review of
adherence interventions including 14 studies involving participants with hip or knee OA
found limited evidence for any interventions to increase exercise adherence (Ezzat et al.,
2015). Both of these systematic reviews used very broad inclusion criteria and included
studies where improving adherence was not the primary aim or outcome reported, hence
these results should be interpreted with caution. In order to reach relevant conclusions
about the effectiveness of interventions to improve adherence to exercise among people
with knee OA a rigorous review needs to be undertaken examining studies that
specifically aimed to improve exercise adherence. Chapter 4 of this thesis details a
systematic review and meta-analysis of RCTs involving people with hip/knee OA or
chronic low back pain (another common chronic musculoskeletal condition among
older adults) that specifically aimed to improve adherence to exercise. Additionally, in
line with the guiding principles of patient-centred care, patient preferences regarding
techniques to improve adherence to exercise need to be investigated and considered
when designing interventions to improve adherence to exercise. Chapter 5 details a
questionnaire completed by both people with knee OA and physiotherapists treating this
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population regarding their use of, and views towards, BCTs targeting exercise
adherence.

2.3.8 Measurement of adherence to exercise
Measurement of exercise adherence is essential in order to assess the effectiveness of an
exercise intervention, to identify patterns of adherence and consequences of adherence,
and to evaluate interventions aiming to improve adherence. Accurate measurement of
exercise adherence is also fundamental to allow appropriate progression or adjustment
of elements of the exercise program in response to actual exercise dose being
completed.

There is no gold standard for assessing adherence to exercise, particularly unsupervised
exercise such as a prescribed home program (Hall et al., 2015). The most commonly
used method for assessing exercise adherence both in research and clinical practice is
self-report (Holden et al., 2008; McLean et al., 2017). Self-reported measures such as
exercise diaries/logs and self-rated scales are inexpensive and simple to use, hence their
popularity. Objective assessment of unsupervised exercise adherence has previously
been limited to video recordings or use of external devices such as a Nintendo Wii to
perform exercises (Yuen et al., 2013). Recently, new technologies such as use of a
stretch-sensor within an exercise band have allowed objective assessment of home
exercise (Rathleff et al., 2014; Rathleff et al., 2015). The use of these sensors has been
limited to research settings to date, but they offer great potential for objective
monitoring of exercise adherence in the future.
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Any measurement tool is seldom perfect, however in order to provide useful
information a measurement tool should possess acceptable levels of both validity and
reliability (de Vet et al., 2011). Validity refers to the degree to which an instrument
truly measures what it is intended to measure (Mokkink et al., 2010). It is important to
note that validity refers to the scores of an instrument, not the instrument itself, and is
context-specific (de Vet et al., 2011). A number of types of validity can be assessed:
face validity; construct validity, content validity and criterion validity. Face validity
indicates that a measure appears to test what it is supposed to. Content validity is the
degree to which the items that make up a measure correspond with the content one
intends to measure. Construct validity establishes the ability of a test to measure an
abstract construct. Criterion validity indicates that the scores of a measure can be used
as a substitute for a gold standard test (concurrent or predictive) (de Vet et al., 2011;
Mokkink et al., 2010; Portney & Watkins, 2009). Reliability is the degree to which a
measurement is free from error (Mokkink et al., 2010). Test-retest reliability compares
scores of a measurement at two intervals over a defined time period. Inter-rater
reliability refers to the agreement of scores on the same measure between raters, and
intra-rater reliability refers to agreement of scores taken by the same rater on different
occasions (Portney & Watkins, 2009).

A recent systematic review of exercise adherence measures in musculoskeletal settings
identified 45 measures, of which only 7 (15%) provided evidence of measurement
properties (McLean et al., 2017). Similarly, a systematic review of measures of selfreported adherence to unsupervised home-based rehabilitation exercise programs
identified 61 different measures. Identified measures included 29 questionnaires, 29
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exercise logs, 2 visual analogue scales and one tally counter. Of these, only the
Adherence to Exercise Scale for Older People and The Heart Failure Compliance
Questionnaire reported evidence of validity or reliability, both having only content
validity assessed (Bollen et al., 2014). Consequently, the authors of both reviews
concluded that they were unable to recommend any self-reported measure to assess
exercise adherence (Bollen et al., 2014; McLean et al., 2017). This absence of evidence
highlights the urgent need for studies examining the validity and reliability of common
self-reported measures of exercise adherence. Chapter 6 of this thesis details a study
examining the concurrent validity and reliability of self-rated exercise adherence scales
and an exercise diary, compared to adherence objectively measured using a concealed
accelerometer within exercise equipment.
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2.4

SUMMARY AND GENERAL AIMS OF THE THESIS

Knee OA is a common and significant problem among older adults worldwide. The
burden of knee OA at both individual and socioeconomic levels is increasing and costly
joint replacement procedures are reserved for end-stage disease. Evidence for the
effectiveness of exercise interventions to improve pain and function among people with
knee OA is undisputed. However, poor and declining adherence to exercise programs as
prescribed has been suggested as a major contributing factor to the modest effect sizes
reported and to the decline in benefits long-term.

Adherence to exercise is complex and multidimensional. In order to actualize the full
potential of exercise interventions for people with knee OA, understanding, supporting
and measuring adherence is essential. Research examining patterns of exercise
adherence short- and long-term is lacking. Limited evidence exists for interventions to
improve adherence to exercise, or how physiotherapists and people with knee OA use
and view the techniques that comprise these interventions. No gold standard measure of
exercise adherence exists. To date, the validity and reliability of commonly used selfreported measures of exercise adherence is largely unknown. In addition, research to
examine the effect of exercise adherence on changes in patient outcomes among people
with knee OA has been limited. Knowledge of these aspects of exercise adherence is
critical to optimise, evaluate and implement exercise interventions and interventions
specifically targeting adherence to exercise, and ultimately best manage knee OA.
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2.4.1 Research questions
The overall aim of this thesis was to gain a better understanding of adherence to
exercise among people with knee OA. This was achieved through a series of related
studies. Taken together, the findings of these studies lay the foundation for the
development, evaluation and implementation of interventions to improve and maintain
adherence to exercise in the treatment of knee OA. The key research questions
addressed in this thesis are:

i.

Do groups of people with knee OA demonstrate distinct patterns of adherence to
exercise over time, and do these groups differ in baseline characteristics?

ii.

What evidence exists for interventions aimed at increasing adherence to exercise
among people with knee OA?

iii.

Do people with knee OA and physiotherapists agree on the behavioural
approaches likely to succeed at improving adherence to exercise?

iv.

Are exercise diaries and simple self-rated scales valid and/or reliable measures
of exercise adherence among people with knee OA?

v.

What is the relationship between objectively measured exercise adherence and
changes in patient outcomes among people with knee OA?

The specific aims of each individual study contained in this thesis will be described in
the relevant thesis chapter.
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CHAPTER 3

Trajectories of adherence to home-based exercise programs among
people with knee osteoarthritis.
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CHAPTER 4

Interventions to increase adherence to therapeutic exercise in older
adults with low back pain and/or hip/knee osteoarthritis: a systematic
review and meta-analysis
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CHAPTER 5

Improving adherence to exercise: Do people with knee osteoarthritis and
physical therapists agree on the behavioural approaches likely to
succeed?

Reprinted from Arthritis Care and Research. Nicolson PJA, Hinman RS, French SD,
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osteoarthritis and physical therapists agree on the behavioural approaches likely to
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CHAPTER 6

Validity and reliability of self-report measure of home exercise
adherence.
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Self-reported home exercise adherence: a validity and reliability study using
concealed accelerometers.
Philippa J.A. Nicolson, Rana S. Hinman, Tim V. Wrigley, Paul W. Stratford, Kim L.
Bennell.
Abstract
Study Design: Clinical measurement study.
Background: Accurate measurement of adherence to prescribed exercise programs is
essential to their success. Diaries and simple self-rated scales are commonly used, yet
little evidence exists demonstrating their validity or reliability.
Objectives: To examine the concurrent validity of adherence to a home strengthening
program measured by: i) exercise diaries and ii) self-rated scales over increasing recall
periods, compared to adherence measured using an accelerometer concealed in an ankle
cuff weight. Test-retest reliability of the self-rated scale was also assessed.
Methods: 54 adults aged ≥45 years with self-reported chronic knee pain were
prescribed a home quadriceps strengthening program by a physical therapist. Over 12
weeks, participants completed paper exercise diaries and at fortnightly appointments
rated their adherence since commencing the study on an 11-point Numeric Rating Scale.
A triaxial accelerometer was concealed (without participants’ knowledge) in the ankle
cuff weight used for exercises. Data were analysed using descriptive statistics, the
Wilcoxon signed-rank test and Bland-Altman plot to assess agreement, Spearman
correlations to assess validity and intra-class correlation coefficients (ICC’s) for test-

97

Chapter Six: Validity and reliability of self-reported exercise adherence

retest reliability for the self-rated adherence scale over a 2 week period measured on
consecutive days.
Results: Exercise adherence was significantly overestimated in diaries over the 12
weeks (Diary median=220 exercises, Accelerometer=176; p<0.001) and was moderately
correlated with accelerometer data (r=0.52; 95%CI 0.26-0.69). A Bland-Altman plot
indicated large between-participant variability in level of agreement between these
measures. Self-rated adherence showed poor-fair correlations with accelerometer data
(mean r=0.23-0.39), and less than acceptable reliability (ICC=0.79, lower 1-sided 95%
CI=0.68).
Conclusion: Exercise diaries showed questionable validity and variable levels of
agreement when compared with accelerometer-measured exercise completion. A selfrated adherence scale had limited validity and less than acceptable test-retest reliability.
Key words: concealed accelerometry, reliability, validity.
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6.1

INTRODUCTION

Exercise is the cornerstone of best-practice management of many chronic
musculoskeletal conditions. Substantial evidence demonstrates the benefits of exercise
for improving pain, function and quality-of-life for people with conditions such as
hip/knee osteoarthritis (OA) or chronic low back pain (Cimmino et al., 2011; Fransen et
al., 2015; Fransen et al., 2009; Koes et al., 2010; NICE: National Institute for Health
and Care Excellence, 2014; Rodrigues et al., 2014; Searle et al., 2015; Zhang et al.,
2010b). Given the chronic nature of these conditions, home exercise programs are a
cost-effective long-term intervention. However, for these programs to be beneficial,
patient engagement and long-term adherence is crucial (van Dulmen et al., 2007).

Exercise adherence has commonly been measured in clinical and research settings using
tools such as exercise diaries and self-rated scales, due to their simplicity and low cost.
Exercise diaries have the advantage of collecting data prospectively, however patient
burden increases when they are to be completed over an extended period. Self-rated
scales have the disadvantage that data are retrospective but the benefit that they can be
administered once, or on a minimal number of occasions, decreasing patient burden.
Exercise intervention studies often ask patients to rate their adherence over the entire
duration of an exercise program, such as 12 weeks, however it may be that shorter recall
periods are more accurate. Knowing this would facilitate best use of these tools.

Little evidence exists examining the validity and reliability of self-reported measures of
exercise adherence. A recent systematic review identified 234 different approaches to
measuring exercise adherence in musculoskeletal conditions (McLean et al., 2017). No
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studies had evaluated the measurement properties of exercise logs/diaries or simple
numeric scales (McLean et al., 2017). Thus it is unclear when interpreting self-reported
adherence measures if any or all exercise prescribed has occurred, or how exercise
adherence varies over time (Jack et al., 2010).

Validity of a measurement tool is the degree to which it truly measures what it is
supposed to (Mokkink et al., 2010; Portney & Watkins, 2009). A number of aspects of
validity can be assessed: face validity; construct validity, content validity and criterion
validity (Portney & Watkins, 2009). In order to test the criterion validity of self-reported
adherence measures, concurrent comparisons need to be made with a gold standard.
Whilst direct observation of exercise performance could be considered the gold
standard, this method is impractical and would likely influence patient exercise
behaviour. An alternate objective measure is to utilise inertial sensors such as an
accelerometer, concealed within exercise equipment, with the patient being unaware of
its presence. Reliability, defined as “the extent to which a measure is consistent and free
from error”, is another important property of any assessment tool (Portney & Watkins,
2009). Ideally, a measure should have high levels of both validity and reliability in
order to consistently provide useful information. Assessment of test-retest reliability
requires a measure to be completed at two intervals reflecting on the same period,
consequently this is not possible to assess for an exercise diary.

The objectives of this study were threefold: (i) to examine concurrent validity of
adherence over 12 weeks measured via an exercise diary compared to adherence
simultaneously measured using a concealed accelerometer in a cuff weight, among a
cohort of older adults with chronic knee pain undertaking a home strengthening
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program; (ii) to examine the validity of a self-rated adherence scale with increasing
recall periods from 2-12 weeks compared to accelerometer measured adherence; and
(iii) to evaluate test-retest reliability of the self-rated adherence scale.

6.2

METHODS

This was a longitudinal single-group repeated measures study design. Ethical approval
was granted by the University of Melbourne Human Research Ethics Committee.
Participants provided written informed consent prior to taking part in the study. In order
to maintain blinding of participants to the primary objectives of the study, participants
were informed that the study was investigating the effects of a home strengthening
program on knee pain/function and knee extensor strength.

6.2.1 Participants
Sixty participants in Melbourne, Australia were recruited through online advertising on
social media and University-wide newsletters. Inclusion criteria were: (i) aged ≥45
years; (ii) knee pain on most days of the past month; (iii) knee pain ≥3 months duration;
and (iv) overall average knee pain in the last week ≥4 on an 11-point numeric rating
scale (NRS) and (v) morning knee joint stiffness lasting <30 minutes. Participants were
ineligible if they were awaiting a knee or hip joint replacement on the painful knee side;
suffered from a systemic arthritic condition, any other major joint pain or neurological
condition limiting their ability to exercise safely. Due to the exercise instructions,
completion of diaries and self-reported outcome measures required in the study
volunteers were ineligible if they were unable to understand written/spoken English.
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6.2.2 Procedure
Telephone screening confirmed eligibility of volunteers. Participants attended physical
therapy sessions at weeks 0, 2, 4, 6, 8, 10 and 12. A single physical therapist provided
all sessions for all participants (PN). Each session consisted of completion of selfreported pain, function and adherence scales online, knee extensor strength assessment,
review of exercise technique and adjustment of weights used for exercises as
appropriate. Participants were supplied with an adjustable ankle cuff weight for their
home exercises. The cuff consisted of five pockets into which 500g or 1kg sandbags
were inserted, allowing incremental weight increases up to 5kg. The exercises were
based on those used in our previous clinical trials (Bennell et al., 2014; Lim et al., 2008)
(knee extension in sitting; knee extension with an isometric hold at 30º flexion; knee
extension over roll; and straight leg raise (Appendix H)). These exercises are commonly
used for older adults with chronic knee pain, and have been shown to improve pain,
function and quality-of-life (Bennell et al., 2014; Lim et al., 2008). Participants were
asked to complete the exercises on five self-selected days of the week. The dose was 1-2
sets of 10 repetitions, with a starting weight needed to achieve a self-rating of 4-6 out of
10 on the Borg Rating of Perceived Exertion (RPE CR-10) scale (Day et al., 2004).
Thus people were asked to complete a total of 240 exercises (60 exercise sessions
comprised of 4 exercises in each session) over the 12 weeks.

Participants were unaware of the presence of the concealed accelerometer. Following
the Week 12 appointment, participants were sent a debriefing letter, thanking them for
their participation, explaining the presence of the accelerometer in the weight as a
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means of assessing validity of self-reported measures, and offering the opportunity to
withdraw their data if they wished.

6.2.3 Adherence measures
Two self-reported measures of exercise adherence were used:

1) Exercise diary: Participants were asked to record in a paper exercise diary each time
they completed any of the exercises. Days and dates were pre-populated for each 2week period and included a tick-box to indicate which of the four prescribed exercises
were completed (Appendix I).

2) Self-rating adherence on an 11-point NRS: At each physical therapy session,
participants were asked to reflect on the prescribed home exercises they had completed
since Week 0 and rate their agreement with the statement “Overall I have been doing
my exercises exactly as I was asked to by my physical therapist (number of sessions and
number of exercises)” from 0=Strongly disagree to 10=Strongly agree. Participants did
not have access to their exercise diaries when completing this. This question was
previously piloted among older adults with knee OA to ensure clarity and
understanding. The scale was completed in reference to the period since commencing
the study (ie Week 0) in order to examine the effect of increasing recall periods (2, 4, 6,
8, 10 and 12 weeks) on the validity of the measure. To evaluate test-retest reliability of
the scale with a 2-week recall period, participants repeated the scale at home the day
following their physical therapy session.
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6.2.4 Concealed accelerometer
A compact X16-mini triaxial accelerometer and data logger (Gulf Coast Data Concepts,
Mississippi, USA) was used to measure movement of the cuff weight, thus providing
objective evidence of the number of home exercises performed. An accelerometer is
sensitive to both gravitational and linear acceleration; meaning that the angle of the
device to the vertical or horizontal can be calculated for movements that do not involve
appreciable linear acceleration (pseudo-constant velocity) (Fisher, 2010). All prescribed
exercises were in the vertical plane and did not involve appreciable linear acceleration.
The accelerometer was concealed within the ankle cuff weight (Appendix J), and was
changed at each fortnightly appointment to allow data download. Accelerometer battery
life allowed data to be recorded for 14 consecutive days. Two measures were
objectively determined from the accelerometer: i) number of exercise sessions
completed over each 2-week period; and ii) number of different exercises performed in
each session. All epochs of recorded movement were displayed in Matlab and visually
inspected for the highly stereotypical exercise pattern (Appendix K). Epochs containing
exercise were tagged, then time cursors were manually placed to delineate the beginning
and end of each of the exercises within each session (Appendix K). This process was
completed for all files by one grader, and re-checked at a later date by the same grader
(PN).

6.2.5 Statistical analysis
Data were analysed only for participants who completed all 12 weeks of the study.
Missing accelerometer data were imputed using logistic regression. The multiple
imputation model included accelerometer data from the preceding days in the 2-week
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period, correlation values for the diary and accelerometer data on all preceding days in
the 2-week period, the diary entry for the relevant day, age, sex, BMI and duration of
symptoms. Estimates from 20 imputed data sets were combined using Rubin’s rules.
Diary and accelerometer-recorded exercise adherence were calculated as exercise
volume by multiplying the number of exercise sessions recorded (possible range of 0-10
for each 2-week period) by the number of exercises performed in each session recorded
(possible range of 1-4 exercises). Thus, full adherence would be completing 240
exercises over the 12-week period. Stata Statistical Software Release 14.0 (StataCorp
LP, College Station, TX) was used for analysis. Descriptive statistics were calculated
for each measure. Differences between exercise diary and accelerometer measurements
were assessed using the Wilcoxon signed-rank test as data were not normally
distributed. Significance was set at p<0.05. The level of agreement between exercise
diaries and accelerometer measurements was assessed using the Bland-Altman method
whereby the differences between measurement methods are plotted against the average
of the two methods (Bland & Altman, 1986, 2012). Spearman rank correlation
coefficients were used to assess correlations between self-reported and objectively
measured exercise adherence as data were not normally distributed. Bootstrapping was
used to estimate 95% confidence intervals (CI) for correlation coefficients. Correlations
were classified according to the guidelines suggested by Portney and Watkins (r<0.25
little or no relationship; r=0.25-0.50 fair relationship; r=0.50-0.75 moderate to good
relationship; r>0.75 good to excellent relationship) (Portney & Watkins, 2009). Testretest reliability of the adherence scale at the two occasions at Week 2 was calculated
using intra-class correlation coefficient (ICC) model (2,1) with 95% CI for a two-way
random effects model and standard error of measurement (SEM). Interpretation of the
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ICC value was based on single measures with an optimal ICC of 0.80 and a minimal
acceptable lower 1-sided 95% confidence limit of 0.70.

6.2.6 Sample size
Sample size was calculated based on a priori set levels of optimal and minimal
acceptable limits of validity and reliability. A minimum of 54 participants were required
to achieve an optimal Spearman correlation coefficient of 0.80 for validity calculations,
and an optimal ICC of 0.80 and a minimal acceptable lower 1-sided 95% confidence
limit of 0.70 for reliability.

6.3

RESULTS

Fifty-four participants (90%) completed the study. Baseline characteristics did not differ
between those who did not complete the study and those who did. Of the 6 participants
who did not complete the study two dropped out prior to the Week 2 session, two
dropped out between Weeks 2 and 4, one between Weeks 4 and 6 and one between
Weeks 8 and 10. Reasons for non-completion were unrelated to the study: family death
interstate, family illness overseas, back injury, fall, unexpected interstate travel for work
and hospitalized with an unrelated condition. No participants requested to withdraw
their data upon receiving the debriefing letter. Participants were predominantly female,
overweight, tertiary educated and working full- or part-time. The group reported
moderate levels of knee pain and functional impairment at baseline (Table 6.1). For
those who completed the study, all exercise diaries were returned and no self-rated data
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were missing. Twelve days of accelerometer recordings, from 10 participants (0.3%),
were lost due to battery failure.
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Table 6:1 Demographic and clinical characteristics of participants (n = 54)
Mean ± SD or n (%)
Age (years)
Female sex
Height (cm)
Body mass (kg)
BMI (kg/m²)
Symptom duration (years)
Affected knee (Right)
Level of education
Less than 3 years of high school
Three years or more of high school
Some tertiary training
Graduated from university or polytechnic
Any post-graduate study
Employment status
Work full-time
Work part-time
Unable to work due to health reasons
Retired (not due to health reasons)
Unemployed/not employed
NRS average knee pain (0-10)*
WOMAC pain subscale (0-20)*
WOMAC function subscale (0-68)*

57.5 ± 7.8
37 (69)
1.70 ± 0.1
83.0 ± 18.2
29.4 ± 6.4
7.7 ± 8.7
27 (50)
0 (0)
5 (9)
9 (17)
15 (28)
25 (46)
28 (52)
20 (37)
1 (2)
2 (4)
1 (2)
5.2 ± 1.3
6.1 ± 3.3
19.4 ± 9.7

SD = Standard deviation; BMI = Body Mass Index; NRS = Numeric Rating Scale;
WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index;
* Lower scores = less symptoms
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6.3.1 Self-reported and accelerometer-measured exercise adherence
Significant skewing of data can be seen in both self-reported measures when plotted
against the objectively measured accelerometer recordings (Figure 6.1). Adherence was
significantly overestimated in exercise diaries at all time points compared to
accelerometer recordings (Table 6.2). The median (interquartile range [IQR]) exercise
volume recorded in diaries over the 12 weeks was 220 exercises [IQR 200 to 232]
compared to 176 exercises [IQR 128 to 205] recorded objectively by the accelerometers
(p<0.001).

The wide 95% limits of agreement of the Bland-Altman plot indicate large betweenparticipant variability in level of agreement between diary and accelerometer measured
exercise completion (Figure 6.2). Very good agreement was found between the diary
and accelerometer only when participants had objectively completed more than 200
exercises (83% of the program).
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Figure 6:1 Scatter plots depicting (a) diary recorded exercise adherence and (b)
self-rated exercise adherence over the 12-week period compared to
accelerometer measured exercise completion.

Dashed lines represent agreement between the measures
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Table 6:2

Diary and accelerometer recorded exercise volume over the 12-week
intervention.

Timeframe

Diary recorded
exercise volume

Accelerometer
recorded exercise
volume

Median (IQR)

Median (IQR)

z-score

p-value

Week 0 - Week 2

40 (36 - 40)

36 (28 - 40)

5.6

<0.001

Week 3 - Week 4

40 (36 - 40)

32 (24 - 40)

4.8

<0.001

Week 5 - Week 6

40 (32 - 40)

32 (20 - 36)

5.5

<0.001

Week 7 - Week 8

36 (36 - 40)

28 (16 - 34)

5.8

<0.001

Week 9 - Week 10

40 (30 - 40)

24 (16 - 36)

5.8

<0.001

Week 11 - Week 12

36 (32 - 40)

26 (10 - 36)

5.6

<0.001

220 (200 - 232)

176 (128 - 205)

6.2

<0.001

Overall (Week 0 –Week 12)

Between measure
difference*

IQR = Interquartile Range.
* Calculated using the Wilcoxon matched-pairs signed-rank test as between-measure
data were not normally distributed.
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Figure 6:2 Bland-Altman plot depicting the agreement between exercise diary and accelerometer measured exercise completion
over 12 weeks.

The dashed line represents the mean difference between the measures (diary recorded exercises – accelerometer recorded exercises) and
dotted lines represent the upper and lower limits of agreement.
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Neither self-reported measure met the optimal level of correlation with the gold
standard (r>0.80) (Table 6.3). Adherence recorded in exercise diaries showed a
moderate correlation with accelerometer data over 12 weeks (r=0.52 (95%CI 0.26 to
0.69)). Self-rated adherence over increasing recall time periods from 2 to 12 weeks
showed little to fair correlations with wide confidence intervals with accelerometer data
(r=0.23 (95%CI 0.003 to 0.47) to r=0.39 (95%CI 0.14 to 0.58)). No pattern of change in
correlation between the measures was evident with increasing recall periods.

6.3.2 Test-retest reliability of self-rated adherence scale
On the two occasions one day apart at Week 2, self-rated adherence neared, but did not
meet the defined minimal acceptable level of reliability (ICC=0.79, lower 1-sided 95%
CI 0.68) (Table 6.4).
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Table 6:3

Correlations of objectively measured and self-reported exercise
adherence

Timeframe

Accelerometer vs
Self-rated adherence*

Accelerometer vs
Exercise diary

Week 0 - Week 2

0.35 (0.09 – 0.58)

0.61 (0.41 – 0.78)

Week 0 - Week 4

0.39 (0.14 – 0.58)

0.64 (0.39 – 0.76)

Week 0 - Week 6

0.27 (0.05 – 0.50)

0.57 (0.34 – 0.71)

Week 0 - Week 8

0.23 (0.003 – 0.47)

0.55 (0.30 – 0.70)

Week 0 - Week 10

0.38 (0.14 – 0.55)

0.50 (0.26 – 0.66)

Week 0 - Week 12

0.39 (0.12 – 0.59)

0.52 (0.26 – 0.69)

Data are Spearman correlation coefficients (95% Confidence Intervals).
* Numeric Rating Scale: (0 = Strongly disagree to 10 = Strongly agree) completed
reflecting on the period since commencing the study, in response to the statement:
“Overall I have been doing my exercises exactly as I was asked to by my physical
therapist (number of sessions and number of exercises).”
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Table 6:4

Test-retest reliability and measurement error estimates of self-rated adherence scale

Self-rated adherence*

Measurement 1

Measurement 2

ICC(2,1)

mean (SD)

mean (SD)

(95%CI)

9.2 (1.6)

9.4 (1.2)

0.79 (0.67 – 0.87)

Lower 1-sided CI

SEM 95%CI

0.68

0.65 (0.55-0.80)

ICC = Intraclass Correlation Coefficient; SEM = Standard Error of Measurement; SD = Standard Deviation; CI = Confidence Interval.
*Numeric Rating Scale: (0 = Strongly disagree to 10 = Strongly agree) completed on two occasions one day apart at Week 2, in response to
the statement: “Overall I have been doing my exercises exactly as I was asked to by my physical therapist (number of sessions and number
of exercises).”
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6.4

DISCUSSION

To our knowledge this is the first study to utilise concealed accelerometers during a
home-based strengthening program as an objective measure to examine the validity of
self-reported exercise adherence measures. Diaries overestimated exercise adherence by
almost 20% of the total exercise program on average over the 12-weeks and showed
only a moderate correlation with accelerometer data. Large between-participant
variability in agreement between the two measures was observed (range of difference
between diary and accelerometer measured exercises: 0 to 212 exercises). Self-rated
adherence on an 11-point NRS showed little-fair correlations with accelerometer data,
and the strength of correlation did not substantially vary with increasing recall time
periods from 2 to 12 weeks. Test-retest reliability of the self-rated scale neared, but did
not meet, acceptable levels of reliability.

Our results showed greater overestimation in exercise diaries than previously reported
in studies comparing self-report measures of home exercise adherence to objective
measures assessed without patient knowledge in other populations. Adults with complex
regional pain syndrome who completed a computer-guided home exercise program
overestimated program adherence in exercise diaries by an average of 10% compared to
adherence measured by the computer program (Moseley, 2006). Similarly, a study
comparing weekly exercise logs to data recorded on a Nintendo Wii console among
people with systemic lupus erythematosus found over-reporting of exercise completion
by a mean of 13% (Yuen et al., 2013). In contrast, we observed overestimation of
adherence in the exercise diaries by approximately 20% over the 12-week period. This
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may be due to a number of differences between the studies, including the comparatively
small sample sizes in the other studies (n=28 and n=11 respectively). Among the cohort
with complex regional pain syndrome the author noted increasing overestimation with
increased duration of disease (Moseley, 2006). Our cohort reported having experienced
symptoms for 7.7 years on average, which may also contribute to the observed higher
level of over-reporting.

6.4.1 Strengths and limitations
A significant strength of our study is the unique methodology of concealing
accelerometers within weights to allow objective assessment of home exercise
completion. This reduced the risk of individuals altering their exercise behaviour, or
altering their exercise reporting to match their objectively measured exercise
completion. One physical therapist completed all appointments with all participants,
decreasing the risk of variability in delivery of the intervention. Several limitations
should also be considered. Participants volunteered to take part in a non-randomised
study involving strengthening exercises for chronic knee pain. Participants were
predominantly female, working full- or part-time and residing in metropolitan
Melbourne. More than 80% of participants objectively completed more than 50% of the
exercises as prescribed, limiting our ability to assess the validity of the measures when
adherence is particularly poor. Participants were asked to complete a set number of
exercises, and over-completion of exercises was not included in analyses. This ceiling
effect likely contributed to the decreased over-reporting bias observed in diaries as
objectively measured exercise completion increased. While participants were
encouraged to complete their exercise diaries at the time of exercising, it is possible that
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diaries were completed retrospectively at times, increasing the risk of inaccurate recall.
Participants handed their exercise diary to the treatment physical therapist, and were
aware that she would be viewing their responses. This may have influenced their
completion of the exercise diary and potentially contributed to over-reporting of
exercise adherence. No participants advised the therapist during their sessions or after
they were sent the debriefing letter that they were aware of the presence of the
accelerometer, however we cannot exclude that this may have occurred and influenced
exercise reporting. Current findings are likely relevant to populations and exercises
other than those assessed in this study, however our results apply directly to people with
chronic knee pain completing home strengthening exercises using an ankle cuff weight.
Our findings also relate only to the self-reported diary and scale used in this study.

The self-rated adherence scale showed poor correlation with accelerometer-assessed
adherence, irrespective of the recall duration. This may be due to the nature of the
measure, which required participants to reflect on the number of exercise sessions and
exercises they had performed and convert that to a rating from 0 to 10. Instead, it may
be easier for participants to simply report the number of exercises or the number of
exercise sessions they had completed.

6.4.2 Implications of the findings
Accurate assessment of exercise adherence is essential to maximise the benefits of
exercise for people with chronic musculoskeletal conditions. Previous research has
identified that within clinical practice, measures of exercise adherence are underutilised
and in randomised controlled trials assessment of adherence is often lacking (Beinart et
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al., 2013; Holden et al., 2008). Choosing an appropriate exercise adherence measure,
taking into account cost and patient burden as well as validity and reliability is
important for clinicians and researchers alike, and the absence of a recommended selfreported measure of exercise adherence has been acknowledged as a significant
limitation to progressing the field of exercise adherence research (McLean et al., 2017).
Neither of the adherence measures we studied can be confidently recommended for use.
The self-rated scale did not provide consistently valid or reliable data. Exercise diaries
provided a more accurate measure of adherence among participants who completed
most of the exercise program as prescribed, however due to the significant risk of overreporting, clinicians should be cautioned about relying on exercise diary data alone
when evaluating patient adherence to home exercise. This overestimation in exercise
diaries, and the poor validity of adherence scales impacts on interpretation of exercise
intervention studies, and particularly interventions targeting exercise adherence. Our
recent systematic review identified limited evidence for interventions to improve
exercise adherence among older adults with hip/knee OA or chronic low back pain
(Nicolson et al., 2017), however these results may in part be explained by the limited
validity and reliability of the adherence measures used. Development of a self-report
measure that is sufficiently able to capture the complexity of unsupervised exercise
adherence is certainly a research priority. In addition, recent innovative technological
devices offer new opportunities for objective measures of adherence (Giggins et al.,
2014; Rathleff et al., 2014; Rathleff et al., 2015). Further development and use of these
measures may provide important objective adherence data, and may also act as an
intervention to improve adherence as patients are aware of being monitored (Moseley,
2006).
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6.5

CONCLUSION

Both exercise diaries and self-rated scales demonstrated questionable validity in
measuring home exercise adherence when compared with the objective accelerometer
measure. The self-rated adherence scale was also found to have limited test-retest
reliability. Consequently neither of the adherence measures examined in this study can
be confidently recommended for clinicians or researchers to use in similar contexts
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CHAPTER 7

Effects of covertly measured home exercise adherence on patient
outcomes among older adults with chronic knee pain.

The following manuscript is currently undergoing peer-review at Arthritis Care and
Research (submitted March 2018). Nicolson PJA, Hinman RS, Kasza J, Wrigley TV,
Bennell KL. Effects of covertly measured home exercise adherence on patient outcomes
among older adults with chronic knee pain. Supplementary material (Appendices H, J,
K & L)
Note: due to journal specifications the term “physical therapist” is used in this
manuscript in place of “physiotherapist”.
Author contributions for this chapter are the following: The authors contributed to the
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drafting of the article: PN, KB, RH, TW, JK. Final approval of the article: PN, KB, RH,
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Effects of covertly measured home exercise adherence on patient outcomes among
older adults with chronic knee pain.
Philippa J.A. Nicolson, Rana S. Hinman, Jessica Kasza, Tim V. Wrigley, Kim L.
Bennell.
Abstract
Objective To determine the relationship between adherence to a 12-week home
strengthening program, covertly measured by accelerometers in ankle cuff weights, and
changes in outcomes of self-reported pain, physical function, and knee extensor strength
among people with chronic knee pain.
Methods 54 older adults with chronic knee pain completed a 12-week home-based
quadriceps strengthening program. A triaxial accelerometer was concealed in the ankle
cuff weight used for exercises to assess exercise adherence (measured as percentage of
prescribed exercises completed). Associations between exercise adherence and changes
in pain and function (measured using the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC)) and peak isometric knee extensor strength at 2-week
intervals were examined using mixed effects models, and over the entire 12 weeks using
linear regression models and fractional polynomials.
Results Home exercise adherence declined over the 12 weeks, from a median [IQR] of
90% [70% to 100%] in Weeks 0-2 to 65% [25% to 90%] in Weeks 10-12. Significant
improvements were observed in knee pain (mean change (95% confidence interval (CI)
=-3.2 units (-2.4 to -3.9)), function (-10.1 units (-7.8 to -12.4)) and knee extensor
strength (0.34 Nm/kg (0.26 to 0.42)) across the group over the same period. Exercise
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adherence was not significantly associated with changes in pain, function and knee
extensor strength over 2-week periods, or the entire 12 weeks of this study.
Conclusion Covertly-measured adherence to a 12-week home strengthening
intervention was not associated with changes in patient outcomes. These findings
challenge the notion that greater exercise adherence leads to greater improvement in
patient outcomes during a short-term intervention.
Key words: Home exercise; Adherence; Concealed accelerometers; Outcomes;
Osteoarthritis; Knee.
Running Head: Exercise adherence and outcomes in osteoarthritis.
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7.1

INTRODUCTION

Chronic knee pain, often attributed to knee osteoarthritis (OA), is a common and
debilitating musculoskeletal condition among older adults (Ackerman et al., 2016;
Cross et al., 2014; Peat et al., 2001). A large body of evidence supports the use of
exercise for decreasing pain and improving function in people with knee OA
(Fernandopulle et al., 2017; Fransen et al., 2015; Juhl et al., 2014; Uthman et al., 2013).
As such, all current evidence-based guidelines recommend knee muscle strengthening
exercises for all people with knee OA (Fernandes et al., 2013; McAlindon et al., 2014).
Given the chronic nature of knee OA, home-based exercise programs offer a costeffective long-term self-management option. The most recent Cochrane review of
exercise for knee OA found that home-based programs provided beneficial effects
similar to those reported with supervised individual and class-based exercise programs
(Fransen et al., 2015). Consequently, optimizing outcomes of home strengthening
programs is essential for the successful long-term management of chronic knee pain.

The effect sizes of exercise interventions for people with knee OA have been found to
be moderate at best (Fransen et al., 2015). Poor adherence to exercise programs as
prescribed by health professionals has been suggested as an important factor
contributing to this (Marks, 2012). However, research evaluating the influence of
exercise adherence on patient outcomes in knee OA remains limited (Marks &
Allegrante, 2005). Conclusions from the few previous studies are limited by the use of
self-reported measures of exercise adherence, and dichotomization of exercise
adherence into variable “adherent” and “non-adherent” categories (Ettinger et al., 1997;
Pisters et al., 2010b; van Gool et al., 2005). While self-reported measures of exercise
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adherence such as exercise diaries and self-rated scales are commonly used methods of
assessing exercise adherence, they are vulnerable to over-estimation, poor recall and
reporting bias (Bassett, 2003). Concealed inertial sensors, such as an accelerometer
within an ankle cuff weight, provide an objective measure that detects and records
movement without patients being aware of its presence. Use of such sensors to assess
exercise adherence allows a more accurate evaluation of the relationship between
adherence and outcomes.

In a longitudinal study, we examined the concurrent validity of adherence to a 12-week
home strengthening program measured via an exercise diary or self-rated scale
compared to adherence simultaneously measured using a concealed accelerometer in a
cuff weight, among a cohort of older adults with chronic knee pain (Nicolson et al.,
2018). Both the exercise diary and self-rated adherence scale showed less than
acceptable validity and variable levels of agreement when compared with
accelerometer-measured exercise completion, bringing into question the usefulness of
such self-reported measures to assess exercise adherence (Nicolson et al., 2018). Using
the concealed accelerometer data, the objective of this exploratory study was to
examine the effect of home exercise adherence on changes in outcomes of self-reported
pain and physical function, and knee extensor strength. We hypothesised that greater
levels of exercise adherence would be associated with better outcomes.
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7.2

MATERIALS AND METHODS

Data from people who completed the validity study were used (Nicolson et al., 2018).
Ethical approval was granted by the University of Melbourne Human Research Ethics
Committee. All participants provided written informed consent prior to commencement.

7.2.1 Participants
Sixty participants were recruited in Melbourne, Australia via online advertising on
social media and University-wide newsletters. Inclusion criteria were: (i) aged ≥45
years; (ii) knee pain on most days of the past month; (iii) knee pain ≥3 months duration;
and (iv) overall average knee pain in the last week ≥4 on an 11-point numeric rating
scale (NRS) and (v) morning knee joint stiffness lasting <30 minutes. Participants were
ineligible if they were awaiting a knee or hip joint replacement on the painful knee side;
suffered from a systemic arthritic condition, any other major joint pain or neurological
condition limiting their ability to exercise safely, or were unable to understand
written/spoken English.

7.2.2 Procedure
Volunteers undertook telephone screening to confirm eligibility. Individual sessions
with a physiotherapist (PN) were scheduled for all participants at Weeks 0, 2, 4, 6, 8, 10
and 12. Each session involved completion of self-reported pain and function measures
online, knee extensor strength assessment, adjustment of ankle cuff weights as
appropriate and review of exercise technique. Participants were supplied with an
adjustable ankle cuff weight for their home exercises. The cuff consisted of five pockets
into which 500g or 1kg sandbags were inserted, allowing incremental weight increases
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up to 5kg. The four prescribed quadriceps strengthening exercises (Appendix H) have
been used in previous clinical trials conducted at our research centre, and shown to
improve pain, function and quality-of-life among people with knee OA (Bennell et al.,
2014; Lim et al., 2008). The dose was 1-2 sets of 10 repetitions, with a starting weight
needed to achieve a self-rating of 4-6 out of 10 on the Borg Rating of Perceived
Exertion (RPE CR-10) scale (Day et al., 2004). Participants were asked to complete the
exercises on five self-selected days of the week.

Participants were unaware of the presence of the concealed accelerometer while they
were participating in the study. Following the Week 12 appointment, participants were
sent a debriefing letter which thanked them for taking part in the study, explained the
presence of the accelerometer in the weight and offered the opportunity to withdraw
their data if they wished.

7.2.3 Measures
Home exercise adherence
Home exercise adherence was measured objectively using a compact X16-mini triaxial
accelerometer and data logger (Gulf Coast Data Concepts, Mississippi, USA). All
prescribed exercises were in the vertical plane and did not involve appreciable linear
acceleration. The accelerometer was concealed within the ankle cuff weight (Appendix
J), and was changed at each fortnightly appointment to allow data download.
Accelerometer battery life permitted data to be recorded for 14 consecutive days. Two
measures were determined from the accelerometer: i) number of exercise sessions
completed over each 2-week period; and ii) number of different exercises performed in
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each session. All epochs of recorded movement were displayed in Matlab and visually
inspected for the highly stereotypical exercise pattern (Appendix K). Epochs containing
exercise were tagged, then time cursors were manually placed to delineate the beginning
and end of each of the exercises within each session (Appendix K). This process was
completed for all files by one grader (PN), and checked at a later date by the same
grader. The number of exercises recorded in each 2-week period was divided by 40
(participants were prescribed 4 exercises to complete 5 days per week= 40 exercises per
2-week period) to give a percentage (%) of the program completed as prescribed. These
values were used in analyses. When accelerometer data were missing, exercise
adherence for the relevant 2-week period was calculated for the recorded period only
(ie. if two days of data were missing, adherence was calculated out of a possible 8
sessions (32 exercises) rather than 10 sessions (40 exercises). Adherence over the entire
12-week intervention was calculated by dividing the total number of exercises recorded
by 240 (participants were prescribed four exercises to complete five days per week=
240 exercises over the 12 weeks) to give a percentage (%) of the program completed as
prescribed.

Pain and physical function
Pain and physical function were measured using the respective subscales of the Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC) (Likert version 3.1)
(Bellamy et al., 1988). The pain subscale has 5 items, each answered on a 5 point Likert
scale (0 = no pain, 4 = extreme pain) giving a total score from 0 (no pain) to 20
(maximum pain). The physical function subscale has 17 items, each answered on a five
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point Likert scale (0 = no dysfunction, 4 = extreme dysfunction) giving a total score out
of 68 (maximum dysfunction).

Knee extensor strength
Maximal isometric knee extensor strength was assessed using a custom-designed
apparatus including a force transducer (Sparker Instruments, Wenzhou China) attached
to a chair. Participants were securely seated with their knee flexed at 90 degrees. The
lever arm was measured as the distance from the knee joint line to the mid-point on the
ankle cuff. Participants received standardised strong verbal encouragement to “push as
hard as you can” and were familiarised with testing procedures by performing one
submaximal attempt before performing three maximal three second trials. Trials were
separated by an approximate 30-second rest period. The peak force value (Newtons)
from the three maximal trials (gravity compensated) was multiplied by the lever arm
length (m) and divided by body mass (kg) for analysis (Nm/kg).

7.2.4 Statistical analysis
Data were analysed in Stata Statistical Software Release 14.0 (StataCorp LP, College
Station, TX). Data were analysed only for participants who completed all 12 weeks of
the study. Descriptive statistics were used to describe baseline characteristics of the
cohort and the course of outcomes and exercise adherence over the 12 weeks. Paired ttests were used to determine changes in WOMAC pain, WOMAC function and knee
extensor strength from Week 0 to Week 12. Changes in fortnightly exercise adherence
over the course of the 12-week intervention were assessed using the Wilcoxon signedrank test as data were not normally distributed. Linear regression models were used to
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estimate associations between home exercise adherence over the entire 12-week
intervention period and 12-week changes in WOMAC pain, WOMAC function and
knee extensor strength. For each outcome, three models were fitted: a univariate model
including only the change in outcome from Week 0 to Week 12 (dependent variable)
and adherence over the 12 weeks (independent variable); and two multivariate models.
Multivariate models were adjusted for the baseline (Week 0) score of the outcome, then
including, in addition, age, sex, body mass index (BMI) and duration of symptoms. To
assess whether non-linear relationships between adherence and each of the outcomes
were supported by the data, fractional polynomials for adherence were included in
regression models. Fractional polynomials allow for complex non-linear relationships
between the outcome and adherence to be investigated, finding the transformation that
best fits the data without unduly increasing model complexity (Royston et al., 1999).

To examine the association between adherence over each 2-week period and changes in
outcomes over the same period linear mixed effects models were constructed, with
random effects included accounting for multiple measurements on each individual.
These models included fixed effects for the baseline score of the outcome, age, sex,
BMI and duration of symptoms. Models were fit with and without an interaction term
between week and adherence, to examine whether the association between adherence
and change in outcomes varied between 2-week periods throughout the intervention.
Standard diagnostic plots were inspected to ensure that the residuals of each linear
model conformed to the assumptions of normality (normal quantile-quantile plots) and
constant variance (scatter plots).
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7.3

RESULTS

Fifty-four (90%) participants completed the study and data were analysed only for these
participants. No participants requested to withdraw their data upon receiving the
debriefing letter. In total, 12 days of accelerometer recordings from 10 participants
(0.3%) were lost due to battery failure. Participants were predominantly female,
overweight, tertiary educated and working full- or part-time. Duration of knee
symptoms varied across the group (median 5.0 years, range: 3 months to 37 years).
Overall the cohort reported moderate levels of knee pain and functional impairment at
baseline (Table 7.1).
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Table 7:1

Baseline demographic and clinical characteristics of participants
(n = 54)

Mean ± SD or n (%)
Age (years)
Female sex
Height (cm)
Body mass (kg)
BMI (kg/m²)
Symptom duration (years) (median [IQR])
Affected knee = Right
Level of education
< 3 years of high school
≥ 3years of high school
Some tertiary training
Graduated from university or polytechnic
Any post-graduate study
Employment status
Work full-time
Work part-time
Unable to work due to health reasons
Retired (not due to health reasons)
Unemployed/not employed
WOMAC pain (0-20)†
WOMAC function (0-68)†
Knee extensor strength (Nm/kg)

57.5 ± 7.8
37 (69)
1.7 ± 0.1
83.0 ± 18.2
29.4 ± 6.4
5.0 [1.0, 10.0]
27 (50)
0 (0)
5 (9)
9 (17)
15 (28)
25 (46)
28 (52)
20 (37)
1 (2)
2 (4)
1 (2)
6.1 ± 3.3
19.4 ± 9.7
1.15 ± 0.28

SD = Standard Deviation; BMI = Body Mass Index;
WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index;
† Lower scores = less symptoms.
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The course of patient outcomes and home exercise adherence over the 12-week
intervention are shown in Table 7.2. Knee pain (mean change -3.2 units (95%
confidence intervals (CI) -2.4 to -3.9)), function (-10.1 units (-7.8 to -12.4)) and knee
extensor strength (0.34 Nm/kg (0.26 to 0.42)) all improved significantly (p<0.01) from
Week 0 to Week 12 across the cohort. Participants’ knee extensor strength improved on
average 31.4% over the 12 weeks. Median exercise adherence declined significantly
over the course of the intervention from 90.0% [Interquartile range [IQR]=70.0% to
100.0%] in Weeks 0-2 to 65.0% [25.0% to 90.0%] in Weeks 10-12 (z=4.12, p<0.001).
Variation in exercise adherence between participants increased from Weeks 0-2 [IQR=
70.0% to 100.0%] to Weeks 10-12 [IQR= 25.5% to 90.0%]. Figure 7.1 displays the
individual trajectories of adherence for all participants over the 12-week period.
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Table 7:2

Course of self-reported pain and function, quadriceps strength and home exercise adherence over 12-week
intervention period
WOMAC pain (0-20)†

WOMAC function (0-68)†

Knee extensor strength
(Nm/kg)

Home exercise
adherence (%)††

Baseline

6.1 ± 3.3

19.4 ± 9.7

1.15 ± 0.40

-

Week 2

4.8 ± 2.8

14.4 ± 8.4

1.32 ± 0.46

90.0 [70.0, 100.0)

Week 4

4.2 ± 2.8

13.3 ± 8.4

1.37 ± 0.50

80.0 [60.0, 100.0]

Week 6

3.9 ± 3.3

12.5 ± 10.7

1.38 ± 0.51

80.0 [50.0, 90.0]

Week 8

3.8 ± 3.2

11.6 ± 10.2

1.37 ± 0.49

70.0 [40.0, 85.0]

Week 10

3.6 ± 3.8

11.8 ± 12.1

1.38 ± 0.53

60.0 [40.0, 90.0]

Week 12

2.9 ± 2.9

9.4 ± 9.6

1.49 ± 0.54

65.0 [25.0, 90.0]

-3.2 (-2.4 to -3.9)
p=<0.00

-10.1 (-7.8 to -12.4)
p=<0.00

0.34 (0.26 to 0.42)
p=<0.00

p=<0.00

Change from Baseline
to Week 12

Patient outcomes at each time point presented as mean ± standard deviation unless otherwise stated. Changes in pain, function and strength
presented as mean (95% Confidence Interval) and tested using paired t-tests. Change in adherence tested using the Wilcoxon matched-pairs
signed-rank test as data not normally distributed
WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index; IQR = Interquartile Range.
† Lower scores = less pain/functional impairment.
† † Home exercise adherence expressed as median [IQR] percentage (%) of prescribed program completed in each preceding 2-week
period.
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Figure 7:1 Individual trajectories of home exercise adherence for all participants
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Adherence and changes in pain, function and knee extensor strength
Figure 7.2 displays scatterplots depicting relationships between changes in pain,
function and knee extensor strength and total home exercise adherence over the 12week intervention period. Evidence of associations between adherence to the home
exercise program over the entire 12-week intervention and changes in any of the
measured patient outcomes in unadjusted or adjusted linear regression models was not
found (Table 7.3). The data did not support non-linear transformations of exercise
adherence as investigated using the fractional polynomial approach. Figures in
Appendix L indicate that the best-fitting fractional polynomial models did not
incorporate transformations of adherence that differed from linear in a meaningful way.
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Figure 7:2 Scatterplots of change in a) WOMAC pain; b) WOMAC function and
c) knee extensor strength and home exercise adherence over the 12week intervention
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Table 7:3

Regression coefficients for home exercise adherence from linear regression models for 12-week changes in WOMAC
pain and function and knee extensor strength
Multivariable analysis1

Univariable analysis

WOMAC pain subscale
(0-20)
WOMAC function subscale
(0-68)
Knee extensor strength
(Nm/kg)

Regression
coefficient
(95% CI)
-0.02
(-0.05 - 0.01)
-0.03
(-0.12 – 0.07)
0.003
(0.00003 0.007)

R²

p-value

0.02

0.28

0.005

0.61

0.07

0.05

1

Regression
coefficient
(95% CI)
-0.02
(-0.04 - 0.01)
-0.02
(-0.11 – 0.06)
0.003
(-0.0004 0.006)

R²

p-value

0.31

0.26

0.21

0.58

0.10

0.09

Adjusted for baseline score of outcome.
Adjusted for baseline score of outcome, age, sex, body mass index and duration of symptoms.
CI = Confidence Interval.
WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
2
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Multivariable analysis2
Regression
coefficient
(95% CI)
-0.02
(-0.05 - 0.01)
-0.002
(-0.10 – 0.10)
0.003
(-0.0007 0.007)

R²

p-value

0.34

0.28

0.24

0.97

0.17

0.12
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Table 7.4 shows the results of fitting linear mixed effects models to assess the
association between home exercise adherence and changes in WOMAC pain and
function and knee extensor strength over all 2-week intervals during the intervention.
Results are presented for models without an interaction term between time and
adherence, as tests for this interaction were not statistically significant (p<0.05).
Adherence to the home exercise program was not statistically significantly associated
with changes in any of the outcomes in these models.

Table 7:4

Regression coefficients for home exercise adherence from linear mixed
effects models for changes in WOMAC pain and function, and knee
extensor strength at 2-week intervals over the 12-week intervention.
Models adjusted for baseline score of outcome, age, sex, body mass
index and duration of symptoms.
Regression coefficient
(95% CI)
-0.002
(-0.01 - 0.01)
-0.01
(-0.04 - 0.02)
0.003
(-0.0006 - 0.001)

WOMAC pain subscale (0-20)
WOMAC function subscale (0-68)
Knee extensor strength (Nm/kg)

p-value

WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
CI = Confidence Interval.
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7.4

DISCUSSION

To our knowledge this is the first study to utilize concealed accelerometers to
objectively assess home exercise adherence to a 12-week strengthening program among
people with chronic knee pain, and assess relationships with changes in clinical
outcomes. We utilized linear regression, mixed effects models and fractional
polynomials to examine the association between exercise adherence and change in
patient outcomes over 2-week periods as well as over the entire 12 weeks of the
intervention. We observed a significant decline in home exercise adherence across the
cohort during the 12 weeks, and an increase in variation in adherence between
participants over this time. Patient outcomes, particularly self-reported outcomes related
to knee pain and function, showed significant improvements over the 12-week
intervention. However, there was no evidence that higher exercise adherence was
associated with greater improvements in any of the measured outcomes.

These findings challenge the commonly held notion that greater exercise adherence
leads to greater improvement in patient outcomes as almost all participants reported
improvements, irrespective of their level of adherence (Tubach et al., 2005; Tubach et
al., 2012). This suggests that factors other than adherence were more important in
driving improvements in the measured outcomes over the 12-week timeframe.
Numerous factors have been proposed as potential mechanisms underpinning positive
effects of exercise (Beckwee et al., 2013; Runhaar et al., 2015). Fortnightly contact with
the physiotherapist over the 12-week intervention and the development of a positive
therapeutic relationship over this time may have contributed to the observed
improvements. Supporting this is previous research that has found a positive patient-
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clinician relationship leads to improvement in outcomes, irrespective of the treatment
prescribed, or whether the patient engages in the treatment itself (Bensing & Verheul,
2010; Di Blasi et al., 2001; Hall et al., 2010; Martin et al., 2000; Street et al., 2009).
Furthermore, this positive effect may be exaggerated within the context of volunteer
participation in a study and the expectation of benefit from the treatment (Street et al.,
2012; Street et al., 2009). There are also other possible explanations for the observed
absence of association between home exercise adherence and change in outcomes in this
exploratory study. First, although adherence declined over the 12 weeks, more than 80%
of participants still performed more than 50% of the prescribed exercises by study
completion. This limited variation in the data may have restricted our ability to identify
an association between adherence and change in outcomes, if such a relationship truly
exists. Second, while using concealed accelerometers to measure exercise adherence in
this study provided objective data, the measure does not take into account intensity of
exercise performance, which may influence the magnitude of change in outcomes
(Bartholdy et al., 2017). It is possible that our measure was not specific enough, and that
a measure of exercise adherence that included exercise intensity may have yielded
significant relationships, particularly for change in knee extensor strength.

Our results differ to those of two previous studies that examined the association
between exercise adherence and changes in patient outcomes in cohorts with knee or hip
OA. In post-hoc analysis of data from a randomised controlled trial (RCT) comparing
exercise, diet and a combined intervention in overweight and obese people with knee
OA, van Gool et al (van Gool et al., 2005) reported higher exercise adherence was
associated with greater improvements in 6 minute walking distance after 6 and 18
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months, and in self-reported disability after 6 months. Similarly, a RCT comparing
behavioural graded therapy and usual exercise therapy among people with hip or knee
OA (Pisters et al., 2010b) reported adherence to home exercises was significantly
associated with better outcomes of pain measured using the WOMAC pain subscale,
self-reported physical function measured using the WOMAC function subscale and
physical performance measured using the 5m walk. A number of differences in study
methodology may explain why these findings differ to ours. Both previous studies used
self-reported methods of assessing exercise adherence (exercise log completion (van
Gool et al., 2005) and a 5-point self-rated numeric rating scale (Pisters et al., 2010b)),
which we have shown have limited validity in accurately assessing home exercise
completion (Nicolson et al., 2018). Van Gool and colleagues divided exercise adherence
data (measured by exercise log completion) into tertiles for analysis (van Gool et al.,
2005). This grouping of data may have led to inflation of any relationship between
adherence and change in outcomes. Both previous studies assessed adherence and
outcomes short- and long-term (at 3, 15 and 60 months (Pisters et al., 2010b); and at 6
and 18 months (van Gool et al., 2005)), both within and after the active intervention
period. Our study analysed adherence only during the 12-week intervention period, and
it is possible that we may have found significant relationships between exercise
adherence and change in outcomes longer-term, beyond the intensive intervention
period.

A significant strength of our study is the use of accelerometers concealed without
participant knowledge, allowing objective assessment of home exercise completion.
Concealment of the accelerometers minimized the risk of bias associated with self-
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reported measures of exercise adherence. Another strength was our robust analysis of
the data. Adherence was analysed as a continuous variable, as there appears little
consensus among exercise adherence research regarding what point should be
considered the cut-off between “adherent” or “non-adherent” (Frost et al., 2017). The
use of fractional polynomials in addition to linear regression models allowed for the
presence of potential non-linear relationships between adherence and change in
outcomes to be assessed (Royston et al., 1999). The use of linear mixed effects
modelling to assess the association between adherence and change in outcomes over
separate 2 week periods allowed for the accommodation of variability both between and
within individuals over time (De Livera et al., 2014). Our study also has some
methodological limitations that warrant consideration. First, participants volunteered to
take part in a non-randomised study involving strengthening exercises for chronic knee
pain, and thus may have been more motivated to report improvement in symptoms with
exercise than other older adults with chronic knee pain in the community. Second,
adherence and outcomes were assessed over a relatively short 12-week period only, and
results cannot be generalised to long-term exercise adherence and changes in outcomes
or to interventions involving different exercises or without bi-weekly contact with a
physiotherapist. Third, a learning effect may have influenced the observed improvement
in knee extensor strength measurements over the course of the study. Fourth, sample
size was calculated on the basis of assessing the validity of the exercise diaries and selfrated scale compared to accelerometer-measured adherence for another study (Nicolson
et al., 2018). Consequently the sample size was small, and may be underpowered to
detect changes in this present study. Thus our findings may only be considered
exploratory, and require replication in future studies.
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Our study extends existing knowledge by utilising an objective measure of home
exercise adherence to examine the association between exercise adherence and change
in outcomes over a 12-week intervention. Recent innovative technological devices offer
new opportunities for objective measures of adherence to home exercises (Giggins et
al., 2014; Rathleff et al., 2014). Use of these measures in future long-term exercise
studies will provide important adherence data. The absence of significant associations
between adherence and change in outcomes either over 2-week periods or the entire 12
weeks of the intervention highlights the complexity of adherence to exercise, and the
relationship between adherence and changes in patient outcomes. Our findings reinforce
the suggestion previously made by DiMatteo (DiMatteo, 1994; DiMatteo et al., 2002)
that adherence and treatment outcomes are distinctly different conceptually and
empirically, and clinical or symptomatic outcomes should not be used as proxies for
adherence in adherence research. It is possible that a complex feedback-type
relationship exists whereby adherence over a period influences change in outcomes over
that time which in turn influences future adherence. Future research exploring this
complex relationship, and the long-term association between exercise adherence and
change in outcomes is needed. Findings also highlight the need for further examination
of the mechanisms by which exercise improves outcomes.

In conclusion, we found preliminary evidence that the objectively measured level of
home exercise adherence over a 12-week strengthening intervention was not associated
with observed improvements in patient outcomes. These findings challenge the
assumption that greater exercise adherence leads to greater improvement in patient
outcomes during a short-term intervention, and highlights the need for further research
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examining the complex relationship between exercise adherence and changes in clinical
outcomes.
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CHAPTER 8

Summary of studies, implications of findings, strengths and limitations of
research, recommendations and future research

8.1

THESIS SUMMARY

The overall objective of this thesis was to build on current understanding of adherence
to exercise among people with knee osteoarthritis (OA). Interpretation of the findings
specific to each study have been presented within the respective preceding chapters.
This chapter aims to bring together the work of this thesis and give broader context to
the findings.

8.1.1 Brief summary of each study
Study One (Chapter Three) examined patterns of self-reported adherence to home
exercise programs over time among a large cohort of people with knee OA. Using latent
class growth analysis three distinct trajectory groups were identified. The first group
whose adherence was moderate at 12 weeks, declined rapidly over the following 10
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weeks and then remained poor (termed “Rapidly declining adherence”); a second group
whose adherence was high at 12 weeks and declined slowly at each time point to 78
weeks (termed “Gradually declining adherence”); and a third group whose adherence
was poor throughout. Few baseline characteristics differed between these groups, and
these differences were small. These findings highlight the need for close monitoring of
exercise adherence from commencement of a program, and the difficulty of predicting
the likely trajectory of exercise adherence for any individual based on baseline
characteristics. The identification of the “Rapidly declining adherence” and “Poor
adherence” groups affirmed the importance of identifying interventions and specific
behaviour change techniques to achieve and maintain adherence to exercise long-term.

Study Two (Chapter Four), a systematic review and meta-analysis, examined
interventions aimed at increasing adherence to exercise among older adults with
knee/hip OA or chronic low back pain. Findings highlighted the limited number and
heterogeneous nature of published randomised controlled trials (RCTs) specifically
aimed at increasing adherence to exercise compared to contextually equivalent control
groups. The limited meta-analysis including only two studies found moderate quality
evidence that incorporating booster sessions with a physiotherapist may improve
therapeutic exercise adherence in people with knee/hip OA. We also found emerging
evidence from individual high quality studies that interventions specifically targeting
patient motivation to exercise, or adopting a behavioural graded exercise approach may
improve exercise adherence. Results emphasized the need for further evidence about the
effectiveness of interventions to improve adherence. Findings also highlighted the need
for improved and standardized reporting of interventions, the need for evaluation of the
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validity and reliability of commonly used self-reported measures of exercise adherence,
and development of a validated standard outcome measure for exercise adherence.

Given that Study Two reviewed interventions to increase exercise adherence in a
research context, Study Three (Chapter Five) explored the perspective of both people
living with knee OA and physiotherapists who treat this patient group regarding their
use and perceived effectiveness of theory-derived behaviour change techniques (BCTs).
Results of the online questionnaire identified a mismatch between the BCTs
experienced by people with knee OA and used by physical therapists, and those
perceived to be most likely to be effective to increase and maintain exercise adherence.
Physical therapists were notably more optimistic than people with knee OA in
evaluating the perceived effectiveness of the BCTs. Both cohorts considered goal
setting related to knee pain and function to be effective at increasing exercise adherence,
but these techniques are yet to be specifically evaluated in a randomised trial.

A limitation identified in both Studies Two and Three was the lack of evaluation of the
validity and reliability of commonly used self-reported measures of exercise adherence.
Study Four (Chapter Six) aimed to address this by using unique concealed
accelerometer technology to examine the concurrent validity of exercise diary
completion and retrospective self-rated adherence scales among a cohort of older adults
with chronic knee pain undertaking a home strengthening program. Test-retest
reliability of the retrospective self-rated adherence scale was also assessed over
increasing recall periods. Exercise diaries showed questionable validity and variable
levels of agreement when compared with objective accelerometer-measured exercise
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completion. A self-rated adherence scale had limited validity compared to the
accelerometer and less than acceptable test-retest reliability. These findings query the
usefulness of these self-reported measures to assess exercise adherence both clinically
and in research.

Finally, Study Five (Chapter Seven) was an exploratory study that examined the effect
of home exercise adherence, measured using concealed accelerometers in Study Four,
on changes in patient outcomes of strength, pain and physical function over the 12-week
intervention. Mixed effects models, linear regression models and fractional polynomials
were used to investigate the presence of both linear and non-linear relationships
between adherence and change in outcomes. A significant decline in home exercise
adherence and an increase in variation in adherence between participants were observed
during the 12 weeks. Patient outcomes related to knee pain and function, and knee
extensor strength, showed significant improvements over the period. However, the level
of home exercise adherence was not significantly associated with changes in outcomes
in linear or non-linear models, challenging the notion that greater exercise adherence
leads to greater improvement in patient outcomes during a short-term intervention.

In bringing together the findings from the five studies, two issues worthy of
acknowledgement emerged. Firstly, the findings of Study Four suggest that neither the
exercise diary nor the self-rated scale provide consistently accurate assessment of
exercise adherence. The self-rated scale examined in this study was used to assess
exercise adherence in the RCTs analysed in Study One, while all studies included in the
systematic review of RCTs of interventions to improve exercise adherence in Study
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Two also used self-reported measures. The use of self-report was acknowledged as a
limitation in both of these studies, and the subsequent findings from Study 4 of less than
acceptable validity and reliability of these measures reinforce that the observed results
from these studies must be interpreted with caution. Use of objective measures of
exercise adherence, and development of a validated self-report measure are necessary
areas of future research and are discussed further in Section 8.5. Secondly, the absence
of an observed relationship between level of home exercise adherence and change in
patient outcomes in Study Five challenges the over-arching premise that greater
exercise adherence leads to greater improvement in patient outcomes. This unexpected
finding may be considered to undermine the importance of adherence to exercise, and in
turn lead one to question the significance of the findings of the preceding studies within
this thesis. However, it must be noted that this study only investigated the relationship
between exercise adherence and changes in patient outcomes in the short-term (12
weeks). Furthermore, a number of limitations to this exploratory study warrant
consideration, as previously detailed in Chapter Seven. None the less, ongoing
adherence to exercise is likely to contribute to obtaining and maintaining clinical
benefits long-term, as has been previously observed in other studies (Pisters et al.,
2010b). Long-term assessment of exercise adherence and its importance should be a
priority for future research and is discussed further in Section 8.5.
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8.2

CLINICAL IMPLICATIONS

Findings of this thesis highlight a number of areas for clinical consideration. The
identification of three distinct trajectories of home exercise adherence in Study One
should alert clinicians to be aware that not all people with knee OA adhere to the same
extent when prescribed a home exercise program. The small differences in baseline
characteristics observed between trajectory groups in this study should discourage
clinicians from attempting to predict the likely trajectory of exercise adherence for any
individual. Instead, adherence should be consistently monitored and discussed from
commencement of an exercise program, in order to identify when adherence is an issue
and intervene as soon as possible.

The limited validity and reliability of exercise diaries and a simple self-rated scale
compared to objectively assessed exercise adherence in Study Four brings into question
the usefulness of these measures to accurately assess exercise adherence in clinical
settings. In the absence of a gold standard self-reported measure of exercise adherence,
and given that previous research has found measures of exercise adherence are
underutilised in clinical practice (Holden et al., 2008) use of exercise diaries may
provide some insight into exercise adherence, and may act as a prompt to patients to
complete exercises at home (Frost et al., 2016). However, clinicians should be
cautioned about relying on exercise diary data alone. The observed over-reporting of
adherence in exercise diaries corroborates previous research that has suggested that
patients are prone to over-reporting in an effort to please the clinician (Bassett, 2003).
Establishing an environment and patient-clinician relationship in which patients feel
comfortable honestly reporting exercise completion will facilitate more accurate
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exercise monitoring, progression and adjustment as required. In addition, the findings of
Study Five highlight the importance of the patient-clinician relationship in leading to
improvement in outcomes irrespective of exercise adherence.

Physiotherapists play a key role in delivering exercise interventions to people with knee
OA. The findings of Study Three indicated that the most commonly used BCTs in
clinical practice were not those that are perceived by clinicians or people with knee OA
to be the most effective. Previous research has highlighted that clinicians perceive
difficulty in helping patients make lasting changes to their behaviour, and identified
gaps in clinician knowledge and skills surrounding behaviour change (Holden et al.,
2009; Mann & Gooberman-Hill, 2011). Targeted training related to behaviour change
theory and techniques may improve clinician confidence and skills in utilising BCTs
within treatments to help people with knee OA adhere to exercise programs (Holden et
al., 2009). The World Health Organization supports training in adherence and behaviour
change, stating that all healthcare professionals should have an “adherence counselling
toolkit” (World Health Organization, 2003). In addition, adherence and behaviour
change training should be embedded in physiotherapy student curriculum. Doing so will
provide graduate physiotherapists with the skills they need to confidently incorporate
BCTs throughout their clinical practice.

Findings of this thesis highlight a number of specific BCTs that clinicians should
consider incorporating into consultations to promote exercise adherence. Goal-setting
(related to both knee pain and function and exercise completion) was perceived to be
effective at improving exercise adherence by both clinicians and people with knee OA,
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yet only 15% of physiotherapists reported setting goals with their knee OA patients
previously. Results of the questionnaire also emphasized the importance of reviewing
progress towards these goals, and reviewing exercise technique at follow-up sessions.
The use of booster sessions to promote ongoing exercise adherence is supported by
systematic review evidence and was the highest rated BCT by people with knee OA.
Given that the number of contact sessions may be limited by time and funding
restrictions in a clinical setting physiotherapists should consider spacing appointments
to allow follow-up. Recent research also highlights the potential of appointments
delivered by telephone or video to allow cost-effective and time-efficient ongoing
contact (Bennell et al., 2017; Lawford et al., 2018).

Importantly, given the principles of patient-centred care, the multi-faceted nature of
exercise adherence, and the discrepancies observed between BCTs perceived to be most
effective by patients and clinicians, patient preference must be taken into account. The
impact of patient preference was recently highlighted in an RCT of a supervised
walking intervention compared to unsupervised walking for people with knee OA
(Loew et al., 2017). Participants who were assigned to their preferred group showed
significantly higher exercise adherence at 6 months compared to those who were
assigned to their non-preferred group (Loew et al., 2017). Providing patients with
evidence-based options and allowing them to select which option or options suit them
best is likely to positively impact adherence to exercise long-term.
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8.3

STRENGTHS

The methodological strengths of each study included in this thesis have been
highlighted within the relevant chapters. This section provides only an overview of the
major strengths of the research as a whole. The most notable strength is the range of
methodologies used across the five studies included in this thesis. Inclusion of data from
RCTs, systematic review and meta-analysis, clinician and patient questionnaires and a
clinical measurement study provides a comprehensive approach to answering multiple
key research questions. Inclusion of both clinician and patient perspectives regarding
techniques to improve adherence to exercise allowed identification of which techniques
respondents differed in their perception of, and which they agreed on. Findings from the
questionnaire can also be combined with the results of the systematic review and metaanalysis to identify techniques that have both research evidence and are perceived to be
effective by physiotherapists and people with knee OA, and to identify gaps between
research evidence and clinical perspectives.

A key strength of this thesis is the conceptual design where study findings and
limitations influenced and linked to subsequent studies. In the investigation of the
presence of different trajectories of exercise adherence in Study One, three distinct
trajectories, including a group who struggled to engage with the home exercise program
from the outset, and another whose adherence declined rapidly from short- to long-term
were identified. These findings highlighted the need for evidence-based interventions to
improve and maintain exercise adherence, which was then addressed in the systematic
review in Study Two, and the questionnaire of physiotherapist and patient views
towards BCTs targeting exercise adherence in Study Three. Similarly, a limitation noted
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in the literature review, and in Studies One, Two and Three was the urgent need for
studies examining the validity and reliability of commonly used self-reported measures
of exercise adherence. Study Four was designed to contribute to addressing this gap in
knowledge that has limited progression of research related to exercise adherence.

Another strength of this research is the rigorous methodology and statistical approaches
employed within each study. Multiple statistical techniques were utilised to optimise the
relevance and interpretation of findings. In Study One latent class growth analysis was
used to analyse longitudinal exercise adherence data as this method allows for different
groups of participants to have adherence trajectories that differ over time, rather than
previous methods that assume that all participants follow a common trajectory. In Study
Five fractional polynomials were used in addition to linear regression models in order to
allow for the presence of potential non-linear relationships between adherence and
change in outcomes to be assessed. In addition, linear mixed effects models were also
used in Study Five to allow for the accommodation of variability both between and
within individuals over time. The systematic literature review was conducted using high
methodological quality; it adhered to the PRISMA statement for quality reporting of
reviews and included the use of the Cochrane Risk of Bias assessment and the TIDieR
checklist for intervention description and replication.

This is the first research to utilise the novel methodology of concealing accelerometers
within weights to assess prescribed home exercise completion. This allowed objective
assessment of exercise adherence, and concurrent comparison to two commonly used
self-reported measures of exercise adherence. No participants reported being aware of
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the presence of the accelerometer throughout the 12-week study, minimising the risk of
participants altering their self-report responses. This method of objectively assessing
home exercise adherence without participant’s knowledge also allowed the relationship
between home exercise adherence and change in patient outcomes to be examined
without the risks of bias of self-report that have limited previous research.

8.4

LIMITATIONS

The limitations of each study within this thesis have been outlined in the corresponding
thesis chapters. This section therefore addresses broader issues that require
consideration. The systematic literature review of interventions to improve adherence to
exercise was limited by the paucity of studies in this area, deficiencies in reporting of
interventions within included studies and the heterogeneity in outcomes used to assess
exercise adherence. For these reasons, only a limited meta-analysis (2 studies) was
possible. The quality of the included studies was assessed but studies were not excluded
on the basis of this assessment. The inclusion of low quality studies may impact the
robustness of the conclusions.

Studies One, Four and Five of this thesis involve participants in Melbourne, Australia, a
large metropolitan city. Consequently, the findings may not be applicable to people with
knee OA undertaking home exercise programs in rural or remote areas, or in other
countries. Respondents in Study Three came from across Australia and New Zealand.
The findings of the questionnaire may not necessarily reflect the attitudes of people with
knee OA or physiotherapists internationally, particularly in countries where
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physiotherapists are not primary care practitioners, or where attitudes to the use of
exercise in managing OA differ.

Studies Four and Five present data from participants who volunteered to take part in a
non-randomised study involving home strengthening exercises. Consequently, they may
have been more motivated to over-report home exercise adherence and/or improvement
in symptoms with exercise than other older adults with chronic knee pain in the
community. The home strengthening program took place over a 12-week period only,
with fortnightly appointments with a physiotherapist. Results cannot be generalised to
long-term exercise adherence and changes in outcomes, or to interventions involving
different exercises or without fortnightly contact with a physiotherapist. Study Five was
an exploratory study, and consequently the results should be interpreted with caution.
The size of the included sample was calculated on the basis of assessing the validity and
reliability of the self-reported measures of exercise adherence, and as a result may have
been underpowered to detect any relationship between home exercise adherence and
changes in patient outcomes. Finally, the findings of the five included studies raise a
number of questions worthy of future research, beyond the time and resource constraints
of this thesis.
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8.5

FUTURE RESEARCH DIRECTIONS

This thesis provides new data that add to the current understanding of adherence to
exercise among people with knee OA. Several directions for future research have
emerged from the present findings, and these have been highlighted in the relevant
chapters. This section outlines three themes for future research that arose from multiple
individual studies in this thesis.

1. Measurement of exercise adherence
The absence of a gold standard measure of exercise adherence has been acknowledged
as a significant limitation to progression of research in this field (Bollen et al., 2014;
McLean et al., 2016; McLean et al., 2017). Findings from this thesis question the
usefulness of exercise diaries or a simple self-rated scale, and suggest that utilising
objective measures of exercise adherence such as concealed accelerometers has
potential for future research. Further development of this technology, and other recent
innovative devices offer new opportunities for objective assessment of exercise
adherence (Giggins et al., 2014; Rathleff et al., 2014; Rathleff et al., 2015).
Development of a validated self-reported measure of exercise adherence that is able to
capture the complexity of adherence, and is acceptable to patients should also be a
research priority. Use of validated measures of exercise adherence in large, long-term
RCTs of exercise for people with knee OA will enable further investigation of patterns
of adherence over time, examination of the relationship between adherence and change
in outcomes, and evaluation of interventions to improve adherence to exercise.
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2. Development and targeting of interventions to improve and maintain adherence
Systematic review and questionnaire findings highlighted a number of potential
strategies that may be effective for increasing exercise adherence and warrant further
research. Given the complex nature of exercise adherence future research should focus
on evaluation of multi-faceted interventions that contain multiple BCTs and are able to
be individualised according to patient preference. A number of specific BCTs warrant
evaluation in future trials. The use of booster sessions was supported by moderatequality evidence in Study Two, and this technique was perceived to be the most
effective at maintaining adherence by respondents with knee OA in Study Three.
Techniques specifically aimed at increasing patient motivation to exercise also appear
promising based on single RCT evidence and patient and physiotherapist ratings. These
techniques include behavioural graded exercise, goal-setting (related to both knee pain
and function and exercise completion) and review of these goals at follow-up sessions,
review, supervision and correction of exercise technique and use of a plan stating how
often exercises are to be completed and specifically what each exercise involves.

Importantly, findings highlighted the need for interventions to be developed and
reported clearly and in a manner that enables replication. Future studies should use
theory-based taxonomies such as the Behaviour Change Technique Taxonomy
throughout development and reporting of interventions (Michie et al., 2013). In
addition, checklists such as the Template for Intervention Description and Replication
(TIDieR) and Consensus on Exercise Reporting Template (CERT) should be used to
guide intervention development and reporting.
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The findings of Study One also highlight the potential for targeting adherence
interventions towards people who struggle to engage from the outset or whose
adherence declines significantly following an initial intervention period. While the data
showed only small differences in a number of baseline characteristics between the
trajectory groups, other important potentially explanatory variables were not examined.
Future studies should explore the role of other factors such as lifestyle factors or
outcome expectations in determining exercise adherence over time.

3. Long-term follow-up of exercise adherence
Long-term assessment of exercise adherence should be a focus for future studies.
Among the nine RCTs included in our systematic review (Study Two), only three
assessed exercise adherence beyond six months, limiting the ability to draw conclusions
about the effectiveness of interventions to improve and maintain exercise adherence
long-term. Study Five examined the relationship between exercise adherence measured
objectively using concealed accelerometers and changes in patient outcomes of pain,
function and knee extensor strength over a 12-week intervention. Results cannot be
generalized to long-term exercise adherence and changes in outcomes, and future
research investigating this complex relationship is warranted. Specifically, further
investigation of the presence of a minimum level of adherence required in order to gain
and maintain clinical benefits long-term would have significant impact for clinicians,
patients and researchers moving forward.
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8.6

CONCLUSION

The five studies in this thesis build on previous knowledge of adherence to exercise
specifically among people with knee OA. Through the novel analysis of longitudinal
exercise adherence data in combination with review evidence and clinician and patient
preferences this research provides a new understanding of patterns of exercise
adherence over time, and techniques that may be most successful in improving and
maintaining exercise adherence. Though multiple gaps in the current knowledge exist,
findings from this thesis highlight the questionable validity of the most commonly used
self-reported measures of exercise adherence, and challenge the assumption that higher
exercise adherence leads to greater improvement in patient outcomes during a shortterm intervention. While these findings raise a number of further research questions
worthy of investigation, it is anticipated that the results of this thesis will inform the
development, evaluation and implementation of interventions to improve and maintain
adherence to exercise in the treatment of knee OA.
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PubMed search strategy
1.
2.
3.
4.
5.

osteoarthritis [MeSH Terms]
arthritis [MeSH Terms]
low back pain [MeSH Terms]
(chronic OR persistent OR subacute OR non-acute) [Title/Abstract]
(knee OR hip OR back OR spinal OR neck OR foot OR shoulder OR hand OR
joint) [Title/Abstract]
6. pain [Title/Abstract]
7. (#4 AND #5 AND #6)
8. degenerative (arthritis OR joint OR joints) [Title/Abstract]
9. "OA"[Title/Abstract]
10. osteoarthr*[Title/Abstract]
11. "LBP"[Title/Abstract]
12. (#1 OR #2 OR #3 OR #7 OR #8 OR #9 OR #10 OR #11)
13. aqua* therapy[Title/Abstract]
14. exercise*[Title/Abstract]
15. physical therapy[Title/Abstract]
16. exercise[MeSH Terms]
17. exercise movement techniques[MeSH Terms]
18. exercise therapy[MeSH Terms]
19. physical activity[MeSH Terms]
20. dance therapy[MeSH Terms]
21. Yoga[MeSH Terms]
22. tai chi[MeSH Terms]
23. walking[MeSH Terms]
24. physical exertion[MeSH Terms]
25. sports [MeSH terms]
26. hydrotherapy[MeSH terms]
27. water exercise*[Title/Abstract]
28. aqua exercise[Title/Abstract]
29. physiotherapy[MeSH Terms]
30. physical fitness[MeSH Terms]
31. swim*[Title/Abstract]
32. jog*[Title/Abstract]
33. run*[Title/Abstract]
34. (circuit* OR strength* OR resistance OR weight OR aerobic*) AND (train*)
[Title/Abstract]
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35. (#13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR
#22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31
OR #32 OR #33 OR #34)
36. patient compliance[MeSH Terms]
37. patient adherence[MeSH Terms]
38. patient participation[MeSH Terms]
39. patient nonadherence[MeSH Terms]
40. patient noncompliance[MeSH Terms]
41. complian*[MeSH Terms]
42. motivation[MeSH Terms]
43. Cooperative behaviour[MeSH]
44. adhere*[Title/Abstract]
45. adhering[Title/Abstract]
46. complian*[Title/Abstract]
47. noncomplian*[Title/Abstract]
48. nonattend*[Title/Abstract]
49. attendance[Title/Abstract]
50. participation[Title/Abstract]
51. predictor[Title/Abstract]
52. complying[Title/Abstract]
53. exercise behaviour[Title/Abstract]
54. (#36 OR #37 OR #38 OR #39 OR #40 OR #41 OR #42 OR #43 OR #44 OR #45
OR #46 OR #47 OR #48 OR #49 OR #50 OR #51 OR #52 OR #53)
55. (#12 AND #35 AND #54)
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Supplementary material – Chapter Five

Questions included in survey to be completed by people with knee osteoarthritis.

Eligibility Criteria
Answer the following questions by selecting YES or NO.*
Yes

No

Are you over 50 years of age?

()

()

Have you had pain in or around the knee on
most days of the past month?

()

()

Do you have knee stiffness in the morning that
lasts for less than 30 minutes?

()

()

Do you have crackling, crunching or grating
noises within the knee when you move it?

()

()

NOTE: respondents were excluded at this point if they answered “No” to any of the questions
above.
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1) How did you find out about this study?

About you
2) What is your gender?
( ) Female
( ) Male

3) What is your age? (in years)
4) In which knee is your osteoarthritis?
( ) Left only
( ) Right only
( ) Both - left worse
( ) Both - right worse
( ) Both – left and right equally painful

5) How long have you experienced knee osteoarthritis symptoms?
Number of:
Years

_________________________________________________

Months

_________________________________________________

6) Please mark on the following scale the average amount of pain felt over the
PAST WEEK in your most painful knee:
No pain
possible
()0

Worst pain
()1

()2

()3

()4

()5

()6

204

()7

()8

()9

( ) 10

Appendix F

Your experience
7) Have you ever consulted any of the following health professionals about your
knee pain (you may select more than one option):
Yes
Physiotherapist

()

General Practitioner

()

Podiatrist

()

Rheumatologist

()

Orthopaedic Surgeon

()

Sports Physician

()

Chiropractor

()

Occupational therapist

()

Exercise physiologist / exercise instructor / personal trainer

()

Osteopath

()

8) Have you ever been given a program of exercises to undertake for your knee
pain by a health professional?
( ) Yes
( ) No (Go to Question 12)

205

Appendix F

9) If you have been given an exercise program for your knee pain, which health
professional(s) provided these exercises (select all that apply):
Yes
Physiotherapist

()

General Practitioner

()

Podiatrist

()

Rheumatologist

()

Orthopaedic Surgeon

()

Sports Physician

()

Chiropractor

()

Occupational therapist

()

Exercise physiologist / exercise instructor / personal trainer

()

Osteopath

()

10) We are interested in knowing about any particular strategies or advice that
health professionals have given you to help you do your exercises and continue
with the program. When you were given exercises for your knee pain by the health
professional(s), please indicate if any of the following were provided or suggested
(select all that apply):
Yes
Printed educational materials about the benefits of exercise for knee
osteoarthritis.

()

Referral to a website for information about the benefits of exercise for knee
osteoarthritis.

()

Explanation of the potential benefits of exercise specific to you.

()

Development of specific short and/or long-term goals related to your
exercise program.

()

206

Appendix F

Development of specific short and/or long-term goals related to your knee
pain and function.

()

Use of a plan stating how often you will exercise, and specifically what you
will do (not a formal contract).

()

Questioning and discussion with the health professional about what it is
that prevents you from sticking to the exercise program.

()

A program of exercises that were graded in intensity or difficulty (i.e.
exercises getting harder over time).

()

Review of exercise goals at a follow up session.

()

Review of progress in terms of pain and function at a follow up session.

()

Encouragement to use self-rewards for progress towards goals.

()

A written home exercise diary or log book to record your exercise practice
sessions.

()

An app (for mobile or tablet) with an exercise diary.

()

Use of a daily pain and function diary to monitor effect of exercise on pain
and daily tasks.

()

Encouragement to reflect on a time when you have been diligent with
exercising, and how this positively affected you.

()

Review, supervision and correction of exercise technique at a follow-up
session.

()

Referral or encouragement to join group exercise classes.

()

Referral or encouragement to undertake individual exercise under the
supervision of another health professional e.g gym instructor.

()

Audio-only instructions/demonstrations of the exercise program.

()

Written instructions of the exercise program.

()

Video instructions/demonstrations of the exercise program in the form of a
DVD or as a link to a website.

()

Video demonstrations of you performing the exercise program recorded by
the health professional (e.g on mobile phone).

()
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Encouragement to use cues to prompt exercises (ie certain times of day).

()

Involvement of partner or family to join in with exercising and work
together.

()

An exercise contract provided by the health professional and signed by you
stating how often you will exercise, and specifically what you will do.

()

Reminders to do your exercises via text message from your health
professional.

()

Reminders to do your exercises via a website or app for mobile or tablet.

()

Follow up sessions with the health professional more than 3 months after
the initial session, to check on the exercises and progress the program as
necessary.

()

Follow up phone call from health professional

()

Encouragement to enlist other people to help you keep doing your exercise
program.

()

Encouragement to think about the example you are setting for others by
exercising (family, friends).

()

Encouragement to use self talk during exercise.

()

Encouragement to imagine yourself doing the exercises with ease.

()

A written plan of what to do if you are struggling to continue with the
exercise program as it was prescribed.

()

Use of stress management techniques (eg progressive relaxation) to help
reduce anxiety and stress.

()

Discussion of time management techniques to fit exercise in to each day.

()

208

Appendix F

Strategies targeting adherence to exercise programs.
12) Printed educational materials about the benefits of exercise for knee OA.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

13) Referral to a website for information about the benefits of exercise for knee OA.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

14) Explanation of the potential benefits of exercise specific to you.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

15) Development of specific goals related to your exercise program.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

16) Development of specific goals related to your knee pain and function.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6
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17) Use of a plan stating how often you will exercise, and specifically what you will do.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

18) Questioning and discussion with the health professional about what it is that prevents
you from doing the exercise program as it was prescribed.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

19) A program of exercises that get progressively harder over time.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

20) Review of exercise goals at follow up sessions with your health care professional.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

21) Review of progress in terms of pain and function at follow up sessions with your health
care professional.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6
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22) Encouragement from the health care professional to use self-rewards for progress
towards goals.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

23) A written home exercise diary or log book to record your exercise practice sessions.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

24) An app (for mobile or tablet) with video demos of the exercise program and an
exercise diary.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

25) Use of a daily pain and function diary to monitor the effect of exercise on pain and
daily tasks.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

26) Encouragement from the health care professional to reflect on a time when you have
been diligent with exercising, and how this positively affected you.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6
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27) Review, supervision and correction of exercise technique by the health care
professional at subsequent treatment sessions.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

28) Referral or encouragement from the health care professional to join group exercise
classes.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

29) Referral or encouragement from the health care professional to undertake individual
exercise under the supervision of another health professional e.g gym instructor.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

30) Verbal instructions/demonstrations of the exercise program.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

31) Written instructions of the exercise program.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6
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32) Video instructions/demonstrations of the exercise program in the form of a DVD or as
a link to a website.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

33) Recorded video of you performing the exercise program, recorded by the health
professional (e.g on mobile phone).
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

34) Encouragement from the health care professional to use cues to prompt exercises (ie
certain times of day).
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

35) Involvement of partner or family to join in with exercising and work together.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

36) An exercise contract provided by the health professional and signed by you stating
how often you will exercise, and specifically what you will do.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6
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37) Reminders to do your exercises via text message from your health professional.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

38) Reminders to do your exercises via a website or app for mobile or tablet.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

39) Follow up sessions with the health professional more than 3 months after the initial
session, to check on the exercises and progress the program as necessary.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

40) Follow up via phone call from your health professional.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

41) Encouragement from the health care professional to enlist other people to help you
keep doing your exercise program.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

214

()7

()8

()9

( ) 10

Appendix F

42) Encouragement from the health care professional to think about the example you are
setting for others by exercising (family, friends).
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

43) Encouragement from the health care professional to use self talk during
exercise.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

44) Encouragement from the health care professional to imagine yourself doing the
exercises with ease.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

45) A written plan of what to do if you are struggling to continue with the exercise
program as it was prescribed.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6
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46) Use of stress management techniques (eg progressive relaxation) to help reduce
anxiety and stress.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

47) Discussion of time management techniques to fit exercise in to each day.
I think this would be an effective way to help me adhere to my exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6
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Appendix G
Supplementary material – Chapter Five

Questions included in survey to be completed by physiotherapists

Eligibility Criteria

Answer the following questions by selecting YES or NO.*
Yes

No

Have you read the Plain Language Statement
above?

()

()

Are you registered to practice as a Physiotherapist
in Australia or New Zealand?

()

()

In the past 6 months have you treated one or more
patients aged 50 years or older, with knee
osteoarthritis?

()

()

NOTE: respondents were excluded at this point if they answered “No” to any of the questions
above.
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1) How did you find out about this study?

About you
2) What is your gender?
( ) Female
( ) Male

3) What is your age? (in years)
4) Do you work……… (Please cross one box)
( ) Exclusively in the Public Health system?
( ) Exclusively in private health settings? (e.g. private practice, private hospital)
( ) In a combination of public health and private health settings

5) Do you have any post-graduate qualifications? (Please mark the highest
qualification)
( ) Post-graduate certificate
( ) Post-graduate diploma
( ) Masters
( ) Titled clinician
( ) Clinical doctorate
( ) PhD

6) How frequently do you treat patients over 50 years old, with knee OA? (Please
select one box only)
( ) Very Infrequently; 1 in the last 6 months
( ) Infrequently; between 2 and 5 in the last 6 months
( ) Somewhat frequently; at least 1 per month
( ) Frequently; at least 1 per week
( ) Very frequently; 5 or more per week
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Strategies to promote adherence to prescribed exercise programs
7) How frequently do you prescribe an exercise program to patients with knee
OA?
( ) I never prescribe an exercise program to patients I see with knee OA . (excluded from
survey)
( ) I occasionally prescribe an exercise program to patients I see with knee OA.
( ) I prescribe an exercise program to approx. 50% patients I see with knee OA.
( ) I usually prescribe an exercise program to patients I see with knee OA.
( ) I always prescribe an exercise program to patients I see with knee OA (100%).

8) When prescribing exercise programs to patients with knee OA, please name the
strategies that you currently use, or have previously used, to promote adherence:

Strategies targeting adherence to exercise programs
10) Printed educational materials about the benefits of exercise for knee OA.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

11) Referral to a website for information about the benefits of exercise for knee
OA.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

12) Explanation of the potential benefits of exercise specific to the patient.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6
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13) Development of specific goals related to the exercise program.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

14) Development of specific goals related to the patient’s knee pain and function.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

15) Use of a plan stating how often the patient will exercise, and specifically what
they will do.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

16) Questioning and discussion with the patient about what it is that prevents them
from adhering to the exercise program.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6
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17) A program of exercises that are graded in intensity or difficulty (i.e. getting
progressively harder over time).
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

18) Review of exercise goals at follow up session.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

19) Review of progress in terms of pain and function at follow up sessions.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

20) Encouragement to use self-rewards for progress towards goals.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

21) A written home exercise diary or log book to record exercise practice sessions.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6
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22) An app (for mobile or tablet) with an exercise diary.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

23) Use of a daily pain and function diary to monitor effect of exercise on pain and
daily tasks.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

24) Encouragement to reflect on a time when the patient has been diligent with
exercising, and how this positively affected them.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

25) Review, supervision and correction of exercise technique at a subsequent
treatment session.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6
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26) Referral or encouragement to join group exercise classes.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

27) Referral or encouragement to undertake individual exercise under the
supervision of another health professional e.g gym instructor.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

28) Audio-only instructions/demonstrations of the exercise program.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

29) Written instructions of the exercise program.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6
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30) Video instructions/demonstrations of the exercise program in the form of a
DVD/ link to website.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

31) Video demonstrations of the patient performing the exercises recorded by the
physiotherapist (e.g on mobile phone).
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

32) Encouragement to use cues to prompt exercises (ie certain times of day).
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

33) Involvement of partner or family to join in with exercising and work together.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6
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34) An exercise contract provided by us and signed by the patient stating how
often they will exercise, and specifically what to do.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

35) Reminders to do the exercises via text message from the physiotherapist.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

36) Reminders to do the exercises via a website or app for mobile or tablet.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

37) Follow up sessions more than 3 months after the initial session, to check on the
exercises and progress the program as necessary.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6
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38) Encouragement to enlist other people to help them keep doing their exercise
program.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

39) Encouragement to think about the example they are setting for others by
exercising (e.g family).
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

40) Encouragement to use self talk during exercise.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

41) Encouragement to imagine themselves doing the exercises with ease.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6
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42) A written plan of action if the patient is struggling to continue with the
exercises as prescribed.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

43) Use of stress management techniques (eg progressive relaxation) to help reduce
anxiety and stress.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6

()7

()8

()9

( ) 10

44) Discussion of time management techniques to fit exercise in to each day.
I think this would be an effective way to help knee OA patients to adhere to their
exercise program.
Strongly disagree
()0

()1

()2

Strongly agree
()3

()4

()5

()6
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()7

()8

()9

( ) 10
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Supplementary material – Chapter Six

232

Appendix I

233

Appendix I

234

Appendix J

Appendix J
Supplementary material – Chapters Six and Seven

Accelerometer and ankle cuff weight set-up
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Supplementary material – Chapters Six and Seven

Accelerometer data and analysis
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Supplementary material – Chapter Seven
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