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Preface

As | embarked on my internship year within the realm of physiotherapy clinics, little did
| anticipate the profound impact it would have on shaping my academic pursuits. The
sheer number of individuals seeking care for chronic knee pain captivated my
attention, triggering an insatiable curiosity to delve deeper into the root causes behind
this prevalent issue and explore viable avenues to enhance the quality of life for those

burdened by this condition.

Driven by this newfound interest, | embarked on a research journey aimed at
uncovering an off-the-shelf solution to alleviate the pain and reduce the burden on
individuals with chronic knee pain. My focus centred on studying the impact of
commercial insoles on the load experienced by walking individuals, with the hope of
discovering a simple yet effective means to aid them in walking with less pain and
potentially reduce the strain on their affected joint caused by body weight. The results
of my research yielded promising outcomes, showcasing the efficacy of these insoles
in minimising joint load, particularly when individuals increased their walking speed.
This finding opened doors for the integration of these insoles into fast-paced activities
such as jogging and running, providing individuals with the opportunity to engage in

these endeavours without compromising their comfort.

As my passion for finding innovative solutions to address chronic knee pain grew, my
Ph.D. journey expanded its horizons to incorporate the integration of technology. |
seized the opportunity presented by the ongoing digital transformation in Saudi Arabia,
spurred by the visionary VISION 2030 initiative launched by the government in 2016.
With this backdrop, my focus shifted towards the exploration of novel ways to leverage

technology for the betterment of individuals suffering from chronic knee pain.

At the heart of my Ph.D. endeavour was the aspiration to create a valuable solution
that empowered individuals with knee pain, enabling them to take charge of managing
their lifelong condition. By encouraging self-management skills and reducing reliance
on frequent physiotherapy visits, it was my belief that their presence in clinical settings

would be diminished, ultimately leading to an improvement in their quality of life. Not



only would this approach empower individuals, but it would also have the potential to

reduce costs and lessen the strain on healthcare resources.

This Ph.D. journey has been an extraordinary opportunity for personal growth,
enriching my knowledge and skills across various facets of chronic knee pain in the
Saudi context. Along this path, | have encountered invaluable education, abundant
opportunities, and numerous challenges that have paved the way for exploring
unexplored areas. Through this exploration, | have laid a foundation for future work in

improving the quality of life for individuals with chronic knee pain, a lifelong condition.

With profound gratitude for the experiences gained and the doors opened, | humbly
present this thesis. It represents countless hours of dedication, perseverance, and an
unyielding belief in the potential to bring about positive change in the lives of those
affected by chronic knee pain. It is my fervent hope that this work will serve as a
catalyst for advancements, illuminating a future where individuals can reclaim their
freedom from pain, assume control over their well-being, and revel in a life of improved

quality and vitality.



Abstract

Background and study aim: Chronic knee pain is a widespread issue globally,
affecting individuals of all ages worldwide. This challenge is intensified by an aging
population, sedentary lifestyles and increasing obesity rates. There is an international
shift towards promoting active management approaches in line with clinical guidelines,
including physical activity, dietary changes and the support of self-management. This
shift has led to an evolution of digital initiatives designed to support people to self-
manage their chronic knee pain. However, despite the high prevalence of chronic knee
pain in Saudi Arabia, relevant research in the region remains scarce. This study aims
to explore digital self-management support for knee pain within the current
physiotherapy practices in Jeddah, a prominent city in Saudi Arabia.

Methods: This study employed a sequential exploratory mixed-method design. It
started with qualitative interviews involving 29 participants (15 physiotherapists and
14 individuals with knee pain), analysed using reflexive thematic analysis (Phase 1).
The aim was to explore how existing physiotherapy practices for knee conditions align
with self-management support principles and to explore the perceptions of potential
users towards digital self-management support initiatives. Part of the findings informed
the adaptation of the digital intervention "TRAK" into a Saudi-specific platform named
"TRAK-Saudi". In Phase 2, 12 participants (6 physiotherapists and 6 individuals with
chronic knee pain) participated in remote usability testing sessions for evaluating the
usability of TRAK-Saudi. The perceived usability was assessed using the Arabic
System Usability Scale (A-SUS), with usability issues identified through a concurrent
think-aloud approach and analysed via quantitative content analysis. Additionally, the
likelihood of substituting face-to-face sessions was assessed using a 5-point Likert
scale. Qualitative and quantitative data from both phases were integrated at various
points to address the study's overarching aim.

Findings: In Phase 1, the findings highlighted a discrepancy between current
physiotherapy practices and the foundational principles of self-management support,
underscoring an essential transition towards patient-centred care. Participants
generally favoured digital self-management support initiatives, advocating for their role
as supplementary to in-clinic therapy rather than as replacements. TRAK-Saudi was
rated highly for usability, with A-SUS scores of 77.5 by individuals with chronic knee
pain and 83.3 by physiotherapists. During the navigation of TRAK-Saudi, participants
initiated 53 inquiries, primarily seeking guidance and assurance. Participants also
expressed strong willingness to substitute in-clinic sessions with TRAK-Saudi,
reflected in median ratings of 4.5 for individuals with chronic knee pain and 5 for
physiotherapists, with a mode of 5 for both type of participants.

Conclusion: Both physiotherapists and individuals with chronic knee pain
demonstrated competence and openness to digital solutions. While TRAK-Saudi was
user-friendly for Saudi users, current physiotherapy practices lack the clinical
foundation to fully embrace digital self-management support initiatives. Significant
changes in current practices are necessary to promote patient-centred care. At this
stage, it is advisable for Jeddah’s physiotherapy clinics, if interested, to integrate
TRAK-Saudi or similar initiatives as supplement to existing practices. This strategy
aims to elevate the quality of knee care by enriching individuals’ knowledge,
strengthening patient-provider relationship and improving self-management skills.
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Chapter One: Introduction

1.1 Introduction to the thesis

The purpose of this research is to explore digital self-management support for knee
pain within current physiotherapy practices in Jeddah, Saudi Arabia. As evidenced by
the dearth of published literature, self-management support for musculoskeletal
conditions, regardless of the delivery method, remains a novel area within the Saudi
healthcare system (Alasfour and almarwani 2022). In contrast, self-management
support in digital form that offers individuals with chronic knee pain remote
comprehensive support has been identified in western literature (Nelligan et al. 2019;
Mrklas et al. 2020; Goff et al. 2023). Due to the cultural and societal differences
between western regions and eastern regions, where Saudi Arabia is situated, and
associated variations in attitudes and preferences, it is not feasible to directly apply
western initiatives to Saudi individuals. Nevertheless, the insights provided by the
western literature can serve as a guiding framework for the introduction process in
Jeddah, Saudi Arabia.

Given the novelty of self-management support in the Saudi context, this study seeks
to establish a foundation for future research by thoroughly exploring the knowledge of,
skills related to and confidence in self-management among key stakeholders, primarily
physiotherapists and individuals with knee pain. Adopting a pragmatic philosophical
approach, this research seeks to develop a solid foundation for future investigations
in this field within Saudi Arabia. By employing both qualitative and quantitative
methods, various aspects related to users' perspectives on self-management and

digital integration are explored.

1.2 Research problem

Statistical studies on the prevalence of chronic knee pain in Saudi Arabia reveal its
substantial presence across various segments of the population, including many
professions, for example, schoolteachers, faculty members and dentists, those who
partake in sports, for example, runners and cyclists, and all age groups, for example,
adolescents and the elderly (Alsiddiky et al. 2014; Althunyan et al. 2017; Sirajudeen
et al. 2018; Mahfouz et al. 2019; Aldharman et al. 2022; Alyami et al. 2023). Often,



chronic knee pain, the causes of which are diverse, is diagnosed as being related to
knee osteoarthritis (OA) (Cottrell et al. 2010; Kapural and Deering 2020). Saudi Arabia
is one of the top three countries in the Middle East and North Africa in terms of
prevalence of OA cases, with 6,601 cases per 100,000 people (Shamekh et al. 2022).
Notably, Shamekh et al. (2022) highlight that the knee is the most frequently affected
joint, accounting for over half of reported cases. Recent Saudi studies reinforce this
claim, revealing prevalence rates of knee OA ranging from 18.9% to 41.5% within a
population of 32 million, with increasing frequency among the elderly and those who
are overweight (AlKuwaity et al. 2018; Thigah and Khan 2020; Shamekh et al. 2022;
GASTAT 2022). This reported prevalence rate surpasses the global benchmark of
22.9% for individuals aged 40 and above, as determined by Cui et al. (2020) through
an extensive analysis of 88 population-based studies involving over 10 million

subjects.

The reasons for the high prevalence of chronic knee pain in Saudi compared to other
nations are complicated and related to lifestyle and cultural factors. At the fore is the
absence of a robust exercise culture within Saudi society, as highlighted by Althomali
et al. (2023), and a consequential lack of physical activity amongst the Saudi
population. Data collected from a systematic review of 42 studies conducted by Al-
Hazzaa (2018) emphasised the inactivity among the Saudi population, with many
failing to achieve the recommended 150 minutes per week of moderate-intensity
physical activity that is essential for good health (WHO 2010; Lee et al. 2012). This
sedentary lifestyle of Saudis is doubtless exacerbated by the extreme weather
conditions in Saudi Arabia, where temperatures frequently soar to 50 degrees Celsius,

deterring Saudis from engaging in physical activity.

This approach to exercise first manifests in the Saudi education system. Effective
physical education programs in schools play a pivotal role in fostering lifelong physical
activity habits and mitigating sedentary behaviour (Barr-Anderson et al. 2007,
Mayorga-Vega et al. 2018). However, a study conducted by Alyami et al. (2023)
revealed that approximately 50% of the 676 Saudi adolescents surveyed lacked
access to school-based physical education, with only 11% meeting the criteria for
being physically active. The lack of physical activity amongst the Saudi population has
undoubtedly played a part in the surge in obesity rates (Althumiri et al. 2021). Notably,



there exists a well-established link between a high Body Mass Index and the
development of chronic knee pain in Saudi individuals (Thigah and Khan 2020). To
underscore this point, Alsulami et al. (2023) reported that overweight Saudi individuals
constituted a significant 32% of their sample of 2,115 subjects. Finally, the traditional
cross-legged sitting position commonly practiced in Saudi Arabia, often involving
prolonged knee bending, has been linked to the prevalence of knee OA among Saudis
(Al-Arfaj and Al-Boukai 2002).

With regard to the attitudes of those affected, a study by Aldosari et al. (2022)
examined the behaviour of 473 knee OA patients in Saudi Arabia. It revealed a
significant reliance on various medications, with approximately 26% to 48% of the
participants resorting to these drugs to alleviate their pain. This heavy dependence on
pharmaceutical interventions for knee pain management places a substantial burden
on the Saudi healthcare system (Hunter and Bierma-Zeinstra 2019; Abd El-Aziz et al.
2019). The recent surge in surgical procedures for knee OA has added to this burden.
There has been a 210% increase in knee replacement surgeries in Saudi over the past
decade, with projections indicating an alarming 410% rise by 2040 (Sartawi 2020).
This trend correlates with the increased proportion of elderly people within the
population since 2014, as recent statistics have illustrated, underscoring the need for

strategies aimed at reducing healthcare costs (O'Neill 2023).

In summary, chronic knee pain amongst the population of Saudi Arabia is a complex
problem shaped by various factors, such as lifestyle choices, sedentary behaviour and
cultural traditions. To effectively address this challenge, a holistic strategy is essential,
incorporating increased public awareness regarding physical activity, lifestyle
adjustments and the promotion of proactive knee pain management approaches, such

as self-management support programs.

1.3 Significance of the study

The literature indicates a prevailing reliance among individuals in Saudi Arabia on
pharmacological and surgical interventions as primary modalities for managing
chronic knee pain, with relatively limited interest in active approaches such as physical
activity (Aldosari et al. 2022). This behaviour amongst an expanding population is

leading to surging demand for healthcare treatment, culminating in increased pressure



on the healthcare system, escalating expenditure and overwhelming professional
workloads (Abd EI-Aziz et al. 2019). This phenomenon is not unique to Saudi Arabia,
as a qualitative study conducted in Australia by Teo et al. (2020) makes clear. It
highlights a similar inclination among individuals with knee OA to prioritise immediate
pain relief over active participation, such as engagement in physical exercises. This
observation reflects the global trend amongst the population towards a dependency
on healthcare interventions and highlights the necessity for healthcare professionals
to emphasise the pivotal role of the individual in the management of chronic conditions
(Holman 2020).

Chronic knee pain, like other chronic conditions, is linked to individual lifestyle choices,
such as dietary habits and physical activity, as well as mental health (Willett et al.
2006). Consequently, clinical guidelines have increasingly highlighted the importance
of integrating self-management support programs into prevailing standards of care of
chronic knee pain (Kolasinski et al. 2020; Overton et al. 2022). These programs are
designed to educate individuals with knee pain and equip them with essential skills so
they can play an active role in controlling their condition, thus reducing their

overreliance on hospital-based services (Vlaeyen and Morley 2005; Silva 2011).

The management of chronic knee pain largely involves physical exercise, a fact that
may pose a notable challenge within the Saudi context, considering all the factors
discussed above. However, recent updates indicate encouraging developments in this
regard (Arab News 2022). Notably, Saudi Arabia's Vision 2030, a transformative
national development plan introduced in 2016, prioritises the promotion of physical
activity, making this a key component of its agenda (Saudi Vision 2030, 2023a). The
plan sets an ambitious target of achieving a 40% participation rate in physical activities
by the year of 2030 (USSBC 2020). Published surveys have revealed encouraging
trends in this regard, with the prevalence of physical activity among adults in all regions
of the country rising to 29.7% in 2021, representing a notable increase from the 20%
recorded in 2019 (GASTAT 2022). This focus on enhancing physical activity aligns
with the broader vision of improving the health and well-being of the Saudi population
as part of the nation's development strategy. This positive trend aligns with the
extensive array of fithess-focused facilities, events and initiatives launched to enhance

the health and well-being of both Saudi nationals and residents (Saudi Sports for All



Federation 2023). The government's initiatives are strategically designed to enhance
public health and well-being, featuring a multifaceted approach that includes
educational facilities, community clubs, summer camps, physical activity assessments
and an online teacher toolkit (Arab News 2022). Notably, technology plays a pivotal
role in these endeavours, involving platforms designed to accommodate individuals of
diverse fitness levels, fostering engagement in sports activities and enabling users to
monitor and manage their personal health effectively (Saudi Sports for All Federation
2021).

The current landscape, marked by an increasing inclination towards physical activity
in the country that aligns with the objectives of Saudi Vision 2030, suggests the
appropriateness of incorporating self-management programs for chronic knee pain
(Saudi Vision 2030, 2023a). It is possible that individuals in Saudi Arabia suffering
from chronic knee pain may be more receptive to self-management programs than
they would have been previously. Such programs have the potential to raise
awareness among these individuals regarding their conditions, empowering them to
take control of their health and well-being and to seek professional assistance only
when truly necessary, thereby reducing the likelihood of unnecessary hospital visits
(Huber et al. 2011; Barker et al. 2018). This approach aligns seamlessly with the
broader objectives of promoting a healthier and more informed Saudi society as

envisioned by the government's initiatives.

1.4 Structure of thesis

This Ph.D. thesis unfolds across eight chapters:

Chapter 1 (Current) lays the foundation for this research by elucidating the research
problem it seeks to address and its broader significance within the target context. It

sets the scene for the reader for what follows.

Chapter 2 includes a comprehensive literature review that builds a robust knowledge
base. It reviews and discusses relevant published literature to identify gaps in the

existing knowledge and pinpoints specific areas of interest for further exploration.



Chapter 3 is dedicated to the philosophical underpinnings guiding the research
methodology. It also provides information on the selected research design and its

consequential phases.

Chapter 4 provides an in-depth account of Phase 1 of this research (qualitative study).
It contains information on the methods employed, the findings obtained, an in-depth
discussion of key findings. It additionally presents clinical implications and study

limitations and a conclusion for the phase.

Chapter 5 details the adaptation of an existing digital self-management support
intervention TRAK to be the Saudi specific TRAK-Saudi platform.

Chapter 6 shifts the focus to Phase 2 of this research (quantitative usability study). It
outlines the methods employed and the results then provides a discussion of the key
results. It also outlines clinical implications and study limitations and a conclusion for

the phase.

Chapter 7 discusses findings from the two phases of research, offering insights for
researchers interested in TRAK-Saudi and similar initiatives for knee pain, and laying

groundwork for future research recommendations.

Chapter 8, the final chapter, presents the overall conclusions derived from this

research.



Chapter Two: Literature Review

2.1 Introduction to the chapter

This chapter aims to provide a comprehensive review of the existing literature on
chronic knee pain and self-management support, with a specific focus on the Saudi
population. Initially, in section 2.2, the search strategy employed in this study to identify
relevant literature is outlined. Subsequently, in section 2.3, the chapter proceeds to
provide background information on chronic knee pain, covering its biopsychosocial
dimensions, epidemiological prevalence and burden while spotlighting strategies
advocated in clinical guidelines to mitigate its impact. Then, in section 2.4, the
narrative progresses to explore the literature concerning self-management support. It
starts by decoding key terms and concepts, reviewing behavioural theories commonly
underpinning self-management support programs and outlining strategies that
healthcare providers use in their practice in an attempt to support self-management.
In section 2.5, the chapter transitions to a critical examination of empirical studies that
have focused on digital self-management support for chronic knee pain, inspecting
various dimensions that include key considerations in development processes, user
engagement and clinical effectiveness. Lastly, in section 2.6, the focus shifts to the
Saudi literature on self-management support, specifically concerning physiotherapists’
perceptions, patient engagement and current technological advancements to support

self-management.

This thorough literature review seeks to identify gaps in the existing body of research
that warrant further exploration. The synthesis of the reviewed studies concludes by
pinpointing a research evidence gap, suggesting the research aim and questions. By
highlighting the gaps in existing knowledge, the chapter sets the stage for the
subsequent chapters, which aim to address these gaps and contribute to advancing

the field of self-management support for chronic knee pain within the Saudi context.

2.2 Literature search strategy

While a scoping review can effectively map existing literature, the multifaceted nature
of the research topic necessitated a more flexible and interpretive approach, leading

to the choice of a narrative review methodology (Collins and Fauser 2005; Ferrari



2015; Greenhalgh et al. 2018). The explorative study required not only the
identification of existing self-management support interventions but also a critical
analysis of their effectiveness, exploration of theoretical underpinnings, and
consideration of cultural and contextual factors. The narrative review format allowed
for the synthesis of diverse sources, including emerging technologies and concepts in
the rapidly evolving field of digital health, and facilitated the drawing of conclusions
that go beyond simply cataloguing existing research (Ferrari 2015). This approach was
crucial for addressing the specific research questions and informing the subsequent
phases of the study. The flexibility of a narrative review enabled the presentation of a
more holistic understanding of the field, incorporating insights from related areas
where direct evidence in this specific context might be limited, thus providing a robust

foundation for innovative research in the Saudi Arabian healthcare context.

In this narrative review, relevant studies were found by searching for specific keywords
that reflect the project's goal. The key words selected for this purpose relate to digital
interventions and/or toolkits that support self-management in individuals with chronic
knee pain. Cardiff University’s Libraries, CINAHL, MEDLINE via Ovid, EBSCOhost,
PubMed and Scopus were among the databases searched. In addition to these
databases, the reference list of all the examined publications and systematic reviews
were searched for further relevant material. Additionally, grey literature, including
theses, blogs, online newspapers and governmental reports were searched for
relevant unpublished data in major databases to validate claims made in this project
when needed.

The literature search utilised four key concepts: "context",

type of care", "mode of
delivery" and "condition". In the first concept, "context", the keywords employed were
"Saudi*", "Saudi Arabia", "physio*" and "physical therapy". The second concept, "type
of care", encompassed terms like "self-management”, "self-care", "self*", "exercis*"
and "behavi*". Concept three, which focused on the “mode of delivery” for self-
management programs, utilised keywords such as "digital", "online", "on-line", "web*",
"web-based”, "Internet", “Internet-based", "computer*, “ehealth", "e-health",
"mhealth”, "m-health”, "mobile health", "application*" and "telehealth". The fourth

concept, "condition”, included terms like "chronic knee*', "knee pain", "knee



condition*", "knee osteoarthritis”, "osteoarthritis”, "OA", "arthritis”, "chronic pain",
"musculoskeletal pain”, "musculoskeletal condition*" and "joint pain”. To refine the
search results and pinpoint more relevant research, these keywords were used
individually or combined with Boolean operators (AND, OR, NOT) using the advanced

search feature on the chosen databases (Aromataris and Riitano 2014).

To ensure that articles were relevant to the scope of this project, specific inclusion and
exclusion criteria were applied, with a focus on self-management support digital health
interventions (DHIs) for chronic knee pain management. Articles containing protocols
were excluded, but all other study designs were considered, encompassing aspects
such as user feedback, initial development, usability testing and effectiveness in
alleviating pain and symptoms. The selected population for these studies consisted of
individuals aged 18 and above experiencing chronic knee pain. Interventions that were
designed to address body joints other than the knee were excluded as they might not
adequately illustrate the needs and satisfaction of participants experiencing knee pain
specifically. Given the project's emphasis on digital self-management support, the
search was refined to include only web-based platforms, websites and applications
that prominently featured education and exercise components. This approach aligns
with international guidelines from authoritative sources such as the National Institute
for Health and Care Excellence (NICE), the American College of
Rheumatology/Arthritis Foundation in 2019 and the Osteoarthritis Research Society
International, all of which recommend education and exercise as fundamental
elements of self-management support programs for chronic knee pain (Bannuru et al.
2019; Kolasinski et al. 2020; NICE 2022). No specific restrictions were placed on
geographical region or time range, allowing the identification of best practice and
innovative approaches that have emerged in various regions and at different time
periods. However, it was decided to only include studies that were written in the
English language. This decision was reasonable given the common practice of
publishing Saudi literature in English, thus adhering to global publishing standards and

promoting broader dissemination of research findings (Aloudah 2022).

Following an initial selection, the titles and abstracts of these publications were
examined for final eligibility. A total of 24 studies were included as they best describe

the areas of interest in this project. The included studies were evaluated critically using



the Critical Appraisal Skills Programme checklist (2018) for Randomised Controlled
Trial (RCT) and qualitative studies to establish relevance, significance and limitations
(Appendix A).

2.3 Chronic knee pain

2.3.1 Setting the scene for the section

Chronic knee pain, characterised as pain persisting for more than three months, is a
prevalent health issue with various underlying causes (Nicholas et al. 2019; Hunter et
al. 2022). Among these causes, OA is the most common, particularly amongst older
adults (Murphy et al. 2016; Cisternas et al. 2020). However, it is important to recognise
that the cause of chronic knee pain is not limited to OA and that it can be the result of
patellofemoral pain syndrome, iliotibial band syndrome, tendinopathy, structural
deformities and complications following knee surgery (Schwartz et al. 2015; Crossley
etal. 2016; Fox et al. 2018). However, most of the literature discussed in this literature

review pertains to knee OA as it is the most common cause of chronic knee pain.

2.3.2 The biopsychosocial dimensions of chronic knee pain

The concept of chronic pain has developed over the years, moving beyond the
biomedical model, which focuses solely on pathological causes and a patient-reported
symptom (Meints and Edwards 2018). It now embraces a biopsychosocial model that
considers not only pathological factors but also biological, psychological, social and
behavioural aspects that can trigger and influence a patient's experience of pain
(Loeser and Black 1975; Fordyce 1976; Engel 1977; Loeser 1997; Loeser 2000). Pain
is usually initiated by pathological stimuli, such as an increased inflammatory state
and tissue damage (Cohen et al. 2021; Bonanni et al. 2022). However, diverse
biopsychosocial factors unique to each individual primarily influence the variability in
outcome and the transition from acute to chronic pain (Pincus et al. 2008; Nicholas et
al. 2011; Bergbom et al. 2012; Noyman-Veksler et al. 2017).

In the knee joint, pain is commonly a response to pathological stimuli, such as

degeneration, injury, infection or inflammation (Treede et al. 2019). Bonanni et al.

(2022) elaborate on this in their discussion of the musculoskeletal pain cycle, noting
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that these stimuli lead to the release of chemical mediators that are responsible for
pain perception. Following this, neuropeptides, such as Calcitonin Gene-Related
Peptide, Substance and Vasoactive Intestinal Peptide, are released. These
neuropeptides have strong vasodilatory effects, facilitating the immigration of immune
cells to the affected area. In pathological situations, this chain of events tends to
perpetuate itself, forming a self-sustaining cycle that continuously provokes prolonged
nociceptive stimulation, a process depicted in Figure 1. The presence of triggering
factors significantly intensifies this continuous stimulation, a point underscored by
researchers such as Tick (2015), Edwards et al. (2016), Meints and Edwards (2018)
and Samoborec et al. (2018). These triggers include biological elements such as
genetics, age, sex, sleep patterns and hormonal imbalances; psychological
conditions, including depression, anxiety, post-traumatic stress and poor coping
mechanisms; sociocultural influences, such as low education, cultural norms and
inadequate social support; along with behavioural aspects, notably unhealthy dietary
habits, smoking and a sedentary lifestyle (Tick 2015; Edwards et al. 2017; Meints and
Edwards 2018; Samoborec et al. 2018).
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Figure 1: Musculoskeletal pain cycle.
Source: Bonanni et al. (2022)
In knee pain, the above-mentioned triggers have been found to increase the likelihood
of chronicity (Dissing et al. 2017; Holden et al. 2021). In their prospective study of 504
Danish adolescents over a five-year period, Rathleff et al. (2019) found that one in

every two adolescents who initially experienced knee pain continued to suffer from
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persistent and severe knee pain into adulthood. The severity of this pain was not
merely symptomatic but affected overall health, dictated health-related behaviours and
even influenced career choices (Rathleff et al. 2019). The elevated risk of chronicity in
knee pain is undoubtedly due to a complex interplay of factors, including genetic
predispositions, environmental influences and occupational risks (Mills et al. 2019).
However, it can also be partially attributed to the psychological and behavioural
responses it provokes. These responses potentially include episodes of anxiety and
depression, contributing to a more sedentary lifestyle, as highlighted by Bonanni et al.
(2022), a reduction in physical activity, as seen in Rathleff et al.’s (2018) study and/or
the development of kinesiophobia, which is a heightened fear of movement and
potential falls, commonly observed in individuals with musculoskeletal pain, as
described by Stubbs et al. (2014). Crucially, this reduction in physical activity, while
initially a protective response, can resultin an unfavourable cycle of decreased muscle
strength and conditioning, potentially leading to an increased body mass index. From
a biomechanical point, muscle weakness negatively impacts joint stability, reducing
shock absorption and efficient joint load distribution, which in turn increases stress on
the joint surfaces, accelerating joint degeneration (Segal and Glass 2011).
Physiologically, research has also found that body fat releases inflammatory mediators
like cytokines and adipokines that further contribute to joint damage, accelerating
onset of knee OA eatrly in life (Berenbaum 2012; Cicuttini and Wluka 2016; Ackerman
et al. 2017).

2.3.3 Epidemiological insights into chronic knee pain prevalence

Chronic knee pain and/or knee OA is a global issue with varying distribution across
continents, as highlighted by Cui et al. (2020) (refer to Figure 2). Knee OA is estimated
to affect 16% of individuals aged 15 and above globally, with an incidence rate of 203
cases per 10,000 persons in those aged 20 and above (Cui et al. 2020). The past two
decades have seen a significant increase in knee OA cases, totalling 365 million
worldwide, attributed to factors such as population growth, an aging demographic and
an obesity epidemic (Cross et al. 2014; O’Neill et al. 2018; Cieza et al. 2020; Long et
al. 2022; Hunter et al. 2022; Yang et al. 2023). Cui et al. (2020) found a moderate

occurrence of knee OA in developed regions like Europe and North America, with
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prevalence rates ranging from 10% to 19%, and a higher presence among populations

in Asia and Africa, with prevalence rates ranging from 20% to 24% (Cui et al. 2020).
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Figure 2: Global distribution of the prevalence of knee OA.
Source: Cui et al. (2020)

It is noteworthy that most of the data in the existing literature emanates from research
conducted in the Americas, Europe and East Asia, as depicted in Figure 2 above
(Cross et al. 2014, Chia et al. 2016; Cui et al. 2020; Ginnerup-Nielsen et al. 2021).
This concentration underscores the extensive research investment in these regions,
as emphasised by Fontelo and Liu (2018). However, a different scenario emerges in
Africa and West Asia, where national data on chronic knee pain prevalence is notably
limited (Chia et al. 2016; Cui et al. 2020; Alenazi et al. 2021). Alenazi et al. (2021)
recently attempted to bridge this gap by generating evidence on knee OA prevalence
in the Gulf Cooperation Council countries of West Asia, of which Saudi Arabia is a
member. While their data made a valuable addition to the data available in the
literature, the authors pointed out some limitations in the analysed papers, including
outdated information, which may restrict the generalisability of the results to the region

and the present time (Alenazi et al. 2021).
Published data marked disparities in chronic knee pain prevalence across continents,
as elucidated by Cui et al. (2020). This underscores the intricate interplay between

ethnicity, access to healthcare services, occupational influences and cultural practices
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concerning knee pain development and its potential progression towards chronicity
(Zhang and Jordan 2010). Ethnicity/race has garnered considerable attention in the
academic discourse, with numerous research studies investigating the prevalence
rates of knee OA among diverse ethnic groups (Jordan et al. 2009; Deshpande et al.
2016; Mat et al. 2019). For example, Callahan et al. (2021) conducted a
comprehensive review of knee OA epidemiology among Americans from different
ethnic backgrounds. Their work highlights the impact of interethnic variations in body
structure and alignment on knee OA development, pain intensity and functional
performance. Notably, Chang et al. (2010) revealed that African Americans are more
prone to presenting with valgus thrust during walking when compared to their white
American counterparts, thereby increasing their susceptibility to lateral knee OA.
Furthermore, investigations into young immigrants from the Middle East and Africa
have unveiled a notable prevalence of vitamin D deficiency within these ethnic groups.
This deficiency has been linked to muscle weakness in the lower extremities, a factor
that may explain the early onset of radiographic knee OA within these populations
(Aucoin et al. 2013; Ramnemark et al. 2015; Granlund et al. 2016; Granlund et al.
2018).

The findings presented by Cui et al. (2020) raise questions regarding variations in the
guality of healthcare systems across continents and their innovative approaches to
managing knee pain, which may contribute to differences in chronicity rates. Lying at
the top of the World Index of Healthcare Innovation, countries like the United States,
Switzerland, Netherlands and Germany have established themselves as leaders in
advanced healthcare systems (Girvan and Roy 2020). These nations have
distinguished themselves by their unwavering commitment to sustainable cost
structures, the utilisation of cutting-edge therapies, the provision of personalised care
through innovative cures and vaccine development (Girvan and Roy 2020). These
efforts extend beyond the realm of public health and act as catalysts for economic
growth, facilitating the allocation of resources for healthcare expenditures (Girvan and
Roy 2020). However, the situation is vastly different in low-income countries,
predominantly located in Asia and Africa, where substantial population growth rates
and high poverty levels are prevalent (United Nations 2022; World Bank 2023). In
these nations, healthcare systems face immense pressure to provide essential

healthcare services to their populations, often under resource constraints (WHO
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2017). This environment increases the likelihood of inaccurate diagnoses and a
deviation from clinical guidelines, which are predominantly established by leading
countries worldwide (WHO 2018).

Whilst the quality of healthcare systems may have an impact on rates of chronic knee
pain, it can be further assumed that Asia's elevated rates of knee OA may be caused
by the prevalence of physically demanding occupations. This notably include
agriculture and construction, which may entail heavy lifting and repetitive stress on the
knee joint. The recent blog by Ryu (2023) highlights that Asia has one of the highest
concentrations of agricultural workers globally. China and India, in particular, stand out
with roughly 200 million agricultural labourers each, and these workers constitute a
significant portion of their total workforce, ranging from 25% to 43% (Ryu 2023). Wang
and colleagues’ (2020) study confirms this claim. Their analysis, which involves 71
studies, provides robust evidence that occupations like agriculture substantially
elevate the risk of developing chronic knee pain by as much as 52% (Wang et al.
2020). This underscores the substantial burden chronic knee pain places on
economies, healthcare systems and individuals in developing countries, as indicated
by Yang et al. (2023).

Lastly, cultural and religious practices in Asia that require prolonged knee bending or
squatting positions have been cited as contributing factors to elevated rates of chronic
knee pain (Cui et al. 2020). These postures are not only deeply embedded in daily
cultural routines but are also integral to religious observances, where positions of
prostration and kneeling during prayers demand extended knee flexion (Pattayakorn
et al. 2010; Danes-Daetz et al. 2024). This increases the likelihood of individuals
developing chronic knee pain, a phenomenon observed in Saudi populations with the
tradition of sitting cross-legged, as previously highlighted in Chapter 1 (Al-Arfaj and Al-
Boukai 2002; Palmer 2012). However, recent evidence suggests a more balanced
perspective is needed. While prolonged kneeling and similar activities can contribute
to knee pain under certain conditions, they also have the potential to improve joint
health by increasing range of motion and preserving articular surfaces (Chamsi-Pasha
and Chamsi-Pasha 2021). This approach shifts the focus from seeing these practices
solely as contributors to chronic knee pain to understanding them as integral aspects

of daily life that might offer protective benefits when done in moderation and with
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proper technique (Dahaghin et al. 2009). By adopting this view, developers can better
appreciate these activities’ role within the cultural context and develop more culturally
sensitive interventions that respect these traditions while addressing the population’s

health needs.

2.3.4 Burden of chronic knee pain

Knee OA, a common cause of chronic knee pain, has become the 10" most significant
contributor to the number of years people live with disabilities worldwide, leading to
significant personal, societal and economic burden (Palazzo et al. 2016; Kyu et al.
2018; WHO 2023). Musculoskeletal conditions, including knee-related ones, directly
impact the subject’s ability to physically function without pain and limit joint movement,
affecting daily life activities and job-related tasks (Nakamura et al. 2011; Woolf et al.
2012; Harden et al. 2013). As the population ages and lifestyles become more
sedentary, factors closely associated with the risk of knee OA, the world could be on
a trajectory toward a potentially alarming surge in chronic knee pain cases (Ginnerup-
Nielsen et al. 2021).

In terms of the societal and personal impact of chronic knee pain, it is a formidable
contributor to absenteeism, with individuals being compelled to miss workdays due to
unbearable pain, a phenomenon extensively documented in the literature (Agaliotis et
al. 2014; Fransen et al. 2015; El-Tallawy et al. 2021). In more severe instances, this
unbearable pain may lead to job loss as individuals find themselves unable to meet
the demands and requirements of their jobs’ leading to diminished productivity (Laires
et al. 2018). The gravity of this issue is highlighted by the longitudinal study carried out
by Agaliotis et al. (2013), which involved a cohort of 360 Australians with chronic knee
pain. Their findings indicate that 79% of these individuals, equivalent to 283 subjects,
reported a significant reduction in productivity while at work, highlighting the profound
societal impact of this condition (Agaliotis et al. 2013). The situation in developing
countries, where a substantial portion of the labour force is engaged in physically
demanding occupations, is worse and has been linked with shortened working lives
(Litchfield et al. 2016; Pedersen et al. 2020). The consequences of job loss can be
dire for populations already burdened with high poverty rates (World Bank 2023).

Financial problems stemming from unemployment can have a cascading effect,
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leading to reduced access to essential treatments, altering living conditions and
negatively affecting mental well-being (Modrek et al. 2013; Frasquilho et al. 2015;
Margerison-Zilko et al. 2016). The additional financial burden of treatment costs and
job loss only serves to worsen an already distressing scenario, and depression, a well-

documented consequence of chronic knee pain, may set in (Tsuji et al. 2019).

Additionally, when examining chronic knee pain from an economic perspective, a
complex network of financial consequences becomes apparent, affecting individuals,
healthcare insurers and entire countries (Gupta et al. 2005; Xie et al. 2008; Salaru et
al. 2014; Hunter et al. 2014; Leifer et al. 2022). In countries where healthcare services
are funded through taxation, like the United Kingdom, or predominantly rely on private
systems, as seen in the United States, the financial burden falls squarely on individuals
or health insurers (Sussex et al. 2019; Tikkanen and Abrams 2020). This financial
strain only amplifies as the severity of knee pain intensifies, leading to an increased
demand for treatments, as clarified by Jackson et al. (2020). For those with chronic
knee pain, the quest for relief encompasses a spectrum of treatment modalities,
ultimately culminating in knee arthroplasty, an expensive facet of knee OA
management (Bozic et al. 2012; Cohen et al. 2016). In the United States, for instance,
the lifelong expenditure on nonoperative treatments has been estimated to be between
$12,400 to $16,000 per individual, consuming approximately 53.37% of the annual
income of low-income Americans (Losina et al. 2015; Kochhar and Sechopoulos
2022). Conversely, in countries where public healthcare services are universally
available, like Saudi Arabia, there is a tendency to overuse the healthcare available.
This excessive utilisation of medical services, apparent within the domain of
musculoskeletal healthcare, may provide no obvious benefits and, on occasion, may
even cause harm (Elshaug et al. 2017; Traeger et al. 2017). Zadro et al. (2020) explore
the main factors driving healthcare overuse, shedding light on the direct influence of
payment models on this issue. The accessibility of cost-free healthcare services can
unintentionally lead to a scenario wherein individuals consult numerous physicians

and seek duplicative or unnecessary treatments and medications (Zieff et al. 2020).

The global burden of chronic knee pain has received increasing attention from
healthcare researchers who are actively looking for ways to alleviate the strain on

healthcare systems and the individuals affected. One noteworthy development in this
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regard is the treatment strategies recommended by practical clinical guidelines
(Bruyere et al. 2019; Bannuru et al. 2019). These guidelines emphasise the
importance of multimodal interventions for managing chronic knee pain, with
recommendations for conservative treatments outnumbering pharmacological options
(Bruyere et al. 2019; Bannuru et al. 2019; Kolasinski et al. 2020; Overton et al. 2022).
Conservative treatments, which include exercise, patient education, self-management
and weight management, play a central role in modifying lifestyles to enhance quality
of life while minimising medication use (Kloppenburg and Berenbaum 2020). They also
aim to slow down the progression to joint replacement surgery, which does not always
guarantee improvement (Waimann et al. 2014; Wylde et al. 2018; Kolasinski et al.
2020; Arden et al. 2020). In a report published by the National Institute for Health and
Care Research, drawn from a comprehensive analysis of over 30 physiotherapy-
related research studies, there is a strong endorsement of high-quality, personalised
physiotherapy-led rehabilitation (NIHR 2018). This approach has the potential to
reduce the need for additional medical investigations, resulting in cost savings and
improved outcomes in terms of symptom management and work productivity for
individuals with chronic knee pain (NIHR 2018).

Exercise has emerged as a cornerstone in the conservative management of chronic
knee pain, with a wealth of evidence underscoring its effectiveness (Bruyére et al.
2019; Bannuru et al. 2019). Beyond its standalone benefits, incorporating exercise into
comprehensive self-management programs has shown even greater promise
(Kolasinski et al. 2020). These holistic programs, which blend patient education,
targeted exercise regimens and lifestyle adjustments, have demonstrated notable
improvements in symptom relief, enhanced physical function, reduced dependency on
medications and decreased absenteeism due to iliness, all while maintaining a low risk
profile (Skou and Roos 2017; Kolasinski et al. 2020). The strategic integration of self-
management support into healthcare delivery not only empowers individuals to take
control of their condition but also signifies a pivotal shift towards sustainable
healthcare practices, easing the current burdensome reliance on medical interventions
(Dineen-Griffin et al. 2019).

2.3.5 Lessons learned from the reviewed literature in this section
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It can be inferred from the literature above that chronic knee pain is a dynamic
condition resulting from a complex interplay of biopsychosocial factors. This realisation
necessitates a paradigm shift towards interdisciplinary treatment strategies that
embrace personalised care and promote the sharing of decision-making between
affected individuals and healthcare providers. Such strategies, as highlighted by
researchers like Gatchel et al. (2014) and Cohen et al. (2021), are critical for
addressing the unigue manifestations of knee pain in each individual, particularly given
the condition's tendency towards chronicity. The early identification of individuals at
high risk, as advocated by Holden et al. (2021), is critical in order to apply timely,

multimodal treatment plans.

Furthermore, the literature reveals that chronic knee pain is globally prevalent, with
significant regional variations, and can be attributed to factors such as ethnicity,
healthcare access, occupational habits and cultural and religious practices. This
variation is underscored by the research findings of Cui et al. (2020), which point to
extensive studies in the Americas, Europe, and East Asia but a notable scarcity of
data from Africa and West Asia, indicating a critical gap in understanding chronic knee
pain on a global scale. The contrast between advanced healthcare systems in some
regions and resource-limited settings in others further complicates the management
and burden of the condition worldwide, calling for the development of management
approaches that are not only culturally sensitive but also tailored to the specific needs

and resources of different regions.

Finally, the issue of chronic knee pain, especially resulting from OA, is identified as a
significant contributor to disability that impacts personal well-being and economic
stability (Palazzo et al. 2016; Kyu et al. 2018; WHO 2023). The expected increase in
the incidence of chronic knee pain, driven by sedentary lifestyles and an aging
population, is likely to place additional strain on healthcare systems globally
(Ginnerup-Nielsen et al. 2021). Addressing this challenge effectively demands a
comprehensive strategy that prioritises conservative management techniques, such
as exercise and patient education, over reliance on pharmacological interventions or
surgical procedures. Such an approach aims to improve symptom control, enhance
work productivity and elevate overall quality of life, thereby addressing the personal

and societal challenges posed by the condition (Dineen-Griffin et al. 2019).
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2.4 Self-management support

2.4.1 Setting the scene for the section

Health, as first defined by the World Health Organisation (WHO), signifies a condition
of complete physical, mental and social well-being, extending beyond the mere
absence of disease or infirmity (WHO 1984). Changes have been made to the earlier
definition to make it more dynamic by defining health as “the ability to adapt to one's
environment” (Koplan et al. 2009). However, as per this modified definition, individuals
with chronic conditions are seen as definitively ill, which has been viewed as a
counterproductive. Huber et al. (2011) argue that WHO’s definition ignores the human
ability to overcome life's physical, mental and social challenges and live a life of
fulfilment and well-being despite a chronic disease or disability. For this reason, the
concept of health has been expanded to include self-management, proposing that
health is "the ability to adapt and self-manage in the face of social, physical, and
emotional challenges” (Huber et al. 2011). This shift reflects changing demographic
and epidemiological trends, particularly the rise in chronic diseases and multimorbidity
(Fortin et al. 2010; Van de Velde et al. 2019; Chowdhury et al. 2023). Consequently,
the management of chronic illness is moving away from the traditional biomedical
model, in which the patient is a passive receiver of care, towards a model that centres
on self-management support, with individuals actively participating in their care
alongside healthcare providers (Holman and Lorig 2000; Bodenheimer et al. 2002;
Grady and Gough 2014).

2.4.2 Decoding healthcare self-management: key terms and concepts

A concept is a word or phrase that represents an idea or phenomenon in an abstract
manner, giving it a distinct identity or significance (Burns and Grove 2009). In the
context of self-management programs, the focal motivational construct is the
individual, referred to as the "self" (Omisakin and Ncama 2011). Rogers (1959) defines
the self as “the organised, consistent, conceptual entity composed of perceptions of

“I”

the characteristics of “I” or “me” and the perception of the relationships of the “I” or
“‘me” to others and to various aspects of life, together with the value attached to these

perceptions”. The self is shaped through interactions with others and involves
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awareness of being and functioning (Omisakin and Ncama 2011). Since the early
1990s, many terms have been used interchangeably in the literature to refer to self-
management practices (Bentzen et al. 1989; Dean 1989; Jones et al. 2011). These
include self-care, self-management and self-management support. Each term will be
detailed consecutively to highlight their differences and specify which concepts are

being adopted in this research.

Self-care, as defined by the Self Care Forum (2020) is “the actions that individuals
take for themselves, on behalf of and with others in order to develop, protect, maintain
and improve their health, wellbeing or wellness”. Healthy individuals actively engage
in different self-care behaviours, spanning from physical exercise to psychological
therapy, to improve their physical and mental health and reduce the risk of illness
(Richard and Shea 2011; Matarese et al. 2018; Martinez et al. 2021). Researchers
who have explored the concept of self-care in their studies have concurred that self-
care is an old practice that is deeply ingrained in human behaviour and precedes the
founding of formal healthcare systems, the aim of which is to maintain well-being and
manage acute conditions (McCormack 2003; Martinez et al. 2021). It is a practice that
is built upon the knowledge individuals acquire from different sources available to them
that enables them to gain the skills to effectively maintain their personal wellbeing
(Narasimhan et al. 2019). Interestingly, the prominence of self-care practices has
fluctuated over time. At points in history, self-care took a back seat as advanced
healthcare practices and technology seemed to offer comprehensive solutions,
particularly for acute conditions (Saunders 1994). However, in the latter part of the
20th century, a shift occurred in disease patterns from acute to chronic and prompted
a renewed emphasis on self-care behaviour, with individuals being encouraged to
behave in a way that helped them to remain healthy (Romeder 1999; McCormack
2003; Wilkinson and Whitehead 2008; Richard and Shea 2011; Banerjee et al. 2020).

Self-care and self-management, although sometimes used interchangeably, are
interconnected yet distinct (Grady and Gough 2014). Both pertain to the key role
individuals play in actively enhancing and/or restoring their health through adopting
helpful behaviours. However, self-management, in particular, is a more specialised
term, primarily addressing the complex domain of chronic disease management (Lorig
and Holman 2003; Van de Velde et al. 2019). As defined by Van de Velde et al. (2019,
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p. 10), “Self-management is the intrinsically controlled ability of an active, responsible,
informed and autonomous individual to live with the medical, role and emotional
consequences of their chronic condition(s) in partnership with their social network and
the healthcare provider(s)’. As per the definition of Van de Velde et al. (2019),
individuals living with chronic conditions need to be self-efficacious to make daily
choices regarding the management of their long-term condition. This primarily involves
changing unhealthy behaviours that affect their quality of life into healthier ones. (Zhao
et al. 2019). The self-efficacy (confidence) to make such changes can be gained
through continuous condition-specific education, knowledge of oneself (referred to as
self-awareness), partnership with healthcare professionals and the support of social

networks.

For individuals with chronic conditions to effectively self-manage for a lifetime, varying
levels of support, whether from healthcare professionals, family and/or peers, may be
needed at different points in time (Wilkinson and Whitehead 2009; Silva 2011; Boger
et al. 2015). Self-management support is a popular healthcare practice nowadays
which has been defined by the Institute of Medicine (2003, p. 57), as “the systematic
provision of education and supportive interventions by healthcare staff to increase
patients' skills and confidence in managing their health problems, including regular
assessment of progress and problems, goal setting, and problem-solving support”. In
this process, healthcare professionals collaborate with patients to communicate
knowledge and clinical experiences, identify personal struggles, find suitable
solutions, recommend effective managing behaviours and set short and long-term
goals to effectively manage the condition (Silva 2011). Self-management support
extends beyond healthcare professionals to include family/friends living close to the
individual and peers who have the same condition (Grady and Gough 2014). Family
and close friends can form an emotional support system and help with tasks like
medication management. Peer support extends beyond clinical treatment and into
daily life, offering non-clinical, lived experience-based strategies, which could also be
tailored to the unique cultural context of the group (NHS 2023).

In this thesis, the focus will primarily be on the term "self-management support” to
describe the role of healthcare providers in this supportive journey. The term "self-

management” will also be used, albeit to a lesser degree, when exploring strategies
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that individuals with knee pain adopt for their own care. Table 1 summarises the three

terms.
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Term
Self-care

Self-
management

Self-
management
Support

Definition Who it applies to
The actions that individuals  Individuals,
take for themselves, on families and
behalf of and with others in = communities.

order to develop, protect,
maintain and improve their
health, wellbeing or
wellness.

The intrinsically controlled
ability of an active,
responsible, informed and
autonomous individual to
live with the medical and
emotional consequences of
his/her chronic condition(s)
in partnership with his/her
social network and the
healthcare provider(s).

The systematic provision of
education and supportive
interventions by healthcare
staff to increase patients'
skills and confidence in
managing their health
problems, including regular
assessment of progress
and problems, goal setting
and problem-solving
support.

Individuals with a
chronic health
condition.

Healthcare
professionals,
community health
workers, peers,
family and
caregivers.

Purpose
To maintain
physical, mental,
and emotional
health, prevent
illness or manage
an acute illness.

To reduce the
burden of chronic
illnesses.

To cope with the
physical, social
and mental
consequences of
chronic illnesses.

To provide people
with the
information and
skills that enhance
their ability to
manage their
chronic health
condition.

When to appl

Anytime/when

having an acute
injury and/or
illness.

Long-term, chronic
health conditions.

Long-term, chronic
health conditions.

Table 1: Self-care, self-management and self-management support.

24

External support
May or may not be
needed.
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2.4.3 Behavioural theories underpinning healthcare self-management support

According to Davis et al. (2015), a theory is a collection of concepts or principles
designed to explain or predict a specific phenomenon or behaviour. Consequently, the
integration of theories on behaviour into the development phase of a program has
consistently been promoted within the self-management literature (Bos-Touwen et al.
2015; Araujo-Soares et al. 2019; Henriques and de Sousa Loura 2023). These types
of theories are formulated to either explain an individual's behaviour in the context of
change (why, when and how a behaviour does or does not occur) or help to select
strategies most able to facilitate change within a given context and timeframe (Michie
etal. 2018). Hayden (2022) states that healthcare providers can better understand the
circumstances that contribute to individuals either accepting and adopting new healthy
behaviours or resisting them by employing theories on behaviour. In the context of
self-management support, the most cited theories of behaviour are social cognitive
theory, theory of planned behaviour, self-determination theory, self-regulation theory
and the transtheoretical model (Henriques and de Sousa Loura 2023). The following
paragraphs discuss each one of these theories to explain their key concepts, focus

and application in self-management support programs.

Social cognitive theory was first developed by Bandura (1999) and has emerged in
the literature as the most suitable model for understanding health-related behaviours
in individuals with chronic conditions (Bandura 2009; Wattanakul 2012; Obirikorang et
al. 2022). Bandura's earlier social learning theory posits that observational learning, a
process whereby individuals absorb behaviour by observing a model and retaining,
imitating and being motivated by the observed actions, is crucial in shaping one's
behaviour (Bandura and Walters 1963; Bandura 1977). Social cognitive theory, as
articulated by Glanz (2001), is the cognitive formulation of social learning theory,
cognitive processes having been added to the equation. Bandura hypothesised that
an individual cognitively processes information from the environment and determines
their own behavioural responses to it. In the context of self-management support, this
theory focuses on encouraging health behaviours by altering cognitive processes and
increasing an individual's belief in their ability to accomplish a task (self-efficacy)
(Bandura 1999; Smith et al. 2022). The key constructs of social cognitive theory are

observational learning, self-efficacy and reinforcement (Glanz 1997). Each construct
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is explained in Table 2 below with its corresponding strategies in self-management
support programs that are believed to promote behaviour change, as found in the

literature.

Key concept Description Related strategies to

facilitate behaviour
change

Observational People learn by directly Peer support
observing the experiences
of others and imitate them.
Self-efficacy A person's confidence in Goal setting
their own ability to
successfully perform a
behaviour. Receiving feedback
Positive reinforcement can
increase the likelihood of a
behaviour being repeated. Problem-solving

learning Group-based programs

Skill mastery via practice

Self-monitoring
Reinforcement

Rewards

Table 2: Key concepts of social cognitive theory and related strategies.
Sources: Schunk and Pajares (2010), Jang and Yoo (2012), Tougas et al. (2015)
and LaMorte (2022a).

According to social cognitive theory, enhancing an individual's self-efficacy, their belief
in their own ability to perform necessary behaviours for effective condition
management, can be achieved by integrating a range of strategies into the framework
of self-management support programs. These strategies encompass goal setting,
which directs efforts to make planned changes; self-monitoring, which fosters self-
awareness and vicarious learning through observation; self-reinforcement, whereby
the attainment of goals reinforces and strengthens self-efficacy through the mastery
of experiences; problem-solving, which involves critically examining challenges and
identifying effective solutions; social support, which provides encouragement and
assistance in adopting and maintaining desired behaviours; and managing emotional
states, aiming to address fears and misconceptions that may hinder the adoption of

desired behaviours.

The theory of planned behaviour, developed by Ajzen (1991), suggests that an
individual's behaviour is determined by their intention to engage in that behaviour.

According to Ajzen (1991), the relationship between intention and action is influenced
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by three key factors, which are attitude, subjective (social) norms and perceived
behavioural control. This theory depends on self-reflection, including an individual's
capacity to evaluate their attitudes, beliefs and perceptions regarding the behaviour,
the importance of the behaviour by significant others and the perceived effort required
to perform it (Lee and Lina Kim 2017). Table 3 explains the three key factors of the

theory with related strategies that could be incorporated in self-management support

programs to promote behaviour change, as found in the literature.

Key factor Description Related strategies to
facilitate behaviour change
Subject’s intent is Patient-centred
Attitude influenced by their communication.
personal evaluation of a
particular behaviour of Personalisation of program
interest (favourable or content addressing individual’s
unfavourable). belief, motivators and status of
Subject’s intent is social support.
Subjective (social) | influenced by social
norms pressure and expectations | Shared decision-making.

exerted by significant
others, such as family and
friends, or societal norms.

Subject’s intent is Self-monitoring
Perceived influenced by self-beliefs in Goal settin
behavioural own capability to 9
control successfully perform the Skill mastery

behaviour and overcome
any challenges that may
be encountered.

Feedback

Table 3: Key aspects of the theory of planned behaviour.
Sources: Lee and Lina Kim (2017) and Pourmand et al. (2020).

According to the theory of planned behaviour, individuals with chronic conditions may
be hesitant to engage in behaviour change programs, like for self-management
support, due to negative perceptions, lack of social support or low self-efficacy. To
enhance the intention to participate, different strategies found in the literature could be
incorporated during program development. For example, Lee and Lina Kim (2017)
raise the importance of understanding individuals’ personal beliefs and motivations
related to the intended behaviour as well as how their social network views their

involvement in this behaviour. This approach aligns with patient-centred care, where
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patients actively collaborate with healthcare professionals to create a treatment plan
tailored to their specific needs, goals and circumstances. This approach promotes
shared decision-making, enhancing patient engagement and boosting their
confidence in their ability to effectively control their health (Pourmand et al. 2020). This
can also be enhanced by incorporating self-efficacy and reinforcement strategies
previously discussed in the social cognitive theory, such as goal setting, problem-

solving and feedback.

Within the context of healthcare self-management, self-determination theory
frequently emerges in discussions (Deci and Ryan 1985; Knox et al. 2021). It is a
motivational theory that focuses on internal sources of motivation, including the desire
for personal growth and satisfaction. It explains the interaction between social
environments and individual psychological needs, shaping motivation, personal
development and overall well-being (Ryan et al. 2019). This theory suggests that every
individual has three fundamental psychological needs, which are autonomy,
competence and relatedness, that serve as the foundation for growth and
development (Deci and Ryan 1985). Table 4 explains these psychological needs with
related strategies that could be incorporated into self-management support programs

to promote behaviour change, as found in the literature.
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Psychological Description Related strategies to facilitate

needs behaviour change

Individuals are Patient/self-management
autonomously motivated

Autonomy education
when they feel a sense
of free will and choice in = Patient-centred communication
their actions with no . .
Shared decision-making
external pressure.
Individuals perceive Problem-solving
themselves as .
Competence competent when they Skill mastery
believe they can Self-monitoring
influence important Feedback
outcomes, for example,
pain levels. Professional support
Individuals feel Patient-centred communication
respected, understood NP .
Relatedness and cared for by Sirlronl dlea -l g

healthcare providers or = Personalisation
social network. .
Social support

Group-based programs

Table 4: Psychological needs of self-determination theory.
Sources: Williams et al. (2004), Ryan et al. (2008) and Stenberg et al. (2022).
As can be seen above in Table 4, self-determination theory focuses on the inner
drivers that guide individuals when considering change. The literature discusses
specific strategies that align with this theory and aim to activate autonomous
motivation within individuals so they will engage in behaviour change programs
(Williams et al. 2004; Ryan et al. 2008; Stenberg et al. 2022). Clearly, individuals with
chronic conditions must develop intrinsic readiness for change, which can only come
about via a process involving sufficient education, skill development and social and
expert support. Through applying these strategies, individuals' fundamental
psychological needs for autonomy, competence and relatedness can be met, thereby
fostering a profound sense of empowerment, contentment and intrinsic drive in relation

to their efforts to effectively manage their conditions.
Another theory frequently discussed in the context of health self-management is
Bandura's Self-regulation theory (1991). This theory is a conscious, personal

management system involving a process of directing one's own thoughts, behaviours

29



and emotions to attain intended goals (Baumeister et al. 2007; Zhao et al. 2019).
According to this theory, individuals must actively contribute to their own motivation,
behaviour and development to engage in desired behaviours. This can be achieved
through skills such as self-monitoring, self-evaluation, self-reinforcement and self-
instruction. Each of these skills is further explained in Table 5, along with potential
tools and strategies that can be acquired to facilitate self-management or integrated

into self-management support programs, as found in the literature.

Skills Description Related tools/strategies

to facilitate behaviour
change
The process of observing one’s Activity tracker
own behaviour and associated
consequences.

Self-monitoring Symptom diary

The process of comparing Goal setting
oneself at some point to oneself

Self-evaluation . i ; Self-feedback
at an earlier point of time or a
standard measure towards
achieving goal.
The process of encouraging Self-reward

Self- oneself to engage in desired

) . Positive affirmations
reinforcement behaviour.

The process of guiding and Self-talk
Self-instruction | directing oneself regarding a
particular behaviour.

Table 5: Skills needed to make a change according to the self-regulation theory.
Sources: Clark et al. (2014) and Sage et al. (2017).

Lansing and Berg (2014) highlight in their paper that successful self-management of
chronic conditions hinges upon the establishment of a solid groundwork of self-
regulation skills. To achieve their goals, individuals must exercise command over their
own thoughts, such as those related to the consequences of their health condition or
any feelings of embarrassment when carrying out desired behaviours in the presence
of others. Effectively managing inner conflicts between one's sense of self and ego
can significantly contribute to the sustained practice of desired behaviours, and this is
often referred to as "adherence". This adherence, in turn, has the potential to yield

improved health outcomes (Graves et al. 2010).
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The transtheoretical model of change by Prochaska and DiClemente (1983) serves
as a framework that incorporates multiple behavioural theories and constructs in order
to understand and guide behaviour change. This model is based on the belief that
people do not change behaviours quickly and decisively but rather that change in
behaviour happens continuously through a cyclical process involving six stages
(Raihan and Cogburn 2020; LaMorte 2022b). These stages are precontemplation,
contemplation, preparation, action, maintenance and termination. Each stage requires
the use of different strategies to facilitate progression to the next stage and ultimately
achieve behaviour maintenance, which is the desired outcome (Prochaska and Velicer
1997). Table 6 below elaborates on these stages along with potential strategies to

promote change tailored to each stage, as found in the literature.
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Description

Related strategies to

Precontemplation

Contemplation

No intention for a change
(might be defensive when the
idea of change is proposed).

The individual becomes aware
of the problem and develops
intentions to overcome it (no
action has been taking yet).

Developing intentions to take

facilitate behaviour change
Patient education

Patient-centred
communication
Peer discussion
Patient-centred
communication

Problem-solving

Self-management education

Preparation action leading to a change.

Patient-centred
communication
Peer discussion

Actions are taken to bring
about a change.

Problem-solving
Action Goal setting
Efforts are made to maintain

behaviour over the long-term.

Self-regulation skills (self-
AEIMETENES monitoring, self-evaluation.

No intention to return to etc.).

Termination previous negative behaviours.

Table 6: Stages of the transtheoretical model of change.
Sources: Prochaska and Velicer (1997) and LaMorte (2022h).

According to the transtheoretical model of change, individuals with chronic conditions
need to be assessed prior to recommending self-management behaviours to explore
their current stage on the change cycle (Jensen et al. 2003). By implementing these
strategies in accordance with the specific stage of change, individuals are more likely
to successfully navigate their way through the model and maintain their desired

behaviour.

2.4.3.1 Synthesising Behavioural Theories in the Context of Chronic Knee Pain

This analysis critically examines these theories, comparing and contrasting their
approaches and efficacy in addressing the unique challenges of chronic knee pain

management.
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Social Cognitive Theory and the Theory of Planned Behaviour share a focus on
cognitive processes in shaping behaviour but differ in their specific emphases. Social
Cognitive Theory, with its central concept of self-efficacy, has demonstrated significant
improvements in pain self-efficacy and physical function in individuals with knee OA
(Hurley et al. 2018). Similarly, the Theory of Planned Behaviour has shown efficacy in
predicting adherence to exercise regimens, particularly through its focus on
behavioural intentions and perceived behavioural control (Sniehotta et al. 2014).
However, Social Cognitive Theory may not adequately account for environmental and
socioeconomic factors, while the Theory of Planned Behaviour has been faulted for
not fully capturing the emotional and habitual aspects of pain-related behaviours
(Armitage and Conner 2001; Edwards et al. 2019). These limitations highlight a shared

weakness in addressing the multifaceted nature of chronic pain management.

In contrast, Self-Determination Theory and Self-Regulation Theory focus more on the
motivational aspects of behaviour change. Self-Determination Theory emphasises
intrinsic motivation and autonomy support, showing promise in promoting long-term
adherence to self-management behaviours (Ng et al. 2012). Self-Regulation Theory,
on the other hand, provides valuable insights into how individuals set and pursue
health-related goals, adapt to pain fluctuations, and maintain self-management
behaviours over time (Leventhal et al. 1980). Both theories have demonstrated
improvements in pain coping strategies and functional outcomes; however, they differ
in their limitations. Self-Determination Theory may not adequately address pain-
related fear and avoidance behaviours, while Self-Regulation Theory has been
criticised for not fully accounting for the impact of social and environmental factors on
self-regulation processes (Ryan et al. 2008; Mann et al. 2013). This comparison
reveals a gap in addressing both psychological barriers and contextual factors in

chronic pain management.

The Transtheoretical Model stands somewhat apart from the other theories in its
stage-based approach to behaviour change. It has proven useful in tailoring
interventions to individuals' readiness to change, demonstrating improvements in
stage progression and adoption of self-management behaviours in knee OA patients
(Johnson et al. 2014). However, unlike the other theories which focus on ongoing

processes, the Transtheoretical Model's rigid stage-based approach may oversimplify
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the ongoing, fluctuating nature of chronic pain, where individuals often move back and
forth between different stages rather than following a linear path (West 2005). This
distinction highlights the need for models that can capture the dynamic nature of pain

management behaviours.

When comparing the theories' applications in chronic knee pain management, it can
be seen both overlaps and unique contributions. Social Cognitive Theory and the
Theory of Planned Behaviour both provide valuable frameworks for understanding and
influencing health behaviours, but Social Cognitive Theory's emphasis on self-efficacy
may be particularly relevant for pain management tasks (French et al. 2012). Self-
Determination Theory and Self-Regulation Theory both address motivational aspects,
but Self-Determination Theory's focus on autonomous motivation may be especially
relevant for long-term adherence to self-management strategies (Ryan et al. 2008).
The Transtheoretical Model, while useful for tailoring interventions, may be less
equipped to address the ongoing, fluctuating nature of chronic pain management

compared to the other theories (Prochaska and Velicer 1997).

Despite their individual strengths, all five theories share a common limitation: when
applied in isolation, they fail to capture the full complexity of chronic knee pain self-
management. This shared weakness underscores the need for an integrated approach
that combines the strengths of multiple theories. For instance, combining Social
Cognitive Theory's focus on self-efficacy with Self-Determination Theory's emphasis
on intrinsic motivation could yield interventions that not only enhance individuals'
confidence in their ability to manage pain but also promote autonomous motivation for
long-term adherence (Keefe et al. 2018; Nijs et al. 2016). Similarly, integrating
elements from ecological models of health behaviour into Self-Regulation Theory-
based interventions could address the influence of social and environmental factors
on self-management processes (Sallis et al. 2015). Ecological models suggest that
health behaviours are influenced by multiple levels of factors, including individual,
interpersonal, organisational, community, and policy levels, providing a
comprehensive framework for understanding the complexities of chronic pain self-
management (Bronfenbrenner 1979; McLeroy et al. 1988). Furthermore, the
limitations of The Transtheoretical Model's stage-based approach could be mitigated

by integrating it with more dynamic models of behaviour change, such as the Health
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Action Process Approach (Schwarzer 2008). This approach distinguishes between a
motivational phase, where individuals form intentions, and a volitional phase, where
intentions are translated into actions. This two-phase model allows for a more flexible
understanding of behaviour change, recognising that individuals may revisit earlier
phases or experience relapses, which is particularly relevant in chronic pain
management. By combining the Transtheoretical Model's stage-based insights with
the Health Action Process Approach's more fluid, adaptive approach, interventions
could become better equipped to handle the complexities and fluctuations inherent in

chronic pain experiences (Schwarzer 2008; Sniehotta et al. 2014).

In conclusion, while each of the discussed theories offers valuable insights into self-
management of chronic knee pain, they also have some limitations when applied in
isolation. The comparison of these theories reveals gaps in addressing the
multifaceted, dynamic nature of chronic pain management. Researchers and future
developers should focus on integrating multiple theoretical perspectives to create
more comprehensive and effective interventions. This integrated approach should aim
to address both individual cognitive factors and broader environmental influences,
incorporate both rational decision-making processes and emotional aspects of pain-
related behaviours, combine motivational strategies with pain education, and account

for the dynamic nature of behaviour change in chronic pain management.

2.4.4 Self-management and self-management support in clinical practice

The overarching goal of self-management support is to enhance the self-efficacy of
individuals with chronic conditions through developing six essential skills, which are
problem-solving, decision-making, resource utilisation, establishing patient—provider
partnerships, action planning and self-tailoring (Lorig and Holman 2003). The literature
demonstrates a strong correlation between self-efficacy and long-term self-
management behaviours that lead to better health outcomes among individuals with
different chronic conditions (Wu et al. 2016; Geng et al. 2018). In clinical practice, the
support offered by healthcare providers to individuals with chronic conditions tends to
adhere to a structured approach. This approach underscores the importance of
establishing a strong patient-provider relationship and a solid foundation of knowledge
as the initial steps in assisting individuals with chronic conditions with self-

management (Schaefer et al. 2009).
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The development of all the aforementioned skills relies on the foundation of a robust
patient-provider relationship. In self-management support, healthcare providers must
attempt to create this relationship in the initial sessions, with the goal of establishing
trust and boosting the individual's confidence in their healthcare provider (Schaefer et
al. 2009). Patient-provider trust in this context plays a pivotal role in facilitating several
crucial outcomes. Firstly, individuals who have trust in their healthcare providers are
more likely to disclose personal information as well as discuss lived experiences and
preferences during sessions, which is fundamental to delivering tailored self-
management support (Franklin et al. 2018). Secondly, individuals with a high level of
trust in their healthcare providers tend to be more receptive to new care strategies,
hold a more favourable perception of their care and exhibit better adherence to
recommended approaches (Lee and Lin 2009; Thom et al. 2014; Schoenthaler et al.
2014). Thirdly, trust has been shown to play a key role in motivating individuals to
embrace positive behavioural changes, a central aspect of the self-management
concept (Wu et al. 2022). Establishing this trusted relationship begins with patient-
centred communication, as previously discussed in this section, characterised by
actively listening to individuals' shared experiences and demonstrating respect for
them and their stories (Allinson and Chaar 2016; Liu and Jiang 2019; Hong and Oh
2020).

The primary objectives of this trusted relationship are to instil motivation for change,
offer guidance on taking proactive steps and equip individuals with the necessary tools
to sustain positive changes. It is worth emphasising that all communication is two-way,
with individuals coping with chronic conditions actively contributing by sharing their
lived experiences with healthcare providers. This collaborative interaction allows
healthcare providers to gain profound insights into the psychosocial factors that can
either facilitate or impede the adoption of self-management behaviours. To further
improve this key aspect of support, certain self-management support training courses
incorporate skills training for motivational interviewing (The Health Foundation 2011,
Phillips et al. 2018). Motivational interviewing is a therapeutic type of interviewing that
aims to boost an individual's motivation and commitment to change by eliciting and
intensifying their own reasons for change within an empathetic and accepting
environment (Arkowitz et al. 2015). While not strictly theory-driven, motivational

interviewing aligns with the self-determination theory, emphasising individual needs
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for autonomy, competence and relatedness (Bischof et al. 2021). Proficient healthcare
providers in motivational interviewing possess the skills for active and reflective
listening, which are vital components of this approach. Through active listening,
providers uncover individuals' goals, concerns, lifestyles and social commitments, and
they then use this information to craft tailored self-management support plans (Bischof
et al. 2021).

Patient-provider communication in self-management support includes providing
individuals with chronic conditions with two types of education: patient education and
self-management education, which differ in their specific objectives. Patient education
aims to impart knowledge about the condition itself, covering aspects such as its
natural progression, potential treatment strategies and expected management
outcomes (Bodenheimer et al. 2002). On the other hand, self-management education
empowers individuals with chronic conditions by equipping them with the skills needed
to independently self-manage their condition (Bodenheimer et al. 2002). These two
forms of education are complementary and work together to enhance an individual's
confidence in actively engaging in various self-management tasks, including problem-
solving, decision-making and symptom monitoring. This comprehensive
understanding of their health condition, acquired from a highly trusted source,
empowers individuals to take an active role in their self-management journey (van
Berkel et al. 2015; Liu and Jiang 2019; Hong and Oh 2020). Education has consistently
proven to be a fundamental component of effective self-management support
programs, leading to improved health outcomes and a better quality of life for

individuals with chronic conditions (Timmermans et al. 2023).

Building on the foundation of an effective patient-provider relationship and tailored
education aligned with the individual's change stage, self-management support
evolves. It moves beyond merely exchanging knowledge and experiences to include

setting goals and solving problems collaboratively (Jonkman 2016).

Supporting individuals with chronic conditions in their lifelong journey of self-
management entails several essential components, including equipping them with
problem-solving skills for addressing daily challenges and granting them the autonomy
to make informed decisions (Lorig et al. 1999; Grady and Gough 2014). In healthcare,

providers play a crucial role in supporting individuals with chronic conditions to self-
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manage through guided problem-solving. This involves facilitating discussions to help
individuals identify problems and generate solutions and then to evaluate the
practicality and potential outcomes of these solutions (Boger et al. 2015; Van de Velde
et al. 2019). These scenarios often involve critical aspects like medication
management, lifestyle changes and seeking medical care. Importantly, a systematic
review of 33 studies by Devan et al. (2018) highlighted the effectiveness of this
approach. Their review found that guided problem-solving not only supports sustained
self-management routines but also significantly boosts confidence levels in individuals

with chronic pain (self-efficacy).

Building on the role of healthcare providers in facilitating guided problem-solving, the
next crucial step involves collaborating with individuals to develop actionable plans
based on the decisions made. Action plans consist of a set of short-term goals aimed
at achieving the larger intended behaviour. The goal-setting theory is a motivational
strategy concept commonly employed to facilitate behaviour change (Bailey 2017). It
is one of the most frequently employed components in interventions targeting
behaviour change, including those for self-management (Michie et al. 2018). The
literature consistently supports the connection between goal-setting theory and
sustained motivation and high performance (Travers et al. 2015; Locke and Latham
2019). Failing to achieve goals can have a negative effect on an individual's
confidence in performing intended behaviours (Bailey 2017). Therefore, breaking
down larger goals into short-term ones has been found to be an effective strategy for
improving success rates and self-efficacy (Ordoéfiez et al. 2009; Pearson 2012; Bailey
2017). This approach is further enhanced through continuous feedback, positive self-
talk, peer support and celebrating small victories along the way, often referred to as

self-rewards (Bailey 2017).

Within self-management support, healthcare providers assume a primary
responsibility in guiding individuals on the how and when of utilising external support
resources, including access to healthcare services, community resources, financial aid
and technology. This skill reflects an individual's capacity to identify and seek the
appropriate resources necessary for self-managing their conditions effectively. It is
worth noting that this skill was previously underscored by Lorig and Holman (2003) as

an aspect often overlooked by care providers. However, there appears to have been
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an improved focus on this in the past decade. This observation is grounded in the
efforts invested by developers in recent self-management support initiatives,
especially their online versions. Some of these initiatives have been designed to offer
users a wide array of external links, connecting them to different support providers,
including healthcare professionals and educational materials (Goff et al. 2023).
Moreover, an emerging trend is the integration of online support toolkits with in-clinic
support, supporting individuals with chronic conditions with a point of contact

throughout their self-management journey (Morton et al. 2017).

2.4.4.1 Insights from the Clinical Applications of Self-Management Support in
Physiotherapy Practice:

While the theoretical framework for self-management support by Lorig and Holman
(2003) provides a comprehensive foundation, its application in specific clinical
contexts, particularly in physiotherapy for chronic knee pain, reveals a landscape of
challenges and opportunities. Killingback et al. (2022) conducted a qualitative review
of 11 studies investigating physiotherapists' perspectives on implementing self-
management practices. The findings emphasiaed that although physiotherapists
acknowledged the importance of encouraging active patient participation, they often
struggled to balance their perceived professional authority with the empowerment
necessary for self-management approaches. This tension sometimes led to
behaviours that prioritized professional control, reflecting broader healthcare models
where clinicians traditionally occupy an authoritative role (Mudge et al. 2015). When
patients rejected their advice, it was sometimes perceived as a challenge to the
physiotherapists' professional identity. Such thinking contrasts with self-management
approaches, which advocate for shared decision-making between care providers and
patients (Elwyn 2001). While some physiotherapists recognised that patients
possessed valuable knowledge about their conditions, they still viewed themselves as
the experts in therapy. The study suggests that therapists should reflect on their own
expertise and recognise the value of the patient's lived experience. Failing to do so
may lead to a dynamic of paternalism, where the therapist assumes a dominant,
controlling role, potentially undermining the patient’'s autonomy (Alabdullah et al.
2022).
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From the patient's perspective, Wallis et al. (2019) conducted a systematic review of
gualitative studies examining the experiences of people with knee OA in managing
their condition. The study underscored the critical role of healthcare professionals in
providing clear communication, support, and information to patients. Negative
experiences, such as feeling unheard or dismissed, negatively affected patients'
attitudes towards management, emphasising the need for patient-centred
communication and shared decision-making. These findings resonate with the
principles outlined earlier, particularly the importance of establishing a strong patient-
provider relationship and providing tailored education. The challenges identified in
both Killingback et al. (2022) and Wallis et al. (2019) highlight the potential benefits of
incorporating motivational interviewing techniques into physiotherapy practice. This
approach could address the reported power imbalance by encouraging a more

collaborative environment and enhancing patients' motivation for change.

Spink et al. (2021) similarly explored the complexities of self-management
implementation, focusing on the patient perspective in chronic musculoskeletal pain,
including knee pain. Their systematic review highlighted that while patients were
equipped with problem-solving skills and action planning, practical barriers such as
time constraints and a lack of ongoing support impeded the long-term success of these
interventions. This aligns with Lorig and Holman’s (2003) framework, which
emphasises the importance of continuous healthcare support to reinforce self-
management behaviours. However, the study critiques the framework's overly
optimistic assumption that patients, once empowered, can sustain self-management
independently. Spink et al.'s findings suggest that without consistent reinforcement
from healthcare professionals, self-management strategies may weaken in the face of
daily challenges and systemic pressures. This critique resonates with Killingback et al.
(2022) and Mudge et al. (2015), who observed that physiotherapists often struggle to
surrender professional control. While Spink et al. (2021) focused on patients' needs
for ongoing professional support, Killingback et al. demonstrated that physiotherapists
may unintentionally undermine self-management by overemphasising their authority.
Both perspectives reveal that the theoretical benefits of self-management, such as
patient autonomy and empowerment, may be limited by entrenched power dynamics
within healthcare. Spink et al.'s study further suggests that the expertise of therapists

remains essential, not as a means of control, but to sustain the therapeutic alliance
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necessary for patient engagement, echoing discussions of trust and collaboration in

therapeutic relationships as seen in Krupnick et al. (2006) and Babatunde et al. (2017).

Together, these studies reveal that the application of self-management support in
physiotherapy practice is not merely a matter of providing patients with tools for self-
care but requires a delicate balance of professional expertise and patient autonomy.
Yet, as with many studies in this field, the above studies are limited by its focus on
individual patient barriers within Western healthcare settings, raising questions about
how self-management strategies might be adapted to different cultural contexts and

healthcare systems.

2.4.5 Lessons learned from the reviewed literature in this section

It can be inferred from the literature above that self-care, self-management and
support from healthcare professionals are closely interconnected concepts,
emphasising the centrality of the individual or "self" in the continuum of wellbeing and
healthcare (Bentzen et al. 1989; Dean 1989; Omisakin and Ncama 2011; Jones et al.
2011). This exploration reveals an understanding that while self-care represents an
age-old, instinctual practice aimed at preserving wellness and managing health
independently (McCormack 2003; Martinez et al. 2021), self-management goes
deeper into the complexities of chronic disease management, necessitating an active,
informed and collaborative approach involving individuals and their healthcare
systems (Lorig and Holman 2003; Van de Velde et al. 2019). The concept of self-
management support further expands this dialogue, highlighting the essential role of
healthcare professionals, family and peers in providing the necessary support to
enhance individuals' confidence and abilities to manage their health (Wilkinson and
Whitehead 2009; Silva 2011; Boger et al. 2015).

This layered understanding underscores a pivotal shift towards patient-centred
healthcare, where empowering individuals becomes paramount to reduce the burden
of chronic conditions (Schaefer et al. 2009). Self-management support of chronic
conditions involves proactive, long-term engagement, necessitating individuals' active
involvement in decision-making and lifestyle modifications. This evolution transforms

traditional patient roles, positioning individuals as co-leaders in their healthcare
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journey, a change facilitated by healthcare providers through empowerment and
collaboration (Allinson and Chaar 2016; Liu and Jiang 2019; Hong and Oh 2020). Such
empowerment is rooted in a strong foundation of knowledge and a partnership
enriched by the exchange of lived and clinical experiences, fostering trust and
understanding of biopsychological aspects (Franklin et al. 2018). These efforts are
directed towards developing essential skills like problem-solving and decision-making,
culminating in personalised action plans that resonate with the patient's values and

preferences.

Central to this process is the application of theoretical frameworks on behavioural
change, which guide the transition from understanding self-management support
principles to their practical application (Michie et al. 2018). These frameworks,
incorporating theories and models of behaviour, delve into the intricacies of human
intentions and the myriad factors influencing them, thereby facilitating the development
of effective behaviour change strategies (Araujo-Soares et al. 2019). Recognising the
complexity of human behaviour, these comprehensive models are instrumental in
aiding individuals, especially those with conditions like chronic knee pain, to adopt and
maintain behaviours that promote long-term health. As a result, theories of behaviour
in particular will be frequently cited in subsequent sections discussing self-

management support programs.

2.5 Leveraging digital technology for self-management support of chronic knee
pain

2.5.1 Setting the scene for the section

Technology is revolutionising healthcare self-management support for individuals with
chronic conditions by offering innovative remote support through digital health
interventions (DHIs) (Morrison et al. 2014; Adriaans et al. 2021; Abernethy et al. 2022).
These interventions, involving mobile applications, websites and wearable sensors,
provide a flexible means of self-management support, enabling patient care both
independently and in conjunction with healthcare providers (McLean et al. 2016). By
incorporating education, behavioural change and communication tools, DHIs facilitate
essential health behaviours, such as improved medication adherence and increased
physical activity, to manage chronic conditions more effectively (Morton et al. 2017;
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Ballou-Nelson 2018). The development process of these digital interventions is
iterative, incorporating feedback from a wide range of stakeholders, particularly those
experiencing the chronic conditions targeted by the interventions, ensuring their

relevance and effectiveness (O’Cathain et al. 2019).

Digital health interventions were initially conceived to address barriers to healthcare
access, including transportation difficulties, time constraints and care costs (Brundisini
et al. 2013; Ackerman et al. 2016). They have become particularly valuable in
musculoskeletal self-management support, offering crucial support to remote or
underserved populations (Brundisini et al. 2013; Ackerman et al. 2016; Palcu et al.
2020). A significant increase in the development of DHIs has been observed, with a
systematic review by Valentijn et al. (2022) identifying 56 DHIs created from 2002 to
2022, indicating a surge in innovation over the last two decades. These interventions
are designed to either stand alone or supplement primary care services, with the goal
of enhancing pain management, functional outcomes and self-management
behaviours among individuals with musculoskeletal pain. The quality of the evidence
supporting their efficacy, as confirmed by Valentijn et al. (2022), underscores the
potential of DHIs to significantly improve health outcomes for those with chronic

musculoskeletal conditions.

A total of seven self-management support DHIs for individuals with chronic knee pain
were found in the literature and selected as evidence in this chapter. Selection was
based on a set of defined criteria, which are detailed as follows. First and foremost,
the search was confined to those exclusively addressing knee joint in order to maintain
a homogenous cohort throughout the study. This strategy was employed to minimise
biases potentially introduced by the inclusion of subjects with health conditions in other
joints, who may exhibit varied responses to physical activity, as reported in Hinman et
al. (2015). This consideration is especially pertinent to the hip joint, which is frequently
co-analysed with knee conditions in studies of DHIs (Bossen et al. 2016; Pearson et
al. 2016; Dahlberg et al. 2016; Kloek et al. 2018; Pelle et al. 2019). Furthermore, the
review prioritised interventions that adhere to evidence-based practice, particularly
those that incorporate exercise and education as recommended by current clinical

guidelines for the conservative management of chronic knee pain, to mirror the
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interventions applied in clinical settings (Bruyere et al. 2019; Bannuru et al. 2019;
Kolasinski et al. 2020; Overton et al. 2022).

2.5.2 Synopsis of digital health interventions for chronic knee pain self-management
support

The DHIs under review are outlined in Table 7: Hinge Health, TRAK, My Knee
Exercise, Knee OA Minimum Viable Product (MVP), Digital Exercise Therapy
Application (DETA), My Dear Knee and My Knee toolkit (Spasi¢ et al. 2015; Smittenaar
et al. 2017; Button et al. 2018; Nelligan et al. 2019; Mrklas et al. 2020; Gruner et al.
2021; Alasfour and Almarwani 2022; Goff et al. 2023). The included DHlIs originated
from the US, Australia, the UK, Canada and Saudi Arabia, reflecting a global effort,
with most coming from countries with advanced healthcare systems (Roy 2020). The
presence of Saudi Arabia in this list highlights its proactive steps towards aligning with
the global trend in healthcare innovation, demonstrating its commitment to advancing

healthcare practices through digital means (AlBasri 2022).

Furthermore, the delivery platforms of these DHIs vary, with TRAK, My Knee and My
Knee Exercise being web-based (accessible through mobile phones, tablets and
laptops) and thus catering to diverse user needs and accessibility preferences
(Montecuollo 2014). Conversely, Hinge Health, DETA, Knee OA (MVP) and My Dear
Knee capitalise on the spread of smartphones, adopting mobile applications (apps) to
facilitate health management on the go (Shanahan 2022). Lastly, as seen in table 7,

TRAK, Hinge Health and DETA were designed for a broad audience with chronic knee

pain, whilst the other four interventions specifically target those specifically with knee
OA.

Study Authors  Country of Intervention Target Platform type
(Developers) origin Audience
Smittenaar et al. United Hinge Health = Chronic knee Mobile
(2017) States pain application
Spasic et al. United TRAK Knee Web-based
(2015) Kingdom conditions
Button et al.
(2018)
Nelligan et al. Australia My Knee Knee OA Web-based
(2019) Exercise

44



Mrklas et al. Canada The Knee Knee OA Mobile

(2020) OA (MVP) application
Gruner et al. United DETA Nonoperative Mobile
(2021) States knee application
conditions
Alasfour and Saudi My Dear Knee OA Mobile
Almarwani Arabia Knee application
(2022)
Goff et al. (2023)  Australia My Knee Knee OA Web-based
toolkit

Table 7: General details of the selected self-management support DHIs for chronic
knee pain.
Each one of the seven DHis is described in-detail below along with any research

supporting their development.

Hinge Health: This is a mobile application that has been developed for individuals
with chronic knee pain. It is to be used with wearable bands equipped with motion
sensors. The application aims to provide them with the knowledge and tools needed
to self-manage their condition without relying significantly on prescription medicines
and surgery (Smittenaar et al. 2017). Sensor-guided exercises, education, cognitive
behavioural therapy, psychological support, weight loss and an activity tracker are all
part of the app. Personal health coaches assist participants as an aspect of teams that
give additional support and motivation throughout the program (Smittenaar et al.
2017). The clinical effectiveness of the Hinge Health intervention, which focuses on
pain and function, was evaluated over a 12-week period through RCT conducted by
Mecklenburg et al. (2018). The findings from this study will be discussed in detail later

in this section.

TRAK: TRAK stands for Taxonomy for the Rehabilitation of Knee Conditions (Button
et al. 2013). Originally created as a Facebook page by Spasic et al. (2015), this web-
based intervention was later moved to its own website by Button et al. (2018). The
discussion in this section will primarily focus on TRAK, the website, while also
referencing the TRAK App suite in certain areas. This approach aims to provide a
comprehensive overview of its development and evaluation journey. TRAK was
developed through an iterative process, grounded in theory, evidence-based practices

and person-centred approaches and guided by the Medical Research Council (MRC)
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framework for developing and evaluating complex interventions (Craig et al. 2008;
Button et al. 2013; Button et al. 2015; Spasic¢ et al. 2015; Murray et al. 2016). It aims
to support individuals to self-manage their knee conditions and consequently alleviate
demand on physiotherapy services (Button et al. 2018). The TRAK website features
dual interfaces: one for physiotherapists and one for individuals. Physiotherapists use
their interface to prescribe personalised video-based exercise plans and monitor
patient progress. On the individual side, the interface provides access to exercise
videos, educational content, progress tracking, goal setting, automated reminders and
remote advice from a physiotherapist (Button et al. 2018). TRAK has not yet been
evaluated for clinical effectiveness in RCT.

My Knee Exercise: This is a self-directed website developed by Nelligan et al. (2019),
complemented by an automated text messaging system, designed to assist individuals
with knee OA. The intervention aims to provide easy access to recommended OA
exercises and support healthcare providers in delivering exercise therapy to knee OA
patients on a broad scale. The website features educational materials, a 24-week
structured self-directed strengthening program, a logbook to track progress and a
system for sending reminder text messages periodically. Along with the Hinge Health
app, the clinical effectiveness of the My Knee Exercise website on pain and function

was evaluated in RCT (Nelligan et al. 2021).

The Knee Osteoarthritis Minimum Viable Product (MVP): Developed by Mrklas et
al. (2020), The Knee OA (MVP) is a mobile application designed to support self-
management and augment patient—physician communication concerning knee OA.
The app has features like a goal-setting page, tailored goal-related activities and
exercises, self-management educational materials and tracking tools, all aimed at
empowering users to effectively manage their knee OA. The Knee OA (MVP) was
assessed by Shewchuk et al. (2021) in a 6-week pilot trial that focused on its usability,
quality and effectiveness in terms of improving the quality of life of individuals with
knee OA. While the findings of Shewchuk et al. (2021) contribute to the understanding
of clinical effectiveness, they require further validation through more rigorous research

designs in order to be regarded with a high level of confidence.
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Digital Exercise Therapy Application (DETA): DETA is an innovative mobile
application that was developed by Gruner et al. (2021) to empower individuals with
knee conditions through facilitating home-based management of their symptoms,
addressing the prevalent challenges associated with accessing standard
physiotherapy care. The DETA app offers users access to exercise videos, clear step-
by-step exercise instructions, educational content and session reminders. It also uses
gamification, which involves the use of game-like features to keep users engaged. In
RCT, Gruner et al. (2021) assessed DETA's effectiveness to alleviate pain and
enhance function in individuals with nonoperative knee pain over a span of eight

weeks.

My Dear Knee: This mobile application was developed by Alasfour and Almarwani
(2022) and aims to enhance adherence to home exercise routines among older
women with knee OA in Saudi Arabia. The app provides a standardised lower limb
strengthening exercise routine, coupled with features like an exercise log, alerts and
a monitoring system. Additionally, it incorporates in-person education sessions where
users are informed about knee osteoarthritis and the prescribed exercises. To date,
there have been no studies that further investigate the "My Dear Knee" application or

trials of it as an intervention to evaluate its effectiveness.

My knee: This is an online educational and self-management resource created by
Goff et al. (2023) for individuals with knee OA. Described by its creators as a toolkit, it
integrates the educational priorities of those with knee OA and physiotherapists into a
resource informed by theory, clinical guidelines and evidence. The toolkit features
videos, animations and interactive elements designed to educate users about knee
OA, its management and the significance of exercise therapy. Additionally, it includes
a self-assessment feature for users to track their symptoms and a goal-setting function
to assist them in establishing and accomplishing their exercise therapy objectives. To

date, there have been no additional studies that further investigate My Knee.

2.5.3 Development and core components of digital health interventions for chronic
knee pain self-management support
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Three topics are covered in this subsection: design, intervention components and
usability.

2.5.3.1 Designing digital health interventions for chronic knee pain self-management
support

Self-management support is rooted in the principle of individualisation, tailoring
strategies to the unique characteristics and needs of each person (Dineen-Griffin et
al. 2019). The approach thrives on personalisation, ensuring that the support
mechanisms are aligned with the personal attributes and requirements of the
individual, promoting a more effective and resonant strategy for self-management
support. This philosophy extends to the context of digital self-management support.
Here, the term co-design often emerges in the contemporary literature as a guiding
principle, advocating for collaborative design processes (Mrklas et al. 2020; Goff et al.
2023).

Co-design, within this context, signifies the collaborative involvement of a diverse
team, including prospective users and multidisciplinary professionals, throughout the
developmental journey from conceptual design to practical implementation
(Eysenbach 2005; Meyerowitz-Katz et al. 2020; Bennion et al. 2020; Barnum 2021).
This approach is considered best practice and aims to develop a human-centred
design, ensuring that the end product resonates with the needs of future users,
ensures navigational proficiency and delivers overall satisfaction (ISO 9241-210,
2018; Slattery et al. 2020). The move towards co-design is a response to concerns
about user disengagement in behavioural interventions (Meyerowitz-Katz et al. 2020;
Raeside et al. 2023). The absence of co-design in the development of interventions
has been a point of contention among scholars, with critics highlighting its infrequent
and uneven application in practice (Mrklas et al. 2020; Goff et al. 2023). Within the
scope of this review, it is noted that DHIs such as My Dear Knee by Alasfour and
Almarwani (2022) and Hinge Health by Smittenaar et al. (2017) were not co-designed.
In contrast, other included DHIs did incorporate co-design to varying degrees,
underscoring an inconsistency in the adoption of this development strategy across the
field. Different obstacles could justify inconsistent approaches among healthcare
researchers. Contributions from Grindell et al. (2022) and Singh et al. (2023) highlight
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these obstacles and their relationship to impeding the broad acceptance of the co-
design approach. In their papers, the authors identify possible key challenges, which
include limited research budgets, strict hierarchical structures preventing equal
collaboration and insufficient evidence supporting the long-term effectiveness and

cost-effectiveness of co-design (Grindell et al. 2022; Singh et al. 2023).

An example of a co-design approach can be seen in The Knee OA (MVP) by Mrklas
et al. (2020) in which family physicians, patient researchers, individuals with knee OA,
key stakeholders and industry partners were invited to co-design sessions. This
inclusive strategy aids the gathering of unique insights from each group addressing
different aspects of the intervention, from clinical effectiveness and patient experience
to practical implementation and market viability, creating a solution that is well-rounded
and tailored to meet the multifaceted needs of end-users (Barnum 2021). While Mrklas
et al. (2020) showcased a comprehensive approach by incorporating a wide array of
stakeholders, other interventions like TRAK by Spasi¢ et al. (2015) and Button et al.
(2018) and My Knee by Goff et al. (2023) primarily engaged healthcare professionals
and patients. This approach was even more focused in My Knee Exercise by Nelligan
et al. (2019), which only targeted patients with knee OA, and in DETA by Gruner et al.
(2021), which involved physiatrists and physiotherapists. Potential users, in this case
individuals with chronic knee pain, ought to be at the forefront of the co-design
process, ensuring that the intervention developed remains relevant and engaging for
them in the long run (Goff et al. 2023).

Moreover, the co-design approach is characterised by its iterative nature, where
ongoing feedback is essential for continuous improvement until the final product meets
the needs and expectations of all stakeholders (de Beurs et al. 2017). Not all co-
designed interventions in this review provide detailed development processes,
especially on iterative testing, as observed by Gruner et al. (2021) and Nelligan et al.
(2019), yet there are still notable examples that do.

In TRAK, for instance, Spasi¢ et al. (2015) engaged three software experts to uncover
any usability concerns and to recommend further enhancements to the preliminary
design of TRAK App suite, the first version of the intervention. Subsequent feedback
from 15 physiotherapists and 16 patients, gathered through -carefully crafted

guestionnaires, provided insights into digital literacy, app usability and user
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satisfaction. This feedback was then analysed both quantitatively and qualitatively,
leading to further refinements of the app, ensuring that the intervention was well-
tailored to its intended users. The evolution of TRAK continued with Button et al.
(2018), who tested the website version with physiotherapists and patients in a clinical
setting through a mixed methods study. This phase led to further updates, such as
substituting pictures with exercise videos, allowing personalised patient plans and
integrating new educational content on self-management. Feedback from
physiotherapists also prompted the removal of the contact portal to decrease workload
and address potential risks associated with unanswered patient inquiries (Button et al.
2018).

To further illustrate, Mrklas et al. (2020) co-designed The Knee OA (MVP) using input
gathered from a qualitative study involving patients with knee OA and family
physicians all sharing suggestions on the needed content based on lived experiences
and clinical experience (Barber et al. 2019). This foundational phase was followed by
three iterative co-design focus group sessions, engaging a diverse cohort of 28
participants. Each session was instrumental, with insights gleaned directly influencing
the subsequent stages, culminating in a consensus on the app’s functional requisites,
harmonised with the priorities of both patients and healthcare professionals. The
resulting app prototype was later examined by Shewchuk et al. (2021) through a
mixed-method design. A cohort comprising 18 patients with knee pain and seven
family physicians provided insights via qualitative interviews. Patients concentrated on
the app's ease of use and its ability to improve OA knowledge and self-management
as well as facilitate better communication with practitioners, who in turn evaluated the
app's clinical relevance and its potential to enhance patient-provider interactions
(Shewchuk et al. 2021).
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2.5.3.2 Key components of digital health interventions for chronic knee pain self-
management support

In reviewing the selected DHiIs, it was found that the components can be split into two
main types: foundational components and engagement-provoking strategies, as noted
in several studies (Spasic et al. 2015; Smittenaar et al. 2017; Nelligan et al. 2019;
Mrklas et al. 2020; Gruner et al. 2021; Alasfour and Almarwani 2022; Goff et al. 2023).
Foundational components are chosen for their proven benefits in clinical outcomes,
whereas engagement-provoking strategies are picked based on literature and
understanding of the theoretical foundations driving engagement. Table 8 lists
components of each selected DHI, showing the sources and theories that influenced

their selections.
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DHls / developers

Sources for foundational
components

Engagement- provoking strategies

Theoretical
underpinnings

Hinge Health
Smittenaar et al.
(2017)

TRAK
Spasic et al. (2015)
Button et al. (2018)

My Knee Exercise
Nelligan et al. (2019)

The Knee OA (MVP)
Mrklas et al. (2020)

DETA
Gruner et al. (2021)

(Exercise and education)
Previous digital musculoskeletal work
on exercises with pain coping training,
telephone-based coaching,
behavioural change and cognitive
behavioural therapy (Nevedal et al.
2013; Dobson et al. 2014; Irvine et al.
2015).

TRAK ontology (Button et al. 2013)
Systematic review (Button et al. 2015)

Previous literature on exercise
protocols and intensity for knee OA
(Sharma et al. 2003; Garber et al.
2011; Cross et al. 2014; Bennell et al.
2017).

Input from family physicians and
patients.

Data from physiatrists and
physiotherapists and influenced by the
evidence that highlights the
effectiveness of stepped exercise
therapy coupled with education and
self-management on clinical outcomes,
including ESCAPE-pain program
(Hurley et al. 2007).
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- Activity tracker

- Symptom tracker

- Cognitive Behavioural Therapy

- Peer support and personal
health coaches.

- Reminders

- Activity tracker

- Symptom tracker

- Face-to-face physiotherapy
sessions

- Activity trackers
- SMS reminders
- Contact us "button”

- Activity trackers
- Symptom tracker

- Activity trackers

- Symptom tracker

- Periodic phone calls
- Reminders

Social cognitive theory
and the theory of
planned behaviour

Aligned with the
Behaviour Change
Wheel (Michie et al.
2011a)

The Behaviour Change
Wheel

A grounded theory-
based research process
“patient-to-patient”
(Miller et al. 2016)

N/A



My Dear Knee Previous literature on the efficacy of
Alasfour and strengthening exercises for lower limbs

Almarwani (2022) (Lange et al. 2008; O’'Reilly et al. 1999;
Bennell et al. 2017).

A systematic review of education

My Knee toolkit interventions in published trials;

Goff et al. (2023) appraised web-based information
about knee OA; and concept mapping
to identify education priorities of people
with knee OA and physiotherapists.

Activity trackers
In-person education
Alerts

Symptom tracker

N/A

Motivational
interviewing, principles
of andragogy, and
theories related to
enhancing self-efficacy.

Table 8: Components of the selected digital self-management support interventions for chronic knee pain.
Abbreviations: DHIs Digital Health Interventions, TRAK Taxonomy for Rehabilitation of Knee conditions, MVP Minimum Viable
Product, DETA Digital Exercise Therapy Application, SMS Short Message System, N/A Not Applicable, OA Osteoarthritis.
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With regards to foundational components, exercise and education are the cornerstone
of all the self-management support interventions included in this review (NICE 2022).
A consistent practice across the DHIs reviewed is the careful choice of foundational
components, based on previous research that verifies their clinical effectiveness. For
instance, Gruner et al. (2021) in their DETA intervention, which used published
recommendations, posited that a structured exercise regimen, tailored to individual
users and augmented with education, can yield superior health outcomes. In a parallel
vein, Alasfour and Almarwani (2022) incorporated lower limb strengthening exercises
into their My Dear Knee intervention, a choice anchored in established research. An
innovative approach was adopted for TRAK, where exercises were derived from a prior
ontology, the TRAK ontology, crafted by the same research team, in addition to a
systematic review (Button et al. 2013; button et al. 2015). Within TRAK ontology,
Button et al. (2013) charted a standardised care pathway for knee rehabilitation,
drawing from a comprehensive literature review and a nationwide UK survey of clinical
practices. Their objective was twofold: to establish an infrastructure applicable to future
DHIs and to enable precise mapping of the utilised treatment components (Button et
al. 2013).

The delivery method of foundational components in the reviewed DHIs varies. For
exercise programs, different visual aids are employed to enhance understanding and
correct execution of exercises. Hinge Health by Smittenaar et al. (2017), TRAK by
Button et al. (2018), My Knee Exercise by Nelligan et al. (2019) and DETA by Gruner
et al. (2021) have video demonstrations, whereas My Dear Knee by Alasfour and
Almarwani (2022) has animated images. Educational materials are also presented in
various formats across interventions. My Dear Knee by Alasfour and Almarwani (2022)
uniquely offers in-person education, merging the digital experience with a personal
touch. This approach allows uninterrupted access to support, offering users the
flexibility to revisit materials as required, a feature that is highly valued and deemed
beneficial in the self-management journey (Patten et al. 2022). Hinge Health by
Smittenaar et al. (2017) and My Knee Exercise by Nelligan et al. (2019) mainly use
text-based formats for educational materials. However, My Knee Exercise also
incorporates video interviews with peers and experts, enriching its content. This
multimedia approach accommodates various learning preferences, potentially

improving user engagement and understanding (Blank et al. 2003; Chakraborty 2019).
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In contrast, DETA’s approach to delivering educational content is less clear, with

references to "educational materials” but a lack of detail (Gruner et al. 2021).

Engagement-provoking strategies are key in terms of influencing the clinical outcomes
of self-management support DHIs (Burley et al. 2020). They are selected to directly
target the drivers of engagement that initiate and sustain the necessary behaviour
change, which in this case is the adherence to foundational components (Mohr et al.
2014). The reviewed papers did not offer substantial information regarding the basis
for choosing engagement-provoking strategies. However, reflecting on the earlier
discussion about behaviour change theories and their influence on the selection of
engagement-provoking strategies, it can be inferred that the developers’ choices are
somewhat rooted in theoretical foundations. This is particularly true for interventions
where the developers have explicitly stated the use of behaviour theories during the
development stages. For instance, Mecklenburg et al. (2018) disclosed that the
development of Hinge Health was guided by behavioural change theories, including
social cognitive theory and the theory of planned behaviour. Similarly, Button et al.
(2018) and Nelligan et al. (2019) integrated the Behaviour Change Wheel, a behaviour
change model, into TRAK and My Knee Exercise, respectively (Michie et al. 2011).
The engagement-provoking strategies, as per the included papers in this review,
include activity trackers, symptoms self-monitor, reminders and external human

support.

Starting with activity trackers, they are, as defined by Andre and Wolf (2007), tools
designed to record and provide feedback on an individual’s movement, for example,
the number of daily steps and/or time spent in physical activity. Rehabilitation experts
hypothesise that the integration of activity trackers into self-management support DHIs
may serve as a motivational catalyst for less active individuals, with the knowledge that
their activity levels are being monitored (Vogel et al. 2017; Leese et al. 2019). This
hypothesis may explain the inclusion of activity trackers in nearly half of the
interventions reviewed here. Hinge Health by Smittenaar et al. (2017) employs motion
sensors for real-time feedback, while My Dear Knee by Alasfour and Almarwani (2022)
features an automatic recorder for physiotherapists to monitor users' exercise
adherence. TRAK by Button et al. (2018) and My Knee Exercise by Nelligan et al.

(2019) require users to manually log their activities, whereas DETA by Gruner et al.
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(2021) incorporates elements of gamification, which is increasingly recognised for its
potential to make physical therapy more engaging by introducing game-like elements

into therapeutic activities (Hendrickx et al. 2021; Evans et al. 2023).

Additionally, most of the interventions examined actively promote user engagement by
incorporating self-monitoring tools within their platforms, allowing individuals to record
symptom fluctuations and monitor their condition's progression. The interventions that
do this are Hinge Health, TRAK, The Knee OA (MVP), DETA and My Knee toolkit
(Smittenaar et al. 2017; Button et al. 2018; Mrklas et al. 2020; Gruner et al. 2021). This
approach, whereby participants log pain, function and exercise data and adapt the
intervention to their needs as seen in DETA's exercise adjustments, promotes self-
awareness and instils a sense of accomplishment, effectively driving motivation
(Jaarsma et al. 2019; Gruner et al. 2021). The foundation of this strategy is deeply
rooted in established behavioural change theories, such as social cognitive theory and
self-regulation theory (Schunk and Pajares 2010; Clark and Zimmerman, 2014;
Tougas et a. 2015; Sage et al. 2017). These theories focus on the empowerment of
individuals, suggesting that self-awareness can facilitate and sustain positive
behavioural shifts. The non-integration of symptom self-monitoring in interventions like
My Knee Exercise by Nelligan et al. (2019) and My Dear Knee by Alasfour and

Almarwani (2022) indicates a potential weakness of these DHis.

Alerts and reminders were found to be integral to the design of several DHIs under
review, specifically Hinge Health by Smittenaar et al. (2017), My Knee Exercise by
Nelligan et al. (2019), DETA by Gruner et al. (2021) and My Dear Knee by Alasfour
and Almarwani (2022). Enhancements to The Knee OA (MVP) are expected to include
alerts and reminders, a decision informed by user feedback, as documented by
Shewchuk et al. (2021). However, there are no reports of similar updates for TRAK by
Button et al. (2018) or My Knee toolkit by Goff et al. (2023). Evidence suggests that
such features in remote healthcare interventions play a dual role. They not only prompt
patients to engage in specific behaviours but also foster a sense of shared
responsibility and enhance patient autonomy in managing their own healthcare (Perri-
Moore et al. 2017).
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In Hinge Health by Smittenaar et al. (2017), the reminders, delivered through text
messages and emails, are reactive in nature. They are triggered when a participant's
engagement falls below the recommended intensity (Mecklenburg et al. 2018). Such
multi-channel communication (text and email) is believed to be a smart step,
increasing the likelihood of capturing the user's attention (Jena 2021). My Dear Knee
by Alasfour and Almarwani (2022), on the other hand, adopts a proactive approach in
which the app sends timely alerts, such as "It's time to exercise", aiming to instil a
routine and proactively address adherence issues. This consistent nudge might help
in habit formation, making the exercise regimen a part of the user's daily routine (Keller
et al. 2021; Sobolev et al. 2023). My Knee Exercise by Nelligan et al. (2019) uses a
Short Message System adherence support system, a direct and often effective
communication channel. Short Message System, given its ubiquity and high open
rates, has been proved to be effective in encouraging care seekers to stick to their

medical regimen (Schwebel and Larimer 2018).

Moreover, a common recognition of the value of human touch and personalised
support was noticed across the seven DHIs included. This element is especially crucial
for individuals managing chronic conditions as it helps mitigate feelings of isolation
and supports sustained engagement with the intervention (Fledderus et al. 2015;
lovino et al. 2023). Hinge Health by Smittenaar et al. (2017) provides robust support
for each user through a personal coach, fostering accountability and adherence to the
program. The coach also encourages community building via in-app discussions,
allowing for the sharing of experiences and support. On the other hand, My Dear Knee
by Alasfour and Almarwani (2022) emphasises supervised exercise sessions,
ensuring that participants fully understand and can perform exercises correctly before
doing them remotely. Button et al. (2018) describe a comparable approach for TRAK,
where patients use the intervention in conjunction with face-to-face sessions. This
hands-on approach, coupled with structured guidance and education in My Dear Knee
and TRAK, is believed to enhance the participants' understanding and execution of
exercises, promoting self-efficacy and adherence to the intervention (Rogers et al.
2016; Collado-Mateo et al. 2021). My Knee Exercise by Nelligan et al. (2019), while
seemingly minimalistic in its approach with a "Contact us" button, offers a direct line
of communication. This simple feature can be powerful, providing users with an

avenue to seek clarification, report issues or get additional support when needed.
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DETA prioritises participant safety by monitoring for adverse events. The proactive
approach of a research coordinator periodically checking in via telephone ensures that
any potential issues are promptly addressed. Additionally, users are encouraged to
report adverse events, fostering a sense of responsibility and trust in the platform.
While The Knee OA (MVP) by Mrklas et al. (2020) and My Knee toolkit by Goff et al.
(2023) do not specify direct communication features, they are designed to complement
in-person care, allowing users to report progress and concerns, thereby facilitating

more effective patient-provider interactions during visits.

2.5.3.3 Evaluating the usability of digital health interventions for chronic knee pain self-
management support

The International Organisation for Standardisation (ISO 9241-11, 2018) defines
usability as "The extent to which a product can be used by specified users to achieve
specified goals with effectiveness, efficiency and satisfaction in a specified context of
use". Early assessment of usability, including satisfaction rates, can provide insights
into future user behaviour and adoption, which explain the high interest in it in five out
of the seven DHIs included in this review (de Beurs et al. 2017; Spasi¢ et al. 2015;
Button et al. 2018; Nelligan et al. 2019; Shewchuk et al. 2021). Usability is recognised
as a fundamental aspect of best practice in creating digital applications, with numerous
established standards citing it as a critical criterion for evaluating DHIs (NHS England
2018; MHRA 2021; ORCHA 2024). The focus on usability is particularly pertinent in
healthcare applications, where users may encounter difficulties due to health-related

or age-related challenges (Whitlock and McLaughlin 2012; Zapata et al. 2015).

Usability assessments can employ qualitative, quantitative or mixed-method
approaches, each of which is capable of providing distinct insights into the user
experience, crucial for refining and improving the intervention's design and usability
(Budiu 2017; Barnum 2021). The choice of method often depends on the specific
objectives of the assessment and the stage of development (Barnum 2021). In the
studies by Spasic¢ et al. (2015), Shewchuk et al. (2021) and Goff et al. (2023), usability
testing took place during the co-design phase. This stage of development is critical for
pinpointing potential enhancements, and the qualitative feedback obtained was

particularly valuable. It provided detailed insights into how users interact with the
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system, identified specific functional issues and offered a deeper, contextual

understanding of the user experience.

Feedback from the participants on the TRAK App suite, The Knee OA (MVP) and My
Knee toolkit interventions consistently highlighted three key areas for improvement:
readability, personalisation and user engagement (Spasic et al. 2015; Shewchuk et al.
2021; Goff et al. 2023). With regards to readability, there was a concerted call for
enhancing the clarity of content. This included streamlining the language within the
TRAK App suite and the The Knee OA (MVP) to make it more understandable.
Additionally, suggestions for My Knee toolkit and the The Knee OA (MVP) focused on
increasing the font size and boosting contrast to better serve users with varying visual
abilities and literacy levels. Also, the feedback across the studies underscored the
need to tailor the interventions more closely to users' individual needs, highlighting the
impact of personalisation on psychological factors such as motivation and
engagement (Burgers et al. 2015; Hutmacher and Appel 2022). Users of the TRAK
App suite proposed the integration of a goal-setting feature, whereas for The Knee OA
(MVP) and My Knee toolkit, there was an emphasis on customising exercise programs
to match users' specific physical activities and requirements. Participants suggested
several enhancements to the interventions to bolster user engagement. For the TRAK
App suite, these included transitioning from static imagery to interactive videos along
with the addition of a progress tracker and reminders. For The Knee OA (MVP), the
introduction of a rewards system for goal attainment was recommended. Users of My
Knee toolkit called for an increased number of videos featuring real-life experiences
and expert advice to provide more depth and context to the user experience. These
insights suggest that users are looking for DHIs that are not just informative but also
adaptive and responsive to their evolving health needs and lifestyles. Quantitative data
alone cannot provide sufficient information to achieve this degree of personalisation

and responsiveness (Alwashmi et al. 2019).

Spasi¢ et al. (2015) and Shewchuk et al. (2021) extended their usability assessments
to include quantitative evaluations of the overall usability of their interventions. They
employed the System Usability Scale (SUS), a reliable metric where scores exceeding
68 suggest above-average usability (Brooke 1996). The TRAK App suite achieved
SUS scores of 78 from patients and 75 from physiotherapists, indicating its high
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usability (Brooke 1996; Spasic et al. 2015; Vlachogianni and Tselios 2021). In contrast,
The Knee OA (MVP) received lower SUS scores, with patients rating its usability as
marginal at 57.8 and physicians deeming it unacceptable at 39.1 (Shewchuk et al.
2021). While Shewchuk et al. (2021) did not provide reasons for these low scores, it
is assumed that the disparity in usability scores between the knee OA (MVP) and the
TRAK App suite may be attributed to the different user demographics in the studies.
The TRAK App suite was assessed by a younger cohort, with patients averaging 23.12
years and physiotherapists 37.46 years, whereas The Knee OA (MVP) was evaluated
by an older group, with patient and healthcare professional mean ages of 68 and 43.5
years, respectively. It has been established, as per Bangor et al. (2008), that older age
groups tend to give lower SUS scores, potentially due to a decrease in technological

engagement as age increases.

In contrast, the usability of Hinge Health by Smittenaar et al. (2017) and My Knee
Exercise by Nelligan et al. (2019) was rated during the trial. At this point, the
developers' interest in usability tended to focus on evaluating user satisfaction. User
satisfaction, recognised by the ISO 9241-11 (2018), is closely linked to the likelihood
that users will recommend the DHI to others. The scores reflect not only the users'
approval of the system's functionality but also their endorsement of the intervention as
an effective form of healthcare delivery (Manzoor et al. 2019). Smittenaar et al. (2017)
assessed user satisfaction of Hinge Health by employing the Net Promoter Scale, a
common tool for determining user satisfaction in online health applications
(Hajesmaeel-Gohari et al. 2022). In their study, participants with chronic knee pain
rated their likelihood to recommend the program on a scale from 0 to 10. The results
showed a high satisfaction rate, with scores averaging 9.2 at week 12 and slightly
increasing to 9.3 by six months, indicating a consistent endorsement of the program.
Nelligan et al. (2021) collected satisfaction scores of My Knee Exercise in their RCT
on a scale from 0 to 7. The intervention group's satisfaction score was 5.6 out of 7,
significantly higher than the control group's 4.4, reflecting a favourable response to the
DHls.
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2.5.4 User engagement with digital health interventions for chronic knee pain self-
management support

Engagement, as defined by Christensen et al. (2009), is the measure of how many
participants fully experienced the proposed intervention and remained committed to it
through the completion of the trial. Kelders et al. (2012) further clarify engagement as
the extent to which a patient's actions correspond with the prescribed regimen set forth
by the healthcare provider. Investigating engagement within the included interventions
at this level of review is thought to help determine whether clinical effectiveness
outcomes can be attributable to the intended interaction with the intervention. Out of
the seven DHIs reviewed, five assessed user engagement. These are Hinge Health,
TRAK, My Knee Exercise, DETA and My Dear Knee. These DHIs primarily determined
engagement by monitoring participants' adherence to prescribed exercise programs
(Mecklenburg et al. 2018; Button et al. 2018; Nelligan et al. 2021; Gruner et al. 2021;

Alasfour and Almarwani 2022).

Engagement in My Knee Exercise and My Dear Knee was assessed consecutively
through user self-reports, using exercise logs and the validated Exercise Adherence
Rating Scale (Newman-Beinart et al. 2017). Significant results were reported for both
interventions, favouring the intervention groups compared to the control groups
(Nelligan et al. 2021; Alasfour and Almarwani 2022). There was a significant between-
group difference in adherence rates (26.60% higher in the app group), with a moderate
effect size in My Dear knee. Similarly, users of My Knee Exercise demonstrated a
significant between-group difference in adherence, with a mean difference of 2.6 units

on the Exercise Adherence Rating Scale, favouring the intervention.

Conversely, in Hinge Health and DETA, the user engagement data collection was
automated in the intervention arm and self-reported in the control arm. This
discrepancy in assessment approaches across groups undermined the validity of
direct comparisons between results in this review. For Hinge Health, engagement was
measured based on the intervention group's completion rate of the program
components, but the absence of a parallel assessment for the control group precluded
a comparative analysis. The intervention group's data revealed that 59 out of 87

participants (67%) finished the 12-week digital program, maintaining a 95% weekly
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engagement rate. Similarly for DETA, participant engagement was automatically
monitored through the app by tracking the duration of exercise video views,
considering a session complete if over 75% was watched. In contrast, the control
group self-reported their session attendance. Despite these differing methodologies,
the results indicated no significant variance in the average number of weekly sessions

between the DETA group (2.6 sessions) and the control group (3.2 sessions) (P > .05).

In TRAK, different aspects were measured to assess user engagement (Button et al.
2018). With regards to patients, engagement was measured through logging onto the
website and 12-week follow-up assessments (Button et al. 2018). Among the 48
patients in the TRAK group, 32 (66.67%) accessed TRAK from their homes and 29
(60%) completed the follow-up assessments. Engagement among physiotherapists
was evaluated based on the creation and updates of personalised exercise plans for
patients. Out of 32 physiotherapists in the TRAK group, 29 (91%) co-created
personalised plans but only 11 (34%) made updates, reflecting a decrease in website
use over time. This study outperformed other studies reviewed by illustrating the
difference in engagement levels between patients and physiotherapists, which is
important to understand when healthcare providers are an active part of the proposed
DHI. The observed reduction in physiotherapist engagement over time shed light on
potential environmental and organisational challenges critical to consider when
developing DHiIs for integration into clinical practice. The physiotherapists in Button et
al. (2018) mention factors such as the length and scheduling of appointments, limited
time for TRAK usage during consultations, inadequate training on TRAK and
technology access within physiotherapy services. Button et al. (2018) present these
usage statistics without explicitly mentioning the data sources, which presumably
came from the system's backend. The data was initially gathered to inform the future
application of TRAK and identify training needs, but the lack of detailed data reporting

was noted as a limitation by the study's authors.

Engagement results and user satisfaction scores discussed earlier, both can indicate
user “acceptance” of the technology proposed, which represents more than mere
performance indicators of a technology during trials (Borsci et al. 2019). They embody
a complex combination of intrinsic and extrinsic factors that shape users' perceptions,

reflecting an interchange between system design, usability, and individual and
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environmental influences (Borsci et al. 2019). To deconstruct and interpret these
multifaceted results, researchers have developed theoretical models, with the
Technology Acceptance Model (TAM) emerging as a pivotal construct, predicated on
the dual pillars of perceived usefulness and perceived ease of use (Davis 1989). The
model's focus on cognitive factors potentially neglects the role of emotional, social,
and contextual variables in shaping technology acceptance (Bagozzi 2007).
Recognising these limitations, subsequent iterations of TAM have attempted to
broaden its scope. For instance, the Unified Theory of Acceptance and Use of
Technology (UTAUT) incorporated social influence and facilitating conditions, while
UTAUT2 further expanded to include hedonic motivation, price value, and habit
(Venkatesh et al. 2003). These expansions reflect a growing acknowledgment of the
multifaceted nature of technology acceptance. However, they may not provide the
strongest theoretical foundation for studying patient adoption and continued use of
technology due to differences in the factors influencing health behaviours, such as
social, emotional, personality, and cognitive factors (Adler and Matthews 1994). For
instance, the Patient Technology Acceptance Model has been developed to address
the unique factors influencing technology acceptance in healthcare contexts (KL and
Karsh 2006). Moreover, there is an increasing recognition of the dynamic nature of
technology acceptance, suggesting that user perceptions and behaviours may evolve
over time as they gain experience with a system. This temporal aspect of technology
acceptance underscores the importance of adaptive interventions in promoting
sustained technology use, particularly in healthcare settings where long-term

engagement is crucial for managing chronic conditions (Almutairi et al. 2023).

In conclusion, while models like TAM and its extensions have provided valuable
insights into technology acceptance, future research should focus on developing more
flexible, context-sensitive frameworks that can account for the complex interplay of
individual, social, and environmental factors in shaping technology adoption and use.
Such approaches will be particularly vital in healthcare settings, where the successful
implementation of digital health interventions depends on an understanding of patient

needs, preferences, and contexts.
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2.5.5 Assessing the clinical effectiveness of digital health interventions for chronic
knee pain self-management support

Evaluations of non-operative interventions for chronic knee conditions focus on pain
relief as a key indicator of treatment success, given its strong association with disability
and functional limitations in knee conditions (Creamer et al. 2000; Sandhar et al. 2020;
Naja et al. 2021). A total of four DHIs out of the seven selected in this review assessed
their effectiveness on pain and function, namely Hinge Health, My Knee Exercise,
DETA and My Dear Knee (See Table 9) (Mecklenburg et al. 2018; Nelligan et al. 2021,
Gruner et al. 2021; Alasfour and Almarwani 2022). These studies compared the DHIs
with controls, for example, standard treatment in Mecklenburg et al. (2018),
physiotherapy care in Gruner et al. (2021) and education in Nelligan et al. (2021). The
outcomes are generally encouraging, with significant improvement in pain and

physical function consistently being reported by individuals with chronic knee pain.
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DHis / Author of Participant Comparator Follow-up Outcome Results
developers the RCT Age(:hSI(/Ia}F:ﬁ(rei;iiSSD measures Intervention vs
and Sex: (N female/mal’e Control
Mecklenburg ' Intervention: 46 £ 12, 27 Knee care 12 weeks Pain: KOOS @ Pain: (Significant
Hinge Health = ; o (2018) + 5, (43/58) education and Function: reduction of 7.7, 95%
Smittenaar et Control: 47 £ 12,28 + 4, usual Short version | €!3-.0t0 12.3,
al. (2017) (14/40) treatment. KOOS P=.002) in favour of
physical intervention.
function.
Function:(Significant
improvement in
physical function
(7.2,95% Cl 3.0 to
11.5, P=.001) in
favour of
intervention.
Nelligan et | Intervention: 60.3 + 8.2, My Knee 24 weeks | Pain: Pain: (mean
My Knee al. (2021) | 31.1,(60/43) Education Numerical difference, 1.6 units;
Exercise Control: 59 + 8.5, 31.6, website rating scale gﬁ:ﬁm 0.9-2.2
Nelllggzget al. (66/37) Function: P < .601) in favour of
( ) WOMAC intervention.

Function:(mean
difference, 5.2 units;
95% ClI, 1.9-8.5 units;
P =.002) in favour of
intervention.
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Gruner et al.
DETA (2021)
Gruner et al.
(2021)
Alasfour and
My Dear Almarwani
Knee
Alasfour and (2022)
Almarwani
(2022)

Intervention: 58.5 + 13.7,

26.7 + 3.7, (12/12)
Control: 55.9 £ 13.3,
27.5 + 4.4 (9/17)

Intervention: 53.65 +
3.96, N/A, (all female)
Control: 55.15 + 4.64,
N/A, (all female)

Conventional
Physical
Therapy

Exercise
program in
hand-outs.

8 weeks

6 weeks

Pain:
PROMIS-PI
Function:
PROMIS-FS

Pain: Arabic

Numeric Pain
Rating Scale

Function:

Short
(WOMAC)-
physical
function
subscale

Pain: (-6.1 £ 6.7 vs -
1.5+ 6.6, P<.05,
d=0.78)

Function: (6.0 + 6.6
vs 0.8 £5.8, P<.01,
d=0.89)

Pain: (Significant
difference between-
groups 1.08, P=
.015) in favour of
intervention. (p<.001)

Function:
(Insignificant
difference between-
groups, P=.619).
(p<.001)

Table 9: Details of the RCTs assessed the effectiveness of the selected DHIs for chronic knee pain on clinical outcomes.
Abbreviations: DHIs Digital Health Interventions, DETA Digital Exercise Therapy Application, RCT Randomised Controlled Trial,
BMI Body Mass Index, SD Standard Deviation, N Number, KOOS Knee Injury and Osteoarthritis Outcome Score, WOMAC
Western Ontario and McMaster Universities Osteoarthritis Index, PROMIS Patient-Reported Outcomes Measurement Information
System, Pl Pain, FS Function.
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Mecklenburg et al. (2018) conducted an RCT to evaluate the Hinge Health app. This
involved comparing two groups over a 12 week period, one of which used the app
while the other was given three education pieces on self-care for chronic knee pain.
Both groups also had access to treatment as usual. The study involved 162
participants with chronic knee pain, 57% of whom were female, with an average age
of 46 (SD 12) years. The intervention group, comprising 101 participants, showed
notable improvements in terms of pain and function as assessed by the Knee Injury
and Osteoarthritis Outcome Score (KOOS) and its short version for physical function
validated outcome measures (Roos et al. 1998; Roos and Lohmander 2003; Perruccio
et al. 2008). Results show significant improvements in the KOOS pain subscale and
short scale, with 7.7- and 7.2- points, respectively. However, while the reported
improvements were statistically significant, they may not have reached the threshold
for minimal clinically important difference (MCID), typically considered to be 8 to 10
points (Roos and Lohmander 2003). This suggests that although the intervention
demonstrated potential, the clinical significance of the reported improvements might
be less impactful for patients than initially perceived. The study's methodological rigor
was evident in its use of block randomisation to ensure balanced group characteristics
and the application of computer software for randomisation. Block randomisation is
favoured in RCTs because it can help ensure a balance between groups and maintain
consistent baseline characteristics (McPherson et al. 2012; Bruce et al. 2022). The
study lacks complete blinding, which may introduce biases that could impact the
internal validity of its results (Kamper 2018). While blinding in research evaluating
technology against standard treatments may pose challenges, it is noteworthy that in
Mecklenburg et al. (2018), the inclusion of a technology component in the control arm
could have facilitated blinding as potentially participants and assessors would have

been distracted from discerning the true nature of the intervention.

Similarly, Nelligan et al. (2021) narrowed the focus of their RCT, limiting their
assessment of My Knee Exercise to online self-management education. Their study
took place over a 24 week period and involved 206 knee osteoarthritis patients, 61%
of whom were female, with a mean age of 60 (SD 8.4) years. The participants were
evenly distributed between intervention and control groups. Pain and function were
assessed using a numerical rating scale and the Western Ontario and McMaster

Universities Osteoarthritis Index (WOMAC) function subscale, respectively (Bellamy
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et al. 1988). The intervention group showed greater improvements in knee pain and
physical function, with significant differences in outcomes. The participants who
engaged with the My Knee Exercise program had greater improvements in overall
knee pain of 1.6 points (95% ClI, 0.9 to 2.2 points; P < .001) and physical function of
5.2 points (95% ClI, 1.9 to 8.5 points; P =.002) when compared with the control group.
The P-values indicate that the differences between the intervention and control groups
were statistically significant (P < .05). However, the MCID for function subscale in the
WOMAC is generally considered to be approximately 11 points, suggesting that while
statistically significant, the improvements in function may not represent clinically
meaningful changes for patients (Tubach et al. 2005). This study stands out due to its
strict application of blinding to both participants and assessors, enhancing the
reliability of the results and minimising the risk of biases. The robustness of the blinding
process in this study ensures that the observed benefits in pain and function can be
more confidently attributed to the intervention itself rather than external factors. Yet,
as with Mecklenburg et al. (2018), the clinical significance of the improvements

warrants a more cautious interpretation.

Gruner et al. (2021) compared DETA to conventional physical therapy in their RCT.
Their study, which took place over an 8 week period, involved 50 participants with
nonoperative knee conditions, 42% of whom were female, with an average age of 57.1
years (SD 13.4). They were divided into two groups: a DETA group with 24 participants
and a control group with 26. The study's sample size is smaller compared to those in
Mecklenburg et al. (2018) and Nelligan et al. (2021), warranting careful interpretation
of its findings. Despite this limitation, the study boasts high methodological quality
(Toonders et al. 2023). The participants were primarily assessed (PROMIS) for pain
and function using the Patient-Reported Outcomes Measurement Information System
for pain and physical function (Brodke et al. 2016; Crins et al. 2018). The DETA group
reported a significant decrease in pain scores of 6.1 points (95% ClI, 3.5 to 8.4 points,
P<.05, d=0.78) and a significant increase in function scores of 6.0 points (95% ClI, -
1.6 to 3.3 points, P<.01, d=0.89) compared to the control group after 8 weeks of using
DETA. While statistically significant, the lack of established MCIDs for the PROMIS
measures in knee pain populations complicates the interpretation of the clinical
relevance of these improvements. However, the study did not blind its participants,

potentially introducing performance bias (Kamper 2018). While achieving blinding in
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behaviour change interventions may seem unfeasible, Boutron et al. (2007)
recommend concealing participants' trial group assignments and specific study aims
to reduce performance bias as much as possible. Nevertheless, the results of this
study suggest that self-management support DHIs may be as effective as, or even
superior to, traditional physiotherapy in managing chronic knee pain and improving

function.

Alasfour and Almarwani (2022) investigated the effectiveness of My Dear Knee
compared to traditional paper handouts in a study that took place over a 6 week period
and included 40 female participants, averaging 54.40 (SD 4.3) years. They were
equally divided between the intervention (My Dear knee) group and the control group,
which was given a printed copy of the same exercise program. Pain was assessed
using the Arabic Numeric Pain Rating Scale, which uses a scale from 0 to 10, with 10
indicating the worst pain, and is a valid and reliable tool for assessing pain intensity in
patients with knee OA. Physical function was measured using the Arabic version of
the reduced (WOMAC)-physical function subscale (Alghadir et al. 2016a; Alghadir et
al. 2016b). The participants in the intervention group reported a statistically significant
decrease in pain, but improvement in physical function was not significant when
compared with the control group. Specifically, the mean difference between-groups
for pain was -1.08, which was statistically significant (p = .015) with an effect size of
0.165. For physical function, the intervention group showed an average within-group
improvement of 5.11 points (95% CI 2.45 to 7.77), which is below the 6.5 points
required for clinical significance, although the confidence interval (Cl) did encompass
the value considered clinically meaningful. The study's methodology incorporated
simple randomisation, which ensures unpredictability but might not provide a balanced
distribution of baseline characteristics in smaller sample sizes (Xiao et al. 2011). This
could introduce a potential limitation in the study's design. Additionally, outcome
assessors were not blinded in this study, raising concerns about detection bias
(Mansournia et al. 2018; Higgins et al. 2023). The study's focus on female participants
reflects the unique challenges faced by Saudi women in adhering to home-based
exercise routines. While this focus provides valuable insights into this demographic's

needs, it also narrows the generalisability of the study findings.
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The reviewed RCTs display methodological differences, particularly in terms of sample
size, blinding and randomisation techniques, calling for a cautious approach when
interpreting their results. However, the presence of other robust methodological
elements within these studies lends weight to their findings when combined and
suggests broader applicability, as follows. Firstly, a consistent effort to minimise
potential confounders is evident across all studies with computerised randomisation
(Mecklenburg et al. 2018; Nelligan et al. 2021; and Gruner et al. 2021; Alasfour and
Almarwani 2022). Secondly, the sample sizes in the four RCTs range from 40 to 206
participants, with each study aiming for a balance between precision and statistical
power to detect clinically important differences (Embry and Piccirillo 2020). Thirdly, a
moderate spectrum of participant ages, with means ranging from 46 to 60 years, was
included in all the studies combined (Mecklenburg et al. 2018; Nelligan et al. 2021;
Gruner et al. 2021; Alasfour and Almarwani 2020). Studies by Mecklenburg et al.
(2018) and Gruner et al. (2021) feature a relatively younger participant base, focusing
on general knee pain management. Conversely, the remaining two studies
predominantly involve an older demographic, aligning more with the common age
group afflicted by knee OA (Nelligan et al. 2021; Cui et a. 2020; Alasfour and
Almarwani 2020). Lastly, gender representation within the studies is also thoughtfully
considered, given the heightened susceptibility of females to this type of chronic pain
(Cui et al. 2020). Apart from Alasfour and Almarwani (2022), there is a commendable
trend of inclusive gender participation across the RCTs (Mecklenburg et al. 2018;
Nelligan et al. 2021; Gruner et al. 2021). However, while the current evidence suggests
promise for DHIs in this field, there is significant room for improvement in terms of
clinical impact. By focusing on these area, future developers can work towards
creating interventions that not only demonstrate statistical significance but also deliver

meaningful, noticeable benefits to individuals suffering from chronic knee pain.

2.5.6 Lessons learned from the selected digital health interventions for chronic knee
pain self-management support in this section

It can be inferred from the literature above that iterative co-design is a recognised
practice, it being well-documented in some of the selected DHls in this review (Spasi¢
et al. 2015; Button et al. 2018; Mrklas et al. 2020; and Goff et al. 2023). However,
these DHIs have not been thoroughly tested for clinical or cost-effectiveness in order

to understand the value of this development strategy (Goff et al. 2023). This reflects a
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common trend in healthcare research, where the full potential of co-designed
interventions, particularly in terms of their impact on health management and long-
term user engagement, remains underexplored (Grindell et al. 2022). Despite this
research gap, the healthcare field is increasingly advocating for co-design, especially
in behavioural interventions for self-management support (Michie et al. 2017). The
upfront investment in co-design, both in financial and time resources, is substantial,
but the expected benefits are assumed to outweigh cost (Silvola et al. 2023). These
potential benefits include the possibility of reducing healthcare costs, lowering risks
and improving the quality of healthcare services, which emphasises the importance of

co-design in creating personalised, effective and adaptable DHIs (Silvola et al. 2023).

Additionally, the reviewed literature reveals a concerted effort by developers of the
selected DHIs to enhance user engagement and uptake, aiming to optimise the impact
on clinical outcomes. A general agreement regarding the choice of strategies to
stimulate engagement is evident, albeit with variations in their implementation. Given
the geographic diversity of these interventions, these differences likely stem from the
tailored nature of these DHIs, suggesting that developers chose the most suitable
engagement methods based on the specific needs and context of their target
population (Berkowsky and Czaja 2015). The level of detail reported about the
interventions also varies, with some studies providing greater transparency than
others. This inconsistency in reporting limits the ability to fully compare and contrast
the interventions, a challenge that is recognised within the broader field of digital

behavioural interventions (Thomas Craig et al. 2021).

In this review, the importance of evaluating the usability of DHIs was emphasised by
the developers of most of the studied DHIs, aligning with the guidelines for best
practices in digital innovation (NHS England 2018; MHRA 2021; ORCHA 2024). The
assessment of usability varied across the DHIs, with diverse evaluation methods
tailored to specific goals and stages of development being employed. While qualitative
methods were used to refine interventions for better alignment with the needs of the
target audience, quantitative assessments measured users' digital skills and their
overall satisfaction with the interventions (Barnum 2021). However, notable
exceptions were observed in the case of "DETA" by Gruner et al. (2021) and "My Dear

Knee" by Alasfour and Almarwani (2022), where no usability testing was reported,
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marking a significant oversight in their development process. Despite Alasfour and
Almarwani's (2022) intention to create a user-friendly platform, they did not detail the
strategies or methods employed to achieve usability, leaving a gap in their design's

validation.

The effort put into designing and testing the proposed DHIs by the developers was
reflected in their users’ engagement. As per the four studies examined, the results of
engagement were commendably high, indicating that the components of these DHIs
successfully encourage sustained participation in exercise regimens. This finding adds
to discussions surrounding the potential waning of users’ interest and engagement
over time (Wangberg et al. 2008; van Ballegooijen et al. 2014). However, the
methodologies used to measure engagement present certain limitations that could
compromise the integrity of the findings. For instance, My Knee Exercise and My Dear
Knee relied on self-reporting, which is susceptible to inaccuracies due to recall bias or
a tendency to provide socially acceptable responses rather than truthful ones, as noted
by Latkin et al. (2017) and Burnell et al. (2021). Conversely, Hinge Health and DETA
employed automated tracking for engagement, which likely yields more accurate data
but does not allow for direct comparison with control groups not using the same
method. This inconsistency in engagement measurement across studies, which has
been previously highlighted by Yang et al. (2022), poses challenges for comparing the
results of health interventions across different studies and may undermine the validity

of such comparisons.

With regards to clinical effectiveness, the reviewed self-management support DHIs
offer a promising method for managing chronic knee pain. They provide outcomes that
are comparable with or better than those achieved through standard care and
physiotherapy. However, the evidence from merely four studies is not robust enough
to conclusively affirm the overall clinical effectiveness of DHIs. Despite this, the
positive indications from these preliminary studies offer an encouraging sign,
warranting additional research to further explore and validate the efficacy of DHIs in

this context.
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2.6 Self-management support in Saudi healthcare: practices, perceptions and
technological integration

2.6.1 Setting the scene for the section

The term self-management has recently appeared in Saudi-specific literature (Al
Johani et al. 2015). An examination of the Saudi Arabian literature on self-
management support revealed there are only two published studies in the domain of
musculoskeletal conditions, whereas the practice is widely used in the management
of other health conditions, predominantly diabetes (Adem 2017; Al Johani et al. 2015;
Alasfour and Almarwani 2022). There is a significant burden of chronic
musculoskeletal disorders, particularly OA, within the Saudi population, placing the
nation among the top three for OA cases in the Middle East and North Africa region
(Shamekh et al. 2022). Recent local research highlights the extent of the issue, with
knee OA reported as affecting between 18.9% and 41.5% of the country's 32 million
residents (AlKuwaity et al. 2018; Thigah and Khan 2020; Shamekh et al. 2022;
GASTAT 2022). The observed limited interest in self-management support for knee
conditions in the Saudi literature raises questions regarding its application in clinical
practice and the adherence of physiotherapists to evidence-based practice (Diener
2021).

2.6.2 Perspectives on self-management support among Saudi physiotherapists

Within the limited literature on Saudi research on chronic musculoskeletal pain self-
management support, Adem's (2017) doctoral thesis stands out as a pioneering study
examining the perspectives of physiotherapists and patients on this matter. Utilising a
mixed-methods approach, Adem explored the intricacies of chronic lower back pain
treatment to shed light on the dominant practices in Saudi physiotherapy settings and
provide a foundational understanding of self-management support within the Saudi

healthcare context.

In the first phase of the study, Adem (2017) surveyed a total of 101 physiotherapists
from 18 cities across Saudi Arabia, focusing on their assessment of and treatment
methods for chronic lower back pain. The results show a predominant focus on pain

alleviation (45.5%) rather than functional improvement (27.7%) among
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physiotherapists, influencing their preference for pain-centric outcome measures to
estimate treatment success. Exercise and advice emerged as the most common
treatment modalities chosen by 71.3% and 67.3% of the sample, respectively, yet
there was a notable reliance on passive interventions like hot packs and electrotherapy
(38.6%). The study highlighted a significant gap in the adoption of clinical practice
guidelines, with 77% of the participants not following any standardised protocol for
chronic lower back pain, which helps explain the therapist's reliance on passive
treatment modalities. This finding aligns with the results of Alshehri et al. (2017), who
explored the awareness and application of evidence-based practice among Saudi
physiotherapists. Their survey of 376 physiotherapists revealed that 75.6% of them
were relying on personal experience to make clinical decisions in their daily practice

and approximately 23% were not familiar with the term evidence-based practice.

In Adem's (2017) study, 61.4% of the physiotherapists who completed the survey
reported that they were integrating self-management support strategies into their daily
practice. Adem (2017) also conducted semi-structured interviews with 18
physiotherapists and 16 chronic lower back pain patients, providing valuable
clarification regarding the physiotherapists' actual perceptions of self-management
support strategies. This approach highlights the importance of combining different
sources of data to achieve a more comprehensive understanding of a phenomenon,
particularly in unexplored areas (Teddlie and Tashakkori 2008; Dawadi et al. 2021).
Based on the interviews, Adem (2017) found that physiotherapists and patients with
chronic lower back pain in Saudi maintain a wide range of interdependent
expectations, preferences and practices. Physiotherapists acknowledge the
significance of active and self-management support strategies but often prioritise
passive pain relief modalities, including electrotherapy and massage, to meet patient
expectations and foster treatment adherence. Indeed, the patients included in the
study show a high preference for receiving passive treatments, such as rest and
massage, which may stem from cultural norms, past healthcare experiences or a quest
for immediate pain relief (Adem 2017). This preference for passive treatments is
corroborated by Alshehri et al. (2020), who found such modalities, often discouraged

in clinical practice guidelines, to be prevalent in Saudi physiotherapy practice.
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Adem's (2017) research further revealed that while some patients were open to active
management strategies, particularly when paired with passive treatments, their
knowledge of self-management practices was often limited to basic exercises and
posture correction. This narrow perspective on self-management support is also
reflected in the physiotherapists' approach. Although they promote active lifestyles,
there appears to be a notable deficiency in their understanding and application of
behaviour change models to promote the desired behaviour change, suggesting a gap
in their training on the broader concepts of self-management support. This observation
is corroborated by Alodaibi et al. (2022), who conducted a qualitative study into Saudi
physiotherapists' perceptions of their role in promoting health among patients with
musculoskeletal conditions. The study makes clear that while physiotherapists
recognise the critical nature of lifestyle behaviour modification as part of patient care,
they often lack the skills necessary to facilitate these changes. This highlights a gap
in both undergraduate and postgraduate training that contributes to this shortfall in
delivering comprehensive self-management support in Saudi (Dean et al. 2019;
Alodaibi et al. 2022).

Additionally, during the interviews, physiotherapists expressed their intention to create
personalised treatment plans that consider the patient's lifestyle (Adem 2017).
However, they frequently reverted to prescribing treatment methods on their own due
to a concern that patient participation might challenge their professional authority. This
behaviour was also observed in the Saudi DHI My Dear Knee by Alasfour and
Almarwani (2022), where physiotherapists alone chose the exercises for the
intervention, excluding patients with knee OA from the decision-making process. This
tendency suggests a paternalistic attitude towards patient involvement in decision-
making, which is likely a reflection of the biomedical model's influence within the Saudi
healthcare system, as discussed in the literature (Walston et al. 2008; Almoajel et al.
2012; Alotaibi et al. 2022). Despite this, there is an emerging trend in recent studies,
including those by Alshehri et al. (2020) and Alotaibi et al. (2022), pointing towards a
gradual shift to patient-centred care within the Saudi healthcare system. This shift,
however, is not yet fully apparent in the day-to-day practices of physiotherapists, as
documented by Adem (2017) and others (Al-Sahli et al. 2021). The transition to a more
inclusive, collaborative model of care is underway, but the current situation suggests

that more work is needed to align clinical practices with this evolving paradigm.
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The study by Adem (2017) also highlights physiotherapist concerns regarding the
constraints on their professional autonomy when it comes to assessment and
treatment within the Saudi healthcare system. They perceive these constraints as
impediments to effectively advocating for self-management approaches. The debate
over the autonomy of physiotherapists in Saudi Arabia is well-documented, with
discussions covering multiple issues, ranging from the need for direct access to the
prevailing dominance of physicians in the healthcare system (Alghadir et al. 2020;
Alosaimi et al. 2022). The literature presents mixed evidence on this matter; some
sources, such as in Al-lmam and Al-Sobayel (2014) and Muaidi and Shanb (2016),
suggest that physiotherapists enjoy considerable control over their clinical decisions,
whereas others indicate the opposite (Alghadir et al. 2020). Nonetheless, when
professional autonomy is restricted, it can significantly hinder the incorporation of
contemporary, evidence-based care practices into daily practice alongside the more

traditional methods that are commonly used (Lim et al. 2021).

2.6.3 Patient engagement in Saudi self-management programs

This subsection synthesises the existing data on Saudi patients' attitudes towards self-
management support programs in order to establish a general understanding of levels
of engagement with this model of care within the Saudi healthcare system as well as
the present challenges. Studies on Saudi patients' attitudes towards self-management
practises have so far been confined to diabetic patients (Al Johani et al. 2015; Saad
etal. 2018; Alshahri et al. 2020). Such patients may differ from those with chronic knee
and/or musculoskeletal pain; however, investigating the attitudes of patients who live
in the same geographical region, hold similar cultural beliefs and are treated by the
same healthcare system may aid in gaining a general understanding of the factors that

influence acceptance and engagement (McQuaid and Landier 2017).

The level of patient engagement with self-management support programs among the
diabetic population was determined by assessing glycaemic control (Al Johani et al.
2015; Saad et al. 2018; Alshahri et al. 2020). Al Johani et al. (2015) recruited a total
of 201 participants aged between 26—65 years old with type 2 diabetes and gave them
a questionnaire to complete. The results obtained from the questionnaire’s responses
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show that only 15% of the participants had a controlled glucose level. The authors
attributed this to the low compliance to self-management practices by the participants.
Similar results were also reported by Alshahri et al. (2020). Though both studies are
cross-sectional in design and the findings cannot be generalised, they suggest that
despite the availability of such programs, there may be a lack of awareness,

motivation, or both among those who participated in these studies.

Al Johani et al. (2015) found that diabetic patients were advised to follow a range of
self-management practices, such as diet, exercise and self-monitoring of blood sugar
levels. However, the advice they received fell short of international standards for self-
management education in diabetes (American Diabetes Association 2009). Patients
participating in the study reported not receiving any education from their clinicians that
explained the importance of these activities for their condition. It appears that self-
management behaviours were introduced to the patient merely as part of the usual
treatment to be applied at home and were not accompanied by comprehensive
education on their importance. This educational deficit is confirmed by of Saad et al.
(2018) and Alshahri et al. (2020), who found that nearly 60% of patients lacked access
to essential education about their condition, which is supposed to underpin self-
management education. Adem's (2017) thesis further illuminates this issue, revealing
that patients with lower back pain also reported receiving inadequate information from
their physiotherapists, hence not addressing their concerns or the hesitancy of the

disease.

Furthermore, an examination of self-management support programs for diabetes
revealed another possible contributing factor. The absence of tailored self-
management strategies that consider the needs of each patient may have contributed
to the unsatisfactory engagement. The focus of programs has been on standard self-
management practices that are globally recommended for diabetes care, including
diet, exercise, foot care, medication management and glucose monitoring (Toobert et
al. 2000; Al Johani et al. 2015; Saad et al. 2018; Alshahri et al. 2020). Although these
practices are supported by international guidelines, the research suggests that the
distinct cultural, personal and individual variances among patients are being ignored
and there is a tendency to advise a standardised approach. This issue was also

evident in the use of the knee-focused intervention My Dear Knee by Alasfour and
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Almarwani (2022), where uniform exercise routines were provided to all app users,
overlooking the critical role of personalisation in self-management support.
Nonetheless, the user engagement with this digital solution was more positive than
the engagement levels noted in the studies by Al Johani et al. (2015), Saad et al.
(2018) and Alshahri et al. (2020), possibly due to the educational content and the

inclusion of visual and interactive elements in the application.

2.6.4 Technological advancements in Saudi self-management support

Digital self-management support was first used in Saudi Arabia’'s healthcare system
in the treatment of diabetes, providing a prototype for new interested developers to
emulate. The online program SANAD, which translates to "support" in Arabic,
embodies this innovative spirit. Designed by Alanzi et al. (2016), SANAD is a
pioneering dual-platform system, comprising a patient-facing mobile app and a
clinician-oriented website. This program is not only a tool but also a catalyst for
change, designed to inspire diabetic patients to embrace an active role in their health
management. By tracking and reporting their glycaemic readings, emotional well-
being and daily behaviours, patients provide clinicians with a real-time window into
their condition to facilitate patient-practitioner communication. The role of SANAD is
to work as a supportive tool that facilitates symptom tracking and improves
communication with healthcare practitioners, aligning with The Knee OA (MVP) and
My Knee toolkit (Mrklas et al. 2020; Goff et al. 2023).

My Dear Knee, the home-based exercises app for women with knee OA previously
discussed in this chapter, is another example of technology being used in the Saudi
Healthcare system to encourage patients to manage their conditions (Alasfour and
Almarwani 2022). However, some differences can be noticed between SANAD by
Alanzi et al. (2016) and My Dear Knee. Patients using SANAD are active participants
in their care, working collaboratively with their healthcare provider to monitor their
condition (Alanzi et al. 2016). However, in Alasfour and Almarwani (2022), the
participants using My Dear Knee were passive recipients of exercise regimes that
were prescribed for them. Additionally, SANAD was developed via multi-stages of
research, including co-design along with usability and feasibility assessment. This

reflects the practice followed globally to effectively develop digital self-management
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support interventions, particularly for knee conditions, as discussed previously in this
review (Skivington et al. 2021). SANAD was built upon qualitative research that
explored the perceptions of future users of this kind of remote management (Alanzi et
al. 2014). Further studies were conducted to assess the application, aiming to evaluate
its face validity and user satisfaction. The data showed that it was usable and feasibly
could achieve its aims. Moreover, the patients included in the study were satisfied and
supportive of the digital tool (Alanzi et al. 2016, 2018). This multi-stage effort to
develop the application was not applied with My Dear Knee, particularly in terms of the
lack of inclusion of user comments on the concept of the application and the digital
literacy necessary to deal with such tech solutions for a prolonged period to manage

chronic pain (Alasfour and Almarwani 2022).

Despite the generational differences between the SANAD and My Dear Knee
participants, the average age of the former being 30 and the latter 54, their shared
willingness to engage with technological solutions is indicative of the broader digital
proficiency within the Saudi population (Alanzi et al. 2014; Alasfour and Almarwani
2022). This is evident in the high rates of technology device usage across diverse
demographic groups in Saudi Arabia (Kemp 2023). Notably, even among the elderly,
who are often presumed to be less tech-savvy, there is a substantial engagement with
the Internet, with usage rates between 74.5% and 93.3% among Saudis aged 60 and
above (Olson 2022; CST 2022). This widespread digital engagement is a direct result
of the country's digitalisation initiatives, which have made technology an integral part
of accessing various services, thereby fostering an environment conducive to the

adoption of technology in healthcare self-management.

2.6.5 Lessons learned from the reviewed literature in this section

The existing body of literature reveals a complex situation regarding healthcare self-
management support within the Saudi context. While Saudi physiotherapists have
been found to recognise the value of self-management practices in managing chronic
musculoskeletal pain, a notable gap between their conceptual understanding and
practical application is evident (Adem 2017). Furthermore, physiotherapists were
found to dictate care, with low involvement of patients in care decision making, which

is not conducive to effective self-management as this relies on a collaborative
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relationship between patient and health provider (Walston et al. 2008; Almoajel et al.
2012; Allinson and Chaar 2016; Adem 2017; Liu and Jiang 2019; Hong and Oh 2020;
Alotaibi et al. 2022). Also, passive treatment approaches were found to be primarily
used in physiotherapy treatment plans based on patient preferences and to deviate
from updated clinical guidelines (Adem 2017; Alshehri et al. 2017; Alshehri et al.
2020).

The literature reviewed in this section also revealed a critical insight into Saudi
patients’ engagement with self-management support programs. Studies focusing on
diabetic Saudi patients have shown low adherence to self-management practices, with
education about the importance of these practices often lacking (Al Johani et al. 2015).
Saudi patients exposed to this type of self-led program were not given proper self-
management education and plans were not personalised to meet individual needs
(Adem's 2017; Saad et al. 2018; Alshahri et al. 2020). These findings highlight the
gaps in knowledge of healthcare providers in Saudi with regards to self-management
support. These programs are often implemented into healthcare systems globally in
stages, which include training healthcare providers on how to empower patients to co-
lead the care through education, skill building and two-way communications (Leplege
et al. 2007; Edvardsson et al. 2008; Silver 2018). The way in which Saudi healthcare
providers were found to deliver self-management programs does not foster

collaboration or empower patients and indicates a paternalistic approach to care.

Interestingly, the literature reviewed provides a glimpse of digital integration in the
Saudi context that supports self-management. This is exemplified by initiatives like the
SANAD program for diabetes care and the My Dear Knee app for knee OA
management (Alanzi et al. 2014; Alasfour and Almarwani 2022). SANAD is a
comprehensive dual-platform that engages diabetic patients in self-monitoring and
clinician communication, unlike the more passive My Dear Knee app, and was
meticulously developed through co-design and usability testing, unlike its counterpart.
The reported willingness of Saudi patients in these studies to engage with these
technological solutions, regardless of generational gap, underscores a broader trend
of digital proficiency within the population (Kemp 2023). This digital readiness paves

the way for the future integration of technology into healthcare self-management
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support, promising to enhance the patient-provider relationship and improve health

outcomes in Saudi Arabia.
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2.7 Gaps in the literature and conclusion

Research within Saudi Arabia has highlighted the notable presence of chronic knee
pain and Knee OA among its population, with cultural and environmental factors
potentially contributing to its prevalence (AlKuwaity et al. 2018; Thigah and Khan 2020;
Shamekh et al. 2022). There is a global trend of empowering patients by incorporating
self-management support into treatment paradigms. This approach aims to improve
guality of life, promote independence and alleviate healthcare burdens (Grady and
Gough 2014; Dineen-Griffin et al. 2019). Despite the prevalence of musculoskeletal
conditions in Saudi Arabia, which reflects global patterns, the Saudi literature shows
a gap in the evidence on integrating self-management support into clinical settings,

particularly for chronic knee pain.

The work of Adem (2017) reveals a willingness among Saudi physiotherapists to
innovate and adapt, yet there is a scarcity of research activity that has resulted in a
dearth of comprehensive literature. Adem’s (2017) findings offer valuable insights into
the current practices of Saudi physiotherapists and their engagement with self-
management support for chronic lower back pain, providing a crucial starting point for
researchers and intervention developers. Nonetheless, this information alone is not
enough to fully depict the broader context across different regions, conditions or
demographics within Saudi Arabia. To advance the understanding of self-
management in Saudi Arabia's healthcare setting, it is important to focus the
investigative lens on healthcare practitioners and patients to gain insights beyond
those provided by Adem (2017). A robust exploration that includes the perspectives of
physiotherapists and individuals with chronic knee pain across various demographics

will meaningfully enhance the knowledge base.

Global efforts to integrate self-management support into the management of chronic
knee pain have taken advantage of technological advancement and the wider adoption
of mobile devices around the world. This has manifested in a growing number of DHIs
designed to exclusively support individuals with chronic knee pain self-manage via
evidence-based online resources and interactive features that were developed based
on an understanding of behaviour change theories (Spasic¢ et al. 2015; Smittenaar et
al. 2017; Nelligan et al. 2019; mrklas et al. 2020; Gruner et al. 2021; Alasfour and
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Almarwani 2022; Goff et al. 2023). Preliminary data on these interventions reveals
their power to catch the attention of users and encourage them to engage in positive
behaviours, which translates into less pain and improved function. However, literature
on the Saudi context does not reflect this global effort, especially in relation to chronic
knee pain. Alasfour and Almarwani (2022) are a rare exception. Their study provides
insights into a specific subset of the population with chronic knee pain, namely older
females, which may not reflect the broader demographic affected by this condition in
Saudi Arabia.

To the best of the researcher’s knowledge, there is a notable gap in the literature
concerning the perspectives of both physiotherapists and individuals with chronic knee
pain on self-management support and digital integration. To date, no published study
has specifically explored these key stakeholders' needs or skills in relation to utilising
digital health solutions in Saudi Arabia. Understanding these perspectives is crucial to
developing effective self-management strategies tailored to their needs. This
approach is reinforced by previous recommendations in the literature that highlight the
necessity of this research to lay a foundational understanding for future studies and
for researchers interested in this field. Moreover, this research will enhance the clinical
practices of physiotherapists in Jeddah and across Saudi Arabia, ultimately furthering

the provision of advanced care in the management of chronic knee pain.
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2.8 Research aim and questions
2.8.1 Overarching research aim

To explore digital self-management support for knee pain within current physiotherapy
practices in Jeddah, Saudi Arabia.

2.8.2 Research questions for phase 1

Q1: How do current physiotherapy practices for knee conditions in Jeddah, Saudi

Arabia align with self-management support principals?

Q2: How do physiotherapists and individuals with knee pain attending physiotherapy

settings in Jeddah, Saudi Arabia perceive digital self-management support initiatives?

2.8.3 Research question for phase 2

How usable is the "TRAK-Saudi" platform for physiotherapists and individuals with

chronic knee pain in Jeddah, Saudi Arabia?

The next chapter outlines the philosophical assumptions that guided the selection of
the research paradigm, followed by the choice of research design, which was chosen

to answer the research questions and fulfil the overarching aim of the study.
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Chapter Three: Philosophical Underpinnings and Research Design

3.1 Introduction to the chapter

The chapter discusses the researcher’s philosophical assumptions and the paradigm
chosen to accomplish the research aim. It then discusses the selected research design
and the reasons behind the choice. Together, these elements lay the groundwork for
a comprehensive understanding of this research framework and approach, guiding the

exploration that follows.

3.2 Research philosophy

A researcher’s approach to any research they are conducting is influenced by their
worldview, which is comprised of their beliefs and philosophical assumptions about
the nature of the world and the development of knowledge (Guba and Lincoln 1994;
Creswell 2018). These philosophical assumptions guide the entire research process,
underpinning the way in which data pertaining to a phenomenon is gathered, analysed
and used (Creswell 2014). Researchers choose a paradigm that fits their worldview,
beliefs and philosophical assumptions when conducting research. That paradigm is a
framework that informs the entire research process, from defining the research
guestion to deciding how it should be answered, that is, which methods should be
chosen to investigate the phenomena, and interpreting the findings, all of which ensure
the reliability and validity of the research (Creswell 2014).

There is a seemingly ever-expanding plethora of paradigms, but four broad paradigms,
positivism, constructivism, transformative and pragmatism, are commonly discussed
in the literature (Creswell 2014; Sekaran and Bougie 2016; Kivunja and Kuyini 2017).
Each of these is based on assumptions related to the following elements: ontology
(What is the nature of reality?), epistemology (What is the relationship between the
researcher and that being researched?), axiology (What is the role of values?),
methodology (What is the process of research?), and rhetoric of research (What is the
language of research?) (Lincoln and Guba 1985; Kaushik and Walsh 2019). Every
paradigm has its own perspective on each of these elements (Kaushik and Walsh
2019). More detail regarding the purpose and application of the paradigms and their

perspectives on these elements are presented in Table 10.
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Paradigm

Definition

Ontolog

y
(What is

the nature

Epistemology

(What is the relationship
between the researcher
and that being
researched?)

Axiology

(What is the role of
values?)

Methodology

(What is the process of

research?)

Rhetoric

(What is the
language of
research?)

of reality?)
Helps in Singular | Distance and Researchers An existing theory = Formal style
generating reality Impartiality conduct bias is tested by
causal checks. researchers.
Positivism relationships or (Data collected using

associations tools) (Unbiased) (Deductive)
that will help (Quantitative)
predict and
control a
phenomenon
under
investigation.
Affirms that Multiple | Closeness and Researchers From participants’ | Informal style

Constructivism peo_ple _develop realities | subjectivity actively disc_uss vie_ws, researchers
subjective and use their own | build patterns,
meanings (Data collected biases and theories, and

(also known as . A . . . X

interpretivism) tOV\_/ard things, through site visits) interpretations. interpretations.
which are
influenced by (Biased) (Inductive)

the historical
and cultural
background

(Qualitative)
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Transformative

Pragmatism

Examines the
history or
needs of a
marginalised
group in
society, linking
political,
economic, and
social aspects

Explores
knowledge
about a
problem
through mixed
method
design.
(Problem-
oriented)

Multiface
ted and
based on
different
social
and
cultural
positions

Singular
and

multiple
realities.

Collaboration

(Active collaborative

relationship with
participants)

Practicality

(Researchers collect

data according to
what best answers
the research
question)

Based on human
rights and social

justice for all.

Researchers
include biased
and unbiased
opinions.

Table 10: Research paradigms.
Sources: Creswell (2014), Sekaran and Bougie (2016), and Creswell and Clark (2017).
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Researchers
engage
participants at all
stages of the
research process
and conduct
cyclical results
reviews.

(Participatory)
(Either qualitative
or quantitative)
Researchers
combine
guantitative and
gualitative data.

(Combinatory)

Advocacy,
activist-
oriented

Formal or
informal style



3.2.1 Pragmatism as the paradigm chosen for this research

Positivism, which is typically aligned with quantitative methods in natural science
research, emphasises a reliance on measurable and observable facts to generate
evidence (Smith 2015). However, a purely positivist approach, focusing solely on
numerical data, may fall short when exploring the subjective experiences and
meanings associated with complex human behaviour (Johnson and Onwuegbuzie
2004). An exploration of these aspects is crucial in order to gain a comprehensive

understanding of the phenomena being investigated in this study.

On the other hand, constructivism, which primarily advocates qualitative methods, is
effective in exploring meanings and experiences (Denzin and Lincoln 2011), but it too
has some restrictions. This paradigm could be an appropriate choice when exploring
participants' perceptions, such as their views on self-management support and the
integration of technology into Jeddah'’s context. However, it limits further exploration,
in the case of this study of the way key stakeholders deal with digital health solutions
in real-life scenarios to build a rounded analysis of the subject matter. This is
considered important in order to uncover potential needs and shortfalls in the user-

technology relationship.

Although constructivism, with its qualitative focus, adeptly explores meanings and
experiences, it presents challenges for fully achieving the aim of this research (Denzin
and Lincoln 2011). Specifically, while it can facilitate in-depth exploration into
participants' perspectives on self-management support and technology integration, it
cannot adequately capture how stakeholders interact with digital self-management
support solutions in practical, real-world scenarios. This gap is pertinent in the Saudi
context regarding chronic knee pain management. Understanding these interactions
is fundamental for exploring user-technology engagement in the Jeddah’s context to
determine whether the intended users are prepared for the shift towards digital
healthcare management (NHS England 2021). To address this, the research involved
introducing participants to a digital self-management support platform nearing
completion, within a usability study designed to replicate real-world use. Given the
website's advanced development stage, experts in usability recommend quantitative

testing approaches (Barnum 2021). These approaches are invaluable for producing

88



consistent, precise data, facilitating the direct interpretation of results and enabling
modifications and improvements to the proposed platform. Therefore, in the case of
this research, a mixture of qualitative and quantitative data collection methods was

deemed appropriate to achieve the research aim.

Researchers' perspectives on the possibility of integrating quantitative and qualitative
methods in a single study have led to a division into two distinct groups: purists and
pragmatists (Tashakkori and Teddlie 1998). Purists maintain a stance against the mix
of these two methodologies, arguing that the fundamental differences between
guantitative and qualitative approaches — in terms of their underlying philosophies,
methodologies and types of data generated — are too significant to allow for effective
integration (McEvoy and Richards 2006). They believe that each approach has its own
unique strengths and limitations that are not compatible when combined. On the other
hand, pragmatists advocate for a more flexible and inclusive approach. According to
Sekaran and Bougie (2016), pragmatists support the use of diverse methods, both
guantitative and qualitative, if they collectively contribute to a more comprehensive
understanding and answer the research questions more effectively. This group of
researchers posits that by integrating quantitative and qualitative methods, the
strengths of one approach can offset the weaknesses of the other (Creswell and
Creswell 2018). For example, the objectivity and generalisability of quantitative
methods can complement the depth and detail provided by qualitative methods (Austin
and Sutton 2014; Rosenthal 2016; Silverman 2017). The pragmatism paradigm,
introduced by pragmatists, is characterised by its unique practical approach, which
advocates for the use of research methods from different paradigms within a single
study (Feilzer 2010). This approach is particularly justified when addressing complex
or unexplored phenomena, which is the case in this research, as it allows for a more
comprehensive understanding by combining different methodological perspectives
(Glogowska 2011).

3.3 Research design: mixed methods

Mixed methods research aligns well with the pragmatic research paradigm, offering a
comprehensive approach by integrating both qualitative and quantitative research

methods. As described by Johnson et al. (2007), this research strategy involves a
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combination of different viewpoints, data collection, analysis and inference techniques

from both qualitative and quantitative domains.

The mixed methods approach stands out as particularly effective and compelling for
studies introducing digital initiatives in healthcare settings. This integrative strategy is
not just beneficial but essential, as argued by Palinkas et al. (2015) and Kip et al.
(2020). They highlight the urge for diverse data types to illuminate the various
dimensions of health technology implementation. This approach facilitates a thorough
exploration of the context, the stakeholders involved and the technology itself, offering
a comprehensive understanding that is often unattainable with a single methodological
approach (Greenhalgh 2004; van Gemert-Pijnen et al. 2011; van Gemert-Pijnen et al.
2018). For example, while quantitative methods like questionnaires are adept at
identifying broad patterns and trends, they may not adequately uncover the deeper,
more nuanced reasons and motivations behind the acceptance or rejection of new
technologies (Feijt et al. 2018). Conversely, qualitative methods, such as interviews,
provide rich, contextual insights but might lack the wide-ranging generalisability and
objectivity offered by quantitative approaches, elements that are crucial for a fully
rounded analysis of new technological implementations (John