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PREFACE 

 

The work presented in this thesis is organised into eight chapters, written so that each chapter 

can be read independently. The University of Sydney allows published papers that arose from 

the candidature to be included in the thesis.  

 

Chapter One is an introduction to the thesis and provides background and context for the 

following chapters. It also highlights the gaps in knowledge that this thesis aims to address. 

 

Chapter Two presents the results of a retrospective observational study that aimed to 

investigate the level of agreement between incident reports and resident progress notes as data 

sources for falls monitoring in residential aged care facilities. This manuscript is presented in 

the format required by the Australasian Journal on Ageing, where it was accepted on 12 

December 2023 and it will be published early 2024.  

 

Chapter Three presents the results of an Intervention Component Analysis (ICA) utilising a 

mixed method approach, aiming to construct a theory describing the likely features of effective 

fall prevention exercise in residential aged care. This ICA manuscript adheres to the submission 

guidelines of the British Journal of Sports Medicine and is currently under review. Appendix 

A presents the results of a Qualitative Comparative Analysis (QCA) conducted to test the 

theory outlined in the ICA led by my collaborators. This paper is formatted according to the 

requirements of the BMC Geriatrics where a revised version is under review.  

 

Chapter Four is a systematic review and meta-analysis of studies investigating the effects of 

exercise interventions delivered via telehealth in adults aged 60+ with frailty, mobility or 
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cognitive disability on mobility, strength, balance, falls and quality of life. This manuscript is 

presented in the format required by Telemedicine and e-Health, where it was published online 

15 November 2023.  

 

Chapter Five presents the TOP UP trial protocol paper, outlining the methodology employed 

in this hybrid type 1 effectiveness-implementation randomised controlled trial. The trial 

involve 242 individuals aged 65 and above, recipients of aged care services in community or 

residential settings. This manuscript adheres to the specific formatting guidelines of the British 

Medical Journal of Nutrition, Prevention and Health, where it was published online 17 

November 2023. Analysis of trial results will commence shortly. 

 

Chapter Six outlines the co-design activities and collaborative efforts of diverse stakeholders, 

including researchers, aged care service users, aged care staff, physiotherapists, and community 

members, in the design and implementation of the TOP UP trial.  

 

Chapter Seven reports a qualitative evaluation of the TOP UP program among trial 

participants. It is presented in the format required by the Journal of Medical Internet Research 

in Ageing where it was accepted on 12 December 2023 and it will be published early 2024. 

 

Chapter Eight is a discussion of the implications of the body of work reported in this thesis 

and draws conclusions from the work.  

 

Each chapter contains its own reference list and appendices. Ethical approval was granted by 

the Human Research Ethics Committee at The Sydney Local Health District, Concord, 
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Australia (approval CH62/6/2021-009) for the studies presented in Chapters Two, Six and 

Seven prior to the commencement of trial recruitment. 
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GLOSSARY 

Acceptability: The extent to which an intervention is well received and deemed suitable by the 

end users and healthcare providers.1 

Aged care: Comprehensive support and assistance provided to individuals aged 65 and above, 

addressing their daily needs, offered both at home and nursing homes/aged care facilities. 

Balance: The ability to maintain a stable body position, whether stationary or moving, essential 

for coordination and preventing falls. 

Co-design: A collaborative approach involving end users, researchers, and stakeholders 

working together to design solutions, systems, or services tailored to specific needs. 

Commonwealth Home Support Program (CHSP): An Australian government initiative 

providing in-home support and services to help older adults remain independent. 

Comorbidities: Presence of two or more simultaneous health conditions or diseases in an 

individual, often requiring distinct medical management. 

Dementia: A progressive neurological disorder causing memory loss, impaired reasoning, and 

changes in behaviour, affecting daily functioning and independence. 

Exercise: Structured physical activity that is performed to improve health and fitness, maintain 

overall well-being, or achieve specific health goals. Exercise can include various activities such 

as walking, swimming, weightlifting, balance activities and more. 

Exercise Intensity: The level of effort exerted during physical activity, typically measured by 

heart rate, perceived exertion, or workload. 

Fall: Unintentional descent to the ground or lower level, often resulting in injury, commonly 

experienced by older adults, posing health risks.2 

Frailty: Clinically recognizable state in older people who have increased vulnerability, 

resulting from age-associated declines in physiological reserve and function across multiple 

organ systems, such that the ability to cope with everyday or acute stressors is compromised.3 
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Functional Decline: Gradual deterioration in an individual's ability to perform daily activities 

and tasks due to ageing, illness, or disability. 

Gait: A person's manner of walking, including aspects such as stride length, speed, and posture, 

often assessed for health and mobility. 

Hybrid Type 1 Effectiveness-Implementation Randomised Controlled Trial: A research 

study design that combines elements of effectiveness and implementation research, aiming to 

assess both the impact of an intervention and its practical implementation in real world 

settings.3 

Implementation: The process of putting plans, strategies, or programs into practice, ensuring 

their effective execution and integration into existing systems.1  

Independence: The ability to make decisions and perform tasks without external assistance, 

promoting self-sufficiency and personal autonomy. 

Mobility Disability: Limitations in physical movement, hindering an individual's ability to 

move independently. 

Mixed Methods Research: A research approach combining qualitative and quantitative 

methods, providing a comprehensive understanding of complex phenomena. 

Physical Activity: Any bodily movement produced by skeletal muscles that requires energy 

expenditure. Physical activity encompasses a wide range of movements, from everyday 

activities like walking up stairs or gardening to structured exercise routines such as running 

and programs prescribed by a health professional. 

Physiotherapy: A healthcare profession focused on restoring and maintaining physical 

function, mobility, and wellbeing through exercise and physical interventions. 

Quality of Life: The overall wellbeing of individuals, encompassing physical, mental, and 

social health factors, and reflecting their satisfaction and happiness with life. 
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Quantitative Research: A systematic, empirical research method that uses numerical data and 

statistical analysis to explore relationships, patterns, and trends. 

Qualitative Research: A systematic research method focusing on understanding and 

interpreting human experiences, behaviour, and social phenomena through non numerical data 

analysis. 

Reablement: Reablement is a person-centred, holistic approach that aims to enhance an 

individual's physical, and or other functioning, to increase or maintain their independence in 

meaningful activities of daily living at their place of residence, and to reduce their need for 

long-term services.5  

Reach: The extent to which research findings or interventions effectively impact the target 

audience or community.1 

Rehabilitation: The World Health Organisation define it as a “Set of interventions designed 

to optimise functioning and reduce disability in individuals with health conditions in interaction 

with their environment”.6 

Residential Aged Care Facilities (RACFs): Institutions providing accommodation, 

healthcare, and support services for older people unable to live independently at home.  

Restorative Exercise: Targeted physical activities designed by health professionals to regain 

and enhance function such as strength exercises, promoting recovery after illness or injury.  

Scale up: The process of expanding a successful intervention or program to reach a larger 

population, often involving the adaptation of the program to different contexts and settings.1 

Short Physical Performance Battery: A measurement tool assessing physical functioning in 

older adults, evaluating balance, strength (timed sit to stand), and mobility (gait speed). 

Strength: The ability of muscles to exert force against resistance, determining physical power, 

endurance, and overall functional capabilities. 
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Sustainability: The ability of an intervention or program to endure over time, ensuring 

continued effectiveness and benefits for the targeted population.1 

Telehealth: The delivery of healthcare services using information communication 

technologies, allowing patients and providers separated by distance to diagnose and treat 

diseases and injuries. Telehealth covers the terms mHealth, telemedicine, virtual health. 

Telephysiotherapy: The provision of physiotherapy services remotely using 

telecommunication technologies. 
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ABSTRACT 

 

As the global population ages, addressing the health and care needs of older individuals, 

particularly those in regional and remote areas, becomes imperative. Falls, a prevalent cause of 

injury among older people, result in substantial healthcare costs, diminished quality of life, and 

mortality. Effective fall prevention programs in aged care are vital for enhancing wellbeing, 

reducing healthcare costs, and ensuring regulatory compliance. It is well known that exercise 

can prevent falls and enhance mobility in the general population of older adults. However, 

evidence and implementation gaps exist regarding exercise programs that aim to support to 

older people in aged care to improve mobility, reduce falls and enhance quality of life. 

 

Many effective mobility and fall prevention exercise programs have been designed and 

delivered by physiotherapists. Access to physiotherapy services in aged care settings is 

hindered by funding models, workforce shortages and transportation challenges for those with 

mobility and cognitive disabilities. Telehealth, a potential solution, remains largely unexplored 

in aged care. 

 

Falls are a leading problem in aged care settings with approximately half of all people living 

in residential aged care falling at least once a year, causing poor health outcomes and significant 

economic burdens on society. Accurate fall data is essential to effectively assess the impact of 

fall prevention strategies. Incident reports are increasingly used to describe fall rates at a facility 

level as they can be more quickly generated via online documentation systems compared to 

time-consuming manual audits of progress notes. However, discrepancies in fall data collected 

through incident reports and progress notes have been identified in other settings, highlighting 

the need to investigate the agreement between these reporting methods in residential aged care.  
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The accuracy of fall incident records compared to progress notes was investigated in the study 

reported in Chapter Two. This study involved 46 older individuals from six residential aged 

care facilities. Of the 46 participants, 27 (59%) experienced a total of 75 falls. Incident reports 

captured 68 (91%) falls, while progress notes documented 73 (97%) falls. Overall, there was a 

75% agreement between falls recorded in progress notes and incident reports. This study 

highlights the effectiveness and convenience of incident records as a data collection method in 

clinical care and fall prevention research. However, the identified discrepancies emphasise the 

need for strategies to enhance fall reporting practices, addressing reported barriers such as 

staffing shortages in accurate fall data collection and fall management. Chapter Two 

underscores the pivotal role of incident reports as invaluable tools for designing evidence-based 

fall prevention strategies in aged care settings. 

 

Exercise was found to reduce falls by 24% among community-dwelling older adults in a 2019 

Cochrane Review. Conversely, a 2018 Cochrane Review reported uncertainty regarding the 

effect of exercise on falls in residents of aged care facilities. Although some trials found a 

positive effect on fall prevention, high heterogeneity meant the Review provided limited 

guidance to clinicians on exercise evidence. Chapter Three reports the outcomes of an 

Intervention Component Analysis that explores fall prevention exercise within Residential 

Aged Care Facilities.  

 

Intervention Component Analysis is a research methodology designed to methodically 

investigate and evaluate distinct components or elements constituting an intervention, with the 

objective of discerning their individual contributions to the overall effectiveness of the 

intervention. It involves thematic analysis that synthesises the insights provided by trialist 

commentaries from the discussion section of papers to examine the potential positive or 
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negative impacts of various components on the outcomes of interest. The primary goal of ICA 

is to deconstruct the intervention into its elemental parts and scrutinise the influence of each 

component on the targeted outcomes such as fall rates. Through the isolation and examination 

of these components, researchers can acquire a comprehensive understanding of the 

fundamental elements that shape the success or failure of the intervention. This knowledge 

subsequently informs the design, implementation, and enhancement of similar programs in the 

future. 

 

The Intervention Component Analysis presented in Chapter Three revealed that fall prevention 

exercise programs found effective in trials involved targeted activities addressing balance and 

strength, were tailored to individual needs, and delivered at a moderate intensity. Furthermore, 

successful implementation necessitates adequate resourcing for structured and supervised 

exercises at an appropriate dosage. A Qualitative Component Analysis (QCA) undertaken by 

the author’s collaborators to test the ICA theory is reported in Appendix A. Statistical analysis 

in the QCA indicates that fall prevention exercise programs are more likely to be effective 

when providing supervised low to moderate intensity exercise programs, either individually or 

in a group, for at least one hour per week. Larger-scale studies are imperative to validate these 

emerging theories. 

 

Telehealth is defined by the World Health Organisation as the delivery of health care services, 

where patients and providers who are separated by distance, use information communication 

technologies to diagnose and treat diseases and injuries. Little is known about the effectiveness 

of telehealth physiotherapy to deliver exercise programs in aged care settings or about how 

best to implement telehealth exercise in this complex population. Chapter Four systematically 

reviews the effects of exercise interventions delivered via telehealth in adults aged 60+ with 
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frailty, mobility or cognitive disability on mobility, strength, balance, falls and quality of life. 

The study found that the overall certainty of evidence was rated as ‘low’ or ‘very low’. Pooled 

between-group differences were not statistically significant but effect sizes suggested that 

telehealth produced a moderate improvement on mobility (n = 5 studies; standardized mean 

difference (SMD) = 0.63; 95% CI -0.25 to 1.51; p = 0.000, I2 = 86%) and strength (n = 4; SMD 

= 0.73; 95% CI -0.10 to 1.56; p = 0.000, I2 = 84%), a small improvement on balance (n = 3; 

SMD = 0.40; 95% CI -035 to 1.15; p = 0.012, I2 = 78%) and no effect on quality of life or fall 

reduction. Analysis of implementation measures suggested telehealth to be feasible in this 

population given its high rates of acceptability and adherence with minimal safety concerns. 

Further research is warranted given the limited evidence identified by the review.  

 

Telehealth is emerging as a key method for delivering essential healthcare. Primary care 

research suggests that telehealth is acceptable and has potential to overcome geographical 

barriers for older individuals with complex comorbidities and limited mobility by eliminating 

the need for extensive and costly travel. Despite telehealth’s promise, the significant level of 

technology literacy required of users may limit its applicability in aged care settings. Co-design 

is a collaborative strategy uniting end-users, researchers, and stakeholders and is a strategy 

employed to navigate complex interventions such as telehealth.  Co-design has proved essential 

for customising telehealth solutions, ensuring they align precisely with the unique requirements 

of end-users, ultimately elevating acceptance, usability, and fostering sustained engagement 

over the long term. 

 

Chapter Five presents the TOP UP trial protocol - a Hybrid Type 1 effectiveness and 

implementation randomised controlled trial of telephysiotherapy to improve mobility, reduce 

falls and enhance quality of life in older people receiving aged care services in community or 
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residential settings. The trial recruited 242 people aged 65+ years receiving aged care services 

in community or residential settings. Participants were randomised to either: (1) the Telehealth 

Physiotherapy for Older People (TOP UP) Program or (2) a wait-list control group. The six-

month intervention includes ten physiotherapy sessions delivered by video call (Zoom). The 

intervention includes the local support of an aged care worker and online exercise resources. 

The primary outcome is mobility at six months post randomisation measured by the Short 

Physical Performance Battery. Secondary outcomes include the rate of falls, sit-to-stand, 

quality of life and goal attainment at six months after randomisation. This trial employs a mixed 

methods methodology to investigate the interventions effectiveness, cost-effectiveness and 

implementation to support timely translation if found to be safe, acceptable and effective.  

 

Chapter Six examines the co-design process of the TOP UP intervention, a telehealth 

physiotherapy program for older people in aged care settings. TOP UP’s co-design approach 

is guided by Fernandez's implementation mapping process, the Integrated Knowledge 

Translation (IKT) model, and the Nonadoption, Abandonment, and Challenges to the Scale-

Up, Spread, and Sustainability (NASSS) implementation framework. Chapter Six addresses 

the intricacies and challenges associated with implementing telehealth physiotherapy 

(telephysiotherapy) in aged care. The TOP UP co-design process actively involved input from 

aged care service users, their caregivers, experienced aged care physiotherapists and support 

staff, aiming to formulate a research question and implementation plan tailored to the unique 

needs of the aged care community. 

 

Chapter Six also explores the TOP UP trial progress. Recruitment for the TOP UP trial 

concluded in February 2023, with final follow-up data collection completed in November 2023. 

The trial saw robust adoption, with 242 participants recruited from an eligible pool of 512. At 
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the six-month follow-up, 202 participants remained, highlighting TOP UP's high feasibility. 

The median exercise dose was 29 hours (range 8 to 75), aligning with proposed ICA and QCA 

doses. One recorded adverse event occurred when a participant fell during exercise with no 

reported injuries. Post-intervention, participants were surveyed, and all except six expressed a 

willingness to recommend telephysiotherapy. In 2024, we will explore additional 

implementation insights, concurrently conducting analyses on effectiveness and cost-

effectiveness. 

 

Chapter Seven uses qualitative methodology to explore the insights from aged care service 

users, physiotherapists, aged care support workers and managers regarding the impact, safety 

and resource needs associated with adopting telephysiotherapy to deliver exercise in aged care. 

This thematic analysis of data from those involved with the TOP UP trial uncovered key 

insights: telehealth can provide convenient access to physiotherapy services for many aged care 

recipients; the positive impact of tailored physiotherapy, coupled with local support, enhances 

exercise motivation; the effectiveness of engaging senior-friendly resources in fostering 

program adherence; and the facilitation of greater independence through a flexible reablement 

approach. This study emphasises the importance of sustained organisational commitment for 

the successful implementation of telephysiotherapy programs like TOP UP to deliver exercise 

in aged care, highlighting the need for training and external funding to ensure the program’s 

adoption, sustainability and potential scale up. 

 

Falls and impaired mobility incur substantial healthcare costs, diminish quality of life, and, 

unfortunately, lead to a loss of independence and mortality. The implementation of tailored 

telephysiotherapy exercise programs in aged care settings could be pivotal for not only 

enhancing the wellbeing and safety of aged care service users but also for reducing healthcare 
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expenses and ensuring regulatory compliance. The effectiveness and cost-effectiveness 

outcomes of the TOP UP trial will be presented in 2024. However, the implementation findings 

in this thesis underscore the potential of telephysiotherapy as a safe, acceptable and feasible 

solution to deliver exercise interventions for aged care service users including those with 

moderate levels of mobility and cognitive disabilities. This thesis highlights the urgent need 

for future large-scale studies to explore the expansion of telephysiotherapy in aged care, 

particularly within culturally and linguistically diverse populations and among those with more 

severe mobility and cognitive disabilities. 

 

In conclusion, this thesis addresses critical gaps in existing evidence. The studies described in 

this thesis a) establish the effectiveness and convenience of utilising fall incident records for 

collecting fall data; b) indicate that telehealth is a feasible method to deliver exercise to enhance 

mobility for aged care service users but more research is needed; c) suggest that successful fall 

prevention exercise in residential aged care should concentrate on balance and strength 

exercises delivered at a moderate intensity, tailored to individual needs; d) describe the process 

and output of a collaborative process to design a telephysiotherapy intervention for aged care 

settings and an embedded trial to test this intervention; e) propose that telehealth combined 

with local support is an acceptable, safe, and a feasible platform for delivering physiotherapy-

led exercise programs within aged care settings; and f) emphasise the necessity of sustained 

organisational commitment, adequate training and external funding for the successful 

implementation, sustainability and potential scale-up of telephysiotherapy programs to deliver 

exercise in aged care settings to improve mobility, reduce falls and enhance quality of life.  

 

This thesis aims to offer valuable insights for policymakers, healthcare providers, and aged 

care services, aiming to enhance healthcare accessibility and improve the quality of life for our 
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ageing population. The research outlined in this thesis addresses challenges and underscores 

the transformative potential of telephysiotherapy in facilitating older peoples' access to 

evidence-based exercise conveniently and in locations where it is most beneficial. 
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CHAPTER ONE 

 

 

Introduction 

 

 

 

 

 

 

 

 

 

 

 

 

 

Preamble  

The purpose of this introduction is to provide background information and context for the 

research topic and to establish the rationale for each of the research studies described in the 

thesis. Text boxes are used in the introduction to highlight research gaps, improve clarity, and 

emphasise significance. 
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1.1 The impact of population ageing – setting the scene 

1.1.1 The international experience  

Every country in the world is experiencing growth in the number of older people and proportion 

of older people in their population.1 Today most people can expect to live well into their sixties 

and beyond.2 This phenomenon is known as population ageing.1 The World Health 

Organisation (WHO) estimates that by 2030 over 17% of the world’s population will comprise 

of older people. They predict that the number of older people will increase from 1.0 billion in 

2020 to 1.4 billion in 2030 and by 2050, the world’s population of older people will double to 

2.1 billion. WHO predicts that the number of persons aged 80 years or older is expected to 

triple between 2020 and 2050 to reach 426 million.1 

 

Population ageing initially emerged in high-income countries, but the trend is now particularly 

evident in low and middle-income countries.2 It is estimated that by 2050 over two-thirds of 

the world’s population of older people will be living in low and middle-income countries. The 

WHO indicates that this demographic shift will significantly impact the socioeconomic and 

healthcare systems of these countries and that collaboration between governments, health 

professionals, academia, the media and the private sector is required to foster longer and 

healthier lives.1 To promote more equitable health care it is expected that significant reform 

will need to take place, reform that is both effective in improving the experience of ageing, and 

reform that is cost-effective to ensure that health care is affordable.3  

 

1.1.2 The Australian experience  

Australia’s population is ageing, in common with the global trend.2 The latest report from the 

Australian Institute of Health and Welfare (AIHW) updated in June 2023 states that there were 

an estimated 4.2 million older people, those aged 65 years+,  living in Australia.4 This number 
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has increased from 1.0 million (8.3% of the total population) in 1970 to 4.2 million (16%) in 

2020.
4
 It is expected that by 2026 older people will make up approximately 22% of the total 

Australian population. AIHW expects that the population of those people aged over 85 will rise 

from 63,000 (0.5% of the total population) in 1970 and 528,000 (1.1% of the population) in 

2020 to 1.6 million (4% of the population) in 2066.  

 

1.1.3 The health experience of older people  

Ageing is a complex phenomenon presenting a myriad of challenges that impact on an 

individual’s quality of life, shaping their physical, mental, emotional and social wellbeing of 

older people.5 The Australian Bureau of Statistics (ABS) National Health Survey (NHS) 2017-

18 report estimated that 26% of older people rated their health as being fair or poor with older 

people aged over 75 years more likely to report their health as poor.6 The 2018 ABS Survey of 

Disability, Ageing and Carers (SDAC) found that 50% of older people in Australia had a 

disability.7  

 

The prevalence of disability increases with age. In 2018, 36% of people aged 65–69 had a 

disability compared to 85% of those aged 90 and over.7 The SDAC survey concluded that the 

need for assistance with activity of daily living due to disability in older people is a trigger for 

needing formal support services such as aged care. A 2019 scoping review that explored the 

care and support needs of older people living with chronic conditions found that they required 

care and support in three main areas: 1) social activities and relationships; 2) psychological 

health; and 3) activities related to mobility, self-care and domestic life.8 
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1.1.4 The rural and remote health experience of older people  

Providing adequate health and aged care to older people living in rural and remote regions of 

Australia is problematic for several reasons. Australia is a large continent making physical  

access to health and aged care services more difficult.9 The distance between towns and 

appropriate medical facilities can be substantial, resulting in longer travel time, increased costs 

and limited access to health care professionals, especially in rural areas which have a 

documented shortage of  health and aged care professionals.10 As a result, many older people 

in Australia’s rural and remote communities experience poorer health outcomes compared with 

their metropolitan counterparts. Rates of disease, mortality and avoidable hospitalisation are 

significantly increased with geographical remoteness.11  

 

The Australian Physiotherapy Council estimated there were 40,018 registered physiotherapists 

working in Australia in 2022.12 They estimate that there is a shortage of six thousand 

physiotherapists nationwide and that this workforce shortage has been exacerbated by the 

COVID-19 pandemic situation.12 Workforce shortages are worse in regional and remote 

Australia as evidenced by statistics showing that only 18% of physiotherapists work in regional 

and remote Australia to cater for 28% of the Australian population.13 The recent Royal 

Commission into Aged Care Quality and Safety concluded that the inequitable access to allied 

health services for older people in rural and regional Australia needs to be addressed with the 

support of innovative solutions such a telehealth.14 

 

There is a need to increase rural and remote health care access for older people and reduce 

the health outcome disparity between metropolitan and rural/remote Australia. 
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1.1.5 An overview of the Australian aged care system  

Australia’s aged care system is structured to address the diverse needs of its ageing population, 

offering a spectrum of services tailored to individual requirements. These services span from 

enabling older people to maintain independent living in their homes with necessary supports to 

providing round-the-clock care within residential facilities. Most older people receive federally 

funded aged care services while resident in their own homes. Statistics as of 30 June 2022, 

indicate that 210,000 older people accessed Home Care Package services, while approximately 

800,000 benefited from Commonwealth Home Support Program services (CHSP).4In contrast, 

185,000 older people received aged care services in Residential Aged Care Facilities 

(RACFs).4 Apart from these services, additional flexible aged care services are accessible 

through Federal and State funded initiatives. These services support hospital based programs 

into the community, including hospital in the home, short term restorative care, multi-purpose 

services programs, National Aboriginal and Torres Strait Islander Flexible Age Care Program 

and Department of Veterans Affairs services.4   

 

1.1.6 The cost of aged care  

During the financial year 2021-2022, the Australian Federal Government allocated a 

substantial budget of over $25.1 billion on aged care services. A significant portion, amounting 

to 59%, was dedicated to residential aged care, totaling $14.9 billion.4 This allocation was 

nearly double the combined expenditure on home care and other aged care support services. 

Specifically, Home Care Package services received funding of $5.0 billion, while the CHSP 

was allocated $3.1 billion. Additionally, a sum of $0.2 billion was allocated to other aged care 

community services, supporting programs such as the Department of Veterans’ Affairs 

community nursing and Veterans’ Home Care (VHC) initiatives. It is crucial to note that aged 

care funding has increased by 27% since 2017-18 compared to the overall population rise of 
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only 4% during the same period.4 This escalating financial commitment to health and aged care 

services has prompted extensive discussions among health professionals, economists and 

politicians.15  

 

Australia’s ageing population pose significant challenges for future governments. As the aged 

demographic expands, there will be surging demand for funding in the aged care sector. At the 

same time, a smaller proportion of the population will be in the working age bracket, reducing 

the tax base available to support aged care services. This demographic shift exerts pressure on 

the economy and on future government budgets.16 The recent Royal Commission on Aged Care 

quality and Safety highlighted the critical nature of this increased demand for aged care. 

Addressing this challenge requires specific policy development to ensure Australians receive 

high quality and sustainable care that remains affordable.17 This expenditure growth 

emphasises the urgent need to solutions that enable older people to age at home, avoiding costly 

admission to RACFs and hospitals.17  

 

There is a need to implement cost-effective strategies to support older people to age well at 

home ensuring both their wellbeing and the economic viability of the health care system.  

 

1.1.7 Minimising the admission risks to aged care 

The lifetime chance of being admitted to a RACF is 40% for Australian women and 25% for 

men.18 It is important to understand that older people receiving aged care services often have 

complex health conditions, multiple comorbidities including high levels of frailty, mobility and 

cognitive disability and falls.19 Admissions to RACF are often the result of repeated falls and 

their consequences.20 Hajek and colleagues found that the probability of institutionalisation 

increased significantly with the occurrence of mobility impairment.21 The move to residential 
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care for older adults is complex and influenced by multiple factors. Chatindiara and colleagues 

in their 2020 study provides evidence for high prevalence of malnutrition and frailty at 

admission to residential aged, with 76% being frail and 24% pre-frail and most (93%) were 

either malnourished (48%) or at risk of malnutrition (45%).22 Other risks for older people 

entering residential aged care face include functional decline, social isolation, medication 

management issues, nutrition and hydration challenges, abuse, neglect, and psychosocial 

factors.23 it is in everyone’s interest to develop programs that minimise the risk of these health 

problems and reduce the need for older people to receive costly aged care services.  

 

1.1.8 Unmet care needs for older people   

The global healthcare systems are grappling with the challenges of meeting the diverse care 

and support needs of older people.24 Addressing these unmet needs and creating services 

tailored to their specific requirements are swiftly emerging as critical public health priorities.25 

Despite this urgency, there is a notable gap in recent research synthesising  evidence concerning 

the care and support needs of older people living with disability and chronic conditions.   

 

In a recent systematic review exploring the impact of multimorbidity on older people, 

Marengoni and colleagues26 reported significant consequences such as functional decline, poor 

quality of life and escalating health-care costs for those living with disability and complex co-

morbidities. However, this review provided limited insights in the specific types of support 

essential for older people to navigate these challenges. Additionally, there is a scarcity of 

evidence addressing how healthcare can be tailored to accommodate the unique needs and 

preferences of older people fostering greater engagement with evidence-based practices.  

Addressing these research gaps is imperative in shaping effective and person-centred 

healthcare solutions for ageing communities.  
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1.1.9 Challenges for integrating research in aged care  

The growth of implementation science has seen a focus on bridging the gap between research 

findings and practical application, particularly in healthcare settings.27 It emphasises 

identifying effective strategies for implementing evidence-based practices and overcoming 

barriers to their adoption. By studying implementation processes, researchers gain insights into 

factors influencing successful adoption, dissemination, and sustainability of interventions in 

aged care, ultimately improving the quality of care and outcomes for older adults.28 

 

However, the integration of research findings into aged care setting faces challenges when the 

needs and preferences of older people are not adequately considered by healthcare providers.29 

Failures by researchers to incorporate the needs and preferences of older people may also limit 

the translation of research into practice.30 Implementation research highlights the importance 

of genuine collaboration involving researchers, service users, service providers, policymakers, 

and other concerned stakeholders for the successful design, adoption and scale up of effective 

interventions.31 Ageing is a complex process and collaborative research processes that bring 

together interdisciplinary insights, comprehensive care approaches, resource optimisation, 

innovation and problem solving from all stakeholders and most important services users 

themselves can accelerate the translation of research.32  
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Collaborative research is needed in aged care to understand how best to engage older people 

at risk of costly institutionalisation and/or hospitalisation. More collaboration in aged care 

research is required to enhance the depth and breadth of research opportunities and solutions 

for the challenges faced by ageing populations. Aged care reform needs to be informed by 

collaborative research that includes older people in the design and implementation of 

intervention to identify strategies that are most acceptable in supporting older people to age 

well, reducing the impact of disability and reducing regional/remote access disparities. 

 

1.2 Defining the potential value of exercise for older people   

1.2.1 The value of restorative exercise  

Regular physical activity offers numerous benefits for both physical and mental well-being.33 

It reduces the risk of cardiovascular diseases, plays a crucial role in weight management and 

weight-bearing activities and resistance exercises contribute to muscle and bone strength, 

fostering overall physical resilience.33 The cognitive benefits of physical activity include 

improved memory, attention, and overall brain health.33 It's essential to recognise that the 

benefits may vary based on factors such as activity type, intensity, and duration, as well as 

individual health conditions, underscoring the importance of consulting with a healthcare 

professional before starting a new exercise program, especially for those with existing complex 

health concerns. 

 

Exercise is a structured form of physical activity that can enhance the quality of life for older 

people by improving lung and cardiac function,34 decreasing the impact of osteoarthritis,35 

improving muscle strength,36 balance,37 mobility38 and reducing falls.39 Exercise can improve 

balance, mobility and falls risk in older people with dementia.40 41 Importantly, exercise can be 

implemented at a relatively low cost.42 The Royal Commission into Aged Care called for aged 
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care reform to better assist older people to age well at home and to improve their quality of life, 

and to deliver services that tackle the increasing economic burden of aged care.17 They 

recommended funding restorative exercise interventions prescribed by physiotherapists and 

other allied health professionals to enhance physical function, improve mobility and reduce 

falls in aged care settings.   

 

1.2.2 Fall prevention matters  

In Australia falls is the leading cause of hospitalised injuries and injury deaths among older 

Australians accounting for 77% of all injury hospitalisations and 71% of injury deaths.43 In 

2020 there were 5,034 deaths and 364 hospital admissions per day due to a fall among older 

people across the country.43 Three-quarters of hospitalisations for older people are due to falls, 

increasing at a rate of 3% per year with recurrent health service expenditure on falls at $4.2 

billion per annum ($2.3 billion in those aged 60+).43 This increase is particularly evident in 

residential care, where 50% of the residents fall each year.44  

 

Falls can result in severe injuries such as fractures, head trauma, often leading to reduced 

mobility and independence.45 Recovery from these injuries can be lengthy and challenging, 

impacting the overall quality of life.46 The physical consequences of falls can trigger a 

downward spiral, where reduced mobility leads to muscle weakness which further increases 

the risk of falls, creating a vicious cycle of decline.47 Psychologically, falls can have a profound 

impact causing fear, anxiety and a loss of confidence in an individual to move safely.48 This 

fear of falling can lead to social isolation as people limit their activities and interaction to avoid 

potential falls. Such social withdrawal can contribute to feelings of depression and loneliness, 

further deteriorating mental health.49 Additionally, the fear of falling often results in self-
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imposed restrictions on daily activities, hindering the individuals ability to lead an active and 

fulfilling life.50 

 

Fall reports serve a crucial purpose in health and aged care settings by documenting and 

analysing falls experienced by patients or residents. These reports help healthcare providers 

and organisations understand the circumstances surrounding each fall, including the location, 

time, contributing factors, and consequences.51 By systematically documenting fall incidents, 

healthcare facilities can identify trends, risk factors, and areas for improvement in fall 

prevention strategies and interventions. The data collected from fall incident reports inform 

quality improvement initiatives, guide the development of tailored interventions, and support 

evidence-based practices such as exercise aimed at reducing the incidence of falls.52 Accurate  

reporting of falls in routine care is crucial for assessing and monitoring the impacts of any 

changes that are introduced. 

 

Accurate fall data is vital for evaluating the effectiveness of fall prevention strategies. Falls are 

currently measured via two methods within Australian RACFs: through progress notes or 

incident forms.53 In Australia, mandatory fall reporting was established in 2021 through the 

National Aged Care Mandatory Quality Indicator program.54 Incident reports are commonly 

used to describe fall rates at a facility level due to their efficiency in online documentation 

systems.55 However, discrepancies in falls data collected through incident reports and progress 

notes were found in hospitals emphasising the need to investigate the agreement between these 

reporting methods in Residential Aged Care Facilities (RACFs).56  
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Chapter Two describes a retrospective observational study to assess the agreement between fall 

incident reports and progress notes in RACFs and explore potential variations in agreement 

across different aged care facilities. Chapter two will identify whether incident reports are 

an effective and efficient method to collect accurate fall data and therefore serve as a crucial 

initial step in identifying modifiable fall risk factors to implement fall prevention exercise 

programs as well as enabling monitoring of intervention effects.. 

 

1.2.3 Fall prevention exercise in residential aged care  

Impaired balance and strength are key risk factors for falls and fractures.57 Exercise is known 

to prevent falls in community dwelling older people. Sherrington and colleagues’ Cochrane 

Review in 2019 pooled 59 studies and found high certainty evidence that exercise reduces the 

rate of falls in community-dwelling older people by at least 23% and their sub-group analysis 

showed that exercise targeting balance, functional abilities and strength was particularly 

effective reducing the rate of falls by 34% (moderate-certainty evidence).58  

 

However, the evidence for fall prevention exercise within RACFs is less clear. The 2018 

Cochrane Review by Cameron and colleagues on fall prevention exercise in RACFs revealed 

uncertain outcomes regarding the effectiveness of exercise in this population.59 This 

uncertainty was compounded by the limited number of studies (n=17) included in the review, 

characterised by high heterogeneity. These studies encompassed a broad spectrum of fall 

prevention exercise programs, ranging from brief, self-directed walking programs lasting five 

minutes per session60 to complex strength and balance programs requiring 60 minutes and 

involving electronic gym equipment.39 This diversity in interventions poses challenges for 

clinicians in interpreting the findings.61  
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Chapter Three of this thesis seeks to bridge this gap through an Intervention Component 

Analysis (ICA)62 concentrating on fall prevention exercises within residential aged care 

settings. The primary objective was to identify the crucial components of fall prevention 

exercises and identify any successful implementation strategies, drawing insights from the 

trialist commentaries in Cameron's updated Cochrane Review. This mixed methods study 

endeavours to provide clinicians with evidence-based guidance on the most effective fall 

prevention exercise programs meticulously designed for the unique context of aged care. Such 

research is imperative to equip clinicians with recommendations regarding the most effective 

fall prevention exercise programs tailored specifically for the aged care population. 

 

1.2.3 Improving mobility for older people  

Mobility limitations are increasingly commonplace in older people affecting approximately 

35% older people and most people over 85 years.63 Mobility limitations are associated with an 

increased falls, disability, hospitalisation, and mortality risk as well as decreased quality of 

life.64 Mobility impairment significantly diminishes the quality of life for older people by 

influencing multiple aspects of their daily living.65 Those living with limited mobility often 

depend on service providers for essential tasks like bathing, dressing and shopping, eroding 

their independence and autonomy.66 This reliance restricts their social interactions and 

involvement in community activities, fostering feelings of isolation, loneliness and 

depression.67 Additionally, reduced participation in hobbies, social events and recreational 

activities results in an overall decline engagement with life, fostering poor mental health.68 69 

The impact of mobility impairment on these crucial aspects of life highlights the importance 

of interventions and support systems tailored to enhance the wellbeing of older people facing 

mobility challenges.   

 

44



 
 

Recent studies of gait speed of residents in aged care facilities have demonstrated that residents 

have a slow gait speed of approximately 0.4 m/s4-6 compared with more than 0.9 m/s in healthy 

adults aged over 80 years.70 This suggests that these residents are frailer and at higher risk of 

health complications than their community counterparts. Interventions are needed to facilitate 

improving or at least minimising decline in mobility.  

 

Hardy and colleagues demonstrated additional health care costs in older persons with mobility 

limitations.64 Musich and colleagues found that higher levels of mobility limitations were 

strongly associated with negative health outcomes.63 They concluded that mobility-enhancing 

interventions should be supported to promote successful ageing. In a recent systematic review 

investigating the effectiveness of exercised-based interventions for community dwelling frail 

older people in enhancing physical function, findings revealed that exercise improved mobility. 

This improvement was quantified through the Short Performance Physical Battery (SPPB) test, 

which measures gait speed, sit to stand speed and standing balance.71 Uysal and colleagues 

investigated the impact of physiotherapy led strength and aerobic exercise on community 

dwelling older people with mild cognitive impairment and found significant improvements in 

their mobility, physical performance and quality of life outcomes.72  

 

These results are in line with those of Scrivener and colleagues who conducted a mixed-method 

prospective cohort study of an ongoing physiotherapist-led exercise program for residents of 

an Australian RACF.73 Participants had an average age of 83 years (SD 13) and the majority 

(61%) required physical assistance for mobility. Compliance with scheduled sessions was high 

(94%). The program had high levels of acceptability with most (92%) participants indicating 

that they would recommend the program. The majority (55%) experienced improved walking 

speed. The authors concluded that a restorative exercise program can maintain the physical 

45



 
 

status of aged care residents, despite the common decline in physical performance in this 

population. 

 

1.2.4 Frailty prevalence in aged care  

Frailty is defined as a “clinical state in which there is an increase in an individual’s vulnerability 

for developing an increased dependency and/or mortality when exposed to a stressor”.74 As 

people become more frail they begin to develop mobility problems which can lead to increased 

risk of falls.75  

 

Different authors and organisations have described frailty and physical function in different 

ways. For this thesis "pre-frail" was considered a state of health in older adults that is 

intermediate between robust health and frailty. It signifies a stage in which individuals may be 

at increased risk of developing frailty due to age-related declines in physical function, mobility, 

and other physiological systems.76 Pre-frail individuals may exhibit some early signs of frailty, 

such as reduced muscle strength, endurance, balance, and decreased tolerance to stressors, but 

they generally maintain a level of independence in activities of daily living. Identifying pre-

frailty allows healthcare professionals to intervene with preventive measures to slow or reverse 

the progression to frailty and associated adverse health outcomes in older adults.77 The new 

Australian National Aged Care Classification (AN-ACC) has included the Clinical Frailty 

Rockwood Scale as part of its mandatory suite of assessment tools, highlighting the importance 

of frailty measurement and management in the Australian healthcare context. 

 

A systematic review found that the prevalence for frailty in community dwelling older people 

varied from 4% to 59%.78 Eager and colleagues’ 2019 demographic analysis of the Australian 

residential aged care population found that 78% of residents were identified as frail. They also 
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found that 61% of residents required some level of staff assistance to mobilise and 50 % had 

had a recent fall.19 A recent retrospective audit of older people across 14 RACFs found 75% of 

resident were frail and 19% pre-frail. Seventy-three percent of residents required a walking 

frame to mobilise, and their mean walking speed was 12 seconds over 4 metres which previous 

research has shown to increase their risk of mortality, morbidity and increase their healthcare 

utilisation.79 

 

Rookwood argues that frailty and its consequences is a complex problem which needs a 

complex response and that frailty management should focus on individualised assessment and 

intervention to address this multisystem problem.80 The clinical profile of residents supports 

the hypothesis that residential aged care costs are driven by care burden associated with frailty, 

mobility and functional decline as well as end of life care, cognition, behaviour and technical 

nursing needs.19 Any future intervention in aged care must avoid routine responses and deliver 

multidisciplinary and tailored interventions.80 It is also important to acknowledge the WHO i-

Cope program’s potential to broaden our understanding of frailty by emphasising its 

intersection with mental health and promoting person-centered approaches to care.81 By 

integrating mental health services into aged care, the program may catalyse transformative 

changes in service planning and provision, ultimately leading to more comprehensive and 

responsive care for frail older adults.  

 

1.2.5 The exercise experience in aged care  

In the context of the older person, there are distinctions between physical activity, exercise, 

and incidental physical activity82 83: 

1. Physical Activity: Physical activity refers to any bodily movement produced by 

skeletal muscles that requires energy expenditure. This includes activities such as 
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walking, gardening, household chores, and recreational activities. Physical activity 

encompasses both structured activities (such as exercise routines or sports) and 

unstructured activities (such as daily tasks or leisurely walks). For older persons, 

engaging in regular physical activity is important for maintaining mobility, 

independence, and overall health. 

2. Exercise: Exercise is a subset of physical activity that is planned, structured, repetitive, 

and performed with the goal of improving or maintaining physical fitness and health. 

Exercise often involves specific activities or routines designed to target cardiovascular 

fitness, strength, flexibility, or balance. Examples of exercise for older adults may 

include walking, cycling, swimming, strength training, yoga, or tai chi. Regular 

participation in appropriate exercises can help older individuals improve muscle 

strength, cardiovascular health, balance, and flexibility, thereby reducing the risk of 

falls and maintaining functional independence. 

3. Incidental Physical Activity: Incidental physical activity refers to the spontaneous or 

unplanned physical movements that occur as part of daily life activities. This includes 

activities such as taking the stairs instead of the elevator, walking to the store, standing 

while doing household chores, or gardening. Incidental physical activity contributes to 

overall energy expenditure and can help older adults maintain mobility and functional 

capacity. While incidental physical activity may not be as structured or intense as 

planned exercise, it still provides health benefits and contributes to the overall physical 

activity level. 

 

Understanding the attitudes and preferences of older adults towards physical activity is crucial 

for developing effective interventions targeting this demographic. Through six focus groups 

involving 46 adults aged 65 years and older, participants' preferences and attitudes towards 

48



 
 

physical activity were explored.84 Content analysis revealed a preference for incidental 

activities like gardening and household chores over planned exercise, although leisurely 

walking was also popular. Despite recognising the health benefits of physical activity, 

participants cited barriers such as poor physical health, extreme weather, and fear of injury. 

They expressed interest in organised exercise groups and tailored physical activity programs. 

Most preferred engaging in physical activity with others. These insights could inform the 

development of future interventions tailored to the needs of older adults in Australia, 

emphasising the importance of addressing barriers and catering to preferences to promote 

active lifestyles and structured exercise among aged care services users. 

 

Despite the evidence affirming the positive impact of exercise on enhancing the quality of life 

for older individuals, their involvement in exercise remains notably low.85  Within the 

community, only 6-12% of older individuals participate in balance and strengthening exercises. 

The situation is more dire for those residing in RACFs, where individuals spend 85% of their 

day in a seated position, with a mere 14% engaging in low-intensity seated exercise and only 

1% participating in restorative exercises aimed at reducing falls and enhancing mobility.86  

 

The 2020 WHO's updated guidelines on physical activity recommend that all adults, including 

older individuals, should strive for 150–300 minutes of moderate-intensity or 75–150 minutes 

of vigorous-intensity physical activity.87 Older individuals are specifically encouraged to 

partake in as much physical activity as possible to optimise health outcomes and minimise 

sedentary behaviours where feasible. The challenge lies in devising strategies to motivate older 

individuals receiving aged care services to participate in physical activity and exercise safely 

and effectively, particularly when access to allied health services such as physiotherapy may 

be limited. 
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1.3 Engaging in exercise via telehealth  

1.3.1 Understanding telehealth 

Telehealth, or telemedicine, relates to health services provided with telecommunication 

technologies, ranging from websites containing health information, to text reminders for 

physiotherapy appointments, use of apps to track medical information such as heart rate and 

rhythm, to video-conference or phone consults between a doctor and a patient.88 The three 

distinct types of telehealth services are synchronous, asynchronous, and remote monitoring.89   

• Synchronous telehealth refers to the real-time exchange of health information, enabling 

live discussions and assessments between the patient and healthcare practitioner, 

facilitating the delivery of health expertise. 

• Asynchronous telehealth involves the "store-and-forward" method, where a patient or 

healthcare practitioner gathers medical history, images, and pathology reports, 

transmitting them to a healthcare practitioner for diagnostic and treatment expertise. 

Alternatively, it can include patients following health and education programs, such as 

exercise videos, created by a health professional, allowing them to use the resources at 

a convenient time. 

• Remote patient monitoring involves continuous evaluation of a patient’s clinical status, 

whether through direct video monitoring of the patient or via review of tests and images 

collected remotely.  

 

Telehealth presents complexity for users, as healthcare practitioners can integrate multiple 

telehealth components into a single treatment session. Telehealth not only involves a variety 

of technologies but also intricate clinical practices, workflows, and organisational structures. 

These components collectively form a complex framework essential for ensuring the 

feasibility, safety, and effectiveness of virtual patient care.90 Consequently, healthcare 
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practitioners and users need to remain adaptable to swiftly incorporate the rapid advancements 

in information technology, telecommunications and healthcare practices associated with 

telehealth service delivery.91 The dynamic nature of telehealth emphasise the necessity for a 

deep understanding of these multifaceted elements to deliver comprehensive and successful 

healthcare services from a distance. The WHO Digital Investment Implementation Guide 

provides practical telehealth guidance, encouraging countries to develop costed telehealth 

programs to optimise the health of all people.89 

 

The Vital Directions for Health and Health Care initiative by the United States National 

Academy of Medicine recently identified telehealth as one of the six key directions for 

enhancing healthcare for older adults.92 These directions include creating a prepared workforce, 

strengthening public health, addressing health disparities, implementing new care delivery 

approaches such as telehealth, allocating resources for end-of-life care and redesigning long-

term services and supports.92 The initiative recommends that governments establish policies 

facilitating the integration of telehealth into both existing and emerging evidence-based 

practice models. Despite these recommendations, countries worldwide have encountered 

challenges in ensuring sustained, widespread access to telehealth services, even in those with 

advanced healthcare systems.93  

 

1.3.2 The impact of COVID-19’s on telehealth utilisation on older people   

The COVID-19 pandemic has had a disproportionate impact on older people.94 Older 

individuals face an elevated risk of severe illness if they contract COVID-19, attributed to their 

age and higher prevalence of comorbidities.95 Interventions such as social distancing were 

implemented to curb the pandemic's spread, yet they contributed to a notable 60% decline in 

older individuals seeking medical care in 2020, likely resulting in adverse health 
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consequences.96 Additionally, recent studies have established a connection between COVID-

19 and diminished physical activity, thereby increasing the risk of falls among older 

individuals.97 

 

Before the pandemic, studies were already indicating that telehealth represented an efficient 

and effective mode of healthcare delivery, particularly beneficial for older individuals residing 

in the community.98 However, the advent of COVID-19 prompted a swift and extensive 

adoption of telehealth, compelled by the imperative to adhere to social distancing measures 

aimed at curbing community transmission and safeguarding both patients and healthcare 

practitioners.99 The pandemic underscored the pivotal role of telehealth in healthcare delivery, 

emphasising its potential to provide healthcare access to all, particularly addressing the needs 

of those in remote areas and communities grappling with workforce shortages.99 

 

Although telehealth has the potential to mitigate certain inequities in healthcare access, its 

benefits are not evenly distributed, especially among older populations receiving aged care 

services. Factors such as poverty, limited access to digital technology, and challenges in  digital 

health literacy within this population can further compound existing disadvantages.100 

Therefore, it is crucial to investigate the implementation of telehealth physiotherapy as a means 

to enhance its future sustainability, with a particular focus on telehealth programs designed to 

enhance physical activity and reduce the incidence of falls. Such exploration is essential in 

devising strategies that ensure fair access and meaningful utilisation of telehealth services 

across diverse demographic groups.  
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1.3.3 Telehealth utilisation in RACFs during the COVID-19 pandemic 

In 2020, the Australian federal government integrated telehealth into the nation's universal 

health insurance scheme, Medicare.101 In 2022, additional funding was provided through the 

Primary Health Networks to support telehealth uptake in aged care.102 While there is no specific 

research to date investigating the impact of these funding changes on telehealth utilisation there 

is emerging evidence exploring the impact telehealth is having on aged care. A retrospective 

study conducted in 2022, analysing telehealth consultations for medical practitioners serving 

individuals residing in RACFs in the United States, revealed that telehealth effectively reduced 

unnecessary emergency and inpatient services, leading to reduced healthcare costs for RACF 

residents.103 A similar retrospective cohort study in Australia indicated that only 17% of 

General Practitioner (GP) consultations were conducted via video conferencing, with the 

majority (93%) utilising telephone consultations.104 The study also highlighted that RACF 

residents in rural areas exhibited a higher rate of telehealth utilisation compared to those in 

metropolitan areas, suggesting greater acceptance of telehealth in regions facing significant 

challenges in accessing healthcare professionals.  

 

The authors of a 2020 systematic review investigating the utilisation barriers and medical 

outcomes with the use of telehealth concluded that more implementation research is needed to 

provide better understanding video conferencing use in RACFs.105 They argue that sufficient 

investment in telehealth technology, continuous support and telehealth training for frontline 

staff and residents may contribute to the successful implementation of telehealth programs for 

older adults.105 These findings emphasise the need for ongoing efforts, increased funding, and 

support from governments to optimise the utilisation of telehealth services within the aged care 

sector. 
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1.3.4 Telehealth can effectively promote mobility and reduce falls in older people  

A 2022 systematic review investigated the effectiveness of home-based exercise delivered by 

telehealth in healthy older adults.106 It was a large review that included 26 studies investigating 

5,133 community-dwelling participants with an age range of 69–83 years. The telehealth 

programs delivered planned and structured exercise that was designed to improve and/or 

maintain one or more physical fitness measures such as muscular strength, gait speed, balance, 

mobility, cardiorespiratory endurance, physical performance, and functional capacity. The 

telehealth interventions included the utilisation of mobile apps, phone consultations, websites, 

exercise videos and video conferencing platforms to support the achievement of health 

objectives. The outcomes of this systematic review showed significant improvement in 

muscular strength (five times sit-to-stand test, −0.56s, 95% confidence interval, CI −1.00 to 

−0.11; P=0.01), functional capacity (Barthel index, 5.01 points, 95% CI 0.24–9.79; P=0.04), 

health related quality of life (SMD 0.18; 95% CI 0.05–0.30; P=0.004); and reduce the incidence 

of fall by 23% (odds ratio, OR 0.77, 95% CI 0.64–0.93; P=0.008). The subgroup analysis of 

older adults with more complex comorbidities found that telehealth improved mobility and 

balance.  

 

1.3.5 Telephysiotherapy is feasible for older people 

Research on telerehabilitation following knee replacement surgery has demonstrated positive 

outcomes, supported by substantial evidence attesting to their effectiveness and cost-benefit 

advantages.107 Despite this, there has been limited exploration of participant experiences and 

satisfaction with telehealth interventions.108 Moffet and colleagues conducted a study 

comparing the satisfaction levels of cognitively normal community-dwelling older adults 

(mean age 65 +/- 8 years) who underwent telehealth physiotherapy rehabilitation through 

videoconferencing versus those who received regular home visits.108 The synchronous 
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telehealth intervention utilised a videoconference system for physiotherapy assessments and 

program development. Both cohorts displayed high satisfaction rates, surpassing 85%. 

 

In 2020, Hassett and colleagues conducted a study testing asynchronous telehealth, which 

involved a tailored prescription of affordable digital devices, in addition to usual care for 

individuals with mobility limitations admitted to aged care and neurological rehabilitation.109 

The study aimed to determine if participants would engage in extra exercise using virtual reality 

video games and activity monitors both during their hospital stay and at home after discharge. 

The results indicated that asynchronous telehealth was cost saving and led to improved mobility 

levels at 3 weeks and 6 months after the baseline assessment, compared to the control group. 

Importantly, their approach was found to be feasible within the hospital health service delivery 

system and was well-received among older populations. The study demonstrated that 

asynchronous telehealth interventions could be effectively implemented across various care 

settings, including the post-hospital environment, with predominantly remote support. 

 

Research involving telephysiotherapy to deliver exercise in aged care is needed as there is 

a notable gap in research exploring the feasibility and implementation of telehealth for 

delivering exercise interventions aimed at improving mobility and reducing falls among aged 

care service users. 

 

Chapter Four of this thesis presents a systematic review and meta-analysis to explore the 

effectiveness of telehealth exercise for older individuals in aged care services experiencing 

frailty, mobility issues, or cognitive disabilities. Additionally, we examined the determinants 

influencing the implementation or adoption of telehealth exercise in this population. 
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1.4 The importance of co-design in implementation research  

Co-design is a collaborative research approach that actively engages individuals, families, 

caregivers, and healthcare professionals, ensuring that research aligns with real-life 

experiences and challenges.110 During the phases of design and planning, this cooperative 

methodology generates valuable insights that guide the development and implementation of 

interventions precisely tailored to the targeted demographic.111 Additionally, co-design 

identifies practical solutions with seamless integration potential into existing healthcare 

systems, emphasising feasibility.112 This interdisciplinary collaboration promotes innovative 

thinking to tackle the intricate challenges faced by older adults in aged care services.113 

 

In aged care research, the co-design approach emerges as indispensable, facilitating the 

development of inclusive initiatives that are not only relevant but also possess effective 

translational potential.114 Through the active engagement of older adults and stakeholders, co-

design ensures that solutions are not only grounded in evidence but also deeply embedded in 

the lived experiences of the ageing population.111 Ultimately, co-design contributes to 

enhanced outcomes and timely translation, thereby improving the quality of care and support 

provided to older adults in healthcare settings.115 

 

Implementation research is a field of study focused on understanding the processes, strategies, 

and factors involved in translating evidence-based interventions, programs, or policies into 

real-world practice and policy.116 It aims to bridge the gap between research evidence and 

effective implementation in diverse settings, such as healthcare, education, and public health. 

Implementation research investigates how interventions are adopted, adapted, implemented, 

and sustained within specific contexts, considering organisational, cultural, social, economic, 

and political factors. The ultimate goal of implementation research is to identify best practices, 
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strategies, and approaches to optimize the delivery and effectiveness of interventions, 

ultimately improving outcomes and promoting positive changes in practice and policy.117 

 

The connection between codesign and implementation research is rooted in their mutual focus 

on developing and executing effective interventions or programs within real-world contexts.118 

Codesign, involving stakeholders like end-users and policymakers, collaboratively designs 

solutions to address needs and preferences.111 Implementation research, meanwhile, delves into 

processes and factors influencing the successful integration of evidence-based practices into 

routine use.117 Stakeholder engagement is pivotal in both processes, with codesign identifying 

needs and preferences and implementation research navigating contextual factors and tailoring 

interventions accordingly. This user-centered approach ensures interventions are relevant and 

feasible, fostering iterative processes that refine interventions based on feedback and real-

world experiences. Integrating codesign principles into implementation research enhances 

intervention effectiveness, promoting positive changes in healthcare and beyond, while 

emphasising the active role of stakeholders in driving meaningful change.119 

 

A recent successful multifactorial falls prevention program implemented in care homes for 

older people in the United Kingdom underscores the significance of a co-design methodology 

involving collaboration with care home staff and residents. This approach resulted in an 

impressive 43% reduction in fall rates.120 The research team adopted a co-design strategy, 

developing and testing a comprehensive program encompassing awareness raising, education, 

screening, decision support, physiotherapy-led exercise, and tailored implementation plans. 

Notably, the intervention proved to be cost-effective, and no adverse effects were observed. 

The authors attribute the success of their trial, in contrast to other trials, to the co-design 

approach. This approach facilitated the creation of an intervention that was contextually 
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sensitive to care homes and cognisant of the unique challenges associated with falls prevention 

in this sector. This aligns with a growing body of evidence suggesting that interventions that 

take into account and adapt to the aged care context,121 while also empowering aged care staff 

and organisations as collaborative partners in design and implementation,122 are more likely to 

achieve successful outcomes.  

 

Implementation frameworks have been found to offer a strategic and comprehensive approach 

to supporting co-design research in aged care, promoting a better understanding of the context, 

fostering stakeholder engagement, and ultimately increasing the likelihood of successful and 

sustainable implementation of interventions.123 The Nonadoption, Abandonment, and 

Challenges to the Scale-Up, Spread, and Sustainability (NASSS) framework is an 

implementation framework developed to understand the complexities and challenges 

associated with the implementation and integration of healthcare technologies, innovations, or 

interventions within real-world settings.124 The NASSS framework recognises that the 

implementation of telehealth is not solely a technical process but involves various interacting 

factors related to the technology itself, the individuals involved, the organisation, and the 

broader socio-political context. The NASSS framework has been used to guide the design and 

implementation of the TOP UP intervention. The framework is useful to address important 

barriers and factors across several domains, each representing a different aspect of the 

implementation process. 

1. The condition: Aged care users have complex medical presentation often with multiple 

co-morbidities living with a complex care environment.125 The NASSS framework 

helps researchers understand the challenges aged care services users need to navigate 

telehealth. 
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2. The technology: Telehealth interventions encompass technological applications, posing 

challenges aged care services users who may lack familiarity with or access to digitally 

enabled devices.126 The NASSS framework serves as a valuable tool for the researchers, 

enabling the identification of technological barriers and challenges associated with the 

adoption of telehealth solutions within aged care. 

3. The value proposition: Examining the perceived benefits and advantages of the 

technology for various stakeholders, including aged care services users, is crucial to 

support successful implementation.127 Understanding how these beliefs might influence 

the adoption of the telehealth intervention is important. 

4. The adopter system: Understanding the skill, behaviours and actions of both aged care 

and physiotherapy providers and aged care service users is essential to 

implmentatoin.128 The NASSS framework helps in exploring factors such as resistance 

to change, attitudes toward technology, and the willingness of healthcare providers and 

patients to adopt and sustain telehealth practices. 

5. Long-term organisational sustainability: Telehealth programs need to be sustainable in 

the long run to provide consistent care to the ageing population.129 The NASSS 

framework allows researchers to assess the potential challenges that might arise in the 

scaling up and spread of telehealth initiatives, ensuring that these programs can be 

maintained over time considering the organisational policies resources and support 

mechanisms for implementing the technology. 

6. The wider system: By focusing on nonadoption and abandonment, the NASSS 

framework encourages researchers to learn from failures and unsuccessful elements of 

the intervention and its implementation.130 Understanding why certain telehealth 

initiatives were not adopted or were abandoned provides valuable insights that can 

inform future research and implementation strategies. 
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7. The adaption over time: The framework provides a wholistic view of the telehealth 

implementation process, considering not only technological aspects but also social, 

organisational, and policy-related factors.124 This comprehensive approach is essential 

for designing effective and sustainable telehealth interventions in aged care settings. 

 

Chapter Five presents the TOP UP protocol - a Hybrid Type 1 effectiveness and 

implementation randomised controlled trial of telehealth physiotherapy to improve mobility, 

reduce falls and enhance quality of life in older people receiving aged care services in 

community or residential settings. Chapter Five presents in-depth insights into its methodology 

and planned analysis. Furthermore, it intricately explores the utilization of the NASSS 

framework and the COM-B model, conceived by Susan Michie and her colleagues.131 The 

COM-B model, encapsulating "Capability, Opportunity, Motivation, and Behaviour," 

furnishes a comprehensive and systematic approach to comprehending behaviour and 

instigating behavioural change. The amalgamation of the NASSS framework and the COM-B 

model serves as a valuable tool for the research team and collaborators, aiding in the 

anticipation of challenges in the trial's implementation. This amalgamation will facilitate the 

formulation of strategies crucial for ensuring the successful adoption, scale-up, spread, and 

sustainability of telehealth services in aged care, contingent upon the effectiveness of the TOP 

UP intervention. 

 

Chapter Six details the co-design methodology employed in TOP UP trial. This chapter details 

the consultation process that engaged stakeholders in open communication, providing 

opportunities for shared insights to design the intervention and implementation processes. It 

also details the trial progress. 
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1.5 Exploring the qualitative dimensions of telephysiotherapy in aged care 

Qualitative research is crucial for understanding the experiences, needs and preferences of 

older people, and for understanding the challenges of implementing complex interventions 

such as  telehealth.132 It helps inform the development, implementation and improvement of 

telehealth services to ensure that they are age-appropriate, accessible and deliver person-

centred care.133  

 

A 2023 Australian qualitative study investigated the barriers and enablers experienced by 

physiotherapists while delivering community and outpatient services during the COVID-19 

pandemic and found several major themes that could be used to inform future physiotherapy 

telehealth exercise programs.134 These themes included: 1. Adaptation of existing skills and 

integration of new skills; 2. Supportive senior leadership to help program transition; 3. 

Adoption of specific environmental factors such as stable internet connection and access to 

suitable equipment; 4. Identification of appropriate patients and future hybrid models of care; 

and 5. Development of telehealth educational resources consolidated knowledge. Key enablers 

were also identified, and these included: 1. Conducting telehealth sessions in a confidential and 

quiet place; 2. Training to develop telehealth skills; and 3. Telehealth allows for better 

transferability of high-quality home exercise. 

  

In a recent mixed-methods study focusing on adults in primary care during the COVID-19 

pandemic, the experiences of physiotherapists and patients utilising telehealth were 

comprehensively examined.135 Physiotherapists generally reported moderate-to-high ratings 

for videoconferencing effectiveness and satisfaction. A substantial majority intended to persist 

with individual consultations (81%) and group classes (60%) via videoconferencing post-

pandemic. Patient perceptions indicated predominantly positive views on technology ease 
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(94%, 91%), privacy/security satisfaction (98%, 95%), safety (99% both), and effectiveness 

(83%, 89%) for both individual consultations and group classes. However, a lower percentage 

of patients (47%) expressed likelihood to choose videoconferencing for future individual 

consultations compared to group classes (68%). The study highlighted technology as both a 

facilitator and a barrier in the telehealth context, providing valuable insights into the nuanced 

dynamics of telehealth adoption among physiotherapists and patients in primary care settings. 

 

In a systematic review conducted in 2022, researchers examined the adoption of telehealth for 

providing medical care to older adults with Alzheimer's disease residing in the community. The 

study revealed that the uptake of telehealth services was primarily influenced by its perceived 

efficiency concerning accessibility, reduced travel, and cost-effectiveness.136 The review 

identified key facilitators that healthcare providers should take into account when developing 

future telehealth services. These factors encompassed the incorporation of a support person, a 

preference for an initial face-to-face assessment, the availability of high-speed internet, access 

to video conference-enabled devices, and educational initiatives aimed at alleviating concerns 

related to security and privacy. 

 

These research findings suggest that videoconferencing is a viable option for delivering 

physiotherapy care in the future. However, further exploration of the barriers and facilitators is 

essential to gain a deeper understanding of how to support the sustainability of telehealth 

physiotherapy in aged care settings. 
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Addressing telehealth research gaps through qualitative methods by understanding users' 

perspectives is instrumental in crafting targeted strategies for the seamless integration of 

telehealth services. The adoption of qualitative methodologies is required to develop more 

inclusive, accessible, and effective telehealth programs in aged care, thereby enhancing the 

overall quality of care provided to users of aged care services. 

 

Chapter Seven presents the qualitative findings of the TOP UP trial, delving into the barriers 

and facilitators entailed in employing telephysiotherapy for exercise delivery in aged care 

settings. This chapter also places emphasis on the implementation of telehealth to bolster the 

potential for widespread adoption and sustainability within this context. 

 

1.6 Aims of the thesis  

Chapter One has revealed that aged care service users require support to access evidence-based 

exercise to improve mobility, reduce falls and enhance their quality of life.  There is promising 

evidence that telephysiotherapy can be an effective way to deliver exercise to older people in 

acute settings but its effectiveness, feasibility and acceptability in aged care is uncertain.    

 

The aim of this research thesis is to address the critical imperative of enhancing healthcare 

accessibility for older individuals engaged in aged care services. The primary focus of the thesis 

is to explore innovative approaches that amplify healthcare access, with a particular emphasis 

on minimising health outcome disparities between metropolitan and rural/remote areas and 

individuals with disabilities within the ageing population. The research seeks to contribute to 

the evidence base surrounding effective fall prevention programs, prioritising precise and 

efficient fall data collection, and the proficient implementation of exercises in aged care 

settings. A pivotal aspect of this thesis involves integrating the experiences of older individuals 
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into collaborative research design, ensuring the development of interventions tailored to their 

specific needs. Additionally, the thesis aims to fill gaps in research related to telehealth 

physiotherapy, with a specific focus on delivering exercise programs to enhance mobility, 

reduce falls and enhance quality of life among users of aged care services. 

 

While telephysiotherapy feasibility has shown promise for hospital and community-dwelling 

older individuals, there is a lack of research on its implementation in aged care settings. The 

study intends to employ mixed methods research, considering users' perspectives, to develop 

co-designed strategies for effective exercise and the successful integration of telephysiotherapy 

programs into aged care. By embracing qualitative methodologies, the research aims to 

contribute to the development of inclusive and accessible fall prevention and telephysiotherapy 

interventions, ultimately enhancing the quality of care provided to aged care service users and 

informing aged care reform initiatives. A more complete picture of the thesis’s impact will be 

clearer when the effectiveness results are published mid year.   

The specific objectives are as follows:  

1. Undertake a study to investigate the level of agreement between incident reports and 

progress notes as data sources for falls in residential aged care facilities (Chapter 2).  

2. Conduct an Intervention Component Analysis of fall prevention exercise in residential 

aged care and develop a theory of the effective implementation of exercise in this 

population (Chapter 3). 

3. Perform a systematic review and meta-analysis to examine both the effectiveness and 

the determinants influencing the implementation of telehealth exercise interventions for 

older individuals in aged care services, specifically those who have frailty, mobility or 

cognitive disabilities (Chapter 4). 
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4. Outline a protocol for the TOP UP trial, a hybrid type 1 effectiveness-implementation 

randomised controlled trial focusing on telehealth physiotherapy. The TOP UP 

intervention aims to enhance mobility, decrease fall incidents, and elevate the overall 

quality of life for older individuals in aged care services within community or 

residential settings (Chapter 5). 

5. Conduct a concise exploration of the existing literature on co-design principles to 

provide insights for the development and implementation of the TOP UP trial (Chapter 

6). 

6. Conduct a qualitative process evaluation for the TOP UP trial, elucidating the 

experiences of older adults, physiotherapists, and aged care staff participating in the 

trial. The primary objectives include assessing the acceptability of telehealth 

physiotherapy and acquiring a comprehensive understanding of the implementation 

strategies for telehealth programs aimed at enhancing physical functioning in the future 

(Chapter 7). 

65



 
 

REFERENCES 

1. World Health Organization. Ageing and Health, 2022 .Available: https://www.who.int/news-

room/fact-sheets/detail/ageing-and-health (Accessed 7 July 2023). 

2.The World Bank. Life expectancy at birth 2022. Available: 

https://data.worldbank.org/indicator/SP.DYN.LE00.IN (Accessed 25 October 2023). 

3. Robinson JC, Smith MD. Cost-Reducing Innovation In Health Care. Health Affairs 

2008;27(5):1353-56.  

4. Australian Insititue of Health and Welfare. Older Australians, 2023. Available: 

https://www.aihw.gov.au/reports/older-people/older-australians/contents/demographic-profile 

(Accessed 7 July 2023). 

5. Kang H, Kim H. Ageism and Psychological Well being Among Older Adults: A Systematic 

Review. Gerontol Geriatr Med 2022;8:23337214221087023-23.  

6. Australian Bureau of Statistics. National Health Survey: First Results, 2018. Available: 

https://www.abs.gov.au/statistics/health/health-conditions-and-risks/national-health-survey-

first-results/latest-release (Accessed 7 July 2023). 

7. Australian Bureau of Statistics. 2018 ABS Survey of Disability, Ageing and Carers, 2019 

Available: https://www.abs.gov.au/statistics/health/disability/disability-ageing-and-carers-

australia-summary-findings/latest-release (Accessed 7 July 2023). 

8. Abdi S, Spann A, Borilovic J, et al. Understanding the care and support needs of older people: 

a scoping review and categorisation using the WHO international classification of functioning, 

disability and health framework (ICF). BMC Geriatrics 2019;19(1). 

9. Bernoth MA, Dietsch E, Davies C. Forced into exile: the traumatising impact of rural aged 

care service inaccessibility. Rural Remote Health 2012;12(1):1924. 

66

https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://data.worldbank.org/indicator/SP.DYN.LE00.IN
https://www.aihw.gov.au/reports/older-people/older-australians/contents/demographic-profile
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/national-health-survey-first-results/latest-release
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/national-health-survey-first-results/latest-release


 
 

10. Thomas SL, Wakerman J, Humphreys JS. Ensuring equity of access to primary health care 

in rural and remote Australia - what core services should be locally available? Int J Equity 

Health 2015;14(1):111.  

11. Analysis and Policy Observatory. Healthcare in Australia 2012-13: Five years of 

performance, 2014. Available: https://apo.org.au/node/40023 (Accessed 7 July 2023). 

12. Australian Physiotherapy Council. Annual Report Melbourne, 2022. Available: 

https://physiocouncil.com.au/wp-content/uploads/2020/12/Australian-Physiotherapy-Council-

Annual-Report-2019-2020-Final.pdf (Accessed 11 July 2023). 

13. Australian Insititue of Health and Welfare. Rural and Remote health, 2022. Available: 

https://www.aihw.gov.au/reports/rural-remote-australians/rural-and-remote-health (Accessed 

11 July 2023). 

14. Royal Commission into Aged Care Quality and Safety. Interim Report: Neglect, 2019. 

Available: https://www.royalcommission.gov.au/aged-care/interim-report (Accessed 11 July 

2023). 

15. Australian Government. Intergenerational  Report 2023 Australia’s future to 2063, 

Australia. Available: https://treasury.gov.au/sites/default/files/2023-08/p2023-435150.pdf 

(Accessed 25 October 2023). 

16. Swerissen H, Duckett S, Wright J. Chronic failure in primary medical care, 2016. Available  

https://grattan.edu.au/report/chronic-failure-in-primary-care/.(Accessed 25 October 2023). 

17. Royal Commission into Aged Care Quality and Safety. Aged care reform: projecting future 

impacts, 2020. Available:https://agedcare.royalcommission.gov.au/sites/default/files/2020-

09/research-paper-11-aged-care-reform-projecting-future-impacts.pdf (Accessed 7 July 2023).  

18. Australian Insititue of Health and Welfare. The probability of using an aged care home over 

a lifetime, 2001. Available: https://www.aihw.gov.au/reports/aged-care/the-probability-of-

using-an-aged-care-home-over-a/contents/table-of-contents (Accessed 11 July 2023). 

67

https://physiocouncil.com.au/wp-content/uploads/2020/12/Australian-Physiotherapy-Council-Annual-Report-2019-2020-Final.pdf
https://physiocouncil.com.au/wp-content/uploads/2020/12/Australian-Physiotherapy-Council-Annual-Report-2019-2020-Final.pdf
https://www.aihw.gov.au/reports/rural-remote-australians/rural-and-remote-health
https://grattan.edu.au/report/chronic-failure-in-primary-care/
https://agedcare.royalcommission.gov.au/sites/default/files/2020-09/research-paper-11-aged-care-reform-projecting-future-impacts.pdf
https://agedcare.royalcommission.gov.au/sites/default/files/2020-09/research-paper-11-aged-care-reform-projecting-future-impacts.pdf


 
 

19. Eagar K, McNamee J, Gordon R, et al. The Australian National Aged Care Classification 

(AN-ACC). The Resource Utilisation and Classification Study: Report 1: Australian Health 

Services Research Institute, University of Wollongong, 2019. Available: https://www.health. 

gov.au/sites/default/files/documents/2019/12/resource-utilisation-and-classification-studyrucs 

-reports-report-1-the-australian-nationalaged-care-classification-an-acc_0.pdf (Accessed 11 

November 2022). 

20. Becker C, Rapp K. Fall Prevention in Nursing Homes. Clin Geriatr Med 2010;26(4):693-

704.  

21. Hajek A, Brettschneider C, Lange C, et al. Longitudinal Predictors of Institutionalization 

in Old Age. PloS One 2015;10(12):e0144203-e03.  

22. Chatindiara I. High prevalence of malnutrition and frailty among older adults at admission 

to residential aged care. J Prim Health Care 2020;12(4):305-17. 

23. Mitchell R, Harvey L, Draper B, et al. Risk factors associated with residential aged care, 

respite and transitional aged care admission for older people following an injury-related 

hospitalisation. Arch Gerontol Geriatr 2017;72:59-66.  

24. Kingston A, Comas-Herrera A, Jagger C. Forecasting the care needs of the older population 

in England over the next 20 years: estimates from the Population Ageing and Care Simulation 

(PACSim) modelling study. Lancet Public Health 2018;3(9):e447-e455.  

25. Vlachantoni A. Unmet need for social care among older people. Ageing Soc 

2019;39(4):657-84.  

26 Marengoni A, Angleman S, Melis R, et al. Ageing with multimorbidity: A systematic review 

of the literature. Ageing Res Rev 2011;10(4):430-439.  

27. Westerlund A, Nilsen P, Sundberg L. Implementation of Implementation Science 

Knowledge: The Research-Practice Gap Paradox. Evid-Based Nurs 2019;16(5):332-34.  

68



 
 

28. Nilsen P, Thor J, Bender M, et al. Bridging the Silos: A Comparative Analysis of 

Implementation Science and Improvement Science. Front Health Serv 2022;1:817750-50. d 

29. Lawless MT, Marshall A, Mittinty MM, et al. What does integrated care mean from an 

older person’s perspective? A scoping review. BMJ Open 2020;10(1):e035157-e57.  

30. Caitlin M, Yuxin B, Patricia H, et al. Barriers and facilitators to implementing evidence-

based guidelines in long-term care: a qualitative evidence synthesis. Implementation Sci 

2021;16(1):1-25.  

31. Batalden M, Batalden P, Margolis P, et al. Coproduction of healthcare service. BMJ Qual 

Saf 2016;25(7):509-517.  

32. O'Cathain A, Croot L, Duncan E, et al. Guidance on how to develop complex interventions 

to improve health and healthcare. BMJ Open 2019;9(8):e029954.  

33. Reiner M, Niermann C, Jekauc D, et al. Long-term health benefits of physical activity--a 

systematic review of longitudinal studies. BMC Public Health 2013;13(1):813.  

34. Jonsson M, Urell C, Emtner M, et al. Self-reported physical activity and lung function two 

months after cardiac surgery--a prospective cohort study. J Cardiothorac Surg 2014;9(1):59-

59.  

35. Roos EM, Grønne DT, Skou ST, et al. Immediate outcomes following the GLA:D® 

program in Denmark, Canada and Australia. A longitudinal analysis including 28,370 patients 

with symptomatic knee or hip osteoarthritis. Osteoarthritis Cartilage 2021;29(4):502-506.  

36. Liu C, Latham N. Progressive resistance strength training for improving physical function 

in older adults. Cochrane Database Sys Rev 2009;2010(1):CD002759-CD59.  

37. Howe TE, Rochester L, Neil F, et al. Exercise for improving balance in older people. 

Cochrane Database Sys Rev 2011;2012(5):CD004963-CD63.  

38. Gorgon E, Said C, Galea M. Mobility on discharge from an aged care unit. Physiother Res 

Intl 2007;12(2):72-81.  

69



 
 

39. Hewitt J, Goodall S, Clemson L, et al. Progressive Resistance and Balance Training for 

Falls Prevention in Long-Term Residential Aged Care: A Cluster Randomised Trial of the 

Sunbeam Program. J Am Med Dir Assoc 2018;19(4):361-369.  

40. Kovács E, Sztruhár Jónásné I, Karóczi CK, et al. Effects of a multimodal exercise program 

on balance, functional mobility and fall risk in older adults with cognitive impairment: a 

randomised controlled single-blind study. Eur J Phys Rehabi Med 2013;49(5):639-648. 

41. Taylor ME, Wesson J, Sherrington C, et al. Tailored exercise and home hazard reduction 

program for fall prevention in older people with cognitive impairment: The i-FOCIS 

Randomised Controlled Trial. J Gerontol A 2021;76(4):655-665.  

42. Hewitt J, Saing S, Goodall S, et al. An economic evaluation of the SUNBEAM programme: 

a falls-prevention randomised controlled trial in residential aged care. Clin Rehabil 

2019;33(3):524-534.  

43. Australian Institute of Health and Welfare. Trends in hospitalised injury, Australia 2007–08 

to 2016–17, 2019. Available: https://www.aihw.gov.au/reports/injury/trends-in-hospitalised-

injury-2007-08-to-2016-17/summary (Accessed 7 July 2023). 

44. Cameron ID, Dyer SM, Panagoda CE, et al. Interventions for preventing falls in older people 

in care facilities and hospitals. Cochrane Database Syst Rev 2018;9:Cd005465.  

45. Burns ER, Stevens JA, Lee R. The direct costs of fatal and non-fatal falls among older 

adults — United States. J Safety Res 2016;58:99-103.  

46. Stenhagen M, Ekström H, Nordell E, et al. Accidental falls, health-related quality of life 

and life satisfaction: A prospective study of the general elderly population. Arch Gerontol 

Geriatr 2014;58(1):95-100.  

47. Schoene D, Heller C, Aung YN, et al. A systematic review on the influence of fear of falling 

on quality of life in older people: is there a role for falls? Clin Interv Ageing 2019;14:701-719.  

70



 
 

48. Payette M-C, Bélanger C, Léveillé V, et al. Fall-Related Psychological Concerns and 

Anxiety among Community-Dwelling Older Adults: Systematic Review and Meta-Analysis. 

PloS One 2016;11(4):e0152848-e48.  

49. Thomas SM, Parker A, Fortune J, et al. Global evidence on falls and subsequent social 

isolation in older adults: a scoping review. BMJ Open 2022;12(9):e062124-e24.  

50. Auais M, French S, Alvarado B, et al. Fear of Falling Predicts Incidence of Functional 

Disability 2 Years Later: A Perspective From an International Cohort Study. J Gerontol A Biol 

Sci Med Sci 2018;73(9):1212-1215.  

51.Haines TP, Cornwell P, Fleming J, et al. Documentation of in-hospital falls on incident 

reports: qualitative investigation of an imperfect process. BMC Health Serv Res  

2008;8(1):254-54.  

52. Montero-Odasso M, van der Velde N, Martin FC, et al. World guidelines for falls 

prevention and management for older adults: a global initiative. Age Ageing 2022;51(9)  

53. Schwenk M, Lauenroth A, Stock C, et al. Definitions and methods of measuring and 

reporting on injurious falls in randomised controlled fall prevention trials: A systematic review. 

BMC Med Res Methodol 2012;12:50.  

54. Australian Government Aged Care Quality and Safety Commission. National Aged Care 

Mandatory Quality Indicator Program, 2022. Available: https://www.agedcarequality.gov.au/ 

providers/national-aged-care-mandatory-quality-indicator-program (Accessed 12 Oct 2022). 

55. Australian Commission On Safety And Quality In Health Care. Preventing Falls and Harm 

From Falls  in Older People Best Practice Guidelines  for Australian Residential Aged Care 

Facilities, 2009. Available: https://www.safetyandquality. gov.au/sites/default/files/migrated/ 

30458-Guidelines-RACF.pdf (Accessed 23 June 2023). 

71



 
 

56. Hill AM, Hoffmann T, Hill K, et al. Measuring falls events in acute hospitals-a comparison 

of three reporting methods to identify missing data in the hospital reporting system. J Am 

Geriatr Soc 2010;58(7):1347-1352.  

57. Ganz DA, Latham NK. Prevention of Falls in Community-Dwelling Older Adults. N Engl 

J Med 2020;382(8):734-743.  

58. Sherrington C, Fairhall NJ, Wallbank GK, et al. Exercise for preventing falls in older people 

living in the community. Cochrane Database Sys Rev 2019;2019(1). 

59. Cameron ID, Dyer SM, Panagoda CE, et al. Interventions for preventing falls in older 

people in care facilities and hospitals. Cochrane Library 2018;2020(1)  

60. Schoenfelder DP. A fall prevention program for elderly individuals. Exercise in long-term 

care settings. J Gerontol Nurs 2000;26(3):43-51.  

61. Higgins JPT, Thompson SG, Deeks JJ, et al. Measuring inconsistency in meta-analyses. Br 

Med J 2003;327(7414):557-560. 

62. Sutcliffe K, Thomas J, Stokes G, et al. Intervention Component Analysis (ICA): a pragmatic 

approach for identifying the critical features of complex interventions. Syst Rev 2015;4(1). 

63. Musich S, Wang SS, Ruiz J, et al. The impact of mobility limitations on health outcomes 

among older adults. Geriatr Nurs 2018;39(2):162-169.  

64. Hardy SE, Kang Y, Studenski SA, et al. Ability to Walk 1/4 Mile Predicts Subsequent 

Disability, Mortality, and Health Care Costs. J Gen Int Med 2011;26(2):130-135.  

65. Fagerström C, Borglin G. Mobility, functional ability and health-related quality of life 

among people of 60 years or older. Ageing Clin Exp Res 2010;22(5-6):387-394.  

66. Rosso AL, Taylor JA, Tabb LP, et al. Mobility, Disability, and Social Engagement in Older 

Adults. J Ageing Health 2013;25(4):617-637.  

72



 
 

67. Chu CH, Quan AML, McGilton KS. Depression and Functional Mobility Decline in Long 

Term Care Home Residents with Dementia: a Prospective Cohort Study. Can Geriatr J 

2021;24(4):325-331.  

68. Sundar V, Brucker D, Pollack M, et al. Community and social participation among adults 

with mobility impairments: A mixed methods study. Disabil Health J 2016;9(4):682-691.  

69. Steptoe A, Di Gessa G. Mental health and social interactions of older people with physical 

disabilities in England during the COVID-19 pandemic: a longitudinal cohort study. Lancet 

Public Health 2021;6(6):e365-e73.  

70. Bohannon RW, Williams Andrews A. Normal walking speed: a descriptive meta-analysis. 

Physiotherapy 2011;97(3):182-89. 

71. Giné-Garriga M, Roqué-Fíguls M, Coll-Planas L, et al. Physical Exercise Interventions for 

Improving Performance-Based Measures of Physical Function in Community-Dwelling, Frail 

Older Adults: A Systematic Review and Meta-Analysis. Arch Phys Med Rehabil 

2014;95(4):753-69.e3.  

72. Uysal İ, Başar S, Aysel S, et al. Aerobic exercise and dual-task training combination is the 

best combination for improving cognitive status, mobility and physical performance in older 

adults with mild cognitive impairment. Aging Clin Exp Res 2023;35(2):271-281.  

73. Scrivener K, Alava Bravo K, Greely B, et al. An ongoing physiotherapist‐led exercise 

program in residential aged care: Description of participant satisfaction and outcomes. 

Australas J Ageing 2020;39(4):359-365.  

74. Morley JE, Malmstrom TK, Miller DK. A simple frailty questionnaire (FRAIL) predicts 

outcomes in middle aged African Americans. J Nutr Health Aging 2012;16(7):601-608. 

75. Davis DHJ, Rockwood MRH, Mitnitski AB, et al. Impairments in mobility and balance in 

relation to frailty. Arch Gerontol Geriatr 2011;53(1):79-83.  

73



 
 

76. Sezgin D, O'Donovan M, Woo J, et al. Early identification of frailty: Developing an 

international delphi consensus on pre-frailty. Archives Gerontol Geriat 2022;99:104586. doi: 

10.1016/j.archger.2021.104586 

77. Apóstolo J, Cooke R, Bobrowicz-Campos E, et al. Effectiveness of interventions to prevent 

pre-frailty and frailty progression in older adults: a systematic review. JBI Database Syt Rev  

Imp Reports 2018;16(1):140-232.  

78. Collard R, Boter H, Schoevers R, et al. Prevalence of Frailty in Community-Dwelling Older 

Persons: A Systematic Review. J Am Geriatr Soc 2012;60:1487-1492. 

79. White DK, Neogi T, Nevitt MC, et al. Trajectories of gait speed predict mortality in well-

functioning older adults: the Health, Ageing and Body Composition study. J Gerontol A Biol 

Sci Med Sci 2013;68(4):456-464.  

80. Rockwood K. Making mobility-related disability better: a complex response to a complex 

problem. BMC Med 2012;10(1):121.  

81. WHO. Integrated care for older people (ICOPE): guidance for person-centred assessment 

and pathways in primary care 2019 [Available from: 

https://www.who.int/publications/i/item/WHO-FWC-ALC-19.1 accessed 3 March 2024. 2024. 

82. Langhammer B, Bergland A, Rydwik E. The Importance of Physical Activity Exercise 

among Older People. BioMed Res Int 2018;2018:1-3.  

83. Whitehead BR, Blaxton JM. Daily Well-Being Benefits of Physical Activity in Older 

Adults: Does Time or Type Matter? The Gerontologist 2017;57(6):1062-71.  

84. amra PK, Rebar AL, Parkinson L, et al. Physical Activity Attitudes, Preferences, and 

Experiences of Regionally-Based Australia Adults Aged 65 Years and Older. J Aging Phys Acty 

2019;27(4):446-51.  

74

https://www.who.int/publications/i/item/WHO-FWC-ALC-19.1


 
 

85. Merom D, Pye V, Macniven R, et al. Prevalence and correlates of participation in fall 

prevention exercise/physical activity by older adults. Prev Med 2012;55(6):613-617.  

86. Parry S, Chow M, Batchelor F, et al. Physical activity and sedentary behaviour in a 

residential aged care facility. Australas J Ageing 2019;38(1):E12-E18.  

87. Bull FC, Al-Ansari SS, Biddle S, et al. World Health Organization 2020 guidelines on 

physical activity and sedentary behaviour. Br J Sports Med 2020;54(24):1451-1462.  

88. Bashshur R, Shannon G, Krupinski E, et al. The Taxonomy of Telemedicine. Telemed J E 

Health 2011;17(6):484-494.  

89. World Health Organization. WHO-ITU Global Standard for accessibility for telehealth 

services, 2022. Available https://www.who.int/publications/i/item/9789240050464 (Accessed 

23 June 2023). 

90. Abimbola S, Keelan S, Everett M, et al. The medium, the message and the measure: a 

theory-driven review on the value of telehealth as a patient-facing digital health innovation. 

Health Econ Rev 2019;9(1):1-14.  

91. Weinstein RS. History of Telemedicine. Evolution, Context, and Transformation. London, 

England: SAGE Publications, 2010:167-168. 

92. Fulmer T, Reuben DB, Auerbach J, et al. Actualizing Better Health And Health Care For 

Older Adults. Health Aff 2021;40(2):219-225.  

93. Filip R, Gheorghita Puscaselu R, Anchidin-Norocel L, et al. Global Challenges to Public 

Health Care Systems during the COVID-19 Pandemic: A Review of Pandemic Measures and 

Problems. J Pers Med 2022;12(8):1295.  

94. Garnier‐Crussard A, Forestier E, Gilbert T, et al. Novel Coronavirus (COVID‐19) 

Epidemic: What Are the Risks for Older Patients? J Am Geriatr Soc 2020;68(5):939-940.  

95. Doraiswamy S, Mamtani R, Ameduri M, et al. Respiratory epidemics and older people. Age 

Ageing 2020;49(6):896-900.  

75



 
 

96. Nyweide DJ, Anthony DL, Bynum JPW, et al. Continuity of Care and the Risk of 

Preventable Hospitalization in Older Adults. JAMA Intern Med 2013;173(20):1879-1886. 

97. Atıcı E, Girgin N, Çevik Saldıran T. The effects of social isolation due to COVID‐19 on the 

fear of movement, falling, and physical activity in older people. Australas J Ageing 

2022;41(3):407-413.  

98. Laver KE, Adey‐Wakeling Z, Crotty M, et al. Telerehabilitation services for stroke. 

Cochrane Database Syst Rev 2020;2020(1). 

99. Global Centre for Moderan Ageing. Technology use by Australians aged 60+ during 

COVID-19, 2020. Available: https://gcma.squarespace.com/covid19/2020/3/29/covid-19-

uptake-of-technology-34mnz (Accessed 23 June 2023). 

100. Crawford A, Serhal E. Digital Health Equity and COVID-19: The Innovation Curve 

Cannot Reinforce the Social Gradient of Health. J Med Internet Res 2020;22(6):e19361-e61.  

101. Dykgraaf SH, Desborough J, Sturgiss E, et al. Older people, the digital divide and use of 

telehealth during the covid-19 pandemic. Austr J Gen 2022;51(9):721-724.  

102. Australian Government. Supporting access to primary care for aged care residents, 2022 

Available: https://www.health.gov.au/our-work/phn/how-we-support-phns/aged-care  

(Accessed 6 November 2023). 

103. Li S, Hossain M, Gilman B, et al. Effects of a nursing home telehealth program on 

spending and utilization for Medicare residents. Health Serv Res 2022;57(5):1191-1200.  

104. Dai Z, Sezgin G, Li J, et al. Telehealth utilisation in residential aged care facilities during 

the COVID-19 pandemic: A retrospective cohort study in Australian general practice. J 

Telemed Telecare  2022:1357633X221094406-1357633X06. 

105. Kruse C, Fohn J, Wilson N, et al. Utilization Barriers and Medical Outcomes 

Commensurate With the Use of Telehealth Among Older Adults: Systematic Review. JMIR 

Med Inform 2020;8(8):e20359-e59.  

76



 
 

106. Solis-Navarro L, Gismero A, Fernández-Jané C, et al. Effectiveness of home-based 

exercise delivered by digital health in older adults: a systematic review and meta-analysis. Age 

Ageing 2022;51(11). 

107. Moffet H, Tousignant M, Nadeau S, et al. In-Home Telerehabilitation Compared with 

Face-to-Face Rehabilitation After Total Knee Arthroplasty: A Noninferiority Randomised 

Controlled Trial. J Bone Joint Surg Am 2015;97(14):1129-1141.  

108. Moffet H, Tousignant M, Nadeau S, et al. Patient Satisfaction with In-Home 

Telerehabilitation After Total Knee Arthroplasty: Results from a Randomised Controlled Trial. 

Telemed J E Health 2017;23(2):8-87.  

109. Hassett L, van den Berg M, Lindley RI, et al. Digitally enabled aged care and neurological 

rehabilitation to enhance outcomes with Activity and MObility UsiNg Technology 

(AMOUNT) in Australia: A randomised controlled trial. PLoS Med 2020;17(2):e1003029-e29.  

110. Machado S, Costa LV, Mealha Ó. Co-designing with Senior Citizens: A Systematic 

Literature Review. Cham: Springer International Publishing:61-73. 

111. Darley A, Carroll Á. Conducting Co-Design with Older People in a Digital Setting: 

Methodological Reflections and Recommendations. Int J Integr Care 2022;22(4):18-18.  

112. Silvola S, Restelli U, Bonfanti M, et al. Co-Design as Enabling Factor for Patient-Centred 

Healthcare: A Bibliometric Literature Review. Clin outcomes Res 2023;15:333-347.  

113. Sanz MF, Acha BV, García MF. Co-Design for People-Centred Care Digital Solutions: A 

Literature Review. Int J Integr Care 2021;21(2):16-16.  

114. Chalmers I, Glasziou P. Avoidable waste in the production and reporting of research 

evidence. Obstet Gynecol Res 2009;114(6):1341-1345.  

115. Slattery P, Saeri AK, Bragge P. Research co-design in health: a rapid overview of reviews. 

Health Res Policy Syst 2020;18(1):17-17.  

116.Wilson P and Kislov R. 2022.Implementation Science. Cambridge Unviersity Press. UK. 
 

77



 
 

117. Bauer MS, Damschroder L, Hagedorn H, et al. An introduction to implementation science 

for the non-specialist. BMC Psychology 2015;3(1) 

118. Bird M, McGillion M, Chambers EM, et al. A generative co-design framework for 

healthcare innovation: development and application of an end-user engagement framework. 

Res Involv Engagem 2021;7(1)  

119. Meyer C, Ogrin R, Golenko X, et al. A codesigned fit‐for‐purpose implementation 

framework for aged care. J Eval Clin 2022;28(3):421-35.  

120. Logan PA, Horne JC, Gladman JRF, et al. Multifactorial falls prevention programme 

compared with usual care in UK care homes for older people: multicentre cluster randomised 

controlled trial with economic evaluation. BMJ Online 2021:e066991.  

121. Bunn F, Goodman C, Corazzini K, et al. Setting Priorities to Inform Assessment of Care 

Homes' Readiness to Participate in Healthcare Innovation: A Systematic Mapping Review and 

Consensus Process. In J Environ Res Public Health 2020;17(3):987.  

122. Devi R, Chadborn NH, Meyer J, et al. How quality improvement collaboratives work to 

improve healthcare in care homes: a realist evaluation. Age Ageing 2021;50(4):1371-1381.  

123. Pérez Jolles M, Willging CE, Stadnick NA, et al. Understanding implementation research 

collaborations from a co-creation lens: Recommendations for a path forward. Front Health 

Serv 2022;2. 

124. Greenhalgh T, Wherton J, Papoutsi C, et al. Beyond Adoption: A New Framework for 

Theorizing and Evaluating Nonadoption, Abandonment, and Challenges to the Scale-Up, 

Spread, and Sustainability of Health and Care Technologies. J Med Internet Res 

2017;19(11):e367.  

125. Vaismoradi M, Wang I-L, Turunen H, et al. Older people's experiences of care in nursing 

homes: a meta-synthesis. Int Nurs Rev 2016;63(1):111-121.  

78



 
 

126. Kruse C, Fohn J, Wilson N, et al. Utilization Barriers and Medical Outcomes 

Commensurate With the Use of Telehealth Among Older Adults: Systematic Review. JMIR 

Med Inform 2020;8(8):e20359.  

127. Yi J, Pittman C, Price C, et al. Telemedicine and Dementia Care: A Systematic Review of 

Barriers and Facilitators. J Am Med Dir Assoc 2021;22(7):1396-402.e18.  

128. O'Connor CMC, Gresham M, Poulos RG, et al. Understanding in the Australian aged care 

sector of reablement interventions for people living with dementia: a qualitative content 

analysis. BMC Health Serv Res 2020;20(1):140-40.  

129. Wardlow L, Leff B, Biese K, et al. Development of telehealth principles and guidelines 

for older adults: A modified Delphi approach. J Am Geriatr Soc 2023;71(2):371-82.  

130. Sharma A, Pruthi M, Sageena G. Adoption of telehealth technologies: an approach to 

improving healthcare system. Transl Med Commun 2022;7(1):1-20.  

131. Michie S, van Stralen MM, West R. The behaviour change wheel: A new method for 

characterising and designing behaviour change interventions. Implemen Sci 2011;6(1):42-42.  

132. Drabble SJ, O'Cathain A, Thomas KJ, et al. Describing qualitative research undertaken 

with randomised controlled trials in grant proposals: a documentary analysis. BMC Med Res 

Methodol 2014;14(1):24-24.  

133. Sullivan-Bolyai S, Bova C, Harper D. Developing and refining interventions in persons 

with health disparities: The use of Qualitative Description. Nurs Outlook 2005;53(3):127-33.  

134. Haines KJ, Sawyer A, McKinnon C, et al. Barriers and enablers to telehealth use by 

physiotherapists during the COVID-19 pandemic. Physiotherapy 2023;118:12-19.  

135. Bennell KL, Lawford BJ, Metcalf B, et al. Physiotherapists and patients report positive 

experiences overall with telehealth during the COVID-19 pandemic: a mixed-methods study. 

J Physiother 2021;67 201-209.  

79



 
 

136. Amiri P, Niazkhani Z, Pirnejad H, et al. Objectives, Outcomes, Facilitators, and Barriers 

of Telemedicine Systems for Patients with Alzheimer’s Disease and their Caregivers and Care 

Providers: A Systematic Review. Arch Iran Med 2022;25(8):564-573. 

  

80



 
 

CHAPTER TWO 

 

Monitoring falls in residential aged care facilities: agreement between falls incident 

reports and progress notes 

 

 

 

 

 

 

 

 

 

Preamble  

Participants included in the following study were drawn from the TOP UP trial. Aa a result 

people with severe cognitive, physical and sensory impairments were not included in this 

falls agreement study and the findings are not generalisable to this high fall risk population.  
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ABSTRACT  

Objectives Accurate fall reporting is essential for assessing the effectiveness of fall 

prevention strategies. This study aimed to investigate the level of agreement between incident 

reports and resident progress notes as data sources for falls monitoring in residential aged 

care facilities.  

 

Methods A retrospective observational study was conducted involving 46 older people from 

six residential aged care facilities who had consented to join the broader TOP UP trial.  Fall 

events documented in the incident report system and resident progress notes over 12 months 

before randomisation were extracted by two independent reviewers using a standardised 

Excel form. Agreement between the two data collection methods was calculated using 

Cohen’s kappa coefficient.   

 

Results A total of 75 falls were recorded from 27 (59%) of the 46 participants who were 65% 

female, with an average age of 83 [SD 9] years. The incident reports captured 68 (90.7%) 

falls, while the progress notes captured 73 (97.3%) falls. Overall, there was a 75% agreement 

between falls recorded in progress notes and incident reports. Perfect agreement was 

identified for five facilities (n=35), while one facility had a lower agreement rate of 29% 

(n=11) which appeared to be attributable to staff shortages linked to the COVID-19 

pandemic.  

 

Conclusion There was substantial agreement between incident reports and progress records. 

These findings support the use of incident reports for identifying falls in research or to 

investigate the effectiveness of fall prevention strategies in residential aged care facilities.  
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1. INTRODUCTION  

The prevalence and impact of falls on older populations are recognised as a global health issue. 

Internationally, 27 to 34% of community-dwelling older people fall each year.1 In residential 

aged care facilities (RACFs), older adults’ risk of falling is twice as high compared to those 

living in the community.2 Falls in RACFs have been linked to increased morbidity, mortality 

and loss of functional independence.2,3 In the United States alone, healthcare services for falls 

cost approximately $20 billion dollars annually.3 In Australia, the annual cost of falls is $4.3 

billion.4 

 

Accurate fall data is essential to effectively assess the impact of fall prevention strategies. Falls 

can be collected retrospectively where the individual is expected to recall their fall history over 

a time period or prospectively via progress notes or incident forms.5 In Australia, fall reporting 

was established in 2021 as mandatory through the National Aged Care Mandatory Quality 

Indicator program.6 Incident reports are often used to describe fall rates at a facility level as 

they can be more quickly generated via online documentation systems compared to 

retrospective time-consuming manual audits of progress notes.7 However, discrepancies in falls 

data collected through incident reports and progress notes were identified in hospitals 

highlighting the need to investigate the agreement between these reporting methods in RACFs.8 

 

The study aimed 1) to assess the agreement between fall incident reports and progress notes in 

RACFs, and 2) explore potential variations in agreement across different aged care facilities. 

This study sought to determine whether incident reports alone can effectively serve as a reliable 

and efficient way of identifying falls in RACFs. Information about the incidence, 

characteristics and outcomes of falls over a 12-month period was also summarised. 
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2. METHODS 

2.1 Study design 

This was a quantitative study investigating the level of agreement between progress notes and 

incident reports to monitor falls data in RACFs. This study was conducted within the TOP UP 

trial, a randomised controlled trial that aims to examine the effectiveness of telehealth 

physiotherapy and exercise on mobility performance and falls for older people in aged care. 

(ANZCTN:12621000734864). 

 

2.2 Setting 

The first six RACFs that were recruited to the TOP UP trial were included in this study. One 

metropolitan site in Sydney in the Australian state of New South Wales – Facility A, and five 

rural sites across New South Wales (Facilities B to F). 

 

2.3 Participants  

All TOP UP study participants from the six RACFs were included in this study. Eligibility 

included older people (65 years and over), possessing sufficient neurological, cognitive, and 

sensory skills to participate in the program with individual consent or consent from their person 

responsible. Those with terminal or unstable illness, severe dementia as measured by a score 

of ten or less on the Modified Telephone Interview for Cognitive Status (TICS);9 who had 

participated in a similar physiotherapy program in the last year, or who were unable to walk 

ten metres were excluded from the study.  

 

2.4 Data collection 

An Excel data extraction sheet was developed by the research team and pilot-tested on 10 

participants. Authors (Author 1, Author 2) made modifications based on pilot results. One 
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author (Author 2) remotely accessed online incident reports and progress notes to extract fall 

data (fall date, time, activity, equipment involved, injuries, hospital admission and follow-up) 

and participant characteristics (age, gender, cognitive status, comorbidities, and mobility). The 

information was collected from available data 12 months before randomisation to the TOP UP 

trial which commenced in September 2021. If data was unavailable for the preceding 12 

months, the surveillance period was recorded in months. The time it took to collect data from 

the two incident methods was also collected. The audits used the World Health Organization’s 

(2021) definition of a fall, which is an event resulting in a person inadvertently coming to rest 

on the ground or a lower level.10 Injurious falls (skin tears, head injuries or fractures) were also 

recorded.  

 

2.5 Data analysis 

Participant and falls characteristics were presented using descriptive statistics (number and 

percentage where applicable). The sum of independent falls captured by either the incident 

reports or progress notes was calculated. The level of agreement between the two data 

collection methods for the total sample and for each of the six facilities was assessed by 

Cohen’s kappa (k) coefficient, where values of 0 would indicate no agreement, 0.01–0.20 as 

slight, 0.21–0.40 as fair, 0.41–0.60 as moderate, 0.61–0.80 as substantial, and 0.81–1.00 as 

almost perfect agreement.11 IBM SPSS Statistics version 28 (IBM Inc., USA) was used to 

analyse the data.  

 

3. RESULTS 

3.1 Participant characteristics  

There were 46 participants recruited out of a total of 420 older people living at the 6 RACFs. 

Participants had a mean age of 83 (Standard deviation [SD] 9) years, 65% were female (n=30), 

88



 
 

78% (n=36) had cognitive impairment of which 78%, (n=28) were mild, a mean of 6 

comorbidities and 74% (n=34) required a walking frame for mobility. The time it took to 

review participants’ progress notes was approximately one to two hours compared to 5 minutes 

for incident reports. Further participant characteristics are displayed in Table 1.  

 

There were 75 falls recorded using either incident reports and/or progress notes with a mean 

falls’ incidence of 1.84 falls per person-year. Twenty-seven participants (59%) fell. Most falls 

(39 out of 75, 52%, 3.89 falls per person-year) were recorded from Facility B. Falls were less 

common during the night (12 a.m.-5:59 a.m.) with the other times during the day showing 

similar levels. Falls most occurred in the resident’s room (45%) or their bathroom (17%) and 

occurred when walking (37%) or transferring (36%). Forty-two (56%) of fall incidents were 

recorded by a registered nurse and 31 (41%) were recorded by a care staff assistant. Further 

fall characteristics are presented in Supplementary Table 1. 

 

3.2 Level of agreement 

The agreement level (kappa value) is displayed in Table 2. Sixty-six out of 75 (88%) falls were 

captured in both methods, with 7 falls found only in the progress notes and 2 falls found only 

in the incident reports. Incident reports identified 68 falls (90.7%) whilst progress notes 

recorded 73 falls (97.3%). The level of agreement between incident reports and progress notes 

across all facilities was classified as a substantial agreement (0.75; 95% CI 0.59 to 0.90). We 

found perfect agreement for all facilities (k = 1.00), except for Facility B, classified as a fair 

agreement (0.29; 95% CI -0.05 to 0.62) 
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4. DISCUSSION 

Accurate reporting of falls is crucial in RACFs to identify risk, implement preventive measures 

and provide the safety of older people. The results of this study demonstrate a substantial 

agreement between monitoring falls data in RACFs from incident reports and progress notes. 

Both methods identified most falls. All facilities achieved perfect agreement except Facility B. 

Workforce shortages could explain this lack of agreement at Facility B. Given the labour-

intensive nature of collecting falls data from progress notes, these findings suggest that incident 

reports can be used as an accurate and more efficient method of falls data monitoring for 

research purposes.  

 

The incidence rates and fall characteristics of this study are consistent with previous research 

in RACFs.12 13 A recent epidemiological study of falls in Australian RACFs found that 58% of 

residents experienced falls10  and, in Germany, the mean fall incidence rate was 1.74 falls per 

person-year.13 Both studies showed that the highest risk of falls was associated with residents 

unsupervised in their bedrooms. Future research that can lead to better monitoring of residents 

in their bedrooms is warranted to help inform future fall prevention strategies. 

 

Facility B exhibited the highest rate of falls (n = 39) and exhibited only fair agreement between 

the 2 fall collection methods. The facility also had the highest incidence of repeat non-injurious 

fallers, with five residents experiencing three or more falls. Workforce challenges, including 

difficulties employing registered nurses due to rural location and sustained sick leave 

exacerbated by repeat COVID outbreaks, may have contributed to the discrepancies in falls 

data and limit the capacity to implement effective fall prevention strategies leading to their 

higher rates of falls.14 Previous research suggests nursing staff tend to underreport non-

injurious falls especially when they perceive to be time poor.15 To address this issue, further 
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research involving mixed methods is recommended to understand staff workload and attitudes 

toward fall reporting, enabling the development of targeted interventions for resident safety.16 

 

While both methods of falls reporting are used in aged care, they offer differing levels of 

efficiency and convenience.7 Progress notes are an important tool as they allow registered 

nurses to communicate the fall incident to all care staff and allow for immediate fall follow-up 

and care plan evaluation.17 However, incident reports have shown to be much more time-

efficient and offer a comprehensive review of falls than progress notes.18  

 

5. CONCLUSION   

This study highlights that there is substantial agreement between incident reports and progress 

notes with perfect agreement found in all facilities except for one site. Incident reports offer a 

convenient method for falls monitoring for clinical and research purposes in RACFs compared 

to progress notes. However, the discrepancies between the two fall reporting methods exist, 

highlighting the need to develop strategies to improve fall reporting practices and address 

barriers such as adequate staffing in the management of falls.  
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Table 1 Participant characteristics 

 

 
 
 
 
 
 
 
 
 
 
 
 

 Total (n = 46) Fallers (n = 27) Non-fallers (n = 19) 

Sex female, n (%) 30 (65.2) 17 (63.0) 13 (68.4) 

Age, years, mean (SD); 

range 

83.3 (9.2); 63-101 82.7 (9.8); 63-96 84.2 (8.4); 68-101 

Age category in year    

   60-69 7 (15.2) 5 (18.5) 2 (10.5) 

   70-79 7 (15.2) 3 (11.1) 4 (21.1) 

   80-89 20 (43.5) 12 (44.4) 8 (42.1) 

   90-99 11 (23.9) 7 (25.9) 4 (21.1) 

   100 1 (2.2) 0 (0.0) 1 (5.3) 

Cognitive impairment, n 

(%) 

   

   Present 36 (78.3) 22 (81.5) 14 (73.7) 

        Mild 28 (77.8) 15 (68.2) 13 (92.9) 

        Moderate 8 (22.2) 7 (31.8) 1 (7.1) 

Number of comorbidities 

(0-18), mean (SD); range 6.0 (2.1); 2-11 6.3 (2.4); 3-11 5.8 (1.9); 2-10 

Indoor mobility, n (%)    

   No aid 9 (19.6) 4 (14.8) 5 (26.3) 

   Walking stick 3 (6.5) 2 (7.4) 1 (5.3) 

   Frame  34 (73.9) 21 (77.8) 13 (68.4) 

   Wheelchair 0 (0.0) 0 (0.0) 0 (0.0) 

Outdoor mobility, n (%)    

   No aid 8 (17.4) 4 (14.8) 4 (21.1) 

   Walking stick 3 (6.5) 2 (7.4) 1 (5.3) 

   Frame  31 (67.4) 18 (66.7) 13 (68.4) 

   Wheelchair 4 (8.7) 3 (11.1) 1 (5.3) 

Facility, n (%)    

   A 7 (15.2) 3 (11.1) 4 (21.1) 

   B 11 (23.9) 8 (29.6) 3 (15.8) 

   C 9 (19.6) 3 (11.1) 6 (31.6) 

   D 7 (15.2) 4 (14.8) 3 (15.8) 

   E 8 (17.4) 6 (22.2) 2 (10.5) 

   F 4 (8.7) 3 (11.1) 1 (5.3) 
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Table 2 Agreement between falls reported in progress notes and incident reports 

 

TOTAL SAMPLE 

  Reported in progress notes Kappa value (95% 

CI) 

  Yes No Total 

0.75*** (0.59 to 0.90) 
Reported in 

incident 

reports 

Yes 66 2 68 

No 7 19 26 

Total 73 21 94 

FACILITY B 

  Reported in progress notes Kappa value 

  Yes No Total 

0.29* (-0.05 to 0.62) 
Reported in 

incident 

reports 

Yes 30 2 32 

No 7 3 10 

Total 37 5 42 

*: p <0.05; **: p <0.01; ***: p <0.001 
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Supplementary Table 1 Fall characteristics  

 
 

 

 

Total falls, n = 75 n (%)  

Surveillance period, months, mean (SD); range 10.6 (2.8); 1.1-12 

Facility, number of falls, n (%); falls per person-

years  

   A (136 beds, 7 participants) 4 (5.3); 0.61 

   B (76 beds, 11 participants) 39 (52.0); 3.89 

   C (40 beds, 9 participants) 7 (9.3); 0.95 

   D (60 beds, 7 participants 6 (8.0); 0.86 

   E (96 beds, 8 participants 14 (18.7); 2.12 

   F (12 beds, 4 participants 5 (6.7), 1.60 

TOTAL falls, falls per person-years 75, 1.84  

Incident time of day (6 h)  

   12 a.m.-5:59 a.m. 8 (10.7) 

   6 a.m.-11:59 a.m. 28 (37.3) 

   12 p.m.-5:59 p.m. 20 (26.7) 

   6 p.m.-11:59 p.m. 19 (25.3) 

Incident location  

   Resident’s room 34 (45.3) 

   Bathroom/toilet 13 (17.3) 

   Shared indoor area 8 (10.7) 

   Dining room 3 (4.0) 

   Garden/outdoor area 7 (9.3) 

   Outside facility 4 (5.3) 

   Other 6 (8.0) 

Activity leading to fall  

   Walking 28 (37.3) 

   Transfers 27 (36.0) 

   Other 20 (26.7) 

Author of documentation  

   Registered nurse 42 (56.0) 

   Care staff 31 (41.3) 

Falls outcome  

   Injurious falls 32 (42.7) 

        Skin tear 21 (65.6) 

        Head injury 3 (9.4) 

        Fracture 1 (3.1) 

        Hospital admission 12 (37.5) 

Post-fall review  

   Physiotherapist 54 (72.0) 

   General practitioner 54 (72.0) 
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CHAPTER THREE 

 

 

Features of effective fall prevention exercise in residential aged care:  

An intervention component analysis 
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Summary Box 

What is already known on this topic 

• Exercise reduces the risk of falls for older people in the community with tailored 

balance and functional exercise having the strongest fall prevention effect.  

• The evidence concerning effects of fall prevention exercise in residential aged care 

(RAC) is less clear so there is limited guidance for clinicians working in RAC.   

What this study adds 

• This Intervention Component Analysis (ICA) used a mixed method approach to 

develop a theory of potential features of effective fall prevention exercise in RAC 

that can be explored and validated in future analyses. This theory indicates that: 

- Exercise interventions for fall prevention in RAC should include balance and 

strength exercise delivered at a moderate intensity and tailored to the individual.  

- Exercise programs in RAC are more likely to be successful if structured, supervised 

and resourced to deliver an adequate dose.   

How this study might affect research, practice or policy 

• Findings from this ICA will: 

- assist implementation of fall prevention programs in RAC; 

 

- guide a Qualitative Comparative Analysis and subgroup meta-analysis in RAC; 
 

- inform the design of interventions to be tested in future large clinical trials in RAC. 
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ABSTRACT 

  

Introduction The effect of fall prevention exercise in residential aged care (RAC) is 

uncertain. This paper reports on an Intervention Component Analysis (ICA) of randomised 

controlled trials (RCTs), from an update of a Cochrane review, to develop a theory of 

features of successful fall prevention exercise in (RAC).  

 

Methods Trial characteristics were extracted from RCTs testing exercise interventions in RAC 

identified from an update of a Cochrane review to December 2022 (n=32). Eligible trials 

included RCTs or cluster RCTs in RAC, focusing on participants aged 65 or older, assessing 

falls outcomes with stand-alone exercise interventions. ICA was conducted on trials with >30 

participants per treatment arm compared to control (n=17). Two authors coded trialists’ 

perceptions on intervention features that may have contributed to the observed effect on falls. 

Inductive thematic analysis was used to identify the key differences between the trials which 

might account for positive and negative outcomes.      

 

Results 32 RCTs involving 3,960 residents including people with cognitive (57%) and mobility 

(41%) impairments were included. ICA on the 17 eligible RCTs informed the development of 

a theory that: (1) effective fall prevention exercise delivers the right exercise by targeting 

balance and strength, tailored to the individual and delivered simply at a moderate intensity; 

and (2) successful implementation needs to be sufficiently resourced to deliver structured and 

supervised exercise at an adequate dose. 

 

Conclusions ICA suggests delivering the right exercise sufficiently resourced is vital for RAC 

fall prevention. This preliminary clinical guidance needs confirmation in larger trials. 
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INTRODUCTION 

Falls are prevalent in residential aged care (RAC), affecting half of residents annually, 

diminishing independence, increasing care burden, and imposing economic costs (1, 2). 

Implementing effective interventions holds potential to benefit older individuals and alleviate 

healthcare burden (3). 

 

The 2019 Cochrane Review in community-dwelling older adults reported exercise prevents 

falls, particularly with balance and functional exercises, reducing rates by 24% (RaR 0.76, 95% 

CI 0.70 to 0.81; 7920 participants, 39 studies; I2=29%, high-certainty evidence) (4). Programs 

combining balance, functional, and resistance exercises reduced the rate of falls by 34% (RaR 

0.66, 95% CI 0.50 to 0.88; 1374 participants, 11 studies; I2=65%, moderate-certainty 

evidence). Conversely, the 2018 Cochrane Review for residents in aged care reported uncertain 

effects of exercise on falls (RaR = 0.93, 95% CI 0.72 to 1.20; 2002 participants, 10 studies; 

I2=76%, very low-quality evidence) (5). Sub-group analyses couldn't explain high outcome 

heterogeneity, challenging clinicians in selecting effective exercise programs (6). 

 

In this study, we conducted an Intervention Component Analysis (ICA), a method utilising 

inductive qualitative analysis to collate trialists’ reflections on the factors influencing the 

success or failure of an intervention. ICA becomes necessary when a systematic review and 

meta-analysis cannot deliver certain results or adequately explain high heterogeneity. ICA 

provides a deeper understanding how interventions work, why they work and allows 

researchers to explore the complexities of intervention in real world settings (7).  

 

Our objective is to answer three research questions. 1) What are the characteristics of trials 

included in the updated Cochrane Review (5)? 2) Using ICA, what are the essential intervention 
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and implementation features that are indicated in these trials as necessary for successful fall 

prevention exercise in RAC? and 3) What explanatory theory does the information in the first 

two questions suggest for supporting knowledge translation of fall prevention programs and 

informing future research in RAC (7)? 

 

METHODS 

Our systematic review is reported according to the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines (8). The ICA was developed according to 

the methodology detailed in an existing published theory (7). 

 

Selection of studies 

Eligibility criteria and trial searches were consistent with Cameron and colleagues’ 2018 

Cochrane Review ‘Interventions for preventing falls in older people in care facilities and 

hospitals’ (5). New trials published from 2017 to December 2022 were identified by searching 

CENTRAL, MEDLINE, Embase and CINAHL databases using this Cochrane Review’s search 

strategies (5). Conference abstracts and trial records were not systematically searched or 

included. Trials eligible for inclusion were all randomised controlled trials (RCTs) and cluster 

RCTs which enrolled participants living in RAC with a mean age of 65 years or over; reporting 

either the number of falls (rate of falls) or risk of falling (number of people falling); and tested 

exercise as a single intervention compared to usual care or a control exercise program. Only 

trials that had 30 or more participants in each treatment arm were included in the ICA to 

decrease the risk of small sample bias (9). This ICA included trials with fall outcomes that were 

either positive (reduced falls), neutral (no effect) or negative (increased falls).  
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Data extraction  

Trial features  

Two aged care physiotherapists (RD, WK) extracted the trial and participant characteristics 

(trial design, sample size, age, gender, level of cognitive and mobility impairment), exercise 

features (type, duration, dose, delivery mode, supervision level, tailoring, intensity) and fall 

outcomes based on the trial’s final endpoint from new trials or as reported in the Cochrane 

Review (5). Trial adherence was classified as good if the participant exercise session 

attendance rate exceeded 50% and/or 75% or more of the participants attended 50% or more 

of the exercise sessions. The exercise intervention features were classified based on an exercise 

taxonomy developed by the Prevention of Falls Network Europe (ProFANE) group (10), 

standardised exercise ratings such as the Borg Rating of Perceived Exertion (RPE) Scale (11) 

and trialist’s self-classification. Disagreements were resolved through discussion and 

involvement of a third author as required (SD, JS). The fall outcome data were presented as a 

rate ratio or risk ratio with a 95% confidence interval (95% CI) and coded as positive (fall risk 

or rate ratio < 0.75), neutral (fall risk or rate ratio 0.75 to 1.25), or negative (fall risk or rate 

ratio < 1.25). These cut-points were informed by the GRADE group’s general guidance for 

consideration of “appreciable benefit or harm” (12). Data were stored and analysed using 

Excel.   

 

Trial quality 

Two trained independent physiotherapists (RD, WK) evaluated study quality using the 11 items 

of the Physiotherapy evidence Database (PEDro) scale: inclusion criteria and source, random 

allocation, concealed allocation, similarity at baseline, subject blinding, therapist blinding, 

assessor blinding, completeness of follow-up, intention-to-treat analysis, between-group 

statistical comparisons, and point measures and variability (13). Any disagreements were 
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resolved through discussion. The first item refers to external validity and does not contribute 

to the score, thus the final score ranges from 0 to 10. Scores of 0-4 are considered ‘poor’, 4-5 

are considered ‘fair’, 6-8 are considered ‘good’ and 9-10 are considered ‘excellent’ but are not 

possible in trials of exercise as participant and therapist blinding cannot be achieved (14).  

 

Intervention Component Analysis 

ICA was conducted over four stages: 

1. Authors (RD, WK) described the trial features, quality and classified fall outcomes in 

Excel (12). 

2. Authors (RD and JS) coded trialists' reflections on effective and ineffective features in 

the discussion and conclusion sections of eligible publications, including any additional 

trial-related documents (e.g., protocols, process evaluations) identified through 

systematic search, pearling, and hand searching. A selection of publications was coded 

independently in duplicate, the remainder were extracted by RD and checked by JS with 

disagreements resolved through discussion. Codes were stored in NVivo 12 (15). 

3. RD conducted an inductive thematic analysis in NVivo on included trials, grouping 

codes to develop themes and subthemes on successful intervention features and 

implementation (16). Groupings were reviewed by JS and SD to ensure thematic 

agreement. Both JS and SD, experienced qualitative and falls researchers respectively, 

offered critical perspectives to the thematic analysis as non-exercise professionals. 

4. RD reviewed the themes in combination with the trial outcomes and the intervention 

features to develop a theory regarding the types of intervention features and 

implementation strategies most likely to be effective in preventing falls in RAC. All 

authors were involved with developing the final theory.  
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Figure 1: PRISMA trial selection 
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Equity, diversity and inclusion statement  

The author group consists of junior, mid- career and senior researchers from different countries 

and disciplines. Our study population included both male and female older adults from different 

socioeconomic and geographical backgrounds.  

 

RESULTS 

Trial and participant characteristics from an updated systematic review  

Thirty-two trials across 16 countries involving 3,960 participants with 35 exercise intervention 

arms. Many trials were small, with a median number of 71 trial participants ranging from 16 

(17) to 682 participants (18). Participant ages ranged from 68 (19) to 92 years (20, 21), with a 

median of 82 years; 74% were female.  Eighteen (57%) trials included people with cognitive 

impairment and 13 (41%) trials those with mobility disabilities. Trial length varied from 4 (22) 

to 104 weeks (23), with a median of 12 weeks (IQR 12–26). Total intervention hours ranged 

from 1.5 (24) to 112 hours (25), with a median trial dose of 22 hours (IQR 14–36) or 1.8 hours 

per week, comprising median 3 sessions per week (IQR 2-3) with a median session duration of 

33 minutes (IQR 25-48). Sixteen (52%) trials met good exercise adherence criteria. Ten (32%) 

trials reported the occurrence of adverse events, including two falls during exercise (26, 27). 

Most trials compared an exercise intervention with usual care, defined as seated low-intensity 

range of movement exercise programs, self-directed or social programs. (Supplementary 

Material A) 

 

Intervention components  

The most common primary intervention component was gait, balance and functional training 

combined with strength training in 18 (51%) intervention arms. The most common single 

intervention was gait, balance and functional training in five (14%) arms. Exercise  
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Table 1: Development of intervention and implementation themes in the ICA 

 

a trial was included in the thematic table if they included 100% of the intervention component  

 

Subtheme Trials 

(n) 

Examples of informal evidence  Correspondence between themes 

and trial outcomea 

THEME 1: THE RIGHT EXERCISE  

1.  

Target 

balance and 

strength 

(22 codes) 

11 “Multicomponent exercise program focusing 

primarily on strength and balance training found to 

be the most effective strategy in the management of 

falls in the elderly.” (Dhargave et al, 2020, p 57) 

6/8 trials with positive findings tested 

the effect of exercise interventions 

that combined progressive standing 

strength and balance. 2/9 trials with 

ineffective or negative findings 

involved balance and strength 

exercise. 

 

2. Tailored to 

the individual  

(38 codes) 

 

11 “This pattern (fluctuating adherence) of commitment 

to exercise interventions, suggests that exercise 

programs may need to be specially tailored for 

individual seniors’ changing needs, interests, 

physical, and cognitive capabilities.” (Nowalk, 2001, 

p 864) 

 

7/8 positive trials tailored their 

exercise program to the individual and 

progressed it accordingly. 4/9 trials 

with neutral or negative findings did 

not tailor the program. 

3. 

Moderate 

intensity  

(21 codes) 

 

 

11 “6 months of individualised and progressive 

multicomponent exercise at moderate intensity 

composed of strength, balance and walking 

recommendations in long term nursing home 

residents was effective to prevent falls.” (Arrieta, 

2019, p 1149)  

6/8 trials with positive findings tested 

exercise interventions at a moderate 

intensity. The other trials tested low 

intensity exercise. 0/9 trials with 

neutral or negative findings tested 

moderate intensity exercise. 

 

THEME 2: SUPPORTING EXERCISE ENGAGEMENT  

1. 

Sufficiently 

resourced  

(17 codes) 

 

 

8 “The study identified an overall reduction in the risk 

of falls in individuals to underwent structured 

exercise  

program, whereas we identified that those who were 

not provided with any of the supervised training had 

an increase in risk of falls after the study period”. 
(Dhargave, 2020, p 57) 

 

“A dose of 30 or more hours of this type of exercise 

over a 25-week time frame may therefore produce 

outcomes similar to those with the higher doses 

previously recommended” (Hewitt, 2018, p 7) 

 

4/8 positive trials sufficiently 

resourced via funding the trials to 

deliver structured and supervised 

balance and strength exercise 

interventions > 30 hours compared to 

2/9 trials with neutral to negative 

findings. 

 

2. Group 

exercise to 

allow for 

socialisation   

(6 codes)  

3 

 

“Elderly people can reduce their risk of falling by 

participating in moderate intensity group-exercise 

programs. Another reason for preferring moderate 

intensity exercise is that a key element in sustaining 

exercise participation of older people is the 

opportunity to socialize.” (Faber, 2006, p 893) 

 

5/8 trials delivered their exercise 

interventions in a group that 

supported participant socialisation. 

5/9 trials with neutral or negative 

findings also delivered group 

exercise. 

 

3.  

Staff and 

resident 

education  

(7 codes) 

  

4 “Educating staff and residents on the potential 

benefits of progressive resistance training (PRT) and 

balance training may have resulted in higher 

participation rates.” (Hewitt, 2018, p 7) 

3/8 trials with positive findings 

employed educational strategies to 

increase adherence – one trial 

highlighted staff education, one 

resident education and one both. 1/9 

trials with neutral or negative findings 

provided staff and resident 

educational strategies. 
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Table 2: Presence of themes and subthemes in falls prevention exercise trials 

(effectiveness synthesis) 
 

a We used the definition based on 2 quotes for sufficient resourcing for trials that allocated funding to deliver 

structured and supervised exercise at a dose of 30+ hours, excludes trials that incorporated exercise into usual 

care. 

b We sought to identify whether the trials that reported positive fall outcomes (fall risk or rate ratio <0.8) were 

qualitatively different to those with neutral (fall risk or rate ratio 0.8 to 1.2) or negative outcomes (fall risk or 

rate ratio < 1.2).   

c Fall rate ratio  

d Fall risk ratio 

 

 

 

 

First 

author, 

year 

Target 

strength 

& balance  

Exercise 

tailored to 

individual  

Mode- 

rate 

intensity  

exercise 

SUPP-

ORT 

RIGHT  

EXER-

CISE 

Suffi-

ciently 

resour-

ced 

Group 

exercise 

allowing 

socialis-

ation 

Staff and 

resident   

educa-

tion. 

SUPPORT 

EXER- 

CISE 

ENGAGE- 

MENT 

Falls 

outcome 

(95% CI) 

TRIAL INTERVENTIONS THAT REDUCED FALLSb 

Arrieta, 

2019 

Yes Yes Yes Yes Yes Yes No Partial 0.45c 

(0.29, 0.69) 

Dhargrave  
2020 

Yes Yes Yes Yes Partial  No  Yes Partial  0.72c 

(0.44, 1.17) 

Fu 

2015 

No Yes No Partial Partial NR No No 0.35c 

[0.19, 0.63] 

Hewitt 

2018 

Yes Yes Yes Yes Yes Yes Yes Yes 0.45c 

(0.17,0.74) 

Irez 

2011  

Yes Yes Yes Yes Yes Yes No Partial 0.28c  

[0.15, 0.54] 

Jahanpeyma 
2020 

Yes Yes Yes Yes Partial Yes Yes Yes 0.39c 

(0.23,0.66) 

Kovacs 

2013 

Yes Yes Yes Yes Yes Yes No Partial 0.77c 

(0.37,1.62) 

Yokoi 
2015 

No No No No Partial No No No 0.3d 

(0.07,1.28) 

TRIAL INTERVENTIONS THAT HAD NO EFFECT ON FALLSb  

Buckinx 

2014 

No No No NO NO No No No 0.96c 

(0.58,1.60) 

Faber  

2006  

Partial  Yes  No Partial Yes Yes No Partial 1.13c 

(0.95,1.35) 

Kerse 

2008 

No Yes No Partial Partial No No No 1.11c 

(0.84.1.45) 

Nowalk 

2001 

Partial 

 

Partial No Partial Partial  Yes Yes Partial NR; No sig. 

difference  

Rosendahl  

2008 

Yes Yes No Partial Partial Yes  No Partial 0.82c 

(0.44,1.55) 

Sakamoto 

2006 

No No No No Partial No No No 0.82c 

(0.65,1.04) 

Toots  

2019 

Yes Yes No Partial Yes Yes No Partial 0.9c 

(0.5,1.61) 

TRIAL INTERVENTIONS THAT INCREASED FALLSb 

MULROW,  

1994 

Partial Yes No Partial Partial No No No 1.32c 

(0.95,1.85) 

SITJA 
RABERT 

2015 

No No No No Partial Yes  No Partial 1.28d 

(0.71,2.31) 
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interventions in 20 (63%) trials were tailored to the individual. Fifteen (47%) trials delivered 

exercise at moderate intensity, 14 (44%) at low intensity and three (9%) at high intensity. 

Thirteen (41%) trials were led by physiotherapists, three (9%) by other health professionals, 

and 14 (44%) trials were led by trained non-exercise professionals; five trials (16%) did not 

report who led the intervention. There was a mix of supervised and unsupervised individual  

and group exercise, with supervised groups being the most common in 19 trials (59%) with a 

median of 5 participants per group (IQR 5-8). (Supplementary Material B) 

 

Quality assessment 

The PEDro study quality summary is displayed in supplementary material C. The median 

PEDro quality score for the trials included in the ICA was ‘good’ (6/10).  

 

Intervention Component Analysis 

 

The ICA included 17 trials involving 3,293 participants with a median age of 82 years (ranging 

from 75 to 86 years); 73% female participants. Ten trials (59%) included people with cognitive 

impairment and 7 trials (41%) included people with mobility disability (table 1). The 

participant characteristics of the ICA trials were reflective of the 32 trials included in the 

updated Cochrane Review.  ICA identified two major themes related to exercise features and 

implementation, each with three subthemes (table 2). ICA Codebook outlining the coding 

framework is displayed in Supplementary Material D. The correspondence between the themes 

and the trial’s effectiveness synthesis are summarised in table 3. The ICA also identified some 

study design features that could be associated with intervention effects.  
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The right exercise  

The most common theme supported by trialist’s commentary focused on providing the right 

exercise to reduce falls. The results of our thematic analysis suggesting that the right exercise 

is a combination of exercise that targets balance and strength, tailored to the individual’s 

physical and cognitive comorbidities and delivers moderate-intensity exercise (table 2).  Ten 

trials targeted progressive standing balance and strength exercise (27-36), twelve studies 

delivered tailored exercise prescription (18, 27-35, 37, 38) and six studies delivered moderate 

intensity exercise sub-theme (27-32) (table 2). Six of eight effective trials (27-32) supported 

the right exercise theme whilst zero of nine neutral or negative trials did not (table 3). 

 

Supporting Exercise Engagement  

The second theme centered on supporting exercise engagement. However, there was less 

trialist commentary on this theme (table 2) and only two of eight effective trials included all 

the subthemes (27, 31). Only the first subtheme had sufficient evidence to progress to the ICA 

theory (table 3). Four of eight effective trials provided sufficient resourcing as defined as trials 

that delivered structured and supervised exercise at a dose greater than 30 hours (27, 28, 30, 

32) compared to two of nine neutral or negative trials (34, 38). Group exercise that offers 

socialisation opportunities was offered in five of eight effective trials (27, 28, 30-32) but was 

also offered in four of nine neutral or ineffective trials (33, 34, 36, 38). Fall prevention 

education was a feature in three of eight effective trials (27, 29, 31) and one of nine neutral or 

negative trials (23). The effectiveness synthesis demonstrated that there was insufficient 

evidence to involve the group exercise and fall education sub-themes in the final ICA theory 

displayed in Figure 2.  
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Trial methodological design features  

Two features emerged as themes relating to trial design and their impact on effective fall 

prevention trials. Seven authors commented that some trials are too small to detect significant 

changes in falls (23, 28, 30, 33, 34, 36, 38) Five authors commented that trial designs that 

involved an active control which diluted the fall effect (30-33, 36). 

 

Figure 2: ICA theory of effective fall prevention exercise in residential aged care 

 

 

 

 

 

 

 

 

 

 

DISCUSSION  

ICA is a valuable tool for researchers, clinicians and policy makers, enabling the optimisation 

of essential intervention components and their implementation strategies. Through ICA 

methodology, trialist perspectives are plotted against trial outcomes, culminating in the 

development a theory of effectiveness. This ICA theory indicates that effective fall prevention 

programs within RAC center upon the delivery of the right exercise when sufficiently 

resourced. However, larger trials are required to expand the evidence base for effective fall 

prevention exercise programs in RAC. 
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Hill and colleagues reported that there is considerable variability in the types of exercise 

programs investigated in the community to reduce falls in older people (39). However, 

Sherrington and colleagues’ sub-group analysis revealed that balance and functional exercises 

with or without resistance exercises had the greatest fall prevention effects in the community 

(4). Cameron and colleagues 2018 sub-group analysis for combination exercises in RAC 

including balance and strength exercise  (30, 32, 33, 35, 38)  or physical activity plus strength 

(17) did not find a significant reduction in falls (RaR 0.94, 95% CI 0.6 to 1.47), however there 

were only six trials in this subgroup analysis (5). Our ICA was based on an update of Cameron 

et al.’s Cochrane Review, which reported that balance and strength exercises were the most 

commonly prescribed interventions in effective trials (88%) compared to those trials with 

neutral or negative fall outcomes (33%). This finding is also supported by Becker and 

colleagues’ multifactorial trial in RAC. They reported that progressive standing balance and 

strength exercises reduced rate of falls by 45% (40).  

 

Our review of trial characteristics revealed that 20 of 32 trials were tailored to the individual. 

In the ICA 88% of positive trials tailored the exercise programs compared to 56% of trials with 

neutral or negative fall outcomes. Several trialists stated that exercise needs to be tailored 

throughout the program to cater for participants’ changing physical and cognitive capabilities 

to learn the program and to maintain exercise adherence which is a key factor in reducing falls 

(33, 35, 38, 41).  

 

Six effective trials delivered exercise at a moderate intensity (27-32) compared to two effective 

trials that delivered exercise at a low intensity (37, 41). All the trials with neutral or negative 

fall outcomes tested low or high intensity models. Kerse et al. revealed that low-intensity 

exercise delivered in small doses throughout the day by care workers as part of the resident’s 
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usual activities was ineffective (18). Faber et al. reported that high-intensity individual training 

was not effective or sustainable for long-term exercise due to the resident’s high level of 

comorbidities (38). Nowalk, Yokoi and Sakamoto and colleagues all commented that 

successful exercise interventions should be delivered in a way that is simple and easy to learn 

to maximise exercise compliance in RAC and increase exercise intensity over time (23, 41, 

42). 

 

There were fewer comments from trialist’s regarding ideal implementation strategies. 

However, ICA indicated that trials need to sufficiently resourced to support exercise structure, 

supervision and adequate dose. The trial characteristic analysis revealed that the median weekly 

dose for all 32 trials identified in the updated Cochrane search was 1.8 hours/week. This is 

considerably lower than Sherrington and colleagues’ meta-regression which suggests that 

effective fall prevention exercise in the community should include more than 3 hours/week of 

exercise (43). Kerse et al concluded that effective fall prevention programs need to be funded 

to deliver a ‘more intensive intervention’ and more supervision (18). Kovacs et al. stated that 

funding sufficient physiotherapy resources is required to lead effective fall prevention exercise 

(32). More research is required to better understand the implementation of an ideal fall 

prevention exercise program in RAC. This could include investigating different engagement 

strategies, exercise delivery modes, trial length and dose, as well as who should prescribe and 

supervise the exercise programs in RAC.  

 

This ICA indicates that future RCTs fall prevention exercise in RAC need to expand their 

sample size and enhance study quality by minimising bias in their design and improve 

reporting. For trials evaluating multifaceted interventions such as exercise, a total PEDro score 

of 8 is optimal compared to the median trial score of 6 (44). In the 32 trials identified in the 
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Cochrane Review update, fifteen trials enrolled fewer than 60 participants, requiring a larger 

sample size to detect differences in fall rates (9). Additionally, many trials did not meet the 

standards of the Consolidated Standards of Reporting Trials statement (CONSORT) (45). The 

reporting of almost two-thirds of trials did not describe allocation concealment, with some not 

clearly describing their control group. This poor reporting made coding exercise features 

difficult and reduces the generalisability of the ICA. 

 

Hewitt and colleagues’ Sunbeam trial is an example of a fall prevention trial that delivered the 

right exercise with an optimal PEDro score of 8 (27).  They were able to achieve a 55% 

reduction in fall rates and improve mobility outcomes by delivering progressive standing 

balance and strength moderate intensity exercise programs, tailored and progressed by a 

physiotherapist. This trial also implemented exercise engagement supports as detailed in our 

thematic analysis (table 3). It resourced a mean exercise dose of 36 hours and used sophisticated 

exercise equipment that was simple for the residents to use. High levels of program adherence 

were supported by staff and resident education and supervised group exercise training that 

allowed for socialisation. 

 

Research implications 

The ICA theory will inform a Qualitative Comparative Analysis (QCA), which statistically 

examines the consistency of ICA theory and identifies essential conditions that contribute to 

effective falls prevention programs (7). Recent ICA and QCA on multifactorial fall prevention 

interventions highlight the importance of engaging aged care staff and managers in 

implementing tailored exercise strategies for each resident (46).  
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Future trials should adhere to recognized trial reporting guidelines such as the CONSORT 

statement (45), Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) 

statement (47), Template for Intervention Description and Replication (TIDieR) checklist (48), 

and Consensus on Exercise Reporting (CERT) guidelines (49) to enhance reporting. 

 

Strengths and Limitations 

This updated systematic review, incorporating ICA, ensures rigorous methodology and 

confidence in outcomes. Nonetheless, limitations include exclusion of conference abstracts, 

trial records, and studies on exercise within multifactorial interventions. Some trials excluded 

older adults with high cognitive and mobility impairments, potentially limiting result 

generalisability. Additionally, exercise descriptions were often broad, lacking specificity like 

sensorimotor training. Incomplete reporting may have compromised ICA quality, hindering a 

more comprehensive explanatory theory. 

 

CONCLUSION  

Examining trial characteristics in the updated Cochrane Review on fall prevention exercise in 

RAC reveals intervention heterogeneity. This ICA enriches trial descriptors, aiding theory 

development and practical applications. Trialists suggest sufficiently resourced, tailored 

balance and strength exercises delivered at a moderate intensity may prevent falls. Future 

larger trials should scrutinise this ICA theory, delivery mode, dose, different implementation 

and engagement strategies, and adhere to reporting guidelines. 
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Supplementary material A: Characteristics of the included trials 

Clinically and statistically significant reduction in falls (point estimate is less than 0.80 and the confidence interval does not cross 1) 

Author, year, 

Trial Design  

Cont1 

 

RAC

F 

N, 
Ran

d 

Trial 

Locatio

n  

Age, 
mean  

Gende

r % 

women  

Mean 

number  

co-

morb. 

Cognitive 

Impair. 

at 

baseline 

Mobility 

criteria at 

enrollment  

Adhe- 

rence2 

 

Severe 

Advers

e 

events3   

Summary of exercise 

intervention   

(frequency, session length, 

planned trial dose) 

Falls 

rate 

ratio 

 

Falls 

risk 

ratio 

 

Other 

effect 

data 

Arrieta,  

2019, 

RCT, 

2 arms  

 

Y HC 112 

 

Spain 84.9  71 2 Mild Ambulant  

without 

staff 

assistance 

Yes Nil 26/52 tailored, progressive 

strength, gait, balance and 

functional group program, EP 

led, moderate intensity. 

(2/wk, 60min/session, 52hrs) 

26/52 

 

0.45  

(0.29, 

0.69) 

 

26/52 

 

0.86 

(0.52, 

1.41) 

NR 

Brett,  
2021,  

RCT,   
3 arms 

Y HC 60 Australia  85 65 
 

9 Mild, 
moderate 

or severe 

All level of 
mobility 

Yes Nil 12/52 tailored, progressive 
group strength, balance, 

endurance and flexibility 
program., PT led, moderate 

intensity.  

Intervention A: (1/wk, 45 
min/session, 9 hrs.) 

Intervention B: (3/wk, 

15min/session, 9hrs) 
 

12/52 
 

0.23  
(0.14, 

0.37 

12/52 
 

0.48 
(0.27, 

0.87) 

NR 

Fu, 

2015, 

RCT,  
2 arms  

N 

 

HC 60 

 

China 82.3  65 NR NR Ambulant 

with staff 

assistance   

Yes NR 6/52 progressive Wii Fit 

balance program, PT led, 

intensity NR. 
(3/wk, 60min/session, 18 hrs) 

 

 

52/52 

 

0.35 
[0.19, 

0.63] 

NR NR 

Hewitt,  

2018,  

Cluster RCT,  
2 arms 

 

Y HC 221 

 

Australia  86  65  3 Mild to 

moderate  

Stand with 

staff 

assistance  

Yes in 

6/12 

active 
section 

 

No in 
main-

tenance 

Nil 25/52 tailored and progressive 

strength using HUR Health and 

Fitness equipment, functional  
and balance group program, PT 

led, moderate intensity. 

(2/wk, 60min/session,50 hrs); 
followed by 6/12 maintenance 

program  

 

52/52 

 

0.45 
[0.17, 

0.74]  

 
 

52/52 

 

0.66 
(0.47, 

0.93) 

Fall-

related 

fracture 
risk 

ratio: 

0.76 
(0.21 to 

2.74 

Irez, 
2011, 

RCT,  
2 arms 

Y IC 60 
 

Turkey 75.4 100 NR NR NR  Yes NR 12/52 tailored, progressive 
group Pilates program, TNP 

led, moderate intensity.  
(3/wk, 60min/session) 

 

12/52 
 

0.28 
[0.15, 

0.54] 

NR NR 

Jahanpeyma,  

2020 
RCT, 

Y HC 71 

 

Turkey 75.2 75 NR Nil  Ambulant 

without 

NR NR 12/52 tailored, progressive 

Otago Exercise Program, TNP 
led, moderate intensity  

12/52 

 

NR NR 
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2 arms  staff 
assistance 

 
(3/wk,45min/session, 27 hrs) + 

walking prescription (3/wk, 30 

min/session, 18 hrs) 
 

0.39 
[0.23, 

0.66] 

 

Saravanakumar, 

2014, 

RCT, 2/3arms 
Yoga 

Y M 11 / 

33 

Australia  85.2 88 10 Mild to 

moderate   

Stand with 

support  

Yes Yes 

 

14/52 group yoga program, 

TNP led, low intensity. 

(2/wk, 30min/session, 14 hrs) 

26/52 

0.47 

[0.24, 
0.91]  

NR NR 

Saravanakumar, 

2014, 

RCT, 2/3arms 

Tai Chi 

Y M 11 / 

33 

Australia  83.3 63.6 10 Mild to 

moderate   

Stand with 

support  

Yes Yes 

 

14/52 group tai chi program, 

TNP led, low intensity. (2/wk, 

30min/session, 14 hrs) 

 

26/52 

0.52 

[0.28, 

0.98]  

NR NR 

Sihvonen,  

2004,  
RCT,  

2 arms 

NR IC 28 Finland  81.7 100 2.6 Nil Stand 

without 
staff 

assistance 

Yes  

 

NR 4/52 individual tailored and 

progressive balance exercise 
program using force platform. 

Moderate intensity. Program 

lead NR.  
(3/wk,30min/session, 6 hrs) 

 

52/52 

0.40 
(0.17, 

0.93) 

 

52/52 

0.77  
(0.42,

1.42) 

NR 

Clinically but not statistically significant reduction in falls 

Cadore,  

2014,  

RCT,  

2 arms 

Y M 32 Spain 91.9 70 NR Nil Ambulant 

with and 

without 

staff   

assistance  

Yes NR 12/52 Individual, tailored, 

progressive strength, gait, 

balance and functional 

program. TNP led, moderate 

intensity. (2/wk, 40 

min/session, 16 hrs) 

NR 

 

NR IG: 0 

fall, 

CG: 

0.8/pt/

mnth   

Time*g
roup 

interacti

on 
P<.001 

Serra-Rexach,  

2011, 
RCT, 2 arms 

Y HC 40 

 

Spain 92 80 1.4 Mild to 

moderate  

Ambulant 

with or 
without 

staff 

assistance 

Yes Nil  8/52 individual tailored, 

progressive strength, 
flexibility, cycling exercise, EP 

led, low to moderate intensity. 

(3/wk, 45min/session, 18 hrs)  

NR 

 
 

NR IG:1.2  

95% 
CI: 0.-3 

fewer 

than  
control 

P.03 

 

Toulotte, 

2003,  

RCT,  
2 arms 

 

Y M 20 

 

France 81.4 NR NR Mild to 

moderate  

Ambulant 

with or 

without 
staff 

assistance 

NR NR 16/52 progressive, tailored 

balance and seated 

strengthening, flexibility group 
program. GP led, low intensity. 

(2/wk, 45min/session, 24 hrs) 

 
 

 

NR 

 

NR IG 0 

fall, CG 

Part. 6 
falls, no 

p value 
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Clinically significant but statistically non-significant reduction in falls (point estimate is 0.8 or less but the confidence interval crosses 1) 

Choi,  

2005,  

Quasi RCT,  
2 arms  

Y IC  59 Korea 77. 75 NR Mild to 

moderate  

Ambulant 

with and 

without 
staff  

assistance 

Yes  NR 12/52 Tai Chi group exercise 

program. TNP led, low 

intensity. (3/wk, 
35min/session, 21 hrs) 

NR 

 

52/52 

0.6 

(0.19,
1.87) 

NR 

Dhargrave 

2020,  
RCT, 

2 arms 

Y IC 163 India 74.6 53 NR Mild  Ambulant 

without 
staff 

assistance 

NR NR 12/52 Individual progressive 

flexibility, gait, balance, 
functional program and 

walking, PT led, moderate 

intensity. (7/wk., 

30min/session, 42 hrs.) 

 

12/52 

0.72 
(0.44, 

1.17) 

12/52 

0.72 
(0.39, 

1.32) 

NR 

Imaoka,  
2016,  

RCT,  

4 arms 

N HC 91 Japan 84.3 76 NR NR NR NR NR 12/52 (1) strength and balance 
ex, x2/wk of individualised 

exercise, x1/wk group exercise 

(14 hrs) (2) the low exercise 
group control group minus 

group program (8 hrs) (3) 

nutrition group was given oral 
vitamin D, no ex. (4) low-level 

exercise and received vitamin 

(8 hrs) 
 

 12/52 
 

0.48, 

(0.17, 
1.3) 

NR 

Kovacs, 2012,  

2 arms 

N 

 

IC 41 

 

Hungary 69.2 100 2.3 NR Ambulant 

with staff 
assistance   

Yes Nil 26/52 progressive tailored 

multimodal exercise program. 
PT led, moderate intensity 

(x2/wk, 30 min/session, 26 hrs) 

 

NR 26/52 

 0.54 
[0.29, 

1.01] 

NR 

Kovacs, 2013, 
RCT,  

2 arms  

 

Y IC 86 Hungary 77.8 81 2.4 Mild to 
moderate  

Ambulant 
without 

staff 

assistance 

Yes NR 52/52 tailored, progressive gait, 
balance, functional and 

strength group program. PT 

led, moderate intensity. 
(2/wk,30min/session, 52 hrs) 

 

52/52 
0.77 

[0.37, 

1.62]  
 

52/52 
0.67 

(0.37, 

1.23)  

NR 

Shimada 2004, 
RCT,  

2 arms 

 

N 
 

IC 32 Japan 83.4 78  NR Nil  Ambulant 
without 

staff 

assistance 

NR NR 26/52 Ind treadmill program 
lead NR, mod intensity (2/wk, 

10min/session, 9 hrs) 

26/52 
0.42 

(0.08, 

2.06) 

NR NR 

Tuunainen, 

2013,  RCT,  

2/3 arms 
Gait, Bal., 

functional  

N HC 18 / 

55 

Finland 85 89 3.8 Mild, 

moderate, 

severe 

Stand 

without 

staff 
assistance 

NR NR 13/52 Progressive gait, balance 

and functional group program, 

PT led, intensity NR. 
(2/wk, 60min/session, 26 hrs) 

156/52 

0.65 

[0.4, 
1.06] 

NR NR 

Tuunainen, 

2013,  RCT,  
2/3 arms 

Strength 

N HC 18 / 

55 

Finland 84.7 67 3.8 Mild, 

moderate, 
severe 

Stand 

without 
staff 

assistance 

NR NR 13/52 Progressive 

strengthening group exercise 
program. PT led, intensity NR. 

(2/wk, 60min/session, 26 hrs) 

156/52 

0.74 
[0.5,  

1.1]  

NR NR 
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Varela, 2018,  
RCT,  

2 arms 

 

Y HC 74 Spain 81.1 38 NR Nil Ambulant 
without 

staff 

assistance 

No NR 64/52 self-selected intensity 
cycling. Supervised by physio 

(7/wk, 15min/session, 112 hrs) 

64/52 
0.67 

[0.3, 

1.21) 

NR NR 

Yokoi, 2015,  
Cluster RCT,  

2 arms 

 

Y IC 105 Japan  79.3 60 3.9 Nil Ambulant 
without 

staff 

assistance 

Yes Nil  26/52 individual seated 
physical activity exercise with 

traditional Japanese ‘stick’, 

TNP led, low intensity. (2/wk, 
25min/session) 

 

NR 52/52 
0.3 

[0.07,

1.28] 

NR 

Significant effect on falls not detected or not present (point estimate between 0.8 and 1.2 regardless of confidence interval) 

Buckinx, 2014, 

RCT,  

2 arms 

Y IC 62 

 

Belgium 83.2 76 3 Mild to 

moderate  

Stand with 

or without 

staff 
assistance  

Yes NR 26/52 individual whole body 

vibration program. PT/TNP 

led, low intensity. (3/wk, 
1.25min/session, 1.6 hrs) 

 

52/52 

0.96 

[0.58, 
1.60] 

52/52 

0.88 

[0.54,
1.43]  

NR 

Faber, 2006,  
RCT, 3 arms 

Tai Chi  

Y M 168 Nether- 
lands  

84.4  79  NR Mild to 
moderate  

Ambulant 
without 

staff 

assistance  

Yes NR 20/52 Tai Chi group program 
TNP led, moderate intensity.  

(2/wk, 60min/session, 36 hrs) 

52/52. 
0.96 

[0.77, 

1.19] 

52/52
1.19 

(0.79,

1.79) 

NR 

Kerse, 2008,   
Cluster RCT, 2 

arms  

Y IC 682 New 
Zealand 

84.3  74 4.9 Mild Ambulant 
without 

staff 

assistance  

No Nil 26/52 functional   exercise 
program. TNP led, low 

intensity.  

(7/wk, 15min/session) 

 

52/52 
1.11 

[0.84, 

1.45] 

52/52 
1.19 

(0.94, 

1.5) 

NR 

Nowalk, 2001,   

RCT, 
3 arms 

Y M 110 

 

USA 84 86  NR NR Ambulant 

without 
staff 

assistance 

No NR 52-72/52 Progressive, strength 

ex. and physical activity 
(cycling, treadmill) or low 

intensity Tai Chi groups 

classes led by TNP (3/wk, 
?/session, ? dose) 

 

NR 

 
 

NR No 

signif-
icant 

differ-

ence  
p=0.27 

Rosendahl, 

2008,  
Cluster RCT, 2 

arms 

 

Y M 191 

 

Sweden 84.7 73 3.1 Mild to 

moderate  

Stand with  

staff 
assistance  

Yes NR 12/52 progressive, strength, 

functional ex. and balance 
group ex. program based on 

high-intensity functional ex. 

PT led, high intensity. (2.5/wk, 

45min/session, 22 hrs) 

 

26/52 

0.82 
[0.44, 

1.53] 

 

26/52 

1.05 
(0.77, 

1.44) 

NR 

Sakamoto, 
2006,  

RCT, 

2 arms  

 Y IC 533 
 

Japan 81.6  74 ≥ 1 Mild to 
moderate  

Stand 
without 

staff 

assistance 

NR NR 26/52 unipedal standing 
balance exercise. PT led, low 

intensity.  

(7/wk, 6min/session, 18 hrs) 

26/52  
0.82 

[0.65, 

1.04] 

26/52 
0.9 

[0.65,

1.23] 

NR 

Toots, 2019, 

RCT, 

2 arms  
 

Y HC 186 Sweden 85.1 76 3 Mild to 

moderate  

Stand with 

or without 

staff 
assistance  

Yes Nil 16/52 progressive, strength, 

functional, balance group ex., 

high intensity, PT led. (2.5/wk, 
45min/session, 30 hrs) 

64/52 

0.9 

(0.5, 
1.61) 

64/52 

0.97 

(0.76. 
1.22)  

NR 
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Clinically and statistically significant increase in falls: point estimate greater than 1.2 and the CI does not cross 1 

Schoenfelder, 

2000, 

RCT, 
2 arms 

NR1 HC 16 USA 82.8 75 NR Mild Ambulant 

without 

staff 
assistance 

NR NR 12/52 ankle strengthening and 

walking,  NP led, low intensity. 

(3/wk, 20min/session, 12 hrs) 

26/52 

2.72 

[1.42, 
5.19] 

 

NR NR 

Clinically significant but statistically non-significant increase in falls: if the point estimate is 1.2 or more but the CI crosses 1 

Faber, 2006,  

RCT, 3 arms  

Gait, balance, 

functional ex. 

Y M 154 Nether- 

lands  

85.4  79  NR Mild to 

moderate 

Ambulant 

without 

staff 

assistance  

Yes NR 20/52 gait, balance and 

functional group program, TNP 

led, moderate intensity.  

(1-2/wk, 60min/session, 36 hrs) 

 

52/52. 

1.32 

(1.09, 

1.61) 

52/52

1.31 

(0.87, 

1.98) 

NR 

Mulrow, 1994,  

2 arms 
 

Y HC 194 

 

USA 80.6 71 5.1 Mild to 

moderate  

Ambulant 

with and 
without 

staff 

assistance   

Yes Nil  

 
 

16/52 individual, tailored, 

progressive strength, balance 
and functional ex. PT led, 

mainly low intensity (3/wk,30 

min/session, 24 hrs) 
 

16/52 

1.32 
[0.95, 

1.85] 

16/52 

1.16 
(0.83 

to 

1.62) 

NR 

Sitja Rabert, 

2015,  
RCT,  

2 arms  

N M 159 

 

Spain 82 67 NR nil  Stand with 

assistance  

Yes Nil 6/52 individualised, tailored 

and progressive strength 
exercise program with 

vibration platform therapy, low 

Intensity, program lead NR 
(3/wk, 30min/session) 

NR 

 
 

1.28 

(0.71, 
2.31) 

NB: 

6/12 
FU 

NR 

Uncertain: insufficient data to make judgement 

Buettner 2002,  
RCT. 

2 arms  

  

Y M 27 
 

USA 83.3 
 

48 NR Severe, 
moderate 

or mild   

Ambulant 
with staff 

assistance   

NR NR 12/52 group strengthening, 
balance and gait program. 

Recreation therapist led, low 

intensity. (3/wk, 60min, 36 hrs) 
 

NR 
 

NR NR 

Da Silva 

Borges, 2014, 

RCT,  
2 arms 

Y IC 59 Brazil 67.5  NR NR Nil Ambulant 

without 

staff 
assistance 

NR NR 12/52 group ball room dancing 

program. TNP led, high 

intensity. (3/wk, 
50min/session, 30 hrs) 

NR 

 

NR NR 

NR = not reported, HC = high care facility, IC = intermediate care facility, M = mixed (IC and HC)  

1: Routine or usual care  Y =authors described the control group as usual or routine care such as seated range of movement exs, N= authors described the control group as physical activity and exercise programs that 

include active exercise beyond routine or usual care 

2: Attendance rate exceeded 50% and/or 75% or more of the participants attended 50% or more sessions 

3: TNP = trained non-professional, EP = Exercise Professional, PT = Physiotherapist, GP = general practitioner 
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Supplementary material B: ProFaNE Components of the included trials 

 
First author, 

year  

 

 

Type of exercise (ex.) according to ProFaNE 

classification a 

Duratio

n in 

weeks 

 

Total 

hours b 

Delivery 

Mode c 
 

Ex. 

superv

ised 

Part. 

per 

group 

d 

Progra

m 

leader 

Exercise 

tailored 

to 

individua

l  

Exercise 

progressed  
Exercise 

Intensit

y  
Gait, 

Balance  

functiona

l   

Strength/ 

resistance  

training 

Flexibilit

y training  

3D 

ex.  

General 

Physical 

Activity  

Endur

-ance 

exer. 

Other 

exer. 

Arrieta, 

2019 

P P S     26 

 

52 

 

1  

 

Y NR EP Y  

 

Y 

 

Mod 

Brett, 

2021 

P P S  S   12 9  1  

 

Y 5 PT Y 

 

Y Mod 

Buckinx, 

2014 

S S     P 

 

26 1.5 2 

 

Y NA PT N 

 

N Low 

Buettner 

2002 

P P   P  S  12 24 1  

 

Y 4 TNP N 

 

N Low 

Cadore 

2014 

P P S     12 16 2  

 

Y NA TNP Y Y 

 

Mod 

Choi 

2005 

   P    12 21 1  

 

Y 29 TNP N N Low 

Da Silva Borges 

2014 
  S P    12 30 NR Y NR NR Y  

 

Y High 

Dhargrave 

2020 

P P S  S   12 42 2 

 

Partial NA PT Y  

 

Y 

 

Mod 

Faber 

2006 – 

Functional 

walking 

P P      20 

 

36 1 Y 12 TNP Y  

 

Y Mod 

Faber 2006 – 

In balance 

group  

   P 

 

   20 

 

36 1 Y 12 TNP Y  

 

Y Mod 

Fu 

2015  

P       6 18 NR 

 

Y NR PT Y  

 

Y 

 

Low 

Hewitt 

2018 

P P S     52 76 1  

 

Y 5 PT Y  

 

Y 

 

Mod 

Imaoka 

2016 

P P      12 6 1 Y NA PT Y  NR Mod 

Irez,2011 P P S     12 36 1  Y NR TNP Y  Y Mod 
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First author, 

year  

 

 

Type of exercise (ex.) according to ProFaNE 

classification a 

Duratio

n in 

weeks 

 

Total 

hours b 

Delivery 

Mode c 
 

Ex. 

superv

ised 

Part. 

per 

group  

d  

Progra

m 

leader 

Exercise 

tailored 

to 

individua

l  

Exercise 

progressed  
Exercise 

Intensit

y  
Balance, 

Gait or 

functiona

l 

Strength/ 

resistance  

Training 

Flexibilit

y training  

3D 

ex.  

General 

Physical 

Activity  

Endur

-ance 

ex. 

Other 

ex. 

Jahanpeyma 

2020 

P P S  S   12 27 1 Y 9 TNP Y  Y Mod 

Kerse 

2008 

P        26 91  2 Y NA TNP Y Y Low 

Kovacs 

2012 

P P S  P   26 52 1  Y 6 PT Y Y Mod 

Kovacs 

2013 

P P S  P   52 104  1  Y 4 PT Y Y  Mod 

Mulrow  

1994 

P P S  P   16 24 2 

 

Y NA PT Y  

 

Y  

 

Low 

Nowalk 

2001 LL/TC 

   P 

 

   104 NR 1  Y NA TNP  

 

N  Partial 

 

Low  

Nowalk 

2001 FNBF 

 P   

 

   104 NR 2 Y NA EP Partial 

  

Partial 

 

Low  

Rosendahl 

2008 

P P      12 

 

22 1  

 

Y 9 PT Y 

 

Y  

 

High 

Sakamoto 

2006 

P       26 17 2  

 

Y NA PT N 

 

N Low 

Saravanakumar 

2014 Yoga 
   P     14 14 1  

 

Y 11 TNP Partial  N Low 

Saravanakumar 

2014 Tai Chi 
   P     14 14 1  

 

Y 11 TNP Partial  N Low 

Schoenfelder 

2000 

 P   P   12 

 

12 2 
 

Y NA TNP N 

 

Y 

 

Low 

Serra-Rexach 

2011 

 P S   P  8 18 2  

 

Y NA TNP Y Y Low to 

mod 

Shimada 

2004 

P       6 10 2  

 

Y NA NR Y 

 

Y Mod 

Sihvonen 

2004 

P 
 

      4 26 2 

 

Y NA NR Partial  N 

 

Mod 

Sitja Rabert 

2015 

 

P P      P  

 

16 24 1  

 

Y 5 NR N 

 

Y Low 
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First author, 

year  

 

 

Type of exercise (ex.) according to ProFaNE 

classification a 

Duratio

n in 

weeks 

 

Total 

hours b 

Delivery 

Mode c 

 

Ex. 

superv

ised 

Part. 

per 

group  

d 

Progra

m 

leader 

Exercise 

tailored 

to 

individua

l  

Exercise 

progressed  
Exercise 

Intensit

y  
Balance, 

Gait or 

functiona

l 

Strength/ 

resistance  

Training 

Flexibilit

y training  

3D 

ex.  

General 

Physical 

Activity  

Endur

-ance 

ex. 

Other 

ex. 

Toots  

2019 

P P      16 30 1  

 

Y NR PT Y  

 

Y 

 

High 

Toulette 2003 P P P     16 24 1  

 

Y 5 GP N 

 

N Low 

Tuunainen 

2013 

P P P      13 26 1  

 

Y 5 PT N 

 

Y High 

Varela  

2018 

     P  64 112 2 

 

N NA Self N N Low 

Yokoi  

2015 

    P   26 22 2  

  

Y NA TNP N  N Low 

a Classification (P = Primary; S = Secondary); 

b Minimal dose 

c Delivery mode (1 = Group, 2 = Individual, 3= combined);  

d Maximum participants in a group  

N = No, Y = Yes, NA = Not applicable, NR = Not reported, TNP = trained non-exercise professional, EP = exercise physiologist, PT = physiotherapist, GP = general 

practitioner 
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Supplementary Material C: Pedro Risk of Bias of included trials  

First author 

Year 

 

Pedro 

Score/

10 

Eligibilit

y 

Criteria  

Random 

allocation  

Concealed 

Allocation  

Baseline 

Compar

a-bility  

Blind 

subjects 

Blind 

therapists  

Blind 

assessors 

Adequate 

follow up  

Intention 

to treat 

analysis 

Between 

group 

compar. 

Point est. 

& 

variabilit

y  

Arrieta 

2019 

6 Yes Yes Yes Yes No No Yes Yes No Yes Yes 

Brett 

2021 

6 Yes Yes No Yes No No Yes Yes No Yes Yes 

Buckinx  

2014 

6 Yes Yes No Yes No No Yes No Yes Yes Yes 

Buettner 

2002 

1 Yes Yes No No No No No No No No No 

Cadore 

2014 

6 Yes Yes Yes Yes No No Yes No No Yes Yes 

Choi  

2005  

5 Yes Yes No Yes No No No Yes No Yes Yes 

Da Silva Borges, 

2014 

5 Yes Yes No Yes No No No No No Yes Yes 

Dhargrave 

2020 

5 Yes Yes No Yes No No No Yes No Yes Yes 

Faber 

2006 

6 Yes Yes Yes Yes No No No Yes Yes Yes Yes 

Fu  

2015   

7 Yes Yes No Yes No No Yes Yes Yes Yes Yes 

Hewitt 

2018 

8 Yes Yes Yes Yes No No Yes Yes Yes Yes Yes 

Imaoka 

2016 

6 Yes Yes Yes Yes No No No Yes No Yes Yes 

Irez  

2011 

6 Yes Yes No Yes No No Yes Yes No Yes Yes 

Jahanpeyma 

2020 

6 Yes Yes No Yes No No No Yes Yes Yes Yes 

Kerse  

2008 

5 Yes Yes No Yes No No Yes No No Yes Yes 

Kovacs 

2012 

8 Yes Yes Yes Yes No No Yes Yes Yes Yes Yes 
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Kovacs  

2013 

8 Yes Yes Yes Yes No No Yes Yes Yes Yes Yes 

Mulrow  

1994 

6 Yes Yes Yes Yes No No No Yes No Yes Yes 

Nowalk 

2001 

4 Yes Yes No Yes No No No No No Yes Yes 

Rosendahl 

2008 

7 Yes Yes Yes Yes No No No Yes Yes Yes Yes 

Sakamoto 

2006 

4 No Yes No No No No No Yes No Yes Yes 

Saravanakum 

2014 

6 Yes Yes Yes Yes No No No Yes No Yes Yes 

Schoenfelder 

2000 

4 Yes Yes No Yes No No No Yes No Yes No 

Serra-

Rexach, 2011 

7 Yes Yes Yes Yes No No Yes Yes Yes No Yes 

Shimada 

2004 

4 No Yes No Yes No No No No No Yes Yes 

Sihvonen 

2004 

5 Yes Yes No Yes No No No Yes No Yes Yes 

Sitja Rabert 

2015  

7 Yes Yes Yes Yes No No Yes No Yes Yes Yes 

Toots  

2019.  

8 No Yes Yes Yes No No Yes Yes Yes Yes Yes 

Toulotte 

2003 

3 No Yes No No No No Yes No No No Yes 

Tuunainen 

2013 

4 Yes Yes No No No No No Yes No Yes Yes 

Varela 

2018 

6 Yes Yes No Yes No No Yes No Yes Yes Yes 

Yokoi 

2015 

7 Yes Yes No Yes No No Yes Yes Yes Yes Yes 

Note: Eligibility criteria item does not contribute to total score  
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Abstract
Introductions: This study assessed the effects of telehealth-

delivered exercise interventions on physical functioning for

older adults and explored implementation measures related to

program delivery.

Methods: We conducted a systematic review of studies in-

vestigating effects of exercise interventions delivered through

telehealth in adults 60+ years of age with frailty, mobility, or

cognitive disability on mobility, strength, balance, falls, and

quality of life (QoL). Electronic databases (MEDLINE, CI-

NAHL, SPORTSDiscus, and Physiotherapy Evidence Data-

base) were searched from inception until May 2022. Evidence

certainty was assessed with Grading of Recommendations,

Assessment, Development, and Evaluation and meta-analysis

summarized study effects.

Results: A total of 11 studies were included, 5 randomized

controlled trials, 2 pilot studies, and 4 feasibility studies. The

overall certainty of evidence was rated as ‘‘low’’ or ‘‘very

low.’’ Pooled between-group differences were not statistically

significant, but effect sizes suggested that telehealth produced

a moderate improvement on mobility (n = 5 studies; stan-

dardized mean difference [SMD] = 0.63; 95% confidence

interval [CI] = -0.25 to 1.51; p = 0.000, I2 = 86%) and

strength (n = 4; SMD = 0.73; 95% CI = -0.10 to 1.56;

p = 0.000, I2 = 84%), a small improvement on balance (n = 3;

SMD = 0.40; 95% CI = -035 to 1.15; p = 0.012, I2 = 78%),

and no effect on QoL. Analysis of implementation measures

suggested telehealth to be feasible in this population, given

high rates of acceptability and adherence with minimal safety

concerns.

Discussion: Telehealth may provide small to moderate

benefits on a range of physical outcomes and appears

to be well received in aged care populations.

Keywords: physical therapy, aged care, rehabilitation, tele-

medicine, telehealth

Introduction

O
lder adults, 60 years of age and older, are the most

sedentary age group in our community.1 Aged care

service recipients, who usually have frailty, and/or

mobility or cognitive disability, are particularly

inactive.2 Physical inactivity is associated with negative

ª Rik Dawson et al. 2023; Published by Mary Ann Liebert, Inc. This Open Access article is distributed under the terms of the Creative

Commons License [CC-BY] (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.
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health outcomes such as increased risk of falls, frailty, mo-

bility disability, and death.3 Exercise interventions have been

found to improve mobility and reduce falls in frail community-

dwelling older adults and in aged care populations, who have

high levels of mobility and cognitive disability.4–6 The Aus-

tralian 2021 Royal Commission into Safety and Quality in

Aged Care identified falls and mobility decline as a serious

problem in residential aged care, exacerbated by poor access

to exercise health professionals such as physiotherapists.7

Similar issues have been identified in other countries.8

World Health Organization has defined telehealth as the

delivery of health care services, where patients and providers

who are separated by distance use information communica-

tion technologies to diagnose and treat diseases and injuries.9

Telehealth is a rapidly growing service delivery model that

could enhance access and facilitate delivery of exercise pro-

grams to older adults receiving aged care services in their

home or in residential care. Uptake of telehealth has been

accelerated in response to the COVID-19 pandemic, especially

in aged care settings.10

Little is known about the effectiveness of telehealth use to

deliver exercise programs in aged care settings or how best to

implement telehealth exercise in this complex population.

A recent rapid review investigating the use of websites and

apps to assist older adults engage with balance and strength

training found low to moderate evidence that the use of

digital technology improved physical activity and reduced

fall risk.11 However, this review excluded studies that tar-

geted aged care populations. A discrete choice experiment

in 2017 concluded that telehealth was acceptable among

older adults receiving rehabilitation, but excluded aged

care populations.12

This systematic review sought to investigate the use of

telehealth exercise for older adults who are receiving aged

care services or have frailty, mobility, or cognitive disability.

This review aimed to summarize (1) the effects of exer-

cise interventions delivered through telehealth on mobility,

strength, balance, falls, and quality of life (QoL) and (2) imp-

lementation outcomes and determinants related to the deliv-

ery of telehealth exercise programs in this population.

Methods
Our systematic review with meta-analysis followed the

methods described in the Cochrane Handbook for Systematic

Reviews of Interventions and the Preferred Reporting Items

for Systematic Reviews and Meta-Analyses (PRISMA) guide-

lines.13,14 This review was registered through the PROSPERO

international prospective register of systematic reviews on

May 1, 2022 (CRD42022322469).

SEARCH STRATEGY
Optimized searches were completed through four electronic

databases (MEDLINE, CINAHL, SPORTDiscus, and Physio-

therapy Evidence Database [PEDro]) from inception to May 1,

2022. Four reviewers (I.M.R., C.Y.C., A.S., and M.B.) searched

one database each. Keywords, MeSH, and other index terms

were used to construct the search strategy (see online Supple-

mentary Table S1 for examples of search terms). Articles

sourced by hand searching were included. Articles were

independently screened in two stages: screening of title and

abstracts and screening of full-text articles by two pairs of

reviewers (I.M.R./A.S. or C.Y.C./M.B.) using the eligibility cri-

teria. Disagreements regarding the eligibility of studies were

resolved through discussion. Conference abstracts and disser-

tations that reported data suitable for analysis were included.

ELIGIBILITY CRITERIA

Type of study. For our first aim, we included randomized

controlled trials (RCTs), and for our second aim, we also inclu-

ded quasi-randomized, feasibility, and qualitative studies.

Participants. We included studies investigating participants

with a mean age of 60+ years with frailty, mobility, or cog-

nitive disability, or who were aged care service users. Any type

of health condition was included. Studies involving partici-

pants being treated in hospital were excluded as these par-

ticipants receive more support than older people receiving

aged care services in their home or in residential aged care.

Interventions. Studies were included if they evaluated exer-

cise interventions delivered through synchronous telehealth

(virtual interactions between a participant and a health pro-

fessional that occurs in real time) or asynchronous telehealth

(sharing of data, educational materials, or online programs to

assist a participant to exercise at a time of their choosing) that

aimed to increase balance, strength, and/or physical func-

tioning.15 We excluded studies involving no telehealth, that

did not include participants with frailty, mobility, or cognitive

disability or aged care service users, or involved only wearable

technology. Interventions of any length and any follow-up

period were included.

Comparator. For our meta-analysis, we included RCTs that

compared telehealth to any comparator.

Outcomes. Our outcomes to address aim 1 included measures

of mobility, balance, strength, falls, and QoL. Outcome data

were extracted for baseline and post-intervention periods.

Studies were included in meta-analysis if their data were
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presented as or could be converted into mean/standard devi-

ation (SD) pre-intervention and post-intervention scores to

facilitate quantitative pooling. To enable inclusion of as many

studies as possible in the meta-analysis, we pooled results

across multiple assessment tools for the same outcome.

For studies that reported results for more than one assessment

tool for the same outcome, we selected one tool per outcome

using a pre-defined order of priority.16 The order of priority was

as follows: for mobility (Short Physical Performance Battery,

Physical Performance Test, Timed Up and Go test, and walking

speed); for balance (Berg Balance Scale, 4-Stage balance test,

and timed step test); strength (only timed sit to stand was used);

and QoL (no priority was required as there was only one tool

used in each study). Falls were assessed separately using the risk

of falling that is, number of adults who experienced one or more

falls and rate of falls that is, falls per person-year.

Outcomes to address aim 2 included any implementation-

related outcome and determinant identified through an anal-

ysis of studies’ results relating to the intervention’s reach

(proportion of participants who were successfully screened and

consented to participate),17 feasibility (proportion of partici-

pants who completed the follow-up assessment),18 adherence

(proportion of participants who completed the agreed number

of planned intervention sessions),19 acceptability (measure of

satisfaction), dose (hours of exercise completed over study

period), and safety (reporting of adverse events [AE] such as

falls and pain directly related to the intervention), as well as

barriers and facilitators determined using mixed methods.20

DATA EXTRACTION
A data extraction sheet was developed, pilot-tested, and

modified accordingly. For each study, two pairs of investigators

(I.M.R./A.S. or C.Y.C./M.B.) extracted the data, and two inves-

tigators (R.D./W.S.K.) checked the data. Information extracted

from each study comprised a description of participants, details

of the intervention, and outcome measures (baseline and at first

follow-up). Preintervention and post-intervention scores were

used when available. Authors of the included studies were

contacted by email if the study reports were incomplete, or data

were missing. If the author did not reply, then the available data

were used. For our meta-analysis, the pooled difference was

calculated as a mean and 95% confidence intervals (CIs) for

each outcome in the simple stratified analysis.

METHODOLOGICAL QUALITY ASSESSMENT FOR RCTS
Data pertaining to the risk of bias were extracted by two

pairs of investigators (I.M.R./A.S. or C.Y.C./M.L.) and assessed

using the PEDro scale.21 The PEDro scale evaluates 11 items:

inclusion criteria and source, random allocation, concealed

allocation, similarity at baseline, subject blinding, therapist

blinding, assessor blinding, completeness of follow-up,

intention-to-treat analysis, between-group statistical com-

parisons, and point measures and variability.21 Item 1 refers to

external validity and does not contribute to the final score;

thus, the final scores ranged from 0 to 10.

ASSESSMENT OF CERTAINTY OF THE EVIDENCE
The Grading of Recommendations, Assessment, Develop-

ment, and Evaluation (GRADE) was used to assess the

certainty of evidence for the primary outcomes of our meta-

analyses for aim 1.22 We used the GRADE system for all

outcomes, which pooled results from three or more studies.

We evaluated the quality of the body of evidence as ‘‘High,’’

‘‘Moderate,’’ ‘‘Low,’’ or ‘‘Very Low’’ based on the presence or

extent of four factors: study limitations, inconsistency of the

effect, imprecision, and publication bias.23

DATA ANALYSIS
Meta-analyses were completed using Stata Meta-Analysis

software using the random-effects model for each outcome

(mobility, strength, balance, and QoL).24 We gathered pre-

intervention and post-intervention mean/SD and the sample size

per group. We used the controlled trials that compared

the telehealth intervention group with either usual care that in-

cluded no active exercise (four trials)25–28 or face-to-face in-

person exercises (one trial).29 We calculated treatment effects

using standardized mean differences (SMDs) (Hedges’ g), stan-

dardized by post-score SD (or its estimate) with 95% CIs. SMD

was calculated using the pre-mean and post-mean and SD or,

when this was unavailable, we used the mean change score.

Effect sizes were categorized as small (0.2–0.49), medium (0.5–

0.79), or large (0.8 or greater).30 Wevisually inspected forest plots

for evidence of heterogeneity with consideration of the I2 and v2

tests. For the implementation data, we collected median and

range scores and conducted a thematic analysis of the authors’

reported barriers and facilitators to implementing telehealth.

Results
After duplicates were removed, the electronic search ret-

rieved 370 references. We completed full-text screening on

118 articles. We included 11 studies for the review, which

included 5 RCTs, 4 feasibility studies, and 2 pilot studies. The

five trials contributed to our meta-analysis (aim 1) and all the

studies contributed to our implementation analysis (aim 2).

Search results are presented in Figure 1.

TRIAL DESIGN AND PARTICIPANT CHARACTERISTICS
Participant characteristics are displayed in Table 1. A total

of 546 subjects participated across all studies (302 in
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controlled studies and 244 in feasibility or pilot studies). Mean

age was 77.4 – 4.7 years and 65% of participants were female.

Three studies recruited from residential aged care facili-

ties27,31,32 and one study recruited participants receiving aged

care services in their home.28 Eight studies recruited partic-

ipants with a mobility disability,25–28,32–35 five studies

included participants with cognitive impairment,25–27,31,35

and three studies recruited frail participants.25,27,36 In the

controlled studies, two compared telehealth to usual care,27,28

with one study compared to usual care plus fall education,25

one study compared to seated stretching,26 and one study

compared to in-person balance training.29 The mean PEDro

total score of the RCTs was good at 6.4.

TELEHEALTH AND EXERCISE INTERVENTION
COMPONENTS

Telehealth and exercise intervention components are dis-

played in Table 2. Five studies evaluated programs that

included synchronous videoconferencing to deliver exercise

session,26,29,31,32,34 while six studies used asynchronous tel-

ehealth to deliver exercise components.25,27,28,33,35,36 Seven

studies evaluated programs led by a physiotherapist,25,29,32–36

six studies incorporated interventions with tailoring of the

exercise program,25,27,29,32,34,35 and seven studies delivered a

combination of strength and balance exercises.25,27,28,32–35

Six studies delivered low-intensity exercise,26,27,29,31,33,36

with three studies delivering moderate-intensity exer-

cise.25,34,35 The median frequency of exercise sessions was

three per week (range = 1–7), median session duration was

26 min (range = 7–60), median planned exercise dose over

trial was 18 h (range = 3–48), and median intervention length

was 17 weeks (range = 4–26). There were three group-based

interventions.26,31,34

EFFECTS OF INTERVENTIONS
The results of outcomes measured are summarized in

Supplementary Table S2 with the forest plots and mean dif-

ferences presented in Figures 2–5. The overall certainty of

evidence for the effect of telehealth intervention on physical

outcomes was rated as very low quality (Supplementary

Table S3) and the pooled results for all outcomes did not reach

statistical significance as all the CIs crossed the null line of

effect. The pooled estimates (Hedges’ g) of suggested effect

size are as follows: a moderate improvement in mobility

(5 studies; SMD = 0.63; 95% CI = -0.25 to 1.51; 302 partici-

pants, p = 0.000, I2 = 86%, very low certainty),25–29 a moder-

ate improvement in strength (4 studies; SMD = 0.73; 95%

CI = -0.10 to 1.56; 226 participants, p = 0.000, I2 = 84%, very

low certainty),25–28 and a small improvement in balance

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-
Analyses flow chart.
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(3 studies; SMD = 0.40; 95% CI = -035 to 1.15; 199 partici-

pants, p = 0.012, I2 = 78%, very low certainty).25,26,29 There

was no indication of an effect of telehealth on QoL (3 studies;

SMD = -0.09; 95% CI = -0.23 to 0.40; p = 0.77, 179 partici-

pants, I2 = 0%, low certainty).27–29 We were unable to conduct

a meta-analysis of fall outcomes as there were only two

studies that could have their reported data translated into a

fall rate ratio27,29 and only one study was able to translate

their fall data into risk ratio.26

IMPLEMENTATION ANALYSIS
The results of the implementation analysis are summarized

in Table 3.

Reach: Seven studies reported on the proportion of partic-

ipants who were successfully screened and consented to

participate, and their median reach was 55% (range =
9–82).25,26,28,29,32,34,36

Feasibility: All studies reported the proportion of partici-

pants who were included in the follow-up data collection with

a median score of 87% (range = 67–100).

Adherence: Nine studies reported a measure of intervention

adherence with median exercise attendance to planned exer-

cise sessions as 86% (range = 54–91).25–28,31,33–36

Dose: Eight studies reported the time spent exercising over

the study period with a median exercise dose of 17 h

(range = 3–41).25–28,31,33,35,36

Fig. 2. Effect size (95% confidence interval) of telehealth versus control on mobility using random-effects meta-analysis.

Fig. 3. Effect size (95% confidence interval) of telehealth versus control on strength using random-effects meta-analysis.
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Safety: AE (falls and adverse musculoskeletal pain directly

resulted to the telehealth intervention) were reported to some

degree in seven studies.25–29,33,35 Four studies reported no

AE.26,28,29,33 Falls (n = 4) were reported in three studies from

participants exercising, while using asynchronous tele-

health.25,27,35 One study reported musculoskeletal pain events

(n = 3) linked to the intervention.25

Acceptability: Eight trials included a measure of partici-

pants’ overall satisfaction with the intervention.25,27,29,31,33–36

The median satisfaction rate was 86% (range = 68–100).

Facilitators: Three factors that supported high program

adherence rates were reported by the authors in the ‘‘Discus-

sion’’ section of the article. The importance of initial partic-

ipant technology training with ongoing support through

face-to-face visits or phone calls to troubleshoot any problem

and enhance exercise adherence was highlighted by seven

authors.25,27,28,31–33,35 Participant appreciation of the conve-

nience of telehealth exercise programs being delivered in their

own home was reflected on by five authors.28,29,31,32,36 Posi-

tive effects of program flexibility on exercise adherence using

asynchronous telehealth exercise programs as it allowed

participants to choose the timing of when they exercised were

observed by four authors.25,27,32,33

Barriers: Authors’ reports regarding the impact of the

participant’s technology hesitation and age on the outcomes

of telehealth exercise programs were mixed. One study rep-

orted that high technology hesitation reduced recruitment

rates.31 Two studies observed that higher levels of technology

hesitation correlated with reduced telehealth satisfaction

rates26,35 and another study found that older participants had

lower satisfaction rates.35 However, one study observed that

technology hesitation or age was not related to the feasibility

or acceptability of the telehealth intervention.32 Bernard et al.

commented that delivering synchronous exercise classes to

Fig. 4. Effect size (95% confidence interval) of telehealth versus control on balance using random-effects meta-analysis.

Fig. 5. Effect size (95% confidence interval) of telehealth versus control on quality of life using random-effects meta-analysis.

DAWSON ET AL.

8 TELEMEDICINE and e-HEALTH MONTH 0000 MARY ANN LIE BERT, INC.

145



multiple sites is challenging and may inhibit the ability to

deliver adequate exercise dose and intensity required to imp-

rove other physical outcomes.31 Brun et al. stated that asyn-

chronous exercise programs did not enable sufficient exercise

tailoring to enhance physical outcomes.36

Discussion
This systematic review with meta-analysis assessed the

effectiveness and implementation of exercise interventions

delivered through telehealth for older adults, 60 years and

older, who are receiving aged care services or have mobility,

cognitive, or frailty disability. It is the first review of this ap-

proach in this population, to our knowledge. Pooled effects did

not reach statistical significance outcomes, but suggested fa-

vorable effects of telehealth interventions to improve mobility,

strength, and balance in older adults, which are likely to be

clinically meaningful. Our analysis of implementation mea-

sures suggested that telehealth is feasible, as evidenced by high

rates of acceptability and adherence with few safety concerns.

The utilization of telehealth to promote physical activity

and improve physical functioning in aged care is emerging

as an effective and acceptable mode of health care delivery.37

A 2020 systematic review (n = 17 controlled studies) into

community-dwelling older adults, 60 years of age and older,

receiving a variety of health care interventions using syn-

chronous telehealth found similarly high levels of feasibility,

safety, and acceptability.38 Three of the included studies that

focused on falls, exercise, or

strength-based measures demon-

strated significant improvements.39–

41 A scoping review in 2022 found

that synchronous and asynchronous

telehealth physiotherapy is safe, fea-

sible, and acceptable to adults with

complex comorbidities and has

comparable effects to in-person care

activity.42 Both reviews suggest that

telehealth delivery increases access to

exercise programs, especially for

those who cannot travel to a treat-

ment facility due to distance or dis-

ability.38,42 Hawley et al. concluded

that telehealth physiotherapy may

increase adherence to exercise by

providing increased prompts re-

minding patients when and how to

exercise.42

Thepositive effects emerging inour

meta-analysis favoring telehealth-led

exercise intervention could be explained by their alignment

with some behavior change techniques known to facilitate

exercise adherence.43 Several studies involved elements of

monitoring and feedback where they were able to provide

real-time feedback on individuals’ levels of performance and

offered clear instructions on how to perform the exer-

cise.26,27,29,32 These elements combined with professional

support have been shown to increase exercise adherence.43

A set of key components for successful fall prevention

exercise programs has been identified in community-dwelling

adults.4 Interventions that included an exercise dose of more

than 3 h per week and included balance and strength exercises

reduced falls by 34%.4 However, adherence to in-person fall

prevention exercise programs has previously been reported

to be *50%.44 In our review, we found that the adherence of

exercise interventions delivered by telehealth was high (86%),

but the exercise dose achieved was low (1.3 h/week). Future

research could investigate how to utilize telehealth’s high

adherence to support increased exercise dose to improve

physical outcomes.

This review highlighted the importance of providing staff

and participant training to improve the chances of success-

ful program implementation. The importance of technology

training was also reported in a recent qualitative study where

telehealth was used to enhance mobility and physical activity

for older adults receiving rehabilitation services.45 They found

that patients engaged optimally with telehealth when they

Table 3. Implementation Outcomes

AUTHOR REACH FEASIBILITY ADHERENCE
DOSE

ACHIEVED (H)
SAFETY
(N = AE)

ACCEPTABILITY
(% SATISFIED)

Bernard31 NR 67% 57% 10 NR 91%

Bruns33 13% 100% 86% 3 NR 80%

Callisaya25 69% 83% 85% 41 4 77%

Crotty32 51% 92% NR NR NR NR

Gandolfi29 56% 100% NR NR 0 91%

Lauzé27 NR 79% 89% 16 2 94%

Li26 55% 87% 80% 38 0 NR

Mansson34 NR 72% 63% 17 0 100%

Taylor36 NR 87% 54% 9 1 68%

Vestergaard28 9% 87% 89% 23 0 NR

Wong35 82% 91% 91% NR NR 80%

Total (median)

(range)

55%

9–82%

87%

67–100%

85%

54–91%

17

3–41

0 Events

0–4

86%

68–100%

AE, adverse events.
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received sufficient training and support to use the technology

and understood the potential benefits from using telehealth.

Their study also reported the importance of sufficient therapist

training to increase telehealth technology competence and

overall program implementation.

Conclusions
This is the first systematic review and meta-analysis that

provides a summary of the impact of telehealth on physical

outcomes for older adults, 60 years of age and older, with

mobility, frailty, and cognitive disabilities. We conducted this

systematic review in accordance with PRISMA guidelines and

followed a pre-specified protocol registered on PROSPERO.

Furthermore, the controlled studies included were of sound

methodological quality. However, due to the study heteroge-

neity and low number of controlled studies in this area, we were

unable to uncover any significant finding. There was also in-

sufficient follow-up data, which limited our ability to assess the

long-term effects and sustainability of exercise interventions

delivered through telehealth in this population.

Future RCTs are required to investigate the use and effects

of synchronous different exercise programs delivered through

telehealth, trials that investigate use effects of asynchronous

telehealth versus asynchronous telehealth, trials that include

cost-effective analyses, and trials that explore the imple-

mentation and sustainability of these telehealth interventions

to ensure that wide scale uptake of telehealth in aged care is as

safe, effective, and cost-effective as possible. Telehealth used to

deliver evidence-based exercise intervention to our most vul-

nerable older adults has the potential to be an effective and

acceptable addition to in-person exercise interventions.
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Supplementary Table 1: Search terms for Medline  

 

# Query  

Results  

 

1 aged.mp. 5,804,099 

2 Aged/ 3,334,085 

3 older adults.mp. 35,090 

4 older adult*.mp. 101,558 

5 elderly.mp. 283,605 

6 geriatric.mp. 84,093 

7 Geriatrics/ 30,971 

8 seniors.mp. 8,407 

9 (old* adj2 (men or women or female* or mal* or adult* or 

adults*)).mp. [mp=title, abstract, original title, name of substance 

word, subject heading word, floating sub-heading word, keyword 

heading word, organism supplementary concept word, protocol 

supplementary concept word, rare disease supplementary concept 

word, unique identifier, synonyms] 

391,100 

10 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 6,060,642 

11 fall* prevention.mp. 4,369 

12 balance exercise*.mp. 739 

13 balance training.mp. 1,678 

14 strength exercise*.mp. 1,003 

15 strength training.mp. 6,043 

16 (strength and balance exercise*).mp. [mp=title, abstract, original 

title, name of substance word, subject heading word, floating sub-

heading word, keyword heading word, organism supplementary 

concept word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier, synonyms] 

261 

17 resistance training.mp. 16,100 

18 Resistance Training/ 10,947 
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19 (strength and balance training).mp. [mp=title, abstract, original 

title, name of substance word, subject heading word, floating sub-

heading word, keyword heading word, organism supplementary 

concept word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier, synonyms] 

445 

20 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 26,012 

21 telehealth.mp. 9,761 

22 telemedicine.mp. 41,402 

23 Telemedicine/ 32,611 

24 telerehabilitation.mp. 1,645 

25 Telerehabilitation/ 736 

26 telecare.mp. 858 

27 ehealth.mp. 5,589 

28 mhealth.mp. 7,208 

29 tele-health.mp. 231 

30 tele-medicine.mp. 169 

31 tele-rehabilitation.mp. 254 

32 tele-care.mp. 36 

33 e-health.mp. 3,572 

34 m-health.mp. 753 

35 ((remote* or distant or video) adj3 (consult* or monitor* or treat* 

or therap*)).mp. [mp=title, abstract, original title, name of 

substance word, subject heading word, floating sub-heading word, 

keyword heading word, organism supplementary concept word, 

protocol supplementary concept word, rare disease supplementary 

concept word, unique identifier, synonyms] 

20,843 

36 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 

or 33 or 34 or 35 

70,231 

37 10 and 20 and 36 111 
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Supplementary Table 2: RCT Trial results (n = 5) 

 

 

 

Author Outcome 

 

Intervention  Control  

Baseline Post-trial Baseline Post-trial 

Mobility 

Callisaya (25) Gait speed (m/sec) 

    1.3±0.2 1.3± 0.2 1.22±0.17 1..21±5.8 

Gandolfi (29) 10m walk test (m/sec) 

  1.6±-0.49 1.6±0.43 1.46±-

0.42 

1.60±1.01 

Lauze (27) Short Performance Physical Battery test (n/12points) 

  Change 1.0±1.3 Change 0.3±3.6 

Li (26) Timed Up and Go - single task (m/sec) 

  13.38±0.55 11/86±0.56 13.41±0.7

3 

13.04±0.89 

Vestergaard 

(28) 

Physical Performance test (n/36) 

  16.3±5.6 18.1±5.8 17±4.8 17.4±5.5 

Strength 

Callisaya (25)   5 sit to stands (secs) 

  11.2±4 11.9±6.4 9.9±3.4 9.7±5.8 

Lauze (27) 5 sit to stands (secs) 

  Change -2.1±2.3 Change 0.3±3.6 

Li (26) 30 sec sit to stands (n) 

  11±1.0 13.07±0.8 11.4±1.12 11.6±1.06 

Vestergaard 

(28) 

5 sit to stands (secs) 

  19.3±11.6 14.1±8.5 16.4±5.3 16.3±6.2 

Balance 

Callisaya (25)   Step test (n) 

  17.7±4.0 17.59±5.3 16.4±3.4 15.8±5.8 

Gandolfi (29) Berg Balance Scale (n/56points) 

  48.63±6.31 52.4±3.29 45.61±7.9

7 

49.82±1.01 

Li (26) 4 Stage balance test (n/4points) 

  2.39±0.49 3.13±0.52 2.47±0.52 2.53±0.52 

QoL 

Gandolfi (29) Parkinson’s Disease Questionnaire (PDQ)-8: lower score higher QoL 

  30.7±15.5 24.2±14.8 30.5±16.0 24.2±15.9 

Lauze (27) 36 Item Short Form Health Survey (SF-36): higher score 

higher QoL 

 

  Change -0.7±7.7 Change 2.4±6.5 

Vestergaard 

(28) 

EuroQol-visual analogue scales (EQ-VAS): higher score higher QoL 

  59.8±21 59±16.2 62.1±17.4 60.4±16.7 

Falls 

Gandolfi (29) Rate     

  0.58 0.38 1.84 0.61 

Lauze (27) Number     

  NR 4 NR 0 

Li (26) Number     

   15  26 

NR=not reported 
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Supplementary Table 3: Summary of the certainty of evidence (GRADE Quality 

assessment) 
 

 

 

 

 

 

 

  

 

 

 

 

 

↓Downgraded 
    1 >25% of participants from studies with low methodologic quality: PEDro score <6 
    2 Heterogeneity > 60% 
    3 Wide confidence intervals around the effect estimate   
    4 Risk of publication bias due to small number of small trials  

NB: We did not consider the indirectness criterion in this review as it encompasses a specific population       

with relevant outcome measures and direct comparisons  
  

Meta-

analysi

s  

                                 Downgraded Overall 

Study 

limitations1 

Inconsistenc

y2 

Imprecisio

n3 

Publication 

bias4 

 

Mobili

ty   

- ↓   (I2 = 

86%) 

↓  ↓ Very Low 

Streng

th 

- ↓   (I2 = 

84%) 

↓ ↓ Very Low 

Balanc

e  

- ↓  (I2 = 78%) ↓ ↓  Very Low 

QoL -  -  (I2 = 0%) ↓ ↓  Low 
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CHAPTER FIVE 

Physiotherapy-led telehealth and exercise intervention to improve mobility in older 

people receiving aged care services (TOP UP): protocol for a randomised controlled 

hybrid type 1 effectiveness-implementation trial. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter Five is published as: 

Dawson R, Pinheiro M, Naganathan V, Taylor M, Delbaere K, Oliveira J, Haynes A, Rayner 

J, Hassett L, Sherrington C. Physiotherapy-led telehealth and exercise intervention to improve 

mobility in older people receiving aged care services (TOP UP): protocol for a randomised 

controlled hybrid type 1 effectiveness-implementation trial. BMJ Nutrition, Prevention & 

Health 2023;0:e000606. doi:10.1136/ bmjnph-2022-000606 
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ABSTRACT
Introduction  Deteriorating mobility and falls reduce 
independence and quality of life for older people 
receiving aged care services. This trial aims to establish 
effectiveness on the mobility of older people, and explore 
cost-effectiveness and implementation of a telehealth 
physiotherapy programme.
Method and analysis  This type 1 hybrid effectiveness-
implementation randomised controlled trial will involve 
240 people aged 65+ years receiving aged care services 
in community or residential settings. Participants will be 
randomised to either: (1) the Telehealth Physiotherapy 
for Older People (TOP UP) Program or (2) a wait-list 
control group. The 6-month intervention includes 10 
physiotherapy sessions delivered by videocall (Zoom). The 
intervention will include the local support of an aged care 
worker and online exercise resources. Primary outcome 
is mobility at 6 months post randomisation measured 
by the Short Physical Performance Battery. Secondary 
outcomes include rate of falls, sit-to-stand, quality of life, 
and goal attainment at 6 months after randomisation. 
Regression models will assess the effect of group 
allocation on mobility and the other continuously scored 
secondary outcomes, adjusting for baseline scores. The 
number of falls per person over 6 months will be analysed 
using negative binomial regression models to estimate 
between-group differences. An economic analysis will 
explore the cost-effectiveness of the TOP UP programme 
compared with usual care. Implementation outcomes and 
determinants relating to the intervention’s reach, fidelity, 
exercise dose delivered, adoption, feasibility, acceptability, 
barriers and facilitators will be explored using mixed 
methods.
Conclusion  This is the first trial to investigate the 
effectiveness, cost-effectiveness and implementation of 
a physiotherapy intervention in aged care delivered solely 
by telehealth internationally. The study has strong aged 
care co-design and governance and is guided by steering 
and advisory committees that include staff from aged 
care service providers and end-users. Trial results will 

be disseminated via peer-reviewed articles, conference 
presentations and lay summaries.
Trial registration number  The trial is registered with the 
Australian New Zealand Clinical Trials Registry (ACTRN 
12621000734864).

INTRODUCTION
Older people receiving aged care services 
have a high prevalence of multimorbidities, 
dependency in activities of daily living and 
mobility limitations.1 Mobility disability (ie, 
difficulty or inability to walk and transfer) 
is a common and a serious form of physical 
disability.2 Mobility disabilities affect approx-
imately 35% of people aged 70 years and 
older, and the majority of people aged over 
85 years.3 Mobility disability is predictive of 
adverse health outcomes, including death.4

Exercise is recommended for those who 
have mobility disability.5 The 2020 update of 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Telehealth physiotherapy is an effective health ser-
vice in primary care.

	⇒ Exercise programmes improve mobility for older 
people.

WHAT THIS STUDY ADDS
	⇒ Establish the effectiveness of telehealth physiother-
apy in aged care on mobility.

	⇒ Explore the impact of online resources on exercise 
dose.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Our implementation analysis will guide the adoption 
of telehealth physiotherapy in aged care.
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the World Health Organisation’s (WHO) physical activity 
guidelines call for older people to undertake 150–300 
min/week of moderate-intensity activity, muscle strength-
ening and exercises targeting balance.6 This 2020 update 
marked the release of specific guidelines for people living 
with disability.7 These guidelines specify that people 
living with disability should, where possible, undertake 
the same amount and types of physical activity (including 
balance, functional strength and endurance activities) as 
is recommended for the general population.

Physiotherapists are well placed to deliver suitable exer-
cise programmes for older people with mobility disability. 
Exercise-based interventions designed and delivered face 
to face by physiotherapists in aged care settings have been 
found to improve mobility.8 However, in Australia, there is 
a lack of suitably-trained exercise professionals to deliver 
these interventions, particularly in regional areas.9

Telehealth could provide a cost-effective way to increase 
older people’s access to physiotherapists and has been 
successfully used in other populations and contexts.10 
The WHO defines telehealth as the delivery of health-
care services where patients and providers are separated 
by distance and where health professionals use informa-
tion communication technologies for the exchange of 
information for the diagnosis and treatment of diseases 
and injuries, education, research and evaluation.11 The 
COVID-19 pandemic has rapidly accelerated familiarity 
with, and infrastructure required for, telehealth provi-
sion in aged care.12 However, no randomised controlled 
trials to date have been designed to examine the effect or 
implementation of telehealth physiotherapy on mobility 
and falls for older people receiving aged care services.

To address this evidence gap, we will conduct a type 
1 hybrid effectiveness-implementation randomised 
controlled trial to evaluate the effectiveness, cost-
effectiveness and implementation of the Telehealth 
Physiotherapy for Older People (TOP UP) Program. 
The TOP UP Study tests a 6-month telehealth physio-
therapy-led exercise programme, which aims to improve 
mobility compared with a wait-list control of usual care on 
older people aged 65+ years receiving aged care services 
in their home or in residential aged care. Additionally, we 
aim to measure the effects of telehealth physiotherapy on 
secondary outcomes of fall rate, sit-to-stand ability, health-
related quality of life and goal attainment at 6 months. 
We will also evaluate the cost-effectiveness of the tele-
health physiotherapy programme and if proven effective, 
explore implementation to guide future scale-up.

METHODS AND ANALYSIS
Study design and setting
We will conduct a two-arm parallel, pragmatic, type 
1 hybrid effectiveness-implementation randomised 
controlled trial. Trial design is illustrated in figure  1. 
Trial and protocol reporting will be guided by the 
CONsolidated Standards Of Reporting Trials statement,13 
the Standard Protocol Items: Recommendations for 

Interventional Trials statement,14 the Template for Inter-
vention Description and Replication checklist)15 and the 
Consensus on Exercise Reporting (CERT) guidelines.16

Participants
Inclusion criteria
People eligible for inclusion are aged 65 years and over; 
living in the community or residential aged care receiving 
Commonwealth-funded aged care services; willing to use 
a mobile tablet device to video-conference with a physio-
therapist; willing to exercise for 2 hours/week; and have 
sufficient sensory, neurological, cognitive and English 
language skills for exercise and video-based interventions 
as determined by their aged care service provider.

Exclusion criteria
Potential participants will be excluded if they have severe 
cognitive impairment as measured by a score of ten or 
less on the Modified Telephone Interview for Cogni-
tive Status17; are unable to walk 10 m with or without a 
walking aid; are currently participating in a balance and 
strengthening exercise programme designed by a physio-
therapist; and have life expectancy less than 6 months as 
determined by their aged care service providers.

Recruitment and consent
The aged care services will generate a list of potential 
participants using a standardised screening form. Poten-
tial eligible participants will receive information about 
the study through written participant information sheets 
and will have the opportunity to talk to their aged service 
provider and/or research team. Eligible participants will 
be enrolled once they have signed the consent form. If 
a potential participant is considered by their aged care 
provider not to have full capacity to provide consent, the 
potential participant’s person responsible will be asked 
to provide consent. Participants’ General Practitioner 
will be sent a letter explaining their participation in the 
trial allowing the doctor to discuss any concerns with the 
research team and suggest withdrawal of participants 
from the study.

Randomisation
Participant baseline data will be collected before rando-
misation. Two hundred and forty participants will be 
randomly assigned (1:1) to either the telehealth physio-
therapy TOP UP exercise programme or to the wait-list 
control group. The trial will use a centralised web-based 
randomisation system using Research Electronic Data 
Capture (REDCap) within The Sydney Local Health 
District license to ensure concealment of group allo-
cation. A research investigator not involved in base-
line assessment measures or recruitment of facilities 
will develop a randomisation schedule. They will use 
a computer-generated random number schedule with 
randomly permuted block sizes of two and four. Alloca-
tion to either the intervention group or the control group 
will be stratified according to the participants’ place of 

 on N
ovem

ber 22, 2023 by guest. P
rotected by copyright.

http://nutrition.bm
j.com

/
B

M
JN

P
H

: first published as 10.1136/bm
jnph-2022-000606 on 14 N

ovem
ber 2023. D

ow
nloaded from

 

156

http://nutrition.bmj.com/


3Dawson R, et al. bmjnph 2023;0:e000606. doi:10.1136/bmjnph-2022-000606

BMJ Nutrition, Prevention & Health�

residence (at home receiving aged care services or living 
in residential aged care).

Intervention
The TOP UP Study will use telehealth to prescribe an indi-
vidualised exercise programme, deliver health coaching 
and technology training by a physiotherapist supported 
and supervised by a trained care worker called TOP UP 
Coaches (TCs). A computer or tablet will be used in the 
physiotherapist sessions using the Zoom videoconference 
application, for access to the TOP UP a website where 
participants can follow several progressive strengthening 
and balance exercise videos produced by the research 

team, and access to the StandingTall exercise app that 
delivers progressive balance exercise.18

Participants allocated to the TOP UP exercise 
programme will be invited to participate in ten 
30-to-60-minute physiotherapy assessments using Zoom 
over 6 months. The initial assessment occurs in week 
1 with the subsequent assessments scheduled to occur 
weeks 3, 5, 7, 9, 12, 16, 20, 22 and 24. The sessions will be 
conducted by Australian registered physiotherapists who 
have a minimum of 3 years aged care experience. The 
physiotherapists will create an individualised, progres-
sive exercise programme based on the Otago Exercise 
Program (OEP).19 It will be delivered in the participant’s 

Figure 1  Trial design.
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home or their residential aged care facility. The OEP is 
a series of progressive balance and lower limb resistive 
strengthening exercises that allows the treating physio-
therapist to prescribe the level of intensity and pace of 
the programme. See table  1 for details of the exercise 
programme reported according to the CERT guidelines.16

Participants will be advised to complete up to 2 hours of 
exercise per week for the study based on previous research 
shown to improve mobility and reduce falls.8 Exercise 
dosage will be prescribed to accommodate comorbidities 
and cognitive impairments to minimise the risk of harm 
and will be tailored at the initial and each subsequent 
assessment. Participants will be asked to complete 2–3 sets 
of 10 repetitions for each exercise at a self-determined 
‘moderate’ intensity, defined as 12 to 14 out of 20 using 
the Borg Scale of Perceived Exertion and the intensity 
will be progressed by the physiotherapist accordingly.20 
The balance exercises will also be progressed by reducing 
hand support, reducing the base of support in standing, 
increasing the number of repetitions, and/or increasing 

the time in certain balance positions. Participants and 
TCs will record adherence to their exercise programme 
in an exercise diary that forms part of the participant 
booklet. More detail is provided in table 2.

Participants’ exercise dose is supported using different 
exercise resources prescribed by the physiotherapist. 
These include following their exercise programme with 
an exercise booklet, following online pre-recorded 15–30-
min exercise videos on the TOP UP website, participate 
in individual or group exercise programmes led by TCs or 
follow their exercise programme on the StandingTall app. 
Access to online exercise programmes and unsupervised 
exercise will be introduced after the treating physiothera-
pist has completed a risk assessment.

Behavioural change support
A key component of this intervention will be the 
behavioural change support delivered by the treating 
physiotherapist and TCs to each intervention participant 
over the trial period.21 The research team will conduct a 

Table 1  TOP UP strengthening and balance exercises and programme levels

Seated warm up and cool down: seated marching 1 min, neck and trunk gentle rotations, upper limb gentle range of 
movement exercise including ×10 repetitions (reps) shoulder elevation, elbow and wrist flexion and extension, ankle 
dorsiflexion and plantarflexion ×10 reps

Strengthening exercises

Seated knee extension All 4 levels
Ankle cuff weights used to provide resistance to the muscles and 10 reps of each exercise per 
set: building up to 3 sets of 10, hold support as required

Standing knee flexion

Standing hip abduction

Standing ankle plantarflexion Level 1: 10 reps, hold support
Level 2: 2×10 reps, hold support

Level 3, 2×10 reps, hold 
support

Level 4, 2×10 
reps, no support

Standing ankle dorsiflexion Level 3
10 repetitions, hold support, 2 sets

Level 4
2×10 reps, no support, 2 sets

Standing balance exercises

Level 1 Level 2 Level 3 Level 4

Backwards walking 10 steps, 2 reps, hold 
support

10 steps, 4 reps, minimal 
support

10 Steps, 4 reps, 
no support

Walking and turning around Walk in a figure 8 twice, 
use walking aid if 
required

Walk in a figure 8 twice, 
minimal support

Walk in a figure 8 
twice, no support

Sideways walking 10 steps, 2 reps, hold 
support

10 steps, 4 reps, minimal 
support

Walk 10 steps, no 
supports, 4 sets

Tandem stance 10 s, hold support 10 s, hold support 10 s, minimal support 10 s, no support

Heel-toe walk Walk 10 steps, minimal 
support, 2 sets

Walk 10 steps, no 
support, 2 sets

One-leg stand 10 s, hold support 10 s, minimal support 30 s, no support

Heel walking Walk 10 steps, hold 
supports, 4 sets

Walk 10 steps, no 
support, 4 sets

Toe walking Walk 10 steps, hold 
support, 4 sets

Walk 10 steps, no 
support, 4 sets

Heel-toe walking backward Walk 10 steps, hold 
support, 2 sets

Walk 10 steps, no 
support, 2 sets

Sit to stand 5 reps, 1 to 2 sets, 2 
hands for support

10 reps, 2 hands for 
support

10 reps, 1 hand leading 
to no hands, 2 sets

10 reps, no 
support, 2 sets
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2-hour preintervention protocol training to treating phys-
iotherapists and TCs informed by Michie’s COM-B model 
(table 3) and relevant Behaviour Change Taxonomy tech-
niques22 23 to enhance participant’s motivation to adhere 
to their prescribed exercise programme.

Wait-list control group
Participants allocated to the wait-list control group will 
continue with usual care regarding their exercise and 
physiotherapy programmes in the first 6-month phase 
of the trial. This will include any pain management 
programmes delivered as part of the Aged Care Funding 
Instrument, any seated group exercise classes or mobility 
programmes delivered by the aged care service. These 
participants will be offered a similar 3-month interven-
tion after the follow-up assessment.

Data collection
Demographic data, questionnaires and physical assessments 
will be recorded by research physiotherapists blinded to 
group allocation at baseline and 6 months after randomis-
ation. All outcomes will be assessed by research physiother-
apists who will be trained in the conduct of the outcome 
assessment and are unaware of group allocation. Where 
face-to-face data collection is not possible, Zoom will be 
used with non-blinded TCs acting as local support under the 
supervision of the research physiotherapist to ensure safe 
and accurate data collection. Prior to the follow-up assess-
ments, participants and TCs will be instructed not to inform 
the assessor of the their group assignment.

All intervention delivery costs including staff and 
equipment costs and all health service utilisation will be 

Table 2  Intervention description using the Template for Intervention Description and Replication (TIDieR) checklist

Brief name
Telehealth physiotherapy-led exercise (TOP UP) Study to improve mobility in older people 
receiving aged care services.

2.Why Older people receiving aged care services have a high prevalence of mobility disability and a high rate 
of falls. Physiotherapy-led exercise programmes that increase leg strength and challenge balance are 
proven to improve mobility and reduce falls. Telehealth is emerging as an effective method to deliver 
physiotherapy to improve access in regional areas and during COVID-19.

3.What materials Participants allocated to the TOP UP exercise programme will be provided with a mobile tablet with 
internet connectivity to access Zoom, online exercise videos and the StandingTall app. Participants 
will receive a booklet comprising descriptions of their home exercise programme based on the Otago 
exercise programme, an exercise and falls calendar, ankle weights (1 and 2 kg), details on how to 
access and connect to the online exercise programmes, and balance support such as a sturdy dining 
chair, kitchen bench, parallel bars or wall bar.

4.What procedures TOP UP physiotherapists will deliver balance and strength exercise prescription advice and health 
coaching using telehealth. Participants will be supported to access zoom to videoconference with a 
physiotherapist and aim to exercise for 2 hours/week supported by TOP UP Coaches (trained care staff 
of the participant’s aged care service provider). The research team will provide the physiotherapists and 
TOP UP Coaches with a 2-hour training session on the study protocol at the beginning of the study.

5.Who provides The intervention will be conducted by either the research team’s physiotherapists or other registered 
physiotherapists employed by the study’s aged care partners. All physiotherapists will have 3 years+ 
experience in working in aged care supervising care staff. TOP UP Coaches will be selected by the 
aged care service providers from their interested pool of care workers.

6.How TOP UP Coaches will support the participant to gain access to the technology for the Zoom 
physiotherapy sessions, lead group exercise classes in residential aged care, and supervise weekly 
the individual exercise programmes using the participant exercise booklet, online exercise videos, and 
StandingTall app. Participants allocated to the wait-list control group will receive a similar 3-month 
intervention once the trial is completed.

7.Where The TOP UP Study will be delivered in the participant’s home or in the residential aged care facility 
where they live. Participants will be recruited from aged care service providers that deliver residential 
and home care services across metropolitan and regional areas in Australia.

8.When and how 
much

The 6-month intervention will include 10 Zoom sessions where the physiotherapists will devise 
moderate-intensity exercise programme and use health coaching principles to encourage participants 
to exercise for 2 hours/week. The participants can follow their exercise programme via exercise sheets 
in the participant booklet, follow 20–30 min exercise videos on the TOP UP website, attend group 
exercise programmes, or follow the StandingTall app. The programme will focus on standing balance 
and strength exercises. Participants will be provided with 30 min of supervised exercise with their TOP 
UP Coach each week to support the programme dose and safety.

9.Tailoring The exercise programme will be tailored to the individual’s capabilities and comorbidities by a 
physiotherapist at assessment and at subsequent assessments. The physiotherapist will introduce 
supervised and unsupervised exercise and introduce online exercise resources that challenge balance 
and lower limb strength when appropriate.
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collected during the study period. The health service util-
isation, falls and exercise data will be recorded by home 
care participants in their self-reported exercise diary and 
falls and health utilisation calendars. This data will be 
posted back to the research team by our aged care part-
ners at the completion of the trial. In residential aged 
care this data will be recorded by TCs in the online docu-
mentation system. All data will be collected and uploaded 
into the REDCap database by a blinded member of 
our research team via auditing the participant’s online 
medical records and calendars.

All qualitative data will be collected by experienced 
research assistants using questionnaires and semistruc-
tured interviews via zoom. The implementation data 
collection related to the intervention’s reach, fidelity, 
dose delivered, adoption, feasibility and exercise adher-
ence measures will be conducted by research assistants via 
audits of participants’ exercise diaries and physiotherapy 
notes.

Outcomes
All outcomes will be measured in the intervention 
and control groups at baseline and 6 months after 
randomisation.

Primary outcome
Mobility will be measured by the 12-point Short Physical 
Performance Battery (SPPB) test score. The SPPB measures 
standing balance, gait (2.44 m timed walk), and timed 
sit-to-stand (five repetitions). The SPPB has predictive 
validity showing a gradient of risk for mortality, nursing 
home admission and disability.24

Secondary outcomes
The secondary outcomes will include: (1) rate of falls 
using the internationally recognised fall definition: ‘an 
unexpected event in which the participant comes to 
rest on the ground, floor, or lower level, as a result of a 
loss of balance”25; (2) five times sit-to-stand test will be 
analysed as an standalone predictor of future disability 
in older people26; (3) quality of life will be measured 
by the EuroQol 5 dimensions five level health question-
naire (EQ-5D-5L) enabling participants to rate their 
level of impairment across mobility, self-care, usual activ-
ities, pain/discomfort, and anxiety/depression and give 
a global health rating on a visual analogue scale (EQ-
VAS), the EQ-5D-5L was found to be a highly reliable 
and valid measure of the quality of life in older people 
with mild to moderate dementia27; and (4) individual-
ised mobility goal attainment will be measured with the 
Goal Attainment Scale (GAS) where participants and/or 
their ‘person responsible’ will identify a key goal related 
to physical functioning, the GAS is recommended as a 
measure of relevant person-centred outcomes in the eval-
uation of complex interventions in older people.28

Cost-related outcomes will include intervention delivery 
costs (from study records, including staff salary, travel 
and equipment costs) and health service utilisation costs 
(from calendars and aged care documentation records) 
during the trial period.

Implementation outcomes and determinants will use quan-
titative and qualitative methods to gather data on the 
implementation of the intervention and to inform 
future implementation and scale-up if found to be 
successful. Implementation outcome measures included 

Table 3  Trial intervention and the Capability,Opportunity and Motivation - Behavioural system (COM-B) for enhancing 
behaviour change22 23

Component Definition Behaviour change techniques

Capability Individual’s psychological and 
physical capacity for engaging 
with exercise and telehealth 
including knowledge and skills.

Goal setting: development of SMART goals (specific, measurable, 
achievable, relevant, and timely).
Action planning: encourage participants what, when, how, where they will 
exercise to assist with habit formation.
Self-monitoring: encourage participants to keep track of their exercise 
programmes through use of diaries.
Graded exercise: ensure that programme is achievable and progressive.

Opportunity Factors outside the individual that 
enable or prompt behaviour.

Behavioural rehearsal/prompt cues/repetition: provision of exercise videos 
to follow with repetitive and detailed physiotherapy exercise advice.
Instructions on how to perform a behaviour: provision of telehealth 
equipment and training to access physiotherapy advice.
Social support and reward: TCs to assist with safe exercise delivery and 
socialisation opportunities.

Motivation Cognitive processes that energise 
and direct behaviour, that is, 
goals, decision-making, habits, 
emotional responses.

Feedback on exercise performance and behaviours/ celebrate programme 
success: physiotherapists to provide feedback on participants’ 
performance, help them understand their progress and assist them to make 
necessary adjustments to their routine.
Modelling: use of older people in printed and online exercise resources.
Motivational interviewing/verbal persuasion: physiotherapist and TCs 
engage participants in a collaborative and empathetic conversation to 
strengthen their motivation and commitment to the exercise programme.
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are: (1) reach (proportion of aged care recipients who 
were successfully screened, consented to participate 
and received the intervention with an exploration 
of their representativeness), (2) fidelity (the extent 
to which the different components of the telehealth 
intervention are delivered per protocol and monitored 
through audits of study-specific checklists), (3) dose 
delivered (the number and duration of physiotherapy 
telehealth and coach sessions provided to participants 
plus total exercise dose over the trial period), and (4) 
adoption (proportion of facilities who participate and 
factors associated with uptake). Implementation deter-
minants related to feasibility are: (1) proportion and 
representativeness of participants that completed the 
intervention at 6 months; (2) proportion and represen-
tativeness of available participants that completed the 
primary outcome at 6 months, and (3) adherence to the 
prescribed dose (percentage of participants recording 
2 hours of exercise per week on their exercise diaries 
over the trial period).

The acceptability, barriers and facilitators for imple-
menting this telehealth exercise and education 
programme for older people will be explored with partic-
ipants, physiotherapists, aged care workers and aged care 
service managers via surveys and semistructured inter-
views.29 Up to 20 participants receiving the TOP UP inter-
vention will be invited to participate in the interviews. 
We will sample participants purposively for maximum 
variation in (1) residence: home or residential aged care, 
metropolitan and regional, (2) age, (3) engagement with 
the intervention (as judged by the TOP UP coaches), 
and (4) sex: aiming for a distribution that reflects the 
male/female ratio in the intervention arm of the trial. We 
will interview up to 10 TOP UP coaches, 6–8 aged care 
managers and 6–8 physiotherapists involved in interven-
tion delivery based in a range of aged care services and 
locations.

Adverse events such as a fall, musculoskeletal injury, or 
cardiovascular event that may, or may not, be related to 
the intervention but occurs while the person is partici-
pating in the intervention will be monitored via records 
kept by our aged care partners and by the participants in 
their self-report exercise diaries at 6 months. This infor-
mation will be reported in any publications. A serious 
adverse event (SAE) will be defined as an incident that 
occurs while the person is participating in the interven-
tion resulting in serious injury, hospitalisation or death.

If a SAE occurs, the research manager will notify the 
Data and Safety Monitoring Board (DSMB). The DSMB, 
consisting of two independent clinical experts and a stat-
istician, will be convened to monitor SAE within 48 hours, 
where policies and procedures around the programme 
will be reviewed, and recommendations implemented. 
This assessment will guide the continuation of the 
research, including a temporary halt or early termination 
of the trial, ensuring ethical conduct of the study.

Data management
We will use a custom-built and secure REDCap database. 
All study documentation will be stored securely in either 
locked filing cabinets (paper files) or electronically (elec-
tronic database files) with access granted only to autho-
rised study team members. Logic and range checks will be 
used to minimise data entry errors and to identify missing 
data and other problems. To ensure confidentiality, the 
final dataset will contain deidentifiable information only. 
All publications associated with the study results will 
involve deidentified data to maintain participant confi-
dentiality. Demographic information linking the partici-
pant to the data will be stored in a separate file. Only the 
principal investigator will have access to this information 
after the study.

Sample size
A total of 240 participants (120/group) will provide 80% 
power to detect a 0.9 point between-group difference in 
12-point SPPB scores at 6 months (assuming SD of 2.8, 
p=0.05, and 20% dropouts). A 0.5 point between-group 
difference in SPPB is considered to be clinically signif-
icant.30 This sample size is expected to be sufficient to 
detect between-group differences of 10–15% for the 
secondary outcome measures. These calculations used 
the sampsi command in Stata V.13 and PASS V.13 and 
allow for a 20% loss to follow-up.

Data analysis
The primary analysis will be based on an intention-to-
treat approach. The primary effectiveness outcome will 
be assessed as a change in participants' mobility using the 
SPPB. It will be treated as a continuous variable. The effect 
of group allocation on the outcome at 6-month follow-up 
will be analysed using linear regression models with base-
line scores entered into the linear regression model as a 
covariate. Alternatively, if distributions are overly skewed 
(on visual inspection of histograms), the change scores 
(post-pre) will be analysed. The number of falls per person 
year will be analysed using negative binomial regression 
models to estimate the between-group difference in fall 
rates after 6 months with exposure entered as the offset 
variable.31 The other secondary continuous outcomes 
(five times sit-to-stand test and EQ-5D-5L) will be analysed 
using regression models with baseline variables as covari-
ates as described for the primary outcome.31 Ordinal 
regression will be used to compare groups on the GAS.

Prespecified subgroup analyses will use interaction 
terms (group × outcome) in the model to explore 
whether there is a differential effect of the intervention in 
residential aged care facilities versus community-dwelling 
residents and in those with more marked cognitive impair-
ment. Secondary analyses using causal modelling maybe 
conducted to establish intervention effects in people with 
greater exercise dose.32

Cost-effectiveness will be explored as the cost per extra 
person avoiding mobility deterioration as defined as an 
improvement or no change in the 12-point SPPB score 
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between baseline and 6 months. Cost-effectiveness analysis 
may also be conducted on falls (ratios will be calculated 
relative to the control group for the incremental cost per 
fall avoided per person) and the quality-adjusted life year 
(QALY) gained (calculated from EQ-5D-5L). Bootstrap-
ping will estimate a distribution around costs and health 
outcomes and calculate the CIs around the incremental 
cost-effectiveness ratios. The results will be plotted on the 
cost-effectiveness plane, and as cost-effectiveness accept-
ability curves. These methods have been used previously 
when calculating the incremental cost-effectiveness ratios 
for exercise programmes for older people.33

A detailed analysis of the implementation outcomes 
relating to the intervention’s reach, fidelity, dose deliv-
ered, adoption, feasibility and exercise adherence 
measures will be conducted. This data will be presented 
numerically and descriptively.34 Thematic analysis will be 
conducted for interview data.35 We will use the NASSS 
framework (Nonadoption, Abandonment and Challenges 
to the Scale-Up, Spread and Sustainability of Health and 
Care Technologies) to provide a conceptual ‘lens’ that 
will inform our implementation analysis. NASSS consoli-
dates multiple implementation frameworks and empirical 
studies, targeting key issues relating to implementation 
and uptake of telehealth at the microlevel of individual 
staff and consumers, the mesolevel challenges of organ-
isational engagement and adoption, and macrolevel 
policy and regulatory factors.36

Patient and public involvement
The rationale, trial design and intervention content were 
informed by older people receiving aged care services 
and their advocates, aged care physiotherapists and aged 
care service providers via several online forums and many 
formal and informal meetings and conversations. Staff 
of aged care service provider organisations assisted with 
recruitment of participants for the research through 
direct communications within their organisations.

Governance
The trial will be governed by a project steering committee, 
consisting of representatives from our aged care partners 
not directly linked to research activities, an indepen-
dent consumer advocate and the study investigators. The 
committee will be chaired by a member of the research 
team. This committee will facilitate consumer and aged 
care input into the study, oversee the study protocol and 
data analysis, support results translation and be involved 
in the development of the resources at the end of the 
study period.

CONCLUSION
This study addresses the international public health chal-
lenge of preventing mobility decline in older people. 
Deteriorating mobility is common and costly in older 
people receiving aged care services. The increasing cost 
of ageing and dementia care services means that there 

is an economic imperative for governments and service 
providers to support treatment innovations such as tele-
health to ensure that older people have equitable access 
to appropriate and effective care.37 This study is the first 
known randomised controlled trial to rigorously examine 
the evidence about the effectiveness, cost-effectiveness 
and implementation of a telehealth physiotherapy-led 
exercise programme to improve mobility, reduce falls and 
improve the quality of life in older people receiving aged 
care services in their home or residential aged care.
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CHAPTER SIX  

 

Engaging stakeholders: Co-design in the development of the TOP UP trial  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Preamble 

This chapter describes the co-design process of the TOP UP trial, including an overview of the 

collaborative input from stakeholders that contributed to the implementation of the TOP UP 

intervention. 
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6.1 INTRODUCTION TO CO-DESIGN 

The ageing population is experiencing an increase in disability rates, with frailty often as a 

precursor to disability.1 This was exacerbated by the COVID-19 pandemic during which social 

distancing measures led to increased physical inactivity in older adults, worsening frailty and 

disability progression.2 3 Multicomponent lifestyle interventions that include exercise have 

been shown to be effective in reducing frailty and mobility disability.4 However the availability 

and reach of these interventions is limited.5 

 

Telehealth exercise programs have emerged as a viable alternative to traditional face-to-face 

approaches, showing promise in increasing physical activity levels among older adults.6 

However, barriers to the adoption of technology in older adults and in different care settings 

persist.7 Implementing telehealth interventions for older adults is complicated by challenges 

such as limited digital literacy, variable access to technology and physical and sensory 

impairments.7 Despite these challenges, there is scant research guiding the adoption and 

sustainability of telehealth programs aimed at promoting physical activity in aged care.  

 

There are increasing calls for researchers to use co-design methods to bridge the digital divide 

and create sustainable telehealth programs that enhance the wellbeing and independence of 

older people.8 Co-design with older people has shown to be critical for gaining a 

comprehensive understanding of their specific needs and challenges and for identifying 

solutions which can safely address age-related barriers to telehealth. 

 

Co-design, as evidenced by a comprehensive 2020 systematic review, encompasses a spectrum 

of activities across research methodologies.9 The review identified varied terminologies, 

scopes, and theoretical focuses within trials, yet common steps for stakeholder involvement 
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emerged. These steps include stakeholder identification, partnership establishment, 

collaborative research question formulation, co-design forums, method development, feedback 

loops, ongoing monitoring and evaluation, data analysis, knowledge translation, dissemination, 

and sustained engagement for scale-up. 

 

Co-design steps are as follows: 

1. Identify stakeholders: Engage diverse stakeholders, including community members, 

partner organisations, and field experts, aligning their knowledge and resources to 

enhance research outcomes.10 

2. Build partnerships: Foster genuine and active partnerships with stakeholders, 

establishing collaborative and respectful relationships throughout the research 

process.11 

3. Define and test research questions: Collaboratively identify relevant research questions 

aligned with stakeholders' concerns and research goals.12 

4. Host co-design forums: Organise workshops where researchers and stakeholders 

collaboratively shape research objectives, trial resources, and refine implementation 

strategies through open dialogue.13 

5. Develop research methods: Co-design research methods, incorporating stakeholders' 

input in selecting appropriate data collection and analysis techniques for the specific 

research context.14 

6. Create a feedback loop: Establish communication channels for ongoing stakeholder 

input on research implementation, responding to emerging findings and 

recommendations.15 
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7. Ongoing monitoring and evaluation: Implement mechanisms for continuous monitoring 

and evaluation of interventions, adjusting based on stakeholder feedback to ensure 

relevance and responsiveness.15  

8. Data analysis:  Involve stakeholders in data analysis and interpretation, deriving 

meaningful insights that resonate with their lived experiences.16 

9. Knowledge translation: Involve stakeholders in data analysis and interpretation, 

deriving meaningful insights that resonate with their lived experiences.17 

10. Dissemination: Discuss strategies for sharing research findings with the broader 

community, utilising co-authored publications, reports, presentations, workshops, or 

other suitable means.18  

11. Sustain engagement for scale-up: Maintain ongoing stakeholder engagement beyond 

project completion, fostering continued collaboration and deeper understanding of 

evolving community needs.19 

 

Co-design ensures participatory and inclusive research, yielding more relevant and impactful 

outcomes.9 This chapter focuses on the co-design activities employed by the research team in 

developing the TOP UP intervention, with a specific emphasis on the co-design of the 

implementation mapping process.20 Implementation mapping in co-design research refers to 

the systematic process of planning and detailing how a designed intervention or innovation will 

be put into practice.21 It involves identifying the key components of the intervention, 

understanding the context in which it will be implemented, and mapping out the steps and 

strategies needed for successful execution. This mapping process ensures that the designed 

solution is effectively translated into real-world settings, considering the specific needs, 

resources, and challenges of the target environment. The objective of this chapter is to describe 

the application of co-design principles in the development of the TOP UP trial.   
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6.2 TOP UP’S CO-DESIGN ACTIVITIES  

The TOP UP intervention and implementation plan was guided by Fernandez’s implementation 

mapping process,21 the Integrated Knowledge Translation (IKT) model22 23 and the 

Nonadoption, Abandonment, and Challenges to the Scale-Up, Spread, and Sustainability 

(NASSS) framework.24  

 

Implementation mapping is used to improve adoption, implementation, sustainment, and scale-

up of interventions.25 Implementation mapping involves five tasks: (1) conduct an 

implementation needs assessment and identify program adopters and implementers; (2) state 

adoption and implementation outcomes and performance objectives, identify determinants, and 

create matrices of change objectives; (3) choose theoretical methods (mechanisms of change) 

and select or design implementation strategies; (4) produce implementation protocols and 

materials; and (5) evaluate implementation outcomes. 

 

IKT is a collaborative approach that involves engagement of “knowledge users” or 

stakeholders as active participants in the research process. IKT aims to ensure that research 

findings are relevant, applicable, and useful to those who can benefit from them, leading to 

more effective and efficient knowledge translation from research into practice and policy. TOP-

UP was co-designed by 1) older people with lived experience and their loved ones, who bring 

firsthand knowledge of how to create a model that meets their needs, 2) aged care provider 

managers and care staff who understand the barriers and facilitators of delivering high quality 

care, 3) clinicians who understand the benefits and technical requirements of exercise and the 

barriers to integrating it in the aged care setting, and 4) leading researchers in falls and ageing 

with strong track records in development, evaluation and implementation of exercise programs. 
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The NASSS framework is a comprehensive model developed to analyse and understand the 

complexities involved in the adoption and implementation of healthcare technologies. It 

provides a structured approach to assess the Non-Adoption, Abandonment, Scale-up, Spread, 

and Sustainability of technologies within healthcare systems. The framework considers various 

factors and contexts, including technological, social, organisational and policy-related aspects, 

to evaluate the success and challenges associated with implementing healthcare technologies. 

By addressing the messy multifaceted nature of technology adoption, the NASSS framework 

offers valuable guidance for researchers and healthcare professionals seeking to implement and 

sustain technology-based interventions in healthcare settings 24 

 

TOP UP used a co-design implementation mapping process that was a hybrid of Fernandez 

implementation mapping process and the NASSS framework and strengthened through the IKT 

approach.   

 

Stage One: pre-trial  

1. Implementation needs assessment to identify TOP UP adopters and implementers: The 

research team met to discuss potential stakeholders and developed an expression of interest 

letter for these possible stakeholders (Supplementary File 1). After an initial phone or Zoom 

conservation, aged care service providers including care workers staff, experienced aged 

care physiotherapists, members of the research institute’s consumer forum including aged 

service users and their families from both the residential and home care settings, and other 

aged care researchers from different disciplines were invited to a series of Zoom 

workshops. The initial workshop was held in October 2020 and where Implementation 

Needs Assessment was conducted. This meeting discussed the research objectives and the 

potential requirements and challenges associated with implementing TOP UP. The goal of 
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this workshop was to understand the factors that may influence the successful adoption and 

integration of TOP UP. This assessment gave the research team useful insights into the 

specific needs (physiotherapists, aged care staff and aged care administration), resources 

(printed and online), and potential barriers (staffing shortages during COVID breakouts) 

that must be addressed during the implementation process.  

 

2. Explore program barriers and facilitators and develop trial resources: Between November 

2020 to May 2021 the research team had fortnightly meetings with potential aged care 

services providers (n=5) that included local facility managers and care staff and gave us the 

opportunity to develop viable research partnerships. We also convened four consultation 

workshops with physiotherapists (n=10), care workers (n=5) and people with lived 

experiences (n=10). The aim of these consultation processes was to use the principles of 

IKT to better understand the needs of the aged care community regarding the existing 

barriers and facilitators to existing mobility and fall prevention exercise program. We used 

these workshops to strengthen our relationship with our aged care research partners, further 

refine our research question, trial methodology, data collection/analysis and design, design 

and test our trial resources such as the Participant Information Sheet and Consent Form 

(Supplementary File 2), TOP UP Exercise Booklet (Supplementary File 3), Health Service 

Utilisation and Fall Diary (Supplementary File 4), exercise videos and website 

(https://www.physiotopup.com/).  

 

3. Review of existing literature: The research team conducted a review of existing exercise 

and telehealth literature to identify evidenced-based interventions that have been successful 

in addressing similar health concerns in similar contexts with older people and those with 

disability. Findings from Chapter Two and Three were discussed with our stakeholders and 
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formed the foundation for the TOP UP intervention protocol in Chapter Six and our 

successful ethics application in May 2021. See Appendix 2.  

 

4. Co-design implementation mapping: In the pursuit of enhancing intervention 

implementation strategies, the TOP UP intervention was developed following an in-depth 

mapping process utilising NASSS framework, a comprehensive model spanning seven 

distinct domains. This approach was undertaken during the pre-trial stakeholder 

workshops, where stakeholders actively contributed to identifying context-specific barriers 

and formulating facilitators. The objective was to enhance the feasibility of the intervention 

and ensure its successful implementation within the complex landscape of aged care, with 

particular emphasis on the challenges posed by the COVID-19 pandemic. Through iterative 

dialogue, these identified barriers were scrutinised, and potential facilitators were 

integrated into the TOP UP trial protocol. For detailed insights, please refer to Box 1. 

 

5. Preparing for implementation outcomes evaluation and research translation: In the context 

of the TOP UP trial, stakeholders actively contributed to the development of our 

recruitment strategy and qualitative evaluation process methodology. Stakeholders agreed 

that a robust cost-effectiveness evaluation methodology is required to support strategic 

policy arguments in favour of telehealth physiotherapy interventions in aged care, and 

advocating for funding if the TOP UP intervention proves effective and acceptable. 

Moreover, stakeholders engaged in discussions regarding potential dissemination strategies 

and opportunities for scaling the intervention if it demonstrated acceptability, safety and 

effectiveness. Addressing these challenges is fundamental facilitate the widespread 

adoption and long-term sustainability of telehealth solutions post-research phase.26  
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Box 1: TOP UP intervention and implementation mapping using the NASSS framework 

  

Domain  Definition of domain Implementation guidance derived from our 

knowledge stakeholders 

The 

condition  

The suitability of the 

participant’s attributes 

and their interaction 

with the intervention. 

All stakeholders reviewed the development of 

information sheets, participant manual, exercise 

video scripts and video footage to ensure that it 

used senior-friendly text, language and visuals as 

well as being clinically feasible. 

The 

technology  

Technical features 

related to the usability 

of telehealth and its 

support requirements. 

-Keep the website design simple and intuitive. 

-Use large, easy-to-read fonts and high contrast 

colors for better readability. 

-Organise content logically with clear navigation 

menus and labels. 

-Use clear headings and subheadings to break down 

content into easily digestible sections. 

-Provide clear instructions for each exercise, 

accompanied by step-by-step videos. 

-Include variations or modifications for different 

fitness levels and abilities. 

The value 

proposition  

The value proposition 

of telehealth for 

upstream end users 

(service providers) 

and downstream users 

(clinicians and their 

clients). 

-Development of the participant information sheet 

to maximise the interventions uptake during 

recruitment 

-Development of educational videos stored on the 

TOP UP website and training videos for coaches to 

maximise intervention adherence   

The adopter 

system  

The ongoing 

investment required to 

support the telehealth 

intervention and the 

ongoing acceptability 

of stakeholders. 

-Ensure sufficient time for coaches to support 

participants and receive training.  

-Support feasibility by identifying sites with >5 

possible participants, ensure sites had sufficient 

capacity from support staff and registered nurses. 

-Ensured all participants had safe and secure space 

to conduct the Zoom physiotherapy assessments. 

The 

organisation  

An organisation’s 

capacity to embrace 

the telehealth 

intervention and the 

supports required to 

establish and maintain 

it as a viable service 

offering. 

-Stakeholders encouraged the research team to 

develop a research timeline that included 

organisational support for recruitment, baseline 

assessment, coach training and trial implementation 

ensuring that all steps were culturally safe for 

potential participants. 

-Aged care partners provided funds to purchase 

sufficient iPads and mobile connectivity to 

commence the trial  

The wider 

context  

The wider 

organisational and 

policy impacts on 

telehealth uptake and 

sustainability. 

The stakeholders reviewed processes that: 

-Developed reimbursement processes, reviewed 

telehealth and privacy regulations, tested telehealth 

systems before commencement of trial.   

-Consulted with site management to ensure that 

there was no burden on staff and participants. 
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Stage Two – during the trial  

The successful implementation of telehealth interventions in aged care settings demands 

continuous adaptation to the unique challenges within this context. Throughout the TOP UP 

trial, a proactive approach was taken to address emerging challenges and optimise trial fidelity. 

This process was guided by two key committees.  

 

The Project Steering Committee (PSC) comprises of two representatives from aged care 

partners not directly involved in the research, one independent consumer advocate, and two 

study investigators, met quarterly via Zoom from May 2021. During these meetings, the  

research team provided updates on project milestones, comparing them with actual progress. 

Identified barriers were discussed, and implementation solutions were devised and 

documented. A dedicated agenda item focused on risk management and adverse event reporting 

was a standing feature of these sessions. 

 

The Aged Care Partner Project Committee (ACPPC) consists of representatives from TOP UP's 

aged care and physiotherapy partners, working alongside TOP UP’s lead researcher, Rik 

Dawson. This committee convened monthly via Zoom to deliberate on the trial's 

implementation strategies and data collection processes. Importantly, it served as a vital 

feedback loop,15 enabling aged care partners to communicate challenges faced by participants 

engaging with the intervention. This platform allowed prompt reporting of adverse events to 

the PSC and also facilitated modifications to trial resources to enhance participant engagement 

and the development of novel trial resources. Examples of these outputs include: 

i. Enhanced exercise videos: Both trial participants and physiotherapists expressed the need 

for additional exercise videos. Specifically, there was a demand for videos featuring seated 

options, slower exercise routines tailored to individuals with cognitive and neurological 
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impairment such as Parkinson’s Disease, and the incorporation of upper limb exercises. 

These suggestions aimed to create a more inclusive and comprehensive exercise program 

to cater to the diverse needs of the participants. 

 

ii. Advanced training for TOP UP coaches: TOP UP coaches identified a requirement for 

further education in motivational interviewing techniques and behaviour change strategies. 

This input highlighted the importance of equipping coaches with advanced skills to 

effectively engage with participants, motivate them to exercise and facilitate positive 

behavioural changes. Additionally, staff in intervention sites noted that more coaches 

needed to be trained during the trial’s implementation due to the impact of COVID-19 on 

staff availability to support the intervention. 

 

iii. Co-design of trial results summary documents (Supplementary File 5): Aged care partners 

and various participants led the co-design of trial summary documents in order to ensure 

maximum clarity and comprehension for the participants involved in the trial. By involving 

multiple perspectives, these documents were more thoughtfully crafted to be accessible and 

informative (answering the questions that stakeholders, rather than researchers, prioritise), 

thereby enhancing participant understanding and engagement.  

 

These committee consultations facilitated continuous dialogue between stakeholders which 

provided a structured mechanism for addressing challenges in real-time. This collaborative 

problem-solving approach significantly contributed to the successful implementation and 

fidelity of the TOP UP trial within the complex landscape of aged care settings, as well as the 

development of more tailored and participant-centred trial resources described above.  
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6.3 TRIAL PROGRESS  

The recruitment for the TOP UP trial concluded in February 2023, with final follow-up data 

collection completed in November 2023. Throughout the trial, various challenges, including 

COVID-19 lockdowns and floods, tested recruitment and fidelity efforts. The research team 

attributes the trial's high level of acceptability and successful implementation outcomes to the 

co-design approach. 

 

The co-design approach enabled the TOP UP research team to sign clinical trials agreements 

with eight aged care partners. Through these partnerships over 27 sites agreed to participate in 

the TOP UP trial.  A total of 1348 aged care services across 27 sites were screened by TOP 

UP's aged care partners. The trial demonstrated robust adoption, with 242 services consenting 

to participate from an eligible pool of 512 participants. At the six-month primary outcome 

follow-up assessment, 191 participants remained available for follow-up, highlighting the high 

feasibility of TOP UP. Trial median exercise dose was 29 hours (range 8 to 75), which reflects  

the dose proposed in the ICA and QCA. There was only one recorded adverse event recorded 

during the trial with one participant experiencing a fall while exercising with no reported 

injuries. Participants were surveyed at the end the intervention, with a specific inquiry 

regarding whether they would endorse telephysiotherapy to individuals similar to themselves. 

Noteworthy is the fact that most participants, except for five, expressed a willingness to 

recommend telephysiotherapy (TOP UP) to others. Additional insights into implementation 

will be further investigated in 2024. 

 

6.4 DISCUSSION  

The development and implementation of the TOP UP intervention in aged care settings was 

grounded in a co-design approach, guided by the Integrated Knowledge Translation (IKT) 22 23 
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and Fernandez implementation mapping process.21 This chapter explores the process of co-

design that the research team undertook, led by Rik Dawson. It highlights the involvement of 

diverse stakeholders and the utilisation of established frameworks to address challenges and 

optimise the intervention's effectiveness. The co-design process involved older people with 

lived experiences, aged care providers, clinicians and leading researchers with 

multidisciplinary skills. Fernandez’s implementation mapping process guided the co-design 

activities while the IKT framework was instrumental in promoting active engagement of 

stakeholders, facilitating collaboration, and aligning research questions with stakeholders' 

concerns while the. Similarly, the NASSS framework, encompassing technological, social, 

organisational, and policy-related aspects, provided a structured approach to considering the 

different dimensions of implementing and evaluating the complexities of telehealth 

interventions in aged care settings. 

 

In the pre-trial phase, stakeholders were identified through consultations and workshops, 

fostering partnerships and were invited to participate in an intervention needs assessment and 

refine research questions and methodology. A comprehensive literature review informed the 

intervention protocol, ensuring evidence-based practices were embedded in the intervention. 

Utilising the NASSS framework, barriers and facilitators specific to aged care were identified 

and integrated into the implementation plan.  Informed by the IKT model stakeholders actively 

contributed to the co-design process, resulting in the development of tailored trial resources 

such as enhanced exercise videos and extensive staff education. 

 

The co-design process faced challenges, including technological usability and organisational 

readiness. Stakeholders collaborated to address these challenges and assisted to develop user-

friendly telehealth interfaces, senior-friendly written resources and organisational support for 
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recruitment and trial implementation. This commitment to the trial was grounded in sound 

partnerships. Feedback loops were established in the trial’s governance committees, facilitating 

ongoing communication and adaptation based on stakeholders' inputs. 

 

A recent mixed methods study, akin to TOP UP, employed co-designed implementation 

strategies to deliver a feasible digital community-based exercise and education program 

targeting frail older adults.27 The study focused on optimising telehealth interventions for 

physical activity in community-dwelling older adults through a co-design process, using Zoom 

stakeholder workshops for collaborative dialogue. Their approach stressed the development of 

digital health-literacy training, educational sessions to enhance self-efficacy, and digital 

literacy for participants. Recommendations included training health professionals in digital 

skills, emphasizing the importance of social and community support for technology adoption 

among older adults, and addressing potential digital divides through local networks or family 

assistance.27 

 

The adaptive co-design process employed by TOP UP played a pivotal role in optimising the 

acceptance of the intervention, as detailed in Chapter Seven's qualitative analysis. Moreover, 

the ongoing implementation, as indicated by emerging implementation outcomes, suggests the 

potential feasibility of this approach. We anticipate that the tailored co-designed methodology 

utilised by TOP UP across residential and home care settings will contribute to heightened 

acceptance and utilisation of its implementation strategies among prospective aged care service 

providers, physiotherapists, and older individuals, if the intervention proves effective. 
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6.4 CONCLUSION  

This chapter highlights the necessity of ongoing collaboration and adaptability to address 

challenges and optimising outcomes in real-world settings. The acceptability and feasibility of 

the TOP UP trial in aged care settings was enhanced by a careful co-design process, engaging 

diverse stakeholders and utilising established implementation frameworks. The collaborative 

endeavours yielded a participant-centred approach, effectively addressing the complex needs 

of the aged care population. This cooperative approach has not only facilitated the 

implementation of TOP UP but also holds the potential to foster widespread adoption should 

the intervention prove effective. TOP UP demonstrates the pivotal role of co-design in crafting 

a telehealth solution that could truly make an impact.  

  

178



REFERENCES 

1. Cesari M, Prince M, Thiyagarajan J, et al. Frailty: An Emerging Public Health Priority. 

J Am Med Dir Assoc 2016;17(3):188-92. 

2. Pérez LM, Castellano-Tejedor C, Cesari M, et al. Depressive Symptoms, Fatigue and 

Social Relationships Influenced Physical Activity in Frail Older Community-Dwellers during 

the Spanish Lockdown due to the COVID-19 Pandemic. Int Environ Res Public Health 

2021;18(2):808. 

3. Roschel H, Artioli GG, Gualano B. Risk of Increased Physical Inactivity During 

COVID‐19 Outbreak in Older People: A Call for Actions. J Am Geriatr Soc 2020;68(6):1126-

1128. 

4. Cameron I, Fairhall N, Langron C, et al. A multifactorial interdisciplinary intervention 

reduces frailty in older people: randomized trial. BMC Medicine 2013;11(65). 

5. Adams R, Jones A, Lefmann S, Sheppard L. Towards understanding the availability of 

physiotherapy services in rural Australia. Rural Remote Health 2016. 

6. Batsis J, DiMilia P, Seo L, et al. Effectiveness of Ambulatory Telemedicine Care in 

Older Adults: A Systematic Review. J Am Geriatr Soc 2019;67(8):1737-1749. 

7. Wilson J, Heinsch M, Betts D, et al. Barriers and facilitators to the use of e-health by 

older adults: a scoping review. BMC Public Health 2021;21(1):1556. 

8. Sumner J, Chong Lin S, Bundele A, Wei Lim Y. Co-Designing Technology for Ageing 

in Place: A Systematic Review. Gerontologist 2021;61(7):e395-e409. 

9. Slattery P, Saeri AK, Bragge P. Research co-design in health: a rapid overview of 

reviews. Health Res Policy Syst 2020;18(1):17. 

10. Pérez Jolles M, Willging C, Stadnick N, et al. Understanding implementation research 

collaborations from a co-creation lens: Recommendations for a path forward. Front Health 

Serv 2022;2. 

179



11. Sheridan S, Schrandt S, Forsythe L, et al. The PCORI Engagement Rubric: Promising 

Practices for Partnering in Research. Ann Fam Med 2017;15(2):165-170. 

12. Boaz A, Hanney S, Borst R, et al. How to engage stakeholders in research: design 

principles to support improvement. Health Res Policy Syst 2018;16(1):60. 

13. Darley A, Carroll Á. Conducting Co-Design with Older People in a Digital Setting: 

Methodological Reflections and Recommendations. Int. J Integr Care 2022;22(4):18 

14. Small N, Ong B, Lewis A, et al. Co-designing new tools for collecting, analysing and 

presenting patient experience data in NHS services: working in partnership with patients and 

carers. Res Involv Engagem 2021;7(1):1-85. 

15. Hollmann S, Regierer B, Bechis J, et al. Ten simple rules on how to develop a 

stakeholder engagement plan. PLoS Comput Biol 2022;18(10):e1010520-e. 

16. Forsythe L, Heckert A, Margolis MK, et al. Methods and impact of engagement in 

research, from theory to practice and back again: early findings from the Patient-Centred 

Outcomes Research Institute. Qual Life Res 2018;27(1):17-31. 

17. Woolf  SH. The Meaning of Translational Research and Why It Matters. J Am Med 

Assoc 2008;299(2):211-213. 

18. Iniesto F, Charitonos K, Littlejohn A. A review of research with co-design methods in 

health education. Open Educ Stud 2022;4(1):273-295. 

19. Bird M, McGillion M, Chambers EM, et al. A generative co-design framework for 

healthcare innovation: development and application of an end-user engagement framework. 

Res Involv Engagem 2021;7(1):12. 

20. Sanz MF, Acha BV, García MF. Co-Design for People-Centred Care Digital Solutions: 

A Literature Review. Int J Integr Care 2021;21(2):16. 

21. Fernandez ME, Ten Hoor GA, van Lieshout, et al. Implementation Mapping: Using 

Intervention Mapping to Develop Implementation Strategies. Front Public Health 2019;7:158. 

180



22. Graham ID, McCutcheon C, Kothari A. Exploring the frontiers of research co-

production: the Integrated Knowledge Translation Research Network concept papers. Health 

Res Policy Syst 2019;17(1):88. 

23. Jull J, Giles A, Graham ID. Community-based participatory research and integrated 

knowledge translation: advancing the co-creation of knowledge. Implement Sci 

2017;12(1):150. 

24. Greenhalgh T, Wherton J, Papoutsi C, et al. Beyond Adoption: A New Framework for 

Theorizing and Evaluating Nonadoption, Abandonment, and Challenges to the Scale-Up, 

Spread, and Sustainability of Health and Care Technologies. J Med Internet Res 

2017;19(11):e367. 

25. Proctor EK, Powell BJ, McMillen JC. Implementation strategies: recommendations for 

specifying and reporting. Implement Sci 2013;8(1):139. 

26. Dai Z, Sezgin G, Li J, Franco GS, et al. Telehealth utilisation in residential aged care 

facilities during the COVID-19 pandemic: A retrospective cohort study in Australian general 

practice. J Telemed Telecare 2022:1357633X221094406-1357633X. 

27. Villa-García L, Davey V, Peréz LM, et al. Co-designing implementation strategies to 

promote remote physical activity programs in frail older community-dwellers. Front Public 

Health. 2023;11:1062843. 

 

 

 

 

  

181



Supplementary File 1: Stakeholder Expression of Interest letter   

Date:  

Dear [Recipient's Name], 

 

I hope this message finds you well. My name is Rik Dawson, and I am reaching out to you on 

behalf of the University of Sydney, specifically from the Sydney Musculoskeletal Health 

(Sydney MSK) at the Institute for Musculoskeletal Health (IMH). As a titled Gerontological 

Physiotherapist I have dedicated a significant portion of my career to improving the lives of 

older Australians in residential and aged care settings. 

 

Our shared interest in enhancing the health and wellbeing of the elderly in our community has 

led myself and some other researchers to develop an innovative project called TOP UP. We 

envisage that the TOP UP project will be a co-designed telehealth program aimed at delivering 

virtual physiotherapy and health coaching services. Our goal is to enhance the safety, cost-

effectiveness, and acceptability of physiotherapy and health coaching programs tailored for 

residents in aged care. 

 

The TOP-UP app would like to address key concerns related to falls prevention and mobility 

improvement among older Australians who might face challenges accessing in-person services. 

We firmly believe that the TOP-UP project could address the accessibility issues faced by aged 

care residents, particularly those residing in rural areas or dealing with frailty. The evidence 

supporting the effectiveness of physiotherapist-prescribed exercises in preventing falls and 

injuries among aged care residents underscores the importance of our initiative. 
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I am writing to extend a warm invitation to you (your organisation) to meet with us. During 

this meeting, I would be delighted to share our vision for the TOP-UP project and discuss how 

it can significantly improve the lives of aged care services users. Moreover, I am keen to gain 

insights into aged care physiotherapy from your unique perspective. 

 

We are flexible in terms of meeting arrangements and can meet in person at the University of 

Sydney Campus or via Zoom, whichever is more convenient for you. Additionally, we are more 

than happy to come to your offices or home if that proves to be more accessible for you. 

I believe that by combining our expertise and resources, we can make a substantial difference 

in the lives of older Australians in residential aged care. I am looking forward to the opportunity 

to collaborate and create a positive impact together. 

 

Please feel free to reach out to me at [Mobile] or [Email Address] to schedule a suitable time 

for our meeting. Thank you for considering our invitation, and I am excited about the prospect 

of working together for the betterment of our community. 

 

Warm regards, 

 

Rik Dawson  

Gerontological Physiotherapist 

Institute for Musculoskeletal Health (IMH) University of Sydney 

BAppSc. (Phty), B.Ca., GAICD 
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Supplementary File 2: TOP UP Participant Information sheet and Consent From  

Participant Information Sheet 

 

Study Title 

A physiotherapy led telehealth and exercise 

intervention to improve mobility in older people 

receiving aged care services: an effectiveness and 

implementation randomised controlled trial  

 
Short Title The TOP UP study  

.   

Project Sponsor Sydney Local Health District and (insert ACP), this study is being funded 

by The Institute of Musculoskeletal Health.    

Coordinating Principal 

Investigator 
Professor Catherine Sherrington  

Associate Investigator(s) 

 

Mr. Rik Dawson, Dr Marina Pinheiro, Professor Vasi Naganathan, Dr 

Morag Taylor 

Locations TBA 

 

1 Introduction 

You are invited to take part in a research study looking at how telehealth can be 

used with physiotherapy to improve your walking, reduce your risk of falls, and 

improve your overall health.  Telehealth means receiving a physiotherapist 

exercise program on-line via an iPad or a similar video-conferencing device. 

 

We believe that you would be a suitable person to see if telehealth is effective 

and whether you would recommend it to anyone in the future.  This Participant 

Information Sheet tells you about the research study. Knowing what is involved 

will help you decide if you want to take part in the research. Please read this 

sheet carefully or ask someone to read it out to you and ask questions about 

anything that you don’t understand or want to know more about.  

 

Participation in this research study is voluntary. By giving your consent to take 

part in this study you are telling us that you: 

- Understand what you have read and agree to take part in the research study  

- Agree to the use of your personal information as described. 
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2 What is the purpose of this research? 

Research has shown that physiotherapy can improve older people’s walking, 

reduce their risk of falls and improve their overall health.  This study is 

designed to see if receiving physiotherapy while using an iPad or other devices 

is as effective as face-to-face sessions, has a cost benefit and helps older people 

do their exercise more easily.  

 

The study is being carried out by the following researchers: 

- Professor Cathie Sherrington, Dr Marina Pinheiro, and Professor Vasi 

Naganathan from the Insitute of Muscuolskeletal Health, The University of 

Sydney; Dr Morag Taylor from NSW University; and Mr. Rik Dawson. 

- Rik is an experienced aged care physiotherapist and is conducting this study as 

the basis for his degree of Master of Philosophy at The University of Sydney. 

This will take place under the supervision of Professor Sherrington and Dr 

Pinheiro. 

 

3 What does participation in this research involve? 

Anyone aged 65 years or older who is able to walk at least 10 metres with or 

without a walking aid can join the study. We will ask you to exercise for 4 days 

per week for up to 30 minutes each time. We will help you to use the 

technology safely with confidence. 

 

You will be asked to answer some questions to make sure you are the right fit for 

this study.  For example: how old are you?  Do you have any difficulty walking? 

You will also be asked to sign the consent form at the end of this form where you 

agree to participate in the study.  

 

You will be asked to participate in some research activities that will take no longer 

than 60 minutes each time.  These include: 

- assessments of your ability to stand up, your standing balance, and, to walk short 

distances at the beginning and end of the study. 

- answering a short survey about your general health called the EQ-5D-5L and 

your experience with telehealth at the end of the study.  
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- keeping a record of your exercise program, any falls, and any other side effects 

you may have throughout the study. Please let the research team know if you need 

help with this. 

 

The study will go for 6 months and during that time you will be asked to: 

- talk to a physiotherapist using an iPad or another device and get some advice 

about how you exercise and walk.  

- follow some balance, walking and strengthening exercise programs that we will 

provide in a booklet and on-line that you can access via the TOP UP website. 

- talk to one of our physiotherapist 10 times over the study. You will also have 

their phone number so you can call them anytime and ask them questions about 

your physiotherapy program.   

- participate in a 60-minute interview once the study is over. 

- there is no ongoing participation once the 6 months is completed. 

 

You may be asked to have your photo taken and video recording of you exercising 

with the physiotherapist throughout the study, however this is not essential to be 

part of the study. The final interview will need to be audio recorded and 

transcribed by a computer transcription service and reviewed by members of the 

research team to review the interview later.  

 

The results of the study will be included in newspaper articles, scientific journals 

and presented at National and International Conferences.  You will not be 

identifiable in any of these publications. 

 

If you agree to take part in the study, you will either start the telehealth 

intervention straight away in Group 1 or wait six months and start in Group 2. 

We will use a computer to randomly pick what group you will in. Random 

allocation is like the flip of a coin, there is an equal chance of you being 

allocated to either group.  

 

 

The results of the telehealth intervention in Group 1 will be compared to the 

results of Group 2 who will continue with their usual care for the first 6 months. 
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There will be no additional costs associated with participating in the TOP UP 

Study, nor will you be paid. All physiotherapy will be provided to you free of 

charge as will the telehealth technology needed during the study if you don’t 

already have a suitable device. 

 

We will contact your Doctor to let them know that you have decided to participate 

in this research.   

 

4 What do I have to do? 

If you are allocated to Group 1 during the study, you will begin using the 

telehealth devices for your physiotherapy sessions and follow your physio 

exercise program using the Participant Booklet and the online exercise 

programs. 

 

If you are allocated to Group 2, you will have to wait until the first six months 

has passed before you can start the TOP UP physiotherapy program.  

 

Both groups will need to keep a record of their exercise habits and any falls in 

the first six months, and we will take some measurements on both groups to 

measure the effects of the study. There will be no other changes to your daily 

activities other than the specific TOP UP interventions. 

 

You cannot join the study if you are already doing a similar exercise program.  

However, if you see a physiotherapist for regular massage or occasionally for 

other reasons than you are free to join. However, if you have poor hearing, 

vision or difficulty speaking clearly than this study is not suitable for you.  

 

5 Other relevant information about the research project 

We expect that over 240 older people living in a residential aged care or in their 

home receiving home care will participate in the TOP UP Study across 

Australia.  
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6 Do I have to take part in this research project? 

Being in this study is completely voluntary, and you do not have to take part. 

Your decision whether to participate will not affect your current or future 

relationship with the researchers at the University of Sydney or your aged care 

service provider. 

7 What are the possible benefits of taking part? 

We cannot guarantee or promise that you will receive any benefits from this 

research. However, possible benefits of this program are that it could help you 

improve your walking, standing balance and reduce your risk of falls. 

 

8 What are the possible risks and disadvantages of taking part? 

Although the risks involved with participation in this research are low, there is a 

slight chance that you may experience muscle soreness at the start of the 

exercise sessions or have a fall. If you have any of these issues, please talk to 

your physiotherapist or your aged care service provider. 

These risks will always be taken into consideration during the telehealth 

sessions, and we will adapt the exercise program to suit your medical needs. 

However, if muscle soreness increases significantly or you begin to fall more 

often while doing the TOP UP exercises, we may need to stop your participation 

in the study.  

 

9 What will happen to information about me that is collected during 

the study? 

By providing your consent, you are agreeing to allow us to collect personal 

information about you for the purposes of this research study. Your information 

will only be used for the purposes outlined in this Participant Information 

Statement, unless you consent otherwise. 

 

Information about you may be obtained from your aged care health records for 

the purpose of this research. By signing the consent form, you agree to the study 

team accessing your health records if they are relevant to your participation in 

this research project. Any information related to elder abuse will be passed onto 

your aged care provider. 
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Your information will be stored securely, and your identity/information will be 

kept strictly confidential, except as required by the Federal 1988 Privacy Act. 

Only members of the research team will have access to your surveys, interview 

audio recording and physical tests. There are no further studies planned for your 

data, but the research team may decide to run other tests on your data in the future. 

Any stored data that is used for future research, will first be reviewed, and 

approved by an appropriately constituted Ethics Committee. 

 

At the completion of the study, we will share the wider study results with you and 

your aged care service provider but not any of your personal information and 

results. You can request a confidential report of your progress from the research 

team on the consent form at the end of this document. You will receive this at the 

completion of the study.  

 

All information will be stored safely in locked cupboards at The University of 

Sydney and secure computer systems. This information will be stored for 15 years 

and then destroyed.  

 

10 Can I have other treatments during this research project? 

Whilst you are participating in the TOP UP Study you will be able to take all 

your regular medications and treatments that you have been taking. Please let 

the research team know if you have any significant health or treatment changes 

so we can adapt the program for you and maximise your safety. 

 

11 What if I withdraw from this research project? 

If you decide to take part in the study and then change your mind later, you are 

free to withdraw at any time. You can do this by emailing or calling your care 

manager or emailing or calling the research team. We will give you a withdrawal 

form to complete so we know why. You are free to stop the interview or exercises 

at any time. You may also refuse to answer any questions that you do not wish to 

answer during the interview. 

 

If you decide to withdraw from the study, we will not collect any more 

information from you. Any information that we have already collected, however, 
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will be kept in our study records and may be included in the study results. If you 

do not want this to happen, you must tell the research team before you sign the 

consent form.  

 

12 Could this research project be stopped unexpectedly? 

This research study may be stopped unexpectedly if it appears there is the 

development of unacceptable side effects such as recurrent falls or pain.  

 

13 What happens when the research project ends? 

All participants will return their regular physiotherapy and exercise programs. 

  

14 Complaints and compensation 

(aged care facility) has sponsored this study and can be contacted if you are 

concerned about the way this study is being conducted, the conduct of a 

researcher or wish to make a complaint to someone independent from the research 

team, please contact the facility using the details outlined below.  

  

If you suffer any injuries or complications as a result of this research project, you 

should contact the research team as soon as possible and you will be assisted with 

arranging appropriate medical treatment. If you are eligible for Medicare, you can 

receive any medical treatment required to treat the injury or complication, free of 

charge, as a public patient in any Australian public hospital. The research team 

will review your injury or complication and ensure your safety is maintained by 

either modifying your treatment program or withdrawing you from the study.  

 

15 Who is organising and funding the research? 

This research project is being conducted and funded by Professor Cathie 

Sherrington, Director, Institute for Musculoskeletal Health, Sydney School of 

Public Health, Faculty of Medicine and Health, University of Sydney, Sydney 

Local Health District. Rik Dawson is supported by NHMRC CRE HDR 

Scholarship. There is no expectation that any commercialisation of this study 

will occur.  There are no conflicts of interest attached to this study.  
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16 Who has reviewed the research project? 

Research involving humans in Australia is reviewed by an independent group of 

people called a Human Research Ethics Committee (HREC). The ethical aspects 

of this study have been approved by the HREC of the Sydney Local Health 

District (SLHD). As part of this process, we have agreed to carry out the study 

according to the National Statement on Ethical Conduct in Human Research 

(2007).  

 

The ethics committee can be contacted if you are concerned about the way this 

study is being conducted, the conduct of a researcher or wish to make a complaint 

to someone independent from the study, please contact the SLHD HREC using 

the details outlined below. Please quote the study title (The TOP UP Study). 

The Sydney Local Health District HREC contact details are: 

 

17 Further information and who to contact. 

If you want any further information concerning this project or if you have any 

medical problems which may be related to your involvement in the project (for 

example, any side effects), you can contact the study’s principal physiotherapist 

Rik Dawson at any time. 

• Telephone: +61 2 8627 6265 

• Email: rik.dawson@sydney.edu.au  

• Fax: +61 2 8052 4301 

 

Aged Care Principal Investigator:                                          

• Contact Name:                    

• Phone:  

• Email:    
  

Reviewing HREC  Sydney Local Health District Human Research Ethics 

Committee – Concord Repatriation General Hospital  

HREC Exec. Officer Executive Officer 

Telephone 02 9767 5622  

Email SLHD-ConcordEthics@health.nsw.gov.au  
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Consent Form: Adult providing their own consent 

Title 
A physiotherapy led telehealth and exercise 

intervention to improve mobility in older people 

receiving aged care services: an effectiveness and 

implementation randomised controlled study   

Short Title 

 

The TOP UP study  

. Project Sponsor Sydney Local Health District and (aged care partner)  

Coordinating 

Principal 

Investigator 

Professor Catherine Sherrington  

Chief 

Investigator(s) 

 

Mr Rik Dawson, Dr Marina Pinheiro, Professor Vasi 

Naganathan, Dr Morag Taylor  

Location  

 

TBA 

 

Declaration by Participant 

I have read the Participant Information Sheet, or someone has read it to me in a 

language that I understand. I understand the purposes, procedures and risks of 

the research described in the project. 

 

I give permission for my aged care service provider and other health 

professionals to release information to the TOP UP research team concerning 

my medical history and treatment for the purposes of this project. I understand 

that such information will remain confidential.  

 

I have had an opportunity to ask questions and I am satisfied with the answers I 

have received. 

 

I understand that I may stop the final interview at any time, and that unless I 

indicate otherwise any audio recordings and transcriptions will then be erased and 

the information provided will not be included in the study. I also understand that 

I may refuse to answer any questions I don’t wish to answer. 

 

I understand that personal information about me that is collected over the course 

of this project will be stored securely and will only be used for purposes that I 

have agreed to. I understand that this information will only be told to others 

with my permission, except as required by law.  
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I understand that the results of this study may be published, and that 

publications will not contain my name or any identifiable information about me. 

I freely agree to participate in this research project as described and understand 

that I am free to withdraw at any time during the study without affecting my 

future health care.  

I understand that I will be given a signed copy of this document to keep. 

 

I consent to:   

Audio-recording and transcription    YES     NO  

 

Videorecording    YES     NO  

 

Photographs    YES                  NO  

 

Being contacted about future studies  YES     NO  

 

I consent that any de-identified data 

collected be used for future studies             YES     NO  

         

I would like to receive feedback  

about my personal results         YES     NO  

    

I would like to receive feedback 

about the overall results of this study        YES     NO   

       

If you answered YES, please indicate your preferred form of feedback: 

Postal:__________________________________________________________ 

 

Email:__________________________________________________________ 

 

Name of Participant (Please print):     _____________________________ 
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Declaration by Senior Researcher† 

 

I have given a verbal explanation of the research project; its procedures and 

risks and I believe that the participant has understood that explanation. 

Name of Researcher (Please print):     ________________________________ 

Signature: ____________________________       Date: __________________ 

† A senior member of the research team must provide the explanation of, and 

information concerning, the research project.  

Note: All parties signing the consent section must date their own signature. 

 

  

Signature: _____________________       Date: _______________ 

 

Name of Witness (Please print):     _____________________________ 

Signature: _____________________       Date: _______________ 
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Supplementary File 3: TOP UP Participant Handbook 

TOP UP Program  

Contents 

1. Welcome  
2. Safety Tips 
3. Exercise Sheets 
4. Exercise Diary 
5. How to use zoom  

 

Contact 

We are here to help you so if you have any concerns or 

questions, please contact your support manager: 

Phone -   

Email -  

 

Website 

https://www.physiotopup.com/ 

 

Logging on to telehealth 

Physio Zoom number: 

 

Physio Mobile: 
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Welcome  

Physiotherapists are trained to assess and create an exercise 

program that can improve your strength, balance, reduce falls and 

improve overall health.  

We recommend that you will need to do your exercises at least four 

times a week for 10 to 30 minutes each time - about 2 hours/week. 

We recommend that you walk every second day on top of your 

balance and strength exercises.  

Exercise with confidence 

A physiotherapist will start the program with a physiotherapy 

assessment where they will look at you move and create an exercise 

program that is easy to follow: 

- with exercises in this booklet  

- with online exercise programs found in our website, and  

 

Safety 

Contact your doctor if, while exercising or walking, you experience: 

• Dizziness, Chest pain, Shortness of breath where you are 

unable to speak  

• Have a serious fall 

Muscle soreness can occur after new exercises. This soreness should 

go away after a couple of days. If not, tell your physiotherapist. 

Always ‘warm up’ and ‘cool down’ with every exercise session. 

 

Telehealth  

It is possible to see a physiotherapist using a device like an iPad and 

achieve great results. 

Diaries 
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This booklet has an exercise diary where you can record your 

exercise program. Research has shown that tracking your exercise 

keeps you motivated. 

It is important to you keep your diary up to date so that your 

physiotherapist can easily track your progress and plan to progress 

your program.  

 

Safety tips 

• Have a clear space to exercise. Remove obstacles (e.g., rugs, cords, 

furniture) so you don’t trip over 

• Wear comfortable clothing and well-fitting shoes or sneakers 

• Drink water before and after exercise 

• Balance exercises must be done with support. Stand so you have a 

bench, table, or sturdy chair next to you. 

• Start any new exercise, slowly and carefully. If there is a video, 

watch the video before you try the exercise. If the exercise has an 

‘easy’ and a ‘hard’ option, try the easy option first 

• Always keep your phone in reach  

 

Telehealth Tips 

• Set your computer or tablet up somewhere stable where you can 

easily see the screen. Rest it on a few large books on the kitchen 

bench to make your screen at the right height for standing exercises 

• Don’t try to keep up with the exercise demonstrator if this is 

difficult. Exercise at your own pace 

 

Listen to your body 
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• If any exercise causes you pain, discomfort, or if it makes you feel 

unsteady or unsafe choose an easier version, hold on for balance or 

leave it out. Contact Whiddon if you have any questions or concerns 

about the program 

• After a minor illness (e.g., cold) you might start at a lower level, a 

previous program than usual, and slowly work back up to where you 

were 

• If you have a new major illness, went to a hospital, or are below 

your usual level of ability, seek advice from Whiddon on how to re-

start exercises safely! 

Goals 

What do you want to achieve in the program? 

1 

 

2 

 

3 

 

4  

Why? 

Warm up exercises 
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Always begin with a short warm up to prepare your 

body for exercise. 

Seated March 

• Sit up tall in your chair  

• Begin marching your legs 

• Swing with both arms  

• Continue marching for 1 minutes 
 

Head side bend 

• Slowly move your ears towards   

your right shoulder, keep looking  

forward  

• Hold for 3 seconds 

• Bring your head back up straight 

• Repeat to the left  

• Repeat 3 times  

 

Head rotation  

• Turn the head slowly to the left, 
pause in the middle, then slowly 

to the right 

• Ensure that the shoulders stay still  

• Repeat 3 times 

 

Trunk Rotation  
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• Sit up tall with your arms crossed  

• Slowly turn the body to the right  
then slowly to the left 

• Keep your hips still  

• Repeat 3 times each side 
 

Back of leg stretch  

• Sit at the front of the chair  

• Straighten one leg placing the heel    
on the floor  

• Place both hands on the side of your 
chair then sit really tall 

• Lean forwards until you feel the                                 
stretch in the back of your thigh                                 
Hold for 10 seconds  

• Repeat 3 times with each leg 

 

Belly breathing  

• Sit up tall in your chair 

• Place one hand over your belly 

• Breathe in through your nose and 
 feel your belly expand  

• Breathe out through your mouth  
as your belly deflates  

• Repeat 4 times 

200



TOP UP Program One: Seated  

Warm up  

Heel and Toe Taps  

• Lift your toes up 

• Then lift your heel up 
 

 

Front knee straightening  

• Straighten your leg 

• Pull your toes back 

• Hold for 3 seconds 

• Slowly lower your leg  
down to the floor 

 

Sit to Stand 

• Sit tall near the front of the chair 

• Place your feet slightly back 

• Lean forwards slightly  

• Stand up using 2 hands  

• Stand tall   

• Slowly lower your bottom back 
into the chair, reaching for the chair  

as you lower  

 

Repetitions:                                       Rounds:   
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Date      Home Exercise Plan - notes 
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Exercise Diary EXAMPLE 

Monday 
Date: 3 May 21        

Tuesday Wednesday Thursday 

Group ex via 

zoom 45 min 

 

 

 

 

Outdoor walk 25 

min 

Online Ex 1a 25 

min with COACH 

Outdoor walk 20 

min 

Friday Saturday Sunday Notes 

Online Ex 1b 25 

min 

 

 

Busy with family 

– no exercise  

EX 15 min 

Outdoor walk 30 

min with 

granddaughter  

 

Any problems 

with exercises? 

Right knee was 

sore after the 

zoom class on 

Monday but 

settled by 

Tuesday 

Tired on Sunday 

after my long 

walk  

Please record the following: 

Exercise Program and Minutes: WALK indoor or outdoor, EX by myself,  

GROUP exercise class, ONLINE follow exercise videos, COACH session  

Pain and other problems associated with your exercise program   
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Exercise Diary Week 1:  

Monday 
Date:         

Tuesday Wednesday Thursday 

 

 

 

 

 

   

Friday Saturday Sunday Notes 

 

 

 

 

 

  Any problems with 

exercises? 

Please record the following: 

Exercise Program and Minutes: WALK indoor or outdoor, EX by myself,  

GROUP exercise class, ONLINE follow exercise videos, COACH session  

Pain and other problems associated with your exercise program   

204



Using Zoom for physio 

 

Quick steps to join a group session  

1. Tap ‘Join a session’ on the tablet home screen to launch Zoom 

2. Tap the blue ‘Join a Meeting’ button 

3. Enter the above Meeting ID then tap Go 

4. Select ‘Join with Video’ 

5. On the bottom left corner of the screen, tap ‘Join Audio’ to start sound 

Detailed steps to join a zoom session 
 

1. When it’s time for the Zoom physio session to start, press or tap 

the zoom app on the bottom of the screen  

 

2. A screen that says ‘Start a Meeting’ at the top will appear. 

Press or tap the ‘Join a Meeting’ button on the bottom of this screen: 
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3. Use the number pad to type in the Meeting ID at the top, then press 

‘Go’: 

 

 

4. Time to join the meeting!  

 

If you want to have your video on select ‘Join with Video’ 

 

If you prefer to have your video off select ‘Join without Video’ 
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5. When the session starts, tap anywhere on the screen until a black menu 

bar appears at the bottom:  

 

 
 

To start sound so that you can hear tap ‘Join Audio’ on the 

bottom left corner of your screen. 

 

 

The symbol will change to a microphone. ‘Mute’ or 

‘Unmute’ yourself depending on whether you would 

like others to hear you. 

 

 

To switch your video on and off so that others can 

see you, tap ‘Start Video’ or ‘Stop Video’. 

 
 

6. To end or leave the video call, tap ‘Leave’ on the top right hand corner 

of the screen: 
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Supplementary File 4: TOP UP Health Service Utilisation and Falls Diary example 

 

Falls and Heath CALENDARS 

Thank you for taking part in our research study. As part of this 

program, we would like to know if you have had any falls or health 

utilisation contact over the 6-month study period.  

 

 

 

 

 

A fall is defined as an event, which results in a person coming to rest 

inadvertently on the floor or another lower level. 

 

At the end of each month, please indicate whether you have had any falls, seen 

any health care professionals such as a GP visit, a visit from your podiatrist or 

dietician and your regular help for your community care provider. Please don’t 

record any help from your regular community aged care workers family or 

friends.  

 

Please do not include any visits or your TOP UP Physiotherapists or other 

Researchers involved in this study on the calendars. 

 

In this study please place the calendar in the self-reply envelopes provided at the 

back of this folder and post it into us at the end of the month. 

 

Note: Please post the calendars every month even if no falls or health care service 

occurred. If we do not receive any correspondence from you in a while, we will 

ring to follow up. 

 

If you have any questions, please call Rik on 02 86276235 

or email rik.dawson@sydney.edu.au 
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Falls and Health Utilisation Calendar - EXAMPLE 
                                                                                                                                                                  

 

Medical events: F is you have had a fall, H on days you are admitted to 

hospital (reason), A Ambulance called (for anything), ED emergency 

department visit 

Health visits:  PT for Physiotherapist, OT for Occupational Therapist, SP for 

Speech Pathologist, PSY for Psychologist, GP or Spec for Specialist (write 

type), DIET for Dietician, POD for podiatrists 

 

 

 

 

Monday  Tuesday  Wednesday  Thursday  Friday  Saturday Sunday 

31 C     1 2 

3 

C 

4 

 

5 

C 

6 

PT 

7 

C 

Other – 

dietitian  

8 9 

10 

C 

11 

 

12 

C 

 GP for 

medication 

review  

13 

PT 

14 

C 

15 16 

17 

C 

18 

 

19 

C 

20 

PT 

21 

C 

22 23 

24 

GP 

25 

Fall at 

2pm at 

front 

steps 

26 

A, AE 
Hosp 

Dehydrated 

 

27 

Hosp 

Returned 

home at 

4pm 

28 

C 

29 

C 

30 

C 
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Falls and Health Utilisation Calendar - August 2022 

 

 

Medical events: F is you have had a fall, H on days you are admitted to hospital 

(reason), A Ambulance called (for anything), ED emergency department visit 

Health visits:  PT for Physiotherapist, OT for Occupational Therapist, SP for 

Speech Pathologist, PSY for Psychologist, GP or Spec for Specialist (write type), 

DIET for Dietician, POD for podiatrists 

 

 

Monday  Tuesday  Wednesday  Thursday  Friday  Saturday Sunday 

      1 

2 3 4 5 6 7 8 

9 10 11 12 13 14 15 

16 17 18 19 20 21 22 

23 24 25 26 27 28 29 

30 31      
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Supplementary File 5: TOP UP trial results summary document 

Research invests in telephysiotherapy for aged care 
 
This report outlines the findings from the TOP UP Study. This was a  
research study between (your aged care provider), Sydney Local Health 
District and the Institute of Musculoskeletal Health at Sydney University.  
 
The TOP UP trial was run across three years (2021-2023) and examined the 
feasibility of telehealth physiotherapy. It used a mobile tablet device (like an 
iPad) to do Zoom physiotherapy assessments, provide exercise videos to 
encourage older people to follow balance and strength programs supported by 
weekly visits by a trained support workers. 
 
The study concluded at the end of 2023 and will create some publications that 
aim to examine the effect of telehealth physiotherapy on older people’s 
walking, falls, quality of life and its cost-effectiveness.   

What we did Results 
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In 2021 we commenced a 6-month 
study where we introduced tele- 
physiotherapy service to 242 aged 
care service users across Australia. 
 
The program was designed by a 
team of aged care physiotherapists 
at the University of Sydney and the 
study protocol was registered by 
Sydney Local Health District ethics 
committee.   
 
120 people were randomised into 
the exercise group starting 
September 2021 and 122 people 
acted as the control group and 
started their 3-month program in 
2022. 
 
Everyone had to keep a health and 
falls diary and keep a track of their 
exercises during the trial.  
 
An experienced aged care 
physiotherapist used the Zoom app 
to talk the aged care service users 
10 times over 6 months and 
planned an individual exercise 
program tailored to their health 
needs. 
 
Every week a support worker would 
spend 45 minutes with each 
participant to support them to use 
the mobile tablet, Zoom with the 
physio and help them follow their 
exercise program.  
 
Each participant was given a tablet 
to use during the study 

It works 202 participants exercise 
group completed the 
telephysiotherapy exercise 
program. 
 
Mobility All the participants in the 
exercise group improved their  
mobility by either increasing their 
walking speed or their balance. 
 
Falls There was …% less falls in 
the exercise group.   
 
Acceptable Most participants 
would recommend telehealth 
physio to other older people. 
 
Safe There was only one minor fall 
and no injuries experienced by the      
exercise group when they were    
doing the program.   
 
Next Steps Several scientific 
papers will be published in 2024       
exploring what elements of the        
programs worked, why it worked 
and how it could be used more 
widely.   
 
The research team is planning to 
present at several conferences and 
work with local 
media to let 
people know 
that tele-
physiotherapy is 
safe, acceptable 
and feasible.  
 
Thank you for participating! 
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ABSTRACT  

Background 

Telehealth provides opportunities for older people to access health care. However, limited 

research exists on the utilisation of telehealth within aged care services, particularly regarding 

physiotherapy-led fall prevention and mobility programs. Understanding the experiences and 

interactions of older people, physiotherapists, and aged care service providers is crucial for 

the scale-up and sustainability of such essential programs. The TOP UP Study, a hybrid type 

1 effectiveness-implementation randomised control trial in aged care, employed a supported 

multidisciplinary telehealth physiotherapy model to motivate older people to engage in 

exercises to improve mobility and reduce falls. 

 

Objective  

This qualitative sub-study aimed to achieve two primary objectives: 1) to describe the 

experiences and acceptability of the TOP UP intervention for older people, physiotherapists 

and aged care support workers and managers; and 2) to gain an in-depth understanding of 

program implementation. 

 

Methods  

A purposive recruitment strategy was employed to select 18 older people who participated in 

the TOP UP intervention, ensuring variation in age, gender, residential status (home or 

residential aged care), geographical location, and cognitive levels. Additionally, seven 

physiotherapists, eight aged care support workers, and six managers from seven different 

aged care provider partners participated in the study. Semi-structured interviews were 

conducted to explore stakeholders’ experiences with the TOP UP program, gather 

suggestions for improvement, and obtain insight for future implementation of similar 
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telehealth physiotherapy programs. The interview framework and coding processes were 

informed by behaviour change and implementation frameworks. Data were analysed using an 

abductive approach, informed by two behavioural change theories (COM-B, Self 

Determination Theory) and the NASSS framework (Nonadoption, Abandonment and 

Challenges to the Scale-Up, Spread and Sustainability of Health and Care Technologies). 

 

Results  

All participants (n=39) reported high levels of acceptability for the TOP UP program and 

cited multiple perceived benefits. Thematic analysis generated six main themes: 1) Telehealth 

physiotherapy expands opportunity, 2) Tailored physiotherapy care with local support 

enhances motivation, 3) Engaging, senior-friendly educational resources build capability, 4) 

Flexible reablement approach fosters autonomy, 5) Telehealth physiotherapy is safe, effective 

and acceptable for many, and 6) Organisational commitment is required to embed telehealth.  

Motivation to exercise was enhanced by Zoom’s convenience, use of tailored online exercise 

resources, and companionable local support.    

 

Conclusion    

This study highlights the inherent value of telehealth physiotherapy in aged care, emphasising 

the need for investment in staff training, local support and senior-friendly resources in future 

telehealth physiotherapy iterations. TOP UP represents a convenient and flexible virtual care 

model that empowers many older people to receive sustainable, high-quality care precisely 

when and where they need it.  

 

Keywords Physiotherapy, telehealth, exercise, aged care, qualitative methods, behaviour 

change, technology, virtual care.  
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INTRODUCTION  

 

Worldwide, the proportion of older people in the population is growing. From 2020 to 2050 

older people aged 60 years+ will double to 2.1 billion, representing 22% of the world’s 

population [1]. By 2050 the number of people aged 80 years+ is expected to triple to 426 

million [1]. Older people experience poor mobility and higher rates of falls than younger 

populations leading to significant morbidity, mortality, and poor quality of life [2-4]. Poor 

mobility and falls are two of the biggest cost drivers in hospital and aged care services [2, 5]. 

In 2021, 10.7% of people aged 65 and over living in Organisation for Economic Co-operation 

and Development (OECD) countries received long-term care, either at home or in care 

facilities costing these governments 1.5% of Gross Domestic Product [6, 7]. Aged care 

spending has increased over the last 15 years in most OECD countries and population ageing 

will continue to increase demands on stretched health care systems [7].  

 

Emerging evidence supports the effectiveness and cost-effectiveness of physiotherapy-led 

exercise programs for enhancing mobility and reducing falls in aged care settings [8]. 

However, the Australian Royal Commission into Aged Care highlighted significant barriers 

to accessing mobility promoting and fall prevention interventions delivered by allied health 

professionals such as physiotherapists [9]. Qualitative evidence suggests that telehealth 

physiotherapy could be a feasible, acceptable, and effective approach for delivering mobility 

and fall prevention programs to older people living in the community [10]. Telehealth could 

be particularly advantageous in increasing access and convenience for people with travel 

constraints, mobility limitations, or who live in regional and remote areas [11]. 

 

Telehealth physiotherapy has been found to have similar effectiveness compared with in-

person rehabilitation services for community-dwelling older people following a stroke and it 
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shows no increased risk of adverse events [12]. However, there is no evidence supporting the 

effectiveness, cost-effectiveness, and implementation feasibility of telehealth physiotherapy 

for improving mobility, reducing falls, and enhancing quality of life for older people 

receiving aged care services in their homes or residential aged care.  

 

Telehealth is currently being used in aged care but there is limited guidance on how best to 

implement it [13]. Hybrid effectiveness and implementation research has been shown to 

speed up research translation into clinical practice [14]. Implementation research explores the 

experience of a complex intervention such as telehealth and its relationship to other factors, 

such as intervention engagement and adherence, perceived effectiveness, acceptability and 

self-efficacy, which can support implementation translation [15]. 

 

The TOP UP trial  

TOP UP is designed to provide a scalable solution for delivering physiotherapy exercise 

interventions via telehealth to improve mobility, reduce falls and enhance quality of life in 

aged care. The TOP UP program was developed in collaboration with our aged care partners, 

physiotherapists and aged care service users and their carers. A series of workshops identified 

potential facilitators to improve older people's engagement with technology and motivation to 

exercise. The program design was also influenced by behaviour change models such as Self-

Determination Theory (SDT) [16] and the Capability, Opportunity, Motivation, Behaviour 

(COM-B) framework [17].  

 

TOP UP is investigating synchronous and asynchronous modes to optimise both personalised 

healthcare and self-directed exercise [18] in aged care settings. It involves the delivery of 

real-time physiotherapy assessments through videoconferencing (synchronous telehealth) 
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using the Zoom application (app) by older people receiving aged care services at home or in 

residential care. These service users are given access to evidence-based exercise videos on 

the TOP UP website and the StandingTall app (asynchronous telehealth) to support their 

exercise program. Each participant has the weekly support of a trained aged care worker to 

help them access the Zoom app and follow their exercise program. Outcomes being measured 

include effectiveness (mobility, falls and quality of life), cost effectiveness and 

implementation measures (acceptability, reach, fidelity, dose-delivered and adoption). The 

trial is registered with the Australian New Zealand Clinical Trials Registry (ACTRN 

1261000734864). 

 

The program is being tested in a hybrid type 1 effectiveness-implementation randomised 

control trial. Older people are screened by their aged care service providers. Eligibility 

criteria include the age of older people (65 years and over), possessing sufficient physical, 

sensory, cognitive, and English skills to participate, and having individual consent or consent 

from the person responsible. Those with terminal or unstable illness, severe dementia, having 

participated in a similar physiotherapy program in the last year, or being unable to walk ten 

metres are excluded from the study. There were 242 participants recruited from a screening 

pool of 1348 aged care service users (older people). Data analysis is expected to be 

completed in 2024.  

 

Participants randomised to the intervention group receive 10 videoconference physiotherapy 

sessions over 6-months using the Zoom app and receive an individualised balance and 

strength exercise program. These exercise programs are based on the World Health 

Organization 2020 guidelines on physical activity and sedentary behaviour [19], and the 

Otago [20] and Sunbeam programs [21] which are often prescribed in aged care. Existing 
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aged care support staff, called ‘coaches’, have been trained to supervise participants to access 

the technology and provide ‘hands on’ exercise support once per week, with the assistance of 

exercise videos designed by the research team. The wait-list control group receives a 3-month 

version of the program once the intervention period at each site is finished.  

 

To inform the successful development of programs such as TOP UP, it is essential to examine 

not just if, but how and why TOP UP worked (or not) and what strategies could best improve 

it. Interviews have been used to provide detailed information about how older people, 

physiotherapists, coaches and aged care managers experienced the intervention and how the 

delivery of the TOP UP program is mediated by contextual factors, producing transferable 

learnings about the potential use of future telehealth physiotherapy in aged care [22]. 

 

METHODS 

Study design and context 

This study used a qualitative description approach through semi-structured one-on-one 

interviews [23]. Qualitative description is increasingly used in conjunction with effectiveness 

and implementation trials and aims to present a straightforward description of participants' 

experiences [24]. The analysis is grounded in participants’ own words, making the results 

accessible to vulnerable groups, valid, highly translatable and useful for refining 

interventions [25]. Qualitative description sits within a constructivist paradigm and takes 

account of multiple meanings and recognises that the research process is never neutral [26].  

To strengthen the research rigour we included triangulated data sources (by drawing on 

perspectives of different stakeholder groups), and reflective discussion of emergent findings 

amongst the multidisciplinary research team [27]. 
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We used two behavioural change theories, COM-B and SDT, and the NASSS framework 

(Nonadoption, Abandonment and Challenges to the Scale-Up, Spread and Sustainability of 

Health and Care Technologies) to provide a conceptual ‘lens’ to inform data collection and 

analysis [28]. The COM-B model of behaviour change proposes that to engage in a behaviour 

such as exercise (B) a person must be physically and psychologically capable (C) and have 

the opportunity (O) to engage in the behaviour, as well as the motivation to do so (M). The 

COM-B simplifies complex factors and recognises that to modify behaviour, we need to 

address at least one of these components [17]. SDT focuses on the motivation underpinning 

behaviour change, positing that effective programs must support autonomy, competency and 

relatedness [16]. The NASSS framework is an evidence-based, theory-informed, and 

pragmatic framework that can help predict and evaluate the success of a technology-

supported health program. It consolidates multiple implementation frameworks, targeting key 

issues relating to the implementation and uptake of telehealth at the micro-level of individual 

staff and consumers, the meso-level challenges of organisational engagement and adoption, 

and macro-level policy and regulatory factors (see Figure 1) [28]. 

 

Recruitment and data collection  

At initial TOP UP recruitment, all aged care service users, coaches, physiotherapists, and 

aged care managers received an information sheet inviting them to take part in an interview 

for this qualitative study. After participants read the informational letter and confirmed their 

interest in participating in an interview, they received an informed consent letter to be signed 

by themselves or their person responsible before the interview appointment. A list of 

potential aged care service users, their coaches and physiotherapists was created in 

consultation with three of our aged care partners (Ashfield Baptist Homes, Whiddon and 

Uniting AgeWell).  A purposive recruitment strategy was employed to select 18 older people 
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who participated in the TOP UP intervention, ensuring variation in age, gender, residential 

status (home or residential aged care), geographical location, and cognitive levels. All 39 

participants contacted agreed verbally and in writing before and on the day of, the Zoom 

interview. No participant declined to partake in the interviews. The interviews were 

conducted 3-6 months after interviewees commenced the program. Recruitment was stopped 

at the point when data adequacy had been reached i.e., when we judged that we had sufficient 

rich data across our purposive sample with which to answer our research questions [29]. 

 

 

Figure 1. The Nonadoption, Abandonment and Challenges to the Scale-Up, Spread and 

Sustainability of Health and Care Technologies (NASSS) Framework [28] 

Conceptual framework 
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The interview guide was created in consultation with the wider research team and 

representatives from our aged care partners (Appendix 1). Interview questions targeted 

concepts from the COM-B model, SDT and the NASSS framework (described above). 

Specific questions explored the relative value of the different components of TOP UP (e.g., 

Zoom, exercise videos and the level of support provided). Questions about implementation 

and effectiveness were included. We also asked interviewees to identify local and potential 

system-wide barriers and facilitators to the successful adoption of telehealth physiotherapy 

such as TOP UP and other programs aiming to deliver fall prevention and mobility programs 

in aged care. We utilised open-ended questions and active listening to confirm our 

understanding of the interviewees' perspectives. RD and KN conducted the interviews 

individually on Zoom. RD and KN were involved in the delivery of the program so, to reduce 

sociability bias, interviewees were encouraged to critique the TOP UP program and its 

implementation to identify improvements [30]. 

 

Aged care participants had a family member or someone familiar to them from their aged 

care organisation that wasn’t their coach to assist them with connection to the Zoom app and 

support them through the interview. Participants were reminded that they could stop the 

interview at any time. No repeat interviews were conducted. RD and KN completed memos 

after interviews and met to discuss the data and emerging thematic content. Interview audio 

recordings were automatically transcribed using Zoom’s free transcription service and 

transcripts were corrected by RD. Transcripts were not returned to participants. 

 

Data analysis  

Transcripts and interview field notes were uploaded to NVivo 12 for data management and 

coding [31]. Transcripts were coded by one researcher (RD) using an abductive analytical 
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approach. RD drafted an initial thematic framework drawing on emergent themes in the data 

and informed by domains from the NASSS framework. Two researchers (RD, AH) tested and 

refined the coding framework on two manuscripts, adding codes and modifying existing 

codes from inductively identified concepts in the data. RD coded the remainder of the data. 

RD, CS and AH met regularly to discuss emergent codes and themes. 

 

Recurrent themes were generated from reading across the coded data and reviewed against 

concepts from SDT [16] and the Capability, Opportunity, Motivation, Behaviour (COM-B) 

framework [17],[29] to understand how aspects of the TOP UP program influenced exercise 

engagement. An early overview of findings was discussed with all co-authors and our 

consumer representative to explore a wider range of possible thematic interpretations and to 

help ensure we had answered our research questions, including considering the implications 

of our findings. Disagreements were resolved through discussion. The criteria for reporting 

qualitative research (COREQ) was used as a reporting checklist (Appendix 2 ) [32]. 

 

Ethical Approvals 

Ethical approval for this qualitative sub-study was included in the TOP UP Study approval 

granted by the Ethics Review Committee at the Sydney Local Health District Research Ethics 

and Governance Office, Concord, Australia (approval number approval CH62/6/2021-009).  

 

RESULTS 

Participants  

Thirty nine people participated in semi-structured interviews: 18 aged care service users who 

completed the TOP UP program (46%), 7 aged care physiotherapists (18%), 8 (21%) coaches 

and 6 (15%) aged care managers. Interviews took 19 minutes on average (range 8–53 min).  
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Table 1 Aged care service user interviewee characteristics  

Falls = number of reported falls in the past 12 months; HC = Home Aged Care; RACF = Residential Aged 

Care Facility; 4WW = 4-wheeled walking frame; iPad = owned and use an internet enabled tablet; TRI = 

Technology Readiness Index [33]; TH = telehealth 

 

 

The aged care service users’ characteristics are displayed in Table 1. These service users 

were aged from 70 to 93 years at the start of the intervention (median 87.5 years); 11 (61%) 

were female and 7 (39%) men; 11 (61%) used a 4-wheeled walking frame to walk, 7 (39%) 

did not need a walking aid to walk; 7 (39%) lived in metropolitan cities in New South Wales 

(NSW), 11 (61%) in rural/remote areas in NSW and Victoria; 6 (33%) had mild to moderate 

cognitive impairment, 12 had no cognitive impairment; all had multiple co-morbidities 

(median 7, range 2-11); 10 (56%) had one or more falls in the last 12 months (median 1, 

range 0-7). The median Technology Readiness Index (TRI) score was 2/5 (range 1-3.9) 

which classified the aged care users as technology avoiders, people who tend to have a high 

degree of resistance and low degree of motivation to use technology [33]. Four aged care 

service users (22%) had used phone-based telehealth before with their general practitioner, 

ID  Age Gen-

der 

Site Region Co- 

Morbid-

itites  

Cognitive 

Impair- 

ment 

Falls Walking 

aid  

iPad TRI TH 

use 

1 92 F RACF Metro 9 Nil 0 4WW yes 3.9 no 

2 90 M RACF Metro 5 Nil 1 4WW no 2.8 no 

3 70 F RACF Metro 5 Mild 1 4WW no 2 no 

4 90 F RACF Rural 4 Mod 7 4WW no 1.2 no 

5 89 M HC Metro 2 Nil 0 Nil yes 2 no 

6 91 F HC Metro 8 Nil 0 4WW no 1.5 no 

7 84 F HC Rural 4 Mild 1 4WW yes 1.7 yes 

8 88 M HC Rural 7 Mild 0 Nil no 1.6 no 

9 74 F HC Rural 8 Nil 0 Nil yes 2.9 yes 

10 80 M HC Rural 7 Nil 0 Nil no 1 no 

11 73 F HC Rural 7 Mild 2 4WW yes 3.3 yes 

12 87 F HC Rural 5 Mild 1 4WW no 2 yes 

13 89 F HC Metro 10 Nil 1 4WW no 2.2 no 

14 81 M HC Metro 6 Nil 0 Nil yes 2.1 yes 

15 93 M RACF Rural 6 Nil 0 Nil yes 2.6 no 

16 92 F RACF Rural 7 Nil 3 4WW yes 3 no 

17 83 F HC Rural 10 Nil 6 4WW no 1.5 no 

18 82 M HC Rural 11 Nil 3 Nil no 1.5 no 
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but none had used a video-conferencing app like Zoom before the study or used 

telephysiotherapy.  

 

Four of the seven physiotherapists interviewed were based in metropolitan areas and three 

were based in rural areas. Four coaches supported aged care services users from residential 

aged care and four coaches supported aged care services users from home aged care. One 

aged care manager worked at a remote residential aged care site, one managed a rural 

residential aged care site and four were home care managers from rural areas.  

 

Main Findings  

Our qualitative analysis revealed that all people interviewed found the TOP UP program to be 

acceptable and would recommend similar telehealth physiotherapy programs to other older 

people receiving aged care services. Thematic analysis generated six key themes related to 

experiences of TOP UP. We also compiled evidence of these experiences to identify and 

manage emergent possibilities, uncertainties and interdependence that could guide the 

adoption of telehealth physiotherapy in aged care using the NASSS framework. We used 

quotes to illustrate each theme. We have annotated the quotes for anonymity with aged care 

service users referred to P1, P2, etc. and other stakeholders are descriptively described.  

 

 

 

Theme 1: Telehealth physiotherapy expands opportunity 

 

 

Theme 1 highlights the expanded opportunities for accessing physiotherapy that TOP UP 

provided. TOP UP minimised the barriers to physiotherapy access related to travel and 

associated costs: 
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Travel in country areas is just too hard and having telehealth in the home 

makes it so easy to do. I can’t do a 70 km round trip – it is too expensive. (P 

10) 

This was also echoed by service users whose significant disabilities created access barriers:   

Because of my health, there’s no way I can go out to see a physio. One, I’ve 

got to get someone to take me, like a relation, or pay someone to take you, it’s 

not practical. It’s hard to park anywhere near the physio, you’ve got to walk, 

so by the time you get to the physio you’re exhausted. (P 1) 

All the physiotherapists and aged care service managers indicated that telehealth could 

deliver physiotherapy care efficiently, improving opportunities for older people receiving 

aged care services to get physiotherapy where and when they need it: 

Some people need to be able to see a physio quickly and we can provide 

telehealth services quickly, it is so efficient. (Home care physiotherapist, 

metro)  

TOP UP had the most impact on rural and remote services, especially in areas where 

telehealth has the potential to address chronic health inequity issues related to workforce 

shortages: 

Our town has a physio that visits once a month. Recently, one of our residents 

had a fall so I called the clinic and found out that we can’t get an appointment 

to take our resident to see a physio for 6 weeks, if someone has a fall like this, 

we just can’t wait six weeks. Telehealth really helps us. (Residential manager, 

remote) 

 

Theme 2: Tailored physiotherapy with local support enhances motivation 

Regular local support was identified by all interviewees as important for enhancing older 

people’s confidence to try the exercise program and for supporting their motivation to ‘stick 

with’ the program, including coping with TOP UP’s increasing challenge over time. Many 
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interviewees across the four stakeholder groups explained that it was not just physical and 

technological support that the coaches offered (e.g., providing stand-by assistance whilst 

doing balance exercises and managing the Zoom app), but companionship and emotional 

support:   

I can’t get out much and I began to look forward to the weekly session with my 

care worker as I really appreciated the support, she gave me to do something 

positive for my health. My coach understood what was going on in my life and 

she gave me the confidence to keep doing the exercises. (P 12) 

All the physiotherapists interviewed indicated that the coaches’ 'hands-on' support was vital 

to the success of the program as it helped to build capability and confidence.  Importantly, 

TOP UP was a tailored program where the physiotherapists were able to modify exercises 

according to the individual needs of each service user, mirroring the person-centred approach 

typical in-person physiotherapy sessions. This tailored approach was particularly important to 

aged care service users whose health changes required program adaption:   

My physio understood that I needed a break when I had some surgery but was 

ready for me when I got back home and quickly helped me regain the fitness 

that I had lost in the hospital. (P18) 

The TOP UP program used technology and behaviour change techniques to maximise 

program adherence. Zoom gave physiotherapists a platform to deliver individualised real time 

health coaching and goal setting which has been shown in the literature to increase participant 

adherence [34]. Interview data indicated that these techniques were being used across the 

program implementation, consistent with behaviour change theory: 

Physiotherapists start with building external motivation by setting goals, by 

encouraging them and highlighting their progress we help them develop 

internal motivation to keep going. If we can motivate them internally, half the 

job is done, and exercise will become a routine and a lifestyle habit. (Home 

care physiotherapist, metro) 
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Further evidence emerged that these techniques were having the desired effect: 

Their motivation seemed to improve when they reached their goals and they 

wanted to keep on trying. Their motivation is the most important thing. 

(Residential coach, metro) 

But it was the combination of live tailored physiotherapy with enthusiastic and 

companionable local support that seemed to both develop confidence and underpin 

motivation:  

The individual sessions on Zoom were important so I could ask some questions 

about how I was doing, and having my physio give me some individual 

feedback was important for my confidence to keep exercising. My coach has 

made it possible, and her support has been great, she is so lively, and she 

exercises with me which makes it fun, we had such a laugh, she keeps me 

motivated, and she takes the monotony out of it. If you are not having fun, it is 

not worth it. (P 10) 

The previous quote also highlights the vital role of enjoyment in exercise and how this can be 

enhanced with a trained support worker acting as a coach. This may be especially important 

for engagement in the TOP UP program given that many of the physiotherapists interviewed 

suggested that telehealth requires more time to develop therapeutic alliance. Therapeutic 

alliance refers to how people experience the empathy of clinicians and research shows that a 

strong therapeutic alliance is connected to positive treatment adherence and results in 

physical therapy [35]: 

It's not until you get to the fourth or fifth telehealth session that people start 

getting to really know you and feel like you can be an advocate for them. I 

think that telehealth does allow for a personal connection which adds to 

exercise adherence. (Physiotherapist, home care, rural)  

TOP UP physiotherapists and coaches’ person-centred approach to goal setting, highlighting 

progress during the program and celebrating any achievements, seemed to enhance the aged 

care service user’s motivation to exercise: 
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TOP UP helped me care about my future before I just didn’t care. I loved the 

way the physio explained things to me carefully, so I understood. I really 

appreciate having the support worker exercise with me and reinforce what to 

do, and how to do the exercises. All of this made me feel like I mattered and 

now I can walk further, do my shopping, which is a big improvement. (P12) 

 

Theme 3: Engaging, senior-friendly educational resources build capability  

Interviewees expressed enthusiasm for the instructional videos that were designed to support 

high quality independent exercise throughout the program. The videos incorporated exercises 

modeled by an older person, slow-paced dialogue in a warm conversational style, natural 

lighting to maximise visibility, minimal visual distractions and gentle humour which all 

seemed to increase exercise engagement by older people. In the following quotes two 

participants describe the importance of ‘seeing’ another older person in the online videos:  

It was great to see an older person do the exercises, really motivating to see 

someone my age doing the program. The videos were at the right pace, and I 

like how they got harder over time. It was fun. (P 17) 

The exercise videos are motivating because I feel like I am doing it with 

someone – it’s interactive and fun. Following a book can be boring. (P 5)  

Many stakeholders commented positively on the video design that incorporated slow 

demonstration and simple dialogue that aimed to teach aged care service users how to do safe 

and effective home exercise:  

The physiotherapist in the videos demonstrated the exercises slowly and 

explained things easily. I was really surprised how the residents were able to 

follow everything without any help. (Residential coach, metro) 

Having online exercise resources really helps because people aren't familiar 

with exercise techniques, they can follow their prescribed video and it helps 

keep their exercise dose up. (Home care physiotherapist, regional) 
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Many of the physiotherapists interviewed commented that the TOP UP program was complex 

and challenged participants to navigate different apps and printed resources, such as exercise 

diaries while using Zoom. They suggested that simpler telehealth programs (or simpler 

mechanisms for accessing program components) could be developed to enhance the user 

experience and minimise program dropout. One physiotherapist commented:  

I think having an easy to navigate, no fuss system where our clients can look 

up an exercise, record their exercise program and any problems they may 

have had, a fall, etc. I think an app where physiotherapists could get access to 

this information easily during a session and to help prepare for another 

session would be useful. (Home care physiotherapist, rural)   

 

Theme 4: Flexible reablement approach fosters autonomy 

TOP UP is designed to encourage older people to take a lead in their program planning, 

flexibility is emphasised, including choice about what resources to use (printed and online) 

and what skills they wish to develop that would enable them to engage in activities they 

found most important:  

I liked how it started easily and I moved my way up the program. There is 

structure to the program, and you commit to it. I often plan to do a session but 

if something comes up, I make an appointment with myself to make sure I do it 

another time. (P 16) 

I liked that I could stop and start the videos according to my own needs on the 

day. (P1) 

This can be described as a reablement approach, and the physiotherapist and coaches were 

encouraged to build the aged care service users’ physical capability and support them to 

transfer their new skills to access other activities in their community independently: 

Residents lack enough physical activity here, sometimes we are short staffed, 

and sometimes the staff don’t have time to help. It was great to see our 
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residents on the TOP UP program improve their mobility and begin to walk to 

different activities on their own. (Residential manager, rural)  

All stakeholders valued the reablement approach and it was reported that TOP UP seemed to 

be a catalyst for reablement as many of their clients began to engage in more socialisation 

with friends and families, and embrace other physical activities as they became stronger and 

more mobile: 

Physios and coaches can work together to ensure that the participant becomes 

independent and autonomous in their use of telehealth and do more exercise 

as the program progresses. As they improved, we had discussions with them 

and their coach about how they could do more outdoor walking. (Home care 

physiotherapist, rural) 

I was surprised about the other quality of life benefits of telehealth, talking to 

their physio on zoom, seeing their support workers in this new way, learning 

how to get out and about in the community, all seemed to reduce social 

isolation which is so important for our customers. (Home care manager, 

rural) 

 

 

Theme 5: Telehealth physiotherapy can be safe, effective and acceptable for many 

Most interviewees regarded TOP UP as a safe, effective and acceptable program.  

Interviewees reported positive physical and quality of life improvements:  

I think it’s fabulous.  I wouldn’t have imagined that I would be given the 

opportunity to get physio. Physically, I can walk further. My breathing is 

better. I’m stronger, it gives you more independence. (P1)) 

Telehealth has not only helped my customer’s strength, mobility and 

coordination, but it seemed to help their overall quality of life, they seemed 

happier and more confident to walk. (Residential care manager, rural)  
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Many interviewees reported that the combination of physiotherapist-led instructional exercise 

videos and supervision by trained support workers increased the safety of TOP UP: 

I think having a physio run exercises in the videos gives the intervention more 

authority, frees up my time to motivate the residents and keep them safe. 

(Residential coach, remote) 

I think having the care worker there with the client to help set up Zoom, hold 

the iPad, and angling the video so I can see them clearly makes the program 

safer and more successful. (Home care physiotherapist, rural)   

However, TOP UP was not considered to be suitable for all aged care service users. All 

stakeholders agreed that telehealth presents challenges for frail clients in residential aged care 

who often have higher levels of mobility, sensory and cognitive disability. Two cognitive and 

sensory impaired aged care service users found using Zoom to ‘see’ their physiotherapist 

frustrating and as a result, pulled out of the program: 

First of all, not all dementia residents get used to it, and second, people with 

hearing and vision problems struggle to follow. (Residential aged care 

manager, rural)  

Some physiotherapists would hesitate to use telehealth without local support for those aged 

care service users with high fall risks:  

For people who are mostly independent I wasn't worried, but if I did have 

someone who was who was frailer and there was no one there with them I was 

worried they might fall. (Home care physiotherapist, regional)   

Some aged care service users and managers suggested while telehealth is a good second 

option, they would still prefer in-person physiotherapy, especially for older people with more 

complex needs: 

I prefer a blend of face-to-face physio and telehealth.  I need some hands-on 

physio from time to time to manage the arthritis in my back, but I liked the 
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telehealth program because I could follow the physio exercise videos at home, 

it was so convenient. (P 18) 

It appears that a hybrid model that incorporates a blend of face-to-face physiotherapy and on-

line exercise resources such as exercise videos was viewed as particularly acceptable for 

those with significant health challenges: 

I don’t know if someone with severe dementia or disabilities would be able to 

access telehealth. I also think a lot of clients would like a hybrid telehealth 

model starting with a face-to-face assessment. (Home care physiotherapist, 

rural) 

Finally, our screening process uncovered a lot of technology hesitation and potential 

telehealth data concerns that prevented the recruitment of many potential aged care service 

users into the TOP UP trial: 

There is some hesitancy around technology use due to recent cybersecurity 

anxiety in the community- for example the Optus and Medibank breaches. 

(Home care manager, rural) 

 

 

Theme 6: Organisational commitment is required to embed telehealth 

 

Interviewees explained that considerable organisational commitment is required to embed 

telehealth programs like TOP UP in aged care. Sufficient investment is required to train staff, 

more meetings with their physiotherapy service providers to plan for the development of a 

new service such as telehealth, prioritise TOP UP sessions within busy service schedules, 

and, where necessary, to direct funds towards supportive technology. Some of the coaches 

and physiotherapists commented that the use of devices such as large iPads and smart 

televisions enhanced telehealth engagement by improving the visibility and hearing 

experience for service users: 
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Zoom worked well when we connected the iPad to the TV, we were able to 

turn the volume of the TV up so the resident could hear better. It also gives a 

bigger picture as well, so they can see the physio better. (Residential care 

coach, rural)  

However, such equipment can be costly and telehealth-specific funding was raised by 

physiotherapy, aged care managers, and coaches as a key condition for ongoing sustainability 

for telehealth in aged care:  

I think that maybe there needs to be funding support. Telehealth is an 

important and easy way to increase access and uptake. One physio could 

service several homes in a full-time caseload. (Residential care 

physiotherapist, rural) 

TOP UP required three people to be available for appointments (the older person, their coach, 

and the physiotherapist on Zoom), thus scheduling was more challenging than 2-person face-

to-face health care interactions:  

There are always challenges whenever it comes to scheduling, especially 

during COVID when we were short of staff. But if you have a good 

relationship with your physiotherapy provider, who is responsive to time slot 

suggestions, then our scheduling team could work their magic and get it all 

booked. (Home care manager, rural)  

Training was provided to older people to increase their confidence using an iPad, our website, 

and relevant apps (Zoom and StandingTall). Coaches were trained to increase their level of 

comfort navigating the TOP UP website and Zoom. The physiotherapists were trained to 

deliver effective telehealth assessments using Zoom and given strategies to enhance 

relationship development with older people and their coaches. All interviewees highlighted 

this training as an important factor in overcoming ‘telehealth hesitancy’ both for service users 

and program providers:  
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There was a lot of telehealth hesitancy at the beginning, but with education 

they slowly got quite comfortable in doing it. (Home care physiotherapist, 

metro) 

There is a need to have some general training so we [physiotherapists] know 

how to use it [telehealth technology] effectively: make sure your voice is 

coming through, how to pace instruction so our clients understand us. The 

coaches and customers need training to know how to set up a shot, to make 

sure that they are visible to ensure that the client becomes independent and 

autonomous in their use of telehealth. (Home care physiotherapist, rural) 

The aged care service managers also noted the challenge of training adequate numbers of care 

workers to facilitate TOP UP and ensure that the coaches are safe and competent:  

There is a need to train a large proportion of our support workforce so that we 

have more trained staff who know how the program works, how to use 

technology and how to supervise our customers safely. (Home care manager, 

rural) 

Some aged care service managers and physiotherapists indicated that more frequent and more 

detailed online exercise training programs would be useful to improve the skill level of a 

wider group of support staff:  

It is very important to have lots of staff trained. For example, if the regular 

coach is sick, another staff member could take over and keep the program 

going. (Home care manager, rural) 

All stakeholders indicated the need for specific investment into better internet connectivity to 

ensure the sustainability of future telehealth programs: 

I’ve found is there are still a lot of places in rural Australia where older 

people don't have fast Internet, they don't have smart TVs, or they don't have 

the technology that metro places have. People are ready to engage with 

telehealth, but there's no infrastructure in rural areas. (Residential 

physiotherapist, metro) 
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Table 2: Overview of TOP UP implementation guidance in relation to the NASSS 

framework 
Domain  Definition of 

domain 

Implementation guidance derived from 

study findings 

Illustrative quotes from 

interviewees 

The 

condition  

The suitability of 

the participant’s 

attributes and 

their interaction 

with the 

intervention. 

TOP UP is suitable for aged care service 

users with mobility challenges who can walk 

short distances. It is not suitable for those 

with significant sensory and cognitive 

disability  

Someone with severe 

dementia or severe 

disabilities wouldn’t be able 

to have that skill to access 

telehealth. (Residential 

coach, rural) 

The 

technology  

Technical features 

related to the 

usability of 

telehealth and its 

support 

requirements. 

TOP UP necessitates internet access through 

an iPad or similar device. Aged care users, 

aided by trained care workers, require 

minimal technological skills to use the iPad, 

navigate Zoom, and access exercise videos 

on a website, fostering increased autonomy. 

 

One of my clients is really 

good with technology but 

other clients need my help to 

turn on the iPad and follow 

the program. (Residential 

coach, metro) 

The value 

proposition  

The value 

proposition of 

telehealth for 

upstream end 

users (aged care 

service providers) 

and downstream 

users 

(physiotherapists 

and their clients). 

All stakeholders saw telehealth 

physiotherapy as a valuable addition due to 

its convenience and perceived effectiveness, 

especially for those with poor mobility or 

who are living in rural/remote areas. The 

value proposition for telehealth to treat 

musculoskeletal pain is less as stakeholders 

prefer a more ‘hands on’ experience. A 

hybrid model would add value for some.  

Telehealth would save us 

time and travel and help us 

to see more people. (Home 

care physiotherapist, 

regional) 

The adopter 

system  

The ongoing 

investment 

required to 

support the 

telehealth 

intervention and 

the ongoing 

acceptability of 

stakeholders. 

TOP UP requires consistent investment in 

training, human (physio, coaches) and 

physical infrastructure (devices, fast internet, 

senior-friendly exercise resources) to create 

sustainable success. However, we found 

high levels of system support that are likely 

to be reinforced as positive returns on 

investment (such as greater mobility and 

wellbeing) are seen. 

TOP UP is more than just a 

fall prevention program, it 

offers a truly reablement 

focus where our clients can 

build their strength and 

balance and get out into the 

community again. I think 

many of our clients could 

benefit from telehealth. 

(Home care manager, rural) 

The 

organisation  

An organisation’s 

capacity to 

embrace the 

telehealth 

intervention and 

the supports 

required to 

establish and 

maintain it as a 

viable service 

offering. 

Not all aged care services chose to 

participate in TOP UP due to the perceived 

burden of working with technology. 

Providers who joined TOP UP wanted to 

investigate telehealth’s impact on access to 

fall prevention and mobility programs, in 

areas where there are physiotherapy 

shortages. Providers offered considerable 

support via technology provision, extra 

administration support for scheduling of 

telehealth sessions and enough care workers 

to support the program. 

I was surprised at how easy 

telehealth was to get started. 

We gave the clients an iPad 

and the assistance the care 

workers gave them was 

important to help them 

engage with telehealth. Our 

scheduling team are 

fantastic, and they managed 

to solve the scheduling 

challenges really well. 

(Home care manager, rural)  

 

The wider 

context  

The wider 

organisational and 

policy impacts on 

telehealth uptake 

and sustainability. 

Stakeholders agreed that funders need to 

provide telehealth specific funding and 

education for interventions like TOP UP to 

reduce technology hesitation and improve 

telehealth systems that enhance its adoption 

and sustainability. 

I feel that people would be 

greatly advantaged if there 

was a separate pocket of 

funding for allied health so 

that we could afford to 

deliver ongoing telehealth” 

(Home care manager, rural) 
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Implementation guidance through the lens of the NASSS framework 

TOP UP appears to be well positioned for sustainable adoption and learnings from this study 

has informed the translation of physiotherapy telehealth services by our aged care partners 

into practice. We have used the NASSS framework to help explain TOP UP’s successes, 

failures, and explore the facilitators required to embed similar physiotherapy telehealth 

service delivery in aged care. Refer to Table 2.  

 

DISCUSSION  

This study provides valuable insights from a diverse spectrum of participants, including older 

people, physiotherapists, aged care support workers and aged care managers, who took part in 

the TOP UP trial. Our thematic analysis identified several key ingredients that contributed to 

the acceptability of this telehealth physiotherapy program. These included advice from 

physiotherapists, consistent support from trained care workers, senior-friendly online exercise 

resources, and a flexible reablement approach. The interview data often supported multiple 

themes, suggesting that it was the synergistic integration of the various ingredients within 

TOP UP that might have been responsible for the high levels of acceptability observed during 

the program. Therefore, it is important to note that while the following discussion explores 

the impact of single components of the TOP UP trial it is the combination of these different 

components that contribute to TOP UP’s acceptability. 

 

TOP UP Study is acceptable  

Findings from this qualitative study highlight the high levels of acceptability of the TOP UP 

program among aged care service users and their care teams. The concept of acceptability is 

an important consideration in the design and implementation of complex healthcare 

interventions such as TOP UP  [36]. Our findings align with the increasing body of literature 
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indicating the acceptance of telehealth among older people in community settings despite 

high levels of technology hesitation [37] [38]. A cohort study of a telehealth program 

incorporating physiotherapy for rural older people found that telehealth was safe (no adverse 

events) and feasible (average telehealth attendance 85%) [38]. A 2022 systematic review 

further affirmed high telehealth acceptability, particularly with videoconferencing rather than 

via telephone, among community dwelling individuals with Alzheimer’s disease, their 

caregivers and healthcare providers [39]. 

 

Barriers and facilitators related to telehealth adoption 

TOP UP identified several barriers and facilitators that enabled aged care service user’s to 

overcome high level of technology hesitation and if appropriately addressed could improve 

the translation of telehealth programs into aged care [40]. TOP UP indicated that barriers 

related to this population’s innate technology hesitation and greater sensory, physical, and 

cognitive impairments. TOP UP’s qualitative findings are reflected in the literature which 

demonstrates how the provision of local support, internet-connected devices, fast internet, 

and appropriate telehealth training can mitigate these barriers [39, 41, 42].  

 

Technology barriers could be addressed by the provision of internet-enabled devices and 

local support. A recent US survey of community-dwelling older people with Parkinson’s 

Disease during the COVID-19 pandemic revealed that a significant proportion (35%) of 

participants surveyed were technology avoidant and had never used telehealth before [38]. 

Most participants (82%) required assistance from a family member or paid care worker and 

18% were “unable to interact over video” due to cognitive or sensory impairments. This 

survey found other barriers, health practitioners lacked knowledge of their patients' internet 

connectivity, and participants faced financial constraints in obtaining internet plans and were 
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unable to pay for internet plans or video-capable devices. Similar findings emerged in TOP 

UP, where most trial participants had limited access (56%) to video-capable devices, limited 

telehealth experience (22%), and low telehealth readiness (TRI 2/5). Addressing barriers 

related to the purchase of telehealth infrastructure and providing local support can facilitate 

wider acceptance within aged care settings.  

 

Technology training and support are needed for older people to increase telehealth 

engagement. A recent qualitative exploration of factors influencing acceptability in dementia 

management revealed that video-conferencing had potential benefits over in-person 

appointments by improving access to care for those with mobility limitations and reducing 

stress associated with clinic appointments [43]. A crucial insight from this study emphasised 

the necessity of technical support and telehealth training involving information on how to 

access and use different telehealth apps and tips for setting up the video camera for maximum 

visibility. Similarly, another study examining telehealth’s role in enhancing oncology care for 

older people emphasised that appropriate technology training, integrated into the screening 

process and program delivery, could enhance telehealth adoption [44]. These studies align 

with TOP UP’s findings that emphasised the delivery of appropriate education at screening 

and recruitment to reduce technology avoidant behaviours, pre-program technology training 

to support adoption and training to troubleshoot any emerging technology issues to enhance 

sustainability.  

 

TOP UP demonstrated that behaviour change training for physiotherapists and coaches in 

health coaching techniques, motivational interviewing, and collaborative goal setting can 

increase telehealth adoption. Behaviour change training has been shown to increase 

therapeutic alliance and enhance exercise programs outcomes in other studies [45]. Strong 
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therapeutic alliance has been identified as a crucial facilitator in previous telehealth 

interventions [46]. In our study, physiotherapists, coaches, and aged care service users found 

telehealth suitable for effective behavioural change coaching and suggested that specific 

training on skills to enhance therapeutic alliance is important to augment telehealth 

acceptability. Specific examples included targeted training on using Zoom emojis to 

acknowledge client achievements and building a personal connection through virtual tours of 

the older person’s home and garden. However, they noted that establishing a successful 

therapeutic alliance through telehealth demands more time compared to in-person sessions, 

potentially increasing program costs.  

 

Telehealth can provide key ingredients for behaviour change   

 

TOP UP was designed to incorporate the COM-B model to create positive behaviour change 

related to exercise adherence [17]. Recent data from the Australian Institute for Health and 

Welfare have showed the critical significance of addressing insufficient physical activity in 

older individuals, given their 50% contribution to 2.5% of the overall disease burden in 

Australia [47]. Consequently, increasing motivation and opportunities for exercise in this 

demographic is crucial in mitigating the adverse health consequences stemming from 

sedentary behaviour [19] and in supporting the efficiency of the healthcare system [48]. TOP 

UP’s tailored approach and utilisation of senior-friendly resources appeared to increase the 

capability (C) of older people to exercise. The program provided increased opportunities (O) 

for exercise by facilitating increased access to physiotherapists. Furthermore, TOP UP 

heightened motivation (M) through its reablement approach, goal-setting mechanisms, and 

cultivation of enjoyment via companionable coaching [16]. 

 

243



TOP UP strategically incorporated the principles of SDT to promote increased exercise 

adherence. According to SDT, intrinsic motivation thrives when individuals perceive a sense 

of autonomy and control over their activities [49]. Our study findings suggest that the aged 

care service users valued the opportunity to regain independence through self-directed 

exercise. The TOP UP program effectively nurtured feeling of competence through its 

personalised and progressive exercise routines program, fostered a sense of relatedness 

through local support and the rapport established during the telehealth physiotherapy sessions 

that actively promoted enjoyment. This observation aligns with Teixeira’s systematic review 

on SDT and exercise adherence, affirming the positive correlation between intrinsic 

motivation, enjoyment, personal achievement, and heightened program acceptability [50]. 

We believe that this SDT informed approach likely contributed to the high program 

adherence observed. 

 

Our study has provided insights into the potential explanatory effects of Bandura’s social 

learning theory and Motivational Theory of Role Modeling in supporting the high 

acceptability of TOP UP. Bandura’s social learning theory underscores the significance of  

observation and imitation in driving behavioural change [51]. When individuals perceive the 

modeled behaviour as valuable and the model possesses an admired status while being 

relatable, the likelihood of behavioural change increases. In this context, physiotherapists, 

esteemed as exercise professionals in the community [52], played a crucial role in enhancing 

the perceived value of the TOP UP program. Furthermore, the Motivational Theory of Role 

Modeling highlights another critical aspect of TOP UP’s acceptability [53]. Many 

interviewees emphasised the importance of including older people as role models in the 

exercise videos. Both theories suggest that the inclusion of older role models was a pivotal 
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factor inspiring behavioural change, explaining the positive reception of the TOP UP exercise 

videos.  

 

Scale-up and sustainability of telehealth physiotherapy in aged care 

Telehealth has emerged as a prominent method for implementing scalable health care 

interventions, a trend that intensified during the COVID-19 pandemic [54]. However, the 

challenge of sustaining these programs is pressing, as evident from reports of high participant 

attrition rates in telehealth-led exercise programs [55]. Successfully delivering cost-effective 

exercise programs to frail older people with multi co-morbidities in the aged care 

environment is challenging and complex, demanding significant resourcing [8]. Insights 

gained from the NASSS Framework [28] underscore the imperative for careful screening of 

older people for telehealth participation and the provision of targeted training to all 

stakeholders to enhance its feasibility. Our analysis indicates that while TOP UP was 

acceptable, a hybrid model of virtual care which combines in-person initial assessments, 

synchronous physiotherapy-led telehealth sessions for program progression, and the 

integration of local support and senior-friendly online exercise resources may further increase 

telehealth uptake and sustainability in aged care.   

 

While the cost-effectiveness analysis of TOP UP is pending, our qualitative observations 

indicate that establishing telehealth physiotherapy programs requires substantial investments 

in both physical and human infrastructure. Telehealth literature discusses the critical role 

governments have in developing policies and guidelines to foster telehealth adoption [56]. 

Our interviews revealed a consensus on the need for dedicated funding for telehealth to 

enhance its adoption and sustainability.  
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Strengths, limitations and future studies 

This qualitative study has several strengths. It triangulates empirical data relating to the 

uptake and sustainability of telehealth in aged care from four perspectives; older people 

receiving physiotherapy within aged care services, physiotherapists and trained support 

workers who deliver the intervention and aged care managers who are charged with case 

management and overseeing aged care service resource allocation and delivery. Our 

partnerships with aged care providers and their ongoing input in the research has enabled us 

to develop a deep understanding of how the TOP UP program was delivered in aged care and, 

if proven effective, this will speed up its translation into wider practice [14].  

 

Qualitative research serves as a valuable tool for refining program design, deepening insights 

into the outcomes of quantitative research, and offering valuable guidance for enhancing the  

implementation of complex interventions such as telehealth services in aged care [26]. In this 

study we adopted a broad sampling strategy aimed at delivering a rich description of diverse 

intervention experiences, enlisting the perspectives of 18 older people encompassing a range 

of sociodemographic characteristics distributed across ten distinct sites. Moreover, the 

inclusion of independent physiotherapists, separate from both the aged care services partners 

and the research team, in our study design may have reduced potential social desirability bias, 

enhancing the credibility of our findings [30].   

 

Several limitations necessitate careful consideration. TOP UP excluded participants from 

culturally and linguistically diverse (CALD) backgrounds and thus presents a notable gap in 

our understanding of their experiences. To address this gap, future trials that prioritise the 

inclusion of CALD communities are required.  Additionally, although the interviewee cohort 

was purposefully selected to encompass maximum variation, it is essential to acknowledge 
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that this pool primarily consisted of individuals who voluntarily participated in the trial, 

potentially predisposing them to higher levels of exercise engagement and receptiveness to 

telehealth. Consequently, this may limit the generalisability of these research findings.  

 

Several aged care service users and coaches were interviewed by either the physiotherapist or 

aged care service provider who delivered the program. This can lead to social desirability 

biases that may undermine the credibility of the study results [57]. Given this context, aged 

care service users and staff might have hesitated to openly share negative experiences with 

their interviewers, despite the research team’s assurances that their feedback would have no 

bearing on their ongoing care or employment status. To mitigate this bias, interviewers made 

concerted efforts to positioning themselves as eager learners, actively encouraging 

interviewees to share their ‘insider’ perspectives for quality improvement and expressing 

genuine appreciation for any criticisms offered. Future larger scale mixed methods studies 

should be designed to enhance research quality and further explore the impact of telehealth 

physiotherapy uptake and sustainability in aged care while carefully addressing social 

desirability bias.  

 

This study suggests a need for the development of simplified telehealth exercise programs to 

facilitate greater adoption in aged care. A recent scoping review conducted in 2021, 

examining the barriers and facilitators to the utilisation of telehealth by older adults, found 

several impediment associated with current technology, including challenges related to small 

screens, text size, small icons and insufficient color contrast between text and background, 

alongside complex functionality [58]. The review also identified ease of use as a key 

facilitator to telehealth adoption. Some TOP UP stakeholders interviewed indicated a 

preference for simplified functionality tailored to this demographic. Respondents expressed a 
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desire for telehealth programs that incorporated TOP UP program features like Zoom, 

exercise diaries and videos into one user-friendly application. These findings advocate for 

further research aimed at enhancing the user experience.  

 

CONCLUSION  

This qualitative study explored the program experiences of aged care service users, 

physiotherapists, and aged care staff involved in the TOP UP trial – a telehealth-led exercise 

program designed to improve mobility, reduce falls, and enhance quality of life. All 

stakeholders indicated high program acceptability, underscored by its safety, and perceived 

effectiveness. The thematic analysis uncovered key insights: TOP UP’s provision of 

convenient access to physiotherapy services for aged care recipients; the positive impact of 

tailored physiotherapy, coupled with local support, on exercise motivation; the effectiveness 

of engaging senior-friendly resources in fostering program adherence; and the facilitation of 

greater independence through a flexible reablement approach. This study emphasises the 

importance of sustained organisational commitment for the successful implementation of 

telehealth programs like TOP UP, highlighting the need for training and external funding to 

ensure the program’s adoption and sustainability.  
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Supplementary File 1: Semi structured interview guide 

 

Questions were omitted or modified as appropriate for the type of participant or the 

participant’s background. 

Part A.   Reasons for participation  

1. Have you ever used telehealth before? What were your views about telehealth before you 

started the program?  

2. What made you decide to take part in the TOP UP study?  

Part B.   Experiences of participation 

3. What was your experience of the TOP UP program overall? 

 

4. What are the best aspects of the TOP UP physiotherapy telehealth program? Specifically:   

1) What did you think about using the iPad? How much assistance was required to 

use it? 

2) Can you tell me what it was like to receive /give advice from the physiotherapist? 

3) Did you use the exercise booklet? Was it useful? 

4) Did you enjoy the one-to-one exercise session with your TOP UP coach? How are 

important is this help?  

5) Did you follow the video programs from our website? What did you think about 

them?  

6) Did you use the StandingTall app? What did you like or dislike about it? 

 

5. What didn’t work so well for you in the TOP UP program? What would you change about 

it? 
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6. We want to understand how a program like this fits in with people’s lives (or, perhaps, 

doesn’t fit in).  Is there anything that gets in the way or makes it difficult for you take 

part?   

7. Exercise is important, but it can also feel like hard work.  What helped you/your client 

stick with the exercises and why do you think it helped? Was there any part of the 

program that that made it easier to keep going or was particularly motivating?  

8. How has COVID has affected how we do things? Did it affect your ability to do your 

exercise? 

Part C.   Impacts 

9. Do you/your client think anything has changed physically or mentally because of taking 

part in the physiotherapy program so far?  Have you noticed any changes in your/their 

balance, how far you/they can walk, or your/their independence?  

10. What are your views about physiotherapy telehealth now? Do you think it has benefits for 

you/your client?  

 

Part D.   What works?  

11. We have some ideas about why people would choose to see their physiotherapist using 

telehealth. Can I share these ideas with you and get your views on them. We think: 

a. That using telehealth increase people’s access to physiotherapy. Has that been your 

experience?  

b. The tailoring of the physiotherapy program is important. So, our physiotherapists try 

to create exercise according to everyone’s abilities, taking account of your health 
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needs, using different combinations of exercise handouts and online exercise classes 

to follow. Do you think we tailored the program to you and was this important? 

c. Have you become independent doing your exercise program? If yes what helped you? 

If no, why not? 

PART E.   Maintenance  

12. Thinking about the future now 

1) What do you feel will happen with your/their physiotherapy program over the next 12 

months? Do you see yourself keeping up with your exercises?  

2) Would you/your client like to keep doing the online exercise programs? If not, why? 

What would help you with that? For example: would you like to own your own iPad? 

3) Would you like to see the Coaches and physio regularly? How often? How much 

would you be prepared to pay for your physio telehealth?  

Final thoughts Is there anything else you can tell us that might help us to improve telehealth 

physiotherapy programs like this and to support older people to be as active as possible and 

improve their health?  

 

Thank you so much for helping us with our research. It’s been really helpful to hear about 

your experience. 
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Supplementary File 2: Consolidated criteria for reporting qualitative research 

(COREQ)  

 

No Item Description 

Domain 1: research team and reflexivity  

Personal Characteristics  

1 Interviewer RD and KN conducted the interviews  

2 Credentials  RD PhD candidate, KN extensive research experience  

3 Occupation  RD Physiotherapist, KN Aged Care Executive Manager  

4 Gender RD male, KN female  

5 Experiences  RD completed post graduate qualitative course, KN 10 

year+ conducting clinical research into aged care  

Relationship with participants  

6 Relationship  RD conducted all the baselines assessment, KN is an 

executive manager with participants aged care service 

provider   

7 Participant 

knowledge of the 

interviewer  

Participants were aware of the research aims  

8 Interviewer 

characteristics 

All participants were made aware the RD was doing his 

PhD thesis investigating telehealth physiotherapy in aged 

care, all relevant participants were aware the KN was 

investigating the implementation of telehealth 

physiotherapy for possible business integration  

Domain 2: Study Design  

Theoretical framework  

9 Method Qualitative description  

Participant selection 

10 Sampling Purposive  

11 Approach  Phone 

12 Sample size 39 

13 Non-participation  Nil 
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Setting 

14 Data collection  Participants home  

15 Presence of non-

participants 

Trained aged care support worker 

16 Description of sample  Aged care service users – home and residential aged care  

Data Collection  

17 Interview guide  Interview guide attached and piloted in previous study  

18 Repeat Interview  No 

19 Audio recording  Zoom audio transcription was used  

20 Field notes Field notes were collected after each interview  

21 Duration  19 min on average (range 8–53 min) 

22 Data saturation  Discussed  

23 Transcripts returned?  No 

Domain 3: Analysis and findings   

25 Number of data 

coders 

1 

25 Description of coding 

tree 

No 

26 Derivation of themes  Identified from the data  

27 Software NVivo 

28 Participant checking No 

29 Quotation presented Deidentified quotation were used to illustrate the themes 

30 Consistent data 

findings  

Clear link to data and findings  

31 Clarity of major 

themes  

Major themes were clearly presented in the results 

section  

32 Clarity of minor 

themes 

Description of diverse cases and discussion of minor 

themes included 

260



CHAPTER EIGHT 

 

Discussion and Conclusion 

 

 

 

 

  

261



8.1 OVERVIEW  

Overall, this thesis aims to examine exercise programs and telehealth interventions designed to 

enhance mobility, reduce falls, and improve the overall quality of life for older people receiving 

aged care services. The primary focus involved collaboratively developing and testing a novel 

telehealth model to provide tailored physiotherapy for this specific demographic group.  

 

The research methodology of this thesis incorporated diverse approaches, comprising 1) a 

quantitative study comparing different methods of fall incident data collection in residential 

aged care facilities (Chapter 2); 2) an Intervention Component Analysis (ICA) that uses an 

qualitative approach to explore the essential components of successful fall prevention exercise 

in Residential Aged Care Facilities (RACFs) (Chapter 3); 3) a systematic review and meta-

analysis investigating the effectiveness and implementation of telehealth-based exercises for 

older adults with mobility issues and cognitive impairments (Chapter 4); 4) a co-design 

approach to understand the needs of stakeholders to inform the development of the TOP UP 

trial (Chapter 6); and 5) a qualitative study exploring insights from older individuals, 

physiotherapists, aged care support workers, and managers regarding the impact, safety, and 

resource requirements associated with implementing a telephysiotherapy-led exercise program 

in aged care (Chapter 7). The research process actively involved older adults and healthcare 

professionals from home and residential aged care settings.  

 

8.2 PRINCIPAL FINDINGS  

Addressing the healthcare needs of the ageing global population,1 especially in regional and 

remote areas, is crucial due to the high incidence of falls among older people, leading to 

significant healthcare costs, reduced quality of life, and mortality.2 Effective fall prevention 

exercise and mobility programs are essential in aged care for wellbeing and cost reduction.3 

However, limited access to physiotherapy services and transportation challenges for older 
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people combined with the underexplored potential of telehealth in aged care hinder 

comprehensive support for older people in aged care settigs.4 

 

Chapter Two revealed that incident reports are a convenient and reliable method for collecting 

falls data in residential aged care, contributing significantly to the evaluation of comprehensive 

fall prevention initiatives. This study demonstrates that incident reports are an efficient measure 

of falls and serve as a crucial initial step in identifying modifiable fall risk factors to implement 

fall prevention exercise programs as well as monitoring effects of interventions. The results 

from the ICA in Chapter Three indicate that effective fall prevention exercise programs involve 

tailored, supervised strength and balance exercises delivered at a moderate intensity. In Chapter 

Four, the acceptability of telehealth for delivering exercise programs to older individuals in 

aged care is demonstrated, contingent upon appropriate technology training and support, 

though the need for larger studies is emphasised to strengthen the evidence base. Moreover, 

the co-design process detailed in Chapter Five and Six suggests that a collaborative approach 

enhances research feasibility in aged care settings. The insights from Chapter Seven suggests 

that the safety, acceptability, and effectiveness of physiotherapy-led telehealth programs like 

TOP UP, are contingent upon implementation strategies such as senior-friendly online exercise 

resources, technology training, and local support to motivate aged care service users in 

adhering to mobility and fall prevention exercises. 

 

8.2.1 Fall incident reports are a reliable and convenient method for collecting falls data 

to strengthen fall prevention exercises in aged care  

 

Chapter Two demonstrated a substantial agreement between incident reports and progress notes 

in residential care facilities, but incident reports are a more efficient method of data collection. 
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This underscores the significance of fall incident reports in strengthening fall prevention 

programs within this setting.5 Incident reports capturing crucial fall details such as time, 

location, and causative factors, aiding in the identification of trends and risk factors.6 The 

structured data collected, including resident information and follow-up actions, provides 

valuable insights.7 Moreover, these incident reports, mandated as part of regulatory schemes in 

many countries, serve as tools for local and national quality improvement initiatives.8 However, 

this study identified challenges in accurate data collection due to insufficient staffing, leading 

to underreporting of falls.9 Staff may avoid reporting falls due to various reasons, such as fear 

of consequences or lack of understanding about the importance of accurate reporting.10  

 

Incident reports often lack comprehensive information about residents' changing health, 

medication, and functional impairments, potentially affecting the effectiveness of fall 

prevention programs.11 To address these challenges, enhancing staff training could improve the 

quality of information collected in fall incident reports.11 Fostering a culture of open 

communication and transparency can mitigate underreporting issues and enhance data 

reliability.11 Additionally, linking fall incident reports to referrals for appropriate interventions, 

such as tailored exercise programs conducted by physiotherapists, ensures that older adults 

receive the necessary support to address functional and physical impairments, ultimately 

contributing to more effective fall prevention efforts.12 

 

8.2.2 The right approach for fall prevention exercise programs in residential aged care is 

important    

 

Chapter Three explores an ICA13 to synthesise triallists’ comments from an updated Cochrane 

review14 about what a successful fall prevention exercise could look like. The trialists’ 

commentary supported the development of a theory that explored the right exercise approach 
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involving the delivery of moderate intensity strength and balance exercises tailored to the 

individual. The trialists suggested that interventions need to be resourced sufficiently to provide 

structured and supervised exercise at an adequate dose. Due to minimal commentary on the 

implementation of these programs, our ICA did not provide significant guidance to clinicians 

and policy makers about how best to support the facilitation of fall prevention exercise 

programs in residential aged care.  

 

The findings from our ICA informed the development of a Qualitative Comparative Analysis 

(QCA) presented in Appendix 1.15 The QCA was conducted with researchers from University 

College London, the University of Sydney and Flinders University to further test the robustness 

of our ICA theory. QCA is a data analysis based on set theory that examines the relationship 

of conditions to outcomes to determine the necessary conditions and sufficient conditions to 

create an outcome.15 We found that exercise programs should provide continuous supervised 

low to moderate intensity group exercise programs to consistently reduce falls in residential 

aged care. For programs that mostly include independent ambulatory residents, moderate or 

low intensity exercise for 1 hour per week, at minimum, should be provided. Considering that 

many residents currently in residential aged care are frail with significant mobility and 

cognitive disability,16 a different dose may be required. Future trials are required to test the 

effectiveness and cost-effectiveness of group exercise and investigate the implementation of 

fall prevention exercise programs in residential aged care.  

 

8.2.3 Supporting telehealth interventions to promote exercise in aged care settings  

Age-related changes in cognitive, musculoskeletal, and sensory systems contribute to 

impairments in vision, hearing, mobility, and cognition among older adults, increasing their 

risk of falls.12 Falls rates have been rising annually, especially in residential aged care facilities, 
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where nearly all residents have impaired balance and strength, key risk factors for falls and 

fractures.17 18 Exercise interventions, prescribed by physiotherapists and allied health 

professionals, have been shown to improve physical function in aged care, yet access to these 

services remains unequal, particularly in rural areas.19 20 21 Telehealth is becoming integral to 

contemporary physiotherapy care, offering potential solutions to accessibility issues.22  

 

The results from the systematic review and meta-analysis in Chapter Four suggest that 

telehealth can improve mobility, balance and strength in aged care settings. Due to the small 

number of studies overall certainty of evidence for the effect of telehealth intervention on 

physical outcomes was rated as very low quality and the pooled results for all outcomes did 

not reach statistical significance. However, the implementation analysis reveals key findings. 

The reach of the interventions was moderate, with a median of 55%, while feasibility, indicated 

by participant inclusion in follow-up data collection, was high with a median score of 87%. 

Adherence to planned exercise sessions was also high, with a median attendance rate of 86%, 

and the exercise dose over the study period had a median of 17 hours across eight studies. 

Overall satisfaction with interventions, measured in eight trials, was high with a median rate 

of 86% with few safety concerns. 

 

Chapter Four revealed that facilitators for high program adherence included initial participant 

technology training, ongoing support, the convenience of home-based telehealth programs, and 

program flexibility. However, barriers were identified, such as technology hesitation impacting 

recruitment rates and satisfaction, challenges in delivering synchronous classes to multiple 

sites, and limitations in tailoring exercises in asynchronous programs. It is suggested that any 

other investigation into telehealth utilisation in aged care settings should address these barriers 

to improve the feasibility of the trials.  
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8.2.4 The importance of co-design to enhance implementation of telephysiotherapy 

exercise interventions in aged care 

Chapter Five and Six delve into the co-design methodology employed in the TOP UP trial. The 

co-design process within TOP UP was a collaborative effort that actively engaged the 

perspectives of the aged care workforce, healthcare professionals, and older adults. This 

inclusive approach played a pivotal role in shaping the trajectory of the TOP UP trial. Co-

design recognises the unique needs, preferences, and challenges of the ageing population, 

fostering a more tailored and patient-centric healthcare delivery model.23 The co-design 

elements in TOP UP were important because it enabled the TOP UP’s intervention, resources 

and implementation plan to be specifically tailored to the diverse needs and capabilities of aged 

care service users. Input from all stakeholders helped customise senior-friendly online and 

printed exercise resources that proved feasible for participants with various physical, sensory 

and cognitive abilities. Results of the co-design process also reflected the results from Chapter 

Four’s systematic review where an implementation analysis emphasised the importance of 

support from trained care workers and the necessity of investing in adequate staff training to 

ensure sustainable adoption.  

 

The integration of older individuals into the co-design process of the TOP UP protocol 

appears to have heightened participant engagement and fostered a sense of ownership in their 

telephysiotherapy exercise and contributed to robust implementation outcomes. TOP UP's 

aged care partners screened a total of 1348 aged care service users spanning 27 sites for 

eligibility. This screening identified a pool of 512 (38%) eligible participants. Forty-seven 

percent (n=242) of eligible service users consented to participate representing 18% of the 

total screened pool. In the context of trial consenting procedures, this can be considered a 

strong adoption rate which suggests reasonable generalisability of the findings. 
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Notably, at the six-month primary outcome follow-up assessment, 202 participants remained 

available, underscoring the high feasibility of TOP UP. The trial recorded a median exercise 

dose of 29 hours (range 8 to 75) across the six-month trial period as the physiotherapists aligned 

interventions with the preferences and goals of the end-users. These highlight the significance 

of involving diverse voices in research initiatives, ensuring the relevance and feasibility of 

interventions in real-world settings. 

The iterative nature of co-design enabled some site-specific adaptions of the TOP UP 

implementation. Feedback from both participants and healthcare professionals involved in the 

trial informed implementation adjustments, such a slower exercise videos, ensuring that the 

programs evolved to meet evolving participant needs at each site. 

The use of different implementation frameworks supported the implementation of the trial.  

The implementation outcomes of acceptability, reach, fidelity, dose-delivered, and adoption 

are closely related to the NASSS (Non-Adoption, Abandonment, Scale-up, Spread, and 

Sustainability) framework, as they collectively provide insights into the complexities and 

challenges of implementing innovations in healthcare settings. The following implementation 

outcomes relate to the NASSS framework in a number of ways: 

1. Acceptability: Acceptability refers to the extent to which an intervention is perceived 

as suitable or agreeable by stakeholders.24 In the NASSS framework, acceptability is 

linked to the "Non-Adoption" domain, as interventions that are not deemed acceptable 

by stakeholders may face resistance or reluctance to adopt them.25 

2. Reach: Reach refers to the proportion of the target population that participates in or is 

exposed to the intervention. In the NASSS framework, reach is associated with the 

"Scale-up" and "Spread" domains, as it reflects the extent to which the intervention is 

implemented across different settings or populations.25 
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3. Fidelity: Fidelity refers to the degree to which an intervention is delivered as intended 

or according to its protocol.24 Fidelity is closely related to the "Scale-up" and "Spread" 

domains in the NASSS framework, as maintaining fidelity during the implementation 

process is crucial for ensuring consistency and replicability across diverse settings.25 

4. Dose-Delivered: Dose-delivered refers to the quantity or intensity of the intervention 

delivered to participants.24 In the NASSS framework, dose-delivered intersects with the 

"Sustainability" domain, as interventions that are delivered inconsistently or 

inadequately may struggle to be sustained over time.25 

5. Adoption: Adoption refers to the decision by individuals, organizations, or systems to 

accept and implement the intervention.24 In the NASSS framework, adoption is central 

to the "Scale-up" and "Spread" domains, as successful adoption is necessary for the 

intervention to be implemented widely and effectively.25 

Overall, the implementation outcomes of acceptability, reach, fidelity, dose-delivered, and 

adoption provide valuable insights into the multifaceted nature of implementing the TOP UP 

trial, aligning closely with the domains of the NASSS framework and helping to understand 

the challenges and facilitators of successful telephysiotherapy implementation in aged care. 

During our qualitative analysis of the TOP UP trial we did not refence Greenhalgh’s seventh 

and final domain due to the early stage of this research. The final domain in the NASSS 

framework is "Sustainability." This domain focuses on the long-term viability and maintenance 

of the intervention within the healthcare system or organisation. Sustainability encompasses 

factors such as ongoing funding, integration into routine practice, adaptability to changes in 

context or policy, and the ability to demonstrate continued effectiveness and benefits over time. 

This domain would need to be considered in any future analysis of existing telephysiotherapy 

programs.  
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8.2.5 TOP UP is safe and acceptable for many older people  

Chapter Six briefly explores the safety and acceptability outcomes from the TOP UP trial. One 

adverse event occurred during the trial when a participant fell while exercising, but no injuries 

were reported. It appears that the complex comorbidities of the participants were well managed 

by their treating physiotherapy using telehealth and the support from their trained care workers. 

At the intervention's end, participants were surveyed about recommending telephysiotherapy. 

Most participants were willing to recommend telephysiotherapy (TOP UP).  

 

Acceptability is crucial when designing and implementing effective telehealth interventions.26 

TOP UP is a complex intervention comprising multiple interacting components, delivered 

across different physical settings requiring the support of various different parties and levels 

within aged care organisations.27 Telehealth service developers face the challenge of creating 

effective programs within resources constraints.28 Successful implementation of telehealth 

programs like TOP UP depends on both the program delivers (physiotherapists, aged care 

service providers) and the recipients (older people, their families, care staff, ) perceive the 

intervention as acceptable.29 

 

Chapter Seven includes all stakeholder in its qualitative analysis and highlights three key 

reasons for TOP UP's high levels of acceptability: (1) telehealth's accessibility by eliminating 

geographical barriers; (2) its convenience, enabling home-based exercises and flexible 

scheduling; and (3) its motivational aspect, using technology to educate and support older 

adults, promoting adherence to evidence-based exercise programs. A recent feasibility study 

corroborates these findings, demonstrating the viability and acceptability of telehealth in hybrid 

rehabilitation programs for older adults with mobility disabilities.30  
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While telehealth is acceptable for physiotherapy-led fall prevention and mobility exercises, it 

may not be suitable for hands-on interventions in musculoskeletal physiotherapy, a sentiment 

echoed by physiotherapists.30 Despite these reservations, our research aligns with the broader 

acceptance of telehealth in physiotherapy, emphasising its ongoing clinical role and positive 

patient experiences.31 The results of this thesis provides assurances to aged care service and 

physiotherapy providers that telehealth is acceptable by all stakeholders and gives guidance on 

how best to implement future iterations of programs such as TOP UP.   

 

The TOP UP program appears to sit well in a reablement model of care and if proven effective 

could gather support from funders. There is currently an Australian Government focus on 

‘reablement’ and maximising or improving function in people living with dementia in the 

community.32 In Australia reablement shares features with rehabilitation, such as maintaining 

or improving functional ability with a focus on interdisciplinary care.33 However, reablement 

has been described as a less structured approach that has potential for enhancing function and 

independence in people at risk of functional decline who have complex comorbidities including 

dementia. Reablement distinguishes itself by prioritising home-based care over acute settings 

such as hospital.34  

 

8.3 IMPLICATIONS FOR CLINICAL PRACTICE  

Chapter Two highlights the efficiency and accuracy of using incident reports in fall prevention 

programs and gives aged care service providers the confidence to use them in Australia’s new 

mandatory incident reporting program.8 Incident reports provide a systematic and standardised 

means of data collection, enabling clinicians to discern patterns, identify risk factors, 

understand common causes of falls within aged care settings and evaluate the impact of falls 

prevention strategies.12 This information supports evidence-based decision-making, fostering 
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the development and modification of fall prevention strategies in a more efficient way then 

progress notes. The detailed insights gleaned from incident reports empower healthcare 

professionals such as physiotherapists to craft targeted intervention strategies tailored to the 

specific needs and characteristics of individuals at risk.35 This personalised approach will allow 

for more effective and nuanced strategies that directly address the root causes identified 

through incident analysis.36 The results of this fall agreement analysis highlight the importance 

of adequate staffing levels to support accurate incident reporting which will facilitate proactive 

risk assessment, enabling clinicians to identify environmental, patient-specific, or systemic 

factors contributing to falls. This proactive stance allows for the implementation of preventive 

measures before further incidents occur, ultimately reducing the likelihood of recurrent falls 

and associated injuries.37 

 

The Intervention Component Analysis (ICA) presented in Chapter Three study holds crucial 

clinical implications for researchers, clinicians, and policymakers involved in fall prevention 

programs in aged care. This ICA provides a systematic approach to analysing the components 

of an intervention, allowing healthcare professionals to identify and understand the specific 

elements that contribute to its effectiveness.13 This precision in intervention design enables 

clinicians to tailor interventions to the unique needs and characteristics of individual patients 

or specific populations.  

 

The findings presented in Chapter Three emphasise the importance of tailoring exercise 

interventions to the individual, with balance and strength exercises to be the most likely 

effective components in reducing falls. Notably, trials that successfully delivered moderate-

intensity exercises tailored to residents’ needs demonstrated positive outcomes, highlighting 

the significance of exercise intensity in fall prevention. Implementation strategies, though less 

272



explicitly discussed in Chapter Three, are highlighted by the ICA as essential for success. The 

ICA suggests that sufficient resourcing, including supervision, structure, and adequate dose, 

could be crucial for effective fall prevention programs. However, the study points out that the 

median weekly exercise dose across trials was considerably lower than recommended, 

suggesting a need for more intensive exercise interventions in aged care settings. This ICA 

gives clinicians emerging evidence that enables them to prioritise and select the most effective 

components and adapt current interventions to reduce falls in aged care. 

 

Implementing learnings from Chapter Four and Seven support the use of telehealth to deliver 

physiotherapy-led exercise programs for older people in aged care to improve mobility, reduce 

falls and improve quality of life. However, the full impact of the rial will not be known until 

the effectiveness results are analysed.  The reach of the trials in the systematic review and the 

TOP UP trial included a diverse range of participants, encompassing those with multiple health 

issues and moderate cognitive and mobility impairments. The telehealth interventions enabled 

tailored exercise guidance, encompassing low to moderate intensity balance and strength 

exercises, either individually or in group settings. However, limitations to telehealth’s reach 

exist, particularly among individuals with severe cognitive and mobility impairments and 

significant sensory deficits. Research findings from Chapter Four and Seven highlight the 

importance of some key implementation facilitators that appeared to enhance the success of 

telehealth programs in aged care. These facilitators should be considered in future design of 

telephysiotherapy programs in aged care and include: 

• Implementing behaviour change techniques via  real-time feedback during synchronous 

video-conferencing, delivering superior exercise instructions through the use of 

exercise videos and providing increased prompts to remind older people when and how 

to exercise with local support.38 39-42  
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• Providing staff and participants with technology training to reduce any technology 

hesitation and to improve the chances of successful program implementation.43 

• Ongoing telehealth support to troubleshoot any problems with the technology to 

enhance exercise participation. 39 41 44-48 

 

The COVID-19 pandemic highlighted the need for alternatives to in-person consultations 

without compromising the quality of and access to essential health services such as 

physiotherapy.49 Telehealth can be a valuable method for delivering restorative exercise 

programs to aged care service users, especially when the practice is sensitive to each person’s 

unique needs and their sensory, physical and cognitive limitations.50 51 The findings of this 

thesis aligns with the recent implementation guidelines for telehealth that the World Health 

Organization (WHO) published in 2021. This guidance aimed to provide evidence-based 

advice about the actions necessary to implement telehealth safely and effectively during 

COVID-19 and beyond the pandemic.52 It was aimed at health care system professionals and 

did not target aged care service users specifically, but parallel findings can be drawn from our 

research and the WHO’s guidance:  

• Telehealth should follow a tailored approach with appropriate steps taken to ensure that 

the accessibility, quality and safety is supported by effective policy and governance. 

• Multidisciplinary collaboration between key stakeholders will enhance successful 

design and implementation.  

• User interfaces, functionalities and communication strategies should be co-designed 

with end-users and adhere to emerging evidence-based practices for usability, 

accessibility and deliver clear benefits to both end users and the health care system.  

• Telehealth support should be consistent to reduce technology anxieties and facilitate 

wider adoption. 
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• The adoption of telehealth can widen health care inequity, leaving behind those without 

digital devices, internet connectivity or relevant skills. It is important to prioritise and 

carefully assess the adoption and impact of telehealth among people from vulnerable 

populations such as those from rural communities, culturally and linguistically diverse 

backgrounds, the aged and those with disability.  

• Healthcare providers should assess the readiness stakeholders to use telehealth services 

based on local, social, regulatory and technological contexts before committing to 

investing in telehealth program and reduce mismanagement of healthcare funds. 

 

Chapter Five explores how TOP UP aimed to integrate behaviour change theories to influence 

behavioural patterns and to enhance exercise adherence among older individuals.53 Chapter Six 

delves into the integration of key components identified in TOP UP's pre-implementation 

workshops, crucial for fostering adherence to exercise routines, which later emerge in Chapter 

Seven as pivotal for enhancing exercise adherence. These include:  

1. Goal setting: Telephysiotherapy can facilitate collaborative goal setting between 

healthcare providers and older adults is a similar way to in-person sessions. Setting 

specific, measurable, attainable, relevant, and time-bound (SMART) goals creates a 

sense of purpose and motivation, increasing adherence to exercise programs.54 

2. Self-Monitoring: TOP UP included features for self-monitoring, allowing our 

participants to record their exercise frequency using written diaries. We expect that 

including this feature in senior-friendly ways will enhance future telephysiotherapy 

applications. Zoom appeared to be suitable application for the physiotherapist to 

communicate the program progress and celebrate the participants achievements. 

Assisting aged care service users to track their accomplishments can boost self-efficacy 

and motivation, encouraging continued participation.55 

275



3. Feedback and Reinforcement: Telehealth platforms such as Zoom enable real-time 

feedback from healthcare providers, acknowledging progress and providing positive 

reinforcement. Regular encouragement and positive reinforcement can enhance 

motivation and adherence to exercise routines.56 

4. Social Support: TOP UP has the capacity to integrate social aspects, including virtual 

group exercise sessions or online exercise communities, thereby cultivating a sense of 

community and support. Incorporating social interactions and encouragement from 

peers or healthcare professionals can significantly enhance adherence by fostering 

motivation and accountability.57 Crucially, the support provided by TOP UP coaches, 

as identified in the pre-implementation workshop, played a pivotal role in enabling 

participant engagement with telephysiotherapy and facilitating the accomplishment of 

complex balance assessments and the delivery of moderate-intensity balance and 

strength exercises. This supportive mechanism emerged as a crucial factor contributing 

to the feasibility of TOP UP. 

5. Cognitive Reappraisal: TOP Up offered repeated educational components that aimed 

to give the participant the tools to adhere to exercise program safely (exercise videos, 

weekly local support and education via Zoom with the physiotherapists). We believe 

that this helped the participants reframe their negative thoughts or concerns about 

exercise. Addressing misconceptions and fears can alleviate anxiety and boost 

confidence, leading to increased adherence.56 

6. Problem-Solving: In Chapter Seven the physiotherapist interviewed indicated that 

Zoom platform can offer opportunities that help older adults identify barriers to exercise 

adherence and develop problem-solving skills. Learning coping strategies and finding 

solutions to challenges can empower individuals to overcome obstacles and maintain 

their exercise routines.58 
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7. Routine: The TOP UP program supported participants in establishing a regular exercise 

routine through weekly visits from their coaches and consistent physiotherapy sessions. 

The creation of a structured and predictable exercise schedule contributes to the 

formation of a habit, increasing the likelihood of adherence to the exercise regimen 

among older adults.59 We propose that future initiatives explore the augmentation of 

this aspect by developing applications capable of sending text reminders and additional 

motivational support, aiming to further enhance the effectiveness of subsequent 

telephysiotherapy programs. 

8. Modeling: The TOP UP program integrated Bandura's theory of modeling, and this 

emerged as a significant facilitator in our qualitative analysis.55 By featuring older 

individuals in the TOP UP exercise videos, the program leveraged visual learning to 

enhance confidence, ensure proper technique, and bolster motivation.  

 

Telephysiotherapy, as explored in the TOP UP trial, holds promise in providing timely, patient-

centred care, especially for frail aged care service users. The incorporation of behaviour change 

strategies into TOP UP appears to have contributed to adequate exercise adherence among 

participants. If the results from the TOP UP trial demonstrate the effectiveness and cost-

effectiveness of telehealth interventions in improving mobility, reducing falls, and enhancing 

quality of life, it will reinforce the crucial role telehealth can play in delivering evidence-based 

exercise, bridging health access gaps, and improving health outcomes for older people in aged 

care settings. 
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8.4 IMPLICATIONS FOR FUTURE RESEARCH  

8.4.1. Future research is required for culturally and linguistically diverse (CALD) 

populations 

 

Conducting research in culturally and linguistically diverse (CALD) populations in Australia 

is essential for promoting health equity, addressing health disparities, and informing policy 

development. As a result of migration trends, older CALD populations increasing sharply.60 In 

2014-15, 27% of home care recipients and 19% of residential aged care were from CALD 

background. In 2018, one-third of people with dementia were from CALD populations.61 It has 

been shown that the burden of dementia may have been disproportionately greater among 

particular CALD groups, potentially due to social determinants of health (e.g., socioeconomic 

conditions).12 The prevalence of dementia in Australia was highest among Italian, Greek, and 

Chinese born populations.61 In the TOP UP study, less than 10% of participants were from 

CALD backgrounds and there was little evidence of CALD participants in Chapter Four’s 

systematic review of telehealth. There is a lack of research on telehealth interventions designed 

to improve physical outcomes of older people from CALD backgrounds. Hybrid 

implementation and effectiveness research that used mixed methods can help identify barriers 

and facilitators unique to CALD committees is required.   

 

8.4.2 Future co-design research is required to investigate the usability of telehealth 

applications 

 

TOP UP tested two telehealth applications, Zoom and a co-designed website, to deliver tailored 

and progressive strength and balance exercises. We have identified the need for the 

development of a comprehensive application (TOP UP app) to enhance program usability and 

outcomes. Funding has been secured to develop the TOP UP app through a co-design process 
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with aged care service users in 2024. Additionally, grants have been submitted for a large-scale 

trial involving 720 participants, incorporating the TOP UP app. This proposed trial plans to 

utilise synchronous videoconferencing and asynchronous exercise videos, supported by local 

staff, to deliver tailored balance and strength exercise. The study's objective is to evaluate the 

influence of the TOP UP app on falls. It will be a hybrid type 1 effectiveness-implementation 

trial, intending to examine how the simplified user interface, exercise adherence tracking, and 

embedded motivational texts impact exercise motivation and adherence among older adults in 

residential aged care. 

 

This thesis discusses the challenges and opportunities associated with implementing effective 

telehealth exercise programs for aged care services users. Understanding the usability of 

telehealth applications is crucial for ensuring widespread and effective adoption of remote 

healthcare solutions.62 Research in this area is needed to assess how easily users, including 

older people and those with varying technological proficiency, can navigate and engage with 

telehealth platforms. Identifying usability challenges and streamlining user interfaces can 

enhance accessibility, user satisfaction, and overall effectiveness of telehealth applications in 

delivering remote healthcare services.63 

 

8.4.3 Future trials that include all aged care service users  

It is important to highlight that the findings of this thesis related to the eligibility parameters 

outline in the TOP UP protocol, which excluded aged care service users with severe cognitive, 

physical and sensory impairments from participating in the trial. Older people with dementia, 

severe sensory impairments, and mobility impairments are at a higher risk of falling compared 

to those without these conditions.12 
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Dementia can affect cognitive function, leading to impaired judgment, reduced spatial 

awareness, and an increased risk of falls. Severe sensory impairments, such as vision or hearing 

loss, can further hinder an individual's ability to detect environmental hazards and maintain 

balance, contributing to the risk of falls. Mobility impairments, including muscle weakness, 

gait disturbances, and difficulties with balance and coordination, also significantly increase the 

likelihood of falls among older adults.12,16,18 The combination of these conditions creates 

additional challenges in navigating the environment safely, making fall prevention strategies 

essential for older adults with dementia and severe sensory and mobility impairments.20 

 

Future trials that include people with severe cognitive, physical, and sensory impairments are 

important for several reasons: 

1. Inclusivity: To ensure that the interventions developed to be generalisable to real-world 

settings and populations of older adults, including those with diverse impairments and 

functional limitations. By including individuals with severe impairments, researchers 

can assess the effectiveness and feasibility of telephysiotherapy strategies across a wide 

range of abilities and needs. 

2. Ethical considerations: Excluding individuals with severe impairments from fall 

prevention trials may perpetuate disparities in healthcare access and neglect the needs 

of vulnerable populations. It is ethically important to ensure equitable access to 

interventions aimed at improving the health and safety of all older adults, regardless of 

their impairments. 

3. Comprehensive understanding: Including people with severe impairments provides a 

more comprehensive understanding of the barriers and challenges they face in engaging 

with telephysiotherapy. It allows researchers to identify specific needs, preferences, and 
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barriers to participation in virtual exercise programs, informing the development of 

more tailored and effective interventions. 

 

8.5 IMPLICATIONS FOR POLICY AND PRACTICE  

TOP UP holds substantial potential to influence policy by showcasing the acceptability, safety, 

and effectiveness of telephysiotherapy. If the trial is found to be effective and cost-effective 

this evidence combined with the implementation outcomes may drive policymakers to integrate 

telephysiotherapy into comprehensive healthcare policies, potentially involving direct funding 

to enhance physiotherapy access for aged care service users in thin markets. The research 

outcomes could inform the creation of specialised frameworks and implementation guidelines 

for aged care, fostering collaboration, training initiatives, and regulatory adaptations. 

Furthermore, these findings may contribute to public awareness, encouraging policymakers to 

implement educational campaigns for the widespread integration of telehealth practices in aged 

care physiotherapy. 

 

Chapter Seven sheds light on telehealth's transformative potential in enhancing aged care 

service delivery by improving access, reinforcing preventive care, and facilitating older 

individuals' access to exercise at their convenience. The qualitative analysis results have 

inspired TOP UP's aged care service partners to develop their telephysiotherapy models, 

connecting aged care clients to physiotherapy services. These services commenced operations 

in 2023, and the forthcoming effectiveness and cost-effectiveness results may provide 

additional value if they prove positive. Overall, TOP UP has the capacity to instigate significant 

policy and practice changes in support of telehealth initiatives in aged care physiotherapy. 
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8.6 CONCLUSION  

The ageing global population demands healthcare systems prepare for this demographic shift. 

Prescription of evidence-based exercise targeting the mobility improvement, fall prevention, 

and enhanced quality of life among older people should play a pivotal role in ensuring efficient 

healthcare service delivery.64 Telehealth's pivotal role in delivering continuous care during the 

COVID-19 pandemic underscores its potential to reduce morbidity and mortality. Despite this, 

there's limited evidence guiding sustained telehealth implementation in aged care. This thesis 

contributes significantly to the evolving evidence on the acceptability and implementation of 

telephysiotherapy programs in aged care settings, offering valuable insights for clinicians, 

caregivers, and service providers. The translational impact of the implementation findings will 

be fully realised if the trial is found to be effective. 

 

The findings presented in this thesis provides evidence for the importance of integrating fall 

incident data collection methods into effective fall prevention exercise programs, emphasising 

their accuracy and efficiency. The Intervention Component Analysis (ICA) highlights that 

successful exercise programs should feature balance and strength exercises at a moderate 

intensity, tailored to individual needs. Additionally, insights from our systematic review on 

telehealth's impact on older people demonstrate that with support and training telehealth can 

align with the needs of aged care service users. Qualitative findings from the TOP UP trial 

collectively indicate that telephysiotherapy is a suitable, safe, acceptable, and feasible medium 

for delivering evidence-based exercise in aged care, aligning with the principles outlined in the 

ICA approach. 

 

The work presented in this thesis emphasises the need to educate aged care users about 

telehealth's convenience and safety and the need to address this population’s technology 

282



hesitancy. Tailored marketing strategies, comprehensive planning, co-design efforts, and 

collaboration between stakeholders are essential for successful telephysiotherapy adoption. 

While COVID-19 accelerated telehealth, challenges persist in reducing healthcare inequities, 

necessitating collaborative efforts for the sustainable and widespread accessibility to deliver 

effective exercise in aged care.  Future research is needed to investigate the effectiveness of the 

delivery of exercise program through telehealth among CALD older participants and to explore 

the usability of telehealth applications in aged care. Large scale randomised controlled trials 

focusing on the effectiveness and scalability of telephysiotherapy applications are also 

warranted. 
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Abstract  45 

 46 

Background: Exercise interventions are highly effective at preventing falls in older people living in 47 

the community. In residential aged care facilities (RACFs), however, the evidence for effectiveness is 48 

highly variable, warranting exploration of drivers of successful trials. This study aims to identify the 49 

features of randomised controlled trials (RCTs) that are associated with reducing falls in RACFs. 50 

 51 

Methods: Included RCTs testing exercise interventions in RACFs compared to usual care, reporting 52 

rate or risk of falls from the systematic Cochrane Collaboration Review and a search update to 53 

December 2022. Two authors independently extracted and coded trial features and effectiveness. 54 

Trial features were coded as either absent, present or by degree of presence according to a theory 55 

developed from prior Intervention Component Analysis. Trial effectiveness was coded as effective or 56 

ineffective based on point estimates for rate ratio or risk ratio, or p<0.05 where ratios were not 57 

available. Qualitative Comparative Analysis (QCA), utilising Boolean minimisation theory, was 58 

conducted to determine the key trial features associated with successful trial outcomes. 59 

 60 

Results: 18 trials undertaken in 10 countries with 2,279 residents were included. Participants were 61 

predominately ambulant females aged 70 to 80 with cognitive impairment. Interventions tested 62 

were mostly fully supervised, or initially supervised, exercise programs. QCA identified two 63 

configurations of features associated with successful falls prevention programs: (i) moderate or low 64 

intensity group exercise, or (ii) for independent ambulatory residents, moderate or low intensity 65 

exercise for more than 1 hour per week (coverage, a measure of the trials explained by each 66 

pathway, was 0.67 and 0.75 respectively). The combination of the two scenarios had high 67 

consistency (indicating strongly sufficient relationships) and total coverage scores of 1 indicating that 68 

the combined pathways explained all trials.  69 

 70 

Conclusion: To consistently reduce falls in RACFs, exercise programs should provide continuous 71 

supervised moderate-intensity group exercise. For programs that mostly include independent 72 

ambulatory residents, moderate or low intensity exercise for more than 1 hour per week, should be 73 

provided. As many current residents are frail, tailored exercise is likely necessary and an 74 

individualised dose may be required. Future trials should test exercise interventions for less mobile 75 

residents.  76 

 77 

Keywords: fall prevention, exercise intensity, care home, nursing home, exercise program 78 

 79 

 80 

 81 
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Introduction 82 

 83 

Exercise interventions can facilitate safe mobility by enhancing muscle strength and balance and the 84 

ability to avoid falls. Thus, exercise is a featured and recognised intervention approach in falls 85 

prevention guidelines [1, 2]. In the community, there is high certainty evidence that balance and 86 

functional exercise interventions for falls prevention can lead to a 24% reduction in the rate of falls 87 

amongst older adults [3]. However, in residential aged care facilities (RACFs),  the evidence is highly 88 

variable (rate ratio of 0.93, 95% CI 0.72 to 1.20, 2002 participants from 10 studies, I2= 76%), leading 89 

to a conclusion that the effect of exercise was not certain in most recent 2018 Cochrane 90 

Collaboration review [4]. RACFs are a complex environment to provide exercise interventions in. 91 

Exercise professionals are required to integrate with the organisation through varied funding 92 

schemes and work with a high turnover of nursing staff and vulnerable residents with additional falls 93 

risks due to cognitive impairment, frailty, and malnutrition [5, 6].  94 

 95 

Despite the environmental complexities, a recent reanalysis of exercise interventions in RACFs 96 

comparing end of intervention data to end of follow up data demonstrated a beneficial effect on 97 

falls prevention [7]. Trials of exercise interventions reduced falls at the end of exercise intervention 98 

in comparison to usual care (rate ratio 0.68, 95% CI 0.49-0.95, I2 =85%; risk ratio 0.84, 95%CI 99 

0.72─0.98, I2 = 18%) [7]. No effect was observed beyond the intervention period (rate ratio 1.01, 95% 100 

CI 0.80 – 1.28, I2 =58%, risk ratio 1.05, 95% CI 0.92-1.20, I2 =10% ), where no exercise intervention 101 

was provided, suggesting that continuing exercise programs in RACFs is required to maintain a 102 

reduction in falls amongst residents [7]. However, the considerable heterogeneity observed between 103 

trials (I2 =85%) where some trials clearly reduced falls and others increased falls, warrants further 104 

exploration to understand the differences between successful and unsuccessful exercise 105 

interventions for falls prevention [8].  106 

 107 

A recent intervention component analysis (ICA) identified a key theory for drivers of successful falls 108 

prevention exercise interventions from the perspective of trialists [9, 10]. The theory stated that 109 

provision of the ‘right’ exercise with sufficient resourcing could be required for a falls prevention 110 

exercise intervention to effectively reduce falls in RACF. ‘Right’ exercise was described as consisting 111 

of a targeted balance and strength program providing individualised exercise prescription of 112 

moderate intensity, focusing on a realistic approach to exercise for older adults. Sufficient resourcing 113 

referred to supporting structured supervised group exercise for 30 hours or more and education for 114 

staff and residents on falls prevention [9]. This theory provides a starting point for qualitative 115 

comparative analysis (QCA) where it can be tested and refined to identify the combinations of 116 

conditions that best explain the success and failure of all trials [11].  117 

 118 

QCA is increasingly applied in systematic reviews because of its suitability for examining intervention 119 

complexity [12-14]. Based on an assumption that complex interventions differ in multifarious ways 120 

and that outcomes result from the interplay of an intervention with its implementation and context, 121 

QCA combines processes and principles of qualitative inquiry with quantitative analytical methods to 122 

identify critical features related to the intervention and / or contextual elements [11]. The 123 
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underlying logic of QCA derives from set theory and involves exploring how sets of trials with similar 124 

characteristics overlap with sets of trials defined as having a successful or unsuccessful outcome. As 125 

a result, this method can identify features associated with successful trials in complex interventions 126 

where it is unclear why some trials are successful while others or not.  127 

 128 

This study aimed to use QCA to test the consistency and inclusion of components identified from ICA 129 

as an initial theory and refine the theory as required to identify combinations of exercise trial 130 

features that are associated with reducing falls RACFs.  131 

 132 

Methods  133 

 134 

Study Selection  135 

Randomised control trials (RCTs) that tested exercise interventions compared to usual care in RACFs 136 

and reporting data for rate or risk of falls at the end of intervention, suitable for meta-analysis, or 137 

had falls data with a p-value when effect estimates and confidence intervals were not available, 138 

were included. Trials included in the Cochrane Collaboration review [3] and records from an 139 

additional search update of CENTRAL, MEDLINE, Embase and CINAHL Plus databases from 2017 to 140 

December 2022 were screened to identify eligible trials [4]. Trial records and conference abstracts 141 

were not systematically searched or included in this review. Records retrieved from the updated 142 

search were first imported into Endnote x9 (Clarivate Analytics, PA, USA) for duplicate removal. 143 

Remaining records were imported into Covidence (Veritas Health Innovation, Melbourne Australia) 144 

for independent screening and data extraction by two authors. Any discrepancies were discussed 145 

with a third author as necessary.  146 

 147 

Data extraction and Risk of Bias  148 

Study characteristics and end of intervention falls outcomes data from new trials identified from the 149 

search update were independently extracted by two authors using a proforma or in Covidence [4]. 150 

Risk of bias determined by two authors using the Physiotherapy Evidence Database (PEDro) scale 151 

was extracted [8]. A study characteristics table and data table were generated from extracted data.  152 

 153 

Qualitative Comparative Analysis  154 

 155 

Data Table 156 

A Data Table was constructed based on the methods of Sutcliffe and colleagues [11]. All RCTs 157 

providing exercise in RACFs with end of intervention falls data were tabulated against intervention 158 

features identified from the ICA theories and trial effectiveness to form a data table. To code 159 

intervention features, evidence from all published records detailing information on each feature was 160 

used to allocate a code of intervention feature absent (0), present (1), or by degree of presence 161 

(numbers from 0 to 1 excluding 0.5), independently by two physiotherapist researchers. Trial 162 
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effectiveness outcomes used were from the end of intervention random effects timepoint meta-163 

analysis by Dyer and colleagues [7] and Cochrane Collaboration Review [4]. Data for rate of falls (i.e., 164 

the total number of falls per unit of person time that falls were monitored during the intervention) 165 

was used in preference to risk of fallers (i.e., the number of fallers during the intervention) to code 166 

trial effectiveness, when present, as this outcome appears more sensitive to change [3, 4]. Trial 167 

effectiveness was coded as 1 for statistically or clinically significantly reducing falls (point estimate 168 

≤0.8 or p<0.05 where point estimates were not available); or 0 for no effect (point estimate >0.8 to 169 

<1.2) or increased falls (point estimate ≥1.2). Any discrepancies between data extraction and coding 170 

of conditions were resolved by discussion between two authors, involving a third author as 171 

necessary. 172 

 173 

Analysis 174 

QCA was conducted in R Project (version 4.3.1, 2023-06-16, 64bit) using the graphical user interface 175 

(GUI) [15]. The data table of coded intervention conditions (analogous to factors or variables) and 176 

effectiveness was imported into the GUI. The intervention components of the theory from ICA were 177 

included in a Truth Table to determine the degree of inclusion of each component in impacting trial 178 

effectiveness. In a truth table, each row represents a single or multiple studies with the same 179 

configuration of characteristics [15]. The results of the first Truth Table determined if a modified 180 

theory should be tested in a refined Truth Table or if the initial theory can progress to the next step 181 

of QCA.  182 

 183 

As the ICA theorised that (a) “right exercise” by targeting balance and strength, tailored to the 184 

individual and delivered simply at a moderate intensity and (b) “sufficient resourcing” to deliver 185 

structured and supervised exercise at an adequate dose were both important in driving trial success 186 

from the perspective of trialist. These two features were first tested in a truth table accordingly [9]. 187 

Subsequent ‘theories’ were developed for exploration that represented adaptations to the original 188 

theory. 189 

 190 

For each theory, in line with QCA guidance [14-16], the following QCA steps were conducted:  191 

1) Truth Table analysis to test if configurations of the features in the theory have consistency scores 192 

demonstrating that the theory explains the allocation of studies into successful and unsuccessful 193 

sets for falls prevention accurately. A consistency score, also known as a (sufficiency) inclusion score, 194 

indicates the degree to which configuration of studies are a subset of effective studies, and the 195 

extent that the combination of intervention components can be viewed as sufficient in triggering an 196 

effective intervention. Scores of zero indicate that studies sharing a given configuration of conditions 197 

are not members of the successful outcome set, and scores between zero and 1 indicate various 198 

degrees of partial membership with a score of 0.5 representing maximum ambiguity as to the 199 

strength of a sufficient relationship. If the combination of conditions in the Truth Table tested were 200 

not able to explain the success or failure of most or all included trials, the inclusion and consistency 201 

scores were used to identify which conditions explain most trials to retain for further Truth Table 202 

analyses, as well as which trials were not explained, to identify additional conditions from the data 203 

table to be examined in further Truth Table analyses.  204 
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 205 

2) If the configurations had inclusion and consistency scores which were able to explain the success 206 

or failure of most or all included trials, Boolean minimisation was conducted to identify the simplest 207 

combination of trial features providing a solution. Coverage scores indicated the percentage of cases 208 

associated with the configuration. 209 

 210 

3) To help to simplify the minimised solution, logical remainders (configurations which are not 211 

represented in the existing trials) were then incorporated into the solution (analogous to imputation 212 

in statistical analysis). First, the parsimonious solution was tested in which logical remainders were 213 

incorporated in the minimisation of the solution; this solution prioritised the simplicity of the 214 

expression over theoretical knowledge, with the software identifying the expected outcomes 215 

regardless of whether these were supported by theory. Next, an intermediate solution was 216 

developed which incorporated logical remainders but where the reviewers, incorporated 217 

assumptions about the likely outcomes of conditions and configurations and their plausibility based 218 

on theory and knowledge. The intermediate solution then tested the logical assumption along with 219 

contradictory simplifying assumptions to determine if this assumption was not contradictory and 220 

could offer a simpler solution following the practice of Dusa [15].  221 

 222 

4) If the theory withstood any logical remainder and contradictory simplifying assumptions tests, the 223 

inverse theory was then analysed by the negated outcome to check if the opposite theory was a 224 

better theory (with higher inclusion and consistency scores).  225 

 226 

Subgroup meta-analysis  227 

Combinations of critical features identified by QCA were tested in subgroup meta-analyses, to see if 228 

these drivers of effectiveness explained the considerable heterogeneity observed in the meta-229 

analysis of exercise trials in aged care. This method of using QCA to develop a theoretically driven 230 

subgroup analysis has been previously applied by Harris and colleagues [12]. Subgroup meta-231 

analyses were conducted using the generic inverse variance method using RevMan Web as 232 

described in the Cochrane Collaboration 2018 review [4]. Analyses were conducted for both rate of 233 

falls and risk of falls. Rate of falls was reported as a RaR and 95% confidence interval (CI). Risk of falls 234 

was reported as RR and 95% CI.  235 

 236 

Results 237 

 238 

Eighteen trials met the inclusion criteria for the QCA (Figure 1). Examples of key studies excluded at 239 

full text review are given in Appendix 1. Rate ratio outcomes data was used for fifteen trials and risk 240 

ratio was used for three trials to code effectiveness (Table 1). The findings represent trials conducted 241 

in 10 countries enrolling 2,279 participants living in RACFs (Table 1). Participants were predominately 242 

ambulant females in their 70s or 80s with a degree of cognitive impairment who were mostly 243 

provided fully or initially supervised exercise programs (Table 1; Appendix 2 Table S1).  244 
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 245 

The included trials varied in terms of their characteristics, including level of cognitive impairment of 246 

participants, degree of participant mobility, type and duration of exercise programs and study 247 

quality (Appendix 2, Table S1 and S2). This variation provides trial characteristic data suited to 248 

analysis with QCA [17, 18]. Specifically, five trials included only residents with no cognitive 249 

impairment while three trials included only residents with cognitive impairment; the remainder 250 

included a mix (Appendix 2, Table S1). The abilities of participants to mobile also varied with 11 trials 251 

mainly recruiting completely independent residents, 3 trials with majority of resident requiring 252 

walking aids to mobilise and 4 trials where the majority of residents required significant assistance 253 

to mobilise (Appendix 2, Table S1). Exercise interventions were provided for 3, 4, 6, 12 or 15 months 254 

in comparison to other non-exercise activities or usual care, amongst predominately groups of less 255 

than 50 participants in the control and intervention arms (Table 1). Two trials provided resident 256 

education on falls prevention in addition to exercise (Appendix 2, Table S1). 257 
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Figure 1: PRISMA Flow Diagram of Systematic Study Selection [19] 258 

 259 

 260 

 261 

 262 

 263 

 264 

 265 

 266 

 267 

 268 

 269 

 270 

 271 

 272 

 273 

 274 

 275 

 276 

 277 

 278 

 279 

 280 

 281 

 282 

 283 

 284 

 285 

 286 

 287 

Records identified from*: 

Databases (n = 5658) 

 

Records removed before 

screening: 

Duplicate records removed (n 

= 982) 

 

 

Studies screened 

(n = 3927) Records excluded on title & 

abstract 

(n = 3387) 

Reports sought for full text 

retrieval 

(n = 540) 

Reports not retrieved 

(n = 0) 

Reports assessed for eligibility 

(n = 540) 

Reports excluded: 

Total: 525 

Duplicate from 2018 Review 

(n = 29) 

Duplicate with records 

previously screened: (n = 49) 

Wrong study design (n = 100) 

Wrong setting: (n = 103) 

Wrong population (n = 12) 

Wrong intervention (n = 116) 

Wrong comparator: (n = 1) 

Wrong outcomes: (n = 85) 

Ongoing study: (n = 17) 

Conference Abstract: (n = 13) 

 
New studies included in review 

(n = 7) represented by 15 

records 

 

Identification of new studies via databases and registers 

Id
e

n
ti

fi
c
a

ti
o

n
 

S
c

re
e

n
in

g
 

In
c

lu
d

e
d

 

Total studies included in review 

(n = 18) 

 

Studies on exercise 

compared to usual care 

included in Cameron et 

al, 2018 review (n = 17) 

 

 

Previous studies 

Studies with meta-

analysis data or with p-

values where 

effectiveness estimates 

not available (n = 14) 

Studies with meta-

analysis data or with p-

values where 

effectiveness estimates 

not available at end of 

intervention. 

(n = 11) 

301



 

 
 

Table 1: Study Characteristics  288 

Author, year Study 
Design 

Country N 
randomi
sed 

Age, mean 
(SD)  

Female 
(%) 

Intervention Control Falls Outcome Used 

Arrieta, 2019 
[20] 

RCT Spain 112 
I: 57 
C: 55 

84.9 (6.9) 
I: 85.1 (7.6) 
C: 84.7 (6.1) 

70.5 Exercise professional supervised group training 
of individualised progressive multicomponent 
strength and balance exercises at moderate 
intensity. 1 hour session twice a week for 6 
months. Individually tailored walking 
recommendations based on baseline 6-min 
walking test performance and goal of 
completing 140 minutes per week for 6 
months.  

Routine low intensity 
activities usual offered such 
as memory workshops, 
reading, singing, soft 
gymnastics etc.  

Rate of falls 
(Rate ratio, 95%CI): 
0.45 (0.29, 0.69) 

Brett, 2021 
[21] 

RCT Australia 60 
I A: 20 
I B: 20 
C: 20 

85 (NR) 
I A: 86 (NR) 
I B: 84 (NR) 
C: 86 (NR) 

66 Group exercises (a range of seated and 
standing exercises which targeted strength, 
balance, endurance, and flexibility) supervised 
by physiotherapist.  
Intervention A: 45 minutes of group exercise 
per week once a week for 3 months 
Intervention B: 15 minutes 3 times a week for 
3 months 

Usual low intensity group 
activities such as seated 
bingo, concerts, movies, 
quizzes, and gentle range of 
movement exercises were 
encouraged. These activities 
were available for 30-60mins, 
once or twice a week.  

Rate of falls (Rate ratio, 
95%CI): 0.23 (0.14,0.37) 

Buckinx, 
2014 [22] 

RCT Belgium 62 
I: 31 
C: 31 
 

83.2 (7.9) 
I: 82.2 (9.0) 
C: 84.2 (6.8) 

76 Physiotherapist or researcher supervised 
whole body vibration program (75 seconds or 
1.25 minutes), three times a week with a 
minimum of 1 day between sessions for 6 
months.  

Usual: no change to lifestyle 
of involvement in any new 
type of physical activity. 

Rate of falls (Rate ratio, 
95%CI): 
1.34 (0.73, 2.45) 

Cadore, 2014 
[23] 

RCT Finland 32 
I: 16 
C: 16 
 

91.9 (4.1) 70 Supervised multicomponent exercises (i.e., 
warm up exercise, muscle power training, 
balance and gait retraining, and cool down 
exercise) for 40 minutes, twice weekly with 2 
consecutive days between sessions for 3 
months.  

Routine mobility exercises for 
40 minutes at least 4 days a 
week, routinely encouraged 
in most Spanish nursing 
home.  

Rate of falls: no falls in 
intervention vs. 0.8 falls 
per patient per month 
(p<0.001) 

Choi, 2005 
[24] 

Quasi 
RCT 

Korea 68 
(recruite
d) 
I: 29 
C: 30 

77.9 (7.3)a 
I: 77.0 (7.7) 
C: 78.7 (6.9) 

75 35 minutes supervised Tai Chi group sessions, 3 
times per week for 3 months.  
 

Usual routine activities.  Number of fallers (Risk 
ratio, 95%CI):  
0.60 (0.19, 1.87) 
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Dhargave, 
2020 [25] 

RCT India 163 
I: 82 
C: 81 

74.6 (8.5) 
I: 75.3 (8.7) 
C: 73.9 (8.3) 

53.3 Program consisted of bilateral range of motive 
exercises and stretching as well as progressed 
bilateral strengthening and balance exercises. 
30-minute sessions once a day.  Supervised by 
therapist for first week then visited once every 
15 days for 3 months. Advised to also walk for 
30 minutes in a day outside of the home.  

Falls prevention education 
program at the beginning of 
the study about identifying 
risk factors for falls, 
identifying, and avoiding 
environmental hazards, 
maintaining habit of at least 
15mins of walking daily.  

Rate of falls (Rate ratio, 
95%CI): 
0.72 (0.44, 1.17) 

Hewitt, 2018 
[26] 

Cluster 
RCT 

Australia 221 
I: 113 
C: 108 

86 (7.0)a 
I: 86 (7) 
C: 87 (7) 

65 Physiotherapist individually prescribed 
progressive resistance training plus balance 
exercises performed in a group setting for a 
total of 50 hours over 25 weeks. Followed by a 
6-month maintenance program twice weekly 
for 30 minutes by trained facility staff or 
volunteers.  

Continued with usual regular 
activity schedule without the 
intervention program.  

Rate of falls (Rate ratio, 
95%CI): 
0.45 (0.33, 0.61) 

Irez, 2011 
[27] 

RCT Turkey 60 
I: 30 
C: 30 
 

75.4 (6.7)a 
I: 72.8 (6.7) 
C: 78.0 (5.7) 

75.4 60-minute supervised Pilates sessions, 3 days 
per week for 3 months. For 1st 4 weeks mat 
exercises. After 4 weeks, additional Thera-Band 
elastic resistance exercises followed by Pilates 
ball exercises for beginners.  

Usual exercise. Told to refrain 
from new exercise programs 
or changing current level of 
exercise.  

Rate of falls (Rate ratio, 
95%CI): 
0.28 (0.15, 0.54) 

Jahanpeyma, 
2020 [28] 

RCT Turkey 72 
I: 36 
C: 36 

75.2 (5.2)a  
I: 74.6 (5.9) 
C: 75.8 (4.5) 

73.6 a  Researcher supervised small group (9 
participants) Otago exercises for 45min 
sessions 3 days a week for 1 month. Followed 
by performing exercise individually for 2 
months where research visited weekly.  

Walking on level ground at 
normal pace for 30 minutes 3 
days a week for 3 months. 
Demonstration once and 
given training and follow up 
booklet where researcher 
conducted weekly follow up 
and consultation in first 
month.  

Rate of falls (Rate ratio, 
95%CI): 
0.39 (0.23, 0.66) 

Kovacs, 2013 
[29] 

RCT Hungary 86 
I: 43 
C: 43 
 

77.8 (11.3)a 
I: 76.4 (9.6) 
C: 79.2 (12.7) 
 

81 Physiotherapist supervised multimodal small 
group (2-4 participants) exercise program 
(based on Otago and included progressive 
resistance, strength, and balance) twice a week 
for 12 months. Supervised walking to practice 
gait elements once a week.  

No exercise program but 
participation in social 
activities.  

Rate of falls (Rate ratio, 
95%CI): 
0.77 (0.37, 1.62) 

Mulrow, 
1994 [30] 

RCT USA 194 
I:97 
C:97 

Total: 80.6 ( 
8.2)a  
I: 79.7 (8.5) 
C: 81.4 (7.9) 

71 Physical therapist tailored one-to-one exercises 
(gait, balance, coordination, 
strength/resistance, and flexibility) for 30 to 
45minutes, 3 times a week for 4 months.  

Friendly visit Rate of falls (Rate ratio, 
95%CI): 
1.32 (0.95, 1.85) 
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Rosendahl, 
2008 [31] 

Cluster 
RCT 

Sweden 191 
I: 91 
C: 100 

84.7 (6.5) 
I: 85.3 (6.1) 
C: 84.2 (6.8) 

73 Five 45-minute sessions held every two weeks 
for 3 months. Functional exercise (e.g., weight-
bearing challenging leg strength, postural 
stability, and gait ability) every fortnight, 
selected for each resident by physiotherapist. 
High intensity and increased load were 
encouraged.  

5 sessions of 45minutes 
seated programme by 
occupational therapist 
including watching films, 
reading, and singing, every 
fortnight.  

Number of fallers (Risk 
ratio, 95%CI): 0.98 (0.69 
to 1.39) 
 

Sakamoto, 
2006 [32] 

RCT Japan 553b 81.6 (9.0) 
I: 81.2 (NR) 
C: 82.3 (NR) 
 

74 Standing unipedal balance exercise for both 
legs, for 1 minute on each leg, 3 times a day for 
6 months, led by physiotherapist 

Usual care without exercise Rate of falls (Rate ratio, 
95%CI): 0.82 (0.65, 
1.04) 

Schoenfelder, 
2000 [33] 

RCT USA 16 
I: 9 
C: 7 

82.8 (NR) 75 20 minutes exercise, 3 times a week for 3 
months, delivered by a research member. 
Supervised ankle strengthening exercises and 
up to 10 minutes of walking. 

Usual care Rate of falls (Rate ratio, 
95%CI): 
2.86 (1.16, 7.04) 

Shimada, 
2004 [34] 

RCT Japan 32 
I: 18 
C: 14 

Total: 82.4 
(6.1)a  
I: 81.8 (5.9) 
C: 83.1 (6.4) 

78 Perturbed gait exercise on a treadmill (i.e., 
gait, balance, coordination, and endurance) 
supervised and individually tailored by physical 
therapists in additional to usual exercises. 
Total of 600 minutes of exercise over 6 
months, 1 to 3 times per week.   

Usual exercise program 
including stretching, 
resistance training, group 
training and outdoor gait 
training.  

Rate of falls 
(33.3% in intervention 
vs. 54.6% in control, 
p=0.426) 

Toots, 2019 
[35] 

RCT Sweden 186 
I: 93 
C: 93 

85.1 (7.1) 
I: 84.4 (6.2) 
C: 85.9 (7.8) 

76 Physiotherapist led group exercise consisting 
of 39 functional exercises at high intensity and 
in weight bearing positions similar to daily 
activities. 5 sessions per fortnight for 4 
months. 

Attention control consisting 
of structured activities 
developed by occupational 
therapist (OT) or OT 
assistants such as seated 
group conversations, singing, 
listening to music, reading, or 
looking at pictures and 
objects.  

Rate of falls (Rate ratio, 
95%CI): 
1.30 (0.81, 2.08) 

Varela, 2018 
[36] 

RCT Spain 74  
(39 
complet
ed)  
C:22 
I: 17) 

Total: 81.1 
(8.2)a 
I: 77.9 (8.8) 
C: 83.6 (7.1)  

38a  Cycling at self-selected intensity for at least 15 
minutes per day for 15 months.  

Recreational activities for 15 
months.  

Rate of falls (Rate ratio, 
95%CI): 
0.67 (0.37, 1.21) 
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Yokoi, 2015 
[37] 

Cluster 
RCT 

Japan 105 
I: 51 
C: 54 

79.3 (6.7)a 
I: 80.2 (7.9) 
C: 78.5 (5.2) 

60 Six group-based supervised, seated short stick 
activities with rolled newspaper as the stick 
including a warm-up. 25 minutes per session, 
twice a week for 6 months.  

Usual activities including daily 
housekeeping, hobbies, work 
and 10-minute group 
stretching exercises.  

Number of fallers (Risk 
ratio, 95%CI): 0.21 
(0.03, 1.55) 

a reviewer calculated. b Number of participants for intervention and control group not reported. 289 

Abbreviations: C: control; I: intervention; NR: not reported290 
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Qualitative Comparative Analysis  291 

 292 

Investigation of original theory from ICA 293 

Providing the “right exercise” plus “sufficient resourcing” explained effectiveness in 12 of 18 294 

included trials (inclusion and consistency scores: 0.859) (Table 2). This theory was not consistent 295 

with all trial outcomes as one trial which had both right exercise and sufficient resourcing was not 296 

effective [35]; two trials with right exercise alone were effective [23, 34] and three trials with neither 297 

right exercise nor resourcing were effective [24, 36, 37] (Table 2). As the presence or absence of 298 

right exercise alone was consistent with the outcomes in 15 of 18 of the included studies, the 299 

components of right exercise were further explored.  300 

 301 

Table 2: Truth Table of Right Exercise & Sufficient Resourcing 302 

Configuration Right 
exercise 

Sufficient 
Resourcing  

Outcome 
(Reduced 
Falls) 

No. 
trials 

Sufficiency Cases Supports 
theory Inclusion 

Score 
(incl) 

Consistency 
Score 
(PRI) 

1 Yesb Yesb Yes 8 0.859 0.859 Arrieta [20], Brett 
[21], Dhargave [25], 
Hewitt [26], Irez [27], 
Jahanpeyma [28], 
Kovacs [29], Toots [35] 

Unclear 

2 Yesb Noa Yes 2 0.660 0.660 Cadore [23], Shimada 
[34]  

No 

3 Noa Noa No 8 0.375 0.375 Choi [24], Buckinx 
[22], Sakamoto [32], 
Mulrow[30], 
Rosendahl [31], 
Schoenfelder [33], 
Yokoi [37], Varela [36]  

Unclear 

In QCA as a 0, b 1,  303 

Inclusion cut-off = 0.80 for fuzzy scoring  304 
Right exercise was calculated by the addition of codes for Progressive standing strength and dynamic balance, Tailored exercise and 305 
Moderate intensity divided by 3 306 
 Supporting engagement was calculated by the addition of codes of ‘funding strength and balance’, ‘group exercise and ‘fall education, 307 
divided by 3.  308 

Effective case, non-effective case.  309 

 310 

Adaption 1 – Exploration of conditions of right exercise 311 

The components of the “right exercise” theory for reducing falls amongst residents in RACFs were: (i) 312 

progressive standing strength and dynamic balance exercise, which is (ii) tailored to the individual 313 

resident and (iii) conducted at moderate intensity. The truth table examining these three features 314 

against trial effectiveness was constructed (Appendix 3, Table S1). The presence of all three features 315 

explained falls reduction at the end of intervention period in 7 of 18 included trials (configuration 1) 316 

and the absence of all 3 components lead to ineffectiveness in 6 trials (configurations 3, 5and 6) but 317 
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did not explain the remaining 5 effective trials [24, 27, 34, 36, 37] in configurations 2, 3 and 4 318 

(Appendix 3, Table S1). Also, as progressive standing strength and dynamic balance exercise were 319 

present in both configurations that supported and did not support the theory, this feature did not 320 

appear to be a critical factor for trial effectiveness. 321 

 322 

Minimisation suggested that the combination of tailored exercise at moderate intensity was 323 

associated with falls reduction in 15 of 18 trials, with inclusion score of 1.000, proportional reduction 324 

inconsistency score 1.000 and coverage score of 0.750 (Appendix 3, Table S2).  325 

 326 

There were two logical remainders (configurations not represented by the existing trials), which 327 

were moderate intensity exercise that is not tailored progressive standing strength and dynamic 328 

balance, and moderate intensity strength and balance exercise that is not tailored. As moderate 329 

intensity was consistently present in 9 of 12 of the effective studies and explained effectiveness in 330 

15 of 18 studies, the assumption was that the logical remainder of moderate intensity alone could 331 

explain trial effectiveness, but three trials were unexplained by the theory [24, 36, 37] (Appendix 3, 332 

Table S2). 333 

 334 

Therefore, the Data Table (Appendix 2, Table S1) was revisited to identify similar conditions amongst 335 

these three trials that did not provide moderate intensity exercise. The presence of enrolling only 336 

independent ambulatory participants, conducting exercise in a group or conducting exercise at low 337 

intensity were features that appeared relevant for further investigation.  338 

 339 

Adaption 2: Exploration of independent ambulatory, tailored, moderate or low intensity and group 340 

exercise. 341 

A truth table of independent ambulatory, tailored, moderate or low intensity group exercise 342 

suggested that it was unclear whether a trial could be successful when moderate or low intensity 343 

exercise is provided to independent ambulatory residents without group or tailored exercise 344 

(Appendix 3, Table S3, configuration 5). Minimisation demonstrated that the provision of (i) 345 

moderate or low intensity group exercise, or (ii) moderate or low intensity tailored exercise for 346 

independent ambulatory participants had high inclusion and proportional reduction inconsistency 347 

scores and coverage of the configurations tested (i.e., 1.000), explaining 17 of 18 studies (Appendix 348 

3, Table S4). One trial was not consistent with the theory [36] (Appendix 3, Table S4). Testing an 349 

intermediate solution that moderate intensity alone could trigger effectiveness did not pose a better 350 

solution (Appendix 3, Table S5). Similarly, through the advanced intermediate solution where the 351 

educated assumption that moderate intensity alone, along with the exclusion of the associated 352 

contradictory assumptions present in both configurations (i.e., Sakamoto), supported this theory and 353 

did not pose a better solution which could also explain the final trial [36] (Appendix 3, Table S6). 354 

Similarly, the negated solution (Appendix 3, Table S7) also did not pose a better solution.  355 

 356 

 357 
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Adaption 3: Components of Sufficient resourcing 358 

As Sufficient Resourcing was part of the initial ICA-derived theory, components of Sufficient 359 

Resourcing were examined through a Truth Table and Minimisation to explore whether it could 360 

explain the final trial by Varela and colleagues [36] (Appendix 4, Table S1 and S2). It appeared that 361 

Structured Supported Exercise was generally present in effective cases and could be tested with 362 

moderate or low intensity group exercise (i.e., conditions that are consistently present in most 363 

effective cases). Truth Table and Minimisation demonstrated that, the presence of (i) moderate or 364 

low intensity and structured supported exercise or (ii) moderate or low intensity group exercise 365 

explained 16 out of 18 trials (coverage score 0.833, Appendix 4, Table S3 and S4). Two remaining 366 

trial by Cadore and colleagues [23] and Shimada and colleagues [34] were not explained by this 367 

theory, however both trials had only recruited residents without cognitive impairment.  368 

 369 

A Truth Table and Minimisation of structured supportive exercise with moderate or low intensity 370 

group exercise for participants with no cognitive impairment explained all 12 effective trials 371 

(Appendix 4, Table S5 and 6). Whilst the intermediate solution supported this theory, there were 372 

two cases (i.e., one effective and one ineffective) which contradicted the theory and 3 effective 373 

cases which overlapped between configurations (Appendix 4, Table S7). The negated solution 374 

explained all ineffective cases but did not explain effective cases.  375 

 376 

From Appendix 4, Table S7, the addition of Structured Supportive Exercise appeared to be most 377 

promising solution without any contradictions (Appendix 4, Table 8). From further examining this 378 

feature of the ICA theory, the dose of 30 hours was derived from a trial testing 30 hours over 25 379 

weeks. Therefore, a weekly dose of 1.2 hours per week (rounded to more than 1 hour per week) was 380 

tested in QCA in lieu of 30 hours [26]. 381 

 382 

Final theory  383 

 384 

A Truth Table of independent ambulatory participants, moderate or low intensity exercise, tailored 385 

exercise, group exercise and an exercise dose of more than 1 hour per week demonstrated that 386 

these features were able to discriminate between effective and ineffective trials (Table 3). 387 

Minimisation demonstrated three scenarios that explained the success and failure of all 18 of falls 388 

prevention exercise interventions in RACFs included in this sample, with the highest QCA inclusion 389 

and coverage scores of 1.0 (Table 4). The intermediate solution (Appendix 4,Table S6) considering 390 

the exclusion of one contradictory case (i.e., Mulrow et al [30]) that is an ineffective trial was 391 

explained by both configurations and testing the logical remainders assuming that moderate or low 392 

intensity exercise alone can drive effectiveness and analysis of the negated outcome both supported 393 

these theories (Appendix 5, Table S1). Therefore, the solution posed as the final refined theory from 394 

the QCA, is: Moderate or low intensity group exercise OR moderate or low intensity exercise for 395 

independent ambulatory resident for more than 1 hour per week are the critical features of 396 

successful exercise programs for falls prevention in RACFs.  397 

308



 

 
 

Table 3: Truth Table of moderate or low intensity exercise, tailored, group, independent ambulatory and >1 hour per week. 398 

Configuration Independent 
ambulatory  

Tailored Moderate or 
low intensity  

More than 1 
hour per week 

Group Outcome 
(Reduced 
Falls) 

No. trials Sufficiency Cases 

Inclusion 
Score (incl) 

Consistency 
Score 
(PRI) 

1 Yes Yesb Yes Yes Yes Yes 4 1.000 1.000 Arrieta [20], Irez [27], 
Jahanpeyma [28], 
Kovacs [29] 

2 Yesb Yes Yes Yes No Yes 3 1.000 1.000 Cadore [23], Dhargave 
[25], Shimada [34]  

5 Yes No Yes No Yes Yes 1 1.000 1.000 Yokoi [37] 

6 Yes No Yes Yes No Yes 1 1.000 1.000 Varela [36] 

7 Yes No Yes Yes Yes Yes 1 1.000 1.000 Choi [24],  

8 Yes No Yes No No No 3 0.000 0.000 Buckinx [22], Sakamoto 
[32], Schoenfelder [33] 

11 Yes Yes No Yes Yes No 1 0.000 0.000 Rosendahl [31] 

3 No  Yes Yes No Yes Yes 1 1.000 1.000 Brett [21] 

4 No Yes Yes Yes Yes Yes 1 1.000 1.000 Hewitt [26] 

9 No Yes No Yes Yes No 1 0.000 0.000 Toots [35] 

10 No Yes Yes Yes No No 1 0.000 0.000 Mulrow[30] 
Inclusion set to 0.9.  399 
Light grey fill = not present in effective cases, dark grey fill = not present in ineffective cases.  400 

Effective case, non-effective case. 401 

 402 

 403 

 404 

 405 

 406 

 407 
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Table 4: QCA Minimisation of moderate or low intensity exercise, tailored, group, independent ambulatory and >1 hour per week. 408 

Configuration  Conditions Outcome 
(Reduced 
Falls) 

No. of 
effective 
studies  

Sufficiency Cases explained 

Inclusion 
Score 
(InclS) 

Consistency 
Score (PRI) 

Coverage 
(covS) 

Unique 
Coverage 
(covU) 

1 Moderate/ 
Low Intensity 

Independent 
ambulatory 
participants a 

More than1 hour per 
week 

Yes 9 1.000 1.000 0.750 0.667 Varela [36], Choi [24], 
Cadore [23], Dhargave [25], 
Shimada [34],  
Arrieta [20], Jahanpeyma 
[28], Irez [27], Kovacs [29], 
Mulrow [30], Schoenfelder 
[33], Buckinx [22], Rosendahl 
[31], Sakamoto [32], Toots 
[35] 

2 Moderate/ 
Low Intensity 

Independent 
ambulatory 
participants a 

Group Not Tailored Yes 2 1.000 1.000 0.167 0.083 Choi [24], Yokoi [37] 

3 Moderate/ 
Low Intensity  

Independent 
ambulatory 
participants 

Group Tailored Yes 2 1.000 1.000 0.667 0.250 Brett [21], Hewitt [26]  

Overall 
   

 
  

1.0000 1.000 1.000  18 
a Independent ambulatory participants (independent with or without walking aid)  409 

Effective case, non-effective case.  410 

 411 

 412 

 413 

 414 

 415 

 416 
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Table 5: QCA Minimisation of Table 4 considering logical remainders and contradictory assumptions.  417 

Configuration  Conditions Outcome 
(Reduced 
Falls) 

No. of 
effective 
studies  

Sufficiency  Cases explained 

Inclusion 
Score 
(InclS) 

Consistency 
Score (PRI) 

Coverage 
(covS) 

Unique 
Coverage 
(covU) 

1 Moderate/ 
Low Intensity  

Group Yes 8 1.000 1.000 0.667 0.250 Choi[24], Yokoi [37], Arrieta [20], 
Jahanpeyma [28], Kovacs [29]  
Brett [21], Hewitt [26], Irez [27], 
Buckinx[22], Rosendahl [31], Sakamoto [32], 
Toots [35], Mulrow [30], Schoenfelder [33] 

2 Moderate/ 
Low Intensity 

Independent 
ambulatory 
participants a 

More 
than1 hour 
per week 

Yes 9 1.000 1.000 0.750 0.333 Varela [36], Choi [24], Cadore [23], 
Dhargave [25], Shimada [34],  
Arrieta [20], Jahanpeyma [28], Irez [27], 
Kovacs [29], Mulrow [30], Schoenfelder 
[33], Buckinx [22], Rosendahl [31], 
Sakamoto [32], Toots [35] 

Overall 
     

1.0000 1.000 1.000 - 18 
a Independent ambulatory participants (independent with or without walking aid)  418 

Effective case, non-effective case.  419 

 420 
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Sub-group meta-analyses 421 

Sub-group meta-analyses confirmed greater fall prevention effects in trials that included the 422 

components of the final QCA theory (p for subgroup differences <0.01). The final theory saw a 55% 423 

reduction in rate of falls with a reduction of the heterogeneity to moderate (Figure 2, rate ratio 0.45, 424 

95%CI 0.34 to 0.59, I2= 60%) while the sub-group of trials without these features did not prevent 425 

falls. The final theory was also associated with a 34% reduction in the risk of falling one or more 426 

times (Figure 3, risk ratio 0.66, 95%CI 0.53 to 0.82), I2= 0%, p for sub-group differences <0.05) while 427 

the sub-group of trials without these features did not prevent falls.   428 

 429 

Figure 2: Meta-analysis of exercise in residential aged care grouped by the presence or absence of 430 

the final QCA theory a: rate of falls  431 

 432 

a Moderate/low intensity group exercise OR moderate/low intensity exercise for independent ambulatory resident for >1 433 
hour per week  434 

 435 
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Figure 3: Meta-analysis of exercise in residential aged care grouped by the presence or absence of 436 

the final QCA theory a: risk of falling  437 

 438 

a Moderate/low intensity group exercise OR moderate/low intensity exercise for independent ambulatory resident for ≥1 439 
hour per week  440 

 441 

 442 

 443 
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Discussion 444 

 445 

This QCA of trials in RACFs suggests that exercise interventions that provided moderate or low 446 

intensity group exercise for participating residents are more consistently associated with a reduction 447 

in falls. Trials that enrolled mostly independent ambulatory residents (who can independently 448 

mobilise with or without a walking aid), providing moderate or low intensity, structured exercise of 449 

more than 1 hour per week, consistently reduced falls. Moderate or low intensity exercise is the 450 

condition common to these two pathways, suggesting that it’s a critical factor in exercise programs 451 

for residents and that high intensity exercise is not suitable for falls prevention in this setting [31, 452 

35]. Most of the included effective trials tested a moderate intensity intervention (Table 1). Only 453 

three effective trials that mostly enrolled independent ambulatory residents conducted exercise at 454 

low intensity [24, 30, 36]. Thus, moderate intensity exercise is considered the most suitable 455 

approach for the broader range of exercise participants in RACFs and is consistent with the 456 

recommendation for “moderate challenge” in community falls prevention guidelines [2, 38-40]. 457 

 458 

Recently, a timepoint meta-analysis demonstrated that the effectiveness of exercise for falls 459 

prevention in this setting is not sustained beyond the intervention period [7]. The current study adds 460 

the detail that a dose of more than 1 hour per week of structured exercise for independent 461 

ambulatory residents is needed. While a dose of more than 1 hour is lower than that recommended 462 

by the Australian physical activity guidelines for all older adults generally [41], it may reflect the 463 

feasibility of balancing delivery challenges and effectiveness of falls prevention amongst this most 464 

frail group of older adults.  465 

 466 

Although moderate or low intensity exercise delivered in a group for all residents, or more than 1 467 

hour for ambulant residents, were the critical features that differentiated successful studies from 468 

unsuccessful studies, it is important to consider that this is driven by the context of the existing trials 469 

in this analysis. Within the included studies, the majority of structured interventions were 470 

supervised for the whole trial duration [20-24, 26-35, 37] or in the first week then bi-monthly [25]. 471 

Only one trial did not provide any supervised exercise, and this was conducted for residents who 472 

were able to walk independently without aids [36]. This suggests that any exercise program in this 473 

setting should be supervised, as a necessary part of safe exercise provision [42].  474 

 475 

While tailored exercise was present in the penultimate theory (Table 4) which explained 15 of 18 476 

trials, it was not a feature of the final QCA solution (Table 5). This was due to tailoring being absent 477 

in the one trial which only included residents who were able to safely walk independently without 478 

aids and thus participate in a self-paced cycling intervention.  Therefore, tailored exercise is also 479 

considered likely to be important amongst independent ambulatory residents who use walking aids 480 

[36]. Trials including participants with more restricted mobility required the support of exercise 481 

professionals to tailor their exercise program (Table 1). This aligns with the intention of 482 

physiotherapy services [43]. 483 

 484 
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With the worldwide ageing population, governments and organisations need to consider the abilities 485 

of older adults when applying these findings. The evidence from available trials is more 486 

representative of residents who can independently mobilise with or without a walking aid because 487 

this was the restrictive inclusion criteria that was applied in most trials (Table 1). Admission to RACFs 488 

has been associated with decline in ambulatory ability due to the loss of intrinsic capacity associated 489 

with ageing [44]. This decline is further  evidenced by the trend of residents admitted to RACFs with 490 

increasing disability and complexity of health conditions over the last two decades [45]. 491 

Consequently, the majority of residents currently living in care home are likely to be frailer than the 492 

residents studied in many of the included trials [46].  493 

 494 

While a variety of exercise programs were tested in the included trials, the specific type of exercise 495 

program provided was not a clear factor driving effectiveness. Most exercise programs provided one 496 

or both elements of progressive strength and balance exercises. Although progressive strength and 497 

balance exercises is recommended in the community setting [3], the findings from this analysis could 498 

not clearly identify if this, or another type of exercise was important for effectiveness, because these 499 

features were not distinguishing features present amongst effective trials in contrast to ineffective 500 

trials in this set of studies. In other studies that did not measure falls, both tailored multicomponent 501 

exercise and resistance exercise has demonstrated improvement in gait speed and sit to stand 502 

performance in RACFs [47, 48]. When future trials implement the critical features identified here and 503 

measure falls, further QCA may identify the type of exercise important for falls prevention in this 504 

setting.  505 

 506 

Future studies should report in detail the degree of mobility of participating residents, the degree of 507 

tailoring and support provided in the exercise program and rates of adherence to the exercise 508 

program. These details were not consistently reported in the included trials but would assist in 509 

understanding the transferability of the trial programs into practice and in conducting additional 510 

QCA which may help to further understand the residual heterogeneity observed.  511 

  512 

Conclusion  513 

 514 

Exercise interventions for falls prevention in RACFs should focus on providing moderate or low 515 

intensity group exercise. For falls prevention interventions that mostly include residents who can 516 

mobilise independently with or without a walking aid, moderate or low intensity exercise for more 517 

than 1 hour per week should be provided. Considering the level of frailty and limited mobility of 518 

many residents currently in RACFs, supervision and exercise tailoring are likely to be also necessary 519 

and an individualised dose may be required. Future trials should focus on examining exercise 520 

interventions for less mobile resident. When further data allows, future analyses should consider if 521 

there is a specific type of exercise that more successfully prevents falls in this population. 522 

 523 

 524 

 525 
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Appendices  527 

 528 

Appendix 1: Key studies excluded at full text review. 529 

Key studies 
excluded 

Exclusion reason Study citation Reason for exclusion descriptor 

From 
included 
exercise vs. 
usual care 
studies in 
Cameron 
2018  

Wrong outcome Buettner, 2002 
[49] 

No suitable falls data as effect estimates and 
confidence interval or numerical falls data 
with p-values not provided 

Wrong outcome Da Silva Borges, 
2014 [50] 

No effect estimates and confidence interval 
for falls data. While p-value is provided, data 
to indicate number of falls was not reported.  

Wrong outcome Toulotte, 2003 
[51] 

No effect estimates and confidence interval 
for falls data 

Wrong outcome Sihvonon 2004 
[52, 53]  

Falls data only at a follow up time point. No 
falls data at end of intervention.  

Wrong outcome Kerse 2008 [54] Falls data only at a follow up time point. No 
falls data at end of intervention.  

Wrong outcome Faber 2006 [55] Falls data only at a follow up time point. No 
falls data at end of intervention. 

From search 
update 

Ongoing study Grede, 2021[56] Walking programme for older adults living in 
the community or nursing homes. Protocol 
only.  

Wrong outcome Buhring 2019 
[57] 

Pilot study of semi-recumbent vibration 
exercise where falls were measured as 
adverse events.  

Wrong outcome Birimoglu 
Okuyan, 
2021[58] 

No effect estimates and confidence intervals 
for falls data 

Wrong outcome Taani, 2022 [59] Pilot study of semi-recumbent vibration 
exercise where no falls data was measured.  

Wrong study design Zou, 2022[60] Group based Otago exercise program in 
nursing homes, but participants self-selected 
allocation and therefore study design was not 
randomised.  

 530 
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Appendix 2: Features in Data Tables 531 

Table S1: Original Data Table of Included Trials 532 

 Study, year  Participant Characteristics  
 

Design Characteristics Intervention Characteristics Implementation Characteristics Falls 
Outcomes Components of Right Exercise ICA part 1  Components of Supporting exercise 

engagement  
ICA part 2 

All 
have 
CIa   

All do 
not 
have 
CIa   

Degree 
of CI a,b   

Degree of 
Mobility c  

Independent 
ambulatory 
only d 

Study 
Quality e 

Small 
Study Size f 

PSSDBg Tailored 
a   

Moderate 
Intensity a   

Right 
Exercise h 

Funding 
strength & 
balance 
>30hrs a   

Group 
exercise a   

Falls 
education a   

Sufficient 
resourcing i 

Effective 

1 Arrieta, 
2019 [20] 

0 0 1 1 1 0.6 0 1 1 1 1 1 1 0 0.7 1 

2 Brett, 2021 
[21] 

1 0 0 0.3 0 0.6 1 1 1 1 1 1 1 0 0.7 1 

3 Buckinx 
2014 [22] 

0 0 1 0.7 0 0.6 0 0.3 0 0 0.1 0 0 0 0 0 

4 Cadore 2014 
[23] 

0 1 0 1 1 0.4 1 1 1 1 1 0 0 0 0 1 

5 Choi, 2005 
[24] 

0 0 1 1 1 0.6 1 0.7 0 0 0 0 1 0 0.3 1 

6 Dhargave 
2020 [25] 

0 0 1 1 1 0.6 0 1 1 1 1 1 0 1 0.7 1 

7 Hewitt 2018 
[26]  

0 0 1 0.3 0 0.8 0 1 1 1 1 1 1 1 1 1 

8 Irez, 
2011[27] 

0 0 1 1 1 0.6 0 0.6 1 1 0.9 1 1 0 0.7 1 

9 Jahanpeyma 
2020 [28] 

0 1 0 1 1 0.6 0 1 1 1 1 1 1 1 1 1 

10 Kovacs 2013 
[29] 

1 0 0 1 1 0.8 0 1 1 1 1 1 1 0 0.7 1 

11 Mulrow 
1994 [30] 

0 0 1 0.3 0 0.6 0 0.3 1 0 0.4 0 0 0 0 0 

12 Rosendahl 
2008 [31] 

0 0 1 0.7 1 0.7 0 1 1 0 0.3 0 1 0 0.3 0 

13 Sakamoto 
2006 [32] 

0 0 1 0.7 1 0.4 0 0 0 0 0 0 0 0 0 0 

14 Schoenfelde
r 2000 [33] 

0 0 1 1 1 0.4 1 0.3 0 0 0.1 0 0 0 0 0 

15 Shimada 
2004 [34] 

0 1 0 1 1 0.4 1 0.3 1 1 0.8 0 0 0 0 1 

16 Toots 2019 
[35] 

1 0 0 0.3 0 0.8 0 1 1 0 0.7 1 1 0 0.7 0 

17 Varela 2018 
[36] 

0 1 0 1 1 0.6 1 0 0 0 0 1 0 0 0.3 1 

18 Yokoi 2015 
[37] 

0 1 0 1 1 0.7 1 0 0 0 0 0 1 0 0 1 

Abbreviations: CI, cognitive impairment; PSSDB, Progressive standing strength and dynamic balance. 533 
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a 1= yes, 0 = no 534 
b As all resident included in inclusion criteria 535 
c 1 = majority (over 50%) completely independent, no walking aids, 0.7 = majority (over 50%) ambulant with walking aids, 0.6= majority (over 50%) needing 1 assist to mobile, 0.3= majority needing significant assistance to mobilise  536 
d 1 = inclusion criteria only includes independent ambulatory residents  537 
as all residents included 538 
e Study quality based on Physiotherapy Evidence Database (Pedro) Risk of Bias Tool score out of 10; divided by 10  539 
f Definition of small study sample was less than 30 participants in each trial arm. 540 
g 1= yes, 0 = no, 0.6 = mostly fulfills the component, 0.3 =partially fulfils the exercise component or involvement in the exercise or progression varies 541 
h Calculated by the addition of codes for Progressive standing strength and dynamic balance, Tailored and Moderate intensity; divided by 3.  542 
i Calculated by the addition of codes for ‘Funding strength and balance more than 25hours’, ‘Group exercise’ and ‘falls education’; divided by 3. 543 

 544 

Table S2: Additional features added to Data Table to refine the theory in QCA 545 

Study, year  Intervention Characteristics    

  

Components of progressive standing strength and balance Additional features related to “Right exercise” Additional features related to “Sufficient Resourcing”  

Progressive 
Strength 
Training a 

Progressive 
dynamic balance 
training a 

Progressive 
Standing 
Exercise  a 

Low 
intensity b 

High 
intensity b 

Moderate or low 
intensity b  

Supervised 
exercise c 

Dose of 30 
hours b 

Dose > 1 hour 
per week b 

Funded b 

1 Arrieta, 2019 [20] 1 1 1 0 0 1 1 1 1 1 

2 Brett, 2021 [21] 1 1 1 0 0 1 1 0 0 1 

3 Buckinx 2014 [22] 0 0 1 1 0 1 1 0 0 0 

4 Cadore 2014 [23] 1 1 1 0 0 1 1 0 1 1 

5 Choi, 2005 [24] 0 1 1 1 0 1 1 0 1 0 

6 Dhargave 2020 [25] 1 1 1 0 0 1 0.4 1 1 1 

7 Hewitt 2018 [26]  1 1 1 0 0 1 1 1 1 1 

8 Irez, 2011[27] 1 0.3 0.3 0 0 1 1 1 1 1 

9 Jahanpeyma 2020 [28] 1 1 1 0 0 1 0.6 0 1 1 

10 Kovacs 2013 [29] 1 1 1 0 0 1 1 1 1 1 

11 Mulrow 1994 [30] 0.3 0.3 0.3 1 0 1 1 0 1 0 

12 Rosendahl 2008 [31] 1 1 1 0 1 0 1 0 1 0 

13 Sakamoto 2006 [32] 0 0 1  1 0 1 1 0 0 0 

14 Schoenfelder 2000 [33] 0 0 1 1 0 1 1 0 0 0 

15 Shimada 2004 [34] 0 0 1 0 0 1 1 0 1 0 

16 Toots 2019 [35] 1 1 1 0 1 0 1 1 1 1 

17 Varela 2018 [36] 0 0 0 1 0 1 0 0 1 1 

18 Yokoi 2015 [37] 0 0 0 1 0 1 1 0 0 0 
a 1= yes, 0 = no, 0.6 = mostly fulfills the component, 0.3 =partially fulfils the exercise component or involvement in the exercise or progression varies b 1= yes, 0 = no c1= yes, 0.6 = mostly supervised, 0.4 = partially 546 
supervised, 0 = no. 547 
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Appendix 3: QCA 

 

Table S1: Truth Table of Conditions of Right Exercise 

Configuration Progressive 
standing strength 
& dynamic 
balance 

Tailored Moderate 
Intensity 

Outcome 
(Reduced 
Falls) 

No. 
studies  

Sufficiency Cases Supports 
theory Inclusion Score 

(incl) 
Consistency 
Score 
(PRI) 

1 Yesb Yesb Yesb Yes 7 1.000 1.000 Arrieta [20], Brett [21], Cadore 
[23], Dhargave [25], Hewitt [26], 
Jahanpeyma [28], Kovacs [29] 

Yes 

2 Noa Yesb Yesb Yes 2 1.000 1.000 Irez [27], Shimada [34] No 

3 Noa Noa Noa No 5 0.523 0.523 Buckinx [22], Sakamoto [32], 
Schoenfelder [33], Varela [36], 
Yokoi [37] 

Unclear 

4 Yesb Noa Noa No 1 0.438 0.438 Choi [24] No 

5 Noa Yesb Noa No 1 0.000 0.000 Mulrow [30] Yes 

6 Yesb Yesb Noa No 2 0.000 0.000 Rosendahl [31], Toots [35] Yes 

Coded in QCA as a 0, b 1,  

Inclusion cut-off = 0.9 

Effective case, non-effective case.  
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Table S2: Minimisation of components of Right Exercise 

Configuration  Conditions Outcome 
(Reduced 
Falls) 

No. of 
effective 
studies  

Sufficiency Cases explained Cases 
unexplained  

Inclusion 
Score (InclS) 

Consistency 
Score (PRI) 

Coverage 
Score (covS) 

1 Tailored 
exercise 

Moderate 
intensity 

Yes 9 1.000 1.000 0.750 Arrieta [20], Brett [21], Cadore [23], 
Dhargave [25], Hewitt [26], Irez [27], 
Jahanpeyma [28], Kovacs [29], Shimada [34] 
 Buckinx [22], Mulrow [30], Rosendahl [31], 
Sakamoto[32], Schoenfelder[33], Toots [35] 

Choi [24], 
Varela [36], 
Yokoi [37] 
 
  

Overall 
    

1.0000 1.000 0.750 15 3 
Inclusion cut-off = 0.9.  

Effective case, non-effective case.  

Table S3: Truth Table of Adaption 2 

Configuration Independent 
ambulatory 
participants a 

Tailored Moderate 
or low 
intensity 

Group Outcome 
(Reduced 
Falls) 

No. 
studies  

Sufficiency Cases Supports 
theory Inclusion Score 

(incl) 
Consistency 
Score (PRI) 

1 Yes Yes Yes Yes Yes 4 1.000 1.000 Arrieta[20], Irez [27], 
Jahanpeyma [28], Kovacs 
[29] 

Yes 

2 Yes Yes Yes No Yes 3 1.000 1.000 Cadore[23], Dhargave [25], 
Shimada [34] 

Yes 

3 Yes No Yes Yes Yes 2 1.000 1.000 Choi [24], Yokoi [37] Yes 

4 Yes Yes No Yes No 1 0.000 0.000 Rosendahl [31] Yes 

5 Yes No Yes No No 4 0.250 0.250 Buckinx [22], Sakamoto[32], 
Schoenfelder[33], Varela 
[36] 

Unclear 

6 No Yes Yes Yes Yes 2 1.000 1.000 Brett [21], Hewitt[26] Yes 

7 No Yes Yes No No 1 0.000 0.000 Mulrow [30] Yes 

8 No Yes No Yes No 1 0.000 0.000 Toots [35] Yes 
a Independent ambulatory participants (independent with or without walking aid)  

Effective case, non-effective case. 
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Table S4: QCA Minimisation of Only Ambulant, Tailored, Non-High Intensity and Group Exercise 

Configuration 
(Possible 
Pathway) 

Conditions Outcome 
(Reduced 
Falls) 

No. 
effective 
studies  

Sufficiency Cases explained Cases not 
explained 

Inclusion 
Score 
(InclS) 

Consistency 
Score (PRI) 

Coverage 
(covS) 

Unique 
Coverage 
(covU) 

1 Moderate/Low 
Intensity  

Group Yes 8 1.000 1.000 0.667 0.333 Choi [24], Yokoi [37], 
Arrieta [20], 
Jahanpeyma[28], 
Kovacs [29]  
Brett [21], Hewitt [26], 
Irez [27], Buckinx [22], 
Rosendahl [31], 
Sakamoto [32], Toots 
[35], Mulrow [30] 

Varela [36] 

2 Moderate/Low 
Intensity 

Tailored Independent 
ambulatory 
participants a 

Yes 6 1.000 1.000 0.583 0.250 Cadore [23], 
Dhargave[25], Shimada 
[34], Schoenfelder [33] 
Arrieta [20], 
Jahanpeyma [28], 
Kovacs [29], Mulrow[30] 
Irez [27] 

Overall 
     

1.0000 1.000 0.917  17 1 
a Independent ambulatory participants (independent with or without walking aid)  

Effective case, non-effective case.  
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Table S5: QCA Intermediate solution*  

Configuration 
(Possible 
Pathway) 

Conditions Outcome 
(Reduced 
Falls) 

No. 
effective 
studies  

Sufficiency Cases explained Cases not 
explained 

Inclusion 
Score 
(InclS) 

Consistency 
Score (PRI) 

Coverage 
(covS) 

Unique 
Coverage 
(covU) 

1 Moderate/Low 
Intensity 

Group Yes 8 1.000 1.000 0.667 0.333 Choi [24], Yokoi [37], 
Arrieta [20], 
Jahanpeyma [28], 
Kovacs[29]  
Brett [21], Hewitt [26], 
Irez [27], Buckinx [22], 
Rosendahl [31], 
Sakamoto[32], Toots 
[35], Mulrow [30] 

Varela [36] 

2 Moderate/Low 
Intensity 

Tailored Independent 
ambulatory 
participants a 

Yes 6 1.000 1.000 0.583 0.250 Cadore [23], Dhargave 
[25], Shimada [34], 
Schoenfelder [33] 
Arrieta [20], 
Jahanpeyma[28], 
Kovacs [29], Mulrow[30] 
Irez [27] 

Overall 
     

1.0000 1.000 0.917  17 1 
*Tests whether the assumption applied to the logical remainder that the presence of tailored, not high intensity & group exercise leads to effectiveness regardless of the ambulatory status of participates included in 

the exercise trial, simplifies the solution 
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Table S6: QCA Advanced intermediate solution*  

Configuration  Conditions Outcome 
(Reduced 
Falls) 

No. 
effective 
studies  

Sufficiency Cases explained Cases not 
explained 

Inclusion 
Score 
(InclS) 

Consistency 
Score (PRI) 

Coverage 
(covS) 

Unique 
Coverage 
(covU) 

1 Moderate/Low 
Intensity 

Group Yes 8 1.000 1.000 0.667 0.333 Choi [24], Yokoi [37], Arrieta 
[20], Jahanpeyma [28], 
Kovacs [29], Brett[21], 
Hewitt [26], Irez[27], Buckinx 
[22], Rosendahl [31], 
Sakamoto [32], Toots [35], 
Mulrow [19] 

Varela 
[36] 

2 Moderate/Low 
Intensity 

Tailored Independent 
ambulatory 
participants a 

Yes 6 1.000 1.000 0.583 0.250 Cadore[23], Dhargave[25], 
Shimada [34], Schoenfelder 
[33], Arrieta[20], 
Jahanpeyma[28], 
Kovacs[29], Mulrow [30], 
Irez [27], Sakamoto [32] 

Overall 
     

1.0000 1.000 0.917  17 1 
* Tests whether the logical remainder assumption from the intermediate solution excluding contradictory assumptions provides a simpler solution 

a Independent ambulatory participants (independent with or without walking aid)  

Effective case, non-effective case.  
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Table S7: Negated Solution*  

Configuration  Conditions Outcome 
(Reduced 
Falls) 

No. 
ineffective 
studies  

Sufficiency Ineffective cases 
explained 

Ineffective 
cases not 
explained Inclusion 

Score 
(InclS) 

Consistency 
Score (PRI) 

Coverage 
(covS) 

Unique 
Coverage 
(covU) 

1 High Intensity Tailored Group Yes 2 1.000 1.000 0.333 0.333 Rosendahl [31], 
Toots [35]  

Sakamoto [32], 
Buckinx [22], 
Schoenfelder 
[33] 
 

2 Moderate/Low 
Intensity 

Tailored Individual Not 
independent 
ambulatory 
participants 
a 

Yes 1 1.000 1.000 0.167 0.167 Mulrow [30] 

Overall 
   

 
  

1.0000 1.000 0.500  3 3 

*Tests whether the inverse theory offers a better solution. 

a Independent ambulatory participants (independent with or without walking aid)  

Effective case, non-effective case.  

Appendix 4: Adaption 3 exploration of Sufficient resourcing  
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Table S1: Truth table of components of Sufficient resourcing 

Configuration Structured 
Supported 
Exercise 

Group Falls 
Education 

Outcome 
(Reduced 
Falls) 

No. 
studies  

Sufficiency Cases Supports 
theory Inclusion Score 

(incl) 
Consistency 
Score 
(PRI) 

1 Yesb Yesb Yesb Yes 2 1.000 1.000 Hewitt [26], Jahanpeyma [28] Yes 

2 Yesb No Yesb Yes 1 1.000 1.000 Dhargave [25] Yes 

3 Yesb Noa Noa Yes 1 1.000 1.000 Varela [36] Yes 

4 Yesb Yesb Noa No 5 0.800 0.800 Arrieta [20], Brett [21], Irez [27], 
Kovacs [29], Toots [35] 

Unclear 

5 Noa Yesb Noa No 3 0.667 0.667 Choi [24], Rosendahl [31], Yokoi 
[37] 

Unclear 

6 Noa Noa Noa No 2 0.000 0.000 Buckinx [22], Cadore [23], 
Mulrow [30], Sakamoto [32], 
Schoenfelder [33], Shimada [34] 

Unclear 

Effective case, non-effective case.  

 

Table S2: Minimisation of components of Sufficient resourcing 

Configuration  Conditions Outcome 
(Reduced 
Falls) 

No. of 
effective 
studies  

Sufficiency Effective cases explained Effective cases unexplained  

Inclusion 
Score 
(InclS) 

Consistency 
Score (PRI) 

Coverage 
(covS) 

1 Structured 
supported 
exercise 

Falls 
education 

Yes 3 1.000 1.000 0.250 Dhargave [25], Hewitt [26], 
Jahanpeyma [28] 

Choi [24], Yokoi [37], 
Arrieta[20], Brett [21], 
Cadore [23], Irez [27], 
Kovacs [29], Shimada [34] 
 

2 Structured 
supported 
exercise 

Group Yes 2 1.000 1.000 0.167 Varela [36], Dhargave [25] 

Overall 
    

1.0000 1.000 0.333 4 8 
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Table S3: Truth Table of structured supportive exercise with moderate or low intensity group exercise 

Configuration Structured 
Supported 
Exercise 

Moderate 
or low 
intensity 

Group Outcome 
(Reduced 
Falls) 

No. 
studies  

Sufficiency Cases Supports 
theory Inclusion 

Score 
(incl) 

Consistency 
Score 
(PRI) 

1 Yesb Yesb Yesb Yes 6 1.000 1.000 Arrieta [20], Brett [21], Hewitt 
[26], Irez [27], Jahanpeyma [28], 
Kovacs [29] 

Yes 

2 Yesb Yesb No Yes 2 1.000 1.000 Dhargave [25], Varela [36] Yes 

3 Yesb Noa Yesb Yes 1 1.000 1.000 Choi [24], Yokoi [37] Yes 

4 Noa Yesb Noa No 5 0.333 0.333 Buckinx [22], Cadore [23], 
Mulrow [30], Sakamoto [32], 
Schoenfelder [33], Shimada [34] 

Unclear 

5 Noa Yesb Yesb No 3 0.000 0.000 Toots [35] Yes 

6 Noa Noa Yesb No 2 0.000 0.000 Rosendahl [31] Yes 
Effective case, non-effective case.  

 

Table S4: Minimisation of structured supportive exercise with moderate or low intensity group exercise 

Configuration  Conditions Outcome 
(Reduced 
Falls) 

No. of 
effective 
studies  

Sufficiency  Effective cases explained Effective cases 
unexplained  

Inclusion 
Score 
(InclS) 

Consistency 
Score (PRI) 

Coverage 
(covS) 

Unique 
coverage 
(covU) 

1 Moderate 
or low 
intensity 

Structured 
supported 
exercise 

Yes 3 1.000 1.000 0.667 0.167 Varela[36], Dhargave [25] 
 
Arrieta [20], Brett [21], Irez [27], 
Hewitt [26], Jahanpeyma[28] 

Cadore [23] 
Shimada [34] 
 

2 Moderate 
or low 
intensity  

Group Yes 2 1.000 1.000 0.667 0.167 Choi [24], Yokoi [37], Kovacs [29] 
 
Arrieta [20], Brett [21], Irez [27], 
Hewitt [26], Jahanpeyma[28] 

Overall 
    

1.0000 1.000 0.833  10 out of 12 2 out of 12 
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Table S5: Truth table of structured supportive exercise with moderate or low intensity group exercise for participants with no cognitive impairment  

Configuration No cognitive 
impairment 

Moderate or 
low intensity 

Structured 
Supported 
Exercise 

Group Outcome 
(Reduced 
Falls) 

No. 
studies  

Sufficiency Cases 

Inclusion 
Score 
(incl) 

Consistency 
Score 
(PRI) 

1 Yes Yes Yes Yes Yes 1 1.000 1.000 Jahanpeyma [28] 

2 Yes Yes Yes No Yes 3 1.000 1.000 Varela [36] 

3 Yes Yesb No Yes Yes 2 1.000 1.000 Yokoi [37] 

4 Yes Yes No No Yes 1 1.000 1.000 Cadore [23], Shimada [34] 

5 No Yes Yes Yes Yes 4 1.000 1.000 Arrieta [20], Brett [21], Hewitt [26], Irez 
[27], Kovacs [29] 

6 No Yesb No Yes Yes 1 1.000 1.000 Choi [24] 

7 No Yesb Yes No Yes 1 1.000 1.000 Dhargave [25] 

8 No No Noa Yes No 1 0.000 0.000 Rosendahl [31] 

9 No No Yes Yes No 1 0.000 0.000 Toots [35] 

10 No Yes No No No 4 0.000 0.000 Mulrow [30], Buckinx [22], Sakamoto [32], 
Schoenfelder [33] 

Effective case, non-effective case.  
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Table S6: Minimisation of structured supportive exercise with moderate or low intensity group exercise for participants with no cognitive impairment 

Configuration  Conditions Outcome 
(Reduced 
Falls) 

No. of 
effective 
studies  

Sufficiency Effective cases explained 

Inclusion 
Score 
(InclS) 

Consistency 
Score (PRI) 

Coverage 
(covS) 

Unique 
coverage 
(covU) 

1 Moderate 
or low 
intensity 

Structured 
supported 
exercise 

Yes 8 1.000 1.000 0.667 0.083 Dhargave [25] 
 
Arrieta [20], Brett [21], Irez [27], 
Hewitt [26], Jahanpeyma [28], 
Varela[36], Kovacs [29] 

2 Moderate 
or low 
intensity  

Group Yes 8 1.000 1.000 0.667 0.083 Choi [24] 
 
Arrieta [20], Brett [21], Irez [27], 
Hewitt [26], Jahanpeyma [28], Yokoi 
[37], Kovacs [29] 

3 Moderate 
or low 
intensity 

No 
cognitive 
impairment 

Yes 5 1.000 1.000 0.417 0.167 Cadore [23], Shimada [34] 
 
Yokoi [37], Varela [36], Hewitt [26] 

Overall 
    

1.0000 1.000 1.000  12 out of 12 
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Table S7: Intermediate solution of structured supportive exercise with moderate or low intensity group exercise for participants with no cognitive 

impairment  

Configuration  Conditions Outcome 
(Reduced 
Falls) 

No. of 
effective 
studies  

Sufficiency  Effective cases explained Contradictory 
assumptions 

Inclusion 
Score 
(InclS) 

Consistency 
Score (PRI) 

Coverage 
(covS) 

Unique 
coverage 
(covU) 

1 Moderate 
or low 
intensity 

Structured 
supported 
exercise 

Yes 8 1.000 1.000 0.667 0.083 Dhargave [25] 
 
Arrieta [20], Brett [21] , Irez [27], 
Hewitt [26], Jahanpeyma [28], 
Varela [36], Kovacs [29] 

None 

2 Moderate 
or low 
intensity  

Group Yes 8 1.000 1.000 0.667 0.083 Choi [24] 
 
Arrieta [20], Brett [21], Irez [27], 
Hewitt [26], Jahanpeyma [28], Yokoi 
[37], Kovacs [29] 

3 Moderate 
or low 
intensity 

No 
cognitive 
impairment 

Yes 5 1.000 1.000 0.417 0.167 Cadore[23], Shimada [34] 
 
Yokoi [37], Varela [36], Hewitt [26] 

Buckinx,[22] 
Kovacs [29] 

Overall 
    

1.0000 1.000 1.000  12 out of 12  
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Table S8: Negated solution for structured supportive exercise with moderate or low intensity group exercise for participants with no cognitive 

impairment  

 

Configuration  Conditions Outcome 
(Reduced 
Falls) 

No. of 
not 
effective 
studies  

Sufficiency Ineffective cases 
explained 

In effective 
cases 
unexplained  Inclusion 

Score 
(InclS) 

Consistency 
Score (PRI) 

Coverage 
(covS) 

Unique 
coverage 
(covU) 

1 High intensity No 8 1.000 1.000 0.333 0.333 Rosendahl [31], Toots [35]  
 2 No 

cognitive 
impairment 

Not 
structured 
supported 
exercise 

No 
group 

No 8 1.000 1.000 0.667 0.667 Buckinx [22], Mulrow[30], 
Sakamoto [32], 
Schoenfelder [33] 

Overall 
  

 
  

1.0000 1.000 1.000  6 0 
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Appendix 5 

Table S1: Negated solution of moderate or low intensity exercise, tailored, group, independent ambulatory and >1 hour per week. 

Configuration  Conditions Outcome 
(Reduced 
Falls) 

No. of 
effective 
studies  

Sufficiency  Cases explained 

Inclusion 
Score 
(InclS) 

Consistency 
Score (PRI) 

Coverage 
(covS) 

Unique 
Coverage 
(covU) 

1  High intensity 
exercise  

More than1 
hour per 
week 

Group No 2 1.000 1.000 0.333 0.333 Toots [35], 
Rosendahl [31] 

2 Not 
independent 
ambulatory 
participants a 

Moderate/ 
Low Intensity 

More than1 
hour per 
week 

Not group No 1 1.000 1.000 0.167 0.167 Mulrow [30] 

3 Independent 
ambulatory 
participants a 

Moderate/ 
Low Intensity 

Less than 1 
hours per 
week 

Not group No 3 1.000 1.000 0.500 0.500 Buckinx [22], 
Sakamoto [32], 
Schoenfelder 
[33] 

Overall  
     

1.0000 1.000 1.000  6 out of 6 
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