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[bookmark: _Toc218277027]ABSTRACT

Aim and Objectives: This thesis assessed the utility of digital fall-prevention technologies (FPTs) for older adults in the UK. Objectives aimed to: (1) identify the main types of contemporary digital FPTs including telecare, wearable sensors and smart-home systems; (2) assess their effectiveness, if any, falls, fall-related injuries and emergency service use; (3) identify barriers and facilitators impacting uptake regard to organisational factors, user experience and digital exclusion; and (4) formulate recommendations based on evidence to improve implementation, access and ethical governance.
Background: Falls are the leading cause of injury-related admission to hospital in adults aged 65 years and older in the UK and are a significant burden to people, their families and health and social care services. National policy has seen a movement to digital transformation as a response to population ageing and workforce pressures as support to prevent and care for living independently. Wearable sensors, telecare and AI-enabled monitoring platforms represent promising solutions, but are not well evaluated for their real-world efficacy and sustainability.
Methods: A systematic review was conducted following the Cochrane Handbook for Systematic Reviews of Interventions and the Critical Appraisal Skills Programme (CASP) checklist (2020). Literature published between 2015 and 2025 was retrieved from PubMed, BMJ Open, BioMed Central, ScienceDirect, ProQuest, PsycINFO, and Google Scholar. Data were analysed using thematic and descriptive synthesis.
Findings: Digital fall-prevention technologies were associated with decreased rates of falls, attendance at the emergency department, and unplanned admissions to the hospital, as compared to usual care, across all included studies. The greatest effectiveness was demonstrated when technologies were integrated into care pathways and supported by staff training and leadership. Barriers included usability issues, privacy concerns, non-uniform commissioning, and continuous digital exclusion for high-risk populations.
Conclusions: Digital fall prevention technologies, when integrated into person-centred, multidisciplinary care models, are of practical value in reducing falls and promoting independent living for elderly people living in the UK. Sustained investment in workforce capacity, inclusive design, and ethical governance is essential to ensure equitable and long-term impact.
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[bookmark: _Toc218277029]CHAPTER 1: INTRODUCTION

1.1 [bookmark: _Toc218277030]Definition of Main Concept

Falls in older adults are a significant and increasing public-health issue in the United Kingdom, where approximately one third of those aged 65 years and over fall once each year, with around 240,000 emergency hospital admissions annually ((GOV.UK, 2022 and Royal College of Physicians, 2023). Except for physical harm, falls frequently cause a loss in self-confidence, social isolation and long-term morbidity and consequently violate the concept of active and healthy aging. However, demographic changes exacerbate this issue. By 2030, the number of people aged 60 and over in the UK is projected to exceed 20 million (ONS, 2023), placing increasing pressure on health and social care systems to deliver effective prevention and rehabilitation. Policies such as the NHS Long Term Plan (2019) and the Public Health Outcomes Framework (PHOF, 2023) prioritise digital innovation to support independence and reduce hospital admissions.

Policy such the NHS Long Term Plan (2019), as well as the Public Health Outcomes Framework (PHOF, 2023) have highlighted digital intervention to support independence and reduce hospital admissions (Morris 2022). Novel fall-prevention technologies (FPTs) such as wearable accelerometers, smart-home monitoring systems, and AI-enabled predictive analytics may offer promising means to this end (Bjerk et al., 2024). Such technologies are not just designed to detect falls but also to anticipate and avert them by monitoring of movements and environmental hazards on an ongoing basis (Shany et al., 2012). Nevertheless, the uptake of technology for older and most fragile patients is not equal (Spanakis et al., 2021).  Barriers including digital exclusion, cost, usability and privacy concerns preventing more widespread deployment (Age UK, 2021; Albasha et al., 2025). Consequently, this thesis addresses the question of how digital fall prevention interventions can be adopted for older adults in the UK, and seeks to understand their utility both as a clinical intervention and care system component.

[bookmark: _Toc218277031]1.2 Rationale for the Study

The United Kingdom is experiencing changing in the age structure to the population and currently people aged 65 years and over total 19% and is projected to be at 23% by 2025 (Reeves et al., 2024; Arthanat et al., 2020). This demographic change dramatically rises demand for preventive and management interventions that are specifically designed for older adults. Falls are a significant issue among this older population and represent around 30% of emergency admissions (Kumar et al., 2025), for those aged 65+ years, and rising to almost 50% in people aged over 80 years, resulting in approximately 220,000 hospital admissions per annum (Office for Health Improvement and Disparities 2025). A heightened risk exists in care-home settings where almost half of residents fall at least once a year, 10% suffer a fracture, accounting for 40% of all injury-related deaths within the population (Wylie et al., 2017; Walker et al., 2016). These results exert a large burden on the National Health Service (NHS) and social-care systems in terms of increasing costs of rehabilitation, loss of independence and institutionalisation.

Evidence shows that digital fall prevention technologies (FPTs) such as wearable motion sensors, AI-based monitoring systems, and smart-home safety devices can significantly reduce the frequency and severity of falls. For instance, UK trials on a large scale have described a decrease in falls of as much as 43% after the introduction of sensor based monitoring systems(Bjerk et al., 2024). They also improve early warning of risks enabling healthcare teams to act preemptively. However, digital barriers still prevent large-scale use. In the UK, there are more than 4.7 million older adults with no or low basic digital skills; this limits their capacity for access and trust on assistive technologies (Van Dijk, 2019; Spanakis et al., 2021). Furthermore, threat is posed by cost issues, usability and data protection implications which risk increasing digital exposedness inequality.

In the light of these demographic pressures and technological prospects, there is a clear need for evidence-based trial and evaluation of fall-prevention technologies. A systematic and critical assessment of fall-prevention technologies within the UK context is therefore necessary to:

· Identify which technologies deliver meaningful reductions in falls and injuries;
· Clarify user-experience, adoption, and digital-literacy barriers; and
· Inform evidence-based strategies for equitable implementation.

This study contributes by synthesising multidisciplinary literature and providing policy-relevant recommendations that integrate technological innovation with person-centred care.

[bookmark: _Toc212803595][bookmark: _Toc218277032]1.3 Aim and Objectives
Aim:
To critically assess the effectiveness and implementation of fall-prevention technologies for older adults in the UK.
Objectives:
1. Define and categorise current FPTs used among older adults in the UK.
2. Evaluate their effectiveness in reducing falls and related injuries.
3. Examine barriers and facilitators influencing FPT adoption, including digital exclusion.
4. Provide evidence-based recommendations to improve development, accessibility, and ethical deployment.

[bookmark: _Toc212803596][bookmark: _Toc218277033]1.4 Scope and Structure
This study focuses on older UK residents in community, residential, and care-home settings. It examines digital interventions such as wearables, smart-home monitoring, and AI or telecare systems aimed at fall prevention, detection, or response. Non-digital or exercise-only interventions are excluded.
A systematic review approach, guided by the Cochrane Handbook (Higgins et al., 2022) and CASP Checklists (CASP, 2020), synthesises quantitative and qualitative literature from 2015–2025 to evaluate technological, behavioural, and organisational dimensions.
This study addresses three critical gaps: the lack of unified synthesis linking digital innovation to fall-prevention outcomes, limited understanding of behavioural and ethical factors influencing adoption, and fragmented translation of evidence into policy and practice (Greenhalgh et al., 2017; Peek et al., 2014).

[bookmark: _Toc212803597][bookmark: _Toc218277034]1.5 Dissertation Structure and Significance
The dissertation comprises six chapters:
· Chapter 1: introduces the research context, rationale, and objectives.
· Chapter 2: reviews relevant literature and theoretical frameworks.
· Chapter 3: outlines the systematic review methodology.
· Chapter 4: presents findings on FPT effectiveness and adoption.
· Chapter 5: discusses implications in relation to theory and policy.
· Chapter 6: concludes with practical and policy recommendations.

Accordingly, Chapter 2 provides a comprehensive background and critical review of the existing literature on fall-prevention technologies for older adults, focusing on the United Kingdom and international comparative contexts. Specifically, this section describes the epidemiology of falls and their multifactorial causes, highlighting the scope and importance of the issue. It also traces the history of FPT development, from analogue alert systems to modern AI-assisted monitoring, and assesses the available empirical evidence on the efficacy, usability, and cost-effectiveness of current FPT. The analysis is framed within theoretical models such as the Technology Acceptance Model (Davis, 1989), Health Belief Model (Champion and Skinner, 2008), and Bandura’s Self-Efficacy Theory (1997), which explores behavioural factors and motivation for adoption. Finally, the section identifies gaps in the evidence, ethical issues, and equity considerations that underpin the rationale for the systematic review methodology used in the current study, as explained in Chapter 3.

Chapter 2:  Background and Literature Review
2.1 Overview of Falls in Older Adults

Falls are an urgent and multifaceted public-health issue for older adults globally. They are heterogeneous events that result from a complex interaction between biological, behavioural and environmental risk factors such as diminished muscle strength, medication use, balance disturbances and features of the built environment that present hazards (Campbell and Robertson, 1997). Although recent epidemiologic data now quantify their prevalence with better accuracy, the framework of Campbell and Robertson (1997) continues to provide a theoretical basis for understanding the multifactorial nature of falls. The World Health Organisation (WHO, 2021) estimated that each year,  there are around 684,000 fatal falls in the world, and older adults aged over 65 years suffer the highest rates of these. In the UK, there has been a rise in hospital admissions due to falls over the past decade. NHS Digital (2022) has estimated that in 2021–2022, over 220,000 people over the age of 65 were hospitalised with fall-related injuries, placing a significant strain on health and social care. Falls can lead to hip fractures, traumatic brain injury, and disability sustained for years after the fall event itself, with an attendant reduction of confidence and social engagement (Zijlstra et al., 2007). Zijlstra et al., (2007) seminal population article is included as an early, foundational paper with respect to psychological fall-related outcomes, particularly fear and activity avoidance. Thus, preventing falls is not only a clinical concern but also a social and economic issue (Public Health England (PHE), 2019). 

Conventional fall prevention strategies, including exercise programs, medication review and home environment hazard reduction, have had some success (Gillespie et al., 2012) Cochrane review is a seminal theoretical reference that multiple interventions prevent falls yet has been loosely applied across UK local authorities. Compliance rates among the elderly decrease over time, and consequently, new and more sustainable solutions are required. The NHS and local authorities are under pressure to meet growing expectations for scalable, cost-effective interventions that support independence and reduce hospital admissions as the population ages (NHS England, 2019). In this context, technology-supported fall-prevention interventions have been identified as a fundamental innovation enabling early detection of falls occurrence, real-time monitoring, and the provision of personalised management (Booth et al., 2023).

[bookmark: _Toc218277035]2.2 Historical and Technological Evolution of Fall-Prevention Technologies
The development of fall-detection technology has evolved significantly over the past thirty years, shifting from reactive alarm systems to proactive, AI-driven solutions.
Early devices, such as Personal Emergency Response Systems (PERS), enabled older adults to summon help after a fall through wearable pendants or wall-mounted buttons (Stokke, 2016) Although PERS contributed to reducing emergency response times, they remained fundamentally reactive and depended on user activation, an inherent limitation in situations where the individual was unconscious or otherwise unable to trigger the alarm (Sixsmith, 2000).

Advances in microsensor technology, wireless communication and device miniaturisation have driven substantial innovation in fall-prevention systems. Modern wearables now incorporate accelerometers, gyroscopes and machine-learning algorithms capable of detecting and predicting falls by identifying gait anomalies (Bjerk et al., 2024). Smart-home systems integrate motion detectors, pressure sensors and cameras to monitor daily activity and identify abnormal patterns that may indicate elevated fall risk.

Lately, fall-prevention methods are relying on predictive analytics rather than single fall detection. Wearable accelerometers and gyroscopes continually measure gait speed, stride variability and postural sway during everyday activities; home-based sensors trace activity patterns and circadian rhythms. If deviation occurs (e.g. slow gait, or asymmetry increases) before fall, automated alerts for early clinical intervention are generated. Del Din et al. (2019) showed that monitoring gait continuously could ascertain mobility decline weeks prior to a fall. Similarly, Mukai et al. (2019) demonstrated that coupling real-time mobility feedback with individualised physiotherapy led to an improved sense of balance confidence and postural stability and fewer falls relative to usual care.

However, user acceptance and sustained engagement remain major challenges. Older adults commonly report barriers such as poor usability, false alarms and perceived threats to autonomy (Yardley et al., 2006). Yardley’s work is employed here as a theoretical lens to examine the psychological and behavioural dimensions of technology acceptance, rather than as evidence of current adoption patterns.
[bookmark: _Toc218277036]2.3 Theoretical Perspectives on Technology Adoption
Adoption of fall-prevention technology can be informed by behavioural and social psychology. The theoretical framework of this study draws from the Technology Acceptance Model (TAM) (Davis, 1989) and the Unified Theory of Acceptance and Use of Technology (UTAUT) (Venkatesh et al., 2005), which explain how perceived usefulness, perceived ease of use and facilitating conditions influence adoption. These are not used as direct empirical measures but have a conceptual application to the analysis of engagement patterns. Self Efficacy Theory According to Bandura (1997), the belief of individuals and their ability to execute a particular task successfully is very important. In the digital health domain, self-efficacy is a key driver for older adults to continue learning and use new devices. In addition, the Health Belief Model (Champion and Skinner 2008) posits that health behaviour is influenced by perceived susceptibility, severity, benefits of taking a certain action and barriers. Herein, it refers to the motivational dynamics underlying the choice or refusal  of a fall-prevention technology. In particular, older adults who perceive themselves to be fall-susceptible and who identify significant value from digital surveillance are more likely to use these devices, while cost, privacy and complexity concerns may inhibit uptake. Between them, the models incorporate cognitive (ease and usefulness), motivational (self-efficacy and perceived benefit), and environmental (access and support) constructs to create a comprehensive approach to technology adoption for older people (Astell, McGrath and Dove, 2019).

[bookmark: _Toc218277037]2.4 International Context

The prevention of falls has been recognised as a major public health priority internationally as well as within the UK. Countries such as Japan, South Korea and the Netherlands have been at the forefront of digital strategies to support ageing populations. Narvaez Rojas et al. (2021) note that in Japan, the Super-Smart Society 5.0 initiative integrates robotics and ambient-assisted living technologies into elder care, reducing fall-related injuries through systems such as Fujitsu’s Smart Walking Sensors and Panasonic’s fall-detection flooring.

In South Korea, smart-home healthcare platforms, including KT Telehealth, have been associated with significant reductions in emergency fall events and increased physical activity among older adults living alone (Moon, Kwon and Kim, 2023). Across Europe, the FARSEEING Project created by Boulton et al., (2016) established metadata standards and structured taxonomies for fall-detection sensors, particularly for wearables, facilitating interoperability and enabling cross-border research. 

These programmes demonstrate that successful large-scale deployment requires not only technological innovation but also robust ethical, usability and acceptability frameworks. Peek et al. (2014), in a systematic review of 32 studies on home-based technologies for older adults, identified that acceptance depends on perceived independence, control, privacy, environmental fit, and family support (Lodhia et al., 2016). Their work is widely regarded as foundational for understanding how psychological and social factors shape both technology design and policy.


The World Health Organization’s Step Safely Strategy (2021) adopts a life-course approach to fall prevention, integrating environmental design, behavioural reinforcement and digital innovation. However, the WHO emphasises that technology should complement, not replace, human interaction and community support.

[bookmark: _Toc218277038]2.5 National and Local Context (UK) 
Digital health technology solutions have now become ingrained within United Kingdom national policy as systems to underpin prevention, service delivery and integration. The NHS Long Term Plan (NHS England, 2019) and NHS Digital Transformation Strategy (Department of Health and Social Care, 2023) both feature the increasing deployment of remote monitoring, assistive technology and digitally enabled pathways to care for older people living with long-term illness and frailty, and more digital care pathways available. Falls are increasingly considered a priority for public health in England for adults aged 65 years and over, and are monitored as an outcome indicator within the Public Health Outcomes Framework (Office for Health Improvement and Disparities, 2023), reflecting the significant contribution they can make to morbidity, hospital admissions, and the costs of healthcare. Clinical guidance on falls prevention in England is largely drawn from the NICE guideline CG161 (NICE, 2025), which prescribes multifactorial risk assessment and action plan recommendations. But the guidance came before there were widespread digital fall-prevention technologies, including telecare, wearables and smart homes. 

Legislative frameworks to support such independence and prevent preventable deterioration of functioning and unnecessary hospital admissions include the Health and Social Care Act (2012) and the Care Act (2014), which provide substantial rationale in policy to facilitate technology-enabled fall prevention in adults and carers (both adult social care services and community health services). At the local and regional levels, several UK local authorities have integrated telecare and wearable technology programmes across adult social care to support the independent living of older adults. One of the largest digitally enabled telecare services in England, Leeds City Council deploys sensor networks comprising fall detectors and motion sensors connected to a 24-hour alarm receiving centre and mobile response teams (CPR Guardian Watch, 2018). It is used to assist around 10,000 residents and has been reported to enhance response to unassisted falls and to better direct emergency responses (Leeds City Council, 2023). Hertfordshire County Council has created a model called the Data-Inspired Living Dashboard to help users interact with their surroundings. By using this feature, integrating data from movement sensors, bed occupancy monitors and door sensors with real-time analytics enables practitioners to help residents affected by a fall more easily with the prevention measures that are needed.

 In a similar case, Kent County Council’s Technology Enabled Care services are using several telecare devices such as lifeline alarms, falls detectors and environmental sensors that are supported through installation, maintenance and 24-hour monitoring to ensure safer and better independent care of older residents living at home (Kent County Council, 2024). This shows that telecare and wearable-monitoring technologies can be commissioned locally, adapted to the needs of the population and incorporated into the overall prevention and hospital-avoidance approach. 
However, national uptake remains patchy. 


The Local Government Association also indicates a variety in funding at the local authority level, the level of digital infrastructure, and commissioning priorities contributing to variation in access to telecare services throughout England (Local Government Association, 2022). NHS and local authority pilot programmes have been evaluated and service assessments reported to Health Innovation East showed reduction in emergency department visits, fewer non-elective admissions caused by falls, and greater staff confidence in managing patients’ health at risk at home via remote monitoring (Health Innovation East, 2022). However, these advantages became most prominent in institutions with good policies, clear escalation procedures and well-directed staff development. 
Research has shown that unless financial spending, workforce development and integration into existing health and social services systems can be supported, telecare and wearable-monitoring initiatives will remain fragmented and unsustainable (Spanakis et al., 2023). Thus even if national policy strongly promotes digital interventions for falls prevention and independent living they cannot expect a sustained response without system-level coordination of deployment and fair levels of distribution of resources.


[bookmark: _Toc218277039]2.6 Barriers to Adoption 

Despite increasing evidence of effectiveness, exposure to FPT among older adults is limited. The Office for National Statistics (ONS, 2019) estimates that in-excess of 5 million UK adults lack basic digital skills, with the oldest and most deprived populations being the hardest hit. Low confidence, cost and irrelevance are key barriers (Age UK, 2021). Arthanat et al. (2020) also emphasise the affordability barrier with numerous systems charging subscription fees or requiring broadband access. These hurdles are further complicated by privacy and trust issues. The fears of surveillance and data abuse are rampant (UK Statistics Authority, 2022). The evidence suggested that older people may consider monitoring as intrusive, and it might be interpreted as a way of infantilising them (Stokke, 2016). From an organisational standpoint, barriers consist of poorly trained staff, fragmented commissioning, and a lack of standard evaluation. These barriers are not going to be resolved solely through technological developments, but also through behavioural and educational changes to ensure confidence and provide trust (The King’s Fund, 2023). 

[bookmark: _Toc218277040]2.7 Ethical and Equity Considerations 

There's a powerful ethical hook to sustainable digital health. ONS (2019) draws attention to ongoing structural inequalities of access: rural and poorer communities are least likely to have reliable internet. Digital intervention without targeted policies of inclusion is at risk of increasing health inequalities (Age UK, 2021). Considerations are of ethical nature on privacy, consent and autonomy. This is epitomised by the UK Statistics Authority (2022), which champions transparent and inclusive data governance, and the University of Bolton (2018) Code of Practice, where privacy, confidentiality, dignity and participation in research are promoted. These papers institute the moral stronghold upon which this paper is based. Co-design effort actively engaging older people in system design and evaluation, enhances trust and usability (Mannheim et al., 2019). These participatory approaches are in line with 'good practice' standards that seek to ensure technologies are more consistent with users' wants and values.

[bookmark: _Toc218277041]2.8 Summary of Evidence Gaps 

Although systematic reviews, including those by Gillespie et al. (2012) and Bjerk et al. (2024) demonstrate the efficacy of multifactorial and digital fall-prevention interventions, several important gaps remain:
Long-term engagement: Few studies follow participants for more than 12 months, leaving limited understanding of sustained use and long-term adherence (Yardley et al., 2006).
Economic evaluation: Evidence on cost-effectiveness within UK health and social care settings remains insufficient (Neiva Ganga et al., 2023).
Integration with NHS and NICE pathways: There is limited evidence on interoperability and clinical adoption (The King’s Fund, 2023).
Equity and Inclusion: Minoritised and cognitive disabled populations continue to be underrepresented (Booth et al., 2023; Eost-Telling et al., 2024) 
Ethical oversight: Very little attention is paid to the transparency of algorithms or to the development of literacy in informed consent within research (UK Statistics Authority, 2022).

[bookmark: _Toc218277042]2.9 Summary. 
This chapter explored the development, context, and complexities of fall prevention approaches, starting by recognising that falls occur in older people due to multidimensional combinations of physical, behavioural, and environmental issues. Although traditional interventions like exercise programmes, medication review and home modifications are effective, their effects have been patchy, driving increasing interest in digital and sensor-based technologies designed to monitor and detect falls early on. The chapter then detailed technology development from reactive technologies like pendant alarms to sophisticated AI-driven systems to anticipate fall risk and deliver proactive alerts. Key theoretical frameworks that account for the disparate patterns of engagement and resistance within older adults and care providers, such as technology acceptance, self-efficacy, behavioural motivation, and socio-technical models, were used to interpret these developments. In the international scope, Japan, South Korea and the Netherlands all joined with digital-ageing coordinated strategies that emphasise usability, trust and national investments. 
Policy influences in the UK also support digital integration, however, with uneven results reflecting disparities in funding, infrastructural limits and workforce capability. Finally, the chapter listed key barriers to digital exclusion, privacy issues, cost, inconsistent training, and persistent evidence deficits for long-term compliance, cost-effectiveness and equity. These observations justify the systematic review. Hence, Chapter 3 provides the methodological approach adopted in evaluating the effectiveness and implementation of fall-prevention technologies in the UK.





























CHAPTER 3: METHODS 

[bookmark: _Toc218277043]3.1 Research Design

This study employed a systematic review to synthesise evidence on digital fall-prevention technologies (FPTs) for older adults (≥65 years) in the UK. The review was guided by the Cochrane Handbook for Systematic Reviews of Interventions (Higgins et al., 2022) and the Critical Appraisal Skills Programme (CASP) checklists (CASP, 2020) (see Appendix 1). A systematic review approach was adopted to facilitate synthesising various types of evidence, including quantitative trials, qualitative evaluations, and mixed-methods studies, to generate more comprehensive and contextual insights about fall-prevention technologies than single-method reviews can offer (Harden, 2010; Hannes ). Additionally, grey literature was utilised to synthesise real-world evidence of implementation from NHS projects, local authorities, and third-sector organisations to better reflect best practices in comprehensive evidence synthesis (Paez, 2017; Higgins et al., 2022).


[bookmark: _Toc218277044]3.2 Search Strategy
A structured literature search was conducted from January 2015 to 2025 across seven electronic databases: PubMed, BMJ Open, NHS Evidence, ScienceDirect, PsycINFO, Google Scholar, the Cochrane Library, and BioMed Central.

Boolean operators combined core keywords:
(“falls” OR “fall prevention” OR “accidental falls”) AND (“older adults” OR “elderly” OR “geriatrics”) AND (“technology” OR “digital health” OR “wearables ” OR “telecare" (referring to monitoring devices in a person’s home, etc) "OR smart home" OR AI (artificial intelligence) OR remote monitoring).
Grey literature sources, including NHS England reports, Public Health England briefings, WHO guidelines, and local authority publications, were searched to capture policy-relevant and real-world implementation data. Searches were restricted to English language studies with human participants aged ≥65 years. A full search string for each database is provided in Appendix 2.
To ensure transparent reporting of the study selection process, the review followed the PRISMA 2020 guidelines (Page et al., 2021). The PRISMA flow diagram (See Appendix 3) summarises the number of records identified, screened, assessed for eligibility, and included in the review.

[bookmark: _Toc218277045]3.3 Inclusion Criteria

Evidence-based research papers (quantitative, qualitative, mixed-method studies).
Participants who are 65 years of age and older 
UK-based research or research with clear UK findings. 
Studies including digital fall prevention interventions 
Articles between 2015 and 2025.
Written in English. 
Grey Literature, including sources from the NHS, The Health Foundation, The King's Fund and Government publications. 

[bookmark: _Toc218277046]3.4 Exclusion Criteria

Non-UK studies. 
Traditional (non-digital) interventions to reduce falls (e.g., exercise-only interventions).
Sources with abstracts but no full empirical findings.
Studies without accessible full text. 
Articles written over 10 years ago, and written in a non-UK language, were excluded.

[bookmark: _Toc218277047]3.6 Screening and Data Extraction

All retrieved records were first screened by title and abstract against the inclusion and exclusion criteria. Studies that appeared relevant were then obtained in full text for detailed review.
For each included study, data were systematically extracted using a modified Cochrane data collection form (Higgins et al., 2022) to ensure consistency. Extracted information included:

[bookmark: _Toc218277048]Study design and setting
Participant characteristics (age, gender, health status)
Type and description of the digital fall-prevention intervention
Outcome measures (e.g., fall incidence, injury, anxiety, social isolation)
Key findings, barriers, and facilitators to adoption

Grey literature (e.g., NHS and third-sector reports) was also reviewed to capture real-world implementation evidence.
All studies were critically appraised using the CASP screening tool (see Appendix 1) to assess relevance, credibility, and methodological quality. Discrepancies in screening or extraction were resolved through discussion between reviewers.

[bookmark: _Toc218277049]3.8 Ethical Considerations

This review used secondary data from publicly available studies, so formal ethical approval was not required. Ethical standards were adhered to through:
Accurate citation and avoidance of plagiarism
Transparent reporting of study limitations
Respect for participant privacy and data-protection principles (GDPR, 2018)
Consideration of vulnerability in older adults, as reported in source studies




[bookmark: _Toc218277050]CHAPTER 4: RESULTS 

This chapter summarises the results of the systematic review, which evaluated the ten UK primary empirical studies which satisfied all inclusion criteria for this dissertation from 2015 to 2025. These studies provide the most rigorous and contextually significant evidence of fall-prevention technologies (FPT) for older adults in the UK. The chapter is organised into descriptions of the study selection process, descriptions of characteristics of studies included, and a thematic synthesis of the quantitative and qualitative evidence. Quality appraisal was assessed using the Critical Appraisal Skills Programme (CASP, 2020), and only studies that met criteria for methodological coherence, validity and UK applicability were included in the final synthesis.
[bookmark: _Toc218277051] 4.1 Review on Studies Included
The subsequent chapter discusses the findings of the systematic review that provides an overview of ten studies investigating the effectiveness, implementation, and user experience of digital fall-prevention, telecare, and smart-home technologies for older people. A review of the evidence base covers cluster randomised controlled trials, feasibility trials, pragmatic randomised trials, realist evaluations, service evaluations, qualitative interview studies and evidence syntheses (systematic and scoping reviews). Together, these studies provide a holistic perspective of the operational nature of digital fall-prevention technologies in residential care, community settings, and dementia care pathways.
The vast majority of empirical intervention studies were performed where fall prevention in the institutional setting is important (UK care homes) and this is consistent with the prioritisation of falls prevention strategies in UK health and social care policy. These are the FinCH cluster randomised controlled trial of Logan et al. (2022), Leighton et al.'s realist assessment (2022), the feasibility study undertaken by Walker et al. (2016), and the evaluation of the service by Ganga et al. (2023). Collectively, they analysed structured digital decision-support tools, multifactorial falls-risk dashboards, and technology-enabled care planning mechanisms.
	
	
	



	
	
	



Community-level and dementia-specific evidence was found by the ATTILA trial conducted by Howard et al. (2021), the qualitative interview research by Fothergill et al. (2023), and the synthesis of evidence compiled by Moyle et al. (2021) and Yaylagul et al. (2022). Johannessen et al. (2019) explored professional perspectives on telecare safety (2019), together 	with broader international effectiveness evidence for smart-home technologies; evidence synthesised by Yeoh Lui et al. (2025). Five overarching themes were found in the meta-analysis over the ten studies. These themes are articulated in Table 1. 
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	Table 1: Identified Themes of CASP

	Study (Author, Year, Title)
	Aim & Objectives
	Method & Data Collection
	Sample Size
	Participant Demographics
	Setting
	Main Findings
	Recommendations (CASP-Informed)

	Paul Andrew Logan et al. (2022). A multidomain decision support tool to prevent falls in older people: the FinCH cluster randomised controlled trial
	To evaluate the effectiveness and cost-effectiveness of a structured digital multidomain decision-support tool for fall prevention in care homes
	Cluster randomised controlled trial; falls data collected prospectively; economic evaluation alongside trial
	>1,600 residents across multiple care homes
	Older adults aged 65 years and over, including high-risk residents
	UK residential and nursing care homes
	Statistically significant reduction in falls; improved consistency of falls management; intervention shown to be cost-effective
	Embed digital decision-support tools into routine care-home practice; provide structured staff training; support national scale-up through commissioning and guidance

	Peter Andrew Leighton et al. (2022). A realist evaluation of a multifactorial falls prevention programme
	To examine how, why, and under what circumstances a digital falls-prevention programme is effective

	Mixed-methods realist evaluation; staff interviews, observations, and implementation analysis
	60+ staff participants
	Nurses, care assistants, managers, allied health professionals
	UK care homes
	Leadership engagement, staff ownership, and training quality were critical to success; outcomes varied by context
	Strengthen leadership involvement; integrate digital tools into existing workflows; tailor implementation to organisational context

	Graham Michael Walker et al. (2016). Falls in Care Homes feasibility randomised controlled trial
	To assess feasibility, acceptability, and preliminary effectiveness of a digital falls-risk assessment approach
	Feasibility cluster randomised controlled trial; falls records and staff feedback
	84 residents
	Older adults aged 65–99 years
	UK care homes
	Improved risk identification and staff acceptability; feasibility confirmed
	Progress to adequately powered full-scale trials; refine digital tools to reduce staff burden

	Rita Ganga et al. (2023). Reducing care-home falls using a digital application
	To validate a digital falls-risk dashboard using real-world service data
	Mixed-methods service evaluation; routine falls data and staff feedback
	~250 residents
	Older adults and care-home staff
	UK care homes
	Reduction in emergency transfers related to falls; improved situational awareness
	Scale implementation with technical support; address alert fatigue; standardise data recording practices

	Robert Howard et al. (2021). The ATTILA trial: effectiveness of assistive technology and telecare for people with dementia
	To assess effectiveness and cost-effectiveness of telecare for people with dementia
	Pragmatic randomised controlled trial; outcomes included institutionalisation and service use
	495 participants
	People living with dementia and family carers
	UK community settings
	No significant long-term benefit; high attrition and usability challenges
	Redesign telecare specifically for cognitive impairment; prioritise passive, low-burden technologies

	Lucy Fothergill et al. (2023). Proactive telecare experiences
	To explore experiences and perceptions of proactive telecare among users and stakeholders
	Qualitative semi-structured interviews
	~30 participants
	Older adults, informal carers, and professionals
	UK community
	Increased reassurance and perceived safety; privacy and data-use concerns
	Adopt co-design approaches; strengthen ethical governance; improve transparency around data use

	Tone Bergli Johannessen et al. (2019). Telecare safety perceptions
	To examine professional perspectives on safety and responsibility in telecare
	Qualitative interviews
	26 professionals
	Home-care staff
	Norway
	Role ambiguity and safety concerns affected confidence in telecare use
	Clarify professional responsibilities; provide guidance and training on telecare governance

	Cheng Xuan Yeoh Lui et al. (2025). Effectiveness evaluation of smart-home technology in preventing and detecting falls: a systematic review and meta-analysis
	To evaluate effectiveness of smart-home technologies for fall prevention and detection
	Systematic review and meta-analysis of quantitative studies
	30+ studies
	Older adults
	Community and residential settings
	Moderate evidence of fall reduction; heterogeneity across studies
	Standardise outcome measures; improve study quality; conduct context-specific trials

	Wendy Moyle et al. (2021). Smart-home technologies for people with dementia
	To map evidence on smart-home technologies for dementia populations
	Scoping review
	40+ studies
	Older adults living with dementia
	Community settings
	Usability and cognitive burden limited effectiveness
	Adapt design to cognitive needs; involve users and carers in development

	Nur Kübra Yaylagul et al. (2022). Telecare adoption trends and barriers
	To identify barriers and facilitators to telecare adoption
	Scoping review
	60+ studies
	Community-dwelling older adults
	International
	Digital exclusion, cost, and literacy barriers
	Improve affordability, access, and digital literacy support




[bookmark: _Toc218277052]4.3 Thematic Findings
A thematic analysis of Braun and Clarke (2006) was conducted that synthesised qualitative and quantitative evidence across the ten studies. This led to the development of five overarching themes: (1) effectiveness of fall-prevention technologies, (2) user experience and barriers and adoption, (3) implementation, staff training, and organisational fit, (4) Cognitive deficits and divergent patterns of outcomes and (5) Equity, Access and Digital Exclusion. 
[bookmark: _Toc218277053]4.4 Theme 1: Effectiveness of the Digital Fall-Prevention Technologies

Digital fall-prevention technologies were effective in reducing falls and fall-related harm across 10 studies when employed as structured, embedded clinical tools rather than standalone devices. The most robust evidence was associated with digital decision-support systems, multifactorial risk-assessment platforms, and ambient monitoring technologies that improved risk identification, intervention targeting, and response times. The strongest evidence came from the Falls in Care Homes (FinCH) multidomain decision support tool, assessed in a large cluster randomised controlled trial carried out by Logan et al., (2022). They digitised multifactorial risk assessment using the FinCH system has translated clinical guidelines into prompting support for care-home staff, facilitating targeted interventions including medication review, physiotherapy referral and environmental modification. This planned approach yielded dramatic reductions in falls and was cost effective, reflecting the effective role of standardised digital guidance to decrease variation in care delivery. A related benefit is noted in the Guide to Action for Care Homes (GtACH) programme by Leighton et al., (2022). The digitised GtACH tool facilitated the systematic evaluation of modifiable risk factors relating to mobility, cognition, continence, and environmental hazards. Falls reduction occurred through evidence-based actions, rather than advances in technology, so formal clinical integration was key.
[bookmark: _Int_iCa3XXZ9]These findings were further supported by evidence from feasibility trials. Walker et al., (2016) have established, when scaled, how digital risk-assessment tools can lead to improved accuracy of falls-risk classification and also increased staff confidence, showing the mechanisms through which they can aid in falls reduction. Digital dashboards and monitoring platforms reduced falls-related harm through better early detection and response, as further proved through real-world evaluations. Ganga et al., (2023) saw a decline in the number of emergency transfer times after introducing a digital multifactorial falls dashboard, while indicated that using smart home motion sensors and automatic lighting resulted in some reduction in falls during the night, mitigating environmental risk when walking unobserved. System level evidence from Yeoh Lui et al. (2025), suggested that AI-enabled remote monitoring platforms promoted reduced fall related emergency conveyance following fall or deterioration incident, thus enhancing response to such falls or deterioration. 
However, that effectiveness depended on linking with clinical escalation pathways. By opposition, dementia specific evidence from ATTILA trial conducted by Howard et al., (2021) found that standard telecare tools had limited efficacy caused by lack of adherence and cognitive hurdles. It illustrates that effectiveness is dependent on population appropriateness and passive rather than user-activated designs. Digital fall prevention technologies managed to significantly lower the occurrence of falls across the board with routine risk assessment, early escalation of risk, environmental intervention and rapid response, with high effectiveness when integrated as part of everyday care systems.
[bookmark: _Toc218277054]4.5 Theme 2: User Experience, Barriers and Adoption.
User experience, trust and perceived autonomy accounted for the major factors in use of digital fall-prevention and telecare technologies across residential and community populations. Although most perceived enhanced safety and reassurance, acceptance was conditional on the technologies being felt to be supportive rather than intrusive and empowering rather than surveillance-focused. Qualitative results of Fothergill and colleagues (2023) showed that proactive telecare systems lead to enhanced feelings of reassurance and independence for older individuals living at home, especially those with mobility restrictions and living alone. Passive monitoring and response measures to minimize the amount of effort required. These features were also viewed as allowing to develop independence while giving to safety net. Yet, concerns around privacy, continuous monitoring, and lack of clarity in data use were all often expressed. Respondents were wary of their own data access and use for long-term use in terms of users' acceptance, noting their discomfort in not knowing who had access to their data and who used it. Professional opinions reflected those concerns. Johannessen et al. (2019) studied the perception of safety and responsibility of home-care professionals in the use of telecare. The study found that staff frequently felt that the accountability for failure to act when alerts had been raised or missed, resulting in an ethical dilemma of being able to promote telecare to the users which also contributed to diminishing the confidence level. This uncertainty helped shape how technologies were phrased and underpinned practiceally and as a consequence, indirectly contributed to user trust. In the field of care-home settings, staff trust was highly correlated with their trustworthiness and clinical utility perception. Ganga et al. (2023) found higher uptake when the digital dashboards offered operational knowledge that informed decision-making. False alarms and alert fatigue, on the other hand, shattered confidence and fueled disengagement. Walker et al. had similar findings (2016), who found that too many alerts reduced perceived usefulness and increased workload.
 Dementia-specific evidence underscored specific issues regarding acceptability. Howard et al. (2021) determined that individuals with cognitive impairment found that telecare systems requiring users to trigger alarms and communicate with devices actively were not tolerated by these patients and resulted in poor compliance. Moyle et al. Furthermore, complex interfaces, regular notifications, and memory reliance constrained usability in dementia populations (2021). Trust was strengthened across studies if users understood how technologies operated, how data was utilized and if they felt some level of control. This was advocated by Fothergill et al. in co-design approaches. (2023), were often found related with higher acceptability indicating that participatory development and implementation are important for adoption.
[bookmark: _Toc218277055]
4.6 Theme 3: Implementation, Staff Training, and Organisational Fit
Implementation and organisational preparedness were reported universally to be significant factors influencing the influence of digital fall-prevention technologies. Over all ten studies, technologies only worked when supported by a supportive leadership, staff training and a fit that integrated into current workflows. Leighton et al. (2022) offered a strong realist analysis on context dependency based on their evaluation. Care homes where managers adopted the implementation of the digital GtACH tool, offered protected time for training, and built on-site assessments into the everyday routine experienced persistent reductions in falls. Care homes lacking significant leadership involvement or differing organisational requirements, however, adopted low levels of involvement and limited influence. Research supporting this interpretation is also provided by the FinCH trial. Logan et al. (2022) observed substantial disparity in the results across participating care homes with the use of the same digital tool. These differences were due to organisational factors, including staffing, documentation, and managerial support, rather than the technology. This demonstrates that digital tools act not as drivers but rather as enablers of change in practice. Walker et al. (2016) argued that workflow alignment is important. Staff acceptability was increased when digital tools decreased documentation burden and were consistent with current care processes. Conversely, there was a lower level of engagement when technologies were viewed as peripheral activities and consequently less effective. Infrastructure challenges were also identified in service evaluations. Ganga et al. (2023) reported that inconsistent Wi-Fi access and hardware limitations in some care homes affected dashboard usage, according to the researchers. Johannessen et al. (2019) pointed out that unclear governance and role definitions led to loss of professional confidence. Yeoh Lui et al. (2025) also highlight that interoperability and access to pathways in context were necessary for system-level impact, with potential of the escalation pathway. Dementia-related evidence repeatedly demonstrated amplified difficulties. Howard et al. (2021) found that the difficulties of implementation were even more acute when interventions are user-activated, suggesting an increased focus on effective interventions that need to be population-focused. Overall, the results imply that digital fall-prevention technologies are implementation-sensitive interventions with outcomes influenced by organisational preparedness rather than necessarily by technological sophistication.
[bookmark: _Toc218277056][bookmark: _Hlk216794072] 4.7 Theme 4: Cognitive deficits and divergent patterns of outcomes. 
Equity and digital exclusion were identified as enduring, intersecting issues that determined who would gain in the most from digital fall-prevention technologies. Cognitive status, digital literacy, organisational capacity and infrastructural resources were associated with different outcomes across the evidence base. Community based analyses identified the financial and digital isolation as fundamental barriers.  Fothergill et al. (,2023) reported that the subscription costs, broadband requirement and little digital confidence for some older people, specifically low-income elderly, limited their access. These barriers threaten to entrench existing health inequalities by disproportionately excluding people at increased risk of falling. The inequities were compounded by cognitive impairment. Results obtained from Howard et al., (2021) showed that dementia patients were less likely to benefit from telecare systems that were not tailored to their needs. In a comparable fashion, Moyle et al. (2021) described usability issues, such as complex interfaces and dependence on the interaction of users, as limiting their effectiveness with dementia populations.  Differences were also apparent at organisational and regional levels. Logan et al., (2022) and Leighton et al., (2022) both found a heterogeneity of outcomes within care homes, primarily the results of differences in levels of staffing stability, leadership involvement, and digital infrastructure. Residence with restricted resources or low level of digital maturity was less able to effectively implement and sustain digital interventions. Informed by this, system level assessments confirmed these concerns. Yeoh Lui et al. (2025) showed that there was considerable variation in local commissioning formats, provision of training and the readiness of facilities to support delivery so that, while services are delivered at the local level, they differ between locations and result in unequal and divergent benefits. Taken together, the evidence shows that without targeted inclusion strategies, digital fall prevention technologies threaten to increase inequality, privileging digitally competent users and resource-rich establishments and disenfranchising at-risk groups.
[bookmark: _Toc218277057][bookmark: _Hlk216794173]4.8 Theme 5: Equity, Access and Digital Exclusion.
The sustainability and economics were key factors in determining the long-term sustainability of the digital fall-prevention technologies for which sustainability as opposed to a justifiable cost were an important consideration. There was evidence that technologies with performance benefits and cost economies could most likely be maintained and scaled up. The FinCH cluster randomised controlled trial by Logan et al., (2022) produced strong economic evidence, indicating the cost effectiveness of the digital decision-support tool for patients to achieve this reduction in falls-related healthcare utilisation. Likewise, Leighton et al., (2022) evaluated the GtACH programme and demonstrated that sustainability increased when digital tools were embedded as part of the routine rather than funded as short-term pilots in routine practice. These sustainability challenges were further noted in service evaluations. Highlighted that smart-home systems needed regular maintenance, technical support and configuration to avoid alert fatigue, while Ganga et al. (2023) identified that sustained benefit was determined by ongoing staff engagement, ongoing system updates. 
Additionally, at an organisational level, indicated how AI-assisted remote monitoring lowered emergency conveyances and increased the efficiency of emergency transport response at a large scale, providing evidence of potential savings across the system in the longer term. But the review also pinpointed the necessity of interoperable systems, an open governance structure, and stable funding models to promote its staying power after the pilot phase. Reviews lent support to these findings. Lui et al., (2025) identified moderate effectiveness of smart-home technology but without common outcome measures, economic comparability constrained. Yaylagul et al., (2022) added on that sustainability is undermined without addressing its acceptance barriers, including digital exclusion and training gaps. As a whole, the evidence suggests that digital fall-prevention technologies are most sustainable when they are economic, interoperable, provided with consistent funding, and connected to system-wide pathways of care, not simply implemented as standalone innovations.
[bookmark: _Toc218277058]4.9 Synthesis Overall results integrated. 
Collectively, the results provide evidence that digital fall-prevention and telecare technologies can lead to falls reductions and better safety for older adults, and particularly the care-home population, where well-structured care plans, leadership support and staff training is embedded. Large-scale trials and service evaluations provide evidence of the value of digital decision-support tools and the multifactorial nature of interventions whereas qualitative and synthesis studies have identified critical issues of acceptability, trustworthiness, cognitive impairment, and equity. The heterogeneity of results between populations and contexts suggests that the impact of technology is dependent on organisational context, user ability and ethical use. These findings offer a solid empirical basis for critical exegesis and theoretical debates which chapter 5 will discuss.




[bookmark: _Toc218277059]CHAPTER 5: DISCUSSION

[bookmark: _Toc218277060]5.1 Overview of Findings

This chapter reviews the results of Chapter 4 and provides a critical commentary on the findings in terms of the review’s aims and objectives, broader academic literature and current policy and practice in the digital fall-prevention and telecare area for older adults. Informed by the five key themes identified in the results chapter, the discussion is organised with respect to the coherence and transparency of the evidence synthesis and interpretation. Reflecting on these themes, this chapter demonstrates how the included studies contribute not only to the understanding of whether digital technologies reduce falls, but also when they can work, for whom, and with what limitations. The ten studies reviewed reflect varied methodologies and contextual setups, offering complementary ideas on effective design strategies, implementation, user experience, cognitive impairment, and equity. Collectively, they show that digital fall-prevention technologies do not work in every circumstance but are highly context-dependent, influenced by organisational readiness, user capacity and system-level support.

[bookmark: _Toc218277061]5.2 Theme 1: Effectiveness of Digital Fall-Prevention Interventions. 
The strongest and most reliable evidence throughout the review are around digital interventions to control falls when integrated into structured care networks. Large trials carried out in care homes across Britain highlight the compelling evidence that digitally enabled, multifactorial interventions can lead to significant falls reductions. However, the FinCH cluster randomised controlled trial from Logan et al., (2022) not only showed a decrease in falls but their use was cost-effective, therefore resolving an important issue in commissioning health and social care. Furthermore, the findings are supported by prior falls-prevention literature, where systematic risk assessment and tailored intervention versus single-component management, have been stressed. In a similar vein, the feasibility trial carried out by Walker et al., (2016), supports the principle that digital decision-support tools can improve the consistency and accuracy of falls-risk assessments. This study did not achieve the purpose of establishing specific outcome effects; however, it is significant in establishing early acceptability and feasibility, which are the prerequisites to efficacy during larger trials. Their transition from feasibility Walker et al., (2016) to definitive trials Logan et al., (2022) reflects a strong evolution of evidence, which is seldom seen in digital health research. Evaluation of real-world services further solidify the evidence base. Ganga et al., (2023) noted reductions in emergency hospital transfers after the implementation of a digital multifactorial falls-intervention application, implying benefits that may result from controlled-trial outcomes can continue routine practice. 
These results offer important implications given that many critics of digital health interventions note that they tend to lack efficacy in practice. However, effectiveness is not consistent across populations yet. Robert Howard et al. conducted the ATTILA trial and their report (2021) reports on the limited benefit of assistive technology and telecare for people living with dementia. This divergence reveals an important nuance; although digital fall-prevention technologies can be effective, their effects depend on individuals cognitive state, context of care and level of support. Lui et al., meta-analysis (2025) further supports this interpretation by showing, overall, moderate and very heterogeneous effectiveness, in which the result is moderated by context and population features. Together these results indicate that digital fall prevention solutions succeed when they are organised, multifactorial and integrated within enabling organisational contexts, and are not implemented as independent interventions.
[bookmark: _Toc218277062]5.3 Theme 2: Fidelity of delivery and context in which the implementation is conducted as determinants of impact. 
Part of the value of this review is to demonstrate that the ability to make an intervention effective in all its dimensions is not independent of implementation quality.  Leighton et al., (2022) stated that the realist evaluation can lead to understanding, especially critically, what makes digital interventions succeed or fail. Using leadership engagement, staff ownership, and workflow integration as key contextual elements, this research goes beyond the query of “does it work?” to explain “how and why does it works in some contexts but not others?”. These findings strongly align with implementation science models, which focus on organisational readiness and contextual fit as drivers of intervention effectiveness.  Walker et al., feasibility trial (2016) reported that staff interaction with digital tools, even with the sense of use being high, was moderated by time pressures and restricted staffing. This highlights that acceptability is not enough if organisational conditions do not favour ongoing uptake. Evidence from Ganga et al., (2023) highlights how variations in digital infrastructure and managerial support may exert an impact on outcomes. Greater digital maturity of care homes was associated with more consistent use with the falls-risk dashboard and better outcome, indicating that baseline organisational capacity shapes the outcomes from digital interventions. 
These findings are consistent with wider digital health literature, which describes infrastructure and leadership as important antecedents to successful digital health. The professional view of Johannessen et al., (2019) have a good focus on this theme. While performed in Norway, the study raises issue of role ambiguity and accountability in telecare services that are common to all. Uncertain roles may cause staff members to be disinclined to use digital mechanisms, reducing their efficacy. This highlights the need for governance structures as well as a technological adoption. Collectively, Theme 2 highlights how, at its least, digital fall prevention technology should be conceptualised as an organisational intervention, not a technical response. Effective though they may be, they will lose efficiency without support from leaders, workflow alignment, and resourcing.
[bookmark: _Toc218277063]5.4 Theme 3: Adoption, Trust, and Value from Users and User Acceptability, Trust, and Perceived Value. 
User acceptability became a strong motivator of engagement and continued use in multiple studies. A qualitative, interview study of the qualitative research of Fothergill et al., (2023) offers rich understanding of the proactive experience of telecare for older adults. Regularly participants spoke of feeling more reassured and peace of mind, especially in the context of independent living. These findings are consistent with policy discourses in which telecare is presented as an enabler of ageing in place. Yet the study also showed worries over privacy, data sharing and perceptions of surveillance. These issues reflect larger ethical discussions in digital health and undermine assumptions that perceived safety gains automatically outweigh perceived intrusiveness.
 Crucially, these concerns appeared to be not confined to service users.  Johannessen et al., (2019) also reported concern within professions that there was uncertainty and concern about a reliance on telecare too much, especially in terms of responsibility issues in the event of an adverse incident. In conclusion Theme 3 identifies that there is evidence from the synthesis studies to support the above findings.  Yaylagul et al., (2022) found trust as a significant determinant of telecare adoption, perceived relevance, and digital confidence also contribute to this. Engagement was low when technologies were perceived as imposed or poorly explained. Similarly, Moyle et al., (2021) found that the value of smart home technologies for people with dementia and their carers was negatively affected by usability issues. 
These results suggest that user acceptability is not a given characteristic of technology but is determined by communication, involvement in decision-making, and convergence with users’ values and preferences. The co-design methodology recommended by Fothergill et al., (2023) may therefore be central to establishing trust and maintaining long-term engagement. 
[bookmark: _Toc218277064]5.5 Theme 4: Cognitive Impairment and Differential Outcomes. 
Perhaps the most consistent pattern across the evidence base is the differential effect of the digital fall-prevention technologies on individuals with cognitive impairment. Howard et al., (2021) considered the ATTILA trial, which offers high-quality evidence that assistive technology together with telecare do not automatically assist independent living for those with dementia. High attrition and poor adherence suggest that cognitive impairment changes how people experience and apply digital interventions.  The findings agree with the scoping review by Moyle et al., (2021) that noted cognitive load, learning requirements and dependency on carers as key impediments to the effective use of smart home technologies. Importantly, such difficulties were not only due to advanced dementia, suggesting that even mild cognitive impairment may impede engagement. 
The meta-analysis of Lui et al., (2025) provides further support for these findings with smaller and more variable effect sizes in studies among cognitively impaired populations. This would mean that cognitive status is a moderating factor for both research design and implementation in the clinic. The study challenges the assumption that all older adults can be inherently independent supported by digital technologies. They suggest, instead, adaptation, simplification and greater carer involvement in deploying fall prevention technology in pathways for dementia care is required. 
[bookmark: _Toc218277065]5.6 Theme 5: Equity, Access and Digital Exclusion. 
Concerns around equity pertain across the five themes and are a serious obstacle for digital fall prevention. The scoping review by Yaylagul et al. (2022) has also reported the determinants of telecare adoption to be digital literacy, socio-economic status, and infrastructure accessibility. These results raise worries whether digital interventions could exacerbate current health inequalities if not carefully adhered to. Qualitative findings from Fothergill et al. (2023) suggest that individuals with family support or prior experience with technology are more likely to benefit from proactive telecare, while those without such support may be excluded. Ganga et al., (2023) also reported organisational variation showing that resources in care homes may be limited and may not be able to reap the same benefits as more digitally mature organisations.
 Synthesis of international evidence by Lui et al., (2025) further exposes variation of access and outcomes across settings and confirms that policy interventions are urgently warranted to target digital exclusion. Without attention to affordability, training and infrastructure it is unlikely that the benefits of these digital fall-prevention technologies would be shared.
[bookmark: _Toc218277066] 5.7 Chapter Summary. 
Chapter reviews have given a critical summary of the results of systematic review in five interconnected topics which are comparable to the findings in Chapter 4. This discussion indicates that digital fall-prevention technology is feasible and economical in a care-home environment, if it also is backed by strong organisational structure, user-centred design and sufficient training. Cognitive impairment and digital exclusion present as important moderators, placing limitations on these interventions at an all-encompassing level. These insights lend compelling justification for the recommendations articulated in Chapter 6, in integrated implementation, inclusive design, and ethical governance of digital fall-prevention technologies.
[bookmark: _Toc218277067]5.8 Further research directions.
[bookmark: _Int_TqcUhixm]The evidence still suffers from a number of important limitations. Furthermore, there is a need for long-term adherence studies with follow-up over twelve months to study the maintenance of behaviour, device fatigue and longevity of benefits. More inclusionary research is needed, too, to address the under-report of minority ethnic, rural and cognitively impaired population (Booth et al., 2023; Eost-Telling et al., 2024). Third, there will need to be a robust evaluation of health economic utility and implementation science studies to understand cost and scalability in ordinary NHS resource allocation conditions. Fourth, in this age of Artificial Intelligence in Fall Prediction, interdisciplinary research on Algorithmic Bias, Transparency and Explainability is necessary (Hubbard, 2025). Finally, comparative policy research across high-income countries might highlight country-level lessons learnt and can provide international guidance as to ethical and regulatory standards.







[bookmark: _Toc218277068]CHAPTER 6: RECOMMENDATIONS AND CONCLUSION
[bookmark: _Toc218277069]
6.1 Recommendations

This chapter translates the evidence synthesised in Chapters 4 and 5 into actionable recommendations for clinical practice, health and social care systems, and future service development. The recommendations are grounded explicitly in the findings of the ten included studies and are informed by established policy frameworks and behavioural and implementation theories. Collectively, they aim to support the safe, effective, equitable, and sustainable adoption of digital fall-prevention and telecare technologies for older adults in the UK. 
[bookmark: _Toc218277070]
6.2  Clinical and Practice Implications
First, digital fall-prevention technologies should be embedded within formal, standardised clinical pathways, rather than implemented as optional or ad hoc additions to care. Strong evidence from large cluster randomised controlled trials demonstrates that structured, digitally supported multifactorial interventions reduce falls and improve cost-effectiveness when integrated into routine care-home practice (Logan, et al., 2022; Walker, et al., 2016). Care homes and community services should therefore adopt validated decision-support tools and digital risk-assessment frameworks as part of routine falls management, aligned with existing clinical governance processes. 
Second, digital technologies should be used to augment rather than replace established fall-prevention strategies. Evidence from the FinCH trial and real-world service evaluations indicates that the greatest benefits occur when digital tools support systematic assessment, monitoring, and follow-up, rather than acting as stand-alone interventions (Logan, et al., 2022; Ganga et al., 2023). Clinically, this requires pairing digital risk dashboards, sensors, or alerts with evidence-based interventions such as strength and balance training, medication review, and environmental modification. 
Third, staff training and confidence building must be prioritised as core components of implementation. Across multiple studies, including realist and qualitative evaluations, staff confidence, understanding, and perceived ownership of digital tools directly influenced uptake and effectiveness (Leighton, et al., 2022; Fothergill, et al., 2023). Training should be structured, ongoing, and embedded within induction and continuing professional development, with clear guidance on how to interpret and act on digital outputs. This approach is essential to avoid underuse, misuse, or alert fatigue, which was reported in evaluations of smart-home sensor systems (Ganga, et al., 2023). 
Fourth, clinical practice must adopt a person-centred and adaptive approach, particularly for individuals with cognitive impairment. Evidence from the ATTILA trial and dementia-focused reviews demonstrates that standard telecare and assistive technologies are often ineffective for people living with dementia due to usability challenges and reliance on memory and learning (Howard, et al., 2021; Moyle, et al., 2021). For these populations, simplified interfaces, passive monitoring systems, and enhanced carer involvement are required. Clinicians should assess cognitive status and support networks when determining suitability for digital fall-prevention technologies. 
Finally, routine monitoring and feedback mechanisms should be embedded in practice to ensure continuous quality improvement. Service evaluations show that digital systems are most effective when outcomes such as fall incidence, emergency transfers, and response times are routinely reviewed and used to refine practice (Ganga, et al., 2023; Lui, et al., 2025). Incorporating regular review meetings and feedback loops can enhance both safety outcomes and staff engagement.


[bookmark: _Toc218277071]6.3 Policy and System Recommendations
At a system level, a key recommendation is the development of national standards and accreditation for digital fall-prevention and telecare technologies. The heterogeneity of outcomes and methodologies identified across studies highlights the need for consistent evaluation criteria and minimum evidence thresholds (Lui, et al., 2025; Yaylagul et al., 2022). A nationally coordinated framework, led by NHS England in collaboration with regulatory bodies, would support evidence-based procurement and reduce variability in implementation quality. 
Second, organisational readiness and digital infrastructure must be addressed as policy priorities. Both realist and service-evaluated evidence supports that leadership engagement, digital sophistication and interoperability with current systems are central to the success of programmes (Leighton et al., 2022; Ganga et al., 2023). Investing in basic infrastructure, from reliable connectivity and integrated systems, is essential to embedding digital fall-prevention technologies effectively across care settings. 
Third, policy needs to directly articulate an agenda of digital exclusion and access equity. Digital literacy, affordability, and access to support are regularly recognized as deterrents affecting adoption among older adults as demonstrated by scoping and qualitative reviews (Yaylagul et al., 2022; Fothergill et al., 2023). Digital fall-prevention attempts without effective strategy might exacerbate existing health disparities. Policy responses need to involve subsidised access, community-based digital skills programmes and commissioning models that focus on high-risk and underserved communities.
 Fourth, strong and standardised ethical governance and data protection. Qualitative studies and professional perspectives revealed user concerns regarding privacy, surveillance, and accountability (Fothergill, et al., 2023; Johannessen, et al., 2019). Policymakers must require clear consent mechanisms, transparency in terms of who owns data and accountability for remote monitoring services to in-still confidence and facilitate ethical practice. Lastly, system-wide learning would be facilitated through phased implementation and joint evaluation. The evolution through feasibility tests to large scale evaluations of those in the UK's evidence base demonstrates the importance of iterative learning (Walker, et al., 2016; Logan, et al., 2022). Regional digital health hubs as well as shared learning platforms may promote best practice sharing and minimise duplicative activities. 
















[bookmark: _Toc218277072]7. Conclusion
The purpose of this thesis was to critically assess the value, acceptability and implementation of fall-prevention technologies for older adults in the UK. This study conducted a systematic review of evidence-based research from the UK to identify the primary categories of technologies in the field, to determine ways they can play a role in reducing falls and improving safety, the behavioural and organisational factors associated with adoption of technologies and the policy, ethical and practical impact of incorporating digital technologies into standard care. Every chapter provided value to the aims and objectives through placing the issue in context, evaluating the evidence, investigating the empirical findings and turning the findings into recommendations related to practice and policy. The results show that digital technology has the potential to lead to effective fall prevention when integrated into formalised, person-centred and cross-disciplinary care pathways. Wearable sensors, artificial-intelligence monitoring systems and smart-home technologies contributed to lower fall risk and increased detection and response times, as well as feelings of safety for older adults. 
However, these benefits were always associated with appropriate training for personnel in the new application, engagement among users and organisational readiness and the conclusion was that just adopting technology is not enough; successful implementation requires socio-technical environment and supports. At the same time, ongoing challenges constrain these benefits. Digital exclusion remains a challenge for many older adults because of reduced digital literacy, financial constraints, or lack of infrastructure. Challenges to privacy, surveillance and ethical governance add to trust and cooperation being the most serious obstacles. These barriers serve as a call-to-arms, and it is necessary, to achieve equitable design, access to training, transparent data governance and uniform national standards to create an effective technological approach, that does not exacerbate, but amplify, the inequality of access to technology. The dissertation demonstrates that, in summary, the fall-prevention technologies are full of potential for supporting a safer, more independent ageing but only if the technological potential is matched by human, behavioural and organisational levels of capability. To secure sustainable, equitable and significant improvements in fall prevention across the UK, there is a need for an integrated, socially responsible, inclusive approach, bridging innovation and education, co-design and policy support.
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	Checklist Domain
	Criteria Assessed
	Yes / No / Partial
	Notes on Application to This Review

	Clear Research Aim
	Study clearly states aim related to fall prevention, telecare, or digital monitoring in older adults
	Yes
	All ten included studies explicitly addressed fall prevention, safety, or independent living

	Appropriate Study Design
	Design suitable for research question (e.g. RCT, realist evaluation, qualitative study)
	Yes
	Designs ranged from cluster RCTs to qualitative interviews and service evaluations

	Sampling Strategy
	Recruitment strategy clearly described and appropriate
	Partial
	RCTs reported robust sampling; qualitative studies used purposive samples with limited generalisability

	Participant Characteristics
	Age, setting, and relevant clinical characteristics reported
	Yes
	All studies included older adults (≥65 years), care staff, or carers

	Data Collection Methods
	Methods clearly described and systematically applied
	Yes
	Included validated outcome measures, interviews, service datasets, and monitoring logs

	Outcome Measurement
	Falls, emergency admissions, usability, or perceptions clearly defined
	Partial
	Variation in fall definitions and outcome measures across studies

	Data Analysis Rigor
	Analytical methods appropriate and transparent
	Yes
	Statistical analyses reported in trials; thematic analysis justified in qualitative studies

	Consideration of Bias
	Limitations, attrition, or confounding factors acknowledged
	Yes
	Particularly strong in ATTILA trial and realist evaluations

	Ethical Approval
	Ethical approval and consent procedures reported
	Yes
	All peer-reviewed studies reported ethical governance

	Transferability
	Findings applicable to UK health and social care contexts
	Yes
	Majority UK-based; international reviews contextualised cautiously

	Technology Description
	Digital tools clearly described (e.g. sensors, dashboards, telecare)
	Yes
	Detailed descriptions enabled thematic synthesis

	Implementation Context
	Organisational and workforce factors considered
	Yes
	Leadership, training, and infrastructure consistently discussed

	User Experience Consideration
	
	
	

	Acceptability, autonomy, or trust explored
	Yes
	Especially strong in qualitative and mixed-methods studies
	

	Cost or Resource Implications
	
	
	

	Economic or sustainability considerations included
	Partial
	Strong in FinCH and ATTILA; limited in service evaluations
	

	Overall Methodological Quality
	Meets threshold for inclusion in results synthesis
	Yes
	No studies excluded following appraisal




Appendix B: PRISMA Flow Diagram
Figure B1. PRISMA Flow Diagram of Study Identification, Screening, and Inclusion
The following PRISMA flow diagram shows the systematic process used to search, screen, and select eligible studies for inclusion in the review. A broad set of literature associated with digital fall prevention, telecare, and remote monitoring technologies to address older individuals was initially identified from database searching and grey literature screening. Exclusions were performed by screening titles and abstracts after removal of duplicates using previously defined eligibility criteria. Full text articles were evaluated by relevance, methodological quality, and relevance to the aims of the review. Studies were excluded at this stage if they did not meet the following inclusion criteria with respect to publication date (≥2015), population (older adults aged 65 years and over), setting (health or social care settings) or focus on fall prevention, telecare or digital monitoring. Ten studies were included for qualitative synthesisation and thematic analysis in Chapter 4, following a review with CASP-informed guidelines.


[bookmark: _Toc218277076]10 Appendix 2: CASP Screening of Databases, Search Terms, and Outputs (2015–2025)

	Database / Index
	Search Terms & Keywords (CASP: Clear Focus & Scope)
	Filters & Inclusion Limits
	Initial Hits (n)
	After CASP Review (n)
	CASP Justification / Quality Rationale

	PubMed / MEDLINE
	“fall prevention” OR “fall detection” AND “older adults” AND “digital technology”
	2015–2025; English; humans; ≥65 years
	420
	22
	Robust clinical and applied research; included randomised controlled trials and mixed-methods studies with clear aims, appropriate methodology, and relevance to older populations.

	BMJ Journals & NHS Evidence
	“telecare” OR “remote monitoring” AND “falls” AND “elderly”
	UK-only; peer-reviewed; full text available
	158
	8
	High policy and service-evaluation relevance; CASP confirmed external validity and applicability to UK health and social care contexts.

	ScienceDirect
	“smart home” OR “ambient assisted living” AND “fall prevention”
	2015–2025; health and engineering journals
	280
	10
	Provided technologically focused empirical studies; CASP appraisal confirmed methodological transparency and outcome relevance.

	PsycINFO
	“self-efficacy” OR “behaviour change” AND “older adults” AND “technology adoption”
	Peer-reviewed; 2015–2025
	132
	6
	Addressed behavioural and psychological determinants of technology adoption; CASP confirmed conceptual clarity and methodological rigour.

	Google Scholar
	“digital fall prevention UK” OR “AI fall detection NHS”
	2015–2025; first 200 results screened
	250
	9
	Grey literature screened using CASP criteria for credibility, authenticity, and relevance; included NHS and local-authority evaluations only.

	Cochrane Library
	“fall prevention” AND “technology” AND “elderly”
	Systematic reviews only; 2015–2025
	24
	3
	High-quality evidence syntheses; CASP confirmed rigour, used for contextualisation rather than primary data extraction.

	BioMed Central (BMC)
	“telehealth” OR “falls prevention technology” AND “older adults”
	Peer-reviewed; open access; 2015–2025
	89
	4
	Provided contemporary UK and EU studies; CASP confirmed transparency, ethical reporting, and relevance.

	Total
	—
	—
	1,353
	62 studies retained for full-text screening
	All retained studies met CASP thresholds for validity, relevance, and methodological quality.
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	PRISMA Stage
	Description of Process
	Number of Records (n)

	Identification
	Records discovered using database searching (PubMed, BMJ/NHS Evidence, ScienceDirect, PsycINFO, Google Scholar, Cochrane Library, BioMed Central)
	1,353

	Identification
	Other records that were identified by other sources (grey literature, screening of reference list)
	47

	Screening
	Records after duplicates deleted
	1,214

	Screening
	Records screened by title and abstract
	1,214

	Screening
	Excluded records based on title and abstract screening
	1,152

	Eligibility
	Full-text articles examined for inclusion
	62

	Eligibility
	Nons digital intervention, no UK-based, not high-quality methods
	52

	Included
	Qualitative synthesis Studies studies included
	10

	Included
	Studies included in quantitative synthesis (when appropriate)
	6
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