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Abstract: Telerehabilitation (TR) shows promise as a method of remote service delivery, yet there is 

little guidance to inform implementation in the context of the National Health Service (NHS) in 

England. This paper presents the protocol for a realist synthesis study aiming to investigate how 

TR can be implemented to support the provision of high-quality, equitable community-based 

stroke rehabilitation, and under what conditions. Using a realist approach, we will synthesise 

information from (1) an evidence review, (2) qualitative interviews with clinicians (n ≤ 30), and 

patient–family carer dyads (n ≤ 60) from three purposively selected community stroke 

rehabilitation services in England. Working groups including rehabilitation professionals, 

service-users and policy-makers will co-develop actionable recommendations. Insights from the 

review and the interviews will be synthesised to test and refine programme theories that explain 

how TR works and for whom in clinical practice, and draw key messages for service 

implementation. This protocol highlights the need to improve our understanding of TR 

implementation in the context of multidisciplinary, community-based stroke service provision. We 

suggest the use of a realist methodology and co-production to inform evidence-based 

recommendations that consider the needs and priorities of clinicians and people affected by stroke. 

Keywords: stroke telerehabilitation; realist synthesis; community stroke rehabilitation services; 

co-production; implementation 

 

1. Introduction 

Stroke is one of the largest causes of adult disability worldwide [1]. Provision of 

specialist rehabilitation can promote recovery and independence post-stroke [2]. Access 

to specialist stroke rehabilitation in community settings following discharge is a 

recognised priority for policy and research [2,3]. Providing timely and intensive 

community stroke rehabilitation may be compromised by factors affecting service 

capacity, including low staffing levels and the resources required to travel to patients’ 

homes [4–6]. Telerehabilitation (TR) may help address some of these barriers and 
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complement conventional rehabilitation services, including assessment, therapy, 

education and monitoring [7,8]. 

TR uses information and communication technologies ranging from telephone and 

internet-based video conferencing to more sophisticated digital platforms and virtual 

reality. Studies evaluating the effectiveness of TR for stroke survivors have shown 

promise. TR may augment rehabilitation intensity in the post-acute phase and help 

address stroke survivors’ ongoing needs [9–12]. TR has comparable effects with usual 

care on stroke survivors’ performance of activities of daily living (e.g., walking, dressing), 

and supports self-management and monitoring between face-to-face sessions [9–12]. TR 

may also facilitate cost-effective access to community rehabilitation for people unable to 

travel due to mobility issues and those living in rural, remote and under-served areas, 

without increasing caregivers’ burden [9–12]. 

The COVID-19 pandemic highlighted the importance of TR in overcoming barriers 

to access [8,13]. Clinical guidelines in England and other countries recommend the 

provision of TR as an adjunct to in-person therapy [3,14–16]. However, the 2021 National 

Stroke Audit report (SSNAP) found the adoption of TR in England to be variable and 

slow-paced, and emphasized the need for more progress [17]. It remains unclear how 

clinical teams decide whether TR is offered and to whom, and what factors influence this. 

TR toolkits have been developed to support clinical delivery, but we lack evidence-based 

recommendations to guide the implementation and integration of TR services in the 

context of specialist stroke rehabilitation services in England [18,19]. 

Prior to broad-scale dissemination, we need to understand whether TR excludes or 

disadvantages certain groups of people [8,20,21]. Questions remain about whether and 

how TR services are accessible to patients with cognitive, communication and visual 

difficulties, all of which occur frequently following a stroke [9,22–25]. In the trials 

included in the Cochrane stroke TR review, most patients were under 70 years of age, 

and information on participants’ digital literacy, race and other socioeconomic factors 

was not provided [9]. People with certain sociodemographic characteristics, such as older 

age, living alone and with limited access to digital equipment, may be at higher risk of 

digital health disparities and missing out on TR services [25–27]. People who experience 

digital exclusion in Britain tend to be older, less educated, more socially isolated and 

more socioeconomically disadvantaged [28]. Therefore, it is essential that efforts to 

inform future TR developments are guided by evidence that addresses inequalities in 

access [11,20,29]. 

In a survey of 1949 stroke survivors and family members across the UK, 17% of 

respondents expressed their experience of TR in negative terms, suggesting it may not be 

suitable for everyone [30]. Further research is needed to understand why. National and 

international TR studies have found that therapists may be reluctant to use the 

technology, and may require targeted training and guidance to develop appropriate 

skills [21,26,28]. The Topol review [31] identified telehealth as the technology with the 

highest projected impact on the NHS workforce over the next two decades, and 

highlighted the need to ensure clinicians understand when, how and for whom it can be 

used to improve care. Understanding the experiences and perspectives of staff members 

and stroke survivors with regard to telerehabilitation is necessary to inform the 

development of educational resources and recommendations for practice. 

To support the implementation of complex, remotely delivered rehabilitation 

interventions, we need a theory-informed evidence base that describes how contextual 

factors and change mechanisms generate outcomes of interest [32,33]. Traditional 

approaches to systematic reviews cannot account for the complexity of these interactions. 

These questions call for a realist approach that permits the synthesis of diverse evidence 

types to address the how and why questions surrounding implementation [34,35]. 

The purpose of this paper is to present the protocol for a realist synthesis study in 

community-based stroke telerehabilitation. The planned study will seek to: 
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1. Understand how TR can be implemented to support the provision of high-quality, 

equitable, community-based stroke rehabilitation in England and under what 

conditions; 

2. Explore clinicians’ and patients’ experiences and perspectives of TR to identify 

training and support needs; 

3. Co-develop recommendations to inform TR implementation in clinical practice. 

2. Methods 

2.1. Methodological Framework 

Given the variable terminology seen in the literature, we will use “telerehabilitation” 

as an umbrella term to refer to the use of information and communication technologies to 

provide the full range of rehabilitation services, including therapy (in real time or 

conducted independently by the patient), assessment and education [36]. 

The study will involve conducting a realist synthesis [34]. This type of literature 

review is recommended for bodies of evidence characterised by conceptual ambiguity 

and methodological diversity, as in the case of TR interventions [9]. To examine “how” 

and “why” TR achieves outcomes, this review will consider both quantitative and 

qualitative studies. Building iteratively on diverse sources of evidence, realist reviews (or 

realist syntheses) aim to articulate, test and refine programme theories that outline how 

the interaction between the implementation context (C), the intervention’s resources and 

stakeholders’ responses (Mechanisms, M) generates the outcomes of interest (O) [37,38]. 

Thus, realist reviews allow us to examine how the outcomes of an intervention relate to 

both the individuals involved and the context of its implementation. 

We will assess how practitioners and patients perceive and act upon the resources 

offered by TR (M), and how this interaction drives the delivery of evidence-based and 

equitable services (O) in certain conditions and for particular groups of stroke survivors 

(C). The conceptual framework presented in Table 1 was informed by an initial scoping of 

the literature (Supplementary File S1) and will underpin the development of our 

preliminary programme theories. The outcomes of interest will be informed by core 

components of evidence-based community rehabilitation services recommended by 

clinical guidelines, including the provision of intensive and person-centred rehabilitation 

[2]. Our exploration of context will mainly target three levels of contextual determinants: 

(1) service-level characteristics, including technology infrastructure and geographical 

location; (2) team-level characteristics, e.g., training opportunities, and (3) patient-level 

characteristics such as communication difficulties and digital literacy [39]. The 

framework will be our theoretical starting point, but it will be iteratively adapted in 

response to emerging literature and empirical findings. 

An example of a potential Context–Mechanism–Outcome (CMO) configuration may 

be the following: “Within the context of an organised multidisciplinary team (Context), 

the provision of TR and support tailored to patients’ needs (Mechanism-Resources), will 

influence patients’ willingness to engage with technology (Mechanism-Responses) and 

determine their commitment to the rehabilitation plan (Outcome)”. 

Table 1. Programme theory framework. 

Context Mechanisms Outcomes 

 Resources Responses  

Service level factors 

(e.g., service capacity, 

geographical location, 

technology 

infrastructure) 

Team level 

Remote delivery of 

therapy/assessmen

ts/information 

provision 

Synchronous/async

hronous delivery 

Staff 

perspectives/behav

iour 

Stroke 

survivors/family 

carer’s 

Rehabilitation 

intensity 

Person-centred care 

Equitable access to 

rehabilitation 
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(e.g., multidisciplinary 

approach, training 

opportunities) 

Participant level 

(e.g., 

communication/cognitive 

difficulties, living 

arrangements, age, 

digital literacy) 

Personalised, 

goal-oriented 

rehabilitation 

perspectives/behav

iour 

2.2. Study Design 

The study will be undertaken across three work packages. Figure 1 presents a 

flowchart of our planned research activities. 

 

Figure 1. Study flowchart. 

2.2.1. Work Package 1 (WP1): Realist Evidence Review (Months 1–12) 

Rather than seeking comprehensive coverage of the evidence base, a realist review 

involves iterative, stepwise literature searches building on the findings from previous 

search. The search is systematic and the process should be documented in an explicit and 

transparent manner. We will follow the quality standards for conducting and reporting 

realist reviews [35,40]. The review will be conducted through the following 

interconnected stages. 

Stage 1. Developing initial programme theories (months 1–4) 

The review will begin with a broad background search to assess the breadth and 

range of available evidence. We will undertake topic-based searches of key databases 

(i.e., MEDLINE, PROSPERO, Cochrane library) combining the population group (stroke) 

and the intervention of interest (telerehabilitation) to scope the evidence and sensitise the 

research team to the literature [41]. We will seek to identify key works in the topic area, of 

any study design, that can contribute important insights towards programme theory 

development. Clinical guidelines and other policy documents will be particularly 

important to consider at this stage; it is suggested they rest on decision-makers’ 

assumptions about the effectiveness and implementation of a healthcare programme, and 
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they will help us frame the “formal programme theory” regarding how stroke TR works 

and achieves outcomes [42]. 

The programme theory development process will be informed by consultation with a 

group of “expert stakeholders”. We will seek representation from stroke survivors and 

family carers, multidisciplinary professionals from community-based rehabilitation teams, 

researchers with relevant expertise, policy-makers and third-sector networks. Their role will 

be to sense-check and contextualise key messages from the literature, inform hypothesis 

testing, and ensure programme theories and recommendations reflect real-world 

experiences. Members of our Expert Stakeholder Group (ESG) will be able to meet online or 

face-to-face, based on their preferences. Sub-groups may be created to facilitate discussions 

and ensure marginalised or minority voices be heard [43]. Meetings will be audio-recorded, 

and transcripts will be treated as research data and serve to maintain an audit trail of the 

decision-making and programme theory development processes. By the end of this stage, we 

will have articulated and prioritised candidate programme theories, which will inform 

further targeted literature searches in subsequent stages. 

Stage 2. Developing search strategy and searching the evidence (months 4–10) 

Preliminary programme theories identified in Stage 1 will inform the search strategy 

and ensure it represents key concepts and phenomena of interest. A Context–

Intervention–Mechanism–Outcome (CIMO structure) will be developed to describe one, 

two or more of the following components of the programme theory, combined using the 

AND Boolean operator [41]: (1) The Context or population group (e.g., stroke survivors). 

(2) The Intervention/programme of interest (e.g., telerehabilitation). (3) A suggested 

Mechanism (e.g., clinicians’ perceptions of telerehabilitation). (4) An Outcome of interest 

(e.g., intensive rehabilitation practice). 

Electronic searches of the major health, social and welfare databases will be conducted. 

These will comprise but not be restricted to: EMBASE, MEDLINE, CINAHL, PsychINFO, 

Web of Science, and Cochrane Database of Systematic Reviews. Regular alerts on the major 

databases will be set to keep abreast of the rapid advancements in the area. We envisage that 

the initial search will include all types of empirical studies and reviews as well as grey 

literature including policy documents, guidelines and service specifications. We will exclude: 

(a) studies published before 2010, to ensure our findings reflect a contemporary landscape of 

healthcare provision and technology use, (b) evidence not available in the English language, 

and (c) literature relating to children (<18 years). 

Reflecting the iterative nature of the realist approach, eligibility criteria may expand 

to further focus the searches in light of emerging data as the review progresses [40,41]. 

For instance, a subsequent search may target the exploration of a particular mechanism 

(e.g., therapists’ attitudes towards technology) and its influence on outcomes of interest 

(e.g., adoption of stroke telerehabilitation) within a particular context (community stroke 

rehabilitation services). 

Complementary search techniques including citation tracking, snowball sampling 

[44], and contacting authors will be used alongside database searches. Cluster searching 

[45] will involve using a key work in the topic area as a retrieval point of related research 

outputs, which may help inform theory development. Guidance from our research team 

and stakeholder expert group will maximise opportunities to identify relevant evidence. 

Search results tables will be developed to capture information on the source and 

characteristics of each study, including the database name, coverage dates, studies’ aims, 

methods, a description of the intervention (where relevant) and key findings, along with 

comments on the reasoning behind their inclusion or exclusion [46]. A study flow 

diagram will be developed to summarise the search and selection of studies through both 

database and manual searching and record any changes in the direction of searching. The 

realist approach does not require the search to be exhaustive but, in line with the 

principles of theoretical saturation, searches will be completed when additional data do 

not add to or contradict candidate programme theories [41]. 
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Stage 3. Quality appraisal and data extraction (months 5–12) 

Search results will be initially screened by title and abstract. For studies that meet 

our eligibility criteria, data quality appraisal of full texts will be undertaken. The same 

quality criteria will be applied to all study types and will involve assessing evidence for: 

(a) its relevance for theory testing (i.e., whether it addresses the programme theories 

under assessment), (b) the rigour with which it has been produced (i.e., whether the 

methods used to generate the relevant data are credible and trustworthy) and (c) its 

richness (i.e., the extent to which rich, explanatory descriptions of the findings are 

provided) [35,47]. For each study judgements will be recorded and a rating system will be 

devised (e.g., high/medium/low relevance) to enhance the transparency of the process 

and promote consistency between reviewers. Rigour will be strengthened by having 10–

20% of the screened results checked by other members of the research team. 

Data extraction and analysis will be informed by the process outlined by 

Rycroft-Malone [48]. A coding framework will be iteratively developed to reflect concepts 

of interest (see Table 1 for examples) and the programme theories under evaluation. Direct 

excerpts with relevant information will be extracted from each article and into the NVivo 

14 software for organisation and analysis. For quantitative studies, rather than extracting 

numerical data, descriptions of key findings and authors’ interpretations will be captured. 

Extracted data will be organised thematically under relevant headings informed by the 

coding framework. Additional headings corresponding to new themes and sub-themes 

may be added as emerging findings clarify, refine, or contradict the predefined framework. 

The next step will involve looking for connections across themes to start forming CMO 

configurations. A record of the process will be kept so that each CMO can be linked back to 

the source documents and a judgement can be made about the characteristics and quality 

of evidence underpinning them. 

Throughout the process, we will keep detailed records of our actions and 

decision-making processes, and maintain reflexivity. The list of included/excluded 

studies and the data extraction forms will be reviewed at monthly project meetings. By 

the end of WP1 we will have drawn key lessons from the evidence to address our first 

study aim. In WP2 we will draw on the feedback of clinicians, stroke survivors and 

family carers to further test and refine programme theories and assess their relevance in 

real world settings, so that the findings can inform the development of recommendations 

for wider use. 

2.2.2. Work Package 2 (WP2): Testing and Refining Programme Theories through Primary 

Data Collection (Months 10–17) 

We will conduct realist-informed interviews [49] and focus groups [50] with service 

users, carers and clinicians. Participants will be recruited from three community stroke 

rehabilitation services in England. Site and participant selections will be guided by 

purposive sampling strategies, to ensure we include information-rich cases in relation to 

concepts identified as important in WP1 [51,52]. Based on an initial scoping of the 

evidence, we expect that site selection should capture variation in relation to: (a) the level 

to which TR was adopted (based on National Stroke Audit results), (b) the rurality of the 

service location [53] and (c) the level of deprivation. 

Service User Interviews 

Up to 30 interviews with patient–family caregiver dyads will be undertaken over 3 

sites (N = ≤60 participants) [54]. A purposive sampling framework will be developed to 

ensure diversity in relevant characteristics (e.g., ethnicity, gender, age, severity of 

disability) and representation from patients who declined TR. 

All patients with a stroke diagnosis who are (1) actively on the services’ caseloads at 

the time of recruitment, (2) medically stable, and (3) able to give informed consent will be 
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eligible for inclusion. We will not exclude patients based on severity/type of disability or 

sociodemographic characteristics. 

Staff members will identify potential participants, based on our sampling criteria, 

and make the first approach. Semi-structured interviews will be conducted, face-to-face 

or via video-calls depending upon participant preferences. They will last up to 45 min, 

though we will allow longer for participants who need it (e.g., in the presence of 

communication difficulties). 

Interview schedules will be informed by WP1 findings. In consultation with our 

Patient and Public Involvement & Engagement (PPIE) group and our co-authors (SBR, 

ST), appropriate information and consent material will be developed, including 

aphasia-friendly information sheets. Adjustments to the interview process, such as the 

use of pictorial information and visual analogue scales, will be considered [55]. We will 

consult with the patient or their family/carer before the interview to ascertain what 

methods they are most comfortable with. For patients who do not speak English, relevant 

materials (e.g., participant information sheet, consent form) will be translated and 

professional interpreters will support with the informed consent process, and will attend 

the interviews if required. 

Staff Members Focus Groups 

Up to 6 focus groups over 3 sites will be conducted with a cross-section of 

professionals from each multidisciplinary team (MDT) [40]. We will aim to understand 

local TR delivery and invite participants to reflect on key theories identified in the 

review. 

Interviews will be recorded, transcribed and analysed by the research team using a 

framework approach [56]. The programme theories and related CMO configurations 

identified in previous stages will act as an overarching framework to guide the analysis. 

However, we will also actively seek examples confirming or disconfirming our theories. 

Data Synthesis 

Each programme theory and associated CMOs will be reviewed against evidence 

from the literature and the interviews. Primary data will help us test the integrity and 

explanatory power of programme theories brought forward from WP1. They may also 

serve to complement insights from the literature or highlight evidence gaps that should 

be addressed by future research. In addition to identifying consistent patterns, synthesis 

will involve capturing differences and contradictions across datasets, leading to theory 

refinements or revisions [42]. 

The generated theories will be considered in relation to implementation frameworks 

and mid-range theories (e.g., Normalisation Process theory [57], PERCS Framework [58]) 

to examine their transferability potential across similar interventions and contexts. The 

finalised set of CMOs and programme theories, supported by relevant examples from the 

datasets, will be discussed with and validated by the ESG and co-investigators. The 

output of this stage will be a theoretically grounded framework that synthesises insights 

from WP1 and WP2, and best explains how TR can support the provision of 

evidence-based and equitable stroke rehabilitation. Key messages for clinical practice will 

be extracted to inform the development of actionable recommendations in WP3. 

2.2.3. Work Package 3 (WP3): Development of Recommendations and Dissemination 

Activities (Months 16–24) 

The key aim of WP3 will be to “translate” findings from previous work packages 

into recommendations for clinical practice. We will also set the processes in place for 

disseminating widely and supporting an ongoing dialogue between our network of 

stakeholders in relation to the stroke TR agenda. 
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In collaboration with Bridges Self-Management Social Enterprise 

(https://www.bridgesselfmanagement.org.uk/ accessed on 1 May 2024), we will plan and 

organise two co-design events to facilitate the development of recommendations. Their 

structure and delivery will be informed by an experience-based co-design (EBCD) 

approach [59,60]. EBCD offers a method and a process to enable a diverse group of 

people to work together in designing quality improvement in healthcare. 

We will seek representation from key stakeholders including community stroke 

rehabilitation teams, commissioners and Integrated Stroke Delivery Networks leads 

(ISDNs), third-sector organisations, stroke survivors and families. Our ESG members and 

research participants in WP2 will also be invited to attend. The first event will involve 

reflecting on study findings and prioritising key learnings with regard to TR 

implementation that should inform the development of recommendations. A short 

animation film summarising our main findings will be presented, and the study 

participants will be invited to share their experiences of TR, illustrating good examples of 

practice and areas for improvement. 

The second event will explore potential strategies towards improving the staff and 

patient experience, and produce a first iteration of co-developed recommendations 

relevant to a range of stakeholders (community stroke teams, ISDNs, stroke survivors 

and families) and feasible for implementation in the NHS context. Appropriate formats 

and avenues to maximise the reach and impact of recommendations will also be 

discussed. 

An accessible report summarising the outcomes of the group work will be circulated 

to the contributors. A final online event will explore the development of a community of 

practice—a network of stakeholders with a specialist interest in stroke TR. We envisage 

this community to offer an opportunity for ongoing feedback on the applicability and 

transferability of our findings, and represent a platform for sustained engagement and 

communication between researchers, clinicians, policy-makers and service-users [61]. 

2.3. Stakeholder Involvement 

We will adopt a participatory approach to actively involve stroke survivors, family 

carers and rehabilitation professionals, throughout the research process. We believe this 

to be key in achieving the aims of this study and ensuring recommendations are usable 

and reflect service users’ needs. 

People with stroke have been involved throughout the development of this protocol, 

providing independent advice and guidance. The study has been discussed with the 

Nottingham Stroke Research Partnership group, an established PPIE group of stroke 

survivors and carers, who were supportive of the study’s aims and helped frame the 

research questions and address design issues. The group will continue to be consulted at 

key stages of the project, including recruitment and dissemination strategies. A group 

member will also join the study steering group to provide advice and monitor progress. 

Co-author SBR, a stroke survivor and expert in co-production, contributed to the design 

of WP3, and will facilitate the delivery of the co-design workshops. 

In WP1, people affected by stroke and rehabilitation professionals will be invited to 

join the expert stakeholder group (ESG) as partners in knowledge production. As 

research participants, in WP2, stroke survivors and clinical staff will be recruited to 

ensure we capture their experiences and perceptions of TR, as well as their 

support/training needs. Their accounts will complete knowledge gaps, contextualise 

insights from the literature review and inform the evidence synthesis. As part of WP3, 

ESG members and research participants will be invited to attend the co-design events 

with a view to: (1) receiving feedback on findings, (2) sharing their experience of TR, and 

(3) contributing to the identification of priority areas for recommendations. We will offer 

opportunities for them to continue being part of the academic and stroke TR community, 

should they wish to. 
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We will take active steps to reach out to and engage with groups of people 

previously under-represented in stroke TR research, including ethnic minority groups 

and people who may experience digital exclusion. We will capitalise on our links with the 

National Centre for Ethnic Health Research as well as local community groups to inform 

our recruitment strategy and facilitate the involvement of “seldom heard” groups. 

Accessibility issues have been considered in our budget, including funds for 

translation/interpretation services and reimbursement for people who do not have 

internet (Wi-Fi) access and require using their mobile data to participate in this study. 

3. Discussion 

3.1. Contribution to the Literature 

This paper describes the protocol of a realist synthesis aiming to explore how 

telerehabilitation (TR) can support the provision of evidence-based and equitable stroke 

rehabilitation in the community. The recently updated NICE guidelines suggest that 

stroke TR is at least as effective as face-to-face care in improving performance on 

activities of daily living and physical function. Yet, programme effectiveness does not 

guarantee adoption and implementation [32], and this protocol highlights the need to 

shed light on issues pertaining to the translation of TR into routine care in England. 

The realist conceptual framework developed as part of this protocol emphasises the 

role of context in triggering the processes generating the outcomes of interest. It draws 

attention to three domains of contextual determinants at the patient, MDT and service 

level, and the need to understand how they influence the implementation of 

evidence-based TR. To uncover the mechanisms driving implementation, capturing 

clinicians’ and stroke survivors’ perceptions and responses to TR will be key. 

Stakeholders’ acceptance and readiness for TR has been previously identified as a factor 

influencing implementation success [62]. The theory development process will also 

consider informal caregivers’ views and experiences, responding to recommendations for 

further research on the role of family carers in stroke TR. As English et al. [11] pointed 

out, if TR is to be further developed, we need to ensure it does not disadvantage people 

who do not have access to social support. 

Previous studies have noted the challenges of systematically reviewing the TR 

evidence base, mainly due to the breadth and great heterogeneity of the interventions 

and parameters evaluated [9,21]. The realist methodological approach described in this 

paper suggests a shift in focus from the specific characteristics of particular interventions 

to the underlying mechanisms and processes through which TR can achieve core aspects 

of evidence-based care. For instance, rather than focusing on one form of technology or 

discipline-specific TR interventions, we will investigate how telerehabilitation can be 

implemented as part of multidisciplinary service provision. 

In response to concerns that TR may exacerbate the so-called digital divide [9,20], 

the study will draw attention to the need for a systematic approach in understanding 

disparities in stroke TR. In developing the protocol, we worked in partnership with a 

diverse group of PPIE representatives to ensure EDI considerations informed the study 

aims and were embedded in the study research design. Working in partnership with the 

communities the services are intended to benefit is key in addressing healthcare 

inequalities [63]; our inclusive recruitment strategy and continued work with PPIE 

groups and third-sector organisations will help capture the opinions and experiences of 

“seldom heard” groups of stroke survivors, and involve them in shaping 

recommendations. 
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3.2. Strengths and Limitations 

Rather than aspiring to statistical generalisability, realist synthesis seeks to achieve 

theoretical transferability. Developing programme theories at a higher level of 

abstraction is suggested to promote the applicability of findings to similar contexts and 

families of interventions; in this case, stroke TR services [48,64]. As part of the iterative 

literature searches, we may draw on findings from studies in related fields to address any 

gaps in the stroke-specific evidence base and assess the transferability of our finalised 

programmes’ theories to different healthcare contexts (e.g., Hasan et al.’s study in the US 

context) [65]. 

Another strength of our methodological approach relates to the opportunities it 

presents for collaborative working and co-production with a diverse group of 

stakeholders [65]. We envisage that high stakeholder engagement will increase the 

potential of our findings to be relevant and usable. The ESG will have diverse 

membership, and will help ensure that service-users contribute to making sense and 

articulating key messages from the literature. ESG involvement is suggested to enhance 

the rigour and transparency of the theory-development process, improving public trust 

in research, and strengthening its potential to inform service delivery [34,35]. 

Our recruitment strategy will not exclude patients based on age or severity/type of 

disability, and a purposive sampling approach will ensure we capture key characteristics 

of interest (e.g., patients who refused TR, services covering rural locations). It is 

suggested that the sample specificity (i.e., purposive sampling approach addressing 

specific aspects of variation), the inclusion of individuals under-represented in previous 

TR research (e.g., communication difficulties, ethnic minority groups), and the strong 

theoretical basis (i.e., realist methodology) will enhance the information power of our 

sample [66]. We acknowledge, though, that our sampling framework will not exhaust all 

potential causes of variation in patient experience, and that our participants may not 

represent the wider population. Quantitative research designs will be required to 

evaluate the impacts of these characteristics on telerehabilitation delivery and 

effectiveness for defined groups of stroke survivors, and our findings may inform this 

future line of work. 

The realist approach to evidence review prioritises an in-depth examination of 

certain aspects of a phenomenon over comprehensive literature coverage. Ongoing 

feedback from ESG along with primary data collection will help illuminate and 

complement insights from the literature review. We will acknowledge and reflect on the 

implications of evidence gaps for our findings and the future research agenda. We will 

need to ensure that we complete the evidence review on schedule, while keeping up with 

a fast-changing landscape. Our ESG and co-applicant groups comprising research, 

clinical and ISDN representatives may help us identify the latest research and policy 

developments, and inform the review process where appropriate. The iterative nature of 

the realist approach will provide further opportunities to identify new evidence in a 

timely manner. 

3.3. Expected Findings and Implications 

Understanding clinicians’ attitudes, confidence and willingness to use 

telerehabilitation will be a key output of the research outlined in this protocol, and may 

inform the design of targeted training and educational interventions to facilitate 

implementation. The findings may also help identify groups of people who are 

disadvantaged in relation to accessing and benefiting from TR, and alert researchers and 

clinicians to potential barriers to equitable TR service provision. 

There is great variation in how telerehabilitation is defined in the literature, and this 

study may contribute to achieving conceptual clarity in the context of stroke care. 

Developing evidence-based theories of the way TR works and achieves change will 

promote a shared understanding of how TR interventions are expected to generate 
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outcomes, and inform the design of quality improvement projects and evaluative studies. 

Future research could capitalise on the knowledge of key contextual determinants 

influencing TR implementation to explain variations in effectiveness, and help to design 

theory-informed, targeted interventions. 

The study responds to stroke research priorities and policy recommendations for the 

improved organisation and delivery of high-intensity community stroke rehabilitation 

services [3,67,68]. In England, the newly introduced National Integrated Community 

Stroke Service model (ICSS) proposes the use of TR to complement face to face 

rehabilitation, where appropriate, but also calls for the further evaluation of outcomes 

and patient experience [69]. The findings from this study could inform these efforts to 

improve access to specialist intensive rehabilitation services in the community through 

the use of TR. 

The pandemic has provided rich evidence about the real-world implementation of 

TR. However, the great variation in the adoption and sustained use of TR after the 

pandemic underlines the need to understand how TR can best be deployed and 

supported. This study is expected to highlight evidence gaps and priorities for research, 

aligned with practitioners’ and service users’ needs. Developing a community of practice 

with a specialist interest in TR will provide opportunities for knowledge exchange, 

nationally and internationally, with the view to driving forward the stroke TR agenda. 

Supplementary Materials: The following supporting information can be downloaded at: 

https://www.mdpi.com/article/10.3390/healthcare12101027/s1, File S1: Scoping Search Strategy. 

Author Contributions: N.C. led on the conceptualisation and writing of this paper. T.C., S.B.-R., 

R.J.F., J.K., L.K., L.L., V.P., R.C.S., S.T. and A.L.G. contributed to the conceptualisation and writing 

of this paper. A.L.G. and N.C. are the principal investigators and budget-holders. All authors have 

read and agreed to the published version of the manuscript. 

Funding: The study was funded by a Stroke Association research project grant, PG22/23_S1100068. 

Institutional Review Board Statement: The study was conducted in accordance with the 

Declaration of Helsinki, and approved by the Faculty of Medicine & Health Science Research Ethics 

Committee of the University of Nottingham (Ethics Reference No: FMHS 340-0823 (11.09.23)). 

Informed Consent Statement: Not applicable. 

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is 

not applicable to this article. 

Acknowledgments: This study is supported by the NIHR Applied Research Collaboration East 

Midlands (ARC EM). Adam L. Gordon is an NIHR Senior Investigator. The views expressed are those 

of the authors and not necessarily those of the NIHR or the Department of Health and Social Care. 

Conflicts of Interest: Scott Ballard-Ridley is affiliated to a commercial company, Bridges Self 

Management. As mentioned in our manuscript, the company will be involved at the final stage of 

the planned research project to support us with facilitating 2 co-design workshops. As part of this 

protocol paper, SBR has been involved in his capacity as a rehabilitation specialist and a stroke 

survivor himself, and has advised us on PPIE engagement. The study has not received, nor will it 

receive, any funds from Bridges Self-Management. Jade Kettlewell is a guest editor in this special 

issue. She does not make any editorial decisions on her own work. The remaining authors declare 

no conflict of interest. 

Abbreviations 

TR Telerehabilitation 

NHS National Health Service 

SSNAP Sentinel Stroke National Audit Programme 

ESG Expert Stakeholder Group 

CMOs Context–Mechanisms–Outcomes 

CIMO Context–Intervention–Mechanisms–Outcomes 

MDT Multidisciplinary team 



Healthcare 2024, 12, 1027 12 of 14 
 

 

ISDN Integrated Stroke Delivery Network 

EBCD Experience-Based Co-Design 

PPIE Patient and Public Involvement and Engagement 

EDI Equality, Diversity Inclusion 

ICSS Integrated Community Stroke Service model 

References 

1. Thrift; A.G.; Thayabaranathan, T.; Howard, G.; Howard, V.J.; Rothwell, P.M.; Feigin, V.L.; Norrving, B.; Donnan, G.A.; Cadilhac, 

D.A. Global stroke statistics. Int. J. Stroke 2017, 12, 13–32. 

2. Intercollegiate Stroke Working Party. National Clinical Guideline for Stroke for the United Kingdom and Ireland; Royal College of 

Physicians: London, UK, 2023. Available online: www.strokeguideline.org (accessed on 2 May 2024). 

3. NHS England and NHS Improvement Research Team. Research Demand Signalling; NHS England and NHS Improvement 

Research Team: London, UK, 2022. Available online: 

https://www.england.nhs.uk/aac/wp-content/uploads/sites/50/2022/03/B0687-research-demand-signalling-national-stroke-pro

geamme.pdf (accessed on 5 February 2024). 

4. Dodakian, L.; McKenzie, A.L.; Le, V.; See, J.; Pearson-Fuhrhop, K.; Burke Quinlan, E.; Zhou, R.J.; Augsberger, R.; Tran, X.A.; 

Friedman, N.; et al. A home-based telerehabilitation program for patients with stroke. Neurorehabil. Neural Repair 2017, 31, 923–

933. 

5. Byrne, A.; Chouliara, N.; Cameron, T.; Geue, C.; Lewis, S.; Robinson, T.; Langhorne, P.; Walker, M.F.; Fisher, R.J. Evaluating 

stroke early supported discharge using cost-consequence analysis. Disabil Rehabil. 2022, 44, 7127–7133. 

6. Chouliara, N.; Cameron, T.; Byrne, A.; Lewis, S.; Langhorne, P.; Robinson, T.; Waring, J.; Walker, M.; Fisher, R.J. How do stroke 

early supported discharge services achieve intensive and responsive service provision? Findings from a realist evaluation 

study (WISE). BMC Health Serv. Res. 2023, 23, 299. 

7. Brennan, D.M.; Mawson, S.; Brownsell, S. Telerehabilitation: Enabling the remote delivery of healthcare, rehabilitation, and 

self management. Stud Health Technol Inform. 2009, 145, 231–248. 

8. Duncan, P.W.; Bernhardt, J. Telerehabilitation: Has its time come? Stroke 2021, 52, 2694–2696. 

9. Laver, K.E.; Adey-Wakeling, Z.; Crotty, M.; Lannin, N.A.; George, S.; Sherrington, C. Telerehabilitation services for stroke. 

CDSR 2020, 1, CD010255. 

10. Knepley, K.D.; Mao, J.Z.; Wieczorek, P.; Okoye, F.O.; Jain, A.P.; Harel, N.Y. Impact of telerehabilitation for stroke-related 

deficits. TELEMED E-Health 2021, 27, 239–246. 

11. English, C.; Ceravolo, M.G.; Dorsch, S.; Drummond, A.; Gandhi, D.B.; Halliday Green, J.; Schelfaut, B.; Verschure, P.; 

Urimubenshi, G.; Savitz, S. Telehealth for rehabilitation and recovery after stroke. Int. J. Stroke 2022, 5, 17474930211062480. 

12. Johansson, T.; Wild, C. Telerehabilitation in stroke care. J. Telemed. Telecare 2011, 17, 1–6. 

13. British Association of Stroke Physicians. Restoration and Recovery of Stroke Services during the COVID-19 Pandemic; British 

Association of Stroke Physicians: Wallasey, UK, 2020. Available online: 

https://www.healthinnovationoxford.org/wp-content/uploads/2020/07/Restoration-and-recovery-of-stroke-services-during-th

e-COVID-19-pandemic-July-2020-3.pdf (accessed on 16 February 2024). 

14. National Institute for Health and Care Excellence. Stroke Rehabilitation in Adults; National Institute for Health and Care 

Excellence: London, UK, 2023. Available online: https://www.nice.org.uk/guidance/ng236 (accessed on 7 March 2024). 

15. Stroke Foundation. Clinical Guidelines for Stroke Management. Available online: 

https://informme.org.au/guidelines/living-clinical-guidelines-for-stroke-management (accessed on 2 May 2024). 

16. Heran, M.; Lindsay, P.; Gubitz, G.; Yu, A.; Ganesh, A.; Lund, R.; Arsenault, S.; Bickford, D.; Derbyshire, D.; Doucette, S.; 

Ghrooda, E. Canadian Stroke Best Practice Recommendations: Acute Stroke Management; 7th Edition Practice Guidelines 

Update; 2022. Can. J. Neurol. Sci. 2022, 19, 1–94. 

17. Sentinel Stroke National Audit Programme (SSNAP). Post-Acute Organisational Audit. 2021. Available online: 

https://www.strokeaudit.org/results/PostAcute.aspx (accessed on 5 February 2024). 

18. Salbach, N.M.; Mountain, A.; Lindsay, M.P.; Blacquiere, D.; McGuff, R.; Foley, N.; Corriveau, H.; Fung, J.; Gierman, N.; Inness, 

E.; et al. Canadian Stroke Best Practice Recommendations: Virtual Stroke Rehabilitation Interim Consensus Statement 2022. 

Am. J. Phys. Med. Rehabil. 2022, 101, 1076–1082. 

19. Buckingham, S.; Anil, K.; Demain, S.; Gunn, H.; Jones, R.B.; Kent, B.; Logan, A.; Marsden, J.; Playford, E.D.; Freeman, J. 

Telerehabilitation for people with physical disabilities and movement impairment: Development and evaluation of an online 

toolkit for practitioners and patients. Disabil Rehabil. 2022, 19, 1–8. 

20. Laver, K.; Walker, M.; Ward, N. Telerehabilitation for stroke is here to stay. But at what cost? Neurorehabil. Neural Repair. 2022, 

7, 15459683221100492. 

21. Appleby, E.; Gill, S.T.; Hayes, L.K.; Walker, T.L.; Walsh, M.; Kumar, S. Effectiveness of telerehabilitation in the management of 

adults with stroke: A systematic review. PLoS ONE 2019, 14, e0225150. 

22. Rost, N.S.; Brodtmann, A.; Pase, M.P.; van Veluw, S.J.; Biffi, A.; Duering, M.; Hinman, J.D.; Dichgans, M. Post-stroke cognitive 

impairment and dementia. Circ. Res. 2022, 130, 1252–1271. 



Healthcare 2024, 12, 1027 13 of 14 
 

 

23. Mitchell, C.; Gittins, M.; Tyson, S.; Vail, A.; Conroy, P.; Paley, L.; Bowen, A. Prevalence of aphasia and dysarthria among inpatient 

stroke survivors: Describing the population; therapy provision and outcomes on discharge. Aphasiology 2021, 35, 950–960. 

24. Rowe, F.J.; Hepworth, L.R.; Howard, C.; Hanna, K.L.; Cheyne, C.P.; Currie, J. High incidence and prevalence of visual 

problems after acute stroke: An epidemiology study with implications for service delivery. PLoS ONE 2019, 14, e0213035. 

25. Caughlin, S.; Mehta, S.; Corriveau, H.; Eng, J.J.; Eskes, G.; Kairy, D.; Meltzer, J.; Sakakibara, B.M.; Teasell, R. Implementing 

telerehabilitation after stroke: Lessons learned from Canadian trials. TELEMED E-Health 2020, 26, 710–719. 

26. Nizeyimana, E.; Conran, J.; Quinette, A.L. A scoping review of feasibility; cost-effectiveness; access to quality rehabilitation 

services and impact of telerehabilitation. Digital Health 2022, 8, 20552076211066708. 

27. Helsper, E.J.; Reisdorf, B.C. The emergence of a “digital underclass” in Great Britain and Sweden. New Media Soc. 2017, 19, 8. 

28. Buckingham, S.A.; Anil, K.; Demain, S.; Gunn, H.; Jones, R.B.; Kent, B.; Logan, A.; Marsden, J.; Playford, E.D.; Freeman, J. 

Telerehabilitation for people with physical disabilities and movement impairment. JMIRx Med. 2022, 3, e30516. 

29. Verma, A.; Towfighi, A.; Brown, A.; Abhat, A.; Casillas, A. Moving towards equity with digital health innovations for stroke 

care. Stroke 2022, 29, 689–697. 

30. Stroke Association. Stroke Recoveries at Risk Report: Key Findings. Available online: 

https://www.stroke.org.uk/stroke-recoveries-at-risk-report/ (accessed on 12 March 2024). 

31. Topol, E. The Topol Review: Preparing the Healthcare Workforce to Deliver the Digital Future; Health Education England: London, 

UK, 2019. Available omline: https://topol.hee.nhs.uk/wp-content/uploads/HEE-Topol-Review-2019.pdf (accessed on 5 

February 2024). 

32. Skivington, K.; Matthews, L.; Simpson, S.A.; Craig, P.; Baird, J.; Blazeby, J.M.; Boyd, K.A.; Craig, N.; French, D.P.; McIntosh, E.; 

et al A new framework for developing and evaluating complex interventions: Update of Medical Research Council guidance. 

BMJ 2021, 30, 374. 

33. Stockley, R.; Graham, I. The importance of embracing complexity in rehabilitation. J. Eval. Clin. Pract. 2023. Available online: 

https://clok.uclan.ac.uk/42386/ (accessed on 2 May 2024). 

34. Pawson, R.; Greenhalgh, T.; Harvey, G.; Walshe, K. Realist review—A new method of systematic review designed for complex 

policy interventions. J. Health Serv. Res. Policy 2005, 10, 21–34. 

35. Wong, G.; Greenhalgh, T.; Westhorp, G.; Buckingham, J.; Pawson, R. RAMESES publication standards: Realist syntheses. BMC 

Med. 2013, 11, 21. 

36. Stephenson, A.; Howes, S.; Murphy, P.J.; Deutsch, J.E.; Stokes, M.; Pedlow, K.; McDonough, S.M. Factors influencing the 

delivery of telerehabilitation for stroke. PLoS ONE 2022, 17, e0265828. 

37. Jagosh, J. Realist synthesis for public health. Annu. Rev. Public Health 2019, 40, 361–372. 

38. Dalkin, S.M.; Greenhalgh, J.; Jones, D.; Cunningham, B.; Lhussier, M. What’s in a mechanism? Development of a key concept in 

realist evaluation. Implement. Sci. 2015, 10, 49. 

39. Damschroder, L.J.; Reardon, C.M.; Widerquist, M.A.; Lowery, J. The updated Consolidated Framework for Implementation 

Research based on user feedback. Implement. Sci. 2022, 17, 75. 

40. The RAMESES Project. Quality Standards for Realist Synthesis. 2014. Available online: 

http://www.ramesesproject.org/media/RS_qual_standards_researchers.pdf (accessed on 2 May 2024). 

41. Booth, A.; Wright, J.; Briscoe, S. Scoping and searching to support realist approaches. In Doing Realist Research, 1st ed.; Emmel, 

N., Greenhalgh, J., Manzano, A., Monaghan, M., Dalkin, S., Eds.; Sage: London, UK, 2018; pp. 147–166. 

42. Pawson, R.; Greenhalgh, T.; Harvey, G.; Walshe, K. Realist synthesis-an introduction. ESRC Res. Methods Program. 2004, 2, 55. 

43. Harris, J.; Croot, L.; Thompson, J.; Springett, J. How stakeholder participation can contribute to systematic reviews of complex 

interventions. J. Epidemiol. Community Health 2016, 70, 207–214. 

44. Booth, A.; Briscoe, S.; Wright, J.M. The “realist search”: A systematic scoping review of current practice and reporting. Res. 

Synth. Methods 2020, 11, 14–35. 

45. Booth, A.; Harris, J.; Croot, E.; Springett, J.; Campbell, F.; Wilkins, E. Towards a methodology for cluster searching to provide 

conceptual and contextual “richness” for systematic reviews of complex interventions: Case study (CLUSTER). BMC Med. Res. 

Methodol. 2013, 13, 118. 

46. Greenhalgh, J.; Dalkin, S.; Gooding, K.; Gibbons, E.; Wright, J.; Meads, D.; Black, N.; Valderas, J.M.; Pawson, R. Functionality 

and feedback: A realist synthesis of the collation; interpretation and utilisation of patient-reported outcome measures data to 

improve patient care. Health Serv. Deliv. Res. 2017, 5, 1–280. 

47. Dada, S.; Dalkin, S.; Gilmore, B.; Hunter, R.; Mukumbang, F.C. Applying and reporting relevance; richness and rigour in realist 

evidence appraisals: Advancing key concepts in realist reviews. Res. Synth. Methods 2023, 14, 504–514. 

48. Rycroft-Malone, J.; McCormack, B.; Hutchinson, A.M.; DeCorby, K.; Bucknall, T.K.; Kent, B.; Schultz, A.; Snelgrove-Clarke, E.; 

Stetler, C.B.; Titler, M.; et al. Realist synthesis: Illustrating the method for implementation research. Implement. Sci. 2012, 7, 33. 

49. Manzano, A. The craft of interviewing in realist evaluation. Evaluation 2016, 22, 342–360. 

50. Manzano, A. Conducting focus groups in realist evaluation. Evaluation 2022, 28, 406–425. 

51. Patton, M.Q. Two decades of developments in qualitative inquiry: A personal; experiential perspective. Qual. Soc. Work 2002, 1, 

261–283. 

52. Emmel, N. Sampling and Choosing Cases in Qualitative Research: A Realist Approach, 1st ed.; Sage: London, UK, 2013. 

53. Office for National Statistics. Rural Urban Classifcation; Office for National Statistics: Newport, NSW, Australia, 2011. Available 

online: 



Healthcare 2024, 12, 1027 14 of 14 
 

 

https://www.ons.gov.uk/methodology/geography/geographicalproducts/ruralurbanclassifications/2011ruralurbanclassificatio

n (accessed on 6 October 2023). 

54. Kendall, M.; Murray, S.A.; Carduff, E.; Worth, A.; Harris, F.; Lloyd, A.; Cavers, D.; Grant, L.; Boyd, K.; Sheikh, A. Use of 

multiperspective qualitative interviews to understand patients’ and carers’ beliefs; experiences; and needs. BMJ 2009, 14, 339. 

55. Prior, S.; Miller, A.; Campbell, S.; Linegar, K.; Peterson, G. The challenges of including patients with aphasia in qualitative 

research. JoPM 2020, 12, e12336. 

56. Ritchie, J.; Spencer, L. Qualitative data analysis for applied policy research. In Analyzing Qualitative Data, 2nd ed.; Bryman, A., 

Burgess, R.G., Eds.; Routledge: London, UK, 2002; pp. 173–194. 

57. May, C.R.; Albers, B.; Bracher, M.; Finch, T.L.; Gilbert, A.; Girling, M.; Greenwood, K.; MacFarlane, A.; Mair, F.S.; May, C.M.; 

Murray, E. Translational framework for implementation evaluation and research: A normalisation process theory coding 

manual for qualitative research and instrument development. Implement Sci. 2022, 17, 19. 

58. Greenhalgh, T.; Rosen, R.; Shaw, S.E.; Byng, R.; Faulkner, S.; Finlay, T.; Grundy, E.; Husain, L.; Hughes, G.; Leone, C.; et al. 

Planning and evaluating remote consultation services: A new conceptual framework incorporating complexity and practical 

ethics. Front. Digit. Health 2021, 13, 726095. 

59. Bate, S.P.; Robert, G. Experience-based design: From redesigning the system around the patient to co-designing services with 

the patient. BMJ Qual. Saf. 2006, 15, 307–310. 

60. Robert, G.; Locock, L.; Williams, O.; Cornwell, J.; Donetto, S.; Goodrich, J. Co-Producing and CoDesigning. In Elements of 

Improving Quality and Safety in Healthcare; Cambridge University Press: Cambridge, UK, 2022. Available online: 

https://www.cambridge.org/core/elements/coproducing-and-codesigning/157832BBAE1448211365D396CD110900 (accessed 

on 2 May 2024). 

61. Li, L.C.; Grimshaw, J.M.; Nielsen, C.; Judd, M.; Coyte, P.C.; Graham, I.D. Evolution of Wenger’s concept of community of 

practice. Implement. Sci. 2009, 4, 11. 

62. Jafni, T.I.; Bahari, M.; Ismail, W.; Radman, A. Understanding the implementation of telerehabilitation at pre-implementation 

stage: A systematic literature review. Procedia Comput. Sci. 2017, 124, 452–460. 

63. The Health Foundation & NHS England. Tackling Inequalities in Healthcare Access; Experience and Outcomes. 2022. Available 

online: https://www.england.nhs.uk/publication/tackling-inequalities-in-healthcareaccess-experience-and-outcomes/ (accessed 

on 5 February 2024). 

64. Pawson, R.; Tilley, N. Realist Evaluation; Sage Publications Ltd.: London, UK, 1997. 

65. Hasan, M.M.; Rafferty, M.R.; Tawfik, S.; Tawfik, A.; Beestrum, M.; Smith, J.D.; Hirschhorn, L.R.; Roth, E.J.; Woods, D.M. 

Implementation of Home-Based Telerehabilitation of Patients with Stroke in the United States: Protocol for a Realist Review. 

JMIR Res. Protoc. 2023, 12, e47009. 

66. Malterud, K.; Siersma, V.D.; Guassora, A.D. Sample size in qualitative interview studies: Guided by information power. Qual. 

Health Res. 2016, 26, 1753–1760. 

67. NHS England. The NHS Long Term Plan; NHS: London, UK, 2019. Available online: https://www.longtermplan.nhs.uk/ 

(accessed on 8 October 2023). 

68. James Lind Alliance. JLA Guidebook; NHS England: London, UK, 2021. Available online: 

https://www.jla.nihr.ac.uk/jla-guidebook (accessed on 8 October 2023). 

69. NHS England. National Service Model for an Integrated Community Stroke Service; NHS England: London, UK, 2022. Available 

online: https://www.england.nhs.uk/wp-content/uploads/2022/02/stroke-integrated-community-service-february-2022.pdf 

(accessed on 2 May 2024). 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury 

to people or property resulting from any ideas, methods, instructions or products referred to in the content. 


