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Background
Approximately 1 in 6 people experience a neurological condition,1 
leading globally to an estimated 276 million years affected by dis-
ability (Disability Adjusted Life Years; DALYs)2 High intensity 
training elicits optimal functional and motor recovery following 
neurological injury,3-6 but this is often difficult to deliver in clinical 
practice.7,8 Digital health technologies (DHT), comprising a 
broad range of products including Applications (Apps), pro-
grammes and software,9 could have the potential to deliver inten-
sive, novel and engaging rehabilitation for people with neurological 
conditions and are the focus of significant research endeavour. 
Common DHT used in rehabilitation include virtual reality gam-
ing, electrical stimulation, robotics and telerehabilitation which 
may be used alone or combined with other products, including 
medical devices, such as brain computer interfaces.

Despite a clear potential to provide intensive interventions, 
health services lack a strong track record in embedding DHT 
into practice,10 with many DHT failing to be successfully used 
to deliver therapy for patients.11 Whilst the specific reasons for 

this widespread failure are not clear, it is likely that overt use of 
implementation processes and strategies will support and 
increase the adoption of DHT.12 Implementation theories, 
models and frameworks offer a means to systematically explore 
the translation of DHT-based interventions into practice, 
explore spread and provide a structure to explore the factors 
that influence both successful and failed adoption,13 However, 
it is unclear which implementation models, are used to support 
the implementation of DHT into rehabilitative practice and 
what factors are likely to have the greatest influence upon 
adoption despite this knowledge being vital if the promise of 
DHT to transform the outcomes for people with neurological 
conditions is to be realised. Therefore, the aim of this review 
was to synthesise factors that have been shown to influence 
implementation of DHT into neurological rehabilitation.

Methods
An integrative review14 was undertaken. The protocol was reg-
istered and is available from PROSPERO (CRD42021268984).
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Search strategy

Following an extensive scoping search, search terms were iden-
tified based on 4 concepts: physical rehabilitation, neurology, 
implementation, and technology. The full search can be found 
in Appendix 1.

The following databases were last searched on 17th Jan 
2023. MEDLINE ( Jan 2006-date), CINAHL ( Jan 2006-
date), AMED (EBSCO) ( Jan 2006-date), EMBASE (OVID) 
( Jan 2006-date). All database searches were restricted to 
English language publications. The searches were restricted to 
search the last 15 years, encompassing the first release of trans-
formative digital technology such as the iPhone, and the advent 
of gaming consoles being used in rehabilitation.

Selection of studies

All retrieved sources were transferred to reference manager 
software and duplicates removed. The remaining sources were 
transferred to Rayyan15 and screened according to a pre-defined 
selection criteria. Sources were included if they reported a pri-
mary study of a DHT implemented for neurological rehabilita-
tion in a home, clinic or hospital setting with participants aged 
at least 18 years of age; used a defined approach to implementa-
tion (an implementation model, framework or outcome); 
explored at least one of the following: usability, feasibility, 
acceptability, barriers or facilitators, using qualitative or quanti-
tative data collection methods; and were published in English 
language. Studies were excluded if the DHT was a diagnostic 
tool, or part of a surgical or invasive procedure; there were par-
ticipants under 18 years of age and the data could not be sepa-
rated for those of 18 years and older; only a protocol or abstract 
was available; the paper described only the development or 
theoretical context of DHT.

Two researchers (ET and KO) independently reviewed the 
title and abstract for a sample of 98 sources (2% of all those 
retrieved). Agreement was good with less than 10% conflicting 
decisions. These were subsequently agreed through discussion. 
The remaining sources were screened by only one researcher. 
Where there was uncertainty, the paper was discussed with the 
research team, and agreement reached. If agreement was not 
possible the paper was retained for full text review.

Three researchers (KJ, CT, RCS) independently reviewed 
the full text of the remaining papers. Where a study was not 
retained the reason for exclusion was documented based on a 
pre-defined exclusion code list. Any uncertainty about the suit-
ability of a study was resolved through discussion with the 
wider research team.

Quality assessment and data extraction

The quality of each study was assessed using the Quality 
Assessment with Diverse Studies (QuADS).16 This tool has 
been shown to be reliable and demonstrate content validity.16 It 
provides a score from 0 to 39, with a higher score indicating 

higher quality research. The quality of all papers was indepen-
dently assessed by 2 of 3 researchers (RCS, CT, KJ). Discrepancies 
in score were discussed and a final negotiated score agreed.

Data extraction, into an Excel database, was completed by 1 
of 3 researchers and checked by the research team. Extracted 
data comprised: the setting in which the DHT was used, sam-
ple characteristics, the type of DHT, intervention details, the 
frequency and duration of the intervention, and the implemen-
tation model, theory of framework underpinning the study.

Data synthesis

Scoping searches indicated that the included sources would be 
diverse both in methodology and the DHT being studied. A 
meta-ethnographic synthesis17 was selected to enable an explo-
ration the relationship between studies. This was achieved by 
following the established stages of this approach, ‘translating’ 
the studies onto each other, recognising areas of commonality 
(reciprocal synthesis) and differences or contradictions (refuta-
tional synthesis) which resulted in 7 phases18 (Table 1). The 
identified focus of the synthesis (Phase 1) was twofold. Firstly, 
it enabled exploration of the implementation models/frame-
works used to underpin the implementation of digital technol-
ogy, and to see how these theoretical frameworks have shaped 
the implementation processes. Secondly, it advanced our 
understanding of the experiences of those using the DHT and 
the barriers and facilitators to DHT use in clinical practice.

Following selection of studies (Phase 2), 2 of the 3 research-
ers (RCS, CT, KJ) independently made decisions about what 
they considered of relevance, noting concepts and themes 
within the papers (Phase 3). Consideration of how the studies 
were related (Phase 4), and translating the studies (Phase 5), 
were agreed through discussions between all 3 researchers. 
Synthesis of these translations (Phase 6) was undertaken by 2 
researchers (KJ and RCS) using a Padlet (https://en-gb.padlet.
com/) to display an early analysis. This analysis was confirmed 
by all 3 researchers and a final synthesis produced (Phase 7).

Results
Fourteen papers were included for data extraction and analysis 
(Table 2). One was a quantitative study, 8 qualitative and 5 uti-
lised a mixed methods approach. The results from the initial 
searches are accounted for in the PRISMA flow diagram 
(Figure 1).

Implementation theory and frameworks

Eleven different implementation theories/models/frameworks 
were used across the 14 studies: Unified Theory of Acceptance 
and Use of Technology (UTAUT)19,20; Grol’s implementation 
model21-23; Integrated Promoting Action on Research 
Implementation in Health Services framework (i-PARIHS)24; 
Bowen’s feasibility framework25; Reach, Effectiveness, Adoption, 
Implementation and Maintenance (RE-AIM) framework26; 
Consolidated Framework for Implementation Research 

https://en-gb.padlet.com/
https://en-gb.padlet.com/
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(CFIR)27; Theoretical Domains Framework (TDF)/Capability, 
Opportunity, Motivation-Behaviour (COM-B) behaviour 
change model28; Knowledge Transfer Approach (KTA)29; Fit 
between Individuals, Task, Technology and Environment 
(FITTE)30; Plan-Do-Study-Act (PDSA)31; Medical Research 
Council (MRC) Process Evaluation.32

These theories/models/frameworks were utilised in  
study design,25,26,29,31,32 data collection,20,21,24-26,28,30,32 data 
analysis.19,22-24,26-28,30,32

Types of DHT

Ten papers studied a single DHT. These comprised telereha-
bilitation (3 studies),19,26,29 Apps (2 studies),25,30 and virtual 
reality (2 studies).20,33 Robotics,31 a web-based programme32 
and a telephone supported rehabilitation24 were each the focus 
of 1 study. Four papers21-23,27 took a broad approach, acknowl-
edging a range of DHT.

The quality of the papers was assessed using the QuADS.16 
Papers were assessed and scored out of a maximum of 39 points. 
Overall, the majority of papers included in the review were of 
moderate quality (with scores in mid to high 20s; 10 papers). Two 
papers were assessed to be of high quality (scores in mid 30s); and 
the remaining 2 papers were of poor quality (scores under 20).

Themes

Following initial data synthesis (phases 1-5) 6 themes were 
established. Once Phase 6 of the analysis was complete, these 
were reduced to 5 themes and 9 sub-themes. One theme related 
to the individual or person, 2 themes to the DHT and 2 themes 
to the environment, described in Table 3.

The person

One theme (Individual factors) and 2 sub-themes (Patient 
Factors; and Staff Factors) focussed on the person using the 
DHT.

Patient factors.  An individual’s perceived benefit of the DHT 
on recovery20,21,24,30 and an individual’s experience or technol-
ogy habits20,22,25,29 were the most frequently reported patient 
factors. Motivation to change24 and a willingness to try a dif-
ferent approach27 were recognised as facilitators, whilst fatigue, 
ataxia, pain, wheelchair-use, cognitive status, cognitive deficits 
and limited movement were identified as potential barriers to 
patient engagement.20,27,31 Staff, patients, and informal carers 
recognised that DHT-based rehabilitation programmes are 
not appropriate for all patients.22,29

Staff factors.  Staff were influenced by the benefit to the 
patient28 alongside a perception that the use of technology ena-
bled evidence-based practice.32 However, the most frequently 
reported personal factors affecting the staff adoption of DHT 
was having sufficient skills and knowledge to ensure that they 
had the expertise and confidence20,22,24,27,29 to use the technol-
ogy. Previous experience of technology and staff beliefs about 
whether the DHT could meet patients’ needs were also per-
ceived to impact staff adoption.27,32

The DHT

Two themes (User Experience of the Technology; and Content 
of Intervention) and 3 sub-themes (Adaptability of the 
Intervention; Practical Considerations; and Enabling 
Interactions) related to the DHT and its properties.

Table 1.  Process through the 7 stages of the meta-ethnographic synthesis17,18.

Phase What? How?

1 Identified focus of synthesis Informed by research aim: (i) to explore the implementation models/frameworks 
used to underpin the implementation of digital technology; (ii) to synthesise 
factors that have been shown to influence implementation of DHT into 
neurological rehabilitation

2 Selection of studies Described in methods: Selection of studies

3 Identification of concepts and themes Each included paper was analysed by two researchers, key concepts and 
possible themes noted. Consensus reached on factors influencing 
implementation of DHT through discussion.

4 Consideration of how studies related to 
each other

Three researchers considered the impact of the types of evidence/research 
designs/research aims and agreed through discussion how this should shape 
findings.

5 Translation of the studies Three researchers reviewed the codes and preliminary themes to identify areas 
of commonality and differences or contradictions across the studies/different 
types of evidence. Changes to themes were agreed through discussion.

6 Synthesis of these translations Two researchers undertook a final review of all identified factors that have been 
shown to influence implementation of DHT into neurological rehabilitation and 
the matured themes to ensure these reflected the evidence included in the 
review. This final synthesis was confirmed by the three researchers involved in 
the data synthesis.

7 Final synthesis produced
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The user experience.  An easy log-in process, set-up and use22-24,27,32 
were identified as enablers, along with the need for clear instruc-
tions and quick familiarisation.23 Technical characteristics26 such 

as the stability, reliability and system performance of the technol-
ogy20,22,23,28,32 were also clearly identified as important to enable 
access and adoption. Hochstenbach-Waelen and Seelen23 

Table 3.  A summary of the themes, theme descriptions and sub-themes.

Themes Description of theme Sub-themes

The person Individual factors Includes: capability (knowledge, skills, 
abilities), experience, beliefs, motivation of 
individuals interacting with the DHT

Patient factors
Staff factors

The DHT User experience of the 
technology

Factors that contribute to the experience of 
using the DHT-this theme is focussed on the 
hardware and software of the DHT

 

The content of the 
intervention

How the DHT is being used to provide therapy Adaptability of the intervention
Practical considerations
Enabling interactions

The environment Access to the technology Practical factors that influence the opportunity 
to use the DHT (incl. safety)

 

Supporting use Support required to enable access and use of 
the technology

Patient/therapist interactions
Supporting use of the technology
Clinical team
Training

Records identified from*:
Databases (n = 6626)

Records removed before 
screening:

Duplicate records removed 
(n = 946)

Records screened (title and 
abstract)
(n = 5680)

Records excluded (based on title 
and abstract)
(n = 5108)

Studies included in review
(n = 14)

Reports excluded (n = 558):
1. No defined approach (n=423)
2. Abstract only (n = 28)
3. Theoretical context only (n = 26)
4. Not digital technology  (n = 24 )
5. Technology for diagnosis only (n = 17)
6. Protocol only (n = 14)
7. Duplicates (n= 13)
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10. Participants not ≥ 18 yrs of age (n = 2)
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identified that it is beneficial to staff if the DHT is portable and if 
the system is ‘invisible’ so that it does not detract from the 
therapy.

Patients appreciated being able to use the technology in 
their own home29 and staff appreciated being able to observe 
patients in this environment, indicating that this helped their 
understanding.29 It was suggested that DHT should ideally 
facilitate independent use23 and where support is required, it 
should be easy to involve family/carers29

The content of the intervention
Practical considerations.  Staff and patients identified that 

DHT design should be engaging.19,27 Staff identified DHT as 
a useful adjunct to face-to-face therapy,29 but recognised that it 
needs to integrate with current therapy provision.32

Adaptability of the intervention.  There was a recognition 
that DHT needs to have the capacity to be tailored22,23,27,30 and 
be adaptable to patient’s physical and cognitive needs,19,21,23 
and designed with consideration of cognitive and communica-
tion impairment.23,24 There should be capacity to increase the 
difficulty of the task,23 building task-related skills rather than 
compensatory strategies.23

The technology should have overt goals23 and should pro-
vide feedback to both patient and therapist and show progress 
over time,19,23 ideally producing objective data.27 The DHT 
needs to be modifiable to fit the context20 and applications or 
games need to be varied and adaptable to ensure they are chal-
lenging and motivating.19,23

Enabling interactions.  The DHT appeared to have an 
important role enabling interactions. Brouns et  al21 reported 
that eRehabilitation was an easy way to communicate and con-
tinue contact with staff after discharge. The opportunity for 
peer contact,22 and an alternative means for consultations21,22 
were also seen as a positive influence on the adoption of DHT.

The environment

Two themes (Access to Technology; and Supporting Use) and 
4 sub-themes (Patient/Therapist Interactions; Supporting Use 
of the Technology; Clinical team; and Training) related to the 
environment in which the DHT was used.

Access to technology.  A range of factors affecting access to the 
DHT were identified. Insufficient financial resources21,22,25,26 
impacted internet connection,22,25 availability of health insur-
ance to cover intervention costs22 and access to the technol-
ogy.24,27 Unwieldy processes to protect expensive equipment 
were also cited as a barrier.27

Making the technology available across a range of settings,25 
accessible on multiple devices24 and outside of standard therapy 
delivery22 were reported to support accessibility. Where the 
DHT was physically large, in addition to the physical space 
requirement,19,22,27-29 it was important that the room was 
always set up ready for the DHT to be used.20 There was no 

indication that DHT was perceived to save time. Time was 
required to enable therapists to learn how to use the technol-
ogy,32 and to plan20,29 and deliver an intervention using the 
technology.19,22,27,28,32 Depending on the technology, the thera-
pist may also be required to provide the supervision to ensure 
safety during use.20

Organisations had to meet their legal and organisational 
requirements before providing access to a technology. They had 
to be confident the DHT adhered to data protection require-
ments22,23 and that infection control measures could be put in 
place.28

Supporting use.  The relationship between the patient and ther-
apist was seen to influence the adoption of DHT, with patients 
using DHT appreciating regular conversations with staff.25 
Studies identified the need to develop the patient/therapist 
relationship to access and support the use of the technology,25,27 
with a recognition that some patients needed more support 
than others.28 The role of the therapist in monitoring the activ-
ity undertaken by patients using the DHT was also identified 
as an influencer as this accountability provided motivation to 
the patient.19,22

Supporting use of the technology.  Human support to use the 
DHT was recognised as a facilitator for the patient and the 
therapist, with support from a helpdesk,21,22,32 local facilita-
tors,20 technical advisers and digital champions,19,22,28,29 family 
and friends,19 carers, and trained volunteers29 all being reported.

Clinical team.  Therapists gained support from therapists/clini-
cal champions,26,32 with 2 papers identifying the benefit of 
reminders to staff to encourage them to refer for25 and to use20 
the technology. Interactions within the clinical team were seen 
as influencers25 enabling the sharing of practice and finding 
‘workarounds’ through problem-solving.29 These interactions 
were evident where teams had established lines of communica-
tion24 and a positive work culture.31 The introduction of DHT 
was also found to facilitate cooperation between occupational 
therapists and physiotherapists.32 Two papers recognised the 
role of healthcare management in supporting the clinical team 
to introduce the DHT.31,32

Training.  Eight papers identified the importance of training 
to ensure staff have sufficient skills and knowledge to be confi-
dent using the DHT20,22,24,27,28,30-32 with a means to maintain 
competency when the DHT is not used.31 The training should 
be provided by experts30 and should include opportunity to 
practice using the technology.31 A manual or resource for 
refreshing knowledge was also seen to support use of DHT.28,31

Discussion
This review sought to determine the factors that influence the 
implementation of DHT in neurological rehabilitation to 
inform therapist, researcher and developer stakeholders. Only 
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papers that utilised a defined approach to implementation were 
included which meant that the majority of retrieved studies 
(558 papers, 90%) were excluded because they did not articu-
late a distinct implementation theory, model or framework. 
This highlights a worrying under use of implementation strat-
egies to support the adoption of DHT and emphasises the 
need to consider implementation approaches both in research 
and practice. From the 14 included papers, facilitators and bar-
riers that are likely to influence implementation into clinical 
practice were identified. These encompassed the individual, the 
DHT and the environment. All except 2 studies21,22 reported 
the experience of implementing technology, giving confidence 
that the themes and sub-themes capture key factors that have 
previously affected adoption. Future studies should investigate 
these factors, for example using mixed method studies and pro-
cess evaluation to understand real-world impact, and capture 
additional facilitators and barriers that have not yet been iden-
tified. Whilst many of these key factors are likely to be shared 
across different types of DHT, we do recognise that some indi-
vidual DHT may have distinct factors that influence their 
implementation. However, in the absence of sufficient evi-
dence, and an adequate taxonomy which articulates the fea-
tures of DHT beyond a technology type, it was not possible to 
be more nuanced in our approach.

The 14 studies utilised 11 different implementation theo-
ries, models, and frameworks, highlighting a diversity of 
approaches to technology implementation. Some studies used 
theories or frameworks (eg, UTAUT) that were specific to 
technology adoption but which did not consider the wider 
context in which the technology will be used nor the needs of 
the users, despite these factors being likely to influence the suc-
cess of sustained adoption in clinical practice.11 Other studies 
did use implementation models and frameworks that consid-
ered the training and motivation of users, vital to promote the 
sustained engagement with technology necessary to benefit 
from rehabilitation (eg, CFIR and COM-B). However, it was 
beyond the scope of these frameworks to reflect the distinct, 
unique demands of technology-based interventions which lim-
its their usefulness.

These omissions and the range of the theories, models, and 
frameworks used by studies in this review underscores a press-
ing need for a comprehensive model for DHT implementation 
in rehabilitation. The review themes indicate that this compre-
hensive model should reflect and capture: (i) factors that affect 
patient and staff engagement, (ii) user experience of the tech-
nology, (iii) specific characteristics and content of the technol-
ogy, including the ability to tailor the technology to meet 
patients’ complex needs and to change behaviour to encourage 
repeated engagement with challenging activities over many 
weeks, (iv) patient and staff access to the technology, (v) sup-
port required to use the technology both at a service level, 
including the physical space and training, and more broadly 
within the organisational context. It should be noted that a few 
frameworks, not used by studies in the current review, do reflect 

some of these characteristics,11,34 but to our knowledge, there is 
no single framework or theory that captures the particular 
demands of rehabilitation technologies, despite an exponential 
growth in their use in the last decade. The reasons for this are 
not known, but it is likely to be, at least in part, due to the novel, 
varied nature, and relatively rapid proliferation of DHT in 
rehabilitation. The multifaceted interactions required between 
developers, researchers, clinicians and patients to support 
implementation and may also account for a delay in developing 
a unified framework.

The complex and precarious process of implementing a 
DHT has been summarised as ‘a long and fragile chain of 
events’27 (p. 9). The findings of our review, notably the influ-
ence of personal factors (staff and patient), features of the tech-
nology (the content and the user experience) and the 
environment (access to, and support to use the technology) 
upon implementation supports this and highlight a range of 
factors which should be considered when implementing DHT 
into clinical settings.

Further research is now required to gain a deeper understand-
ing of the factors that influence implementation. There is a clear 
necessity to develop an implementation model that can be used 
to support the implementation of DHT for rehabilitation; this 
model should consider the themes identified in the current study 
to provide a comprehensive guide to DHT implementation.

Further work could also consider the roles and features of 
different forms of DHT which present distinct implementa-
tion challenges from both a user and organisational perspective. 
Whilst others have provided definitions for telehealth for peo-
ple after stroke,35 there is currently no lexicon to adequately 
describe the requirements of many DHT despite forms of the 
same classification of DHT presenting diverse demands upon 
users (eg, non-immersive commercial gaming versus fully 
immersive, rehabilitation-focussed forms of virtual reality). A 
taxonomy which includes the requirements, demands and ben-
efits for forms of DHT would be helpful to enable precision 
descriptions in future studies and support implementation 
planning. Whilst this work is still to be undertaken, researchers 
of current DHT studies can utilise the TIDieR checklist36 to 
enable better understanding of the features of the technology 
and how it was used to support and deliver DHT.

More widely, research and development of DHT for reha-
bilitation should consider implementation theory, models and 
frameworks to plan for clinical implementation from the out-
set. This will enable systematic identification and understand-
ing of the factors that influence successful implementation of 
DHT in practice, increase the chance of successful adoption 
and enable patients to benefit from the use of DHT in their 
rehabilitation.

Strengths and limitations

In this study we have used a recognised integrative review 
methodology14 to synthesise qualitative and quantitative 
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findings from primary studies. The coding and synthesising of 
these data was inevitably subjective; however, a reflexive 
approach combined with 2 researchers independently data 
extracting, analysing and assessing quality, mitigated these 
threats to rigour.

There may have been novel facilitators and barriers described 
in papers that were excluded from this review due to the lack of 
a defined implementation approach. Whilst this was a limita-
tion, we made the decision to exclude these papers as we could 
not be confident about their applicability or influence upon 
implementation because they were not articulated clearly or 
contextualised with a theory, model or framework. Future 
research in this area would benefit from a defined approach to 
implementation to describe and analyse the implementation 
strategies.

The findings of our review have emerged from heterogene-
ous studies with a range of participants, included clinical staff, 
patients and carers, and variety in the DHTs. Whilst the 
review conclusions need to be viewed in this context, the 
recurrence of the themes across the studies provides confi-
dence that these findings provide credible insights into the 
factors that influence implementation of DHT into neuro-
logical rehabilitation.

Conclusion
The findings of this integrative review highlight a range of fac-
tors which should be considered when implementing DHT 
into clinical settings if DHT are to realise their potential to 
revolutionise neurological rehabilitation. It also highlights that 
implementation theories, models and frameworks are under-
utilised in DHT rehabilitation research, signifying a lack of 
systematic approach to the introduction of technology, despite 
successful adoption into practice being vital to confer benefits 
to patients. From those studies that did utilise a recognised 
approach to implementation, 5 themes and 9 sub-themes 
describing the influence upon the implementation of DHT for 
neurological rehabilitation were identified: person/individual 
factors (patient factors, staff factors); user experience of the 
technology; the content of the intervention (adaptability of the 
intervention, practical considerations, enabling interactions); 
access to the technology; and supporting use (patient/therapist 
interactions, supporting use of the technology, clinical team, 
training). It is not possible to prioritise these factors; each 
should be considered during implementation planning, as any 
one might influence the success of adoption. Collectively, these 
factors are not considered in one model of implementation, 
suggesting that development of a comprehensive model for 
DHT adoption in rehabilitation should be a future focus of 
research. Thorough understanding of the key factors likely to 
influence DHT adoption into rehabilitation would also sup-
port overt consideration of implementation of DHT through 
the technology life cycle, ensuring that DHT are designed and 
developed, from the outset, to be implementable into clinical 

practice. We believe that this review makes an important initial 
contribution to our understanding of DHT implementation in 
rehabilitation by synthesising current knowledge and high-
lighting key facilitators and barriers.
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