
Received: February 2, 2023. Revised: May 22, 2023. Accepted: May 22, 2023 
© The Author(s) 2023. Published by Oxford University Press on behalf of the American Physical Therapy Association. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/ 
by/4.0/ ), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited. 

PTJ: Physical Therapy & Rehabilitation Journal | Physical Therapy, 2024;104:1–12
https://doi.org/10.1093/ptj/pzad140
Advance access publication date October 19, 2023
Review

Uptake of Technology for Neurorehabilitation in Clinical 
Practice: A Scoping Review 
Margit Alt Murphy , PhD1,2, Sujata Pradhan, PT, PhD3, Mindy F. Levin, PT, PhD4,5, 
Nicola J. Hancock , PhD6,* 

1Department of Clinical Neuroscience, Rehabilitation Medicine, Institute of Neuroscience and Physiology, Sahlgrenska Academy, University 
of Gothenburg, Gothenburg, Sweden 
2Department of Occupational Therapy and Physiotherapy, Sahlgrenska University Hospital, Gothenburg, Sweden 
3Division of Physical Therapy, Department of Rehabilitation Medicine, University of Washington, Seattle, Washington, USA 
4School of Physical and Occupational Therapy, Faculty of Medicine and Health Sciences, McGill University, Montreal, Quebec, Canada 
5Centre for Interdisciplinary Research in Rehabilitation of Greater Montreal (CRIR) , Montreal, Quebec, Canada 
6School of Health Sciences, Faculty of Medicine and Health Sciences, University of East Anglia, Norwich, UK 
*Address all correspondence to Dr Hancock at: n.hancock@uea.ac.uk 

Abstract 
Objective. Technology-based interventions offer many opportunities to enhance neurorehabilitation, with associated research 
activity gathering pace. Despite this fact, translation for use in clinical practice has lagged research innovation. An overview 
of the current “state of play” regarding the extent of clinical uptake and factors that might influence use of technologies is 
required. This scoping review explored the uptake of technologies as neurorehabilitation interventions in clinical practice and 
factors that are reported to influence their uptake. 
Methods. This systematic scoping review was conducted with narrative synthesis and evidence mapping. Studies of any 
design reporting uptake or implementation of technology (wearable devices, virtual reality, robotics, and exergaming) for 
movement neurorehabilitation after stroke and other neurological conditions were sought via a formal search strategy in 
MEDLINE (Ovid), CINAHL, AMED, and Embase. Full-text screening and data extraction were completed independently by 2 
reviewers. 
Results. Of 609 studies returned, 25 studies were included after title, abstract, and full-text screening. Studies investigated 
a range of technologies at various stages of development. Only 4 of the included studies explored the sustained use of 
technology in practice. The following 5 themes representing experiences of technology use emerged: perceived usefulness, 
technology design, social interaction, integration with services, and suggested improvements to enhance uptake. 
Conclusion. Reporting of uptake and use of neurorehabilitation technologies in clinical practice is limited. The synthesis 
provided comprehensive knowledge of barriers to and facilitators of uptake to be considered in future protocols, including a 
steep learning curve required to engage with technology, a need for a supportive organizational culture, and a need for user 
involvement in both design and development. 
Impact. This scoping review has provided indicators from current evidence of important factors to consider in the planning 
of research into and clinical implementation of technologies for neurorehabilitation. It serves to support an evidence-based, 
user-centered platform for improved research on and translation of technologies in neurorehabilitation clinical practice. 
Keywords: Neurological, Rehabilitation, Neurological Conditions, Rehabilitation, Scoping, Technology, Translation, Uptake
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2 Technology Uptake in Neurorehabilitation Practice

Introduction 
Technology-based interventions, such as robotics, wearable 
devices, virtual reality systems, and other exergaming devices, 
offer opportunities to enhance neurorehabilitation in several 
ways. These include, but are not limited to, increasing intensity 
and repetitions of task-oriented therapy,1 provision of support 
for self-management and personalization of therapy,1–3 and 
enhancing interest and participation in rehabilitation activity.4 

It is not surprising that there has been a proliferation of 
publications at the intersection of technology and neuroreha-
bilitation in recent years5 as both technological advances and 
the associated research activity gather pace. 

In contrast to these advances, translation to and uptake of 
research findings into clinical practice lag behind research 
innovation6 even in neurorehabilitation,7 sometimes by 
decades. This lack of clinical implementation presents an 
urgent problem, as opportunities to enhance standards of 
individual patient care and service delivery may be lost 
to health systems at a time when they face unprecedented 
pressures and demands alongside increasingly constrained 
resources. Comprehending this translational gap necessitates 
a broad understanding of the current “state of play”regarding 
the extent of clinical uptake and the factors that might 
influence the use of technologies in practice. 

A variety of studies have sought to understand some of the 
challenges faced. Reported influences on adoption include the 
nature of the devices themselves, the patient–clinician rela-
tionship, management support, and the health system/context 
in which the technologies are being used.3,8 The importance of 
the rehabilitation clinician in helping people to make the right 
choices about the right technology to meet their needs has 
been recognized.9 Collaboration between health care profes-
sionals, developers, and intended users of devices is considered 
to be of value to clinical applicability.1,5 Such a collaboration 
may lead to a greater acceptability and uptake of technology 
in clinical practice. However, little is known about the extent 
of clinical uptake of technological interventions. 

Although individual studies have demonstrated some of 
the challenges inherent in clinical translation of technological 
advances as neurorehabilitation interventions, a broad synthe-
sis of the current evidence is required to further develop the 
understanding about uptake and to clarify knowledge gaps. 
Such a synthesis is possible using scoping review methodology 
and might provide a clear direction from current literature to 
inform the development of future user-centered protocols for 
research and practice. 

Objective 
In line with recommendations on conducting a systematic 
scoping review,10,11 the overarching broad objective of this 
review was to collate knowledge about the uptake of tech-
nology in neurorehabilitation practice. The objective was 
explored using the following review questions: Primarily, what 
is the uptake of technologies (not including neuromodulation) 
as neurorehabilitation interventions in clinical neuroreha-
bilitation practice in adults? Secondarily, what factors are 
reported to influence the uptake of those technological inter-
ventions in adult neurorehabilitation? 

The driver for this review was further generated from 
an international online seminar hosted by the International 
Neurological Physical Therapy Association (INPA, a sub-
group of the World Physiotherapy Association) in Decem-
ber 2021, centered on technologies for neurorehabilitation 

practice, attended by delegates representing research and prac-
tice from many countries. 

Methods 
Study Design 
We carried out a scoping review and synthesis with evidence 
mapping. This review method was considered as the most 
appropriate to meet our aims, as it is a recommended tool 
for reconnaissance of evidence of a heterogeneous nature 
in a complex field for summarizing and mapping existing 
evidence and for consideration of recommendations for future 
research,10,11 including generation of questions for future 
systematic reviews. As scoping reviews do not usually include 
critical appraisal of methodological qualities and are carried 
out in shorter timelines than traditional systematic reviews, 
there is a potential for the introduction of biases. To min-
imize this, our review was carried out systematically, with 
steps to assure quality and reduce error, such as a rigorous 
search process, independent screening of full texts, and data 
extraction according to predetermined criteria. Our report is 
in accordance with the published recommendations.10 

Search Strategy and Sources 
A formal search strategy was developed by the authors and 
the Faculty of Medicine and Health Sciences Librarian at 
the University of East Anglia, United Kingdom, to capture 
terms relevant to the research question (Suppl. Material I). All 
authors have extensive experience of both neurorehabilitation 
practice (≥10 years each) and research (≥15 years each). 

Technology for neurorehabilitation presents a heteroge-
neous field for scoping work, and so key decisions on key-
words and index terms were discussed during the develop-
ment of the strategy and criteria for the review to ensure 
a breadth of relevant papers were included, but with suf-
ficient specificity. This included definitions of the types of 
technology to be included. The authorship team decided that 
“stroke” should be included as a named condition as there 
are a prevalent number of publications in this area but that 
neurorehabilitation should be included as an overarching 
term. Databases searched were MEDLINE (Ovid), Embase, 
CINAHL, and AMED. 

Searches were refined and final searches for studies reported 
here were carried out on June 7, 2022 (MEDLINE, Embase) 
and on September 11, 2022 (CINAHL, AMED—a later date 
because the initial quality checks led to a requirement to 
enhance the subject headings for these databases). 

Framework 
A population, concept, and context framework was used10 to 
underpin the review and to guide data extraction and map-
ping. Using this framework, we considered the population (eg, 
characteristics of “participants,” defined as clinical users of 
technology, including people with neurorehabilitation needs 
and clinicians); the concept (eg, the phenomena of interest, 
such as uptake of neurorehabilitation technology); and the 
context (eg, but not limited to, geographical location, setting, 
type of study, participants, and length of evaluation). 

Study Selection and Data Extraction 
The inclusion criteria were as follows: studies report-
ing the uptake/implementation or factors influencing the 
uptake/implementation of technology for movement neurore-
habilitation after stroke and other neurological conditions;

D
ow

nloaded from
 https://academ

ic.oup.com
/ptj/article/104/2/pzad140/7323598 by U

niversity of East Anglia user on 20 February 2024

https://academic.oup.com/ptj/article-lookup/doi/10.1093/ptj/pzad140#supplementary-data


Murphy et al 3 

Figure 1. Flowchart illustrating the study identification, retrieval, and selection process. 

technology for movement neurorehabilitation (wearable 
devices, virtual reality, robotics, and exergaming); primary 
research studies using quantitative or qualitative outcomes to 
explore uptake; clinicians or people with neurorehabilitation 
needs; adults who were 18 years old or older; and articles 
published in the English language. 

The exclusion criteria were as follows: studies reporting 
the evaluation and uptake of telerehabilitation delivery of ser-
vices and interventions; studies reporting the evaluation and 
uptake of artificial intelligence or neuromodulation devices; 
studies reporting the evaluation and uptake of communication 
devices; protocols and proceedings; and review articles. 

The authorship team worked collaboratively through the 
review process and met regularly in the decision-making 
stages. Following the removal of duplicates, returned studies 
were divided equally and randomly between the team, and 
titles and abstracts were checked against the predetermined 
criteria for inclusion. A 10% sample from each author was 
then cross-checked by a different team member. The disagree-
ments were discussed at the next review team meeting. 

A database of studies for full-text review was then created 
and divided between the team for independent review for 
inclusion. The sample of papers was divided in half, and 2 
authors independently screened one-half each (N.J.H. and 
S.P.; M.A.M. and M.F.L.). A meeting was then held to review 
the decisions made and to resolve any disagreements. 

A data extraction pro forma was developed to capture 
the essential information for mapping by 2 authors (M.F.L. 
and S.P.) and this was agreed by the team (Suppl. Material 
II). Data extraction was divided between the team members. 
For the qualitative synthesis of user perspectives, the results 
of the qualitative individual or focus group interviews and 
written vignettes were screened by 2 researchers (N.J.H. and 
M.A.M.). The reported themes and subthemes were extracted 
and tabulated to identify the similarities and commonalities 
across the studies agreed between M.A.M. and N.J.H. 

Synthesis and Presentation of Findings 
The plan for results presentation was refined throughout the 
review process and a narrative synthesis was supported by 
“evidence mapping.”This is a recognized technique to identify 
future research needs following a systematic search by using 
formats, such as figures and tables, to depict key findings.11 

Results 
Following a systematic search and review process (Fig. 1), 25 
studies were included in the review. Based on our primary 
objective to review the uptake of technologies in clinical 
neurorehabilitation practice, we found only 4 studies that 
investigated the uptake or factors influencing the uptake after
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sustained use (5 months–3 years) of technology in clinical 
practice.8,9,12,13 There were no studies resulting from our 
search that directly investigated the extent of uptake in a 
naturalistic, real-world clinical environment. 

Summary of the Included Studies 
The main extracted characteristics of the included 25 studies 
are shown in Table 1. Studies had investigated the uptake 
in neurorehabilitation and/or user perspectives of technology 
either prior to a randomized controlled trial (n = 3) or after 
use within a clinical study (n = 5), prior to planned imple-
mentation (n = 5) or when the technology was already inte-
grated into clinical practice (n = 6). The remaining 6 studies 
explored more general views of the clinicians on the use of 
rehabilitation technology in clinical practice (Fig. 2). The main 
user groups were clinicians and people with a neurological 
condition, and 6 studies incorporated both groups. With the 
exception of the 3 large surveys,14–16 which included a total 
of 618 respondents (495 health care professionals and 123 
patients and carers), the sample sizes in all other studies 
were small, ranging from 3 to 27 participants (mean = 9.6 
[SD = 5.0] participants), with 285 participants in total. Of 
these, 143 were health care professionals (physical therapists 
and occupational therapists), 7 were other professionals (engi-
neers, administrators), and 135 were people with neurological 
conditions (124 with stroke, 7 with spinal cord injury, 3 with 
traumatic brain injury, and 1 with cerebral palsy). In studies 
that investigated technology for people with stroke, 74% of 
people were in the subacute stage of stroke recovery, and 26% 
were in the chronic stage of stroke recovery. 

Fourteen studies adopted a qualitative approach, analyzing 
individual interviews, written vignettes, or focus group inter-
views; 8 studies had a mixed-methods design, and 3 studies 
used surveys as the main outcome for evaluation of user 
perspectives. All studies were conducted at high-income coun-
tries, most commonly in Europe or North America (Fig. 2). 
Most studies were conducted at a hospital or rehabilitation 
center setting; only 3 were conducted at a home environ-
ment. All interventions conducted at hospital or rehabilitation 
centers were supervised by the therapists, while the home 
interventions were semisupervised with a weekly support. 

The studies included a range of the technologies, but robotic 
devices and virtual reality were the most investigated (Fig. 2). 
Seven studies had a specific focus on upper limb, 5 on lower 
limb and 8 included both. More than half of the studies 
explored the use and uptake of commercial products, while 
about 30% evaluated technologies at various stages of proto-
type development (Fig. 2). 

Synthesis of Evidence on Uptake of Technologies 
Sixteen studies provided information on the targeted use time, 
actual use time, adverse events, and reasons for dropouts or 
missed sessions (Tab. 2). Six studies17–22 specified a recom-
mended time of use for the technology in their protocol. Even 
when some participants reached the recommended time of 
use, the average number of sessions at the group level was 
approximately half of the targeted number of sessions.17–21 

The most common reasons for missing sessions were health 
problems, competing commitments, technical issues, fatigue, 
dependence on assistance, patient not available, lack of time, 
or lack of appropriate patients. Three studies16,22,23 reported 
adverse effects, such as tiredness and discomfort (virtual real-
ity and lower limb exoskeleton) in a few cases; 1 study using 

lower limb exoskeleton did not specify the type of adverse 
effect12 and another study using lower limb exoskeleton 
reported no adverse effects.13 

Only 4 studies8,9,12,13 explored the sustained use of tech-
nology (virtual reality, lower limb exoskeleton, and exergame 
room use) after the initial program. One study13 reported 
improved feasibility after using lower limb exoskeleton in 
clinical practice over 6 months and also concluded that the 
time needed for implementation was longer than anticipated. 
One study8 reported that, despite gained knowledge, positive 
attitude, and intention for continuous use, only 2 of 5 clin-
icians used the technology (virtual reality system) in a few 
sessions after the implementation program. Two remaining 
studies9,12 reported qualitative data from interviews on the 
perceived experiences of use among the clinicians 1 year 
and 3 years after sustained use. The identified factors that 
influenced the uptake and use were similar in all stages of 
implementation and are reported together with all studies 
below. 

Qualitative Synthesis of User Perspectives 
Exploration of themes and subthemes from the included 
papers had several overlapping elements independent of the 
stage of implementation or technology type. Therefore, the 
synthesis was carried out across all included studies. Five 
overarching themes emerged representing the perceptions and 
experiences of the use of technology in neurorehabilitation. 
These were: perceived and expected usefulness, technology 
design, social interaction and support, integration with cur-
rent service, and improvements to enhance the clinical uptake. 
Figure 3 summarizes the synthesis via the themes and their 
interactions. 

Perceived and Expected Usefulness 
Clinicians and people with neurological conditions were pos-
itive and optimistic about their experiences with technologies 
and found them to be exciting and motivating,8,13,18,19,24–27 

but they described an initial steep learning curve18,26 and 
a need for continuous training in the use of technol-
ogy.8,12,15,21,24,26,28 Robotic devices were seen as potential 
tools to increase the amount of therapy and to broaden 
the range of therapy options available.15,26,28 Clinicians 
reflected that robotic devices will not suit everyone13,26 

and that settings with longer rehabilitation times enabled 
people to become familiar with the features, and clinical 
use, of technologies.13 There was recognition that perceived 
usefulness and benefit need to be higher than the cost and 
effort and that progress and effects on daily activities should 
be apparent.13,18,26,28–30 Training-related exertion and 
fatigue influenced perceptions of usefulness of exoskeletons, 
and therapists were concerned about the expected benefits 
compared to the effort expenditure to carry out training.18 

People with stroke and spinal cord injury perceived greater 
improvements and benefits of the use of exoskeleton 
training than therapists.13,26 Clinicians emphasized a need 
for technologies to be integrated with clinical decision-
making and therapy goals.8,12,13,27 Technologies were 
considered to work as a complement to existing therapy, 
particularly where they enabled objective measurement and 
standardization, and to increase people’s involvement in 
their therapy, supporting a sense of control for people using 
them.13,15,19,26,27,29,31,32 Negative feelings, such as, pain,
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Murphy et al 7 

Figure 2. Characteristics of the studies according to A) context B) study country C) technology type and D) technology maturity. Wearables = wearable 
devices. 

discomfort, anxiety, and low confidence in technology were 
considered as barriers. 8,15,26,30 

Technology Design 
In line with some of the subthemes on usefulness, specific 
findings emerged from multiple studies around the design 
of the technologies involved. The idea of a “steep learning 
curve” emerged again here; clinical use was considered 
to be hampered by having too-extensive instructions, a 
considerable need for support, technical problems, malfunc-
tions, and specific constraints on the patient selection for 

use.8,9,13,18,20,21,25,32,33 Easy and intuitive set-up, don and 
doff, and maintenance were frequently stated requirements 
for rehabilitation technology.14,15,27 A lack of confidence 
in the technology impacted its potential use.27 There was 
a need for scores, other output data, and feedback from 
the device to be accurate at an appropriate level for the 
user and to be in line with the clinical treatment goals 
and decision-making,8,12,13,15,27 lending importance to the 
requirement for devices to be adjustable for a range of 
functional needs.15,19,28 Requirements on safety, including 
range of movement, pressure points on skin and cleaning, 
among others, were highlighted for robotic devices.15
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Figure 3. Synthesis of user perspectives on factors influencing the uptake and implementation of technology in neurorehabilitation clinical practice. 

Social Interaction and Support 
The role of clinicians was considered to be essential in the 
provision of support, mentorship, and motivation for people 
to use technologies, with clinicians acting as a conduit between 
the technology and the person using it.17,19–21,24,33 Carer 
and family support were of importance,19,20 although mixed 
perceptions were presented regarding the need for supervision 
by qualified staff.15 Regardless of the type of technology 
used, rehabilitation therapy using it needs to be meaningful, 
safe, effective, and efficient.15,33 A collegiate approach was 
considered to be important by clinicians; only 1 or 2 members 
of a team being involved was not seen to be sufficient to 
support its use in practice.12,29,31 

Integration With Current Service 
Practical as well as contextual constraints arose when consid-
ering the integration of technologies within services. Practical-
ity of use, size, and placement of technologies were important 
factors.13,31 Time for training in line with existing guidelines 
was a prerequisite for use, particularly considering the low-
technology nature of current practice28,29,33as was the time 
for implementation, with 6 months considered being not long 
enough.13 An organizational culture with visible manage-
ment support for technology use was considered to be of 
value.9,14,24,27,28 Further, a need for technology to align with 
clinicians’ existing professional roles and workplace environ-
ments was distinguished.8,24,28 High cognitive workload and 
unintentional burden on the therapist implementing or using 
the technology have been identified as the barriers for clinical 
uptake.26,28 Health care funding that allowed technological 
developments arose as a key influence on the uptake and 
use.14 The high cost and difficulty in persuading hospitals 
to invest in rehabilitation robots were considered to be the 
major barriers for implementation into clinical practice.15 

Independent of the type of technology used, lack of skills, 
knowledge, and time were often identified as the barriers by 
the clinicians.8,14,16,21,24,28 

Improvements to Enhance Clinical Uptake 
Several studies described a theme of suggested improvements 
to enhance clinical translation in general terms and specific 
to devices. Clinicians wanted to be involved and contribute 
to the development of technologies; they also wanted to get 
feedback on the previous developments and study findings.31 

The evidence base was important.14,18,24,29,33 There may be a 
greater generalizability of use if the manufacturers broadened 
the criteria for patient selection for use.12 Specific to the device 
itself, subthemes here aligned with those above and included 
that technologies needed to be easy to use, durable, comfort-
able, low-risk, good value, and provide direct feedback.14,28 

Further, they should not increase the clinicians’ workload and 
should align well with people’s rehabilitation goals and make 
a difference to everyday function.13,18,24,31 

Discussion 
The primary finding is that reporting of sustained clinical 
uptake of technologies in neurorehabilitation practice is 
sparse. The situation is further compounded by the lack of 
clear definitions and language around the clinical implemen-
tation of technology in practice. 

Despite the growing focus on the need to provide evidence 
of the uptake of technologies to enhance the delivery of 
care, only 16 of the 25 studies retrieved reported the actual 
amount of the use of technologies in clinical practice, and 
only 4 studies provided information on their sustained use. In 
general, while reporting of the actual uptake of technologies 
was somewhat limited, most studies focused on defining and 
finding solutions for the barriers to uptake such that we 
still do not have a clear picture of how much technology is 
actually being used in clinical or community therapy settings. 
This may, of course, relate to insufficient research funding to 
enable longer-term follow-up studies investigating technolo-
gies; indeed, Swank et al.13 found that the time needed for 
implementation was longer than anticipated. This lack of a
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10 Technology Uptake in Neurorehabilitation Practice 

clear picture on the technology uptake in neurorehabilitation 
presents a challenge—health technologies have the potential 
to meet the individual and service needs,34 but we still do 
not fully understand their pragmatic and sustained use in 
neurorehabilitation practice and how this might optimize the 
individual care and service delivery. 

Our second objective helps to understand these challenges 
more fully in that it was to identify the factors reported to 
influence the uptake of technologies. Several barriers and 
facilitators were identified via this synthesis. One common 
barrier to adoption is the “steep learning curve” that needs 
to be overcome in order to engage with technology that may 
be complicated or require special training. Several solutions 
have been offered to address this, including the provision of 
adequate hands-on training9 and the availability of knowl-
edgeable technicians and experts for in-clinic consultation 
and support19,21,33; this importance of the client–clinician 
relationship aligns with the previously published findings 
on supporting self-management with the use of technology.3 

Indeed, clinicians have been described as potential technology 
“champions” for people with stroke.35 This problem might 
also be addressed by actively engaging users (ie, people with 
neurorehabilitation needs and clinicians) to advise the devel-
opers (ie, various types of engineers) in the codevelopment of 
devices.5,35 This would allow developers to recognize how 
to overcome some of the barriers experienced by clinicians 
and people with neurorehabilitation needs and to produce 
more user-friendly devices supporting people and services. 
However, the literature here suggests that the involvement 
of clients and therapists in the development of technology 
has been inconsistent. Involving users and therapists in the 
codesign and production of technologies from an early stage 
of development may be the first step in overcoming this 
barrier. 

There was general agreement in this synthesis that clinicians 
and users should be involved in the decisions regarding the 
use of technology to enhance clinical uptake, which is in line 
with previous review findings on specific technologies such 
as robotics and virtual reality.1 To adopt technology, physical 
therapists should be part of a multidisciplinary team and 
should collaborate with other professionals to ensure that the 
technology matches their needs and the needs of their clients.9 

People engaged in neurorehabilitation and their carers often 
have well-developed knowledge of technologies through self-
education, and opportunities to enhance self-management are 
afforded.2 The role of the physical therapist is to ensure 
that the client is actively involved in decision-making and 
has considered all the possibilities when making a choice. 
This enables a personalized approach, where some of the 
concerns identified regarding the suitability of use in the light 
of challenges, such as possible fatigue, other medical needs, 
communication challenges, and meeting individual needs, can 
be considered. 

In terms of perceived usefulness, there was general 
agreement that the use of technologies complements existing 
therapy by increasing treatment delivery, standardization of 
measurement of patient status and progress, and increasing 
the engagement of patients in their rehabilitation, enabling 
them to shape their goals according to their needs.15,26,28 

There was optimism from both clinicians and people with 
neurological rehabilitation needs. Technology serves not to 
replace clinical therapy, but it is meant rather to expand the 
clinician’s toolkit and to enhance and personalize choices 
along a person’s rehabilitation pathway. Clinicians also 

expressed that perceived usefulness and benefit should be 
higher than the cost and effort of integrating technology into 
clinical practice12,18,29; this is an important consideration 
for often underresourced services. Indeed, high costs that 
prohibit investment from hospital services emerged as a 
major barrier,15 but the impact of an organizational culture 
with engaged management and clinicians who feel that 
the technology use aligns with their professional roles can 
improve the uptake and use. Such engaged service managers 
and clinicians can be powerful voices in influencing the future 
investment in technological advances for potential patient 
benefit. 

Study Limitations 
The nature of a scoping review is such that there is a potential 
for bias, and methodological critique of included studies is 
not carried out. Further, our search strategy was necessarily 
broad to capture the relevant information on uptake, so 
elements of specificity may have been lost. No search of gray 
literature was undertaken at this scoping stage. However, the 
team mitigated for these limitations as far as was possible 
with a comprehensive and systematic approach, including the 
development of a search strategy in consultation with a faculty 
librarian in health sciences, team discussions at key decision 
points, and transparent reporting of searching, study retrieval, 
and inclusion decisions. The results also confirmed that the 
concept of “clinical uptake” was variously reported as such 
in the included studies. This in itself presented a possible 
limitation to searching for and reviewing the literature, as the 
concept of “uptake” is not easily defined. In future research, 
there is a need to have a clearer definition for determining 
and describing the uptake of technology in routine clinical 
practice. 

Conclusion 
This scoping review of the literature exploring technology 
for neurorehabilitation has identified that reporting of clearly 
defined uptake and use in clinical practice are limited despite 
increasing recognition of the potential benefits afforded. Only 
4 of 25 studies in our review provided the detail of sustained 
use of the technologies under investigation. However, the syn-
thesis provided a comprehensive knowledge of barriers and 
facilitators to uptake. These included: an identified need for 
sufficient time to be allowed for the implementation of tech-
nologies in appropriate settings; recognition of a steep learn-
ing curve for clinicians and people with neurorehabilitation 
needs who can be helped by adequate training, clear instruc-
tions, clinicians supporting people to engage with technology 
and themselves being in a supportive organizational culture; 
and both clinicians and people with neurorehabilitation needs 
being involved in the design of devices and receiving feedback 
on the evaluation of those devices. We recommend that these 
important considerations are addressed in future protocols 
to provide an evidence-based, user-centered platform for the 
improved translation of technologies to neurorehabilitation 
clinical practice. 

Author Contributions 
Margit Alt Murphy (Conceptualization, Data curation, Formal 
analysis, Methodology, Validation, Visualization, Writing—original 
draft, Writing—review & editing), Sujata Pradhan (Conceptualization,

D
ow

nloaded from
 https://academ

ic.oup.com
/ptj/article/104/2/pzad140/7323598 by U

niversity of East Anglia user on 20 February 2024



Murphy et al 11 

Data curation, Formal analysis, Methodology, Validation, Visualization, 
Writing—original draft, Writing—review & editing), Mindy F. Levin 
(Conceptualization, Data curation, Formal analysis, Methodology, Val-
idation, Visualization-Supporting, Writing—original draft, Writing— 
review & editing), and Nicola J. Hancock (Conceptualization, Data 
curation, Formal analysis, Methodology, Validation, Visualization, 
Writing—original draft, Writing—review & editing) 

Acknowledgments 
We acknowledge Matthew Smith, the faculty librarian at the Faculty 
of Medicine and Health Sciences, the University of East Anglia, United 
Kingdom, for his invaluable support in developing the search strategy 
for this review. We also acknowledge the INPA for organizing the 
original webinar that was the starting point for this review, which was 
chaired by the author M.F.L. and at which the other authors presented 
(M.A.M., S.P., and N.H.). 

Funding 
No funding was associated with this review. 

Data Availability 
The authors confirm that the data supporting the findings of this study 
are available within the article and/or its supplementary materials. 

Disclosures 
The authors completed the ICMJE Form for Disclosure of Potential 
Conflicts of Interest and reported no conflicts of interest. 

References 
1. Zanatta F, Giardini A, Pierobon A, D’Addario M, Steca P. A 

systematic review on the usability of robotic and virtual reality 
devices in neuromotor rehabilitation: patients’ and healthcare 
professionals’ perspective. BMC Health Serv Res. 2022;22:523. 
https://doi.org/10.1186/s12913-022-07821-w .

2. Dobkin BH. Behavioral self-management strategies for practice 
and exercise should be included in neurologic rehabilitation tri-
als and care. Curr Opin Neurol. 2016;29:693–699. https://doi.o 
rg/10.1097/WCO.0000000000000380 . 

3. Demain S, Burridge J, Ellis-Hill C, et al. Assistive technologies 
after stroke: self-management or fending for yourself? A focus 
group study. BMC Health Serv Res. 2013;13:334. https://doi.o 
rg/10.1186/1472-6963-13-334 . 

4. Hung YX, Huang PC, Chen KT, Chu WC. What do stroke 
patients look for in game-based rehabilitation: a survey study. 
Medicine (United States). 2016;95:e3032. https://doi.org/10.1097/ 
MD.0000000000003032 . 

5. Hancock NJ, Pomeroy V, Dorer C, et al. Action plan for production 
of the next generation of movement rehabilitation technologies. 
Synapse. 2018;Autumn:4–9. 

6. Morris ZS, Wooding S, Grant J. The answer is 17 years, 
what is the question: understanding time lags in transla-
tional research. J R Soc  Med. 2011;104:510–520. https://doi.o 
rg/10.1258/jrsm.2011.110180 . 

7. Winstein C, Lewthwaite R, Blanton SR, Wolf LB, Wishart L. 
Infusing motor learning research into neurorehabilitation practice: 
a historical perspective with case exemplar from the accelerated 
skill acquisition program. J Neurol Phys Ther. 2014;38:190–200. 
https://doi.org/10.1097/NPT.0000000000000046 .

8. Levac D, Glegg SMN, Sveistrup H, et al. A knowledge translation 
intervention to enhance clinical application of a virtual reality 

system in stroke rehabilitation. BMC Health Serv Res. 2016;16: 
557–511. https://doi.org/10.1186/s12913-016-1807-6 .

9. Nguyen AV, Ong YLA, Luo CX, et al. Virtual reality exergaming 
as adjunctive therapy in a sub-acute stroke rehabilitation setting: 
facilitators and barriers. Disabil Rehabil Assist Technol. 2019;14: 
317–324. https://doi.org/10.1080/17483107.2018.1447608 .

10. Munn Z, Peters MDJ, Stern C, Tufanaru C, McArthur A, Aro-
mataris E. Systematic review or scoping review? Guidance for 
authors when choosing between a systematic or scoping review 
approach. BMC Med Res Methodol. 2018;18:143. https://doi.o 
rg/10.1186/s12874-018-0611-x . 

11. Miake-Lye IM, Hempel S, Shanman R, Shekelle PG. What is an 
evidence map? A systematic review of published evidence maps 
and their definitions, methods, and products. Syst Rev. 2016;5:28. 
https://doi.org/10.1186/s13643-016-0204-x .

12. Swank C, Galvan C, Dipasquale J, Callender L, Sikka S, Driver 
S. Lessons learned from robotic gait training during rehabili-
tation: therapeutic and medical severity considerations over 3 
years. Technol Disabil. 2020;32:103–110. https://doi.org/10.3233/ 
TAD-190248 . 

13. Swank C, Sikka S, Driver S, Bennett M, Callender L. Feasibility of 
integrating robotic exoskeleton gait training in inpatient rehabili-
tation. Disabil Rehabil Assist Technol. 2020;15:409–417. https:// 
doi.org/10.1080/17483107.2019.1587014 . 

14. Hughes AM, Burridge JH, Demain SH, et al. Translation 
of evidence-based assistive technologies into stroke 
rehabilitation: users’ perceptions of the barriers and 
opportunities. BMC Health Serv Res. 2014;14:124. https:// 
doi.org/10.1186/1472-6963-14-124 . 

15. Li L, Tyson S, Weightman A. Professionals’ views and experi-
ences of using rehabilitation robotics with stroke survivors: a 
mixed methods survey. Front Med Technol. 2021;3:3. https://doi.o 
rg/10.3389/fmedt.2021.780090 . 

16. Braakhuis HEM, Bussmann JBJ, Ribbers GM, Berger MAM. Wear-
able activity monitoring in day-to-day stroke care: a promising 
tool but not widely used. Sensors. 2021;21:4066. https://doi.o 
rg/10.3390/s21124066 . 

17. Hoermann S, Ferreira dos Santos L, Morkisch N, et al. Comput-
erised mirror therapy with augmented reflection technology for 
early stroke rehabilitation: clinical feasibility and integration as 
an adjunct therapy. Disabil Rehabil. 2017;39:1503–1514. https:// 
doi.org/10.1080/09638288.2017.1291765 . 

18. Louie DR, Mortenson WB, Lui M, et al. Patients’ and 
therapists’ experience and perception of exoskeleton-based phys-
iotherapy during subacute stroke rehabilitation: a qualita-
tive analysis. Disabil Rehabil. 2021;44:7390–7398. https://doi.o 
rg/10.1080/09638288.2021.1989503 . 

19. Gustavsson M, Kjörk EK, Erhardsson M, Alt MM. Virtual real-
ity gaming in rehabilitation after stroke–user experiences and 
perceptions. Disabil Rehabil. 2021;44:6759–6765. https://doi.o 
rg/10.1080/09638288.2021.1972351 . 

20. Standen PJ, Standen PJ, Threapleton K, et al. Patients’ use of a 
home-based virtual reality system to provide rehabilitation of the 
upper limb following stroke. Phys Ther. 2015;95:350–359. https:// 
doi.org/10.2522/ptj.20130564 . 

21. Valdés BA, Glegg SMN, Lambert-Shirzad N, et al. Application 
of commercial games for home-based rehabilitation for people 
with hemiparesis: challenges and lessons learned. Games Health 
J. 2018;7:197–207. https://doi.org/10.1089/g4h.2017.0137 .

22. Høyer E, Opheim A, Jørgensen V. Implementing the exoskele-
ton Ekso GTTM for gait rehabilitation in a stroke unit– 
feasibility, functional benefits and patient experiences. Dis-
abil Rehabil Assist Technol. 2022;17:473–479. https://doi.o 
rg/10.1080/17483107.2020.1800110 . 

23. Demers M, Chan Chun Kong D, Levin MF. Feasibility of 
incorporating functionally relevant virtual rehabilitation in 
sub-acute stroke care: perception of patients and clinicians. 
Disabil Rehabil Assist Technol. 2019;14:361–367. https://doi.o 
rg/10.1080/17483107.2018.1449019. 

D
ow

nloaded from
 https://academ

ic.oup.com
/ptj/article/104/2/pzad140/7323598 by U

niversity of East Anglia user on 20 February 2024

https://doi.org/10.1186/s12913-022-07821-w
https://doi.org/10.1186/s12913-022-07821-w
https://doi.org/10.1186/s12913-022-07821-w
https://doi.org/10.1186/s12913-022-07821-w
https://doi.org/10.1186/s12913-022-07821-w
https://doi.org/10.1097/WCO.0000000000000380
https://doi.org/10.1097/WCO.0000000000000380
https://doi.org/10.1097/WCO.0000000000000380
https://doi.org/10.1097/WCO.0000000000000380
https://doi.org/10.1186/1472-6963-13-334
https://doi.org/10.1186/1472-6963-13-334
https://doi.org/10.1186/1472-6963-13-334
https://doi.org/10.1097/MD.0000000000003032
https://doi.org/10.1097/MD.0000000000003032
https://doi.org/10.1097/MD.0000000000003032
https://doi.org/10.1097/MD.0000000000003032
https://doi.org/10.1258/jrsm.2011.110180
https://doi.org/10.1258/jrsm.2011.110180
https://doi.org/10.1258/jrsm.2011.110180
https://doi.org/10.1258/jrsm.2011.110180
https://doi.org/10.1097/NPT.0000000000000046
https://doi.org/10.1097/NPT.0000000000000046
https://doi.org/10.1097/NPT.0000000000000046
https://doi.org/10.1097/NPT.0000000000000046
https://doi.org/10.1186/s12913-016-1807-6
https://doi.org/10.1186/s12913-016-1807-6
https://doi.org/10.1186/s12913-016-1807-6
https://doi.org/10.1186/s12913-016-1807-6
https://doi.org/10.1080/17483107.2018.1447608
https://doi.org/10.1080/17483107.2018.1447608
https://doi.org/10.1080/17483107.2018.1447608
https://doi.org/10.1186/s12874-018-0611-x
https://doi.org/10.1186/s12874-018-0611-x
https://doi.org/10.1186/s12874-018-0611-x
https://doi.org/10.1186/s12874-018-0611-x
https://doi.org/10.1186/s12874-018-0611-x
https://doi.org/10.1186/s13643-016-0204-x
https://doi.org/10.1186/s13643-016-0204-x
https://doi.org/10.1186/s13643-016-0204-x
https://doi.org/10.1186/s13643-016-0204-x
https://doi.org/10.1186/s13643-016-0204-x
https://doi.org/10.3233/TAD-190248
https://doi.org/10.3233/TAD-190248
https://doi.org/10.3233/TAD-190248
https://doi.org/10.3233/TAD-190248
https://doi.org/10.3233/TAD-190248
https://doi.org/10.1080/17483107.2019.1587014
https://doi.org/10.1080/17483107.2019.1587014
https://doi.org/10.1080/17483107.2019.1587014
https://doi.org/10.1186/1472-6963-14-124
https://doi.org/10.1186/1472-6963-14-124
https://doi.org/10.1186/1472-6963-14-124
https://doi.org/10.3389/fmedt.2021.780090
https://doi.org/10.3389/fmedt.2021.780090
https://doi.org/10.3389/fmedt.2021.780090
https://doi.org/10.3389/fmedt.2021.780090
https://doi.org/10.3389/fmedt.2021.780090
https://doi.org/10.3390/s21124066
https://doi.org/10.3390/s21124066
https://doi.org/10.3390/s21124066
https://doi.org/10.3390/s21124066
https://doi.org/10.1080/09638288.2017.1291765
https://doi.org/10.1080/09638288.2017.1291765
https://doi.org/10.1080/09638288.2017.1291765
https://doi.org/10.1080/09638288.2021.1989503
https://doi.org/10.1080/09638288.2021.1989503
https://doi.org/10.1080/09638288.2021.1989503
https://doi.org/10.1080/09638288.2021.1972351
https://doi.org/10.1080/09638288.2021.1972351
https://doi.org/10.1080/09638288.2021.1972351
https://doi.org/10.2522/ptj.20130564
https://doi.org/10.2522/ptj.20130564
https://doi.org/10.2522/ptj.20130564
https://doi.org/10.2522/ptj.20130564
https://doi.org/10.1089/g4h.2017.0137
https://doi.org/10.1089/g4h.2017.0137
https://doi.org/10.1089/g4h.2017.0137
https://doi.org/10.1089/g4h.2017.0137
https://doi.org/10.1089/g4h.2017.0137
https://doi.org/10.1080/17483107.2020.1800110
https://doi.org/10.1080/17483107.2020.1800110
https://doi.org/10.1080/17483107.2020.1800110
https://doi.org/10.1080/17483107.2018.1449019
https://doi.org/10.1080/17483107.2018.1449019
https://doi.org/10.1080/17483107.2018.1449019


12 Technology Uptake in Neurorehabilitation Practice 

24. Flynn N, Kuys S, Froude E, Cooke D. Introducing robotic 
upper limb training into routine clinical practice for stroke 
survivors: perceptions of occupational therapists and physio-
therapists. Aust Occup Ther J. 2019;66:530–538. https://doi.o 
rg/10.1111/1440-1630.12594 . 

25. Schmid L, Glässel A, Schuster-Amft C. Therapists’ perspective 
on virtual reality training in patients after stroke: a qualita-
tive study reporting focus group results from three hospitals. 
Stroke Res Treat. 2016;2016:1–12. https://doi.org/10.1155/2016/ 
6210508. 

26. Read E, Woolsey C, McGibbon CA, O’Connell C. Physiotherapists’ 
experiences using the Ekso bionic exoskeleton with patients in 
a neurological rehabilitation hospital: a qualitative study. 
Rehabil Res Pract. 2020;2020:1–8. https://doi.org/10.1155/ 
2020/2939573. 

27. Bower KJ, Verdonck M, Hamilton A, Williams G, Tan D, Clark 
RA. What factors influence clinicians’ use of technology in 
neurorehabilitation? A multisite qualitative study. Phys Ther. 
2021;101:pzab031. https://doi.org/10.1093/ptj/pzab031 .

28. Celian C, Swanson V, Shah M, et al. A day in the life: a qualitative 
study of clinical decision-making and uptake of neurorehabilita-
tion technology. J Neuroeng Rehabil. 2021;18:121. https://doi.o 
rg/10.1186/s12984-021-00911-6 . 

29. Feldner HA, Howell D, Kelly VE, McCoy SW, Steele KM. “Look, 
your muscles are firing!”: a qualitative study of clinician perspec-
tives on the use of surface electromyography in neurorehabili-
tation. Arch Phys Med Rehabil. 2019;100:663–675. https://doi.o 
rg/10.1016/j.apmr.2018.09.120 . 

30. Lee M, Pyun SB, Chung J, Kim J, Eun SD, Yoon BC. A further 
step to develop patient-friendly implementation strategies for 
virtual reality-based rehabilitation in patients with acute stroke. 

Phys Ther. 2016;96:1554–1564. https://doi.org/10.2522/ptj. 
20150271. 

31. Ballinger C, Taylor A, Loudon D, Macdonald AS. 
Rehabilitation professionals’ perceptions of the use of new 
visualisation software tools with people with stroke. Disabil 
Rehabil Assist Technol. 2016;11:139–149. https://doi.o 
rg/10.3109/17483107.2015.1111941 . 

32. Cherry COB, Chumbler NR, Richards K, et al. Expanding 
stroke telerehabilitation services to rural veterans: a 
qualitative study on patient experiences using the robotic 
stroke therapy delivery and monitoring system program. 
Disabil Rehabil Assist Technol. 2017;12:21–27. https://doi.o 
rg/10.3109/17483107.2015.1061613 . 

33. Stephenson A, Stephens J. An exploration of physiotherapists’ 
experiences of robotic therapy in upper limb rehabilitation 
within a stroke rehabilitation Centre. Disabil Rehabil 
Assist Technol. 2018;13:245–252. https://doi.org/10.1080/ 
17483107.2017.1306593. 

34. Fager SK, Burnfield JM. Patients’ experiences with technology 
during inpatient rehabilitation: opportunities to support 
independence and therapeutic engagement. Disabil Rehabil 
Assist Technol. 2014;9:121–127. https://doi.org/10.3109/ 
17483107.2013.787124. 

35. Willems EMG, Vermeulen J, van Haastregt JCM, Zijlstra GAR. 
Technologies to improve the participation of stroke patients in their 
home environment. Disabil Rehabil. 2021;44:7116–7126. https:// 
doi.org/10.1080/09638288.2021.1983041 . 

36. Tetteroo D, Timmermans AA, Seelen HA, Markopoulos P. Tag-
Trainer: supporting exercise variability and tailoring in technology 
supported upper limb training. J Neuroeng Rehabil. 2014;11:140. 
https://doi.org/10.1186/1743-0003-11-140.

D
ow

nloaded from
 https://academ

ic.oup.com
/ptj/article/104/2/pzad140/7323598 by U

niversity of East Anglia user on 20 February 2024

https://doi.org/10.1111/1440-1630.12594
https://doi.org/10.1111/1440-1630.12594
https://doi.org/10.1111/1440-1630.12594
https://doi.org/10.1155/2016/6210508
https://doi.org/10.1155/2020/2939573
https://doi.org/10.1093/ptj/pzab031
https://doi.org/10.1093/ptj/pzab031
https://doi.org/10.1093/ptj/pzab031
https://doi.org/10.1093/ptj/pzab031
https://doi.org/10.1093/ptj/pzab031
https://doi.org/10.1093/ptj/pzab031
https://doi.org/10.1186/s12984-021-00911-6
https://doi.org/10.1186/s12984-021-00911-6
https://doi.org/10.1186/s12984-021-00911-6
https://doi.org/10.1186/s12984-021-00911-6
https://doi.org/10.1016/j.apmr.2018.09.120
https://doi.org/10.1016/j.apmr.2018.09.120
https://doi.org/10.1016/j.apmr.2018.09.120
https://doi.org/10.1016/j.apmr.2018.09.120
https://doi.org/10.1016/j.apmr.2018.09.120
https://doi.org/10.2522/ptj.20150271
https://doi.org/10.3109/17483107.2015.1111941
https://doi.org/10.3109/17483107.2015.1111941
https://doi.org/10.3109/17483107.2015.1111941
https://doi.org/10.3109/17483107.2015.1061613
https://doi.org/10.3109/17483107.2015.1061613
https://doi.org/10.3109/17483107.2015.1061613
https://doi.org/10.1080/17483107.2017.1306593
https://doi.org/10.3109/17483107.2013.787124
https://doi.org/10.1080/09638288.2021.1983041
https://doi.org/10.1080/09638288.2021.1983041
https://doi.org/10.1080/09638288.2021.1983041
https://doi.org/10.1186/1743-0003-11-140
https://doi.org/10.1186/1743-0003-11-140
https://doi.org/10.1186/1743-0003-11-140

	 Uptake of Technology for Neurorehabilitation in Clinical Practice: A Scoping Review
	Introduction
	Objective
	Methods
	Results
	Discussion
	Conclusion
	Author Contributions
	 Acknowledgments
	Funding
	Data Availability
	Disclosures


