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Abstract

Introduction Many stroke survivors do not receive optimal levels of personalised therapy to support their recovery.
Use of technology for stroke rehabilitation has increased in recent years to help minimise gaps in service provision.
Markerless motion capture technology is currently being used for musculoskeletal and occupational health screening
and could offer a means to provide personalised guidance to stroke survivors struggling to access rehabilitation.

Aims This study considered context, stakeholders, and key uncertainties surrounding the use of markerless motion
capture technology in community stroke rehabilitation from the perspectives of stroke survivors and physiotherapists
with a view to adapting an existing intervention in a new context.

Methods Three focus groups were conducted with eight stroke survivors and five therapists. Data were analysed
using reflexive thematic analysis.

Results Five themes were identified: limited access to community care; personal motivation; pandemic changed
rehabilitation practice; perceptions of technology; and role of markerless technology for providing feedback.

Conclusions Participants identified problems associated with the access of community stroke rehabilitation,
exacerbated by Covid-19 restrictions. Participants were positive about the potential for the use of markerless motion
capture technology to support personalised, effective stroke rehabilitation in the future, providing it is developed to
meet stroke survivor specific needs.
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Introduction

Stroke is a leading cause of long-term disability, often
resulting in a combination of sensory-motor, communi-
cation, visual, and cognitive impairments [1]. While some
survivors recover, many remain with considerable levels
of disability after stroke [1]. These disabilities can affect
stroke survivors’ quality of life and limit their ability to
reintegrate into society or return to employment.

In the UK, guidelines recommend admission to a
hyperacute stroke ward as soon as possible. There,
depending on the mechanism, people affected by stroke
will receive the necessary imaging, monitoring and
thrombolytic or antithrombotic management [2]. Early
mobilisation, forming the initial basis of stroke survivors
physical therapy rehabilitation journey, is recommended
within 24 h of the onset of the stroke [2]. Whilst guide-
lines recommend that access to rehabilitation services
should be determined by stroke specific goals, access and
onward referral to further inpatient rehabilitation, spe-
cialist stroke therapy rehabilitation centres and early sup-
ported discharge services vary according to availability,
length of stay, or number of sessions provided.

Rehabilitation aims to minimise activity limitations
and participation restrictions and may draw on repeti-
tive, task-specific practice with appropriate equipment
and feedback in a functionally relevant context. Appro-
priate levels of rehabilitation, which integrate these prin-
ciples, can lead to improved movement and outcomes
[3-5], while restricted rehabilitation access is associ-
ated with poor recovery profiles and readmissions [4].
Recently updated guidelines recognise the link between
increased access to rehabilitation and improved recovery
[2]. The recommended dosage in the new guidelines has
increased from 45 min a day, seven days a week, to 3 h
of multidisciplinary therapy a day at least 5 days a week
[2]. However, it is acknowledged that previously recom-
mended volume of therapy was commonly inaccessible
for patients [6-8] and stroke survivors can experience
difficulties in adequately accessing rehabilitation services
following discharge [6, 9-13]. Research suggests that
home-based rehabilitation is effective [14]. This can lead
to greater satisfaction amongst stroke survivors, reduced
caregiver strain, and reduced hospital readmission rates
and length of stay [15].

Telerehabilitation, the delivery of rehabilitation using
technology, and use of remote monitoring sensors can
be beneficial for patients due to their ability to support
access to services where clients face limitations to attend-
ing in person, e.g. in cases of geographical isolation [16].
Telerehabilitation facilitates patients as they engage with
rehabilitation in their own time and space [17], and has
been suggested to promote engagement with rehabili-
tation practices [18]. These services can offer the most
benefit where they include access to information and
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feedback about lifestyle, risk factor modification, and
therapy for addressing the impairments resultant from
stroke. In stroke, telerehabilitation is currently used to
support areas like mobility, speech, and cognition, and
can build stroke survivors’ confidence with these activi-
ties [18].

The development of markerless motion capture tech-
nology, which uses a single camera to measure the abil-
ity to move or carry out functional tasks, could further
support remotely delivered telerehabilitation for motor
recovery and the physical effects of stroke. Measurements
taken by the system can be used to provide feedback on a
patient’s performance which is helpful to the patient and
treating clinician. Feedback can be delivered in real-time
or on completion, depending on the associated software
platform capabilities [19-22]. Compared to marker based
or markerless systems comprised of multiple cameras,
single camera, markerless systems are easy to setup, par-
ticularly if they are run through a single device. They are
also portable, less expensive, need a smaller capture vol-
ume and do not require physical examinations for marker
placement or anthropometric measurements. The overall
experience is more patient friendly and efficient for all
concerned [19-22]. Single marker less camera systems
could address existing access barriers associated with
hospital-based services [19] and can more readily be
integrated into existing care pathways and community
settings. However, it is important that implementation
of any technology into services does not further embed
social health inequalities and is acceptable and feasible
for the intended users and providers of the service [23].

The UK National Health Service (NHS) long-term plan
sets out the requirement for a new service model for the
21st Century where digitally enabled care is considered
mainstream across the health service [24]. These prin-
ciples are reflected in the recent guidelines which recog-
nise that technology could be used to augment existing
delivery of stroke rehabilitation services. Integration
of technology into rehabilitation practice through the
development of effective telerehabilitation programs
can extend the ability of patients to access stroke reha-
bilitation services and guidance remotely, compared to
conventional rehabilitation models where guidance for
an individual’s rehabilitation comes from in-person ses-
sions with rehabilitation professionals [18]. The delivery
of health services across the nation, including in acute
and subacute stroke rehabilitation [25] and community-
based rehabilitation services [26], have not fully recov-
ered post the Covid-19 pandemic. These changes affected
stroke care [27], restricting stroke survivors from access-
ing necessary services. As UK government policy contin-
ues to embrace digital facilities in the care pathway [28]
and services are developed for digital use and delivery of
complex interventions, it is important to gather evidence
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about the views and experiences of the intended users.
Doing so ensures that the facilities meet user needs
through engagement of stakeholders, identification of key
uncertainties, intervention refinement, and consideration
of the overall context in which the service and interven-
tion are positioned [14].

This study is part of a wider project which hopes to
develop an intervention for stroke rehabilitation within
the community by integrating existing technology (mark-
erless motion capture) in a new context (stroke rehabili-
tation in the community). The project considers current
use of this technology in existing settings and explores
how its attributes could be beneficial for stroke rehabili-
tation in the community, including key features which
would also need to be considered when developing soft-
ware using this technology in the future. This study aims
to consider context, stakeholders, and key uncertainties
in this area, exploring stroke survivor and physiothera-
pist attitudes towards the use of markerless motion cap-
ture technology within community stroke rehabilitation.

Methods
This study used focus groups to explore stroke survivors’
and physiotherapists’ lived experience of stroke rehabili-
tation and perceptions of the use of markerless motion
capture technology for stroke rehabilitation. Interpre-
tive description methodology [29] was engaged within
the study, allowing researchers to explore and record the
subjective experiences of groups and use the findings to
develop evidence-based knowledge to inform practice.
Interpretative description is used to investigate patient
experiences [30-32] and perspectives [33, 34] of illness,
healthcare and healthcare environments. It uses clinical
knowledge, experiences and perceptions of participants
to develop descriptive findings which can be applied to
clinical practice and used to inform future design [29].
Ethical approval for the study was given by the Univer-
sity Research Ethics Committee Review (MH-210173)
prior to recruitment taking place. This paper follows the
COREQ guidelines [35], Supplementary Material 3.

Recruitment

UK stroke survivors and physiotherapists with experi-
ence in stroke rehabilitation were invited to attend focus
groups using convenience sampling strategies. Partici-
pants were invited if they were either (1) people who had
a stroke and had experienced rehabilitation in the com-
munity, and who could communicate about their expe-
riences or (2) physiotherapists with experience in stroke
rehabilitation. Stroke survivors were provided infor-
mation about the study and invited to participate using
adverts on social media and a stroke specialist therapy
centre (ARNI) mailing list. Therapists were invited using
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social media adverts and a professional society (ACPIN)
mailing list.

Prospective participants were given an information
sheet and consent form and could ask the researcher
questions prior to giving consent. Audio recordings or
text-to-speech were offered on all stroke survivor docu-
ments to increase accessibility for people who may
benefit from alternative formats to support their under-
standing. This was particularly relevant for stroke survi-
vors who may have experienced impairments due to their
stroke and may benefit from multiple modes of commu-
nication to understand information about the study. All
participants who expressed interest in the study con-
sented to participate in a focus group. One participant
with some language difficulties asked to be accompanied
by their carer who could speak on their behalf as neces-
sary. The carer also consented to participate in the study.

Data collection

The focus groups took place during the Covid-19 pan-
demic (May-June 2021) and all participants were affected
by the regulations and pressures of the period. After
agreeing to the arrangements for the session, four partici-
pants struggled to attend the focus group. In recognition
of the circumstances, anyone who had consented to par-
ticipate but who could not attend the session was offered
the opportunity to discuss the focus group topic guide in
an interview-style sitting (referred to as ‘interviews’ from
here on) at a later point. Where this happened, the inter-
views followed the same topic guide as the focus groups.

Three focus groups took place, two with stroke survi-
vors, and one with therapists, each session included up
to five participants. Two interviews were carried out with
therapists who couldn’t attend the focus group. Focus
groups were hosted virtually and were facilitated by two
members of the research team, one clinical researcher
(AP, PhD), male, with experience in qualitative research
and technology to support rehabilitation, and one non-
clinical researcher (AFN, MPhil), female, with experi-
ence in qualitative healthcare research. Interviews were
conducted by only the non-clinical researcher. Sessions
lasted 90 min. Conversation was directed by a topic
guide and a short video of existing markerless tech-
nology currently used for musculoskeletal and occu-
pational health screening (https://www.youtube.com/
watch?v=PT2zA39xnuY).

Participants were initially asked to talk about their
experiences of post-stroke rehabilitation. Later discus-
sion considered current applications of the technology in
an occupational health assessment setting. Participants
considered the technology and how it could be applied,
or would need to be adjusted, to be useful in a stroke
rehabilitation setting (Supplementary Material 1). When
talking about integration of technology into community
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rehabilitation, questions were used openly to encourage
discussion of potential consideration for the future, unre-
stricted by limitations like cost or restrictions within the
NHS. The topic guide was used flexibly within the ses-
sion, the video was presented as an indication of the kind
of impact that markerless motion capture could bring to
stroke rehabilitation and used as basis for discussion, not
as a fixed example. Discussion was additive and expanded
on individual ideas, thinking creatively and in an ideal-
istic fashion, beyond concepts in the example video and
topic guide, as participants identified their needs within
stroke rehabilitation and the ways that markerless motion
capture could meet or expand on them. Stroke survivors
were offered breaks and were encouraged to pause if they
needed to rest e.g. if they felt fatigued.

All focus groups and interviews were video and audio
recorded, and transcribed verbatim to produce ano-
nymised transcripts used for analysis. AFN took notes
during the focus groups.

The sample of participants was informed by the con-
cept of information power, considering the study’s
defined aim, focused data gathering, knowledge and
experience of the participants, preparation, and ongoing
review [36]. Recruitment, however, was limited by events
of the Covid-19 pandemic which took place during this
study period.

Data analysis

Reflexive thematic analysis was carried out following
the guidelines by Braun & Clarke [37]. Codes were gen-
erated inductively for all transcripts by one non-clinical
author (AFN) using open coding techniques. Codes were
checked by two members of the research team, one clini-
cal (EL) and one non-clinical (AFN), facilitated by N'Vivo.
Themes and subthemes were generated iteratively by
both researchers independently according to common-
ality across the dataset, significance to the participants,
and relevance to the research questions. The preliminary
themes and findings from each researcher were brought
to a wider project meeting where they were developed
and refined with regular revisiting of the data to confirm
understanding and ensure that the analysis accurately
represented participants’ experiences.

Reflexivity

The research team was constructed of people from a
range of experiences, including clinical academic physio-
therapists, a health researcher, a stroke survivor and an
academic bioengineer. A reflexive approach was taken,
where the research team brought knowledge and insight
from their experiences and disciplines to develop a
meaningful analysis of the accounts, acknowledging the
influence of their background on the focus and interpre-
tation of the data.

(2024) 21:168 Page 4 of 11

In recognition that markerless motion capture is an
emerging field and has not yet been embedded into clini-
cal practice, it was identified that focus groups partici-
pants, while familiar with stroke rehabilitation and stroke
rehabilitation systems, may have had a limited aware-
ness of markerless motion capture and its capabilities. To
address this, lay language was used consistently through-
out discussion.

Analysis

Eight stroke survivors participated in the stroke survivor
focus groups (five women, three men) with one further
participant (carer) who sometimes spoke on behalf of a
participant with speech impairments. Stroke survivors’
strokes ranged from 6 months to 5+years prior to the
focus groups. Five physiotherapists took part in the study,
all women, all physiotherapists working in NHS stroke
rehabilitation services with 3-20 years of experience,
three in one focus group, two interviews. Roles included
acute neurorehabilitation roles, early supported stroke
discharge team, and community stroke services.

Findings
Five themes were identified across the stroke survivor
and therapist focus groups:

+ Limited access to community care.

+ Personal motivation.

+ Pandemic changed rehabilitation practice.

+ DPerceptions of markerless motion capture in stroke
rehabilitation systems.

+ Role of markerless technology for providing
feedback.

A note about language: Participants in this study were
unfamiliar with motion capture technology or the dis-
tinction between technology, software, or how mark-
erless motion capture technology could be specifically
integrated into stroke rehabilitation software. In discus-
sion, participants discussed technology, rehabilitation
software, and hosting device as one unit. Terms used in
discussion reflected a lay understanding of these con-
cepts, and participants used the term ‘technology’ to
describe markerless motion capture technology embed-
ded in software for stroke rehabilitation, as well as digital
devices which could support use of stroke rehabilitation
software e.g. an iPad. Comments about non markerless
motion capture technology, which was already used to
support stroke rehabilitation, was discussed using spe-
cific terms e.g. GripAble, YouTube, or named assistive
devices.
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Limited access to community care

Stroke survivors described feeling that they were not
given enough support post-discharge from hospi-
tal and described struggling to access follow up sup-
port in the community, and this was also raised by the
physiotherapists.

“I think I find it interesting that everybody in this
group has said that they want to progress more. They
want to do more but there aren’t the facilities” 04,
stroke survivor.

“I think I think we see that patients always want to
do more, we just sadly haven’t got the time” Physio-
therapist C.

Limited access was presented through: long waiting lists;
inability to access appropriate community services due to
lack of referral, services unavailable in the area, or refer-
ral to services not specific to stroke; narrow, finite, geo-
graphically limited, or time sensitive entry criteria for
services often based on patients’ presentation post-dis-
charge; or services cut off after a fixed number of weeks.
Individual stroke survivors also mentioned being unable
to access support due to personal limitations:

“I had some other problems because I can’t drive [...
and I] can’t get someone to take me” 01, stroke sur-
vivor.

Personal motivation

Although stroke survivors described difficulties accessing
community rehabilitation services, most expressed high
levels of motivation to support themselves with their
post-stroke rehabilitation.

“I'm doing my own physio, obviously, continue on
from the NHS basic physio and I'm working through
[a] stroke manual” 02, stroke survivor.

Stroke survivors described searching for additional
stroke specific programmes, community programmes,
stroke specialist therapists/trainers, and research proj-
ects which could offer guidance and support. Financially
able stroke survivors described attending stroke services/
facilities or buying rehabilitation equipment/technology,
but this was not available to everyone. Many stroke sur-
vivors described limitations in the resources they could
access due to cost. This encouraged some to participate
in research studies which were free and facilitated access
to rehabilitation training or equipment:

“I just keep looking on the internet to see whether
there’s anything that'’s come along. Either technology-
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wise or any otherwise to see what improvements can
be made or what research is going on and if there’s
something that I think that might be useful to me,
then I'll join in with it” 03, stroke survivor.

This participant described using existing stroke rehabili-
tation devices (e.g. GripAble) and said that gamified exer-
cises and feedback on progress further improved their
motivation to engage with rehabilitation:

“[1t is] a bit of fun and you measure your own prog-
ress, which is important”. 03, stroke survivor.

Pandemic changed rehabilitation practice

All participants discussed the impact of the Covid-19
pandemic on rehabilitation services. Therapists described
restrictions in community services and the associated
increases in time that stroke survivors spent without
access to therapist-led programmes. Stroke survivors
described impact of the loss of home visits on their
practice:

“I cannot do exercises on my own but if I have some-
body there to help me, it’s spurs me on to do more
[...] but then when the pandemic started, they said
they couldn’t do it again..” 01, stroke survivor.

Stroke survivors described how social distancing regu-
lations had caused more services to offer virtual ser-
vices which inadvertently increased access to a broader
geographical area. This was very well received by stroke
survivors, particularly those who lived in areas with few
available services.

“[...] Since Covid-19, obviously, [in-person rehabili-
tation] hasn’t been able to happen, but I found lots
of things online, so I actually think it’s been a positive
thing that people, organizations have been forced to
use technology to deliver their services. My physio is
based down near Northampton. I've never met them;
it’s all done online. That wouldn’t have happened for
me because where I am up in the North-West, there
just isn’t the services available” 04, stroke survivor.

Perceptions of markerless motion capture in stroke
rehabilitation systems

All participants were positive about the benefits that
markerless motion capture technology could bring to
community stroke rehabilitation. Stroke survivors, when
considering markerless motion capture technology
embedded within stroke rehabilitation software, saw this
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as an opportunity to receive personalised guidance when
they were unable to access other services:

“If we have the app when we leave hospital, [...] he
can be engaged with physio straightaway rather than
being left for 2—3 years with nothing” Carer of 05.

However, both stroke survivors and therapists had reser-
vations. Therapists suggested that some survivors, partic-
ularly those with cognitive issues or perceptual problems,
may not have skills to access device-based therapy. They
suggested that markerless motion capture technology
embedded in digital stroke rehabilitation systems could
be appropriate for use with 10-20% of the stroke survi-
vors they worked with:

“You're definitely not going to give it to all your
patients, I think it's going to be appropriate for
maybe 20% of the caseload” A, physiotherapist.

Stroke survivors and therapists raised access to devices
and equipment as a significant barrier for uptake, often
associated with cost and financial limitations:

“We found in the pandemic that a lot of our patients
can’t access technology” A, physiotherapist.

Therapists noted that users would need to be self-moti-
vated to engage with unsupervised rehabilitation:

“[It’s going to be] patient led. You've got to make sure
that the patient’s on board” B, physiotherapist.

While stroke survivors were concerned that stroke reha-
bilitation software would not be able to provide the same
level of tailored support, or the social opportunity, of an
in-person therapist.

“But I'm not sure whether it could actually take the
place of somebody being physically there” 05, stroke
survivor.

Role of markerless technology for providing feedback
Physiotherapists perceived that markerless motion cap-
ture technology which provides biofeedback, integrated
into a stroke rehabilitation software, could support per-
sonalised care which could respond to stroke survivors’
needs. The potential to receive user-specific guidance
and feedback about quality of movement in real time was
considered to be useful for stroke survivors’ rehabilita-
tion and development:
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“Initially looking at that, that looks amazing: the
amount of data that you're collecting, the amount
of feedback you're getting, the actual fact that the
patient themselves is getting that visual feedback
and commodity. There’s so many great things about
it” C, physiotherapist.

Having a record of development was also suggested to be
“motivational and helpful” (C) for stroke survivors and
was thought likely to promote adherence.

“The differences are so small that the patients some-
times don’t see it and then lose hope, but if they can
focus on ‘right today I've got to achieve this’ or some-
thing like that, I think it’s a good easy goal to be rec-
ognized.” B, physiotherapist.

Physiotherapists mentioned specific things that needed
to be considered to make any stroke rehabilitation soft-
ware suitable for use with stroke survivors, particularly
consideration of patient safety during use:

“How long do we know they can tolerate it before
fatigue sets in? Is that monitored via the technology
[...]?” D, physiotherapist.

Physiotherapists suggested that fatigue could be moni-
tored through movement measurement and described a
need for a safety feature which stops exercises and pro-
motes rest when user activity reaches a certain threshold.

Stroke rehab exercises are varied and affect different
parts of the body, and so further concerns were raised
around the range of exercises that the technology would
need to include:

“My main concern would be that they need a mas-
sive library of exercises” A, physiotherapist.

In particular, physiotherapists stressed that any stroke
rehabilitation systems would need the camera or host-
ing device to be able to be moved between positions to
capture different parts of the body. This would enable
the system to be used for exercises for different parts of
the body, e.g. on a table to measure arm and hand move-
ment, on the floor to measure leg and foot movement.
The system would also need to measure around objects
used in exercises or assistive devices e.g. walking sticks or
items in the home, like tables, which may be in use while
the user practices the exercise.

Finally, physiotherapists stressed that any stroke reha-
bilitation program needs to be easy to use and under-
stand, and needs to be accessible to stroke survivor needs
which can include physical difficulties, problems with
communication, visual limitations, and fatigue.
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“Sometimes you might just want [guidance] to be
given very very directly, using a minimal number of
words” C, physiotherapist.

Discussion

As technology progresses and telerehabilitation is
increasingly integrated into healthcare, it is important
to consider stakeholders, their needs, and the context in
which the technology will sit. This is important for sup-
porting the development of technology for future use and
ensuring that it meets the needs of the users. This study
aims to consider context, stakeholders, and key uncer-
tainties in this area, exploring stroke survivor and physio-
therapist attitudes towards the use of markerless motion
capture technology within community stroke rehabilita-
tion. While we recognise that markerless motion capture
technology is not an intervention itself, the ability to take
measurements has the potential to provide context spe-
cific feedback that is essential for successful rehabilita-
tion. Participants identified positives of the potential use
of technology and suggested adaptions needed for it to be
useful in this setting.

The focus groups drew attention to difficulties faced
by stroke survivors as they try to access sufficient reha-
bilitation, and some of the physical consequences of this
lack of access. This is not a new finding per se [5] and
highlights the ongoing challenges in accessing stroke
rehabilitation services since the National Stroke strategy
was published in 2007 [30]. However, this study draws
attention to the continued presence of this deficit, and
its exacerbation by the Covid-19 pandemic. Insufficient
access to rehabilitation can affect stroke survivors’ recov-
ery which further negatively impacts quality of life and
participation in society. Whilst technology may be used
to augment existing rehabilitation services, further work
is needed to ensure they are matched appropriately to
the patient and that clinicians feel that this can be inte-
grated into their practice. This is particularly important
given the new guidelines which have increased the rec-
ommended dosage to 3 h of multidisciplinary therapy a
day at least 5 days a week [2]. In light of these increases,
it is important to develop systems which can support this
need for increased rehabilitation without significantly
increasing the demand on already stretched services or
further embed existing health inequalities [38]. If inte-
grated into a stroke rehabilitation program, markerless
motion capture technology could improve the quality
of therapist contact time by enhancing targeted ther-
apy. By enabling patients to carry out their exercises in
a supported way and with personalised feedback based
on measurement, it could also reduce contact time with
physiotherapists and so reduce treatment costs. By facili-
tating independent patient rehabilitation, it may also
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allow for other relevant components of rehabilitation to
be worked on when the supporting physiotherapist is
present.

Such technology has not been generalised in stroke
rehabilitation in the NHS, UK, nor has it been integrated
into easily accessible stroke rehabilitation support pro-
grams for stroke survivors in the community. Hence in
this study, participants were shown an example of mark-
erless motion capture technology used within an existing
musculoskeletal and occupational health assessment sys-
tem, which displayed many features that would be ben-
eficial for stroke rehabilitation. All participants, stroke
survivors and therapists, were positive about markerless
motion capture technology and its potential for beneficial
use in community stroke rehabilitation. All participants
were clear that, even with further development, such sys-
tem may not be suitable for all stroke survivors with more
severe disability or complex impairments. Participating
physiotherapists suggested that a rehabilitation system
which integrated this kind of technology may only be
useful for an estimated 10-20% of stroke survivors due to
problems with cognition, perception or skills. There will
also be limitations where stroke survivors or physiothera-
pists are not comfortable with, or cannot access, devices
which can support the software or technology. However,
for those able to access it, technology such as this, in a
program developed for stroke rehabilitation, could sup-
port informed, effective rehabilitation which could have
a positive impact on movement and outcomes [3-5].
Supported independent practice could also potentially
allow for therapist resources to be reallocated or enable
patients to engage with rehabilitation for longer periods
of time, addressing concerns noted in the focus groups.
Further development, however, is needed to integrate
this technology into stroke rehabilitation software and
improve its clinical application.

The Covid-19 pandemic has changed the way that
health services are delivered, including in acute and sub-
acute stroke rehabilitation [25] and in community stroke
rehabilitation services [23]. However, existing telerehabil-
itation services within the literature are focused on com-
munication, therapist observation of movements, and
cognition rather than home or community-based mea-
surement systems that provide biofeedback as a part of
rehabilitation [18]. Several other commercial based prod-
ucts that measure physiological parameters and provide
some forms of biofeedback are available e.g. heart rate
or activity monitors. However, these are not integrative
or specific to the range of impairments that can affect
individual stroke survivors. It is important to note that
biofeedback is context specific, considers the environ-
ment in which the action is being undertaken and deliv-
ered at a time, and in a format that is most helpful to the
person undertaking rehabilitation. Research during the
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pandemic agreed that technology and telerehabilitation
was an effective way to increase the amount of rehabilita-
tion available to stroke survivors, providing that patients
met necessary conditions to use the technology [38,39).
This is further reinforced by pre-pandemic research [8,
14, 18, 31] and highlights an area which, with further
development, could increase the availability of services to
stroke survivors and support wider development of resil-
ient healthcare services. Within this study, participants
were all positive about the integration of technology into
community stroke rehabilitation and, providing it was
developed for stroke survivors, considered it a good way
to increase access to stroke rehabilitation services. Tech-
nology which uses markerless motion capture technology
and accurately assesses user movement during exercises
could be an easy way to facilitate telerehabilitation at
home. Whilst telerehabilitation enables increased access
through removal of geographical barriers, availability
of equipment, possibly driven by cost and digital provi-
sion may present and alternative barrier to both patients
and services [23]. Single device markerless hardware that
allows for extraction of 3D measurements is becoming
more readily available in personal computing devices
and mobile phones which are more readily affordable.
When combined with relevant software, the ‘'markerless
systems’ could allow stroke survivors to access support
without the difficulties of having to set up and manage
technical equipment, whilst still collecting biomechanical
data on their movements and the quality of their exercise.
These systems could also be integrated into the existing
care pathways in which the cost is not passed onto the
user.

Participants suggested a series of necessary elements
to make the presented markerless motion capture tech-
nology appropriate for stroke rehabilitation. Stroke
rehabilitation is varied and any application of this tech-
nology into community rehabilitation software needs to
include a range of exercises and must also be able to work
around objects used in exercises or assistive devices.
Safety should also be considered and incorporated to
ensure survivors are not at risk while exercising [12]. This
is particularly relevant where technology of this kind is
applied to support individual practice in the community
as the stroke survivor may not be assisted or accompa-
nied as they exercise. Current rehabilitation exercises
consider what the stroke survivor will be able to do alone
with minimal risk of harm and this should be integrated
into technology, considering risk of falls and whether the
survivor is alone or accompanied when presenting exer-
cises to the user. Physiotherapists suggested that measur-
ing metrics like patient wellness/perception of activity
and assessment of fatigue over time could form part of an
exercise cut-off system to ensure patients are safe to use
the technology unsupervised.
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User engagement and motivation is necessary for
stroke rehabilitation [40, 41] and is important in situa-
tions where stroke survivors are working independently.
Although engagement with rehabilitation is complex and
multifaceted [41, 42], incorporating elements like games,
achievement, and progress tracking may help adherence.
In this study, one participant mentioned how activities
and monitoring progress seen in existing strength sen-
sor-based biofeedback systems made rehabilitation fun
and improved motivation to continue. Remaining in con-
nection with a physiotherapist during exercises has also
been identified as a motivator [42] and was described as
a desirable feature of rehabilitation technology by stroke
Survivors.

The ability of a user to access and use any technology
or rehabilitation system is very important. Stroke survi-
vors have a complex range of accessibility needs which
will vary between each user, and so any technology must
accommodate the range of impairments experienced by
stroke survivors, including a range of accessibility func-
tions. In addition to visual and audio accessibility struc-
tures already used, for example within the NHS, stroke
specific needs should be considered in the construction
of the technology interface and in any communication,
for example the delivery of feedback and guidance to
stroke survivors users [43].

In line with previous studies [8, 32], cost was regu-
larly mentioned by all participants, including cost of the
technology/app, the device to host it, and the resources
and internet infrastructure to support it. Other ele-
ments to be considered include the need for the service
to last beyond the usable life of the technological device
it is hosted on. Technology is developing at an intense
rate, so it is important to ensure that any system built
for stroke rehabilitation is integrative with other ser-
vices and can remain useful, not made redundant as
technology develops. A model with integrated updates
for developing hardware will ensure that the technology
remains relevant and useful for stroke survivors into the
future. Wherever possible, effort should be made to uti-
lise the most affordable and accessible materials possible
to minimise potential users from being ostracised from
healthcare services. Further considerations of aspects
like integration with existing patient information systems
would be useful, to ensure that records can be updated in
light of training — which will improve ease of use in clini-
cal environments.

Finally, while socialising is not the primary function of
rehabilitation, the impact of loss of social links, including
visits from clinicians, can impact on survivors’ wellbeing
and so should continue to be considered while develop-
ing community stroke rehabilitation programs which
integrate markerless motion capture technology.
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This study has identified user considerations and
conceptual support for the use of markerless motion
capture technology within stroke rehabilitation in the
community. It is clear that there is a need for a system
or software which can support stroke survivors as they
exercise, and which can supplement or increase benefit
of therapist time when stroke survivors are otherwise
unable to access services or support. The ability of mark-
erless motion capture technology to measure joint and
body movements in a rehabilitation context and with an
acceptable level of error could support stroke rehabilita-
tion which is tailored to the individual who is using it,
rather than generic support. It should be noted, however,
that participants in this study were prospective users of
a specific single markerless camera and associated plat-
form and not developers or groups with prior knowl-
edge of this form of technology. These findings should be
treated as guidance to support further development of
software and technology for this group. Future research
should include similar feasibility discussions with devel-
opers, perhaps in connection with specialist clinicians,
to discuss the practicalities of integrating markerless
motion capture technology into community stroke reha-
bilitation software. Supplementary Material 2 includes
a complete specification for the development of a mark-
erless motion capture based community rehabilitation
system, based on the thoughts and needs of stroke survi-
vors and physiotherapists, which can be used to support
future work. Further development and testing of commu-
nity stroke rehabilitation systems should meet the needs
expressed by participants in this study and must be done
in collaboration with stroke survivors and relevant clini-
cians to establish ways to support effective stroke reha-
bilitation in the community.

Limitations
The study was impacted by Covid-19 restrictions, and
this significantly affected our ability to recruit; funding
limitations meant that we were unable to return to this
study following the pandemic. While we received some
interest from stroke survivors, recruitment from thera-
pists was limited and not very diverse. It would have been
beneficial to include a wider range of therapists, particu-
larly those from different backgrounds, to gain additional
insight into their understanding of post-stroke rehabilita-
tion. Low responses were understandable given the cir-
cumstances, but those who participated were able to give
an informed response and talked openly and in detail
about their experiences, discussions with the participants
have offered valuable insight into areas which merit fur-
ther investigation and support, particularly regarding
stroke survivors’ ability to navigate the healthcare system.
While we identified personal motivation as a key theme
in these focus groups, we acknowledge that there was a
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sampling bias in favour of stroke survivors and thera-
pists who were already motivated enough to engage with
research, their own rehabilitation, and were already com-
fortable using technology for video calls (and who have
the finances and resources accessible for personal use).
Our use of a private service mailing list for recruitment is
likely have contributed towards this unbalance. However,
we found that virtual recruitment and participation was
beneficial for recruiting stroke survivors as it allowed us
to identify and talk to individuals from across the coun-
try. Virtual meetings also reduced the burden of par-
ticipating for those who may have struggled to attend in
person, either due to the demands of travel or the energy
cost associated with participating. We acknowledge that
hosting sessions in this way excludes people without
access to devices or the internet etc. and cannot guaran-
tee that every stroke survivor will be as motivated to sup-
port their own rehabilitation or will have the resources to
do so. Future research is needed to better understand the
perceptions of people who are less willing to engage with
rehabilitation or technology to explore their perceptions
of markerless technology.

Discussion talked generally about ‘technology’ to sup-
port community stroke rehabilitation — and this lost
some of the distinction between what was markerless
motion capture, what was software or hardware to sup-
port the use of motion capture technology in stroke reha-
bilitation, and what was community stroke rehabilitation.
While this makes it difficult to narrow down the specifics
of exactly how markerless motion capture can be used in
stroke rehabilitation settings, it draws attention the views
and knowledge level of the people who will be using any
final software/technology and the way that technology
and clinical knowledge is integrated in systems like these.
Stroke rehabilitation should always be considered holisti-
cally, considering the individual at the heart of the reha-
bilitation and their needs/responses. This is a benefit of
markerless motion capture, which through measurement
is able to support the tailoring of rehabilitation to meet
individuals’ needs, but holistic consideration of individ-
ual user needs should be considered when developing
software for future use. There may be additional benefits
of markerless motion capture which the participants did
not consider or discuss in their focus group, which may
benefit community stroke rehabilitation. This would ben-
efit from further investigation.

Conclusion

From these focus groups, it is apparent that there is a
need for support with stroke rehabilitation in the com-
munity. Rehabilitation technology could provide a means
to aid stroke survivors and therapists in these areas.
The changes in the pandemic have increased the use of
technology in healthcare. At the same time, developing
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technologies have improved and affordable access has
increased to the public. Stroke survivors and therapists
discussed problems with stroke survivors accessing ser-
vices but were positive about the prospect of incorpo-
rating technology into their future, particularly where it
could supplement services that were inaccessible either
due to cost, availability or location. Markerless technol-
ogy has the potential to be put into homes where it could
provide support for stroke survivors who may be unable
to access any other support and could improve the quality
of therapist contact time by enhancing targeted therapy,
reducing contact time and treatment costs. This could
positively affect stroke rehabilitation and support stroke
survivors’ quality of life. While care needs to be taken to
ensure that the technology is accessible to all users, as
the country moves into the post-pandemic era and works
to further integrate technology into the healthcare path-
way [27, 37], telerehabilitation which utilises markerless
motion capture technology could be developed to sup-
port stroke rehabilitation services and empower stroke
survivors in their rehabilitation, ensuring that they have
a means to access rehabilitation continuously upon dis-
charge from hospital. For therapists, this form of telere-
habilitation could also provide an additional tool that can
be used to support stroke survivors in the community.
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