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Abstract

Background: Robot-assisted upper limb therapy (RT-UL) is an emerging
intervention for stroke survivors with upper limb (UL) impairments. Research into
RT-UL has concentrated on investigating the clinical efficacy but implementation
and use of RT-UL in routine practice has not yet been adequately explored. This is a
notable gap in the field when considering that non-adoption and abandonment is
common for health technologies in the clinical setting. The aim of this doctoral
research program was to investigate the implementation and use of the InMotion,

RT-UL device, for the first time in an Australian clinical setting.

Methods: A multiple methods approach was used in this program of research
involving four studies, two qualitative and two quantitative. Study 1 explored
therapists’ perceptions of RT-UL prior to the implementation through discipline
specific focus groups. Study 2 was an observational study that investigated the
amount of UL practice performed by subacute stroke survivors pre and post RT-UL
implementation. Study 3 involved audits of RT-UL computer data to investigate the
sustainability of RT-UL as part of routine practice over a two-year period. Study 4
explored therapist perceptions of the RT-UL post implementation through discipline

specific focus groups.
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Results: Study 1 identified therapists were positive towards the implementation of
RT-UL perceiving the device would provide opportunity for increased UL practice
for strokes survivors in their clinical setting. The availability of a single RT-UL
device may however create unique logistical challenges. Study 2 observed a
significant increase in UL practice for stroke survivors including those with severe
UL impairment following the implementation of RT-UL as part of routine practice.
Study 3 discovered that RT-UL was in continued and regular use with stroke
survivors two years after implementation. Study 4 found both disciplines continued
to be accepting of RT-UL post implementation but it was physiotherapists who
predominantly prescribed RT-UL. Implementation of RT-UL had been largely
successful due to an increased level of UL practice for patients, the ease of using the
device as part of routine practice and positive reception from patients. The

implementation process was also clinician initiated and led.

Conclusion: This research program was the first to evaluate the implementation of
RT-UL into the routine practices of an Australian rehabilitation setting. New
knowledge was acquired about RT-UL use with stroke survivors including
occupational therapists and physiotherapists perceptions, impact on the amount of
UL practice able to be delivered, sustainability of RT-UL within the inpatient

rehabilitation setting and barriers and facilitator to RT-UL implementation.
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Chapter 1 - Introduction and background

Stroke is a leading cause of death and disability in Australia (Deloitte Access Economics,
2020).1In 2020 an estimated 27,428 Australians experienced a stroke and a total of 445,087
Australians were living with the effects of stroke (Deloitte Access Economics, 2020). The
majority of stroke survivors experience impairment in the upper limb (UL) with few going
on to achieve complete recovery of the UL (Winstein et al.,, 2016). Upper limb impairment
is a primary contributor to disability and associated with reduced quality of life for stroke
survivors (Faria-Fortini et al.,, 2011; Morris et al,, 2013). It is important that effective and
viable approaches to rehabilitation of the UL following stroke are identified and
successfully implemented within routine practice. Robot-assisted upper limb therapy (RT-

UL) has been proposed to be one such intervention.

In broad terms, RT-UL involves the retraining of the UL by the application of an
electromechanical device to the person’s UL to assist with and facilitate the repetitive
performance of prescribed UL movements (Mehrholz et al., 2018; Veerbeek et al., 2017).
RT-UL is purported to provide retraining that is motivating, intensive, repetitive and
requiring minimal therapist input (Morone et al., 2020). Over the past two decades there

has been a growing body of evidence supporting the efficacy of RT-UL (Morone et al., 2020)



and since the commencement of this research program in 2016 a number of new RT-UL
clinical trials (Aprile et al., 2020; Dehem et al., 2019; Rodger et al., 2019) and systematic
reviews have been published (Chen et al., 2020; Ferreira et al,, 2021; Mehrholz, 2019;
Veerbeek et al,, 2017; Wu et al,, 2021). RT-UL has been established as an effective
intervention for improving UL strength and motor function and is recommended globally in
stroke guidelines (Mehrholz et al.,, 2018; Morone et al., 2021; Stroke Foundation, 2022; Wu
etal, 2021). Alongside Australia, countries with RT-UL recommended as part of national
guidelines include Scotland, New Zealand, Netherlands, Canada, United Kingdom and

Unites States of America.

Coinciding with the increase in RT-UL evidence has been the increased implementation of
RT-ULinto routine practice (Morone et al., 2020). Although not available universally in
Australia, RT-UL is now used with stroke survivors in a number of Australian rehabilitation
facilities (Stroke Foundation, 2022). This emergence of RT-UL is reflective of the ongoing
need for clinicians to improve the quality and quantity of UL practice for stroke survivors,
and in particular those who have severe UL impairment (Hayward et al.,, 2021). There is
also an onus on clinicians to be engaging with new technology to improve rehabilitation

outcomes. Notably, the World Federation of Occupational Therapists (WFOT) designated



the use of technology by occupational therapists as one of the professions top eight

research priorities (Mackenzie et al., 2017).

The focus of robot-assisted therapy research has been on determining the efficacy of RT-UL
for stroke survivors, and there has been limited exploration of the implementation of RT-
UL once in the clinical setting. It is well known that new health technologies are not always
readily adopted into routine practice and in some cases abandoned (Greenhalgh et al,,
2017). The implementation of RT-UL in practice is important when considering the
potential benefits of RT-UL for stroke survivors but also the significant financial outlay
associated with the implementation of these robotic devices. Further investigation of the
implementation of RT-UL into routine practice is needed and this was the focus of this

research program.

1.1 Aims of this thesis

The overall aim of this doctoral research program was to investigate the use of the
InMotion robotic device as it was implemented for the first time into an Australian clinical
setting. The principal research outcome of this research program was to address the

current gap in understanding relating to implementation of RT-UL into routine practice,



and to provide substantial and practical guidance to clinicians involved in the rehabilitation

of stroke survivors.

The implementation process for the InMotion device was investigated against eight
outcome measures of implementation success (Proctor et al., 2011): acceptability,
sustainability, feasibility, appropriateness, fidelity, penetration, implementation cost and
adoption. An in-depth investigation of all eight implementation outcomes was beyond the
scope of this research program. Consequently, acceptability, sustainability and feasibility
were given priority and considered primary outcome measures for this research program
with the remaining five outcome measures considered secondary outcome measures. Table
1.1 defines each of the eight implementation outcomes, the study in which each outcome

was investigated and how each of the outcome was measured.



Table 1.1 Definitions and measurement of implementation outcomes for each of the studies

Implementation Outcomes

Definition

Study

Measurement

Primary outcomes

Acceptability

Sustainability

Feasibility

Secondary outcomes

Appropriateness

Perception among
implementation stakeholders
(e.g. therapists) that a new
intervention is agreeable,
palatable, or satisfactory within a
particular clinical setting.

Extent to which a newly
implemented intervention is
maintained within a service
setting’s ongoing, stable
operations.

Extent to which new intervention
can be successfully used or
carried out within a given agency
or setting

Perceived fit, relevance, or
compatibility of new intervention
for a given practice setting,
provider, or consumer; and/or
perceived fit of the intervention
to address a particular issue or
problem.

Studies 1 & 4

Study 3

Studies 2 & 3

Studies 1,2,3 & 4

Pre and post
implementation focus
groups with treating
therapists

System Usability Scale

Audit of RT-UL computer
data

Observation of sub-acute
stroke survivors therapy
sessions

Audit of RT-UL computer
data

Pre and post
implementation focus
groups with treating
therapists

Observation of sub-acute
stroke survivors therapy
sessions

Audit of RT-UL computer
data



Implementation Outcomes Definition Study Measurement

Fidelity Degree to which new intervention Study 2 Observation of sub-acute
was implemented as intended stroke survivors therapy
(e.g. dosage or amount of sessions

program delivered).

Penetration Integration of new intervention Studies 2 & 3 Observation of sub-acute
into the practices within a service stroke survivors therapy
setting sessions

Audit of RT-UL computer

data
Implementation cost Cost impact of an implementation  Study 3 A direct analysis of the cost-
effort for a new intervention. benefits of implementing

RT-UL was beyond the scope
of this research program,
however, basic conclusions
relating to the financial
implications of
implementing RT-UL were
drawn from audit of RT-UL
computer data.

Adoption Intention, initial decision, or Studies 1, 3 & 4 Pre and post
action to try or employ a new implementation focus
intervention. groups with treating
therapists

Audit of RT-UL computer
data

Note. Adapted from definitions and measures described in Proctor et al. (2011).



1.2 Overview of the thesis

This thesis consists of seven chapters:

Chapter 1 - Introduction and background

Chapter 2 - Methods and design

Chapter 3 - Study 1: Introducing robotic upper limb training into routine clinical
practice for stroke survivors: Perceptions of occupational therapists and
physiotherapists. (Pre-RT-UL implementation)

Chapter 4 - Study 2: Repetitions, duration and intensity of UL practice following the
implementation of robot assisted therapy with sub-acute stroke survivors: An
observational study.

Chapter 5 - Study 3: Sustainability of upper limb robotic therapy for stroke survivors
in an inpatient rehabilitation setting.

Chapter 6 - Study 4: Implementing robotic upper limb training into routine clinical
practice for stroke survivors: Perceptions of occupational therapists and
physiotherapists. (Post-RT-UL implementation)

Chapter 7 - Discussion and conclusion



1.3 Background

This background section will explore the literature related to the use of RT-UL with stroke
survivors and contextualise the reasons for the emergence of RT-UL in routine practice.
This chapter will firstly cover the prevalence and impact of stroke on the UL, principles of
UL stroke rehabilitation and current practice in post stroke UL rehabilitation. Following
this an overview will be provided of the types of available RT-UL devices and the evidence
related to RT-UL efficacy, safety and cost. A particular focus will be given to describing and
summarising the literature related to the InMotion device, which is the robotic device
investigated as part of this research program. Finally, this chapter will review the few
studies that have previously explored RT-UL implementation within the clinical setting and
summarise the ongoing gaps in the RT-UL implementation literature and how this program

of research looked to address these gaps.

1.3.1 Upper limb impairment post-stroke

Upper limb impairment is a common and persistent challenge for stroke survivors. Of the
2806 stroke survivors audited as part of the 2019 Australian national stroke audit 72%
experienced UL impairment (Stroke Foundation, 2020). For a majority of these stroke

survivors their UL impairment will continue to linger for months and years after the initial
8



event. Kwakkel et al. (2003) in their prospective cohort study with stroke survivors with
severe UL impairment identified that at six months post stroke only 38% of participants

showed some recovery of the UL and just 12% experienced complete recovery.

Upper limb impairment describes deficits at the level of the body systems and structures
(Gillen & Nilsen, 2021) as per the International Classification of Function and Disability
(World Health Organization, 2001) and these impairments can be categorised as either
positive or negative (McCluskey et al., 2017). Positive UL impairments refer to exaggerated
sensorimotor responses post stroke and include spasticity and hyperactive reflexes
(McCluskey et al., 2017). Negative UL impairments involve a loss or reduction in the
sensorimotor system and include weakness, reduced coordination and loss of sensation
(McCluskey et al.,, 2017). Weakness is the most common UL impairment experienced by
stroke survivors (Winstein et al., 2016). Upper limb impairments may also lead to
secondary complications such as contracture, pain and learned non-use of the UL (Pollock

etal, 2014).

The impact of these post stroke UL impairments is considered in terms of the impact on UL
function (Gillen & Nilsen, 2021; Lang et al., 2013; McCluskey et al., 2017). The term function
is not always clearly defined or used in a consistent way within the literature in relation to

the ICF definition of function (Gillen & Nilsen, 2021). This is reflective of the multiple
9



disciplines contributing to this field of research as well as the many and varied assessment
tools used to measure UL function. Principally, the term function can be considered to refer
to the use of the UL to perform a purposeful movement (e.g. grasping a pen or reaching for
a cup) (Lang et al,, 2013). Upper limb weakness has been found to have the most impact on
post stroke UL function (Ada et al., 2006; Harris & Eng, 2007) but a reduction in function is

often due to a combination of impairments (Lang et al., 2013).

Upper limb impairment has also been shown to negatively impact a stroke survivor’s
ability to perform their activities of daily living (ADL) and their quality of life as measured
using a range of standardised outcome measures (Chang et al., 2016; Lieshout et al., 2020;
Morris et al,, 2013). In a cross-sectional study involving 85 stroke survivors, UL
impairment (i.e. Rivermead Motor Assessment) was negatively associated with participant
quality of life scores (i.e. Nottingham Health Profile) (Morris et al., 2013). In a prospective
study of 2857 first-time stroke survivors, UL impairment (i.e. Fugl Meyer Assessment) at
discharge from hospital was predictive of performance of ADL (i.e. Functional
Independence Measure) and quality of life (i.e. Euro Quality of Life) at six months post
stroke (Chang et al., 2016). In a more recent study involving 250 stroke survivors, UL

strength (i.e. Motricity Index) was directly related to quality of life (i.e. Stroke Impact Scale)
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and improvement in UL strength over time resulted in improvement in participants’ quality

of life (Lieshout et al., 2020).

The efficacy of upper limb interventions like RT-UL should be evaluated in terms the
capacity to reduce UL impairment and improve motor function as well as improve stroke
survivors’ performance of ADL and quality of life (Pollock et al., 2014). The efficacy of RT-
UL at these different levels of recovery will be discussed in section 1.3.5, but now a
synopsis will be given of the core principles underlying post stroke UL rehabilitation. This
will help contextualise the proposed benefits of RT-UL and the reasons motivating

clinicians to implement RT-UL into routine practice.

1.3.2 Principles of upper limb motor recovery post-stroke

Over the past three decades UL rehabilitation for stroke survivors has increasingly been
informed and shaped by principles of neuroplasticity (Tunney, 2018). Neuroplasticity is
defined as “the ability of the nervous system to respond to intrinsic or extrinsic stimuli by
reorganising its structure, function and connections” (Cramer et al., 2011, p. 1592).
Neuroplastic changes that translate to motor recovery are largely the result of performing
movements that are repetitive, intensive and task-specific (Kleim & Jones, 2008; Maier et

11



al,, 2019). These principles form the basis for the efficacy of post stroke UL interventions
and in particular RT-UL (Pollock et al., 2014; Stroke Foundation, 2022). These three

principles of UL recovery will now be discussed.

Repetitive UL practice involves the repeated use of the paretic limb (Maier et al., 2019). The
exact number of movement repetitions needed to effect neuroplastic change and UL
improvement in people with stroke is uncertain (Kleim et al., 1998; Nudo et al., 1996; van
Vliet et al,, 2012). Very few clinical studies investigating post stroke UL interventions have
reported the number of repetitions completed by participants making it difficult to be
definitive (Vratsistas-Curto et al., 2021). In one randomised control trial, 85 stroke
survivors participated in one hour per day of UL practice in which they completed either a
100 repetitions per session, 200 repetitions per session, 300 repetitions per session or an
individualised maximum of repetitions for four days per week over a period of eight weeks
(Lang et al.,, 2016). There was modest change in motor function (i.e. Action Research Arm
Test) for the groups but no clear difference between groups. The prescribed number of
repetitions completed by participants in this study likely needed to be greater to
significantly effect recovery when considering the repetitions detailed in animal-based

studies (e.g. 400-600 repetitions) (Kleim et al., 1998; Nudo et al., 1996). Further research is
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needed to fully understand the relationship between repetitions required and clinical

outcomes, but it is likely that hundreds of repetitions are required.

Upper limb practice should not just be highly repetitive but also intensive (Kleim & Jones,
2008; Maier et al., 2019). Intensity of practice can be considered in terms of the amount of
active therapy engaged in by a stroke survivor during a session or day (e.g. 30
minutes/day) or alternatively the number of UL repetitions performed within a defined
time period (e.g. repetitions per minute) (Connell et al., 2014; Kimberley et al., 2010). As in
the case of repetitive practice, intensity of practice has not been well reported in clinical
trials and it is remains unclear what an effective level of intensity is needed for UL recovery
(Vratsistas-Curto et al., 2021). A randomised control trial involving 32 inpatient stroke
survivors compared the effects of participating in an UL program for either 1 hour (n=10),
2 hours (n=10) or 3 hours (n=10) a day, 5 days per week, for a period of 6 weeks (Han et
al,, 2012). All three groups experienced significant UL improvements (i.e. Fugl-Meyer
Assessment and Action Research Arm Test) but participants who received 2 to 3 hours per
day experienced greater improvement than those who received just one hour. Schneider et
al. (2016), in a metanalysis of 14 randomised trials, concluded that an increase in therapy
of 240% from usual therapy time (e.g. 30 minutes/day to 100 minutes/day) was required

in order to significantly improve motor UL function. Such an increase in practice levels
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would be challenging for clinicians to facilitate as part of routine practice without a
strategic shift in work procedures, e.g. lower patient to staffing ratios, or new intervention
approaches. RT-UL practice is an intervention that has been identified to help address this
challenge to increase the number of repetitions and intensity of UL practice for stroke
survivors (Stewart et al., 2017). The capacity for RT-UL to facilitate an increase in both
repetitions and intensity of UL practice in routine practice had not been previously

investigated and was the focus of Study 2 in this program of research.

The third key principle of UL rehabilitation following a stroke is task-specific practice
(Kleim & Jones, 2008; Maier et al., 2019). The principle of task-specific practice involves
performance of UL movements that are related to the completion of a task (e.g. drinking
from a cup) or a component of a whole task (e.g. grasping the cup) (French etal., 2016).
Both animal and human studies have shown that repetitive motor practice alone is not
sufficient to induce neuroplastic change but must be performed within the context of a
specific task (Perez et al., 2004; Plautz et al., 2000). A systematic review involving 33 trials
and 1,852 participants found a small but consistent improvement in the UL for stroke
survivors who had engaged in repetitive task-specific practice (French et al., 2016). Task-
specific practice can be challenging for stroke survivors with severe UL impairment who

have minimal to no active movement of the hand or arm. RT-UL has the potential to enable
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task specific practice with stroke survivors including those with limited active movement.
The capacity for RT-UL to facilitate task specific practice in routine practice, particularly
with stroke survivors with severe UL impairment, has also not been previously

investigated and was the focus of Study 2 and 3 in this program of research.

These three key principles of repetition, intensity and task specificity continue to be the
primary objective for clinical practice in UL rehabilitation and underlie many of the current
interventions used including RT-UL. Current UL rehabilitation interventions will be
discussed in the next section followed by an overview of studies that have explored routine
practice for post stroke UL rehabilitation. These two sections will help create a picture of

the clinical framework into which RT-UL is being implemented.

1.3.3 Types of upper limb intervention post-stroke

RT-UL is a relatively recent addition to a range of evidence-based interventions that have
emerged over the past three decades to address the physical impairments and functional
loss in the UL following stroke. These interventions include constraint induced movement
therapy, electrical stimulation, mirror therapy, biofeedback, virtual reality training and
bilateral arm training (Pollock et al., 2014; Stroke Foundation, 2022). More traditional

15



intervention methods to support and promote UL recovery after stroke also continue to be
part of practice such as stretching and positioning, strength training, mental practice and
activity-based practice (Pollock et al., 2014; Stroke Foundation, 2022). These interventions
can be broadly categorised into impairment-based interventions (e.g. electrical stimulation,
stretching and positioning, strengthening) and activity-based therapy or task specific
practice (e.g. practice of daily living tasks, functional reaching tasks) (Hayward, Barker,
Wiseman, & Brauer, 2013). “Usual therapy”, or conventional therapy, typically involves a
combination of these two categories of intervention (Pollock et al., 2014; Stroke
Foundation, 2020). Upper limb therapy can be provided by a one or more health disciplines
but principally undertaken by occupational therapy and physiotherapy within the
Australian inpatient rehabilitation setting (Stroke Foundation, 2020; Vratsistas-Curto et al.,

2021).

There are varying levels of evidence to support the effectiveness of UL interventions with
stroke survivors. Internationally, clinical guidelines are available to assist clinicians to
implement UL intervention programs. The Australian Clinical Guidelines for Stroke
Management recommend eight interventions to reduce UL weakness and improve UL
motor function (Stroke Foundation, 2022). These include strength training, constraint

induced movement therapy, RT-UL, virtual reality training, electrical stimulation, mental
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practice, mirror therapy and repetitive task specific practice (Stroke Foundation, 2022).
The guidelines classify the interventions as either strong or conditional recommendations.
A strong recommendation indicates that the benefits of the intervention outweigh the
harms for almost every stroke survivor and nearly all stroke survivors would want the
intervention. A conditional recommendation indicates that the benefits outweigh the harms
for most stroke survivors and the majority of stroke survivors would want the

intervention.

Strength training (i.e. for UL weakness) and constraint induced movement therapy (i.e. arm
activity) have strong recommendations in the Australian stroke guidelines with the
remaining six interventions classified as conditional recommendations (Stroke Foundation,
2022). Specifically, strength exercises that involve progressive resistance training are
indicated for stroke survivors with UL weakness (Dorsch et al.,, 2018). Similarly, constraint
induced movement therapy (CIMT) has a strong recommendation for use with stroke
survivors (Corbetta et al,, 2015; Stroke Foundation, 2022). The implementation of CIMT is
often limited by the considerable demand on the participants’ and therapists’ time to
complete a program (Viana & Teasell, 2012). Additionally, implementation of CIMT may be
restricted by the narrow patient eligibility criteria (e.g. some active wrist and finger

extension, no significant pain, no spasticity or reduced range of joint motion, minimal

17



cognitive deficits)(Corbetta et al.,, 2015; Morris et al., 2006; Taub & Uswatte, 1999). The
remaining six interventions, including RT-UL, are conditional recommendations for use in
routine practice as recommended in the Australian stroke guidelines. The guidelines also
provide specific information in the use of these UL interventions with stroke survivors
including clinical factors (e.g. severity of UL impairment) and practical considerations (e.g.
availability of equipment). This information in the guidelines as it relates to RT-UL will be

discussed in depth in section 1.3.5.

Overall, there are a range of evidence-based UL interventions available to clinicians to
implement into routine practice. An overview of studies that have investigated what
routine practice currently looks like for stroke survivors in terms of the type of
interventions in use (i.e. impairment verses task-specific) and amount of UL practice
performed will now be provided. This will highlight the current shortfall in routine practice

to provide repetitive intensive task-specific practice, a primary beneficial feature of RT-UL.

1.3.4 Current routine practice for upper limb rehabilitation post stroke
It is well established that the amount of UL therapy received by people with stroke as part
of routine clinical practice is sub-optimal (Hayward & Brauer, 2015). Following stroke,
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people are often limited in their capacity and opportunity to perform high amounts of
repetitive movement, particularly when people have severe UL impairment and
independent exercise of the stroke-affected UL is difficult or impossible (Hayward et al.,
2013; Stewart et al,, 2017). A systematic review involving 10 studies recording routine
practice found people with stroke engaged in task-specific UL practice for on average only
four minutes per session in physiotherapy and 17 minutes in occupational therapy and
performed less than 32 repetitions per session (Hayward & Brauer, 2015); far fewer than

the hundreds of repetitions believed to be required to facilitate neuroplastic change.

In a large observational study of 99 stroke survivors admitted to an Australian inpatient
rehabilitation facility the amount of UL practice completed as part of routine practice was
also low (Vratsistas-Curto et al., 2021). Participants in this study engaged on average in
two designated UL sessions per week and completed 195 UL repetitions per week. The type
of practice provided to participants in this study was task-specific and delivered in the
form of UL groups (e.g. focused on reaching and in-hand manipulation tasks), dressing
groups, one-on-one sessions with an individual therapist and independent practice
completed on one’s own without a therapist present. Participants observed in this study
experiencing significant disability (i.e. modified Rankin Scale score of five on admission)

performed 37 fewer UL repetitions per day than the total average of all participants
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(Vratsistas-Curto et al., 2021). The 2019 Australian stroke audit of rehabilitation services
also gives insight into the type of practice being performed by stroke survivors (Stroke
Foundation, 2020). The audit found the most frequently used intervention with stroke
survivors with UL impairment was repetitive task-specific practice (87%). The audit also
recorded that 12% of stroke survivors had engaged in mechanically assisted training,

inclusive of RT-UL, and 11% in constraint induced movement therapy.

The above studies and audits indicate that routine practice for Australian stroke survivors
with UL impairment is currently limited and low in intensity. Routine practice, at least in
Australia, primarily involves stroke survivors engaging in repetitive task specific practice
with a small percentage receiving RT-UL as part of their UL program. There is a clear need
to increase the number of repetitions and intensity of practice completed by stroke
survivors particularly those with severe UL impairment. RT-UL has the potential to help
address this challenge, but no study has been conducted to measure the impact of
implementing RT-UL on the type and amount of UL practice performed by stroke survivors.
This was the aim of Study 2 of this program of research. This is particularly important
when considering the range of individual and environmental factors that can influence the
translation of interventions from successful clinical trials into routine practice (Bayley et

al,, 2012; Jolliffe et al., 2019; McCluskey et al., 2013; Mudge et al., 2017). Identification and
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exploration of the factors impacting RT-UL implementation was the focus of Study 1 and

Study 4 of this program of research.

An overview will now be provided of the literature relating to RT-UL.

1.3.5 Overview of RT-UL literature

This section of the thesis will firstly provide a working definition for RT-UL as well as detail
the classification of RT-UL devices. There will be a focus on describing the InMotion device,
the robotic device studied in this program of research. A summary will then be provided of
current literature covering RT-UL efficacy, safety and cost. The final section will detail the

existing studies that have explored the implementation of RT-UL as part of routine practice.

1.3.5.1 Defining and classifving UL robotics

There is no clear consensus within the literature as to what defines robot assisted upper
limb therapy nor a therapeutic UL robotic device (Gandolfi et al., 2021). It has been
suggested that an electromechanical device could be considered a therapeutic robot on
account of essential componentry, namely; actuators (i.e. components that move the limb

21



or joint), a sensor system (e.g. proprioceptive and force sensors) and a control system (i.e.
controls the movement being performed) (Gandolfi et al., 2021). Jakob et al. (2018)
proposed a definition adapted from industrial robotic devices, “a reprogrammable and
multifunctional manipulator designed to perform different rehabilitation tasks through
various programmed motions” (Jakob et al., 2018, p. S189). This lack of a clear definition
has in part complicated the interpretation of the results of systematic reviews in which
clinical trials using various devices have been homogenised to draw conclusions as to the
efficacy of RT-UL (Mehrholz et al., 2018). The working definition for RT-UL used in this
thesis is the retraining of the upper limb by the application of an electromechanical device
to the person’s upper limb to assist with and facilitate the repetitive performance of
prescribed upper limb movements (Mehrholz et al., 2018; Veerbeek et al., 2017). These
upper limb movements facilitated by the robot are typically represented in real-time on an

adjoining computer monitor as part of a game or task (Morone et al., 2020).

Upper limb robotics for stroke survivors can be classified in several ways. Firstly, these
devices can be considered in terms of the type of movement being facilitated; active-
assistive, active-resistive and passive. The majority of robotic devices used in trials and
clinical practice are programmed to provide active-assisted movement in which the devices

provide assistance to the user only as needed (Duret et al., 2019). Devices that facilitate
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active-assisted movement are considered to be a stronger driver of motor recovery than
those that simply provide passive movement (Duret et al., 2019). Active-resisted
movement may also be an optional feature of a device (Duret et al., 2019). This involves the
user performing reaching tasks against resistance generated by the RT-UL device as a
means of strength retraining. Rehabilitative UL robotics devices can also be described in
terms of facilitating unilateral versus bilateral UL movement or proximal versus distal UL

movement (Mehrholz et al., 2020).

Most commonly RT-UL devices are classified from a mechanical standpoint as either end-
effectors or exoskeletons (Babaiasl et al., 2016; Morone et al.,, 2020). These two categories
are now discussed in further detail. Figure 1.1 shows examples of these two categories of

device.
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Figure 1.1 (a) End-effector InMotion (b) Exoskeleton Armeo Power

1.3.5.2 End-effectors

End-effectors (or endpoint manipulators) facilitate movement by providing force through
the distally positioned manipulator (i.e. handle) and are by far the most commonly
researched device (Fasoli, 2021). End-effector RT-UL devices include the MEchatronic
system for MOtor recovery after Stroke (MEMOS), Bi-Manu Track, ReoGo and the InMotion,
the latter being the RT-UL device investigated in this program of research. The original
InMotion model was the Massachusetts Institute of Technology Manus (MIT-Manus)

developed in 1989 (Gillen & Nilsen, 2021; Turchetti et al.,, 2014). Clinical trials with the
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MIT-Manus commenced in 1994 at Burke Rehabilitation Hospital, New York. The MIT-
Manus was then commercialised for the global market in 2009 as the ‘CE’ InMotion before
the device was upgraded in 2015 to become the InMotion Arm with add-on hand
component. The InMotion Arm (i.e. model SE4) with hand component (i.e. model HA4) was
the device investigated in this program of research. The InMotion Arm was superseded in
2019 by the V2 InMotion ARM which is now the current InMotion model available. The V2
InMotion ARM has essentially the same function as the previous InMotion Arm device but
is a third smaller in size with improved computer graphics and customisability of programs
and evaluation reports. The InMotion series of devices are one of the most commonly used
RT-UL in the world and by 2017 over 900 stroke survivors had been tested in clinical trials
using these devices (Rodgers et al.,, 2017). The InMotion Arm with add-on hand component
was used at the rehabilitation facility at which this program of research was undertaken

and from this point forward will be referred to as the InMotion.

The InMotion facilitates movement at the shoulder and elbow with an optional hand
component if required. The device automatically adapts to the patient’s active movements
providing active-assistance during use as well as active-resistance (Bionik Labs, 2021). The
InMotion device includes a variety of inbuilt performance metrics that can be used to

measure and monitor changes in UL kinematic control and force. These performance
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metrics include measurements of UL movement in terms of smoothness, accuracy, velocity
(i.e. mean and maximum velocity), strength and initiation. The InMotion is not unique with
regards to being able to measure UL motor performance. A majority of RT-UL devices
available on the market, including both end-effectors and exoskeletons, are able to provide
objective measures of an individual’s UL performance. It has been proposed that these
measures recorded by a RT-UL device are more sensitive to clinical change than standard
UL assessment tools and less subject to floor or ceiling effects (Otaka et al.,, 2015). The
clinical relevance of these RT-UL evaluative measures, for both therapists and stroke
survivors, have not been comprehensively explored. The frequency of the use of the
InMotion evaluative features in routine practice along with therapists’ perception of the
usefulness of these features were investigated in Study 3 and Study 4 of this program of

research.

In terms of UL treatment provided by the InMotion, patients complete a therapist-selected,
pre-programmed treatment protocol involving a series of therapy games presented on an
adjoining computer screen. Table 1.2 lists and details each of these games. The primary
treatment protocol of the InMotion is the clock game therapy protocol. This protocol is
made up of a series of seven games. Within each game the patient moves the handle of the

device to reposition a yellow circle pointer at a series of targets around a clock face
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presented on the adjoining computer screen. The sequence and number of targets
presented on the clock changes between games. When the additional hand component is
connected to the device the patient completes a different clock game protocol in which they
are required to additionally grasp and release the target. The InMotion only provides the
patient with active assistance when completing the clock game protocols. There are a
number of additional games to the clock game (i.e. squeegee task, pong, Cretan square
maze, race) but these games require the user to actively move their paretic limb with no
assistance provided by the InMotion. These additional games are also detailed below in

Table 1.2.
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Table 1.2 List and descriptions of InMotion games

Game Description Image of game
Clock game User starts at the central point of the clock and

extends out to the presented dot at the 8

points around the circle. Always returning to

the central dot after reaching each dot.
Clock grasp game User squeezes the hand component to hit the

Clock reach game

Clock pick game

28

central ring and releases to hit a large outer
ring target.

User is required to reach to a highlighted dot
on the clock and “grasp/release” the dot using
the hand module before then returning to
“grasp/release” the centre dot again.

User is required to reach to a highlighted dot
on the clock and grasp (pick up) the dot, carry
the dot and release the dot again at the
designated point on the clock.



Game Description Image of game

Race User is required to guide the dot through a
series of gates.

Squeegee User is required to wipe the entire picture
clean and involves multiple movements

Pong User is required to move the side bars to repel
the moving dot.

Cretan Square Maze User is required to move from point to point
through the square maze.

*Images extracted from InMotion arm user manual (Interactive motion technologies, 2016)
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1.3.5.3 Exoskeletons

Exoskeleton RT-ULs are a more recent development and are less represented commercially
and in research, being often more expensive to purchase than end-effector RT-ULs
(Babaiasl et al., 2016; Turchetti et al.,, 2014). Exoskeleton RT-UL devices facilitate
movement by torque actuators controlling one or more joints of the affected upper limb
(Veerbeek et al., 2017). Exoskeleton devices provide greater support than the end-effector,
enveloping the paretic limb with the actuators on the device aligning with the user’s own
joints (i.e. shoulder, elbow, wrist, hand) (Gandolfi et al., 2021). Unlike lower limb
exoskeleton devices, the majority of upper limb exoskeletons are not movable devices with
the patient seated with the device applied to their arm (Morone et al., 2020). Examples of
exoskeleton RT-UL devices included the Armeo Power and Myomo (Duret et al., 2019;
Morone et al,, 2020). Further discussion of exoskeleton RT-ULs are beyond the scope of this

thesis.

1.3.5.4 Clinical efficacy of RT-UL

This section will provide an overview of the literature related to the clinical efficacy of RT-

UL to facilitate UL recovery for stroke survivors. Specifically, this section will discuss
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relevant clinical guidelines recommending RT-UL for stroke survivors as well as key
systematic reviews that have investigated the efficacy of RT-UL. The largest RT-UL clinical
trial to date, the RATULS trial, will also be specifically discussed as the device used in this
trial was the InMotion. Following this, a summary will be given of the literature relating to

the safety and cost-effectiveness of RT-UL.

RT-UL within stroke clinical guidelines

Robot assisted therapy for the UL post stroke is recommended in clinical stroke guidelines
around the world. A recent systematic review appraised eight clinical stroke guidelines
(published between 2010 to 2020) from six different countries in which RT-UL was
recommended: Australia (2017), Canada (2015), United Kingdom (2016), Netherlands
(2014), New Zealand (2010), Scotland (2010) and United States (2016 & 2019) (Morone et
al,, 2021). Guidelines were consistent in recommending that RT-UL be used to improve UL
strength and motor function particularly as an adjunct to usual therapy (Morone et al.,
2021). The guidelines however fell short of detailing which type of device to use as well as
which stroke survivors would benefit most from RT-UL or optimal timing (i.e. stage of

recovery) for introducing RT-UL into a rehabilitation program.
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The Australian Clinical Guidelines for Stroke Management is a “living guideline” meaning
that the guideline is an online document that is regularly updated as new evidence emerges
as opposed to a periodical publication (Stroke Foundation, 2022). The online Australian
Clinical Guidelines for Stroke Management supersede the Australian guideline appraised as
part of the above systematic review (Morone et al., 2021). The current Australian
guidelines recommend RT-UL to help improve stroke survivors’ UL strength, motor
function and ADL performance (Stroke Foundation, 2022). The guideline also states that
RT-UL is a safe intervention for stroke survivors and requires less one-on-one therapist
input (i.e. can be used to provide semi-supervised practice) than conventional therapy
(Stroke Foundation, 2022). The effectiveness of RT-UL is also proposed to come from the
capacity for robotic devices to facilitate more intensive therapy (Stroke Foundation, 2022).
The capacity for RT-UL to facilitate this semi-supervised intensive and repetitive UL
practice in routine practice has not been investigated and was the focus of Study 2 in this

program of research.

Although both international and Australian guidelines give support and some guidance for
the use of RT-UL it is important to delve into the latest systematic reviews and clinical trials

to obtain a clearer understanding of the evidence. Key RT-UL systematic reviews are now
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discussed along with the RATULS trial published in 2019, the largest RT-UL randomised

control trial to date.

RT-UL systematic reviews and RATULS trial

Over the past two decades there has been a growing body of evidence supporting the
efficacy of RT-UL. In a recent scoping review, a total of 85 clinical trials were found to have
investigated the efficacy of RT-UL with stroke survivors (Gandolfi et al., 2021). Further to
this, a number of systematic reviews have endeavoured to synthesise trials investigating
the efficacy of RT-UL. Table 1.3 provides a summary of the most recent systematic reviews.
The findings of these systematic reviews as they relate to the efficacy for RT-UL to address
UL impairment, motor function ,performance of activities of daily living (ADL) and quality
of life will be presented. The evidence related to which type of device to use and which

stroke survivors would benefit most from RT-UL will also be discussed.
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Table 1.3 Systematic reviews examining efficacy of Robot-assisted Upper Limb Therapy (RT-UL) with stroke survivors

Systematic Intervention  Lastsearched Trials Participants Outcome measures Conclusions
review databases
Wu et al. RT-UL v usual April 2020 41 1916 Primary: FMA-UE RT-UL was superior in addressing motor function
(2021) therapy End-effector devices were superior but not exoskeletons
RT-UL was only superior for people in chronic phase of recovery
Ferreira et al. RT-UL v no February 2020 12 845 Primary: SIS, LH, SF-36 RT-UL improved individual participation compared with no
(2021) therapy and therapy but not superior to usual therapy
usual therapy
Chen etal. RT-UL v October 2019 35 2241 Primary: FMA-UE RT-UL was superior in improving motor function to therapist-
(2020) therapist- Secondary: ARAT, WMFT, mediated training
mediated BBT, 9-HPT, CAHAI, RT-UL was as effective as therapist-mediated in improving ADL
training AMAT, FIM, BI, MAL, SIS, performance and participation
SF-36, mRS
Mehrholz et al. RT-UL v any July 2019 55 2654 Primary: FMA-UE, FIM, No RT-UL device more or less effective than another
(2020) other therapy BI, WMFT No difference in effects when there are patient differences in
Secondary: MIS, grip terms of severity of UL impairment or phase of recovery post
strength stroke (<3 months v = 3months)
Mehrholz et al. RT-UL v any February 2018 45 1619 Primary: BI, FIM, RT-UL superior to usual therapy for improving UL strength,
(2018) other therapy ABILHAND, SIS, Frenchay motor function and ADL performance

Arm Test
Secondary: FMA-UE, MIS,
WMFT, CAHAI

ADL: Activities of Daily Living, AMAT: Arm Motor Ability Test, ARAT: Action Research Arm Test, BI: Barthel Index, BBT: Box and Blocks Test, CAHAI: Chedoke Arm and Hand Activity
Inventory, FIM: Functional Independence Measure, FMA-UE: Fugl Meyer Assessment of the Upper Extremity, LH: Life Habits, MAL: Motor Activity Log, MIS: Motricity Index Score, mRS:
modified Rankin Scale, QuickDASH: Quick version of the Disabilities of the Arm, Shoulder, and Hand, SF-36: The 36-Item Short Form Health Survey, SIS: Stroke Impact Score
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Since 2018 a Cochrane systematic review (Mehrholz et al., 2018) has played a large role in
shaping the field’s perspectives of the efficacy of RT-UL for stroke survivors. The review,
involving 45 clinical trials and 1,619 participants, compared RT-UL with any other form of
UL therapy. RT-UL was shown to be superior in improving UL strength (i.e. Motricity Index
Score), motor function (i.e. Fugl-Meyer assessment) and ADL performance (i.e. Functional
Independence Measure & Barthel Index) (Mehrholz et al., 2018). No serious risk of bias was
found for the included studies as measured by the Cochrane ‘Risk of bias’ tool. More recent
systematic reviews also found RT-UL to be superior for improving UL motor function post
stroke (i.e. Fugl Meyer) (Chen et al., 2020; Wu et al., 2021). Further subanalysis identified
that RT-UL is superior for improving UL motor function when delivered either as an add-on

to usual therapy or when delivered alone (Chen et al., 2020).

RT-UL has also been investigated for efficacy on improving a person’s ADL performance.
Mehrholz et al. (2018) reported RT-UL was more effective than usual therapy for
improving a person’s ADL performance. A more recent systematic review by Chen et al.
(2020) found RT-UL to be as effective as therapist-mediated UL training for improving ADL
performance but not superior. This difference in findings to the Mehrholz et al. (2018)
could primarily be attributed to the difference in the inclusion criteria for each review.

Chen et al. (2020) review compared RT-UL with therapist-mediated UL training whereas
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Mehrholz et al. (2018) additionally included trials that compared RT-UL with sham, blank
intervention or usual care. The broader inclusion criteria used by Mehrholz et al. (2018)
may have created a bias in favour of RT-UL. In addition also, Chen et al. (2020) investigated
the efficacy of RT-UL to improve stroke survivors’ quality of life. As in the case of ADL
performance, RT-UL was found to be as effective as therapist mediated UL training for
improving quality of life but not superior (Chen et al., 2020). This finding was also
supported in a review which exclusively investigated the efficacy of RT-UL to improve

stroke survivors’ quality of life (Ferreira et al., 2021).

Overall, these reviews indicate that RT-UL is more effective than conventional therapy for
improving stoke survivors UL strength and motor function and as effective as conventional
therapy for improving ADL performance and quality of life. These findings support the use
of RT-UL as part of routine practice whether as an adjunct to usual therapy sessions or as
an integrated part of an UL rehabilitation program. A focus of this program of research was
to determine how RT-UL is being used in routine practice by therapists providing inpatient

rehabilitation.

To supplement the findings of their 2018 systematic review, Mehrholz et al. (2020)
conducted a follow up systematic review involving a network analysis to investigate the

potential impact of different RT-UL devices (e.g. end-effector versus exoskeleton), time
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post stroke (i.e. < 3 months versus = 3 months) and severity of UL impairment on the
efficacy of RT-UL. The findings of this analysis indicated that RT-UL could potentially be
effective when delivered by a range of RT-UL devices and with stroke survivors at various
stages of recovery and varying degrees of UL impairment. Chen et al. (2020) in their
systematic review also found no difference in RT-UL efficacy when analysed in terms of the
type of device used (e.g. end-effector versus exoskeleton), unilateral versus bilateral RT-UL
training, RT-UL as adjunct to usual therapy rather than alone, part of the arm trained (i.e.
proximal UL versus distal UL versus both), time post stroke, participant age and total
training time (i.e. hours of therapy provided). In contrast, Wu et al. (2021) in their
systematic review concluded that RT-UL could potentially be more effective when
delivered by a unilateral end-effector device. This is noteworthy when considering that the
InMotion device investigated as part of this research program is classified as a unliteral
end-effector. Additionally, RT-UL was found to be particularly beneficial for stroke
survivors with moderate to severe UL impairment = 3 months post stroke (Wu et al,, 2021).
The conclusions of this systematic review should be interpreted with some caution as
studies were included only if a specific measure of UL function that is, Fugl Meyer
Assessment of the Upper Extremity, was used. There were also large discrepancies in study

and participant numbers for the subgroup analysis. Most notably the efficacy of RT-UL for
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time since stroke compared 32 studies with 809 participants (i.e. < 3 months post stroke)

against 11 studies with 457 participants (i.e. = 3 months post stroke).

The specific RT-UL device to be investigated in this program of research, the InMotion, was
used in the largest RT-UL randomised trial to date, i.e. RATULS trial (Rodgers et al., 2019).
The RATULS trial was conducted in the United Kingdom and investigated the efficacy of the
InMotion device. The trial involved 770 stroke survivors with participants randomly
assigned to either RT-UL training (n=257), enhanced upper limb therapy (n=259) or usual
care (n=254). The mean age of participants was 61 years (standard deviation of 14), ata
median time since stroke of 240 days (interquartile range of 109-549 days). RT-UL training
and enhanced upper limb therapy programs involved 3 x 45-minute sessions per week for
12 weeks and were provided in addition (i.e. adjunct) to usual care. The enhanced upper
limb therapy program entailed repetitive functional task practice focused on participant-
centred goals. Usual care in this study involved standard care provided by the local
National Health Service i.e. 45 mins of each appropriate therapy (e.g. occupational therapy,
physiotherapy) five days per week. The clinical outcome measures used in this trial were
the Fugl Meyer Assessment of the Upper Extremity, modified Action Research Arm Test,
Barthel Index and Stroke Impact Scale (Rodgers et al., 2019). In line with findings from the

RT-UL systematic reviews, those participants who received RT-UL demonstrated
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significant improvements in motor function (i.e. Fugl Meyer) when compared to usual care
at six months. There was no significant difference however between RT-UL and usual care
for the other three outcome measures. There were also no clinically important outcome
differences between RT-UL and enhanced upper limb at six months post intervention

(Rodgers et al., 2019).

Overall, the research to date shows that RT-UL is an effective intervention particularly to
address UL impairment and motor function for stroke survivors. RT-UL can be effective as
a standalone intervention or when used in addition to conventional therapy. RT-UL can
also be effective when delivered by a range of devices and when used by stroke survivors at
various stages of recovery and with varying degrees of UL impairment. The next section
will discuss the evidence related to the safety and cost-effectiveness of RT-UL. This will
then be followed by a summary of the existing literature investigating the implementation

of RT-UL into routine practice.

1.3.5.5 RT-UL safety and cost effectiveness

Prior to implementing a new intervention a clinician should not only take into

consideration the effectiveness of the intervention but also potential safety risks and cost
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implications (Turpin & Higgs, 2017). A summary of the literature relating to the safety and

cost effectiveness of RT-UL is now presented.

Safety is an important outcome by which to measure RT-UL when considering that UL pain
post stroke is proportionate to the amount an individual uses their upper limb as well as
the severity of their UL impairment (Lang, Wagner, et al., 2007; Ratnasabapathy et al.,
2003). A number of RT-UL systematic reviews and clinical trials have included a measure of
patient safety (Lo et al,, 2010; Mehrholz et al., 2018; Rodgers et al., 2019). In Mehrholz et al.
(2018) systematic review of RT-UL efficacy for stroke survivors (n=1,619) there were no
adverse events i.e. cardiovascular episodes, musculoskeletal injuries and pain. Further to
this, no RT-UL device was found to be safer than another (Mehrholz et al., 2020). In terms
of the InMotion device, no adverse events related to using the device occurred in the

RATULS trial (n=257)(Rodgers et al., 2019).

In another clinical trial involving the InMotion device, safety was measured in terms of the
incidence of participant reported pain and spasticity (i.e. Modified Ashworth Scale) (Lo et
al,, 2010). The trial involved 49 stroke survivors engaging in RT-UL (i.e. average 1,024
repetitions per session) compared to 50 participants receiving dose-matched intensive UL
therapy (i.e. stretching, shoulder-stabilisation activities, arm exercises, and task specific

reaching tasks) and 28 participants receiving usual care. There were no serious adverse
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events recorded for any of the treatment groups. Of the adverse events that occurred all
were categorised as mild (e.g. transient muscle soreness) and involved 12 (24%) RT-UL
participants and nine (18%) intensive UL therapy participants. There were no significant

differences in scores on pain rating scales or spasticity measures between groups.

These findings should give confidence to clinicians that RT-UL is safe to implement as part
of routine practice. In addition to questions of RT-UL efficacy and safety, clinicians and

health administrators should also factor in the costs of implementing RT-UL.

1.3.5.6 Cost effectiveness of RT-UL

The cost-effectiveness of a new intervention is one of eight key measures of
implementation success (Proctor et al., 2011). This is particularly important when
considering the substantial expense associated with procuring an RT-UL device. For
example, the cost of purchasing the InMotion device in 2015 investigated in this program of

research was $174, 965 Australian dollars.

A small systematic review involving five clinical trials and 213 participants investigated the
economic cost of robotic rehabilitation for adult stroke survivors (Lo et al,, 2019). Four of

the included studies investigated UL robotic therapy with one study investigating both UL
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and lower limb robotic therapy. Included studies compared the cost of providing robotic
therapy against the cost of providing conventional therapy in dose-matched therapy
sessions. Cost measures were calculated in terms of cost per patient session or cost per
patient. Four of the five studies found RT-UL to be more cost effective than conventional
therapy (Bustamante Valles et al,, 2016; Hesse et al., 2014; Vanoglio et al.,, 2017; Wagner et
al., 2011). Notably RT-UL was found to be cost effective when used by stroke survivors
with more severe impairment and in the acute and subacute phase of recovery. This is
worth noting as this program of research focused on RT-UL implementation with stroke
survivors in the acute and subacute stage of recovery. The findings of this systematic
review should however be interpreted with some caution due to the limited number of

included studies.

The RATULS trial investigated the cost-effectiveness of RT-UL compared to intensive and
usual therapy (Fernandez-Garcia et al., 2021). As detailed above, participants (n=770)
where randomised into one of three programs: RT-UL (n=257), enhanced UL treatment
(n=259) and usual care (n=254). A complex economic evaluation was undertaken, with
cost-effectiveness measured in terms of the patients’ mean cost to the health care system
compared with gains on a self-reported quality of life questionnaire (i.e. EQ-5D-5L). A

comparison of the mean cost and effect per patient was determined between the three
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groups. At six months, usual care was the least costly option (£3785) followed by enhanced
UL treatment (£4451) with RT-UL the most expensive intervention (£5387). However,
neither RT-UL nor the enhanced UL treatment were reported to be more cost-effective than
usual care when measured in relation to quality of life. A notable weakness of the cost
analysis in this study was that RT-UL was delivered one-on-one by the therapist. The study
did not take into account the major advantage of RT-UL from a cost effectiveness point of
view which is that stroke survivors are able to engage in either independent or semi-
supervised RT-UL practice without one-on-one one input from the therapist. This feature
allows the therapist to simultaneously treat other patients. Interestingly, Wagner et al.
(2011) found no differences in costs between usual therapy and RT-UL delivered by the
InMotion (i.e. MIT-manus version) when cost analysis factored in the capacity for

therapists to see more than one patient when providing RT-UL.

RT-UL has the potential to be a cost-effective intervention but a direct analysis of the cost-
benefits of implementing RT-UL into routine practice was beyond the scope of this research
program. However, basic conclusions relating to the financial implications of implementing
RT-UL will be drawn from audit data in Study 3 of this research program. A summary will
now be provided of the existing literature that has explored the implementation process

and use of RT-UL once part of routine practice.
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1.3.5.7 Implementation of RT-UL

International clinical stroke guidelines have limited detail to inform clinicians as to the
barriers and facilitators to implementing RT-UL into routine practice (Morone et al., 2021).
This is reflective of only a small collection of studies having explored the use of RT-UL as
part of clinical practice rather than the setting of a clinical trial (Celian et al., 2021; Lo et al,,
2020; Mashizume et al., 2021; Stephenson & Stephens, 2017). These are all recent studies
and have all been published since the commencement of this program of research. There
are notable limitations to these existing studies on implementing RT-UL in the clinical
setting that include; small samples sizes (i.e. <6 participants) (Celian et al., 2021;
Stephenson & Stephens, 2017), exploration of RT-UL only as part of a broader set of
rehabilitation technology (Celian et al., 2021; Lo et al., 2020) or not being informed by an
implementation framework (Lo et al., 2020; Mashizume et al,, 2021; Stephenson &
Stephens, 2017). Despite these limitations some preliminary insights can be gleaned to
inform this program of research. An overview of the barriers and facilitators to using RT-

UL in routine practice from these studies is now provided.

Therapists with experience in using RT-UL as part of their routine practice have reported a
number of barriers to implementation (Celian et al., 2021; Lo et al., 2020; Stephenson &

Stephens, 2017). At a practical level, barriers have included limited availability of staff
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skilled and confident in the use of RT-UL, time pressures associated with using a new
robotic device, absence of published guidelines, and low numbers of appropriate patients
(Celian et al,, 2021; Lo et al., 2020; Stephenson & Stephens, 2017). Some of these challenges
are common to implementing any new intervention and likely due to limited pre-
implementation planning and training (Lo et al., 2020; Scott et al., 2017). For example, time
pressures associated with using a new robotic device could be the outcome of therapists
having insufficient training in how to set up and deliver RT-UL. Other concerns appear
more specific to implementing RT-UL such as storage and access issues, limitations of RT-
UL to provide functional task specific practice and low numbers of appropriate patients.
These factors particularly merit further investigation and were a focus of this program of

research.

The model of service delivery adopted by rehabilitation facilities also contributed to the
challenge of implementing RT-UL. In one study RT-UL was provided as a standalone service
with a single therapist, i.e. robotic therapist, designated to running RT-UL sessions with
patients in a location separate to the rest of the rehabilitation team (Lo et al., 2020).
Consequently, RT-UL was poorly integrated with the rest of the patients’ rehabilitation

program and the robotic therapist felt isolated and unfulfilled in their role.
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A number of factors have been reported that have facilitated the implementation of RT-UL
into routine practice (Lo et al,, 2020; Mashizume et al., 2021; Stephenson & Stephens,
2017). A strong motivator for therapists to incorporate RT-UL was the opportunity to
provide highly intensive practice for patients with minimal input from therapy staff (Lo et
al,, 2020; Mashizume et al., 2021; Stephenson & Stephens, 2017). This was particularly
appealing for stroke survivors with more severely impaired UL (Lo et al,, 2020; Mashizume
et al, 2021). Therapists perceived that RT-UL was effective for improving UL impairment
and motor function for stroke survivors (Lo et al., 2020; Mashizume et al.,, 2021) and that
these gains led to improvement in ADL performance (Mashizume et al.,, 2021; Stephenson
& Stephens, 2017). RT-UL practice had the advantage of being able to be adjusted in the set
up and training protocols to provide a “just right” challenge for stroke survivors (Lo et al.,
2020; Mashizume et al., 2021). Finally, RT-UL evaluative tools were considered helpful for
objectively monitoring patient progress and detecting subtle changes in motor
performance and hence facilitated adoption of the RT-UL (Mashizume et al., 2021;

Stephenson & Stephens, 2017).

The aforementioned barriers and facilitators highlighted in recent studies are helpful
insights but there is a need to further expand this small body of research not just in terms

of the number of studies but the methodologies used. Firstly, there is an absence of any
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objective data in the existing studies to measure RT-UL implementation and support or
refute the opinions provided by therapists in these qualitative studies. This program of
research used quantitative measures (including audits, observation study and surveys) in
combination with therapist focus groups to more comprehensively investigate the RT-UL
implementation process. Secondly, only a single study (Celian et al., 2021) employed an
implementation framework to synthesise the information gathered on RT-UL
implementation, and this single study included only two occupational therapists reflecting
on their use of RT-UL for a one-off session with a stroke survivor. An implementation
framework enables a more comprehensive and validated evaluation of the implementation
process (McCluskey & O'Connor, 2017; Moullin et al., 2015). This program of research
evaluated RT-UL implementation using a framework involving eight measures of
implementation success; acceptability, sustainability, adoption, appropriateness, feasibility,
fidelity, penetration, implementation cost (Proctor et al., 2011). Further to this, none of the
studies to date have applied behavioural theory to explore or explain therapist perceptions
of RT-UL implementation. Use of behavioural theory is important when seeking to measure
subjective constructs such as therapist acceptability and adoption of a new technique or
tool such as RT-UL (McCluskey & O'Connor, 2017). The Theoretical Domain Framework

(TDF), a framework based on behavioural theory, was used in this research program as
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part of Study 1 and Study 4 to analyse therapist perceptions and behaviour relating RT-UL
implementation. More detail on the TDF will be provided in the proceeding methodology
chapter. Finally, the use of RT-UL within the Australian health care settings has not been
explicitly investigated despite its emergence as part of routine practice for many Australian

rehabilitation facilities (Lo et al., 2020).

Patient perceptions of new interventions such as RT-UL also need to be considered when
seeking to understand the dynamics surrounding implementation (McCluskey & O'Connor,
2017). Few studies have explored patient perceptions of robotics and those conducted
have focused on gaining patient perceptions as part of a design process (Hughes et al.,
2011) or a clinical trial (Tedesco Triccas et al.,, 2018). Additionally these studies have been
outside of the Australian clinical context i.e. United Kingdom. It is beyond the scope of this
research program to extend the investigation to explore patient perceptions of the
implementation process. This gap in the literature area for further research is discussed in

Section 7.4.3 “Future research directions”.

To conclude, this program of research aimed to investigate the implementation of RT-UL
within an Australian clinical setting in accordance with the eight measures of
implementation success (Proctor et al,, 2011). This involved the collection and integration

of complimentary qualitative information and quantitative data to wholistically measure
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the implementation process. The methodologies used to carry out this investigation are

now discussed in the following chapter.
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Chapter 2 - Methods

Multiple research methods were used to investigate the implementation of the InMotion
into routine practice including focus groups with therapists, observation of therapy
sessions and auditing of InMotion computer data. This chapter will focus on providing
detailed information regarding the methods of the four studies included in this program

of research.

The program of research included two qualitative studies and two quantitative studies.
The two qualitative studies explored therapists’ perceptions of RT-UL prior to
implementation (i.e. Study 1) and post implementation (i.e. Study 4). Study 2 and Study
3 were quantitative studies. Study 2 investigated UL practice performed by stroke
survivors prior to and following RT-UL implementation and Study 3 investigated the
sustainability of RT-UL as part of routine clinical practice. The stages of data collection

for these four studies are illustrated below in Figure 2.1.

This chapter will also provide a detailed description of the setting, i.e. rehabilitation
facility, in which the program of research was undertaken, an important consideration
for the generalisability of the results. Finally, this chapter will describe the process of

ethical approval and specific ethical considerations unique to the program of research.
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2.1 Overview of data collection for included studies

Figure 2.1 illustrates the data collection process for the four studies included in this

research program. This overview shows the data collection that occurred prior to and

following implementation of the InMotion.

In Figure 2.1, the term “observations” (i.e. Study 2) refers to direct observation by the

candidate of occupational therapy and physiotherapy sessions completed by subacute

stroke survivors in the rehabilitation unit’s gym. The term “audit” (i.e. Study 3) refers to

the process of extraction and recording of patient usage data from the InMotion

computer.

Figure 2.1 Overview of data collection stages and methods for each of the four studies

Pre-implementation STUDY 1 - Focus Groups

Prior to implementation of
the InMotion into routine
practice
Oct-Nov 2016

STUDY 2 -
Observations
Routine upper limb
practice prior to
implementation of
the InMotion
Sept-Dec 2016

Post-implementation

STUDY 2 -
Observations
Routine upper limb
practice post
implementation of
the InMotion
Sept 2018-Feb
2019
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InMotion
Computer Data
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Commencement
of the InMotion
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STUDY 3- STUDY 4 —Focus Groups
InMotion Conducted 20 months post
Computer Data implementation of the
Audit 2 InMotion into routine
12 months post practice
implementation May 2019
of InMotion

-

~
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2.2 Multiple methods approach

The use of qualitative methods alongside quantitative methods within health research
enables researchers to not only objectively record behaviours within the clinical setting
but also explore the reasons for these behaviours (Taket, 2017). Such an approach is
important in the investigation of the implementation of a new intervention into the
routine practice (Proctor et al.,, 2011; Smart, 2006). Qualitative measures can be
employed to explore and measure the acceptability, adoption and appropriateness of an
intervention within the clinical setting (Proctor et al,, 2011; Taket, 2017). The
qualitative data collection method of focus groups with therapists was used in this
program of research in both Study 1 and Study 4. Quantitative data collection methods
can be used to measure the penetration, sustainability, feasibility and fidelity of the new
intervention (Proctor et al,, 2011). The quantitative methods specifically used in this
program of research involved the direct observation of therapy sessions in Study 2 and
auditing of the InMotion computer data in Study 3. When findings from both
quantitative and qualitative studies are considered in combination understanding of the
implementation process is enhanced. The qualitative and quantitative study designs

used in this program of research are now described.

2.3 Qualitative study methodology

In terms of qualitative methodology, focus groups were used in both Study 1 and Study
4 to investigate therapist perceptions of the InMotion prior to and post implementation
respectively. Focus groups are a method commonly employed to explore the

perspectives of health professionals in relation to the implementation of new
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technology (Atkins et al,, 2017; Davidson et al.,, 2017). Focus groups provide a unique
context in which participants can interact and motivate one another more so than
individual interview or questionnaires (Tausch & Menold, 2016). Further to this, the
research program had a particular interest in understanding how the discipline groups,

occupational therapy and physiotherapy, viewed the implementation process.

2.3.1 Participants

For both Study 1 and 4, focus groups were discipline specific i.e. occupational therapy or
physiotherapy. This delineation facilitated a clear analysis of each discipline’s
perspectives on RT-UL, as well as providing opportunity for exploration of more
discipline specific factors. This separation of disciplines also helped with the
interpretation of the quantitative data of Study 2 and Study 3. For example, in both
Study 2 and Study 3 occupational therapists in particular were observed to prescribe
RT-UL less often than their physiotherapy colleagues. In Study 4 focus groups,
occupational therapists explained that a primary reason for their infrequent
prescription of RT-UL was due to the InMotion device being located in the

physiotherapy area of the gym.

A small focus group was also conducted with rehabilitation assistants employed at the
facility as part of Study 1. However, the information from this focus group was excluded
as only two rehabilitation assistants were available to participate. The rehabilitation
assistants were also not responsible for the prescription of RT-UL as part of routine

practice.
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2.3.2 Procedures

Focus group questions for Study 1 (Table 2.1) were designed to explore therapist
perceptions of the pending implementation of the RT-UL into routine practice.
Questions were developed out of a collaborative process among the research team. The
research team determined that the questions for Study 1 should cover; participants’
previous experiences with new rehabilitative technology and in particular RT-UL,
awareness of evidence and clinical reasoning for RT-UL, overall perceptions of the
InMotion being part of their practice and perceived barriers and facilitators in their

workplace to the use of new technology and specifically the InMotion.

Questions used in Study 1 were reviewed and revised for Study 4 (Table 2.2) being
largely shaped by the behavioural domains of the Theoretical Domain Framework
(TDF) and findings from Study 1, 2 and 3. Version 2 of the TDF was used to formulate
the majority of the focus group questions used in Study 4 (Atkins et al., 2017). The TDF
is a validated framework that enables the analysis and categorisation of variables
influencing health professionals’ behaviour (Michie et al., 2005). The TDF has been
specifically identified as a framework for implementation research particularly studies
involving focus groups (Atkins et al,, 2017). The TDF encompasses 14 domains;
knowledge, skills, social/professional role and identity, beliefs about capabilities,
optimism, beliefs about consequences, reinforcement, intentions, goals,
memory/attention/decision process, environmental context and resources, social

influences, emotion and behavioural regulation (Atkins et al., 2017).
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Table 2.1 Study 1 focus group semi-structured interview questions

Semi-structured interview questions for Study 1 focus groups

Thinking back, what has been your experience when a significant piece of new rehabilitative
technology has been introduced into your work setting or you have been new to a work setting
where they were using unfamiliar technology? (E.g. Wii, Lifegait, Saebo)
a. What was the new piece of technology?
b. Wasiit easy or difficult to incorporate this new piece of technology into your own
practice?
c. Did you and other clinicians in that setting continue to use the device in the long
term?
d. What did you feel helped or hindered the technology being integrated into yours and
the facilities daily therapy practices?
What experience or exposure have you had specifically in the use of robotic devices for the
purpose of rehabilitation?
a. What was the robotic technology?
b. Wasit easy or difficult to incorporate this new piece of technology into your own
practice?
c. Did you and other clinicians in that setting continue to use the device in the long
term?
d. What did you feel helped or hindered the technology being integrated into yours and
the facilities daily therapy practices?
So, in your own words what is the reasoning behind using the InMotion system?
a. What do you understand to be the clinical rationale behind the use of the InMotion
system?
Are you aware of any evidence to support the use of the InMotion system or similar robotic
devices in the rehabilitative setting?
a. How did you come by this knowledge of the InMotion system (e.g. reading of articles,
YouTube, visited InMotion website, discussion with other staff members)?
So to our main question do you think the InMotion is going to be useful here at Brighton and
why or why not?
a. What factors do you anticipate may help or hinder the InMotion system'’s integration
into your use of it in daily therapy?
At a practical level how do you think the InMotion will be used here at Brighton?
a.  Which type of patients do you think will be suitable to use the InMotion system? Low
level vs high level; neuro vs orthopaedics - and why these patients?
b. Practically, when, how long & how often do you see yourself using it?
c. Ifitis notin use, what would you do?
At a personal level, do you think the InMotion system is something you feel you will use in
your own daily therapy practices?
a. Practically, when, how long & how often?
How receptive do you think patients will be to using the InMotion system?
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Table 2.2 Study 4 focus group semi-structured interview questions

Semi-structured interview questions for Study 4 focus groups

N

10.

11.

12.
13.
14.

Do you think the InMotion system has been a useful addition to the Brighton rehabilitation
service - why or why not?

a. How do you feel it has impacted patient outcomes?

b. Do you have a sense of what type of clients have gained the most benefits?

c. Observational studies indicate that it has notably increased the number of functional
repetitions being performed by patients. Do you think this is consistent with what has
occurred more broadly, and do you feel this is improving patient outcomes?

Specifically, do you think the InMotion system has been a useful addition to your personal
daily practice - why or why not?

a. AsanOT or PT, do you see the use of the InMotion device as part of your role?

b. Usage records indicate that OT has used the device much less than the PTs, why do
you think this is?

Tell me about how the InMotion is used in daily practice here at Brighton?

a. Inplace of other upper limb interventions or in addition to your previous
interventions?

b. How do you decide who you would use the InMotion system with?

c. How do you decide when to stop using the InMotion system with a patient?

Have there been any obvious barriers to incorporating the InMotion system into your daily
practice?

a. Doyou feel that you now have the skills and knowledge, in terms of identifying
suitable clients, set up etc to the use of the InMotion device yourself?

b. Infocus groups held prior to the implementation of the InMotion system, the potential
interdisciplinary challenges of only having a single device were flagged as a potential
barrier- has this been an issue?

What has helped make your use of the InMotion easier or supported your learning and
practice with the device?

a. Have management been involved directly in the implementation process?

b. Training?

c. Support from other staff?

How do you feel patients have responded to the InMotion system being part of their therapy
program?

Has anyone had any issues with UL pain or any negative reactions to its use?

It was noted in the usage records that the hand module has only been used infrequently, is
there any specific reason for this?

Have you found the evaluative qualities of the InMotion device helpful and if so why or why
not?

Have you found the InMotion a reliable device to use as part of usual therapy?

a. Iam aware there have been some minor technical problems that have impacted on
your use of the initial period since implementation. Can you tell me about these?

[s the technical support you have received and that is available sufficient? Timely? What
would be your reflections in relation to the technical support you have received?

Do you have any safety concerns for use of the InMotion?

What games do you use the most and why?

What would be your advice to other rehabilitation facilities who are considering purchasing
and implementing an upper limb robotic device?
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The research team prioritised five domains likely to shape therapists’ implementation
of RT-UL and developed questions to promote discussion around these domains. The
five domains were optimism, knowledge and skills, environmental context and
resources, social/professional role and identity and belief about consequences. For
example, to promote discussion relating to the domain of social/professional role and
identity participants were asked “As an occupational therapist (or physiotherapist), do

you see the use of the InMotion device as part of your role?”.

Findings from studies 1, 2 and 3 also informed questions for the focus group questions
of Study 4. For example, participants were asked if having only a single device was
ultimately a barrier to their use in routine practice. This had been flagged by
participants as a potential barrier in Study 1. In another example, therapists were asked
why the audit data from Study 3 showed that the hand module on the InMotion had
been infrequently used in routine practice. The use of questions based on the findings of
the preceding three studies enabled richer interpretation of the findings of the initial
three studies as well as helped integrate the four studies to create a more

comprehensive picture of the implementation process.

Participants in Study 4 also individually completed the System Usability Scale (SUS) at
the time of the focus group (Table 2.3.). The SUS was included as part of the data
collection process for Study 4 to help clarify and quantify the individual perspectives of
participants provided as part of the focus groups. The SUS is a brief survey that provides
subjective data regarding the perceived usability of a product or service (Bangor, 2009).
The survey entails 11 questions; 10 Likert scale questions and a single overall adjective

rating scale of the user-friendliness of the product (Bangor, 2009; Bangor et al.,, 2008). A
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total usability score is calculated ranging from 0-100. One minor change was made to
the SUS used in Study 4. The original SUS terminology of “system” being incorporated
instead of the updated SUS terminology of “product” (Bangor et al., 2008). This was

done to directly relate the survey questions to the InMotion and to be consistent with

the terminology used in the InMotion user manual.
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Table 2.3 Study 4 System Usability Scale (SUS)

1. [Ithink thatI would like to use this system frequently

Strongly Strongly
disagree Agree
1 2 3 4 5
2. Ifound the system unnecessarily complex
Strongly Strongly
disagree Agree
1 2 3 4 5
3. Ithought the system was easy to use
Strongly Strongly
disagree Agree
1 2 3 4 5
4. 1think thatIwould need the support of a technical person to be able to use this system
Strongly Strongly
disagree Agree
1 2 3 4 5
5. Ifound the various functions in this system were all well integrated
Strongly Strongly
disagree Agree
1 2 3 4 5
6. Ithought there was too much inconsistency in this system
Strongly Strongly
disagree Agree
1 2 3 4 5
7. Iwould imagine that most people would learn to use this system very quickly
Strongly Strongly
disagree Agree
1 2 3 4 5
8. Ifound the system very awkward to use
Strongly Strongly
disagree Agree
1 2 3 4 5
9. Ifeltvery confident using the system
Strongly Strongly
disagree Agree
1 2 3 4 5
10. I needed to learn a lot of things before I could get going with this system
Strongly Strongly
disagree Agree
1 2 3 4 5

11. Overall, I would rate the user-friendliness of this system as:

Worst Awful Poor OK Good Excellent
Imaginable

Best
Imaginable

Note. Adapted from Figure 1 and Figure 2 in Bangor (2009)
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2.3.3 Analysis

Version 2 of the Theoretical Domain Framework (TDF) was used to deductively analyse
the focus group transcripts for both Study 1 and 4 (Atkins et al., 2017). To the
candidate’s knowledge this is the first program of research to apply behavioural theory
to explain therapists’ perceptions of RT-UL implementation. This is important as
implementation success is principally contingent on behavioural change of health
professionals (Atkins et al., 2017). The TDF has been used previously to analyse
therapist behaviour in relation to the implementation of new UL interventions for
stroke survivors such as somatosensory retraining (SENSe) (Cahill et al., 2021) as well
as national stroke guidelines (McCluskey et al., 2013). The table of definitions for the
TDF domains (Appendix 9.8) developed by Atkins et al. (2017) was used to directly
inform the analysis process for Study 1 and Study 4. The analysis process for each of
these studies is discussed in depth in Chapters 3 (Study 1) and Chapter 6 (Study 4)

detailing the transcription and coding process.

2.4 Quantitative study methodology

Study 2 and Study 3 were both quantitative studies. Study 2 was an observational study
of UL practice pre and post the implementation of RT-UL and Study 3 an audit of

InMotion computer data records.
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2.4.1 Participants

Participants for Study 2 and Study 3 included subacute stroke survivors undergoing UL
rehabilitation as part of their inpatient program. Specifically, these participants were in
the “early subacute” phase of their recovery (i.e. less than three months post event)
(Bernhardt et al., 2017). However, the term “subacute” has been used in this thesis to
refer to stroke survivors less than three months post-event. For both studies, patients
were excluded if they had a serious complicating medical illness, pain or a pre-existing
comorbidity impacting their participation in UL therapy. Severity of UL impairment was
determined by patients raw score on the Motor Assessment Scale (MAS) item 6, with a

score <3 categorised as severe UL impairment (Hayward et al., 2013).

Priority was given to stroke survivors in the subacute phase of recovery as it was
unlikely to be able to easily recruit those in the chronic phase with the participating
rehabilitation service generally being a subacute rehabilitation service. Additionally, at
the time of study planning, available evidence suggested that RT-UL was more effective
and clinically applicable to subacute stroke survivors than chronic stroke survivors
(Mehrholz et al., 2015; Norouzi-Gheidari et al., 2012). This program of research was not
seeking to establish efficacy of the RT-UL but rather explore implementation into
routine practice. Therefore, patient recruitment was guided by the evidence suggesting

RT-UL was more effective in subacute stroke survivors.
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2.4.2 Procedures

Study 2 involved two separate observational study phases (i.e. Phase 1 and Phase 2) of
UL practice performed by inpatient subacute stroke survivors. Phase 1 was undertaken
from September 2016 to December 2016 (pre-implementation) and Phase 2 was
conducted from September 2018 to February 2019 (post-implementation). The two
observational periods were originally planned to both occur across a six-month period.
However, the premature arrival of the InMotion device to the rehabilitation facility
shortened the recruitment period for Phase 1 to just three months. Despite this
shortened data collection period a sufficient number of participants were recruited to
enable statistical comparison between the two phases (please refer to Chapter 4). The
observations strategically occurred at the same months of the year to strengthen
comparisons between the two datasets. A two-year interval between phases was
planned to ensure sufficient time for staff to be trained in the use of the InMotion and
for the device to become part of routine practice at the facility. This two-year period

was also chosen to align with the data collection timeframes for Study 3.

In Study 3, data collection involved two audits: Audit 1 from September 2017-December
2017 and Audit 2 from September 2018-December 2018. In these audit periods the
usage of the InMotion was recorded to measure the sustainability of RT-UL in routine
practice. The timing of the audits was in line with previous recommendations that
sustainability be measured across multiple points in time (Shelton & Lee, 2019) and
span a period of two or more years from initial introduction (Wiltsey-Stirman et al.,

2012).
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This use of audits is an approach commonly used in implementation science and can
provide rich and accurate objective data relating to the use of a new intervention in
practice (McCluskey & O'Connor, 2017; Proctor et al., 2011). Auditing is also a method
that has been specifically recommended for measuring the sustainability of a new
intervention as part of routine practice (Proctor et al.,, 2011). For example, a study by
Logan et al. (2006) audited patient files to evaluate occupational therapists’
implementation of a new outdoor mobility program with stroke survivors. The
occupational therapists recorded the duration and number of visits to participants
homes and the activities completed in the outdoor mobility session. The audit data for
Study 3 of this program of research was automatically collected by the InMotion

computer and is detailed further in the proceeding section (2.4.3 Measures).

2.4.3 Measures

Study 2

The aim of the observations in Study 2 was to measure the type and amount of UL
therapy performed by subacute stroke survivors before and after the implementation of
the InMotion. Although time consuming, direct observation has been identified as a
more accurate form of recording than other methods such as logbooks (Bagley et al.,
2009; Kaur et al,, 2013). The use of logbooks can be convenient for researchers but
therapists routinely overestimate their input (Bagley et al., 2009; Kaur et al., 2013).
Also, the research team was conscious to minimise the inconvenience of data collection

on therapists at the rehabilitation facility.
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The development of the protocol (Appendix 9.6) and recording form (Appendix 9.7)
that guided the observations in Study 2 involved several steps. Firstly, a review of
existing observational studies was undertaken including reviewing the procedures and
measurement definitions provided in the methodologies of these studies (Hayward et
al, 2013; Hayward & Brauer, 2015; Kimberley et al.,, 2010; Lang, MacDonald, et al.,
2007; Lang et al., 2009). Out of this review process, a preliminary protocol and
recording form were developed. The protocol and recording form were then pilot tested
by researchers (NF and SK) during trial observations of patient sessions. Following
these trials researchers compared their repetition counts and categorisation of therapy
tasks for consistency before coming to a final consensus on the protocol and recording

form.

A major challenge of developing the protocol was defining what would be considered a
repetition for the various therapy tasks observed. Definitions given in existing
observational studies helped to establish an overarching definition of a single repetition
(Lang, MacDonald, et al., 2007; Lang et al., 2009). For the purposes of Study 2 a single
definition was determined to be when a patient performed an active or assisted
movement of the paretic UL from an initial resting position, through a prescribed
motion and then returned to a resting position. The inclusion of the term “prescribed
motion” in the definition was important and an outcome of using the protocol trial
observations of stroke survivors at the rehabilitation facility. In these trial observations,
members of the research team (NF and SK) initially had difficulty accurately and
consistently recording incidental movements performed by patients. It was therefore

decided that a repetition was only counted if considered to be therapeutic, that is,
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instructed or performed to complete a prescribed therapeutic task. This overarching
definition was then used to generate specific definitions for a range of UL therapy tasks
observed during the course of the study (see Appendix 9.2 for these specific
definitions). For example, patients were observed threading coloured beads onto string

with a single repetition recorded for each bead threaded.

A primary aim of Study 2 was to gain an understanding of the type of practice
performed by participants. Upper limb practice observed in the study was therefore
categorised as either impairment-related practice or task-specific practice. This
distinction was deemed important as stroke survivors traditionally receive inadequate
amounts of task-specific practice (Hayward & Brauer, 2015; Lang et al., 2009). Protocols
from previous studies were again used to determine how tasks should be categorised
(Hayward et al., 2013; Lang et al.,, 2009). These categories are detailed in Appendix 9.6.
In Study 2, RT-UL practice was categorised under task-specific practice on the premise
that the patient was required to execute a specific task as presented on the computer

monitor.

Study 3

The InMotion computer usage data was recorded in Study 3 to measure the
sustainability of RT-UL in routine practice. This data included the date of the session,
prescribing therapists, duration of the RT-UL sessions and completed activities. This
data were all automatically logged in the InMotion computer during each RT-UL session.

Initially for data collection, the candidate reviewed patient summary reports
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automatically generated by the InMotion computer. A number of inconsistencies and
missing data in the patient summary reports were identified suggesting the reports
were not a completely accurate record of the RT-UL sessions. These issues were
discussed with InMotion technical support in the United States of America. The
technical support team identified a “bug” in the computer program that meant that the
summary report was not providing a complete summary of the raw data collected by
the computer. With guidance from the technical support team and the lead
physiotherapist, the candidate was able to bypass the patient summary reports and
directly extract the raw data from the InMotion computer. The data were then
converted to a series of patient specific excel spreadsheets. These spreadsheets were
organised by the candidate into a format that enabled analysis in SPSS. Although
complicated and time consuming the extraction of the raw data from the computer
resulted in a more detailed and accurate analysis than was possible with the original
patient summary reports. For example, the raw data revealed both the patients active
therapy time and rest periods when using the InMotion providing an objective measure
of the intensity of therapy performed. Further details of the methods and procedures

relating to Study 3 are provided in Chapter 5.

2.5 Setting

The participating rehabilitation facility, Brighton Rehabilitation Unit, was located in
metropolitan Queensland, Australia. The rehabilitation unit is a stand-alone public
facility and is not physically connected to an acute hospital. At the commencement of

the research program the rehabilitation facility serviced 50 rehabilitation beds with
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approximately 600 rehabilitation admissions per year. However, midway through the
research program the total rehabilitation beds were reduced to 42 due to patient
prioritisation. The rehabilitation unit is a “mixed rehabilitation facility” meaning that
patients with a variety of diagnoses receive rehabilitation within the facility (Stroke
Foundation, 2020). Patients are referred from nearby acute hospitals. Approximately
30% of patients admitted to the facility have a primary diagnosis of stroke. Stroke
survivors are routinely seen by both occupational therapists and physiotherapists on a
daily basis, Monday to Friday. There are five full-time equivalent (FTE) physiotherapy
positions and four and a half FTE occupational therapists. The facility is largely
reflective of Australian rehabilitation services which are typically public facilities,
located in a metropolitan area and providing mixed rehabilitation services five days per

week inclusive of occupational therapy and physiotherapy (Stroke Foundation, 2020).

Patient rooms and dining areas are located on the floor above the rehabilitation gym.
Patients are brought down by support staff to attend their therapy sessions in the
rehabilitation gym. Occupational therapy and physiotherapy therapy sessions are
carried out in a large gym area on the ground floor of the rehabilitation facility.
Although interconnected by a short hallway, the occupational therapy and
physiotherapy areas are two distinct spaces. The InMotion device was permanently

located in the physiotherapy gym area of the rehabilitation facility.

2.6 Ethical approval

Ethical approval for all aspects of the research program were granted by The Prince

Charles Hospital Human Research Ethics Committee (HREC) on the 10th of May 2016
67



(HREC/16/QPCH/36). The Australian Catholic University (ACU) HREC also approved
the program of research (2016-266R) on the 15t°f December 2016 with no additional
requirements. Please see Appendix 9.1 and Appendix 9.2 for the respective ethical
approval letters. The research program was approved as low risk but there were a
number of ethical considerations relating to consent, anonymity and confidentiality.

These are now discussed.

2.6.1 Consent process

A Participant Information and Consent Form (PICF) detailing the purpose of the study
and participants’ involvement was provided to discipline representatives who
distributed to the therapists at the facility prior to the running of the focus groups. The
candidate liaised with the discipline representative to confirm those therapists
interested in participating and a suitable time and date to conduct the focus groups.
Some participants had signed their consent forms prior to the day of the focus groups
but the majority consented on the day. As stated on the PICF, participation was
voluntary, and participants were free to decline or withdraw at any time without stating
areason with no effect on their relationship with either the Brighton rehabilitation unit

or the Australian Catholic University.

A waiver of patient consent was granted for the observations (Study 2) and audit (Study
3). This waiver of consent was granted by the respective ethical bodies in accordance
with section 2.3.10 of the National Statement on Ethical Conduct in Human Research
(2007) with patient involvement deemed to carry no more than low risk. Specifically,

the waiver was granted on the grounds that the studies entailed:
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e an evaluation of routine clinical practice and did not involve a control and
intervention group;

e observational by design with no direct intervention from the study investigator;

e demographic data, clinical outcome measures, InMotion computer data were
collected as part of routine clinical practices of therapy staff;

e integral in the evaluation and reporting process associated with the funding

scheme under which the InMotion was purchased.

Annual reports providing updates of data collection and publications were submitted

and approved by both ethical bodies throughout the program of research.

2.6.2 Anonymity and confidentiality

All participants included in the program of research, including patients and therapists,
were assigned a re-identifiable participant number (e.g. TH001). All information
collected from participants was entered under this number into spreadsheets
individually developed for each study. Identifiable information was kept separate in

hardcopy form in a locked filing cabinet at the rehabilitation facility.

For Study 1 and Study 4 (i.e. focus group with therapists), demographic information
related to the individual therapists was presented in summary format to maintain
anonymity e.g. Occupational therapy participants were predominantly female (n = 5),
had an average age of 29 years (24-39 years) and were six years post qualification (2-17
years). Direct statements from the transcripts cited in the results section were
anonymously attributed to the therapists e.g. Physiotherapist 3. In Study 2 and Study 3
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participants’ (i.e. stroke survivors) demographic and clinical characteristics,
observational data and InMotion computer data were collated and only summarised

and averaged information was presented.

2.6.3 Data storage

As detailed above identifiable information was kept in hardcopy form in a locked filing
cabinet at the rehabilitation facility. Computer files were stored on password protected
computers in offices at rehabilitation facility and university. Only deidentified files were
stored at the university. CloudStor, a secure password protected data management site,
was used to enable off-site viewing and sharing of recordings of the interviews for
transcription. Only members of the research team were provided with access to the
Cloudstor. After five years hardcopies of collected information will be shredded and
computer files deleted following a minimum of five years after conclusion of the

program of research.
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Chapter 3 - Therapists perceptions of the introduction of
robotic upper limb training into routine clinical practice

(Study 1).

Chapter 3 is the published manuscript of Study 1 with some minor updates for

terminology to be consistent with the broader thesis.

Flynn, N,, Kuys, S., Froude, E., & Cooke, D. (2019). Introducing robotic upper limb
training into routine clinical practice for stroke survivors: Perceptions of occupational
therapists and physiotherapists. Australian Occupational Therapy Journal, 66(4), 530-

538. https://doi.org/10.1111/1440-1630.12594

3.1 Title

Introducing robotic upper limb training into routine clinical practice for stroke

survivors: Perceptions of occupational therapists and physiotherapists.

3.2 Abstract

Background: Robot assisted upper limb therapy (RT-UL) is an emerging form of
intervention for stroke survivors with upper limb deficits. There is, however, limited
knowledge regarding therapists’ perceptions of RT-UL and the factors influencing the
implementation of RT-UL into the clinical setting. This is important when considering
that therapists in Australia are primarily responsible for the prescription of RT-UL in

daily practice. This study aimed to explore occupational therapists’ and
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physiotherapists’ perceptions of RT-UL and the perceived barriers and enablers

influencing implementation.

Methods: Two discipline specific focus groups were conducted involving occupational
therapists (n= 6) and physiotherapists (n = 6). Participants were members of the same
multi-disciplinary team working in an Australian public health rehabilitation facility
where RT-UL (i.e. InMotion) was being introduced for the first time. Focus groups
explored therapist perceptions of the new RT-UL as well as perceived barriers and
enablers to implementation. Focus groups were recorded, transcribed and deductively

analysed using the Theoretical Domains Framework (TDF).

Results: Seven out of the 14 domains of the TDF were raised by participants during the
focus groups; environmental context and resources, beliefs about consequences,
optimism, knowledge, skills, social influences and social and professional role and
identity. Therapists expressed their optimism towards the introduction of RT-UL but
believed successful implementation would be primarily dependent on the availability of

clinical leadership, training and a suitable client mix.

Conclusions: Therapists perceived that RT-UL would provide opportunity for increased
upper limb practice particularly for patients with severe upper limb impairment. To
facilitate implementation, support of RT-UL should come from both management and
clinical leaders and training include RT-UL efficacy, device functionality and patient
suitability. The availability of a single RT-UL device in a workplace may create unique

interdisciplinary and logistical challenges.
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3.3 Introduction

The amount of upper limb practice provided to stroke survivors is sub-optimal
(Hayward & Brauer, 2015). Possible reasons for this lack of practice include stroke
survivors’ limited ability to perform independent practice and consequent dependence
on one-on-one support from therapists (Stewart et al., 2017). Robot assisted therapy for
the upper limb (RT-UL) presents as a viable intervention to help therapists overcome
these clinical challenges when working with stroke survivors and is consequently an
emerging form of therapy within rehabilitative facilities across Australia (Galea et al.,

2016).

In broad terms, RT-UL involves retraining the upper limb by applying an
electromechanical device to the person’s upper limb to assist with and facilitate
repetitive performance of prescribed upper limb movements (Veerbeek et al., 2017).
RT-UL retraining is purported to be motivating, task-orientated, intensive and requiring
minimal therapist input and can improve activities of daily living, motor control and
strength in the impaired upper limb (Mehrholz et al., 2018; Veerbeek et al., 2017).
However, further insight is needed into the implementation of these devices within the
clinical setting. Such insights can be found through exploring the perspectives of

therapists who are involved in the implementation process.

A recent systematic review (van Ommeren et al., 2018) investigated user perspectives
(139 stroke survivors/carers and 384 health professionals) of electrical/mechanical
devices used for upper limb rehabilitation. The primary motivation of the review was to
understand which factors may influence the decision to purchase a device. Five primary

factors were identified; (1) promotion of upper limb performance (i.e. intensity, task

74



orientated) (2) patient and therapist attitude towards technology (i.e. motivating,

affinity) (3) decision process (i.e. evidence based, safety, financial outlay) (4) usability
(set up, adjustability) (5) applicability in practice (i.e. feedback, overtraining, comfort).
Such insights are helpful, however, there is a need to understand if similar or different
factors impact the actual implementation process of RT-UL in routine clinical practice,

not just the acquisition process.

The perspectives of Australian therapists of RT-UL have not previously been
investigated, nevertheless their views of other rehabilitative technology have been. The
perspectives of 11 Australian physiotherapists were explored in relation to their
prescription and use of technologies to improve mobility and physical activity (i.e.
videogames, smart phone applications and activity monitors) (Hamilton, McCluskey, et
al,, 2018). Again, a complex set of patient and environmental factors were identified,
including; the suitability of a technology to the patient needs and goals, patients’
previous experiences with technology, patients’ preferences and interests in technology
as well as the space available to use certain technologies. Further to this, therapists
explained that an advanced level of clinical reasoning was needed to continually adapt
the technologies to provide the “just right” challenge for their patients. It is therefore of
interest if therapists perceive that such an interplay of factors will shape the
implementation of RT-UL into routine practice and merit specific strategies to aid
implementation. This would seem particularly important when considering both the
potential benefits of successful implementation of RT-UL for stroke survivors as well as
the large financial outlay associated with purchase of these devices (Stewart et al.,

2017).
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Another significant variable to be considered in the implementation of RT-UL, is that
upper limb management for people with stroke in Australia typically involves both
occupational therapists and physiotherapists (Hayward & Brauer, 2015). Exploring
interdisciplinary dynamics as they relate to RT-UL would also seem important. Finally,
it would be valuable to gain an understanding of therapist perceptions of RT-UL prior to
being introduced into practice as pre-existing practices and personal concepts of

workplace norms can influence the implementation process (Smart, 2006).

The aim of this study was to investigate both occupational therapists’ and
physiotherapists’ perceptions of RT-UL and explore the potential barriers and enablers
to the implementation of a robotic device being introduced into an Australian
rehabilitation facility for the first time. This study is part of a broader research program
investigating the implementation of RT-UL into routine clinical practice and sits
alongside quantitative studies evaluating the usage patterns of RT-UL by occupational
therapists and physiotherapists and the impact of RT-UL on the type and dosage of

upper limb practice performed by stroke survivors.

3.4 Methods

3.4.1 Design

Qualitative methodology involving two discipline specific focus groups was utilised to
gain therapists’ perspectives (i.e. occupational therapists and physiotherapists) of the
introduction of RT-UL into their rehabilitation facility. Focus groups were conducted
prior to the introduction of the InMotion system into routine clinical practice. Discipline

specific focus groups were purposely conducted to enable analysis of individual
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discipline perspectives on RT-UL as well as provide opportunity for discussion of
discipline specific factors if they emerged. Discipline specific focus groups were
opportunistically held in each disciplines’ weekly team meeting which aided

recruitment and minimised the study impact on the therapists’ daily routine.

Focus groups comprised a convenience sample of therapists working on the day focus
groups were scheduled. All available therapists consented to participate in the study. An
information sheet detailing the purpose of the study and participants’ involvement was
provided to discipline representatives who distributed the information to therapists
prior to the focus groups. Participation was voluntary, and participants were free to
withdraw at any time without stating a reason. Allied health assistants and students
were excluded from the study as they were not responsible for the prescription of RT-

UL as part of routine practice.

All participants were members of the same multi-disciplinary team working in an
Australian public health rehabilitation facility. The facility was located in metropolitan
Queensland and services 50 rehabilitation beds with an estimated 578 rehabilitation
admissions per year of which approximately 18% of patients have a neurological
diagnosis. Patients are seen by both occupational therapists and physiotherapists daily.
Ethical approval was gained from the institutions’ human research ethics committee

HREC/16,/QPCH/36.

Version 2 of the Theoretical Domain Framework (TDF) was used to deductively analyse
focus group transcripts (Atkins et al,, 2017). The TDF is a validated framework for use
in the health setting providing a theoretical lens through which to analyse and

categorise factors influencing health professionals’ perspectives and behaviour (Michie
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et al,, 2005). The TDF version 2 comprises 14 domains; knowledge, skills,
social/professional role and identity, beliefs about capabilities, optimism, beliefs about
consequences, reinforcement, intentions, goals, memory/attention/decision process
(single domain), environmental context and resources, social influences, emotion and

behavioural regulation (Atkins et al., 2017).

3.4.2 RT-UL Device

The InMotion system facilitates movement at the shoulder, elbow and hand (with the
wrist fixed in neutral or pronation) and intuitively adapts to the person’s active
movements providing “assist-as-needed exercise guidance” (Bionik Labs, 2017). There
is also a series of inbuilt evaluative tools which can be used to measure and monitor

changes in upper limb kinematic control and force.

3.4.3 Procedure

Focus groups were led by one investigator (NF) using a series of semi-structured
questions. No other external parties were present during the focus groups other than
the investigator and participating therapists. Focus group questions were designed to
explore therapist perceptions of the introduction of the RT-UL in their clinical setting.
Specifically, questions covered: participants’ previous experiences with new
rehabilitative technology and in particular RT-UL, awareness of evidence and clinical
reasoning for RT-UL, overall perceptions of the InMotion being part of their daily
practice and perceived barriers and enablers in their workplace to the use of new
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technology and specifically the InMotion. As the InMotion system had yet to be
introduced to the unit, a brief demonstrative video of the InMotion system was shown
prior to commencing each focus group to provide participants with a basic orientation
to the device. At the end of each focus group a summary was presented to the
participants to confirm the key points raised in the discussion and provide opportunity
for any further clarification. These points were then documented by the investigator to

aid analysis. Focus groups lasted approximately 40 minutes.

Focus groups were audio recorded and transcribed verbatim. As part of the
transcription process all participants were de-identified and allocated an alias.
Transcription was conducted by one investigator (NF) and cross-checked by a second
investigator (DC). Focus group transcripts were entered and stored in NVivo 11, a

qualitative research software program, to facilitate the analysis process.

Prior to the commencement of coding, the two investigators independently reviewed
the TDF guide developed by Atkins et al. (2017) and met to confer on their
understanding of the TDF domains. Each investigator separately coded the transcripts,
assigning relevant statements into one or more of the 14 domains. The two
investigators then met to achieve consensus on coding and to allocate all statements
under a single domain. Where consensus could not be reached, a third investigator (SK),

was consulted to finalise categorisation.
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3.5 Results

3.5.1 Participants

Two discipline specific focus groups were conducted with a total of 12 participants (6
occupational therapists; 6 physiotherapists). Occupational therapy participants were
predominantly female (n = 5), had an average age of 29 years (24-39 years), were six
years post qualification (2-17 years) with four years neurological experience (1-10
years). Physiotherapy participants were also predominantly female (n = 4), had an
average age of 30 years (23-51 years), were eight years post qualification (1-30 years)
with 6.5 years neurological experience (1-25 years). Each focus group included a senior
therapist who had more experience than their discipline group (senior occupational

therapist = 17 years; senior physiotherapist = 30 years).

Two occupational therapists and one physiotherapist reported brief exposure to the use
of RT-UL during their undergraduate clinical experiences. None of the participants

reported using RT-UL as part of their practice since graduating.

3.5.2 Responses

Seven out of the 14 TDF domains were discussed in depth by participants during the
focus groups; environmental context and resources, beliefs about consequences,
optimism, knowledge, skills, social influences, social and professional role and identity
(single domain) and beliefs about capabilities. The remaining seven domains were not
included in the results as these categories were only discussed superficially or not at all.
Sub-themes were created within the “environmental context and resources” domain to

further define specific constructs. The domains of “optimism” and “beliefs about
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consequences” have been combined below along with “knowledge” and “skills”,
however, participants’ original statements were categorised under the relevant domain

during analysis.

Environmental context and resources

This domain refers to the influence the work environment can have on health
professionals’ behaviour when implementing a new practice and includes practical
elements such as the predictability and availability of patients, materials, time, staffing

and technical support as well as broader constructs such as the organisational culture.

Eligible/suitable patients. The key environmental influence on the usage of the InMotion

in daily practice reported by therapists was the number and flow of suitable patients.

[ think it’s obviously dependent on (having) appropriate patients. (Occupational

Therapist 5)

[ think it will have up and down phases ... sometimes you got heaps of patients

and then other times not so many. (Physiotherapist 5)

This was also highlighted as an issue by therapists who had used RT-UL as a student.

The client group itself was hard cause you didn’t have a consistent flow of

people. (Occupational Therapist, 3)

It (RT-UL device) was only really appropriate for a few patients (Occupational

Therapist, 2)
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Availability of device. Participants perceived that the availability of a single RT-UL device
could present challenges relating to person and environment interaction. Firstly, the
logistics of both disciplines (occupational therapy and physiotherapy) using the one

device and secondly the availability of the device for use with multiple patients.

We’ve got physios and OTs who will be potentially wanting to access that

(InMotion). (Occupational Therapist 1)

[ guess the only potential issue that I can see is actually having too many
(patients) that will want to use it- not enough time in the day with only one

machine. (Physiotherapist 2)

Practical challenges. Participants also drew on past experiences as students with RT-UL

to highlight a number of unique practical issues.

When the system didn’t work ... there was no one to really assist with fixing that

... S0 it was out of action. (Occupational Therapist 3)

It was annoying the computer would always break - not the device itself, but the

computer. (Physiotherapist 4)

In the positive, one participant recalled that there was only limited set up involved with

RT-UL.

No it was pretty quick. It didn’t take long to set up at all. (Physiotherapist 4)

Organisational culture. Finally, participants described an organisational culture within

the workplace that they felt would positively influence the implementation process.
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The other thing we’re fortunate here I think there is quite good support from line

managers. (Physiotherapist 2)

(There) has been quite an outlay of money I think there will be bean counters
who will probably have a vested interest...the ones who control the purse strings
will probably want to have some awareness of how it’s being used. (Occupational

Therapist 1)

Optimism & belief about consequences

Optimism is concerned with therapists’ confidence that a new practice is for the
betterment or detriment of their practice and will achieve the intended goals. Overall,

both disciplines were relatively optimistic towards the introduction of the InMotion.

I'm really excited about starting to use the robotic technology. (Physiotherapist

3)
I'm looking forward to trying it as soon as possible. (Occupational Therapist 1)

Specifically, they believed the InMotion had the potential to improve the quality and
quantity of therapy provided to stroke survivors, particularly stroke survivors with

severe upper limb impairment.

(For) those low-level patients ... who you want to spend a lot of time with but for

caseload demands you can’t achieve that dosage. (Occupational Therapist 2)

[ think it's got potential for a patient group (severe upper limb impairment) that

we normally struggle to try and do meaningful practice with... (Physiotherapist 2)
83



The occupational therapists appeared more measured than their physiotherapy
colleagues towards the implementation of the InMotion emphasising the need to first

see the effectiveness of the device for themselves.

Essentially, we're going to need to see with our own eyes that it’s actually
helping people because even if we're trained, even if we feel comfortable in its
use but we don’t value its use, we're not going to use it. (Occupational Therapist

2)

Therapists also believed the evaluative qualities of the InMotion would be particularly

useful and potentially motivating for patients.

[ think seeing results on the screen, will probably help with motivation ... keep
people engaged or be a bit more engaged than with other therapies where you

can’t necessarily see a day-to-day change... (Occupational Therapist 5)

The only negative consequence flagged in the focus groups related to safety issues

associated with using any new or unfamiliar rehabilitative technology.

When you have a new piece of equipment that you're really not familiar with and
you’re not sure that your particular patient is suitable for it and if you are going

to do them any harm if you set it up wrongly. (Physiotherapist 2)
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Knowledge and skills

The majority of the occupational therapists and physiotherapists acknowledged that
they had limited awareness of the evidence supporting the use and effectiveness of RT-

UL or the functionality of the device.

[ know that there’s been some studies ...but no I haven’t read anything specific

about it. (Occupational Therapist 1)

My lack of understanding about the system itself is [ don’t know whether it’s also
useful for people with reasonable function that you’'re wanting to get more sort

of dexterity and control. (Physiotherapist 2)

Consequently, therapists recognised the importance and need for training to facilitate

the implementation of the InMotion.

[ think it does rely on us having adequate training and the confidence to utilise it.

(Physiotherapist 3)

[ guess knowing the background of the purpose of the equipment definitely

makes it easier to start implementing in practice. (Occupational Therapist 3)

Social influence

Participants identified the potential for various social dynamics to play a part in the
implementation of the InMotion. Therapists expressed the importance of a champion or
a mentor to lead the implementation process as well as to ensure the sustainability of

the device as part of practice.
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Whether they're physios or OTs or whoever but that mentoring is really

important to help you get through and utilise it optimally. (Physiotherapist 2)

I'm looking for somebody to be the guru for it so we actually can have a phone a

friend to help overcome barriers. (Occupational Therapist 2)

Participants also described a generally positive social dynamic amongst themselves that

was likely to facilitate the implementation of new technology.

[ think we're really good at having informal discussions as to why it wouldn’t be

utilised. (Physiotherapist 3)

What is actually creating more value for clinicians (is) talking through and
reflecting about successes or failures that somebody has had. (Occupational

Therapist 2)

Social and professional role and identity

This category is concerned with understanding how a new practice fits within an

individual’s existing role and identity within a workplace.

Occupational therapy participants were particularly interested in which of the
disciplines, occupational therapy or physiotherapy, would take the lead and

responsibility for the implementation of the InMotion.

[s it going to be the OT, the physio? I think one of the benefits here is that I think

we haven'’t been overly precious about that over the years and I think that’s a
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positive thing as long as someone’s actually getting the therapy that they require.

(Occupational Therapist 1)

I'm very keen to see how we do share our toys so I hope that it works well

(Occupational Therapist 2)

Physiotherapists specifically highlighted that it was important the InMotion did not

replace fundamental elements of their role in the management of stroke survivors.

[ hope it doesn’t replace our upper limb management. [ hope we use it as well as

our own clinical practice as well hands on. (Physiotherapist 3)

3.6 Discussion

There were three key findings from this study. Firstly, therapists overall were positive
towards the implementation of the RT-UL into their workplace and particularly
optimistic with regards to the potential for RT-UL to address clinical challenges that
exist in providing effective amounts of meaningful therapy for stroke survivors with
severe upper limb impairment. Secondly, the availability of a single RT-UL device could
present unique logistical challenges relating to how the device is used between the
disciplines as well as with multiple patients. Thirdly, therapists identified that
leadership, training and the availability of suitable patients would be essential factors

determining the use of the RT-UL device in routine practice.
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3.6.1 Therapists’ optimism

Overall, participants were very positive about the prospect of the RT-UL being
introduced into their workplace. They perceived that RT-UL could deliver a highly
repetitive and motivating intervention. Participants also believed that RT-UL could be
effective in improving the quality and quantity of practice able to be provided to stroke
survivors with severe upper limb impairment. This optimism bodes well for the
successful implementation of RT-UL into routine practice as therapists’ pre-conceptions
of a new intervention can be a defining factor (Smart, 2006). Interestingly though, the
effectiveness of RT-UL specifically for stroke survivors with severe upper limb
impairment has yet to be clearly established and has been identified as a priority for

future studies in this field (Mehrholz et al., 2018).

Therapists also believed a chief advantage of implementing RT-UL would be the ability
to increase practice dosage, i.e. number of movement repetitions, stroke survivors
complete during routine therapy; namely those experiencing severe upper limb
impairment. This potential for increased practice is generally considered the primary
reason for the effectiveness of RT-UL (Mehrholz et al., 2018) with devices such as the
InMotion purportedly able to facilitate over a thousand movement repetitions in a
standard session (Bionik Labs, 2017). However, the specific number of RT-UL
movement repetitions required to effect significant motor recovery has not been
consistently measured or reported in efficacy studies (Mehrholz et al,, 2018). It is
questionable if this amount of practice can be consistently administered in routine
clinical practice when factoring in potential practical challenges such as set up time,

therapists’ skills and availability of clinical support for trouble shooting. Further
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investigation is merited to determine the actual capacity for RT-UL to increase the

dosage of practice for stroke survivors within a real-world clinical setting.

Despite some therapists recalling negative experiences with RT-UL as a student (e.g.
break down and technical support issues), there was a notable absence of any directly
negative statements regarding the implementation of the InMotion device. This is
surprising considering that such practical issues have previously been flagged by
therapists as major issues for the use of rehabilitative technology (Hamilton et al., 2018;
van Ommeren et. al, 2018). This may be evidence of the strength of optimism
surrounding the new device or simply reflective of the device not yet being introduced
into routine practice. Follow up focus groups proceeding the implementation of the

device could give greater insight into these practical aspects.

3.6.2 Implications of a single device

In this particular facility both occupational therapists and physiotherapists work
collaboratively to manage stroke survivors’ upper limb recovery. Such an
interdisciplinary approach is reflective of practice more broadly in Australian
rehabilitative settings (Hayward & Brauer, 2015). Participants thought having only a
single RT-UL device available for both disciplines to use would likely present some
distinct challenges such as where to locate the device (i.e. occupational therapy or
physiotherapy department) and which discipline would be responsible for initiating RT-
UL with patients. In a recent randomised control trial investigating the effectiveness of
an upper limb electromechanical device (SMART Arm) both physiotherapists and

occupational therapists were involved in the use of the device with their patients
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(Barker et al., 2017). Interestingly, no issues were identified, relating to the shared
interdisciplinary use of a single device in the rehabilitation setting. However, challenges
may present when clear protocols are not in place. If applicable, specific strategies could
be employed to address these interdisciplinary dynamics including the training of
disciplines jointly as well as locating the RT-UL system in a central area or alternating
the system’s location between discipline areas during the year. Such strategies may help
to promote RT-UL as part of each disciplines’ routine practice as well as assist to

maintain therapists’ skills and confidence in the use of RT-UL.

The availability of a single device was also seen by therapists as potentially creating
unique scheduling dilemmas, an issue not uncommon to new forms of rehabilitative
technologies (Chen & Bode, 2011). Therapists and administrators will need to be
mindful of establishing clear procedures around timetabling patients to facilitate the
implementation process and enhance the feasibility of the intervention. Where possible
therapy assistants could be upskilled to deliver RT-UL sessions and so broaden the

times for appointments (i.e. evenings/weekends).

3.6.3 Leadership, training and availability of patients

Participants expressed that their uptake and ongoing use of the InMotion in routine
practice was connected to three main elements; leadership, adequate training and

availability of suitable patients.

The value placed on leadership by the focus groups was notable. Strong leadership at

both managerial and clinical levels has been recognised as essential to a successful
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implementation process (Bradley et al.,, 2004). Senior management can provide crucial
financial and administrative support needed to get a new intervention off the ground
and leadership at a clinical level can provide the role modelling and support required
for clinicians in daily practice (Hoffmann et al., 2017). Therapists in this study believed
that senior management at their centre would be keenly interested in the RT-UL
implementation process to ensure the financial investment was justified. This factor
was seen as a clear driver for implementation. In terms of clinical leadership,
participants expressed the need for a RT-UL champion, of either discipline, to lead the
implementation process, provide training and to aid in day-to-day troubleshooting.
Establishing this clinical leadership is an important step in the implementation process
particularly when the initiative for RT-UL has come from senior management who may
not be involved in the daily provision of therapy. It would also be prudent to ensure this
clinical leadership is broader than any single individual so that troubleshooting and
staff support can continue if a lead person is unavailable due to leave or work

arrangements (i.e. part-time).

Secondly, therapists stressed the importance of receiving training to enable use of the
RT-UL device as part of routine practice. Training has repeatedly been shown to be an
effective strategy for changing health professionals practice and improving patient
outcomes ((Forsetlund et al.,, 2009). Specifically, therapists in this study identified that
training should include background knowledge of RT-UL (e.g. supporting evidence),
skill acquisition in the various functions of the device and identification of the type of
patient that would be suitable. One senior therapist believed that understanding which

patients would be suitable for a new intervention was essential for safe practice.
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Therapists may hesitate to implement a new intervention when there is a real or
perceived risk of incurring injury to their patient, and this would seem pertinent in
relation to RT-UL where stroke survivors are participating in highly repetitive practice.
The occurrence of pain in the upper limb following a stroke has been found to be
directly proportionate to the amount an individual uses their upper limb as well as the
severity of their impairment (Lang, Wagner, et al., 2007; Ratnasabapathy et al., 2003)
al,, 2003). RT-UL is recognised as a relatively safe form of therapy with adverse events
and dropouts being uncommon in efficacy studies (Mehrholz et al., 2018). Informing
therapists of such findings as part of the training process should increase therapists’

confidence when prescribing and delivering RT-UL.

Therapists perceived that the usage of RT-UL in routine practice was directly related to
the availability of suitable RT-UL patients. This has been previously recognised as a
factor determining both the acquisition and prescription of new rehabilitative
technology in practice (Chen & Bode, 2011; Hamilton, Lovarini, et al., 2018). This would
seem logical but highlights the importance of ensuring that the clinical context has an
adequate number of appropriate patients, otherwise the usefulness of the intervention
is questionable. Therapists further explained that the number of suitable patients for
RT-UL may ebb and flow over time. This may result in therapists gradually losing skills
and confidence to use RT-UL as part of their routine practice. Undertaking a pre-
implementation audit of patient numbers and clinical demographics across a range of
time periods should be a foundational part of the implementation process (McCluskey &
O'Connor, 2017). Audit results could help determine the initial appropriateness of the

purchase of an RT-UL device and may even aid in determining the most suitable type of
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RT-UL device. The range of commercially available RT-UL devices is increasing, and it is

important that health administrators and clinicians consider the type of device that will

best meet the needs of their patients and staff. Additionally, audit data may help identify
strategic times for staff retraining to refresh knowledge and skills and in turn increase

confidence to incorporate RT-UL into their routine practice.

3.6.4 Implications for practice and research

An audit of patient admissions should be undertaken prior to RT-UL device acquisition
to help ensure the device is suitable to a setting. Training should inform therapists of
the efficacy, suitability and safety of RT-UL along with the functionalities of an RT-UL
device. Consideration should also be given to the scheduling of the use the RT-UL to
tackle potential logistical and interdisciplinary challenges. Further research is needed to
determine if RT-UL increases the dosage of practice performed by stroke survivors once

part of routine clinical practice.

3.7 Limitations

This study investigated the perceptions of occupational therapists and physiotherapists
within a single rehabilitation facility in Australia and both groups were of a small size.
Conclusions from this study are therefore reflective of the participants and their
healthcare setting. Transferability of results to the respective professions as a whole
should be made with caution. Inclusion of allied health assistants and students may

have broadened the findings of this study. However, as neither group was to be involved
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in the prescription of RT-UL in daily practice these groups were excluded. Finally, the
use of the TDF to guide data analysis may have limited identification of other relevant
themes. This framework, however, enabled a structured and effective process of
categorisation and placed the information in a format that is consistent with other

studies in the field of implementation science.

3.8 Summary

Pending implementation of RT-UL into clinical practice was perceived positively by both
occupational therapists and physiotherapists. Therapists identified the potential for RT-
UL to improve the specificity and dosage of practice performed by stroke survivors,
particularly those with severe upper limb impairment. However, further research is
needed to determine if the purported number of RT-UL repetitions and associated
improvement in clinical outcomes can be achieved in routine clinical practice when
factoring in the various practical challenges for using upper limb robotic devices in the

clinical setting.

The availability of a single RT-UL device within a rehabilitation facility may create
unique interdisciplinary and scheduling challenges that need to be considered as part of
the implementation process. Finally, therapists linked their potential use of RT-UL in
routine practice to having the support of a clinical leader, training in use of the robotic

device, and the availability of patients who would benefit from its use.
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Chapter 4 - Repetitions, duration and intensity of upper limb
practice following the implementation of robot assisted

therapy (Study 2)

Chapter 4 is the published manuscript of Study 2 with some minor updates for

terminology to be consistent with the broader thesis.

Flynn, N,, Froude, E., Cooke, D., & Kuys, S. (2020). Repetitions, duration and intensity of
upper limb practice following the implementation of robot assisted therapy with sub-
acute stroke survivors: an observational study. Disability and Rehabilitation: Assistive

Technology, 17(6), 675-680. https://doi.org/10.1080/17483107.2020.1807621

4.1 Title

Repetitions, duration and intensity of upper limb practice following the implementation

of robot assisted therapy with sub-acute stroke survivors: An observational study.

4.2 Abstract

Background: Robot assisted upper limb (UL) therapy has been identified as an
intervention with the potential to help improve the amount of practice performed by
stroke survivors. This study aimed to measure the amount of UL practice (i.e.
repetitions, duration, intensity) performed by subacute stroke survivors, in particular
those with severe UL impairment, pre and post implementation of robot assisted upper

limb therapy (RT-UL) into an inpatient rehabilitation setting.
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Methods: Two observational study phases (pre-RT-UL and post-RT-UL) were
undertaken of occupational therapy and physiotherapy sessions performed by subacute
stroke survivors. Upper limb tasks observed and recorded in therapy were classified as

either impairment-related therapy or activity-related.

Results: In the pre-RT-UL observational phase, 7 subacute stroke survivors were
observed across 11 days involving 25 therapy sessions. Post-RT-UL, 12 subacute stroke
survivors were observed across 12 days involving 29 therapy sessions. There were no
significant differences in characteristics of patients observed in each phase (p > 0.05).
The mean difference (95% CI) between pre and post RT-UL for repetitions (reps) (569
(1to 1136)) and intensity (7 (4 to 11)) reps/min of practice increased for all patients,
including those with severe UL impairment (337 (37 to 638)) reps and (8 (2 to 14))

reps/minute, with the duration of therapy unchanged.

Conclusions: This is the first study to have observed an increase in UL practice with the
inclusion of RT-UL as part of routine clinical practice. This increase in practice is
considered to be due to RT-UL providing highly supportive and expeditious semi-
supervised practice. Notably, RT-UL was able to be implemented within the existing

organisational structures with only basic training of therapy staff.

4.3 Introduction

Motor recovery in the upper limb (UL) following stroke is largely dependent on a
person’s ability to engage in practice that is highly repetitive, intensive and task-specific
(Arya et al, 2011). However, this can be a challenge for therapists to provide in the

clinical setting particularly when people have severe UL impairment and independent
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exercise is difficult or impossible (Hayward & Brauer, 2015). Previous research into
usual UL therapy found people with stroke performed less than 32 UL repetitions per
therapy session (Hayward & Brauer, 2015) at an average intensity of one repetition per
minute (Kimberley et al., 2010). Stroke survivors themselves have also reported an
insufficient amount of UL therapy when in hospital and described limited access to
rehabilitative technology, such as robot assisted upper limb therapy (RT-UL) (Hughes et

al, 2014).

In essence, RT-UL retraining involves the facilitation of repetitive UL movements with
the assistance of an electromechanical device supporting the paretic arm (Veerbeek et
al, 2017). RT-UL devices (e.g. InMotion) can purportedly facilitate highly intensive
practice, enabling over a thousand movement repetitions in a 60-minute session
(Conroy et al., 2011) with only minimal input from the therapist (Stewart et al., 2017).
Most importantly, RT-UL has been shown to be effective in improving activities of daily
living performance, motor control and strength in the impaired UL (Mehrholz et al.,

2018; Rodgers et al,, 2019; Veerbeek et al., 2017).

This potential for RT-UL to increase the amount of practice performed by stroke
survivors is encouraging, however, a range of individual and environmental factors can
impact the successful implementation of UL best-practice into the clinical setting
(Bayley et al., 2012; Jolliffe et al., 2019; McCluskey et al., 2013; Mudge et al., 2017).
Factors such as patient motivation, therapist knowledge, attitude and skill, clinical
leadership, safety concerns, set up of the device and organisational resources may
impact usage of robotic devices in the clinical setting(Atkins et al., 2017; van Ommeren

etal, 2018).
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This study aimed to measure the amount of UL practice (i.e. repetitions, duration,
intensity) performed by subacute stroke survivors, in particular those with severe UL
impairment, pre and post the implementation of RT-UL into an inpatient rehabilitation

setting.

4.4 Methods

4.4.1 Design

Two separate observational study phases (i.e. pre-RT-UL and post RT-UL) were
undertaken of occupational therapy and physiotherapy sessions completed by subacute
stroke survivors across an entire day in the central gym area. The pre-RT-UL
observational phase was conducted between September 2016 and December 2016,
prior to the implementation of the InMotion into the rehabilitation practice setting. The
post-RT-UL observational phase was conducted from September 2018 to February
2019, 20 months after the introduction of the InMotion into this clinical setting. A 20-
month interval between the pre-RT-UL and post RT-UL phases provided sufficient time
for the InMotion system to be embedded into routine clinical practice, and training of all
occupational therapy and physiotherapy staff in its use completed. Training involved
either individual or small group based practical education sessions led by the senior

physiotherapy staff.

4.4.2 Site
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The participating rehabilitation facility was located in metropolitan Queensland,
Australia. The facility services 50 rehabilitation beds with approximately 600
rehabilitation admissions per year, of which approximately 30% of patients have a
primary diagnosis of stroke. Stroke survivors are typically seen by both occupational
therapists and physiotherapists on a daily basis, Monday to Friday. The InMotion
system was permanently located in the physiotherapy gym area of the rehabilitation
unit. Ethical approval for the study was gained from The Prince Charles Hospital Human
Research Ethics Committee (HREC) (HREC/16/QPCH/36) and the Australian Catholic

University HREC (2016-266R).

4.4.3 Participants

Subacute stroke survivors (i.e. less than 3 months post event) undergoing UL
rehabilitation as part of an inpatient program were eligible for inclusion in the study.
For the post RT-UL observational phase, patients also needed to be engaged in RT-UL as
part of their UL rehabilitation program. Patients were excluded if they had a serious
complicating medical illness, pain or a pre-existing comorbidity impacting their
participation in UL therapy. Severity of UL impairment was determined by patients raw
score on the Motor Assessment Scale (MAS) item 6, with a score <3 categorised as

severe UL impairment (Hayward et al., 2013).

4.4.4 Recruitment
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The rehabilitation unit was visited on a weekly basis (NF) during both the pre and post
RT-UL observation phases. A convenience sample of eligible patients for observation
was selected pragmatically based upon patient and staff schedules on the day of each
observational research visit. As the study progressed, patient types that were
underrepresented in the dataset (e.g. gender and UL severity) were prioritised for

observation.

4.4.5 Robot-assisted upper limb therapy device (InMotion)

The InMotion system (Figure 4.1) facilitates movement at the shoulder, elbow and hand
(with the wrist fixed in neutral or pronation) and intuitively adapts to the person’s
active movements providing “assist-as-needed exercise guidance” (Bionik Labs, 2017).
The InMotion system also includes a series of inbuilt evaluative tools that can be used to

measure and monitor changes in UL kinematic control and force.

Figure 4.1 InMotion system (Bionik Labs, 2017)
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4.4.6 Measures

The observational protocol and recording form developed to record repetitions,
duration and intensity of UL practice initially involved the review of previous
observational studies investigating UL practice for stroke survivors (Hayward et al.,
2013; Hayward & Brauer, 2015; Kimberley et al., 2010; Lang, MacDonald, et al., 2007;
Lang et al,, 2009). The protocol and recording form subsequently developed were pilot
tested and refined during trial observations of patient sessions. Observational data were
collected by one investigator (NF) for both observation phases to ensure consistency of
recording. Where it was uncertain how to categorise or count a specific task, the activity

observed was recorded and consensus reached with the research team.

To enable accurate recording of therapy, only a single patient was observed on each
observational day. All occupational therapy and physiotherapy gym-based sessions in
that day were observed except where the sole purpose of the session was assessment.
Where a patient was observed on more than one day the average dose for both minutes
and repetitions were determined across the total number of observation days. During
session observations, the investigator aimed to be unobtrusive and did not interfere or
assist with the therapy session being observed. Time and repetitions were totalled at

the end of each session.

UL repetitions were manually counted using a clicker. A single repetition was defined as
the patient performing an active or assisted movement of the paretic UL from an initial
resting position, through a prescribed motion and then returning to a resting position
(Lang, MacDonald, et al., 2007). A repetition was only counted if considered to be

therapeutic, that is, instructed or performed to complete a prescribed therapeutic task.
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Repetitions also included obvious attempts to perform the prescribed therapy task
(whether the patient was successful or not). Movements associated with assessment or
that were incidental in nature were not counted. Duration of therapy was measured in
minutes using a digital stopwatch. Intensity of UL practice was defined and calculated as

the number of UL repetitions performed per minute (Kimberley et al., 2010).

UL therapy tasks were categorised as either impairment-related therapy or activity-
related based on previously developed coding lists for observing UL practice by stroke
survivors (Hayward et al., 2013; Lang et al., 2009). Definitions for the categories and the
repetitions of UL movements utilised in this study are shown in Table 4.1. The discipline
that provided each UL therapy session, either occupational therapy or physiotherapy,

was noted.
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Table 4.1 Definitions of movements, repetitions and examples for impairment-related and

activity-related upper limb task practice

Category

Definition

Definition of single repetition

Examples

Impairment-related

Active exercise

Passive Exercise

Sensory

Activity-related

Functional tasks

RT-UL

Any movement in which the
patient attempted or moved
the limb through a specific
motion

Any movement of the limb by
a therapist or a device,
without any effort by the
patient

Any activity done to
receive/enhance
somatosensory input

Any movement that
accomplishes/attempts to
accomplish a functional task.
For more complex functional
tasks movements were
recorded as subunits of the
whole task.

Any movement that
accomplishes/attempts to
accomplish a task presented
on the InMotion computer
monitor.

One movement from initial
position and back again

One movement from initial
position and back again

One period of the activity

One completion of the
functional task

One movement from initial
position and back again as
displayed on the computer
monitor

Side-lying shoulder
flexion/extension

Stretches; passive range of patient’s
fingers by therapist

Weight bearing where one period of
bearing weight through the paretic
arm was counted as one repetition

Reaching for a cup
Throwing a beanbag

Preparing a cup of coffee (contained
subunits)

Making a bed (contained subunits)

Clock game task = starting at the
central dot of the clock presented
on the computer monitor, reaching
out to the presented dot on the
outer edge of the clock and then
returning to the central dot

Pick game = Reaching, grasping,
transporting and releasing (with
active-assistance from the InMotion
device) a highlighted dot to
designated positions on the
computer screen.

Note. Adapted from table in Lang et al. (2009). Abbreviation: RT-UL - Robot assisted upper limb therapy
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Impairment-related therapy involved patients completing tasks to directly address
deficits in body function and structure and included active exercise, passive exercise
and sensory tasks. Activity-related therapy involved patients executing functional tasks
either basic or complex. Complex functional task repetitions were recorded as subunits
of the whole task. For example, 11 subunit repetitions were counted in observation of a
patient using their paretic UL to prepare a cup of coffee including filling kettle with
water, carrying the cup, carrying the spoon, opening the coffee jar, putting the lid back
on the coffee jar, opening the fridge door, removing the lid from the milk, putting lid on
the milk, reopening the fridge door, stirring the coffee and carrying the coffee. RT-UL
was categorised under activity-related therapy with the patient required to execute a

specific functional task as presented on a computer monitor.

4.4.7 Data Analysis

Data are presented descriptively as mean (SD) to describe repetitions, duration of
therapy (minutes) and intensity of therapy (repetitions/minute). Types of UL therapy
data (activity-related, activity-related without RT-UL, impairment-based, RT-UL alone)
are described separately. Between group analysis was undertaken to examine
differences between the amount of UL therapy practice pre- and post-RT-UL for all
subacute stroke survivors. Results for observations of those with severe UL impairment
(MAS score <3) were also examined separately in both pre and post RT-UL.
Independent sample t-tests (or non-parametric equivalent) were used to compare pre

and post RT-UL measures. For categorical data a Chi-square test for independence or

105



Fisher’s Exact test were used. All data were analysed using SPSS v. 25 and statistical

significance set at <0.05.

4.5 Results

4.5.1 Participants

Pre RT-UL, 7 subacute stroke survivors were observed across 11 days, involving 25
therapy sessions (9 occupational therapy sessions; 16 physiotherapy sessions). Post-
RT-UL, 12 subacute stroke survivors were observed across 12 days involving 29
therapy sessions (10 occupational therapy sessions; 19 physiotherapy sessions).
Fourteen sessions involved RT-UL, 13 of which were led by physiotherapy. RT-UL
practice performed by patients required only intermittent input from the treating
therapist. There were no significant differences in characteristics of patients observed
pre-RT-UL and those observed post RT-UL (p > 0.05). Demographic data and clinical
characteristics of patients observed as part of the pre and post RT-UL observations is

summarised in Table 4.2.

Pre RT-UL, 5 subacute stroke survivors with severe UL impairment were observed
across 8 days involving 19 sessions (8 occupational therapy sessions; 11 physiotherapy
sessions). Post RT-UL, 5 subacute stroke survivors with severe UL impairment were
observed across 5 days involving 10 sessions (3 occupational therapy sessions; 7
physiotherapy sessions). Patients with severe UL impairment engaged in 6 sessions that
involved RT-UL, all were led by physiotherapy. There were no significant differences in
patients’ characteristics with severe UL impairment between pre-RT-UL and post RT-UL

(p > 0.05) (Table 4.2).
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Table 4.2 Demographics and clinical characteristics of all patients and those with severe
upper limb impairment in the pre and post robot assisted upper limb therapy (RT-UL)
observations

Patient characteristic All stroke patients Patients with severe UL
(n=19) impairment (n = 10)
Pre RT-UL  Post RT-UL Pre RT-UL Post RT-UL

(n=7) (n=12) (n=5) (n=5)

Age (years), mean (SD) 68 (11) 68 (15) 67 (13) 61 (19)

Gender, n females (%) 4 (57) 2(17) 2 (40) 1(20)

Stroke type, n ischaemic 5(71) 12 (100) 3(60) 5(100)

(%)

Paretic arm, n right (%) 4 (57) 5 (42) 3 (60) 1(20)

Severe UL impairment, n 5(71) 5(42) 5(100) 5(100)

<3 MAS Item 6 (%)

Days post stroke at time of 32 (17) 28 (24) 36 (19) 32 (23)

observation, mean (SD)

FIM Admission, mean (SD) 65 (31) 89 (22) 69 (36) 75 (21)

Abbreviation: FIM - Functional Independence Measure, MAS - Motor Assessment Scale,
RT-UL - Robot Assisted Upper Limb Therapy, UL - Upper Limb

4.5.2 Upper limb therapy practice for all stroke patients

Table 4.3 summarises UL therapy practice (repetitions, duration, intensity) for all
patients pre and post RT-UL. Total UL repetitions increased post RT-UL (p-value = 0.01)
and there was no change in total UL therapy duration (p-value = 0.38). Intensity of UL
practice increased post RT-UL (p-value = 0.001). Activity-related UL repetitions

increased post RT-UL (p-value = 0.01) with no change in the duration of activity-related
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UL therapy time post RT-UL (p-value = 0.55). Intensity of activity-related UL practice
increased post RT-UL (p-value = 0.001). There was no difference between pre and post
RT-UL for activity-related UL practice without RT-UL and no change in impairment-

related practice.

4.5.3 Upper limb therapy practice for stroke patients with severe impairment

UL therapy practice for stroke survivors with severe UL impairment pre and post RT-UL
is summarised in Table 4.3. Total UL repetitions for patients with severe UL impairment
increased post RT-UL (p-value = 0.04) but there was no change in the total UL therapy
time (p-value = 0.92). Intensity of UL practice increased post RT-UL (p-value = 0.009).
Activity-related UL repetitions for patients with severe UL did not increase post RT-UL
(p-value = 0.06). There was no change in the duration of activity-related UL therapy
post RT-UL (p-value = 0.92). Intensity of activity-related UL practice increased post RT-
UL (p-value = 0.009). There was no difference between pre and post RT-UL for activity-

related UL practice without RT-UL and no change in impairment-related practice.
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Table 4.3 Mean (SD) for type and dosage of Upper Limb (UL) therapy over the day and mean difference (95% CI) between pre and post robot-assisted
upper limb therapy (RT-UL)

UL therapy per day

Repetitions

Total

Minutes

Activity-related
Activity-related without RT-UL

Impairment-related
RT-UL alone

Total

Activity-related
Activity-related without RT-UL*
Impairment-related

RT-UL alone

Intensity (reps/min)

Total

Activity-related
Activity-related without RT-UL*
Impairment-related

RT-UL alone

Pre-RT-UL (n=7)

Post-RT-UL (n=12)

Difference between Pre and Post RT-UL

All(n=7) Severe UL All(n=12) Severe UL All Severe UL
impairment impairment impairment
(n=5) (n=5)

282 (231) 265 (227) 851(682) 602 (183) 569 (1to 1136) 337 (37 to 638)

236 (258) 200 (258) 796 (689) 531 (203) 561 (-16to 1137) 331 (-81to 670)

236 (258) 200 (258) 247 (295) 59 (65) 11 (-272 to 295) -141 (-457 to 176)

26 (57) 37 (66) 54 (60) 71 (68) 28 (-31to0 87) 34 (-63to 132)

n/a n/a 549 (428) 472 (175) n/a n/a

55 (46) 59 (52) 71(38) 60 (33) 17 (-24 to 58) 1 (-62to 65)

48 (50) 50 (58) 60 (38) 42 (21) 12 (-30 to 55) -8 (-72 to 56)

48 (50) 50 (58) 31(25) 13 (16) -17 (-64 to 30) -37 (-108 to 34)

7 (14) 9 (16) 11 (15) 18 (18) 5(-10to 19) 9 (-15to 33)

n/a n/a 29 (17) 29 (11) n/a n/a

5(3) 4(2) 12 (5) 12 (5) 7 (4to 11) 8 (2to 14)

4(3) 2(2) 13 (4) 14 (4) 9(5to13) 11 (7 to 16)

4(3) 2(2) 6 (4) 3(3) 3(-2to7) 1(-3to4)

2(3) 2(3) 4(7) 3(3) 3(-3t09) 0(-4to5)

n/a n/a 18 (4) 16 (3) n/a n/a

*Mean and SD remains unchanged due to no RT-UL being available for clinical use pre-RT-UL
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4.6 Discussion

This study aimed to quantify UL practice in terms of repetitions, duration and
intensity performed by sub-acute stroke survivors, including those with severe UL
impairment, in an inpatient rehabilitative setting pre and post the implementation
of RT-UL. Upper limb repetitions and intensity of practice increased for all patients,
including those with severe UL impairment, with the duration of therapy
unchanged. This would appear to be the first study to have observed an increase in
UL practice when RT-UL is implemented into routine clinical practice. These
findings are noteworthy firstly from the perspective that highly repetitive and
intensive UL training is essential for motor recovery (Kleim & Jones, 2008) and
secondly therapists have previously found this difficult to provide to stroke

survivors in the clinical setting (Hayward & Brauer, 2015).

An increase in UL practice was the proposed outcome of RT-UL providing a uniquely
supportive and efficient form of UL practice that requires minimal input from the
therapist. The InMotion provided physical assistance at the patient’s elbow, wrist
and hand and presented up to 80 therapy targets sequentially to the patient on the
computer monitor before any therapist involvement was required. Conventionally,
UL practice for stroke survivors has involved one-on-one input from the therapist
particularly patients with severe UL impairment (Hayward & Brauer, 2015; Stewart
et al.,, 2017). This can result in periods of downtime or reduced intensity of practice
for the patient if they are unable to complete repetitive UL movement unassisted

while the therapist attends to other patients or tasks. Other recommended
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strategies for extra practice for patients with severe UL impairment such as room-
based programs and UL groups (Stewart et al., 2017) may not be as effective due to
the reliance on staff or family. The capacity for semi-supervised practice also
distinguishes RT-UL as a potentially cost-effective means of increasing practice

levels (Hesse et al., 2014; Masiero et al,, 2014; Wagner et al., 2011).

The idea that RT-UL could potentially replace the role of the therapist (Laffont et al.,
2014) or supersede other forms of effective UL rehabilitation was not evident in this
study. The amount of UL practice performed separate to RT-UL (i.e. “impairment-
related” and “activity-related without RT-UL”) remained unchanged. Patients
continued to engage in a broad range of UL tasks with RT-UL being just one of the
many interventions used as part of an UL program. Therapists remained essential
throughout the delivery of these programs to prescribe and grade tasks, provide
feedback on performance, facilitate exercise of isolated muscle groups and
supervise tasks in standing. Therapist involvement, although minimal, was also
crucial in the delivery of RT-UL including the identification of appropriate
therapeutic protocols, monitoring of fatigue and pain levels and interpretation of

evaluative measures.

A stroke survivor’s opportunity to engage in effective UL practice can be limited by a
range of factors specific to the clinical environment in which they are receiving
therapy (Jolliffe et al.,, 2019). These may include attitudes of therapists,

organisational structures and availability of resources (Atkins et al.,, 2017; van
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Ommeren et al., 2018). A number of these factors were identified in the focus groups
of Study 1 prior to the commencement of this observational study. Therapists
acknowledged the potential for RT-UL to increase UL practice but felt this was
dependent on having the support of clinical leaders and receiving adequate training
in the use of the RT-UL. The availability of a single robotic device was also perceived
by therapists as presenting logistical challenges. Despite these perceived challenges,
RT-UL was able to be successfully implemented within the existing leadership
structure and therapy schedules with only basic training of therapy staff. A potential
implication of only a single RT-UL device being available was that RT-UL was almost
exclusively prescribed and provided by the physiotherapists, as opposed to the
occupational therapists, due in at least part to the InMotion being located in the
physiotherapy gym area. In addition to this, the capacity for RT-UL to enable semi-
supervised practice appeared particularly conducive to the work patterns in the
physiotherapy gym where therapists were frequently responsible for treating two

to three patients at one time.

The scope of this study did not extend to investigating the correlation between
practice levels and patient UL outcome measures; however, some assumptions can
be made. Schneider et al. (2016) suggest that a 240% increase in practice minutes is
needed to reduce activity limitations in stroke survivors. This conclusion being with
the assumption that increased therapy minutes results in increased UL repetitions.
The implementation of RT-UL saw an increase of more than 200% in UL practice

(i.e. 282 reps/day pre-RT-UL to 851 reps/day post RT-UL) for stroke survivors but
112



without an increase in the duration of UL therapy time. Practice performed outside
the gym (e.g. independent or family facilitated practice on the ward) was not
recorded so it is possible that patients may have undertaken even more practice
during an entire day. It appears feasible that the extra practice necessary to reduce
activity limitations in stroke survivors could be achieved with the inclusion of RT-

UL into routine clinical practice.

4.7 Study limitations

There were several limitations to this study. A relatively small sample of
convenience was recruited in both observational phases from a single rehabilitation
unit located in a metropolitan area. Although statistical conclusions were able to be
drawn from data the transferability of these results to the broader rehabilitation
context should be done with caution. Patients observed in the pre-implementation
phase were not the same as those observed in the post-implementation phase,
however, no differences in demographics or clinical characteristics were found
between the two groups. Additionally, the scope of the study did not extend to the
collection and analysis of patient clinical outcome measures, so no conclusions could
be made as to the effect of the increase in practice on patient recovery. Despite the
investigator (NF) being vigilant to be unobtrusive and not to interfere or assist with
therapy sessions during data collection, it is possible that therapists altered their

behaviour when under direct observation.
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4.8 Conclusions

This study observed an increase in UL repetitions and intensity of practice by sub-
acute inpatient stroke survivors, including those with severe UL impairment,
following the implementation of RT-UL into routine clinical practice. Notably, this
increase in practice was achieved without an increase in the time spent in therapy
by patients. Further pragmatic studies involving the use of RT-UL in routine clinical
practice with larger sample sizes are needed to support the generalisation of these

results.
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Chapter 5 - The sustainability of upper limb robotics

therapy in the rehabilitation setting (Study 3)

Chapter 5 is the published manuscript of Study 3 with some minor updates for

terminology to be consistent with broader thesis.

Flynn, N,, Froude, E., Cooke, D., Dennis, ., & Kuys, S. (2021). The sustainability of
upper limb robotic therapy for stroke survivors in an inpatient rehabilitation
setting. Disability and Rehabilitation, 1-6.

https://doi.org/10.1080/09638288.2021.1998664

5.1 Title

Sustainability of upper limb robotic therapy for stroke survivors in an inpatient

rehabilitation setting.

5.2 Abstract

Background: To investigate the sustainability of robot-assisted upper limb therapy

(RT-UL) as part of routine occupational therapy and physiotherapy clinical practice.

Methods: Two separate audits, 12 months apart, of RT-UL computer data records
were undertaken to determine sustainability in a subacute rehabilitation unit.
Records of the two audits were compared in terms of the number of subacute stroke
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survivors using RT-UL, number of RT-UL sessions, duration of RT-UL sessions and

disciplines prescribing RT-UL.

Results: During Audit 1 58% (n=18) of stroke survivors received RT-UL compared to
50% (n=7) in Audit 2. The total number of RT-UL sessions reduced between audits
(148 sessions v 36 sessions) reflecting the overall reduction in admission rates for
stroke survivors. There was no significant difference between audits in the average
number of RT-UL sessions per patient (p=0.203) nor length of sessions (p=0.762).
Patients engaged in active therapy more than three quarters of the time when on the
robotic device. Physiotherapists were the primary prescribers of RT-UL when

compared to occupational therapists.

Conclusions: RT-UL was in continued and regular use with stroke survivors 2 years
after initial implementation within an inpatient rehabilitation setting. RT-UL

practice was intensive and used routinely with patients.

5.3 Introduction

Robot-assisted upper limb therapy (RT-UL) is an emerging technology in the field of
rehabilitation and is globally recognised as part of best practice for stroke survivors
with upper limb deficits (Stroke Foundation, 2022; Teasell et al., 2020). RT-UL has
been shown to be effective in improving motor control and strength in the upper
limb (UL) following stroke (Mehrholz et al., 2018; Rodgers et al., 2019; Veerbeek et

al,, 2017). Despite this growing body of evidence, little is understood as to how these
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devices are implemented and used clinically and in particular the sustainability of

RT-UL as part of routine practice.

Sustainability, as it relates to the implementation of a specific health intervention,
involves the continued use of an intervention over a period of years to achieve
desired health outcomes (McCluskey & O'Connor, 2017). Despite being identified as
a vital domain within implementation science, sustainability has been largely under
investigated for many health interventions with the focus being on initial adoption
(Shelton & Lee, 2019). The sustainability of RT-UL in practice is important when
considering the potential benefits of RT-UL for patients, particularly those with
severe upper limb impairment (Teasell et al., 2020). There is also significant
financial outlay associated with the procurement and implementation of these
robotic devices. However, no studies have directly investigated the sustainability of

RT-UL in practice.

To measure sustainability there is a need to objectively record (i.e. audit) the use of
the intervention as part of daily practice (McCluskey & O'Connor, 2017). RT-UL
usage in this study will be considered from the perspective of the number and
characteristics of stroke survivors using RT-UL in routine practice, duration of RT-
UL use in UL programs and types of RT-UL activities used. A better understanding of
these variables across a prolonged timeframe will create a picture of the long-term

viability of RT-UL in a clinical practice setting. Ultimately this knowledge will
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enhance therapists’ and health administrators’ decision making around the

acquisition and implementation of RT-UL in their specific clinical setting.

5.4 Methods
5.4.1 Design

Two separate audits were undertaken to measure the sustainability of the InMotion
device as a routine intervention for subacute stroke survivors (i.e. less than 3
months post-stroke) at an Australian rehabilitation unit. Audit 1 was conducted
between September 2017 and December 2017 and Audit 2 between September

2018 and December 2018.

5.4.2 Site

The participating rehabilitation facility was located in metropolitan Brisbane,
Australia. The facility services 42 rehabilitation beds with approximately 600
rehabilitation admissions per year, of which approximately 30% of patients have a
primary diagnosis of stroke. Stroke survivors are typically seen by both
occupational therapists and physiotherapists on a daily basis, Monday to Friday. The
InMotion device was permanently located in the physiotherapy gym area of the
rehabilitation unit. Ethical approval was gained from the rehabilitation unit human

research ethics committee.
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5.4.3 Participants

All subacute stroke survivors admitted to this inpatient rehabilitation unit during

the audit periods were eligible for inclusion in this study.

5.4.4 Robot-assisted upper limb therapy device (InMotion)

The InMotion is a robotic device that facilitates movement at the shoulder and
elbow with an additional hand component if required. The device intuitively adapts
to the person’s active movements providing “assist-as-needed exercise guidance”
during use (Bionik Labs, 2021). The InMotion device includes a series of inbuilt
evaluative tools that can be used to measure and monitor changes in UL kinematic
control and force. Users of this device complete a therapist-selected, pre-
programmed treatment protocol with therapy tasks presented on an adjoining
computer screen. In addition to the standardised treatment protocol users can also
complete additional therapeutic games (including ‘maze’, ‘pong’ and ‘squeegee’) on

the device.
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5.4.5 Procedure

Initial implementation of the InMotion device into clinical use at the participating
rehabilitation unit occurred in November 2016. Audit 1 commenced in September
2017, 10 months post the initial implementation period with the InMotion deemed
having been sufficiently embedded in usual practice for both occupational therapists
and physiotherapists by that time. During this 10-month implementation period, the
InMotion had been tested, trialled and made operational, that is, it was routinely
being initiated and delivered as part of patients’ upper limb rehabilitation programs.
Additionally, both therapy disciplines had received training sessions which involved
either individual or small group based practical education sessions led by a senior
physiotherapist. The second audit was conducted two years post initial
implementation. This timing of the audits was in line with previous
recommendations that sustainability be measured across multiple points in time
(Shelton & Lee, 2019) and span a period of two or more years from “initial
implementation” (i.e. when the intervention is first introduced into practice)

(Wiltsey-Stirman et al., 2012).

During both audit periods, investigators visited the rehabilitation unit on a weekly
basis and liaised with therapy staff to identify patients meeting the inclusion
criteria. Once identified, patient demographics and clinical outcome measures were
gathered from the medical records for all stroke survivors admitted to the unit

during the audit periods, whether they used or did not use the RT-UL during their
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inpatient rehabilitation stay. Clinical outcome measures recorded by the treating
therapist included patients Functional Independence Measure (FIM) score on
admission and Motor Assessment Scale (MAS) Item 6 on admission. The FIM is a
measure of disability scored out of 126; a higher score relates to a greater level of

independence (Keith, 1987)

. The FIM has been previously shown to have excellent reliability (inter-rater 0.94;
test-retest 0.93) and validity in measuring disability (Radomski & Latham, 2014).
The severity of upper limb impairment was determined using the MAS Item 6 score.
The MAS is a motor assessment tool encompassing both upper and lower limb
function (Carr et al., 1985). Item 6 is a measure of upper arm function scored on a
seven-point scale, from zero indicating no functional recovery to six indicating good
functional recovery (Carr et al., 1985). Patient performance on Item 6 of the MAS
has been used previously as a measure of upper limb severity for stroke survivors

(Hayward et al., 2013).

The RT-UL usage data was collected for those patients who had commenced use of
the robotic device as part of their upper limb program during inpatient
rehabilitation. RT-UL usage data were extracted from the InMotion computer. When
the patient’s admission extended beyond the audit period, RT-UL usage data
continued to be collected in order to record the total amount of usage by a patient

across their admission.
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5.4.6 Measures

Sustainability was measured by comparing InMotion usage data across the two
audit periods. Data was collected in terms of the number of subacute stroke
survivors who used the InMotion, number of InMotion sessions completed by each
individual patient during their admission and the amount of time the InMotion was
used by each patient. The amount of RT-UL time was measured in relation to each
session and across the patient’s admission. Time on the InMotion was then further
considered in terms of active RT-UL use, rest periods, evaluative tasks and hand
module use. Active RT-UL included the time in which the patient was actively
engaged in completing an initiated task on the InMotion. Active RT-UL was
interspersed with rest periods where the patient remained seated at, or attached to,
the device but was not actively engaged in completing an initiated protocol or a
therapeutic game. Patients completed evaluative tasks on the InMotion for the
purpose of objectively measuring and monitoring changes in UL kinematic control
and force. A hand module was available to be attached to the InMotion to enable
patients to perform grasp/release movements in combination with reach. Finally,
data was collected in relation to the discipline of the prescribing therapist (i.e.
occupational therapy and physiotherapy) for each InMotion session including
student therapists.
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5.4.7 Data Analysis

Descriptive statistics including mean and standard deviations were used to report
the number of RT-UL sessions completed by each patient in each audit period. The
usage data is described separately in terms of patients, sessions and duration
(minutes) for each audit and in total. Comparisons between the first and second
audit periods were completed to analyse the sustainability of the InMotion.
Independent sample t-tests (or non-parametric equivalent) were used to compare
audit RT-UL measures. Categorical data was analysed using a Chi-square test for
independence or Fisher’s Exact test. All data were analysed using Statistical Package

for the Social Sciences (SPSS) v. 25 and statistical significance set at <0.05.

5.5. Results

5.5.1 Participants

During Audit 1, 31 stroke survivors were admitted to the unit, 18 received RT-UL
(58%) and during Audit 2, 14 stroke survivors were admitted and 7 received RT-UL
(50%). Across both audits, stroke survivors provided with RT-UL had significantly
lower scores on MAS Item 6 (p-value = 0.0002) and had a longer length of stay in

rehabilitation than those who did not receive RT-UL (p-value = 0.002).
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In Audit 2, patients in RT-UL had significantly higher admission FIM (p-value =
0.007) and MAS Item 6 scores (p-value = 0.04) than those participating in RT-UL in
audit 1 as well as shorter length of stay in inpatient rehabilitation (p-value = 0.02).
There were no differences between audits in the demographics and clinical
characteristics of non-RT-UL users. Demographic data and clinical characteristics of

stroke survivors included in both audits is summarised in Table 5.1.
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Table 5.1 Demographic data and clinical characteristics of stroke survivors (upper limb robotic users and non-robotic users)

across both audit periods

Patient Characteristics

Robotic users

Audit 1
Robotic non-users

Robotic users

Audit 2

Robotic non-Users

Robotic users

Total

Robotic non-users

(N=18) (N=13) (N=7) (N=7) (N=25) (N=20)
Age, years, mean (95% CI) 67 (63-72) 71 (64-78) 68 (53-83) 73 (57-89) 67 (63-72) 72 (65-79)
Gender, female, n (%) 8 (44%) 6 (46%) 0 (0) 3 (43%) 8 (32%) 9 (45%)
Stroke type, ischaemic, n 16 (89%) 11 (85%) 7 (100%) 5(71%) 23 (92%) 16 (80%)
(%)
Hemiparetic arm, n (%), 10 (56%) 6 (46%) 4 (57%) 6 (86%) 14 (56%) 12 (60%)
right
MAS Item 6 admission 1.2 (0-2) 4.3 (3-6) 2.6 (1-4) 4.7 (3-7) 1.6 (1-2) 4.4 (3-5)
score, mean (range)
Days in rehab, mean (95% 65 (42-88) 18 (17-39) 33(8-59) 29 (19-39) 56 (38-74) 28 (21-35)
CI)
Admission FIM score, mean 54 (42-66) 78 (64-92) 88 (68-107) 69 (47-91) 64 (52-75) 75 (64-85)

(range)

FIM = Functional Independence Measure; MAS = Motor Assessment Scale
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5.5.2 Sustainability

Tables 5.2 and 5.3 summarise RT-UL usage in both audit periods. A total of 148 RT-
UL sessions were conducted across Audit 1 and 36 RT-UL sessions during Audit 2.
The number of RT-UL sessions reduced between audits, coinciding with an overall
reduction in the number of sub-acute stroke survivors admitted for rehabilitation.
There was no significant difference in the average number of RT-UL sessions per
patient nor the length of the sessions between Audits 1 and 2. Distribution of RT-UL
usage with respect to active therapy and rest time per session remained unchanged,
and the hand module was utilised commensurately across both audit periods. The
number of sessions involving evaluative tasks also remained the same. In Audit 1,
RT-UL sessions were initiated by both physiotherapists and occupational therapists,
including students from each discipline. In Audit 2, RT-UL sessions were only

initiated by physiotherapists with no sessions initiated by occupational therapists.

5.5.3 Overall usage patterns

Across both audit periods patients engaged in a total 184 RT-UL sessions for a
duration of 123 hours, with greater than 75% of this time involving active therapy
time. The RT-UL users on average participated in nine RT-UL sessions per admission
for an average of 38 minutes/session, with minimal rest time during each session

(i.e. 5 minutes/session). Patients using RT-UL completed the evaluative tasks on
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average twice during their admission, and almost a quarter of patients utilised the

hand module as part of their therapy.
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Table 5.2 Clinical use of upper limb robotic therapy by subacute stroke survivors across both audit periods

Robotic Usage Audit 1 Audit 2 Total
(n=18) (n=7) (n=25)
Patients
Utilised evaluative capacity of robotic 18 (100%) 6 (86%) 24 (96%)
Utilised hand module of robotic 4 (22%) 2 (29%) 5(20%)
Sessions
Total 148 36 184
Involving evaluative capacity of robotic 30 (22%) 8 (22%) 38 (21%)
Involving hand component of robotic 27 (18%) 5 (14%) 32 (17%)

Physiotherapist initiated
Physiotherapy student initiated
Occupational therapist initiated
Occupational therapy student initiated
Minutes
Total
Active robotic use
Use of evaluative capacity

Rest time while seated at robotic device

112 (76%)
8 (5%)
26 (18%)
2 (1%)

5966

4569 (77%)
555 (9%)
842 (14%)

36 (100%)
0 (0)
0 (0)
0 (0)

1432
1116 (78%)
105 (7%)

210 (15%)

148 (80%)
8 (4%)
26 (14%)
2 (1%)

7398
5685 (77%)
660 (9%)

1052 (14%)
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Table 5.3 Clinical use of upper limb robotic therapy by subacute stroke survivors for whole of admission

Robotic Usage Audit 1 Audit 2 Total Mean Differences
(n=18) (n=7) (n=25) (95% CI)
Sessions
Per patient (95% CI) 11 (7-14) 7 (1-13) 9(7-12) Not applicable
Per patient involving evaluation (95% 2(2-2) 2(1-3) 2(1-2) Not applicable
Ch
Minutes
Mean per admission (SD) 429 (372) 239 (202) 376 (340) 190 (-120 to 499)
Mean per session (SD) 38(12) 38 (8) 38 (11) 0(-11to 10)
Mean active-RT-UL per session (SD) 26 (11) 28 (7) 27 (10) 1(-11to 8)
Mean rest time per session (SD) 5(5) 6(3) 5(4) -1(-5to 3)
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5.6 Discussion

This study found that RT-UL was a sustainable intervention, in continued and
regular use with stroke survivors two years after initial implementation within an
inpatient rehabilitation setting. These findings are noteworthy firstly from the
viewpoint of RT-UL being part of best-practice in the rehabilitation of the upper
limb following stroke as well as the significant expense involved in acquiring and

implementing RT-UL.

Technology abandonment is a commonly encountered problem for health services
(Greenhalgh et al., 2017). Reasons for this are unclear and likely complex involving a
range of patient, staff, technical, financial, and governance issues (Greenhalgh et al.,
2017). Despite this, there is a scarcity of research directly exploring sustainability of
health technologies (Nadalin-Penno et al.,, 2019) with much of the research having
focused on initial implementation (Greenhalgh et al., 2017). In the case of RT-UL
technology, clinical practice implementation has remained largely unaddressed with
the majority of research undertaken involving clinical efficacy trials (Mehrholz et al.,
2018). This would appear to be the first study to have investigated the sustainability

of RT-UL in routine clinical practice.

The key drivers for the sustainability of RT-UL in this particular study relate to the
findings of Study 1 and Study 2 conducted at this same unit when the RT-UL was
initially acquired. Study 2, an observational study, found a significant increase in the

amount of UL practice for stroke survivors was following the implementation of the
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InMotion. This increase in practice was attributed to the supportive and efficient
form of practice provided by the robotic device and providing the opportunity for
semi-supervised or independent practice by the patients. This is positive from the
perspective that provision of unsupervised practice is important for increasing
overall practice levels but is often not able to be implemented in the rehabilitation

setting (Stewart et al., 2017).

Another apparent driver for clinical uptake of the RT-UL was highlighted in focus
groups of Study 1 with the therapists run prior to the implementation of the device
at the participating facility where it was expressed that there would be an
accountability to senior management to use the InMotion due to the large amount of
funds outlaid to acquire the device. Interestingly, therapists also foresaw that the
usage patterns of the RT-UL would be strongly dependent on admission rates of
stroke survivors. This is a valuable finding when considering the cost-benefits of RT-
UL. Previous studies have analysed the cost-benefits of RT-UL at an individual
patient level (Imms et al., 2015; Rodgers et al., 2019), whereas the current study
highlights the importance of also looking at the financial viability of RT-UL from the

perspective of the whole rehabilitation service.

In addition to the question of sustainability, the current study provided several
insights into the use of RT-UL more broadly. Of note was stroke survivors
prescribed RT-UL had a greater level of upper limb impairment and overall

disability than those who were not prescribed RT-UL. This pattern of prescription is
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consistent with clinical guidelines which advise that RT-UL maybe most appropriate
for those stroke survivors with dense hemiplegia (Teasell et al., 2020). Typically,
stroke survivors with more severe UL impairment are largely dependent upon the
therapist for physical assistance to engage in meaningful practice (Hayward et al.,
2013). As detailed above, RT-UL offers these stroke survivors an opportunity for
independent or semi-supervised intensive UL practice. Conversely, stroke survivors
with less impaired UL were underrepresented in the group prescribed RT-UL. With
greater levels of UL movement and power the priority for these patients would
likely be on more complex and real-world object usage for task specific practice

(French etal,, 2016).

Intensity of practice is important for upper limb recovery for stroke survivors
(Kwakkel, 2006). In this study RT-UL was identified to be an intensive form of UL
practice with patients engaged in active therapy more than three quarters of the
time when on the robotic device. In a comparative study, patients participating in a
Graded Repetitive Arm Supplementary Program (GRASP), also an adjunct UL
intervention for stroke survivors, engaged in active UL practice only 64% of their
session (Connell et al.,, 2014). This high level of intensity from RT-UL practice is a
notable finding from the perspective that the efficacy of RT-UL, as seen in clinical
trials, has been primarily attributed to this intensity of practice (Mehrholz et al.,
2018). It is therefore encouraging that this intensity of practice was evident within a
real-world clinical setting where human and organisational variables are also

influencing patient RT-UL practice.
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UL practice involving computer games has previously been considered a form of
“pre-functional” training as opposed to task orientated practice (French et al., 2016).
Task-orientated practice should involve direct practice of activities of daily living
(French et al,, 2016). This potential limitation of RT-UL may in part explain the
inconclusiveness within the literature as to whether RT-UL improves outcomes at
an activity and participatory level. Mehrholz et al. (2018) in their systematic review
concluded that RT-UL may improve stroke survivors’ capacity to engage in activities
of daily living whereas Veerbeek et al. (2017), in a systematic review drawing from
a similar pool of studies, alternatively concluded that RT-UL did not significantly
improve activities of daily living. Overall, RT-UL could be considered a “bridging”
intervention, facilitating a basic form of movement practice until there is sufficient
UL strength and power to advance to more complex and real-world task specific

practice.

Therapists in the current study routinely used the evaluative tools of the InMotion
which involved the detailed measurement of UL kinematic control and force. On
average stroke survivors underwent RT-UL evaluation twice during their program,
typically at the beginning and end of the rehabilitation stay. Evaluative reports were
produced by the InMotion computer and included graphical representations of the
stroke survivors UL performance in relation to UL acceleration, speed, accuracy and
movement coordination. Stroke survivors have previously identified that feedback
on performance from rehabilitative technology is important and may enhance

motivation for therapy and practice (Nasr et al., 2016). This would seem particularly
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important where robotic evaluative measures are able to detect and display very
subtle improvements or change both in quality and degree of movement for stroke
survivors (Dipietro et al., 2009). Such changes may fail to be detected or be poorly

represented through less sensitive or commonly used clinical outcome measures.

The InMotion is one of only a few robotic devices that has an optional hand module
that can be used to facilitate hand movements in combination with shoulder and
elbow movements. However, the hand module was used only a quarter of the time
with patients in this study. This is notable from the perspective that recovery of
hand function is crucial to independence in a range of activities of daily living (Faria-
Fortini et al,, 2011; Kim, 2016). The hand module is a relatively new addition to the
InMotion device and the limited use seen in this study may be reflective of the
unique technical challenges associated with the design of robotic hand componentry
for stroke survivors (Aggogeri et al., 2019). Additionally, therapists may have had
limited knowledge of how to use and apply the hand module. The exact reasons for
the limited use of the hand module are not clear and merits further exploration (e.g.
interviewing of prescribing therapists and patients) to potentially improve the

design and functionality of the device.

5.7 Study limitations

There were several limitations to this study. This study investigated the use of RT-

UL within a single rehabilitation facility in Australia and conclusions from this study
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are therefore reflective of this healthcare setting. Transferability of results to
healthcare settings more broadly should be made with caution. Despite the
investigator (NF) being vigilant to be unobtrusive and not to interfere with the
decision making of therapist in relation to use of RT-UL during data collection, it is
possible that therapists altered their behaviour in response to the audits being
conducted. Finally, this study did not extend to the collection and analysis of UL
outcome measures, so no conclusions could be made as to the impact on UL
recovery or outcomes for these particular individuals, the appropriateness of timing

of RT-UL commencement or cessation for individual stroke survivors.

5.8 Conclusions

This study found that RT-UL is a sustainable intervention for stroke survivors
within an inpatient rehabilitative setting. Stroke survivors with severe UL
impairment were more likely to be prescribed RT-UL, however, use of the optional
hand module was limited. Further research is needed to explore the clinical
reasoning behind the prescription of RT-UL by therapists and the most effective

time to incorporate RT-UL along the rehabilitative continuum for stroke survivors.
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Chapter 6 - Therapists perceptions following the
implementation of robotic upper limb training into

routine clinical practice (Study 4)

The following chapter is presented in manuscript format with the intention to

submit this chapter for publication.

6.1 Title

Implementing robotic upper limb training into routine clinical practice for stroke

survivors: Perceptions of occupational therapists and physiotherapists.

6.2 Abstract:

Background: There is a limited understanding of therapist acceptance of robot
assisted upper limb therapy (RT-UL) and the factors influencing implementation.
This study aimed to explore occupational therapists and physiotherapists

acceptance and use of RT-UL as part of their routine clinical practice.

Methods: Two discipline-specific focus groups were conducted involving
occupational therapists (n = 5) and physiotherapists (n = 4). Focus group questions

were developed and transcriptions analysed using the Theoretical Domains

136



Framework (TDF). Additionally, participants individually completed the System

Usability Scale (SUS).

Results: Out of the 14 domains of the TDF, nine were covered in depth by
participants during the focus groups: environmental context and resources, beliefs
about consequences, knowledge, skills, decision making, reinforcement, social
influences, social/professional role and identity (single domain) and beliefs about
capabilities. Physiotherapists recorded higher ratings of the InMotion on the SUS

than the occupational therapists.

Conclusions: Both disciplines were accepting of RT-UL but it was physiotherapists
who predominantly prescribed RT-UL, largely due to the device being located in the
physiotherapy rehabilitation gym. Other factors facilitating RT-UL implementation
included (1) increase in repetitive, intensive independent practice for stroke
survivors, (2) ease of use, (3) strong patient acceptance and (4) implementation
process being clinician-led. Alternatively, therapists reported the hand module
difficult to set up with patients and the reason for the infrequent use. Functional-
based UL practice took priority over RT-UL once stroke survivors demonstrated
sufficient active movement and RT-UL was not used in isolation but part of a

combination of UL interventions.

6.3 Introduction:
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There is a need to continue to develop and implement interventions that are
effective in facilitating upper limb (UL) recovery for stroke survivors (Hayward et
al., 2021; Stinear et al., 2020). Robot assisted upper limb therapy (RT-UL) has
emerged in recent years with the potential to improve UL outcomes for stroke
survivors (Chen et al,, 2020; Mehrholz et al.,, 2018; Wu et al.,, 2021) with a range of
devices now commercially available and being used in practice (Fasoli, 2021).
Research into RT-UL has primarily focused on determining the efficacy of the
intervention (Mehrholz et al., 2018; Rodgers et al.,, 2019; Wu et al,, 2021). One
implication of this lack of research is that international clinical stroke guidelines
recommending RT-UL provide little practical guidance as how best to implement
RT-UL into routine practice (Morone et al.,, 2021). This information may be found in
exploring the perceptions and experiences of therapists using RT-UL as part of their

routine daily practice.

The studies that have explored therapists’ perspectives of the use of RT-UL have
involved small samples sizes, considered RT-UL only as part of a broader set of
rehabilitation technology or focused on the design process as opposed to actual
implementation (Celian et al., 2021; Lo et al., 2020; Stephenson & Stephens, 2017;
van Ommeren et al., 2018). Further to this, exploration of therapist perceptions
related to the implementation of a new intervention should be informed by
behavioural theory (Atkins et al., 2017). The Theoretical Domain Framework (TDF)
is a validated framework that enables the analysis and categorisation of variables

influencing health professionals behaviour (Michie et al., 2005). The TDF
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encompasses 14 domains; knowledge, skills, social /professional role and identity,
beliefs about capabilities, optimism, beliefs about consequences, reinforcement,
intentions, goals, memory/attention/decision process, environmental context and
resources, social influences, emotion and behavioural regulation (Atkins et al.,
2017). A structured and multifaceted exploration of therapists’ perceptions of RT-
UL implementation is important when considering the upfront expense of procuring
and implementing RT-UL and the crucial role therapists have in this process. The
aim of this current study was to explore therapist perceptions of RT-UL as part of

their routine clinical practice using the TDF.

6.4 Methods:
6.4.1 Design

Qualitative methodology was utilised to gain therapists perspectives of the
implementation of RT-UL into their rehabilitation facility involving focus groups.
Participants also individually completed the SUS. Ethical approval was gained from

the institutions’ HRECs.

6.4.2 Site & device

Participants were from a rehabilitation facility located in metropolitan Queensland,

Australia. The facility services 42 rehabilitation beds with approximately 600
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rehabilitation admissions per year, of which approximately 30% of patients have a
primary diagnosis of stroke. Stroke survivors are generally seen by both

occupational therapists and physiotherapists on a daily basis, Monday to Friday.

The InMotion is a robotic device that enables movement at the shoulder and elbow
with an additional hand module if required. The InMotion adapts to the person’s
own active movements facilitating active-assisted exercise (Bionik Labs, 2021). The
device also includes a series of inbuilt evaluative tools. Users complete a pre-
programmed treatment protocol with therapy tasks presented on an adjoining
computer screen. Users can also complete additional therapeutic computer games

on the device (including ‘maze’, ‘pong’ and ‘squeegee’).

The InMotion device was permanently located in the physiotherapy gym area of the
rehabilitation facility. The procurement of the device was initiated and carried out
by a senior physiotherapist at the rehabilitation facility. Senior physiotherapy staff
also led the training of both occupational therapists and physiotherapists in the use

of the InMotion.

6.4.3 Procedure

Version 2 of the Theoretical Domain Framework (TDF) was used to generate a
number of the focus group questions and to deductively analyse the transcripts

(Atkins et al., 2017). The research team prioritised five out of the 14 available TDF
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domains and developed questions to promote discussion around these domains.
The five domains were optimism, knowledge and skills, environmental context and
resources, social/professional role and identity and belief about consequences. For
example, to promote discussion relating to the domain of social/professional role
and identity participants were asked “As an occupational therapist (or
physiotherapist), do you see the use of the InMotion device as part of your role?”.
Focus group questions were also informed by results from earlier studies (i.e. Study
1, Study 2 and Study 3) at this same rehabilitation centre in which pre-
implementation focus groups, clinical practice observations and computer data
audits were undertaken of the InMotion to investigate upper limb task practice in

therapy, and RT-UL usage patterns by therapists.

The System Usability Scale (SUS) was completed individually by participants at the
time of the focus groups to provide a more comprehensive picture of therapists’
experiences of the InMotion. The SUS is a brief survey that provides subjective data
regarding the perceived usability of a product or service (Bangor, 2009). The survey
entails 11 questions, 10 Likert scale questions and a single overall adjective rating
scale of the user-friendliness of the product (i.e. worst imaginable, awful, poor, OK,
good, excellent, best imaginable) (Bangor, 2009; Bangor et al., 2008). A total
usability score is calculated ranging from 0-100. Total scores can be considered in
terms of the following ranges; below 50 not acceptable, 50-70 marginal and above
70 acceptable (Bangor et al., 2008; Radder et al., 2018). The original SUS

terminology of “system” was used in the survey completed by participants to refer
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to the InMotion device as opposed to the updated SUS terminology of “product”
(Bangor et al., 2008). This choice of the term “system” to describe the InMotion was

to be consistent with the terminology used in the InMotion user manual.

Focus groups were made up of a convenience sample of therapists who were
working on the day the focus groups were held. Therapists were notified of the date,
time and purpose of the focus groups prior to the day of the focus groups to aid
recruitment. Therapist consent was gained prior to participation in the focus
groups. The two focus groups were discipline specific; occupational therapists and
physiotherapists, enabling a clearer analysis of individual discipline perspectives on
RT-UL, as well as providing opportunity for discussion of more discipline specific

factors if they emerged.

Focus groups were led and facilitated at the rehabilitation facility by one
investigator (NF). Focus group questions explored therapists’ perceptions of the
acceptability, practicality and usefulness of the InMotion in their clinical setting
having been available for use as part of routine practice for 20 months. Focus groups
were audio recorded and transcribed verbatim for content analysis. Two
investigators separately coded the transcripts using the TDF guide (Atkins et al.,
2017). Despite five domains having been prioritised in the questions investigators
were open to assigning relevant statements into any one of the 14 domains.

Investigators then met to achieve consensus on coding and to allocate all statements
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under a single domain. A third investigator (SK) reviewed the coded statements to

help finalise categorisation.

6.5 Results:

6.5.1 Participants

Two discipline specific focus groups were conducted with a total of nine
participants (5 occupational therapists; 4 physiotherapists). Occupational therapy
participants were predominantly female (n = 4), had an average age of 32 years
(range 21-41 years), average of ten years post qualification (range <1-20 years)
with an average of five years’ experience in working with neurological clients (range
<1-15 years). Physiotherapy participants were also predominantly female (n = 3),
had an average age of 37 years (range 24-54 years), were on average 15 years post
qualification experience (range 2-30 years) and had an average of 12 years’
experience working with neurological clients (range 2-25 years). Therapists were
also asked to rate their level of experience with the InMotion in terms of “no

» o«

experience”,

» «

minimal experience”, “experienced” or “expert”. Two occupational
therapists described themselves as “experienced” and the remaining three
described themselves as having “minimal experience”. One of the three occupational
therapists acknowledged had only used the InMotion as part of the training and not

in practice with their own patients. Of the physiotherapists, one described
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themselves as “expert”, two “experienced” and one as having “minimal experience”.
Occupational therapists’ average SUS score of 59.0 (50.0-75.0) and the
physiotherapists 74.0 (52.5-90.0). In terms of participants adjective ratings of the
user-friendliness of the device, one occupational therapist assigned “OK” and the
remaining four occupational therapists selected “Good”. Two physiotherapists rated

the system as “Excellent” and the other two physiotherapists “Good”.

6.5.2 Responses

Nine out of the 14 TDF domains were discussed in depth by participants during the
focus groups; environmental context and resources, beliefs about consequences,
knowledge, skills, decision making, reinforcement, social influences, social and
professional role and identity (single domain) and beliefs about capabilities. The
remaining five domains were not included in the results as these categories were
only discussed superficially or not at all. Sub-themes were created within the
“environmental context and resources” domain to further define specific constructs.
The domains of “knowledge” and “skills” have been combined; however,
participants’ original statements were categorised under the relevant domain

during analysis.

Environmental context and resources
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Participants identified a number of environmental and organisational factors that

they believed influenced the implementation process.

Physical location. The primary environmental influence on the use of the InMotion in
daily practice reported by therapists was the physical location of the device in the
physiotherapy area of the gym. Physiotherapists highlighted how this was

particularly conducive to their practice.

It's in the middle of the gym ... you're always reminded that its around and

thinking who you could use it with. (Physiotherapist 3)

Being accessible and in the gym, you can set people up and still work with
other patients rather than having to be in a separate area or separate room.

(Physiotherapist 4)

Alternatively, the occupational therapists identified that the location of the device

did mean they did not use the device as often as their physiotherapy colleagues.

Itis in the far end (of the gym), it’s almost out of sight out of mind for me

sometimes. (Occupational Therapist 3)

[ mean part of its environmental here, we’ve got two very separate spaces ...

It's probably in the best space to get the most use. (Occupational Therapist 1)

In some way perhaps the way we work as OTs is part of that ... we don’t tend

to have the same continuous cycle through the gym space ... you're often
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upstairs dealing with other ADL (Activities of Daily Living) type practice or
something like that which we can’t do in a gym space. (Occupational

Therapist 1)

Set up of the device. Perceptions were mixed when participants reflected on the

setting-up of the device.

Certainly doesn’t take half an hour. It’s one of the advantages of it is that it is

quite quick. (Physiotherapist 3)

Some people who are, just really don’t have the endurance ... to kind of
perform it for a feasible amount of time. It's not really worth the set up.

(Physiotherapist 2)

Organisational challenges. Participants described a range of organisational factors
that impacted their use of the device including personal work schedules and

admission rates of suitable patients for its use.

And it’s tricky because I'm only here part-time and haven’t been here that
long and probably haven’t a huge number of patients that the robot’s been

suitable. (Occupational Therapist 4)

146



[t probably depends on the mix of patients that we've got at that time. Earlier
in the year we were through summer really busy with stroke patients, so it

was used quite a lot. (Physiotherapist 3)

In terms of actually embedding it into our practice I don'’t feel like we ever
had the luxury of focusing on that in a really structured way. There’s been

like ad hoc kind of attempts. (Occupational Therapist 2)

Belief about consequences

Overall, both disciplines were very positive with regards to the perceived clinical

advantages of having implemented the InMotion into clinical care.

It definitely provides a very high intensity and repetition count for patients

especially with densely affected upper limbs. (Physiotherapist 1)

It's definitely been a change for us in terms of getting overall dosage.

(Occupational Therapist 2)

You don’t have to stress about being there one on one with them. The
machine really is that one assist that they need which is really cool.

(Physiotherapist 2)

Gives them some variety in their treatment as well so it’s not so mundane
day in day out. (Physiotherapist 2)
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Participants did stress that RT-UL was just one part of their overall approach to

facilitating UL recovery with their patients.

My biggest piece of advice would be that it's not the answer. It’s a part of the
therapy that we offer. Yes, I think overall it's definitely beneficial, but it

shouldn’t replace upper limb therapy. (Physiotherapist 1)

There’s very few patients that would just do the robot. They’re normally

having a combination of evidence-based interventions. (Physiotherapist 3)

[ think it’s been a useful adjunct to the other functional things that we would
typically do ... I think it's been useful from a team perspective. (Occupational

Therapist 1)

Knowledge and skills

Participants provided reflection in relation to their personal knowledge and skill in
using the device. Physiotherapists, as the main prescribers of RT-UL, reported a
familiarity with using the pre-programmed treatment protocols of the InMotion but

acknowledged a need to understand more of the other functions.

[ feel like I know the real basics to it, the core fundamentals but I'm not sure

how I'd go with explaining all of it, the real intricacy. (Physiotherapist 2)
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If you are going into the nitty gritty the robotic reports and things, I think

they’re quite hard to understand. (Physiotherapist 1)

The physiotherapists also described how it had been a relatively easy process to

acquire their knowledge and skill in the use of the device.

You can kind of teach yourself once you know the basics you can just sit
down in a spare half an hour and just have a play on it, figure out how it

works. (Physiotherapist 1)

It probably depends on your own learning style but I often find its easier for

me to get on and do it myself. (Physiotherapist 3)

Alternatively, the occupational therapists described a limited knowledge and skill

base.

[ haven’t had a lot of patients so it's difficult to develop your skills and

confidence using it when it’s so sporadic. (Occupational Therapist 1)

[ think a more thorough orientation may have encouraged me to use it more
or have a bit more confidence to identify “I think that patient would benefit”.

(Occupational Therapist 4)

[ can remember parts of it, but I still wouldn’t be able to go and take a patient
through it now since I haven’t used it since receiving that information

(training). (Occupational Therapist 5)
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Both therapy disciplines reflected on the challenges in using the optional hand

module of the InMotion.

But the hand piece was a little bit confusing. (Occupational Therapist 3)

The hand piece can be a little bit technical to put on. (Physiotherapist 1)

Alack of knowledge from referral sources was highlighted as influencing the use of

the InMotion.

[ think there was a little bit of misconception by others (referring agencies)
out there as well. That they were hearing about this magical robot thing. And
like we were getting referrals from other rehab units saying, referring people
just for the robot and they didn’t really understand like how it was being
utilised ... It wasn’t like it was going to be the cure. Which is kind of what the

impression was. (Occupational Therapist 1)

Decision processes

Participants provided key insight into their reasons for deciding when and why to

incorporate RT-UL into their patient rehabilitation programs.

[ think it’s when we know someone’s come in with a dense hemiplegia, we

prioritise trying to get them started. (Physiotherapist 3)

[ would tend to identify it as an initial modality. (Occupational Therapist 2)
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98% of the time I'm only using the robotic program (active-assisted
movements) itself rather than the other 5 options (active movements only) ...
instead of using them I would use more functional based activities ... So
mainly I use the robot for the active-assisted therapy it offers.

(Physiotherapist 1)

Physiotherapists also highlighted where they felt RT-UL was not indicated for their

patients.

To train that grasp I'd probably preference other treatments.

(Physiotherapist 2)

The other games [ don’t find that helpful in terms of training the patient in a
functional way. If they're at the skill level where they can actively move the
robot and do the games more likely [ would start doing more functional

based tasks with them. (Physiotherapist 1)

Physiotherapists reported using the hand module on occasions when the patient
had good distal return of movement but identified the limitations of the hand

module.

['ve used it with a couple of patients that have more distal weakness in their

stroke... was a nice component of their program. (Physiotherapist 3)

Tryin’ to train that grasp I'd probably preference other treatments over just

that open, close, open, close, open, close. (Physiotherapist 2)
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It's not really a functional grasp it’s just a lumbricals’ exercise really.

(Physiotherapist 1)

It was also flagged by one of the occupational therapists how the evaluative
elements of the InMotion can make clear where patient movement patterns are

breaking down, and in doing so assist in treatment planning.

The reports are quite interesting for isolating the type of movement they’re
getting or the area where their deficit is... when I have taken time to look at
the data, I do find that it tends to make me go back to the drawing board
maybe with the exercises | am prescribing away from the robot.

(Occupational Therapist 2)

Social and professional role and identity

Both therapy disciplines recognised that the physiotherapists had taken the lead
with the implementation process but neither discipline perceived this to be a

negative outcome of the implementation process.

[ don’t see it’s a massive problem that the physios are taking the primary
lead... I think when it comes down to it, is the patient using it? Is the patient
benefiting from it? Regardless of who'’s actually doing that. (Occupational

Therapist 1)
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[ mean it's often the physios that are starting off on the InMotion but it

doesn’t have to be. (Physiotherapist 3)

Culturally there’s a lot of blurring between the disciplines so I think it’s sort
of just negotiated generally rather than it being actually recorded or directed

to anywhere in particular. (Occupational Therapist 2)

It was also an expectation that students would be able to incorporate RT-UL into

their patient rehabilitation programs.

Certainly, the ones (students) on clinical placement if their patients are
indicated for it then yep, it's an expectation that they’ll be confident enough,
or you know train them up to be confident enough to set patients up on it and

it’s just part of their therapy. (Physiotherapist 3)

Reinforcement

Therapists described how patients’ use of RT-UL was reinforced by the visual
feedback provided on the computer screen of the InMotion and the ability to

independently operate the machine.

The feedback that I've been consistently getting from them is that they feel
like they can do things on it that they can’t trying to complete other activities

or exercises. (Occupational Therapist 4)
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Surprised me with how interested they are. All of the games are quite

simplistic. (Occupational Therapist 2)

They do tend to fixate on that robot screen really well especially patients
who are easily distracted they seem to respond really well to the screen of
the robot. I've always been kind of like pretty amazed at how attentive they
can be to a robot screen when they’re otherwise quite distractible.

(Physiotherapist 1)

[ think the patients really enjoy the fact that they can operate it themselves
once they’ve learnt how to do it. That’s one thing I've noticed they’'re you
know really quite engaged and it’s like they’re driving their own therapy,

which I think’s really important. (Physiotherapist 3)

Social influence

Broader influences including patients’ family and management at the facility were

believed to have enhanced the use of the InMotion device in practice.
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[ also find families really like it as well when they’re coming down to see the
patient strapped to a fancy schmancy, you know, very expensive piece of

technology they, families do tend to enjoy that. (Physiotherapist 1)



And it's a cool point of difference as well. Because seems to be like when
execs (executives) come through they’'re always looking at the robot. And it's

just I guess one of those things that sets us aside. (Physiotherapist 2)

Beliefs about capabilities

Therapists acknowledged that their own level of confidence certainly plays a part in

initial use of the device.

Although I think its reasonably easy to use. I just don’t have the confidence
because it's been so erratic when it’s been relevant for me to use.

(Occupational Therapist 4)

It's the confidence initially. Whereas now I know how to use it quite well it’s

not really an issue anymore. (Physiotherapist 2)

6.6 Discussion

Much of RT-UL research to date has focused on determining the efficacy of this form
of treatment (Mehrholz et al., 2018; Wu et al,, 2021) but these trials provide limited
insight into the factors influencing the implementation of RT-UL into routine clinical
practice. This study used the Theoretical Domain Framework to gain insight into
therapist acceptance of RT-UL as part of routine practice and the variables that can

shape the RT-UL implementation process.
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Proctor etal. (2011, p. 67) described intervention acceptability as “the perception
among implementation stakeholders that a given treatment, service, practice, or
innovation is agreeable, palatable, or satisfactory”. The responses of participants in
this study indicated that they were generally accepting of the introduction of RT-UL
into routine clinical practice, particularly for stroke survivors. The acceptance of a
new intervention can be linked to the therapists’ overall perception that the
advantages outweigh the disadvantages (Wensing & Grol, 2020). Therapists were
able to clearly identify the clinical advantages of RT-UL in terms of the capacity to
increase the amount and intensity of practice for patients, facilitate semi-supervised

or independent practice and providing a motivating form of practice.

These advantages were seen as particularly relevant for stroke survivors with dense
UL hemiplegia. The clinical relevance and advantage of RT-UL for this group of
stroke survivors was also highlighted previously (Lo et al., 2020) in a study
exploring therapist perceptions of upper and lower limb robotics. Clinical trials
indicate that the use of RT-UL can address UL impairment with stroke survivors
who have moderate to severe UL deficits (Hesse et al., 2014; Klamroth-Marganska et
al., 2014; Rodgers et al.,, 2019). However, RT-UL has not consistently been found to
be superior to usual therapy for measures of activity and participation (Chen et al,,
2020; Ferreira et al.,, 2021; Mehrholz et al., 2018; Veerbeek et al,, 2017). [t was
reported in this current study that once stroke survivors demonstrated sufficient

return of active UL movement then functional-based UL practice took priority and
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RT-UL was less utilised or ceased. RT-UL was also not used in isolation but part of a

combination of UL interventions.

Although it was reported by both occupational therapists and physiotherapists that
the implementation of RT-UL had been as a positive addition to the rehabilitation
facility, it was the physiotherapists who were described as the primary adopters.
This had been established in Study 3 which investigated the sustainability of RT-UL
in routine practice which found that 80% of RT-UL sessions in the initial two years
post-implementation had been prescribed by the physiotherapists. The primary
reason for physiotherapists in this clinical setting being the primary prescriber of
RT-UL appeared to be that the InMotion was located in the physiotherapy area of
the gym. The physical location of a new intervention can influence the
implementation process, with availability at the point of care being important for
uptake. Lo et al. (2020) identified that the location of a robotic device was an
important consideration in the implementation process but was often overlooked.
In the focus group with the occupational therapists it was identified that the location
of the InMotion in the physiotherapy area meant they had been less inclined to
incorporate RT-UL into their practice. The occupational therapists also highlighted
that other clinical priorities (i.e. functional retraining on the ward) and staff
employment arrangements (i.e. working part-time rather than full time) had
contributed to their more limited use of the InMotion. This difference in RT-UL use
between the two therapy disciplines was not perceived as a negative outcome of the

implementation process. One of the occupational therapists reflected that the
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introduction of RT-UL had been useful from a whole of “team perspective”,
appreciating that UL rehabilitation was an area in which the two disciplines

collaboratively worked together.

The variance in RT-UL use by the two disciplines was evident in their System
Usability Scale (SUS) ratings, with physiotherapists recording notably higher scores,
reflective of their greater amount of exposure to the device. The SUS has been
previously used to determine stroke survivors’ perspectives of RT-UL usability
(Nijenhuis et al., 2015; Radder et al., 2018) but not therapists. However, the scale
has been used previously to measure health professionals’ perspectives of the
usability of other forms of technology such as electronic health records and 3D
mapping applications for home modification design (Bloom et al., 2021; Hamm et al,,
2019). Therapist’s comfort with accessing and interacting with RT-UL technology
was important to quantify in this study to compliment and confirm the perspectives
communicated in the focus groups. The use of tools like the SUS in future
implementation studies may help strengthen the qualitative findings of focus groups
or interviews particularly when participant numbers are small. It may also be a
helpful tool as part of clinical practice to gain a quick snapshot of clinician
confidence in using RT-UL particularly if there has been an extended time period
since initial training. Lower scores could be used as an indicator for staff to undergo

refresher training in the use of the device.
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Successful implementation of a new intervention, such as RT-UL, should involve
careful forward planning and strategic coordination (Lo et al., 2020). Without such
planning and strategy, change in practice is likely to be minimal or short-lived
(McCluskey & O'Connor, 2017). It is somewhat remarkable how successful the
implementation of RT-UL had been at the rehabilitation facility in this current study,
with one participant describing the implementation process as being largely ad hoc.
Although not directly discussed in the focus groups, this relative success could be
attributed in part to the implementation process being both initiated and led by
clinicians i.e. senior physiotherapists. The importance of nominating clinical
champions to lead an implementation process is supported in the broader
implementation literature (Miech et al., 2018). However, what is less evident is the
potential advantage and effectiveness of an implementation process that is also
initiated by clinicians. A study by Chen et al. (2018), demonstrated the effectiveness
of a surgeon initiated and led policy to restrict the number of knee arthroscopies to
align with practice guidelines. The value of an implementation process that is
clinician-initiated, not just clinician-led, merits further exploration within the field
of implementation science. The fact that the implementation process was initiated
and led by senior physiotherapists also likely contributed to the physiotherapists

being the primary users of the device.

The InMotion was described by participants as being easy to use. The
physiotherapists explained that once having had the initial training they were

confident to independently sit down and explore the functionality of the InMotion. It
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was also an expectation that physiotherapy students would be able to incorporate
RT-UL into their programs. Although the occupational therapists were limited in
their use of RT-UL they also described the device as being relatively easy to use.
How easy a particular technology is to use is crucial to uptake. In a survey of 292
health care professionals, Hughes et al. (2014) identified that ease of set up and use
was ranked the second most important quality of rehabilitation technology behind
supporting evidence. One participant in this current study reported that for set up
to be warranted a patient needed to be able to participate in RT-UL for a good
amount of time. Also, the hand module was described as being difficult to set up
with patients. Difficulty with the hand module has previously been noted in Study 3
which revealed that the hand module of the InMotion was used only a quarter of the

time by patients.

Patient acceptance of an intervention can strongly influence the implementation
process of new technology for therapists (Chen & Bode, 2011). Therapist
participants in this study perceived that RT-UL was well received by patients and
their families. Participants reported that patients enjoyed being able to practice
independently on the robot, giving them a greater sense of control over their own
therapy. [t was also believed that patients were motivated by having greater
freedom of movement when practicing on the device than compared other forms of
UL therapy. Finally, the RT-UL games presented on the screen were observed and

reported by therapists to be very engaging for patients.
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6.7 Study Limitations

This study explored the views of a small sample of occupational therapists and
physiotherapists within a single rehabilitation facility in Australia. The small sample
of participants interviewed means that data saturation was unlikely to have been
reached. Conclusions from this study are therefore indicative of the participants and
their clinical setting and should be considered with this in mind. The use of the TDF
to guide the development of the focus group questions and analysis process may
have limited identification of other relevant themes. However, this framework
facilitated a structured process of categorisation in line with other studies in the
field of implementation science. It is also acknowledged that the inclusion of patient
participants alongside therapists’ would have provided a more comprehensive

picture of the implementation process.

6.8 Conclusion

RT-UL is recommended in international guidelines for stroke survivors but there is
limited understanding of how RT-UL is implemented in routine practice. This study
explored occupational therapists and physiotherapists perception of RT-UL 20
months following implementation. RT-UL was generally perceived by therapists to

be an acceptable form of therapy for stroke survivors, enabling an increase in the
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number of repetitions of upper limb movement practice and intensity of
independent practice. The implementation was impacted by the physical location of
device, enhanced through being a clinician-led process, and a device that was
perceived to be easy to use and had strong patient acceptance. Future research
should investigate the potential advantages of clinician-initiated implementation of
practice innovations as well as explore patient perceptions of RT-UL use as part of

their rehabilitation programs.
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Chapter 7 - Discussion and conclusion

The InMotion is one of the most commonly used RT-UL devices with at least 250
systems worldwide (Rodgers et al., 2017). Despite this global presence, the
rehabilitation facility investigated as part of this research program is the first
Australian facility to implement the InMotion into routine clinical practice. The
process surrounding the implementation into daily practice of robotic devices for
UL therapy, such as the InMotion, has been under addressed with much of the
research having focused on determining clinical efficacy. This is noteworthy when
considering the very large financial outlay required to procure and implement RT-
UL and that non-adoption and abandonment is common for health technologies in

the clinical setting (Greenhalgh et al., 2017).

Implementation success cannot simply be measured by the presence of a robotic
device in a department, access to its use by staff and patients or efficacy of research
conducted in the context of a clinical trial or laboratory setting. Other key outcomes
of implementation success for a new and costly treatment method should also
include its acceptability, sustainability, adoption, appropriateness, feasibility,
fidelity, penetration, and implementation cost (Proctor et al,, 2011). This research
program investigated the implementation of the InMotion using these
implementation outcome measures. Acceptability, sustainability and feasibility were
primary outcome measures for this research program with the remaining five

considered secondary outcome measures. A number of research methods were used
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to measure different aspects of these key outcomes. This included four studies, two
qualitative and two quantitative. This chapter provides a summary of the main
findings of these four studies. The clinical implications of these findings are then
discussed in light of the aforementioned eight measures of implementation success.
Following this discussion are a series of practical questions to guide health
professionals and administrators’ decision-making with respect to the
implementation of RT-UL. This chapter will also discuss the limitations of the

studies and future directions for research.

7.1 Summary of Findings

7.1.1 - Study 1

Therapist acceptance of new technology is an important factor influencing
implementation (Chen & Bode, 2011; Liu et al., 2015; Proctor et al.,, 2011).
Australian occupational therapists’ and physiotherapists’ perspectives on the use of
RT-UL in daily practice have not previously been explored, while international
studies have chiefly focused on gathering therapists’ opinions to aid the design
process of upper limb robotic devices as opposed to actual implementation (van
Ommeren et al., 2018). Existing clinical practice habits, practices and routines as
well as personal concepts of workplace norms can influence therapist acceptance of

new interventions and the implementation process (Smart, 2006).
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Study 1, the first of two qualitative studies, aimed to explore occupational
therapists’ and physiotherapists’ perceptions of RT-UL and the perceived barriers
and enablers prior to the implementation of the InMotion device into the
rehabilitation unit. Two discipline-specific focus groups were conducted, one with
occupational therapists (n= 6) and another with physiotherapists (n= 6) employed
at the rehabilitation unit involved in this study. The Theoretical Domain Framework
(TDF) was used to analyse and categorise the factors influencing therapist

perspectives (Atkins et al., 2017).

Study 1 determined that both the occupational therapists and physiotherapists were
accepting of the planned introduction of RT-UL into their workplace and perceived
that RT-UL would provide opportunity for increased upper limb practice
particularly for patients with severe upper limb impairment. Therapists perceived
that senior management would be keen to ensure the financial investment in the
InMotion was justified and that this would be a strong driver of the implementation
process. They also identified that training, support and mentoring from clinical
leaders on the ground would be essential for successful RT-UL implementation. The
training they receive should cover information relating RT-UL efficacy, device
functionality and patient suitability. Prior to the introduction of the InMotion in this
clinical setting, therapists also predicted that the availability of only one InMotion

device may create unique interdisciplinary and logistical challenges.
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7.1.2 - Study 2

RT-UL has been identified as a potential means of addressing the challenges
associated with increasing the amount and intensity of practice performed by stroke
survivors in routine therapy (Hayward & Brauer, 2015). RT-UL clinical trials have
had participants safely engaging in highly intensive practice involving hundreds of
repetitions of UL movement (Conroy etal.,, 2019; Lo et al., 2010; Rodgers et al.,
2017). However, it has not been explored if this intensity of practice is achievable
within a real-world clinical setting once various patient, staff, technical and
organisational factors are in play. Study 2 investigated RT-UL use within routine
practice measuring the amount of UL practice (i.e. repetitions, duration, intensity)
performed by subacute stroke survivors pre and post implementation of the
InMotion. This study focused specifically on determining if the amount of practice
administered in RT-UL research trials was achievable and had an impact on the
overall amount of practice of UL movement repetitions able to be achieved by stroke

survivors using a RT-UL within a rehabilitation facility.

Prior to the introduction of RT-UL stroke survivors were found to be completing
282 upper limb movement repetitions per day at an intensity of five repetitions per
minute. Following the implementation of the RT-UL, daily UL practice was
demonstrated to have significantly increased to 851 repetitions per day at an
intensity of 12 repetitions per minute. This significant increase in practice
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repetitions and intensity was observed for stroke survivors with severe upper limb
impairment as well as those with mild to moderate levels of UL impairment.
Importantly, this increase in practice was achieved without an increase in the time
spent in therapy by patients, or a reduction in other task specific practice
undertaken with their treating therapists and in addition to the RT-UL use. It was
proposed that the increase in UL practice was the outcome of RT-UL providing a
uniquely supportive and efficient form of UL practice and capable of enabling
hundreds of additional repetitions to patient UL treatment sessions. These findings
indicate that the highly intensive practice undertaken in research trials is achievable
within the clinical setting. This is the first study to have observed an increase in UL
practice when RT-UL is implemented into routine clinical practice. This study
provides particular insight into the measure of RT-UL fidelity, that is, the extent to
which RT-UL was able to be implemented as intended. The fidelity of RT-UL once
implemented will be discussed further in section 7.2 Implications for clinical

practice.

7.1.3 - Study 3

Technology abandonment is common in health services (Greenhalgh et al., 2017; Liu
et al, 2015) and the sustainability of technology in clinical practice has been largely
overlooked in implementation literature (Greenhalgh et al,, 2017; Proctor et al,,
2015). The aim of Study 3 was to investigate the sustainability of RT-UL as part of
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routine occupational therapy and physiotherapy clinical practice in the
rehabilitation unit involved in this study. Data collection involved two audits of RT-
UL use: Audit 1 from September 2017 to December 2017 and Audit 2 from

September 2018 to December 2018.

It was found that RT-UL was a sustainable intervention being used regularly with
stroke survivors two years after initial acquisition and implementation of the
InMotion to the rehabilitation facility. This is an important finding when considering
the high purchase cost involved in acquiring these devices and training of staff as
well as the potential benefits for UL recovery for stroke survivors. Study 3 also
found that approximately half of sub-acute stroke survivors admitted to the
rehabilitation unit during the audit periods were prescribed robotics as part of their
upper limb program. However, overall admission numbers of stroke survivors did
decrease between audits, from 31 stroke survivors in Audit 1 to 14 stroke survivors
in Audit 2. As a result, the number of stroke survivors using the InMotion decreased
from 18 RT-UL users in Audit 1 to 7 RT-UL users in Audit 2. This finding, perhaps
was not surprising, has implications when considering the financial viability of the
InMotion in the clinical setting. Finally, Study 3 also found that stroke survivors with
severe UL impairment were more likely to be prescribed RT-UL than those with
mild to moderate UL impairment. The optional hand module was only used in a
quarter of RT-UL sessions. In addition to sustainability, these findings also shed light

on other important implementation outcome measures of appropriateness and

168



penetration. These measures are discussed further in section 7.2 “Implications for

clinical practice”.

Results of Study 1, 2 and 3 were then explored in the follow up focus group with
treating therapists in Study 4, 20 months after initial implementation of the

InMotion within the clinical setting.

7.1.4 - Study 4

Study 4 explored occupational therapists and physiotherapists perceptions of the
acceptability of RT-UL and the implementation process 20 months after
introduction into routine practice. Focus group questions were shaped by the
Theoretical Domain Framework (TDF) and findings from Study 1, 2 and 3.
Therapists also individually completed the System Usability Scale (SUS), a brief
survey to provide subjective data regarding their perceived usability of the

InMotion.

The focus groups revealed that therapists continued to be accepting of RT-UL as
part of their routine practice on the basis that RT-UL provided patients with an
intensive and motivating form of semi-supervised practice. Equally they recognised
the importance of using RT-UL in combination with other UL interventions and
progressing patients to functional-based UL practice once there was sufficient active

movement.
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It was explained that physiotherapists were the main prescribers of RT-UL
primarily due to the InMotion being located in the physiotherapy area of the
rehabilitation gym at the centre being studied. Limited use by the occupational
therapists was also reflective of their prioritisation of ADL retraining on the ward.
These comments within the focus groups were supported by physiotherapists
recording higher usability scores on the SUS. Therapists also reported that the
limited use of the hand module of the InMotion was due to the difficulties they

experience with setting up this component of the device.

7.2 Implications for clinical practice

This program of research has investigated the implementation of RT-UL within
routine clinical practice. The implementation process and the implications for
clinical practice will now be considered in terms of eight measures of
implementation success: acceptability, sustainability, feasibility, appropriateness,

fidelity, penetration, cost and adoption (Proctor et al., 2011).

7.2.1 RT-UL acceptance an outcome of advantages outweighing disadvantages

Proctor etal. (2011, p. 67) described intervention acceptability as “the perception
among implementation stakeholders that a given treatment, service, practice, or
innovation is agreeable, palatable, or satisfactory”. The acceptance of a new

intervention can be linked to the stakeholders’ overall perception that the
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advantages outweigh the disadvantages (Wensing & Grol, 2020). Stakeholders
investigated as part of this program of research were occupational therapists and
physiotherapists providing RT-UL to stroke survivors within an inpatient
rehabilitation setting. The clinical advantages of RT-UL were clear to therapists in

this program of research.

The primary advantages reported by therapists were that RT-UL enabled a highly
repetitive and intensive form of UL practice with minimal input from therapy staff.
This was particularly the case for stroke survivors with more severe UL impairment.
Therapists were conscious of the historical challenges of providing stroke survivors
with satisfactory levels of UL practice i.e. hundreds of repetitions per session.
Therapists perceived that the implementation of RT-UL into their routine practice
had genuinely helped address this challenge. Such perceptions were also supported
by findings in Study 2 that showed a significant change in the amount and intensity
of UL practice following the implementation of the InMotion. RT-UL has often been
promoted as having the potential to increase UL practice but this is the first study to

demonstrate such an increase in clinical practice.

Therapists can have busy caseloads and are often simultaneously managing multiple
patients potentially diminishing the quality and quantity of active therapy and one-
on-one therapy able to be provided to stroke survivors. The advantage of being able
to provide independent practice to patients via the InMotion was repeatedly raised

in the Study 4 focus groups. Traditional UL programs typically rely on direct one-on-
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one assistance from the therapist (Stewart et al., 2017) to physically support, guide
and facilitate use of the weak UL as well as repeatedly set up objects and items for
the therapy tasks. In contrast, the InMotion provided both support for the stroke
survivors’ weak UL as well as automatically presenting tasks on the screen. The
increase in the amount and intensity of practice recorded in Study 2 was largely

attributed to these two advantages.

Therapists reported that patients were motivated by being able to independently
engage in their own UL practice as well as the digital gaming aspect of RT-UL. The
motivational qualities of RT-UL for stroke survivors have been previously identified
(Chong et al.,, 2014) alongside similar forms of digital gaming (Putrino et al., 2017).
Therapists in Study 4 pointed out that patients were motivated by the InMotion
tasks even though the computer graphics were very simple. This is important to
note as cognitive and perceptual deficits may limit stroke survivors’ ability to
process and interact with more complex computer graphics. Stroke survivors with
such deficits have been underrepresented in RT-UL clinical trials (Everard et al.,
2020) with little known about inpatient stroke survivors’ perceptions of the use of
RT-UL. As key stakeholders in the implementation process and clinical use of RT-UL,
further exploration is needed of stroke survivors’ experiences of using RT-UL as

part of their recovery.

Therapists acknowledged the limitations of the InMotion particularly in relation to

the awkwardness of the hand module and the “pre-functional” nature of the
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training. However, these disadvantages did not dominate discussions nor
undermine their overall acceptance of RT-UL as part of the routine practice at the
facility. Therapists were able to factor these limitations into their professional
reasoning process when prescribing RT-UL. If hand function was a focus, then other
forms of therapy were prioritised over RT-UL and once there was sufficient active
UL movement for practice of daily tasks RT-UL was also phased from a patient’s UL

program.

7.2.2 RT-UL sustainability vs advancing practice

Sustainability refers to the extent to which a newly implemented intervention is
maintained and continues as part of routine clinical practice (Proctor etal., 2011). It
could be argued that sustainability is the most important outcome measure of
implementation success. The introduction of a new intervention may result in short
term benefits but unless this contribution is ongoing the overall value of the
implementation process is questionable (Nadalin-Penno et al., 2019). There has
been a preoccupation with investigating the initial phase of implementation with
little attention paid to the ongoing viability of new interventions (Proctor et al.,
2015; Shelton & Lee, 2019). In this program of research RT-UL was found to be in
continued and regular use two years after initial implementation. This is the first
study to have considered the sustainability of RT-UL as part of routine practice. The
clinical advantages discussed in the previous section related to improved intensity
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and independent practice are likely reasons for the ongoing use of the InMotion at

the participating rehabilitation facility.

It is positive that RT-UL was found to be sustainable but best practice is an evolving
phenomenon (Boulanger et al., 2018). Factors that initially facilitated
implementation and drove sustainability may ultimately hinder the ongoing
advancement of the therapy provided by a rehabilitation service. Therapists may
become too comfortable with using a particular intervention and be reluctant to
incorporate other new forms of therapy. This may be relevant to RT-UL which has
the distinct advantage of facilitating UL practice with minimal input from the
therapist. Ongoing evaluation of the impact of the device on patient outcomes and

therapists’ practices is therefore important.

Robotic technology is continually advancing, and there is an onus on clinicians to be
aware of and responsive to these advancements. These advances may be in the form
of software updates which include additional games, enhancements of graphics and
data reporting or hardware developments that improve the ergonomics or
adjustability of a device. Foresight is also needed as to when an existing device has
ultimately been superseded by a new model and needs to be replaced. Evidence
surrounding UL rehabilitation is also rapidly changing. It is likely that in the coming
decade there will be further clear recommendations as to which stroke survivors
benefit most from robotics in terms of phase of recovery and severity of UL

impairment. It is essential that clinicians are abreast of such evidence and refine
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their professional reasoning in response to these advancements to appropriately

prescribe robotics and obtain the best outcomes for their patients.

7.2.3 Practical determinants of RT-UL feasibility

Feasibility considers the everyday factors that influence the use of a new
intervention in a specific clinical setting (Proctor et al.,, 2011). It is concerned with
the impact of practical elements such as availability of resources, training
requirements and intervention set up (Proctor et al., 2011). The relative success of
the implementation of the InMotion at the rehabilitation facility involved in this
program of research was in part an outcome of device location and ease of set up for
the arm component. However, the implementation process was not without
challenges including limited functionality of the InMotion hand module, use of a
single device between disciplines and skill limitations among staff. These facilitators

and challenges to the feasibility of RT-UL are now discussed.

The RT-UL device was positioned in the centre of the physiotherapy open-plan gym
and this appeared to be a strong facilitator to use in routine practice. Therapists
pointed out that if the device was alternatively located in a separate individual
room, then use in daily practice would likely have been far less. The location of a
robotic device in a separate area to the primary treatment area can negatively
impact the integration of RT-UL as part of the patient’s broader rehabilitation

program as well as decrease staff motivation to use the device (Lo et al., 2020). The
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location of the RT-UL within the gym area of the rehabilitation facility in this
program of research appeared to fit comfortably with the workflow of the
physiotherapists. Patients moved between RT-UL and other activities with minimal
interruption to their program. This easy integration of RT-UL into the workflow of
the gym was also enabled by the minimal time required to set up patients on the

device.

Conversely, the availability of a single device did appear to impact on the integration
of RT-UL by occupational therapists. This limited uptake by the occupational
therapists was not necessarily seen as a negative outcome, but an element of
feasibility needing to be planned for and even negotiated by the rehabilitation team.
This is to ensure the maximum use of the device in the clinical setting as well as
allay any potential interdisciplinary tensions that could arise from a lack of

opportunity to use the device.

How easy or difficult an intervention is to physically set up and use also contributes
to feasibility (Proctor et al,, 2011). Therapists at the participating rehabilitation
facility described the InMotion arm component as being relatively straight forward
to set up and use with patients. Even physiotherapy students were expected to be
able to quickly incorporate RT-UL within their rehabilitation programs. However,
the add-on hand module was more awkward than the arm component resulting in
the hand module only being used a quarter of the time with patients. Aggogeri et al.

(2019), in their state-of-the-art paper on hand RT-UL devices, emphasised the
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ongoing challenges of designing and developing robotics to train such a
biomechanically complex area of the body. Refinement of hand RT-UL will be

discussed further below in section 7.4 Future research directions.

An obvious but important factor in the feasibility of RT-UL was training of staff in
the use of RT-UL. Prior to the implementation process in Study 1, therapists
recognised that training was crucial for successful implementation of the RT-UL into
routine practice. Initial training of staff did not appear to be a particularly difficult
aspect of the implementation process with all existing and new staff, including
students, undergoing training in the use of the InMotion. Some of the
physiotherapists reported that they additionally carried out their own self-directed
training on the device. The capacity and confidence of therapists to translate the
knowledge and skills acquired in this initial training was influenced by the length of
time between the training and having opportunity to use RT-UL with a patient. This
was specifically a challenge for some of the occupational therapists. They reflected
that the scarcity of stroke survivors as part of their own caseload following the
training as well as being employed part-time resulted in a decreased opportunity to
apply the skills learnt. This appeared to result in reduced confidence to incorporate
the device into routine practice. This highlights the point that training in a new
intervention like robotics should be ongoing and where possible responsive to the
circumstances of individual staff members. Regular auditing of RT-UL computer

data and completion of intermittent usability measures, like the system usability
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scale, may help rehabilitation units identify when refresher training is needed for

staff in the use of RT-UL devices.

7.2.4 Appropriateness of RT-UL to the inpatient rehabilitation setting

Appropriateness, as a measure of implementation success, refers to the “perceived
fit, relevance, or compatibility of new intervention for a given practice setting,
provider, or consumer; and/or perceived fit of the intervention to address a
particular issue or problem” (Proctor et al., 2011, p. 69). Clinicians and
administrators may be accepting of implementing a new intervention but ultimately
discover the intervention is not the right fit for a certain team member or clinical
contexts. This program of research particularly provided insight into two aspects of
RT-UL appropriateness. Firstly, the appropriateness of RT-UL to the role of the
occupational therapists and physiotherapists at the rehabilitation facility and

secondly to address the need to increase UL practice for stroke survivors.

Appropriateness can be considered in light of the domain of “professional role and
identity” within the Theoretical Domain Framework (Atkins et al., 2017). This
domain considers aspects related to profession role and identity and the impact on
the implementation. This domain was explored within the focus groups in Study 1
and Study 4. The occupational therapists were accepting of the RT-UL but found that
RT-UL was not all together appropriate to their role. As discussed in section 7.2.3,

the location of the device in the physiotherapy area of the gym limited the
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occupational therapists use of the device. However, the occupational therapists also
highlighted their need to carry out ADL retraining on the ward on a separate level of
the building to the physical location of the robotic device in the therapy gym also

limited their use of the RT-UL.

It was interesting that the occupational therapists did not have any philosophical
concerns with incorporating RT-UL into their practice. It has been proposed that the
use of similar therapeutic modalities, i.e. electrical stimulation, in occupational
therapy practice may be indicative of a departure from core occupational therapy
philosophy (Gustafsson et al.,, 2016; Joosten, 2015). Participants in this study were
not directly asked to provide an opinion on RT-UL from a philosophical standpoint
but none of the occupational therapists identified this as an issue. This may be
reflective of occupational therapists who work in a clinical capacity placing greater
value in other qualities (i.e. clinical efficacy, novelty, patient preferences and
feasibility) above the potential congruency of an intervention with discipline

philosophy.

In Study 1, therapists recognised the need to increase the amount of practice stroke
survivors engaged in and particularly those patients with severe upper limb. They
perceived RT-UL could address this need within their clinical setting. Study 2 then
confirmed an increase in the amount of practice once RT-UL was implemented
including stroke survivors with severe UL impairment. In Study 4, both disciplines

described how the implementation of RT-UL had helped increase the amount of

179



practice provided to stroke survivors. These findings indicate an overall
appropriateness of RT-UL to address practice levels for stroke survivors within the
inpatient rehabilitation setting. This is a positive finding and clinicians and
administrators should be encouraged that the implementation RT-UL, along with
other initiatives such as group practice and unsupervised room-based self-directed
UL programs (e.g. GRASP) (Harris et al,, 2009; Stewart et al.,, 2017) may enable

stroke survivors to engage in sufficient levels of UL practice.

7.2.5 Fidelity of RT-UL in context of RATULS trial

Fidelity considers how an intervention used in clinical trials has been employed in
routine clinical practice (Proctor et al.,, 2011). Fidelity can be evaluated in terms of
adherence to a program, dose or amount of intervention delivered or the quality of
the program provided (Proctor et al,, 2011). Conclusions as to the fidelity of RT-UL
within this program of research can be drawn from comparing the findings of Study
2 and Study 3 with the protocol of the RATULS trial (Rodgers et al., 2019; Rodgers et
al., 2017). In the RATULS trial, participants who received RT-UL demonstrated
significant improvements in motor function (i.e. Fugl Meyer assessment) when
compared to usual care. The RATULS trial is the largest robotic trial to date and
specifically involved the delivery of RT-UL via the InMotion. A comprehensive study
protocol for the RATULS trial has been separately published to compliment the main
paper and provides a detailed description of the treatment delivered during the trial
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(Rodgers et al., 2017). Conclusions as to the fidelity of RT-UL in routine practice are

now discussed.

Participants in the RATULS trial engaged in RT-UL three times per week for 12
weeks. Participants completed a median of 35 (IQR 31-36) RT-UL sessions within
this 12-week period. Study 3 of this program of research recorded that RT-UL users
participated on average in nine RT-UL sessions (95% confidence intervals 7-12
sessions) across an average length of stay of eight weeks at the rehabilitation
facility. There are a number of potential reasons for this lower frequency of RT-UL
practice. Firstly, there were participants in Study 3 who only engaged in one or two
RT-UL sessions for the purpose of UL evaluation and not treatment. Also, therapists
reported in Study 4 that patients were progressed onto more advanced forms of UL
practice, e.g. task specific practice, once sufficient gains in active UL movement had
been made. Other patients simply may not have liked RT-UL and chosen not to
continue but this was not reported by therapists in focus groups. Therapists
reported that fatigue impacted some patients’ use of RT-UL and this may also have
contributed to patients engaging in fewer sessions than seen in the RATULS trial.
Finally, practical reasons related to patient and staff scheduling are likely also to
have contributed to fewer sessions be conducted. This program of research study
did not extend to the collection and analysis of patient clinical outcome measures, so
it could not be determined if the number of sessions was sufficient to improve UL

outcomes for the stroke survivors.
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In the RATULS trial, RT-UL sessions were run for a duration of 45 minutes in
addition to usual care. The exact number of repetitions completed as part of these
sessions was not documented but the protocol detailed that the aim was >350 UL
repetitions per session (i.e. intensity of seven repetitions per minute). An earlier
clinical trial involving the InMotion (Conroy et al., 2011) had participants achieve an
average 672 UL repetitions within a 60-minute session (i.e. intensity of 11.2
repetitions per minute). In Study 2, RT-UL practice was not a separate session but
was typically embedded as part of usual therapy. Practice on the InMotion replaced
impairment-related interventions (e.g. active exercises) with task specific practice
remaining unchanged post-RT-UL implementation. The practice lasted an average of
29 minutes, with an average of 449 RT-UL repetitions completed at an intensity of
18 repetitions per minute. Study 2 therefore demonstrated that the highly intensive
RT-UL practice sessions delivered in clinical trials (Conroy et al., 2011; Rodgers et
al,, 2019) were achievable in routine practice and even able to be surpassed. As
stated above participant clinical outcome measures were not collected so it could
not be determined if the increased intensity offset the lower number of total RT-UL

sessions completed by stroke survivors.

All sessions in the RATULS trial were conducted face-to-face by either a therapist or
therapy assistant whereas RT-UL sessions observed in Study 2 were almost
exclusively semi-supervised. This is an important distinction as a key advantage of
RT-UL is purported to be the reduced reliance of patients on their therapist to

engage in intensive practice. In Study 2, therapists were observed attending to other
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patients while the RT-UL user independently and safely completed their RT-UL
practice. RT-UL has been previously identified with the potential to support semi-
supervised practice (Stroke Foundation, 2022) but this is the first study to observe

this advantage within routine practice.

Participants in the RATULS trial only completed the clock game therapy protocol
and did not complete any of the additional games available on the InMotion. The
clock game is the only activity on the InMotion that provides “active-assistance” to
the arm. The audit data of Study 3 showed that participants primarily completed the
clock game therapy protocol but also engaged in the other games including
squeegee, pong and race. The inclusion of these other games into a stroke survivors
RT-UL session was likely the outcome of therapists wanting to give variety to the
RT-UL sessions and enhance patient motivation, though this was not investigated

during this program of research.

In the RATULS trial participants included acute, sub-acute and chronic stroke
survivors at a median of 233 (IQR 102—549) days post-stroke. This program of
research exclusively included sub-acute stroke survivors. In Study 2 participants
were on average 32 days post-stroke, an important distinction to the RATULS trial.
RT-UL has the potential to be effective with stroke survivors both in the acute, sub-
acute and chronic phase of recovery (Mehrholz et al., 2020). However, access to a
RT-UL device in the Australian context is likely to be in the early phase of recovery

within an inpatient hospital facility.
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Overall, this investigation into the fidelity of RT-UL as part of routine practice when
compared to the RATULS clinical trial was mixed in its findings. In the positive, the
amount of UL practice per session described in the trial was achievable in routine
practice and even able to be exceeded. In routine practice RT-UL required only
semi-supervised input from the therapists as opposed to the one-on-one support
given in the RATULS trial. Robotic practice was also incorporated as part of routine
UL practice as opposed to in addition to usual therapy. However, the number of total
sessions completed by participants was much less than that observed in the RATULS
trial and did not always involve the use of the prescribed therapy protocol. These

aspects may have impacted the efficacy of RT-UL within routine practice.

7.2.6 RT-UL penetration and potential cost implications

Penetration of a new intervention considers the depth to which a new intervention
is integrated into a service setting (Proctor et al,, 2011). Collecting and analysing
local data is important to determine penetration of a new intervention (Proctor et
al,, 2011). Specifically, penetration can be measured in terms of the number of
eligible patients who receive an intervention compared to the total number of those
eligible for the intervention (Proctor et al.,, 2011; Stiles et al., 2002). The penetration
of RT-UL at the rehabilitation facility investigated in this program of research can be
evaluated from the findings of Study 3. In Study 3, two audits were conducted of
inpatient stroke survivors use of RT-UL at the rehabilitation facility. During Audit 1,
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31 stroke survivors were admitted to the unit, 18 received RT-UL (58%) and during
Audit 2, 14 stroke survivors were admitted and seven received RT-UL (50%). The
penetration of RT-UL was largely determined by therapist decision to prescribe and

prioritise RT-UL with stroke survivors with severe UL impairment.

Auditing patient numbers and records should be a standard part of any pre and post
implementation process (McCluskey & O'Connor, 2017). The results of this program
of research indicate that auditing prior to RT-UL implementation should focus on
three important aspects; the total number of stroke survivors admitted to a facility
per year, how many of these individuals experience UL impairment and degree of
their UL impairment. These findings can help predict the likely penetration of RT-UL
into routine practice. Findings from such audits may help clinicians and
administrators decide to proceed or not proceed with the purchase of a device.
Audit data may result in facilities firstly renting an RT-UL device as opposed to

purchasing the device upfront.

Post-implementation audits may reveal the need for a second RT-UL device. For
example, a high number of patients may be prescribed RT-UL but due to only a
single device being available the frequency of sessions per patient is low (e.g. once
per week) or too brief (e.g. 15-minute sessions). Post-implementation audits may
demonstrate limitations with a particular device that mean a complimentary device
may be needed. For example, the limited penetration of the InMotion hand module

component seen in Study 3 audits merits consideration of a complimentary device
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to better facilitate practice involving the hand. It also meant that other forms of

hand practice needed to be incorporated into patient programs.

Penetration of a new intervention can also be considered from the perspective of
the number of providers who deliver a given service or treatment compared to the
total number of providers trained in or expected to deliver the service (Proctor et
al, 2011). As discussed in the previous section (section 7.2.5), this program of
research showed that RT-UL had penetrated routine practice of physiotherapy staff
to a greater degree than the occupational therapists. Study 3 found that 80% of all
RT-UL sessions were prescribed by physiotherapists despite both disciplines being
trained in the use of RT-UL. Such penetration data can help identify where specific
implementation strategies maybe needed to improve uptake such as refresher

training, nomination of a discipline champion or improved access to the device.

Finally, the degree of RT-UL penetration has potential cost implications. Previous
studies have analysed the cost-benefits of RT-UL at an individual patient level
(Imms etal., 2015; Rodgers et al., 2019). However, the financial viability of RT-UL
should also consider the overall number of stroke survivors treated at the
rehabilitation facility and the proportion of these likely to be suited for use of RT-UL
at some stage of their rehabilitation program. Undertaking a formal cost-benefit
analysis was beyond the scope of this program of research but findings from Study 3
have identified that future cost-benefit analysis should factor in overall admission

rates.
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7.2.7 Adoption of RT-UL be both clinician-initiated and clinician-led

Adoption, as a measure of implementation success, focuses on the initial decision to
employ an intervention as part of routine practice (Proctor et al,, 2011). The
adoption of the InMotion at the rehabilitation facility in this program of research
was both initiated and led by the clinicians, in particular senior physiotherapy staff.
This is important as it is well recognised that clinician-led implementation of health
interventions is crucial for success (McKee et al., 2017). Clinical leadership typically
comes in the form of a “champion”, an individual(s) who demonstrates a particular
strength of conviction and commitment to the implementation process (Miech et al,,
2018) and is present at the frontlines of services delivery (Bonawitz et al., 2020).
The National Stroke Foundation of Australia specifies that a clinical champion is
vital for any team looking to implement interventions from the stroke guidelines, of
which RT-UL is one. This essential driving force of a clinical champion appeared to
override many potential barriers in this particular rehabilitation setting. Even when
the original champion for RT-UL in the rehabilitation unit retired in the initial phase
of implementation, a fellow physiotherapist took up the role and continued to
promote and facilitate RT-UL use within the unit. The continued presence of a RT-UL
champion ensured both successful implementation in the initial phase as well as
sustained use of RT-UL (Stroke Foundation, 2022). Nonetheless staff turnover and
rotation between departments has the potential to derail the implementation
process and strategies including RT-UL refresher training for new staff should be in

place to minimise the impact of these changes.
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Further to this, the implementation of RT-UL was not just led by the therapy staff
but also initiated. This appeared to result in greater buy in to the implementation
process particularly from the physiotherapy staff. It is questionable if the
implementation process would have been as successful if the initiative had come
from the management at the facility and not the therapy staff. This indicates a
fundamental openness and acceptance of RT-UL from the outset and that this is

likely to have contributed to the relative success of the implementation process.

7.2.8 Questions to guide implementation planning

There are many factors that can influence the implementation of a new intervention
into routine practice (Atkins et al., 2017; McCluskey & O'Connor, 2017). Below are a
series of practical questions, generated from this program of research, to guide
health professionals and administrators’ decision-making with respect to the
implementation of RT-UL. This list focuses on factors specific to the acquisition and

implementation of RT-UL.

Acceptability

e What are clinicians’ perceptions of the advantages and disadvantages of
implementing RT-UL prior to implementation? Do they believe the

advantages will outweigh the disadvantages?
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How do clinicians’ perceptions of these advantages and disadvantages align
with the actual evidence for RT-UL?

What are patients’ and their families’ perceptions of RT-UL as part of routine
practice? Do they believe it would be a helpful and motivating form of

therapy?

Sustainability

What measures will be in place to facilitate the continued use of the robotic
device by clinicians beyond the initial 6-12 months after implementation?
Will training in the use of RT-UL be part of all new clinicians’ orientation
process?

How will clinicians and administrators stay abreast of software and

hardware updates related to the robotic device?

Feasibility

Where is the best location for the device to promote use as part of routine
practice?

Which discipline will take responsibility for the prescription of the RT-UL as
part of routine practice? Or will it be a joint decision between disciplines?
What support is available for the robotic device for set-up, training and

ongoing technical support/problem management once implemented?

Appropriateness

189



Which individual clinicians or disciplines group(s) perceive RT-UL to be
compatible with their role?
Do clinicians believe there is a specific need that RT-UL will meet within their

routine practice?

Fidelity

[s there sufficient staffing and access to the RT-UL device to enable stroke
survivors to engage in three times per week RT-UL sessions?
Will RT-UL practice occur “as part of” usual care or “in addition to” usual

care?

Penetration & cost implications
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Has an audit of stroke survivor admissions to the facility been undertaken
(i.e. 12-month period)? If so, what were the number (percentage) of stroke
survivors with UL deficits? What was the severity of these UL deficits?

Were there notable ebbs and flows in the number of stroke survivors with UL
deficits? Are the ebbs and flows likely to result in in the deskilling of staff
members in the use of RT-UL? How will this deskilling be addressed?

Are the number of likely RT-UL users sufficient to justify the cost
implementing the device into routine practice? Is renting a robotic device, as
opposed to purchasing upfront, the best initial step in the implementation

process?



e Will the availability of a single RT-UL device be sufficient to facilitate the
practice demands of the stroke survivors admitted to the facility (i.e.

frequency of sessions and duration of sessions)?

Adoption

e s the implementation of RT-UL an initiative of clinicians or is it a directive
from management?

e Has an RT-UL “champion(s)” been designated from among clinicians to lead
the implementation process? Who will replace this champion if they are

unable to fulfill the role? (e.g. resign, change in role or take extended leave)

7.3 Limitations of the research

There were several limitations to the studies completed as part of this program of
research. The limitations for each study have been detailed within the individual

study manuscripts and are summarised here.

Most notably the implementation of RT-UL was only investigated within a single
rehabilitation facility in Australia and conclusions are therefore reflective of this
healthcare setting. However, as detailed in Section 2.5 “Setting” the participating
rehabilitation facility was largely reflective of Australian rehabilitation services

which are typically public facilities, located in a metropolitan area and providing
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mixed rehabilitation services five days per week inclusive of occupational therapy

and physiotherapy (Stroke Foundation, 2020).

In Study 2, a relatively small sample of convenience was recruited in both
observational phases, and the patients observed in the pre-implementation phase
were not the same as those observed in the post-implementation phase. However,
no statistical differences in demographics or clinical characteristics were found
between the two groups. Despite the candidate(NF) being careful to be unobtrusive
and not to interfere with the decision making of therapists in relation to use of RT-
UL during therapy session, it is possible that therapists changed their practices in
response to the observations and audits being conducted in Study 2 and Study 3.
Also, participants in these studies did not extend to stroke survivors in the chronic
phase of recovery or with an alternate diagnosis (e.g. traumatic brain injury and UL
orthopaedic). However, patients meeting these criteria were very few across the
program of research with the rehabilitation facility being primarily focused on the

subacute phase of recovery.

As highlighted in the previous section “Implications for clinical practice”, Study 2
and Study 3 did not extend to the collection and analysis of UL outcome measures.
Consequently, no conclusions could be made as to the impact of RT-UL on the UL
recovery or outcomes for participants. Also, demographic and clinical details of

participants collected were from charts and relied on the accuracy of the therapists
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recording this information. However, the therapists were qualified and skilled in the

administration of these measures

The use of the Theoretical Domain Framework to guide the development of
questions and analysis of the focus groups for Study 1 and 4 may have limited
identification of other relevant themes. This framework, however, enabled a
structured and effective process of categorisation and placed the information in a

format that is consistent with other studies in the field of implementation science.

7.4 Future research directions

This program of research has generated new knowledge of the implementation of
RT-UL within routine practice as well as identified gaps and directions for future

research. These gaps and future directions are now discussed.

7.4.1 Exploration of patient perceptions

Client preferences should be a key driver of therapists’ decision-making process
when selecting evidenced-based interventions for stroke survivors (Bennett &
Bennett, 2000). The perspectives of stroke survivors using RT-UL as part of their UL
rehabilitation program are largely absent from the literature. The focus for their
inclusion in the few studies that have been conducted has been largely to assist in

the design process of a robotic device (Hughes et al.,, 2011; Hughes et al., 2014), or
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reflect on experiences as part of clinical trial (Tedesco Triccas et al., 2018). Future
studies need to broaden to also gather stroke survivors’ perspectives of RT-UL when
the intervention has been part of their own personal recovery. Questions remain as
to stroke survivors’ perspectives about the perceived benefits of RT-UL as well as
motivational qualities of RT-UL. A clearer understanding of stroke survivors’
perceptions will help inform therapists decision making process as well as identify

factors influencing RT-UL implementation.

7.4.2 Determining RT-UL dosage for routine practice

Study 2 of this research program demonstrated the potential for RT-UL to
significantly increase both the number of repetitions and intensity of UL practice
performed by inpatient stroke survivors. The assumption is that this increased
practice would translate to improvements in clinical outcomes for patients
(Schneider et al., 2016) particularly at the level of impairment (Wu et al., 2021).
However, Study 3 highlighted that the number of RT-UL sessions completed across
the entirety of a patients’ admission did not equate to the number seen in clinical
trials such as the RATULS study (e.g. 35 sessions) by Rodgers et al. (2019). This
indicates that the practice levels seen in clinical trials in terms of total sessions of
RT-UL may not be achievable within the context of routine practice. Other forms of
intensive UL practice have been shown to be effective at a lower dosage level than
administered in original clinical trials. For example, the high resource demand of
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implementing CIMT in its original form has meant that a number of modified forms
of CIMT have been developed (Page et al., 2008). Modified CIMT has since been
shown to be effective in improving UL function for stroke survivors (Fleet et al.,
2014; Page et al., 2008). Future research should look to pragmatically investigate
the dosage of RT-UL needed to improve stroke survivors UL function once part of

routine practice.

7.4.3 Timing of RT-UL use

Research into the efficacy of RT-UL needs to continue to focus on improving
understanding of what stage of recovery is RT-UL most effective (i.e. acute, sub-
acute, chronic) and the impact of other patient characteristics including: severity of
UL impairment, area of UL impairment (i.e. proximal versus distal), UL dominance
(i.e. dominant versus non-dominant) and cognitive status. As proposed by the
Canadian stroke guidelines (Teasell et al., 2020), RT-UL would seem most suited to
stroke survivors with severe UL impairment. It would also appear to be most
applicable to UL retraining for stroke survivors in the acute and sub-acute phase of
recovery when potential for changes at impairment level are most probable
(Bernhardt et al,, 2017; Mehrholz et al.,, 2018). Stroke survivors are also more likely
to have access to these devices as part of their inpatient setting. Stroke survivors
with these clinical characteristics have been underrepresented in clinical trials. As
found in Study 3, RT-UL presents as a bridging form of UL practice for stroke

survivors with more limited active UL movement, until there is sufficient UL
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movement and power for more complex real-world task specific practice. Future
RT-UL trials should give priority to determining the efficacy of RT-UL for acute and

subacute stroke survivors.

How RT-UL can and should be used as part of a broader UL program for stroke
survivors needs investigation. The RATULS trial investigated RT-UL as adjunct to
usual therapy (Rodgers et al., 2019) whereas Study 2 of this research program
found that RT-UL was not used as an adjunct but rather embedded within a stroke
survivor’s program in place of other forms of impairment-based UL practice. There
is promising research emerging exploring the use of RT-UL in combination with
other evidenced based approaches such as mirror therapy (Lee et al., 2022),
functional electrical stimulation (Resquin et al., 2016), bilateral arm training and
constraint induced movement therapy (Hung et al., 2019). Further to this, RT-UL
application to diagnostic groups other than stroke within the adult rehabilitation
setting merits future investigation. In particular, RT-UL has potential application to
a wider range of neurological conditions affecting the UL including multiple
sclerosis (Sampson et al., 2016) along with orthopaedic conditions (Padilla-

Castafieda et al., 2018).
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7.4.4 Refinement of RT-UL hand modules

Study 3 revealed that the hand module on the InMotion was used only a quarter of
the time with patients. Therapists reflected in Study 4 that this was largely due to
the hand module facilitating only a basic grasp-release pattern as well as being
difficult to set up. The biomechanical complexity of the hand leads to a range of
technical challenges to developing an effective hand module component for RT-UL
devices (Aggogeri et al., 2019). The capacity for RT-UL to address stroke survivor
limitations in ADL performance is not as evident as motor impairment and function.
The recovery of hand function is crucial to independence in a range of ADL tasks
(Faria-Fortini et al.,, 2011; Kim, 2016). Advancement of RT-UL hand module
components of the InMotion or other UL robotic devices may result in improved
outcomes at the activity and participation level of recovery for stroke survivors. Soft
wearable RT-UL hand devices such as the neomano, carbonhand and RELab tenoexo
also show potential for improving hand function and ADL performance by enabling
direct ADL practice (Bitzer et al.,, 2020; Plessis et al., 2021; Radder et al., 2018).
Such devices also have potential to be used by participants within their own home,
not limited to the clinical setting. Further exploration is needed to improve the
design and functionality of RT-UL hand devices particularly in the hope of

improving activity and participation-based outcomes for stroke survivors.

197



7.5 Conclusion

This research program has evaluated the success of implementing one of the most
common RT-UL devices, InMotion, into the routine practices of an Australian
rehabilitation setting. Implementation success has been considered with respect to
eight key measures; acceptability, sustainability, feasibility, appropriateness,
fidelity, penetration, cost implications and adoption. New knowledge has been
acquired about RT-UL in routine practice for stroke survivors including
occupational therapists and physiotherapists perceptions, impact on the amount of
UL practice able to be delivered (both repetitions and intensity of practice),
sustainability of RT-UL within the inpatient rehabilitation setting and barriers and
facilitator to RT-UL implementation. Successful implementation of evidence-based
practices like RT-UL should involve careful forward planning and strategic
coordination (McCluskey & O'Connor, 2017). Without such planning and strategy,
change in practice has the potential to be minimal or short-lived (McCluskey &
O'Connor, 2017). These findings provide substantial insight and practical guidance
to clinicians and health administrators considering the implementation of RT-UL

into their clinical context.
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Introducing robotic upper limb training into routine
clinical practice for stroke survivors: Perceptions of
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Introduction: Robot-nssisted therapy for the upper limb
(RT-UL) is an emerging form of intervention for stroke
survivors with wpper limb deficits, However, there is lim-
ited knowledge regarding therapists” perceptions of RT-UL
and the factors influencing the implementation of RT-UIL
infe the clinical setting. This is impoertant when consider-
ing that therapists in Australia are primarily responsible
for the prescription of RT-UL in daily practice. This shudy
aimed to explore occupational therapists” and physiothera-
pists” perceptions of RT-UL and the perceived arriers and
enablers influencing implementation.

Methods: Two discipline-specific focus growps were con-
ducted involving  occupational  therapists (n = 6) and
physiotherapists {n = 6). Participants were members of
the same multidisciplinary feant working in an Austealian
public health rehabilitation facility where RT-UL (ie.
InMotion2) was being introduced for the first time. Focus
groups exploved therapist perceptions of the new RT-UL
as well as perceived barriers and enablers to implementa-
Fion. Foeus groups were recorded, transcribed and dedue-
tively analysed nsing the Theoretical Domains Framework
(TDF.

Results: Out of the 14 domains of the TDF, 7 were vaised
by participants during the focus groups: environmental
conttext  and  resources, beliefs  abowt  consequences,
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aptimism, knowledge, skills, social influences, and social
and professional role and identity. Therapists’ expressed
their aptimism towards the dntroduction of RT-UL but
believed  successful implemenlation would be primarily
dependent on the aoailability of clinical leadership, train-
ing and a suitable cliend mixv.

Conclusion: Therapisis perceived that RT-UL would pro-
vide opportunity for increased upper limb practice particu-
larly for patients with severe upper limb impairment, To
facilitate implementation, support of RT-UL should come
from both management and clivtical leaders and fraining
inclide RT-UL efficacy, device functionality and patient
suitability. The availability of a single RT-UL device in a
workplace may create unique inferdisciplinary and logisti-
cal challenges.

KEY WORDS implementation, occupational  Hrerapy,
plysical  Hierapy, robotics, stroke relabilitation, wpper
extremity.

Introduction

The amount of upper imb practice provided to stroke sur-
vivors is suboptimal (Hayward & Brauer, 2015). Possible
reasons for this lack of practice include stroke survivors’
limited ability to perform independent practice and conse-
quent dependence on one-on-one support from therapists
(Stewart, McCluskey, Ada, & Kuys, 2017). Robot-assisted
therapy for the upper limb (RT-UL) presents as a viable
intervention to help therapists overcome these clinical
challenges when working with stroke survivors and is
consequently an emerging form of therapy within rehabili-
tative facilities across Australia (Galea et al,, 2016).

In broad terms, RT-UL involves retraining the upper
limb by applying an electromechanical device to the
person's upper limb to assist with and facilitate repeti-
tive performance of prescribed upper limb movements
(Weerbeek, Langbroek-Amersfoort, van Wegen, Meskers,



& Kwakkel, 2016). RT-UL retraining is purported to be
motivating, task-orientated, intensive and requiring
minimal therapist input and can improve activities of
daily living, motor control and strength in the impained
upper limb (Mehrholz, Pohl, Platz, Kugler, & Elsner,
2018; Veerbeek et al., 2016). However, further insight is
needed into the implementation of these devices within
the clinical setting. Such insights can be found through
exploring  the perspectives of therapists who are
involved in the implementation process.

A recent systematic review (van Ommeren e al,
2008} investigated user perspectives (139 stroke sur-
vivors/carers and 384 health professionals) of electri-
cal/mechanical ~ devices used Ffor upper limb
rehabilitation. The primary motivation of the review
was to understand which factors may influence the
decision to Furch:l!-;n a device. Five Primar}r factors were
identified; (i) promotion of upper limb performance (i.e.
intensity, task orientated), (i) patient and therapist atti-
tude towards technology (i.e. motivating, affinity), (iii)
decision process (Le. evidence based, saftety, financial
outlay), (iv) usability (set up, adjustability); and (v)
applicability in practice {ie. feedback, overtraining,
comfort). Such insights are helpful; however, there is a
need to understand if similar or different factors impact
the actual implementation process of RT-LIL in routine
clinical practice, not just the acquisition process.

The perspectives of Australian therapists of RT-UL
have not previously been investigated, nevertheless their
views of other rehabilitative technology have been. The
perspectives of 11 Australian physiotherapists were
explored in relation to their prescription and use of tech-
nologies to improve mobility and physical activity (i.e.
videogames, smart phone applications and activity moni-
tors) (Hamilton, McCluskey, Hassett, Killington & Lovar-
ini, 2018). Again, a complex set of patient and
envirenmental factors were identified, incuding; the
suitability of a technology to the patient needs and goals,
patients’ previous experiences with technology, patients’
preferences and interests in technology as well as the
space available to use certain technologies. Further to
this, therapists explained that an advanced level of clini-
cal reasoning was needed to continually adapt the tech-
nologies to provide the ‘just right' challenge for their
patients. It is therefore of interest if therapists perceive
that such an interplay of factors will shape the implemen-
tation of RT-UL into routine practice and merit-specific
strategies to aid implementation. This would seem partic-
ularly important when considering both the potential
benefits of successful implementation of RT-UL for stroke
survivors as well as the large financial outlay associated
with purchase of these devices (Stewart ef al., 2017).

Another significant variable to be considered in the
implementation of RT-UL, is that upper limb manage-
ment for people with stroke in Australia typically
involves both occupational therapists and physiothera-
pists  (Hayward &  Braver. 2015).  Exploring
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interdisciplinary dynamics as they relate to RT-UL
would alsp seem important. F{nally, it would be valu-
able to gain an understanding of therapist perceptions
of RT-UL prior to being introduced into practice as pre-
existing practices and personal concepts of workplace
norms can influence the implementation process (Smart,
2006).

The aim of this study was to investigate both occupa-
tional therapists” and physiotherapists’ perceptions of
RT-UL and explore the potential barriers and enablers
to the implementation of a robotic device being intro-
duced into an Australian rehabilitation facility for the
first time. This study is part of a broader research pro-
gram investigating the implementation of RT-UL into
routine clinical practice and sits alongside quantitative
studies evaluating the usage patterns of RT-UL by occu-
pational therapists and physiotherapists and the impact
of RT-UL on the type and dosage of upper limb practice
performed by stroke survivors.

Methods
Design

Qualitative methodology involving two discipline-speci-
fic focus groups was utilised to gain therapists’ perspec-
tives (i.e. occupational therapists and physiotherapists)
of the introduction of RT-UL into their rehabilitation
facility. Focus groups were conducted prior to the intro-
duction of the InMotion2 system into routine clinical
practice. Disciplinespecific focus pgroups were pur-
posely conducted to enable analysis of individual disci-
pline perspectives on RT-UL as well as provide
uppq}rl‘unil‘y for discussion of discip]int;-spr;ciﬁc factors
if they emerged. Discipline-specific focus groups were
opportunistically held in each disciplines’ weekly team
meeting which aided recruitment and minimised the
study impact on the therapists’ daily routine.

Focus proups comprised a convenience sample of
therapists working on the day focus groups were sched-
uled. All available therapists consented to participate in
the study. An information sheet detailing the purpose
of the study and participants’ involvement was pro-
vided to discipline representatives who distributed the
information to therapists prior to the focus groups. Par-
ticipation was voluntary, and participants were free to
withdraw at any time without stating a reason. Allied
health assistants and students were excluded from the
study as they were not responsible for the preseription
of ET-UL as part of routine practice.

All participants were members of the same multidis-
ciplinary team working in an Australian public health
rehabilitation facility. The facility was located in
metropolitan Cueensland and services 50 rehabilitation
beds with an estimated 578 rehabilitation admissions
per year of which approximately 18% of patients have a
neurological diagnosis. Patients are seen by both



223

THERAFIST PERCEPTHONS OF ROBOTICS

occupational therapists and physiotherapists daily. Ethi-
cal approval was gained from the institubons’ human
research ethics committee HREC/ 16/ QI'CH /36,

Version 2 of the Theoretical Domain Framework (TDF)
was used to deductively analyse focus group transcripts
(Atkins &f al., 2007). The TDF is a validated framework
tor use in the health setting providing a theoretical lens
through which to analyse and categorise factors influene-
ing health professionals’ perspectives and behaviour
(Michie cf al., 2005). The TDF version 2 comprises 14
domains: knowledge, skills, social/ professional role and
identity, beliefs about capabilities, optimism, beliefs
about consequences, reinforcement, intentions, goals,
memoty/attention,/decision  process (single domain),
environmental context and resources, social influences,
emotion and behavioural regulation (Atking ef al.).

RT-UL Device

The InMotion2 system (Fig. 1) facilitates movement at the
shoulder, elbow and hand {with the wrist fixed in neutral
or pronation) and intuitively adapts to the person’s active
movements providing ‘assist-as-needed exercise guid-
ance’ (Bionik Labs, 2017), There is also a series of inbuilt
evaluative tools which can be used to measure and moni-
tor changes in upper limb kinematic control and force.

Procedure

Focus groups were led by one investigator (NF) using a
series of semi-structured questions. Mo other external
parties were present during the focus groups other than
the investigator and participating therapists. Focus
group questions were designed to explore therapist per-
ceptions of the introduction of the RT-UL in their clini-
cal setting. Specifically, questions covered: participants’
previous experiences with new rehabilitative technology
and in particular RT-UL, awareness of evidence and
clinical reasoning for RT-UL, overall perceptions of the
InMotion2 being part of their daily practice and per-
ceived barriers and enablers in their workplace to the

FIGURE 1: InMotion System. Reprinted  from  Biomik  Labs
(2007).  Refricved  fromn  hitpefionikiisa.com/.  BIONIK, Inc.
W toith perntssion.

use of new technology and specifically the InMotion2.
As the InMotion2 system had yet to be introduced to
the unit, a brief demonstrative video of the InMotion2
system was shown prior o commencing each focus
group to provide participants with a basic orientation to
the device. At the end of each focus group, a summary
was presented to the participants to confirm the key
puints raised in the discussion and provide opportunity
for any further clarification. These points were then doc-
umented by the investigator to aid amalysis. Focus
groups lasted approximately 40 minutes.

Focus groups were audio recorded and transcribed
verbatim. As part of the transcription process all partici-
pants were de-identified and allocated an alias. Tran-
scription was conducted by one investigator (NF) and
crosschecked by a second investigator (DC). Focus
group transcripts were entered and stored in NVivo 11,
a qualitative research software program, lo facilitate the
analysis process.

Prior to the commencement of coding, the two inves-
tigators independently reviewed the TDF guide devel-
oped by Atkins of al. (2017) and met to confer on their
understanding of the TDF domains. Each investigator
separately coded the transcripts, assigning relevant
stalements inte one or more of the 14 domains. The two
investigators then met to achieve consensus on coding
and to allocate all statements under a single domain.
Where congensus could not be reached, a third investi-
gator (SK), was consulted to finalise categorisation.

Results
Participants

Two discipline-specific focus groups were conducted
with a total of 12 participants (six occupational thera-
pists and six physiotherapists). Occupational therapy
participants were predominantly female (n = 5}, had an
average age of 29 vears (24-39 years), were six years
post-qualification (2-17 years) with four years neurolog-
ical experience (1-10 years). Physiotherapy participants
ware also Prednminanﬂlv female {# = 4), had an average
age of 30 years (23-51 years), were eight years post-
qualification (1-30 years) with 6.5 years neurological
experience (1-25 years). Each focus group included a
senior therapist who had more experience than their
discipline  group  (senior  occupational  thera-
pist = 17 years; senior physiotherapist = 30 years),

Two occupational therapists and one physiotherapist
reported  brief exposure to the use of RT-UL during
their undergraduate clinical experiences. None of the
participants reported using RT-UL as part of their prac-
tice since graduating.

Responses

Out of the 14 TDF domains, 7 were discussed in depth by
participants during the focus groups: environmental
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context and resources, beliefs about consequences, opti-
mism, knowledge, skills, social influences, social and pro-
fessional role and identity (single domain), and beliefs
about capabilities. The remaining seven domains were
not included in the results as these categories were only
discussed superficially or not at all. Subthemes were cre-
ated within the ‘envirormental context and resources’
domain to further define specific constructs, The domains
of ‘optimism’ and ‘beliefs about consequences” have been
combined below along with ‘knowledge’ and “skills’;
however, participants’ original statements were cate-
gorised under the relevant domain during analysis.

Environmental context and resources

This domain refers to the influence the work environment
can have on health professionals” behaviour when imple-
menting a new practice and includes practical elements
such as the predictability and availability of patients,
materials, time, staffing and technical support, as well as
broader constructs such as the organisational culture,

Eligible/suitable patients

The key environmental influence on the usage of the
InMetion2 in daily practice reported by therapists was
the number and flow of suitable patients.

I think it's obviously dependent on (having) appro-
priate patients. (Occupational Therapist 5)

I think it will have up and down phases ... some-
times you got heaps of patients and then other
times not so many. (Physiotherapist 5)

This was also highlighted as an issue by therapists
who had used RT-UL as a student.

The client group itself was hard cause you didn‘t
have a consistent flow of people. (Occupational
Therapist, 3}

It {RT-UL deviee) was only really appropriate for a
few patients. (Occupational Therapist, 2)

Availability of device

Participants perceived that the availability of a single
RT-UL device could present challenges relating to per-
son and environment interacton. Fire;i]:,.r, the ](!E{iSH-C"v of
both disciplines {(occupational therapy and physiother-
apy) using the one device, and secondly, the availability
of the device for use with multiple patients.

We've got physios and OTs who will be potentially

wanting to access that (InMotion2). (Occupational
Therapist 1)
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I guess the only potential issue that | can see is
actually having too many (patients) that will want
to use it- not encugh time in the day with only one
machine, (Physiotherapist 2)

Practical challenges

Participants also drew on past experiences as students
with RT-UL to highlight a number of unique practical
issues.

When the system didn't work ... there was no one
to really assist with fixing that ... so it was out of
action. {Occupational Therapist 3)

It was annoving the computer would always break
- not the device itself, but the computer, {Physio-
therapist 4)

In the positive, one participant recalled that there was
only limited set up involved with RT-UL.

No it was pretty quick. It didn’t take long to set up
at all. (Physiotherapist 4)

Orgamisational culture

Finally, participants described an organisational culture
within the workplace that they felt would positively
influence the implementation process.

The other thing we'te fortunate here | think there is
quite good support from line managers. (Physio-
therapist 2)

({There) has been quite an outlay of money 1 think
there will be bean counters who will probably
have a vested interest.. the ones who control the
purse strings will probably want to have some
awareness of how it's being used. {Ococupational
Therapist 1)

Optimism and Belief about consequences
Optimism is concerned with therapists’ confidence that
a new practice is for the betterment or detriment of
their practice and will achieve the intended goals. Over-
all, both disciplines were relatively optimistic towards
the introduction of the InMotion2.

I'm really excited about starting to use the robotic
technology. (Physiotherapist 3)

I'm looking forward to trying it as soon as possible,
(Occupational Therapist 1)
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Specifically, they believed the InMotion2 had the
potential to improve the quality and quantity of therapy
provided to stroke survivors, particularly stroke sur-
vivors with severe upper limb impairment.

{For) those low-level patients ... who you want to
spend a lot of time with but for caseload demands yon
can't achieve that dosage. (Occupational Therapist 2)

I think its got potential for a patient group (severe
upper limb impairment) that we normally struggle
to try and do meaningful practice with. .. (Physio-
therapist 2)

The occupational therapists appeared more mea-
sured than their physiotherapy colleagues towards the
implementation of the InMotion2 emphasising the
need to first see the effectivensss of the device for
themselves.

Essentially we're going to need to see with our
own eyes that it's actually helping pecple because
even if we're trained, even If we feel comfortable in
ite use but we don’t value its use, we're not going
to use it. (Occupational Therapist 2)

Therapists also believed the evaluative qualities of the
InMotion2 would be particularly useful and potentially
motivating for patients,

I think seeing results on the screen, will probably
help with motivation ... keep people engaged or be
a bit more engaged than with other therapies
where you can't necessarily see a day to day
change ... (Occupational Therapist 5)

The only negative consequence flaggu:l in the focus
groups related o safety issues associated with using
any new or unfamiliar rehabilitative technology.

When wou have a new plece of equipment that
you're really not familiar with and you're not sure
that your particular patient is suitable for it and if
you are going to do them any harm if you set it up
wrongly. (Physiotherapist 2)

Knowledge and skills

The majority of the occupational therapists and physio-
therapists acknowledged that they had limited aware-
ness of the evidence supporting the use and
effectiveness of RT-UL or the functionality of the

device.

I know that there's been some studies ... but no |
haven't read anything specific about it (Qccupa-
tional Therapist 1)

My lack of understanding about the system itself is |
don’t know whether it's also useful for people with
reasonable function that you're wanting to get more
sort of dexterity and control. (Physiotherapist 2)

Consequently, therapisks recognised the importance
and need for training to facilitate the implementation of
the InMotion2.

1 think it does rely on us having adequate training
and the confidence to utilise it (Physiotherapist 3)

1 guess knowing the background of the purpose of
the equipment definitely makes it easier to start
implementing in practice, {Occupational Therapist 3)

Social Influence

Participants identified the potential for various social
dynamics to play a part in the implementation of the
InMotion2. Therapists expressed the importance of a
champion or a mentor to lead the implementation pro-
cess as well as to ensure the sustainability of the device
as part of practice.

Whether they're physios or OTs or whoever but
that mentoring is really important to help you get
through and wtilise it optimally, (Physiotherapist 2}

I'm looking for semebody to be the guru for it so
we actually can have a phone a friend to help over-
come barriers, (Occupational Therapist 2)

Participants also described a generally positive social
dynamic among themselves that was likely to facilitate
the implementation of new technology.

1 think we're really good at having informal discus-
sions as to why it wouldn't be utilised. (Physiother-
apist 31

What is actually creating more value for dinicians
(ie) talking through and reflecting about successes
or failures that somebody has had. (Occupational
Therapist 2)

Social and professional role and identity

This category is concerned with understanding how a
new practice fits within an individual’s existing role
and identity within a workplace.

Oceupational therapy participants were particularly
interested in which of the disciplines, occupational ther-
apy or physiotherapy, would take the lead and respon-
sibility for the implementation of the InMotion2.
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Is it going to be the OT, the physio? 1 think one of
the benefits here is that 1 think we haven't been
overly precious about that over the years and I
think that's a positive thing as long as someone’s

actually getting the therapy that they require.
{Occupational Therapist 1)

I'm very keen to see how we do share our boys so [
hope that it works well. (Occupational Therapist 2)

Physiotherapists specifically highlighted that it was
important the InMotion2 did not replace fundamental
elements of their role in the management of stroke sur-
vivors,

I hope it doesn’t replace our upper limh manage-
ment. | hope we use it as well as our own clinical
practice as well hands on. {Physiotherapist 3)

Discussion

There were three key findings from this study. Firstly,
therapists overall were positive towards the implemen-
tation of the RT-UL into their workplace and particu-
larly optimistic with regard to the potential for RT-UL
to address clinical challenges that exist in providing
effective amounts of meaningful therapy for stroke sur-
vivors with severe upper limb impairment. Secondly,
the availability of a single RT-UL device could present
unigque logistical challenges relating to how the device
is used between the disciplines as well as with multiple
patients, Thirdly, therapists identified that leadership,
training and the availability of suitable patients would
be essential factors determining, the use of the RT-UL
device in routine practice,

Therapists” optimism

Owerall, participants were very positive about the pro-
spect of the RT-UL being introduced into their work-
Place. They pe‘!ce‘iued that RT-UL could deliver a hlgh]}r
repetitive and motivating intervention. Participants also
believed that RT-UL could be effective in improving the
quality and quantity of practice able to be provided to
stroke survivors with severe upper limb impairment.
This optimism bodes well for the successful implemen-
tation of RT-UL into routine practice as therapists’ pre-
conceptioms of a new intervention can be a defining fac-
tor (Smart, 2006). Interestingly though, the effectiveness
of RT-UL specifically for stroke survivors with severe
upper limb impairment has yet to be clearly established
and has been identified as a priority for future studies
in this field {(Mehrholz ¢ al., 20018).

Therapists also believed a chief advantage of imple-
menting RT-UL would be the ability to increase practice
du:;agu, that is, the number of movement reputiiir‘m!-;
stroke survivors complete during routine therapy. They
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perceived this increase in dosage would be most applica-
ble to those experiencing severe upper limb impairment.
This potential for increased practice is generally consid-
ered the primary reason for the effectiveness of RT-UL
(Mehrholz ef al,, 2018} with devices such as the InMo-
tion2 purportedly able to facilitate over a thousand
movement repetitions in a standard session (Bionik Labs,
2017). However, the specific number of RT-UL move-
ment rqpeh'Hans rg-rluiwd to effect 5ign'iFicant motor
recovery has not been consistently measured or reported
in efficacy studies (Mehrholz ef al). It is questionable if
this amount of practice can be consistently administered
in routine clinical practice when factoring in potential
practical challenges such as set up time, therapists’ skills
and availability of clinical support for trouble shooting,
Further investigation is merited to determine the actual
capa.cily for RT-UL to increase the d(:sa]:;r_r of Pr.ach'.ou tor
stroke survivors within a real-world clinical setting.

Despite some therapists recalling negative experiences
with RT-UL as a student (eg. break down and technical
support issues), there was a notable absence of any
directly negative statements regarding the implementa-
tion of the InMotion2 device, This is surprising consid-
ering that such practical issues have previously been
flagged by therapists as major issues for the use of reha-
bilitative technology (Hamilton et al, 2018; van Omme-
ren et. al, 2018). This may be evidence of the strength of
optimism surrounding the new device or simply reflec-
tive of the device not yet being introduced into routine
practice. Follow-up focus groups proceeding the imple-
mentation of the device could give greater insight inko
these practical aspects,

Implications of a single device

In this particular facility, both occupational therapists
and physiotherapists work collaboratively to manage
stroke survivors' upper limb recovery. Such an interdis-
ciplinary approach is reflective of practice more broadly
in Australian rehabilitative settings (Hayward & Brauer,
205). Participants thought having only a single RT-UL
dewvice available for both disciplines to use would likely
present some distinct challenges such as where to locate
the device (i.e. occupational therapy or physiotherapy
department) and which discipline would be responsible
for imitiating RT-UL with patients. In a recent ran-
domised control trial investigating the effectiveness of
an upper limb elelectromechanical device (SMART
Arm), both physiotherapists and ooccupational therapists
were dnvolved in the use of the device with their
patients (Barker, Hayward, Carson, Lloyd, & Brauer,
2017). Imterestingly, no issues were identified, relating
to the shared interdis&‘ipiinm}-’ use of a single device in
the rehabilitation setting. However, challenges may pre-
sent when clear protocols are not in place, If applicable,
*\ipec‘iﬁr ﬁtrate-gius could be umphlyed 1t address these
interdisciplinary dynamies, including the training of
disciplines jointly as well as locating the RT-UL system
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in a central area or alternating the system's location
between discipline areas during the year. Such strate-
gies may help to promote RT-UL as part of each disci-
plines” routine practice as well as assist to maintain
therapists’ skills and confidence in the use of RT-UL.

The availability of a single device was also seen by
therapists as potentially creating unique scheduling
dilemmas, an issue not uncommen to new forms of
rehahbilitative technologies (Chen & Bode, 2011). Thera-
pists and administrators will need to be mindful of
establishing clear procedures around timetabling
patients to facilitate the implementation process and
enhance the feasibility of the intervention. Where possi-
ble therapy assistants could be upskilled to deliver RT-
UL sessions and so broaden the times for appointments
(i.e. evenings/ weekends).

Leadership, training and availability of
patients

Participants expressed that their uptake and ongoing
use of the InMotion2 in routine practice was connected
to three main elements: leadership, adequate training
and availability of suitable patients.

The value placed on leadership by the focus groups
was notable. Strong leadership at both managerial and
climical levels has been recognised as essential to a suc-
cessful implementation process (Bradley et al, 2004).
Senior management can provide crucial financial and
administrative support needed to get a new interven-
tion off the ground and leadership at a clinical level can
provide the role modelling and support required for
clinicians in daily practice (Hoffmann, Bennett, & Mar,
2017). Therapists in this study believed that senior man-
agement at their centre would be keenly interested in
the RT-UL implementation process to ensure the finan-
cial investment was justified, This factor was seen as a
clear driver for implementation. In terms of clinical
Ieadership, parlicipant; expressed the need for a RT-UL
champion, of either discipline, to lead the implementa-
tion process, provide training and to aid in day to day
troubleshooting. Establishing this clinical leadership is
an important step in the implementation process partic-
ularly when the initiative for RT-UL has come from
senior management who may not be invelved in the
daily provision of therapy. It would also be prudent to
ensure this clinical leadership is broader than any single
individual so that troubleshooting and staff support can
continue if a lead person is unavailable due to leave or
work arrangements (ie. part-time).

Secondly, therapists stressed the importance of receiv-
ing training to enable use of the RT-UL device as part
of routine practice. Training has repeatedly been shown
to be an effective strategy for changing health profes-
sionals practice and improving patient outcomes (Forse-
tlund e al., 2009). Specifically, therapists in this study
identified that training should include background
knowledge of RT-UL (eg. supporting evidence), skill

acquisition in the various functions of the device and
identification of the type of patient that would be suit-
able. One senior therapist believed that understanding
which patients would be suitable for a new intervention
was essential for safe practice. Therapists may hesitate
to implement a new intervention when there is a real or
perceived risk of incurring injury to their patient and
this would seem pertinent in relation to RT-UL where
stroke survivors are participating in highly repetitive
practice. The occurrence of pain in the upper limb fol-
lowing a stroke has been found to be directly propor-
tionate to the amount an individual uses their upper
limb as well as the severity of their impairment {Lang,
Wagner, Edwards, & Dromerick, 2007; Ratnasabapathy
el al., 2003). RT-UL is recognised as a relatively safe
form of therap}' with adwverse events and dropuuts
being uncommon in efﬁ'.cacy studies (Mehrholz ot al.,
2018). Informing therapists of such findings as parl of
the training process should increase therapists’ confi-
dence when prescribing and delivering RT-UL.
Therapists perceived that the usage of RT-UL in rou-
tine practice was directly related to the availability of
suitable RT-UL patients, This has been  previously
recognised as a factor determining both the acquisition
and prescription of new rehabilitative technology in
practice (Chen & Bode, 2011; Hamilton, Lovarini,
MecCluskey, Folly de Campos, & Hassett, 2018). This
wiould seem logical but highlights the importance of
ensuring that the clinical context has an adequate num-
ber of appropriate patients, otherwise the usefulness of
the intervention is questionable. Therapists further
explained that the number of suitable patients for RT-
UL may ebb and flow over time. This may result in
therapists gradually losing skills and confidence to use
RT-UL as part of their routine practice. Undertaking a
pre-implementation audit of patient numbers and clini-
cal demographics across a range of time periods should
be a foundational part of the implementation process
(McCluskey & OFConnor, 2017). Audit results could
help determine the initial feasibility of the purchase of
an RT-UL device and may even aid in determining the
most suitable type of RT-UL device. The range of com-
mercially available RT-UL devices is increasing, and it
is important that health administrators and clinicians
consider the type of device that will best meet the needs
of their patients and staff. Additionally, audit data may
help identify strategic times for staff retraining to
refresh knowledge and skills and in turn increase confi-
dence to incorporate RT-UL into their routine practice.

Implications for practice and research

An audit of patient admissions should be undertaken
prior to RT-UL device acquisition to help ensure the
device is suitable to a setting. Training should inform
therapists of the efficacy, suitability and safety of RT-
UL along with the functionalities of an RT-UL device.
Consideration should also be given to the scheduling of

& 2009 Oecupational Therapy Australia
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the use the RT-UL to tackle potential logistical and
interdisciplinary challenges. Further research is needed
to determine if RT-UL increases the dosage of practice
performed by stroke survivors once part of routine clin-
ical practice,

Limitations

This study investigated the perceptions of occupational
therapists and physiotherapists within a single rehabili-
tation leci.lil')-I in Australia and both EIOUPS wWere of a
small size. Conclusions from this study are therefore
reflective of the participants and their healthcare setting,
Transferability of results to the respective professions as
a whole should be made with caution. Inclusion of
allied health assistants and students may have broad-
ened the findings of this study. However, as neither
group was to be involved in the prescription of RT-UL
in daily practice these groups were excluded. Finally,
the use of the TDF to guide data analysis may have lim-
ited identification of other relevant themes. However,
this framework enabled a structured and etfective pro-
cess of categorisation and placed the information in a
format that is consistent with other studies in the field
of implementation science.

Conclusion

Pending implementation of ET-UL into clinical practice
was perceived positively by both occupational thera-
pists and physiotherapists. Therapists identified the
potential for RT-UL to improve the specificity and
dosage of practice performed by stroke survivors, par-
ticularly those with severe upper limb impairment.
However, further research is needed to determine if the
purported amount of RT-UL repetitions and associabed
improvement in clinical outcomes can be achieved in
routine clinical practice when factoring in the various
practical challenges for using upper limb robotic
devices in the clinical setting.

The availability of a single RT-UL device within a
rehabilitation  facility may create unique  interdisci-
plinary and scheduling challenges that need to be con-
sidered as part of the implementation process. Finally,
therapists linked their potential use of RT-UL in routine
practice to having the support of a clinical leader, train-
ing in use of the robotic device, and the availability of
patients who would benefit from its use,

Key Points for Occupational Therapy

+ Therapist training in robot-assisted therapy for the
upper limb (RT-UL} should include efficacy, device
functionality, patient suitability and endorse RT-UL
as a safe intervention,

* A single RT-UL device within a workplace may pre-
sent unique logistical and interdisciplinary  chal-
lenges.

© 2019 Occupational Therapy Australia
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+  Further research is needed to determine if RT-UL
can increase dosage of practice in routine practice
and repetitions,
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Repetitions, duration and intensity of upper limb practice following the
implementation of robot assisted therapy with sub-acute stroke survivors: an
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ABSTRACT

Background: Robot assisted upper limb (UL} therapy has been identified as an intervention with the
patential to help improve the amount of practice performed by stroke survivors,

Objectives: This study aimed to measure the amount of UL practice (Le, repetitions, duration, intensity)
performed by subacute stroke survivors, in particular those with severe UL impairment, pre and post
implementation of robot assisted upper limb therapy (RT-UL) into an inpatient rehabilitation setting.
Methods: Two observational study phases (pre-RT-UL and post-AT-UL) were undertaken of occupational
therapy and physiotherapy sessions performed by subacute stroke survivors. Upper limb tasks observed
and recorded in therapy were classified as either impairment-related therapy or activity-related,

Results: In the pre-RT-UL observational phase, 7 subacute stroke survivors were observad across 11 days
involving 25 therapy sessions. Post-RT-UL, 12 subacute stroke survivors were observed across 12 days
involving 29 therapy sessions. There were no significant differences in characteristics of patients observed
in each phase (p > 05). The mean difference (95% CI) between pre and post RT-UL for repetitions {reps)
(569 (1 to 1136) and intensity (7 (4-11)) reps/min of practice increased for all patients, including those
with severe UL Impairment (337 (37-638)} reps and 8 (2-14) reps/minute, with the duration of ther-
apy unchanged,

Conclusions: This is the first study to have observed an increase in UL practice with the inclusion of RT-
UL as part of routine clinical practice. This increase in practice is considered to be due to RT-UL providing
highly supportive and expeditious semi-supervised practice. Notably, AT-UL was able to be implemented
within the existing organisational structures with only basic training of therapy staff.

> IMPLICATIONS FOR REHABILITATION

& Robotics presents as a viable intervention ta increase the amount and intensity of upper limb prac-
tice performed by stroke survivors in routine clinical practice

« Robotics were able to be implementad within the existing organisational structures with only basic
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training of therapy staff

Introduction

Maotor recovery in the upper limb (UL} following stroke is largely
dependent on a person’s ability to engage in practice that is
highly repatitive, intensive and task-specific [1]1. However, this can
be a challenge for therapists to provide in the clinical setting par-
ticularly when people have severe UL impairment and independ-
ent exercise is difficult or impossible [2]. Previous research into
usual UL therapy found people with stroke performed less than
32 UL repetitions per therapy session [2] at an average intensity
of one repetition per minute [3]. Stroke survivors themselves have
also reported an insufficient amount of UL therapy when in hos-
pital and described limited access to rehabilitative technology,
such as robot assisted upper limb therapy (RT-UL) [4],

In essence, RT-UL retraining invelves the facilitation of repeti-
tive UL movements with the assistance of an electromechanical
device supporting the paretic arm [5]. RT-UL devices (e.q.
InMotion2) can purportedly facilitate highly intensive practice,
enabling over a thousand movement repetitions in a 60 min ses-
sion [6] with only minimal input from the therapist [7]. Most
impartantly, RT-UL has been shown to be effective in improving

activities of daily living performance, motor control and strength
in the impairad UL [5.8,9],

This potential far RT-UL to increase the amount of practice
performed by stroke survivors is encouraging, howewver, a range
of individual and environmental factors can impact the successful
implementation of UL best-practice into the clinical setting
[10-13]. Factors such as patient motivation, therapist knowledge,
attitude and skill, clinical leadership, safety concerns, set up of the
device and organisational resources may impact usage of robotic
devices in the clinical setting [14-16].

This study simed to measure the amount of UL practice [ie, rep-
etitions, duration, intensity) performed by subacute stroke survivors,
in particular those with severe UL impairment, pre and post the
implementation of RT-UL into an inpatient rehabilitation setting.

Methods
Design

Two separate observational study phases (ie, pre-RT-UL and
post AT-UL) were undertaken of occupational therapy and

CONTACT Nicholas Flynn (&) nickflynnaacu.edu.su () School of Allied Health, Australian Catholic University, 1100 Nudgee Road, Banyo QLD 4014, Austrafia

0 2020 Infoerma UK Limited, rading as Taylor & Franis Group
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physiotherapy sessions completed by subacute stroke survivors
across an entire day in the central gym area. The pre-RT-UL obser-
vational phase was conducted between September 2016 and
December 2016, prior to the implementation of the InMotien2
into the rehabilitation practice setting. The post-RT-UL observa-
tional phase was conducted from September 2018 to February
2019, 20months after the introduction of the InMation2 inta this
clinical setting. A 20-month interval between the pre-RT-UL and
post RT-UL phases provided sufficient time for the InMotion2 sys-
tem to be embedded into routine clinical practice, and, training
of all occupational therapy and physiotherapy staff in its use com-
pleted. Training involved either individual or small group based
practical education sessions led by the serior physiotherapy staff.

Site

The participating rehabilitation facility was |located in metropolitan
Brisbane, Australia, The facility services 50 rehabilitation beds with
approximately 600 rehabilitation admissions per year, of which
approximately 30% of patients have a primary diagnosis of stroke.
Stroke survivors are typically seen by both occupational therapists
and physiotherapists on a daily basis, Monday to Friday. The
InMotion2 system was permanently located In the physiotherapy
gym area of the rehabilitation unit. Ethical approval for the study
was gained from The Prince Charles Hespital Human Research
Ethics Committea [HREC| {HREC/16/QPCH/36) and the Australian
Catholic University HREC (2016-266 A).

Participants

Subacute stroke survivors (le, less than 3months post event}
undergoing UL rehabilitation as part of an inpatient programme
were eligible for inclusion in the study. For the post RT-UL obser-
vational phase, patients also nesded to be engaged in RT-UL as
part of their UL rehabilitation programme. Patlents were excluded
if they had a serious complicating medical illness, pain or a pre-
exlsting comorbidity impacting their participation in UL therapy.
Severity of UL impairment was determined by patients raw score
on the Motor Assessment Scale (MAS) item 6, with a score <3
categorized as severe UL impairment [171

Recruitment

The rehabilitation unit was visited on a weekly basis (NF| during
both the pre and post RT-UL observation phases. A convenience
sample of eligible patients for observation was selected pragmat-
ically based upon patient and staff schedules on the day of each
observational research wvisit. As the study progressed, patient
types that were underrepresented in the dataset (e.g., gender and
UL severity) were prioritized for abservation.

Robot-assisted UL therapy device (InMation2)

The InMotion2 system (Figure 1) facilitates movement at the
shoulder, elbow and hand (with the wrist fixed in neutral or pro-
nation] and intuitively adapts to the person’s active movements
providing  “assist-as-needed  exercise guidance” [18]. The
InfMotion2 systern also includes a series of inbuilt evaluative tools
that can be used to measure and monitor changes in UL kine-
matic control and force.

Figure 1. InMotion2 system [18]

Measures

The observational protocol and recording form developed to
record repetitions, duration and intensity of UL practice initially
invalved the review of previous observational studies investigat-
ing UL practice for stroke survivers [2,3,17,19,20], The protocol
and recording form subsequently developed were pilot tested
and refined during trial observations of patient sessions.
Observational data were collected by one investigator (NF) for
bath observation phases to ensure consistency of recording,
Whers it was uncertain how to categorise or count a specific task,
the activity observed was recorded and consensus reached with
the research team.

To enable accurate recording of therapy, only a single patient
was observed on each observational day. All occupational tharapy
and physiotherapy gym-based sessions conducted in that day
were observed except where the sole purpose of the session was
assessmant. Whers a patient was obssrved on more than ona day
the average dose for both minutes and repetitions was deter-
mined acress the total number of ebservation days, During ses-
sion observations, the investigator aimead to be unobtrusive and
not interfere or assist with the therapy session being observed.
Time and repetitions were totalled at the end of each session,

UL repetitions were manually counted using a clicker. & single
repetition was defined as the patient performing an active or
assisted movement of the paretic UL fram an initial resting pos-
ition, through a prescribed motion and then returmning to a resting
pasition [19). A repetition was anly counted if considered to be
therapeutic, that is, instructed or performed to complete a pre-
scribed  therapeutic task, Repetitions  also included  obvious
attempts to perform the prescribed therapy task (whether the
patient was successful or not), Movements associated with assess-
ment or that were incidental in nature were not counted,
Duration of therapy was measured in minutes using a digital stop-
watch. Intensity of UL practice was defined and caleulated as the
number of UL repetitions performed per minute [3].

UL therapy tasks were categorized as either impairment-related
therapy or activity-related based on previously developed coding
lists for observing UL practice by stroke survivors [17.20]
Definitions for the categories and the repetitions of UL move-
ments utilised in this study are shown in Table 1. The dizcipline
that provided each UL therapy session, either occupational ther-
apy or physiotherapy, was noted.

Impairment-related therapy invelved patients completing tasks
to directly address deficits in body function and structure and
included active exercise, passive exercise and sensory tasks.
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Table 1. Definitions of movements, repetitions and examples for impairment-related and activity-refated upper limb task practice.

Category

Defmiticr

Definition of single repetition

Examples

Impadrment-related
Active exercise

Passive exercise
Sensory
Activity-refated

Functional tasks

RT-UL

Any movement in which the patient
atempted or moved the limb
through # specific motion

Any movement of the limb by a
therapist or a device, without any
effort By the patient

Any activity done to recaive/anhance
somatosensory input

Any movement that acoomplishes’
amempts to accomplish a funcrienal
task. For more complex functional
tasks movernents ware recorded as
subunits of the whele task.

Ay movement that accomplishes

attempts to accomplish a task

presented on the InMotion

‘One movernent from initial postion
and back again

One movement from initial postion
and back again

One period of the activity

One completion of the functional task

One movement from initial position
and back again as displayed on the
computer monitos

Side-lying shoulder flexdon/extension

Stretches; passive range of patients
fingers by thesapist

Waight bearing where one period of
bearing weight through the paretic
arm was counied as one repetition

Reaching far a cup

Thrawing a beanbag

Preparing a cup of coffes (comained
subunits)

Haking a bad (contained subunits)

Clock game task = starting at the
central dot of the clack presented
«on the computer manitor, reaching

COMPULETr MONItGF,

ot to the presented dot on the
outer edge of the cladk and then
returning to the central dot

Pick game =Reaching, grasping.
Transparting and releasing (with
active-assistance from the
InMetion2 device] a highlightad dot
to designated positions on the
Ccomputer sCreen,

Adapted from table in Lang, MacDonald [20]. AT-UL: Robot Assisted UL Therapy.

Activity-related therapy involved patients executing functional
tasks either basic or complex, Complex functional task repetitions
were recorded as subunits of the whole task, For example, 11
subunit repetitions were counted in cbservation of a patient
using their paretic UL to prepare a cup of coffee including filling
kettle with water, carrying the cup, carrying the spoon, opening
the coffes jar, putting the lid back on the coffee jar, opening the
fridge door, remaving the lid from the milk, putting lid on the
milk, recpening the fridge door, stirring the coffee and carrying
the coffee. RT-UL was categorized under activity-related therapy
with the patient required 1o execute a specific functional task as
presented on a computer monitor.

Data analysis

Data are presented descriptively as mean (5D) to describe repeti-
tions, duration of therapy (minutes) and intensity of therapy (rep-
etitions/minute). Types of UL therapy data (activity-related,
activity-related without RT-UL, impairment-based, RT-UL alone) are
described separately, Between group analysis was undertaken to
examine differences between the amount of UL therapy practice
pre and post-RT-UL for all subacute stroke survivors. Results for
observations of those with severe UL impairment (MAS score <3}
were also examined separately in both pre and post RT-UL
Independent sample t-tests {or non-parametric equivalent) were
used to compare pre and post RT-UL measures. For categorical
data a Chi-square test for independence or Fisher's Exact test
were used. All data were analysed using SPS5 v. 25 and statistical
significance set at <0.05.

Results
Participants

Pre RT-UL, 7 subacute stroke survivors were observed across
11days, Involving 25 therapy sessions (9 occupational therapy
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sessions; 16 physiotherapy sessions), Post-RT-UL, 12 subacute
stroke survivors were observed across 12days involving 29 ther-
apy sessions (10 occupational therapy sessions; 19 physiotherapy
sessions), Fourteen sessions involved RT-UL, 13 of which were led
by physiotherapy. RT-UL practice performed by patients required
only intermittent input from the treating therapist. There were no
significant differences In characteristics of patients observed pre-
RT-UL and those observed post RT-UL (p = 05). Demagraphic data
and clinical characteristics of patients observed as part of the pre
and post RT-UL observations is summarized in Table 2.

Pre RT-UL, 5 subacute stroke survivors with severe UL impair-
ment were observed across 8days invelving 12 sessions (8 occu-
pational therapy sessions; 11 physiotherapy sessions). Post RT-UIL
5 subacute stroke survivors with severe UL impairment were
observed across 5 days involving 10 sessions (3 occupational ther-
apy sessions; 7 physiotherapy sestions). Patients with severe UL
impairment engaged in 6 sessions that invokhved RT-UL, all were
led by physiotherapy. There were no significant differences in
patients’ characteristics with severe UL impairment between pre-
RT-UL and post RT-UL {p = .05} (Table 2).

UL therapy practice for all stroke patients

Table 3 summarizes UL therapy practice (repetitions, duration,
intensity) for all patients pre and post RT-UL. Total UL repetitions
increased post RT-UL (p-value = .01} and there was ne change in
total UL therapy duration (p-value = 38). Intensity of UL practice
increased post RT-UL (p-value = 001}, Activity-related UL repeti-
tlons Increased post RT-UL {p-value = .01} with no change in the
duration of activity-related UL therapy time post RT-UL (p-value =
\55). Intensity of activity-related UL practice increased post RT-UL
(p-value = 001). There was no difference batwaen pre and post
RT-UL for activity-related UL practice without RT-UL and no
change in impairment-related practice.
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Table 2. Demographics and clinical characteristics of all patients and those with severe upper limb impairment in the pre and post robot-assisted upper Bmb ther-
apy (RT-ULI observations.

All stroke patients {n= 19} Fatients with severe upper Emb impairment (a0 = 10}

Patient characteristic

Pre RT-UL (n =7 Post RT-UL (n =12} Pre AT-UL {n=5) Fost AT-UL {n =5}
Age |years], mean (50) 68 ({11} 68 (15) 67 (13) 61 (19
Gender, n females (%) 4 {57 200 2 (40 1 (20
Stroke type,  Ischaemic (%) 5{711 12 {1001 3 (80) 5 (100
Paretic arm, n right {%} 44571 5(42) ER (0] 1200
Severe UL impainment, i< 3 MAS ftem & (%) 5{7} 5 (42) 500 5 [100)
Days post stroke at time of observation, mean (S0} 20an 23 (24) 36 (19) 31 (23
FIM Adrnission, rean (5D} 65 (31} a9 {33) 69 (35) 75 (21

FIM: Functional Independence Measure; MAS: Motor Assessment Scale; RT-UL: Robot Assistad UL Therapy.

Table 3. Mean (30} for tvpe and dosage of Upger Limb (UL) therapy over the day and mean difference (35% C1) between pre and post robot-assisted UL therapy
[RT-LL).

Pre-RT-UL [n=7] Past-AT-UL {n=12] Differance between Pre and Pest RT-UL

UL therapy per day

Allin =7} Severe UL impairment (n=>5] All (n=12) Severe UL impaiment (r = 5] All Sevare UL impaimmeant

Fiepetitions

Tatal 262 {231] 265 (227) B51(662) 602 {183) 565 (1-1136] 337 {37-638)
Activity—related 236 (258 200 1258) 796 (6B 531 {203) 561 (16 to 1137) 331 {-&1 to &70)
Activity—related without RT-UL 236 [258] 200 (258) 247 (265) 5 {65} M (=272 to 265) 141 {457 to 176)

Impasrment-related 26 (57} 37 (66) 54 (601 71 (68} 28 (-31 to B7) 34 {-a3 to 132}
RT-UL alane nfa nfa 549 (428) 4720175) nfa nfa

Minutes
Toual 55 (46) 59 (52) 71 (36 60 (33} 17 (-24 to 58) 14-61 o 63)
Activity-related 48 (500 50 (58] 60 (38 4z (21} 12 (=30 to 55) -8 (-T2 to 56)
Activity-related without RT-UL* 48 (50 50 (58) 31 (2% 13 {16} ~17 (-B4 to 30} -37 {-108 to 34)
Impairmant-ralated Tay 9 (18] 1015 18 (18) 5 (=10 to 16} 94-15 to 33)
RT=UL alone nfa nfa 29017 @ nfa nfa

Intensity [repsfmin)

Tatal 513 4 12 (5) 12(5) Fla-11) 8(2-14)
Activity—related 413 2102 13 () 14 (%) 9(5-13) 11 {7-16)
Activity-related without RT-UL®  4{3) 202 6 (4} 3 3 (-2t 1i-3ta 4]
Impairment-related 243 2(3) 407 33 I(-3t® Oi-41o5)
RT-UL alone n/a nia 18 (4) 16 {3) na nfa

“Mean and 50 remains unchanged due 1w no RT-UL being availabde for clinical use pre-AT-UL

UL therapy practice for stroke patients with severe

UL impairment

UL therapy practice for stroke survivors with severe UL impair-
ment pre and post RT-UL is summarized in Table 3. Total UL
repetitions for patients with severe UL impairment increased post
RT-UL (p-value = 04) but there was no change in the total UL
therapy time (p-value = 92). Intensity of UL practice increased
post RT-UL (pvalue = 009). Activity-related UL repetitions for
patients with severe UL did not Increase post RT-UL (p-value =
.06). There was no change in the duration of activity-related UL
therapy post RT-UL (p-value = .92). Intensity of activity-related UL
practice increased post AT-UL (p-value = 009). There was no dif-
ference between pre and post RT-UL for activity-related UL prac-
tice without RT-UL and no change in impairment-related practice.

Discussion

This study aimed to quantify UL practice in terms of repetitions,
duration and intensity performed by sub-acute stroke survivors,
including those with severe UL impairment, in an inpatient
rehabilitative setting pre and post the implementation of RT-UL.
We found that UL repetitions and intensity of practice increased
for all patients, including those with severe UL impairment, with
the duration of therapy unchanged. To our knowledge this is the
first study to have observed an increase in UL practice when RT-
UL is implemented into routine clinical practice, These findings
are noteworthy firstly from the perspective that highly repetitive
and intensive UL training is essential for motor recovery [21] and

secondly therapists have previously found this difficult to provide
to stroke survivors in the clinical setting [2].

We propose the increase in UL practice was the outcome of
RT-UL providing a umiquely supportive and efficient form of UL
practice that requires minimal input from the therapist. The
InMotion2 provided physical assistance at the patient's elbow,
wrist and hand and presented up to 80 therapy targets sequen-
tially to the patient on the computer manitor before any therapist
involvement was required. Conventionally, UL practice for stroke
survivors has involved one-on-cne input from the therapist par-
ticularly patients with severe UL impairment [2,7]. This can result
in periods of downtime or reduced intensity of practice for the
patient if they have difficulty completing repetitive UL movement
unassisted while the therapist attends to other patients or tasks,
Cther recommended strategies for extra practice for patients with
severe UL impairment such as room-based programmes and UL
groups [7] may not be as effective due to the reliance on staff or
family, The capacity for semi-supervised practice zlso distinguishes
RT-UL as a potentially cost-effective means of increasing practice
levels [22-24],

The idea that AT-UL could potentially replace the role of the
therapist [25] or supersede other forms of effective UL rehabilita-
tion was not evident in this study. The amount of UL practice per-
formed separate to RT-UL (ie. “impairment-related” and "Activity-
related without RT-UL") remained unchanged. Patients continued
to engage in a broad range of UL tasks with RT-UL being just one
of the many interventions used as part of an UL programme.
Therapists remained essential throughout the delivery of these
programmes particularly to prescribe and grade tasks, provide
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feedback on performance and facilitate exercise of isolated muscle
groups. Therapist involvement, although minimal, was also crucial
in the delivery of RT-UL including the identification of appropriate
therapeutic protocols, monitoring of fatigue and pain levels and
interpretation of evaluative measures,

A stroke survivor's opportunity to engage in effective UL prac-
tice can be limited by a range of factors specific to the clinical
environment in which they are receiving therapy [10]. These may
include attitudes of therapists, organisational structures and avail-
ability of resources [14,15), A number of these factors were identi-
fied in focus groups prior to the commencement of this
observational study conducted with occupational therapists and
physiotherapists at the facility [16). Therapists acknowledged the
potential for RT-UL to increase UL practice but felt this was
dependent on having the support of clinical leaders and receiving
adequate training in the use of the RT-UL. The availability of a sin-
gle robotic device was also perceived by therapists a5 presenting
logistical challenges. Despite these perceived challenges, RT-UL
was able to be successfully implemented within the existing lead-
ership structure and therapy schedules with only basic training of
therapy staff. A potential implication of only a single RT-UL device
being available was that RT-UL was almost exclusively prescribed
and provided by the physiotherapists, as opposed to the occupa-
tional therapists, due in at least part to the InMotion? being
located in the physiotherapy gym area. In addition to this, the
capacity for RT-UL to enable semi-supervised practice appeared
particularly conducive to the wark patterns in the physiotharapy
gym area where therapists were frequently responsible for treat-
ing two to three patients at one time,

The scope of this study did not extend to investigating the
correlation between practice levels and patient UL outcome meas-
ures, however, some assumptions can be made. Schneider, Lannin
[26] suggest that a 240% increase in practice minutes is needed
1o reduce activity limitations in stroke survivors, This conclusion
being with the assumption that increased therapy minutes results
in increased UL repetitions. The implementation of RT-UL saw an
increase of more than 200% in UL practice (i.e. 282 reps/day pre-
RT-UL to 851 reps/day post RT-UL) for strake survivors but with-
out an increase in the duration of UL therapy time. Practice per-
formed outside the gym (eq. independent or family facilitated
practice on the ward] was not recorded <o it is possible that
patients may have undertaken even more practice during an
entire day. It appears feasible that the extra practice necessary to
reduce activity limitations in stroke survivors could be achieved
with the inclusion of RT-UL into routine clinical practice.

Study limitations

There were several limitations to this study. A relatively small
sample of convenience was recruited in both observational
phases from a single rehabilitation unit located in a metropalitan
area. Although statistical conclusions were able to be drawn from
data the transferability of these results to the broader rehabilita-
tion context should be done with caution. Patients observed in
the pre-implementation phase were not the same as those
observed in the post-implementation phase, however, no differen-
ces in demographics or clinical characteristics were found
batween the two groups. Additionally, the scope of the study did
nat extend to the collection and analysis of patient clinical out-
come measures, so no conclusions could be made as o the effect
of the increase in practice on patient recovery. Despite the inves-
tigator (NF) being wigilant ta be unobtrusive and not to interfere
or assist with therapy sesslons during data collection, it is possible

ROBOTIC ARM PRACTICE FOR STROKE SURVIVORS @ -1

that therapists altered their behaviour when under direct

observation.

Conclusions

This study observed an increase in UL repetitions and intensity of
practice by sub-acute inpatient stroke survivors, including those
with severe UL impairment, following the implementation of RT-
UL into reutine clinical practice. Notably, this increase in practice
was achieved without an increase in the time spent in therapy by
patients. Further pragmatic studies invelving the use of RT-UL in
routine clinical practice with larger sample sizes are neesded to
support the generalisation of these resulis.

Patient consent

Ethical approval for the study was gained fram The Prince Charles
Hospital Human Research Ethics Committee [HREC) (HREC/16/
QPCH/36) and the Australian Catholic University HREC (2016-
266R). The research programme was approved as low risk and a
waiver of consent was granted for the observational surveys.

Health & safety

All mandatory health and safety procedures have been complied
with in the course of conducting any experimental work reported
in this paper.
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Methods: Two separate audits, 12 months apart, of RT-UL computer data records were undertaken to
determine sustainability in a subacute rehabilitation unit. Records of the two audits were compared in
terms of the number of early subacute stroke survivors using RT-UL, the number of RT-UL sessions, dur-
ation of RT-UL sessions, and disciplines prescribing RT-UL.

Results: During Audit 1 58% (n = 18] of stroke survivors received RT-UL compared to 50% (n =7} in Audit
2. The total number of RT-UL sessions reduced between audits (148 vs. 36 sessions) reflecting the overall
reduction in admission rates for stroke survivors. There was no significant difference between audits in
the average number of RT-UL sessions per patient (p=0.203) nor the length of sessions (p= 0.762).
Patients engaged in active therapy more than three-quarters of the time when on the robotic device.
Fhysiotherapists were the primary prescribers of RT-UL when compared to occupational therapists,
Conclusions: RT-UL was in continued and regular use with stroke survivors 2 years after initial implemen-
tation within an inpatient rehabilitation setting. RT-UL practice was intensive and used routinely
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with patients.

> IMPLICATIONS FOR REHABILITATION

= RT-UL is a sustainable and intensive intervention for stroke survivors within an inpatient rehabilita-

tive setting.

s The cost-benefits of RT-UL should be evaluated from the perspective of the whole rehabilitation ser-

vice not just at an individual patient level,

s RT-UL may be considered a “bridging” form of UL practice for those with more limited active UL
mavemnent until there is sufficient UL movement and power for more complex real-world task-specific

practice.

Introduction

Robot-assisted upper limb therapy (RT-UL) is an emerging tach-
nology in the field of rehabilitation and is globally recognised as
part of best practice for stroke survivors with upper limb deficits
[1,2). RT-UL is effective in improving motor control and strength
in the upper limb (UL) fallowing stroke [3-5]. Despite this growing
body of evidence, little is understood as to how these devices are
implemented and used clinically and in particular the sustainabil-
ity of RT-UL as part of routine practice.

Sustainability, as it relates to the implementation of a specific
health intervention, involves the continued use of an intervention
over a period of years to achieve desired health outcomes [6].
Although a vital domain within implementation science, sustain-
ability has been largely under-investigated for many health inter-
ventions [7). The sustainability of RT-UL in practice is important
when considering the potential benefits of RT-UL for patients, par-
ticularly those with severs upper limb impairment [2]. There is
also a significant financial outlay associated with the procurement

and implementation of these robotic devices. However, no studies
hawve directly investigated the sustainability of RT-UL in practice.

Te measure sustainability there is a need to objectively record
(i.e., audit) the use of the intervention as part of daily practice [6].
RT-UL usage in this study will be considerad from the perspective
of the number and characteristics of stroke survivors using RT-UL
in routine practice, duration of RT-UL use in UL programs, and
types of RT-UL activities used. A better understanding of these
variables across a prolonged timeframe will create a picture of
the long-term viability of RT-UL in a clinical practice setting.
Ultimately this knowledge will enhance therapists' and health
administrators’ decision-making around the acquisition and imple-
mentation of RT-UL in their specific clinical setting.

Methods
Design

Two separate audits were undertaken to measure the sustainabil-
ity of the InMotion2 device as a routine intervention for early

CONTACT Nichalas Flynn @ nick.ﬂynn@u:u.:du.we School of Allied Health, Australion Catholic University, 1100 Nudgee Road, Banyo, 4004, OLD, Australia

£ 2021 Infzema UK Limited, Trading as Taylor & Frandis Group
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subacute stroke survivors (ie, <3months post-stroke) at an
Australian rehabilitation unit. Audit 1 was conducted between
September 2017 and December 2017 and Audit 2 was between
September 2018 and December 2018,

Site

The participating rehabilitation facility was located in metropolitan
Brisbane, Australia. The facility services 42 rehabilitation beds with
~g00 rehabilitation admissions per year, of which ~30% of
patients have a primary diagnosis of stroke. Stroke survivors are
typically seen by both occupational therapists and physiothera-
pists daily, Monday to Friday, The InMotion2 device was perman-
ently located in the physiatherapy gym area of the rehabilitation
unit, Ethical approval was gained from the rehabilitation unit's
human research ethics committee,

Participants

All early subacute stroke survivors admitted to this inpatient
rehabilitation unit during the audit periods were eligible for inclu-
sion in this study,

Robot-assisted UL therapy device (inMotion2)

The InMotion2 is a robotic device that facilitates movement at the
shoulder and elbow with an additional hand component if
required. The device intultively adapts to the person's active
maovements providing "assist-as-needed exercise guidance” during
use [B]. The InMotion2 device includes a series of inbuilt evalu-
ative tools that can be used to measure and manitor changes in
UL kinematic control and force. Users of this device complete a
therapist-selected, pre-programmed treatrment protacal with ther-
apy tasks presented on an adjoining computer screen, In addition
to the standardised treatment protocol users can also complete
additional therapeutic games (incduding *maze,”" “pong" and
“squeegee”) on the device,

Procedure

Initial implementation of the InMotion2 device into dinical use at
the participating rehabilitation unit occurred in November 2016,
Audit 1 commenced in September 2017, 10months past the ini-
tial implementation period with the InMotion2 deemed having
been sufficiently embedded in usual practice for both occupa-
tional therapists and physiotherapists by that time. During this
10-month implementation period, the InMotion2 had been tested,
trialled, and made operational, that is, It was routinely being initi-
ated and delivered as part of patients” upper limb rehabilitation
programs. Additionally, beth therapy disciplines had received
training sessions that Involved either individual or small group-
based praciical education sessions led by a senlor physiotheraplst.
The second audit was conducted two years post-initial implemen-
tation. This timing of the audits was in line with previous recom-
mendations that sustainability is measured across multiple points
in time [7] and span a peried of two or more years from “initial
implementation” {i.e., when the intervention is first introduced
into practice) [9).

Dwring both audit periods, investigators visited the rehabilita-
tion unit weekly and llalsed with therapy staff to identify patients
meeting the inclusion criteria. Once identified, patient demo-
graphics and clinical outcome measures were gathered from the
medical records for all stroke survivors admitted to the unit
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during the audit periods, whether they used or did not use the
RT-UL during their inpatient rehabilitation stay. Clinical outcome
measures recorded by the treating therapist included patients’
Functional Independence Measure (FIM} score on admission and
Motor Assessment Scale (MAS) Item & on admission. The FIM is a
measure of disability scored out of 126; a higher score relates to a
greater level of independence [10), The FIM has been previously
shown to have excellent reliability (inter-rater 0.94; test-retest 0.93)
and wvalidity in measuring disability [11]. The severity of upper limb
impairment was determined using the MAS Iterm 6 score, The MAS
is @ motor assessment tool encompassing both upper and lower
limb function [121. tem & is a measure of upper arm function
scored on a seven-point scale, from zero indicating no functional
recovery to six indicating good functional recovery [12]. Patient per-
formance on Item 6 of the MAS has been used previously as a
measure of upper limb severity for stroke survivers [13],

The RT-UL usage data was collected for those patients who
had commenced use of the robotic device as part of thelr upper
limb program during inpatient rehabilitation. RT-UL usage data
were extracted from the InMation2 computer, When the patient’s
admission extended beyond the audit period, RT-UL usage data
continued to be collected to record the total amount of usage by
a patient across their admission,

Measures

Sustainability was measured by comparing InMotion2 usage data
across the two audit periods. Data was collected in terms of the
number of early subacute stroke survivars who uged the
InMotion2, the number of InMaotion2 sessions completed by each
individual patient during their admissien, and the amount of time
the InMotion2 was used by each patient. The amount of RT-UL
time was measured in relation to each session and across the
patient’s admission, Time on the InMotion2 was then further con-
sidered in terms of active RT-UL use, rest periods, evaluative tasks,
and hand module use. Active RT-UL included the time in which
the patient was actively engaged in completing an initiated task
on the InMation2, Active RT-UL was interspersed with rest periods
where the patlent remained seated at, or attached to, the device
but was not actively engaged in completing an initiated protocol
or a therapeutic game. Patients completed evaluative tasks on the
InMotion2 for the purpose of objectively measuring and monitor-
ing changes in UL kinematic control and force. A hand module
was available to be attached to the InMotion2 to enable patients
to perform grasp/release movements in combination with reach,
Finally, data were collected in relation to the discipline of the pre-
scribing therapist (Le., occupational therapy and physiotherapy)
for each InMotion2 session including student therapists,

Data analysis

Descriptive  statistics including mean and standard deviations
were used to report the number of RT-UL sessions completed by
each patlent In each audit period. The usage data Is described
saparately in terms of patients, sessions, and duration (minutes)
for each audit and total Comparisons between the first and
second audit periods were completed to analyse the sustainability
of InMotion2. Independent sample ttests (or non-parametric
equivalent) were wsed to compare audit RT-UL measures,
Categorical data were analysed using & Chi-square test for inde-
pendence or Fisher's Exact test. All data were analysed using SPSS
v. 25 and statistical significance set at <0.05.



Results

Participants

During Audit 1, 31 stroke survivors were admitted to the unit, 18
received RT-UL (58%) and during Audit 2, 14 stroke survivors
were admitted and seven recelved RT-UL (50%). Across both
audits, stroke survivors provided with RT-UL had significantly
lower scores on MAS ftem 6 (p-value = 0.0002) and had a longer
length of stay im rehabilitation than those who did not receive
RT-UL {p-value = 0.002).

In Audit 2, patients in RT-UL had significantly higher admission
FIM (p-value = 0.007) and MAS tem & scores (p-value = 0.04) than
those partidpating in RT-UL in audit 1 as well as sherter length of
stay in inpatient rehabilitation (pvalue = 0.02). There were no differ-
ences between audits in the demographics and dinical characteristics
of non-RT-UL users. Demographic data and dinical characteristics of
stroke survivars included in both audits are summarised in Table 1.

Sustainability

Tables 2, 3 summarise RT-UL usage in both audit periods. A total
of 148 RT-UL sessions were conducted across Audit 1 and 38 RT-
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UL sessions during Audit 2. The total number of RT-UL sessions
reduced between audits, coincided with an overall reduction in
the number of sarly sub-acute stroke survivors admitted to the
rehabilitation unit. There was no significant difference in the aver-
age number of RT-UL sessions per patient nor the length of the
sessions between Audits 1 and 2. Distribution of RT-UL usage
with respect to active therapy and rest time per session remained
unchanged, and the hand module was utilised commensurately
across both audit perieds. The number of sestions invelving
evaluative tasks also remained the same across both audits, In
Audit 1, RT-UL sessions were initiated by both physiotherapists
and sccupational therapists, Including students from each of the
disciplines. In Audit 2, RT-UL sessions were only initiated by physi-
otherapists with no sessions initiated by occupational therapists
or students of either discipline.

Overail usage patterns

Across both audit perinds patients engagad in a total of 184 RT-
UL sessions for a duration of 123h, with =75% of this time invaly-
Ing active therapy time. The RT-UL users on average participated
in nine RT-UL sessions per admission for an average of 3&min/

Table 1. Demographic cdata and clinical characteristics of earty stroke survivers jupper limb robotic users and non-robotic users) across both audit periods.

Audit 1 Audit 2 Total
Robatic Robatic Robotic Robotic
Robetic users non-users Fabotic users 1On-USErS (1] NON-Users
Patient characteristics (W =18} N=13} W=7 W=7} (N = 25] N 20}
Age, years, mean {95% C1) 57 (63-72) T (64-78) 54 (53-83) 73 (57-89 67 (63-721 72 {65-79)
Gender, female, n (%) 8 (44%) t [46%) 0 {0) 3 (43 B (32%) 9 {45%)
Stroke type, ischaemic, n %) 16 (89%) 17 (8%} 7 1100%) 51w 23 (52%) 16 {30%)
Hemiparetic arm, r (%], right 10 (56%) G (46} 4 (57%) 5 {36%) 14 (56%) 12 {60%)
MAS Item & admission scare, mean {range| 1.2 {0-2) 43 (3-8) 246 (1-4) 47 (3-7} 16(1-2) 44 3-8
Days in rehab, mean (95% Cly 65 (42-88) 18 (17-39) 33 (8-59 29 (19-39) 56 (38-74| 28 {21-35)
Admission FIM score, mean (range) 54 (42-66) TE [64-92) B3 (6B-107) 63 (47-91) 64 [52-75] 75 (54-B5)
FIM: functienal independence measure; MAS: Motor Assessment Scale.
Table 2. Clinical use of upper Bmb robotic therapy by early subacute stroke survivors across bath audit periods,
RoDOBC usage Audit 1 (n = 18] Audit 2 (= Th Total I = 25)
Patients
Utifisad evaluative capacity of robotic 18 (100%) & (36%) 24 (96%)
Urilizad hand medule of mbatic A [22%)] 2 [29%) 5 [20%)
Sessions
Total 148 36 184
Invaolving evaluative capacity of robotic 30 (22%)] & [22%) 33 (21%)]
Inwalving hand compenent of mbotic 27 118%) 5 (14%) 32 (17%)
Physiotherapist initlated 12 (76%) 36 [100%;) 148 (30%)
Physiotherapy student initiated B (5%} o 8 [d%)
Ocoupational thesapist initizted 26 (18%| LR (] 6 (14%]
Ocoupatienal thesapy stedent initiated 211k (R 2 (1%
Minutes
Total 5966 1432 7398
Active robotic use A569 (77%] 1176 (78%) SRS (77%)
Use of evaluative capacity 555 (%) 105 (7%l 60 (3%]
Rest time while seated at robatic device 842 (14%| 2 (15%) 1052 [14%]

Table 3. Clinical use of upper limb robotic therapy by early subacute stroke sureivors for the whole of admission,

Reobatic usage Audit 1 {n— 16} Audit 2 in =T} Total {n = 25} Mean differences (35% €I
Sessions

Per patient [95% C1) 11 [7-14) 70113 9 (7-12) Mot applicable

Per patient invalving evaluation (95% C1) 1(2-2) 20-3) 2(1-3) Mot applicable
Minustes

Mean per admission {50 429 (372) 239 (202} 376 (340) 190 (- 120-495)

Mean per session (5D} 38 (12) a8 3B (11) 0 {-11-10}

Mean active-RT-UL per session (30) 26 (11) bk R 27 (1) 1{-11-8)

Mean rest time per session (50) 5(5) 6 (3) 5 (4] -1 {-5-3]

238



239

4 (@) NFLYNNET AL

session, with minimal rest time during each session (e, 5min/
sessign). Patients using RT-UL completed the evaluative tasks on
average twice during thelr admission, and almost a quarter of
patients utilised the hand module as part of their therapy.

Discussion

This study found that FT-UL was a sustainable intervention, in
continued and regular use with stroke survivors 2 years after initial
implementaticn within an inpatlent rehabilitation setting. These
findings are noteworthy firstly from the viewpoint of RT-UL being
part of best-practice in the rehabilitation of the upper limb fol-
lowing stroke as well as the significant expense involved in
acquiring and implementing RT-UL.

Technology abandonment is a commonly encounterad prob-
lern for health services [14]. Reasons for this are unclear and likely
complex Involving a range of patient, staff, technical, financial,
and govemance issues [14]. Despite this, there is a scarcity of
research directly exploring the sustainability of health technolo-
gies [15] with much of the research having focused on initial
implementaticn [14]. In the case of RT-UL technology, clinical
practice implementation has remained largely unaddressed with
the majority of research undertaken involving clinical efficacy tri-
als [3]. To our knowledge, this is the first study to investigate the
sustainability of RT-UL in routine clinical practice.

The key drivers for the sustainability of RT-UL in this particular
study relate to complementary studies conductsd at this same
unit when the RT-UL was initially acquired [16,17]. The first of
these studies, an observational study, found a significant increase
in the amount of UL practice for stroke survivors following the
implementation of the InMotion2 [16]. This increase in practice
was attributed to the supportive and efficient form of practice
provided by the robotic device and providing the opportunity for
semi-supervised or independent practice by the patients. This is
pasitive from the perspective that the provision of unsupervised
practice is important for increasing overall practice levels but s
often not able to be implemented in the rehabilitation set-
ting 18]

Anather apparent driver for clinical uptake of the RT-UL was
highlighted in focus groups with the therapists run before the
implementation of the device at the participating facility [17)
where it was expressed that there would be accountability to
senior management to use the Inmotion2 due to the large num-
ber of funds autlaid to acquire the device, Interestingly, therapists
also foresaw that the usage patterns of the RT-UL would be
strongly dependent on admission rates of stroke survivars [17].
This is a valuable finding when considering the cost-benefits of
RT-UL. Previous studies have analysed the cost-benefits of RT-UL
at an individual patient level [5,16], whereas the current study
highlights the impartance of also locking at the financial viability
of RT-UL from the perspective of the whole rehabilitation service,

In addition to the question of sustainability, the current study
provided several insights into the use of RT-UL more broadly. Of
note was stroke survivors prescribed RT-UL had a greater level of
upper limk impairment and overall disability than those whe
were not prescribed RT-UL. This pattern of prescription is consist-
ent with clinical guidelines which advise that RT-UL may be most
appropriate for those stroke survivors with dense hemiplegia [2].
Typically, stroke survivors with more severe UL impairment are
largely dependent upon the therapist for physical assistance 1o
engage in meaningful practice [13]. As detailed above, RT-UL
offers these stroke survivars an opportunity for independent or
semi-supervised intensive UL practice. Conversely, stroke survivors

with less impaired UL were underrepresented in the group pre-
scribed RT-UL With greater levels of UL movement and power,
the priority for these patients would likely be on more complex
and real-world object usage for task-specific practice [201.

The intensity of practice is important for upper limb recovery
far stroke survivors [21]. In this study, RT-UL was identified to be
an intensive form of UL practice with patients engaged in active
therapy more than three-guarters of the time when on the
robotic device. In a comparative study, patients participating in a
Graded Repetitive Arm Supplementary Program (GRASP), also an
adjunct UL intervention for stroke survivors, engaged in active UL
practice only 64% of their session [22]. This high level of intensity
from RT-UL practice is a netable finding from the perspective that
the efficacy of RT-UL, as seen in clinical trials, has been primarily
attributed to this intensity of practice (3], It is, therefore, encour-
aging that this intensity of practice was evident within a real-
world clinical setting where human and organisational variables
are also influencing patient RT-UL practice.

UL practice involving computer games has previously been
considered a form of “pre-functional” training as opposed to task-
orientated practice [20]. Task-orientated practice should involve
the direct practice of activities of daily living [20]. This potential
limitation of RT-UL may in part explain the inconclusiveness
within the literature as to whether RT-LUL improves outcomes at
an activity and participatory level. Mehrholz et al. [3] in their sys-
tematic review concluded that RT-UL may improve stroke survi-
vors' capacity to engage in activities of daily living whereas
Veerbeek et al. [4], in a systematic review drawing from a similar
pool of studies, alternatively concluded that RT-UL did not signifi-
cantly improve activities of daily living. Overall, RT-UL could be
considered a “bridging” Intervention, facllitating a basic form of
movement practice until there is sufficient UL strength and power
te advance to more complex and real-world task-specific practice.

Therapists In the current study routinely used the evaluative
tools of the InMotion2 which involved the detailed measurement
of UL kinematic control and force. On average stroke survivors
underwent RT-UL evaluation twice during their program, typically
at the beginning and end of the rehabilitation stay. Evaluative
reports were produced by the InMotion2 computer and included
graphical representations of the stroke survivors’ UL performance
in relation to UL acceleration, speed, accuracy, and movement
coordination, Stroke survivors have previously identified that feed-
back on performance from rehabilitative technology is important
and may enhance motivation for therapy and practice [231 This
would seem particularly important where robotic evaluative meas-
ures can detect and display very subtle improvements or change
both in quality and degree of movement for stroke survivors [24].
such changes may fail to be detected or be poorly represented
through less sensitive or commonly used clinical out-
COME Measures.

The InMotion2 is one of only a few robotic devices that has an
optional hand module that can be used to facilitste hand move-
ments in combination with shoulder and elbow movements,
However, the hand module was used only a quarter of the time
with patients in this study. This is notable from the perspective
that recavery of hand function is crucial to independence in a
range of activities of daily living [25,26]. The hand maodule is a
relatively new addition to the InMotion2 device and the limited
use seen in this study may be reflective of the unique technical
challenges associated with the design of robaetic hand compaonen-
try for stroke survivors [27). Therapists also may have had limited
knowledge of how to use and apply the hand module or simply
did not feel the patient had sufficient hand function to effectively
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use the module. The exact reasons for the limited use of the
hand medule are not cear and merit further exploration (e.q,
interviewing of prescribing therapists and patients) to potentially
improve the design and functionality of the device.

Finally, physiotherapists were found to be the primary pre-
seribers of RT-UL at the rehabilitation unit when compared to
their occupational therapy colleagues. This could be attributed to
the fact that there was only a single robotic device available and
the device was located in the physiotherapy area of the gym, In
the pre-implementation focus groups, therapists had highlighted
that the availability of only a single device may create unigue
logistical challenges relating to location and interdisciplinary use
[17). Additiomally, this may be reflective of differences between
disciplines in the focus of UL therapy, with occupational therapists
patentially prioritising the practice of specific activities of daily liv-
ing ower the use of RT-UL. Again, exploration of therapists' experi-
ences through interviews or focus groups would provide insight
into how each discipline approaches and values the use of RT-UL
as part of thelr UL rehabilitation programs for stroke survivors.

Study limitations

There were saveral limitations to this study. This study investi-
gated the use of RT-UL within a single rehabilitation facility in
Australia and conclusions from this study are therefore reflective
of this healthcare setting. Transferability of results to healthcare
settings more broadly should be made with caution. Despite the
investigator (NF) being wvigilant to be unobtrusive and not to
intarfere with the decision-making of the therapist in relation to
the use of RT-UL during data collection, it is possible that thera-
pists altered thelr behaviour in response to the audits being con-
ducted. Finally, this study did not extend to the collection and
analysis of UL outcome measures, so ho conclusions could be
made as ta the impact an UL recovery or outcomes for these par-
ticular individuals, the appropriateness of the timing of RT-UL
commencement, or cessation for ndividual stroke survivors,

Conclusions

This study found that RT-UL is a sustainable intervention for
stroke survivors within an inpatient rehabilitative setting. Stroke
survivors with severe UL impairment were more likely to be pre-
scribed RT-UL however, use of the optional hand module was
limited, Further research is needed to explore the clinical reason-
ing behind the prescription of RT-UL by therapists and the most
effective time to incorporate RT-UL along the rehabilitative con-
tinuum for stroke survivors.
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9.6 Appendix 6 - Protocol for Study 2 observation study

Patient information & outcome measures form

e Demographic data and clinical outcome measures will look to be collected for all
newly admitted neurological patients less than 3 months post event, with upper
limb impairment, who are receiving upper limb therapy as part of their
rehabilitative program, over the age of 18 years and able to understand simple
instructions.

e The exclusion criteria will be patients with a serious complicating medical illness.

e These patients will be identified by the therapy staff (or study investigators).

e Study investigators will complete the Post-Introduction Participant Information &
Outcome Measure Form (see below) from the medical chart and therapist

assessment forms.
Clinical practice observations of usual therapy sessions

e The clinical practice audit will look to quantify the amount of upper limb therapy

time and number of upper limb repetitions performed in gym-based therapy

sessions in which a key focus is the retraining of the affected upper limb.

e A group of convenience from the subacute neurological patients (identified above)
will be observed.

e This will be done through the observation of therapy sessions conducted either by
the occupational therapist, physiotherapist, allied health assistant or therapy
student.

e Study investigators will conduct the audit and will be unobtrusive, not interfere or
assist with the therapy session and be able to observe and hear the therapy session.

e The patients to be observed by the study investigators will be identified by therapy
staff or study investigators.

e The Study 2 observation study recording form (see below) will be used by the study
investigators to record their observations of the gym-based therapy sessions.

o For each session, record the patient ID code (retrieved from aforementioned
Pre-Introduction Participant Information & Outcome Measure Form), session
number, treating therapist and their discipline, date of therapy session, activity

category, start & end of each individual activity, number of upper limb
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movement repetitions performed in that activity and other details of the
activity.
The time (i.e. 24 hour) will be noted at the commencement of the session,
cessation of an individual activity and at the cessation of the session.
= Commencement of session - Collection of patient by the treating
therapist with the patient having been brought from the ward or the
preceding therapy session
= (Cessation of Session - Farewell/concluding statement by treating

therapy staff member
For all categories, repetitions will only be counted if the movement or activity is
considered therapeutic - that is, instructed or performed for the purpose of
therapy. Therefore within sessions that are being observed do not record
movement or activity associated with assessment or that are incidental in
nature.
Use ‘other’ to record any activities not specified or if unsure. If unsure if the
activity was therapeutic, then record as therapeutic.
Do not record the following therapy sessions: initial or discharge evaluation
therapy sessions, sessions that are primarily focused towards addressing non-
motor issues (e.g. cognitive/perceptual) or equipment prescription (e.g.
wheelchair or fabrication of a splint).
Repetitions to include obvious attempts at movement by the patients (whether
or not they are successful).
Where possible, the observer will look to distinguish between time devoted to
set-up versus when the actual therapy task is commenced. Commencement of
the therapy task will be defined as when the patient first initiates the initial
movement of the exercise or functional task having been instructed and/or
presented with the therapeutic equipment.
Where the patient is observed to be resting while therapist is setting up the

task the time will be categorised a “set up”



Category Definitions

Category

Passive Exercise (PE)

Active Exercise (AE)

Functional Task (FT)

Robotic Task (RT)

Sensory

Rest Break (RB)

Fine motor

Definition

Any movement of the limb by a
therapist or a device, without any
effort by the patient

Any movement in which the
patient attempted or moved the
limb through a specific motion.
(Assistance to obtain the last 25%
of the range of motion is
acknowledged as active).

Any movement that
accomplishes/attempts to
accomplish a functional task.
Where applicable movements are
to be recorded as subunits of the
whole task.

Participation in a therapy game
(not evaluation) on the InMotion

Any activity done to
receive/enhance somatosensory
input

Patient is not engaged in an
identifiable therapeutic activity

Tasks or exercises that primarily
involve movement(s) of the hand
and wrist

Definition of a Single Repetition

One movement from initial position and back
again

One movement from initial position and back
again

One completion of the functional task

One movement in accordance with the
InMotion repetition definition (dependent on
task)

One period of the activity

N/A

N/A

Example
Stretches, splinting, positioning, ES
Side-lying shoulder flexion/extension

Wrist flexion/extension seated at desk
EMG-ES

Active movement with use of skateboard or rollers (and straw used

to provide feedback)

Reaching for a cone
Throwing a beanbag

Whole task: Buttering a slice of bread with following subunits

counted as movements:
e  Collecting bread from bag
e  Picking up knife
e Removing lid from butter container

e Spreading butter on bread (counting each spreading

movement)
1.

Clock, squeegee, pong. Also noting of planar and planar hand tasks.

Weight bearing where one period of bearing weight through the
affected arm was counted as one repetition, massage of the upper

limb

Seated in wheelchair or lying supine on plinth between activities

Screwing on a bolt
Threading beads
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Gross Motor

Set-up (SU)

Other (0)

Tasks or exercises that clearly N/A
incorporate both movement of the
elbow and shoulder as well as the
hand and wrist

Therapist is engaged in the N/A
preparation of the gym
environment and/or the patient to
facilitate an_upper limb therapy
task

N/A
Any activities not specified under
the categories above

Reaching for a cone
Throwing a sandbag

Transferring patient onto plinth from wheelchair
Instructing and demonstrating the proposed therapy task
Collecting cones from storage area

Applying FES device to patient’s upper limb

Assessment, Education, Mobility retraining, Balance retraining, set
up of LL tasks

Functional Task Definitions

All tasks include counting of attempts at these subunits (including attempts at the subunits of complex functional tasks).

Functional Task

Drawing (FM)

Bead threading (FM)

Description

Patient seated drawing or practicing handwriting. Not
possible to accurately count in subunits or individual
movements

Patient seated threading individual beads onto plastic
thread or removing the beads from the plastic thread
(note this is a different task to the “bead along wire”
defined below)

Definition of a Single Repetition (Subunits)

Whole task counted as one repetition (with emphasis on quantifying the
time spent on the task)

Each bead threaded counted as one repetition
Each bead(or group of beads) removed in one movement counted as one
repetition (This is a separate repetition to the bead being threaded on)
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Screwing/Unscrewing bolts (FM)

Throwing sandbags (GM)

Transporting balls/sandbags(GM)

Tongs and blocks (GM)

Colour tension pegs (GM)

Pressing clicker (FM)

Blocks and Box

Screwing/unscrewing jar

Patient seated at table screwing and unscrewing different
sized bolts.

Sandbags picked up and thrown into the bucket

Transporting balls/sandbags between two buckets (while
standing or sitting)

Blocks picked up from the box and placed on table (or into
another box) using tongs (or hand)

Individual pegs of various tensions are individually
squeezed and placed (or removed) from a pole (vertical or
horizontal) (IM001 Session 5 1114)

Client presses the “clicker” with the affected hand to count
stands

Lifting of individual blocks and placing them over the
divider into the opposing box. Or another box task was
lifting a block out of bucket and placing it on the table
(IM003 Session 2 0945).

Collecting jar/container from shelf and then attempting
unscrewing or screwing of jar and placing jar back on
shelf. (This task can also involve just the screwing and
unscrewing of jar while seated without the collection from
the shelf with the same subunits applying)

Each bolt screwed on (or attempt to be screwed) counted as one
repetition

Each bolt unscrewed (or attempted to be unscrewed) counted as one
repetition

NB: Individual movements in applying the screws were NOT counted as
repetitions.

Each sandbag thrown at bucket as one repetition

Ball/sandbag passed from one bucket to the next counted as one
repetition

Each block picked up and placed on the table (successful or attempted)
counted as one repetition

Each peg placed on pole (or removed) counted as one repetition

Each click counted as one repetition (e.g. done when counting sit to
stands)

Each block picked up and placed over the divide or onto the table is one
repetition

Subunits or one counted repetition would include :
e  Unscrewing the jar (including where the affected hand is
stabilising the jar as opposed to grasping the jar) = 1 repetition
e  Screwing the jar (including where the affected hand is
stabilising the jar as opposed to grasping the jar) = 1 repetition
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Blue Bilateral Incline Board

Bead along wire

Rings over loop

Rings between poles

Cups and shelf

Rolling theraputty

Cutting theraputty

Making coffee

Push up slide handle on blue incline board with either the
affected hand or using both hands

Bead is threaded along wire frame. (Different activity to
bead threading listed above)

Coloured rings are threaded over the semi-circle pipe
apparatus

Transporting rings between two separate poles (while
standing or sitting)

Patient grasp cup from tabletop and places on shelf in
front (or collects from cup form shelf and places back on
the table)

Rolling of theraputty with affected hand.

Cutting of theraputty into singular pieces with knife and
fork.

Patient prepares cup of coffee in the OT kitchen area.

e  Collecting the jar from the shelf (including where the affected
hand is stabilising the jar as opposed to grasping the jar) = 1
repetition

e Repositioning the jar back onto the shelf (including where the
affected hand is stabilising the jar as opposed to grasping the
jar) = 1 repetition

One repetition is where the slide handle is pushed up and then brought
back down to its original starting position

One repetition is when the bead is moved from its starting position, on
one side of the apparatus, to the other side. An attempt can be counted
when the hand notably drops to the table from the bead (OR the bead is
released and drops back to its original starting position) and then a new
repetition is started when the patient re-grasps the bead to complete the
transportation to the final position on the other side of the apparatus.

One repetition is when the ring is moved from its starting position, on
one side of the apparatus, to the other side. An attempt can be counted
when the ring is released and drops back to its original starting position
and then a new repletion is started when the patient re-grasps the ring to
complete the transportation to the final position on the other side of the
apparatus.

One repetition is when the ring is transported from one pole to the next

One repetition is when the cup is grasped, transported to the shelf and
released on the shelf. Alternatively a repetition is also counted when the
cup is re-grasped, transported from off the shelf and released on the
table.

1 repetition is the rolling of theraputty ball into one long piece (i.e. ready
to be cut)

1 repetition is one piece of theraputty cut (also includes attempts at
cutting where patient is attempting to cut but momentarily rests knife
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Washing Up

Squeezing peg

Washing up of dishes in OT kitchen area.

Coloured tension peg is squeezed as a grip or pinch
strength exercise.

and fork (but may not let go of knife and fork) and then again reattempts
to cut the theraputty)

Subunits that were included in “Making coffee” were those that involved
the use of the “affected” hand (note that the affected hand was not always
used in each step of the task). The following subunits were counted as
one repetition:
Filling kettle with water
Carrying cup
Carrying spoon
Open coffee jar

e  Putting lid back on coffee jar

e  Open sugar satchel

e  Open fridge door

e  Openmilk bottle (counted if affected hand is used as a

stabiliser)

e  Stirring coffee (with affected hand)
The subunits needed to involve the use of the affected hand to be counted
as a repetition.

Subunits that were included in “Washing Up” were those that involved
the use of the “affected” hand (note that the affected hand was not always
used in each step of the task). The following subunits were counted as
one repetition:
e  Washing up cup (or spoon or plate) in sink (count each item
washed as distinct single repetitions)
e Rinsing cup (or spoon or plate) in sink (count each item washed
as distinct single repetitions)
e Turnontap
e  Turned off tap
e Position tea towel
1 repetition will involve each squeeze of the peg by the affected hand or
fingers.
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Donning/doffing shoes (FM)

Theraputty squeeze exercise

Cutting up of theraputty

Breaking theraputty rings exercise

Pulling apart theraputty exercise

Pinching theraputty with fingers

Patient seated donning/doffing shoe. Not possible to
accurately count in subunits or individual movements
(IM004 Session 1 - 0926 & 1013)

Patient is asked to simply squeeze the theraputty

Cutting up theraputty with knife and fork

Patient prepares a theraputty ring and then breaks it apart
with fingers of affected hand

This involves the patient moulding the theraputty into a
long piece and then pulling the piece apart.

This involves the patient completing a series of pinches
along the length of a piece of theraputty

Whole task counted as one repetition (with emphasis on quantifying the
time spent on the task)

1 period of squeezing (even if there are multiple contractions of the
grasp) = 1rep

Each piece cut being 1 repetition (with rolling and moulding of
theraputty and handling of cutlery included in this repetition*)

Each breaking of the ring apart with fingers = 1 rep (with rolling and
moulding of theraputty included in this repetition)

Each piece pulled apart = 1 repetition (with rolling and moulding of
theraputty included in this repetition)

Each piece pinched (along the entire length) = 1 repetition (with rolling
and moulding of theraputty included in this one repetition)
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InMotion Definitions of Practice

Functional Task

Reaching clock tasks

Playback clock task

Squeegee task

Pong

Description

Patient starts at the central point of the clock and extends
out to the presented dot at the 8 points around the circle.
Always returning to the central dot after reaching each
dot.

Patient is required to remain statically positioned in the
central circle and resist the force applied by the robot

Patient is required to wipe the entire picture clean and
involves multiple movements

Patient is required to move the bar to repel the moving
dot.

Definition of a Single Repetition (Subunits)

1 repetition involves starting at the central dot of the clock, reaching out
to the presented dot on the outer edge of the clock and then returning to
central dot (i.e. includes out and in)

1 repetition involves each application of the forces as indicated in the top
right-hand corner of the screen (occurs 16 times per game)

1 repetition is where the patient has completed wiping the entire picture
(or attempted this). Individual movements are not counted.

1 repetition is where the patient repels the dot.
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Cretan Square Maze

Race

Grasp Adaptive

Patient is required to move from point to point through
the square maze.

Patient is required to guide the dot through a series of
gates.

Patient is required to grasp the flashing dot with use of the
hand module

1 repetition is where the patient moves to the presented point in the
maze.

1 repetition is where the patient moves through a single gate.

1 repetition is each grasp and release of the highlighted dot
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Reach Adaptive Patient is required to reach to a highlighted dot and 1 repetition involves both the reach and grasp of the highlighted dot on
“grasp/release” the dot using the hand module before the outer of the clock and ALSO returning to grasp the central dot
then returning to “grasp/release” the centre dot again.

Pick Adaptive Patient is required to reach to a highlighted dot and “grasp | 1 repetition involves both the reach and grasp of the highlighted dot on
(pick up)” the dot using the hand module and then the outer of the clock and ALSO returning to grasp the central dot
“releasing” dot again at the designated point on the clock.
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9.7 Appendix 7 - Study 2 observation study recording form

Patient ID Code: Date of Therapy Session: Session No.: Therapist’s Name (OT/PT):
Activity Start End No. Reps | Finer Motor Aids Used Comments:
Category Time of Time of (FM) /Gross (ES, Mirror Box) (e.g. active assisted, type of whole functional
(RT, PE, AE, FT, | Activity Activity Motor (GM) task, definition of subunit for functional task,
S,RB, SU, 0) involvement of OT /PTA/Carer)

Start of Session Time:

Total Number of Repetitions:

End of Session Time:

Total Time of Session:
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9.8 Appendix 8 - The Theoretical Domains Framework with definitions and

component constructs

1. Knowledge
(An awareness of the existence of
something)

2. Skills
(An ability or proficiency
acquired through practice)

3. Social/professional role and
identity

(A coherent set of behaviours

and displayed personal qualities of an
individual in a social or work setting)

4. Beliefs about capabilities
(Acceptance of the truth, reality or
validity about an ability, talent or
facility that a person can put to
constructive use)

5. Optimism

(The confidence that things will happen
for the best or that desired goals will be
attained)

6. Beliefs about Consequences
(Acceptance of the truth, reality, or
validity about outcomes of a behaviour
in a given situation)
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Knowledge (including knowledge of
condition/scientific rationale)
Procedural knowledge

Knowledge of task environment

Skills

Skills development
Competence
Ability
Interpersonal skills
Practice

Skill assessment

Professional identity
Professional role

Social identity

Identity

Professional boundaries
Professional confidence
Group identity

Leadership

Organisational commitment

Self-confidence

Perceived competence
Self-efficacy

Perceived behavioural control
Beliefs

Self-esteem

Empowerment

Professional confidence

Optimism
Pessimism
Unrealistic optimism
Identity

Beliefs

Outcome expectancies
Characteristics of outcome
expectancies

Anticipated regret



7. Reinforcement

(Increasing the probability of a
response by arranging a
dependent relationship, or
contingency, between the
response and a given stimulus)

8. Intentions

(A conscious decision to perform a
behaviour or a resolve to act in a
certain way)

9. Goals

(Mental representations of outcomes or
end states that an individual wants to
achieve)

10. Memory, attention and decision
processes

(The ability to retain information, focus
selectively on aspects of the
environment and choose between two
or more alternatives)

11. Environmental context and
resources

(Any circumstance of a person’s
situation or environment that
discourages or encourages the
development of skills and abilities,
independence, social

competence and adaptive behaviour)

12. Social influences

(Those interpersonal processes that
can cause individuals to change their
thoughts, feelings,

or behaviours)
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Consequents

Rewards (proximal/distal, valued /not
valued, probable/improbable)
Incentives

Punishment

Consequents

Reinforcement

Contingencies

Sanctions

Stability of intentions
Stages of change model
Transtheoretical model and
stages of change

Goals (distal/proximal)

Goal priority

Goal/target setting

Goals (autonomous/controlled)
Action planning
Implementation intention

Memory

Attention

Attention control

Decision making

Cognitive overload/tiredness

Environmental stressors
Resources/material resources
Organisational culture/climate
Salient events/critical incidents
Person x environment interaction
Barriers and facilitators

Social pressure
Social norms
Group conformity
Social comparisons
Group norms
Social support



13. Emotion

(A complex reaction pattern, involving
experiential,

behavioural, and physiological
elements, by which the individual
attempts to deal with

a personally significant matter or
event)

14. Behavioural regulation
(Anything aimed at managing or
changing objectively observed or
measured actions)

Power

Intergroup conflict
Alienation

Group identity
Modelling

Fear

Anxiety

Affect

Stress

Depression

Positive /negative affect
Burn-out

Self-monitoring
Breaking habit
Action planning

From - Atkins, L., Francis, ], Islam, R.,, O’Connor, D., Patey, A, Ivers, N., Foy, R., Duncan, E. M,
Colquhoun, H., Grimshaw, J. M., Lawton, R., & Michie, S. (2017). A guide to using the theoretical
domains framework of behaviour change to investigate implementation problems.
Implementation Science, 12(1), 77. https://doi.org/10.1186/s13012-017-0605-9
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