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Abstract

Problem: Computer assistive robotic therapy is an innovative treatment offering an interactive experience
that may benefit individuals with spinal cord injury, however it is not known if such a treatment is
feasible in the acute setting. Aims: To assess the experience of individuals and practitioners during the
process of implementing computer assisted robotic therapy and to determine the feasibility of using such
a therapy during acute rehabilitation. Methods: To accomplish the aims of this study a qualitative
feasibility study was carried out, consisting of semi-structured interviews (N=4) with a participant, their
partner and the administering practitioners at a public hospital in a metropolitan area of Australia. These
interviews were conducted using a guide created to ensure comprehensive and rich responses. These
responses were then transcribed verbatim and thematic analysis was completed using NVIVO 11.
Established feasibility constructs were then related to the exposed themes. Results: This study provided
gualitative findings on the implementation of computer assisted robotic therapy with a patient with
cervical spinal cord injury and interrelated these findings with theoretical constructs relating to feasibility.
Conclusion: High demand for computer assisted robotic therapy both from patients and practitioners was
reported along with many potential benefits especially regarding participant immersion, motivation and
engagement. However, the practicality of such a treatment is complicated by prohibitive costs, time
constraints and the vulnerable state of patients. Consequently, when considering current protocol,
computer assisted robotic therapy may not be feasible in acute spinal cord rehabilitation. More rigorous
research is suggested to support this therapy given the context.

Keywords: Robotic Therapy, Tyromotion, Diego, Spinal Cord Injury, Qualitative,

Feasibility
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Computer Assisted Robotic Therapy for Incomplete Spinal Cord Injury: Can it work in the acute
setting?
Literature Review
Introduction

In the year 2014, 264 traumatic spinal cord injuries (SCIs) occurred within Australia
(AIHW, 2018). Demographically these injuries primarily effect men, making up 80% of the
population, the predominate age range of these individuals is 15-24 (AIHW, 2018). These
injuries are often traffic accidents (42%) or falls, typically from sports/leisure activities (40%)
(AIHW, 2018). Any SCI is traumatic, however, injury to the cervical spine is especially
catastrophic leaving individuals with limited use of their upper extremities (Bashar & Hughes,
2017). These individuals spend a significant amount of time in the inpatient rehabilitation
setting, approximately 219 days or close to seven months (AIHW, 2018). However, very little
discussion appears within the literature regarding the experience of these individuals during this
phase of their treatment. To address this gap in the literature, this study sought first to describe
the experience of an individual in this setting.

Computer assisted robotic therapy is an innovative treatment yet to be tested with
cervical spinal cord injuries. Similar treatments, such as Activity Based Therapies (ABTSs) have
shown promise in helping individuals with SCI recover (Behrman, Ardolino, & Harkema, 2017).
Additionally, research has shown general robotic therapy to be a viable option in the treatment of
cervical spinal cord injuries (Frullo et al., 2017; Hornby, Zemon, & Campbell, 2005;
Siedziewski, Schaaf, & Mount, 2012; Singh et al., 2018; Zariffa et al., 2012). It is thought that
robotic therapy may be a valuable tool in facilitating the recovery of individuals with incomplete

spinal cord injury by allowing participants to engage in therapy for longer periods of time with
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less assistance from therapists (Frullo et al., 2017; Zariffa et al., 2012). However, the accounts of
these individuals are limited in the acute setting and it is unknown if such a therapy could work
within such a context. The primary aim of this study is to assess the feasibility of such a
treatment in the acute setting.

To assess the experience of individuals during this period of their recovery and the
viability of implementing such a treatment, a qualitative feasibility study was conducted. This
was accomplished by directing a series of semi-structured interviews with the initial patient, their
partner and the administrating practitioners who organized and carried out the trial and treatment.
Utilizing inductive reasoning through qualitative analysis, a gap in knowledge was filled guiding
further research on computer assisted robotic therapy. Prior to this, it was necessary to
investigate the literature. This was done by utilizing various medical data bases including
MEDLINE, SCOPUS and CINHAL. First assessing the available qualitative information on
individuals with spinal cord injury, then addressing possible points of interest for the study.
Various texts were consulted through the University of Sydney to inform the structure of the
study. The following information was gathered, informing the direction of the study and enabling
its formation.

Clinical Utility and Feasibility

Clinical utility refers to how useful (utility) an intervention, assessment or any other
variable is in patient care. The usefulness of an intervention can be demonstrated from a variety
of perspectives including: clinical, humanistic and/or economic (Lesko, Zineh, & Huang, 2010).
Before initiating more rigorous investigation it is increasingly important to deduce an

interventions practicality. Doing so avoids the unwarranted use of time and resources by
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researchers, practitioners and patients. Due to the growing number of innovative treatment
modalities clinical utility examination have become more common in recent years (Smart, 2006).
In line with clinical utility, feasibility studies allow researchers to determine whether
further investigation of an intervention is reasonable (Bowen et al., 2009). At early stages of
assessing an intervention, feasibility studies can help determine the acceptability, demand,
implementation and practicality of a study (Bowen et al., 2009). Acceptability refers to how well
suited a therapy is for a setting or appropriate it is judged to be by the practitioners and
participants (Bowen et al., 2009). The demand for an intervention can refer to an intervention’s
fit: how it is used or the perceived interest in the intervention from the public and from medical
practitioners (Bowen et al., 2009). Implementation refers to the degree to which the intervention
was successfully or unsuccessfully put into use and what resources were required to do so
(Bowen et al., 2009). When judging an intervention’s practicality, one must determine if the time
and cost of using an intervention is suitable to the environment and the pragmatics of using an
intervention in a given setting, or with a selected client group (Bowen et al., 2009).
Implementing qualitative methodology can help answer these questions through the
interpretation of patients and practitioners (O’Cathain et al., 2015). Conducting a qualitative
study helped determine: how practical using computer assisted robotic therapy was; what the
barriers were to implementing such a therapy; and what the benefits may be in the acute setting.
By interviewing a participant, their partner and the facilitating practitioners, multiple vantage
points were mined for information. The patient and his partner were able to communicate what
benefit they felt came from the experience and the practitioners were able to provide
information, not only about the clinical benefits, but also how reasonable it was to use such an

intervention in the acute setting. The practitioners were also able to make direct
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recommendations about what might be useful for future researchers and how the process of
implementing such a therapy might be made easier in the future.
Technology

The rapid pace of technology has changed all of our lives, and it has also had a significant
impact on those with SCI. Assistive technology has enabled individuals to learn more about their
personal care (Kaltoft, Nielsen, Salkeld, & Dowie, 2015), participate more in the community
(Kim et al., 2014) and adds to individuals overall wellbeing (Mattar, Hitzig, & McGillivray,
2015). For example, Environmental Control Systems (ECSs) have enabled individuals to control
their immediate physical environment with voice controls or other devices that require subtle
movements (Myburg, Allan, Nalder, Schuurs, & Amsters, 2017). Enabling this ability decreases
the individual’s dependence on carers. Additionally, ECSs improve comfort, add safety / security
and provide individuals with a sense of psychological control (Myburg et al., 2017). Individuals
expressed that ECSs were best implemented when they felt ready and suggested that ECSs be
prescribed on a case by case bases (Myburg et al., 2017). Conducting this study broadened the
knowledge base on implementing technology. It further informed the literature and helped guide
future research on how best to administer a specific technology.

Robotic Therapy

Although in its infancy, robotic therapy has shown great promise as an intervention for a
variety of conditions. The device being investigated in this trial is the Diego, a computer assisted
robotic therapy device created by Tyromotion, a robotic therapy manufacturer based in Graz,
Austria. Robotic assisted therapy refers to an intervention that utilize robots to assist in patient
movements during a variety of physical interventions (Kwakkel, Kollen, & Krebs, 2008).

Computer assisted robotic therapy adds a computer user interface to this therapy, the
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participant’s movements are tracked by series of sensors attached to a computer, which in-turn
enables the user to participate in a variety of different games and activities on a computer. The
therapeutic value of these machines is enhanced by therapists who plan activities on the machine,
targeting the participants needs. This is a new treatment that has not been extensively
investigated, however, the Diego itself has shown promise and possible effectiveness in the
treatment patients post stroke (Weber & Stein, 2018).

There is a paucity of research with regard to SCI and robotic therapy and the most
commonly researched area is not focused on the upper limb, rather lower limb gait training
completed at later stages of therapy (Holanda et al., 2017; Hornby et al., 2005; Mehrholz,
Harvey, Thomas, & Elsner, 2017). This is not surprising due to the great emphasis placed on
mobility within our society. Whether it be an athlete returning from injury or a teenager
recovering from a car accident, a person’s first steps post injury are something well documented
in popular culture. With regard to upper limb rehabilitation, early findings have indicated that
robotic therapy may have a positive effect on recovery from incomplete injuries, however more
detailed investigation is required (Frullo et al., 2017). A similar device to the Diego, the Armeo
Spring has shown promise as an effective treatment for patients with SCI, especially those with
some perceived hand function following treatment (Zariffa et al., 2012). Another device, the
REO GO, has been demonstrated as having some benefits with similar clientele (Siedziewski et
al., 2012).

In summary, the literature indicates that robotic therapy is a capable new therapy for
patients with SCI especially those with incomplete injuries (Frullo et al., 2017). However with
each new device, evidence is needed to justify its use. Protocols are required to ensure a devices

proper implementation and practitioner must be advised on how to properly implement such an
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intervention. The first step in accomplishing this is testing the accessibility of such a treatment.
By conducting this study, the experience of individuals using the Tyromotion Diego was
assessed. The initial participant with a spinal cord injury to use the Diego was able to provide
information on what he felt were the benefits of such a treatment and how he thought it might be
improved. The practitioners were able to voice what went well and what didn’t, and whether
such a treatment was worth the costs. Ultimately a determination was made on how appropriate
such a treatment was for patients with SCI in the acute rehabilitation phase of treatment.
Subjective Wellbeing

The physical implications of SCI are obvious, even the untrained eye can notice drastic
changes in sensory, muscle, neuromusculoskeletal and movement function (Bashar & Hughes,
2017). However, the psychosocial impact resulting from such an injury cannot be overlooked.
The subjective wellbeing (SWB) of individuals following SCI is decreased significantly, often
resulting decreased mood and at time clinical depression (Papathomas, Williams, & Smith,
2015). This translates to individuals having lower levels of life satisfaction and higher levels of
stress following injury, especially in the acute setting (Post & van Leeuwen, 2012). This is not
surprising, as one can only imagine how difficult it would be to cope if one were able to
complete basic selfcare activities and mobility tasks one day, only to be reliant on others to
complete these tasks the next. The literature indicates that social supports and skills are vitally
important in improving an individual’s SWB (Muller, Peter, Cieza, & Geyh, 2012). The
wellbeing of these individuals is adversely impacted by social isolation, many individuals report
having a rush of support following injuries but as time goes on this support dwindles and they
are left stuck in a society ill-suited to accommodate them (Smith & Caddick, 2015). However,

participating in meaningful activities can lead to a perceived increase in SWB (DeRoon-Cassini,
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de St Aubin, Valvano, Hastings, & Brasel, 2013). Psychosocial intervention strategies have yet to
be comprehensively investigated and the impact of various therapies on this area is not well
documented (Post & van Leeuwen, 2012).

Although this study did not specifically look at psychosocial intervention strategies or
measure directly measure the SWB of patients, such issues could not be overlooked. The mental
wellbeing of participants was monitored throughout the interview process and possible changes
in a patient’s attitudes were noted. If a patient felt that computer assisted robotic therapy was a
positive, they were able to communicate this via interview. By conducting a qualitive study, the
patient was empowered, being able to inform the research on why or why not computer assisted
robotic therapy might help or hinder SWB. Practitioners were also able to report what they felt
were the benefits of such a treatment and if they felt any change in the participants overall
attitude. Furthermore, conducting this analysis will enable future researchers to decide what
areas of SWB warrant further investigation or what steps might need to be taken to ensure the
SWB of patients during their investigations.

Resilience

Perhaps the most discussed characteristic of individuals with an ability to recover from
SCl is resilience. Resilience is defined as an individual’s ability to overcome adversity during
their recovery and adapt to a new life following a traumatic event (Kornhaber, McLean,
Betihavas, & Cleary, 2018). It is an attribute determined by an interaction between a person, their
experience and the environment they are in and is a key to break down avoidance - characterised
by a person no longer having the emotional capacity to continue recovery (Kornhaber et al.,
2018). Social support and psychological stamina are key if a person is to develop resilience

(Monden et al., 2014). Resilience leads to psychological strength, adaptive coping perspectives,
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spirituality and an ability to serve as a role model (Chuang, Yang, & Kuo, 2015; Machida, Irwin,
& Feltz, 2013; Monden et al., 2014). Being such a key factor, it was important for this study to
gauge what role utilizing computer assisted robotic therapy might play in developing resilience.

By conducting a series of interviews, this study was able to assess what role the Diego
might play in the development of resilience of individuals with SCIs. The participant was able to
express whether he felt participating in such an activity lessoned the burden of therapeutic
activity. The patient’s partner was also able to voice whether she felt the Diego helped the patient
in wanting to move forward or if she felt the participant would have been just as resilient without
the therapy. Practitioners were also able to voice their opinion on the Diego, describing the
patient’s ability to overcome low points in therapy. Positive findings might add to the feasibility
of acquiring the device by further justifying its use.

Empowerment

A sudden dependence on others to complete the most basic tasks can lead to feelings of
powerlessness or feeling that one has no control of one’s life during the rehabilitation process
(Prey et al., 2014). Learning new roles and participating in the community are key in
empowering individuals post SCI (Rohatinsky, Goodridge, Rogers, Nickel, & Linassi, 2017).
Furthermore, the ability to participate in high intensity exercise has led to feeling of
empowerment amongst individuals with spinal cord injury (Luchauer & Shurtleff, 2015).
Considering this, computer assisted robotic therapy might play a crucial role in empowering
individuals during their acute rehabilitation. By enabling participants to engage independently
with minimal assistance from a therapist, the Diego may lead to feelings of control and
ultimately hope that they might be able to do other activities with limited assistance. Or

individuals might not be able to participate in said therapy and feel less empowered.
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By asking a participant about their experience in acute rehabilitation and their experience
using the Diego, this study assessed the degree to which the patient felt empowered by the
Diego. Using qualitative analysis and inductive reasoning, this study was able to interpret
whether computer assisted robotic therapy led to feelings of empowerment within individuals or
if such a therapy was just adjunct to traditional therapy. The participant and their partner were
able to communicate whether they felt the therapy contributed to the participant’s independence.
And the practitioners were able to compare the Diego to more traditional therapies and gauge
how it compared. This provided a comprehensive look at how the Diego might help or hinder a
participants feeling of independence and empowerment.

Agency

A person’s willpower, motivation and determination to overcome obstacles and recover
from a traumatic event are crucial, the sum of these attributes can be defined as agency (Parashar,
2015). During a person’s recovery from SCI they will experience highs and lows and it is critical
for therapists to find ways to motivate individuals to remain engaged in therapy (Joseph,
Wahman, Phillips, & Nilsson Wikmar, 2016). The literature clearly states that peer support and
access to meaningful programs can give patients hope and increase their willpower in the
rehabilitation stage of therapy (Beauchamp et al., 2016; Parashar, 2015; Wilbanks & Ivankova,
2015). However, little is known about what might facilitate greater engagement in the acute
setting. Programmes for improving agency have not been assessed and interventions that
motivate individuals are not well documented.

While in the acute setting, patients are at a critical stage in their recovery, conducting a
semi structured interview with a patient and his practitioners allowed the expression of what

possible implication computer assisted robotic therapy might have on the agency of similar
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patients. After analysing these interviews, themes emerged regarding what aspects of such a
therapy might contribute to a client’s motivation and if this therapy might facilitate increased
engagement by participants. The participant and their partner were able to assess whether they
felt the Diego impacted the participants willpower. The practitioners were able to communicate
how the participant’s agency compared to other patients and if they felt the Diego helped the
participant’s will to get better or if they felt the participant was a naturally motivated person.
These findings may assist further research into how computer assisted robotic therapy motivates
individuals with a larger qualitative study involving more advances psychometric properties.
Athletic Identity

A common characteristic of people who make a successful recovery form SCI is athletic
identity (Hawkins, Coffee, & Soundy, 2014; Rauch, Fekete, Cieza, Geyh, & Meyer, 2013;
Ruoranen, Post, Juvalta, & Reinhardt, 2015). Athletic identity refers to the attributes a person
associates with themselves around sports they play and activities they compete in (Hawkins et
al., 2014). The diminished ability to participate in competitive activities can lead to a perceived
loss in athletic activity, however, adding activities that preserve a person’s competitiveness can
aid in a person’s recovery (Machida et al., 2013). Many of these studies focus on engagement in
sports following discharge from hospital, such as wheelchair basketball, rugby and other
community activities. Whether participating in a game-like activity in the acute setting will help
these individuals is not known and the range of such activities is low due to the limited
functionality of patients early on in their recovery. Since computer assisted robotic therapy has a
video game like component involving some sporting activities, it may take advantage of a

person’s competitiveness and therefore their athletic identity.
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Conducting a qualitative study with an individual with a SCI allowed them to express
whether they felt computer assistive robotic therapy took advantage of their athletic identity. The
participant was able to voice whether they felt the games were competitive enough or if they
would like more initiatives in game play. Practitioners were also able to voice how well this
therapy took advantage of this component. They were able to communicate on how the device
enabled competition and in what ways it may be able to improve in this area. This was especially
inciteful due to the dearth of information on individuals engaging in such activities in the acute
setting. In the future this might enable researchers to assess athletic identity and computer
assisted robotic therapy further and the results may inform creators on how to improve their
products and add features corresponding with the findings. Furthermore, these findings may
contribute to the feasibility of using such a treatment.

Flow

Flow has long been a been concept differentiating Occupational Therapy from other
healthcare professions (Reid, 2011). Flow is a state of mind which emerges when an individual is
completely immersed in a task or activity (Jacobs, 1994). When a participant enjoys a task that
they are doing or are captivated by it in some way, they might lose track of time and space. For
example, an individual playing soccer might run the same amount as an individual running for
fitness without realizing how far they ran or how long it took them to run. By having individuals
participate in meaningful occupations, therapists can take advantage of this state of mind,
allowing participants to engage in therapy without realising it and participate for longer at
increased repetitions (Feighan & Roberts, 2017). Recently the advent of interactive video games

has reinvigorating this topic, individuals may gain the benefit of therapy in a more immersive
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way, allowing them to perform at higher levels than they previously thought possible (Maloney
etal., 2015).

Computer assisted robotic therapy may be able to take advantage of such a concept. By
programming a machine to be receptive to specific body movements and having different games
and activities respond to these movement this therapy is very similar to an interactive video
game. However, quantitative analysis alone would not enable researchers to determine if patients
entered a state of flow during their treatment. By interviewing a patient and conducting
qualitative analysis, this study was able to gauge whether this specific treatment allowed patients
to enter a state of flow. The participant was able to express their thoughts during treatment and
whether they lost track of time or forgot that they were engaging in treatment. This information
will help inform the literature on computer assisted robotic therapies possible ability to help
participants achieve a state of flow. This may facilitate the further investigation of this concept
and its ability to maximise therapeutic engagement.

Fit with Occupational Therapy

Due to computer assisted robotic therapy’s ability to facilitate greater participant
involvement in therapy without the direct physical assistants of therapist, it may be a promising
therapy for individuals with incomplete cervical spinal cord injury. In the future, as these robotic
therapies continue to evolve they may offer participants even greater benefits. Computer assisted
robotic therapy adds dimensions to therapy that will be useful to occupational therapists.
Occupational theory and its emphasis on therapy through the participation in occupation fits well
with computer assisted robotic therapy. Its ability to immerse patients in therapy may help them
enter a state of flow and be able to perform at a higher level than they perceived possible

(Maloney et al., 2015). Furthermore, this intervention may fit well into the models of
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occupational therapy. By taking advantage of a patient’s volition, the internal driving force of a
person, therapist may be able to help patients recover from intervention. A concept well
supported by the Model of Human Occupation (Kielhofner & Duncan, 2009).

One might also argue that to gain the maximal utility of such a device an Occupational
Therapist might be necessary. Patients may not gain the full benefits of such a machine without
proper grading and it may not be safe to use such a machine without thorough understanding of
the participants neurological anatomy. Expertise in neurology may be necessary to avert further
injury of the patient, especially in the acute phase of their recovery when participants are in a
fragile state of recovery. If patients are pushed too hard early on they may suffer further injury,
but if they are not pushed hard enough they may not gain the full benefit of therapy. A
knowledgeable therapist is also necessary to programme the specific movements into the
machine prior to use. Without knowing the necessary range of movements or physical function,
the intervention may not be successful. Furthermore, Occupational Therapy’s unique ability to
translate ability into function is needed in this area. Robotic therapy alone will not directly
translate into selfcare tasks or activities of daily living. A therapist is needed to plan out a
progression of movements that will enable participants to gain functional abilities later in
recovery.

Conclusion

In conducting this study, the experience of individuals in acute rehabilitation was
assessed then the feasibility of using computer assisted robotic therapy with individuals
following incomplete cervical spinal cord injuries was determined. Previous research has
indicated that upper limb robotic therapy maybe a credible use of therapy in subacute spinal cord

rehabilitation with incomplete spinal cord injuries in which patients have some use of their hands
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(Zariffa et al., 2012). However, it has been indicated that further investigation into this area is
warranted specifically with devices targeting the upper extremities (Frullo et al., 2017).
However, before moving on to more rigorous investigation we must first ask the question, “Can
computer assisted robotic therapy work in acute spinal cord rehabilitation?” To do this we
conducted a qualitative feasibility study to determine the acceptability, demand, implementation
and practicality of the Diego, a computer assisted upper limb robotic intervention.

In determining the acceptability of the Diego: the satisfaction of the participant in using
the device and practitioner in administering the therapy was assessed; the intent of the therapist
to continue use was analysed; and appropriateness of the device was investigated. This was
accomplished by asking the participant about his experience using the device and what he felt the
positives and negatives were. The practitioners were then asked their vantage point, how they felt
about administering the treatment, did they think it was appropriate to their setting, would they
like to continue using this therapy, have they used similar therapies in the past and would they
use similar therapies in the future. Analysing these factors helped determine whether the Diego
was acceptable to patients and practitioners.

A vital aspect of determining the feasibility of the Diego was assessing what the demand
was like from therapists and patients for such a device. If patients and practitioners were not
interested in it there would be no reason to suggest a hospital or clinic in investing a considerable
sum of time and money. To assess its demand, the patient was asked how interested he was in the
device. The practitioners were then asked what they felt the demand was from patients for such
therapies and to provide examples. They were also given the opportunity to voice what the

demand was like from the therapeutic community and within their immediate environment.
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Gathering this information allowed a comprehensive look at the demand for computer assisted
robotic therapy.

To conduct further studies into the Diego it was necessary to assess whether it was
implementable. To do this it was necessary to assess: how much time and resources were
necessary to put the device into use; what knowledge and skills were necessary to use the device
on the part of the practitioner; what level of ability was necessary on the part of the patient; and
how successful executing the therapy was. This study enabled practitioners to directly inform the
literature on what barriers there were to implement the Diego in the acute setting. They were able
to communicate what time constraints there were in their setting, and what physical and
psychosocial issues may exist among patients, preventing them from participating. Furthermore,
they were able to inform future practitioners on the process of obtaining and implementing a
computer assisted robotic device.

Ultimately this study assesses the practicality of using the Diego with cervical spinal cord
injured patients during the acute phase of their rehabilitation. The patient was able to voice the
positives and negatives they associated with the therapy, and these attributes were then analysed
and compared to the literature to assess correspondence. The patient was able to communicate
whether the Diego motivated them, whether they looked forward to it, the level of which the
therapy immersed them and if their attitude changed based on the therapy. Finally, therapists
were given the opportunity to express how practical they felt the Diego was. How they felt it
compared to traditional therapy, how long it took to facilitate an intervention, how much training
time was required, how long did the set up take, was there enough time in the acute setting for

such a treatment, did they feel the machine was worth the cost and did the positives outweight
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the negatives. Following this a judgement was made on whether the Diego warranted further
investigation and in what way such an investigation would best be conducted.
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Implication for Rehabilitation

= Cervical spinal cord injury is a devastating injury resulting in the loss of sensory,
motor and muscular function of the upper and lower limbs.

= Computer assisted robotic therapy may be an ideal treatment for individuals post
injury in the acute setting.

= This study takes a qualitative approach and assesses the potential benefits of the
treatment and determines how feasible it is in the acute setting.

= Computer assisted robotic therapy presents many potential benefits, however it is
very resource intensive.
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Computer Assisted Robotic Therapy for Incomplete Cervical Spinal Cord
Injury: Can it work in the Acute Setting?

Purpose: To assess the experience of individuals and practitioners during the process of
implementing computer assisted robotic therapy and to determine the feasibility of

using such a therapy during acute spinal cord rehabilitation.

Materials and Methods: A qualitative feasibility study was conducted, consisting of
semi-structured interviews (N=4) with a participant, their partner and the administering
practitioners at a public hospital in a metropolitan area of Australia. These interviews
were facilitated using a guide created to ensure comprehensive and rich responses. The
responses were then transcribed verbatim and thematic analysis was completed using
NVIVO 11 software. Established feasibility constructs were then related to the exposed

themes.

Results and Conclusion: This study provided qualitative findings on the
implementation of computer assisted robotic therapy with a patient with cervical spinal
cord injury and interrelated these findings with theoretical constructs relating to
feasibility. High demand for computer assisted robotic therapy both from patients and
practitioners was reported along potential benefits including participant immersion,
motivation and engagement. However, the practicality of such a treatment is
complicated by prohibitive costs, time constraints and the vulnerable state of patients.
More rigorous research is suggested to support this therapy’s use given its demand on

resources.

Keywords: Robotic Therapy, Tyromotion, Diego, Spinal Cord Injury,
Qualitative, Feasibility

Background

Spinal cord injury (SCI) is a catastrophic injury impacting approximately 250 Australians per
year [1]. The severity of this injury is well documented, often resulting in the loss of upper
and lower limb function [2]. However, less is known about the inpatient rehabilitation

experience of these individuals, a stage of therapy lasting up to 7 months [3]. What has been



documented indicates the need for treatment modalities that are engaging and allow
participation in therapy at an early stage in recovery [4]. Adding computer assisted robotic
therapy (CART) as a treatment modality for these individuals may be a suitable solution to
address this problem, however the feasibility using such a treatment in the acute setting has
yet to be determined.

What is Computer Assisted Robotic Therapy?

CART is treatment modality that provides participants with physical assistance with the
movement of their limbs via robotics, and simultaneously these devices track the patient’s
movements allowing participants to interact with a user interface. This allows them to
participate in a various games and activities without any direct physical contact from
therapists. Early indicators support robotic therapy’s use with patients with spinal cord injury
[4, 5, 6, 7, 8], and early findings suggest robotic therapy may be an effective treatment for
patients with incomplete cervical spinal cord injuries in the subacute setting [9].

Recovering from Spinal Cord Injury (SCI)

SCl is a devastating injury that has a traumatic impact on the lives of the impacted
individuals. Following injury, individuals often have trouble accepting the consequences of
the injury, this can lead to depression and an overall decrease of an individual’s subjective
wellbeing [10, 11]. To make a successful recovery individuals must be resilient in the face of
adversity [12], and find ways to motivate themselves, taking advantage of their willpower
[13]. Empowerment is also crucial; individuals must feel as though they can control their
lives and have hope of independence[14]. By providing individuals the opportunity to
participate in a fun and engaging treatment independently, CART may take advantage of

these themes of recovery and prove a valuable tool for therapists in spinal cord units.



Why a Feasibility Study?

To justify treatments in modern medicine, practitioners must prove that such interventions are
evidence-based. However, conducting more rigorous studies such as randomised control trials
requires a significant amount of time and resources. Conducting a feasibility study allows
researchers to determine if a treatment is possible in a given context before moving on. By
assessing the acceptability, demand, implementation and practicality of an intervention
researchers answer the question “Can it work?”[15]. Qualitative methodologies can help
researchers answer these questions[16].

Methods

Device Specifics

The Diego by Tyromotion is a CART device developed in Graz, Austria. It is an upper limb
therapy device with four straps attaching to the forearms just below the elbow and just above
the wrist (see figure 1). These straps are connected to cords which are controlled by a
computer giving participants varying amounts of support based on settings set by a
facilitating therapist. After setup, the participant can play a variety of games and therapeutic
exercises on a computer screen by moving their arms in a variety of different motions
determined by the therapists. The therapists can also set up the device to support the
participants arms during functional activities facing away from the computer screen.

Philosophy and Rationale

This study was created using a social constructivist worldview. Meaning it was shaped
assuming that individuals seek to make meaning out of the places in which they exist [17].
By asking a patient, their partner and practitioners open ended questions related to their
experience of implementing and using the Diego, an organic picture formed of how well

suited the intervention was within their contextual framework. The small sample size of this



study was rationalized by its revelatory nature as a unique case. Revelatory cases study
phenomenon yet to be investigated by researchers[18]. CART is in its infancy and has yet to
be studied with patients with SCI. This study enabled the exploration of CART in a new area,
with a new client group.

Study Design

Prior to the study ethical approval was gained from the National Health and Medical
Research Council (NHMRC), the North Sydney Local Health District HREC and the NSW
Ministry of Health. During the creation of the study, the CARE guidelines for case reports
were followed and were correlated with the COREQ criteria to ensure proper protocols were
adhered to[19, 20].

To assess the utility of the Tyromotion Diego in the acute rehabilitation setting a
qualitative feasibility study was completed. Such studies are critical to assess acceptability,
demand, implementation, practicality, adaptation and integration of an intervention[15]. It is
important to determine how well an intervention will work in a given circumstance and how
realistic it is for practitioners to implement such a therapy before entering into more resource
intensive studies. Furthermore, these studies are important in providing guidance for future,
more thorough investigations[21].

Being such an innovative treatment modality, the Diego has not been subject to any
investigation with patients with SCI. Prior to moving on to more thorough investigations, it
was determined that an analysis of the initial user’s experience would help guide further
investigations. By conducting a qualitative inquiry into this individual’s experience, the
facilitators and barriers were assessed regarding the Diego’s implementation, as well as what

the positives and negatives were from the perspective of the interviewees.



Data Collection and Analysis

Semi-structured interviews were the primary source of information for this study. To ensure
validity in qualitative research information gathering must be consistent [22]. To accomplish
this guides were created based on established models to elicit rich responses from participants
[23]. Interviews were conducted with the first user of the device, their partner and the two
Occupational Therapists responsible for procuring and implementing the Diego. All
interviews were conducted post-implementation, the participant and practitioners were
interviewed in hospital, and the partipant’s partner was interviewed via cell-phone. These
interviews were transcribed verbatim then read and reread. These interviews were then
inputted into NVIVO 11 software and coded to determine themes within the interviews.
These themes were then confirmed by an experienced researcher whom conducted
independent thematic analysis. This process is well established as a method of thematic
analysis[17].

Personal Characteristics and Relationships

The interviewer was male, a characteristic thought to be advantages as the participant in the
study was also male. The participant may have been more comfortable and open with an
interviewer with similar life experiences. Prior to interviewing the participant, the interviewer
researched and created interview guides and conducted a practice interview with an
individual with SCI to gauge the appropriateness of the questions and hone his own skills.
Prior to the interview the patient and his partner had no relationship with the interviewer. The
interviewer did not have a relationship with the practitioners, however, the interviewer had
developed a working relationship with the practitioners prior to the stage of study involving
their cooperation. All participants knew why the research was being conducted, the

practitioners had initiated the study and the participant was informed prior to commencing



therapy and gaining consent. The interviewer’s primary interest in the topic sprouted from the
possibility for its utility in occupational therapy provision. Although this interest may have
resulted in a positive bias, this was avoided by creating guides that asked balanced questions.
Results

Demographic Information

The interviewees of this consisted of three parties: the participant (the person participating in
the therapy), the partner and the two facilitating practitioners. The participant and his partner
were both in their early to mid-50s and lived an active suburban lifestyle with three children,
all above the age of 10. The participant’s injury was the result of a sporting accident and
occurred approximately four weeks prior to the interview. Considering the severity of the
injury, the participant had a very positive attitude as reported by his wife and therapists. Prior
to the injury the participant was self-employed and earned a good living. The therapy and
interview occurred at a public hospital in a spinal cord acute rehabilitation unit within a major
metropolitan area of Australia.

The practitioners were both Australian-trained occupational therapists with varying
degrees of experience with SCI, however both had more than 3 years of experience in spinal
cord injury at the hospital of implementation. Both therapists had experience with robotic
therapy in Australia and one therapist had additional experience in the UK. However, they
had no experience using the Diego in practice. To appropriately use the device, each therapist
had to partake in approximately 4 hours of training with a certified representative from
Tyromotion. Once trained, they were able to train others on how to use the device. However,
they did report that an extensive knowledge of neurology and experience in occupational

therapy were required to get the most out of using such a device in spinal cord rehabilitation.



Is it suitable?

When considering acceptability, it is important determine if practitioners and participants
intend to use the Diego and if they perceive it to be appropriate. The participant of this study
clearly stated that he enjoyed the experience both in the interview and to the practitioners.
And the practitioners clearly stated that they intended to use the device and have continued to
seek new eligible patients. Furthermore, they stated that the Diego specifically was well
suited for their setting, stating, *...in the acute phase I think there is a place for it. The
shoulder and the elbow are what we work on first.”

Is it wanted?

Considering the demand for an intervention is important, if participants and practitioners are
not interested in therapy there is little point in acquiring it. Throughout the interview process
the participant and the practitioners showed great interest in using the Diego. The participant
expressed that he would like to continue using the machine and the practitioners continually
expressed their interest expressing it not only interview but also by their action in persistently
attempting to acquire said device. More globally, the practitioners expressed interest in such
devices, stating that patients often seek out clinics that have similar devices. Furthermore,
they reported interest from colleagues within their setting.

Is it usable?

Putting the Diego into use was not an arduous process, however clearing the barriers to use in
a public hospital was reported as being “painful... ... very painful.” The facilitating therapists
had been in contact with a Tyromotion representative for some time and had expressed
interest in the machine however due to the cost of the machine (approximately $130,000) the
therapist had not been able to convince their administration to make such a purchase without

evidence. However, an opportunity presented itself and the therapist were given the



opportunity to use the device given that they conduct research in spinal cord rehabilitation, an
area previously uninvestigated. Upon receiving the device, the practitioners needed to obtain
ethical approval. Given the vulnerable medical state of the patient population and the
interactive nature of the treatment, this proved to be a time consuming and challenging task
lasting over 7 months (see figure 2).

Once cleared for use, initiating the trial with a patient was not difficult. Setting up the
device was straight forward, and the therapy fit well into the participants therapy as an
adjunct. The practitioners wanted to stress this stating:

“... that is what | want to emphasize because that is what | have been [told] on units
where no one is using [similar devices] because they are fearful of the set-up time. But too
many therapists just look at it and go, “too hard, it will take too long.””

Overall, once the initial barriers were overcome and a participant was selected,
facilitating the participation in the use of the Diego was a very simple process and the therapy
was executed without any difficulty. The practitioners reported that “the actually device
itself, there [are] no barriers to using it in this environment.”

Does it fit?

Time Consumption

From a practicality stand point, the biggest barrier to using the Diego was finding the time to
do so. The acute setting is busy, not only for therapist but also for the patient. This was
summed up well by the practitioner:

“... We are busy, but the patient is also busy. We are in the acute phase of treatment,
so the patients go off, if they are unwell... ... for scans, they’re going off for tests... ... there
are still a lot of doctors” appointments happening.... .... So, for us to be able to fit them into

the number of sessions that we need can be challenging at times.”



Not only is finding the time for treatment difficult, but the patients often do not stay
long enough in the acute setting to enable the full participation in a course of treatment as
desired by the practitioners. Initially, the desire was for participants to have six weeks of
treatment however this has not been feasible. Patients have been discharged to another rehab
facility sooner than anticipated:

“We had heaps of time back then, so we thought this six-week program would work
very easily, but it’s proving to be hard now because the length of stay is four weeks for new
injuries.”

These time constraints have been further exacerbated by the time it takes patients
recover to the point where they are eligible to use the machine:

“... it takes a couple of week to stabilize [the participants] and allow them to actually
stay up in their wheelchair for long enough to actually participate in the study and for them to
feel well enough to participate.”

Sense of Competition

Do to the interactive video game experience provided by the Diego, it did well to take
advantage of the participants competitive nature. The participant reported that the Diego has
“challenges in it, in that it is a competition and I like a bit of competition.” When asked if the
therapy would be even better with other participants using it at the same time to compare his
scores to the participant responded “[expletive] yeah, if they could get four stars | would be
very upset (laughter), Yeah that would be [good].” Supporting this statement, the practitioner
voiced that ... he was very competitive as well, so he wanted to achieve the three-star top
ranking and he wasn’t achieving three stars he wanted to go back and play again, so he could

achieve three stars.”



Feelings of Progress

A theme common among the interviews was the sense that the participant had made progress
both biomechanically and functionally. It was made clear by the participant and the
practitioners that this progress could be due to several factors, including the participant’s
simultaneous participation in a physio therapy trial in the unit. Nevertheless, the patient was
impressed by the gains he had made especially at a functional level, when asked about his
progress the patient communicated:

“I think that if we actually tried those activities at the start before you put on the
Tyromotion, | probably wouldn’t have been able to do them. But that would certainly show
the improvement being made... ... for sure 1 wouldn’t have been able to do it three weeks ago
before I started using the Tyromotion... ... the activities | can understand doing what | do
how it has helped doing those lifestyle activities.”

Making progress is important when recovering from any injury, and the participant
communicated that progress he made was especially important to him. His partner voiced
that:

“I think the improvement. The measurements they took at the beginning of the trial
and when they took them before he had to go to rehab, there was a significant
improvement... .... Whether or not that would have happened through physio alone, | don’t
know... ... [but it was] awesome to have those results, they’re right in front you and you can
see it. It’s great if you can get any, any small improvement it’s a good improvement but [the
participant’s] were quite significant so he was quite raptured with that.”

Furthering this sense of improvement was a realization on the part of the participant
that they may have more function than they previously anticipated. The practitioners
communicated that “they feel like their limbs are moving more than normal” that the

participant “felt like [he] was being pushed more, he was working more at the end of his



range [of motion].” Furthering this point, the practitioners also stated that this was an
attribute that the Diego shared with other assistive robotic devices stating:

“That’s a common feedback, with both the Armeo Spring and this, that they didn’t
feel they had this much movement but they... ... don’t focus on their impairment they focus
on what they can do.”

Increased Engagement

Along with feelings of improvement, the practitioners also communicated a sense that
patients engage at a higher level in robotic therapy than they do in traditional therapy. When
describing the participant’s engagement with the Diego the practitioners stated that:

“... to have someone engage in upper limb therapy for that long and push themselves
that hard and long, it’s not really something you see that often. When you’re working on
activities like pinning stuff on a washing line... ...your patient is not going to be engaged for
forty-five minutes.”

Furthering this point, a practitioner also noticed that this level of engagement was
obvious even when they were not working directly with the patient stating that “He seemed
very excited in that treatment, like I could hear him in the office. Shouting, laughing and
having fun.” It was also observed that this therapy also allowed a participant’s family to
facilitate further engagement:

“I think the nice side as well was that his whole family could be involved. So he had
his friends and his family, and they would all stand around while he was playing. And they
would be encouraging him or laughing with him about the game.”

Contributions to Flow

Flow was a theme communicated by all three parties, the participant stated that, “You get
thoroughly immersed, in the challenge, that’s easily done.” And when asked if he ever forgot

that he was participating in treatment he responded affirmatively. The patient’s partner



elaborated on this sentiment stating:

“It was just something that was a bit different, it was interesting, you know it wasn’t
just doing exercises, it was doing something without actually knowing you were doing it.”

The therapist reported:

“Yeah it’s flow. There was one time when we were practicing the virtual reality, so
the swimming. And the patient made the comment, this is what | would normally be doing,
this is how | would normally be staying fit and training. So, he felt like he should be doing a
couple of laps each day on the Diego.”

Contributions to Motivation

It was made clear that the Diego was something that the participant looked forward to more
than traditional therapy and that even when fatigued, the Diego had the ability to motivate the
participant. When asked about to compare the Diego with more traditional therapies the
participant gave the following response:

“It was Monday, | had a big weekend and | was really shattered Monday. But | only
got out of bed to do the Tyromotion and the [other therapy]. Because that is what | committed
to, and | was part of your trial so... And I look forward to the Tyromotion a [expletive] more
than the other... ... and 1 only did that because of the benefits that | am getting.”

When asked about the Diego the practitioners described the same instance but from a
different perspective:

“Definitely motivation, he actually enjoyed participating in the Tyromotion therapy...
...there was one day when he wouldn’t have gotten out of bed, he felt bad, he had spent the
whole weekend out and about and he was absolutely exhausted. And he got out of bed on the
Monday just to come to Tyromotion. So, | think that says something. That level of motivation
when you’re not feeling well, and really wouldn’t have gotten out of bed for any other reason

and you did get out of bed because you wanted to be involved in Tyromotion therapy.”



Negatives of the Diego

Although most of the comments about using the device were positive the participant and the
practitioners did state some negatives. Although the entertaining the games involved in the
machine do not present the best graphics. The participant reported that it was more akin to
playing a primitive arcade game than a modern video game communicated, “I think it [may]
need potentially an upgrade on the games, the graphics, they are very basic graphics, all be it,
again [the] theory kept me immersed, and they did challenge [me] and that’s the objective
really.” Furthermore, the participant expressed that if more sessions had been added he may
have grown tired of the games that he had already played because he had gotten to the highest
level of the game, effectively beating it.

When communicating the possible negatives of this and other robotic devices the
practitioners communicated concerns that patients at times grew bored with traditional
therapies and only wanted to participate in the robotic therapy. And even though robotic
therapy is more than likely beneficial there have been no randomised control trials done with
spinal cord injury to prove its effectiveness. Specifically, the practitioners communicated,
“there are limitations to [the Diego], it’s only working on reach, you have to be able to use
your hand once you reach.”

The practitioners also voiced that the lack of a continuum of a care with the device is
problematic. They stated that the participant was concerned that he would not have access to
the Diego in his next care setting. Additionally, to fully gain the benefit of robotic treatment it
was stated that the whole suite of Tyromotion products would be necessary, which target
various parts of a participant’s anatomy. However, this was perceived to be unrealistic

considering the limited financial resources of the hospital.



Discussion

This study sought to determine how feasible computer assisted robotic therapy is in the acute
rehabilitation setting with individuals with incomplete cervical spinal cord injury. In
answering the question “Can it work?”, based on design principles found in the literature, the
acceptability, demand, implementation and practicality of using such device [15]. The
findings suggest that even though the device shows great promise and generates a tremendous
amount of interest, the practicality in implementing such a device in the acute inpatient
setting can be difficult.

It’s hard to find the time

One of the most difficult aspects of the acute phase of spinal cord injury is intense schedules
of the patients and the practitioners. It is difficult to fit any new treatment in and robotic
therapy is no different [4]. Practitioners indicated that it was difficult to fit the desired
number of sessions into a participant’s schedule and that the length of stay for acute patients
was shorter than anticipated resulting a failure to complete the desired protocol. Furthermore,
post injury individuals need time to recover before participating in treatments due to their
vulnerable nature[24], and some patients do not feel well enough emotionally at this stage to
fully engage in therapy[10]. This further reduces the amount of time that an individual can
participate in treatment in the acute setting because patients start treatment closer to
discharge. Subsequently, such a treatment may be more easily implemented in the
rehabilitation setting where there is larger timeframe to implement therapy. However,
additional evidence supporting the Diego’s implementation in a shorter time frame closer to
injury, may indicate that a shorter treatment program is justifiable and justify the need for the

Diego in the acute setting.



Looking forward to treatment

One of the more positive aspects of the machine was its ability to take advantage of patient’s
competitive nature. The game like nature of computer assisted robotic therapy provided a
unique way to implement a competitive component to acute rehabilitation. This contributes to
other findings that state that athletic identity can play a key role in helping individuals
recover from spinal cord injury[25]. Furthermore, the participant in this study communicated
that the device did well to take advantage of his athletic identity [26].

Furthermore, it is important to motivate patients to participate in treatment at a time
when they may feel unwilling [27]. The device did well to accomplish this in at least one
occasion and it was communicated by the participant that he did look forward to the using the
device over others. However, it cannot be said with certainty that this was due to the device
itself or the individual’s desire to recover. The participant was clear that his biggest
motivating factor in recovering was personal improvement.

Forgetting about the injury

Gamified physical interventions and therapies often serve to increase the engagement of
individuals [28, 29]. However, the extent to which technology facilitates engagement in the
inpatient setting is not well documented[30]. The finding of this study indicated that the
Diego did increase feelings of engagement. The participant and practitioners felt he was able
to do more than he might in traditional therapy in terms of time of therapy and the range of
movement of his limbs. This may have contributed to the devices ability to contribute to
flow, or a participant’s ability to take part in therapy without being mindful of it and losing
track of time and space [31, 32]. Videogames have shown great promise in this area [33],
however this area has not been comprehensively examined regarding robotic therapy. The
findings of this study indicate that CART has a significant ability to enable participants to

become fully immersed in therapy and forget about their injury. This may allow participants



to extend their reach further than they knew was possible and prolong their therapy sessions.
After such accomplishments it was reported that this translated into possible functional gains.

People are interested

The demand for CART is clear, although not articulated in the literature, therapists and
participants are very interested in the possibilities of using robotic therapy. The participants
wanted to continue treatment and the practitioners reported that the demand for such
treatment is prevalent outside of care. However, it was also reported that previous patients
have preferred to only do robotic therapy in leu of more proven treatment. A possible
biproduct of the lure of technology in the modern medical context [34]. Further investigation
would help determine if the demand for robotic therapy is justified over traditional therapies.

Study Limitations

The qualitative nature of this study’s findings limits their generalizability due to lack of
sabermetric properties. Furthermore, although participant and practitioners offered insightful
information, this study’s small sample size limits its rigor and the findings cannot be
attributed uniformly across the populace.

Conclusion

The Diego by Tyromotion is a promising treatment for individuals with incomplete cervical
spinal cord injury in the acute inpatient rehabilitation setting. Initial findings suggest interest
in the machine and indicate more global demand. Interviewees also indicated that CART is
an acceptable treatment and that the Diego might be well suited as an early intervention.
However, implementing a full course of treatment based on the suggested protocol has
proven to be difficult in the acute setting. Initiating treatment is difficult due to the vulnerable
condition of participants and discharge to offsite rehabilitation centers has been quicker than

anticipated. Furthermore, the practicality of the Diego is complicated by it cost ($130,000)



and the time commitment it requires. Justifying its price and gaining ethical approval to

implement such a treatment is difficult due to lack of evidence regarding its beneficence.

Consequently, determining the feasibility of the Diego in the acute rehabilitative
setting has resulted in mixed findings. More rigorous investigation is recommended to justify
the Diego’s use. This may be accomplishable within acute rehabilitation however, an
additional unit placed at the rehabilitation center of discharge might allow a more thorough
investigation and ensure a larger group of participants. In conclusion, CART is an exciting
and innovative treatment modality that presents many potential benefits for individuals
recovering from incomplete cervical spinal cord injury. However, its prohibitive cost and the
time it consumes make justifying the treatment difficult for practitioners. Clear indications of

its benefits may empower therapists both in acquiring and implementing such a therapy.



List of Figures

Figure 1. Tyromotion Diego. Tyromotion.com.

Figure 2. Timeline from ethics through interviews.

Timeline
Ethics Approved Interview with ) )
Start Tyromotion Patient Interview with
Practitioners
S . - o

Initial Assessments
Departing

Ethics Application End Tyromotion Assessments



Figure 3. Positives and Negatives as revealed through thematic analysis. Discussion

and Conclusion.

POSitiVeS \
€8ativeg

=2 0)

References

1. JE ATAH. Spinal cord injury, Australia: summary 2008-09 to 2012-13. Injury
Research and Statistics. 2018;100:53.

2. Bashar J, Hughes CA. Spinal Cord Injury. In: Pendleton HM, Schultz-Krohn W,
editors. Pedretti's Occupational Therapy - E-Book : Practice Skills for Physical
Dysfunction. St Louis, UNITED STATES: Elsevier; 2017.

3. AIHW. Spinal cord injury, Australia 2014-15. Injury Research and Statistics. 2018
16/05/2018:57. English.

4. Zariffa J, Kapadia N, Kramer JLK, et al. Feasibility and efficacy of upper limb robotic
rehabilitation in a subacute cervical spinal cord injury population. Spinal Cord.
2012;50(3):220-226. doi: 10.1038/sc.2011.104.

5. Mehrholz J, Harvey LA, Thomas S, et al. Is body-weight-supported treadmill training
or robotic-assisted gait training superior to overground gait training and other forms
of physiotherapy in people with spinal cord injury? A systematic review. Spinal Cord.
2017;55(8):722-729. doi: 10.1038/sc.2017.31.

6. Holanda LJ, Silva PMM, Amorim TC, et al. Robotic assisted gait as a tool for
rehabilitation of individuals with spinal cord injury: a systematic review. Journal of
neuroengineering and rehabilitation. 2017;14(1):126. doi: 10.1186/s12984-017-0338-
7.

7. Siedziewski L, Schaaf RC, Mount J. Use of robotics in spinal cord injury: a case
report. The American journal of occupational therapy : official publication of the
American Occupational Therapy Association. 2012;66(1):51-58. doi:
10.5014/ajot.2012.000943.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Hornby TG, Zemon DH, Campbell D. Robotic-Assisted, Body-Weight-Supported
Treadmill Training in Individuals Following Motor Incomplete Spinal Cord Injury.
Phys Ther. 2005;85(1):52. doi: 10.1093/ptj/85.1.52.

Frullo JM, Elinger J, Pehlivan AU, et al. Effects of Assist-As-Needed Upper
Extremity Robotic Therapy after Incomplete Spinal Cord Injury: A Parallel-Group
Controlled Trial. Frontiers in Neurorobotics. 2017;11. doi: 10.3389/fnbot.2017.00026.
Suarez NC, Levi R, Bullington J. Regaining health and wellbeing after traumatic
spinal cord injury. J Rehabil Med. 2013 Nov;45(10):1023-7. doi:
https://dx.doi.org/10.2340/16501977-1226. PubMed PMID: 24048205; English.
Post MWM, van Leeuwen CMC. Psychosocial issues in spinal cord injury: a review.
Spinal Cord. 2012;50(5):382-389. doi: 10.1038/sc.2011.182.

Kornhaber R, McLean L, Betihavas V, et al. Resilience and the rehabilitation of adult
spinal cord injury survivors: A qualitative systematic review. Journal of Advanced
Nursing. 2018;74(1):23-33. doi: 10.1111/jan.13396.

Bourke JA, Hay-Smith EJ, Snell DL, et al. Attending to biographical disruption: the
experience of rehabilitation following tetraplegia due to spinal cord injury. Disabil
Rehabil. 2015;37(4):296-303. doi: https://dx.doi.org/10.3109/09638288.2014.918188.
PubMed PMID: 24828314; English.

Rohatinsky N, Goodridge D, Rogers MR, et al. Shifting the balance: conceptualising
empowerment in individuals with spinal cord injury. Health Soc Care Community.
2017 Mar;25(2):769-779. doi: https://dx.doi.org/10.1111/hsc.12370. PubMed PMID:
27400830; English.

Bowen DJP, Kreuter MPMPH, Spring BPA, et al. How We Design Feasibility Studies.
American Journal of Preventive Medicine. 2009;36(5):452-457. doi:
10.1016/j.amepre.2009.02.002.

Baxter P, Jack S. Qualitative case study methodology: Study design and
implementation for novice researchers. The qualitative report. 2008;13(4):544-559.
Creswell JW. Research design: qualitative, quantitative, and mixed methods
approaches. 3rd ed. Thousand Oaks, Calif: Sage Publications; 2009. (Book, Whole).
Yin RK. Designing Case Studies. In: Yin RK, editor. Case study research: design and
methods. 5 ed. Los Angeles: SAGE; 2014. p. 27-69.

Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research
(COREQ): a 32-item checklist for interviews and focus groups. International journal
for quality in health care. 2007;19(6):349-357.

Gagnier JJ, Kienle G, Altman DG, et al. The CARE guidelines: consensus-based
clinical case reporting guideline development. Journal of medical case reports.
2013;7(1):223.

O’Cathain A, Hoddinott P, Lewin S, et al. Maximising the impact of qualitative
research in feasibility studies for randomised controlled trials: guidance for
researchers. Pilot and Feasibility Studies. 2015;1(1):32.

Whittemore R, Chase SK, Mandle CL. Validity in qualitative research. Qual Health
Res. 2001;11(4):522-537.

Magnusson E, Marecek J. Doing interview-based qualitative research: a learner's
guide. Cambridge: Cambridge University Press; 2015. (Book, Whole).

Ide-Okochi A, Yamazaki Y, Tadaka E, et al. Iliness experience of adults with cervical
spinal cord injury in Japan: a qualitative investigation. BMC Public Health. 2013 Jan
24;13:69. doi: https://dx.doi.org/10.1186/1471-2458-13-69. PubMed PMID:
23347726; English.



https://dx.doi.org/10.2340/16501977-1226
https://dx.doi.org/10.3109/09638288.2014.918188
https://dx.doi.org/10.1111/hsc.12370
https://dx.doi.org/10.1186/1471-2458-13-69

25.

26.

27.

28.

29.

30.

Hawkins C, Coffee P, Soundy A. Considering how athletic identity assists adjustment
to spinal cord injury: a qualitative study. Physiotherapy. 2014 Sep;100(3):268-74. doi:
https://dx.doi.org/10.1016/].physi0.2013.09.006. PubMed PMID: 24373892; English.
Machida M, Irwin B, Feltz D. Resilience in competitive athletes with spinal cord
injury: the role of sport participation [Research Support, Non-U.S. Gov't]. Qual
Health Res. 2013 Aug;23(8):1054-65. doi:
https://dx.doi.org/10.1177/1049732313493673. PubMed PMID: 23771633; English.
Parashar D. The trajectory of hope: pathways to find meaning and reconstructing the
self after a spinal cord injury. Spinal Cord. 2015 Jul;53(7):565-8. doi:
https://dx.doi.org/10.1038/sc.2014.228. PubMed PMID: 25535153; English.

Ryan J, Edney S, Maher C. Engagement, compliance and retention with a gamified
online social networking physical activity intervention. Transl Behav Med. 2017
Dec;7(4):702-708. doi: https://dx.doi.org/10.1007/s13142-017-0499-8. PubMed
PMID: 28523603; English.

Cargnin DJ, Cordeiro d'Ornellas M, Cervi Prado AL. A Serious Game for Upper Limb
Stroke Rehabilitation Using Biofeedback and Mirror-Neurons Based Training
[Research Support, Non-U.S. Gov't]. Stud Health Technol Inform. 2015;216:348-52.
PubMed PMID: 26262069; English.

Prey JE, Woollen J, Wilcox L, et al. Patient engagement in the inpatient setting: a
systematic review [Research Support, N.I.H., Extramural

Research Support, U.S. Gov't, P.H.S.
Review]. J Am Med Inform Assoc. 2014 Jul-Aug;21(4):742-50. doi:

31.

32.

33.

https://dx.doi.org/10.1136/amiajnl-2013-002141. PubMed PMID: 24272163; English.
Jacobs K. Flow and the occupational therapy practitioner. The American journal of
occupational therapy : official publication of the American Occupational Therapy
Association. 1994;48(11):989-996. doi: 10.5014/aj0t.48.11.989.

Reid D. Mindfulness and Flow in Occupational Engagement: Presence in Doing.
Canadian Journal of Occupational Therapy. 2011;78(1):50-56. doi:
10.2182/cjot.2011.78.1.7.

Maloney AE, Mellecker R, Buday R, et al. Fun, Flow, and Fitness: Opinions for
Making More Effective Active Videogames [Research Support, N.1.H., Extramural

Research Support, Non-U.S. Gov't]. Games health j. 2015 Feb;4(1):53-7. doi:

34.

https://dx.doi.org/10.1089/94h.2014.0081. PubMed PMID: 26181681; English.
Cohen DJ, Lippert SK. The lure of technology: panacea or pariah? Journal of
Management Education. 1999;23(6):743-746.



https://dx.doi.org/10.1016/j.physio.2013.09.006
https://dx.doi.org/10.1177/1049732313493673
https://dx.doi.org/10.1038/sc.2014.228
https://dx.doi.org/10.1007/s13142-017-0499-8
https://dx.doi.org/10.1136/amiajnl-2013-002141
https://dx.doi.org/10.1089/g4h.2014.0081

Appendices



Journal Submission Guidelines



Running head: ROBOTIC THERAPY & SPINAL CORD INJURY: CAN IT WORK? 52

Instructions for authors

Thank you for choosing to submit your paper to us. These instructions will ensure we
have everything required so your paper can move through peer review, production
and publication smoothly. Please take the time to read and follow them as closely as
possible, as doing so will ensure your paper matches the journal's requirements. For
general guidance on the publication process at Taylor & Francis please visit

our Author Services website.

0ONE MAI

This journal uses ScholarOne Manuscripts (previously Manuscript Central) to peer
review manuscript submissions. Please read the guide for ScholarOne

authors before making a submission. Complete guidelines for preparing and
submitting your manuscript to this journal are provided below.

Contents list

About the journal
Peer review
Preparing your paper

Structure

Word count

Style quidelines
Formatting and templates
References

Editing Services
Checklist

Using third-party material in your paper
Declaration of interest statement

Clinical Trials Reqistry

Complying with ethics of experimentation

Consent

Health and safety

Submitting your paper

Data Sharing Policy

Publication charges

Copyright options

Complying with funding agencies
Open access

My Authored Works

Article reprints



http://authorservices.taylorandfrancis.com/
http://journalauthors.tandf.co.uk/submission/ScholarOne.asp
http://journalauthors.tandf.co.uk/submission/ScholarOne.asp
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#About_the_journal
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#Peer_review
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#Preparing_your_paper
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#Structure
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#Word_count
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#Style_guidelines
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#Formatting_and_templates
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#References
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#editing
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#Checklist
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#Using_third_party_material
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#Disclosure_statement
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#Clinical_Trials_Registry
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#Complying_with_ethics
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#Consent
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#Health_and_safety
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#subs
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#dsp
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#Publication_charges
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#Copyright_options
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#Complying_with_funding_agencies
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#Open_access
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#My_Authored_Works
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&page=instructions#Article_reprints

Running head: ROBOTIC THERAPY & SPINAL CORD INJURY: CAN IT WORK? 53

About the journal

Disability and Rehabilitation is an international, peer reviewed journal, publishing
high-quality, original research. Please see the journal’'s Aims & Scope for information
about its focus and peer-review policy.

From 2018, this journal will be online only, and will no longer provide print copies.
Please note that this journal only publishes manuscripts in English.

Disability and Rehabilitation accepts the following types of article: Reviews,
Research Papers, Case Studies, Perspectives on Rehabilitation, Reports on
Rehabilitation in Practice, Education and Training, and Correspondence. Systematic
Reviews should be submitted as “Review” and Narrative Reviews should be
submitted as “Perspectives in Rehabilitation”.

Special Issues and specific sections on contemporary themes of interest to the
Journal’'s readership are published. Please contact the Editor for more information.

Peer review

Taylor & Francis is committed to peer-review integrity and upholding the highest
standards of review. For submissions to Disability and Rehabilitation authors are
given the option to remain anonymous during the peer-review process. Authors will
be able to indicate whether their paper is ‘Anonymous’ or ‘Not Anonymous’ during
submission, and should pay particular attention to the below:

Authors who wish to remain anonymous should prepare a complete text with
information identifying the author(s) removed. This should be uploaded as the “Main
Document” and will be sent to the referees. A separate title page should be included
providing the full affiliations of all authors. Any acknowledgements and the
Declaration of Interest statement must be included but should be worded mindful that
these sections will be made available to referees.

Authors who wish to be identified should include the name(s) and affiliation(s) of
author(s) on the first page of the manuscript. The complete text should be uploaded
as the “Main Document”.

Once your paper has been assessed for suitability by the editor, it will be peer-
reviewed by independent, anonymous expert referees. Find out more about what to
expect during peer review and read our guidance on publishing ethics.

Preparing your paper

All authors submitting to medicine, biomedicine, health sciences, allied and public
health journals should conform to the Uniform Requirements for Manuscripts
Submitted to Biomedical Journals, prepared by the International Committee of
Medical Journal Editors (ICMJE).
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http://authorservices.taylorandfrancis.com/what-to-expect-during-peer-review/
http://authorservices.taylorandfrancis.com/ethics-for-authors/
http://www.icmje.org/urm_main.html
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We also refer authors to the community standards explicit in the American
Psychological Association's (APA) Ethical Principles of Psychologists and Code of
Conduct.

We encourage authors to be aware of standardised reporting guidelines below when
preparing their manuscripts:

Case reports - CARE

Diagnostic accuracy - STARD

Observational studies - STROBE
Randomized controlled trial - CONSORT
Systematic reviews, meta-analyses - PRISMA

Whilst the use of such guidelines is supported, due to the multi-disciplinary nature of
the Journal, it is not compulsory.

Structure

Your paper should be compiled in the following order: title page; abstract; keywords;
main text, introduction, materials and methods, results, discussion;
acknowledgments; declaration of interest statement; references; appendices (as
appropriate); table(s) with caption(s); figures; figure captions (as a list).

In the main text, an introductory section should state the purpose of the paper and
give a brief account of previous work. New techniques and modifications should be
described concisely but in sufficient detail to permit their evaluation. Standard
methods should simply be referenced. Experimental results should be presented in
the most appropriate form, with sufficient explanation to assist their interpretation;
their discussion should form a distinct section.

Tables and figures should be referred to in text as follows: figure 1, table 1, i.e. lower
case. The place at which a table or figure is to be inserted in the printed text should
be indicated clearly on a manuscript. Each table and/or figure must have a title that
explains its purpose without reference to the text.

The title page should include the full names and affiliations of all authors involved in
the preparation of the manuscript. The corresponding author should be clearly
designated, with full contact information provided for this person.

Word count

Please include a word count for your paper. There is no word limit for papers
submitted to this journal, but succinct and well-constructed papers are preferred.

Style guidelines

Please refer to these style guidelines when preparing your paper, rather than any
published articles or a sample copy.
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http://www.stard-statement.org/
http://strobe-statement.org/
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Please use any spelling consistently throughout your manuscript.

Please use double quotation marks, except where "a quotation is 'within' a
guotation”. Please note that long quotations should be indented without quotation
marks.

For tables and figures, the usual statistical conventions should be used.
Drugs should be referred to by generic names. Trade names of substances, their

sources, and details of manufacturers of scientific instruments should be given only if
the information is important to the evaluation of the experimental data.

Formatting and templates

Papers may be submitted in any standard format, including Word and LaTeX.
Figures should be saved separately from the text. To assist you in preparing your
paper, we provide formatting template(s).

Word templates are available for this journal. Please save the template to your hard
drive, ready for use.

A LaTeX template is available for this journal. Please save the template to your hard
drive, ready for use.

If you are not able to use the templates via the links (or if you have any other
template queries) please contact us here.

References

Please use this reference guide when preparing your paper. An EndNote output
style is also available to assist you.

Taylor & Francis Editing Services

To help you improve your manuscript and prepare it for submission, Taylor & Francis
provides a range of editing services. Choose from options such as English Language
Editing, which will ensure that your article is free of spelling and grammar errors,
Translation, and Artwork Preparation. For more information, including pricing, visit
this website.

Checklist: what to include

1. Author details. Please ensure everyone meeting the International Committee
of Medical Journal Editors (ICIJME) requirements for authorship is included as
an author of your paper. All authors of a manuscript should include their full
name and affiliation on the cover page of the manuscript. Where available,
please also include ORCiDsand social media handles (Facebook, Twitter or
LinkedIn). One author will need to be identified as the corresponding author,
with their email address normally displayed in the article PDF (depending on



http://authorservices.taylorandfrancis.com/formatting-and-templates/
http://www.tandf.co.uk/journals/authors/InteractNLMLaTeX.zip
http://authorservices.taylorandfrancis.com/contact/
http://www.tandf.co.uk/journals/authors/style/reference/tf_NLM.pdf
http://endnote.com/downloads/style/tf-standard-nlm
http://endnote.com/downloads/style/tf-standard-nlm
https://www.tandfeditingservices.com/?utm_source=IDRE&utm_medium=referral&utm_campaign=ifa_standalone
https://www.tandfeditingservices.com/?utm_source=IDRE&utm_medium=referral&utm_campaign=ifa_standalone
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
http://orcid.org/
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the journal) and the online article. Authors’ affiliations are the affiliations where
the research was conducted. If any of the named co-authors moves affiliation
during the peer-review process, the new affiliation can be given as a footnote.
Please note that no changes to affiliation can be made after your paper is
accepted. Read more on authorship.

2. A structured abstract of no more than 200 words. A structured abstract
should cover (in the following order): the purpose of the article, its materials
and methods (the design and methodological procedures used),
the resultsand conclusions (including their relevance to the study of disability
and rehabilitation). Read tips on writing your abstract.

3. You can opt to include a video abstract with your article. Find out how these
can help your work reach a wider audience, and what to think about when
filming.

4. 5-8 keywords. Read making your article more discoverable, including
information on choosing a title and search engine optimization.

5. A feature of this journal is a boxed insert on Implications for Rehabilitation.
This should include between two to four main bullet points drawing out the
implications for rehabilitation for your paper. This should be uploaded as a
separate document.

6. Acknowledgement. Please supply all details required by your funding and
grant-awarding bodies as follows: For single agency grants: This work was
supported by the under Grant . For multiple agency grants: This work was
supported by the under Grant ; under Grant ; and under Grant .

7. Declaration of Interest. This is to acknowledge any financial interest or
benefit that has arisen from the direct applications of your research. Further
guidance on what is a declaration of interest and how to disclose it.

8. Data availability statement. If there is a data set associated with the paper,
please provide information about where the data supporting the results or
analyses presented in the paper can be found. Where applicable, this should
include the hyperlink, DOI or other persistent identifier associated with the
data set(s). Templates are also available to support authors.

9. Data deposition. If you choose to share or make the data underlying the
study open, please deposit your data in a recognized data repository prior to
or at the time of submission. You will be asked to provide the DOI, pre-
reserved DOI, or other persistent identifier for the data set.

10.Supplemental online material. Supplemental material can be a video,
dataset, fileset, sound file or anything which supports (and is pertinent to) your
paper. We publish supplemental material online via Figshare. Find out more
about supplemental material and how to submit it with your article.

11.Figures. Figures should be high quality (1200 dpi for line art, 600 dpi for
grayscale and 300 dpi for colour). Figures should be saved as TIFF,
PostScript or EPS files.

12.Tables. Tables should present new information rather than duplicating what is
in the text. Readers should be able to interpret the table without reference to
the text. Please supply editable files.

13.Equations. If you are submitting your manuscript as a Word document,
please ensure that equations are editable. More information
about mathematical symbols and equations.

14.Units. Please use Sl units (non-italicized).

Using third-party material in your paper


http://authorservices.taylorandfrancis.com/defining-authorship/
http://authorservices.taylorandfrancis.com/abstracts-and-titles/
http://authorservices.taylorandfrancis.com/video-abstracts/
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http://authorservices.taylorandfrancis.com/making-your-article-and-you-more-discoverable/
http://authorservices.taylorandfrancis.com/what-is-a-conflict-of-interest/
http://authorservices.taylorandfrancis.com/what-is-a-conflict-of-interest/
http://authorservices.taylorandfrancis.com/data-availability-statement-templates/
http://authorservices.taylorandfrancis.com/data-repositories/
http://authorservices.taylorandfrancis.com/enhancing-your-article-with-supplemental-material/
http://authorservices.taylorandfrancis.com/mathematical-scripts/
http://www.bipm.org/en/si/
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You must obtain the necessary permission to reuse third-party material in your
article. The use of short extracts of text and some other types of material is usually
permitted, on a limited basis, for the purposes of criticism and review without
securing formal permission. If you wish to include any material in your paper for
which you do not hold copyright, and which is not covered by this informal
agreement, you will need to obtain written permission from the copyright owner prior
to submission. More information on requesting permission to reproduce work(s)
under copyright.

Declaration of Interest Statement

Please include a declaration of interest statement, using the subheading "Declaration
of interest.” If you have no interests to declare, please state this (suggested

wording: The authors report no conflicts of interest). For all NIH/Wellcome-funded
papers, the grant number(s) must be included in the disclosure of interest

statement. Read more on declaring conflicts of interest.

Clinical Trials Registry

In order to be published in a Taylor & Francis journal, all clinical trials must have
been registered in a public repository at the beginning of the research process (prior
to patient enrolment). Trial registration numbers should be included in the abstract,
with full details in the methods section. The registry should be publicly accessible (at
no charge), open to all prospective registrants, and managed by a not-for-profit
organization. For a list of registries that meet these requirements, please visit

the WHO International Clinical Trials Registry Platform (ICTRP). The registration of
all clinical trials facilitates the sharing of information among clinicians, researchers,
and patients, enhances public confidence in research, and is in accordance with

the ICMJE quidelines.

Complying with ethics of experimentation

Please ensure that all research reported in submitted papers has been conducted in
an ethical and responsible manner, and is in full compliance with all relevant codes
of experimentation and legislation. All papers which report in vivo experiments or
clinical trials on humans or animals must include a written statement in the Methods
section. This should explain that all work was conducted with the formal approval of
the local human subject or animal care committees (institutional and national), and
that clinical trials have been registered as legislation requires. Authors who do not
have formal ethics review committees should include a statement that their study
follows the principles of the Declaration of Helsinki.

Consent

All authors are required to follow the ICMJE requirements on privacy and informed
consent from patients and study participants. Please confirm that any patient, service
user, or participant (or that person’s parent or legal guardian) in any research,
experiment, or clinical trial described in your paper has given written consent to the
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http://www.icmje.org/
http://www.wma.net/en/30publications/10policies/b3/index.html
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/protection-of-research-participants.html
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inclusion of material pertaining to themselves, that they acknowledge that they
cannot be identified via the paper; and that you have fully anonymized them. Where
someone is deceased, please ensure you have written consent from the family or
estate. Authors may use this Patient Consent Form, which should be completed,
saved, and sent to the journal if requested.

Health and safety

Please confirm that all mandatory laboratory health and safety procedures have
been complied with in the course of conducting any experimental work reported in
your paper. Please ensure your paper contains all appropriate warnings on any
hazards that may be involved in carrying out the experiments or procedures you
have described, or that may be involved in instructions, materials, or formulae.

Please include all relevant safety precautions; and cite any accepted standard or
code of practice. Authors working in animal science may find it useful to consult

the International Association of Veterinary Editors’ Consensus Author Guidelines on
Animal Ethics and Welfare and Guidelines for the Treatment of Animals in
Behavioural Research and Teaching. When a product has not yet been approved by
an appropriate regulatory body for the use described in your paper, please specify
this, or that the product is still investigational.

Submitting your paper

This journal uses ScholarOne to manage the peer-review process. If you haven't
submitted a paper to this journal before, you will need to create an account in the
submission centre. Please read the guidelines above and then submit your paper in
the relevant Author Centre, where you will find user guides and a helpdesk. By
submitting your paper to Disability and Rehabilitation you are agreeing to originality
checks during the peer-review and production processes.

The Editor of Disability and Rehabilitation will respond to appeals from authors
relating to papers which have been rejected. The author(s) should email the Editor
outlining their concerns and making a case for why their paper should not have been
rejected. The Editor may choose to accept the appeal and secure a further review, or
to not uphold the appeal. In case of the latter, the Editor of Disability and
Rehabilitation: Assistive Technology will be consulted.

On acceptance, we recommend that you keep a copy of your Accepted Manuscript.
Find out more about sharing your work.

Data Sharing Policy

This journal applies the Taylor & Francis Basic Data Sharing Policy. Authors are
encouraged to share or make open the data supporting the results or analyses
presented in their paper where this does not violate the protection of human subjects
or other valid privacy or security concerns.
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https://mc.manuscriptcentral.com/dandr
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Authors are encouraged to deposit the dataset(s) in a recognized data repository
that can mint a persistent digital identifier, preferably a digital object identifier (DOI)
and recognizes a long-term preservation plan. If you are uncertain about where to
deposit your data, please see this information regarding repositories.

Authors are further encouraged to cite any data sets referenced in the article and
provide a Data Availability Statement.

At the point of submission, you will be asked if there is a data set associated with the
paper. If you reply yes, you will be asked to provide the DOI, pre-registered DOI,
hyperlink, or other persistent identifier associated with the data set(s). If you have
selected to provide a pre-registered DOI, please be prepared to share the reviewer
URL associated with your data deposit, upon request by reviewers.

Where one or multiple data sets are associated with a manuscript, these are not
formally peer reviewed as a part of the journal submission process. It is the author’s

responsibility to ensure the soundness of data. Any errors in the data rest solely with
the producers of the data set(s).

Publication charges
There are no submission fees, publication fees or page charges for this journal.

Color figures will be reproduced in color in your online article free of charge.

Copyright options

Copyright allows you to protect your original material, and stop others from using
your work without your permission. Taylor & Francis offers a number of different
license and reuse options, including Creative Commons licenses when publishing
open access. Read more on publishing agreements.

Complying with funding agencies

We will deposit all National Institutes of Health or Wellcome Trust-funded papers into
PubMedCentral on behalf of authors, meeting the requirements of their respective
open access (OA) policies. If this applies to you, please tell our production team
when you receive your article proofs, so we can do this for you. Check funders’ OA
policy mandates here. Find out more about sharing your work.

Open access

This journal gives authors the option to publish open access via our Open Select
publishing program, making it free to access online immediately on publication. Many
funders mandate publishing your research open access; you can check open access
funder policies and mandates here.
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http://authorservices.taylorandfrancis.com/open-access-funder-policies-and-mandates/
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Taylor & Francis Open Select gives you, your institution or funder the option of
paying an article publishing charge (APC) to make an article open access. Please
contact openaccess@tandf.co.uk if you would like to find out more, or go to

our Author Services website.

For more information on license options, embargo periods and APCs for this journal
please go here.

My Authored Works

On publication, you will be able to view, download and check your article’s metrics
(downloads, citations and Altmetric data) via My Authored Works on Taylor & Francis
Online. This is where you can access every article you have published with us, as
well as your free eprints link, so you can quickly and easily share your work with
friends and colleagues.

We are committed to promoting and increasing the visibility of your article. Here are
some tips and ideas on how you can work with us to promote your research.

Article reprints

For enquiries about reprints, please contact the Taylor & Francis Author Services
team at reprints@tandf.co.uk.

Queries

Should you have any queries, please visit our Author Services website or contact
us here.

Updated 23-05-2018
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Ethical Clearances and ANZCTR Number
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Research Office

Kolling Building, Level 13 “!.!“:’—)' Health

Royal North Shore Hospital St Leonards NSW 2065
Tel (02) 9926 4590 Fax (02) 9926 6179 NSW Northern Sydney

covernvent | LOcal Health District
7 May 2018

Emma Tan

Building 30

Royal North Shore Hospital
Reserve Road

St Leonards

NSW, 2065

Dear Emma
NSLHD reference:

Study Title: ‘Evaluation of the Feasibility and Clinical Utility of Computer Assisted Robotic
Devices for Upper Limb Therapy For Patients With Cervical Level Spinal Cord Injuries’

HREC reference: HREC/18/HAWKE/35

Thank you for your letter responding to the Northern Sydney Local Health District HREC's request for
additional information/modification for the above project, which was first considered by the HREC at its
meeting 12 February 2018. This HREC has been accredited by NSW Ministry of Health as a Lead
HREC under the model for single ethical and scientific review and Certified by the NHMRC under the
National model for Harmonisation of Multicentre Ethical Review (HOMER). This lead HREC is
constituted and operates in accordance with the National Health and Medical Research Council’'s
National Statement on Ethical Conduct in Human Research and the CPMP/ICH Note for Guidance on
Good Clinical Practice. No HREC members with a conflict of interest were present for review of this
project.

| am pleased to advise that the Committee at an Executive meeting has granted ethical and scientific
approval of the above single centre project. The HREC were satisfied that this project meets the
requirements of the National Statement.

The project is approved to be conducted at:
O Royal North Shore Hospital

You are reminded that this letter constitutes ETHICAL and SCIENTIFIC approval only. You must
not commence this research project at a site until a completed Site Specific Assessment
Form/Access Request and associated documentation have been submitted to the site Research
Governance Officer and Authorised. A copy of this letter must be forwarded to all site
investigators for submission to the relevant Research Governance Officer.

If a new site(s) is to be added please inform the HREC in writing and submit a Site Specific Assessment
Form (SSA) to the Research Governance Officer at the new site.

The following documentation has been reviewed and approved by the HREC:
Document Version | Date

National Ethics Application Form (NEAF) AU/1/0BA3315 V2.2 24/01/2018
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Invitation Letter V2.0 24/1/18
Participant Information Sheet, Consent Form and Consent V3.0 08/03/18
Revocation Form - PATIENTS

Participant Information Sheet - CLINICIANS V2

Consultant Information Sheet V2.0 08/03/18
Consent Form - CONSULTANT V1.0

Consent Form — CLINICIANS V2

Copy of the research protocol V2 5/12/17
Interview Schedule: PATIENTS V2

Interview Schedule: CLINICIANS V2.0

The following documents have been noted:
The National Ethics Application Form reviewed by the HREC was NEAF AU/1/0BA3315

If the study is aclinical trial, please include the appropriate statement from below. If the study
does not require a CTN, please delete.

Please note that it is the responsibility of the Sponsor to submit the Clinical Trial Notification (CTN) to
the Therapeutic Goods Administration (TGA) online. The Research Office recommends that CTN
submission is completed only once HREC approval and site governance authorisation are granted.

Please note the following conditions of approval:

. HREC approval is valid for 5 years from the date of approval and expires on May 7,
2023. The Coordinating Investigator is required to notify the HREC 6 months prior to this date
if the project is expected to extend beyond the original approval date at which time the HREC
will advise of the requirements for ongoing approval of the study.

. The Co-ordinating Investigator will provide an annual progress report to the Institution
beginning in August 2019 as well as a final study report at the completion of the project using
the template available on the Research Office website. An annual report is due every year on
30 August.

. The Co-ordinating Investigator will immediately report anything which might warrant
review of ethical approval of the project in the specified format, including unforeseen events
that might affect continued ethical acceptability of the project and any complaints made by study
participants regarding the conduct of the study.

. Proposed changes to the research protocol, conduct of the research, or length of HREC
approval will be provided to the HREC for review, in the specified format.

. The HREC will be notified, giving reasons, if the project is discontinued before the
expected date of completion.

. Investigators holding an academic appointment (including conjoint appointments) and
students undertaking a project as part of a university course are advised to contact the relevant
university HREC regarding any additional requirements for the project.

Please note it is the responsibility of the sponsor or the co-ordinating investigator of the project to
register this study on a publicly available online registry (eg Australian New Zealand Clinical Trial
Registry www.anzctr.org.au) if applicable.

Should you have any queries about your project please contact the Research Office, Tel: 9926 4590,
email NSLHD-Research@health.nsw.gov.au.
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Please quote NSLHD reference HREC/18/HAWKE/35 in all correspondence.
The HREC wishes you every success in your research.

Yours sincerely

: \![ W A ! §
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Jodi Humphreys
Research Manager

NORTHERN SYDNEY LOCAL HEALTH DISTRICT .“

Research Office . 7]

Kolling Building, Level 13 ‘l“’, Health

Royal North Shore Hospital St Leonards NSW 2065 ﬁsw Northern Sydney

Tel (02) 9926 4590 Fax (02) 9926 6179 covernvent | LOcal Health District

August 2018

Ms Emma Tan
Royal North Shore Hospital
St Leonards NSW 2065

Dear Ms Tan,

NSLHD reference: RESP/17/361 Title: Evaluation of Feasibility and Clinical Utility of Computer
Assisted Robotic Devices for Upper limb Therapy for Patients with Cervical Level Spinal Cord
Injuries HREC reference: HREC/18/HAWKE/35

Thank you for submitting an application for authorisation of this project. | am pleased to advise
that the delegate of the Chief Executive for Northern Sydney Local Health District has granted
authorisation for the above project to commence at Royal North Shore Hospital.

The version of the SSA reviewed by NSLHD RGO was: AU/2/1BA3312.

Ethical approval for this study was granted by the Northern Sydney Local Health District
HREC at a meeting of the Executive Committee held on 7 May 2018.

The documents authorised for use at this site are:

Document Version Date

National Ethics Application Form AU/1/0BA3315 24 January 2018
24 January 2018
8 March 2018

8 March 2018
22 October 2017
8 March 2018

8 March 2018

8 March 2018

8 March 2018

8 March 2018

5 December 2017
24 January 2018

Invitation Letter
Participant Information Sheet - Patients
Consent Form — Participants

Consent Revocation Form — Patients

Participant Information Sheet — Clinicians

Consent Form — Clinicians

Consultant Information Sheet

Consent Form — Consultant

Consent Revocation Form — Consultant

Research Protocol

NINIEFPIDNDNNNPDN®OWN

Interview Schedule: Patients
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‘ Interview Schedule: Clinicians 2 24 January 2018

The NSLHD RGO Notes:
O CVs - Lisa Benad, Emma Tan, Lynette Mackenzie.

Site authorisation will cease on the date of HREC expiry 7 May 2023.

You are reminded that, in order to comply with the Guidelines for Good Clinical Research
Practice (GCRP) in Australia, and in accordance with additional requirements of NSLHD, the
Chief Investigator is responsible for ensuring the following:

1. The HREC is notified of anything that might warrant review of the ethical approval of the
project, including unforeseen events that might affect the ethical acceptability of the project.

Page 1 of 2

2. The HREC is notified of all Serious Adverse Events (SAEs) or Serious Unexpected Suspected
Adverse Reactions (SUSARS) in accordance with the Serious Adverse Event Reporting
Guidelines.

3. Proposed amendments to the research protocol or conduct of the research which may affect
the ethical acceptability of the project, and are submitted to the lead HREC for review, are
copied to the Research Governance Officer.

4. Proposed amendments to the research protocol or conduct of the research which may affect
the ongoing site acceptability of the project are to be submitted to the Research Governance
Officer.

5. The Institutional annual report for all Human Research is due to the NSLHD Research Office
on the 30 August. In addition, annual report acknowledgment from the Lead HREC should be
submitted to the Research Governance Officer.

Standard forms and additional guidance documents are available on the Research Office
Website:

http://www.nslhd.health.nsw.gov.au/AboutUs/Research/Office

Yours sincerely

; \l[ WIVIRVERS

Jodi Humphreys

Research Manager

Research Office

Northern Sydney Local Health District


http://www.nslhd.health.nsw.gov.au/AboutUs/Research/Office
http://www.nslhd.health.nsw.gov.au/AboutUs/Research/Office
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Thank you for submitting the above trial for inclusion in the Australian New Zealand Clinical Trials
Registry (ANZCTR).

Your trial has now been successfully registered and allocated the ACTRN: ACTRN12618001546246

Web address of your trial: http://www.ANZCTR.org.au/ACTRN12618001546246.aspx
Date submitted: 12/09/2018 9:08:15 PM

Date registered: 17/09/2018 9:08:01 AM

Registered by: Lynette Mackenzie

Principal Investigator: Lynette Mackenzie

If you have already obtained Ethics approval for your trial, please send a copy of at least one Ethics
Committee approval letter to info@actr.org.au or by fax to (+61 2) 9565 1863, attention to ANZCTR.

Note that updates should be made to the registration record as soon as any trial information
changes or new information becomes available. Updates can be made at any time and the quality
and accuracy of the information provided is the responsibility of the trial's primary sponsor or
their representative (the registrant). For instructions on how to update please see
http://www.anzctr.org.au/Support/HowToUpdate.aspx.

Please also note that the original data lodged at the time of trial registration and the tracked history
of any changes made as updates will remain publicly available on the ANZCTR website.

The ANZCTR is recognised as an ICMJE acceptable registry (http://www.icmje.org/faq.pdf) and a
Primary Registry in the WHO registry network
(http://www.who.int/ictrp/network/primary/en/index.html).

If you have any enquiries please send a message to info@actr.org.au or telephone +61 2 9562 5333.

Kind regards,

ANZCTR Staff

T: 46129562 5333

F: +61 2 9565 1863

E: info@actr.org.au

W: www.ANZCTR.org.au

{3ANZCTR

= Australian New Zealand Clinical Trials Registry

A


https://protect-au.mimecast.com/s/jMm-CGvmB5igGAoVfKD3h_?domain=anzctr.org.au
mailto:info@actr.org.au
https://protect-au.mimecast.com/s/dOuxCJyp0qhX5KP7TGqvmR?domain=anzctr.org.au
https://protect-au.mimecast.com/s/7cyPCK1qJZtJm40jt32Th8?domain=icmje.org
https://protect-au.mimecast.com/s/bVm1CL7rK8tv4Q5JcmCW0a?domain=who.int
mailto:info@actr.org.au
mailto:info@actr.org.au
http://www.anzctr.org.au/
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Interview Guides and Consent Form
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Interview Guide

Researchable Question
How does computer assisted robotic intervention influence the acute rehabilitation experience of

people with cervical spinal cord injury?
Introduction
Introduce myself —who | am, why | am there
Gain Consent
Becoming acquainted
Can you tell me about your experience working with patients with spinal cord injury?
How long have you been working here?
Have you worked with robotic therapy before?
Where were you trained?
How did you first find out about the Diego?
Topic One: What were the instructional barriers to implementing such a treatment?
Did you have good support from management?
What were there concerns? Financial, liability etc.
Were your co-workers supportive?
How difficult was ethics?
What would have been helpful during the approval process?
Topic Two: What is the rehabilitation experience like for a person with an SCI?
How was the rehab experience going for the participant involved?
What was challenging for them?
What did they find rewarding?
Were they the typical user?

Topic Three: What influence does utilizing computer assisted robotic intervention have on SCI
rehabilitation.

How do you think the patients therapy changed after using the Diego?
Was anything challenging?
Is there anything about Diego that you really like?
Are there things about Diego that you dislike?

What were the main strengths of the Diego?



Running head: ROBOTIC THERAPY & SPINAL CORD INJURY: CAN IT WORK? 70

How the Diego assisted with your day to day work on the ward?
What challenges were there?
Topic four: How feasible is using the device in the acute setting?
What do you feel like the demand is for such a device? (from patients, yourselves etc)
What was the process of implementation like?
Were you able to facilitate the treatment as planned?
How practical was using the device?
Did you have enough time and resources?
How comfortable would you be asking for the money to buy one?
Conclusion
If you have the opportunity would you continue to use the Diego for UL therapy?
Any other general advice or comments about the project going forward?
Created by:
Aram Simsar

Associate Investigator
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Interview Guide

Cervical Spinal Cord Injury and Computer Assisted Robotic Therapy: Interpreting User Experience in
Acute Rehabilitation

Researchable Question

How does computer assisted robotic intervention influence the acute rehabilitation experience of
people with cervical spinal cord injury?

Introduction

Introduce myself —who | am, why | am there
Explain the study — what we are assessing, how it will help
Gain Consent

Becoming acquainted

| would like to learn about your life can you tell me a little about yourself?
What is your family like? Siblings, Children, Parents, Partner
What do you like to do in your free time? Sports, video games, music, tv, movies
Where do you live? City or Rural, House or apartment

Topic One: What is the experience of person with a cervical spinal cord injury like in the acute
rehabilitation setting?

| am a little curious about what your day is like, can you tell me what about that?
What are your mornings like?
What do you do between meals?
Who do you see on a regular basis?
Do your really look forward to anything?
Do your really dread anything?
Topic Two: What is the rehabilitation experience like for a person with an SCI?

| am interested in how your rehab has gone so far, can you tell me how physio and OT
sessions have been going?

Is there anything that has been difficult for you?
Are there things that are easier than others?

Are there activities you find more useful than others?
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Topic Three: What influence does utilizing computer assisted robotic intervention have on SCI
rehabilitation.

Can you tell me how your experience with Diego has been going?
What is it like using Diego?
Is there anything about Diego that you really like?
Are there things about Diego that you dislike?

How do you feel using Diego compares to doing other rehab activities?

Conclusion

Is there anything you would like to add questions we just went over?
Are there any questions you have for me?

Is there anything else you think we should cover?

Created by:

Aram Simsar

Associate Investigator
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u “' » THE UNIVERSITY OF
Health 2
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GOVERNMENT Local Health District

10.

PARTICIPANT CONSENT FORM

Pilot Study to Investigate the Feasibility and Clinical Utility of Computer Assisted Robotic
Devices for Upper Limb Therapy For Patients With Cervical Level Spinal Cord Injuries

agree to participate as a subject in the study described in the participant information
statement attached to this form.

I acknowledge that | have read the participant information statement, which explains
why | have been selected, the aims of the study and the nature and the possible risks of
the investigation, and the statement has been explained to me to my satisfaction.

Before signing this consent form, | have been given the opportunity of asking any
questions relating to any possible physical and mental harm I might suffer as a result of
my participation and | have received satisfactory answers.

I understand that | can withdraw from the study at any time without prejudice to my
relationship to The University of Sydney or Royal North Shore Hospital.

| agree that research data gathered from the results of the study may be published,
provided that | cannot be identified.

I understand that if | have any questions relating to my participation in this research, |
may contact Emma Tan or Lisa Benad on telephone 94632737, who will be happy to
answer them.

I acknowledge receipt of a copy of this Consent Form and the Participant Information
Statement.

I understand that if I consent to participate in the therapy program I can cease
participation at any time if 1 do not wish to continue and the information provided will
not be included in the study.

I understand that if | consent to an interview | can stop the interview at any time if I do
not wish to continue, the audio recording will be erased and the information provided
will not be included in the study.

| consent to:
e Implementation of an upper limb therapy program YES O NO O
« Participation in an interview YES O NO 0O

e Audio-recording YES O NO 0O
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« Receiving Feedback YES O NO 0O

If you answered YES to the “Receiving Feedback” question, please provide your details
i.e. mailing address, email address.

Feedback Option

Address:

Email:

Complaints may be directed to The Research Ethics Manager, Kollings Institute/Northern
Sydney Local Health District who is the person nominated to receive complaints from research
participants. You should contact them on 9926 4592 and quote [HREC project number].

Signature of subject Please PRINT name Date

Signature of investigator  Please PRINT name Date
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