
Page 1/16

Developing Guiding Principles for technology-based
rehabilitation program by engaging people with
tetraplegia
Alison Bell  (  Alison.Bell@jefferson.edu )

Thomas Jefferson University
Namrata Grampurohit 

Thomas Jefferson University
Gabrielle Kains 

Goldstar Rehabilitation
Ralph J. Marino 

Thomas Jefferson University

Research Article

Keywords: Tetraplegia, Spinal Cord Injury, Neurologic Rehabilitation, Qualitative Research, Upper
Extremity, Technology

Posted Date: May 19th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1651053/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1651053/v1
mailto:Alison.Bell@jefferson.edu
https://doi.org/10.21203/rs.3.rs-1651053/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/16

Abstract
Background: Technology-aided rehabilitation is well established in the �eld of neurologic rehabilitation.
Despite the widespread availability, the development of technology-based interventions that incorporate
perspectives of the people who will use them is lacking.

Objectives: The purpose of the qualitative study is to understand how people with spinal cord injury view
rehabilitation technology to inform future intervention development.

Methods: Seven participants with chronic upper extremity impairment due to spinal cord
injury/dysfunction trialed �ve rehabilitation technology devices. After 30-45 minutes of equipment use
participants engaged in a semi-structured interview. Interviews were analyzed using a qualitative
approach to explore the experience using rehabilitation technology and understand features that support
future use.

Results: Qualitative analysis revealed three major themes: 1) Devices must be �exible to meet diverse
needs; 2) Intervention protocols must be individualized to address unique needs and contexts of users; 3)
Intervention protocols should be developed and updated by a skilled clinician. These themes and
subthemes were used to describe guiding principles to inform future intervention design

Conclusion: The experiences of people with spinal cord injury can be elicited throughout the intervention
design process and guiding principles for protocol design can be developed systematically. The �ndings
can inform future development of technology-aided rehabilitation in people with tetraplegia.

Clinical trials registration number: NCT04000256

Background
Upper extremity paralysis is a consequence of cervical spinal cord injury (SCI) and a high treatment
priority for individuals with tetraplegia(1, 2). Rehabilitation focusing on high-intensity activity-based
interventions is well established to improve upper extremity function in people with SCI (3). Technology-
aided activity-based rehabilitation holds great potential for people with neurologic conditions by
improving adherence through increased user motivation during training (4). While multiple reviews
support the use of technology-aided rehabilitation, its use has not been widely integrated into clinical
practice(5–7). Slow uptake of rehabilitation technology can result in clinicians not recommending or
developing technology-aided home programs. Individuals with SCI can bene�t from technology-aided
rehabilitation treatment programs for therapeutic bene�ts that are guided by clinician input (1).

Best practice in the development of rehabilitation technologies and treatment programs includes listening
to the voices of people with SCI (4, 8). However, this step is often missing from research reports and is a
barrier to successful clinical practice implementation of the intervention (9). Engaging the people who will
use the intervention early in the design process can allow researchers to understand the priorities and
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needs for the intervention and allow for the development of meaningful interventions that promote
adherence (10).

The person-based approach to intervention design incorporates perspectives of the people who will use
an intervention, attempting to understand their needs, priorities, and contexts (10). The process guides
researchers to hear the participants' perspectives through formal qualitative inquiry as the �rst step in
intervention design (10). Our team has adopted the person-based approach to develop a technology-
based upper extremity intervention program for home use. Our team aims to design a low-cost protocol
that supports high adherence. This paper presents the �ndings of the qualitative inquiry and presents the
guiding principles and key features of a home-based technology-aided activity rehabilitation program,
focusing on the facilitators of home use, based on the experiences of people with chronic tetraplegia.

Methods
This research study uses a descriptive phenomenology approach to understand the experiences of people
with tetraplegia using the technology. Semi-structured qualitative interviews were conducted with
individuals with SCI over several visits as they used �ve different rehabilitation devices. Thomas
Jefferson University’s Institutional Review Board approved the study. All participants provided informed
consent prior to start of the study. The protocol was registered on ClinicalTrials.gov (NCT04000256) The
study was conducted between March 2019 and March 2020.

Participants
Purposeful sampling was used. Subjects were recruited via �yers posted through the Regional Spinal
Cord Injury Center of the Delaware Valley and included traumatic and nontraumatic injuries. Subjects
were compensated $50 per visit for participation. Participants were screened using the following criteria.

Inclusion criteria:

Motor incomplete cervical SCI, neurologic levels C1-C7

At least one arm with active shoulder �exion (reach with gravity eliminated) and at least one grasp
pattern or able to move �ngers

At least six months post-injury

At least one arm with greater than 50% normal passive range of motion in all upper limb joints,
excluding the interphalangeal joints of the �ngers

Medically stable with no contraindications to the activities or to sitting

18 years of age or older and English speaking

Exclusion criteria:

Uncontrolled pain in the upper limbs
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Upper extremity amputations

Unable to commit to at least three visits

Surgical procedures (e.g., tendon transfers) or orthopedic trauma (e.g., fracture) within the past three
months

Mechanical ventilation

Other neurological conditions

Procedure
Each participant completed up to eight sessions in a research laboratory. The �rst session was general
intake that included demographic information, interview of activities they were interested in working on
and standardized measures of upper extremity function. In the subsequent sessions they trialed devices
under the direction and supervision of an occupational therapist and occupational therapy student.
Device trials lasted about 30–45 minutes. After each device trial, the participants engaged in a semi-
structured interview that was audio-recorded. The devices selected for trial were all commercially
available, lower cost and hypothesized to �t in a person’s home environment. These properties were
chosen based on the goal to develop a lower cost home based intervention.

Devices trialed included the SaeboRejoyce Rehabilitation System (Saebo, Charlotte, NC), Neofect
Pegboard (Neofect, San Francisco, CA), Neofect Smart Glove (Neofect, San Francisco, CA), Therapy
Mouse (LiteGait, Tempe, AZ), and Recovery Rapids (Games That Move You, Columbus, OH). The
SaeboRejoyce Rehabilitation System is an arm workstation that interacts with games loaded onto a
computer. The workstation includes gross motor and �ne motor manipulation tasks that are unimanual
and bimanual. The Neofect Pegboard is a digital pegboard that provides gami�ed training through visual
and auditory feedback before and after peg placement. The pegs and digital pegboards include options
for different pinch patterns, such as different shaped pegs and pegs of varying diameter. Cognitively
complex patterns and shapes for the pegs can be selected. The Neofect Smart Glove includes a passive
exoskeleton that extends over the forearm, wrist, and digits to measure movement with an accelerometer
and bending sensor. The exoskeleton interacts with games loaded onto a computer. The Therapy Mouse
is a small square-shaped wireless mouse that can be placed on different objects using Velcro to elicit the
desired movement patterns for rehabilitation programs. The Therapy Mouse can interact with any
computer as a standard mouse. The mouse was placed on objects such as a ball, cup, glass, stick, elastic
band around the arm, and a bolster for bimanual practice. BigFish Online Games (Big Fish Games,
Seattle, WA) were used with the mouse for this study. Recovery Rapids is a video game used with
Microsoft Kinect (Microsoft Corp., Redmond, WA) and detects upper extremity movements for unimanual
and bimanual raft simulation games.

Semi-structured interview questions
The focus of inquiry was the features and factors that would support interest and ability to use rather
than identifying the best device. Study investigator and another occupational therapy student interviewed
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participants. Field notes were taken during the interviews. The questions were based on the Technology
Acceptance Model (TAM) (11) and developed by the research team with input from one individual with
SCI (Table 1). TAM aims to describe how and when users will use a new technology based on perceived
usefulness and perceived ease of use (11). These factors in�uence attitudes and the intention to use the
technology, affecting the technology's ultimate acceptance or actual use (12). The model is well
established in health care (12) and aligns well with the person-based approach to intervention design
with a shared focus on the eventual user of the technology or intervention. Questions were all followed
with additional probes such as ‘why do you say that’ or ‘can you tell me more’ to explore the experience
and allow participants to elaborate on their responses.

Table 1
Semi-Structured Interview Questions

Focus Question

Motivation • Do you �nd this system/training fun?

• Does this system/training capture your attention?

Engagement • Does this system/training keep you engaged throughout the session?

Challenge • Does this system/training offer a challenge for you?

• Is it too easy? What can make it di�cult?

• Is it too hard? What can make it easy?

Limitation • Does the system/training target the limitations in movement you experience?

• Does the system/training miss any important training components?

Feasibility at
home

• Would you use this system/training at home?

• What challenges do you see with this system/training at home?

• What advantages do you see with this system/training at home?

• What about the time needed to do the training? How can you make time for
this?

• What about space? Do you have space for this?

• What about interruptions in the home?

• What about internet or power connection for the system?

General probes • Tell me more

• Can you give an example?

• Can you explain this more?

Research team and re�exivity
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The research team include authors and research assistants. NG has formal research training in
qualitative methodology and intervention design. AB is a clinician with advanced practice knowledge and
education in SCI rehabilitation. GK completed her clinical doctoral training in the research lab with NG.
RM is a physician and researcher with extensive experience in SCI care and research. All authors and
research assistance identify as female, except RM, who identi�es as male. The interview and coding team
had no prior interaction with study participants.

AB and NG completed the coding and thematic analysis. Regularly research meetings were held to review
the data and re�ect on impressions. Field notes and memos were used during the data collection and
analysis process. Both researchers engaged in bracketing to address concerns that researcher’s
experience with SCI and rehabilitation technology may in�uence objectivity in the code and theme
generation. Bracketing is a qualitative research method where researchers acknowledge and document
any preconceptions (13). Both NG and AB developed a diary entry of initial preconceived notions about
the data and updated the diary during the data collection and analysis to acknowledge when their
preconceptions may differ from the data. These re�ections were discussed as part of the research
meetings.

Trustworthiness
Strategies to ensure the trustworthiness of the study were employed throughout the research process.
During the data collection phase, triangulation was addressed by allowing each participant to trial
multiple devices, the data was collected over a period of weeks for each participant, and �eldnotes were
taken by the interview teams. The data analysis stage included the use of two coders reviewing the data
independently and together and regular research meetings to review re�ections, observations and memos
from the coding process. An audit trail is available that include the code book, resolved memos, notes on
theme development, audio of interviews and transcripts of these interviews. Themes were con�rmed via
member checking with one participant, who endorsed all themes.

Analysis
All interviews were audio-recorded and transcribed verbatim by a research assistant and then audited by
a second assistant for accuracy. Total interview length for participants ranged from 41–64 minutes
(mean = 51 minutes). The data was analyzed using a general inductive qualitative approach (14). The
general inductive approach to qualitative inquiry is guided by the research objective, in this case the
desire to understand guiding principles for a technology based intervention for home use. The �ndings
arise from the raw data, however, are in�uenced by the research question. This approach follows a �ve
step process that includes cleaning the data, close reading of the text, code generation, code revision and
�nally re�nement to major categories (14).

Transcripts were uploaded into Dedoose version 8.3.47b (15) and reviewed by the authors (AB and NG).
Initial codes were developed in tandem. Code development was guided by the close reading of the
transcripts and the research objective. A codebook was created and maintained with de�nitions,
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quali�cations, and exclusions. After the initial codebook development, researchers coded transcripts
individually and then reviewed for agreement between the coders (consensus). Regular research meetings
occurred to discuss and resolve any coding con�icts and add and revise codes or subcodes to the
codebook. After 42% of the interviews were coded with consensus established, only one researcher coded
the remaining transcripts. Research meetings continued to discuss additions or changes to the codebook.
Data saturation was de�ned as no new codes emerged during the analysis. After coding four subject’s
interviews, additions to the codebook were only subcodes and full saturation was seen after coding of six
of seven subject interviews.

Final themes and the development of guiding principles were discussed and agreed upon by the research
team.

Results
Ten people contacted the research team to engage in the study. Two were unable to participate due to
scheduling con�icts, and one did not meet inclusion criteria. Seven people met inclusion criteria and
participated in the study (Table 2).

Table 2
Participant demographics

  Participant Age Category/

Gender

Years since injury Neurological

level /AIS grade

J01 50–59/F 1–5 C4/D

J02 20–29/M 10–15 C5/C

J03 40–45/F 10–15 C6/D

J04 40–45/F 16+ C6/C

J05 50–59/F 1–5 C4/Non-traumatic

J06 30–39/M 1–5 C5/C

J07 30–39/M 10–15 C8/C

Theme 1: Devices must be �exible to meet diverse needs
The diverse needs of users were most apparent when considering that no one device was universally
described as positive or negative, suggesting that any device recommended for use must meet a wide
range of needs, capabilities, and interests. The quotes from �ve participants describing the same device,
the Neofect Pegboard, in very different ways support this theme.

"The pegboard is extremely repetitive that you're doing the exact same things. You're just grasping a peg
and putting it in a hole regardless of what the gameplay is" J07
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"I like the fact that you can play different games with it and it challenges your memorization skills" J05

"I think the pegboard would just become boring" J03

"… you're not doing the same thing every day. I think that's when it kind of gets boring, when you're doing
the exact same thing everyday. So this way you would have an ability to change it up" J01

“it was fun because I knew I was getting something out of it that was gonna bene�t me” J06

Within this theme, four sub themes of ability to address multiple treatment targets, just right challenge,
gami�cation and cognitive challenge were found.

Multiple Treatment Targets
The intention to use the device and enjoyment was linked to the ability use it in different ways.
Throughout the interview, respondents identi�ed devices and games as positive when they challenged
multiple treatment targets (such as shoulder, cardiovascular endurance, or hand function)

“I would spend a lot of time using this because just with the mouse you can target anything you want to
target….I would do that a lot because …those muscles are really weak for me so.” J02

“The Rejoyce was de�nitely more fun. Just because their graphics and a whole variety of ways that you’re
using it, you know, different…. The squeezing, the turning, pinching the key turning thing. There’s just a
whole lot more to do with it” J03.

When the device was described as only addressing one treatment area, the intention to use was limited
because it was perceived as less engaging.

“The ones that incorporated more than a singular movement got more fun to me…but the ones that did
not were pretty boring” J07

Just right challenge
The need for a just-right challenge was described by all participants. When the challenge was just above
their current abilities, participants described the device positively.

“It totally kept me engaged because I had to actually challenge myself to move my hand to do the actual
movements in the game. And sometimes my hand just didn’t want to work the way I wanted it too.” J05

A lack of �t between the di�culty and their current functional level resulted in a negative experience using
the devices.

“It wasn’t really too hard to use. So I just went through it just to get it done; It wasn’t that fun. The games
are easy to use” J06
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“It’s just hard for me to use…[I’d] probably give up after not working for a while” J06

Gami�cation
Gami�cation is the use of game experiences to engage or motivate the user. Participants consistently
identi�ed the competitive environment of scoring points or beating levels as motivators to continue
training. Or improve performance from previous trials as positive features.

“When you mess up, it’s like ‘Oh, my God. Now let’s do this again. Let’s do this again. I know I can do it, I
know I can do it.’ So it keeps you engaged as you want to do better. You don’t want the lower score on the
system...you want to be one of the high scores” J05

“The reporting at the end is very interesting. Because then you can kind of see how you’re improving. I’m a
competitive person so that makes it a little more interesting than just doing exercise” J01

The ability to play in the game environment was a positive aspect of the technology devices.

“It does challenge you, but it does it in a more playful manner that you don’t realize you’re doing it.
Because you’re looking at the game and more so competing with the game and so it’s more like you’re
doing it and don’t realize you’re doing it” J05

Cognitive Challenge
Participants largely enjoyed the addition of a cognitive challenge, even if they did not identify cognition
as a goal. Cognitive challenges were available in puzzle games or as part of sequence and timing of
game interaction.

"I like the ones that are cognitive along with it because then I don't even realize I'm moving my wrist
because I'm working on the challenge" J01

Theme 2: Intervention protocols must be individualized to address unique needs and contexts of the
users

Participants had unique rehabilitation priorities and varied contexts that included families and the
availability of care partners. Users described the in�uence of contextual factors such as engaging family
and caregiver assistance as important reasons why they would choose whether to use a device. Within
this theme, sub themes of individualized goal areas, desire to use independently and desire to use device
for more than just therapy were seen.

Individualized goal areas
The alignment between the device’s ability to target their treatment priorities was a major factor in
willingness to use at home. Participants all spoke of their individual rehabilitation needs and identi�ed
when a system would be able to target their treatment needs. The ability to target their needs in�uenced
their intent to use the device. There was a large range in treatment needs that ranged from goals like
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strengthen or stretching to general �ne motor goals to activity-based goals like writing. Some spoke
explicitly about needing to tailor any program to their own speci�c therapy goals.

“I thought it did give me the chance to kind of work on the �ne motor skills so I think that was helpful and
it would probably be good for, for me when it comes to things like writing legibly and typing” J04

One participant identi�ed that he didn’t have any goal areas he would work on with the device and despite
having positive experiences using, clearly identi�ed that he wouldn’t use it

“[I would use] if I were like fresh out of inpatient and still working on recovery and hadn’t really plateaued
at what my ability is. But for me personally, since I’m kind of like at the top of what my ability is capable
of, I probably would not” J07

Desire to use independently
Participants identi�ed the ability to set up and use on their own as an essential factor. Devices that users
could set up and use independently were devices that users reported they would use at home.

"That’s the aspect I was looking at it for. Being able to move my arms on my own and at my own pace,
without having to ask somebody" J05

"I'd use this, this one at home. Yeah. Just because it is smaller. It's easier to set up. I could do it myself ”
J04

In contrast, devices with more complex set up were unlikely to be used, even if they were engaging.

“I’m afraid that someone who is not a professional would not be able to put [the device] on…and when
you think about the expense, I don’t know how feasible that kind of technology is even though it’s fun”
J04

Four out of seven participants discussed using the device in alternate ways to ful�ll other roles like
student, worker, parent, or grandparent. Engaging younger family members in the gaming was a frequent
comment,

"I can also see me doing this with my granddaughter on my lap. And us doing it together" J05

"I think my son would de�nitely be interested in trying and maybe we could challenge each other" J03

One device has clear uses beyond therapy gaming. Participants expressed the desire to use the device for
more than just a therapy program and include as part of their daily activities.

"I could use [it] for everything. I could use it both functionally and for fun. I could do games and work” J03

Theme 3: Intervention protocols should be developed and updated by a skilled clinician.
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Only 1 participant said a device could replace therapy. The remaining participants wanted therapists to
develop and update the intervention program they used at home.

"Maybe having a therapist run through it one time with somebody. Just so they're using all the features.
But I think there's a real value in doing a circle back, you know after a couple weeks, after they're using it.
And I think that would hold true with any of the equipment' J01

Six out of seven participants were concerned about maintaining �delity in their treatment program.
Participants could clearly describe ways to compensate and ‘cheat’ the rehabilitation program and
expressed value in having therapists develop and update a treatment program.

"One thing I did notice since it's a lot of shoulders, especially in the beginning, I could hear my OT saying
to me "Don’t chicken wing” and I felt myself starting to chicken wing” J01

“With the mouse it’s really up to you and your therapists or whatever to make sure you’re targeting exactly
what you want to target J02

There are no sub themes in this category.

Developing Guiding Principles
Using the themes and subthemes, guiding principles for a technology-based upper extremity intervention
program for home use were developed. In the person-based approach, guiding principles consist of two
parts. The intervention design objectives describe what the intervention will address and key features that
describe how those objectives are achieved. The intervention design objectives align with the themes of
the qualitative inquiry and subthemes inform the key features. The goal of the qualitative inquiry was to
summarize the features of the intervention to optimize the acceptability of the intervention and describe
the key ingredients (Table 3).
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Discussion
This study identi�ed the characteristics of technology-based interventions that are important for people
with SCI. Using the person based approach to intervention design as the �rst step in the intervention
design process allows the priorities and perspectives of the person with tetraplegia to guide the
development process. The guiding principles, developed through careful analysis of the data, provide a
framework to build interventions that are feasible in the home environment and most likely to support
adherence at the high dosing necessary for neuroplastic changes (16)

Understanding key features of technology aided programs is of particular interest as the technology
availability continues to evolve. For example, the Nintendo Wii (Nintendo, Kyoto, Japan) is well studied as
a technology aid to rehabilitation; however, the product is no longer supported by the manufacture. In a
recent review of home-based interventions for neurologic UE, only 65% of studied devices were
commercially available (17). The changing landscape requires researchers and clinicians to routinely
evaluate a device's features to determine if it is a good match. Understanding the perspective of the
consumer will provide a better ability of all to make informed technology decisions.

Table 3
Guiding Principles

Intervention Design Objectives Key Features

Identify devices that meet diverse needs • Device has capacity for multiple treatment
targets (e.g., shoulder, elbow, wrist, hand)

• System offers multiple levels of challenge

• Game based strategies included in intervention

• Cognitive challenges included in gaming
options

Intervention protocols must be individualized to
address unique needs and contexts of the users

• Goal setting is part of intervention design
process

• Users should be independent with set up and
use of equipment

• Opportunities for use with family members
should be considered

Engage skilled clinicians to develop, monitor and
update treatment programs.

• Individualized plan should be developed by
skilled therapist

• Training may include adaptive equipment to
facilitate independence with use of equipment

• Programs should be monitored to ensure
correct application (avoid compensations)

• Programs should be routinely updated
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A person-based approach is vital to ensure the best use of limited resources. As described by the
participants, resources include time in their habits and routines, family member supports, and �nances.
While cost is a well-described barrier to technology use for people with SCI (18), our subjects did not
identify cost as a barrier (Two participants did identify one device they thought would be expensive but
did not identify this as a barrier). This may be due to the efforts on the researchers to �nd lower cost
devices for trial or that cost was not speci�ed for the participants. The in�uence of other resources, most
often family members for support, were frequently identi�ed. However, our participants reported care
partners would be able to help, even if they preferred to do it independently.

The results of this study are consistent with the work of other researchers. Standen (19) explored the
facilitators and barriers to home-based use of a low-cost virtual reality system for people with stroke. This
work identi�ed the need for assistance as a barrier for adherence and use of this device in the home and
is consistent with our study that identi�ed the ability to set up and use independently as a critical
consideration in the desire to use at home. Moineau (20) introduced a functional electrical stimulation
device to clinicians and people with SCI and stroke, though, participants were not able to trial. Their
qualitative exploration results were similar in that end-users described the interaction between their own
physical and mental characteristics that would in�uence technology bene�t and their willingness to use.
Additionally, the study participants also expressed the need for training and follow-up with a clinician.

Of interest, study subjects consistently and accurately described positive features of devices as those
that align with motor learning principles such as need for high repetition, feedback, individualized plans
that were engaging (16). Participants consistently identi�ed the need for high repetitions, a fun game that
engaged them in the experience, need for feedback on performance, and interaction that could be
customized to their needs and simulate the tasks that were their personal goals. This alignment in key
features between users' desires and best practice is encouraging for developing a successful home-based
intervention that is feasible, acceptable, and effective for people with tetraplegia.

All participants had internet access, and this did not present as a barrier. This is consistent with other
work showing people with spinal cord injury regularly access the internet (21, 22) and embedding
rehabilitation into this established context would not create additional hardships.

Limitations
This study was limited by a small sample limited to a single geographic area. While data was obtained
through multiple interviews with different devices, the only type of data was interview transcriptions.
Future work in this area could be enhanced by employing additional strategies to ensure dependability,
including returning transcripts to participants for review and enhanced member checking.

Conclusion
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The engagement of individuals with SCI through a systematic qualitative process helped describe the
guiding principles that will inform the development of a future home-based technology-aided intervention.
The features that will support adherence are described and future intervention design trials can be
informed by the perspectives of those who will use the intervention.

Abbreviations
SCI
Spinal cord injury
TAM
Technology Acceptance Model

Declarations
Ethics

All parts of the study were conducted following the ethical procedures approved by the Thomas Jefferson
University Institutional Review Board. All participants provided informed consent prior to the study.

Consent for publication: Not applicable

Availability of data and materials 

Audio recordings and interview transcripts are not available for review to protect the participants
identities. 

Competing interests

All authors report no con�ict of interest

Funding

 This work was supported by the National Institute on Disability and Rehabilitation Research to the
Regional Spinal Cord Injury Center of the Delaware Valley (PI Ralph Marino) under Grant 90SI5024

Authors contributions

AB: Participated in the analysis and interpretation of the data; Participated in manuscript preparation

NG: Participation in conceptualization of the research design, data collection, analysis and interpretation.
Participated in manuscript preparation

RM: Participated in the conceptualization of the research design and manuscript preparation

GK: Participated in the data collection and manuscript preparation



Page 15/16

Acknowledgements: We thank the graduate assistants in the Department of Occupational Therapy,
Thomas Jefferson University, Philadelphia, PA for their help with the study.

References
1. Anderson KD. Targeting recovery: priorities of the spinal cord-injured population. J Neurotrauma.

2004 Oct;21(10):1371–83.

2. Anderson KD. Consideration of user priorities when developing neural prosthetics. J Neural Eng. 2009
Oct;6(5):055003.

3. Lynskey JV, Belanger A, Jung R. Activity-dependent plasticity in spinal cord injury. J Rehabil Res Dev.
2008;45(2):229–40.

4. Perry JC, Andureu J, Cavallaro FI, Veneman J, Carmien S, Keller T. Effective Game use in
Neurorehabilitation: User-Centered Perspectives. In: Felicia P, editor. Handbook of Research on
Improving Learning and Motivation through Educational Games: Multidisciplinary Approaches. IGI
Global; 2011. p. 683–725.

5. Langan J, Subryan H, Nwogu I, Cavuoto L. Reported use of technology in stroke rehabilitation by
physical and occupational therapists. Disabil Rehabil Assist Technol. 2018;13(7):641–7.

�. Hochstenbach-Waelen A, Seelen HAM. Embracing change: practical and theoretical considerations
for successful implementation of technology assisting upper limb training in stroke. J Neuroeng
Rehabil. 2012 Aug 2;9:52.

7. Auchstaetter N, Luc J, Lukye S, Lynd K, Schemenauer S, Whittaker M, et al. Physical therapists’ use of
functional electrical stimulation for clients with stroke: frequency, barriers, and facilitators. Phys
Ther. 2016 Jul;96(7):995–1005.

�. Pearson A, Wiechula R, Court A, Lockwood C. The JBI model of evidence-based healthcare.

9. Musselman KE, Shah M, Zariffa J. Rehabilitation technologies and interventions for individuals with
spinal cord injury: translational potential of current trends. J Neuroeng Rehabil. 2018 May
16;15(1):40.

10. Yardley L, Morrison L, Bradbury K, Muller I. The person-based approach to intervention development:
application to digital health-related behavior change interventions. J Med Internet Res. 2015 Jan
30;17(1):e30.

11. Davis FD. Perceived Usefulness, Perceived Ease of Use, and User Acceptance of Information
Technology. MIS Quarterly. 1989 Sep;13(3):319.

12. Holden RJ, Karsh B-T. The technology acceptance model: its past and its future in health care. J
Biomed Inform. 2010 Feb;43(1):159–72.

13. Tufford L, Newman P. Bracketing in Qualitative Research. Qualitative Social Work. 2012 Jan
1;11(1):80–96.

14. Thomas DR. A general inductive approach for analyzing qualitative evaluation data. American
Journal of Evaluation. 2006 Jun 1;27(2):237–46.



Page 16/16

15. SocioCultural Research Consultants, LLC. Dedoose Version 8.3.47b, web application for managing,
analyzing, and presenting qualitative and mixed method research data [Internet]. Los Angeles, CA:
SocioCultural Research Consultants, LLC; 2016 [cited 2021 Jun 17]. Available from:
http://dedoose.com

1�. Nielsen JB, Willerslev-Olsen M, Christiansen L, Lundbye-Jensen J, Lorentzen J. Science-based
neurorehabilitation: recommendations for neurorehabilitation from basic science. J Mot Behav.
2015;47(1):7–17.

17. Bell A, Grampurohit N, Marino RJ, Duff S, Kaplan G, Calhoun Thielen C, et al. Home Activity-based
Interventions for the Neurologically Impaired Upper Extremity: A Scoping Review. Home Health Care
Manag Pract. 2020 Sep 24;108482232095383.

1�. Boninger M, French J, Abbas J, Nagy L, Ferguson-Pell M, Taylor SJ, et al. Technology for mobility in
SCI 10 years from now. Spinal Cord. 2012 May;50(5):358–63.

19. Standen PJ, Threapleton K, Connell L, Richardson A, Brown DJ, Battersby S, et al. Patients’ use of a
home-based virtual reality system to provide rehabilitation of the upper limb following stroke. Phys
Ther. 2015 Mar;95(3):350–9.

20. Moineau B, Myers M, Ali SS, Popovic MR, Hitzig SL. End-user and clinician perspectives on the
viability of wearable functional electrical stimulation garments after stroke and spinal cord injury.
Disabil Rehabil Assist Technol. 2021 Apr;16(3):241–50.

21. Post MWM, Leenders JMP, Tepper M, Snoek GJ, ALLRISC, van der Woude LHV, et al. Computer and
internet use among people with long-standing spinal cord injury: a cross-sectional survey in the
Netherlands. Spinal Cord. 2019 May;57(5):396–403.

22. Goodman N, Jette AM, Houlihan B, Williams S. Computer and internet use by persons after traumatic
spinal cord injury. Arch Phys Med Rehabil. 2008 Aug;89(8):1492–8.


