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Abstract

Background: Electronic health records (EHRs) have the potential to facilitate consistent clinical data capture to support
excellence in patient care, quality improvement, and knowledge generation. Despite widespread EHR use, the vision to transform
health care system and its data to a "learning health care system" generating knowledge from real-world data is limited by the
lack of consistent, structured clinical data.

Objective: The purpose of this paper was to demonstrate the design of a web-based structured clinical intervention data capture
system and its evaluation in practice. The use case was ambulatory physical therapy (PT) treatment after total knee replacement
(TKR), one of the most common and costly procedures today.

Methods: To identify the PT intervention type and intensity (or dose) used to treat patients with knee arthritis following TKR,
an iterative user-centered design process refined an initial list of PT interventions generated during preliminary chart reviews.
Input from practicing physical therapists and national and international experts refined and categorized the interventions. Next,
a web-based, hierarchical structured system for intervention and intensity documentation was designed and deployed.

Results: The PT documentation system was implemented by 114 physical therapists agreeing to record all interventions at
patient visits. Data for 161 patients with 2615 PT visits were entered by 83 physical therapists. No technical problems with data
entry were reported, and data entry required less than 2 minutes per visit. A total of 42 (2%) interventions could not be categorized
and were recorded using free text.

Conclusions: The use of user-centered design principles provides a road map for developing clinically feasible data capture
systems that employ structured collection of uniform data for use by multiple practitioners across institutions to complement and
augment existing EHRs. Secondarily, these data can be analyzed to define best practices and disseminate knowledge to practice.
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Introduction

The health care system in the United States has moved
aggressively in the last decade to the use of electronic health
records (EHRs). A primary goal driving the transition to an
EHR is the EHR’s potential to facilitate consistent data capture
to support patient care and quality improvement in health care
[1,2]. Moreover, routine collection of clinical data, in
conjunction with insurance claims data, has the potential to
enhance comparative effectiveness research (CER), all leading
to improved patient outcomes. "Pragmatic trials" using
real-world evidence from EHRs can include many more diverse
individuals recruited from real-world settings and can assess
the interventions provided during standard clinical care. In
contrast, the usefulness of traditional randomized controlled
trials has been limited by the relatively small study sample sizes,
the tightly controlled inclusion and exclusion criteria of
participants, and the tightly regimented interventions tested
[3,4]. The realization of this vision will transform the clinical
care system to a “learning health care system” to generate new
knowledge from real-world data, while providing optimal care
to today’s patients. In contrast to this vision, data regarding the
EHR’s ability to improve clinical care, clinical research, and
ultimately patient outcomes are limited. Bartlett et al [5] report
that only 15% of US-based clinical trials published in 2017 in
high-impact journals could be replicated using data found in
EHRs or claims data. The investigators note that fewer than
40% of the reported interventions studied in randomized
controlled trials could be assessed using EHR data. The authors
suggest that improved EHR systems with predefined, consistent
data capture might enhance the ability to study interventions
via EHRs.

As an example, osteoarthritis (OA) is the most common
disabling condition in the United States, and knee OA is among
the most prevalent OAs [6,7]. When knee OA symptoms persist
despite medical care and physical therapy (PT), total knee
replacement (TKR) surgery is commonly elected. However,
limited CER evidence exists to define the components of optimal
post-TKR PT to achieve peak knee performance and physical
function. A 2018 retrospective study [8] of PT paper records
from patients seen at home or in ambulatory settings found that
of 156 records available for review, only 112 provided sufficient
intervention details to assess the quality of even a portion of
the interventions. Review of those records revealed that
interventions varied widely among physical therapists, with
only 5 exercises reported in more than 50% of the records.
Review also suggested that dosage of strengthening exercises
might be inadequate to derive a physiological response.
However, documentation was limited by incompleteness,
illegibility, lack of consistent vocabulary, and the use of jargon.

Beyond incomplete and inconsistent EHR documentation,
generalizable research requires integrating data across locations

and time. Today’s EHRs vary in structure, functions, and their
ability to capture structured data and extract and integrate
existing data. Inconsistent discrete variable definitions, broad
use of free-text fields, and limited embedded technical functions
to identify post-TKR patients and extract data are barriers [2].
Today’s PT practices use EHRs to serve billing and
administrative functions, but nonstructured treatment notes
persist and perpetuate the challenge of using real-world data to
define optimal PT practice in patients post TKR.

The purpose of this paper is to demonstrate the ability of a
user-designed, web-based data capture system to track detailed,
complete, and quantifiable PT interventions in patients following
TKR to serve CER. This paper presents the development,
deployment, and assessment of a structured data capture system
for physical therapists treating patients in any ambulatory setting
following TKR. The future goal of this data capture system is
to describe and quantify the interventions provided by physical
therapists to patients in all ambulatory care settings after TKR,
in preparation for a pragmatic study to determine the PT
interventions associated with optimal functional outcomes.
Although the data capture system presented in this paper is
designed for the specific patient population with knee OA post
TKR surgery, albeit one that constitutes a large proportion of
ambulatory PT care, we believe the existing system can be
applied to many patient populations with minor modifications.
More importantly, this paper offers design principles and a road
map for developing clinically feasible web-based data capture
systems that employ a structured collection of uniform clinical
data, allowing use by multiple practitioners across institutions
to complement and augment existing EHRs.

Methods

Ethics Approval
This research was approved by the Human Subjects Review
Board at the University of Massachusetts Chan Medical School
(H00012294_19).

Patient Involvement
Development of an interoperable data capture system involved
the following two distinct tasks proceeding in parallel: (1)
identification of the relevant content to be captured for a
thorough description of the PT intervention and (2) construction
of a user-friendly, Health Insurance Portability and
Accountability Act (HIPAA) Privacy Rule–compliant web-based
data capture method for use across diverse PT practices. The
following section presents these two tasks separately.

Content Development
To identify the PT intervention content to be captured, we used
an iterative user-centered design process building on the initial
list of treatments generated during our retrospective chart
review. The original list of interventions identified by chart
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review was entered into a Microsoft Excel spreadsheet and
provided to 7 physical therapists and PT interns at 4 ambulatory
PT clinics. The clinics were located in geographic regions that
were different from those of clinics used in the original study.
The 7 physical therapists and interns were asked to record their
interventions on the spreadsheet and to add any interventions
they used that were not listed on the spreadsheet. The original
list of interventions was revised using the comments from the
new set of users.

The revised list was then sent to 4 nationally recognized experts
in PT post TKR care. These experts were asked to review the
list of interventions and revise them as needed. All 4 experts
shared the list with at least one practicing clinician for additional
input. We interviewed all 4 national experts to review their
comments and suggestions. The suggestions were compiled in
the next version of the intervention list and returned to the
national experts for further comment. Another round of revisions
occurred. These revisions included dividing the list of
interventions into 8 distinct categories. Finally, the next version
of the intervention list was sent to 2 international physical
therapist experts. They reviewed the list of interventions and
discussed their suggestions in a series of 2 conference calls with
the investigators. These discussions included suggestions on
how to describe intensity and dosage. The investigators

incorporated the suggestions and developed a final menu of
possible interventions that could be provided by a physical
therapist in an ambulatory setting to patients post TKR.

The process of review and revision took approximately one year
to complete and resulted in a list of 141 interventions organized
in 8 categories. Each intervention included additional parameters
used to describe dosage and intensity. A file of intervention
definitions was also generated, so clinicians could recognize an
intervention by the definition, regardless of the name of the
intervention (Multimedia Appendix 1).

Informatics Development
The primary purpose of this research was to validate and refine,
as needed, the PT intervention documentation system prior to
future integration with EHRs. Because this documentation would
supplement the existing PT EHR system, efficient
documentation and ease of use were priorities. The informatics
team identified a HIPAA-compliant web-based software
(Quickbase) that can capture discrete PT interventions and
intensity details. Priority features included (1) secure and simple
log-in and patient registration for PT efficiency and (2)
hierarchical documentation structure to allow the physical
therapist to quickly review the 8 categories and select
interventions within only the relevant categories for each PT
visit (Figure 1).

Figure 1. Sample structure of web-based physical therapy intervention capture system.
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Log-in and Patient Registration
Each physical therapist is assigned a unique log-in account and
the password is updated every 60 days for data security purpose.
The home page of the system includes an “Add New Patient”
button from which the physical therapist enters basic patient
information to register a new patient. The system automatically
generates a unique ID for each patient.

Intervention: Hierarchical Documentation of
Interventions and Intensity
Once a patient is registered in the system, an “Add Visit” button
is displayed on the patient record. The physical therapist can
add as many PT visits as needed for one patient, and each visit
is assigned a record ID as well. On each visit page, the visit

date and the interventions provided by the physical therapist
are entered. The intervention data collection is structured by
category. For each of the 8 categories, the physical therapist
selects interventions from the list within the relevant category.
Once the intervention is selected, repetitions, sets, resistance,
and other related fields appear for data entry (Figure 2). A
complex branching logic was built to support the entry screen
that displays or hides the data fields for each selected
intervention. This hierarchical structure provides an efficient
and organized user interface for detailed and accurate
intervention documentation.

The workflow for the physical therapist entering documentation
data into the system is listed in Figure 3. This process exactly
parallels how the EHR fits into the PT clinical workflow.

Figure 2. Data entry fields for physical therapy intervention intensity details, including repetitions, sets, resistance, and other related options.

Figure 3. Workflow for physical therapist entering physical therapy intervention documentation.
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System Deployment
We deployed the data capture system in 8 PT practices with 33
different office sites; 3 practices were located in central
Massachusetts, 1 in Rhode Island, and 4 in southeastern
Pennsylvania. A total of 107 physical therapists and 7 physical
therapist assistants who treat patients post TKR at these practices
agreed to document in the intervention system at each patient
visit. Each physical therapist agreed to help identify eligible
patients, complete a brief survey describing his or her
educational and professional background, and enter the complete
intervention data for every visit for up to 5 enrolled patients.
Participating practices were reimbursed US $50 for each
completed patient record documenting the content of each PT
visit. Each participating physical therapist attended one or two
45-minute web-based training sessions to learn about the study
and to learn how to use the data capture system.

Assessment
The clinical feasibility of the data capture system was assessed
in multiple ways. Therapists could contact IT support if they
experienced problems with the website or technical difficulties
in entering data. System function was assessed by the number
and type of IT support contacts during the study. Physical
therapists were also instructed to use a “Clinical Notes” text
box in the data capture system to identify any interventions they
used but were unable to find in the intervention menus.
Therapists could also use the text box to add additional
information that they wished to include for daily documentation.
At least two trained PT reviewers reviewed the “Clinical Notes”
text boxes to determine if they contained (1) additional
information about interventions already included in the menus,
(2) interventions that were available in the menu but not entered,
or (3) interventions not represented in the menus. To evaluate
the completeness of the documentation system, we identified
the frequency of visits in which the text box was used, the
frequency of visits where interventions were identified in the
clinical texts but not entered in the menus, and the number of
physical therapists associated with these texts. We also

determined how often interventions listed in the text box were
unavailable in the menus.

Statistical Methods
We used descriptive analysis of aggregate data on the use of
the PT data reporting system. No other statistical analyses were
used.

Results

Content and Informatics Development
The final post-TKR PT intervention system is a web-based,
menu-driven data collection system using a HIPAA-compliant
platform. Interventions are organized into 8 categories, each
with its own drop-down menu. The categories include the
following: strengthening exercises; flexibility exercises; aerobic
exercises; balance, mobility, and agility; task-specific training;
manual therapy; modalities; and patient education. The number
of possible interventions varied within each of these categories
from a high of 62 possible knee or hip strengthening
interventions to a low of 6 possible patient education
interventions. Within each intervention, additional drop-down
menus appear to describe dose and intensity of each intervention.

The original menus included 141 interventions; however, after
monitoring the “Clinical Notes” text boxes for approximately
two months, two additional interventions (n=143) were added
to the menus, and definitions for 3 interventions were revised
for clarity.

System Deployment
A total of 107 therapists and 7 physical therapist assistants were
trained in data entry. Over a period of approximately two years,
data for 161 patients with 2615 patient visits were entered by
83 physical therapists or physical therapist assistants. Only
therapists and assistants treating participating patients with new
unilateral TKRs during the study recruitment period entered
data. The characteristics of the participating patients are reported
in Table 1 and are consistent with the national averages of
patients receiving TKR.

Table 1. Patient characteristics (N=161).

ValuesCharacteristics

66 (8.4)Age (years), mean (SD)

108 (67)Female, n (%)

30.4 (5.4)BMI, mean (SD)

15.8 (9.8)Visits, mean (SD)

42 (26.1)Side of surgery (right), n (%)a

aA total of 81 (50.2%) cases were unspecified.

Assessment
No technical problems with the data capture system were
reported over that period, and therapists noted that data entry
was quick and easy, typically taking less than 2 minutes. When
therapists had questions about how to enter individual
interventions, support was provided to help them locate the
intervention in the menu. Questions regarding interventions

were infrequent and usually occurred on first attempts to enter
data.

A total of 47 (57%) physical therapists used the “Clinical Notes”
text box at least once to describe or list at least one intervention
or to add assessment data for a daily note. Investigator review
found clinical notes from 16% (428/2615) of visits’ listed
interventions. Thus, 84% (n=2187) of total PT visits documented
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all interventions using existing system categories. The most
common reason (162 visits, 6.2%) for including interventions
in the text box was that the therapist exceeded the maximum
allowable number (ie, 10) of strengthening exercises. In 262
(10%) visits, the physical therapist listed interventions in the
text box that were available in the intervention menus, but the
therapist did not choose from the menu. A total of 42 (2%) visits
included interventions in the text box that were not available in
the menus. In these 42 visits, there were only 5 unique
interventions not available in the menus.

Discussion

Principal Findings
In this paper we demonstrate that it is possible to develop a
structured, menu-driven data capture system to collect detailed,
discrete, and quantifiable intervention data across multiple
physical therapists and practice sites in patients post TKR. The
system was technically reliable with no reported technical
difficulties. The system’s usability is supported by the
longitudinal documentation of post-TKR sessions by 83 physical
therapists or physical therapist assistants across diverse PT
practices. The users noted that data entry was easy and quick.
One user noted that it was easier than the clinic’s own EHR.

A total of 16% (428/2615) of visits included text to describe
PT interventions, but much of the text provided additional
information about the patient encounter, such as objective
measures of outcomes. Some of the data entries listed
interventions that were available in the intervention menus that
the physical therapist had not identified. One reason for this
was that the system imposed a maximum of 10 interventions
for the strengthening exercise category. Removing this limit
will eliminate the need to document more exercises in text.
Some physical therapists listed interventions that they had not
found in the menus, although those interventions were available.
More extensive training of the users to ensure that they are
familiar with all intervention menus will further minimize the
need for text entry. In only 42 (2%) of over 2600 PT visits, there
were new interventions listed in the text box that were not
included in the menus. If our future outcome analyses find that
any of these interventions are associated with positive outcomes,
they can easily be added to the menus. Overall, fewer than 2%
of the thousands of visits included an intervention that was not
included in the documentation system.

Prusaczyk et al [9] suggest that complex interventions may be
assessed through the use of EHRs if assessors evaluate all the
data found in the record including open text extraction.
However, wide application of open text extraction is challenged
by the absence of a common vocabulary across treatment sites
and the common use of jargon. Further, our preliminary research
found that physical therapists did not document all interventions,
compromising the use of text extraction [8]. The use of the
EHRs for clinical research or quality improvement assessments
of daily practice requires that uniform data are collected using
a structured format.

It is important to note that the extensive list of interventions in
our data capture system was designed to provide an exhaustive

list of any conceivable intervention that a physical therapist or
physical therapist assistant might use with a patient post TKR.
The ultimate goal of our study is to identify those interventions
and treatment factors that are associated with greatest knee
performance and functional outcomes. These analyses are
ongoing. After those interventions and factors are identified,
the data capture system can be simplified and tailored to
facilitate the application of the preferred interventions. For
example, the most commonly used interventions can be listed
first. In addition, a future iteration of the system can incorporate
real-time clinical decision support principles to encourage
physical therapists to adopt interventions associated with optimal
outcomes or to advance intensity and repetitions. Despite the
use of our exhaustive list of interventions, the users estimated
that the time for data entry was approximately 2 minutes per
visit. The proposed future enhancements may further improve
upon the documentation efficiency and add clinical value
through recording comprehensive and specific intervention
details. Last, the structure and content could be integrated with
existing PT EHRs to eliminate the second log-in and assure no
redundancy exists between the administrative EHR functions
and consistent PT intervention documentation.

The ability to successfully capture detailed intervention data
representing real-world evidence, across multiple sites and
providers, enhances the potential of future CER to identify best
PT practices. The current data capture system can be readily
adapted for use in many populations receiving PT, where care
is known to exhibit significant unexplained practice variation.
Importantly, we believe that the framework we used to develop
this data capture system can be applied across the health care
system, with a priority on treatments for which additional
comparative effectiveness evidence is needed. Our data capture
system was successful for several reasons. The data capture
system was intended to capture relevant and detailed clinical
data. Although the intervention data could easily be mapped
onto reimbursement algorithms for billing purposes, its primary
focus was clinical applications. Additionally, the system was
designed by individuals familiar with the health services being
provided, so the information gathered was consistent with
clinical practice. The process of identifying the data to be
captured was iterative, involving a broader review by more
potential users at each level. Finally, a dictionary of clinical
interventions was generated to ensure the collection of uniform
data.

Limitations and Future Considerations
The data collection system described in this paper is a prototype;
it is not integrated into any health system’s electronic medical
record. Future studies will assess its effectiveness and efficiency
in the real world by integrating it into existing EHRs. Although
almost 100 clinicians entered data collected from over 160
patients, testing will be improved by increasing the number of
therapists entering data and the number of patients whose data
are recorded. Finally, some therapists did not use the available
menus effectively. Improved training for clinicians and their
use of the data capture system over an extended period will
improve their ability to use the system effectively and
efficiently.
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In conclusion, we have demonstrated that a structured data
capture system to collect detailed quantifiable intervention data
from multiple physical therapists at multiple sites is feasible
and effective. Development of the system required involvement
of potential end users and broad review to ensure the collection
of a uniform yet complete data set. We believe this approach
can be used by multiple health care disciplines to develop data

capture systems that produce real-world evidence, suitable for
quality improvement processes as well as for comparative
effectiveness and outcomes research. In the future, clinical
registries and EHRs can adopt structured health intervention
documentation taxonomies, such as we describe, to assure
complete, consistent real-world evidence to accelerate the
potential for learning health systems
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Abstract

Background: Executive functions are essential for independently navigating nearly all of our daily activities. Executive
dysfunction often occurs as a result of a neurodevelopmental disorder. Persons with executive dysfunction experience challenges
regarding independent execution of daily tasks. Social robots might support persons with executive dysfunction to execute daily
tasks and promote their feeling of independence.

Objective: This study aimed to study the impact of interacting with social robot Tessa on goal attainment in the execution of
daily tasks and perceived independence of persons with executive dysfunction.

Methods: In this multiple-case study, 18 participant–caregiver couples were followed up while using Tessa in the home
environment for 3 months. Goal attainment on independently performing a self-determined goal was measured by the Goal
Attainment Scale, and participant–caregiver couples were interviewed about their experience with their interaction with Tessa
and how they perceived Tessa’s impact on their independence.

Results: In total, 11 (61%) participants reached their goal after 6 weeks and maintained their goal after 3 months. During the
study period, 2 participant–caregiver couples withdrew because of mismatch with Tessa. Participants set goals in the following
domains: execution of household tasks; intake of food, water, or medication; being ready in time for an appointment; going to
bed or getting out of bed on time; personal care; and exercise. Participants perceived that Tessa increased the feeling of independence
by generating more structure, stimulation, and self-direction. Participant–caregiver couples reported that the auditive information
provided by Tessa was more effective in coping with executive dysfunction compared to their initial approaches using visual
information, and the use of Tessa had a positive impact on their relationship.

Conclusions: This study paid ample time and attention to the implementation of a social robot in daily care practice. The
encouraging findings support the use of social robot Tessa for the execution of daily tasks and increasing independence of persons
with executive dysfunction in disability care.

(JMIR Rehabil Assist Technol 2022;9(4):e41313)   doi:10.2196/41313

KEYWORDS

executive dysfunction; disability care; social robots; assistive technology; independence; daily tasks; executive function;
rehabilitation; disability support; daily care; implementation
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Introduction

Executive Dysfunction
Executive functions are the controlling mechanisms of the brain
and enable us to plan, focus attention, remember instructions,
and initiate and manage multiple tasks [1]. Executive function
is defined as “the overarching regulation of goal-directed,
future-oriented, higher-order cognitive processes” [2]. Executive
functions are needed for goal-oriented behavior and responding
to novel situations or solving problems [3]. They are essential
for independently navigating nearly all of our daily activities.
Executive dysfunction often occurs as a result of a
neurodevelopmental disorder [4-6]. Persons with executive
dysfunction experience problems with organizing and planning,
such as being on time for appointments, executing household
chores, and remembering and transferring information [7].
Executive dysfunction may also have a significant emotional
impact and can lead to stress and feelings of anxiety, frustration,
and embarrassment [8]. Moreover, executive abilities are linked
with functions essential for independently executing daily tasks
[9,10]. As such, executive dysfunction may impact the feeling
of independence in daily life [3].

Technology to Increase Independence
Technology is increasingly used in disability care [11]. It can
improve planning and memory among persons with executive
dysfunction and might support the execution of daily tasks
[12-14]. For example, Desideri et al [13] found that mobile
devices and apps help to self-monitor attention-related behaviors
while performing a task. Other studies showed that technology
can be an important asset for optimizing independence for
persons with acquired brain injury or intellectual disability
[15,16]. Remote support services and smart home systems were
found to promote independent living and enable persons to lead
self-determined lives. A focus group of persons with intellectual
disability, their relatives, and professional caregivers expressed
that eHealth applications increased independence and provided
more efficient support for daily functioning of persons with
intellectual disability [17].

Social Robots
A social robot is a specific kind of technology that has been
investigated in older persons but can also be of interest for
persons with executive dysfunction in disability care. Among
older individuals with or without dementia, the advantages of
social robots are reported in relation to self-reliance, security,
and emotional well-being [18]. In disability care, social robots
have been a topic of interest but are mainly implemented and
researched among children with autism spectrum disorder to
train social behavior [19]. Recently, there has been an increasing
focus on the use of social robots for adults with intellectual
disabilities [20,21]. These studies report preliminary positive
effects, mainly on engagement, which Shukla et al [21] defined

as “the process by which individuals involved in an interaction
start, maintain and end their perceived connection to one
another.”

Tessa is a social robot that has been developed in the
Netherlands for and in co-creation with persons with executive
dysfunction. Tessa is a low-complexity, easy-to-use robot with
agenda functionalities. This study in everyday care practice
examines the effect of Tessa on execution of daily tasks and
perceived independence, focused on persons with self-reported
executive dysfunction in disability care. The following research
questions will be answered: (1) Do participants attain their goals
on execution of daily tasks by interacting with Tessa? (2) How
did the participants experience the interaction with Tessa and
perceive her impact on their independence?

Methods

Design and Participants
In this multiple-case study, participant–caregiver couples were
recruited via purposive sampling from a Dutch disability care
organization. Persons with self-reported executive dysfunction
and their professional caregivers were recruited through (1) a
web-based advertisement on the intranet for employees of the
care organization, (2) innovation experts within the care
organization, and (3) word of mouth among colleagues. Persons
expressing a care need regarding executive dysfunction were
eligible to take part in the study when they (1) received care
(either inpatient or ambulatory) from the care organization, (2)
had legal capacity and were aged 18 years or older, (3) were
able to follow verbal instructions, and (4) understood the Dutch
language. Participants used Tessa in their home environment
for 3 months. The participant–caregiver couple was assessed at
3 time points: at the start before using Tessa (T0), halfway after
using Tessa for 1.5 months (T1), and at the end of the study
period (T2).

Ethical Considerations
This study was exempted from ethical approval by the Medical
Ethical Review Committee of Utrecht (19/549). Participants
were provided verbal and written information about the study,
and informed consent was obtained prior to start of the study.

Materials and Procedure
Tessa is a social robot with a design that resembles a flowerpot
and has a height of 30 cm, blinking light-emitting diode–lit
eyes, and a female voice (see Figure 1). It is designed to take
in a cozy presence in the daily living spaces of its users. Tessa
runs on electricity and functions via Wi-Fi connection. She
provides vocal reminders of activities, tasks, or tips at a preset
time to activate and support persons with executive dysfunction.
Such notifications are custom programmed in a personal web
app account, for which no broad digital skills are necessary.
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Figure 1. Social robot Tessa provides vocal reminders and tips at a preset time to activate and support persons with executive dysfunction in their daily
activities and tasks.

Social robot Tessa is distinctive from other technologies with
similar purposes (eg, digital boards and apps on smartphones
or tablets) because reminders are provided in the form of
auditive instead of visual information. Participants of this study
were interested in testing Tessa because Tessa fit their needs of
receiving auditive information, which was confirmed by their
caregivers.

In this study, participants used Tessa in their home environment
for a period of 3 months. The researchers (KvD or RR) met with
the participants at the aforementioned 3 time points during this
period.

In this first visit, the following activities were carried out: (1)
the researcher installed Tessa and trained the
participant–caregiver couple to use it; (2) the
participant–caregiver couple decided on a goal that was to be
monitored during the study period, using the Goal Attainment
Scale (GAS; see below); together with the researcher, they drew
up the notifications belonging to this goal and programmed
Tessa’s web app; (3) the participant–caregiver couples were
interviewed about their expectations of using Tessa; and (4) the
researcher instructed the participant–caregiver couples that in
the following 3 months, they were free to change or add
notifications (those related to the monitored goal or to additional
goals) and that they could contact a help desk provided by the
researchers in case of questions or requests for help in between
contact moments.

Further, the researchers monitored a dashboard to determine
whether the Tessas were active on the internet. In case a Tessa
was offline for a period longer than 24 hours, the researchers
contacted the corresponding participant–caregiver couple.

Outcome Measures

Characteristics of Participants and Caregivers
Demographic characteristics of both participants (age, sex, and
living situation) and caregivers (sex and occupation) and type
of disability of the participants were assessed at T0.

Goal Attainment
The effect of using Tessa on independently performing a daily
task was measured using the GAS [22]. At T0, each
participant–caregiver couple chose 1 goal to be monitored during
the research period. The researcher formulated this goal into
attainment levels (decline; baseline; progress, but less than the
goal; goal—see examples of the levels of attainment in Table
1) in agreement with the participant–caregiver couple. At T1
and T2, self-reported attainment of the goal was scored in
accordance with the GAS (see scoring of goal attainment in
Table 1). To gain insight on additional goals for which Tessa
was used, we examined scripts containing the messages that the
participant–caregiver couple placed in Tessa’s web app during
the study period. Additional goals were not monitored.
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Table 1. Goal attainment levels in the Goal Attainment scale, scoring, and example attainment levels of a goal (drinking 4 glasses of water in a day).

DefinitionAttainmentaScore

There is a decline compared to baseline: “Participant drinks less than two glasses of water (0.8
litres) in a day”

Decline–1

There is no change compared to baseline: “Participant drinks two glasses of water (0.8 litres) in
a day”

Baseline0

There is progress, but the goal has not been attained: “Participant drinks more than two glasses,
but less than four glasses (0.8-1.2 litres) of water in a day”

Progress, but less than goal+1

The goal has been attained: “Participant drinks four glasses of water (1.2 litres) in a day”Goal+2

aTwo levels of the original Goal Attainment Scale were excluded (ie, “more than goal,” and “much more than goal”), as they were not applicable to the
majority of the goals set and monitored in this study.

Participants’ Experiences and Perceived Impact on
Independence
Participants were interviewed face to face at 3 time points: at
T0 to focus on their expectations and at T1 and T2 to focus on
their experiences of using Tessa. The main questions at T0 were
the following: (1) “Why do you want to use Tessa?” (2) “How
do you think Tessa will help you? What do you think will
change compared to your current situation? And how would
you feel about that?” The main questions asked at T1 and T2
were the following: (1) “Does Tessa help you in your daily life?
And how and why is that?” (2) “Do you experience any changes
since you started using Tessa? And how does that make you
feel?” (3) “What do you like about Tessa and what do you not
like?” (4) “How do you feel about Tessa reminding you of things
compared to other people reminding you about them?”
Participants were supported by their caregiver in verbally
indicating their answers when needed. Caregivers shared their
own insights after the participants had shared theirs. Interviews
had a duration from 20 to 60 minutes each.

Data Analysis
Data were pseudonymized and safely stored on a secure server.
Descriptive statistics (frequencies and means) were used to
describe the sample and GAS scores. Participants’ goals were
grouped and assigned to domains. Semistructured interviews
were audio recorded and transcribed verbatim with the use of
pseudonyms. Data were managed with the use of Atlas.ti
(version 8.4.20; ATLAS.ti Scientific Software Development
GmbH) and coded separately by 2 researchers (KvD and RR).
They conducted thematic analysis as an iterative process of
familiarization with the data, generating initial codes, searching
for and reviewing themes, and defining and naming themes
[23]. Codes and themes were discussed between the 2
researchers and a third researcher (MG) until consensus was
reached.

Results

Overview
All results are visually summarized in Figure 2.

Figure 2. Overview of findings.
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Participants
In total, 18 participant–caregiver couples participated in the
study (see Table 2). In 3 cases, a caregiver dropped out of the
study owing to long-term absence or sickness. In these
situations, another caregiver was asked to participate in the

study. In total, 2 of 18 participant–caregiver couples withdrew
early on during the study period because the participant
experienced irritation or stress as a reaction to Tessa instead of
feeling motivated by her. Complete data were obtained for the
remaining 16 participant–caregiver couples.

Table 2. Characteristics of participants and caregivers.

ValuesCharacteristics

Participants (n=18)

41 (18-63)Age (years), mean (range)

Sex, n (%)

10 (56)Male

8 (44)Female

Disability, n (%)

11 (61)Acquired brain injury

4 (22)Mild intellectual disability

3 (17)Autism spectrum disorder

Type of care, n (%)

8 (44)Inpatient care

10 (56)Ambulatory care

Caregivers (n=17)a

Sex, n (%)

4 (24)Male

13 (76)Female

Occupation, n (%)

8 (47)Inpatient caregiver

7 (41)Ambulatory caregiver

2 (12)Cognitive therapist

aOne caregiver participated with 2 participants.

Use and Acceptance of Tessa
The Tessa account of 3 participants was offline for a short
period. Two participants did not use Tessa during the Christmas
holidays—one for 1 week and the other for 2 weeks. One other
participant did not use Tessa for 1 week owing to personal
reasons. The Tessa accounts of all other participants were
continuously in use throughout the study period.

Acceptance of Tessa is crucial for using Tessa appropriately
and following her reminders. During the interviews, participants
mentioned a feeling of connectedness to Tessa. Several
participants stated that they thought Tessa was funny or made
them happy. Some said that they viewed Tessa as a buddy or
that they felt less lonely because of her presence in their home.
However, at times, some participants also experienced irritation
because of Tessa. When they were overstimulated or stressed
already owing to other factors, these participants sometimes
perceived Tessa’s notifications as unpleasant.

The funny thing is that if she asks, ‘Are you getting
ready for bed?’, I react, ‘Yes, I am’, despite knowing

that it’s programmed and not spontaneous. She’s got
something. [Participant with an acquired brain injury]

At those moments I’m really angry and I think; please,
take away that doll! At one moment I had enough of
it in such a way that I pulled Tessa’s plug: I am done
with this. [Participant with a mild intellectual
disability]

Goal Domains and Attainment
Each participant–caregiver couple set one primary goal that was
monitored with the GAS. These 18 goals were grouped into 6
domains (see Table 3). Participant–caregiver couples were free
to program notifications on additional goals in Tessa as well.
On average, participants included 4 (range 1-8) additional goals.
For these 34 additional goals (Table 4), one new domain
emerged: leisure activities, such as taking time to sing, dance,
or take a walk outside. The other additional goals were
congruent with the previously established domains. All goals
were equally distributed over domains, regardless of disability
or type of care. Table 3 shows that at T1, 61% (11/18) of
participants reached their primary goal. At T2, 72% (13/18) of
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participants were able to execute daily tasks and activities as
they aspired. Out of the 5 participants who did not attain their
goal, 2 withdrew owing to negative responses to Tessa, and 3
of them missed Tessa’s messages owing to them not being at
home or in a different part of the house during these moments.

At T2, participants were asked whether they would like to
continue using Tessa. Two participants decided to discontinue

using Tessa; one of them reached their primary goal, while the
other did not. Both of them had a relatively large house, which
caused them to not always hear notifications, thus missing
Tessa’s messages. A total of 14 participants chose to keep using
Tessa; 2 of them did not yet reach their primary goal;
nonetheless, they experienced support of Tessa.

Table 3. Domains: primary goal, disability, type of care, and Goal Attainment Scale (GAS) scores of participants at T1a and T2b (n=18).

GAS score
at T2

GAS score
at T1

CareDisabilityExample primary goals grouped in domains

Execution of household tasks (n=5, 28%)

21InpatientAutism spectrum disorderHand in cellphone to caregiver on time 3 times a week

22AmbulatoryAutism spectrum disorderVacuum-clean sleeping room once a week

22InpatientAcquired brain injuryDo the dishes every evening

——cAmbulatoryAcquired brain injuryMake a grocery list (in an app) once a weekd

——AmbulatoryAcquired brain injuryBring laundry downstairs twice a weekd

Intake of food, water, or medication (n=4, 22%)

21InpatientMild intellectual disabilityDrink 1 glass of water in the morning

22AmbulatoryAcquired brain injuryDrink 1.2 L of water every day

22InpatientMild intellectual disabilityTake medicine on time 4 times a day

22AmbulatoryAcquired brain injuryTake medicine on time 3-6 times a week

Being ready in time for an appointment (n=4, 22%)

22AmbulatoryAcquired brain injuryLeave on time for volunteering work once a week

22InpatientMild intellectual disabilityBe on time for taxi to day-care 2 days a week

01InpatientAcquired brain injuryLeave on time for day-care 3 days a week

00AmbulatoryMild intellectual disabilityLeave on time for day-care 2 days a week

Going to bed or getting out of bed on time (n=3, 16%)

22InpatientAutism spectrum disorderGet out of bed within half an hour every day

22AmbulatoryAcquired brain injuryDo night routine and go to bed on time every night

22AmbulatoryAcquired brain injuryGo to sleep before 11:15 PM every night

Personal care (n=1, 6%)

22InpatientAcquired brain injuryShave in the morning every day

Exercise (n=1, 6%)

00AmbulatoryAcquired brain injuryDo back exercises in the home gymnasium once a week

aT1: 6 weeks.
bT2: 3 months.
cNot available.
dThese participants withdrew, their goals were not monitored.
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Table 4. Domains: additional goals of participants (n=18).

Participants, n (%)Domains

6 (33)Execution of household tasks

7 (39)Intake of food, water, or medication

7 (39)Being ready in time for an appointment

5 (28)Going to bed or getting out of bed on time

4 (22)Personal care

1 (6)Exercise

4 (28)Leisure activitiesa

aNew domain—this domain was not reported for the primary goals.

Perceived Impact of Tessa on Independence
Qualitative data analysis revealed that participants perceived
that Tessa impacted their independence through 3 elements:
structure, stimulation, and self-direction. No differences in
perceived effects were found for disability and type of care.

Structure
Participants valued the repetitiveness of Tessa and the fixed
moments of her messages, which, for some participants, even
served as training to build new habits. Some participants
appreciated the stability of Tessa’s fixed spot in the house. Tessa
also helped participants to have a sense of time, which is
something they struggled with beforehand. Participants
explained that structure in their daily lives helps them to “get
into a rhythm,” which gives them clarity and rest.

Very often I’m too late or much too early, because I
can't estimate the time properly. Now when I have an
appointment, Tessa says half an hour in advance,
'Remember, you have an appointment later. Get
ready.“ This is like a helping hand. [Participant with
an acquired brain injury]

Sometimes we come ten minutes late or, you know,
something always happens. And Tessa is always on
time. [Caregiver of participant with autism spectrum
disorder]

Stimulation
Participants perceived that Tessa stimulated them to be active,
which caused them to be and feel less dependent on stimulation
from others to perform their daily tasks and activities. The
stimuli of Tessa’s messages were an active reminder to do
something. Both participants and caregivers emphasized that
Tessa’s verbal instructions were far more stimulating than visual
reminders (such as app notifications or sticky notes). They
described Tessa’s reminders as a “wake-up call” or “hint.”

The activities programmed in Tessa are now much
easier for me to execute. Now I pack my bag on time,
not fifteen minutes late. [Participant with autism
spectrum disorder]

It’s very nice to see that verbal information makes a
difference, because we have been working towards
structure for years. We tried different things: an app,
calendar, whiteboard… They didn't work, as he forgot

to check them. Which made him miss the appointment.
He pushes the notification away on his mobile, and
it's done. Tessa can repeat a message and thus gives
a reminder that he can't push away. [Caregiver of
participant with an acquired brain injury]

Self-direction
Participants perceived a sense of self-direction, as Tessa enables
them to have more control over their lives and to make their
own decisions. At T0, many participants expressed the aspiration
that Tessa would help them be less reliant on reminders of
others, which at T1 and T2 had actually happened. Both
participants and caregivers confirmed that less unplanned contact
was needed between them because of the reminders of Tessa.
Participants explained how reminders of Tessa felt different
than reminders of others.

What I really like about Tessa is that I put messages
in it myself. Then, when Tessa says something, I know
I want it myself. It feels more my own, it doesn't come
from others. Instead of others telling me to do
something. [Participant with autism spectrum
disorder]

Because Tessa helps me remember things, such as
brushing my teeth, I am less irritated. It makes me
feel good that caregivers no longer say it. [Participant
with a mild intellectual disability]

Caregivers
As the quotes imply, caregivers were positive about the use and
effects of Tessa on participants’ independence. Moreover,
caregivers explained that they experienced positive effects of
Tessa on their relation with the participant. With Tessa
reminding the participant, caregivers experienced less of a
burden and felt less friction between them and the participants.
Furthermore, instead of spending the majority of time on
practical issues, they were now able to spend more time on
discussing more profound topics relevant to the participant. As
an example of such topics, caregivers mentioned emotional or
social issues such as the participant’s stress regulation or social
network.

We have more time for other things, because we’re
not constantly busy with reminding. We can instead
focus a bit more on support and counselling, not only
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the very practical daily tasks. [Caregiver of participant
with autism spectrum disorder]

It also relieves us a bit. Sometimes other situations
have priority. When we need to be with someone who
is having an epileptic seizure, for example, we can't
be here to remind the participant to put on his jacket.
In that moment Tessa is still reminding him, so we
know it will be fine. [Caregiver of participant with a
mild intellectual disorder]

Discussion

Principal Findings
This study provides encouraging findings supporting the use of
social robot Tessa for the execution of daily tasks and increasing
independence of persons with executive dysfunction in disability
care. In total, 18 participants stated goals in the following
domains: execution of household tasks; intake of food, water,
or medication; being ready in time for an appointment; going
to bed or getting out of bed on time; personal care; and exercise.
For additional purposes, participants used Tessa for the same
domains and to remind them to perform leisure activities. A
total of 11 (61%) participants reached their goal after 6 weeks
(T1) and maintained their goal after 3 months (T2). Tessa
increased participants’ independence by generating more
structure, stimulation, and self-direction. Considering our results
between the type of disability (autism spectrum disorder,
acquired brain injury, and mild intellectual disability) and type
of care (inpatient versus ambulant care), no differences were
found in the type of goals that were stated, attainment of the
primary goals, and perceived impact on independence by
participants. All caregivers were positive about the use of Tessa
in the care for persons with executive dysfunction. The
caregivers and participants reported that the auditive information
provided by Tessa was more effective in coping with executive
dysfunction than their initial approaches using visual
information; in addition, the use of Tessa had a positive impact
on their relationship.

The findings of this study show that in the majority of cases,
Tessa was suitable to reach personal goals and increase
independence in persons with executive dysfunction in disability
care. However, in some cases Tessa was not helpful owing to
mismatch. Tessa’s messages were not always heard by
participants who lived in a big house or had irregular schedules,
and 2 participants stopped using Tessa as they experienced
irritation or stress as a reaction to Tessa’s notifications. As
preferences and needs differ from person to person, a
person-oriented approach in deciding whether or not and how
to deploy Tessa is essential. At the same time, the use of
technologies such as Tessa may support the person-centeredness
of care [24], as it initiates conversation about the goals and
challenges of persons with executive dysfunction and how they
want to work toward reaching or overcoming these. In using

Tessa, the participant and caregiver started by setting personal
goals and placing corresponding messages in Tessa, and they
evaluated these together over time.

Comparison With Prior Work
To our knowledge, this is the first study that reports on the effect
of a social robot for the execution of daily tasks and
independence of persons with executive dysfunction in disability
care. The existing literature mainly describes the deployment
of social robots in therapy and care for purposes related to
support for teaching social behavior to children with autism
spectrum disorder or to companionship or assistance to older
individuals in the home environment [25]. Similar results were
found in studies examining a different technology with the same
objectives [26-29]. Several studies observed that
smartphone-based systems supported persons with intellectual
disability to successfully start and carry out daily activities
[26-28], and O’Neill et al [29] found that interactive prompting
technology reduced the support needed for the morning routine
of persons with executive dysfunction due to acquired brain
injury.

Limitations
This study paid ample time and attention to the implementation
of Tessa, as a good implementation process is not only important
for successful dissemination of interventions but also has a
major influence on the effectiveness of the intervention.
Research shows that interventions that are well implemented
are 2-12 times more effective [30]. Tessa was studied in daily
care practice where caregivers already have a heavy workload
owing to staff shortages. Hence, we attempted to minimize the
burden on participant–caregiver couples. First, a resulting
limitation of this study is the fact that we only used self-reported
measurements. To gain more insight in the characteristics of
the end-user of Tessa, future studies should include a
multiple-format assessment using neuropsychological tests and
self-report measures to assess participants’ level of functioning
and execution of daily activities. Second, the use of purposive
sampling and therefore the heterogeneity of the sample can be
seen as a limitation. The sample represents the situation in the
participating organization but might not be generalizable to all
populations in disability care. Future studies should preferably
include large homogenous populations to determine the effect
and suitability of social robots for specific target groups in
disability care.

Conclusions
Technology is and will be increasingly used in disability care
[31,32]. We studied the utility of social robot Tessa in disability
care practice and found it to be a helpful technology for different
target groups that experience challenges owing to executive
dysfunction. These promising results are an example of how
technology can support the independence of persons in disability
care.
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Abstract

Background: A critical gap in our knowledge about social media is whether we can alleviate accessibility barriers and challenges
for individuals with traumatic brain injury (TBI), to improve their social participation and health. To do this, we need real-time
information about these barriers and challenges, to design appropriate aids.

Objective: The aim of this study was to characterize the ways people with TBI accessed and used social media websites and
understand unique challenges they faced.

Methods: We invited 8 adults with moderate to severe TBI to log onto their own Facebook page and use it as they regularly
would while thinking aloud. Their comments were recorded and transcribed for qualitative analysis. We first analyzed participants’
utterances using a priori coding based on a framework proposed by Meshi et al to classify adults’ motives for accessing social
media. We next used an open coding method to understand the challenges that people with TBI faced while using Facebook. In
other words, we analyzed participants’ needs for using Facebook and then identified Facebook features that made it challenging
for them to meet those needs.

Results: Participants used all categories of codes in the framework by Meshi et al and provided detailed feedback about the
Facebook user interface. A priori coding revealed 2 dimensions that characterized participants’ Facebook use: whether they were
active or passive about posting and self-disclosure on Facebook and their familiarity and fluency in using Facebook. The open
coding analysis revealed 6 types of challenges reported by participants with TBI, including difficulty with language production
and interpretation, attention and information overload, perceptions of negativity and emotional contagion, insufficient guidance
to use Facebook, concerns about web-based scams and frauds, and general accessibility concerns.

Conclusions: Results showed that individuals with TBI used Facebook for the same reasons typical adults do, suggesting that
it can help increase social communication and reduce isolation and loneliness. Participants also identified barriers, and we propose
modifications that could improve access for individuals with brain injury. On the basis of identified functions and challenges, we
conclude by proposing design ideas for social media support tools that can promote more active use of social media sites by adults
with TBI.

(JMIR Rehabil Assist Technol 2022;9(4):e39984)   doi:10.2196/39984
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Introduction

Traumatic Brain Injury and Social Participation
Social isolation is a common reality for many people with
traumatic brain injury (TBI) [1,2], especially when the injury
is severe enough to affect thinking and behavior. TBI-related
social isolation has profound negative effects on well-being [3]
and is associated with psychological symptoms such as anxiety
and depression [4]. Social inclusion has the opposite effect:
adults with TBI who have greater social engagement and
community integration report greater life satisfaction and less
emotional distress [5,6]. Social connection also plays a critical
role in regaining identity after a TBI [7], which in turn is central
to injury recovery [8].

Following a TBI, an individual must overcome many cognitive,
physical, and psychological barriers, making it difficult for them
to return to their everyday social lives [9]. Cognitive
impairments in particular can cause behavioral and
communication changes that are difficult for friends and family
members to understand [9]. These impairments include memory
problems, slower thinking speed, difficulty recognizing social
cues across multiple types of media, and impairments in
higher-level executive functions such as reasoning as well as
behavioral and psychosocial changes and social
inappropriateness [10-19]. These cognitive impairments translate
into communication challenges, especially in everyday social
interactions [5,16,20], and are thought to be a main contributor
to loss of friendships and social isolation in the chronic phase
after injury [21].

TBI and Social Media
Social media platforms may offer a mechanism for adults with
TBI to increase their social connections. These platforms can
provide opportunities to maintain preinjury networks and make
new connections with a broad community of users. A user
community can include groups with shared interests and groups
with shared experience, who may be a source of support and
encouragement for people with TBI, as well as groups that
advocate and raise awareness about TBI. All of these provide
opportunities for meaningful social interactions after injury. As
noted by Brunner et al [22], regaining participation on social
media platforms can be a meaningful goal for a person with
TBI, and goals with personal meaning are more likely to be
achieved in rehabilitation. Most platforms also provide
mechanisms for asynchronous communication, a significant
benefit for individuals with TBI who have difficulty
understanding and producing social language under time
pressure [23,24]. In adults without TBI, use of social media has
been shown to provide many psychological and relational
benefits, including increased social connectedness and sense of
belonging, and decreased loneliness for users [25,26]; as well
as opportunities for relationship maintenance [27,28]. These
benefits map directly to the needs of people with TBI.

There is evidence that people with TBI want to be engaged in
social media but encounter significant barriers with typical
platforms that were not designed to accommodate users with
cognitive impairments [1,3,29,30]. The main barriers relate to
the cognitive demands of accessing and using social media,

including the need to remember how to access a site, find
relevant information and ignore distractions, and understand
stated and implied content, and do all of these things quickly
and efficiently [30]. Social communication impairments may
also prevent individuals with TBI from being able to engage
appropriately with others on social media or understand content
they encounter. These factors may generate a negative
experience for individuals with TBI and discourage them from
using social media in the future.

This Study
For individuals with TBI to benefit from social media use, it is
critical to address the barriers they may encounter so we can
provide solutions to overcoming those barriers. Studies to date
have advanced our understanding of the needs and challenges
of adults with TBI but are largely based on retrospective
reflection (eg, via self-report surveys) or analysis of previous
posts [29,31-33]. Retrospective recall and self-reflection can
be particularly challenging for adults with TBI, who commonly
have impairments in declarative recall and metacognition
[34,35], and analysis of posts does not illuminate the process
of accessing social media in real time.

To overcome challenges of retrospection-based methods, we
used a think-aloud method to collect responses of adults with
TBI while accessing their social media. Think-aloud methods
ask participants to verbalize their thoughts and actions as they
navigate and use an interface [36]. Think aloud has been widely
used as a technique to understand users’ system use patterns
and identify usability issues in a wide variety of user interfaces
[37,38]. Think aloud has been recognized as a valid tool to both
collect reliable descriptions of user behaviors and also naturally
encourage users to describe motivation, doubt, confusion, and
challenges in using computer interfaces [37,38].

The aim of this study was to use the think-aloud method to
characterize the ways people with TBI accessed and used social
media websites, including challenges they faced. We focused
on Facebook because it is the most popular social networking
site worldwide and the dominant social media platform for
adults, with 2.8 billion monthly active users, 1.84 billion of
whom log on on a daily basis [39]. In our recent survey of 50
adults with TBI, Facebook also was the most commonly used
platform [33]. Facebook provides a mechanism for users to
build and maintain a wide range of social connections, from
family, friends, colleagues, and coworkers to strangers from
around the world. Facebook allows users to share messages and
images with their connections and involve themselves in local
events, pages they support, or groups; thus, it may be particularly
useful for people with TBI as they rebuild identity and interests
after injury.

Methods

Recruitment
Participants were 5 females and 3 males in the chronic stage
after moderate to severe TBI. All participants were recruited
from individuals and agencies providing services to adults with
TBI in the local area in Southern Ontario, in Canada.
Organizations providing services to individuals with TBI were
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initially contacted via email and invited to share study
information with adults with TBI. If an adult with TBI expressed
interest in the study either they were invited to visit the
university campus to participate in the study, or the principal
investigator would travel to the participant’s location.
Participants’ ages were from 26 to 64 years and the mean age
of participants was 49 (SD 14.69) years. The mean years of
education were 12.3 (SD 2.06) years.

Participants met the following inclusion criteria: (1) moderate
to severe TBI, defined according to standard injury criteria [40],
that is, loss of consciousness for 30 minutes or more,
posttraumatic amnesia of 24 hours or more, and worst Glasgow
Coma Scale full score in the first 24 hours of less than 13, or
13 or higher with evidence of brain damage; (2) more than 6
months post injury, as social impairments emerge in the chronic
stage after injury; (3) self-identification as a native English
speaker, to rule out challenges and barriers related to English
proficiency; (4) aged 18 to 65 years, as individuals in this age
group are the highest Facebook users [41] and to limit potential
confounds due to cognitive decline with age after TBI [42]; and
(5) self-reported active social media use or passive social media
use (eg, observing but not posting). Average scores on
neuropsychological tests were consistent with larger studies of
adults with TBI [43], that is, showing impairments in task
switching, processing speed, and delayed recall of verbal
information

Informed Consent and Study Intake Form
Participants were provided with a consent form outlining the
purpose and procedure of the study and risks and benefits. As
users would be accessing their own Facebook accounts, the
risks and benefits section of the consent form included specific
language about Facebook’s privacy policy. The first author then
completed a study intake form in collaboration with each
participant. The intake form consisted of questions about
participants’ age, sex, race, years of education, and TBI history.

Measures to Characterize the Sample
The Common Data Elements Committee for TBI research [44]
recommended standardized tests that participants with TBI
should complete, to characterize the sample and allow
researchers to compare results obtained by different studies and
publications. Per the Common Data Elements Committee
recommendations, participants completed the following tests:
the California Verbal Learning Test [45], Wechsler Adult
Intelligence Scales Processing Speed Index tests [46], and Trails
making tests A and B (Trails A and B) [47].

Think-Aloud Procedure
Participants were asked to log into their personal Facebook
account on the laboratory computer and use it as they typically
would while thinking aloud. Camtasia software [48] was used
to capture a screen recording of each participants’ activity while
they were using their social media accounts and a video camera
was physically placed in front of the participant to capture their
facial expressions and body movements. The first study
participant was instructed to think aloud while using their
Facebook account for 60 minutes. If the researcher noticed that
the participant was not thinking aloud for a period longer than

60 seconds, they would provide the participant with a reminder
to do so.

On the basis of feedback from the first participant, remaining
participants were instructed to use their personal Facebook
account for 15 minutes while they were thinking aloud. We also
observed that some participants had challenges simultaneously
talking and accessing their Facebook pages, so we generated a
list of prompt questions to use if participants did not speak while
accessing their Facebook account. Prompts included the
following: “Are you more comfortable socializing online or in
person?”; “When you come across a public post on Facebook,
are you likely to comment with other users in the comment
section?”; “Who do you socialize and interact with on
Facebook?”; “Are you actively posting content on your
Facebook profile?”; “If you could filter out content that you see
on Facebook, what would you filter out?”; “What do you think
of the Facebook format?”; “Do you find it easy to use the
platform?”; and “What would you change about the format?”

Ethics Approval
All documents and procedures were approved by the Hamilton
Integrated Ethics Review Board (Study No. 4974).

Scoring and Data Analysis
Comments were recorded, transcribed, and segmented into turns
for analysis. Turns were defined according to criteria
summarized by Traum and Heeman [49] as speech by a single
speaker that was syntactically complete, defined a single speech
act, was an intonational phrase, and was separated by a pause.
Utterances were entered into Atlas.ti [50] for analysis.

A Priori Coding
Meshi et al [51] described social media use according to a
biopsychosocial framework. They proposed that social media
is a platform for users to fulfill their basic human need to
connect and “manage their reputation,” which ultimately would
result in greater well-being and enhance social connections that
would promote reproductive success. The authors identified
five key behaviors adults used to meet their needs for social
connection and reputation management: (1) broadcasting
information, including words and images that are personal or
shared from others; (2) observing others’ broadcasts; (3) giving
feedback on others’ broadcasts, for example, via liking posts;
(4) receiving feedback on broadcasted information; and (5)
engaging in social comparison, which can be by comparing
posts and feedback or using metrics such as network size or
relationship status. Meshi et al [51] linked these 5 uses to 3
human cognitive functions: social cognition (also known as
social thinking or mentalizing), self-referential cognition, and
social reward processing. Each cognitive function was mapped
to specific neural networks, based on human and animal research
in neuroscience. The Meshi et al [51] framework was intended
to guide researchers in using social media to study brain
functions. It worked equally well, however, to describe social
media use in adults with TBI, who often have impairments in
the 3 cognitive domains listed.

We chose the Meshi et al [51] framework for this study because
it focused on use of social media to satisfy basic social needs,
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and so provided a way or conceptualize Facebook functions for
our participants. We used the 5 key behaviors described by
Meshi et al [51] to create a high-level coding taxonomy. As one
aim of the study was to obtain feedback specifically about
Facebook, we added a coding category for Facebook feedback
related to the user interface. Furthermore, 2 researchers coded
each transcript, and any disagreements were resolved by
discussion.

Open Coding
We used an open coding method to understand the challenges
that people with TBI faced while using Facebook. For the field
notes and transcriptions, we conducted an open coding process
in which codes were assigned to significant instances and
references using Atlas.ti [50]. The first and second authors read
the field notes and transcriptions repeatedly and coded them
individually. Next, we compared each other’s codes and worked
iteratively to find patterns and themes while resolving
disagreements. To gain an in-depth understanding, we elaborated
our coding schemes and analyzed relevant quotes to build rich
descriptions and concrete examples of unique challenges faced
by adults with TBI.

Research Team and Stance
Our study team included researchers with extensive experience
in rehabilitation services for people with TBI and computer
scientists who specialize in creating social computing systems
based on the think-aloud method. The combined expertise of
these experts provided a solid foundation for understanding
social media challenges faced by adults with TBI and developing
design ideas for future tools to facilitate more active social
media engagement.

Results

Overview
Cognitive test scores were obtained for 7 participants and are
listed in Multimedia Appendix 1. Scores were unavailable for
1 participant as the tests were added to the protocol after they
had completed the study. In the following sections participants
are identified by number (eg, P 1). If participants self-identified
as male or female, we used gender-specific pronouns in the
results; otherwise, we used gender-neutral pronouns. Raw data
are available in Multimedia Appendix 2, with participant
transcripts organized based on the Meshi et al [51] subthemes.
A description of each theme is provided in Multimedia Appendix
2 along with the number of times the code was assigned.

A Priori Coding

Overview
Participants used all categories of codes in the Meshi et al [51]
framework and also provided detailed feedback about the
Facebook user interface. In some cases, participants thought
aloud about what they were seeing on Facebook pages (eg,
“There’s a cow playing fetch that’s pretty cool”) and in others
they shared comments about how and when they used Facebook,
prompted by what they were seeing (eg, “Sometimes when I
am nosey I go on to see what I can see”). We included both

types of comments in analysis, and in the following sections
we describe themes that emerged.

Observe
The most common behavior from the Meshi et al [51]
framework was to observe information broadcasted by others.
Participants used Facebook to observe posts by paid sources,
such as advertisements; news stories; socially shared videos,
memes, and jokes; posts related to interests, such as musical
groups and nature; and posts by others in their social networks,
including friends, family, and employment-related contacts,
which they used to keep up with what others “were up to.” Most
participants were interested in observing content posted by
friends and family to see “what’s going on” (P 3). Participants
who were parents also used social media as a way of keeping
up to date with the activities of their children. Some would scroll
through to see if their children had posted anything new, while
others would go through “the old pictures that [their children]
have” (P 7).

Reasons for observing posts varied across participants. The
sixth participant (P 6) only accessed Facebook to read things
that other people posted, whereas P 5 accessed Facebook
primarily for memes. P 3 indicated that she used Facebook
because she was a curious person, and looking at people’s posts
would allow her to form a better opinion of them.

P 2 stated that Facebook was a useful research tool for her to
get a better sense of what kind of people her coworkers were.
For example, if she saw that one of her coworkers was the type
to share inspirational quotes like “live life or live long” (P 2),
she would decide to limit her interaction with that coworker
because this would indicate that they would be “sensitive to
anything that I say” (P 2).

Participants P 1, P 2, and P 7 talked about being a member of
a TBI group on Facebook. They reported that although they
were not active on the pages, they did enjoy the content they
would come across on those pages. Being able to share a
common space with other members of their community was
understood as a type of social interaction and one that kept them
engaged and entertained.

Broadcast
Meshi et al [51] stated that individuals who are using social
media either broadcast information in the form of a text, picture,
video, link; or post something that is not in reference to
themselves but rather an article or media content that they came
across somewhere else. Participants in our study did both. As
an example, P 2 both generated their own posts and also posted
quotes and gifs from other web-based sources:

Every day I say hi everybody, happy Tuesday or happy
Wednesday. This is what I cooked last night I did a
chicken breast with some pepper and salsa

I do quotes every day. Like “if we take the mistake
everyday of being grumpy or sour we are wasting
today” [P 2]

P 6 indicated that she used Facebook sometimes to share her
political and religious views as well other facts about herself
and her interest that she would like people to know:
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I update my status about political topics and
controversies. I also share my religious beliefs and
views. I like that I can tell people something
immediate happening in my life. On my profile you
can see different movies and books I like. I have here
some of my fav quotes [P 6]

P 7 and P 8 both indicated that they posted pictures of their
families going out on trips and engaging in different activities.

Compare
Meshi et al [51] stated that individuals tend to engage in social
comparison by observing what others broadcast and receive
feedback on and contrast that to their own user experience.
Users also can compare variables such as number of friends,
relationship status, and age. As an example, in this study P 3
made some comparisons while browsing through her Facebook
feed:

I don’t like when people post their whole lives online.
I find them to be self-absorbed like how important do
you think you are? [P 3]

Provide Feedback
Meshi et al [51] noted that social media can be used to provide
social feedback to others. As this feedback is visible to the poster
and often to the public, it contributes to the social comparison
function of social media by providing data people use to
compare themselves with others on dimensions such as
popularity and likability. Participants described providing
feedback to friends and others, including emojis (P 1: “Give
that a hahaha emoji”), likes, and comments. P 5 used feedback
to console a family member:

My sister-in-law’s sister had passed away today so
she just posted a photo. I just want to put hugs on her
photo for her. [P 5]

P 4, P 5, and P 6 said they only made comments if posts were
by family members, although they might “like” a post if they
felt strongly.

Receive Feedback
According to Meshi et al [51], users receive feedback on posts
they share through likes and comments. Receiving feedback is
also another contribution to the social comparison function, as
this feedback is also visible to the public. Participants described
receiving feedback on content they shared on their social media.
Feedback was in the form of emojis, comments, getting tagged,
or direct messages. P 1 received feedback about a post he shared
on his timeline: “Someone’s asking about the first tune.”

P 7 indicated that her children posted photos of her, tagged her
in other photos, or sent her messages about things she had posted
on her Facebook.

Patterns of Facebook Use
The a priori coding also revealed 2 dimensions that characterized
participants’ Facebook use. The first dimension was whether
they were active or passive about posting and self-disclosure
on Facebook. Four of the participants were very active in
posting, messaging, and disclosing themselves on Facebook.
This included P 1, who stated the following:

I like to share my process about how I am doing
things. It is more like I got up today, I brushed my
teeth, so like, you know. [P 1]

The remaining 4 participants used Facebook passively, mainly
focusing on observing and consuming others’ posts. As P 7
replied when asked if he posted on his timeline, “No. I never
have. It is not my thing.”

The second dimension was familiarity and fluency in using
Facebook. Four participants described high confidence and
fluency in using the variety of features and functions of
Facebook, whereas the other 4 reported difficulties in learning
and using Facebook. The distinction in fluency appeared to
relate mainly to participant age. The first 4 participants were in
their 20’s to 40’s and described themselves as relatively
tech-savvy, and they were confident and capable of using digital
devices and the Facebook Interface (eg, “Everything is easy to
use. It is right there basically” (P 5). The other 4 participants
were in their 50 to 60s and reported challenges in accessing and
using Facebook (eg, “Sometimes I have a hard time learning
things. There are all these other things that go with it that I don’t
understand.” [P 3]).

Open Coding
The open coding analysis revealed 6 major types of challenges
reported by participants with TBI. Participants also provided
suggestions for Facebook features and modifications that would
support their access.

Difficulty With Language Production and Interpretation
Most participants expressed difficulties communicating on the
web as part of the challenges they faced with social
communication after their injury. As they lost contact with
friends and acquaintances after injury, many of them had also
lost confidence in communicating with others:

There are people I used to hang out with but I barely
see them anymore...Either I scared them away or life
in general I guess. [P 7]

Some of the participants were unfamiliar with the
communication norms and conventions of social media, and
thus felt uncomfortable communicating with others on the web:

I wouldn’t do it online because I don’t like social
media because I can’t control when to end the
conversation. [P 2]

Some participants reported challenges reading others’emotions
and intents. P 8 appeared to be uncertain about inferring the
researcher’s thoughts and feelings, to determine appropriateness
of a comment: “I want to ask you a lot but I don’t know if that’s
appropriate.”

P 5 showed similar challenges:

But I can’t stop that when I meet people I want to tell
them my life history. Now you don’t want to hear my
life history, but I think you do. [P 5]

Some participants showed awareness of their social cognition
challenges, as in P 2’s comment about challenges conveying
emotions:
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When I am having text conversations, my sister said
that my tone doesn’t carry well in my text. So when
you are writing something, you have to be careful
with your tone because people can’t read your face
and tell that you are kidding or sarcastic and that just
creates more problems. So that’s where I struggle
with this. [P 2]

P 6 likewise showed awareness of social cognition limitations
in this comment:

I get self-conscious sometimes like what if what the
person wrote wasn’t understood by me, what if they
were trying to be funny and I didn’t understand the
joke. I don’t wanna look stupid like I didn’t get what
was said. [P 6]

The absence of visual and nonverbal cues also led to some
participants feeling less confident about the clarity and
appropriateness of their messages when communicating on the
web. Because of lacking confidence in social communication,
participants stated that they became overly self-conscious about
their communication skills and worried about their self-image
on social media. For example, P 1 wanted to have a better spell
checker so that he could compose better messages to improve
his social image:

My spelling is bad. So it would be nice to have
spellcheck to make me look a little bit better to my
friends and stuff. [P 1]

Information Overload
More than half of the participants reported they felt
overwhelmed by the amount of information they received on
Facebook and via the Facebook user interface:

Too much of that and too many videos keep going
and going keeps going and going. It is overwhelming,
sometimes too much. [P 6]

The overwhelming feelings usually stemmed from the fact that
the basic Facebook interface structure presented them with a
comprehensive set of Facebook features. The interface was
crowded and cluttered, and they wanted to “make it less
crowded” (P 7) and customize it so that they could keep only
the features they used most often on the screen.

Umm I would filter out...I wish I could control this.
Like I don’t like the marketplace thing. I knew I am
not interested in fundraiser so I would like to take
them out of the side menu. [P 2]

Also, some users felt lost because they were unable to quickly
locate the posts or messages they wanted to keep and follow
up. Whenever they saw the Facebook newsfeed showing the
new list of posts that were automatically updated and
algorithmically curated, they found it difficult to keep track of
information. Participants wished for an “easier way of finding
things” (P 6), so that they would not have to scroll or search
indefinitely:

Like there are people I follow that posted a lot of stuff
on here and now they are gone, what happened? Did
they get taken off? [P 3]

Furthermore, some participants found it particularly difficult to
manage and catch up with notifications. This was due to some
of them not knowing how to effectively manage the types and
number of notifications they would receive, as illustrated in P
7’s account:

I didn’t know how to stop being notified of all the
comments [from the post that I commented on earlier]
Cuz it kept notifying me. I don’t comment any more.
[P 7]

As it was difficult for participants to keep track of all the
notifications they received, they often forgot to respond to
messages from their close friends:

My problem is that I contacted these people and then
I forget [to respond to them]. Then 5 months later I
am like I haven’t done anything about that. [P 3]

Emotional Contagion and Emotion Overload
A few participants expressed negativity toward the posts they
saw, such as having a “short tolerance for people” so they
“ignore them” most of the time (P 4). A few participants also
reported that they were easily influenced and triggered by
emotions and topics in posts. For example, P 1 stated that he
was very triggered by every topic he saw in the post, and he
expressed all of his thoughts and feelings about each post.
Similarly, P 7 reported that the posts from TBI survivor groups
made her feel very sad: “It’s nice to see things that are related
to me but sometimes it makes me sad.”

As a way to regulate their triggering feelings and negative
thoughts while browsing their newsfeeds, P 6 suggested a
mood-based filter that would curate the posts based on their
mood:

I wanna see things based on my mood. If I’m happy,
I don’t wanna see posts about sad things. Don’t make
me sad. [P 6]

Insufficient Guidance to Use Facebook
Participants who were in their 50s and 60s said they did not feel
they could use Facebook to its full potential because of
insufficient guidance resources. In some cases, their children
helped them to set up their account (eg, P 3), but they still felt
that they did not have much knowledge or guidance to
effectively use Facebook:

My kids put this (Facebook profile) up for me. [P 3]

I wanna see pictures my kids post. They should send
them to me [directly], but they share them here. My
kids tag me in their photos or they message me. I tell
them to call me instead. [P 6]

Many participants found it particularly challenging to locate
and retrieve information. For example, as mentioned earlier,
many participants found it particularly difficult to retrieve posts
they wanted to keep:

There was this one thing I saw. I wish I could find it.
I always lose things I find interesting. My daughter
says I can save them but that’s hard anyway. [P 7]
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Although Facebook offers a feature to save and retrieve posts
users want to keep (the Save feature), many participants were
not aware of it or how to use it. Particularly, they felt
overwhelmed by the constantly changing interface of Facebook.
When the Facebook layout they were familiar with was changed
or removed, they felt confused. For example, P 6 mentioned
that having to learn everything all over again made him not
want to stay on Facebook:

It looks different every few years, which bothers me
too. I get used to it then it changes, which makes me
not want to use it because I have to learn again. I
would stop changing it. [P 6]

Internet Scams and Fraud
A few participants expressed concern about potential internet
scams targeting people with brain injuries. P 2, who was
involved in the local TBI community, stated that many TBI
survivors were vulnerable to internet scams:

The other concern I have about this, especially for
people with brain injury. When it comes to this, there
is potential for fraud for people to be taken advantage
of...I see a lot of fraud people take advantage of
romantically. They can scam and rip people off. [P
2]

Some of the participants were aware of potential scams, so they
did not respond to people outside of their close social network:

I don’t talk to strangers much. I get random messages,
but I don’t respond unless I like know them. [P 5]

To reduce the potential risk of internet fraud, P 2 recommended
limiting Facebook friends to members with something in
common, such as belonging to the same TBI support group or
enjoying activities together.

General Accessibility Concerns
Participants also raised the issue of general web accessibility.
For example, a few participants found that on Facebook “the
font is so small and very faint” (P 2), which could be a problem
because “a lot of people with brain injury have trouble seeing”
(P 1).

Another user stated that it was difficult for her to understand
how she could stop being notified when she posts a comment
on a photo. She said that, “other people started commenting [on
the post] and I didn’t know how to stop being notified of all the
comments...so yeah, I don’t comment anymore” (P 3). The same
user identified problems saving posts that she would like to
access later, saying, “my daughter says I can save them, but
that’s hard” (P 3).

Discussion

Principal Findings
We invited 8 adults with TBI to describe their thoughts and
actions as they navigated their Facebook accounts. We chose
the think-aloud method to better understand how Facebook
functioned for these users, as well as their challenges and
barriers, and to avoid limitations of previous studies that relied

on retrospective recall and self-reflection. Participants’
comments showed the 5 key social media behaviors described
by Meshi et al [51], and extended beyond those, capturing
important Facebook functions and barriers to use. In the
following sections, we discuss both sets of results and suggest
Facebook features and modifications that could address barriers
identified by adults with TBI in this study.

Meshi et al [51] proposed that adults use social media to
broadcast information, receive feedback, observe others, provide
feedback, and compare themselves to others. These behaviors
were based on how social media is used to satisfy the basic
social needs of healthy individuals, to guide research in social
neuroscience. We found the framework equally useful for
understanding Facebook use among adults with TBI. Participants
in our study showed the same social behavioral motivations as
uninjured adults, and both the content and structure of their
comments revealed barriers to using social media to fulfill basic
social functions.

Open coding of participants’ comments revealed unique
challenges that adults with TBI faced while using Facebook.
These challenges included structural barriers, such as distracting
visual content and frequent updates that change the user
interface; content barriers, such as information that triggered
negative feelings; learning barriers, such as lack of accessible
guides to Facebook use; and safety concerns related to the risk
of internet fraud and exploitation. Participants’ comments also
revealed their strengths and challenges in cognitive functions
needed for successful social media use, including evidence of
impairments in social cognition, which have been extensively
documented in the TBI literature [17,21,52-54]. Participants’
comments also revealed strengths in these areas, including
self-reflection on how their own social media posts could be
interpreted by others. A few participants were using Facebook
as a way of “keeping up with the news” (P 6). This could be a
concern, given that news excerpts on Facebook are typically
trimmed and not always accurate or reliable sources of news.

Comparison With Prior Work
Our results aligned with findings from previous studies on social
media use in adults with TBI [3,29,32]. Adults with TBI
interviewed by Brunner et al [32] reported similar feelings of
being overwhelmed and cognitively fatigued by the demands
of using social media and confused by technological variations
across platforms. About 1 in 4 adults with TBI surveyed by
Baker-Sparr et al [29] reported difficulty using social media
because of their TBI-related challenges, including memory
problems and general technical difficulties with site functions.
Cognitive challenges may also discourage potential users from
trying Facebook, as was the case with nonusers with TBI in a
Facebook survey by Tsaousides et al [3]. Safety concerns were
identified by participants in a few studies and were the main
focus of clinicians interviewed by Brunner et al [9].

Future Directions
In addition to identifying challenges, participants recommended
features that could help them to use Facebook more effectively.
Table 1 summarizes the main suggestions from participants,
along with our own ideas for features.
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Table 1. Challenges for adults with TBI using Facebook, and features suggested by the authors to improve access.

Feature suggestionsChallenges

Difficulty with language production and interpretation • Visual aids (emojis and appended images)
• Spelling and grammar check functionality
• Aids to analyze and monitor tone and meanings

Information overload • Simpler, customizable interface
• Setting that selects types of notifications
• Cues to follow up with messages
• An easier way to locate and search information

Emotional contagion and emotion overload • Filter to hide posts expressing strong negative emotions
• Mood-based feed curation

Insufficient guidance to use Facebook • Way to revert back to the old interface
• Interactive guide

Internet scams and fraud • Friend request filter to limit friends to someone who shares a common connection
or background

General accessibility concerns • Larger text font and user interface elements (eg, buttons)

Supporting Language Comprehension and Production
To provide adults with TBI with resources to interpret and
express the meaning and tone of text messages, future systems
might encourage users to include visual cues such as images
and emojis. A spelling and grammar checker that is universal
across social media sites could also assist users in composing
messages with more confidence. System developers can create
new interfaces that automatically analyze and provide
information about sentiment, tone, and emotion in texts and
images using natural language and image-processing methods.
These tools would support comprehension and expression of
literal meaning, as well as meaning that requires mentalizing
(eg, understanding others’ emotions and responding
appropriately).

Reducing Information Overload
Users with TBI could benefit from a simplified and customizable
interface that keeps only the features that users want on the
screen and allows users to control the types and number of
notifications they receive. As participants reported that excessive
notifications often made it difficult to follow up with meaningful
relationships, system developers could also provide mechanisms
to prioritize certain types of notifications and remind users to
reply to high-priority notifications. Such options, however, must
be presented in ways that do not overwhelm users, for example,
in the forms of presets from which users can select. In addition,
it would be beneficial to have simpler and more intuitive ways
to store and retrieve fast-fading information, as many
participants could not easily locate and keep track of the
information they want to retrieve.

Minimizing Emotional Contagion and Emotion
Overload
Social media sites may provide users with a customizable filter
that users could set to block emotionally triggering topics and
people, so that they do not have such content on their feeds.

Furthermore, a mood-based filter using sentiment analysis
models could curate posts based on the user’s mood.

Providing Accessible Guidance for Using Facebook
As many participants felt that there was little guidance and
information on Facebook, there should be an easily accessible
and universal guide to Facebook. As some participants expressed
lack of confidence to learn unfamiliar features, it would be
useful to provide materials or websites that would guide both
users and others in their lives on how to use Facebook. Users
commented on challenges with the interface changing with
updates, it would be helpful to have an option to revert back to
the old version of the interface, as that would reduce confusion
and frustration caused by changes to the layout and features.

Protecting Users From Internet Scams
One participant suggested a filtering feature to allow users to
select “Facebook friends” who have something in common,
such as belonging to the same TBI support group or participating
in the same activities. Such a screening process could reduce
the potential risk of internet scams. In a qualitative study of
rehabilitation professionals’ views on social media use after
TBI, Brunner et al [9] found that professionals often viewed
their roles as “gatekeepers,” to protect individuals with TBI
from exploitation and other harms associated with social media
use. If users with TBI had more control over their networks,
they could have more autonomy in choosing friends rather
having professionals in the gatekeeper role. Facebook allows
users to control who they choose to “friend,” but it is not
possible to choose a subgroup of friends with whom to share a
post. A friend-subgroup-selection feature could be useful,
although we acknowledge that it would require a multistep
routine that could be challenging for many adults with TBI.

Improving Overall Accessibility
As TBI affects visual processing abilities, future social media
sites will need to make it easier for users to resize font size and
user interface elements such as buttons on their websites.
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Limitations
The first limitation of this study was the small sample size, with
participants from the same geographic region. These limitations
were unanticipated consequences of pandemic restrictions in
2020. Despite the small and relatively homogeneous sample,
participants generated a range of Facebook uses and
recommendations, but information from a larger sample would
be informative.

A second limitation was the challenge for some participants in
following the think-aloud protocol. This group of participants
had impairments in speed of processing, verbal learning, and
shifting between tasks. That cognitive profile represents the
target population for whom we aim to improve social media
access, which was a strength of the study, but use of the
think-aloud method in an unstructured task like browsing might
have been overly challenging. Participants also sometimes
initiated conversation with the researcher on the content that
they saw on Facebook rather than discussing their Facebook
use. The study could have been done with the researcher outside
the room, but that would be atypical for a think-aloud study and
would have its own set of challenges, for example, inability to
cue participants if they stopped commenting.

A third limitation of the study was that we observed users with
TBI in a single session and on a device provided by the
researcher, which likely did not reflect the users’ experience
more broadly. Participants might have used the platform
differently if they were using their iPad, tablet, or mobile phone,
and the appearance and functions of Facebook differ across
different devices. Although this study provided useful
preliminary information, future research should include extended
use of the participants’ preferred platform on their preferred
device

Conclusions
Results of this study provided insights into the benefits and
challenges of Facebook use for adults with TBI. A key finding
was that participants in this study used Facebook for the same
functions as typical adults, which suggests that Facebook and
other social media might help reduce the social isolation and
loneliness often reported by people with TBI. Although
participants’ intentions were like those of typical adults, their
experiences were not: participants encountered significant
barriers, including both features of Facebook that could be
challenging to anyone, such as being bothered by advertising,
and also barriers specifically due to their TBI-related cognitive
impairments, such as challenges in inferring others’ thoughts
and feelings and expressing their own feelings and intents. As
a result, Facebook use was often a frustrating experience that
increased rather than decreased social isolation.

While barriers identified here were similar to those reported in
previous studies of social media use after TBI [29,32,33], the
think-aloud method yielded unique information about specific
features of Facebook that posed challenges for users with TBI.
The study findings in turn suggested modifications and
technological aids that could help people with TBI succeed in
the web-based social world. If supported by future studies in
larger groups, these modifications, could support people with
TBI in being part of web-based social and community life. As
increasing social media use also can be a target of rehabilitation,
the type of clinician training proposed by Brunner et al [22]
also would be important, as clinicians might not have specific
skills in how to support social media access for individuals with
TBI.
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Abstract

Background: Objective measures specifically assessing selective voluntary motor control are scarce. Therefore, we have
developed an interval-scaled assessment based on accelerometers.

Objective: This study provided a preliminary evaluation of the validity and reliability of this novel gamelike assessment
measuring lower limb selective voluntary motor control in children with cerebral palsy (CP).

Methods: Children with CP and their neurologically intact peers were recruited for this psychometric evaluation of the assessgame.
The participants played the assessgame and steered an avatar by selective hip, knee, or ankle joint movements captured with
accelerometers. The assessgame’s scores provide information about the accuracy of the selective movement of the target joint
and the amplitude and frequency of involuntary movements occurring in uninvolved joints. We established discriminative validity
by comparing the assessgame scores of the children with CP with those of the neurologically intact children, concurrent validity
by correlations with clinical scores and therapists’ opinions, and relative and absolute test-retest reliability.

Results: We included 20 children with CP (mean age 12 years and 5 months, SD 3 years and 4 months; Gross Motor Function
Classification System levels I to IV) and 31 neurologically intact children (mean age 11 years and 1 month, SD 3 years and 6
months). The assessgame could distinguish between the children with CP and neurologically intact children. The correlations
between the assessgame’s involuntary movement score and the therapist’s rating of the occurrence of involuntary movements
during the game were moderate (Spearman ρ=0.56; P=.01), whereas the correlations of the assessgame outcomes with the Selective
Control Assessment of the Lower Extremity and Gross Motor Function Classification System were low and not significant
(|ρ|≤0.39). The intraclass correlation coefficients were >0.85 and indicated good relative test-retest reliability. Minimal detectable
changes amounted to 25% (accuracy) and 44% (involuntary movement score) of the mean total scores. The percentage of children
able to improve by the minimal detectable change without reaching the maximum score was 100% (17/17) for the accuracy score
and 94% (16/17) for the involuntary movement score.

Conclusions: The assessgame proved reliable and showed discriminative validity in this preliminary evaluation. Concurrent
validity was moderate with the therapist’s opinion but relatively poor with the Selective Control Assessment of the Lower
Extremity. We assume that the assessment’s gamelike character demanded various other motor control aspects that are less
considered in current clinical assessments.

(JMIR Rehabil Assist Technol 2022;9(4):e39687)   doi:10.2196/39687
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Introduction

Background
A loss of selective voluntary motor control (SVMC) is a
common negative sign in patients with lesions of the upper
motor neuron, for instance, children with cerebral palsy (CP)
[1,2]. A reduction in SVMC is defined as the impaired ability
“to isolate the activation of muscles in a selected pattern in
response to demands of a voluntary posture or movement” [1].
Thus, reduced SVMC manifests as involuntary movements that
accompany a voluntary movement. Impaired SVMC belongs
to the International Classification of Functioning, Disability,
and Health Core Sets for Children and Youth with CP alongside
other common impairments in this patient group (eg, spasticity,
contractures, and muscle weakness) [3]. In comparison to these
impairments, reduced SVMC seems to limit other body functions
such as muscle strength or activities such as walking [4-8].

Despite the well-known importance of lower limb SVMC for
motor activities, only a few tools are used to measure it [9].
According to the systematic review by Balzer et al [10], only
7 assessment tools for the selectivity of single-joint movements
of the lower extremities have been tested for their psychometric
properties in children with upper motor neuron lesions. The
Selective Control Assessment of the Lower Extremity (SCALE)
is considered to have the best properties. Its ordinal scoring
system with 3 levels (normal, impaired, and unable) is likely to
be able to classify SVMC impairments. Nevertheless, the
sensitivity of the SCALE in detecting small (therapy-induced)
changes could be low because of the relatively broad ordinal
scoring system [10]. To address this problem, we aimed to
measure SVMC more precisely on an interval-based scale and
created a playful computer assessment game (“assessgame”)
based on accelerometers that is attractive for (young) patients
[11]. It assesses SVMC in terms of both the accuracy of a
selective movement of the target joint and the amplitude and
frequency of involuntary movements occurring. With
involuntary movements, we refer to all unintended movements
that co-occur with the performance of a voluntary task (eg,
mirror movements or abnormal movement synergies) [12]. A
first evaluation of the assessgame and the algorithms to process
the data showed that the assessgame could be a valid approach
to quantify SVMC in a more attractive manner [11]. Moreover,
psychometric testing showed that the assessgame is valid and
reliable to measure upper extremity SVMC [13]. The assessgame
metrics correlated with the Selective Control of the Upper
Extremity Scale (an assessment similar to the SCALE but for
the upper limbs), with higher correlation coefficients for average
scores over all joints (accuracy ρ=−0.37, involuntary movement
score ρ=−0.55; all P<.05) than for individual joints
(0.04<|τ|<0.52). The assessgame discriminated well between
patients with upper motor neuron lesions and healthy children.
Its relative reliability was good with intraclass correlation
coefficients (ICCs) >0.75 for all average scores.

Objective and Hypotheses
The focus of this study was to perform a similar preliminary
investigation of several psychometric properties of the
assessgame for the lower limbs in children with CP. As a gold
standard is lacking for measuring SVMC, we evaluated the
discriminative and concurrent validity. In line with the findings
for the upper limbs [13], we hypothesized that the assessgame
scores would differ significantly between children with CP and
neurologically intact age-matched participants. We expected
the differences between patients and their healthy peers to
increase with age because healthy young children may still show
signs of reduced SVMC (eg, mirror movements) that recede
with age [12].

For concurrent validity, we expected moderate to high
correlations (0.50≤|ρ|≤0.70) between the assessgame outcomes
and the SCALE. In addition, we expected low correlations
(|ρ|<0.50) with the Gross Motor Function Classification System
(GMFCS), as it is not a specific measure of SVMC. We expected
high positive correlations (|ρ|>0.70) of the assessgame scores
with a therapist’s rating of movement selectivity during the
game to internally validate the analysis algorithm.

Finally, we investigated the test-retest reliability of the
assessgame. We considered test-retest reliability as good when
ICCs exceeded 0.75 and absolute measurement errors were
acceptable.

Methods

Participants
Inpatients and outpatients of the Swiss Children’s Rehab of the
University Children’s Hospital Zurich were recruited by
convenience sampling from June 2017 to March 2018. Inclusion
criteria comprised a clinical diagnosis of predominantly spastic
CP (ie, unilateral or bilateral spastic CP or mixed CP with
distinct spastic components), an age between 6 and 18 years,
and the ability to follow simple verbal instructions. Children
with a primarily dystonic or ataxic impairment, those with an
unstable situation regarding their tonus-regulating medications,
or those who had a botulinum toxin injection within the last 6
months or any surgical correction of the lower extremity within
the last year were excluded.

For establishing discriminative validity, neurologically intact
children aged between 6 and 18 years were recruited. Only
children without any medical history of neurological or
orthopedic diagnosis within the lower extremity were included.
In addition, we recruited neurologically intact adults because
the algorithm for the accelerometer data analysis [11] relates
children to adult references who have fully complemented the
maturation of SVMC to create the final score. The inclusion
criteria for this reference group were age between 18 and 50
years, no symptoms in terms of any central or peripheral
neurological injury, and no surgery of the lower limbs within
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the last year. An upper age limit was selected because
involuntary movements were shown to increase with age
[12,14].

Ethics Approval
The study was conducted in accordance with the necessary
guidelines and approved by the ethical committee of the Canton
of Zurich (Nr PB_2016_01843). A member of the study team
explained the study to the participants and their parents and
provided them with written participant information in
age-adapted versions. Sufficient time was provided to reach a
decision. Formal consent was obtained before any measurements
were conducted. All the participants provided oral informed
consent, and written informed consent was obtained from the
adults, adolescents aged ≥14 years, and minors’ parents. They
were further informed that they may withdraw from the study
at any time and that the withdrawal of consent will not affect
the participant’s subsequent medical treatment at the Swiss
Children’s Rehab.

SVMC Assessgame
On the basis of a previous publication [15], we refined the
single-joint SVMC-testing concept that was at the base of the

development of our assessgame “Catch the Stars.” The
assessgame measures SVMC by capturing (accurately)
controlled target joint movements and (potentially)
simultaneously occurring involuntary movements. The target
movements for which SVMC can be measured with the
assessgame encompass hip, knee, and ankle flexion and
extension. Detailed methodological information about the
assessgame can be found in our methodological paper [11]. In
short, the participants had to steer an owl avatar on a predefined
path made up of stars by the isolated movement of 1 selected
target joint. The path consisted of upward and downward curves,
lasted 30 seconds, and was presented on a screen placed in front
of the participants (Figures 1A and 1B). Six pairs of 3D
accelerometers were positioned bilaterally over the hip, knee,
and ankle joints (Reha-Stim Medtec AG; Figure 1C). The
accelerometer sensors were applied proximally (reference
sensor) and distally of the joints to ensure that only movements
of those particular joints but not compensatory movements
influenced the avatar’s motion. The game was calibrated to the
participant’s maximum active range of motion (ROM) of the
selected target joint. For the assessment, the participants had to
move within 90% of their maximum active ROM.

Figure 1. Measurement setup of the assessgame “Catch the Stars.” (A and B) Screenshots from the assessgame showing the owl avatar following and
collecting the stars on the target trajectory. (C) Standardized testing position and placement of 6 accelerometer pairs (master-slave) that were fixed
proximally and distally to each tested joint.

The participants performed 3 try-out trials (hip, knee, and ankle
joints once on a self-selected side) to get familiarized with the
game. During the actual measurement, each possible joint was
selected once as the target joint (ie, resulting in a total of 6 trials)
in a randomized order to control for possible learning effects.
After completing the calibration, each game round started with
an accommodation phase lasting 25 seconds. During this time,
the children could familiarize themselves with steering the avatar
by collecting a few stars at different positions on the screen.

Immediately at the end of the accommodation phase, which was
visualized by a starting line, the star-studded path, that is, the
target trajectory, began (Figures 1A and 1B). The participant
was instructed to follow this trajectory as accurately as possible
with the avatar to collect the stars by only moving the target
joint and no other joints. The test phase ended with crossing the
finish line after 30 seconds.

To quantify how selectively the game was played, we calculated
offline for each target joint an accuracy score and an involuntary
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movement score that included all simultaneously occurring
movements in contralateral or adjacent joints or the trunk (refer
to the study by Keller et al [11] for details). First, the data
recorded during the assessgame were imported to Matlab
(Matlab 2016a, The MathWorks Inc). The accelerometer data
were transformed to joint angles, and the time derivative was
calculated to yield the angular joint speeds (angle/second). We
were interested in these changes in joint angles and not in the
absolute position because they represent the movements that
occurred while playing the game. We replaced occasionally
missing data points (0.8%) because of undetected breakdowns
of 1 sensor with the mean of 50 simulated values using multiple
imputation by chained equations. For detailed information, refer
to the supplementary material of our methods paper [11].

Then, we calculated the accuracy score and the involuntary
movement score, which we standardized to the reference values
of 31 neurologically intact adults representing movement
mastery. The accuracy score represents the standardized error
value (standardized to the SD of neurologically intact adults)
between the actual trajectory of the avatar and the target path.
It displayed how well the participant could move the target joint
to follow the target path accurately. The involuntary movement
score describes for all nontarget joints the average difference
of the joint movement (angular joint speed) of the participant
from the adult mean and is expressed in adult SD units. Larger
values suggest worse selective control for both the outcomes.

Comparator Measures
The first comparator assessment was the SCALE, a valid and
established clinical assessment of lower limb SVMC [16]. It
requires the child to perform specific and timed individual
reciprocal joint movements (in this study, the hip, knee, and
ankle joints). According to the grading criteria, a therapist
classifies the impairments of SVMC during these movements
on an ordinal 3-point scale. Each joint can be scored as
0=unable, 1=impaired, or 2=normal SVMC. We used the
validated German version of the SCALE [17], and it was always
rated by the same physiotherapist based on a video recording.

As a second comparator measure, we used the GMFCS, which
classifies the functional abilities and limitations in the gross
motor function of children with CP, emphasizing on sitting,
transfers, and mobility [18]. It focuses on the children’s
performance in their habitual environment rather than their
capacity in a standardized setting. Functional limitations and
the need of assistive technology for mobility are described with
5 levels. Level 1 describes children who walk without
restrictions, whereas the self-mobility of children with GMFCS
level 5 is severely limited.

The third comparator measure was the physiotherapist’s expert
opinion. She rated the occurrence of involuntary movements
during the assessgame by evaluating the video recordings
afterward. Possible types of involuntary movements were mirror
movements, trunk movements, or movements in any other joint.
For the analysis, we assigned 1 point for each type of
involuntary movement that occurred at least once; for example,
if all 3 types of involuntary movements were observed, 3 points
were given. A selectively performed movement was assigned
0 points. This therapist rating of involuntary movements

occurring during the assessgame (ie, not during the SCALE)
allows a simple validation of the algorithm extracting
involuntary movements from the accelerometer data.

Measurements
The standardized measurement procedure was carried out by 2
people out of a team of 3 testers (1 experienced neuropediatric
physiotherapist and 2 human movement scientists) within 1
hour per session. The entire measurement was performed in a
sitting position on a custom-made wooden seat to standardize
the body position. For testing ankle movements, the active lower
leg was placed on a support with the knee extended at 30°. First,
the SCALE assessment was performed. Then, the participants
were equipped with the accelerometers, the try-out trials were
performed, and the actual measurements took place.

To evaluate the test-retest reliability of the assessgame, the
measurement was repeated by the same team under similar
conditions (time of day and room). Inpatients who received
intensive multimodal rehabilitation were measured again within
1 week to ensure that they remained stable. Outpatients who
received no intensive therapy were measured again within 3
weeks.

Statistical Analysis
For all outcomes, we calculated the means of the joints on the
more and less affected side as well as an overall mean. If a joint
could not be tested with the assessgame (eg, too small ROM),
we also excluded the corresponding SCALE score from the
analysis. Shapiro-Wilk tests and visual inspection of the data
showed that most scores were not normally distributed.
Therefore, we applied robust methods to test our a priori
formulated hypotheses.

Discriminative validity was determined by a robust,
bootstrapped analysis of covariance [19] to compare the
assessgame scores between the children with CP and their
neurologically intact peers at predefined ages of 9.5, 12.5, and
15.5 years (number of bootstrap samples=2000, span
parameter=0.7, data were not trimmed, and CIs were adjusted
for multiple comparisons).

Concurrent validity was evaluated by correlating the 2
assessgame outcomes (accuracy and involuntary movement
scores) with (1) the SCALE score and (2) the GMFCS level.
Furthermore, the game’s involuntary movement score was
correlated with the therapist’s rating. For summary scores (total
and leg means), we calculated Spearman rank correlation
coefficients, whereas we used Kendall Tau-b rank correlation
coefficients for individual joints, where we expected a high
number of ties in the data. The magnitudes of the correlation
coefficients were interpreted as negligible (0.00≤|r|≤0.29), low
(0.30≤|r|≤0.49), moderate (0.50≤|r|≤0.69), high (0.70≤|r|≤0.89),
or very high (|r|≥0.90) [20].

Relative test-retest reliability was investigated using a 2-way
random effects model based on absolute agreement (ICC 2,1
according to Shrout and Fleiss nomenclature [21]). To account
for nonnormally distributed data, we calculated bias-corrected
and accelerated bootstrap 95% CIs (number of bootstrap
samples=1000) [22]. ICCs and their corresponding CIs were
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interpreted according to the guidelines of Koo et al [23]: ICCs
<0.50 indicate poor reliability, those between 0.50 and 0.75
indicate moderate reliability, those between 0.75 and 0.90
indicate good reliability, and those >0.90 indicate excellent
reliability. Absolute reliability was determined by the SE of
measurement (equation 1, σt=variance of trial and σe=variance
of residual [random] error) and the minimal detectable change
(MDC) at a 95% confidence level (MDC95%; equation 2) [24].

All statistical analyses were performed with R statistical package
(version 3.4.4; R Foundation for Statistical Computing) [25]
using the additional packages boot version 1.3-20 [26], ICC
version 2.3.0 [27], mice version 3.3.0 [28], and WRS2 version
0.10-0 [19]. The significance level was set at α=.05 (2-tailed).

Results

Participants’ Characteristics
A total of 24 children with CP provided informed consent. As
4 children were not able to complete the assessgame because
of a lack of cognitive understanding of the game (3/4, 75%) or
visual impairment (1/4, 25%), we included the data of 20
children with spastic and mixed types of CP (bilateral: 17/20,
85%; unilateral: 3/20, 15%).

Their age ranged from 7 years and 11 months to 17 years and
5 months with a mean age of 12 years and 5 months (SD 3 years
and 4 months). Of the 20 participants, 7 (35%) were female. In
total, 35% (7/20) of children had GMFCS level I, 15% (3/20)
had GMFCS level II, 25% (5/20) had GMFCS level III, and
25% (5/20) had GMFCS level IV. Descriptive statistics of all
SVMC measures are presented in Table 1.

A descriptive summary of the peer control group (neurologically
intact children: n=31; mean age 11 years and 1 month, SD 3
years and 6 months; n=16, 52% females) and adult reference
group (n=31; mean age 33 years and 9 months, SD 7 years and
5 months; n=15, 48% females) is shown in Multimedia
Appendix 1.

Table 1. Descriptive statistics of the outcome measures.

TotalLess affected legMore affected lega

RangeMedian (IQRb)RangeMedian (IQRb)RangeMedian (IQRb)

Assessgame

0.81-5.032.55 (1.65-3.38)0.81-5.842.20 (1.63-3.88)0.82-5.522.42 (1.91-3.20)Accuracy

0.78-3.161.73 (1.27-2.79)0.75-4.131.74 (1.23-2.44)0.82-3.581.65 (1.34-2.65)Involuntary movements

0.0-2.01.2 (1.0-1.66)0.0-2.01.33 (1.0-1.75)0.0-2.01.0 (1.0-1.66)SCALEc

0.00-3.001.00 (0.50-1.88)0.00-3.001.17 (0.46-1.88)0.00-3.000.83 (0.62-2.00)Therapist’s opinion

aThe summary scores (for each leg and total) represent the average values of the individual joints, n=20.
b1st-3rd quartile.
cSCALE: Selective Control Assessment of the Lower Extremity.

Discriminative Validity
Concerning our hypothesis on discriminative validity, a robust
analysis of covariance compared the assessgame total scores
between the children with CP and neurologically intact children
at the discrete ages of 9.5, 12.5, and 15.5 years. The

bootstrapped CIs for the mean difference did not include 0 in
any of the comparisons, indicating that the children with CP
had significantly worse SVMC (ie, higher scores) than their
neurologically intact peers (Figure 2). The group differences
were similar across all ages.
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Figure 2. The assessgame scores and age. Scatterplots of the assessgame outcomes by age with smoothing lines are shown for children with cerebral
palsy and neurologically intact children separately. Dashed lines depict at which age the patients and neurologically intact children were compared with
a robust analysis of covariance. The differences between the groups and the bootstrapped 95% CIs are presented below.

Concurrent Validity
The correlations between the assessgame outcomes and the
SCALE and between the assessgame outcomes and GMFCS
were negligible to low and nonsignificant (Table 2). Significant
correlations of moderate magnitude were found between the

involuntary movement score and the therapist’s opinion (Table
2). Correlations with the therapist’s rating were also significant
on individual joint level for the ankle and knee (0.47≤τ≤0.74).
Complete results for all the individual joints are presented in
Multimedia Appendix 1.

Table 2. Relationships between the assessgame outcomes and the comparator measures.

TotalLess affected legMore affected leg

P valueρP valueρP valueρ

SCALEa

.21−0.29.57−0.14.28−0.25Game accuracy

.54−0.14.42−0.19.43−0.19Game involuntary movements

GMFCSb level

.090.39.190.30.060.42Game accuracy

.320.23.320.24.450.18Game involuntary movements

Therapist’s opinion

.010.56.0090.57.0060.59Game involuntary movements

aSCALE: Selective Control Assessment of the Lower Extremity.
bGMFCS: Gross Motor Function Classification System.

Test-Retest Reliability
Of the 20 participants, 3 (15%) children could not participate
in a second measurement owing to organizational issues.

Inpatients were reassessed 1 to 8 days (mean 5.3, SD 2.5 days)
after the first appointment, and outpatients were reassessed 6
to 21 days (mean 14.9, SD 6.5 days) later.
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With ICC values for the total scores ≥0.86 and the 95% CIs
>0.75, the test-retest reliability was in a good range (Table 3).
The ICCs for each leg fell into the range of moderate to good
test-retest reliability, whereas the CIs of the ICCs for involuntary
movement scores were wide. The MDCs listed in Table 3
appeared to be smaller for the accuracy score than for the
involuntary movement score and corresponded to 25% to 99%

of the mean patient score. The percentage of children (out of
17) that could improve (ie, reduce their assessgame score) by
the MDC without surpassing 0 (ie, theoretically, the best
possible score) was 100% (n=17) and 94% (n=16) for the total
scores (accuracy and involuntary movements, respectively),
82% (n=14) and 29% (n=5) for the more affected side, and 71%
(n=12) and 82% (n=14) for the less affected side.

Table 3. Test-retest reliability of the assessgame of selective voluntary motor control.

TotalLess affected legMore affected leg

Game IMSGame ASGame IMSGame ASGame IMSbGame ASa

1.87 (0.73)2.55 (1.35)1.86 (0.84)2.49 (1.48)1.88 (0.84)2.60 (1.34)Mean (SD) 1

1.84 (0.84)2.47 (1.35)1.62 (0.68)2.33 (1.35)2.09 (1.19)2.62 (1.47)Mean (SD) 2

.55.75.89.99.06.78P valuec

0.86 (0.76-0.93)0.97 (0.88-0.99)0.80 (0.17-0.93)0.87 (0.57-0.96)0.52 (0.06-0.85)0.94 (0.80-0.98)ICCd (2,1) (95% CI)

0.820.630.981.401.970.97MDC95
e

442556589937MDC95/grand meanf (%)

aAS: accuracy score.
bIMS: involuntary movement score.
cUncorrected P value of Wilcoxon signed-rank test for systematic differences between the test and retest assessgame scores.
dICC: intraclass correlation coefficient; the P values of intraclass correlation coefficients were all <.001, except for the involuntary movement score of
the more affected leg (P=.008).
eMDC95: minimal detectable change at 95% confidence level.
fThe grand mean was the average of the first and second means.

Discussion

Principal Findings
We investigated the discriminative and concurrent validity and
test-retest reliability of a gamelike assessment for SVMC in
children with CP. In summary, the assessgame could
differentiate well between the neurologically intact children and
children with CP. Although the assessgame’s involuntary
movement sum scores correlated moderately with the therapist’s
expert opinion about the involuntary movements that occurred
during the game, these correlations were high for the ankle and
knee joints of the more affected side. The assessgame’s accuracy
and involuntary movement scores correlated worse with the
SCALE score and the GMFCS level as hypothesized. Test-retest
reliability was generally good to excellent, and most ICCs
exceeded the minimum required threshold of 0.75, except for
the occurrence of involuntary movements of the more affected
leg. The acceptability of the absolute reliability was more
challenging to interpret, but a high percentage of patients would
be able to improve their total scores by the MDC without
showing a ceiling effect. When interpreting the scores for the
more and less affected sides separately, it seemed that most
children with CP could improve in accuracy. At the same time,
only some children might be able to reduce the occurrence of
involuntary movements. The poorer reliability of the involuntary
movement score of the more affected leg might indicate that
such movements occur less regularly.

Discriminative Validity
The assessgame could differentiate well between neurologically
intact children and children with CP, with similar differences
independent of age. Although we had expected smaller
differences in the assessgame scores between young (ie, aged
6-7 years) patients and their neurologically intact peers, our
data could not confirm this, as we were not able to recruit
children with CP in this age range (Figure 2). When interpreting
the running interval smoother in Figure 2 qualitatively, a
maturation effect in neurologically intact children can be
observed, particularly for the involuntary movement score.

Concurrent Validity
A comparison with other psychometric studies is only partly
possible, as only a few other SVMC tools exist, and their
psychometric properties have rarely been investigated [10,16].
When the same assessgame was applied to the upper limbs, the
correlations also were the strongest between the assessgame
outcomes and the therapist’s rating and weaker between the
assessgame outcomes and clinical SVMC measures or
classifications of the severity of the disability [13]. However,
their absolute correlation coefficients between the assessgame
scores and the upper limb equivalent of the SCALE, the selective
control of the upper extremity scale, were higher (ie, ρ=−0.37
for accuracy and −0.55 for involuntary movements). Several
factors might explain this difference. First, the assessgame for
the upper extremity considers a higher number of df, allowing
more possibilities for involuntary movements than the
assessgame for the lower extremities. Second, playing a
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computer game with the upper extremities is more common,
whereas steering an avatar with isolated hip, knee, or foot
movements was a new experience for the participants. Third,
the assessgame asked for fine-tuned movements. Despite some
leg muscles such as the tibialis anterior receiving direct
corticospinal projections [29,30], which would allow fine motor
control, the lower limbs are generally involved in gross motor
movements concerning weight bearing, posture, and ambulation.

The relationships with comparator measures were also weaker
than those observed in other lower extremity studies. Although
other studies using clinical lower extremity SVMC assessments
such as the selective motor control scale or the SCALE found
relationships with gross motor function [6,8,16,17,31], the
assessgame outcomes did not correlate with the GMFCS level
or the SCALE. We expect that this is caused by the differences
between the assessgame and clinical assessments of SVMC.
First, strength might influence these SVMC measures
differently. As the SCALE scores depend on whether the child
can actively move through the entire passive ROM, the SCALE
correlated strongly with lower limb strength [17,32], which is
again a strong prerequisite for walking. By calibrating the
assessgame to the active ROM, we aimed to minimize the effect
of strength. Second, although the assessgame and a measure
such as the SCALE rely on a common definition of SVMC, the
assessgame represents a more advanced task requiring graded
joint movements of varying amplitudes and speeds. On the basis
of the nature of the assessgame, we think that playing the game
involved additional visuomotor coordination, action planning,
anticipation, and higher cognitive functions. These are all body
functions known to vary highly in children with CP [33].

Furthermore, during the measurements, we observed that the
children were quite immersed in the assessgame. They focused
on collecting as many stars as possible rather than on movement
quality (ie, no involuntary movements). Therefore, the
assessgame resembles a more playful situation where selective
control is required but not the focus of the action. By contrast,
during the SCALE, the children had immediate visual control
and feedback over their movement, were continuously guided
by the therapist, and could display their undivided attention
solely on performing selective movements.

Although the relationships between the assessgame outcomes
and SCALE were indeed weaker than we had anticipated, the
moderate correlations between the assessgame outcomes and
therapist’s rating of involuntary movements occurring during
the game, which were moderate to high for the knee and high
for the ankle joint specifically, indicate that the assessgame is
valid in assessing SVMC. The relationships might have been
even stronger if the therapist had also quantified the intensity
and frequency of the occurring movements.

In our opinion, the assessgame seems to measure SVMC during
a more difficult task in a different context (ie, an immersive
gaming environment) and in greater detail compared with the
current clinical SVMC assessments. It assesses movement
control more accurately (ie, finer graded and accurately timed
movements) and includes the magnitude and frequency of
involuntary movements. These differences make the concurrent
validity testing difficult.

Test-Retest Reliability
As for the reliability results, the English and German versions
of the SCALE and the selective motor control scale were shown
to have nearly excellent relative reliability in children with CP
[16,17,34]. Although we found similarly large ICC values for
the total scores in this study, ICCs for the more and less affected
sides were lower, especially for the involuntary movement score.
We consider 2 explanations. First, although the ordinal clinical
scales with only a few levels might mask some possible
variability, leading to higher ICCs, the interval-scaled
assessgame fully captures this variability. Second, we
investigated the test-retest reliability of the assessgame on
different test occasions. Previous studies examined the interrater
or intrarater reliability by evaluating consecutive assessments
on the same day or by rating videotaped assessments. Such
protocols might result in smaller variability compared with 2
different test occasions.

The MDCs relative to the grand mean were mostly higher than
those found for the SCALE. Balzer et al [17] found values in
the range of approximately 30% to 40%. We found comparable
values for the total and more affected side accuracy scores, but
the values exceeded 40% for the other outcomes. This
discrepancy between good relative reliability and rather low
absolute reliability can be attributed (in part) to the
heterogeneous sample. ICCs can be high even if the trial-to-trial
variability is large when between-subject variability is high
[35]. The participants, reflecting the population undergoing
rehabilitation in our center, varied highly in the level of SVMC
impairment as SCALE total scores varied between 1 and 12 out
of 12 points. Although these values reflect the reliability one
could expect when applying the measure on a daily basis in a
heterogeneous clinical population, we expect that for research
purposes, more homogeneous patient populations would need
to be selected to improve the absolute reliability and allow the
assessment of longitudinal changes.

Limitations
First, the sample size was relatively small; however, with 20
participants, we were sufficiently powered to detect correlations
of ≥0.58 (pwr.r.test [36], α=.05, power=80%), which lie clearly
below what we expected for the therapist’s opinion and in the
lower range of the expected correlations with the SCALE.

Second, the game requires good cognitive functions of
participants to maintain concentration and an active ROM of at
least 10°; this resulted in dropouts and missing data for some
joints. Owing to dynamic or fixed ankle contractures in children
with CP, their active ROM was often too small to play the game,
and important information on ankle control was lost.

Third, we decided to study children with unilateral and bilateral
spastic CP for this preliminary investigation of psychometric
properties and usability. Although this sample was more
homogeneous than the sample included in the psychometric
study of the upper limb assessgame [13], the heterogeneity
between patients was large, and the sample represented a
population seen in clinics to whom the tool will be applied.

Fourth, reliability could likely be improved by testing each joint
more than once and taking the average outcome. Several
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repetitions would also allow better control for learning effects,
if they exist. However, repeating joint assessments seems
unfeasible in terms of motivation and compliance if all joints
are to be tested. The assessgame was developed to keep
motivation and emotional engagement high during testing.
Nevertheless, engagement differed between participants and
might have influenced the outcomes independent of the
participant’s selective control abilities.

Finally, we underestimated the differences in patient
requirements for performing the clinical SCALE and the
assessgame. Although both assessments build on the definition
of reduced selective motor control, the assessgame differs in
various aspects, as discussed earlier, which has negatively
influenced parts of the validity analyses. Future psychometric
studies (on similar assessments) should consider this and could
further evaluate the validity of the assessgame by including
comparator assessments of more refined control of movement
or muscle activation, action planning or visuomotor
coordination, and the frequency and amplitude of involuntary
movements.

Clinical Implications
Unlike the SCALE, whose single outcome includes both timed
gross motor control and the presence of involuntary movements,
the assessgame separates movement accuracy from the
occurrence of involuntary movements. This separation is of
clinical importance, as it could direct therapists in personalizing
the therapy program (eg, improving accurate motor control or
inhibiting involuntary movements). However, in particular, the
assessgame’s involuntary movement score should become more
refined to inform therapeutic decisions in more detail (ie,
differentiating between mirror movements and comovements).
As a first attempt, we developed a possible clinical output for
the assessgame providing information similarly to the descriptors
of the SCALE (an example is shown in Multimedia Appendix
2). This output displays in detail how selectively the child was
able to play the assessgame for each joint compared with the
recorded reference values (neurologically intact adults and
control children of approximately the same age as the patient).

The setup, test conduction, and analysis of the assessgame are
rather time consuming, which limits the practicability of such
an assessment in its current form. Technical adaptations could
help optimize the setup such that fewer sensors are required.

Furthermore, instead of testing all joints, the test could be
focused on 1 or 2 specific target joints selected based on their
relevance for the children and their families.

Future studies should investigate SVMC in a larger sample of
healthy children to establish robust norm values for the
assessgame scores. A first analysis of the current data from 31
healthy children already showed a strong correlation with age
[37]. In addition, in a larger sample of children with CP, it might
be possible to find SVMC subcategories, which might serve to
predict or optimize (physiotherapeutic) treatment output, as has
been shown for the SCALE and orthopedic knee surgery [38,39].

Another clinical and scientific application could be to adapt the
concept of the assessgame for an intervention to train SVMC
in children with CP. Meanwhile, we have developed an
interactive computer game for improving SVMC [40]. We took
advantage of the assessgame’s motivational effect due to the
gaming character and the enriched environment, as these
components are indicated to enhance motor learning and
neuroplasticity [41,42]. Regardless of which therapeutic
approach is taken to improve SVMC, a responsive outcome
measure is needed to measure the real changes stemming from
interventions. Therefore, future studies might investigate the
responsiveness and clinically important changes of the
assessgame.

Finally, although we evaluated this assessgame in children with
CP, it could be applied to various patient groups with upper
motor neuron lesions, both young and adult, as shown for the
upper limbs [13].

Conclusions
This study provided preliminary evidence for the validity and
good relative test-retest reliability of a new playful assessgame
to measure SVMC of the lower extremities in children with CP.
The assessgame differs from the existing assessments of SVMC,
and its gaming character might have a complementary value in
the measurement of SVMC. This may deepen our understanding
of the complex mechanism of motor control. Future studies
must show whether and which other aspects of motor control
the assessgame includes for it to become an appropriate
assessment for clinical or research use. As the relative reliability
was good but the absolute reliability was rather low, further
studies are needed to investigate the responsiveness of the
assessment.
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Abstract

This is a viewpoint paper that aims to describe the systematic approach to the development of a technology-driven stroke
rehabilitation innovation to manage disabilities following a stroke at home in India. This paper intends to sensitize public health
innovators and intervention development experts about the important aspects that need to be considered to develop a culturally
sensitive, patient-centered, scalable solution for stroke care using technology. Stroke has been the second-leading cause of death
and the third-leading cause of disability globally for the past 3 decades. The emerging technological innovations for stroke care
were predominantly designed and developed by digital technology experts as stand-alone products with very minimal efforts to
explore their feasibility, acceptability, and, more importantly, scalability. Hence, a digital therapeutic rehabilitation innovation
for people with stroke-related disabilities in India was systematically developed and is being evaluated. ReWin is an innovation
that is technologically driven and envisions digital therapeutics as a medium for the provision of rehabilitation to persons with
disabilities. It is conceptualized and developed based on the International Classification of Functioning, Disability and Health.
ReWin encompasses specific technological aspects to enable its scientific framework and conceptualization to suit the context
and needs of stroke care providers and consumers. The framework is built with 2 separate applications, one for the providers and
one for the patients and caregivers. Each of these applications has a specific inbuilt design to add data about the demographic
details of the user, stroke severity using the National Institute of Health Stroke Scale, and self-assessment of disability measured
by the modified Barthel Index. Users can communicate with each other and decide on their therapeutic goals, therapy training
information, and progress remotely from where they are. The ultimate outcome expected from the ReWin innovation is a continuum
of care for stroke survivors that is effective, safe, and of good quality. Systematic development cannot make the intervention
scalable. The intervention needs to be evaluated for its feasibility, acceptability, and effectiveness. Currently, ReWin is being
evaluated for its feasibility and acceptability. The evaluation of ReWin will provide an opportunity to develop a scalable solution
for empowering therapists and persons with disabilities, in general, to objectively self-manage their treatment. Findings from this
study will also provide valuable information about the resources required to deliver such interventions in resource-constrained
settings like India.
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Introduction

Stroke has been the second-leading cause of death and the
third-leading cause of disability globally for the past 3 decades
[1]. There have been several innovations to meet the growing
need for stroke rehabilitation in the community [2]. Most
recently, the approach to innovations for stroke rehabilitation
has amalgamated the strengths of technology and digital
therapeutics [3]. However, these technological innovations for
stroke care were predominantly designed and developed by
digital technology experts as stand-alone products with very
minimal efforts to explore their feasibility, acceptability, and
more importantly, scalability [4]. Perhaps this could be one
reason why these technologically driven rehabilitation
innovations have not been optimally used in primary stroke
care, especially in the context of low- and middle-income
countries including India.

As recommended by the Medical Research Council, United
Kingdom, the development of innovative interventions,
especially those that are complex, must be systematic and phased
[5]. This will enable the design as well as the development of
context-specific, culturally sensitive, and patient-centered
interventions [6]. It is also important that these technological
innovations connect patients with providers of rehabilitation.
Most of the innovations for stroke rehabilitation that are
available in the market are aimed at supporting stroke survivors
or stroke service providers [7]. This potentially creates a gap in
the continuum of care between the users and providers of stroke
care, and therefore, the supply of rehabilitation services could
never meet the demands [8]. The development of innovative
stroke rehabilitation interventions that consider the aspects of
feasibility, acceptability, and scalability is therefore of utmost
public health importance [9]. It also stresses the importance of
innovations targeting the continuum of care, especially for a
condition like a stroke, which results in a long-term permanent
disability [10].

In this paper, we aim to describe the systematic approach to the
development of a technology-driven stroke rehabilitation
innovation to manage disabilities following a stroke at home in
India. The innovation is called ReWin. ReWin is a digital
therapeutics platform conceptualized, developed, and owned

by TNQ InGage Technologies, a company based out of Chennai,
India. It is an innovation that was systematically designed with
the utmost consideration for scalability and a continuum of care.
This paper intends to sensitize public health innovators and
intervention development experts about the important aspects
that the authors considered to develop the ReWin innovation,
which is a culturally sensitive, patient-centered, scalable solution
for stroke care using technology in India. The paper highlights
the technical as well as scientific aspects of the ReWin
innovation and its implications for addressing the growing
burden of stroke and the demand for stroke care in India as well
as in similar contexts.

ReWin Conceptualization
ReWin is a technology-driven innovation for stroke care that
aims to provide a scalable solution for stroke care and
subsequently generate evidence for informed decision-making
among both the consumers and providers of stroke rehabilitation
and care. It is conceptualized as an innovation that could
visualize disability through a bio-psycho-social lens as defined
by the International Classification of Functioning, Disability
and Health [11]. This conceptualization enables ReWin to move
beyond the boundaries of impairment-based rehabilitation,
which is a purely medical model, to an inclusive model that
considers activity limitations and participation restrictions,
including the environment in which one experiences
stroke-related disabilities. Figure 1 describes this
conceptualization.

Although it looks straightforward, it is not easy to translate this
conceptualized innovation into a scalable solution, especially
in a country such as India where there is no general system for
the rehabilitation of persons with disabilities [12]. Even the
national program for noncommunicable diseases, which includes
stroke, does not have an operational strategy to address the
unmet need for disability and rehabilitation among stroke
survivors [13]. In addition, rehabilitation services for stroke
survivors, especially outside the hospital setting, are hardly
available in India. This provides the opportunity to tap the
strengths of technology and optimize it for bridging the existing
gaps in the provision of rehabilitation for stroke survivors and
meeting their needs, especially outside the hospital setting.
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Figure 1. Bio-psycho-social model of the International Classification of Functioning, Disability and Health.

Scientific Framework of ReWin
ReWin’s scientific framework is more aligned with its
conceptualization. Rehabilitation services for people with
disabilities in general have been inaccessible in the Indian
context until now [14]. Whatever is available and accessible is
limited to the major cities and provided predominately by private
service providers. More importantly, rehabilitation services are
restricted only to hospital or institutional settings [15]. Services
for people with disabilities outside the hospital context are
hardly nonexistent, and this provides an opportunity as well as
implies a need for innovation to address these gaps.

The key aspects of ReWin’s framework are the continuum of
care as well as the bio-psycho-social model for disability

conceptualization, which is nonexistent for people with
disabilities in general in an Indian context. Communication of
the therapy needs and rehabilitation plans between therapists
and stroke survivors and their families is crucial to achieving a
continuum of care. ReWin ensures the follow-up of stroke
survivors post discharge from their hospital. The application
also envisions follow-up for functional independence, enabling
stroke survivors to decide what goals need to be achieved based
on their self-assessment of activities of daily living (ADL).
Lastly, the scientific framework is not just educational. It enables
supervised therapeutic rehabilitation at home using video-based
educational content as well as the sensor- and virtual
reality–based therapeutic training supervised remotely by the
therapists based at the hospitals or rehabilitation centers. Figure
2 depicts the continuum of care framework of ReWin.

Figure 2. Continuum of care framework of ReWin.

The Technological Framework of ReWin
ReWin encompasses specific technological aspects to enable
its scientific framework and conceptualization to suit the context
and needs of stroke care providers and consumers. The
framework is built with 2 separate applications, one for the
providers and one for the patients and caregivers. Each of these
applications has a specific inbuilt design to add data about the
demographic details of the user, stroke severity using the

National Institute of Health Stroke Scale (NIHSS), and
self-assessment of disability measured by the modified Barthel
Index. Users can communicate with each other and decide on
their therapeutic goals, therapy training information, and
progress remotely from where they are.

ReWin Stroke Rehabilitation Intervention
The ReWin stroke telerehabilitation intervention is designed to
provide continuum care for stroke survivors in India. It is
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designed and developed to address the unmet need for stroke
rehabilitation in the country by bridging the gap between stroke
rehabilitation clinicians or health professionals and stroke
survivors. The stroke experts considered for delivering the
intervention are stroke physicians, neurologists, physiotherapists,
occupational therapists, rehabilitation nurses, and other
rehabilitation experts. The stroke survivors considered for using
this innovation are those who get treated in a hospital facility
for their acute stroke and are discharged home after being
medically stabilized for their acute stroke at the hospital. The
intervention consists of two key components: (1) ReWin Stroke
Survivor app and (2) ReWin Therapist app. Both apps will have
the capability to communicate with each other.

ReWin Stroke Survivor App
This is a patient-specific app that would provide educational
information and guide stroke survivors to understand stroke and
their functional problems, seek uninterrupted, organized stroke
care from stroke experts based at the hospital, and set realistic
goals that could help them meet their poststroke rehabilitation
needs based at home. The intervention includes the following
components:

1. Information on stroke: a video-based education for
caregivers and stroke survivors on stroke such as what is
stroke, how a stroke occurs, common symptoms of stroke,
and warning signs of stroke in regional languages.

2. Self-care assessment: a self-care assessment is designed to
assess and evaluate the participation of stroke survivors in
basic ADL using a standardized assessment of ADL. All
the questions are developed using the modified Barthel
index assessment for ADL as the core logic. This
assessment is completed by the stroke survivors or their
caregivers themselves.

3. Functional goal-setting: the patient app will suggest
functional goals to the patient based on the results of the
self-care assessment. Patients can select short-term
functional goals in areas where they want to see
improvement in their ADL.

4. Therapeutic expert consultation: these goals will be shared
digitally with the stroke experts using a single
point-of-access triage facilitator in the hospital for further
rehabilitation and care planning (web-based consultations,
goal planning, and follow-up) for the stroke survivors based
at their homes.

5. Home-based self-management or caregiver-supported
management of the physical disability: this is the core
therapeutic component of the ReWin innovation. It consists
of 4 critical domains for stroke rehabilitation. They are (1)
home-based therapeutic exercises, (2) functional skills or
preparation for daily living, (3) ADL, and (4) assistive
devices. The content of all these domains is stored in the
server of ReWin. This content can be reviewed and
recommended to stroke survivors by the therapists through
their app. Following this, the recommendations will be

automatically available for the users through their patient
app.
i. Home-based therapeutic exercises: in this section, self

or caregiver-mediated home-based training with support
using a customized exercise program as prescribed by
their expert therapist can be performed. Stroke
survivors and caregivers would be asked to follow the
exercises provided in the app based on expert guidance.
Home-based therapeutic exercises will be provided on
3 platforms. Each platform has its uniqueness.
• Guided 3D video-based therapeutic exercises: in

this platform, ReWin offers 3D animated videos
that will guide and train stroke survivors and
caregivers on how to do their daily therapeutic
exercises as prescribed by their expert therapist.
The therapeutic exercise library will have a wide
selection of passive, active-assisted, and active
exercises (Figure 3).

• Wireless bio-feedback sensors: bio-feedback
sensors combined with a mobile app will help to
coach, track, and remotely monitor patients to
enhance and improve their rehab experience. These
sensors are nonhazardous and can track the range
of motion, time taken to complete a task, and
movement smoothness. All these data will be
monitored and shown in the expert app dashboard.
A wide range of passive, active-assisted, and active
exercises will be available on this platform (Figure
4).

• VR therapeutic games: innovative, immersive,
therapeutic applications that address a wide variety
of active range of motion exercises focused on
ADL through virtual reality games. Each game is
uniquely designed and curated for a particular
active range of motion exercise. The purpose of
this intervention is to provide immersive, engaging,
safe, and higher dosage interventions in a home or
clinical setting for patients with stroke (Figure 5).

ii. Functional skills or preparation for daily living: a
virtual reality–based education of stroke survivors and
caregivers on ways to perform their functional
activities, such as positioning themselves in bed and
chair, bed mobility, mobilizing in bed, chair, and
wheelchair, and transfers, will be available for viewing
and performing under expert guidance.

iii. ADL: a virtual reality–based education of stroke
survivors and caregivers on ways to perform their
functional activities such as brushing, grooming,
bathing, dressing, and walking will be available for
viewing and performing under expert guidance.

iv. Assistive devices: a virtual reality–based education of
stroke survivors and caregivers on assistive devices
that can help with their ADL, details of the device, how
to wear them, and perform their day-to-day activities
is provided.
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Figure 3. Mobile-based therapeutic videos.

Figure 4. Wireless sensor for active, active-assisted, and passive therapeutic exercise.

Figure 5. Headset of the head-mounted display for stroke rehabilitation.

ReWin Stroke Expert App
The ReWin stroke expert app is specifically designed to enable
stroke care experts in a hospital facility to ensure a continuum
of care by engaging with stroke survivors who are discharged
from the hospital and are living at home digitally in real-time.
This app is designed to serve the following purposes:

1. Web-based consulting: this app enables stroke rehabilitation
experts to consult with a stroke survivor virtually rather
than consulting at the hospital. The experts can provide

appointments for specific time durations and could organize
care for their patients who have already been discharged
and keep track of them.

2. Stroke severity assessment: the app has an inbuilt NIHSS.
This standardized assessment will enable expert clinicians
to assess and evaluate the stroke severity, and disabilities
or impairments due to stroke. The assessment consists of
structured questions to evaluate physical, visual, cognitive,
speech, and sensory deficits and is modeled on the NIHSS.
The outcome of the assessment will reflect the severity of
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the stroke. This assessment is done face-to-face with the
present pilot.

3. Digital goal-setting: stroke expert clinicians using this app
can view the goals set by their patients and can consult to
set realistic goals together with the patient and keep track
of them. This could serve the purpose of both achieving it
with optimum resources and ensuring the prognosis is
documented and patient progress is objectively guided.

4. Web-based supervision of therapy: based on the goals set
for a particular patient, the therapist can set the therapeutic
interventions mentioned in the survivor’s app, such as
therapeutic exercises, functional skills, ADL, and assistive
devices, as per the needs of the patient and ask their patients
to understand how it is done and practice it at home under
their supervision. Under the therapeutic exercises section
of the app, the therapist can select the exercises and
repetitions or dosages on a week or fortnight basis for their
patients and track real-time progress objectively. Our
platform also has the capability to recommend exercises as
per the patient’s goals, but the final decision will be taken
by the concerned expert clinician.

5. Web-based follow-up: similar to consultation and
supervision, the app will enable expert clinicians to conduct
web-based follow-ups of their patients who have been
discharged from hospital-based rehabilitation and care but
who have been using the patient app for this intervention

and are being cared for by the expert clinicians irrespective
of the patient’s living location globally.

ReWin Stroke Telerehabilitation App Technological
Flow
The ReWin stroke survivor app and the therapist app are
designed to communicate with each other to provide continuous
support to the therapist and stroke survivor. A summary of the
workings of the app is detailed below and in Figure 6.

• A stroke survivor logs into the app and performs a self-care
assessment. Goals are suggested to the patients based on
their assessment outcomes.

• Stroke survivors and caregivers select goals that they want
to see improved in their daily lives.

• The goal outcome is communicated to a therapist.
• The therapist performs a stroke severity and disability

assessment on the stroke survivor, and the therapist, stroke
survivors, and caregivers consult and finalize their goals
for improvement.

• The therapist prescribes intervention based on the modified
goals on a weekly or fortnightly basis.

• Therapeutic intervention is sent to the ReWin stroke
survivor app for daily usage.

• Stroke survivors and therapists communicate digitally using
the app at their discretion to achieve therapeutic goals and
experience a continuum of care.

Figure 6. The operational flow of the intervention in terms of synchronized patient and clinician applications.

Discussion

Principal Findings
Globally, telerehabilitation has been widely accepted and
promoted in stroke care [16]. Several innovations have been
developed worldwide and tested for their feasibility and
effectiveness [17]. Telerehabilitation for stroke includes a wide
range of innovations targeting the diverse aspects of stroke care,
ranging from lifestyle coaching to reducing various types of
impairments as well as functional rehabilitation [18]. It is
evident that telerehabilitation for stroke care can be a very useful
adjunct to conventional stroke care at rehabilitation centers and
hospitals and in situations where there is no other option [18].
There is also evidence to suggest that telerehabilitation

interventions have either better or equal salutary effects on
physical, psychological, and cognitive impairments compared
with conventional face-to-face therapy [17]. Although there is
evidence for the feasibility of such innovations, the strategy
used in these innovations to promote a continuum of care is still
unclear [16-19]. Technological innovations for stroke care
targeting the posthospital discharge period have not been shown
to reduce impairments, improve independence in ADL, or
improve quality of life [16]. This is especially true because
telerehabilitation innovations targeting continuum care are
hardly developed and evaluated, particularly in low- and
middle-income countries such as India [20].

ReWin innovation targets a continuum of care for stroke
survivors that is effective, safe, and of good quality. Patients
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who seek treatment for stroke in a hospital get comprehensive
treatment for acute stroke, and they get discharged home as
soon as they are medically stable [21]. Poststroke disability is
poorly understood and managed because we do not have a
continuum of care outside the hospital setting in a country such
as India [22]. This is true even from the government’s health
care perspective. The ReWin innovation bridges this important
gap.

First, it enables the continuum of care for stroke survivors after
hospital discharge at their home (patient app). Second, it enables
the hospitals to organize their services systematically in the
community for their patients and strengthen their service
provision outside the hospital and have a follow-up of their
patients even after they leave the hospital facility through this
innovative technology-driven intervention. Systematic
development cannot make the intervention scalable [8]. The
intervention needs to be evaluated for its feasibility,
acceptability, and effectiveness [23-25].

The key limitation of this viewpoint paper is that it does not
provide the results of the feasibility assessment with sufficient
data in detail. This is especially because the pilot study is
currently in progress. However, once it is complete, we will
ensure we report the results of the evaluation as a separate
publication. Currently, ReWin is being evaluated for its

feasibility and acceptability. It will be subsequently evaluated
for its effectiveness too. Given our experience in developing
the ReWin intervention, we foresee that affordability (costs) as
well as the digital literacy of the users, particularly those who
are older adults, will be key barriers to implementation that
must be evaluated. The evaluation of ReWin will provide an
opportunity to develop a scalable solution for empowering
therapists and persons with disabilities, in general, to objectively
self-manage their treatment. Findings from this study will also
provide valuable information about the resources required to
deliver such interventions in resource-constrained settings such
as India.

Conclusions
Technology-based innovations for stroke care are absolutely
essential to bridge the gaps in access to rehabilitation and to
enhance recovery following stroke, particularly after hospital
discharge. Innovations such as the ReWin are warranted for
development as well as systematic evaluation. The innovation
must connect stroke care providers in hospitals and rehabilitation
centers to stroke survivors and their families in the community.
The development of innovations without a strategy to ensure a
continuum of care can only be efficacious in the ideal
environment and might not be a scalable solution to ensure
effective community-based stroke care, particularly in a country
such as India.
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Abstract

Background: Upper extremity function plays a critical role in completing activities of daily living, employment, and participating
in recreational activities. The FEPSim device is a medical device for hand and wrist rehabilitation that can be adjusted according
to the patient’s requirements in rehabilitation. Furthermore, the FEPSim can be used to assess the patient’s strength and range of
motion of the forearm, wrist, and hand. At present, the acceptance and usability of the FEPSim have not been tested in a clinical
setting, with limited perspectives from rehabilitation-providing clinicians.

Objective: This study aims to understand the factors related to the acceptance and usability of the FEPSim device. Upper limb
disorders are prevalent across populations. The impact of upper limb disorders, both acute and chronic, puts a significant burden
on the Canadian health care system.

Methods: A qualitative descriptive study was conducted that involved face-to-face semistructured interviews with hand therapists
from hand therapy services who used the FEPSim device. We used purposive sampling to recruit 10 participants over a period
of 14 months. Semistructured interview questions (topic-guided) examined the technology acceptance and usability of the FEPSim
device.

Results: We found 6 factors to be critical aspects of the acceptance and usability of the FEPSim device. These factors were (1)
useful for therapy, (2) effortlessness, (3) environmental conditions, (4) internal encouragement, (5) technological aesthetics, and
(6) use.

Conclusions: The FEPSim device was widely accepted by the therapists. The use of the FEPSim device is a feasible alternative
for supporting hand therapy.

Trial Registration: ISRCTN Registry ISRCTN13656014; https://www.isrctn.com/ISRCTN13656014

(JMIR Rehabil Assist Technol 2022;9(4):e42385)   doi:10.2196/42385
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Introduction

Upper extremity function plays a critical role in completing
activities of daily living, employment, and participating in
recreational activities [1]. Upper extremity functions can be
detrimentally impacted by numerous disorders, thus having a
deleterious impact on health and well-being [1-4].

Upper limb disorders are prevalent across populations [5,6].
There is significant variability surrounding the operational
definition of upper limb disorders with differing underlying
etiologies, as well as significant heterogeneity [7]. Therefore,
a wide prevalence of estimates of upper limb disorders between
1.6% and 53% has been reported [7].

The impact of upper limb disorders, both acute and chronic,
puts a significant burden on the Canadian health care system.
One of the most prevalent etiologies resulting in upper limb
impairment is arthritis; nearly 1 in 5 Canadians are living with
arthritis, resulting in a yearly health care expenditure of CAD
$6.4 billion [8,9]. Another common cause is cerebrovascular
accidents, with an incidence rate of approximately 62,000 cases
per year, costing the health care system US $3.6 billion annually
[10]. Nearly 714,000 cases of injuries specific to the wrist and
hand were reported during 1 year, as reported by the Canadian
Community Health Survey [11]. Focusing further on wrist
fractures, nearly 47,000 cases per year are reported in Canada,
resulting in over CAD $100 million in acute care costs alone
[12]. Finally, people with spinal cord injury may also experience
impaired hand function; 86,000 Canadians are living with spinal
cord injury, resulting in CAD $2.7 billion of health care costs
per year [13]. Together, etiologies resulting in upper limb
disorders impact millions of Canadians and are associated with
an annual health care expenditure in the tens of billions of
dollars in Canada alone.

With this immense prevalence and impact of upper limb
disorders, rehabilitative approaches play a pivotal role in
compensation for, or restoration of function after, these
impairments. The increasing emphasis on rehabilitation
technologies to promote activities of daily living while
increasing therapy efficiency, accessibility, and practicality has
resulted in various technological and robotic devices targeting
upper limb therapy [14-17]. Indeed, rehabilitation strategies can
improve upper limb function, although compliance and
technology acceptance and adoption can pose significant
challenges [15]. Additional factors associated with conventional
therapy approaches such as resistance balls and putties can
quickly lead to a lack of engagement from the patient, which
ultimately impacts performance and compliance. Robotic
rehabilitative technologies have begun to address this issue,
although often at a logistical or financial cost [15,17].

Current devices specific to upper limb rehabilitation can be
categorized into low-cost and portable, high-cost and portable,
or high-cost and nonportable [18]. Although many low-cost
devices exist as part of routine clinical care, to the authors’
knowledge, none are capable of allowing a therapist to obtain
performance metrics such as forearm, wrist, and hand strength;
range of motion; or dexterity during functional hand movements
(eg, wrist pronation/supination and flexion/extension) and grasp

patterns (eg, the lateral grip, which is the grasp pattern used
when grasping and turning a key to open a door). 

The FEPSim (flexion, extension, pronation, and supination),
developed by Karma Medical Products, is a medical device for
hand and wrist rehabilitation that can be adjusted according to
the patient’s requirements in rehabilitation. Furthermore, the
FEPSim can be used to assess the patient’s strength and range
of motion of the forearm, wrist, and hand. To measure range of
motion, the device has features that allow the therapist to
determine the degrees of movement of any given joint. The
FEPSim also counts the number of repetitions of an exercise
that the patient performs, which is an indicator of the patient’s
endurance. The customizability of the FEPSim allows for
adjustments during rehabilitation progression and targeted
therapeutic goals. This is achieved by the ability to adjust the
strength and dexterity that the patient requires during therapy.
The adjustment of dexterity is achieved by using a variety of
accessories for exercising different grasp patterns such as disk
grasp, power grasp, spherical grasp, and lateral grip. 

Although rehabilitative devices may be efficacious, there are
factors behind technology acceptance, usability, and compliance
that may ultimately impact the final adoption of these
technologies. For instance, in a recent randomized controlled
trial investigating neurorehabilitation technology with
occupational therapy–delivered hand rehabilitation compared
with occupational therapy alone, over one-third of the
participants in the neurotechnology and therapy group dropped
out of the study due to noncompliance [19]. Rates of
nonadherence to rehabilitation interventions as high as 50%
have been reported [20]. This puts further stressors on the
individual, the therapist, and an overburdened health care system
[20]. Therapists are critical stakeholders in the adoption of
rehabilitation technologies. To facilitate adoption by therapists,
factors including perceived technological effectiveness (ie,
usefulness because technology helps to achieve the therapeutic
goals), therapeutic effort to implement the device, and patient
acceptance are fundamental [21]. 

Together, the FEPSim’s available features allow rehabilitation
practitioners to optimize therapy, make informed decisions, and
conduct objective measurements of rehabilitative progress
specific to the upper limbs. At present, the acceptance and
usability of the FEPSim have not been tested in a clinical setting,
with limited perspectives from rehabilitation-providing
clinicians. Therefore, the purpose of this study was to understand
what factors affect the technology acceptance and usability of
the FEPSim device for hand therapy by therapists at 2 hospitals
in Canada.

Methods

Design
This study is part of a comprehensive study that aimed to
determine the clinical effectiveness of adding the FEPSim device
to standard care for patients with injuries and clinical conditions
of the forearm, wrist, and hand. A comprehensive study protocol
can be found in [18]. For the qualitative component of the study,
we used a qualitative description design [22] to understand what
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factors are related to the acceptance and usability of the FEPSim
device. Qualitative description is appropriate when seeking to
provide a descriptive summary of the experiences and opinions
of a group of people in relation to a phenomenon [23,24].

Setting
This study was conducted in 2 health care facilities located in
Edmonton, Alberta, Canada, namely the Royal Alexandra
Hospital Outpatient Clinic and Glenrose Rehabilitation Hospital
Specialized Rehabilitation Outpatient Program Hand Class.

Participants, Sample Size, and Recruitment
A purposive sampling method was used in this study. Hand
therapists from hand therapy services that used the FEPSim
device were recruited, as they could provide insight into what
factors have an influence on the acceptance and usability of the
FEPSim device. To ensure we reflected the diversity of
experiences appropriately, we intentionally recruited hand
therapists from the 2 clinical sites. All the participants were
required to have used the FEPSim device. A total of 10
interviews were conducted, 1 with each participant. Hand
therapists did not receive any incentive for participating in this
study.

Ethical Considerations
Ethics approval was obtained from the University of Alberta
Research Ethics Board and in accordance with the Declaration
of Helsinki (study protocol and approval number: Pro00095587).
Written informed consent was obtained from the participants
prior to their participation in this study [25]. This study is part
of a larger study registered at the International Registered Report
Identifier (IRRID).

Data Collection Procedures
We used semistructured interviews to ensure that we collected
a broad range of perspectives [22,26] regarding the technology
acceptance and usability of the device. The semistructured
interviews had 16 questions. During the semistructured
interviews, hand therapists responded to questions such as the
following: Was the FEPSim useful? Was learning to use the
FEPSim easy? Was using the FEPSim well-suited to your needs?
Do people who are important to you think that you should use
the FEPSim? Do you plan to use the FEPSim in the near future?

They also described actual use of the FEPSim, if applicable.
The semistructured interviews allowed the respondents to
express themselves in their own manner and pace [27]. The
interviews were conducted face-to-face.

The project coordinator (YL) conducted 10 face-to-face
semistructured interviews over the course of 14 months. Each
interview began with the project coordinator presenting the

study’s background and purpose. The interviews were completed
in a range from a minimum of 15 minutes to a maximum of 45
minutes.

The semistructured interview questions (topic-guided) examined
the technology acceptance and usability of the FEPSim device.
The semistructured interview questions were developed, and
their face validity was determined by obtaining feedback from
2 co-authors (AMC and AMRR) who had expertise in usability
and technology acceptance research [28,29].

To verify the preliminary results with the participants [30], the
participants were asked to read their interview transcripts for
consistency. This was done to allow the participants to correct
any misunderstandings, to further expand on their ideas, and to
add comments regarding the technology acceptance of the
FEPSim device if any had been missed.

Data Analysis
The semistructured interviews were audio recorded and
transcribed verbatim by a professional transcription service.
The transcripts were read and reviewed multiple times to ensure
accuracy [31]. Content analysis [32] guided our data analysis.
The transcripts were annotated and coded based on their content.
The codes were then organized into subcategories. After
analyzing each semistructured interview, we compared the
findings between the different participants. A conceptually
clustered matrix was used to compare and contrast the responses.
The data from each semistructured interview were summarized
in a table and cross referenced. In order to achieve saturation,
we used a data saturation model (ie, relates to the degree to
which new data repeat what was expressed in previous data).
Microsoft Excel software was used to conduct the data analysis.

In this study, we adopted verification strategies such as
methodological coherence, sampling adequacy, concurrent data
collection and analysis, and theoretical thinking in order to be
more rigorous during the data collection and analysis [33]. We
also adopted the verification strategies proposed by Morse et
al [33] to enhance rigor during data collection and analysis. We
supplemented these with aspects of trustworthiness strategies
such as verifying data accuracy, peer debriefing, and keeping
an audit trail [34].

Results

Participants
Table 1 shows the participants’ demographics. The sample
comprised 10 therapists from the Royal Alexandra Hospital
Outpatient Clinic (n=5) and the Glenrose Rehabilitation Hospital
Specialized Rehabilitation Outpatient Program Hand Class
(n=5).
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Table 1. Participant characteristics (n=10).

Therapists’ resultsVariable

40.20 (6.63)Age (years), mean (SD)

13.10 (6.95)Years providing hand therapy, mean (SD)

Sex, n (%)

0 (0)Male

10 (100)Female

Background education, n (%)

7 (70)Occupational therapy

0 (0)Physical therapy

3 (30)Other

Highest level of education, n (%)

6 (60)Bachelor’s degree

2 (20)Master’s degree

2 (20)Diploma

Factors Affecting the Technology Acceptance and
Usability of the FEPSim Device
The data generated 6 categories (hereafter, factors) as being
critical aspects of the acceptance and usability of the FEPSim

device. These factors were useful for therapy, effortlessness,
environmental conditions, internal encouragement, technological
aesthetics, and use. Each factor was further divided into
subcategories as described in the following sections (see Figure
1 for more details).
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Figure 1. Factors that affects acceptance and usability of the FEPSim device.

Useful for Therapy
One aspect of the device that was useful for therapy was
described by the therapists as how its features facilitated therapy
sessions with patients and helped to achieve their therapeutic
goals. Subcategories of this included usefulness, therapy goals,
versatility, and measurement and grading.

Usefulness is related to how the features of the FEPSim device
can be used in combination with other strategies and modalities
to facilitate the provision of hand therapy to patients who have
a lower-level arm injury or disorder and who have moderate to
high functioning. The participants highlighted that using the
FEPSim device may provide patients with independence during
therapy, as the therapist can teach them how to change tools
independently or the patients will know what repetitions they
have done of a given exercise, which will facilitate the provision
of therapy to groups (eg, hand classes). The participants also
found it useful that the FEPSim device allows daily activities
to be simulated.

Like, the number is there in front of people. So, they
can see how many times they’ve turned the tool. And
the ways that you adjust the resistance on it is more
precise, and so I think it’s more effective and more
professional than the older tool. [P8]

I find it’s useful because a lot of the tools on it
are—simulate, kind of, every day functional things
they do, like the doorknob and the twisting. [P7]

Therapy goals were described in terms of how the FEPSim
device helps therapists work on patients’ strength and endurance
building, range of motion, grasp and release or grip and pitch,
and functional goals. However, one participant commented that
the device is not useful for manipulation goals.

I think I used it if I wanted to get a certain work on
a certain movement pattern. So, if there was, you
know, the knob or the lever or the key grasp or, you
know, any of the other sort of grasps that I felt like,
you know, I wanted to target, it was good. It was good
in that respect... Yes. I felt like, like I said, I used it
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to achieve certain movement patterns and for getting
in the strength and endurance that I needed. [P9]

I don’t tend to use it for manipulation goals, because
you’re not really manipulating, you’re grabbing and
releasing or pinching and releasing, you’re not having
to pick up and manipulate stuff within your fingertips,
so. [P4]

Versatility is related to specific features that make the FEPSim
device a single tool that provides many different options and
attachments that can be used for several therapeutic goals with
patients. For example, the device can be adjusted for resistance,
it has several attachments that allow different grasp and grip
patterns to be worked on, it counts the number of repetitions,
and it is slick. The participants also used descriptors such as the
FEPSim is an “all-in-one device,” thus highlighting that neither
the patients nor the therapists have to walk around to use
different tools, but rather, the FEPSim provides everything they
need in one device.

I think the adjustability is good in terms of, you know,
being able to use one thing for many usages. [P9]

I like the versatility with all the different, like,
attachments and heads that you can use. And the fact
that you can have a great range of adjustability for
resistance. [P8]

It was useful because then I could track and I could
plan to make increases and to increase the program
and the resistance to reach goals of, you know,
increased strength and that type of thing. [P7]

Measurement and grading are related to the device’s features
that allow different aspects of the treatment to be counted,
graded, measured, and monitored over time. The participants
highlighted as positive features that the FEPSim counts the
repetitions of the exercises and allows the therapist to grade the
resistance, the amount of rotation, and the difficulty of different
grasps and grips using the real-life attachments; thus, the
therapist controls the strength, range of motion, and hand
patterns the patient needs to use during a session. All of these
features allow the therapists to use objective data and provide
feedback to the patients, which helps with the transferability of
skills gained from the device to the use of real-world objects.

What I really like is the counter. So, the patients get
direct feedback. They don’t have to rely on counting
the repetitions. For traditional pieces of equipment,
they don’t have that visual feedback. So, I like that.
As they’re doing it, they can see the counter, so I can
say stop at 20. [P10]

I like that it counts the reps and that you can increase
the strength. [P1]

Effortlessness
Effortlessness within the context of this study was defined as
how easy it is to learn to use the device. The participants
identified that the FEPSim device was self-explanatory and easy
to use.

The self-explanatory aspect was related to how easy it was to
learn or figure out how to use the device. The participants

highlighted that learning how to use the device was easy and
self-explanatory and that they were able to figure out on their
own how to use it by asking their colleagues a few questions.

Yeah. Learning is pretty straightforward. Like, you
look at it, and it’s fairly intuitive in how you set it up.
Like, you pull the pin. You can see how the
attachments only attach in a certain way. Yeah. And
then the device got improved when you could do
the—when you could push down the suction to get it
off [to remove it from the table], because before the
suction used to be really hard to get off. [P10]

The easy-to-use aspect includes how easy it is for the device to
be used, cleaned, set up, and transported, as well as how easy
it is to teach patients how to use it. In general, most of
participants commented that the FEPSim device is easy to use.

I don’t think setting it up takes a lot of effort.
Sometimes, like, taking it off the table as I just
described is a little bit more effortful. [P8]

It’s pretty straightforward to use, pretty easy to clean.
[P4]

It’s useful in that it’s easy to transport and just have
it sit at one station, and they can do a number of
things without having to move around the room. [P7]

Environmental Conditions
Environmental conditions were described in terms of how
supportive the environment is with regard to using the FEPSim
device. The participants commented on the support and training
provided by the FEPSim device’s vendor and the institutional
access and support.

The participants identified the vendor's support and training as
being an important element for using the device’s features in
full. The participants felt that they had not had formal training
or direct contact with the vendor. One participant commented
on having only a little in-service. It seems that formal training
on how to use the device was not provided by the vendor, so
the therapists had diverse experiences with their training.
Discrepancies in training might affect how much the therapists
used all the device’s features.

But I thought that it was—like, I was able to figure it
out. Maybe I didn’t figure out everything, but I
thought I got it to do what I wanted... Maybe I didn’t
know that you could do it (supination and pronation)
with that machine. [P9]

I feel like the majority of the training that happens
with the tool is just kind of from staff member to staff
member. [P8]

I think it would be a good idea if, moving forward,
that there is a legend or an exercise sheet or—that
shows different ways of using the tools in order to
target different things. Because as it stands, I think
everything was left just to me to try and put things
together in order to reach the goals that I wanted.
[P7]

Institutional access and support are related to how much support
from the hospitals was provided to use the FEPSim device and
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how available the device was for use during therapeutic sessions.
The participants felt, in general, that the hospitals supported the
use of the FEPSim device. The therapists commented that the
device was available in general, although some barriers were
identified regarding its complete accessibility such as the
FEPSim sometimes being located in an intervention room
different from the one used to provide treatment. The
participants also commented that they learned how to use the
device mainly from their colleagues and that they did not have
direct contact with the vendor when they had an issue with the
device. The contact was through technology leaders who are
therapists whose duties include promoting technology adoption
at one of the hospitals.

Oh, see I’ve never dealt with [the vendor], it was
always our technology leader that kind of would go
to it, and I’ve never had a problem that I had to
problem-solve with, but then it was kind of self-evident
how to work the FEPS, so. [P4]

I guess it’d be whether or not we’re treating in our
room that has the FEPS. Because right now, we have
two [FEPSim] in SROP [the outpatient service], but
we have treatment spaces all over the hospital. So, if
there’s no FEPS there, then I wouldn’t—or I couldn’t
book the area with the FEPS and that would be a
barrier. [P10]

Internal Encouragement
Internal encouragement is related to the attitudes of people in
the therapists’ human environment toward them using the
FEPSim device as part of their treatment. The participants
commented on feeling encouraged by their managers,
supervisors, and colleagues to use the FEPSim device but that
they were able to make the decision about whether to use it or
not with their patients.

They’re good at encouraging us to and providing the
education and then allowing us to have that
therapeutic decision making if we use it or not. [P5]

They [managers, supervisors, colleagues] encourage
it [the FEPSim device], like the therapists do the
assessments and they’ll add that on the treatment
plan, or we can add it too, and that happens regularly.
[P1]

Technological Aesthetics
Technological aesthetics was described in terms of how the
FEPSim device’s appearance contributed to its acceptance. The
participants commented on how cool, innovative, and high-tech
the device looked, which motivated the patients to engage during
sessions when it was used.

I mean, the FEPS looks good. It does. It looks pretty
sleek. And I think patients get impressed by the look.
Actually, my patient really wanted to—the one that
was in the control—wanted to use it. So, I think that
might be a motivating factor for patients. [P9]

...if I talk about like how it’s made, people are always,
think it’s really cool, because it’s on a 3D printer.
So, the patients get excited about it, because they just

think that it’s cool and they like the way it looks.
[laugh] Yeah. [P10]

Use
Use, in the context of this study, is related to the factors that
influence the actual use of the device during therapeutic
sessions. The subcategories identified by the participants are
related to the barriers regarding use and frequency of use.

The barriers against the actual use of the FEPSim device
included (1) COVID-19–related restrictions, (2) patient
conditions, and (3) therapeutic goals that were clearly focused
on functional outcomes. The participants commented on how
the COVID-19 pandemic had been having a huge impact on the
use of the device, as the measures to control the spread of the
virus changed the frequency of the therapeutic sessions and the
mode of delivery (eg, from in-person to telerehab). The
therapists commented that, if the device was available at home,
the patients could use it on a regular basis. However, as this
was not the case, during the sessions at the hospital, the
therapists opted to teach activities and exercises that the patients
could practice with the resources they had at home. Lack of
active movement of the wrist, lack of grip, pain, and cognitive
issues were identified as factors related to the patients’
conditions that limited the therapists from incorporating the
FEPSim device during the treatment sessions. One participant
commented that the FEPSim was “abstract” for patients with
cognitive issues whose sessions needed to focus on actual
functional tasks (eg, getting dressed or doing up their zipper),
which are not possible with the device. Having patients with
cognitive issues was an example of how the device was not
appropriate for use with cases for whom the therapeutic goals
needed to be strongly focused on functional, real-world
outcomes.

Well, because COVID, I don’t know what my near
future looks like, but right now I’ve been doing a lot
in outpatients, right now my whole caseload is on
Zoom. [P5]

Frequency of use is related to how frequently the therapists used
the FEPSim device. The participants commented on how they
used the device fairly frequently but not in every single session
with the patients. Frequency of use depended on the patients’
needs, the availability of the device, and how the session turned
out.

I think it’s been used fairly frequently but not on
everybody—depending on the patient. [P10]

Discussion

Principal Findings
In this study, we aimed to understand what factors affect the
technology acceptance and usability of the FEPSim device for
hand therapy by therapists at 2 hospitals in Alberta, Canada. In
doing so, by using a qualitative description design, we analyzed
data from 10 semistructured interviews conducted with hand
therapists that used the FEPSim. Overall, 6 factors were found
to be critical aspects of the acceptance and usability of the
FEPSim device. These factors were useful for therapy,
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effortlessness, environmental conditions, internal
encouragement, technological aesthetics, and use.

Our findings revealed that the FEPSim device was useful for
hand therapy. The usefulness of the FEPSim device lies in the
fact that it is a versatile tool with a variety of measurement and
grading systems that allow therapists to tailor their treatment
plans to achieve their clients’ hand therapy goals. This finding
is consistent with the results of previous studies about
technology acceptance and usability in mobile health, health,
and rehabilitation and assistive technologies [28,35-37]. For
example, the study by Liu et al [35] aimed to explore the
technology acceptance and usability of GPS technology among
persons living with dementia and family caregivers; they found
that usefulness had a significant influence on the acceptance of
GPS. In the study, GPS technology provided peace of mind for
caregivers and more independence for people living with
dementia [35]. In another study, Liu et al [28] reported that
usefulness was the most significant factor in the acceptance of
new rehabilitation technologies. In other words, how
rehabilitation technologies can help therapists to achieve their
therapeutic goals with clients was the most important factor in
determining therapists’ acceptance and use of these new
rehabilitation technologies [28].

It is important to note that the versatility of the FEPSim is added
value for the device that allows therapy to be achieved. In other
words, the therapists acknowledged that the FEPSim device has
a relative advantage over traditional devices (including old
FEPS models [ie, wood-based devices]) that therapists had been
using. Relative advantage is understood to be the degree to
which using the FEPSim device is perceived as being better
than using its precursor or other devices [38]. The relative
advantage of the FEPSim accounts for a device that is more
usable and functional for therapy. This finding reassures
rehabilitation technology designers that they should hear the
voices of therapists before embarking on designing and creating
these technologies. In other words, the use and implementation
of co-design and co-creation strategies should be paramount for
rehabilitation technology designers.

We found that using the FEPSim device was effortless. The
FEPSim device is self-explanatory and easy to use not only for
therapists but also for patients. By having a device that is
self-explanatory, therapists meant that the FEPSim is very
intuitive to use and that it is easy to remember how to use it.
Simply put, the FEPSim device is memorable. The scholarly
literature defines memorability as a feature of a technology that
is easy to remember, so that the casual user is able to return to
use the technology after some period of not having used it,
without having to learn everything all over again [39]. On the
other hand, ease of use is understood to be the degree to which
a person believes that using a technology would be free of effort
[38]. The scholarly literature in the field of technology
acceptance and usability of mobile applications for health,
health, and rehabilitation and assistive technologies shows that
ease of use is becoming a less important factor with regard to
technology acceptance as long as the technology shows signs
of usefulness in achieving therapeutic goals. For example, one
study found that therapists were not influenced by the degree
of difficulty of using new rehabilitation technologies [28]. The

same is true for another study that assessed the technology
acceptance of a mobile application that was intended to support
the workflow of health care aides who provided services to older
adults residing in a care facility [37]. More surprisingly, a further
study found that the ease of use of a GPS technology mattered
inversely to its technology acceptance. In other words, contrary
to what many technology acceptance theories predict (eg, [38]),
while the users perceived that the GPS was hard to use, they
would still have continued to use the device if they were able
to do so [35]. Since our study was a qualitative study, it was
impossible for us to determine how important effortless was in
comparison to the other factors. Therefore, it would be worth
exploring through a quantitative study whether the FEPSim’s
ease of use is a salient factor with regard to technological
acceptance and the specific weight of this factor compared with
usefulness, for example.

The therapists believed that they had created all the conditions
to use the FEPSim device. Environmental conditions included
the vendors’ support and training, internal access to the device
and support, and working space and workplace structure.
Environmental conditions, also known as facilitating conditions
in some technology adoption theories such as the Unified Theory
of Acceptance and Use of Technology (UTAUT), are defined
as the degree to which an individual believes that all the
conditions exist to support the use of a technology [38]. This
result did not surprise us, as there is an extensive body of
literature in the field of technology acceptance and use that
points toward facilitating conditions as a salient factor in
technology acceptance and use [40].

The aesthetics of the FEPSim device motivated its use. In other
words, the patients liked the way the FEPSim device looks and
the way the device was made (eg, 3D-printed). This finding is
consistent with the scholarly literature and, at the same time, is
interesting because it has some implications. For example, a
recent study aimed to identify what factors are related to the
acceptance and usability of locator devices that are important
to individuals with dementia and other stakeholders. The study
found that aesthetic appeal was a factor in technology acceptance
[29]. The implication of our finding lies in the fact that aesthetic
appeal might have been a motivating factor for the patients to
use the device, which in turn might have influenced the
therapists’ decision to adopt the FEPSim technology. In other
words, the clients drove the therapists’ decision to adopt the
technology. Motivation, which is more formally called hedonic
motivation in some technology acceptance theories (eg,
UTAUT2) and which is defined as the fun or pleasure derived
from using a technology [41], has been shown to be an important
determinant in technology acceptance and use [42]. Other
scholars have found similar results regarding “positive feedback”
that influenced mutual technology acceptance between dyads
of users. For example, in one study, caregivers and clients living
with dementia encouraged each other to use GPS devices in
order to address the burden on caregivers that is associated with
anxiety about their clients getting lost [35]. From a research
perspective, it would be worth studying the phenomenon of
technological acceptance further, following a dyadic approach
rather than exploring individual perspectives and beliefs.
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Limitations
This study has one important limitation. The data were collected
from participants who were therapists from 2 health care
institutions in the public sector only. This limited the potential
for generalizing the results, for example, to therapists from other
provinces or the private health care sector in Canada or in other
countries. Regardless of this limitation, the findings can be used
to understand the technology acceptance and usability of the
FEPSim device. They also serve as a starting point for future
research, specifically quantitative and mixed methods research.

Conclusions
Overall, our findings suggest that the factors useful for therapy,
namely effortlessness, environmental conditions, internal
encouragement, technological aesthetics, and use, affected the
technology acceptance and usability of the FEPSim device for
hand therapy by therapists. In conclusion, the FEPSim device
was widely accepted by therapists. The use of the FEPSim
device is a feasible alternative for supporting hand therapy.

 

Acknowledgments
This work was supported by Alberta Innovate in 2018/2019 Accelerating Innovation Into Care (AICE; grant number G2019000520).

Conflicts of Interest
None declared.

References
1. Lamers I, Feys P. Assessing upper limb function in multiple sclerosis. Mult Scler 2014 Jun 24;20(7):775-784. [doi:

10.1177/1352458514525677] [Medline: 24664300]
2. Kaymaz D, Candemir İ, Ergün P, Demir N, Taşdemir F, Demir P. Relation between upper-limb muscle strength with

exercise capacity, quality of life and dyspnea in patients with severe chronic obstructive pulmonary disease. Clin Respir J
2018 Mar 22;12(3):1257-1263. [doi: 10.1111/crj.12659] [Medline: 28618190]

3. Lieshout ECCV, van de Port IG, Dijkhuizen RM, Visser-Meily JMA. Does upper limb strength play a prominent role in
health-related quality of life in stroke patients discharged from inpatient rehabilitation? Top Stroke Rehabil 2020 Oct
09;27(7):525-533. [doi: 10.1080/10749357.2020.1738662] [Medline: 32148183]

4. Damms NA, McCallum LM, Sarrigiannis PG, Zis P. Pain as a determinant of health-related quality of life in patients with
carpal tunnel syndrome; a case-controlled study. Postgrad Med 2020 Jan 30;132(1):52-55. [doi:
10.1080/00325481.2019.1694840] [Medline: 31736403]

5. Walker-Bone K, Palmer KT, Reading I, Coggon D, Cooper C. Prevalence and impact of musculoskeletal disorders of the
upper limb in the general population. Arthritis Rheum 2004 Aug 15;51(4):642-651 [FREE Full text] [doi: 10.1002/art.20535]
[Medline: 15334439]

6. Dutta D, Sen S, Aruchamy S, Mandal S. Prevalence of post-stroke upper extremity paresis in developing countries and
significance of m-Health for rehabilitation after stroke - A review. Smart Health 2022 Mar;23:100264. [doi:
10.1016/j.smhl.2022.100264]

7. Huisstede BM, Bierma-Zeinstra SM, Koes BW, Verhaar JA. Incidence and prevalence of upper-extremity musculoskeletal
disorders. A systematic appraisal of the literature. BMC Musculoskelet Disord 2006 Jan 31;7(1):7 [FREE Full text] [doi:
10.1186/1471-2474-7-7] [Medline: 16448572]

8. Butler-Jones D. The Chief Public Health Officer's Report on The State of Public Health in Canada 2010 – Growing older:
Adding life to years. Government of Canada. 2010. URL: https://www.canada.ca/en/public-health/corporate/publications/
chief-public-health-officer-reports-state-public-health-canada/annual-report-on-state-public-health-canada-2010.html
[accessed 2022-10-27]

9. Badley EM, Goulart CM, Millstone DB, Perruccio AV. An update on arthritis in Canada - National and provincial data
regarding the past, present, and future. J Rheumatol 2019 Jun 15;46(6):579-586. [doi: 10.3899/jrheum.180147] [Medline:
30770501]

10. (Dis)connected: How unseen links are putting us at risk. Heart and Stroke Canada. 2019. URL: https://www.heartandstroke.ca/
-/media/pdf-files/canada/2019-report/heartandstrokereport2019.ashx [accessed 2022-10-27]

11. Billette JM, Janz T. Injuries in Canada: Insights from the Canadian Community Health Survey. Statistics Canada. URL:
https://www150.statcan.gc.ca/n1/pub/82-624-x/2011001/article/11506-eng.htm [accessed 2022-10-27]

12. Fracture incidence and costs by province. Osteoporosis Canada. 2013. URL: https://fls.osteoporosis.ca/wp-content/uploads/
FLS-TOOLKIT-App-B.pdf [accessed 2022-10-27]

13. Noonan VK, Fingas M, Farry A, Baxter D, Singh A, Fehlings MG, et al. Incidence and prevalence of spinal cord injury in
Canada: a national perspective. Neuroepidemiology 2012 Apr 27;38(4):219-226 [FREE Full text] [doi: 10.1159/000336014]
[Medline: 22555590]

14. Loureiro RCV, Harwin WS, Nagai K, Johnson M. Advances in upper limb stroke rehabilitation: a technology push. Med
Biol Eng Comput 2011 Oct 20;49(10):1103-1118. [doi: 10.1007/s11517-011-0797-0] [Medline: 21773806]

JMIR Rehabil Assist Technol 2022 | vol. 9 | iss. 4 |e42385 | p.63https://rehab.jmir.org/2022/4/e42385
(page number not for citation purposes)

Rios Rincon et alJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

http://dx.doi.org/10.1177/1352458514525677
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24664300&dopt=Abstract
http://dx.doi.org/10.1111/crj.12659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28618190&dopt=Abstract
http://dx.doi.org/10.1080/10749357.2020.1738662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32148183&dopt=Abstract
http://dx.doi.org/10.1080/00325481.2019.1694840
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31736403&dopt=Abstract
https://doi.org/10.1002/art.20535
http://dx.doi.org/10.1002/art.20535
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15334439&dopt=Abstract
http://dx.doi.org/10.1016/j.smhl.2022.100264
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/1471-2474-7-7
http://dx.doi.org/10.1186/1471-2474-7-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16448572&dopt=Abstract
https://www.canada.ca/en/public-health/corporate/publications/chief-public-health-officer-reports-state-public-health-canada/annual-report-on-state-public-health-canada-2010.html
https://www.canada.ca/en/public-health/corporate/publications/chief-public-health-officer-reports-state-public-health-canada/annual-report-on-state-public-health-canada-2010.html
http://dx.doi.org/10.3899/jrheum.180147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30770501&dopt=Abstract
https://www.heartandstroke.ca/-/media/pdf-files/canada/2019-report/heartandstrokereport2019.ashx
https://www.heartandstroke.ca/-/media/pdf-files/canada/2019-report/heartandstrokereport2019.ashx
https://www150.statcan.gc.ca/n1/pub/82-624-x/2011001/article/11506-eng.htm
https://fls.osteoporosis.ca/wp-content/uploads/FLS-TOOLKIT-App-B.pdf
https://fls.osteoporosis.ca/wp-content/uploads/FLS-TOOLKIT-App-B.pdf
https://www.karger.com?DOI=10.1159/000336014
http://dx.doi.org/10.1159/000336014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22555590&dopt=Abstract
http://dx.doi.org/10.1007/s11517-011-0797-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21773806&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


15. Kowalczewski J, Prochazka A. Technology improves upper extremity rehabilitation. Prog Brain Res 2011;192:147-159.
[doi: 10.1016/B978-0-444-53355-5.00010-5] [Medline: 21763524]

16. Maceira-Elvira P, Popa T, Schmid A, Hummel FC. Wearable technology in stroke rehabilitation: towards improved diagnosis
and treatment of upper-limb motor impairment. J Neuroeng Rehabil 2019 Nov 19;16(1):142 [FREE Full text] [doi:
10.1186/s12984-019-0612-y] [Medline: 31744553]

17. Qassim HM, Wan Hasan WZ. A review on upper limb rehabilitation robots. Applied Sciences 2020 Oct 06;10(19):6976.
[doi: 10.3390/app10196976]

18. Miguel-Cruz A, Guptill C, Gregson G, Ladurner A, Holmes C, Yeung D, et al. Determining the effectiveness of a new
device for hand therapy (the FEPSim device): feasibility protocol for a randomized controlled trial study. JMIR Res Protoc
2021 May 27;10(5):e22145 [FREE Full text] [doi: 10.2196/22145] [Medline: 34042597]

19. Waliño-Paniagua CN, Gómez-Calero C, Jiménez-Trujillo MI, Aguirre-Tejedor L, Bermejo-Franco A, Ortiz-Gutiérrez RM,
et al. Effects of a game-based virtual reality video capture training program plus occupational therapy on manual Dexterity
in Patients with Multiple Sclerosis: a randomized controlled trial. J Healthc Eng 2019;2019:9780587 [FREE Full text] [doi:
10.1155/2019/9780587] [Medline: 31178989]

20. Argent R, Daly A, Caulfield B. Patient involvement with home-based exercise programs: can connected health interventions
influence adherence? JMIR Mhealth Uhealth 2018 Mar 01;6(3):e47 [FREE Full text] [doi: 10.2196/mhealth.8518] [Medline:
29496655]

21. Morrow CM, Johnson E, Simpson KN, Seo NJ. Determining factors that influence adoption of new post-stroke sensorimotor
rehabilitation devices in the USA. IEEE Trans. Neural Syst. Rehabil. Eng 2021;29:1213-1222. [doi:
10.1109/tnsre.2021.3090571]

22. Sandelowski M. Whatever happened to qualitative description? Res. Nurs. Health 2000 Aug;23(4):334-340. [doi:
10.1002/1098-240x(200008)23:4<334::aid-nur9>3.0.co;2-g]

23. Kim H, Sefcik JS, Bradway C. Characteristics of qualitative descriptive studies: a systematic review. Res Nurs Health 2017
Feb 30;40(1):23-42 [FREE Full text] [doi: 10.1002/nur.21768] [Medline: 27686751]

24. Neergaard MA, Olesen F, Andersen RS, Sondergaard J. Qualitative description - the poor cousin of health research? BMC
Med Res Methodol 2009 Jul 16;9(1):52 [FREE Full text] [doi: 10.1186/1471-2288-9-52] [Medline: 19607668]

25. Determining the effectiveness of the FEPSim™ device for hand therapy. ISRCTN Registry. URL: https://www.isrctn.com/
ISRCTN13656014 [accessed 2022-10-27]

26. Lam SKY, Chau JPC, Lo SHS, Siow EKC, Lee VWY, Shum EWC, et al. User engagement in the development of a
home-based virtual multidisciplinary stroke care clinic for stroke survivors and caregivers: a qualitative descriptive study.
Disabil Rehabil 2022 Oct 23;44(20):5983-5989. [doi: 10.1080/09638288.2021.1955305] [Medline: 34297647]

27. Jamshed S. Qualitative research method-interviewing and observation. J Basic Clin Pharm 2014 Sep;5(4):87-88 [FREE
Full text] [doi: 10.4103/0976-0105.141942] [Medline: 25316987]

28. Liu L, Miguel Cruz A, Rios Rincon A, Buttar V, Ranson Q, Goertzen D. What factors determine therapists' acceptance of
new technologies for rehabilitation – a study using the Unified Theory of Acceptance and Use of Technology (UTAUT).
Disabil Rehabil 2015 Jun 05;37(5):447-455. [doi: 10.3109/09638288.2014.923529] [Medline: 24901351]

29. Neubauer N, Spenrath C, Philip S, Daum C, Liu L, Miguel-Cruz A. Identifying adoption and usability factors of locator
devices for persons living with dementia. Dementia (London) 2022 Apr 29;21(3):862-881 [FREE Full text] [doi:
10.1177/14713012211065381] [Medline: 34964391]

30. Guba EG. Criteria for assessing the trustworthiness of naturalistic inquiries. ECTJ 1981 Jun;29(2):1. [doi:
10.1007/bf02766777]

31. Poland BD. Transcription quality as an aspect of rigor in qualitative research. Qualitative Inquiry 2016 Jun 29;1(3):290-310.
[doi: 10.1177/107780049500100302]

32. Hsieh H, Shannon SE. Three approaches to qualitative content analysis. Qual Health Res 2005 Nov 01;15(9):1277-1288.
[doi: 10.1177/1049732305276687] [Medline: 16204405]

33. Morse JM, Barrett M, Mayan M, Olson K, Spiers J. Verification strategies for establishing reliability and validity in
qualitative research. International Journal of Qualitative Methods 2016 Nov 30;1(2):13-22. [doi:
10.1177/160940690200100202]

34. Lincoln YS, Guba EG, Pilotta JJ. Naturalistic inquiry. International Journal of Intercultural Relations 1985 Jan;9(4):438-439.
[doi: 10.1016/0147-1767(85)90062-8]

35. Liu L, Miguel Cruz A, Ruptash T, Barnard S, Juzwishin D. Acceptance of global positioning system (GPS) technology
among dementia clients and family caregivers. Journal of Technology in Human Services 2017 Jan 17;35(2):99-119. [doi:
10.1080/15228835.2016.1266724]

36. Lim H, Dunn A, Muhammad Firdaus Ooi S, Teo CH, Abdullah A, Woo WJ, et al. mHealth adoption among primary care
physicians in Malaysia and its associated factors: a cross-sectional study. Fam Pract 2021 Jun 17;38(3):210-217. [doi:
10.1093/fampra/cmaa103] [Medline: 32968795]

37. Miguel Cruz A, Lopez Portillo HP, Daum C, Rutledge E, King S, Liu L. Technology acceptance and usability of a mobile
app to support the workflow of health care aides who provide services to older adults: pilot mixed methods study. JMIR
Aging 2022 May 18;5(2):e37521 [FREE Full text] [doi: 10.2196/37521] [Medline: 35583930]

JMIR Rehabil Assist Technol 2022 | vol. 9 | iss. 4 |e42385 | p.64https://rehab.jmir.org/2022/4/e42385
(page number not for citation purposes)

Rios Rincon et alJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

http://dx.doi.org/10.1016/B978-0-444-53355-5.00010-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21763524&dopt=Abstract
https://jneuroengrehab.biomedcentral.com/articles/10.1186/s12984-019-0612-y
http://dx.doi.org/10.1186/s12984-019-0612-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31744553&dopt=Abstract
http://dx.doi.org/10.3390/app10196976
https://www.researchprotocols.org/2021/5/e22145/
http://dx.doi.org/10.2196/22145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34042597&dopt=Abstract
https://doi.org/10.1155/2019/9780587
http://dx.doi.org/10.1155/2019/9780587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31178989&dopt=Abstract
https://mhealth.jmir.org/2018/3/e47/
http://dx.doi.org/10.2196/mhealth.8518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29496655&dopt=Abstract
http://dx.doi.org/10.1109/tnsre.2021.3090571
http://dx.doi.org/10.1002/1098-240x(200008)23:4<334::aid-nur9>3.0.co;2-g
https://europepmc.org/abstract/MED/27686751
http://dx.doi.org/10.1002/nur.21768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27686751&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-9-52
http://dx.doi.org/10.1186/1471-2288-9-52
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19607668&dopt=Abstract
https://www.isrctn.com/ISRCTN13656014
https://www.isrctn.com/ISRCTN13656014
http://dx.doi.org/10.1080/09638288.2021.1955305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34297647&dopt=Abstract
http://www.jbclinpharm.org/article.asp?issn=0976-0105;year=2014;volume=5;issue=4;spage=87;epage=88;aulast=Jamshed
http://www.jbclinpharm.org/article.asp?issn=0976-0105;year=2014;volume=5;issue=4;spage=87;epage=88;aulast=Jamshed
http://dx.doi.org/10.4103/0976-0105.141942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25316987&dopt=Abstract
http://dx.doi.org/10.3109/09638288.2014.923529
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24901351&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/14713012211065381?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/14713012211065381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34964391&dopt=Abstract
http://dx.doi.org/10.1007/bf02766777
http://dx.doi.org/10.1177/107780049500100302
http://dx.doi.org/10.1177/1049732305276687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16204405&dopt=Abstract
http://dx.doi.org/10.1177/160940690200100202
http://dx.doi.org/10.1016/0147-1767(85)90062-8
http://dx.doi.org/10.1080/15228835.2016.1266724
http://dx.doi.org/10.1093/fampra/cmaa103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32968795&dopt=Abstract
https://aging.jmir.org/2022/2/e37521/
http://dx.doi.org/10.2196/37521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35583930&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


38. Venkatesh V, Morris MG, Davis GB, Davis FD. User acceptance of information technology: toward a unified view. MIS
Quarterly 2003;27(3):425. [doi: 10.2307/30036540]

39. Nielsen J. Usability engineering. Mountain View, CA: Morgan Kaufmann; 1993.
40. Miguel Cruz A, Daum C, Comeau A, Salamanca JDG, McLennan L, Neubauer N, et al. Acceptance, adoption, and usability

of information and communication technologies for people living with dementia and their care partners: a systematic review.
Disabil Rehabil Assist Technol 2020 Dec 30:1-15. [doi: 10.1080/17483107.2020.1864671] [Medline: 33378627]

41. Venkatesh V, Thong JYL, Xu X. Consumer acceptance and use of information technology: extending the unified theory
of acceptance and use of technology. MIS Quarterly 2012;36(1):157. [doi: 10.2307/41410412]

42. Brown SA, Venkatesh V. Model of adoption of technology in households: a baseline model test and extension incorporating
household life cycle. MIS Quarterly 2005;29(3):399. [doi: 10.2307/25148690]

Abbreviations
AICE: Accelerating Innovation Into Care
IRRID: International Registered Report Identifier
UTAUT: Unified Theory of Acceptance and Use of Technology

Edited by T Leung; submitted 04.09.22; peer-reviewed by H Perez, S Pagliara; comments to author 04.10.22; revised version received
05.10.22; accepted 20.10.22; published 10.11.22.

Please cite as:
Rios Rincon AM, Guptill C, Guevara Salamanca JD, Liubaoerjijin Y, Figeys M, Gregson G, Miguel-Cruz A
Understanding the Technology Acceptance and Usability of a New Device for Hand Therapy: Qualitative Descriptive Study
JMIR Rehabil Assist Technol 2022;9(4):e42385
URL: https://rehab.jmir.org/2022/4/e42385 
doi:10.2196/42385
PMID:36355405

©Adriana M Rios Rincon, Christine Guptill, Juan David Guevara Salamanca, Yilina Liubaoerjijin, Mathieu Figeys, Geoff Gregson,
Antonio Miguel-Cruz. Originally published in JMIR Rehabilitation and Assistive Technology (https://rehab.jmir.org), 10.11.2022.
This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Rehabilitation and Assistive Technology, is properly cited. The complete
bibliographic information, a link to the original publication on https://rehab.jmir.org/, as well as this copyright and license
information must be included.

JMIR Rehabil Assist Technol 2022 | vol. 9 | iss. 4 |e42385 | p.65https://rehab.jmir.org/2022/4/e42385
(page number not for citation purposes)

Rios Rincon et alJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

http://dx.doi.org/10.2307/30036540
http://dx.doi.org/10.1080/17483107.2020.1864671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33378627&dopt=Abstract
http://dx.doi.org/10.2307/41410412
http://dx.doi.org/10.2307/25148690
https://rehab.jmir.org/2022/4/e42385
http://dx.doi.org/10.2196/42385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36355405&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

The Effects of an Individualized Smartphone-Based Exercise
Program on Self-defined Motor Tasks in Parkinson Disease: Pilot
Interventional Study

Heiko Gaßner1,2, DPhil; Jana Friedrich1, BA; Alisa Masuch1, MD; Jelena Jukic1, MD; Sabine Stallforth1,3, MD; Martin

Regensburger1, MD; Franz Marxreiter1, MD; Jürgen Winkler1, MD; Jochen Klucken1,2,3,4,5,6, MD
1Department of Molecular Neurology, University Hospital Erlangen, Erlangen, Germany
2Digital Health Systems, Fraunhofer Institute for Integrated Circuits (IIS), Erlangen, Germany
3Medical Valley, Digital Health Application Center GmbH, Bamberg, Germany
4Digital Medicine Group, Luxembourg Centre for Systems Biomedicine (LCSB), University of Luxembourg, Esch-sur-Alzette, Luxembourg
5Digital Medicine Group, Department of Precision Health, Luxembourg Institute of Health (LIH), Strassen, Luxembourg
6Digital Medicine Group, Centre Hospitalier de Luxembourg (CHL), Luxembourg, Luxembourg

Corresponding Author:
Heiko Gaßner, DPhil
Department of Molecular Neurology
University Hospital Erlangen
Schwabachanlage 6
Erlangen, 91054
Germany
Phone: 49 913185 ext 39324
Email: Heiko.Gassner@uk-erlangen.de

Abstract

Background: Bradykinesia and rigidity are prototypical motor impairments of Parkinson disease (PD) highly influencing
everyday life. Exercise training is an effective treatment alternative for motor symptoms, complementing dopaminergic medication.
High frequency training is necessary to yield clinically relevant improvements. Exercise programs need to be tailored to individual
symptoms and integrated in patients’ everyday life. Due to the COVID-19 pandemic, exercise groups in outpatient setting were
largely reduced. Developing remotely supervised solutions is therefore of significant importance.

Objective: This pilot study aimed to evaluate the feasibility of a digital, home-based, high-frequency exercise program for
patients with PD.

Methods: In this pilot interventional study, patients diagnosed with PD received 4 weeks of personalized exercise at home using
a smartphone app, remotely supervised by specialized therapists. Exercises were chosen based on the patient-defined motor
impairment and depending on the patients’ individual capacity (therapists defined 3-5 short training sequences for each participant).
In a first education session, the tailored exercise program was explained and demonstrated to each participant and they were
thoroughly introduced to the smartphone app. Intervention effects were evaluated using the Unified Parkinson Disease Rating
Scale, part III; standardized sensor-based gait analysis; Timed Up and Go Test; 2-minute walk test; quality of life assessed by
the Parkinson Disease Questionnaire; and patient-defined motor tasks of daily living. Usability of the smartphone app was assessed
by the System Usability Scale. All participants gave written informed consent before initiation of the study.

Results: In total, 15 individuals with PD completed the intervention phase without any withdrawals or dropouts. The System
Usability Scale reached an average score of 72.2 (SD 6.5) indicating good usability of the smartphone app. Patient-defined motor
tasks of daily living significantly improved by 40% on average in 87% (13/15) of the patients. There was no significant impact
on the quality of life as assessed by the Parkinson Disease Questionnaire (but the subsections regarding mobility and social support
improved by 14% from 25 to 21 and 19% from 15 to 13, respectively). Motor symptoms rated by Unified Parkinson Disease
Rating Scale, part III, did not improve significantly but a descriptive improvement of 14% from 18 to 16 could be observed.
Clinically relevant changes in Timed Up and Go test, 2-minute walk test, and sensor-based gait parameters or functional gait tests
were not observed.
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Conclusions: This pilot interventional study presented that a tailored, digital, home-based, and high-frequency exercise program
over 4 weeks was feasible and improved patient-defined motor activities of daily life based on a self-developed patient-defined
impairment score indicating that digital exercise concepts may have the potential to beneficially impact motor symptoms of daily
living. Future studies should investigate sustainability effects in controlled study designs conducted over a longer period.

(JMIR Rehabil Assist Technol 2022;9(4):e38994)   doi:10.2196/38994
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Parkinson disease; exercise; telemedicine; wearable sensors; patient-defined outcome measure; mobile phone

Introduction

Motor impairment in everyday life is highly affected by
prototypical symptoms of Parkinson disease (PD) including
bradykinesia and rigidity reflected by slow and reduced
amplitude of movements and limited automaticity [1]. Exercise
and physical therapy are increasingly recognized as both
effective and complementary—to dopaminergic
medication—treatment of motor symptoms in PD [2].

High-Frequency and Home-Based Training
There is evidence that high-frequency training (approximately
4 times per week) is necessary to gain lasting improvement in
motor symptoms in individuals with PD [3,4]. This is a major
limitation for typical outpatient settings owing to the high
organizational burden for patients and therapists. Furthermore,
quarantine-related isolation and canceled physical therapy
sessions, owing to the global COVID-19 pandemic, have made
a huge impact on patients with chronic diseases [5-8]. Therefore,
new solutions in the form of remotely supervised, home-based
exercise programs have been developed, and the COVID-19
pandemic has accelerated the acceptance of these telemedical
solutions [8,9]. Several studies have shown evidence that
prescribed home-based exercise improved motor symptoms in
patients with PD [4,10-15].

Previous studies assessing the benefit of home-based exercise
have included mild to moderate disease stages of PD (Hoehn
and Yahr stages I-III) with no cognitive impairment, stable
medication, and an average age >60 years [10-12,14-17].
Exercises performed (treadmill walking [16], cycling [12], and
balance training [10,13]) as well as the type of presentation
(personal visit, paper sheet, smartphone app, and instructional
DVD) varied. All studies were, to a certain degree, supervised
by a therapist and exercises were prescribed by a specialized
therapist beforehand. The duration of intervention ranged
between 4 weeks and 6 months [10-12,14-17]. Overall, these
studies observed improvements by exercise programs in gait
and mobility [4,10,14,15]. Studies that assessed the Unified
Parkinson Disease Rating Scale, part III (UPDRS-III) score
reported fewer motor symptoms after the intervention period,
especially when compared with a control group without
intervention [13,18]. One study reported an increased quality
of life (QoL) [16].

A meta-analysis, including studies mentioned previously,
showed that a minimum training frequency of 150 minutes per
week for at least 6 weeks yielded considerably higher benefits
than a lower training frequency. Furthermore, it reported a lack
of sustainable effects, stating that benefits only lasted shortly

after the end of the intervention [4], consequently confirming
that a sustainable long-term solution is undeniably needed.

Telehealth Solutions and Smartphone-Based Exercise
Exercise needs to be consistent, less supervised, and more
personalized to reach full potential and become a sustainable
long-term solution [4,19]. Telemedicine and new digital
patient-centered technologies seem to be a promising solution
to those problems, making exercise and feedback data more
accessible [20,21]. We therefore developed a smartphone app
to enable the home-based exercise program for patients with
PD. Apps can provide the user with easy access and allow for
remote supervision. As the content of an app can be modified
rather easily, it allows for more personalization and an exercise
program tailored to the individual requirements of patients.

Recent research showed that most patients with PD have access
to mobile phones and internet and are comfortable with using
these technologies [22]. Smartphone apps have already
successfully been used in various studies within patients with
PD [23-25]. One study in particular should be highlighted [12].
This study included 130 patients (Hoehn and Yahr stages under
II) mildly affected by PD, aged 30 to 75 years with stable
dopaminergic medication, being split into an intervention group
performing 30 to 45 minutes of cycling on a virtual
reality–enhanced home trainer at least 3 times a week for 6
months and a control group doing stretching exercises at the
same frequency [12]. All participants received coaching
instructions at the beginning of the intervention and a follow-up
phone call every fortnight. The intervention included a
motivational app that provided training instructions and tips,
gave instant feedback, and monitored progress [12]. Outcomes
were significantly lower UPDRS-III scores and an improvement
in physical fitness; however, the benefits were only present
during medical “off” state testing.

Patient-Reported Outcome Measures
Patient-reported outcome measures (PROMs) describe how
patients individually perceive the outcome of measures such as
an intervention on their symptoms, functional status, or QoL
[26,27]. As exercise programs aim to complement
pharmacological therapies and to improve motor performance
of patients with PD in everyday life, PROMs are of huge interest
as they can be used as a measure of relevant intervention effects
for individuals. Patient-defined outcomes are even more relevant
in a patient-centered approach.

Despite the fact that the engagement of patients and the additive
value of patient-reported outcomes has rapidly gained relevance,
there is a lack of home-based exercise studies focusing on the
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individualized approach. This approach in particular might
benefit substantially from using a modifiable smartphone app.

Therefore, the aim of this pilot study was to investigate the
feasibility of a home-based, high-frequency exercise program
for patients with PD in Germany, as a smartphone
app–supported training program tailored to the individual patient
requirements. In addition, we exploratory investigated possible
improvements of motor symptoms associated with participating
in the exercise program. Therefore, we included a structured
evaluation of patient-defined outcomes such as individually
relevant motor activities of daily living. These results need to
be interpreted cautiously owing to the pilot design of this study
but will serve as a valuable starting point for future high-quality
hypotheses testing studies of our exercise program.

Methods

Study Design and Cohort
In this pilot interventional study, we focused on the feasibility
of the digital intervention program. Individuals diagnosed with
PD as defined by the Guidelines of the German Association for
Neurology similar to the United Kingdom PD Society Brain
Bank criteria [28] were included. They were recruited from
regular visits at the Movement Disorder Outpatient Unit at the
Department of Molecular Neurology, University Hospital
Erlangen, Germany, in the time frame between March 2020 and
October 2020. Patients aged >18 years with a Hoehn and Yahr
disease stage between I and III were included. In addition to
meeting the inclusion criteria, participants were required to use
a smartphone to use the digital training app. Patients who
reported motor fluctuations or dyskinesia were excluded.
Patients continued their normal medication, exercise, and
therapy throughout the study.

Ethics Approval
This study was approved by the local ethics committee
(reference number: 72_20 B, Medical Faculty, FAU
Erlangen-Nürnberg, Germany) and participants gave written
informed consent. This study was conducted in accordance with
the Declaration of Helsinki.

Assessments
Outcomes of the study were the scores or values of the outcomes
of the parameters for System Usability Scale (SUS), Parkinson
Disease Questionnaire (PDQ-39), patient-defined motor
symptoms in everyday life, UPDRS-III, Timed Up and Go
(TUG) test, 2-minute walking test, and sensor-based gait
analysis. Each of these outcomes are explained in detail in the
following sections.

The SUS was used to evaluate the usability of the app, in
particular, if the app provides a clear and easy-to-use structure,
if the system is consistent, and if participants feel comfortable
using the app [29]. Usability is considered as good as indicated
by a total score >68 [30]. PROMs consisted of patients’
self-perceived QoL (PDQ-39) [31] as well as patients’ reports
on their personal motor symptoms and limitations to everyday
tasks—defined by patients with support of a therapist. These
motor tasks were documented on a scale between 0 and 10,

where 0 represented no restrictions and 10 represented maximal
restrictions in everyday life. Clinical assessments included the
UPDRS-III [32] and the Montreal Cognitive Assessment [33].

Furthermore, sensor-based gait analysis was conducted including
a standardized 4×10-m walk test, TUG, and a 2-minute walking
test [34]. We used 2 wearable SHIMMER2 sensors (Shimmer
Research Ltd) that were attached to the outer rear side of each
shoe. Sensor signals were recorded within a (triaxial)
accelerometer range of –6 to +6 g (sensitivity 300 mV/g), a
gyroscope range of –500 to +500 degrees per second (sensitivity
2 mV/degree/sec), and a sampling rate of 102.4 Hz. The sensors
were connected to a tablet via Bluetooth and the data were stored
in the tablet [35]. A machine learning algorithm processed the
stored data and calculated clinically relevant spatiotemporal
gait parameters such as stride length and gait velocity [36,37].
This system has been proven to be technically valid [38]. More
details on sensor-based gait analysis were presented in previous
work [35-37,39,40].

Development of a Smartphone-Based Exercise
Program at Home
For this study, an interdisciplinary team of movement scientists,
therapists, clinicians, and patients with PD developed an
individualized and remotely supervised exercise program that
was configured in the medical product smartphone app
“PatientConcept” developed by NeuroSys GmbH, Germany.
Data safety was based on the General Data Protection Regulation
guidelines. The app provided digitally instructed personalized
training videos to support self-sufficient training at home over
a period of 4 weeks. At baseline, patients with PD reported
between 4 and 7 individual motor impairments that hindered
them in everyday life tasks (eg, “I have problems closing the
buttons of my shirt. I would like to improve on that.”). On the
basis of their impairment, PD-specialized therapists identified
suitable training tasks. The individualized physical activity tasks
were selected from eight categories (flexibility, strength training,
gait, balance and posture, coordination and rhythm, large
amplitude movements, finger and hand movements, and
stretching). In total, 50 movement tasks in different levels of
difficulty were available (eg, finger tapping improves fine finger
motor skills that are needed for tasks such as closing buttons).
Therapists defined 3 to 5 short training sequences, depending
on the patients’ individual capacity, that were then configured
in the patients’ app. In total, participants performed
approximately 20 minutes of daily exercise training in their
home environment using these 3 to 5 video sequences from the
8 categories. In general, approximately 15 repetitions per task
(and if left-right-dependent per side) were required for each
training session. For example, trunk stretching combined with
arms lifting in a maximal stretched standing position was
performed 15 times without using additional devices.

Patient Education and Remote Support
In an initial education session for each patient at the University
Hospital Erlangen, the training sequences were explained and
demonstrated by a therapist. Patients were also thoroughly
introduced to the smartphone app. Furthermore, to support the
communication between the patient and (remote) therapist, we
implemented a diary to document self-perceived general
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condition, mood, gait stability, and management of training
sessions into the app. Using the diary as an interface, the
therapist was able to directly supervise the progress of the
patients. The app registered patients’ viewing of an exercise

video and was thus able to monitor participation and adherence.
Participants had the opportunity to directly contact their therapist
via the smartphone app if they had questions or needed support.
The smartphone app interface is illustrated in Figure 1.

Figure 1. App interface (in German): home screen with a personal diary where participants gave feedback, the exercise button with personalized training
videos, and a documentation sheet of the training progress (left); page for each exercise is presented—an instructional video, a short description, and
the individually adjustable number of exercise runs (middle); and personal diary directly transmitted to the therapist (right).

Patients with PD were instructed to complete their short exercise
program every day. At the midpoint of the study (14 days), a
re-evaluation was scheduled. Depending on the preferences and
training success of the patient, their schedule of exercise was
updated, and some exercises were changed. At the end of the
exercise intervention period, patients were asked to evaluate
the applicability of the whole system including the smartphone
app using the SUS.

Statistical Analysis
Normality of data was tested by Shapiro-Wilk test and variance
homogeneity by Levene test. As several parameters were not
normally distributed, a conservative approach was used and
nonparametric analysis was performed for all parameters.
Repeated measures statistics (paired Wilcoxon test) was applied
to analyze differences between baseline and follow-up visit. To
minimize the effect of multiple comparisons among potentially
related spatiotemporal gait parameters, significance level was
adapted and P values of <.004 were considered as significantly

different (P=.05/13; gait parameters=.004). For clinical
assessments and PROMs, a significance level of P<.05 was
used. All statistical analyses were performed using SPSS
software package (version 24.0.0.2; IBM Corp).

Results

Study Cohort
Detailed information on the study participants is given in Table
1. In total, 15 participants completed the exercise sessions and
final assessments. Adherence throughout the study was 100%
as all participants completed the intervention program and
performed their exercises reliably without any withdrawals or
dropouts. All patients with PD (10 men and 5 women) were
highly motivated to complete all training sessions within the
time frame of 4 weeks. No adverse events were observed. The
system usability score reached 72.2 (SD 6.5; 95% CI 68.5-75.8).
Table 2 shows detailed results of each SUS question.
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Table 1. Characteristics of patients with Parkinson disease at baseline (N=15).

Smartphone-based exercise at homeCharacteristics

RangeMean (SD)

55-7966 (6.2)Age (years)

163-190176 (7.9)Height (cm)

68-14486 (17.7)Weight (kg)

21-4628 (6.1)BMI (kg/m2)

1-219 (5.7)Disease duration (years)

105-1688566 (369.6)LEDDa (mg/day)

4-4318 (10.4)UPDRS-IIIb

22-3028 (2.5)MoCAc (n=14)

aLEDD: levodopa equivalent daily dose.
bUPDRS-III: Unified Parkinson Disease Rating Scale, part III (motor score).
cMoCA: Montreal Cognitive Assessment.

Table 2. Overview of System Usability Scale (SUS) scores of all participants.

SUS scoreSUS 10SUS 9SUS 8SUS 7SUS 6SUS 5SUS 4SUS 3SUS 2SUS 1Patient

72 (7)2 (1)4 (1)1 (1)4 (1)2 (1)4 (1)2 (1)4 (1)2 (1)4 (1)Mean (SD)

651515251213#1

67.51512151515#2

77.52423243434#3

57.51433411213#4

72.52425142414#5

67.51414141524#6

82.52415353325#7

752415341424#8

703324332323#9

801515241535#10

72.52425232414#11

67.51512151515#12

72.51514151515#13

77.51515152515#14

77.51515441415#15

Patient-Reported QoL
Participants completed the PDQ-39 questionnaire at baseline
and follow-up to evaluate self-perceived QoL. The PDQ-39
total score as well as all subscores did not change significantly
from baseline (mean 25, SD 12.7 points) to follow-up visit
(mean 24, SD 13.3 points; P=.78). A descriptive improvement
could be observed in mobility-related QoL by 14% (baseline:
mean 25, SD 17.9 points; follow-up: mean 21, SD 16.9 points)

and QoL regarding social support by 19% (baseline: mean 15,
SD 16.5 points; follow-up: mean 13, SD 14.5 points).

QoL with regard to everyday life activities (washing, cutting
food, or writing) and emotional well-being (feeling depressive
or anxious) remained stable between baseline (mean 25, SD
13.5 points for everyday activities and mean 22, SD 13.0 points
for emotional well-being) and follow-up (mean 26, SD 18.6
and mean 21, SD 16 points, respectively). Table 3 shows all
data regarding QoL.
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Table 3. Parkinson Disease Questionnaire (PDQ-39) scores for baseline (B) and posttest (P) subscores (N=15).

SUS score

Percentile, median (IQR)RangeMean (SD)

PDQ-39

30.00 (13.00-35.00)1-3824.60 (12.72)B

28.00 (13.00-32.00)3-4924.07 (13.34)P

PDQ-39 mobility

30.00 (5.00-42.00)0-5024.80 (17.93)B

22.00 (5.00-32.00)2-5521.27 (16.86)P

PDQ-39 everyday

25.00 (16.00-33.00)0-4524.67 (13.49)B

25.00 (8.00-37.00))0-6626.40 (18.64)P

PDQ-39 emotion

20.00 (12.00-33.00)0-4122.07 (12.98)B

25.00 (4.00-33.00)0-5020.60 (16.23)P

PDQ-39 SocialSupp

8.00 (0.00-33.00)0-4115.40 (16.46)B

8.00 (0.00-25.00)0-4112.53 (14.54)P

Patient-Defined Impairment During Everyday Motor
Tasks
Before the intervention, participants documented individual
motor tasks in everyday life in which they recognized
impairment (4-7 tasks were mentioned, such as limited trunk
rotation, problems with buttoning up a shirt, or morning
stiffness) and rated these deficits on a scale ranging from 0 (no
impairment) to 10 (maximal impairment). After 4 weeks of
daily personalized exercise, patients were asked to rate the same
tasks again, without seeing their initial rating. Improvement or
decrease in the activity was measured by comparing the areas
outlined by the curves. The areas were calculated as consecutive

triangles using the formula, , wherein x represents the values
stated by the patients, and the angle g is obtained by dividing
2π by i (the number of points measured). Overall, this resulted
in a significant improvement by 38 (SD 31.5) units of area
(approximately 40% on average; P<.001). Only one participant
experienced an aggravation of 27% (13.5 units of area) owing
to lower back pain that was unrelated to the intervention.
Another patient remained stable. Figure 2 shows the individual
everyday tasks each patient rated at baseline (dark dashed) and
posttest period (grey drawn) as well as the resulting areas. As
all patients additionally continued their normal therapy schedules
during the intervention, a ceiling effect could be observed in
two participants (participant #1 and #13).

JMIR Rehabil Assist Technol 2022 | vol. 9 | iss. 4 |e38994 | p.71https://rehab.jmir.org/2022/4/e38994
(page number not for citation purposes)

Gaßner et alJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Radar plots of rated daily activity of all 15 patients. Dark dashed line represents Baseline, grey drawn through line represents Post Test.

Clinical Motor Symptoms, TUG, 2-Minute Walk, and
Gait Parameters
Motor impairment of patients with PD rated by a trained
examiner using the UPDRS-III did not yield significant changes
(P=.20) but descriptively decreased by 14% from 18 (SD 10.7)

points at baseline to 16 (SD 6.7) points at follow-up. The
conducted sensor-based gait analysis showed no change in TUG
test, 2-minute walk test, or any of the measured gait parameters.
A detailed comparison of these parameters between baseline
and follow-up is presented in Table 4.
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Table 4. Clinical scores and gait parameters at baseline (B) and posttest (P) period (N=15).

Clinical scoreParameters

Percentile, median (IQR)RangeMean (SD)

UPDRS-IIIa

19.00 (9.00 to 25.00)4 to 4318.13 (10.74)B

16.00 (10.00 to 20.00)6 to 2915.60 (6.70)P

TUGb (s)

10.10 (9.00 to 13.90)7.8 to 16.211.05 (2.61)B

9.55 (9.18 to 10.96)7.6 to 13.110.08 (1.58)P

2-minute walk (min)

162.00 (150.00 to 190.00)112 to 215166.00 (31.88)B

160.50 (149.75 to 191.00)118 to 202165.57 (24.38)P

Stride time (s)

1.08 (1.03 to 1.15)0.96 to 1.251.09 (0.09)B

1.08 (1.04 to 1.12)1 to 1.241.09 (0.07)P

Swing time (%)

36.33 (35.60 to 37.61)32.78 to 38.7336.27 (1.61)B

35.83 (34.49 to 37.65)32.92 to 38.5235.95 (1.75)P

Strance time (%)

62.67 (62.39 to 64.40)61.27 to 67.2263.73 (1.61)B

64.17 (62.35 to 65.51)61.48 to 37.0864.05 (1.75)P

Stride length (cm)

135.31 (120.04 to 145.16)108.68 to 157.5133.19 (15.33)B

135.00 (119.66 to 140.72)106.24 to 158.9132.67 (14.96)P

Gait velocity (m/s)

1.28 (1.06 to 1.41)0.91 to 1.451.24 (0.18)B

1.24 (1.12 to 1.36))0.86 to 1.491.23 (0.17)P

TOc angle (degrees)

−71.48 (−78.69 to −64.96)−83.12 to –56.24−71.08 (8.10)B

−70.42 (−79.28 to −64.98)−82.56 to −60.44−70.91 (7.72)P

HSd angle (degrees)

13.07 (8.61 to 16.06)−5.24 to 31.4212.94 (7.93)B

14.15 (10.90 to 17.58)1.86 to 27.4214.11 (5.55)P

Maximum toe clearance (cm)

7.01 (5.58 to 7.70)2.88 to 11.296.62 (2.04)B

7.03 (6.45 to 8.50)3.74 to 11.497.38 (2.04)P

Stride time CVe (%)

4.08 (4.08 to 4.66)2.09 to 6.44.07 (1.20)B

3.99 (3.26 to 5.14)1.84 to 6.844.10 (1.34)P

Swing time CV (%)

5.40 (5.40 to 6.26)2.84 to 11.215.53 (2.13)B

4.39 (4.39 to 5.56)2.23 to 7.074.58 (1.33)P

Strance time CV (%)
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Clinical scoreParameters

Percentile, median (IQR)RangeMean (SD)

3.09 (2.53 to 3.57)1.41 to 6.543.15 (1.24)B

2.47 (2.47 to 3.47)1.23 to 4.392.61 (0.92)P

Stride length CV (cm)

6.32 (6.32 to 7.18)5.08 to 12.36.82 (1.91)B

6.08 (4.94 to 6.73)4.06 to 8.285.89 (1.19)P

Gait velocity CV (m/s)

7.39 (6.21 to 8.10)6.11 to 12.847.78 (1.93)B

7.22 (7.2 to 8.40)5.61 to 11.177.32 (1.62)P

aUPDRS-III: Unified Parkinson Disease Rating Scale, part III (motor score).
bTUG: Timed Up and Go.
cTO: toe-off.
dHS: heel strike.
eCV: coefficient of variance.

Discussion

Principal Findings
The aim of this pilot study was to investigate the feasibility of
a home-based, high-frequency exercise program for patients
with PD in Germany, as a smartphone app–supported training
program tailored to the individual patient requirements. We
exploratory investigated possible improvements of motor
symptoms in a structured evaluation of patient-defined outcomes
using individually relevant motor activities of daily living. The
main finding of this study was that personalized home-based,
high-frequency, digital exercise with remote supervision was
feasible. In addition, the tailored exercise program was able to
improve individual motor tasks regarding mobility and everyday
life based on a self-developed patient-reported impairment score
in this pilot study.

Usability of App and Adherence
With an average SUS score of 72 (SD 6.5, 95% CI 68.5-75.8),
the usability of the app used was considered good according to
the commonly used averaged cutoff score of 68 [30]. In
approximately 500 evaluation studies, the average SUS score
was 68, implying that any score higher than that yields results
above average. Even though there were a few technical
difficulties, none resulted in dropouts or discontinuation of the
training. We observed a very high adherence throughout the
study. However, this high adherence has to be interpreted
cautiously as the intervention period was limited to 4 weeks in
this study. Whether this high adherence level is sustainable over
a longer period, needs to be determined in future research.
Similar apps for detection of speech impairment and sleep,
motor, and emotional symptoms provide evidence that these
digital tools beneficially complement the clinical diagnostics
in patients with PD [41-43]. Consequently, digital health apps
should be considered as a usable and relevant method in future
research.

PROMs: QoL Measures
Overall, we did not observe improvements in QoL measures
(PDQ-39 total score). Previous studies presented contrary
findings with regard to this aspect. Although some studies report
increased QoL owing to exercise programs [16,44], others do
not support the same [4,45]. There is evidence that motor
symptoms rated by UPDRS-III and mobility have a smaller
influence on QoL than nonmotor impairments such as mood or
depression [46,47]. Exercise-related studies as this study or the
ones mentioned in this paper mostly target on motor functions.
Possible changes in QoL might therefore be overcovered by
stronger influencing factors. However, when looking at the
determined subscores of the PDQ-39 questionnaire, we observed
a certain increase in mobility-related QoL, without reaching
significance level in this pilot study. This underlines the
improvements in self-defined motor tasks as previously
described. Furthermore, there is a descriptive increase in social
support–related QoL potentially indicating that patients felt
supported by their therapists, even when solely digitally
connected. QoL measures were already being implemented in
several studies but have yet to improve care from a patients’
point of view [26]. Acknowledging the controversial results
that have been reported with regard to QoL, further research is
needed to understand the various aspects that influence QoL in
patients with PD and which of them may be addressed by digital
exercise programs.

Patient-Defined Outcome Measures: Daily Motor
Activities
A previous study investigated occupational therapy in patients
with PD using a very similar PROM method and asked patients
to list 3 to 5 daily tasks they aimed to improve and rated them
on a scale from 1 to 10. Similar to our study, significant
improvements in individually chosen motor tasks were observed
while secondary outcomes such as UPDRS-III remained stable
[48]. Another study has shown improvements in general
self-reported mobility but did not specify the methods used [15].
PROMs gain in importance and priority as needs of patients
with PD are being increasingly communicated and more
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recognized. For self-determination in patients with PD, the
possibility to put emphasis on specific symptoms and decide
which deficits they aim to focus on is very important for each
individuals’motivation [22]. Integrating patients and their needs
into study designs is a crucial step to shape and develop a
satisfying tailored approach [26]. As confirmed by these studies,
by implementing their individual needs, patients with PD
substantially benefit from exercise programs, even though
clinical scores that were conventionally used to determine the
effect of an intervention, such as the UPDRS-III, did not show
significant improvements in this pilot study. PROMs may help
managing and monitoring the progression of long-term medical
conditions in PD [49]. Especially in the current change in health
care and the rapid shift toward telemedicine that has been
thriving throughout the COVID-19 pandemic, PROMs play a
major role [9,27]. In summary, we highlight the importance of
implementing PROMs (considered as patient-defined outcomes)
into clinical studies and health care.

UPDRS and Sensor-Based Gait Analysis
This study revealed descriptive improvements in UPDRS-III
after a 4-week long home-based exercise intervention. We used
a cutoff score of a 5-point difference in UPDRS-III between
baseline and follow-up as the minimal clinically important
change as is common for Hoehn and Yahr stages I to III [47].
Compared with other studies with comparable exercise
interventions that yielded a significant difference in UPDRS-III,
it is noticeable that these interventions lasted longer (8 weeks
or 6 months) [12,13]. Considering that we observed a trend
toward lower scores during follow-up testing in this pilot study,
this suggests that the intervention period of our study was
potentially too short for clinically relevant changes in
UPDRS-III. However, our exercise program might be beneficial
when conducted over a longer period. This theory is supported
by a meta-analysis of different home-based exercise studies
indicating that duration and frequency have a high impact on
the outcome [4]. As our frequency was comparable with the
suggested 150 minutes per week [4], a follow-up study with a
longer intervention period might reveal potential improvements
in UPDRS-III.

With regard to sensor-based gait parameters, a few studies
observed improvements in some [10] or even on all aspects of
gait (though the latter study used Nordic walking, focusing
solely on gait and fitness and is therefore not directly
comparable with our intervention) [44], when pooling different

home-based studies, no significant long-term effect was
observed [4]. This is in line with our findings and indicates that
standardized gait tests in the hospital might not be the
appropriate method to detect exercise intervention effects.
Continuous home-based measures over a longer period may
more precisely reflect the impact of therapy [50], as a broader
picture of motor symptoms is drawn in comparison with
snapshot measures on a certain time point of the day.

Limitations
First, as this pilot study mainly focused on the feasibility of the
intervention and the smartphone app, results were not yet
compared with a control group. To fully evaluate the benefits
of this intervention, future studies should include a control group
matched for age, gender, and severity of PD-related symptoms.
Consequently, this study was unblinded as assessors were aware
that all participants received training. Second, owing to the low
number of participants, the statistical power of the results of
this study is rather low. Therefore, results presented in this study
should be interpreted with caution. In this context, it should be
considered that nonsignificant findings presented in the study
may be either because of the actual absence of true effects of
the intervention or because the statistical power was too low to
detect true effects. Therefore, the results should be mainly
considered as exploratory. Future studies with an active control
group, randomized design, and blinded assessors should increase
sample size and furthermore need to be conducted over a longer
period to investigate whether this approach yields sustainable
effects.

Conclusions
In conclusion, this pilot study presented that an individualized,
digital, home-based, and high-frequency exercise program over
4 weeks is feasible in patients with PD as indicated by a total
SUS score of 72. The exercise program showed beneficial
effects on individual patient-defined motor impairment in daily
life activities (improvement of 40% on average). These results
indicate that digital exercise concepts remotely supported by
therapists have the potential to complement at-site exercise
sessions and serve as additional stimuli in everyday life for
patients with PD. This study also showed the relevance of a
personalized exercise approach identified by individual,
patient-defined outcomes. Future high-quality studies should
investigate this digital intervention in more depth, evaluate
potential gender-related effects, and whether clinically relevant
effects are sustainable over longer periods.
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Abstract

Background: Remote treatment, or telehealth, has shown promise for children with cerebral palsy (CP) prior to 2020; however,
the beginning of the global COVID-19 pandemic limiting access to hospitals for face-to-face treatments has driven the need for
telehealth and led to a surge in its development. Due to the recent developments, there has been limited synthesis of the available
evidence of telehealth for children with CP.

Objective: This study aimed to analyze and summarize the existing evidence for telehealth interventions for the treatment of
children with CP and identify any areas requiring further research.

Methods: A scoping review was performed. A systematic search of available literature in MEDLINE and PubMed was performed
during July 2021. Inclusion criteria for articles were primary research and systematic reviews that investigated telehealth, included
children with CP, were published between 2010-2021, and were written in English. Exclusion criteria were secondary research
other than systematic reviews; interventions that did not meet the World Health Organization definition of telehealth; or studies
where all participants were aged >18 years, children’s results were not reported separately, or there were no results reported for
children with CP. A scoping review was chosen due to the expected heterogeneity of the participants, as well as the expected
small sample sizes and inconsistency of measured outcomes; therefore, a narrative reporting of the results was considered
appropriate.

Results: In all, 5 papers were identified, which included the results of 11 studies—2 of the included articles were systematic
reviews, which included the results of 3 studies each. These 6 studies, together with 5 primary research articles, were included
in this scoping review. The existing evidence is of low methodological quality, primarily consisting of case series. There is some
evidence that the requirements of telehealth differ depending on the children’s developmental stage and functional level. Telehealth
is reported to reduce caregiver burden. There is mixed evidence on children’s compliance with telehealth. Overall, the results of
telehealth interventions for the treatment of children with CP were positive, indicating either comparable or improved results
compared with children receiving usual face-to-face care.

Conclusions: The evidence base is lacking in breadth and methodological quality to provide robust clinical recommendations.
Most studies investigated hand function only, indicating the limited scope of existing research. However, this review shows that
telehealth has demonstrated potential to improve function for children with CP while making health care services more accessible
and reducing caregiver burden. Areas requiring further research include telehealth interventions for the lower limb, postural
management, and pain control and the barriers to implementing telehealth.

(JMIR Rehabil Assist Technol 2022;9(4):e36842)   doi:10.2196/36842
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Introduction

Background
Cerebral palsy (CP) is an umbrella term for neurological and
movement disorders caused by nonprogressive disturbance to
the developing fetal or infant brain [1,2].

CP affects approximately 1 in 400 children in the United
Kingdom and represents a lifetime disability with substantial
socioeconomic consequences [2]. Functional mobility is best
classified by the Gross Motor Function Classification System
(GMFCS) [3], an international standard based on the severity
of motor disability. GMFCS has been produced to allocate
patients aged 6-18 years to 1 of 5 functional levels from
“walking without limitations” (GMFCS level I) to “transported
in a manual wheelchair” (GMFCS level V), which assist in
defining the management plan. This system can be used by all
health care professionals in the multidisciplinary team including
dietitians, doctors, occupational therapists, orthotists,
physiotherapists, psychologists, and speech and language
therapists [4]. CP is also classified according to affected body
areas as unilateral (hemiplegia) or bilateral (diplegia or
quadriplegia, affecting predominantly lower limbs or all 4 limbs,
respectively).

CP can be further classified by neurological pattern as dystonic,
dyskinetic, ataxic, and mixed [3]. In 70% of cases, CP
predominantly causes spasticity—increased muscle tone or
tightness due to prolonged contraction. The increased muscle
tone leads to progressive stiffness and deficient longitudinal
muscle growth, which, in turn, causes secondary joint
contracture, bone deformity, and pain. Dyskinetic CP is an
extrapyramidal type and results from damage in the basal ganglia
(BG). This area of the brain is damaged in Parkinson disease
and as such, CP lesions in the BG can have a Parkinsonian
presentation. Dystonic CP mostly occurs later in the antenatal
period at 38-40 weeks of gestation, where metabolic demands
of the BG area in the fetal brain lead to movement disorders
such as dystonia. The BG can also be damaged due to
hyperbilirubinemia as by-products from bilirubin metabolism
are deposited in the brain and lead to dyskinesia. Children with
dystonic CP present with dystonia and chorea [2,5]. Ataxic CP
is another extrapyramidal type causing balance issues. The
damage is in the involuntary motor neurons that affect
coordination and gait. Children with ataxic CP often present
with hypotonia, intention tremor, nystagmus, trunk ataxia, and
balance problems [2].

Treatment
CP affects many aspects of a person’s activities of daily living
including movement and posture, speech and communication,

and swallowing (eating and drinking) and causes a range of
health problems such as osteopenia, excess saliva, pain and
discomfort, stress and anxiety, depression, and sleep
disturbances. Therefore, the treatment options and requirements
are vast.

Modern clinical management has evolved to allow clinicians a
greater variety of treatment options and offers patients more
tailored treatment for their needs. Telehealth (TH) and remote
interventions to facilitate the use of TH are at the forefront of
this evolution. The World Health Organization (WHO) defines
TH as “the delivery of healthcare services, where patients and
providers are separated by distance. TH uses information and
communication technologies for the exchange of information
for the diagnosis and treatment of diseases and injuries, research
and evaluation, and for the continuing education of health.” [6].

TH has shown promise for patients with CP prior to 2020 [7,8].
However, the beginning of the global COVID-19 pandemic
limiting access to hospitals for face-to-face treatments has driven
the need for remote treatments including TH and led to a surge
in its development [9].

Study Aims
The aim of this scoping review was to analyze and summarize
the existing evidence for TH interventions for the treatment of
children with CP and identify any areas requiring further
research.

This review is timely due to the ongoing COVID-19 pandemic
increasing the need for and development of TH interventions.
This study will contribute to the current evidence base as despite
2 previous systematic reviews having been conducted in this
area, neither was specific to children with CP, and 1 focused
only on therapy for the upper extremity [10,11].

Methods

Study Design
A scoping review was chosen as the appropriate methodology,
as the substantial heterogeneity of the participants, small sample
sizes, and an inconsistency of measured outcomes were
expected. Therefore, narrative synthesis and reporting were
considered the most appropriate. A scoping review also allowed
a broad research question to highlight gaps in the literature and
provide recommendations for TH as a method to assist children
with CP in their ongoing treatment. The methods for the scoping
review are summarized in Figure 1. The steps of a scoping
review were followed and the PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
Extension for Scoping Reviews) checklist completed (see
Multimedia Appendix 1 [12]).
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Figure 1. Scoping review methodology flowchart.

Search Strategy
For the purpose of this paper, we used the definition of TH
described by the WHO [6] as discussed in the introduction.
Children were defined as aged 0-18 years.

A database search was conducted in the MEDLINE and PubMed
databases. The MEDLINE search was completed using the
OvidSP search platform, and the website-specific search engine
was used to search the PubMed database. The search strategy
used in the MEDLINE database is included in Table 1.

The International Journal of Rehabilitation Research was also
manually searched for further articles that met the eligibility

criteria, as it was identified a priori as having published several
important papers in TH for people with CP. Backward reference
searching was also conducted on all papers identified for
inclusion through the previous search strategies. Authors were
not contacted for further data.

The management of children with CP is multidisciplinary and
includes a variety of aspects of their complex disability. For the
purpose of this study, we did not limit the definition of
“treatment” to 1 or more of the disciplines but rather considered
children’s management globally, including all relevant
disciplines involved in their care.

Table 1. The database search strategy with the number of articles for the MEDLINE database.

Article, nSearch termNumber

23,791Cerebral palsy1

2431Assistive tech*2

4,925,573Treatment*3

197,274Software*4

1,365,926Application*5

1,538,9012 OR 4 OR 56

2311 AND 3 AND 67

Eligibility Criteria
Inclusion criteria for articles were primary research, systematic
reviews, and meta-analyses that investigated TH, included
children with CP either as all participants or results reported as
a subgroup, were published between 2010-2021, and were
peer-reviewed articles reporting results that are available and
written in the English language.

Exclusion criteria were secondary research other than systematic
reviews and meta-analyses; interventions that did not meet the
WHO definition of TH; animal studies; or studies where the
participants were aged >18 years, children’s results were not

reported as a separate subgroup, or there were no results reported
for individuals with CP.

These criteria were assigned due to resource and funding
constraints of this scoping review. Due to the recent advances
in TH, it was considered that research completed before 2010
would be outdated.

Abstracts identified by the search strategy were screened by 2
investigators (MPS and TT) for eligibility using the above
criteria. If it was unclear from the abstract whether the article
met the eligibility criteria, the full article was retrieved for
assessment.

The search strategy is represented in Figure 2.
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Figure 2. A flowchart of paper selection for inclusion in this review. CP: cerebral palsy.

Results

Search Results
The search was conducted on July 2, 2021. The systematic
search strategy produced 231 abstracts. After reviewing the
titles and abstracts, 214 articles were excluded as they were
duplicates or did not meet the eligibility criteria. After reviewing
the full text of 17 articles, 13 were excluded as they did not

meet the eligibility criteria. From the backward reference
searching of the 4 eligible articles, 1 further article was included.
Therefore, 5 articles were included in this scoping review.
Additionally, 2 of the included articles were systematic reviews,
which included the results of 3 relevant studies each. Therefore,
the results of 11 studies were included in this review
[7,10,11,13-20] (Table 2). The findings of the included studies
are summarized in Table 3.
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Table 2. A summary of studies included in the scoping review.

Study objectivesStudy methodologyMain authorNumber

Gaming technology on arm functionPilot studyPreston et al [13]1

Effects of telerehabilitation in occupational therapy practiceSystematic reviewHung and Fong [11]2

Caregiver-directed home-based intensive bimanual training Randomized control trialFerre et al [17]3

In-home virtual reality in telerehabilitation of adolescents with

hemiplegic CPa
Pilot studyGolomb et al [7]4

Pediatric game-based neurorehabilitation using THb technologiesCase reportReifenberg et al [16]5

Image processing to create a “TeleReh application”Pilot studyStaszuk et al [15]6

Comparing outcomes of traditional in-person therapy and TH
therapy

Quality improvement projectTanner et al [14]7

Telerehabilitation for children with disabilitiesSystematic reviewCamden et al [10]8

Web-based intervention of a 30-minute training programRandomized control trialMitchell et al [19]9

Web-based multimodal therapy for unilateral CPRandomized control trialJames et al [18]10

Virtual reality for functionMeta-analysisChen et al [20]11

aCP: cerebral palsy.
bTH: telehealth.

Table 3. Findings of all included papers within the scoping review.

OutcomesMain authorNumber

No outcome showing a clinically important difference in arm function improvement with gaming tech-
nology

Preston et al [13]1

THa is a feasible approach for hand therapy for children, demonstrating increased motivation and hand
function and reduced parental stress

Hung and Fong [11]2

Home-based therapy improved dexterity and the performance of functional goals, but not bimanual
performance

Ferre et al [17]3

Positive functional outcomes using virtual reality video game with improved hand functionGolomb et al [7]4

Positive functional outcomesReifenberg et al [16]5

TH has the potential to assist health care services and patients in making health care more accessible,
personalized, and available to all

Staszuk et al [15]6

Positive clinical utility, and COMPb could accurately assess functional goals and measure change in the
patient’s functional ability after receiving telerehabilitation sessions over 4 months

Tanner et al [14]7

No significant differences with web-based therapy compared to conventional face-to-face therapy, with
virtual reality potentially being more effective in younger children

Camden et al [10]8

Significant improvement in 6-minute walk test distance and functional strength, although no differences
were noted in activity performance

Mitchell et al [19]9

No clinically significant differences in a web-based hand therapy treatment (Move it to improve it;
Mitti) when compared to usual treatment

James et al [18]10

Virtual reality improves outcomes for children with CPc with a strong effect sizeChen et al [20]11

aTH: telehealth.
bCOMP: Canadian Occupational Performance Measure.
cCP: cerebral palsy.

Gaming Technology
Preston et al [13] investigated gaming technology on the arm
function of children with spastic CP who had recently received
botulinum toxin injections. This study was a pilot and was
underpowered, with 58 participants required to demonstrate a
generalizable difference, but only 15 were included. The

outcomes were measured with the Canadian Occupational
Performance Measure (COPM), which measures patient ability,
functional impairment, and satisfaction with function [14], and
ABILHAND-kids, which is a parent-completed questionnaire
grading the child’s ability to complete tasks. Children were
randomized to usual care or the intervention, which consisted
of a noncompetitive and noncollaborative computer-based game,
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customized for arm rehabilitation for children with CP. This
intervention was provided within 1 week of the botulinum toxin
injections. The results showed that the gaming system was used
on average for only 7 minutes per day, despite the recommended
usage being 30 minutes per day. No outcome showed a clinically
important difference; however, the low recruitment numbers
and the low usage of this system means that the results
contribute little to the understanding of the effectiveness of
computer-based gaming systems on remote rehabilitation [13].

Hung and Fong [11] published a systematic review in 2019 on
the effects of TH in occupational therapy practice. The review
included 15 studies, 3 of which included children with CP
[7,16,17]. These studies investigated hand function training
through teleconsultation and telemonitoring [16,17] and a virtual
reality video game home program [7]. Ferre et al [17] trained
caregivers to take standardized assessments with the patients;
Golomb et al [7] and Reifenberg et al [16] used occupational
therapist–measured outcomes remotely and in clinic. Together,
the studies demonstrated that TH was a feasible approach for
hand therapy for children with CP and demonstrated increased
motivation [16] and hand function [7,16] and reduced parental
stress [16].

Image Processing
Staszuk et al [15] investigated a system of TH as it applied to
children with CP while also including adults with stroke. The
proposed system involved (1) a central database where all patient
information, medical tests, results, and images were stored; (2)
a network of rehabilitation centers, laboratories, and hospitals
that were involved in patients’ care; (3) a web service that
connected the stored data from the database with all the health
care professionals involved, through a secure internet
connection; and (4) a computer or other electronic device (tablet,
smartwatch, or smartphone) in the child’s home that could send
relevant data and information to the central database, thus
creating a health record for each patient that was concise enough
to allow health care professionals to monitor their health and
recovery sufficiently [15].

The TH process used cameras to look at the patient’s hand
movements and a “TeleReh” application [15] where a predefined
standard of movements was set for the child to practice and
perfect. Each time they managed to complete the movement,
the software detected it and moved onto the next step of the
rehabilitation process. These steps formed a training program
and used rehabilitation techniques remotely, without the need
of a health care professional to be physically present, although
they could be present over the web to watch and assist the
rehabilitation process [15].

The main technology behind this system was image processing.
The proposed stages included (1) processing the video into
picture frames and (2) using local thresholding to identify
homogenous areas, which led to (3) hand detection based on
hand texture, colors, and shapes. This research concluded that
TH has potential to assist health care services and children in
making health care more accessible, personalized, and available
to all [15].

Teleconsultations and Virtual Therapies
Tanner et al [14] compared the outcomes of conventional
in-person therapy and TH therapy as a quality improvement
project following a forced change to TH during the COVID-19
pandemic. In their study, they used COPM to set personalized
goals for children by identifying the individual challenges they
encountered and measured the outcomes of the telerehabilitation
process. The TH therapy was delivered through
videoconferencing, and all therapists had previously been trained
specifically in pediatric patients. Tanner et al [14] conducted 3
cycles in which they (1) identified what measure to use, (2)
assessed if it was a feasible measure to use, and (3) looked into
the therapists’ perceptions of its use [14]. The results were
promising, showing that there was a positive clinical utility and
COPM could accurately assess functional goals and measure
change in the child’s functional ability after receiving
telerehabilitation sessions over a period of 4 months [14].

A further systematic review was conducted in 2020 by Camden
et al [10], investigating telerehabilitation for children with
disabilities; 3 included studies involved participants who were
children with CP and were randomized controlled trials of
web-based games and a meta-analysis of virtual reality training
[18-20].

A paper by James et al [18] was included in this systematic
review, which showed that there were no clinically significant
differences in a web-based hand therapy treatment (Move it to
improve it; Mitti) when compared to usual treatment, indicating
that this program is a viable therapy tool. The outcomes
measured were primarily focused on hand function, including
the Assessment of Motor and Process Skills and COPM [18].

This systematic review also included the only study that
investigated a full-body intervention. All other included studies
investigated interventions for the hand only. Mitchell et al [19]
conducted a randomized control trial on an individualized
web-based intervention, which allowed participants to undertake
a daily program of 30 minutes of training. This study included
a mix of repetitive body weight exercises and interactive games.
This intervention indicated significant improvement in the
6-minute walk test and functional strength, although no
differences were noted in activity performance [19].

Finally, Chen et al [20] meta-analyzed 14 articles, which
indicated that virtual reality improved outcomes for children
with CP with a strong effect size. However, it was noted that
the poor quality of the studies meant that further high-quality
research was required to reach a firm recommendation. A
subgroup analysis indicated that virtual reality may be more
effective for younger children [20].

Discussion

The aim of this scoping review was to analyze and summarize
the existing evidence for TH interventions for the treatment of
children with CP and identify any areas requiring further
research.
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Principal Findings
We have found the existing evidence for TH interventions for
the treatment of children with CP to be scarce and of poor
quality, primarily comprising of underpowered pilot studies.
There was reasonable consistency in the domains of outcomes
measured, with most studies investigating activity, participation,
and patient and parent satisfaction. However, most studies
measured these domains using different tools; therefore, result
comparison across studies was limited. Most studies did not
include an adequate description of participants and often lacked
CP neurological type or GMFCS level; therefore, the results
were difficult to interpret for clinical application.

The scope of the research into TH was often broad, whereas
patient recruitment was limited, leading to underpowered results.
Difficulties in assessing the efficiency and efficacy of these
devices and services, as well as the broad definitions, make it
difficult to directly compare their outcomes and combine results.

However, in the aggregate, the results of TH interventions for
the treatment of children with CP were positive, indicating either
comparable results with children receiving usual face-to-face
care or in some domains, the results were improved. Notably,
there is some evidence that TH may increase participant
motivation with therapy, reduce caregiver stress, increase
functional abilities, and may improve the accessibility of health
services. These findings are supported by previous reviews,
which have found that assistive technologies for children with
physical disabilities increase motivation and reduce caregiver
burden [21].

The only study that did not demonstrate any promising results
was the study by Preston et al [13], who investigated the ability
of a customized computer-based gaming system to improve the
arm function of children with spastic CP. However, the children
were not compliant with the treatment, averaging only 7 minutes
of game play per day, which was significantly lower than the
recommended 30 minutes. This finding contrasts with other
studies included in this review, which tested home gaming
systems; Golomb et al [7], Reifenberg et al [16], and Chen et
al [20] reported positive functional outcomes and noted minimal
difficulties with compliance. However, it should be noted that
the paper by Reifenberg et al[16] is a single case report. Given
the functional improvements noted by the other 3 studies, it is
possible that the game proposed by Preston et al [13] was less
compelling or that a nonrepresentative sample was recruited for
the study leading to type II error. This finding emphasizes the
uncertainties in interpreting results presented by an
underpowered study.

The results for TH without a computer-based or web-based
game aspect also showed potential for functional improvements
in children with unilateral spastic CP. Ferre et al [17] taught
caregivers via TH, child-friendly, and home-based activities
designed to improve bimanual hand use, including board games,
clay modeling, and page turning. This approach encouraged
family-centered care, placing caregivers rather than therapists
at the center of the child’s care and allowing intense therapy
without the additional caregiver burden of hospital travel and
appointments conflicting with work schedules. However, it
should be noted that there was high attrition from the study,

with 40% of participants not completing the intervention. Further
research should be conducted to established if this result was
due to a flaw in study or intervention design. Importantly, this
study also showed no significant differences between the
therapist-measured baseline and caregiver-measured baseline,
indicating that the Assisting Hand Assessment and Box and
Blocks Test can be appropriately measured by caregivers
remotely at baseline [17].

Although these results are promising for TH as an intervention
for the hand in children with CP, it should be noted that there
is insufficient evidence on TH interventions for other areas of
the body, including the lower limbs or body posture. Mitchell
et al [19] conducted the only study included in this scoping
review that investigated a full-body intervention. This
intervention included body weight exercises and interactive
games that participants undertook at home under the guidance
and supervision of remote therapists. Although the results of
this study were promising, showing excellent adherence to the
program and improved functional measures, they did not
translate into significant differences in activity-based outcome
measures [19]. However, this finding is not uncommon for this
patient group, and the ceiling effects of training can also be seen
in face-to-face therapy [22]. Therefore, the findings may be
considered as showing promise for TH as a full-body
intervention for children with CP [19].

Importantly, we have not identified any investigation on pain
management through TH. This TH type is particularly important
as more than half (67.1%) of children with CP report acute pain
[23], and this pain appears to have increased through the lack
of intervention during the COVID-19 pandemic [24].

Future Directions
Of critical and immediate importance to improving the existing
evidence base for TH for children with CP is the development
of studies with good methodological quality and a sufficient
cohort to draw appropriately powered conclusions. The majority
of the included studies in this scoping review were case series,
which notably complicates the interpretation of results, as where
results conflict, it is difficult to assess whether this conflict is
due to intervention differences, problems with study
methodology, or type II error.

There is some evidence that the requirements of TH vary
depending on developmental stage [25] and GMFCS level [26].
It is likely that different neurological types of CP (dyskinetic,
dystonic, or ataxic) will have different requirements of TH and
require adaptions to accommodate different movements. For
example, mathematical models have been developed to improve
the layout of touchscreen communication devices for children
with dyskinetic CP with different motor requirements, with
good results [27]. However, this adaptation has not been
adequately investigated to suggest what forms of TH are
effective for different children with CP, partially due to small
study sizes but also due to the poor definition of participants in
studies. Therefore, future work would benefit from clearly
defining the participant inclusion criteria, descriptive statistics,
and subgroup analysis stratification by GMFCS level, age, and
CP neurological type. This definition will increase the
understanding of the effectiveness of TH for different groups
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of children with CP and allow greater potential for
meta-analysis.

There is also limited evidence of the barriers to TH
implementation, particularly in the longer term. Most of the
existing evidence is anecdotal or a short description of the
reasons for attrition from studies. A larger qualitative study,
investigating the reasons for dropout from TH studies or
noncompliance with TH necessarily implemented during the
COVID-19 pandemic, would provide a much greater
understanding of the barriers to TH uptake.

Future work would benefit from focusing on outcomes that are
important to children with CP. Considering outcomes, such as
pain and spasticity, that have been shown to have deteriorated
through the lack of in-person treatment during the COVID-19
pandemic would also be useful. Parent-reported outcome
measures were commonly gathered across TH studies, allowing
the collection of data remotely. The most commonly used
outcome measure was the COPM. However, it should be noted
that the COPM has only been validated for children with spastic
CP. Further work would be required to validate its
appropriateness for children with ataxic and dyskinetic CP [28].
The validation of the COPM in larger patient groups will likely
be beneficial to this area of research. However, as most
therapists agree, this validation should be applicable within a
reasonable length of time, and functional goals should be
identified [14].

Finally, more evidence is required to support the use of TH in
the treatment of the lower limb or postural control for children
with CP. The existing evidence is strongly focused on the upper
limb. It is possible that retrospective studies of routinely
collected clinical outcomes during the COVID-19 pandemic
may provide some valuable insight into this area of TH.

Limitations
This scoping review included the results of 11 studies—a small
number despite the broad eligibility criteria, which included
any therapy, study aims, and outcomes measured. There are
limited trials that have been conducted in this area despite the
drastic increase in TH consultations reported through the
COVID-19 pandemic. Retrospective research using routinely
collected outcome measures in this patient group gathered
throughout the COVID-19 pandemic may add important findings
and context for the potential benefits of ongoing TH
consultations. We would recommend the publication of any
data gathered by health care professionals on their changing
interventions in this time. As COVID-19 has affected the need
for more TH, this subject is likely to expand exponentially in

the future and more reviews similar to this paper will be needed
for further assessment.

Second, the substantial heterogeneity of participants made
comparison of outcomes between studies challenging. To reduce
the heterogeneity, classifications systems such as the GMFCS
have been used. However, the GMFCS levels or CP neurological
type were not consistently reported; therefore, it is unclear if
the results are generalizable to the population or comparable to
other forms of TH. This result has limited our drawing of clinical
recommendations on TH for the treatment of children with CP,
but it has helped identify limitations in the literature as a whole
and addressed a key issue that needs careful consideration in
future primary research investigating CP treatment.

Third, due to the heterogeneity of participants and the
inconsistency in outcome measures used, it was not possible to
directly compare the results of studies through meta-analysis.
Therefore, we were unable to directly compare the quantitative
results of the studies and examine statistically and clinically
significant differences across smaller studies, which has affected
our efforts to chart data and directly visualize results
quantitatively. As the technological advancements increase and
the quality of the research improves, we hope that in the future,
there will be more quantitative data to enable direct analysis
and comparison, which will inform clinical recommendations
for TH.

Finally, due to time and resource constraints, we were unable
to perform a formal critical appraisal of the included studies,
which may mean that the results are unduly influenced by
research with poor methodology. We have tried to identify
notable areas of concern with research methodology within the
narrative review, as a less formal critical review. However,
future work in this area should consider a formal critical review.

Conclusions
This scoping review provided for the first time an up-to-date
account of the current evidence on TH for children with CP.
The evidence has been shown to be lacking due to poor study
design or underpowered results; therefore, clinical
recommendations were not possible. However, this scoping
review has shown that TH has demonstrated its potential to
improve hand function while making health care services more
accessible. TH interventions have shown similar or improved
results compared to face-to-face treatment. To understand
precisely how this technology will benefit children with CP,
further research is required, with a focus on the lower limb,
postural control, and quite importantly, pain—a substantial
barrier to interventions being accepted by children. Further work
to identify barriers to TH implementation is also required.
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Abstract

Background: During spring and summer 2020, US states implemented COVID-19 pandemic restrictions, resulting in the closure
of rehabilitation facilities and, with them, some of the clinical trials that were taking place. One such trial was the Supervised
Versus Telerehabilitation Exercise Program for Multiple Sclerosis (“STEP for MS”) comparative effectiveness multiple sclerosis
(MS) exercise trial. Although 1 study arm was implemented via telerehabilitation, the comparative arm took place in rehabilitation
facilities nationwide and was subsequently closed during this time frame. The experience of the STEP for MS participants provides
insights into the impact of lockdown restrictions on exercise behavior by mode of exercise delivery (telerehabilitation vs
conventional facility based).

Objective: This study sought to understand the impact of COVID-19 lockdown restrictions on exercise behavior among people
with MS enrolled in an exercise trial at the time of the restrictions.

Methods: Semistructured phone and video interviews were conducted with a convenience sample of 8 participants representing
both arms of the exercise trial. We applied reflexive thematic analysis to identify, analyze, and interpret common themes in the
data.

Results: We identified 7 main themes and 2 different narratives describing the exercise experiences during lockdown restrictions.
Although the telerehabilitation participants continued exercising without interruption, facility-based participants experienced a
range of barriers that impeded their ability to exercise. In particular, the loss of perceived social support gained from exercising
in a facility with exercise coaches and other people with MS eroded both the accountability and motivation to exercise. Aerobic
exercises via walking were the most impacted, with participants pointing to the need for at-home treadmills.

Conclusions: The unprecedented disruption of COVID-19 lockdown restrictions in spring and summer 2020 impacted the
ability of facility-based STEP for MS exercise trial participants to exercise in adherence to the intervention protocol. By contrast,
the participants in the telerehabilitation-delivered exercise arm continued exercising without interruption and reported positive
impacts of the intervention during this time. Telerehabilitation exercise programs may hold promise for overcoming barriers to
exercise for people with MS during COVID-19 lockdown restrictions, and potentially other lockdown scenarios, if the participation
in telerehabilitation has already been established.

(JMIR Rehabil Assist Technol 2022;9(4):e42157)   doi:10.2196/42157
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multiple sclerosis; exercise; physical activity; COVID-19; COVID-19 lockdown restrictions; telerehabilitation; interview study

JMIR Rehabil Assist Technol 2022 | vol. 9 | iss. 4 |e42157 | p.91https://rehab.jmir.org/2022/4/e42157
(page number not for citation purposes)

Palmer et alJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

mailto:louise.palmer@shepherd.org
http://dx.doi.org/10.2196/42157
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Background
COVID-19 was declared a global health emergency in January
2020 and a pandemic in March 2020 [1]. Governments
worldwide, including in the United States, subsequently
implemented public health emergency measures, including
legally enforced closures and limitations on the maximum
capacity of places where people congregate (ie, schools, stores,
and recreational facilities), physical distancing, mask wearing,
limitations on nonessential domestic and international travel,
and self-isolation or quarantine requirements [2]. These
measures disrupted participation in work, education, travel,
recreation, exercise, and physical activity (PA), with potentially
significant physical and mental health implications, especially
for people with disabilities, including multiple sclerosis (MS).
Indeed, 2 years after the lockdown restrictions were lifted,
research indicates that vulnerable populations, including people
with MS, experienced heightened social isolation, increased
depression and anxiety [3,4], and a lack of access to health
services [5-7].

MS is a chronic neurological disease of the central nervous
system with prevalence among nearly 1 million adults in the
United States and 2.5 million adults worldwide [8]. Damage
within the central nervous system yields the myriad of symptoms
experienced by people with MS, resulting in functional
limitations, cognitive dysfunction, and reduced quality of life
(QOL) [9]. PA and exercise can improve walking, balance,
fatigue, depression, and QOL for people with MS [10].
However, people with MS are more inactive than the general
population [11] and experience many barriers to exercise,
including a lack of MS-adapted exercise protocols [12].

Objective
Both facility-based and telerehabilitation (telerehab) exercise
training have yielded positive results in people with MS.
However, the facility-based and telerehab modes of delivering
exercise have not been compared head to head. Comparing the
outcomes of delivering the same exercise intervention in a
facility (facility based) and in the home or community using a
telerehab approach would be an important step toward informing
people with MS about their exercise options. The Supervised
Versus Telerehabilitation Exercise Program for Multiple
Sclerosis (STEP for MS) comparative effectiveness trial was
designed to address this knowledge gap by assessing the
effectiveness of the Guidelines for Exercise in People With
Multiple Sclerosis (GEMS) exercise protocol [13,14] for people
with MS delivered via telerehab compared with in a
conventional facility setting. The primary research question of
the STEP for MS study was as follows: “In people with MS,
does an evidence-based individualized exercise program
delivered via telerehab yield comparable benefits for improving
walking, mobility, participation, and QOL when compared with
delivery via a conventional, facility-based approach?” By the
beginning of March 2020, the STEP for MS trial had enrolled
217 participants across 8 study sites throughout the United
States.

In the United States, governors implemented pandemic
restrictions on a state-by-state basis; however, by the end of
March 2020, all STEP for MS study sites were temporarily
closed to in-person research activities. Studies indicate that the
full or partial closure of fitness and rehabilitation facilities and
parks and the continuation of self-isolation directives for
medically vulnerable persons through early summer 2020
decreased the PA levels among people with MS [15,16]. Indeed,
1 study estimated that almost half of the people with MS
decreased their PAs during the COVID-19 pandemic [15].
Studies assessing the impact of COVID-19 restrictions on PA
and exercise among people with MS use a cross-sectional
research design and survey methodology, which do not delve
into the unique perceptions and experiences of people with MS
[15-18]. A deeper understanding of these issues can inform the
development of programs that will more effectively address the
unique needs of people with MS. To address this gap, this study
used a qualitative research design and explored the impact of
COVID-19 lockdown restrictions on exercise behavior among
a small convenience sample of adults with MS enrolled in STEP
for MS. The study further explored whether participants’
experiences during lockdown restrictions had implications for
the design and implementation of future exercise trials.
Specifically, our study sought to answer the research question,
“What impact, if any, has the COVID-19 pandemic had on the
exercise behaviors of people participating in the STEP for MS
trial?”

Methods

Study Setting and Design
This research was an ancillary qualitative study conducted as
part of the larger STEP for MS multisite trial (NCT03468868).
The STEP for MS trial compares the effectiveness of a 16-week
evidence-based, individualized exercise training program
(GEMS) delivered via telerehab with that of the same program
delivered in a facility among people with MS who have walking
dysfunction and mobility disability (assumed to be due to their
MS) [19]. The STEP for MS trial began recruitment in
September 2018 and followed a 2-stage, randomized choice
design for examining improvements in walking performance
in people with MS. Specifically, the participants were first
randomized into either the assigned or choice arm. The second
stage of randomization was then applied only to those in the
assigned group, whereby participants were randomly assigned
to either the facility-based or telerehab intervention arm. Within
the choice group, the participants made a preferred selection of
facility (Guidelines for Exercise in People With Multiple
Sclerosis-Supervised [GEMS-S]) or telerehab (Guidelines for
Exercise in People With Multiple Sclerosis-Telerehabilitation
[GEMS-T]).

Both intervention arms received an individualized exercise
prescription that consisted of aerobic exercise focused on
walking as the modality and strength training exercises targeting
the lower body, upper body, and core muscle groups. The
participants in the GEMS-S group completed exercise sessions
in person under the supervision of an MS exercise behavioral
coach based at 1 of the 8 study sites. By contrast, GEMS-T is
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delivered remotely via Zoom by exercise behavioral coaches
located at the University of Alabama at Birmingham (UAB)
Intervention Center. Specifically, the GEMS-T coach oriented
the participants to the exercise prescription but did not provide
remote supervision during the aerobic and strength exercise
training sessions. Instead, the GEMS-T participants had the
option of following written or video instructions for the exercises
and completing them in their home, at a gym, or on walking
trails in their community. In addition, the participants in both
groups received one-to-one sessions with behavioral coaches
at regular intervals. These sessions focused on the guidance on
and oversight of appropriate exercise techniques, discussion of
action planning and self-monitoring, and delivery and discussion
of newsletters designed to optimize exercise adherence. To
ensure the fidelity of intervention delivery across sites, the STEP
for MS trial used training and quality checks, including initial
and ongoing site training on the exercise training program and
social cognitive theory (SCT) principles of behavior change for
exercise, weekly meetings with the intervention center project
coordinator and all collaborating site behavioral coaches, and
audits of one-to-one behavioral sessions across sites. Further
details of the intervention protocol and fidelity measurements
have been previously reported [19].

Delivery of the STEP for MS intervention began in October
2018; however, the COVID-19 pandemic meant that many of
the intended intervention procedures described earlier were no
longer feasible for GEMS-S participants as of March 18, 2020,
when restrictions were put into place. Specifically, the closure
of study sites for clinical trials and studies not related to
COVID-19 prevented sites from conducting the GEMS-S
in-person exercise training visits. Thus, the STEP for MS trial
team worked rapidly to implement adaptations to intervention
delivery for the participants in the GEMS-S condition. After an
initial 3-week pause in intervention activities for the GEMS-S
participants, activities resumed via internet-based and
phone-based supervised exercise sessions using web
conferencing software (eg, Zoom [Zoom Video
Communications, Inc]) instead of face-to-face sessions from
early April 2020.

This ancillary qualitative study recruited participants from 2 of
the 8 study sites (UAB and Shepherd Center), where lockdown
restrictions were implemented for a brief period spanning April
2020, followed by an advisory order only in Alabama through
May 2020, but a mandatory stay-at-home order was
implemented for people at increased risk in Georgia through
May 2020 [20].

Philosophical Assumptions
This research was underpinned by ontological relativism and
epistemological constructivism [21,22]. Ontological relativism
asserts that reality is a subjective experience, whereas
constructivist epistemology is underpinned by the belief that
knowledge is constructed through personal interactions with
the social and physical environment and that the researcher has
an active role in the construction of knowledge generation
[21,22]. These philosophical underpinnings informed an
interpretivist paradigm, whereby we recognized that the purpose
of the research involved identifying various subjective and

multifaceted perceptions of the impact of the pandemic on each
participant’s exercise behavior.

Recruitment
This qualitative interview study was approved by the Shepherd
Center Research Review Committee and conducted as a part of
the ongoing STEP for MS comparative effectiveness trial [19].
The qualitative study used purposeful sampling strategies,
specifically convenience, criterion-based, and quota-based
sampling techniques. The participants of this study were a
convenience sample enrolled at either our Shepherd Center or
UAB study sites. Criterion-based sampling strategies specifically
seek individuals who possess certain characteristics that speak
to the research questions. The first and second authors (LCP
and WNN) contacted participants who were completing the
exercise intervention portion of the STEP for MS trial when
COVID-19 restrictions were imposed (March to April 2020) or
who had recently concluded the 16 weeks of exercise and who
were enrolled at either the Shepherd Center or UAB study
location. This sampling method allowed the recruitment of
persons with MS who could (1) provide rich data from current
personal experiences for addressing the research questions [23]
and (2) yield data that were detailed and in-depth enough to
inform meaningful and impactful results relevant to the design
and implementation of future exercise trials [24]. Quota-based
sampling seeks an equal representation of participants [25]. We
targeted the recruitment of 5 persons per study location
(Shepherd Center and UAB) with equal representation between
the study arms (home based [GEMS-T] and facility based
[GEMS-S]) for a broad cross-section of feedback on the impact
of COVID-19 lockdown restrictions on exercise behavior. The
first and second authors (LCP and WNN) contacted 14
participants who met the inclusion criteria stated earlier (ie,
those who were currently completing or recently completed the
16-week exercise intervention and were enrolled at either the
Shepherd Center or UAB study location). Of these 14 people,
9 (64%) expressed interest. One of the participants from UAB
was lost to follow-up or did not attend the interview. We believe
that our sample of 8 participants, although small, is acceptable
within the context of this pragmatic study and provides sufficient
“information power” to answer our research question [26].
Information power refers to the amount of information the
sample provides that is relevant for answering the research
question. The greater the amount of information contained in
the sample, the smaller the number of participants required.
Although small, we also believe that our participants provided
quality information, another metric for assessing the adequacy
of sample size in qualitative research [27].

Data Collection
Data were collected through one-to-one semistructured
interviews conducted either on the web (3/8, 38%) or via phone
(5/8, 62%) by trained interviewers (LCP and WNN). The
interview guide is provided in the Multimedia Appendix 1. We
had the camera on for interviews conducted on the web but did
not have video for those conducted via phone. There are pros
and cons to different interviewing media (Saarijärvi and Bratt
[28]), but a mixed format has been used successfully in other
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published studies (refer to, eg, Neal et al [29]) and likely does
not affect the study findings [28].

The coauthors developed the interview guide through
engagement with the literature, guidance from an expert in
qualitative research methods, and discussion with the third and
fourth authors (RWM and DB) to address the overarching
research question, “How has the COVID-19 pandemic impacted
your exercise?” The interview guide adopted a chronological
approach to explore the levels of participant exercise before the
COVID-19 pandemic, during lockdown restrictions, and at the
time of the interview (May 2020, when some but not all
restrictions had been lifted). After establishing the general
pattern of exercise over this period, the interview guide used a
strength- and barrier-based approach to explore what helped
and hindered exercise during the lockdown. The interviewer
(either LCP or WNN) presented questions and prompts in a
semistructured format, allowing the participants the freedom to
elaborate when discussing experiences that were important to
them but affording the interviewer the opportunity to focus on
areas of interest. Questions encompassed a range of topics
regarding participants’ experiences and perceptions related to
exercise and coping during the COVID-19 pandemic such as,
“What has helped or hindered exercise during the pandemic?”

and “What additional resources would have been helpful during
the pandemic?” Then, the participants were asked, “What
concerns do you have about remaining in the STEP for MS trial
as the pandemic continues?” and “How has COVID-19 changed
your thoughts on participating in future exercise studies?”
Questions about continuing in the STEP for MS trial and future
exercise trials were asked after other questions pertaining to
perceptions related to exercise and coping during the pandemic
and were open-ended, thereby allowing the participants the
freedom to express their views for or against future participation
in exercise trials.

Ethics Approval
The participants provided verbal consent for taking part in the
interview with audio recording in accordance with the Shepherd
Center’s institutional review board approval process (protocol
number 738; Shepherd Center’s Institutional Review Board
credentials: FWA00000642 and IORG0001082), and the
participant names were removed from the transcripts and
replaced with pseudonyms (Textbox 1).

Raw data worth >4 hours were collected, and interviews lasted
between 23 and 43 minutes. Clinical and demographic data
were collected as part of the STEP for MS trial baseline data
collection.

Textbox 1. Participants’ group assignments and pseudonyms.

Guidelines for Exercise in People With Multiple Sclerosis-Telerehabilitation

• Kimberly (research site A)

• Sarah (research site A)

• Dana (research site B)

• Leslie (research site B)

• Maureen (research site B)

Guidelines for Exercise in People With Multiple Sclerosis-Supervised

• Anita (research site A)

• Gayle (research site B)

• Wendy (research site B)

Data Analysis
To understand the meaning of the data, we applied reflexive
thematic analysis (RTA), a flexible interpretative approach to
qualitative data analysis for identifying, analyzing, and
interpreting common themes in the data [30]. The data were
analyzed using predominantly inductive RTA, whereby codes
and themes were generated from the participant testimonies. A
degree of deductive analysis was used to ensure that the
data-based meanings emphasized in open coding contributed
to the production of themes that were meaningful to the research
questions. To ensure rigor, data analysis was completed by LCP
and WNN through six iterative phases: (1) familiarization with
data, (2) generating initial codes, (3) searching for themes, (4)
reviewing themes, (5) defining themes, and (6) final analysis.
LCP and WNN became immersed in the data by conducting
interviews, rereading transcripts, taking notes of initial ideas
related to the research question, and creating initial codes (steps

1 and 2). Initial themes were generated by creating a list of
codes for each participant, sorting and collating these lists into
potential themes, and then placing similar codes in the same
group (step 3). To ensure trustworthiness, LCP and WNN met
regularly to discuss the meaning of the codes and themes in
relation to the research questions. Subthemes were generated
when necessary to demonstrate the hierarchy of meanings within
a theme. Themes were then refined through discussions between
the research team members (including RWM and DB) regarding
the appropriateness of each theme in relation to the research
questions (step 4). During steps 5 and 6, the themes were defined
and named in a way that explained the data content and
answered the research question, and the results were collated
into a written narrative with data extracts to illustrate each
theme, which will be presented in the Results section.
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Ensuring Rigor
To ensure rigor and trustworthiness throughout the qualitative
research process, we adopted a relativist approach, whereby we
chose study-specific markers of evaluative quality from Smith
and Caddick’s ongoing list [31]. We chose the evaluative
markers of substantive contribution, worthy topic, and
transparency. First, we demonstrated the worthiness of our topic
by justifying in the introduction why examining the experiences
and perceptions of coping and exercise during the COVID-19
pandemic among people with MS could advance the
understanding in this area and have significant implications for
practice. Second, we ensured substantive contribution by
identifying a gap in knowledge within the field of MS and
exercise, which, if answered well, could meaningfully contribute
to our understanding and appreciation of exercise in MS. Finally,
we sought to be transparent by completing an audit trail,
whereby the first and second authors served as “critical friends”
throughout the analytical process.

Results

Overview
The mean age of the interview participants was 51.5 (SD 6.5;
range 45-60) years; 50% (4/8) of the participants identified as
Black and 38% (3/8) as White; and all were female (8/8, 100%).
Participants represented a range of MS types and disability
status, as reflected in the Patient-Determined Disease Steps and
the Expanded Disability Status Scale presented in Table 1. Both

groups had similar characteristics in terms of these disease
measures. A total of 5 participants were enrolled at the Shepherd
Center site, and 3 were enrolled at UAB. Six participants were
in the process of completing the exercise intervention at the
time of lockdown restrictions, and 2 participants (1 per site)
had recently concluded the intervention.

The experiences and perceptions related to exercise during the
COVID-19 lockdown restrictions were extensive, complex, and
contrasting among the participants. All the participants discussed
barriers to exercise during the pandemic, and perceptions
differed depending on whether they were in the GEMS-S or
GEMS-T study arm. The following sections outline 2 narratives
based on these study arms and propose potential reasons for the
existence of 2 different narrative paths. Briefly, the GEMS-S
participants experienced disruption to exercise during the
lockdown restrictions, whereas the GEMS-T participants adapted
to the new exercise conditions and continued to exercise
seamlessly. Through RTA, LCP and WNN identified a total of
seven themes related to the exercise experiences of people with
MS during the COVID-19 pandemic (Textbox 2): (1)
GEMS-T—disruptions and adaptations to the exercise
environment, (2) GEMS-T—applying GEMS strategies to
adhere to exercise, (3) GEMS-T—exercise as a coping
mechanism, (4) GEMS-S—environmental barriers to exercise,
(5) GEMS-S—loss of social support reduced the self-motivation
to exercise, (6) GEMS-S and GEMS-T—request for resources
to support home-based exercise, and (7) GEMS-S and
GEMS-T—COVID-19 pandemic–related concerns.
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Table 1. Demographic and clinical characteristics.

GEMS-Tb (n=5)GEMS-Sa (n=3)Characteristics

5 (100)3 (100)Sex (female), n (%)

Age (years)

3 (60)1 (33)40-49, n (%)

1 (20)2 (67)50-59, n (%)

1 (20)0 (0)60-69, n (%)

50.8 (7.2)52.7 (6.5)Value, mean (SD)

Race, n (%)

1 (20)3 (100)African American or Black

3 (60)0 (0)White

1 (20)0 (0)Chose not to answer

5 (100)3 (100)Ethnicity (non-Latino), n (%)

MSc type, n (%)

3 (60)3 (100)Relapse-remitting MS

2 (40)0 (0)Secondary progressive MS

PDDSd

0 (0)1 (33)3—Gait disability, n (%)

1 (20)2 (67)4—Early cane, n (%)

2 (40)0 (0)5—Late cane, n (%)

2 (40)0 (0)6—Bilateral support, n (%)

5 (0.25; 4-6)4 (0.5; 3-4)Value, median (IQR; range)

EDSSe

1 (20)0 (0)4.5—Relatively severe disability, n (%)

0 (0)1 (33)5—Disability affects daily routine, n (%)

4 (80)2 (67)6—Assistance required to walk, n (%)

6 (0; 4.5-6)6 (0.5; 5-6)Value, median (IQR; range)

Randomization status, n (%)

3 (60)1 (33)Choice

2 (40)2 (67)Assigned

aGEMS-S: Guidelines for Exercise in People With Multiple Sclerosis-Supervised.
bGEMS-S: Guidelines for Exercise in People With Multiple Sclerosis-Telerehabilitation.
cMS: multiple sclerosis.
dPDDS: Patient-Determined Disease Step.
eEDSS: Expanded Disability Status Scale.
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Textbox 2. Themes and subthemes along with their definitions.

Theme 1: Guidelines for Exercise in People With Multiple Sclerosis-Telerehabilitation (GEMS-T)—disruptions and adaptations to the exercise
environment

• The GEMS-T participants made changes to their environment to facilitate continued exercise during lockdown restrictions.

Theme 2: GEMS-T—applying Guidelines for Exercise in People With Multiple Sclerosis (GEMS) strategies to adhere to exercise

• The GEMS-T participants’ use of strategies learned through the exercise intervention facilitated continued exercise during lockdown restrictions,
and accountability was gained from participating in the trial.

Theme 3: GEMS-T—exercise as a coping mechanism

• The exercise study provided the GEMS-T participants with a way to cope with boredom and anxiety during the lockdown restrictions.

Theme 4: Guidelines for Exercise in People With Multiple Sclerosis-Supervised (GEMS-S)—environmental barriers to exercise

• The GEMS-S participants identified barriers to exercise in their physical environments.

Theme 5: GEMS-S—loss of social support reduced the self-motivation to exercise

• The GEMS-S participants described how the lack of in-person coaching and peer support during the lockdown restrictions decreased their
motivation to exercise. Social support is a latent theme, which facilitates self-motivation, a semantic theme. The GEMS-S participants recommended
an increase in social support when transitioning from exercising in the facility to exercising at home.

Theme 6: GEMS-S and GEMS-T—request for resources to support home-based exercise

• Both GEMS-S and GEMS-T participants requested more resources to support home-based exercise.

Theme 7: GEMS-S and GEMS-T—COVID-19 pandemic–related concerns

• These are factors directly related to the COVID-19 pandemic in general that prevented or hindered the participants in both groups from staying
physically active.

Theme 7.1: perceived vulnerability determines the level of caution when exercising

• This subtheme reflects participants’ general fear about keeping healthy and safe during the pandemic and fears of catching COVID-19 while
exercising in public spaces.

Theme 7.2: COVID-19 restrictions deter exercise

• This subtheme reflects participants’ discomfort with exercising indoors and dislike of mask wearing while exercising inside and outside.

Theme 1: GEMS-T—Disruptions and Adaptations to
the Exercise Environment
Several barriers to the physical environment, such as lack of
home aerobic exercise equipment and hilly neighborhood terrain,
impacted exercise participation; however, the GEMS-T
participants explained how they adapted to the new limitations
imposed by the lockdown restrictions and continued their
aerobic exercise. For example, Sarah, concerned about catching
COVID-19 in outdoor public spaces, changed her walking
location from a park to her neighborhood. After learning about
the apartment complex’s first positive COVID-19 case, she
further restricted her exercise to spaces directly around her
apartment building.

Similarly, as the garden where Dana previously walked was
closed during the lockdown restrictions, she pivoted to using
her home exercise gym. Before the lockdown restrictions, Leslie,
a teacher, walked on the school exercise track after classes, and,
subsequently, she switched to walking on trails by her house:

[There is] a park a block away. And we’re in kind of
an isolated area, so it’s super safe and easy for us to

go out for a walk. We actually have trails around our
house. [Leslie]

Finally, Maureen attempted to walk around her neighborhood
but found it more exhausting than walking on the treadmill in
her subdivision’s indoor gym and, therefore, continued using
the gym, which she described as clean and empty:

They have two treadmills, a bike and a stair master,
that’s it...I’m the only one using it. And then, they left
that container of wipes and things to wipe down the
equipment that I need...So far, I’ve never, in all the
months since March, I’ve never seen another person
in there when I was in there. [Maureen]

Overall, 80% (4/5) of GEMS-T participants continued exercising
during the lockdown restrictions without a break. When classes
moved to the web, Leslie found the first week of teaching
remotely challenging, with no time for exercise. However, she
quickly adapted and resumed exercising:

After that week, the pandemic didn’t make it any
harder for me, the pandemic itself. It’s just that week
was so overwhelming. [Leslie]
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Theme 2: GEMS-T—Applying GEMS Strategies to
Adhere to Exercise
The GEMS-T participants described using a variety of tools
and strategies learned through the STEP for MS trial to adhere
to exercise during the pandemic-imposed lockdown restrictions.
For example, when Sarah changed her exercise location from
a park to what she described as a less inspiring location (her
apartment complex), she listened to music for motivation, a
coaching suggestion:

It’ll make it seem as if the time is not dragging.
[Sarah]

The STEP for MS self-monitoring tools provided both
motivation and accountability to the GEMS-T participants
during the pandemic. For example, Maureen called the progress
log her “accountability partner” and explained how it enabled
her to see progress in her step count over the course of the study:

It [the progress log] kind of lets me know when I
started. And I mean, when I started, I was lucky to do
500 steps. Now I’m doing 1700 steps...So it’s nice to
see the improvement. [Maureen]

Likewise, Dana stated the following:

It was good for me to keep track of what I was doing
and to have the goal of always meeting the next step
up. [Dana]

Several participants noticed an improvement in MS symptoms
and weight loss as a result of participating in the exercise
program. These benefits of exercise became self-rewarding and
increased the participants’ motivation to continue exercising.
Dana said the following:

It made me more committed...because I can see
improvement. [Dana]

Similarly, Maureen lost 20 pounds and noted the following:

My endurance is better; I can go all day. [Maureen]

The GEMS-T participants considered the commitment they
made to the study as key to continued adherence to the exercise
program throughout the lockdown:

I think the accountability of participating in a
program and keeping you connected with what you
should be doing and what’s new, is actually a positive
aspect of participating in the trial...It’s just a
commitment. I made a promise and I’m doing what I
said I would do. [Dana]

It (the trial) kept me accountable...I was like, my data
won’t be accurate...you’d better do it [exercise].”
[Leslie]

Theme 3: GEMS-T—Exercise as a Coping Mechanism
The participants from the GEMS-T group described how
participating in the exercise trial provided a positive distraction
during the lockdown restrictions and helped them cope with
pandemic-related anxiety and depression. For example, Dana
gave the following explanation:

I was just very thankful that I had this program to do
at home, and also it made me thankful that I had

something to concentrate on as well...It gave me
something. [Dana]

Similarly, Maureen noted how she exercised beyond the
intervention requirement of 2 times a week to pass the time:

I’ve actually been doing it [exercise] four or five times
a week...because there’s nothing else to do. [Maureen]

Dana also specifically attributed exercise to helping her cope
with the anxiety associated with the pandemic:

So, the anxiety [of the pandemic] is there and yes, I
think maybe exercise helps me clear my head...while
I’m on the treadmill, I can think through things
cohesively. [Dana]

Theme 4: GEMS-S—Environmental Barriers to
Exercise
In contrast to the GEMS-T participants, those in the GEMS-S
group described multiple barriers to exercise associated with
their physical environment, as they transitioned from exercising
in the facility under the supervision of a coach to home-based
exercise. Although the GEMS-T participants described making
adaptations to their physical environment to ensure continued
engagement in exercise, several GEMS-S participants considered
their outside terrain to be unconducive for aerobic exercise,
making walking difficult. Indeed, 2 GEMS-S participants had
mostly stopped exercising at the time of the interviews. Anita
explained that she had planned to use her gym membership to
continue exercising after the study ended and that sometimes
she walked inside Walmart for exercise, but neither option was
available during the lockdown restrictions:

But you know, of course since this happened, nobody
wants to go into a gym or whatever, no, I don’t feel
comfortable. [Anita]

Meanwhile, walking outside was challenging because of the
hills in Anita’s neighborhood:

The neighborhood I live in is so hilly...If the area was
more flat, I would be more apt to just go outside and
walk, you know? [Anita]

For Gayle, the transition from walking on a treadmill at the
facility to walking outside in her neighborhood was challenging:

I didn’t realize how different it would be walking
outside versus walking on the treadmill...It’s [the
outside terrain] not flat like the treadmill, which is
something I didn’t really contemplate, or think about,
or make allowances for. And I was still trying to walk
the same pace. But I got kind of like upset with myself
like, “You’re not walking as fast.” [Gayle]

However, later in the interview, Gayle alluded to a confluence
of factors that combined to discourage her from walking outside:

If I had a treadmill, I would be able to do that. It’s
just having to go outside. We put on our masks, and
we get going. And then, as soon as I get out of my
house, we have to go around a curve, and then it goes
up a hill. And then the other part of my house is in a
cul-de-sac, so I don’t have any option except to go
up this little hill. And then, when you’re going up the
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hill, and you start breathing faster, and then you feel
like the mask is, you know, you gotta take it out, take
your face out of the mask, because you need to
breathe better. It’s just not...it doesn’t feel right.
[Gayle]

She continued to talk about the need to take her cane with her
to walk outside:

It’s more difficult for me to walk up and down the hill
because I have to take my cane with me if I’m outside.
When I was on the treadmill, I could just walk without
even holding on, or if I needed to, I could hold on,
but outside I’ve been slower. I have to take my cane.
[Gayle]

For Gayle, these barriers resulted in her dropping the walking
portion of the exercise altogether during the lockdown
restrictions. Gayle wished that she had been advised on how
different walking outside would be compared with the controlled
treadmill experience in the gym:

Just let them know...that it may not be the same
walking on a treadmill, it may not be the same as
walking outside, but make sure that you know that
the amount of steps you take really doesn’t matter.
Just walk. [Gayle]

Although Wendy had stopped exercising at the time of the
interviews because of ill-health, she also expressed reservations
about walking in her neighborhood because of the terrain and
safety concerns. Instead, Wendy would use the treadmill at her
home:

I would walk outside, and I also have a treadmill, but
because of the stability to walk outside, I don’t walk
outside as much. I actually kind of stopped, and then
our neighborhood had rumors that there were coyotes
in the neighborhood. And so, because I was mostly
walking by myself, I didn’t feel like that was safe. So,
I really started to do the treadmill inside more than
anything...And my driveway, it’s kind of a hill. I could
barely move my way up the drive way. So, I said, this
is just not a good idea, so that’s really when I made
the final decision, that I’ve got to do this inside.
[Wendy]

Theme 5: GEMS-S—Loss of Social Support Reduces
the Self-motivation to Exercise
Moving from facility to home during the lockdown restrictions
disrupted the in-person social connections during exercise that
the GEMS-S participants had become accustomed to. Anita
talked at length about lacking the motivation that she had in the
facility to exercise at home during the lockdown:

And I really just haven’t been motivated, but I will
put on some music and just do it...It’s just in my mind,
I’ve just like, I know I need to do this, but I don’t
really feel like it. [Anita]

Similarly, Gayle gave the following explanation:

It [lockdown restrictions] took all of my momentum
away because I haven’t exercised really throughout
my life, but I prayed that I would be able to come to

the facility, because I knew that I really needed that.
I needed that support. [Gayle]

For both Anita and Gayle, the loss of in-person coaching and
peer support that they received at the facility appeared to be
connected to a loss of motivation to exercise at home. For
example, Anita gave the following explanation:

Cause I mean, that was somewhere I could go the two
days out of the week. Me and him [the coach] would
laugh and talk...So, even though I was working, I was
exercising, but with his method, how he would just
be talking to me and we would be talking. [Anita]

Gayle noted the lack of both social support from peers and
in-person coaching support as driving her lack of motivation to
exercise at home:

At first, I couldn’t even do 10 [minutes of walking],
I thought I was going to die. But I got up to 30 and I
really felt encouraged. And I would see other people
at the facility that maybe had...less level of functioning
mobility than I had. And so, I was just encouraged
like, “You can do this. Look at them, they’re doing
it.” And I really thought I was doing well. And then
when I had to do it at home, I just didn’t have that. I
mean, Irene [the GEMS-S coach] is great. It wasn’t
her at all. I don’t know, I just lost it. [Gayle]

Importantly, here, Gayle noted that her GEMS-S coach was
supportive in the web-based environment; therefore, it was not
the lack of coaching per se that she missed. Rather, it was the
overall environment consisting of peers with disabilities
exercising together with in-person coaching. Gayle expounded
the following:

In the facility, even though we weren’t working out
together, it was like we were all on the same team...
[Gayle]

I love to see the other people at the center, and if their
disability [was] maybe a little bit more pronounced
than mine, it’s just “look at how she’s doing. She’s
doing so good...” [Gayle]

To have the coaches supporting you [in the facility],
and it just felt like I had a purpose, more so than
being by myself... [Gayle]

For Gayle, it was not simply receiving peer support that made
the difference but also providing it to others:

It was good to hear the encouragement [in facility],
or to be able to encourage somebody else. [Gayle]

Theme 6: GEMS-S and GEMS-T—Request for
Resources to Support Home-Based Exercise
Unsurprisingly, the GEMS-S participants recommended
increased social support and accountability when transitioning
from exercising in the facility to exercising at home. Anita
recommended “some kind of alarm or some kind of alert or
message or something” to hold her accountable to exercise.
Other GEMS-S participants enjoyed exercising alongside their
peers while in the facility and would have liked a way to remain
connected in the web-based environment. For example, Maureen
suggested the following:
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A visual Zoom program would be more beneficial
because you would develop relationships more with
people that way I guess. [Maureen]

Both GEMS-S and GEMS-T participants requested more
resources to support home-based exercise. These resources
include exercise demonstration videos and aerobic exercise
equipment such as a treadmill. For example, Anita said the
following:

I got my equipment [resistance bands and pedometer],
you know, the stuff, but of course the equipment
[treadmill] we don’t have it here. [Anita]

Anita also requested exercise videos:

If I can find something, I’ve got a smart TV. Like if
there was some kind of YouTube channel or somebody
with some little exercises or something. [Anita]

Both Sarah (GEMS-T) and Gayle (GEMS-S) noted the need
for a treadmill:

I kind of wish I had a treadmill because I had been
thinking about it for a long time. And I‘m just like, I
feel like even if I do 10 minutes on the treadmill,
that’ll be equivalent to me walking in a neighborhood
or something like that. [Sarah]

The problem is, I just have to buy a treadmill. [Gayle]

Theme 7: COVID-19 Pandemic–Related Concerns
At the time of the interviews, much was still unknown about
how COVID-19 was transmitted and how COVID-19 might
impact people with MS, and a vaccine remained far away.

Theme 7 covered factors related to the COVID-19 pandemic
that hindered participants in both groups from exercising. This
theme was divided into 2 subthemes.

Theme 7.1: Perceived Vulnerability Determines the
Level of Caution When Exercising
As people with a chronic illness who may experience lowered
immunity to disease in general, the participants were cautious
in their daily activities, including exercise, to prevent contracting
COVID-19. When deciding whether to exercise in a public
setting (indoor and outdoor), the participants took precautionary
measures based on their perceived vulnerability to COVID-19.
For example, Anita said the following:

I’m just kind of leery about it, because you don’t know
if this is airborne outside. [Anita]

Likewise, Sarah was wary of being around other people outside:

And then when I found out that someone in the
community had it, I’m just so afraid. By like with my
immune system being compromised, like how it is, I
catch a cold in a minute or something, so I’m just
like, I’m kind of scared. I took a chance. I just really
didn’t want to take, so I’m not ready to go quite yet
to the park. [Sarah]

Gayle expressed how the uncertainty about COVID-19
transmission led to her wearing a mask while exercising outside
and how this also made walking more difficult:

And then they [news anchors] were saying that it can
be in the air. And then one show said that the wind
carries it. And that’s what I was afraid of. We would
always go outside with our masks...but then if you’re
trying to walk, and you have this mask on, you feel
like you’re smothered a little bit. [Gayle]

Theme 7.2: COVID-19 Restrictions Deter Exercise
Participants disliked wearing masks while exercising both
indoors and outdoors but felt unsafe exercising inside gyms
(which had just begun to reopen) without wearing masks:

I’m not going to go in there [the gym] without a mask
on, so I won’t be doing that. [Anita]

...with the face mask and the heat, that was strange,
but it impacted where I wouldn’t want to go to a park
where I would normally go on a walk inside. I
wouldn’t want to go. [Sarah]

When asked whether Gayle would walk more if the terrain was
flat, she responded that the mask was just as much of a barrier
to exercising outside:

Yeah. I think if it was something similar to the
treadmill, yeah. And if I didn’t have to wear the mask,
probably because like when you start walking, and
start breathing faster, and I don’t know, it just feels
like you can’t really exchange oxygen as well. [Gayle]

Discussion

Principal Findings
This study contributes to the literature by detailing how
participants in 2 different arms of an MS exercise trial adhered
to the exercise intervention during the COVID-19 lockdown
restrictions and immediately after the restrictions were lifted.
The participants randomized to the facility-based arm (GEMS-S)
of the STEP for MS trial were more likely to describe barriers
to continued exercise such as the lack of social support or home
aerobic exercise equipment, whereas telerehab participants
(GEMS-T) were more likely to highlight positive experiences,
including adaptations to their exercise environment and using
exercise as a coping mechanism. Our findings indicate important
considerations for researchers and providers about how to meet
the exercise needs of people with disabilities in the new
pandemic reality and for investigators planning future exercise
interventions.

A total of 2 different narratives emerged from our findings.
During the lockdown time frame, the GEMS-T participants
continued apace with the exercise intervention without
interruption. By contrast, the GEMS-S participants described
how the shift to remote exercise disrupted their progress and
motivation to the point of inertia. Although the participants in
both groups continued with resistance training to some extent
using the provided resistance bands, the walking component of
the intervention proved to be more difficult to maintain for the
GEMS-S participants. Perhaps because the GEMS-T participants
already had several weeks of at-home exercise established by
the start of lockdown restrictions, exercise was routinized
enough to accommodate the disruption, even when restrictions
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necessitated a change in the aerobic exercise location for some
participants.

Access to at-home aerobic exercise equipment such as a
treadmill or stationary bike appears to be key to facilitating
aerobic exercise during lockdown restrictions. In both groups,
walking outside was not a viable option during lockdown
restrictions for various reasons, such as uneven terrain, heat,
mask wearing, and safety concerns. For many participants, the
physical terrain of their local neighborhood was not conducive
to walking with a mobility disability. The availability of public
spaces such as parks or botanical gardens for aerobic exercise
also varied among participants, although most reported closing.
In this regard, although our study focused on formalized
exercise, these findings have accessibility implications for PA
more broadly for people with disabilities desiring to undertake
leisure and PA in their homes and communities. Future studies
could further examine the role of the environment and
neighborhood on PA participation during lockdown restrictions.

Our findings provide additional support for the inclusion of
SCT in exercise interventions to enhance program uptake and
adherence. SCT posits an interplay between personal and
environmental factors and identifies self-efficacy, outcome
expectations, goal setting, and facilitators or barriers as core
determinants of behavior [32,33]. The STEP for MS exercise
program is supplemented with an SCT-based behavioral
component that incorporates these core SCT determinants into
program tools and strategies. The GEMS-T participants referred
to several of these tools and strategies as facilitators of exercise
during the lockdown restrictions, including the one-to-one
coaching sessions for feedback and social accountability,
exercise adherence logs and pedometers for accountability and
monitoring progress, informational newsletters discussing SCT
determinants, and other individualized strategies to enhance
exercise adherence and compliance (eg, listening to music). The
participants also discussed factors that were self-rewarding,
such as decreased fatigue and stress, greater stamina, and weight
loss, as facilitators of continued exercise during the COVID-19
lockdown restrictions.

In line with the previous literature examining SCT and PA [34],
our findings suggest that in-person social support may be a
latent construct that strongly supports exercise behavior in
people with MS. Within the SCT framework, social support
facilitates self-efficacy [33], which in turn is a key determinant
of behavior change [32,35]. In addition to lacking access to a
treadmill, the GEMS-S participants frequently attributed the
loss of in-person support received from both coaches and peers
as a barrier to continuing the exercise program at home.
Although the trial was designed as an individual exercise
intervention with identical exercise and coaching content in
both study arms, our findings are suggestive of experiential
differences between these 2 groups of participants, particularly
in perceptions of social support. Although both groups of
participants desired social support, the impact of not having it
differed qualitatively between the groups, with only the GEMS-S
participants naming the loss of support as an impediment to
exercise. The outcome data from the trial will provide more
conclusive evidence on whether in-person or web-based
coaching is associated with differences in exercise outcomes

and what role the choice of exercise location plays. Regardless
of the impact on the motivation to exercise, several participants
requested a way to connect with their peers on the web for social
support.

Recommendations for Research and Practice
These findings are important for funding agencies, exercise
scientists, kinesiologists, and rehabilitation professionals who
are extending the pandemic-driven growth of telerehab programs
for people with disabilities and point to several
recommendations. First, an assessment of people’s home and
community environment before exercise initiation may be
essential for program adherence and success. Discussion with
a behavioral coach about safe locations to perform both aerobic
and resistance exercises is a core element of the GEMS-T
protocol. For exercise interventions without individualized
coaching, providing tips and strategies for overcoming
commonly encountered barriers to exercising at home or in the
community would be helpful.

Second, rehabilitation, exercise science, and kinesiology
providers serving people with disabilities and other
immunocompromised populations should address
COVID-19-specific concerns about exercising. The science of
COVID-19 transmission has advanced since these interviews
were completed, and except for the most crowded outdoor
situations, exercising outside is a low-risk activity for
COVID-19 transmission [36,37]. However, exercise guidelines
should be updated to include guidance for vulnerable
populations on safely exercising indoors, which, as this study
shows, is a preference for many participants.

Finally, telerehab programs may wish to consider creating
web-based support communities where participants can interact
to increase exercise motivation and accountability and decrease
isolation and loneliness.

Limitations
Initially, the GEMS-S participants were informed that they
would receive no remote coaching to maintain the integrity of
the trial and intervention, and they were encouraged to exercise
at home using the provided exercise equipment and study
materials. After 3 weeks, the trial co-investigators determined
that research participants would be best served by altering the
intervention to provide the GEMS-S participants with coaching
support remotely to more accurately reflect the original GEMS-S
condition. It is impossible to know whether this 3-week gap
contributed to the differences in findings between the GEMS-S
and GEMS-T groups.

This study used a small convenience sample of 8 participants
from the southeast United States and is not representative of
the experience of all people in the STEP for MS trial. Therefore,
readers should be cautious in extrapolating the findings to all
people with MS. The small sample may also obscure other
factors that contribute to the differences in experience between
the 2 arms of the study, including sociodemographics and
geographic and community location. In addition, our sample
consisted of only women. Although MS does affect women
more than men, gender may influence exercise behaviors during
lockdown restrictions.
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Additional data may have strengthened our analysis, including
data on depression levels, comorbidities, and whether these
factors accounted for any exercise differences between the
groups. We also did not capture data on the levels of exercise
outside the scope of the intervention protocol, although some
participants referred to exercising beyond the requirements of
the protocol.

The study design randomized participants to 2 groups: either
automatic assignment to GEMS-S or GEMS-T or to a group
that could choose the study arm. This interview study was unable
to detect whether choice had any impact on the experience of
the participants during lockdown restrictions. However, the
GEMS-S and GEMS-T participants reflected both choice and
assigned conditions (Table 1), and the condition did not appear
to have had an impact on the exercise experience during
lockdown. The STEP for MS trial data analysis will provide
insights into the role of choice in exercise outcomes.

Conclusions
Our findings suggest that lockdown restrictions impacted
exercise among people with MS enrolled in a large trial

depending on the exercise condition, namely facility based or
home based. Although we still do not know the outcome of the
larger trial, these findings suggest that the telerehab delivery
mode was beneficial to people with MS during lockdown
restrictions who continued to exercise uninterrupted. Moreover,
people in the GEMS-T study arm reported that the exercise
intervention benefited them both mentally and physically. We
also learned that social support comes in different forms
(coaching vs peers), and this should be explored further and
perhaps incorporated into future exercise options. As the United
States moves to a new pandemic phase in which federal
guidelines endorse shorter isolation time frames and less
rigorous masking and social distancing [38], people with MS
may still fear resuming prepandemic activities and remain
isolated. The boom in telerehab platforms for the remote
delivery of exercise interventions has the potential to overcome
the barriers to traditional, facility-based exercise options if these
platforms incorporate best practice recommendations.
Considering a future in which COVID-19 is endemic,
rehabilitation professionals should incorporate guidelines for
people with suppressed immune systems into exercise protocols
to address pandemic-related safety concerns.
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Abstract

Background: Pulmonary diseases represent a great cause of disability and mortality in the world, and given the progression of
these pathologies, pulmonary rehabilitation programs have proven to be effective for people with chronic respiratory diseases.
During the COVID-19 pandemic, telerehabilitation has become an alternative for patients with such diseases.

Objective: The aim of this study was to compare the outcomes (ie, functional capacity and quality of life) of telerehabilitation
to those of usual care among patients who previously participated in face-to-face pulmonary rehabilitation programs.

Methods: We conducted a quasi-experimental retrospective study from April 2020 to August 2021. A total of 32 patients with
chronic lung diseases were included and divided into the control and intervention groups. The intervention group performed
telerehabilitation synchronously twice per week and was supervised by a physical therapist during breathing, strengthening, and
aerobic exercises. Changes in the degree of dyspnea and leg discomfort were assessed based on changes in Borg scale scores.
The control group did not perform any activities during the period of social isolation. Functional capacity was assessed with the
6-minute walk test, and quality of life was assessed with the Medical Outcomes Study 36-item Short Form Health Survey.

Results: The telerehabilitation group’s mean 6-minute walk distance decreased by 39 m, while that of the control group decreased
by 120 m. There was a difference of 81 m between the groups’ mean 6-minute walk distances (P=.02). In relation to the quality
of life, telerehabilitation was shown to improve the following two domains: social functioning and mental health.

Conclusions: Telerehabilitation programs for patients with chronic lung diseases can ease the deleterious effects of disease
progression, be used to maintain functional capacity, and improve aspects of quality of life.

(JMIR Rehabil Assist Technol 2022;9(4):e40094)   doi:10.2196/40094

KEYWORDS

telerehabilitation; lung diseases; social isolation; COVID-19; pulmonary rehabilitation; pulmonary; rehabilitation; quality of life;
chronic disease; mental health; social functioning; patient outcome
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Introduction

In 2019, the whole world was impacted by the onset of a new
disease—COVID-19. SARS-CoV-2 infection, in the most severe
cases, leads to acute respiratory syndrome. Further, it has
reached high incidence rates and is associated with mortality,
resulting in a pandemic state [1]. The impact of the disease has
exceeded expectations with regard to mortality, complications,
and hospital costs, leading to significant socioeconomic,
political, and psychosocial impacts. Many services that were
considered nonessential had their activities stopped, and people
were encouraged to seek alternatives to maintain their routines
within their own homes or seek other options so that patients
with pre-existing diseases could continue to be assisted, thereby
avoiding detriments to physical well-being and lung capacity
and reducing hospital admissions and mortality rates [2].

Lung diseases, such as the more prevalent chronic obstructive
pulmonary disease (COPD) and interstitial lung disease,
represent a great worldwide cause of disability and mortality
with a growing burden [3-5]. These progressive pathologies can
cause dyspnea; fatigue; and reductions in physical activity,
exercise tolerance, muscle strength, and health-related quality
of life (HRQOL) [6-8]. These may result in immobility,
dependency on help from others, and social isolation [4,7].

In this context, given the progression of these pathologies,
pulmonary rehabilitation programs (PRPs) are interventions
that have proven to be effective for people with chronic
respiratory diseases [8-10]. Among the main benefits of PRPs,
the improvements in exercise capacity, HRQOL, and survival;
the reductions in the intensity of dyspnea, the number of
hospitalizations, and the length of hospital stays; and decreased
anxiety and depression can be highlighted [11].

Such benefits persist for 8 to 12 weeks among patients with
chronic respiratory diseases who participate in face-to-face
PRPs [12]. However, over the past 2 years, billions of people
have continued to maintain social distancing as a measure for
containing the spread of SARS-CoV-2 infection. Social isolation
leads to loneliness and chronic boredom, which can have
negative effects on the physical and mental well-being of
patients with chronic respiratory diseases [2]. Thus,
telerehabilitation may offer an alternative for ensuring patients’
participation in PRPs [12]. The term telerehabilitation has been
used to describe the delivery of rehabilitation by using
telecommunication technology [13].

Recent studies show that telerehabilitation for patients with
chronic lung diseases, when compared to face-to-face PRPs,
allows for the maintenance of important outcomes, such as
functional capacity, which is assessed with the 6-minute walk
test (6MWT) [8,14-17]. Furthermore, it is safe [8,18], with no
increase in the rate of adverse events [12], and it has good
patient compliance [14]. Telerehabilitation has also been able
to reduce disease exacerbations as well as the mean number and
duration of hospitalizations [16,19]. However, there are still no
studies on conducting telerehabilitation with these patients
during the COVID-19 pandemic.

Since 2010, the World Health Organization has encouraged the
use of telemedicine to maximize health services while respecting
cultural, demographic, and gender differences [20]. In the field
of physiotherapy, World Physiotherapy and the International
Network of Physical Therapy Regulatory Authorities (INPTRA)
have highlighted that the use of modern technologies and
practices through digital means creates an excellent opportunity
for physiotherapists to engage with broad audiences to improve
effects and impacts, resulting in the provision of services,
resources, and information in an easier and faster way [21].
However, in Brazil, the law that defends the use of telemedicine
was enacted [22] only because of the pandemic, and the Federal
Council of Physiotherapy regulated the permission of
non–face-to-face services in 2020. The teleconsultation and
telemonitoring modalities have thus become recent practices in
physiotherapy [23]. Therefore, the aim of this study was to
evaluate and compare the effects of telerehabilitation and usual
care on the functional capacity and quality of life of patients
with chronic lung diseases who were previous participants of
face-to-face PRPs, in the context of the social isolation imposed
by the COVID-19 pandemic.

Methods

This quasi-experimental retrospective study was carried out at
the Pulmonary Rehabilitation Service of the Pavilhão Pereira
Filho at Irmandade da Santa Casa de Misericórdia de Porto
Alegre (ISCMPA), through the institutional portal and on site,
from April 2020 to August 2021.

Ethics Approval
This study was approved by the Ethics Committees in Human
Research of ISCMPA and was registered under approval number
04453412.7.0000.5335. All participants signed the informed
consent form.

Study Sample
The telerehabilitation program was structured based on the need
to retain the content of its face-to-face form as much as possible
during social isolation. The sample was for convenience and
included patients who were enrolled in and were undergoing
pulmonary rehabilitation at the Pulmonary Rehabilitation
Service of the Pavilhão Pereira Filho at ISCMPA before the
period of social isolation. Patients were recruited from July
2020 to July 2021. The inclusion criteria were patients diagnosed
with COPD, interstitial lung disease, bronchiectasis, or
pulmonary emphysema; patients of both sexes; patients aged
between 18 and 80 years; and patients on optimized drug
therapy. The exclusion criteria were patients who were
discontinued from the program; patients undergoing lung
transplantation; patients who were hospitalized, resulting in the
interruption of the home program; and failure to sign the
informed consent form. A total of 32 patients were included—14
in the control group and 18 in the telerehabilitation group.

The physical training component of the face-to-face PRP was
administered by 2 physical therapists, with sessions conducted
3 times per week. During this physical training, patients
performed breathing exercises (respiratory cycle) as a warm-up,
followed by arm and leg exercises for muscle strengthening,
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which involved an initial load of 30% of the 1-repetition
maximum testing load and 1 set of 10 repetitions per exercise.
Aerobic exercises were also performed on a treadmill, beginning
at 70% of the patients’ speed on the 6MWT, with progression.
During the PRP, all patients received continuous oxygen therapy
in accordance with their medical prescriptions, and they were
constantly monitored via pulse oximetry to maintain an oxygen
saturation of ≥92%. The modified Borg scale was used for
measuring the degree of dyspnea and leg discomfort [24]. This
scale is graded from 0 to 10, where 0 indicates no feeling of
shortness of breath or discomfort, and 10 indicates the maximum
feeling of shortness of breath or discomfort. The Borg scale
seems to be an affordable, practical, and valid tool for
monitoring and prescribing exercise intensity, independent of
sex, age, exercise modality, and physical activity level [25,26].
Assessments of functional capacity and quality of life were
collected every 36 sessions [24].

In March 2020, the face-to-face form of the program had to be
closed due to the social isolation measures that were
implemented to combat the advance of COVID-19. All patients
were invited to follow up remotely, and those who accepted the
invitation entered the telerehabilitation program.

Telerehabilitation Program
Educational materials containing photos and explanations for
performing exercises at home were made available at the
beginning of social isolation, and phone calls were also made
once per week. Subsequently, the institution developed a
connection portal via the institutional website, so that the
consultations could take place remotely, and physical therapists,
residents, and physical therapy interns began to monitor 26
patients via the internet. The telerehabilitation group held 2
synchronous sessions per week and was monitored by
physiotherapists through the institutional portal. These
physiotherapists also provided guidance on how to perform the
exercises once per day every day. Patients performed breathing
exercises (deep inspiration and expiration with a labial fret)
during sessions, and resistance exercises for the upper and lower
limbs, metabolic exercises, and aerobic exercises (ie, walking,
treadmill exercises, or ergometric bicycle exercises) were
performed according to patients’ availability. Patients were
encouraged to buy weights for performing strength exercises,
and if this was not possible, the rehabilitation service made the
materials available by loaning them to patients. Additionally,
pulse oximeters were used to monitor the patients during the
exercises. Patients were monitored for heart rate and peripheral
oxygen saturation by using a pulse oximeter, and the modified
Borg scale was used for measuring the degree of dyspnea and
leg discomfort [25,26]. This scale was used due to the familiarity
that patients had with its use during the face-to-face PRP.
Patients in the control group did not perform any activities
during the period of social isolation and therefore did not
participate in this phase of the research.

In July 2021, the transition from face-to-face rehabilitation to
its hybrid form took place, in which the patients performed a
face-to-face session every other week, intercalating with a
web-based session. Functional capacity and quality of life

assessments were performed at the times when patients returned
to the face-to-face portions of the PRP.

Outcomes
Functional capacity was the primary outcome and was assessed
through the 6MWT, in accordance with the recommendations
of the American Thoracic Society [27]. The patients made their
way through a 30-m corridor (delimited by cones) for 6 minutes,
and they were encouraged by the evaluator every minute. Data
on heart rate, blood pressure, and effort perception (based on
the Borg scale) were obtained before and after the test. In order
to evaluate the impact on quality of life and health maintenance,
the patients were invited to fill out a questionnaire. The Medical
Outcomes Study 36-item Short Form Health Survey (SF-36)
[28] was used to evaluate HRQOL. Through this questionnaire,
the following eight domains of HRQOL were assessed: physical
functioning, physical role, physical pain, general health, vitality,
social functioning, emotional role, and mental health [28].

The last assessment in the face-to-face form of the PRP was
considered the initial assessment for this study. The final
assessment was performed when patients in both groups returned
to the face-to-face portion of the PRP. In addition, data, such
as the need for continuous oxygen use only during exercise,
were collected.

Statistical Analysis
For the data analysis, SPSS software version 23.0 (IBM Corp)
was used. Data normality was verified by using the
Kolmogorov-Smirnov test. Continuous data were presented as
means and SDs, and categorical data were described as
frequencies and percentages. Comparisons were performed by
using a t test or Mann-Whitney test. The adopted significance
level was 5%.

Results

A total of 32 patients were included in the sample—14 in the
control group and 18 in the telerehabilitation group. Of note,
63% (20/32) of participants were female, and the control group
was older and had higher BMIs when compared to the
telerehabilitation group. With regard to lung function, the groups
were homogeneous, and the most prevalent pathologies were
pulmonary fibrosis, pulmonary emphysema, and COPD. A
patient flowchart is shown in Figure 1, and clinical
characteristics are presented in Table 1.

In relation to the main outcome, prior to the pandemic, the
control group walked more than the telerehabilitation group in
the 6MWT (mean 465, SD 84 m vs mean 388, SD 121 m). After
about 1.5 years of isolation, the control group walked a mean
of 344 (SD 92) m, and the telerehabilitation group walked a
mean of 348 (SD 146) m. It can be noted that the control group’s
mean 6-minute walk distance (6MWD) decreased by 120 m,
which represents 4 fewer laps in the 6MWT, and the
telerehabilitation group’s mean 6MWD decreased by only 39
m, which represents 1 fewer lap in the test. There was a
difference of 81 m between the groups’ mean 6MWDs (P=.02;
Figure 2).
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As for HRQOL, of the 8 SF-36 domains, 6 did not show a
significant difference in results (physical functioning: P=.95;
physical role: P=.13; physical pain: P=.24; general health:
P=.92; vitality: P=.34; emotional role: P=.76). However, for
important outcomes, such as social functioning and mental
health, telerehabilitation showed a beneficial effect (P=.03 and
P=.02, respectively; Table 2).

The loss of functional capacity among patients with chronic
lung diseases due to the pause in rehabilitation activities imposed
by COVID-19 social isolation was also observed through a

qualitative analysis of data regarding the use of continuous
oxygen only during exercise. Of the 18 patients in the
telerehabilitation group, only 8 used continuous oxygen to
perform the exercises, and after the isolation period, all patients
needed continuous oxygen for these activities. In the control
group, before isolation, no patients used continuous oxygen to
perform the exercises, and after the isolation period, 7 patients
started to use it. That is, there was about a 50% increase in the
need to use continuous oxygen to perform exercises after the
period of social isolation in both groups.

Figure 1. Patient flowchart.
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Table 1. Clinical characteristics.

P valueaTelerehabilitation group (n=18)Control group (n=14)Characteristics

N/Ab84Sex (male), n

<.00154.5 (8.7)73.4 (7.4)Age (years), mean (SD)

.00423.9 (3.6)28 (3.9)BMI (kg/m2), mean (SD)

Pulmonary function (control group: n=12; telerehabilitation group: n=17), mean (SD)

.251.1 (0.7)1.2 (0.5)FEV1c (L)

.091.7 (0.7)2.1 (0.5)FVCd (L)

.7357.5 (21.1)54.9 (16.6)FEV1 to FVC ratio

Baseline disease, n (%)

N/A5 (28)2 (14)Pulmonary fibrosis

N/A2 (11)3 (21)Bronchiectasis

N/A4 (22)2 (14)Pulmonary emphysema

N/A6 (33)7 (50)Chronic obstructive pulmonary disease

N/A1 (6)0 (0)Pulmonary arterial hypertension

Comorbidities, n (%)

N/A5 (28)6 (43)Systemic arterial hypertension

N/A1 (6)1 (7)Atrial fibrillation

N/A2 (11)3 (21)Diabetes

N/A0 (0)2 (14)Dyslipidemia

N/A1 (6)1 (7)Osteoporosis

N/A1 (6)1 (7)Depression

N/A0 (0)2 (14)Fibromyalgia

N/A2 (11)2 (14)Hypothyroidism

N/A2 (11)0 (0)Pulmonary arterial hypertension

N/A1 (6)0 (0)Stroke

aDerived from a t test or Mann-Whitney test.
bN/A: not applicable.
cFEV1: forced expired volume in the first second.
dFVC: forced vital capacity.

Figure 2. Participants' 6-minute walk test distances. *P=.02.
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Table 2. Quality of life.

P valuebTelerehabilitation group scoresControl group scoresSF-36a domains

Mean ∆After isolation,
mean (SD)

Before isolation,
mean (SD)

Mean ∆After isolation,
mean (SD)

Before isolation,
mean (SD)

.95−515 (16)20 (18)−632 (28)38 (26)Physical functioning

.13328 (35)25 (36)−1332 (36)45 (48)Physical role

.24349 (13)46 (12)−450 (20)53 (17)Physical pain

.92−533 (22)38 (24)−544 (23)49 (22)General health

.34−644 (15)49 (17)−1045 (17)56 (23)Vitality

.03c1774 (21)57 (27)−1262 (27)73 (30)Social functioning

.76063 (46)63 (46)−755 (43)62 (43)Emotional role

.02c274 (14)72 (14)−1164 (20)75 (18)Mental health

aSF-36: 36-item Short Form Health Survey.
bDerived from a t test or Mann-Whitney test.
cSignificant at the P<.05 level.

Discussion

Principal Findings
This study proposed to measure the effects of a telerehabilitation
program in patients with chronic lung diseases and compare
these effects to those of usual care after PRP interruption due
to the social isolation imposed by COVID-19. The main findings
of this study were the maintenance of functional capacity
through telerehabilitation and the improvement in quality of
life domains, such as social functioning and mental health.
Furthermore, there was an increase in the need to use continuous
oxygen during exercise in 44% (8/18) and 50% (7/14) of patients
in the telerehabilitation and control groups, respectively.

As chronic lung diseases advance, exertional breathlessness is
triggered by simple activities of daily life and is the strongest
determinant of functional capacity and HRQOL [13,14]. The
importance of showing positive results in the 6MWT is
associated with the fact that, in patients with chronic lung
diseases, a lower 6MWD is strongly and independently
associated with an increased mortality rate and is a better
predictor of death at 6 months than forced vital capacity [29-31].
Our study revealed that telerehabilitation resulted in the
maintenance of the 6MWDs obtained in the 6MWT, while the
control group’s 6MWDs decreased by 4 laps in this test.

Other recent studies that compared telerehabilitation to usual
care also found this same maintenance of functional capacity
in patients with COPD [16] and in patients with idiopathic
pulmonary fibrosis (IPF) [14]. As in our study,
Cerdán-de-Las-Heras et al [14] also found a significant reduction
in the distances covered in the 6MWT by the control group.
When compared to face-to-face rehabilitation, this same
maintenance was found in patients with COPD [17,18,32].

In addition to this important benefit, some studies have shown
that telerehabilitation can be as effective as face-to-face
rehabilitation in reducing the number of exacerbations in patients
with chronic lung diseases, as well as reducing the mean

duration and number of hospitalizations [16,19].
Telerehabilitation has been shown to be safe and well tolerated
among patients with chronic lung diseases, in addition to not
being related to an increase in the rate of adverse events
[8,12,14,18] and being greatly cost-effective [33].

An important finding of our study is the improvement of the
social functioning and mental health components of the SF-36.
Corroborating our study, Galdiz et al [15] also found differences
in the mental health component when comparing
telerehabilitation with face-to-face rehabilitation. Magaluti et
al [12] also showed positive results for HRQOL.
Cerdán-de-Las-Heras et al [14], on the other hand, did not
demonstrate differences in the HRQOL of patients with IPF
when comparing telerehabilitation with usual care [14].

It is important to highlight that social isolation leads to
loneliness and boredom [2], which result in a reduction in
physical activity levels and the worsening of health and general
condition [34]. In addition, because of the social isolation
imposed by the COVID-19 pandemic, there has been a
worsening in life habits, such as increases in the consumption
of alcohol and other substances, which directly correlate with
mental health factors [35]. Mental health and general well-being
have been severely affected by COVID-19 [36]. In March 2020,
25% of the Canadian population reported poor to regular mental
health, whereas only 8% reported this degree of mental health
in 2018 [37]. Similar results were found in other countries, such
as the United Kingdom, Italy, and Spain [38]. In China, half of
the adult population experienced symptoms of anxiety and
depression [39]. Thus, there is a need for programs that intervene
in the quality of life and are related to the mental health and
well-being of the population. These programs can be delivered
primarily through telecommunication during periods of isolation,
such as those that are imposed due to health reasons [40].

Given the abovementioned issues, it is understood that chronic
lung diseases result in the progression of a cycle of physical
inactivity, low exercise tolerance, increased dyspnea, and the
worsening of HRQOL [14]. Additionally, social isolation
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increases loneliness and contributes to these adverse effects [2],
which can explain the increased need for continuous oxygen
use during exercise that was found in our study. With regard to
the supply of oxygen in patients with chronic lung diseases, a
study showed that providing oxygen through a cylinder for
home use for 15 days to patients with IPF showed positive
6MWT results regarding the sensation of shortness of breath
and the ability to walk [41]. Further, in a review by Bell et al
[42], when exercises were performed with an oxygen supply,
the groups showed improvements in the physical functioning,
social functioning, mental health, and general health domains
of the SF-36.

Telerehabilitation is already well documented in the literature.
It is an effective, safe practice; promotes the maintenance and
improvement of functional capacity and quality of life; and is
cost-effective [8,14-19,33]. This practice is already
recommended by several institutions, such as the World Health
Organization, World Physiotherapy, and the INPTRA, but each
country has its legal issues, depending on the profession [20,21].
For physical therapy, our data are important, given that
organizations that carry out programs remotely can reach a
greater number of patients with the most diverse comorbidities,
even those who have difficulties with accessing such programs
due to demographic, cultural, or financial reasons. As such,
remote programs are an excellent opportunity for physical
therapists to engage with broad audiences to improve effects

and impacts, resulting in the provision of services, resources,
and information in an easier and faster way [21].

Our study has several limitations. One of the main limitations
is the heterogeneity of the sample. We observed that the control
group was older and had higher BMIs than those of the
telerehabilitation group. However, we also observed that, in
relation to lung function, the groups were similar. The low
number of participants and the study design, as it was not
possible to conduct a randomized clinical trial due to the urgency
of reorganizing the rehabilitation service in view of the advance
of the COVID-19 pandemic, are also limitations. It is understood
that practices may differ across regions and health care
providers; hence, a multicenter, prospective randomized study
is needed to understand the role of web-based telerehabilitation
in a range of clinical settings. Further research is required to
determine optimal exercise training modalities and identify
strategies for maximizing the long-term benefits in patients with
chronic lung diseases.

Conclusion
This study shows that conducting a telerehabilitation program
for patients with chronic lung diseases can ease the deleterious
effects of disease progression. Our results indicate that
telerehabilitation can be used as a strategy for maintaining
functional capacity and improving aspects of quality of life in
patients with chronic lung diseases.
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Abstract

Background: Obesity is a global pandemic. Lifestyle approaches have been shown effective for weight loss and weight loss
maintenance. Central to these evidence-based approaches are increased physical activity, decreased caloric intake, regular
self-weighing, and the tracking of these behaviors.

Objective: This exploratory descriptive study surveyed adults who are legally blind to identify strategies related to tracking
physical activity, diet, and weight. These health behaviors are essential components to evidence-based weight loss programs. We
also identified areas where we can better support adults who are legally blind in their independent efforts to change these behaviors
and improve their health.

Methods: Participants (≥18 years of age) who self-identified as being legally blind were recruited using email announcements
in low vision advocacy groups. They completed an interviewer-administered survey on the telephone and an in-person visit for
standardized assessment of height and weight.

Results: The participants (N=18) had an average age of 31.2 (SD 13.4) years; 50% (9/18) had normal weight (BMI 18.5 to
<25); 44% (8/18) were female; 44% (8/18) were Black; and 39% (7/18) were Non-Hispanic White. Most participants (16/18,
89%) used their smartphone to access the internet daily, and 67% (12/18) had at least 150 mins of exercise per week. Although
78% (14/18) of the participants indicated tracking their weight, only 61% (11/18) could indicate how they tracked their weight,
and 22% (4/18) indicated they tracked it mentally. Providing individuals with a talking scale was the most consistent
recommendation (12/18, 67%) to facilitate independence in managing weight through lifestyle changes. Even though 50% (9/18)
of the participants indicated using an app or electronic notes to track some portion of their diet, participants reported challenges
with determining portion size and corresponding calorie counts. Most participants (17/18, 94%) reported using apps, electronic
notes, smartphones, or wearable devices to track their physical activity. Although strategies such as using wearables and smartphones
could provide measurements (eg, step counts) as well as recording data, they also pose financial and technology literacy barriers.

Conclusions: Technology-based solutions were identified for tracking weight, diet, and physical activity for weight management.
These strategies have financial and technology literacy barriers. A range of strategies for adopting and tracking health behaviors
will be needed to assist individuals with varying skills and life experiences.

(JMIR Rehabil Assist Technol 2022;9(4):e42923)   doi:10.2196/42923

KEYWORDS

blindness; visually impaired; obesity; weight loss; weight management; physical activity; digital health intervention; telehealth;
health support; mobile phone
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Introduction

Obesity is a significant public health concern [1,2]. Adults with
low vision are 1.5 times more likely to be obese compared to
the general population [3,4]. Although there is robust data on
the effectiveness of a lifestyle approch to weight management
[5], those with vision impairements may have been excluded
from weight loss trials due to inaccessible enrollment processes
or study materials. The extent to which adults with low vision
have been excluded is likely in proportion to their degree of
vision impairment and the level of accommodation that is
needed. Some individuals with low vision may need basic
accommodations, such as larger print or the use of a magnifier.
Those with greater vision impairment, who use a screen reader,
would need accessible documents and web-based forms.
Accessibility has been defined as providing equivalent user
experience for those with a disability [6]. In this case, accessible
documents refer to documents formatted to provide an
equivalent experience when reading or using a screen reader.
Providing an accessible enrollment experience would require
the development of enrollment processes and study materials
to ensure documents and web-based interfaces are accessible.
Although studies often indicate their materials were culturally
appropriate, it is less clear if the materials were accessible to
those with a disability, especially those who are legally blind.
In addition, few, if any, weight loss studies have focused on
adults with low vision or provided this group with tailored
approaches to help them monitor, track, and problem solve
challenges related to health behavior change for weight loss [7].
As such, there has been scant attention paid to tailoring strategies
to help adults with low vision achieve and maintain a healthy
weight.

Lifestyle approaches to weight management include
recommendations of increased exercise, caloric restriction,
self-weighing, and tracking these health behaviors [8].
Self-monitoring, or being aware of these health behaviors, is
important for lifestyle-based weight management. Tracking, or
recording data on these behaviors, provides individuals with
additional support and opportunities. Tracking these behaviors
allows for an objective evaluation of progress, which can
provide encouragement. By examining the data provided from
tracking, an individual can develop an understanding of the
connection between these behaviors and weight change. This
can inform problem-solving and assist with increased adoption
of and adherence to these health behaviors.

A simple approach to tracking is to keep a record (eg, time spent
exercising) on a piece of paper. Individuals who are blind could
use braille notes or simple technology such as voice memos.
Additional technology-based approaches include using
smartphone apps to monitor and track health behaviors. For
example, wearables (eg, smart watches) provide frictionless
data capture to estimate physical activity, sedentary time, and
sleep time. A large number of smartphone apps and technologies
are designed to help individuals adopt and adhere to weight
loss–related behaviors [9-11]. Unfortunately, weight loss apps
do not always provide support across the full complement of
evidence-based recomendations [12,13]. Moreover, the
accessibility of health apps has been shown to be limited [14].

Despite a proliferation of health-related apps, it is not clear that
adults who are legally blind have access to evidence-based
support for weight loss.

In this exploratory descriptive study, we survey adults who are
legally blind to identify strategies related to tracking physical
activity, diet, and weight. We also identify areas where we can
better support these adults in their independent efforts to change
these behaviors and improve their health.

Methods

Recruitment
We recruited participants through email announcements for
individuals who were legally blind and willing to answer
questions about their diet and exercise regardless of their interest
in weight management. Email announcements were posted on
campus and among local low vision advocacy groups. Inclusion
criteria included being ≥18 years of age, legally blind, willing
to complete the surveys, and able to meet in person for height
and weight assessment. Exclusion criteria included being deaf
and blind or having a medical condition where caloric restriction
or physical activity may be contraindicated, including but not
limited to recent cardiac event, chemotherapy, and end stage
renal disease. Participants who completed the telephone survey
and the in-person visit for height and weight assessment were
eligible to receive a US $30 gift card.

Ethics Approval
All procedures were approved by the Towson University
Institutional Review Board (1807037548), and the study was
conducted in accordance with the Helsinki Declaration. All
participants provided informed consent.

Measures
Surveys were interviewer-administered over the telephone.
Participants self-identified as legally blind. The telephone survey
included items from established questionnaires. Questions to
assess demographics, fruit and vegetable consumption, and
technology use were from the National Cancer Institute, Health
Information National Trends Survey [15]. The Godin Leisure
Time Physical Activity Questionnaire was used to assess
physical activity levels [16,17]. After these close-ended
questionnaire items, participants were asked open-ended
questions specific to this study. Study staff provided context
for the open-ended questions. They explained the following:

Studies have shown that tracking a few key behaviors
is an important element in safe, effective, long-term
weight management.

A definition of tracking was provided, as follows:

[tracking is] recording a number, for example weight
in pounds or minutes of activity in a day, such that
you could review that number later.

Participants were then asked a series of three questions regarding
past tracking, successes and barriers, and suggestions for
assistance. The questions started with “Have you ever tracked
your weight, and if so, how did you do it?” Participants were
asked to describe any methods or techniques they had used in
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the past to track their weight. Next, participants were asked to
share any successes or barriers they experienced when tracking
their weight. The last question in the sequence was the
following:

If we were developing a weight management program
for adults with low vision and wanted to encourage
people to track their weight, what is the most
important thing we could do to help?

The sequence of three questions was repeated two more times,
once focused on tracking diet or calories and once focused on
tracking physical activity. After completion of the surveys,
participants had a single in-person visit, where standardized
procedures were used to assess height and weight in light street
clothes without shoes.

Analytic Plan
Participant characteristics were summarized using descriptive
statistics, including percentages, means, and standard deviations.
Minutes of moderate to vigorous physical activity (MVPA)
were calculated, and data were reported on the number of
participants who met the national guidelines of at least 150 mins
per week of MVPA [18]. An inductive coding approach was
used to examine the open-ended questions [19]. For each item,
an initial review of the responses was used to develop themes.
A subsequent review of the items was used to determine the
prevalence of the themes among the respondents. Any
discrepancy in coding was resolved by discussion among the
coders. Results included the prevalence of the themed items
presented as a percentage of the total sample size.

Results

Participants
The participants (N=18) had an average age of 31.2 (SD 13.4)
years; 44% (8/18) were female; 44% (8/18) were Black; 39%
(7/18) were Non-Hispanic White; and 17% (3/18) were
classified as “other race/ethnicity” to maintain confidentiality.
Based on BMI classifications, 50% (9/18) had normal weight
(BMI 18.5 to <25); 22% (4/18) were overweight (BMI 25 to
<30); and 28% (5/18) were obese (BMI ≥30). Participants
reported the consumption of fruits and vegetables as 1.0 (SD
0.8) and 1.4 (SD 1.0) servings per day, respectively, and 67%
(12/18) had at least 150 mins per week of MVPA. Most
participants (16/18, 89%) reported accessing the internet daily
through a smartphone; the other 2 (11%) participants reported
accessing the internet daily at work and occasionally through
their smartphone. Most participants (14/18, 78%) reported use
of a smartphone or tablet to track progress of a health-related
goal.

Tracking, Barriers, and Related Suggestions
More than half of the participants (14/18, 78%) reported tracking
their weight; however, only 61% (11/18) could indicate
specifically how they tracked it, with 11% (2/18) indicating an
electronic note, 22% (4/18) indicating a smartphone or an app,
and 22% (4/18) indicating “mentally.” One participant indicated
their weight was tracked at the doctors. When asked about
successes and barriers, the only barrier noted was not having

an accessible scale, as identified by 33% (6/18) of the
participants. When asked what would be most helpful to adults
with low vision who wanted to track their weight, 67% (12/18)
indicated an accessible scale, and 22% (4/18) indicated
information and education. Two participants indicated they
were not sure of the best way to track their weight to easily
review changes across time.

More than half of the participants (14/18, 78%) reported tracking
their diet, with 17% (3/18) using some type of electronic note,
33% (6/18) using a smartphone or an app, and 28% (5/18)
tracking “mentally.” When asked about successes and barriers
to tracking calories, 28% (5/18) indicated difficulty with seeing
calorie counts, another 17% (3/18) indicated difficulty
measuring, and another 22% (4/18) indicated that it was simply
hard. Two participants listed meal prepping as a success but did
not track calories related to these meals. When asked what would
be helpful for adults with low vision who want to track dietary
information (eg, calories), 33% (6/18) indicated accessible
technology to determine nutritional information, and 56%
(10/18) indicated basic information, education, and instruction
to learn about nutrition and calories.

Most participants (17/18, 94%) reported tracking their physical
activity, with 44% (8/18) using a smartphone or an app, 22%
(4/18) using a wearable device, 22% (4/18) tracking “mentally,”
and 1 (6%) using electronic notes. When asked about successes
and barriers to tracking physical activity, those using wearable
devices also listed the devices as successes. Among the barriers
noted were not having enough time (5/18, 28%), cost (3/18,
17%), lack of a workout partner (3/18, 17%), and not having a
place or blind friendly place to work out (3/18, 17%). When
asked about how best to help people track their physical activity,
50% (9/18) recommended providing apps or wearables; 33%
(6/18) suggested providing more fundamental support, such as
information on how to exercise; and 56% (10/18) suggested
providing a coach or exercise partner.

Discussion

Principal Findings
Although 78% (14/18) of participants indicated they tracked
their weight, less than half used a method where they recorded
a number that could be referenced later for personal use. For
example, 22% (4/18) reported tracking their weight mentally.
The strategy of using an app or electronic notes, which were
the most common methods of tracking, has a financial barrier
and requires technology literacy. Although the participants
reported viable solutions for tracking weight, careful
consideration is needed for the wide scale adoption of these
options. An additional consideration is the need for a talking
scale in order to obtain a weight. Participants indicated tracking
of diet or caloric information was possible yet challenging.
Participants were tracking aspects of diet using smartphones or
apps as well as using electronic notes. However, gaining
information about serving size and related calorie information
was reported as a barrier. Participants were able to track physical
activity through smartphones and apps. This has the advantage
of frictionless data capture such as the phone automatically
counting steps. However, this technology-based approach has
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the same financial and technology literacy barriers as noted
previously. Overall, the identified technology-based solutions
have limitations for adoption but appear aligned with
evidence-based strategies of tracking weight, diet, and physical
activity for weight management [8]. It should be noted there is
significant heterogeneity among those who are legally blind.
Some individuals may have lost their eyesight after establishing
certain habits or memory of specific visual references. Others
who were blind since birth may not have those visual references
but could have a lifetime of skills related to independent travel,
using braille, and using screen readers. As such, a range of
strategies will be needed to assist individuals with varying skills
and life experiences.

Applications in Health Promotion
The most frequent and enthusiastic suggestion from participants
was to provide talking scales. Over half of the participants
indicated this was an important support component to a weight
loss program for adults with low vision. This simple tool can
raise daily awareness and empower independence in regular
weight monitoring. This appears to be one of the most practical,
fundamental, and easily addressed strategies. Providing scales
to study participants is common in weight loss trials [20], and
providing accessible scales should become standard to ensure
all participants have equivalent support in weight loss programs.
Over 20% of the participants indicated they mentally tracked
weight, exercise, or diet. However, tracking should occur with
documentation (eg, using electronic notes or apps) to avoid
recall bias and allow for accurate review of data. It also allows
data to be shared with a health care provider, wellness coach,
or support group.

Although many consider health apps as a scalable approach for
weight management, these apps may not provide a
comprehensive approach to lifestyle-based weight loss [12,13].
There are additional problems with considering this approach
for those who are legally blind. One problem is that some
features, such as weight graphs, may not be accessible to those
with vision loss [14]. Moreover, there are reported problems
using voice control with popular health apps [14]. As noted
earlier, the method of tracking should facilitate the examination
of trends over time and allow for sharing of data with a wellness
coach. Weight graphs are highly effective tools that quickly
convey trends across time but do not assist those who are blind.
Determining equivalent ways to share weight data is a
challenging issue. In fact, developing equivalent data
visualization experiences for those with vision impairments is
a broad-based concern that extends beyond the current
application [21]. Greater attention is needed to develop weight
loss apps and programs that provide a full complement of
evidence-based features that can be accessed by those with low
vision. It is important that those with a disability, in this case
individuals who are legally blind, have equivalent experiences
with wellness programs compared to those without a disability.

Accessibility of nutrition information appeared to be a
significant barrier to tracking diet. In addition, participants
wanted help with identifying and preparing healthy foods that
are aligned with specific diet goals as well as reading nutrition
labels and selecting healthy foods in the supermarket. This is

not directly related to tracking but is a barrier that needs to be
addressed when promoting healthy weight among those with
vision impairments. Problem-solving efforts for these barriers
require additional steps based on an individual’s visual acuity
and technological savvy. One participant wanted to gain weight
and reported challenges reading labels for both nutrition and
calories. It is not clear how many individuals with low vision
may have the goal of gaining weight, but it deserves further
consideration. This could be relevant to older adults who are
the fastest growing demographic with respect to low vision [22]
and have health concerns related to inadequate nutrition [23].

Some participants reported financial barriers associated with
going to the gym, although it was not clear if the burden was
associated with transportation or gym membership. Participants
also indicated the need for basic information, workout partners,
and accessible instruction on different exercise options. This
was aligned with previous reports of barriers to physical activity
for adults who are blind [24]. One participant indicated they
did not always feel that fitness facilities were blind-friendly.
The latter deserves further exploration because the Americans
with Disabilities Act clearly addresses elements of a facility’s
physical layout, but it does not address cultural changes to
support diversity among gym members [25]. Creating a more
inclusive environment may require partnering with fitness
facilities in educating fitness staff [26].

Strengths and Limitations
The modest sample size is a limitation of the study but is
appropriate for an exploratory study. Some of the participants
were technologically savvy, physically active, and conscientious
of eating fruits and vegetables. This is both a strength and a
limitation. The technologically savvy, health-conscious
component of the sample is a strength, as these individuals were
able to identify successful strategies, often technology-based,
that they used in adopting healthy behaviors. These
technologically savvy, health-conscious individuals are also a
limitation of the study, as the percentage of these individuals
in the current convenience sample are not necessarily
representative of adults who are legally blind. Indeed, the
percentages reported in this paper should not be considered
representative of the population, and they have likely
underestimated the amount of technology assistance that might
be needed and overestimated the amount of tracking that is
occurring. The focus of the paper was not to establish prevalence
of activities but rather explore approaches that adults who are
legally blind could use to track weight management–related
behaviors.

Future Directions
As noted earlier, part of this sample was technologically savvy
and active in pursuing healthy lifestyle habits. It was clear from
this select group that adults with low vision can be creative,
resourceful, and proactive in addressing lifestyle-based health
behaviors. Results from this study should inform further efforts
to develop tailored, evidence-based weight loss program for
those with low vision. This would include ensuring that features
in wellness programs and apps are accessible to those with low
vision and provide the ability to examine data for trends across
time as well as share data with health care providers, wellness
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coaches, or rehabilitation specialists. Weight loss programs and
smartphone apps should provide adults who are legally blind

with an equivalent user experience compared to those who do
not have vision impairments.
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