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Abstract

Background: During the COVID-19 pandemic, rehabilitation providers and consumers adopted telehealth practices at
unprecedented rates. Multiple prepandemic studies demonstrate the feasibility and comparable efficacy between in-clinic and
remote treatment for certain impairments caused by stroke, such as upper extremity weakness and impaired motor function.
However, less guidance has been available regarding gait assessment and treatment. Despite this limitation, safe and effective
gait treatment is fundamental to optimizing health and well-being after stroke and should be considered a treatment priority,
including during the COVID-19 pandemic.

Objective: This study explores the feasibility of using telehealth to deliver gait treatment using a wearable gait device, the
iStride device, to stroke survivors during the 2020 pandemic. The gait device is used to treat hemiparetic gait impairments caused
by stroke. The device alters the user’s gait mechanics and creates a subtle destabilization of the nonparetic limb; therefore,
supervision is required during its usage. Before the pandemic, treatment with the gait device had been provided in person to
appropriate candidates using a combination of physical therapists and trained personnel. However, upon the emergence of the
COVID-19 pandemic, in-person treatment was halted in adherence to pandemic guidelines. This study investigates the feasibility
of 2 remote delivery treatment models with the gait device for stroke survivors.

Methods: Participants were recruited during the first half of 2020 after the onset of the pandemic and included 5 individuals
with chronic stroke (mean age 72 years; 84 months post stroke). Four participants were previous gait device users who transitioned
to the telehealth delivery model to continue their gait treatment remotely. The fifth participant performed all study-related activities,
from recruitment through follow-up, remotely. The protocol included virtual training for the at-home care partner, followed by
3 months of remote treatment with the gait device. Participants were instructed to wear gait sensors during all treatment activities.
To assess feasibility, we monitored the safety of the remote treatment, compliance with protocol activities, acceptability of the
telehealth treatment delivery, and preliminary efficacy of the gait treatment. Functional improvement was measured using the
10-Meter Walk Test, the Timed Up and Go Test, and the 6-Minute Walk Test, and quality of life was assessed using the
Stroke-Specific Quality of Life Scale.

Results: No serious adverse events occurred, and participants rated high acceptance of the telehealth delivery. Protocol compliance
averaged 95% of treatment sessions, 100% of assessments, and 85% of sensor usage during treatment. After 3 months of treatment,
the average improvement in each functional outcome exceeded the minimal clinically important difference or minimal detectable
change value.
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Conclusions: Remote treatment delivery with the gait device appeared feasible with care partner support. Gait treatment using
telehealth may be useful to offset negative immobility impacts for those requiring or preferring remote care during the pandemic
or otherwise.

Trial Registration: ClinicalTrials.gov NCT04434313; https://clinicaltrials.gov/ct2/show/NCT04434313

(JMIR Form Res 2023;7:e43008) doi: 10.2196/43008
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Introduction

In the early months of 2020, rehabilitation services, like other
facets of health care, were profoundly altered by the onset of
the COVID-19 pandemic [1]. In an effort to mitigate disease
spread to both patients and providers, telehealth technologies
were implemented to facilitate remote access to health care,
including rehabilitation [2,3], which was recognized as an
“essential service” by the World Health Organization [4].
Among the populations specifically encouraged to pursue remote
rehabilitation were those that were deemed vulnerable to severe
illness during the pandemic. This group included individuals
with stroke [5], who were found to have a 2.5-times increased
risk of severe illness following COVID-19 infection [6].

Multiple prepandemic studies have indicated substantial promise
in the realm of telerehabilitation for persons with stroke [7].
For example, a study published in JAMA Neurology [8] with
124 individuals experiencing arm motor deficits from a stroke
showed that treatment using a home-based telerehabilitation
system delivered comparable efficacy to treatment provided in
a traditional clinic setting. Similarly, a study reviewing the usage
of telerehabilitation for individuals with poststroke aphasia
concluded that aphasia treatment delivered remotely appeared
as effective as treatment delivered face-to-face [9]. Moreover,
a systematic review by Tchero et al [10] concluded that
telerehabilitation relayed equivalent outcomes for those with
stroke in specific areas, including health-related quality of life,
motor function, caregiver strain, and depression. While these
and other promising studies suggest that comparable
improvements can be achieved by treatments delivered in-person
and remotely for certain impairments caused by stroke, less
guidance has been available in the realm of gait treatment,
perhaps due to the perceived complexities of navigating safety,
mobility support, and gait pattern monitoring [11] remotely.
However, while survivors of stroke commonly experience a
variety of challenges, approximately 80% experience walking
dysfunction [12], and only 25% return to a level of community
participation equivalent to individuals without stroke [13]. To
promote mobility independence, reduce the risk of falls, and
enhance quality of life, access to safe and effective gait treatment
is essential, including during the COVID-19 pandemic.

The iStride gait device [14] (Moterum Technologies, Inc) was
designed to treat hemiparetic gait impairments resulting from
stroke. A prior published study of 21 individuals with chronic
stroke showed that 71% of participants improved their gait speed
by a clinically meaningful amount, and 80% of participants
reduced their risk for falls on at least one fall prediction outcome
measure after 12 sessions of home-based treatment with the gait

device [15]. The device alters the user’s gait mechanics and
creates a subtle destabilization of the nonparetic limb; therefore,
supervision is required during gait device usage. Published
manuscripts describe the device’s mechanism in greater detail
[16-18].

Before the COVID-19 pandemic, treatment with the gait device
had been provided in person to appropriate candidates (within
previous clinical trials and as rehabilitation treatment) using a
combination of physical therapists and trained personnel.
However, upon the development of the COVID-19 pandemic,
in-person treatment was halted in adherence to Centers for
Disease Control and Prevention (CDC) guidelines [19].
Therefore, the objective of this study was to investigate the
feasibility of providing this intervention during the onset of the
pandemic remotely using 2 different telehealth delivery
models—one method involving a transition to the telehealth
model after a period of in-person treatment, and a second method
involving performing all activities related to the gait device
treatment remotely. This study reports the processes and
feasibility-related findings of approximately 3 months of remote
gait device treatment for 5 individuals with chronic stroke. In
addition to the insights gained from our feasibility findings, this
methodological depiction may offer relevance to clinicians or
researchers navigating the complexities of remote gait analysis
and treatment.

Methods

Ethics Approval
Ethical approval for the study was granted by the Wingate
University Research Review Board (reference number
04172020). The study was registered on ClinicalTrials.gov
(NCT04434313). Although this is not a randomized pilot study,
for thoroughness, the reporting of this study follows the
extension of the CONSORT (Consolidated Standards of
Reporting Trials) 2010 checklist, specifically pertaining to pilot
trials [20]. Checklist items specific to randomization were
excluded.

Study Design
This study used a nonrandomized design to investigate the
feasibility of delivering treatment with the gait device using
telehealth. Two unique methodological processes were used
across 5 participants and will be discussed in terms of the
specific methodological processes for participants A-D (prior
users of the gait device before the clinical trial’s inception) and
the methodological processes for participant E (no previous
experience with the gait device before consenting to the clinical
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trial). All aspects of the study were conducted in each
participant’s home environment, with study staff interacting
remotely with the participants using real-time video
conferencing.

Participants

Eligibility Overview
The eligibility criteria for treatment with the gait device in
persons with chronic stroke have been specified below.

Inclusion Criteria
The inclusion criteria are as follows:

1. Age 21-80 years
2. One or more cerebral strokes (all on the same side)
3. Stroke occurred at least 3 months previously
4. Gait asymmetry but can walk independently with or without

a cane (Modified Rankin Score 3 or less)
5. No evidence of severe cognitive impairment that would

interfere with understanding instructions
6. No evidence of 1-sided neglect affecting ambulation
7. Adequate walking space within the home
8. Weight does not exceed 275 pounds

Exclusion Criteria
The exclusion criteria are as follows:

1. Uncontrolled seizures
2. Pregnancy
3. Metal implants (stents, clips, or pacemakers)
4. Chronic obstructive pulmonary disease
5. Uncontrolled blood pressure
6. Myocardial infarction within the last 180 days
7. Head injury within the last 180 days
8. A history of a neurologic disorder other than stroke

For the telehealth delivery models investigated in this clinical
trial, we additionally required each participant to have support
from a care partner (ie, caregiver) during all treatment sessions.
This partner was to be an adult over the age of 18 years without
physical or cognitive limitations, which would preclude them
from being able to assist as needed.

Participants A-D: Hybrid Model
Participants A-D began rehabilitation treatment with the gait
device in February 2020, several months before the inception
of this trial. Their course of treatment at that time included a

physical therapist-led assessment of device appropriateness,
baseline in-person functional mobility testing, device training,
and between 6 and 14 gait device sessions conducted in the
individual’s home environment with trained personnel physically
present. Upon the worsening of the COVID-19 pandemic, this
clinical trial was approved by the Wingate University Research
Review Board to comply with COVID-19 pandemic guidelines.
Before commencing telehealth treatment, all participants
provided written consent for study participation. Additionally,
all individuals were refunded the lease price of their gait
equipment (including the gait device and sensors) due to the
investigative nature of the study.

Participant E: Fully Remote Model
Participant E underwent all processes using remote methods.
A discussion of gait device treatment eligibility was initiated
by a study team member via phone call. To further verify
eligibility, video teleconferencing was used to confirm the safety
of the home environment, including unobstructed walkways
and stable flooring. Finally, a video gait review was used to
assess baseline walking patterns in accordance with gait device
eligibility criteria. A 3-person clinical trial physical therapist
panel reviewed all participant details, including the video of the
individual’s gait. Pending agreement by all 3 therapists on the
appropriateness of gait device intervention using telehealth, the
participant consented to study participation.

Telehealth Protocol

Overview
Study protocol oversight was performed by licensed physical
therapists in accordance with physical therapy telehealth
regulations. After consenting to participation, each participant
and their care partner underwent a virtual training session
followed by approximately 3 months of remote gait device
treatment. Virtually conducted mobility assessments occurred
at baseline, after 1 month of treatment, approximately halfway
through the treatment, and after the conclusion of treatment. A
telerehabilitation platform, the Moterum Digital Platform, was
used to schedule and track the participant’s engagement with
the protocol activities throughout the clinical trial. Further details
of each protocol activity are discussed in greater detail below.
All treatment was provided virtually throughout the clinical
trial period, between July and December 2020. Figure 1 depicts
the sequence of clinical trial activities for participants A-E.
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Figure 1. The sequence of activities for the clinical trial participants. Key activities for participants A-E are listed within each phase.

Study Equipment
The following study equipment was provided to all participants:
the iStride gait device, the leveler, access to the Moterum Digital
Platform (the validated telerehabilitation platform [21-23] used
in this study), the Moterum sensors (wearable gait sensors), and
accessory treatment items. The gait device, shown in Figure 2,
is worn on the foot of the nonparetic lower extremity during
treatment. The device leveler, also shown in Figure 2, is a
height-matched platform that is worn on the foot of the paretic
lower extremity to equalize the added height of the gait device.
The telerehabilitation platform (Figure 2) is a clinician-guided
platform used to facilitate remote rehabilitation treatment. The
platform is compliant with the Health Insurance Portability and
Accountability Act (HIPAA). To support telerehabilitation, the
platform incorporates live teleconferencing and can be used
from any WiFi-enabled device (such as a tablet, smartphone,

laptop, or computer). Treatment plans can be developed and
programmed into the platform by a clinician to deliver
personalized rehabilitation treatment. Participants were
permitted to use their own device and were guided through
instructions to download the rehabilitation platform before
beginning the treatment. The gait sensors (Figure 2) are
comprised of 3 inertial sensors (one worn on each shoe and a
third worn on the waist) designed to track gait and movement
patterns. Sensor data is transmitted to the rehabilitation platform,
where it can be viewed by participants and clinicians.
Participants also received accessory treatment equipment (Figure
2), including a clip-on wide-angle camera lens and tablet tripod
to enhance the clinician’s view during sessions. Additionally,
a premeasured strap with measured markings was provided to
facilitate the accuracy of gait distance measurements during
assessments.

Figure 2. Study equipment: (A) iStride gait device and leveler (Moterum Technologies, Inc); (B) the Moterum Digital Platform; (C) Moterum sensors;
(D) accessory equipment including a clip-on wide-angle camera lens, tablet tripod, and premeasured strap.

Virtual Training
Participants and their care partners engaged in a remote training
session provided by their physical therapist or a study team

member using teleconferencing prior to beginning treatment.
The session lasted approximately 60 minutes and included the
following training topics: management of study equipment
(including downloading and accessing the telerehabilitation
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app, donning and doffing the gait device and leveler and
securing all straps, proper placement of sensors, and sensor
charging instructions), comprehensive safety precautions,
including (but not limited to) the need for care partner presence
during all treatment activities, safe environmental conditions
(clear walking path, adequate lighting, etc), guarding of the
participants during treatment, activity pacing, indications for
rests breaks, and using the Rating of Perceived Exertion (RPE)
scale [24] to monitor perceived exertion during the treatment
sessions. After the training session, individuals were provided
with and required to pass a web-based quiz to verify their
understanding of safety guidelines and expectations.

Assessment Sessions
Each participant underwent an assessment session to capture
baseline mobility levels before beginning treatment.
Assessments included the 10-Meter Walk Test (10MWT) at a
comfortable walking speed, the Timed Up and Go Test (TUG),
the 6-Minute Walk Test (6MWT), and the Stroke Specific
Quality of Life Scale (SS-QOL). The 10MWT was used to
measure comfortable walking speed. Functional mobility and
risk for falls were assessed using the TUG Test. The 6MWT
was used to measure aerobic endurance, and the SS-QOL was
used to assess the participant's quality of life related to their
stroke symptoms. These outcome measures were performed at
baseline, after 1 month of treatment (time 1), approximately
halfway through the treatment (time 2), and after the conclusion
of treatment (post). All assessment sessions were conducted
within each participant’s home environment, with their
respective physical therapist providing virtual oversight using
real-time video conferencing.

To enhance the accuracy of performing gait-focused outcome
measures using telehealth, a 10-meter strap labeled with
markings indicating the appropriate measurement distances for
the 10MWT and the TUG Test was used. For the 6MWT, the
test was adapted to the home environment using the 10-meter
strap to calculate the distance (using the number of laps and
partial laps) each participant could ambulate within 6 minutes.
Note that these are not the standard testing procedures for this
assessment [25], and studies show that performing the 6MWT
on shorter courses (such as in home environments) may
underestimate functional endurance [26,27]. Therefore, the
participants’ aerobic capacity may be higher than stated. For
each participant, the setup was consistent across all assessment
sessions to enable accurate within-subjects comparison. Finally,
the SS-QOL was provided in survey form, with responses
summed to calculate a total score. Instructions for testing
procedures were incorporated into the rehabilitation platform
and therapist documentation forms for consistency.

Gait Monitoring
In addition to the gait device treatment and assessment sessions,
participants were instructed to perform approximately 5 minutes
of walking wearing the gait sensors. Data from these walks were
used to further evaluate the participant’s ability to consistently
use the sensor equipment. While changes to specific gait
parameters were not included as an outcome in this study, gait
data gathered by the sensor uploads were available in the
telerehabilitation app for clinicians to monitor for potential gait

pattern changes in response to treatment. Participants were
provided with the goal of performing 5 minutes of walking with
the sensors on 50% of days.

Treatment Sessions
Treatment occurred in each participant’s home and was
facilitated by a physical therapist and the participant’s trained
care partner. During the first treatment session, the physical
therapist was virtually present using the teleconferencing feature
incorporated within the rehabilitation platform. The therapists
continued to virtually oversee the treatment sessions until the
therapist, participant, and care partner all felt comfortable
performing these sessions without therapist oversight. Four
participants were provided a treatment plan of walking on the
gait device 3 times per week for 30 minutes, and 1 was
prescribed 5 times per week for 15 minutes. Participants were
instructed to wear their gait sensors during all treatment and
assessment sessions.

Data Analysis: Feasibility Assessment

Overview
The feasibility assessment comprised evaluations of safety,
compliance with protocol activities, user acceptability, and
preliminary efficacy indicators. Participant safety, protocol
compliance, and acceptability were defined as the primary
outcomes. Feasibility success criteria specified no serious
adverse events [28], average protocol activity compliance of
>80% [29], and >60% positive acceptability responses.
Secondary outcomes included indicators of efficacy, as
determined by changes in the 10MWT, TUG, 6MWT, and
SS-QOL assessments.

Safety and Treatment Tolerance
To determine the safety and tolerance of the remote treatment,
participants and care partners were routinely questioned on the
following: (1) the presence of falls; (2) whether they felt
adequately supported by their care partner during treatment; (3)
the highest level of assistance provided by their care partner
during their treatment sessions; (4) the highest RPE during their
treatment sessions; and (5) the level of pain before, during, and
after treatment (using a numerical pain scale of 0-10, with higher
numbers indicating increasing pain). Responses to these
questions were aggregated and assessed for the range of
responses and averages.

Compliance With Protocol Activities
To determine the participant’s willingness and ability to comply
with the remote treatment, we evaluated the percentage of
completion of the following tasks: (1) outcome measure
assessment sessions, (2) treatment sessions, (3) sensor usage
during treatment sessions, and (4) daily, 5-minute sensor walks.
Tracking of these activities was maintained within the
rehabilitation platform.

User Acceptability
After completing clinical trial activities, participants were
emailed a questionnaire to assess their acceptability of the
telehealth treatment. The questions included perceptions of
treatment safety, acceptability of the telehealth delivery model,
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and observations of potential functional improvement.
Acceptability was determined by the percentage of positive
responses.

Efficacy Indicators
The participants’ gait was remotely monitored using functional
outcome measures. Outcome measure changes were reviewed
in comparison to minimal clinically important difference
(MCID) or minimal detectable change (MDC) thresholds
reported in the literature. MCID values are available in the
population of stroke for the 10MWT (0.16 meters per second)
[30] and the 6MWT (34.4 meters) [31]. An MDC threshold has
been established in the population of patients with chronic stroke
for the TUG at –3.2 seconds [32]. The SS-QOL does not have
a total score MDC or MCID; therefore, the changes are reported
without reference to such a threshold.

We additionally compared participants’ 10MWT results to gait
speed classifications, which are used to reflect an individual’s
ability to participate in mobility-related activities [33].

“Household ambulators” correspond to speeds <0.4 meters per
second, “limited community ambulators” correspond to speeds
between 0.4 meters per second and 0.8 meters per second,
“unlimited community ambulators” are categorized with speeds
>0.8 meters per second, and “normal speeds” are typically >1.2
meters per second [33,34]. Finally, a TUG Test threshold value
of 13.5 seconds [35] is commonly used to separate high and
low fall risk. To determine if the participants changed their fall
risk classification during their gait treatment, TUG scores were
compared to this threshold at pre- and posttreatment timeframes.

Results

Participants
Table 1 shows the demographic information of the 5 study
participants. A sixth participant began the clinical trial but did
not complete the study period; therefore, their information was
not included in the analysis. During their period of participation,
the sixth participant completed all scheduled assessments and
treatment sessions, and no injuries occurred.

Table 1. Participant demographics.

Device sessions before
the clinical trial, n

Type of strokeSide of hemiparesisTime since
stroke (months)

Weight
(lbs)

SexAge
(years)

ID

14HemorrhagicLeft56140Female60A

10IschemicRight132160Male70B

6IschemicRight46170Female77C

8IschemicLeft48230Male80D

0HemorrhagicLeft138147Female73E

N/Aa2 hemorrhagic; 3 ischemic3 left; 2 right84.0169.42 males, 3
females

72.0Average

aN/A: not applicable.

Safety and Adverse Events

Safety Questionnaire and Adverse Events Report
One adverse event occurred out of 224 treatment sessions during
the clinical trial. During this event, the participant’s pet became

entangled in their legs, resulting in a slow, controlled fall. The
participant and pet were uninjured. Additional education was
provided to ensure pets were safely secured during treatment
with the gait device. Responses to safety-related posttreatment
questions and adverse events are available in Table 2.

Table 2. Safety and adverse events.

Treatment sessions, nHighest level of CG assistanceFelt adequately supported by CGa

(% yes)

Adverse events (falls)ID

39Contact guard assistance1001 (pet interference)A

74Minimal assistance1000B

36Supervision/stand-by assistance1000C

40Contact guard assistance1000D

35Moderate assistance1000E

aCG: caregiver.

Treatment Tolerance
Participants and their care partners recorded treatment tolerance
information in accordance with their treatment sessions.

Treatment tolerance information is available for review in Table
3.
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Table 3. Treatment tolerance.

Pain: after treatment,
mean

Pain: during treat-
ment, mean

Pain: before treat-
ment, mean

Increased pain (number of
sessions)

Highest Rating of Perceived Exer-

tion score, meana
ID

0.00.00.003.0A

0.00.00.004.0B

0.00.00.004.1C

3.73.73.704.2D

0.91.11.105.2E

aModified Rating of Perceived Exertion scale (scoring 1-10).

Compliance With Protocol Activities
As described above, the telehealth treatment delivery protocol
included mobility assessments, treatment sessions, 5-minute
walks, and requests to wear the gait sensors during the described
mobility activities. Participants were evaluated on their
percentage of compliance with these requested activities, as

seen in Table 4. Note that compliance for the sensor walks was
based on a target of 50% of days. Participants B and D
performed this activity at a greater frequency; therefore, their
compliance on this activity, and participant B’s average
compliance across all activities, exceeds 100%. The headings
month 1, month 2, and final in Table 4 report the compliance
for the first, second, and final months of treatment, respectively.

Table 4. Compliance with protocol activities.

Mean (%)Sensor walks (%)Sensors during treatment (%)Monthly outcomes (%)Treatment sessions (%)ID

Peer weekaFinalMonth 2Month 1FinalMonth 2Month 1FinalMonth 2Month 1

97.694.39410088100100100100100100A

104.1157.19410010010010010010010090B

87.757.191926610010010091100100C

75.00446066.71001001009310086D

95.4105.792911001001001009273100E

N/Ab82.883.088.684.110010010095.294.695.2Mean (%)

aPercentage is based on target of 50% of days.
bN/A: not applicable.

Acceptability
Table 5 presents responses to a questionnaire designed to assess
the acceptability of telehealth treatment delivery. Available

answer choices are provided along with percentages of
participants that selected each response.
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Table 5. Acceptability questionnaire responses and percentages of selected responses.

ResponsesQuestions

The amount of effort required from my caregiver and I was… • “Reasonable” (100%)
• “Too much” (0%)
• “I’m not sure” (0%)

During my treatment sessions, I felt… • “Safe. My caregiver was able to provide adequate support while I
walked on the [gait device].” (100%)

• “Unsafe. I needed more support than my caregiver could provide.”
(0%)

• “Neither safe nor unsafe.” (0%)

After using the gait device, my walking feels… • “Somewhat improved” (60%)
• “Significantly improved” (40%)
• “Not improved” (0%)
• “Worsened” (0%)
• “I’m not sure” (0%)

I would recommend treatment with the gait device to others in a similar
situation as myself…

• “Strongly agree” (60%)
• “Agree” (40%)
• “Neither agree nor disagree” (0%)
• “Disagree” (0%)
• “Strongly disagree” (0%)

If given the opportunity, would you want to continue using the gait device
with telehealth delivery? (As you have done during this clinical trial)?

• “Yes” (100%)
• “No” (0%)

Preliminary Efficacy

Outcome Measure Results
Figure 3 shows the participants’ results on the outcome
measurements of gait speed, the TUG Test, the 6MWT, and the
SS-QOL Scale at each of the study periods.

Figure 3. (A) Gait speed throughout the remote treatment period. Background shading represents different gait speed classification categories [33].
(B) Time Up and Go (TUG) scores throughout the remote treatment period. Background shading indicates the corresponding fall risk status [35]. (C)
6-Minute Walk Test (6MWT) scores throughout the remote treatment period. (D) Stroke Specific Quality of Life Scale (SS-QOL) scores throughout
the remote treatment period.
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Individual Comparison to Improvement Thresholds
(MCID and MDC)
Table 6 compares outcome measure changes to each outcome’s

MCID or MDC threshold of improvement (referenced within
the table) after approximately 3 months of remote treatment
with the gait device.

Table 6. Efficacy of treatment and comparison to MCIDa and MDCb thresholds.

SS-QOLf6MWTe (m) (MCID=34.4 m [31])TUGd (s) (MDC=–3.2 s [32])10MWTc (m/s) (MCID=0.16 m/s [30])ID

1.070.87g–0.900.05A

6.09.50–6.90g0.20gB

4.010.00–5.40g–0.03C

29.059.50g–0.280.31gD

20.0102.00g–5.78g0.28gE

12.050.37g–3.85g0.16gAverage

aMCID: minimal clinically important difference.
bMDC: minimal detectable change.
c10MWT: 10-Meter Walk Test.
dTUG: Timed Up and Go.
dMDC: minimal detectable change.
e6MWT: 6-Minute Walk Test.
fSSQOL: Stroke Specific Quality of Life Scale. No total score MCID or MDC has been identified in the literature.
gIndicates improvement beyond the MCID or MDC value.

Discussion

Principal Findings
This study investigates the feasibility of 2 telehealth delivery
models for remote treatment with a home-use gait device,
adapted in response to the onset of the COVID-19 pandemic.
In the first method (participants A-D), existing gait device users
transitioned into a remote telehealth delivery model to continue
their gait treatment remotely in accordance with COVID-19
pandemic guidelines. In the second method (participant E), all
processes, from recruitment through treatment, were delivered
remotely. The results demonstrate promising indicators of
feasibility, including safety, tolerance, compliance, and
acceptability, as well as a suggestion of efficacy, for both remote
delivery models. Moreover, these results inform various remote
treatment methodologies that may be further explored or refined
in future contexts, expanding treatment opportunities for those
requiring or preferring remote treatment or enabling more
frequent treatment for those with appropriately trained care
partner support.

From a safety standpoint, no serious adverse events or injuries
occurred throughout the clinical trial, and the protocol was
well-tolerated by the participants. These findings occurred
despite all therapists interacting remotely throughout the clinical
trial period. Compliance with the assessed activities also
remained high throughout the 3-month study period. On an
individual basis, 4 out of the 5 participants exceeded 85%
average compliance across all activities, and the remaining
participant achieved 75% compliance. Regarding specific
activities, activities using gait sensors demonstrated the weakest
compliance but remained above 80% on average. This finding

suggests that methods to enhance compliance, such as personal
reminders, push notifications, or other engineering adaptations
within the telerehabilitation platform, could be further
investigated.

Responses to an acceptability questionnaire at the conclusion
of treatment indicate a high level of participant acceptability
for the telehealth methodologies. Specifically, all participants,
including those that had previously experienced in-person
treatment with the gait device, rated that they would want to
use the gait device again using telehealth if given the
opportunity. Additionally, all “agreed” or “strongly agreed”
that they would recommend this treatment to others in a similar
situation as themselves. Importantly, all participants felt that
their walking was either somewhat or substantially improved,
highlighting a fundamental indication of perceived efficacy.
Given the lack of guidance from published studies regarding
using telehealth for gait assessment and treatment, these highly
favorable responses demonstrate that these methodologies are
of value to the participants and worthy of continued exploration
and development.

All participants improved by a clinically meaningful amount
on at least 1 functional outcome, and 3 out of 5 participants
improved clinically in each category at the final timeframe.
Additionally, the average improvement on 3 out of 4 efficacy
indicators surpassed MDC or MCID values, indicating a change
that exceeded measurement error or was clinically meaningful
to the individual [30-32]. These functional improvement results
are particularly of interest as 4 out of the 5 participants
previously completed between 6 and 14 in-person gait device
treatment sessions before starting this clinical trial. Their
continued improvement suggests that a more extended treatment
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duration, facilitated by transitioning to treatment with a care
partner and supervision via telehealth, as depicted in this study,
may be beneficial in addition to the shorter protocol described
in our prior studies [15,18].

Participant E, the only participant who received no prior gait
device treatment before the clinical trial, attained considerable
improvements across all functional outcome measures. These
results include a 0.28 meters per second gait speed improvement
that corresponds with an improved gait speed classification
from limited to unlimited community ambulator [33]. This
change reflects expected improved community participation
ability, an important attribute associated with enhanced quality
of life in individuals with stroke [36] (further emphasized by
the 20-point SS-QOL improvement). Participant E also attained
a 5.78-second improvement on the TUG Test, consistent with
a reduction in fall risk from high to low [35], and a >100-meter
improvement on the 6MWT. These functional gains substantially
exceed the respective MCID or MDC thresholds. Additionally,
these improvements exceed the average improvements from
our previous 4-week in-person gait device study [15], likely
reflecting the benefits of the increased treatment duration. While
the majority of patients are able to begin treatment with in-home
visits from a physical therapist, the positive results of this
participant suggest that fully remote treatment with the gait
device can be safe and efficacious for some individuals with
chronic stroke and care partner support.

Improvement of the SS-QOL, which does not have an accepted
total score MDC, was moderate (12 points; total possible scores
for this outcome range from 49-245) compared to the other
outcomes. However, with the study period encompassing the
summer and fall months of 2020, it seems plausible that the
events and consequences of the COVID-19 pandemic may have
influenced these findings. As researchers continue to investigate
the effects of the COVID-19 pandemic on various aspects of
health and well-being, studies have begun to highlight the
particularly devastating effects of the COVID-19 pandemic on
individuals with disabilities [37,38]. It is possible that
disproportionate pandemic consequences may have limited
improvement in SS-QOL scores for some participants in our
study. Nevertheless, the absence of severe adverse events, high
compliance across all protocol activities, positive acceptability
responses, and a preliminary suggestion of efficacy support the
feasibility of the remote telehealth treatment protocols.

Limitations
Several limitations should be acknowledged in this feasibility
study. First, the small sample size is a limitation. While the
study does include a wide range of baseline ambulatory abilities
(baseline gait speed from approximately 0.3 meters per second
to 0.9 meters per second, encompassing gait classifications of
household ambulator, limited community ambulator, and
unlimited community ambulator), the small sample size limits

both generalizability and confirmation of efficacy. Additionally,
the unmatched group sizes between the 2 telehealth treatment
methodologies prevent statistical comparisons between the
groups. In addition, our population was restricted to individuals
with consistent care partner support and those whom the
consulting therapists believed could perform the treatment
safely. These restrictions limit the population of individuals to
which this study may provide relevance. Additionally, all study
participants were individuals who sought out (or previously
participated in) treatment with the gait device, which may have
presented a more compliant sample than the general population.

While there are many benefits to providing in-home treatment,
ambulation assessment is challenging in comparison to clinical
environments. The 6MWT was included in this study based on
subjective comments from prior gait device users that reported
improved functional endurance post treatment. In agreement
with these reports, the average 6MWT improvement exceeded
50 meters, with 1 participant exceeding 100 meters of
improvement. However, it is important to note that the 6MWT
was adapted to the home environment from its recommended
protocol [25]. Therefore, the interpretation of the 6MWT
findings and a direct comparison to a clinically obtained MCID
threshold warrants caution.

The amount of therapist interaction or “virtual” presence during
treatment sessions, which was based on the individual therapist’s
clinical judgment, was not controlled, as it was of more
importance to let the therapist assess each individual’s safety.
Additionally, we did not require that participants abstain from
external therapy services during the study period (although, to
our knowledge, only 1 participant received brief services to
address dizziness).

Conclusions
In conclusion, the results of this study demonstrate the feasibility
of remote treatment with the gait device. Participants A-D
attained continued functional improvement after transitioning
to telehealth, indicating a possible benefit for both extended
treatment duration and combining in-person and remote
treatment methodologies. Participant E, who performed all
activities remotely, improved clinically on all outcomes,
indicating that fully remote treatment may be a suitable option
for some individuals needing or desiring virtual care. Larger,
future studies could further confirm these findings as well as
clarify characteristics for a broader population that may benefit
from this treatment delivery. At present, these promising results
indicate that telehealth can be a feasible delivery method for
treatment with the gait device. Moreover, the formative nature
of this work has provided support for further exploration and
insight to refine remote and hybrid methodologies, which may
serve to expand treatment opportunities for those experiencing
gait impairments attributed to neurologic conditions.
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6MWT: 6-Minute Walk Test
CDC: Centers for Disease Control and Prevention
CONSORT: Consolidated Standards of Reporting Trials
HIPAA: Health Insurance Portability and Accountability Act
MCID: minimal clinically important difference
MDC: minimal detectable change
RPE: Rating of Perceived Exertion
SS-QOL: Stroke Specific Quality of Life
TUG: Timed Up and Go
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