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Abstract

Background: Persistent walking impairment following a stroke is common. Although rehabilitative interventions exist, few
exist for use at home in the chronic phase of stroke recovery. InTandem (MedRhythms, Inc) is a neurorehabilitation system
intended to improve walking and community ambulation in adults with chronic stroke walking impairment.

Objective: Using design best practices and human factors engineering principles, the research presented here was conducted
to validate the safe and effective use of InTandem.

Methods: Intotal, 15 participantsin the chronic phase of stroke recovery (=6 months after stroke) participated in this validation
study. Participants were scored on 8 simulated use tasks, 4 knowledge assessments, and 7 comprehension assessments in a
simulated home environment. The number and types of use errors, close calls, and operational difficultieswere evaluated. Analyses
of task performances, participant behaviors, and follow-up interviews were conducted to determine the root cause of use errors
and difficulties.

Results: During thisvalidation study, 93% (14/15) of participants were able to successfully complete the critical tasks associated
with the simulated use of the InTandem system. Following simulated use task assessments, participants knowledge and
comprehension of the instructions for use and key safety information were evaluated. Overall, participants were able to find and
correctly interpret information in the materialsin order to answer the knowledge assessment questions. During the comprehension
assessment, participants understood warning statements associ ated with critical tasks presented in the instructionsfor use. Across
the entire study, 3 “use errors’ and 1 “success with difficulty” were recorded. No adverse events, including slips, trips, or falls,
occurred in this study.

Conclusions: In this validation study, people in the chronic phase of stroke recovery were able to safely and effectively use
InTandem in the intended use environment. This validation study contributes to the overall understanding of residual use—related
risks of InTandem in consideration of the established benefits.

(JMIR Rehabil Assist Technol 2023;10:e50438) doi: 10.2196/50438
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Introduction

Stroke is a major cause of disability and the second leading
cause of death worldwide, with its incidence and prevalence
expected to increase due to an aging population [1,2]. Many
people in the chronic phase of stroke recovery (commonly
defined as =6 months after stroke) experience walking
impairment [3] and consider the ability to walk in their
community as*“either essential or very important” [4]. Walking
rehabilitation can positively impact the well-being of stroke
survivorsand their families. It can also restore independence—a
prospective study in the chronic stroke popul ation reported that
better walking ability was positively correlated with quality of
life and the ability to live independently [5]. Clinical practice
guidelines recommend various interventions for walking
impairment, including physical therapy and braces such as an
anklefoot orthosis[6-8]. Rhythmic auditory stimulation (RAS)
isanother clinically effectiveintervention for the rehabilitation
of movements that are naturally rhythmic (eg, walking) [9].
RAS draws on a naturally occurring phenomenon called
auditory-motor entrainment. During entrainment, an external
auditory rhythm enabl es subconscious synchronization between
the auditory and motor systemsto drive coordinated movement
patterns [10,11]. RAS has shown clinical benefits related to
walking for patients with stroke across the subacute and chronic
phases in many studies, severa of which are randomized
controlled trials (RCTs) [12-18]. In particular, speed, step length,
cadence, balance, and dynamic postural stability [12,19,20]
have been shown to improve in people who have had a stroke
and receive RAS. In addition, the US Department of Veterans
Affairs incorporated rhythmic auditory cueing into its clinical
practice guidelines for the management of stroke rehabilitation
in 2019 [21].

Currently, clinicians administer the RAS protocol in
rehabilitation hospitals or clinics, while accessible at-home
RAS-based interventions are nonexistent. Rehabilitation at home

Figure 1. InTandem neurorehabilitation system.
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Background on Formative Testing

This paper describes the methods and results of the human
factors validation testing, which aimed to validate InTandem
for safe and effective use. Thetesting was preceded by formative
research activities across 2 phases to better understand stroke
survivors' needs for a home-use device, identify potential risks
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can carry benefitsincluding half the risk of readmission, lower
caregiver strain [22], reduced cost, and greater patient
satisfaction [23] relative to hospital rehabilitation. For thosein
the chronic phase of stroke recovery, physical therapy and to a
greater extent RAS can be difficult to access due to limited
insurance coverage and the limited number of neurologic music
therapistswho deliver RAS. Thelack of asolution for at-home
walking rehabilitationisacritical gap in chronic stroke recovery,
and it isimperative that solutions that are safe and effective to
use are developed and delivered to address this unmet need.

To help close this gap, MedRhythms has designed MR-001
(InTandem, MedRhythms, Inc), a neurorehabilitation system
that delivers a RAS-based intervention for chronic stroke
walking impairment and is intended to be used independently
at home.

Methods

System

The InTandem system (Figure 1) consists of 2 shoe-worn sensors
that measure gait parameters, a locked touchscreen device
preloaded with proprietary software, a headset, and charging
equipment (not shown). The rhythmic stimulation used in
InTandem is music. The music supplied has been screened for
therapeutic benefit by a proprietary process that ensured the
music met requirements for beat prominence and tempo. In
developing InTandem, a patient-centered usability engineering
process was followed to optimize for safe and effective use of
InTandem according to the US Food and Drug Administration
(FDA) guidance on human factors and usability engineering
for medical device development [24]. Throughout this paper,
InTandem might be referred to as “StridePlus’ or
“MR-001"—these were the nonproprietary hames used during
the development of the product. The product will be branded
and commercialized as InTandem.

Sensors collect
gait parameters

Algorithm changes
music

to patient safety, and iterate on system designs. A total of 70
unique stroke survivors with varied demographic backgrounds
from both urban and rural locations across the United States
were involved in the 2 formative research phases (see Figure 2
for more details about formative research activities). Some
examples of learnings and iterations that occurred during the
formative phasesinclude (1) the need for improved sensor clips
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that allowed easier placement on sneakersthat required lessfine
motor skill and hand strength and (2) the identification of which
interactions with the product users needed the most education
on and werelessimmediately intuitive out of the box Examples
of results from the late formative phase included the need for
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improved instructionsto walk and experience during the baseline
walking part of a session, in which the sensors calibrate and
measure cadence. A need for an improved user interface of the
“pause” and “skip” buttons was also apparent in the late
formative phase.

Figure 2. Overview of MR-001 usability testing across formative research activities and validation study.
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The validation study was conducted in December 2021 by an
independent user experience and human factors research firm
(Bold Insight). Bold Insight was selected to provide an unbiased
third-party evaluation of the system’s usability and safety. This
study assessed participant performance on all critical safety
tasks to validate the usability of InTandem in the intended use
population and environment (at home) and demonstrate that the
product is not vulnerable to use errorsthat could lead to serious
harm. Here, “critical tasks’ are defined as “those that could
cause serious harm in the event of ause error scenario or tasks
with a severity of ‘moderate’ or greater identified in the use
failure mode and effects analysis’ (UFMEA; Multimedia
Appendix 1). For the purposes of this paper, and in line with
ISO 14971:2019 standard [24], “safety” is defined as the
“freedom from unacceptablerisk,” whereas“risk” isdefined as
the “combination of the probability of occurrence of harm and
the severity of that harm.” In addition, according to |EC 62366
[25], “effectiveness’ is defined as the “accuracy and
completeness with which users achieve specified goas” The
study design followed a human factors validation protocol, and
the study methods implemented were based on industry
standards and FDA guidance [25-28]. Multimedia Appendix 1
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provides definitions of terminology relevant to the study along
with examples from the study [26,29].

Ethical Consider ations

The study protocol was reviewed and approved by the
Biomedical Research Alliance of New York, an ingtitutional
review board (IRB #A20-02-508). Participants were reimbursed
for out-of-pocket expenses incurred by being in the study.

Participants, Setting, and System Set-Up

A total of 15 participants, with amean age of 70 (SD 5.4; range
60-82) years and diagnosed as having had a stroke at least 6
months prior were recruited to meet the intended user
population. Bold Insight managed screening and enrollment
based on recruiting requirements. A broad group of patients
with chronic stroke were recruited to ensure that the results
reflected the differences in background and experiences of
potential end users. Of note, although all participants reported
not needing a caregiver to perform the tasks during screening,
at the beginning of the session, 1 participant indicated their
caregiver may help them in thereal world, so that caregiver was
invited into the session. A summary of enrolled patient
characteristics can be found in Table 1.

JIMIR Rehabil Assist Technol 2023 | vol. 10 | €50438 | p. 3
(page number not for citation purposes)


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

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES

Table 1. Summary of participant characteristics®
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Variable Values (N=15)
Age (years), mean (SD) 70 (5.4)
Gender, n (%)

Male 9 (60)

Female 6 (40)
Education level, n (%)

General educational development or high school 6 (40)

PhD or higher 1(7)

Bachelor’s degree 5(33)

Trade school 2(13

Master’s degree 1(7)
Timesincethelast stroke, n (%)

6 monthsto <2 years 1(7)

2 yearsto <5 years 4(27)

5yearsto <10 years 1(7)

10 yearsto <15 years 4(27)

15 yearsto <20 years 5(33)
Comfort level with technology, n (%)

Basic tasks 3(20)

Okay 9(60)

Very comfortable 3(20)
Caregiver needed, n (%) 0(0)
Walking impairment, n (%) 13 (87)
Interested in improving the ability to walk, n (%) 14 (93)
Assisted walking devices, n (%) 2(13)
Neurologic injury other than stroke, n (%) 0(0)
Lower limb prosthetic, n (%) 0(0)
Hearing impairment, n (%) 0(0)
Severe aphasia, n (%) 0(0)
Speech disorder, n (%) 0(0)
Ableto safely participatein a 5- to 7-minute walk, n (%) 15 (100)

3For the demographic variables that have 0%, thiswas intentional in order to replicate exclusion criteria used for clinical trials of InTandem.

To evaluate MR-001 use in the intended home environment,
test sessions were performed at a usability laboratory that
simulated ahome setting and included itemstypically found in
a persona living space (eg, table, chairs, and indoor ambient
lighting). The 2-room research suite was equi pped with a 1-way
mirror, enabling researchersto observe thetesting unobtrusively.
Thewalking portion of the test sessionstook placein ahallway
outside the testing room that was kept private using screens.

Procedures

Each study session lasted approximately 90 minutes (see Figure
3 for session flow), and participants were scored on the
completion of critical tasks that were assessed via 3 evaluation
methods such as simulated use of the product, knowledge

https://rehab.jmir.org/2023/1/e50438
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assessments, and comprehension assessments. Knowledge and
comprehension assessment questions were used when tasks
could not be simulated such asto verify whether the participants
understood where they should use the device. Other noncritical
tasks were completed as part of the procedure but were not
scored. After consent was obtained and an introduction to the
session was provided, each participant was provided with a
prescribing scenario to simulate the experience of receiving a
prescription of InTandem from aqualified health care provider.
Specifically, an introduction by a pretend study doctor to
highlight that the system was (1) prescribed by adoctor, (2) the
system would be mailed to the patient's house, and (3)
everything they needed to use the system would come in the
box. Then, participants were given the opportunity to unbox
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and familiarize themselves with the product and instructions
for use (IFU) asthey would at home. Throughout the unboxing
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helpline via a test facility telephone or their phone, with a
MedRhythms support representative providing remote
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and simulated use scenarios, participants also had the assistance.
opportunity to watch a welcome video and had access to a
Figure 3. Session flow.
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For simulated use scenarios, participants were observed while
they completed redlistic task sequences needed for a walking
session including system setup, initiating a session, ending a
session, and charging the components for future use (Table 2).
During this activity, the moderator evaluated performance
twice—once with the headset available and once without the
headset to eval uate the usability and safety of listening viaboth

Table 2. Description of critical tasks for the simulated use assessment.

(~ 10 minutes)

headset and device speakers. Across the 2 conditions,
participants were scored on 4 unique critical tasks with the
device, resulting in 8 total critical tasks that were scored. All
participants completed the 2 conditionsin the same order—first
with the headset available and again without the headset. The
moderator aso noted any observations related to usability and
safety on participants’ interaction with the system.

Simulated use task

Success criteria

Users clip sensors onto shoes

Adjust the volume so that the volumeisloud enough without being uncom-
fortable

Stow device—user keeps touchscreen device whereit does not impact their
environmental awareness and personal stability

Remove sensors from shoes

User puts on sensors from a stable position (such as sitting down)

The audio volume is loud enough for the user to hear without being un-
comfortable

The user keeps atouchscreen device whereit does not impact their envi-
ronmental awareness and personal stability

Foot sensors are removed from shoes from a stable position (such as
sitting down)

As a descriptive example of how a simulated use critical task
relates to safety, the “adjusting volume” task in the uFMEA is
tied to these hazardous situations and potential harms if a user
encountered a use error when (1) the user cannot hear safety
cuesin their environment, which may lead to the potential harm
of kinetic impact, (2) the user is exposed to an acoustic energy
condition that could result in hearing discomfort, or (3) the user

https://rehab.jmir.org/2023/1/e50438
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is unable to hear instructions and therapy which could result in
adelay of therapy.

After the simulated use scenario, participants were asked to use
the instructional materials provided (eg, IFU and welcome
video) to answer 4 questions to evaluate knowledge of critical
information (Table 3). This set of critical tasks assessed the
participant’s ability to recall critical information from the
materials.
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Table 3. Description of the critical tasks for the knowledge assessment. Participants were asked questions that assessed their knowledge of critical
information.

Question Success criteria

According to the materials, what environments  Participant mentions:

are appropriate for using StridePlusin? «  Home; Track; YMCA,; or flat outside space such as asidewalk or park

« Flat and level surfaces
«  Locations where you can walk at least 20 steps in a straight line before turning
« Not for use on treadmills

According to the materials, what environments  Participant mentions:
are NOT appropriate for using StridePlus in? . Treadmill

. Placeswithicy, steep, wet, or dark terrain
«  Placeswith obstacles in your path like furniture, many people, traffic, and so on
«  Loud places that will compete with the device audio or interfere with situational awareness

According to thematerials, what isthe proper way  Participant mentions:
to put on and take off the foot sensors? . Sitting down, being in a stable position, or asking someone else to put them on

According to the materials, what footwear should  Participant mentions:

you use with this system? . Well-fitted, supportive, OR recommended by aphysician

« Additional acceptable answers include lace-up or Velcro-strap style sneakers. Avoiding
wearing flip-flops, slippers, clogs, and any slip-on style shoe

Finally, 7 comprehension tasks were used to evaluate whether by observing safety icons and demonstrating an understanding
participants fully understood key safety information (Table 4)  of safety statements.
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Table 4. Description of critical tasks for comprehension assessment. The participant was asked to demonstrate their understanding of the safety icon
and statements.

Statement

Success criteria

DO NOT use [InTandem] if any of the system materials are damaged (to
prevent risk of electric shock)

To prevent therisk of injury from adlip, trip, or collision: attach and remove
the foot sensors from your shoes from a stable position such as sitting down

DO NQOT use[InTandem] with the volume very loud or in loud surroundings
because it may hide safety cues, such as emergency sirens or cars honking.

Use [InTandem] in a safe walking area.

Do not use in poorly lit areas (to avoid potential obstacles)

Do not usein areas with obstacles or potential hazardsin your walking path,
such as tables, chairs, rugs, pets, pedestrians, or traffic

Do not use in areas with uneven, wet, or icy terrain

To help [InTandem] work properly and ensure accurate step detection from

the foot sensors:

o Use[InTandem] in areas where you can walk at least 20 stepsin a
straight line before turning.

« Avoid locations with high noise levels that may limit your ability to
hear system instructions and music.

«  Avoid unevenwalking surfaces (such asfrequent stairs, ramps, or hiking
trails)

« Do not use [InTandem] on a treadmill

Do not walk while looking at the [InTandem] touchscreen device

Do not continue using [InTandem] if the walking exercise becomes too dif-
ficult. Take breaks as needed. A session can be paused and resumed on the
touchscreen device screen at any time throughout the session. If you ever
become uncomfortable or feel unsafe with the speed of the music, walk at
your natural pace. The speed of the music will adjust back to the starting
pace of your walking

If you experience muscle or joint pain or discomfort that you normally do

Demonstrates understanding to not use damaged materials

Demonstrates understanding to put sensors on from astable position

DO NOT use [InTandem] with the volume very loud or in loud
surroundings because it may hide safety cues, such as emergency
sirens or cars honking

Demonstrates understanding to not perform walking sessions on
uneven surfaces (stairs, ramps, or wet surfaces) or in crowded lo-
cations with many obstacles

Demonstrates understanding to perform walking sessionsin aflat
environment, not on a treadmill

Demonstrates understanding to not view their device during
walking sessions

Demonstrates understanding to not walk if they become too tired
or experience a health issue

not have, stop using [InTandem] and consult amedical professional

« If you experience any abnormal symptoms such as nausea, shortness of
breath, or excessive fatigue, stop using [InTandem] and consult a medical

professional

Performance of user tasks was scored as “success,” “success
with close call,” “success with difficulty,” “use error,” or “not
applicable” (definitions provided in Multimedia Appendix 2).
Descriptions of use error severity in the uFMEA risk
management plan can be found in Multimedia Appendix 3.

Data Management, Callection, and Analysis

Bold Insight carried out the data collection, management, and
analysis. Consent for data collection, use, and sharing of data
with the study sponsor (MedRhythms), other authorized persons,
and regulatory agencies was collected. Data were deidentified
and each participant was given a unique participant code for
data collection and analysis purposes. Data included
demographic and background information (eg, age and gender),
personal health information (eg, medical history) and study visit
data, such as (1) participant task performance data; (2) instances
of test administrator assistance; (3) system device malfunctions;
(4) reported root causes; (5) interview responses; (6) completion
of noncritical tasks; and (7) use of theinstruction manual, setup
video, and helpline during handling scenarios. Sessions were

https://rehab.jmir.org/2023/1/e50438

video and audio recorded, and the results were documented and
analyzed in atest report formatted to conform to FDA guidance
[24].

Use errors were analyzed in two ways: (1) as a percent of
participants who successfully completed the critica tasks
without use errorsfor each of the 3 evaluation methods and (2)
astheerror rates observed out of all opportunitiesfor errorsfor
each of the 3 evaluation methods. For any use errors, close calls,
and operational difficulties associated with critical tasks, the
moderator probed for underlying root causes of the observed
use-related event. Root cause analysis consisted of asking
in-depth and open-ended questions to understand the source of
any participant confusion or use errors. Documented use—related
eventswere discussed with across-functional team to determine
if additional design improvements were necessary to mitigate
risks. Difficulties and close calls were calculated as the
frequency with which they occurred for each task type.
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Results

Each participant completed 8 simulated use tasks, 4 knowledge
assessments, and 7 comprehension assessments. In total, 93%
(14/15) of participants successfully completed the simulated
use tasks associated with at-home use of InTandem. Out of the
120 opportunitiesfor error in the simulated use (15 participants
x 8 simulated use tasks), there was 1 error observed, resulting
in an error rate of 0.8% (1/120). The 1 use error was observed
during the system setup involving the placement of sensors onto
shoes. Thisparticipant (PO1) initially expected that the charging
cables should remain attached to the sensors on one’s shoes
while using the product and attempted to keep the charging
cables attached at the beginning of the walking task. The
moderator paused the participantsto prevent them from walking
with the charging hub. Root cause analysis revealed that due to
a software bug, the participant was able to hear the welcome
video but could not view the video, which describes and
demonstratesthe proper way to attach the sensorsfor awalking
session. However, this mitigation strategy of watching and
listening to the video was not fully available. During the root
cause investigation, the participant indicated that the video
would have been hel pful to see during setup. Therefore, the root
cause for this use error was ascribed to the software bug, which
was subsequently corrected. The participant also did not review
information in the IFU that showed how the sensors should be
attached to the shoes. The severity of the associated use error
was categorized as moderate, with the possibility of adlip, trip,
or fall resulting in harm. Aside from this, al participants were
successful in completing the walking task, and no instability or
loss of path was observed. During the course of the simulated
use evaluation, no new critical tasks were identified, and no
issues were experienced with the noncritical tasks.

During the knowledge assessments, 93% (14/15) of participants
were able to find and correctly interpret information in the
instructional materials, including the IFU and welcome video,
to answer the questions. Out of the 60 opportunities for error
in the knowledge assessments (15 participants x 4 knowledge
assessments), there was 1 error observed, resulting in an error
rate of 2% (1/60). One participant (PO13) experienced a use
error in which they were unableto specify wheretheinformation
about appropriate environments could befound inthe IFU. The
participant assumed that guidance on appropriate environments
would be placed toward the end of the IFU after the sections
that outlined how to set up the system and did not look for
information at the beginning of the IFU where it was located.
However, this participant was able to correctly state the
appropriate use environments for the system; therefore, after
root cause analysiswas conducted, the research team determined
that additional mitigation strategies were not required for this
use error.

Similar to their performance on simulated use tasks and
knowledge assessments, participants showed high success with
the comprehension assessments. In total, 93% (14/15) of
participants understood warning statements associated with
critical tasks presented in the |FU. Out of the 105 opportunities
for error in the comprehension assessments (15 participants x
7 comprehension assessments), 1 error was observed, resulting

https://rehab.jmir.org/2023/1/e50438
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in an error rate of 1% (1/105). The 1 use error was observed
related to the warning: “DO NOT use [InTandem] with the
volume very loud or in loud surroundings because it may hide
safety cues, such as emergency sirens or cars honking.” The
participant (P10) believed that the statement was instructing
them to use InTandem in quiet places so that outside noises
would not interfere with the instructions. However, the task’s
success criteriarequired participantsto specifically mention the
ability to hear safety cuesin their environment. Comprehension
of thisinformation isimportant because people need to maintain
awareness of their surroundings. If the volumeistoo high, there
could be arisk of not hearing an environmental safety cue such
as a potential collision that may be outside of their view.
Ultimately, the participant demonstrated their complete
understanding of the statement, so no additional mitigations
were required to further reduce the risk of a dlip, trip fall, or
kinetic impact.

With respect to “close calls’ and “difficulties,” 0 “close calls’
and 1 “difficulty” in the knowledge assessment were observed.
The 1 “difficulty” was dueto aparticipant (P01) who had trouble
understanding the knowledge task question “According to the
materials, what isthe proper way to put on and take off the foot
sensors?’ However, the research team categorized this as a
“success with difficulty” because during root cause probing, it
was evident the participant understood the proper way to put
on and take off the foot sensors.

Discussion

Principal Findings

The goal of this study was to validate that participants
representative of InTandem’sintended use population can safely
and effectively use InTandem, through the completion of critical
tasks, and demonstration of knowledge and comprehension of
materials. Overall, the occurrence of use errors was observed
to be extremely low. For the 3 use errors that occurred in the
simulated use tasks, knowledge assessments, and comprehension
tasks, root causes were attributed to a software bug and
expectations about product use and instructional materials. For
the software bug—related use error, we cannot be certain that
the use error would not have happened even if they had seen
the video while the components were attached to the charging
cables. However, the order of events as well as the record of
the participant having suggested the video would have helped
suggest to the research staff that the software bug was the root
cause. The software bug was subsequently corrected. Regarding
expectations about product use and instructional materials,
although 1 participant expected information about appropriate
walking environments to be in a different part of the IFU, no
additional mitigations were deemed necessary because they
were able to accurately state the appropriate environments for
use, and this feedback was not prevalent across the study. In
addition, for the participant who did not specifically mention
the ability to hear safety cues in their environment during the
comprehension evaluation, they were ultimately able to
demonstrate their understanding of the safety statement, and
existing risk mitigations were deemed sufficient. With respect
to difficulties and close calls, there was only 1 difficulty
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observed in the knowledge assessment. This participant later
exemplified that they knew the correct answer during the root
cause investigation. The 3 use errors observed for each of the
3 evaluation methods were experienced by 3 different
participants, suggesting that all participants showed ahigh level
of performance in critical tasks associated with the safe and
effective use of InTandem.

Contextualization With InTandem For mative Research

Leading up to this study, over 2 years and 8000 hours of iterative
design and testing were conducted (formative research) that
tailored the system for use in the home environment by the
intended patient population. The formative research was
conducted with participants representative of the intended
population to ensure that the patient’s voice, needs, and desired
experience are represented in InTandem. Theformative research
also ensured that al tasks associated with potential use errors
could be identified and tested, and through design iterations,
use errorswere reduced to arisk as low asreasonably possible,
culminating in a robust product design. The methods of this
study align with best practice human factors engineering and
user-centered design, which are critical to the development of
impactful evidence-based rehabilitative systems that meet an
unmet medical need.

Strengths and Limitations

This study contains important strengths in the study
methodology. For example, this research was conducted after
extensive formative testing that used a patient-centric and
iterative design approach with multiple rounds of design
refinement, which helped address the needs of the device users.
Second, a third party conducted the study to help mitigate
potential bias. Related to the deviceitself, a high percentage of
individuals were successful in completing critical tasks, even
though the majority of participants enrolled indicated that they
were not “very comfortable” using technology, which suggests
that InTandem is intuitive to use. These strengths add to the
compounding evidence for InTandem to be used by theintended
population in theintended environment for use. The accumulated
evidencefor InTandem includes afeasibility study that resulted
inclinically relevant improvementsin speed over 1 and multiple
sessions [30] and a reduction in the energetic cost of walking
along with improved gait asymmetries[31]; alongitudinal RCT
of safety and clinical efficacy of InTandem [32]; and a budget
impact model that estimates cost savings to payers [33].
Furthermore, MR-001 (InTandem) was designated as a
breakthrough device by the FDA in 2020 [34], which
underscores both the unmet need to address persistent walking
deficits of people who are in the chronic stroke phase of
recovery in an accessible and effective manner and the merit
and opportunity that InTandem offers them. With the findings
presented in this paper and the holistic evidence base of
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InTandem to improve walking impairment in the chronic stroke
population, there is a convincing rationale for its place as a
rehabilitation option available to patients.

This study is not without limitations. For example, this study
included a walking component that only lasted for 5 minutes
as opposed to the 30-minute sessions that would occur in
real-world use. Thiswasintentional since the aims of the study
were not to assess the treatment effect of theintervention which
was assessed in both the feasibility study and the RCT but rather
to assess the usability of the system by the intended popul ation
in the intended environment. In addition, this research focused
on only critical tasks involved in the use of InTandem, and
although noncritical tasks were necessarily experienced as part
of thetesting protocol, they were not scored. Another limitation
isthat gait impairment was not included as ascreening criterion,
which would align the study population even closer to the
intended population. However, even without a screening
criterion, 87% (13/15) of participants enrolled experienced
walking impairment. Given the fact that the focus of this study
was on using the product and not on the efficacy of the
intervention to improve walking, the need for representative
walking impairment may be less critical than if the focus was
on walking outcomes. Another limitation of the study is that
although all participants were recruited and screened for not
needing acaregiver to perform the activities, during thewarm-up
questions, 1 participant indicated that their caregiver would help
with some tasks and was subsequently allowed to have their
caregiver join them in the room. InTandem was designed to be
used independently without a caregiver present, and none of
the critical task performances were affected by the inclusion of
the caregiver, suggesting InTandem can be used safely and
effectively as designed. Another limitation is that there were
no participants who had less than a high school education
enrolled in this study, which would have reflected a potentially
lower literacy population. Finaly, racial and ethnic diversity
was not an explicit recruitment criterion, and such data were
not captured in this study. Future work on InTandem will benefit
from newly implemented product research standardsto increase
racial diversity in studies.

Conclusions

This paper describes the methods and results of the
patient-centered process undertaken to validate the safety and
effectiveness of the use of InTandem at home by people living
with chronic stroke. In this validation study, people in the
chronic phase of stroke recovery were able to safely and
effectively use InTandem in theintended setting. Thisvalidation
study contributes to the overall understanding of residual
use—related risks, in consideration of the established benefits
of InTandem.

This work acknowledges the intellectual contributions made by the broader team at EVERSANA and MedRhythms. We thank
Chrissy Stack, Jennifer Lavanture, Holly Roberts, Barbara Heikens, and Lauren Steidl for their contributionsto and coordination
of this paper, Ashley Levesquefor her manuscript preparation support, and Eric Richardson for study support during both formative
and validation research activities. This work was supported by MedRhythms.

https://rehab.jmir.org/2023/1/e50438

JIMIR Rehabil Assist Technol 2023 | vol. 10 | €50438 | p. 9
(page number not for citation purposes)


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

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES Smayda et al

Authors Contributions

SC wasinvolved in the conception, organization, and execution of the study. KES wasinvolved in writing of thefirst draft, review
and critique, and submission and resubmission preparation and execution of the paper. KL and JU organized, executed, designed,
executed the study, and reviewed and critiqued the paper. NF and AD were involved in writing the first draft and reviewing and
critiquing the paper.

Conflictsof I nterest

SHC and KES are employees of MedRhythms and hold equity. KL and JU are employees of Bold Insight. NF and AD are
employees of EVERSANA Canada Inc, which received funding from MedRhythms to prepare portions of this manuscript.

Multimedia Appendix 1

Definitions and examples of common terminology used.
[DOCX File, 13 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Definition of performance scores.
[DOCX File, 13 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Severity of potential harm definitions.
[DOCX File, 12 KB-Multimedia Appendix 3]

References

1. Katan M, Luft A. Global burden of stroke. Semin Neurol. Apr 2018;38(2):208-211. [FREE Full text] [doi:
10.1055/s-0038-1649503] [Medline: 29791947]

2. Stinear CM, Lang CE, Zeiler S, Byblow WD. Advances and challenges in stroke rehabilitation. Lancet Neurol. Apr
2020;19(4):348-360. [doi: 10.1016/S1474-4422(19)30415-6] [Medline: 32004440]

3. Combs SA, Van Puymbroeck M, Altenburger PA, Miller KK, Dierks TA, Schmid AA. Iswalking faster or walking farther
more important to persons with chronic stroke? Disabil Rehabil. May 2013;35(10):860-867. [doi:
10.3109/09638288.2012.717575] [Medline: 23035811]

4.  Lord SE, McPherson K, McNaughton HK, Rochester L, Weatherall M. Community ambulation after stroke: how important
and obtainableis it and what measures appear predictive? Arch Phys Med Rehabil. Feb 2004;85(2):234-239. [doi:
10.1016/j.apmr.2003.05.002] [Medline: 14966707]

5. PriceR, Choy NL. Investigating the relationship of the Functional Gait Assessment to spatiotemporal parameters of gait
and quality of lifeinindividualswith stroke. J Geriatr Phys Ther. 2019;42(4):256-264. [doi: 10.1519/JPT.0000000000000173]
[Medline: 29324509]

6.  Strokerehabilitationin adults. National Institute for Health and Care Excellence. Jun 12, 2013. URL : https.//www.nice.org.uk/
guidance/cg162 [accessed 2023-10-19]

7. Winstein CJ, Stein J, ArenaR, Bates B, Cherney LR, Cramer SC, et al. Guidelines for adult stroke rehabilitation and
recovery: aguideline for healthcare professionals from the American Heart Association/American Stroke Association.
Stroke. Jun 2016;47(6):€98-€169. [doi: 10.1161/STR.0000000000000098] [Medline: 27145936]

8.  Management of Stroke Rehabilitation Working Group. VA/DOD clinical practice guideline for the management of stroke
rehabilitation. J Rehabil Res Dev. 2010;47(9):1-43. [Medline; 21213454]

9.  Sihvonen AJ, Sirkdmd T, Leo V, Tervaniemi M, Altenmuiller E, Soinila S. Music-based interventions in neurological
rehabilitation. Lancet Neurol. Aug 2017;16(8):648-660. [doi: 10.1016/S1474-4422(17)30168-0] [Medline: 28663005]

10. CrastaJE, Thaut MH, Anderson CW, Davies PL, Gavin WJ. Auditory priming improves neural synchronization in
auditory-motor entrainment. Neuropsychologia. Aug 2018;117:102-112. [doi: 10.1016/j.neuropsychologia.2018.05.017]
[Medline: 29792887]

11. Rossignol S, Jones GM. Audio-spinal influencein man studied by the H-reflex and its possible rol e on rhythmic movements
synchronized to sound. Electroencephal ogr Clin Neurophysiol. Jul 1976;41(1):83-92. [doi: 10.1016/0013-4694(76)90217-0]
[Medline: 58771]

12. Gha S, Ghai |. Effects of (music-based) rhythmic auditory cueing training on gait and posture post-stroke: a systematic
review & dose-response meta-analysis. Sci Rep. Feb 18, 2019;9(1):2183. [FREE Full text] [doi: 10.1038/s41598-019-38723-3]
[Medline: 30778101]

13. Magee WL, Clark |, Tamplin J, Bradt J. Music interventions for acquired brain injury. Cochrane Database Syst Rev. Jan
20, 2017;1(1):CD006787. [FREE Full text] [doi: 10.1002/14651858.CD006787.pub3] [Medline: 28103638]

https://rehab.jmir.org/2023/1/e50438 JMIR Rehabil Assist Technol 2023 | val. 10 | €50438 | p. 10
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=rehab_v10i1e50438_app1.docx&filename=0742be624071219e96912d2079f6d37f.docx
https://jmir.org/api/download?alt_name=rehab_v10i1e50438_app1.docx&filename=0742be624071219e96912d2079f6d37f.docx
https://jmir.org/api/download?alt_name=rehab_v10i1e50438_app2.docx&filename=fee72668bca93386068c076f68467ab6.docx
https://jmir.org/api/download?alt_name=rehab_v10i1e50438_app2.docx&filename=fee72668bca93386068c076f68467ab6.docx
https://jmir.org/api/download?alt_name=rehab_v10i1e50438_app3.docx&filename=952ed97e25ea4bc1af9ee0cb0ff8a67f.docx
https://jmir.org/api/download?alt_name=rehab_v10i1e50438_app3.docx&filename=952ed97e25ea4bc1af9ee0cb0ff8a67f.docx
https://doi.org/10.5167/uzh-159894
http://dx.doi.org/10.1055/s-0038-1649503
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29791947&dopt=Abstract
http://dx.doi.org/10.1016/S1474-4422(19)30415-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32004440&dopt=Abstract
http://dx.doi.org/10.3109/09638288.2012.717575
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23035811&dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2003.05.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14966707&dopt=Abstract
http://dx.doi.org/10.1519/JPT.0000000000000173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29324509&dopt=Abstract
https://www.nice.org.uk/guidance/cg162
https://www.nice.org.uk/guidance/cg162
http://dx.doi.org/10.1161/STR.0000000000000098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27145936&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21213454&dopt=Abstract
http://dx.doi.org/10.1016/S1474-4422(17)30168-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28663005&dopt=Abstract
http://dx.doi.org/10.1016/j.neuropsychologia.2018.05.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29792887&dopt=Abstract
http://dx.doi.org/10.1016/0013-4694(76)90217-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=58771&dopt=Abstract
https://doi.org/10.1038/s41598-019-38723-3
http://dx.doi.org/10.1038/s41598-019-38723-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30778101&dopt=Abstract
https://europepmc.org/abstract/MED/28103638
http://dx.doi.org/10.1002/14651858.CD006787.pub3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28103638&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES Smayda et al

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Nascimento LR, de OliveiraCQ, AdaL, Michaelsen SM, Teixeira-Salmela LF. Walking training with cueing of cadence
improves walking speed and stride length after stroke more than walking training alone: a systematic review. J Physiother.
Jan 2015;61(1):10-15. [FREE Full text] [doi: 10.1016/j.jphys.2014.11.015] [Medline: 25529836]

Cho H, Kim K. Effects of action observation training with auditory stimulation on static and dynamic balance in chronic
stroke patients. J Stroke Cerebrovasc Dis. May 2020;29(5):104775. [doi: 10.1016/j.jstrokecerebrovasdis.2020.104775]
[Medline: 32205026]

Thaut MH, McIntosh GC. Neurologic music therapy in stroke rehabilitation. Curr Phys Med Rehabil Rep. Apr 2,
2014;2(2):106-113. [FREE Full text] [doi: 10.1007/s40141-014-0049-y]

Elsner B, Schéler A, Kon T, Mehrholz J. Walking with rhythmic auditory stimulation in chronic patients after stroke: a
pilot randomized controlled trial. Physiother Res Int. Jan 2020;25(1):e1800. [doi: 10.1002/pri.1800] [Medline: 31237045]
Wang Y, Pan WY, Li F, Ge JS, Zhang X, Luo X, et a. Effect of rhythm of music therapy on gait in patients with stroke. J
Stroke Cerebrovasc Dis. Mar 2021;30(3):105544. [doi: 10.1016/].jstrokecerebrovasdis.2020.105544] [Medline: 33341022]
Wang L, Peng JL, Xiang W, Huang Y J, Chen AL. Effects of rhythmic auditory stimulation on motor function and balance
ability in stroke: a systematic review and meta-analysis of clinical randomized controlled studies. Front Neurosci.
2022;16:1043575. [FREE Full text] [doi: 10.3389/fnins.2022.1043575] [Medline: 36466174]

Lee SH, Lee KJ, Song CH. Effects of Rhythmic Auditory Stimulation (RAS) on gait ability and symmetry after stroke. J
Phys Ther Sci. 2012;24(4):311-314. [FREE Full text] [doi: 10.1589/jpts.24.311]

Sall J, Eapen BC, Tran JE, Bowles AO, Bursaw A, Rodgers ME. The management of stroke rehabilitation: a synopsis of
the 2019 U.S. Department of Veterans Affairsand U.S. Department of Defense clinical practice guideline. Ann Intern Med.
Dec 17, 2019;171(12):916-924. [FREE Full text] [doi: 10.7326/M 19-1695] [Medline: 31739317]

Crotty M, GilesLC, Halbert J, Harding J, Miller M. Home versus day rehabilitation: arandomised controlled trial. Age
Ageing. Nov 2008;37(6):628-633. [FREE Full text] [doi: 10.1093/ageing/afn141] [Medline: 18723862]

Mayo NE. Stroke rehabilitation at home: lessons learned and ways forward. Stroke. Jun 2016;47(6):1685-1691. [doi:
10.1161/STROKEAHA.116.011309] [Medline: 27143275]

Human factors and medical devices. U.S. Food & Drug Administration. URL : https.//www.fda.gov/medical-devices/
device-advice-comprehensive-regul atory-assi stance/

human-fadtors-and-medi cal-devicest: ~texd=\Why%/620is¥:20Humean%/e20Factor620Engdinearing the?a20devi cei20std yy/a20endyaOeffedtivey)
[accessed 2023-06-10]

IEC 62366-1:2015 (medical devices: part 1: application of usability engineering to medical devices). International
Organization for Standardization. Feb 2015. URL : https://www.iso.org/standard/63179.html [accessed 2023-10-19]
Applying human factors and usability engineering to medical devices. U.S. Food & Drug Administration. Feb 2016. URL:
https.//www.fda.gov/regul atory-informati on/search-fda-guidance-documents/
applying-human-factors-and-usability-engineering-medical -devices [accessed 2023-10-19]

IEC/TR 62366-2:2016 (medical devices. part 2: guidance on the application of usability engineering to medical devices).
International Organization for Standardization. Apr 2016. URL : https.//www.iso.org/standard/69126.html [accessed
2023-10-19]

ANSI/AAMI HE75:2009 (R2013) (ANSI/AAMI HE 75:2009 (R2013)): human factors engineering—design of medical
devices. American National Standards Institute. 2013. URL: https.//webstore.ansi.org/standards/aami/
ansiaamihe752009r201375 [accessed 2023-10-19]

ANSI/AAMI/ISO 14971:2019: medical devices—application of risk management to medical devices. Association for the
Advancement of Medical Instrumentation. 2019. URL: https.//webstore.ansi.org/standards/aami/ansiaamiiso149712019
[accessed 2023-10-19]

Hutchinson K, Sloutsky R, Collimore A, Adams B, Harris B, Ellis TD, et al. A music-based digital therapeutic:
proof-of-concept automation of a progressive and individualized rhythm-based walking training program after stroke.
Neurorehabil Neural Repair. Nov 2020;34(11):986-996. [doi: 10.1177/1545968320961114] [Medline: 33040685]
Callimore AN, Roto Cataldo AV, Aidlo AJ, Sloutsky R, Hutchinson KJ, Harris B, et al. Autonomous control of music to
retrain walking after stroke. Neurorehabil Neural Repair. May 2023;37(5):255-265. [FREE Full text] [doi:
10.1177/15459683231174223] [Medline: 37272500]

Awad L, Jayaraman A, Nolan K, Lewek M, Bonato P, Newman M, et al. Efficacy and safety of using auditory-motor
entrainment to improve walking after stroke: A multi-site randomized controlled tria of the InTandemTM neurorehabilitation
system. Research Square. Oct 17, 2023 [FREE Full text] [doi: 10.21203/rs.3.rs-3031294/v1]

Kane S, Jayawardena N, Bourque M, Lavanture J, Roberts H. EE460 a budget impact model to eval uate the economic
impact of treating walking impairment in chronic stroke, a US perspective. Value in Health. Jun 2023;26(6):S143. [doi:
10.1016/j.jval .2023.03.761]

MedRhythms receives FDA breakthrough device designation for chronic stroke digital therapeutic. MedRhythms. PR
Newswire; Jun 15, 2020. URL : https.//www.prnewswire.com/news-releases/
medrhythms-receives-fda-breakthrough-devi ce-designati on-for-chroni c-stroke-digital -therapeuti c-301076597.html [accessed
2023-06-10]

https://rehab.jmir.org/2023/1/€50438 JMIR Rehabil Assist Technol 2023 | vol. 10 | €50438 | p. 11

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S1836-9553(14)00163-5
http://dx.doi.org/10.1016/j.jphys.2014.11.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25529836&dopt=Abstract
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2020.104775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32205026&dopt=Abstract
https://link.springer.com/article/10.1007/s40141-014-0049-y
http://dx.doi.org/10.1007/s40141-014-0049-y
http://dx.doi.org/10.1002/pri.1800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31237045&dopt=Abstract
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2020.105544
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33341022&dopt=Abstract
https://europepmc.org/abstract/MED/36466174
http://dx.doi.org/10.3389/fnins.2022.1043575
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36466174&dopt=Abstract
https://www.researchgate.net/publication/270440253_Effects_of_Rhythmic_Auditory_Stimulation_RAS_on_Gait_Ability_and_Symmetry_after_Stroke)
http://dx.doi.org/10.1589/jpts.24.311
https://www.acpjournals.org/doi/abs/10.7326/M19-1695?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.7326/M19-1695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31739317&dopt=Abstract
https://europepmc.org/abstract/MED/18723862
http://dx.doi.org/10.1093/ageing/afn141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18723862&dopt=Abstract
http://dx.doi.org/10.1161/STROKEAHA.116.011309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27143275&dopt=Abstract
https://www.fda.gov/medical-devices/device-advice-comprehensive-regulatory-assistance/human-factors-and-medical-devices#:~:text=Why%20is%20Human%20Factor%20Engineering,the%20device%20safely%20and%20effectively)
https://www.fda.gov/medical-devices/device-advice-comprehensive-regulatory-assistance/human-factors-and-medical-devices#:~:text=Why%20is%20Human%20Factor%20Engineering,the%20device%20safely%20and%20effectively)
https://www.fda.gov/medical-devices/device-advice-comprehensive-regulatory-assistance/human-factors-and-medical-devices#:~:text=Why%20is%20Human%20Factor%20Engineering,the%20device%20safely%20and%20effectively)
https://www.iso.org/standard/63179.html
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/applying-human-factors-and-usability-engineering-medical-devices
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/applying-human-factors-and-usability-engineering-medical-devices
https://www.iso.org/standard/69126.html
https://webstore.ansi.org/standards/aami/ansiaamihe752009r201375
https://webstore.ansi.org/standards/aami/ansiaamihe752009r201375
https://webstore.ansi.org/standards/aami/ansiaamiiso149712019
http://dx.doi.org/10.1177/1545968320961114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33040685&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/15459683231174223?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/15459683231174223
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37272500&dopt=Abstract
https://www.researchsquare.com/article/rs-3031294/v1
http://dx.doi.org/10.21203/rs.3.rs-3031294/v1
http://dx.doi.org/10.1016/j.jval.2023.03.761
https://www.prnewswire.com/news-releases/medrhythms-receives-fda-breakthrough-device-designation-for-chronic-stroke-digital-therapeutic-301076597.html
https://www.prnewswire.com/news-releases/medrhythms-receives-fda-breakthrough-device-designation-for-chronic-stroke-digital-therapeutic-301076597.html
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES Smayda et al

Abbreviations

FDA: Food and Drug Administration

IFU: instructionsfor use

RAS: rhythmic auditory stimulation

RCT: randomized controlled trial

UFMEA: use failure mode and effects analysis
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