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Abstract

Background: Increasing the dose of therapy delivered to patients with stroke may improve functional outcomes and quality of
life. Unsupervised technology-assisted rehabilitation is a promising way to increase the dose of therapy without dramatically
increasing the burden on the health care system. Despite the many existing technologies for unsupervised rehabilitation, active
rehabilitation robots have rarely been tested in a fully unsupervised way. Furthermore, the outcomes of unsupervised
technology-assisted therapy (eg, feasibility, acceptance, and increase in therapy dose) vary widely. This might be due to the use
of different technologies as well as to the broad range of methods applied to teach the patients how to independently train with
a technology.

Objective: This paper describes the study design of a clinical study investigating the feasibility of unsupervised therapy with
an active robot and of a systematic approach for the progressive transition from supervised to unsupervised use of a rehabilitation
technology in a clinical setting. The effect of unsupervised therapy on achievable therapy dose, user experience in this therapy
setting, and the usability of the rehabilitation technology are also evaluated.

Methods: Participants of the clinical study are inpatients of a rehabilitation clinic with subacute stroke undergoing a 4-week
intervention where they train with a hand rehabilitation robot. The first week of the intervention is supervised by a therapist, who
teaches participants how to interact and train with the device. The second week consists of minimally supervised therapy, where
the therapist is present but intervenes only if needed as participants exercise with the device. If the participants properly learn
how to train with the device, they proceed to the unsupervised phase and train without any supervision during the third and fourth
weeks. Throughout the duration of the study, data on feasibility and therapy dose (ie, duration and repetitions) are collected.
Usability and user experience are evaluated at the end of the second (ie, minimally supervised) and fourth (ie, unsupervised)
weeks, allowing us to investigate the effect of therapist absence.

Results: As of April 2023, 13 patients were recruited and completed the protocol, with no reported adverse events.

Conclusions: This study will inform on the feasibility of fully unsupervised rehabilitation with an active rehabilitation robot in
a clinical setting and its effect on therapy dose. Furthermore, if successful, the proposed systematic approach for a progressive
transition from supervised to unsupervised technology-assisted rehabilitation could serve as a benchmark to allow for easier
comparisons between different technologies. This approach could also be extended to the application of such technologies in the
home environment, as the supervised and minimally supervised sessions could be performed in the clinic, followed by unsupervised
therapy at home after discharge.

Trial Registration: ClinicalTrials.gov NCT04388891; https://clinicaltrials.gov/study/NCT04388891
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Introduction

Stroke survivors often do not entirely recover upper limb
function [1], which severely impacts independence and quality
of life as remaining upper limb impairments may limit their
ability to perform activities of daily living. Increasing evidence
shows that therapy dose is a key factor contributing to
sensorimotor recovery and that administering a higher dose of
upper limb therapy to people after stroke could improve their
functional outcome even long after stroke [2,3].

However, due to factors such as unfavorable therapist to patient
ratios [4], high rehabilitation-related costs, and the overall frailty
of health care systems (as highlighted, for example, by the
COVID-19 pandemic [5,6]), increasing the dose of high-quality
therapy for both inpatients and outpatients is challenging as
long as it relies on hospital visits and supervised therapy.

Unsupervised technology-assisted rehabilitation, defined here
as patients training with rehabilitation technologies without any
supervision by an external person, is a promising solution to
increase therapy dose without dramatically weighing on the
health care system [7]. Relying on novel digital approaches,
such as wearable sensors or robotic tools, offers new ways to
promote motivation and engagement for specific therapy
exercises. It promises to go beyond the conventional set of
exercises prescribed for patients to train independently, which
may lead to low adherence [8,9]. A range of upper limb
rehabilitation technologies have been tested in unsupervised
settings, such as the home environment, with varying results
regarding acceptance, satisfaction, success, and amount of use
[10-15]. Besides the use of different technologies, these
outcomes may also be influenced by the different methods
applied to teach the patients how to use a rehabilitation
technology in an independent way. A key step for the successful
and safe use of a rehabilitation technology without supervision
is the progressive transition toward unsupervised use, where
users first learn how to correctly use a technology. This becomes
especially critical in the case of active technologies, such as
rehabilitation robotics, whose use without any external
supervision has rarely been reported.

Unfortunately, most existing studies only report little
information on these methodological steps or use very different
protocols (eg, from multiple training sessions in supervised
settings [11] to a single explanation session directly at home
[12]). Similarly, there is a lack of agreement on objective
measures to evaluate and document the feasibility and success
of unsupervised training.

In this protocol paper, we report on the study design of a
single-group, interventional clinical study to test the feasibility
of fully unsupervised therapy with an active hand rehabilitation

robot in patients with subacute stroke. More specifically, we
describe in detail a study protocol with the following aims: (1)
to evaluate the feasibility of unsupervised therapy assisted by
an active rehabilitation robot and a standardized approach for
the progressive transition from supervised to unsupervised use
based on a set of well-defined and objective criteria, (2) to
investigate the effect of unsupervised therapy on achievable
therapy dose during rehabilitation, and (3) to evaluate user
experience as well as the usability of the rehabilitation
technology.

The secondary objective of this study is to identify
patient-related parameters (eg, age, cognitive abilities, level of
impairment) that might influence the ability of a user to
transition to unsupervised therapy and the dose of
self-administered therapy.

Methods

Study Population and Recruitment
For this study, we aim to recruit patients in the subacute phase
after stroke that are currently undergoing rehabilitation
(inpatients). To be eligible for the study, patients must fulfill
all the following inclusion criteria: (1) be between 18 and 90
years old, (2) be within 6 weeks from stroke onset, (3) have a
prestroke Modified Rankin Score [16] ≤1, (4) have a National
Institutes of Health Stroke Scale [17] score ≥1 in at least one
of the items concerning motor or sensory function and ataxia,
and (5) have provided informed consent as documented by a
signature.

Patients are excluded if one of the following exclusion criteria
is present: (1) moderate to severe aphasia (Goodglass-Kaplan
scale [18] <3), (2) moderate to severe cognitive deficits (levels
of cognitive functioning-revised [19] <8), (3) functional
impairment of the upper limb due to other pathologies, (4) severe
pain in the affected arm (visual analogue scale [VAS] for pain
≥5), (5) other pathologies that may interfere with the study, (6)
pacemakers and other active implants, and (7) a modified
Ashworth Scale [20] >2 for one or more of the following
muscles: shoulder adductors, forearm pronator and supinator,
and flexors and extensors of the elbow, wrist, and fingers.

The study is recruiting inpatients with stroke from the Clinica
Hildebrand Centro di Riabilitazione Brissago, a rehabilitation
clinic in Switzerland where the rehabilitation technology used
in the study is available. One of the medical doctors of the
rehabilitation clinic involved in the study proposes to patients
potentially meeting the eligibility criteria to participate in the
study, explains the protocol, and obtains informed consent from
them. Compensation is not provided.
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The ReHapticKnob
The rehabilitation technology used in this study is the
ReHapticKnob (RHK; Figure 1), which consists of a haptic

device for the rehabilitation of hand sensorimotor function after
stroke with 2 active degrees of freedom, allowing for hand
opening and closing and forearm pronosupination [21].

Figure 1. A patient with stroke performing an exercise with the ReHapticKnob. During a therapy session with the device (left), users first log in to
their personal therapy account with a fingerprint reader; then, when performing the exercises, they place their fingers on the handles and interact with
the virtual reality interface by using a colored pushbutton keyboard. As the exercises implemented on the ReHapticKnob require the user to solve tasks
by relying on the sensorimotor information coming from the impaired limb and not on visual information, view of the impaired hand is blocked with a
hand cover. The ReHapticKnob allows for grasping (top right) and forearm pronosupination (bottom right) movements.

The rehabilitation exercises implemented on the RHK follow
the neurocognitive therapy approach [22-24] and promote motor
learning by focusing on sensorimotor integration, as they require
patients to use kinesthetic and proprioceptive information from
their impaired upper limb and cognitively process it to solve
the therapy tasks in the correct way. Assessment-driven
exercises ensure an optimal difficulty level from the beginning
while ensuring dynamic difficulty adaptation based on the user’s
performance [25]. Therapy with the RHK was previously shown
to be as efficient as dose-matched conventional therapy [26]
when performed in supervised settings.

To make the device suitable for unsupervised use, design
changes, such as the implementation of a new graphical user
interface and pushbutton keyboard to allow direct interaction
between the user and the device, were implemented and tested
in a previous usability study [24]. Building on that work, the

usability of the platform was further improved by implementing
minor graphical changes and audio instructions for the exercises.
Furthermore, the platform was improved by integrating clinically
inspired algorithms to automatically monitor, control, and adapt
therapy in a personalized way [27,28]. This set of algorithms
was evaluated in a pilot study with 5 patients with subacute
stroke, demonstrating its ability to guide them through several
therapy sessions with the RHK and to automatically adapt the
difficulty level of the exercises to keep therapy challenging.

Intervention
This trial is a single-group, interventional clinical study. The
study protocol lasts for about 4 weeks for each patient (Figure
2), which is compatible with the duration of an inpatient stay
at the rehabilitation clinic and comparable to our previous
studies with the RHK [26]. The data collected and procedures
performed at each time point are listed in Table 1.
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Figure 2. Design of the interventional study for each of the study participants. All participants undergo a screening visit, baseline assessments, 1 week
of supervised therapy, and 1 week of minimally supervised therapy. After the first week of minimally supervised therapy, the therapist checks whether
the patient properly learned how to use the technology and is ready for unsupervised training. If yes, the patient proceeds to 2 weeks of unsupervised
use. If no, an additional week of minimally supervised therapy is performed. At the end of this second week, the therapist checks again whether the
patient can train independently. If yes, the patient proceeds to 1 week of unsupervised therapy. If no, an additional week of minimally supervised therapy
is performed. In total, each patient performs 4 weeks of technology-assisted rehabilitation. At the end of the protocol, the clinical and robotic assessments
as well as the evaluation of the user experience and usability are repeated for all patients.
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Table 1. Data collected and procedures (marked with an “X”) performed at each time point of the clinical trial, with primary (PO) and secondary (SO)
outcomes indicated. Day 0 corresponds to the first supervised robot-assisted therapy session. The time range indicates how far a procedure can be
advanced (–) or postponed (+) for organizational reasons from the precise time point at which it should be performed.

Usability
evalua-
tion 2

Final robot-
ic assess-
ment

Final clini-
cal assess-
ment

Robot-assist-
ed therapy
sessions

Usability
evalua-
tion 1

Robot-assisted
therapy ses-
sions

Baseline
robotic as-
sessment

Baseline
clinical as-
sessment

Screening
visit

Day 27Day 27Day 27Day
21-
27

Day
14-
20

Day 13Day
7-
13

Day 0-6Day –1Day –1Day –2Time point

±2±2±2——±2——a±1±2–4 to +1Time range (days)

Enrolment

——————————XInformed consent

——————————XEligibility criteria

——————————XDemographicsb

——————————XMedical datac

——X——————XXMyo-relaxant drugs

Assessments

——X——————XXVASpd

——SO——————SO—BBTe

——SO——————SO—MESUPESf

——SO——————SO—FMA-UEg

——SO——————SOXmASh

——SO——————SO—ABILHAND

—SO——————SO——Robotic assessments

———(X)(X)i—X————Checklist

Usability

SO————SO—————SUSj, PSSUQk, TLXl,

NPSm, CSATn

———SOSO—SOSO———VAS-smileso

Intervention

———————X———Supervised therapy

———(X)(X)—X————Minimally supervised
therapy

———XX——————Unsupervised therapy

Others

———POPO—POPO———Robotic therapy datap

———XX—XX———Conventional therapy

dataq

XXXXXXXXXXXAdverse events

—X—XX—XXX——Device deficiencies

aNot applicable.
bDemographics include gender, age, year of birth, and hand dominance.
cMedical data include stroke onset, lesion type and side, and impaired hand.
dVASp: visual analogue scale for pain.
eBBT: Box and Blocks Test.
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fMESUPES: Motor Evaluation Scale for Upper Extremities in Stroke Patients.
gFMA-UE: Fugl-Meyer Assessment for upper extremities.
hmAS: modified Ashworth Scale.
i(X): Performed only for patients who are not ready to train without supervision. These will continue with 5 additional minimally supervised therapy
sessions. In this case, the checklist is repeated during the fifth session.
jSUS: System Usability Scale.
kPSSUQ: Post-Study System Usability Questionnaire.
lTLX: raw Task Load Index.
mNPS: Net Promoter Score.
nCSAT: Customer Satisfaction Score.
oVAS-smiles: 5-point visual analogue scale represented by different emoticons used to answer the question “How was your therapy session today?”
pRobotic therapy data includes, for example, time of logging in and out, duration of sessions and breaks, number of task repetitions, correct answers,
difficulty level of the exercises, and muscle tone data.
qConventional therapy data includes the number and type of standard therapy sessions performed by the patient while participating in the clinical trial.

Before starting the intervention, patients undergo a screening
visit with a medical doctor at which the eligibility criteria are
checked and demographic and medical data relevant for patient
characterization are collected. At the beginning and end of the
study, patients undergo a visit with an experienced therapist
where clinical assessments are performed to characterize upper
limb sensorimotor deficits. Before the first robot-assisted therapy
session and at the end of the study, robotic assessments are
performed. The baseline robotic assessments are used to tailor
the initial difficulty level of the therapy exercises. As robotic
therapy is an addition to conventional therapy and this protocol
does not comprise a control group, functional recovery is not
used to evaluate the efficacy of unsupervised robot-assisted
therapy, as it is not possible to infer how much of the recovery
is due solely to the addition of robotic therapy, but rather to
investigate the possible relation of different impairment profiles
on the observed increase in therapy dose.

During the first week of intervention (ie, the supervised phase),
a therapist familiarizes the participants with the therapy platform
and teaches them how to perform the therapy exercises. During
the second week (ie, the minimally supervised phase),
participants try to perform the therapy exercises with the device
by themselves. A therapist is still present in the room but
intervenes only upon request or if deemed to be needed. The
first 2 phases consist of 5 sessions of about 45 minutes each,
performed on consecutive days (weekends excluded). These
sessions are an addition to standard therapy. Therefore, during
the study, participants are allowed to fully follow the
conventional interdisciplinary rehabilitation program provided
by the clinic.

During the last session of the minimally supervised phase, a
checklist (Multimedia Appendix 1) is used by the therapist to
record whether participants learned how to correctly perform
each assigned therapy exercise. The checklist is also used to
assess the patient’s functional independence in ambulation and
in positioning in front of the device and to decide if the patient
meets the requirements to train with the technology in a safe
and effective way without supervision. If the requirements are
met, the participant can proceed to the unsupervised phase,
which lasts for 2 weeks. During the unsupervised phase, patients
can independently exercise with the rehabilitation platform
during their free time, during dedicated sessions indicated on
their therapy schedule, as well as after 5 PM and during the

weekend. Specific guidelines on how much to train are not
provided. Even though a possible time to train with the device
is suggested on the patient’s daily therapy schedule during
weekdays, patients are clearly told that they do not necessarily
need to attend the session but can rather freely decide when to
seek additional therapy within the offered slots or whether to
go at all (ie, as a way to simulate home settings).

If, at the end of the first week of minimally supervised therapy,
the patients do not meet the requirements to transition to the
unsupervised phase, they continue with minimally supervised
therapy for an additional week. At the end of the second
minimally supervised week, the checklist is performed again.
If the patients are now ready for unsupervised training, they can
proceed to 1 week of unsupervised therapy; if they are not ready,
they undergo a third week of minimally supervised sessions
(Figure 2).

During the entire study, the device is placed in an open-access
room and an emergency call system is available next to it.
Trained personnel of the clinic turn on the device in the morning
and turn it off in the evening. If needed, patients are taken to
the device by the personnel of the clinic responsible for patient
transportation. The personnel might also help patients to position
themselves in the correct way in front of the device but do not
help with placing the patient’s hand on the handles or operating
the device.

The usability of the platform and user experience during
robot-assisted therapy is rated a first time at the end of the first
week of minimally supervised therapy and a second time at the
end of the study. The difference in the ratings between the 2
time points is used to investigate the effect of unsupervised
training (ie, of the therapist’s absence) on the perceived usability
of the therapy platform and on the user experience during
technology-assisted rehabilitation.

Adverse events and device deficiencies are monitored
throughout the whole study protocol. The intervention can be
discontinued after consultation with medical doctors and
therapists or if the participant decides to quit.

For each patient, attendance to the robot-assisted therapy
sessions is registered. As attendance to robot-assisted therapy
is one of the study outcomes, strategies to increase adherence
are not implemented. Reasons for nonattendance are registered
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a posteriori for each missed supervised or minimally supervised
session as well as if patients train for less than 50% of the
possible days (ie, less than 7 of 14 days when the patient
undergoes 2 weeks of unsupervised therapy or less than 4 of 7
days in cases where the patient undergoes only 1 week of
independent training) during the unsupervised phase.

Outcome Measures

Primary Outcomes
The primary outcomes of this study are the feasibility of the
proposed protocol, the dose of unsupervised robot-assisted
therapy performed by participants, and the difference between
usability and user experience between the phases where a
therapist is present (ie, supervised and minimally supervised
phases) and the unsupervised phase.

Feasibility is measured as the number of patients who could
transition to the unsupervised phase out of the total number of
tested patients, attendance during the unsupervised phase, and
safety of use. Attendance is defined as the percentage of days
out of the total number of offered days where the patient trains
with the device at least once, while safety is defined as the
number of adverse events and device deficiencies throughout
the entire protocol.

The different metrics used to characterize therapy dose are
therapy duration in minutes, number of task repetitions (ie, the
number of target movements performed), and percentage change
in physical therapy time with respect to the conventional therapy
program. Total conventional physical therapy time is estimated
from the sum of the duration in minutes of the physiotherapy
(without differentiating between upper limb and lower limb)
and occupational therapy sessions regularly performed by each
patient at the clinic.

Platform usability is assessed with the System Usability Scale
[29], the raw Task Load Index [30], and the Post-Study System
Usability Questionnaire [31]. User experience during
robot-assisted therapy is assessed with the Net Promoter Score
[32] and the Customer Satisfaction Score, as well as by
evaluating the reasons (if any) for not attending the therapy
sessions with the device.

The results of the checklist used to define which patient can
proceed to unsupervised therapy are also used to identify specific
aspects of the platform that might need to be further improved.

Secondary Outcomes
The difference in intensity (ie, number of task repetitions per
minute) and task performance during supervised or minimally
supervised therapy and unsupervised therapy is used to evaluate
if the content of the therapy varies when the therapist is no
longer present. A task repetition corresponds to the target action
that the patient must perform in a given exercise (eg, a
movement or combination of movements, such as one opening
and closing of the hand or interacting with one virtual object
rendered by the robot). A third metric to evaluate the difference
in therapy content is the ratio of effective therapy time (ie, net
therapy time without breaks) to total duration of a therapy
session during supervised or minimally supervised therapy and
unsupervised therapy.

Functional recovery, assessed as the difference between the
baseline and final scores in the clinical and robotic assessments,
is another secondary outcome. Clinical assessments comprise
the Fugl-Meyer Assessment for upper extremities [33],
ABILHAND [34], the Box and Block Test [35], the Motor
Evaluation Scale for Upper Extremities in Stroke Patients [36],
and the modified Ashworth Scale [20]. Robotic assessments
comprise active range of motion, hand proprioception, and
haptic perception (A1-A3 in [25]).

The scores of the cognitive assessments performed during the
screening visit (Goodglass-Kaplan scale and levels of cognitive
functioning-revised) are used to gain more insights into the
effect of cognitive function on the ability to transition to the
unsupervised phase.

Other parameters possibly influencing therapy dose or
attendance are also evaluated. These comprise age, baseline
assessment scores, functional recovery, the number of total
conventional therapy sessions, and functional independence
and mobility, as assessed with the Barthel index [37] and custom
questions every time the checklist is performed (ie, at the end
of each week of minimally supervised therapy).

Sample Size
The study includes 13 patients; 10 patients are expected to be
sufficient to perform a feasibility study and gather information
on the potential of unsupervised therapy to plan a subsequent
larger study targeting efficacy, and a dropout rate of around
20% is accounted for based on our previous studies [26]. The
selected sample size guarantees the execution of the study within
a relatively short time (ie, 2 years) such that improvements to
the device, if needed, can be implemented in a timely manner
for follow-up studies. Furthermore, this sample size is
comparable to previous studies performed by our group with
the RHK and to other studies with similar goals [10,11,15].

Data Collection, Management, and Confidentiality
All the data listed herein are collected by trained personnel. For
withdrawn participants, the clinical and robotic data collected
until withdrawal are kept, and no further clinical or robotic
evaluations are performed after that. A specific follow-up phase
is not needed.

At the beginning of the study an ID is assigned to each patient
and the saved data are coded according to this ID. Study data
are reported on a paper case report form (CRF), 1 for each
patient, and then entered in an electronic CRF with the help of
an electronic database, namely Research Electronic Data Capture
(REDCap) [38,39], hosted on a secure server at the Swiss
Federal Institute of Technology Zürich. REDCap promotes data
quality via functions and settings, like audit trails, field type
restriction, range checking, and definitions of required fields.
Data automatically saved by the RHK are stored on the
connected laptop. Backups of the data saved on the laptop and
of the electronic CRF are saved monthly on the protected server
of the sponsor institution. To promote security, the laptop is
password protected and participants can only access the therapy
interface. The data will be archived for a minimum of 10 years
after study termination or premature termination of the clinical
trial.
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Data Analysis
Descriptive statistics will be used to describe the study
population (eg, demographics, initial clinical scores, and changes
in clinical scores, such as functional recovery), attendance and
therapy dose in the unsupervised phase, user experience, and
platform usability.

Normal distribution of the data will be checked with the Shapiro
Wilk test. For each usability metric, a paired t test (normal
distribution) or a paired samples Wilcoxon test (for data not
normally distributed) will be performed to compare the data
collected during the usability evaluation 1 and usability
evaluation 2 sessions.

To evaluate the content of unsupervised therapy, 1-way repeated
measures ANOVA or its nonparametric version (Friedman test)
with post hoc tests will be run to compare intensity (average
block intensity for each patient), performance, and ratio of
effective therapy time to total session duration during
supervised, minimally supervised, and unsupervised therapy.
The same tests will be used to compare the answers to the
VAS-smiles, a 5-point VAS represented by different emoticons,
performed at the end of each therapy session during the 3 phases.
For these comparisons, we expect therapy content and
VAS-smiles not to vary significantly depending on the level of
supervision, as ideally the absence of the therapist should not
impact these outcomes. Patients who did not reach the
unsupervised phase will be excluded from this analysis.

Linear mixed-effects models will be used to investigate
parameters (eg, demographics and baseline data) possibly
influencing the achieved dose of unsupervised therapy.

Relevant qualitative data will be summarized and reported
accordingly.

Data analysis will be performed with MATLAB R2021b
(MathWorks).

Monitoring
Monitoring is performed by a study nurse employed at the
sponsor institution. An initiation visit on-site is performed to
check the suitability of the infrastructure and staff. Routine
monitoring is then performed through on-site or web-based
visits depending on the needs of the investigators (eg, on request
or for safety reasons). A close-out visit is performed after the
completion of the study. Interim analysis is not foreseen.

Observed or spontaneously reported adverse events are collected
and assessed by one of the medical doctors involved in the
clinical study and recorded on the CRF. Adverse events are then
reported in the annual safety report and final report. Serious
adverse events are reported to the ethics committee and to the
competent authority within 7 days.

Auditing may be conducted at any time by the ethics committee
or the competent authority, both independent from the sponsor
and investigator. The study documentation, CRF, and informed
consent are accessible for auditing.

Ethical Considerations
This study protocol follows the SPIRIT (Standard Protocol
Items: Recommendations for Interventional Trials) reporting
guidelines [40]. The study follows the guidelines on good
clinical practice and the Declaration of Helsinki. The protocol
(Version 2, 17.03.2020) has been approved by the cantonal
ethics committee (“Comitato etico cantonale Ticino,” CE TI
3577) and by the Swiss Agency for Therapeutic Products
(Swissmedic, 102681300) and was registered at
ClinicalTrials.gov (NCT04388891) and on the portal for clinical
trials in Switzerland (SNCTP000003850). Substantial
amendments have to be submitted and approved by the cantonal
ethics committee and Swissmedic before being implemented
and distributed to the study staff both orally and in writing.

Ancillary and post-trial care is not needed. An insurance was
stipulated to compensate for eventual harm from trial
participation.

The sponsor and investigators will have access to the final trial
data set. The study results will be presented among the
collaborators of the Clinica Hildebrand Centro di Riabilitazione
Brissago and of the sponsor institution. Results are planned to
be published in peer-reviewed journals or conferences. The use
of a professional writer and public access to the data set and
statistical code is not foreseen.

Results

Recruitment started in November 2020. As of April 2023, 13
patients were recruited and completed the protocol. Data analysis
is ongoing, and publication of the results is expected for 2023.

Discussion

This paper describes the details of a single-group, interventional
clinical study investigating the feasibility of unsupervised
robot-assisted therapy of hand function in inpatients with
subacute stroke and its effect on the dose of therapy. In
particular, we propose a systematic approach for a progressive
transition from supervised to unsupervised use of an advanced
rehabilitation technology.

Unsupervised technology-assisted rehabilitation is seen as a
promising avenue to increase therapy dose for stroke survivors
without increasing the workload for therapists. As opposed to
most telerehabilitation interventions, whose development was
fueled, for instance, by the COVID-19 pandemic and the need
for neurorehabilitation services to decrease reliance on hospital
presence (eg, by proposing remotely supervised physiotherapy
sessions [41,42]), robot-assisted therapy may not rely on the
presence of a therapist [7]. Such a fully unsupervised approach
to neurorehabilitation might therefore provide a more sustainable
answer to the unfavorable patient to therapist ratio [4,43].

The absence of supervision during rehabilitation certainly raises
challenges with respect to adherence and motivation to train,
understanding of tasks to be achieved, and safety. We expect
that an initial standardized training procedure can help patients
to learn how to use a rehabilitation technology in a controlled
way so that the risk of adverse events during unsupervised
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therapy is reduced and patients feel comfortable and motivated
in using the technology on their own. Despite the many
feasibility studies describing unsupervised technology-assisted
rehabilitation, there exists no consensus on how to optimally
achieve the transition from supervised to unsupervised use of
such technologies, nor is there an agreement on how to define
and evaluate feasibility. The systematic approach outlined in
this protocol paper provides a way for patients to progressively
transition from supervised to unsupervised use of a rehabilitation
technology based on objective data (ie, a checklist).
Furthermore, it allows for the collection of information on the
feasibility of unsupervised therapy and its effect on therapy
dose, user experience, and the usability of the rehabilitation
technology used. We expect this systematic approach to allow
patients to transition to unsupervised use of a rehabilitation
technology in a safe and comfortable way, meaning that usability
and user experience do not drop during unsupervised use. High
perceived usability and user experience are essential and
increasingly investigated aspects [11,24,44] as they may increase
adherence, and therefore, therapy dose, in the unsupervised
phase, potentially leading to an improvement in functional
outcomes.

While designed here for a specific robotic technology
(ReHapticKnob), the proposed methodological approach could
be generalized to other rehabilitation technologies with minor
adjustments, such as the goals reported in the checklist, which
need to be adapted to the specific rehabilitation platform as they
depend on the practical actions that users need to learn to use
a given technology. Furthermore, depending on the complexity
of the technology, the number of supervised and minimally

supervised sessions might be adapted. All other outcome
measures, such as the usability and user experience
questionnaires, adverse events, device deficiencies, and clinical
assessments, can be collected independently from the technology
used. Outcomes used to characterize therapy dose, namely,
therapy duration in minutes or the number of repetitions, should
be parameters that most rehabilitation technologies automatically
record, as one or both of them are already reported by many
research groups working in the field [13,45-47]. Given its
generalizability, the proposed methodological approach could
serve as a benchmark to allow for better and easier comparisons
between different technologies for unsupervised rehabilitation.

The proposed interventional study of patients with subacute
stroke aims to demonstrate the feasibility of fully unsupervised
robot-assisted rehabilitation in a clinical setting. While no
supervision is provided during the use of the device in the
unsupervised phase of the study, the fact that it takes place in
a clinical environment may still influence adherence and the
achieved dose. However, if successful in terms of feasibility,
the approach outlined in this paper could, as a next step, also
be applied to the home setting. For example, the supervised and
minimally supervised (and even the unsupervised) phases can
be implemented in the clinic, and after discharge, the patient
could continue training with the technology in an unsupervised
way at home. The purpose of the progressive transition approach
we propose here would be to guarantee that enough training in
the use of the device is provided before discharge to later allow
for safe and high-quality unsupervised use of the robot at home,
which could help keep patients engaged in rehabilitation and
maintain or even further increase functional recovery.

Acknowledgments
This work is supported by the ETH Zürich Foundation and the National Research Foundation, Prime Minister’s Office, Singapore
under its Campus for Research Excellence and Technological Enterprise (CREATE) program.

Data Availability
This paper describes a research protocol and does not report collected data. The data sets generated during the study detailed here
will later be presented in the related main manuscript describing the results of the study and will be available from the corresponding
author upon reasonable request.

Authors' Contributions
All authors contributed to the development of the described study protocol. GD wrote the manuscript with the help of RR and
OL. All authors reviewed the final manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Checklist used by the therapist to record whether participants learned how to correctly perform each assigned therapy exercise,
the patient's functional independence in ambulation and in positioning in front of the device, and to decide if the patient meets
the requirements to train with the technology in a safe and effective way without supervision.
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Multimedia Appendix 2
Checklist for SPIRIT (Standard Protocol Items: Recommendations for Interventional Trials) guidelines.

JMIR Res Protoc 2023 | vol. 12 | e48485 | p. 9https://www.researchprotocols.org/2023/1/e48485
(page number not for citation purposes)

Devittori et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v12i1e48485_app1.pdf&filename=026f2e494904499a934280254d8b26fd.pdf
https://jmir.org/api/download?alt_name=resprot_v12i1e48485_app1.pdf&filename=026f2e494904499a934280254d8b26fd.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


[PDF File (Adobe PDF File), 128 KB-Multimedia Appendix 2]

References

1. Lawrence ES, Coshall C, Dundas R, Stewart J, Rudd AG, Howard R, et al. Estimates of the prevalence of acute stroke
impairments and disability in a multiethnic population. Stroke 2001 Jun;32(6):1279-1284 [doi: 10.1161/01.str.32.6.1279]
[Medline: 11387487]

2. Ward NS, Brander F, Kelly K. Intensive upper limb neurorehabilitation in chronic stroke: outcomes from the Queen Square
programme. J Neurol Neurosurg Psychiatry 2019 May;90(5):498-506 [doi: 10.1136/jnnp-2018-319954] [Medline: 30770457]

3. McCabe J, Monkiewicz M, Holcomb J, Pundik S, Daly JJ. Comparison of robotics, functional electrical stimulation, and
motor learning methods for treatment of persistent upper extremity dysfunction after stroke: a randomized controlled trial.
Arch Phys Med Rehabil 2015 Jun;96(6):981-990 [FREE Full text] [doi: 10.1016/j.apmr.2014.10.022] [Medline: 25461822]

4. Jesus TS, Landry MD, Dussault G, Fronteira I. Human resources for health (and rehabilitation): six rehab-workforce
challenges for the century. Hum Resour Health 2017 Jan 23;15(1):8 [FREE Full text] [doi: 10.1186/s12960-017-0182-7]
[Medline: 28114960]

5. Bersano A, Kraemer M, Touzé E, Weber R, Alamowitch S, Sibon I, et al. Stroke care during the COVID-19 pandemic:
experience from three large European countries. Eur J Neurol 2020 Sep;27(9):1794-1800 [FREE Full text] [doi:
10.1111/ene.14375] [Medline: 32492764]

6. Aguiar de Sousa D, van der Worp HB, Caso V, Cordonnier C, Strbian D, Ntaios G, et al. Maintaining stroke care in Europe
during the COVID-19 pandemic: results from an international survey of stroke professionals and practice recommendations
from the European Stroke Organisation. Eur Stroke J 2020 Sep;5(3):230-236 [FREE Full text] [doi:
10.1177/2396987320933746] [Medline: 33072876]

7. Lambercy O, Lehner R, Chua K, Wee SK, Rajeswaran DK, Kuah CWK, et al. Neurorehabilitation from a distance: can
intelligent technology support decentralized access to quality therapy? Front Robot AI 2021;8:612415 [FREE Full text]
[doi: 10.3389/frobt.2021.612415] [Medline: 34026855]

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

9. Mayo NE. Stroke rehabilitation at home. Stroke 2016 Jun;47(6):1685-1691 [doi: 10.1161/strokeaha.116.011309]
10. Chen Y, Chen Y, Zheng K, Dodakian L, See J, Zhou R, et al. A qualitative study on user acceptance of a home-based stroke

telerehabilitation system. Top Stroke Rehabil 2020 Mar;27(2):81-92 [FREE Full text] [doi: 10.1080/10749357.2019.1683792]
[Medline: 31682789]

11. Guillén-Climent S, Garzo A, Muñoz-Alcaraz MN, Casado-Adam P, Arcas-Ruiz-Ruano J, Mejías-Ruiz M, et al. A usability
study in patients with stroke using MERLIN, a robotic system based on serious games for upper limb rehabilitation in the
home setting. J Neuroeng Rehabil 2021 Feb 23;18(1):41 [FREE Full text] [doi: 10.1186/s12984-021-00837-z] [Medline:
33622344]

12. Qiu Q, Cronce A, Patel J, Fluet GG, Mont AJ, Merians AS, et al. Development of the home based virtual rehabilitation
system (HoVRS) to remotely deliver an intense and customized upper extremity training. J Neuroeng Rehabil 2020 Nov
23;17(1):155 [FREE Full text] [doi: 10.1186/s12984-020-00789-w] [Medline: 33228709]

13. Sivan M, Gallagher J, Makower S, Keeling D, Bhakta B, O'Connor RJ, et al. Home-based computer assisted arm rehabilitation
(hCAAR) robotic device for upper limb exercise after stroke: results of a feasibility study in home setting. J Neuroeng
Rehabil 2014 Dec 12;11:163 [FREE Full text] [doi: 10.1186/1743-0003-11-163] [Medline: 25495889]

14. Thielbar KO, Triandafilou KM, Barry AJ, Yuan N, Nishimoto A, Johnson J, et al. Home-based upper extremity stroke
therapy using a multiuser virtual reality environment: a randomized trial. Arch Phys Med Rehabil 2020 Feb;101(2):196-203
[doi: 10.1016/j.apmr.2019.10.182] [Medline: 31715140]

15. Wittmann F, Held JP, Lambercy O, Starkey ML, Curt A, Höver R, et al. Self-directed arm therapy at home after stroke
with a sensor-based virtual reality training system. J Neuroeng Rehabil 2016 Aug 11;13(1):75 [FREE Full text] [doi:
10.1186/s12984-016-0182-1] [Medline: 27515583]

16. Quinn TJ, Taylor-Rowan M, Coyte A, Clark AB, Musgrave SD, Metcalf AK, et al. Pre-stroke modified Rankin scale:
evaluation of validity, prognostic accuracy, and association with treatment. Front Neurol 2017;8:275 [FREE Full text] [doi:
10.3389/fneur.2017.00275] [Medline: 28659859]

17. Brott T, Adams HP, Olinger CP, Marler JR, Barsan WG, Biller J, et al. Measurements of acute cerebral infarction: a clinical
examination scale. Stroke 1989 Jul;20(7):864-870 [doi: 10.1161/01.str.20.7.864] [Medline: 2749846]

18. Huber W, Klingenberg G, Poeck K, Willmes K. Die supplemente zum aachener aphasie test: aufbau und resultate der
validierung. Neurolinguistik Zeitschrift für Aphasieforsch und Therapie 1993;7:43-66

19. Hagen C. Rancho levels of cognitive functioning-revised. Rancho Los Amigos Medical Center. URL: https://clinicalportfolio.
files.wordpress.com/2016/07/rancho-levels-chart1.pdf [accessed 2023-10-13]

20. Charalambous C. Interrater reliability of a modified ashworth scale of muscle spasticity. Class Pap Orthop 2014;67:415-417
[doi: 10.1007/978-1-4471-5451-8_105]

JMIR Res Protoc 2023 | vol. 12 | e48485 | p. 10https://www.researchprotocols.org/2023/1/e48485
(page number not for citation purposes)

Devittori et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v12i1e48485_app2.pdf&filename=1dc0152ef1d19a06bd1ffcac891321d8.pdf
https://jmir.org/api/download?alt_name=resprot_v12i1e48485_app2.pdf&filename=1dc0152ef1d19a06bd1ffcac891321d8.pdf
http://dx.doi.org/10.1161/01.str.32.6.1279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11387487&dopt=Abstract
http://dx.doi.org/10.1136/jnnp-2018-319954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30770457&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0003-9993(14)01228-3
http://dx.doi.org/10.1016/j.apmr.2014.10.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25461822&dopt=Abstract
https://human-resources-health.biomedcentral.com/articles/10.1186/s12960-017-0182-7
http://dx.doi.org/10.1186/s12960-017-0182-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28114960&dopt=Abstract
https://air.unimi.it/handle/2434/759924
http://dx.doi.org/10.1111/ene.14375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32492764&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2396987320933746?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/2396987320933746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33072876&dopt=Abstract
https://europepmc.org/abstract/MED/34026855
http://dx.doi.org/10.3389/frobt.2021.612415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34026855&dopt=Abstract
https://mhealth.jmir.org/2018/3/e47/
http://dx.doi.org/10.2196/mhealth.8518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29496655&dopt=Abstract
http://dx.doi.org/10.1161/strokeaha.116.011309
https://digitalcommons.chapman.edu/pt_articles/119/
http://dx.doi.org/10.1080/10749357.2019.1683792
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31682789&dopt=Abstract
https://jneuroengrehab.biomedcentral.com/articles/10.1186/s12984-021-00837-z
http://dx.doi.org/10.1186/s12984-021-00837-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33622344&dopt=Abstract
https://jneuroengrehab.biomedcentral.com/articles/10.1186/s12984-020-00789-w
http://dx.doi.org/10.1186/s12984-020-00789-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33228709&dopt=Abstract
https://jneuroengrehab.biomedcentral.com/articles/10.1186/1743-0003-11-163
http://dx.doi.org/10.1186/1743-0003-11-163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25495889&dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2019.10.182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31715140&dopt=Abstract
https://jneuroengrehab.biomedcentral.com/articles/10.1186/s12984-016-0182-1
http://dx.doi.org/10.1186/s12984-016-0182-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27515583&dopt=Abstract
https://europepmc.org/abstract/MED/28659859
http://dx.doi.org/10.3389/fneur.2017.00275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28659859&dopt=Abstract
http://dx.doi.org/10.1161/01.str.20.7.864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2749846&dopt=Abstract
https://clinicalportfolio.files.wordpress.com/2016/07/rancho-levels-chart1.pdf
https://clinicalportfolio.files.wordpress.com/2016/07/rancho-levels-chart1.pdf
http://dx.doi.org/10.1007/978-1-4471-5451-8_105
http://www.w3.org/Style/XSL
http://www.renderx.com/


21. Metzger J, Lambercy O, Chapuis D, Gassert R. Design and characterization of the ReHapticKnob, a robot for assessment
and therapy of hand function. 2011 Presented at: IEEE/RSJ International Conference on Intelligent Robots and Systems;
September 25-30, 2011; San Francisco [doi: 10.1109/iros.2011.6094882]

22. Perfetti C. Der Hemiplegische Patient - Kognitiv Therapeutische Übungen. München: Richard Pflaum Verlag GmbH &
Co. KG; 1997.

23. Metzger J, Lambercy O, Califfi A, Conti FM, Gassert R. Neurocognitive robot-assisted therapy of hand function. IEEE
Trans Haptics 2014 Apr;7(2):140-149 [doi: 10.1109/toh.2013.72]

24. Ranzani R, Eicher L, Viggiano F, Engelbrecht B, Held JPO, Lambercy O, et al. Towards a platform for robot-assisted
minimally-supervised therapy of hand function: design and pilot usability evaluation. Front Bioeng Biotechnol 2021;9:652380
[FREE Full text] [doi: 10.3389/fbioe.2021.652380] [Medline: 33937218]

25. Metzger J, Lambercy O, Califfi A, Dinacci D, Petrillo C, Rossi P, et al. Assessment-driven selection and adaptation of
exercise difficulty in robot-assisted therapy: a pilot study with a hand rehabilitation robot. J Neuroeng Rehabil 2014 Nov
15;11:154 [FREE Full text] [doi: 10.1186/1743-0003-11-154] [Medline: 25399249]

26. Ranzani R, Lambercy O, Metzger J, Califfi A, Regazzi S, Dinacci D, et al. Neurocognitive robot-assisted rehabilitation of
hand function: a randomized control trial on motor recovery in subacute stroke. J Neuroeng Rehabil 2020 Aug 24;17(1):115
[FREE Full text] [doi: 10.1186/s12984-020-00746-7] [Medline: 32831097]

27. Ranzani R, Viggiano F, Engelbrecht B, Held J, Lambercy O, Gassert R. Method for Muscle Tone Monitoring During
Robot-Assisted Therapy of Hand Function: A Proof of Concept. 2019 Presented at: IEEE 16th International Conference
on Rehabilitation Robotics; June 24-28, 2019; Toronto p. 957-962 [doi: 10.1109/icorr.2019.8779454]

28. Devittori G, Ranzani R, Dinacci D, Romiti D, Califfi A, Petrillo C, et al. Automatic and personalized adaptation of therapy
parameters for unsupervised robot-assisted rehabilitation: a pilot evaluation. 2022 Presented at: 2022 International Conference
on Rehabilitation Robotics (ICORR); July 25-29, 2022; Rotterdam [doi: 10.1109/icorr55369.2022.9896527]

29. Brooke J. SUS - a quick and dirty usability scale. In: Jordan PW, Thomas B, Weerdmeester BA, McClelland IL, editors.
Usability Evaluation in Industry. Abingdon: Taylor & Francis; 1996.

30. Hart SG. Nasa-task load index (NASA-TLX); 20 years later. Proc Hum Factors Ergon Soc Annu Meet 2016 Nov
05;50(9):904-908 [FREE Full text] [doi: 10.1177/154193120605000909]

31. Lewis JR. Psychometric evaluation of the PSSUQ using data from five years of usability studies. Int J Hum-Comput Int
2002 Sep;14(3-4):463-488 [doi: 10.1080/10447318.2002.9669130]

32. Reichheld F. The one number you need to grow. Harvard Business Review. URL: https://hbr.org/2003/12/
the-one-number-you-need-to-grow [accessed 2022-09-01]

33. Fugl-Meyer A, Jääskö L, Leyman I, Olsson S, Steglind S. The post-stroke hemiplegic patient. 1. a method for evaluation
of physical performance. J Rehabil Med 1975 Jan 01;7(1):13-31 [doi: 10.2340/1650197771331]

34. Penta M, Tesio L, Arnould C, Zancan A, Thonnard J. The ABILHAND questionnaire as a measure of manual ability in
chronic stroke patients: Rasch-based validation and relationship to upper limb impairment. Stroke 2001 Jul;32(7):1627-1634
[doi: 10.1161/01.str.32.7.1627] [Medline: 11441211]

35. Mathiowetz V, Volland G, Kashman N, Weber K. Adult norms for the box and block test of manual dexterity. Am J Occup
Ther 1985 Jun;39(6):386-391 [doi: 10.5014/ajot.39.6.386] [Medline: 3160243]

36. Van de Winckel A, Feys H, van der Knaap S, Messerli R, Baronti F, Lehmann R, et al. Can quality of movement be
measured? Rasch analysis and inter-rater reliability of the motor evaluation scale for upper extremity in stroke patients
(MESUPES). Clin Rehabil 2006 Oct;20(10):871-884 [doi: 10.1177/0269215506072181] [Medline: 17008339]

37. Mahoney F, Barthel D. Functional evaluation: the Barthel index. Md State Med J 1965:56-61 [FREE Full text] [doi:
10.1037/t02366-000]

38. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O'Neal L, et al. The REDCap consortium: building an international
community of software platform partners. J Biomed Inform 2019 Jul;95:103208 [FREE Full text] [doi:
10.1016/j.jbi.2019.103208] [Medline: 31078660]

39. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a
metadata-driven methodology and workflow process for providing translational research informatics support. J Biomed
Inform 2009 Apr;42(2):377-381 [FREE Full text] [doi: 10.1016/j.jbi.2008.08.010] [Medline: 18929686]

40. Chan A, Tetzlaff JM, Gøtzsche PC, Altman DG, Mann H, Berlin JA, et al. SPIRIT 2013 explanation and elaboration:
guidance for protocols of clinical trials. BMJ 2013 Jan 08;346:e7586 [FREE Full text] [doi: 10.1136/bmj.e7586] [Medline:
23303884]

41. Tchero H, Tabue Teguo M, Lannuzel A, Rusch E. Telerehabilitation for stroke survivors: systematic review and meta-analysis.
J Med Internet Res 2018 Oct 26;20(10):e10867 [FREE Full text] [doi: 10.2196/10867] [Medline: 30368437]

42. Duncan PW, Bernhardt J. Telerehabilitation: has its time come? Stroke 2021 Aug;52(8):2694-2696 [doi:
10.1161/strokeaha.121.033289]

43. McHugh G, Swain ID. A comparison between reported and ideal patient-to-therapist ratios for stroke rehabilitation. Health
2013;05(06):105-112 [doi: 10.4236/health.2013.56a2016]

JMIR Res Protoc 2023 | vol. 12 | e48485 | p. 11https://www.researchprotocols.org/2023/1/e48485
(page number not for citation purposes)

Devittori et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1109/iros.2011.6094882
http://dx.doi.org/10.1109/toh.2013.72
https://europepmc.org/abstract/MED/33937218
http://dx.doi.org/10.3389/fbioe.2021.652380
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33937218&dopt=Abstract
https://jneuroengrehab.biomedcentral.com/articles/10.1186/1743-0003-11-154
http://dx.doi.org/10.1186/1743-0003-11-154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25399249&dopt=Abstract
https://jneuroengrehab.biomedcentral.com/articles/10.1186/s12984-020-00746-7
http://dx.doi.org/10.1186/s12984-020-00746-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32831097&dopt=Abstract
http://dx.doi.org/10.1109/icorr.2019.8779454
http://dx.doi.org/10.1109/icorr55369.2022.9896527
http://pro.sagepub.com/content/50/9/904.full.pdf+html
http://dx.doi.org/10.1177/154193120605000909
http://dx.doi.org/10.1080/10447318.2002.9669130
https://hbr.org/2003/12/the-one-number-you-need-to-grow
https://hbr.org/2003/12/the-one-number-you-need-to-grow
http://dx.doi.org/10.2340/1650197771331
http://dx.doi.org/10.1161/01.str.32.7.1627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11441211&dopt=Abstract
http://dx.doi.org/10.5014/ajot.39.6.386
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3160243&dopt=Abstract
http://dx.doi.org/10.1177/0269215506072181
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17008339&dopt=Abstract
https://psycnet.apa.org/record/2012-30334-001
http://dx.doi.org/10.1037/t02366-000
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(19)30126-1
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31078660&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(08)00122-6
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18929686&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=23303884
http://dx.doi.org/10.1136/bmj.e7586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23303884&dopt=Abstract
https://www.jmir.org/2018/10/e10867/
http://dx.doi.org/10.2196/10867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30368437&dopt=Abstract
http://dx.doi.org/10.1161/strokeaha.121.033289
http://dx.doi.org/10.4236/health.2013.56a2016
http://www.w3.org/Style/XSL
http://www.renderx.com/


44. Cameirão MS, Badia SBI, Oller ED, Verschure PF. Neurorehabilitation using the virtual reality based rehabilitation gaming
system: methodology, design, psychometrics, usability and validation. J Neuroeng Rehabil 2010 Sep 22;7:48 [FREE Full
text] [doi: 10.1186/1743-0003-7-48] [Medline: 20860808]

45. Broderick M, Almedom L, Burdet E, Burridge J, Bentley P. Self-directed exergaming for stroke upper limb impairment
increases exercise dose compared to standard care. Neurorehabil Neural Repair 2021 Nov;35(11):974-985 [FREE Full text]
[doi: 10.1177/15459683211041313] [Medline: 34449290]

46. Nijenhuis SM, Prange GB, Amirabdollahian F, Sale P, Infarinato F, Nasr N, et al. Feasibility study into self-administered
training at home using an arm and hand device with motivational gaming environment in chronic stroke. J Neuroeng Rehabil
2015 Oct 09;12:89 [FREE Full text] [doi: 10.1186/s12984-015-0080-y] [Medline: 26452749]

47. Chen J, Nichols D, Brokaw EB, Lum PS. Home-based therapy after stroke using the hand spring operated movement
enhancer (HandSOME). IEEE Trans Neural Syst Rehabil Eng 2017 Dec;25(12):2305-2312 [doi: 10.1109/tnsre.2017.2695379]

Abbreviations
CRF: case report form
REDCap: Research Electronic Data Capture
RHK: ReHapticKnob
SPIRIT: Standard Protocol Items: Recommendations for Interventional Trials
VAS: visual analogue scale

Edited by A Mavragani; submitted 25.04.23; peer-reviewed by P Watson, C Colak; comments to author 19.08.23; revised version
received 21.09.23; accepted 02.10.23; published 09.11.23

Please cite as:
Devittori G, Ranzani R, Dinacci D, Romiti D, Califfi A, Petrillo C, Rossi P, Gassert R, Lambercy O
Progressive Transition From Supervised to Unsupervised Robot-Assisted Therapy After Stroke: Protocol for a Single-Group,
Interventional Feasibility Study
JMIR Res Protoc 2023;12:e48485
URL: https://www.researchprotocols.org/2023/1/e48485
doi: 10.2196/48485
PMID: 37943580

©Giada Devittori, Raffaele Ranzani, Daria Dinacci, Davide Romiti, Antonella Califfi, Claudio Petrillo, Paolo Rossi, Roger
Gassert, Olivier Lambercy. Originally published in JMIR Research Protocols (https://www.researchprotocols.org), 09.11.2023.
This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Research Protocols, is properly cited. The complete bibliographic information,
a link to the original publication on https://www.researchprotocols.org, as well as this copyright and license information must be
included.

JMIR Res Protoc 2023 | vol. 12 | e48485 | p. 12https://www.researchprotocols.org/2023/1/e48485
(page number not for citation purposes)

Devittori et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jneuroengrehab.biomedcentral.com/articles/10.1186/1743-0003-7-48
https://jneuroengrehab.biomedcentral.com/articles/10.1186/1743-0003-7-48
http://dx.doi.org/10.1186/1743-0003-7-48
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20860808&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/15459683211041313?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/15459683211041313
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34449290&dopt=Abstract
https://jneuroengrehab.biomedcentral.com/articles/10.1186/s12984-015-0080-y
http://dx.doi.org/10.1186/s12984-015-0080-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26452749&dopt=Abstract
http://dx.doi.org/10.1109/tnsre.2017.2695379
https://www.researchprotocols.org/2023/1/e48485
http://dx.doi.org/10.2196/48485
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37943580&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

