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Abstract: (1) Background: Digital health technologies (DHTs) are increasingly being uti-
lized to facilitate receiving rehabilitation services remotely, offering innovative solutions to
enhance recovery outcomes. This scoping review examines the role of DHT in home-based
stroke rehabilitation, focusing on its applications, effectiveness, and limitations. It identifies
key advancements and future directions for improving stroke recovery through technologi-
cal innovations. (2) Methods: Using Arksey and O’Malley’s framework, a systematic search
was conducted across multiple databases to identify studies involving DHT for home-
based stroke rehabilitation. Eligible studies incorporated technologies for monitoring and
evaluation. Data extraction followed PRISMA-ScR guidelines, synthesizing findings across
various research designs. (3) Results: Ten studies were reviewed, categorizing technologies
into wearable devices, smartphones, and sensor-based solutions. These tools primarily
assessed mobility, upper extremity function, cognitive function, daily living activities, and
continuous physiological monitoring. High feasibility and usability were reported, though
challenges included small sample sizes and user-centered design limitations. (4) Conclu-
sions: Most DHTs used for evaluating and monitoring home-based stroke rehabilitation
are wearable and sensor-based, mainly focusing on mobility and upper extremity function.
Their application is effective, but limitations remain. Future research should address these
gaps to enhance usability and coverage.

Keywords: digital health technology; stroke rehabilitation; home monitoring; evaluation

1. Introduction

Stroke remains one of the leading causes of death and disability worldwide, imposing
a significant burden on individuals, families, and healthcare systems [1,2]. The economic
impact of stroke rehabilitation is also substantial, as long-term care costs are often required,
placing a strain on healthcare systems worldwide [3]. According to recent estimates,
approximately 6.5 to 6.6 million stroke-related deaths occur annually, a number that reflects
the growing impact of this condition globally [4]. Stroke incidence continues to rise, largely
due to the increasing aging population and the rising prevalence of risk factors such as
hypertension, diabetes, and a sedentary lifestyle [5,6]. Following a stroke, disability is
highly prevalent, and patients often face a range of physical and cognitive challenges,
including upper extremity (UE) dysfunction, balance disorders, aphasia, dysphagia, and
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cognitive impairments [7]. The aftermath of a stroke can significantly impact a person’s
ability to return to work and perform daily activities, ultimately affecting their quality of
life [8]. Approximately 25-74% of stroke survivors require assistance with daily activities,
placing a substantial burden on caregivers and healthcare facilities [9]. Early and effective
rehabilitation is crucial in the first two months following a stroke, as this period is essential
for minimizing the risk of permanent disability and improving recovery outcomes [10].

Also, stroke rehabilitation is no longer confined to hospital settings; a significant
component of recovery can take place in the home environment. Home-based rehabilitation
allows for continuous monitoring, evaluation, and intervention, which is particularly impor-
tant for stroke patients who live alone or suffer from cognitive disorders [11]. Home-based
digital health tools can support self-management, track progress, and provide ongoing
feedback to both patients and healthcare providers [12,13]. This approach offers the poten-
tial to reduce the burden on hospitals and outpatient services while ensuring that patients
receive the necessary care in the comfort of their homes [14].

As technological advancements continue to reshape healthcare, DHTs are emerging
as powerful tools in stroke rehabilitation [15]. DHTs not only improve the efficiency and
outcomes of rehabilitation, but they also provide more accessible options for patients [16].
For example, DHT can facilitate remote rehabilitation services, making it possible to reach
individuals in rural or underserved areas who may not have access to specialized reha-
bilitation facilities [17,18]. Moreover, the use of DHT has proven beneficial in uncommon
circumstances, such as during the COVID-19 pandemic, when in-person rehabilitation
sessions were disrupted by lockdowns and social distancing measures [19]. The field of
DHT requires further clarification, not only in terms of the technology itself but also in
evaluating its efficacy, effectiveness, and implementation ability. Recent literature reviews
have shown that home-based technologies are widely used in stroke rehabilitation, with
each technology offering specific benefits and limitations. Additionally, designing for moti-
vation and considering the home environment are crucial factors in developing effective
home-based stroke rehabilitation technologies [11]. The most influential research on this
topic occurred between 1994 and 2012, with a strong emphasis on randomized clinical
trials. Virtual reality technology, in particular, has become a prominent area of research
within DHT for stroke rehabilitation [20]. Furthermore, self-monitoring interventions using
DHT, which provide feedback and enable self-observation, have proven to be particularly
effective in supporting behavior change among stroke patients [21].

However, there is a gap in the literature regarding the specific types of technologies
used for home-based rehabilitation monitoring and evaluating patient performance. This is
critical for promoting greater independence and safety for patients in their home environ-
ments. Therefore, in this scoping review, we aim to explore the digital health technologies
currently used to monitor and evaluate home-based stroke rehabilitation. By reviewing the
available evidence, we seek to synthesize how these technologies are applied in practice
and to provide guidance for future technological development and research initiatives.

2. Materials and Methods

2.1. Design
The research question guiding this review was:
“What digital health technologies are currently used to monitor and evaluate
home-based stroke rehabilitation? What is the clinical focus, technological char-

acteristics, reliability, clinical utility, and related recommendations of these tech-
nologies for technologists and researchers?”
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This scoping review adhered to the methodology proposed by Arksey and O’Malley,
which involves defining research questions, selecting appropriate studies, organizing data,
and synthesizing and presenting the findings [22].

The protocol for this review was prospectively registered on the Open Science Frame-
work (OSF) and is available at https://doi.org/10.17605/OSEIO/QW]XV.

In accordance with the JBI methodology for scoping reviews, a critical appraisal of
individual sources of evidence was not undertaken, as the objective was to map the existing
literature rather than assess study quality [23]. The review process was also aligned with
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for
Scoping Reviews checklist (PRISMA-ScR) to ensure comprehensive reporting [24]. All
stages of this review were carried out with careful attention to detail, ensuring both rigor
and reproducibility in the process. To facilitate the study selection and data extraction,
we utilized Covidence software (Veritas Health Innovation, Melbourne, Vic, Australia,
available at www.covidence.org), which streamlined the review process and ensured
consistency in the handling of included studies [25].

2.2. Search Strategy

The search strategy was developed by the lead author [M.-A.C.] and a health sci-
ences librarian [C.M.] and peer-reviewed by an academic librarian. To locate records, we
created searches on the concepts of digital technology, stroke, rehabilitation, and home self-
management using a combination of controlled vocabulary (i.e., MeSH) and keywords. The
digital technology search included MeSH terms that cover a wide selection of health tech-
nologies such as physiologic monitoring, artificial intelligence, smartphones, virtual reality,
wearable devices, and more. Other MeSH terms included were stroke, self-management,
and physical therapy modalities. The search was limited to English articles. The original
search was created in Medline (Ovid) [Appendix A] and translated to PsycINFO (Ovid),
Scopus, and CINAHL with Full Text (EBSCOhost). To locate grey literature, we searched
for conference proceedings in IEEE Xplore: IEEE Electronic Library (IEL); EMBASE (Ovid);
and Google. All records were exported to Endnote (Clarivate, PA, USA) and deduplicated.
Following deduplication, records were exported to Covidence (Veritas Health Innovation,
Melbourne, Vic, Australia). All other search strategies are available in Appendix A.

2.3. Inclusion and Exclusion Criteria

Inclusion criteria for this scoping review are as follows: studies that involve patients
who have experienced a stroke, are undergoing rehabilitation in a home environment,
and use technology as assistive technology or for evaluative and monitoring purposes.
Exclusion criteria include conceptual and theoretical studies, such as those focused on
frameworks and policies.

2.4. Study Selection Process

The study selection process (Figure 1) was carried out using Covidence by three
researchers based on predefined eligibility criteria. Initially, 1409 studies were identified
from databases and registers. After removing six duplicate records (one manually and
five via Covidence), 1403 studies proceeded to the screening stage. Following title and
abstract screening, 1243 studies were excluded, leaving 57 studies for full-text assessment.
All 57 studies were successfully retrieved, but 47 were excluded due to various reasons,
including inappropriate setting (n = 4), intervention (n = 2), study design (n = 8), theoretical
focus (n = 3), interventional study design (n = 2), wrong patient population (1 = 4), incorrect
technological specifications (1 = 19), and absence of specific technology mention (n = 5).
Consequently, 10 studies met the inclusion criteria and were included in this scoping review,
with no ongoing or unclassified studies.
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Figure 1. Study selection process.

2.5. Data Extraction and Analysis

Data extraction from the selected studies was performed using customized charting
forms created by the research team. Two of the authors, S.A. and J.B.H., conducted the
data extraction, while P.S. reviewed and made any necessary revisions to the charted
information, ensuring completeness and accuracy. M.K. performed data synthesis, analyses,

and material preparation.

3. Results

Below are the summarized results from the included studies:

3.1. Characteristics of the Included Studies
The included studies were published between 2002 and 2021 and were conducted in the
United States (n = 2) [26,27], Scotland (n = 1) [28], Italy (1 = 1) [29], Canada (n = 1) [30], Swe-
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den (n =1) [31], Switzerland (n = 1) [32], Thailand (n = 1) [33], France (n = 1) [34], and Korea
(n=1) [35]. Included studies comprised longitudinal observational studies (n = 3) [26,30,32],
feasibility studies (n = 3) [29,33,35], a construct validation study (n = 1) [28], a qualitative ob-
servational study (1 = 1) [31], a prospective experimental pre/post-design study (n = 1) [27],
and a design and development study (n = 1) [34].

Three articles involved small sample sizes, with 1-5 participants [29,33,35], while six
articles included medium sample sizes, ranging from 6 to 16 participants [26-28,31,32,34].
One article reported a large sample size of 25 participants [30]. Feasibility testing was
addressed in all the included studies as part of the research stage. Seven studies focused on
patients in the chronic phase of stroke [26-31,34], one included both subacute and chronic
phases [32], and one involved healthy participants [35]. Additionally, one study focused on
frozen shoulder, which applies to stroke, but did not specify the stroke phase [33].

3.2. DHT Characteristics and Goals

The findings from the included studies emphasize the effectiveness of various tech-
nologies in supporting home-based rehabilitation and remote monitoring and evaluation.
The included studies’ characteristics, objectives, and outcomes are detailed in Table 2.

3.2.1. Clinical Focus Addressed in the Included Studies

Seven articles investigated mobility measurement, with four addressing the UE [28,32-34],
two focusing on the lower extremities (LE) [26,29], and one examining the sit-to-stand tran-
sition [30]. One article focused on the actual and perceived use of the paretic UE [27], one
explored cognitive support for activities of daily living (ADL) [31], and another addressed
physiological monitoring [35].

3.2.2. Types of Technologies Used

Five articles explored wearable devices, including SECOSP [29], IMUs [32], SU-
LAM [28], accelerometers [27], and wireless physiological monitoring devices (ECG
and EMG) [35], while three articles examined sensor-based monitoring systems such
as SAM [26], Pressure-Sensitive Bed Mats [30], and the SyMPATHYy cup [34]. One article
discusses the Tentaculus System (TS) as a cognitive assistive technology [31], and one article
focuses on the iJoint web application and 3D simulation [33].

3.2.3. Accuracy and Reliability of Wearable Devices for Stroke Rehabilitation

Four studies examined the accuracy and reliability of wearable devices for stroke reha-
bilitation. One study revealed that SECOSP demonstrated superior accuracy compared to
an IMU, with a mean error lower than 0.6%. It outperformed a widely used step-monitoring
system, indicating its potential for precise step counting in mobility assessment [29].

Another study showed that the SULAM system effectively monitored UE activity
throughout daily routines with minimal interference. The study provided preliminary
evidence of its capability to objectively evaluate rehabilitation interventions aimed at
improving UE function [28].

Another study found that participants who received high-dose accelerometer-based
feedback reported significant perceived gains in both the amount and quality of paretic UE
use. The feedback increased awareness of paretic limb utilization [27].

One study demonstrated that a wireless physiological signal monitoring system ef-
fectively filtered interference and captured continuous ECG and EMG data during daily
activities. The system’s wireless connectivity enabled post-stroke and motor rehabilitation
in home environments where standard monitoring devices were not accessible [35].
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Table 1. Summary of included articles.
Author Country ?rt;lfg’ Objective Resstiagrech Sasrinzféle %tﬁgi(ee Technology 'lc";e 2?1111(5;2; Protocol Results
i SAM, but not the
. This study conventional pedometer,
investigates t(}i‘e The SAM attached by proyides accurate and
;ﬁ?;gﬁict};aor} a elastic straps with Velcro lgzhable n:ieasurles Ofd
o . closure above the lateral cadence and total stride
Richard E. United Ig{: gitudinal dm;f}la;ucai Feasibilit Microprocessor- LE Mobilit malleolus. Patients counts ir} hemiparetic
1 Macko Stz:tees t_Ser\ia- Prf; iSrOeIE)CZSeS(S)I‘I—S ?r:;ﬁrlll y n=16 Chronic  based Step Activity Measucr)erlrfez,lt performed replicate 1 min stroke patients. Portable
(2002) [26] Slt(l),l rlia based }t) Hivit & Monitor (SAM) floor walks at self-selected ~ microprocessor-based gait
y ased step achvity and fastest comfortable monitoring offers potential
momt(')n.ng (SAM) in paces, and two 6 min walks  to quantitatively measure
gait-impaired on separate days. home-community-based
hemiparetic stroke ambulatory activity levels
patients. in this population.
. By using the SULAM, it is
Participants wore the possible to monitor
To develop and Cigééévlt}flgr Stht,i:thE;ICll’t\S/ upper-limb activity over
evaluate a s rs)tem for normal da "F[)'he SI.}IJL AM the course of a person’s
C the ob'e}::tive The Strathclyde 1 c{ . both normal day, with minimal
Arturo Vega- %nftruct ) . cy - was placed on both arms. interference. This study
5 Gonzéley Scotland alida- measurement of Feasibility n=10 Chronic Upper-Limb UE Mobility The sampling frequency rovides preliminar
tion upper-limb activity Testing Activity Monitor Measurement was 10 Hz. For analvsis P P Y
(2005) [28] Study during a person’s (SULAM) he d e d ly ded evidence of the SULAM as
tivi%i p ¢ dail t et ata were lown oa te a useful tool for objectively
ac i e ordaty ontoa persona: computer evaluating interventions
iving. and software, written in imed at i :
C++, was used to calculate aimea at improving
the summary variables. upper-liﬁir?czgt:lty and
Three subjects undergoing
Comparison of the stroke rehabilitation with
new device mono-lateral damage who
(SECOSP) to one of had the SECOSP and were  The accuracy of the system
the moit—use)d athevgl 12 of the Ttipgttittejt was very high; the mean
Daniele o systems (IMU) in s Sensorized - or unbalance participate error was lower than 0.6%.
3 Giansanti Ttaly Fesamtélhty ass}éssing step count. Fgrasiblhty n=6 Chronic Codivilla Spring LE mobility ; in the study. These SECOSP performed better
(2008) [29] tudy Investigating the esting AFO (SECOSP) measuremen participants were asked to  than an IMU, which is one

accuracy of the

performance of
SECOSP as a step
counter.

perform repetitions of 100
supervised steps on
rectilinear ground with
linoleum with fast and a
slow gait.

of the best current systems
used to monitor step count.
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Table 1. Cont.

Author

Country Type

Study

Objective

Goal of the
Technology

Protocol

Results

Amaya
4 Arcelus
(2009) [30]

Eva
5 Lindqvist
(2010) [31]

Longitudinal

Observa-
tional
Study

Canada

Qualitative
Observa-

Sweden tional

Study

Measuring the
duration of a
sit-to-stand transfer

to monitor a person’s

status of physical
mobility.

To identify in which
everyday activities a
specific type of
computer-based and
modifiable assistive
technology could
provide adequate
support to persons
who experienced
difficulties related to
cognition after a
stroke.

Pressure-Sensitive

Floor Plate Sensor

The Tentaculus

Mobility
Measurement

Cognitive
Support for
ADL

Each subject was requested
to perform consecutive
transfers of lying supine on
the bed, sitting upright,
and then standing with
both feet on the floor plate.
After 10 s, participants
were asked to return from
standing to a supine lying
position. Five SiSt transfers
were then extracted from
each sequence for

subsequent timing analysis.

Pressure sequences were
extracted from frames of
sensor data measuring bed
and floor pressure over
time by an algorithm.
The assistive technology
used in the main study was
judged to be able to initiate
the performance of a
specific task and to inform
about upcoming events.
With the use of sensors
placed in the home, the
support provided related
to the completion of an
already-initiated task or to
reminders required in a
specific location or after
specific actions. Data for
this explorative and
descriptive study were
collected through
interviews based on two
assessment instruments in
the context of an
intervention project.
Interviews were conducted
in the participants” homes
on two occasions in order
to identify difficulties in
their everyday activities.
The data were analyzed
using content analysis.

As expected, young and
old healthy adults
generated shorter sist
durations of around 2.31
and 2.88 s, respectively,
whereas post-hip fracture
and post-stroke adults
produced longer sist
durations of around 3.32
and 5.00 s. The paper
provides valuable
information that can be
used for the ongoing
monitoring of patients
within extended-care
facilities or within the
smart home environment.

This type of support might
have the potential to
support people with

cognitive impairments in
the performance of their
everyday activities. These

AT solutions soon could be

used more frequently than

they are today. Hopefully,
the development of the AT
support process in this
study can provide a first
step towards a guide for
these implementations.
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Table 1. Cont.

Table 2. Cont.

Author Country %t;;g Objective Resste;agr:h Sasl?zgle ?,tflg;(ee Technology 1(;; 2?[113)5;2; Protocol Results
Gross arm movement
measured with one 6-dof
IMU worn at the paretic
wrist qualifies as
. assessment of functional
om0tk SR R
To assess fun-Ctl?}? al sensors at 5 anatomical séggzieedtgnaeg;gﬁli
Kaspar Longitudinal cfsrg gfsfe,:cshlir;lg t% Subacute Single Wrist-Worn I&Xg:gﬁf;i{g;ésall}é changes in arm activity and
6 Leuenberger Swizerlnd  Cpoe  GRENERCSIY TRtng”  n=10 and Inertial Meamsemeny  compared toconventional - SEREREE
(2017) [32] Stud objec /_Wl alsi\l/?[% € & Chronic Measurement Unit activity counts and to a test ) P b
udy wns(tir‘:\ggé\l for gross manual dexterity. ?ﬁfﬂgg(e)?e;é’ }e1ags,t hZ
measurement unit). Ir;i?ltllg;ctzi?gﬁtyuﬁgtfg;d adv.antage of relyin.g ona
activities on arm use. single-sensor unit as
opposed to accelerometers
on both arms to calculate
ratios, or on additional
sensors on the shank to
exclude walking episodes.
In the experiment, the
subjects needed to exercise
in the period set by the
medical practitioners to
track the shoulder This technique can help the
rehabilitation progress. The medical practitioner see
To improve the exercises were based on how the patients exercise
monitoring features The iJoint assigned tasks with target and analyze any error
of an existing web Application; By angles of 60,90, 120, and when something goes
Nuntiya application to Applicable Using a 3D 150 degrees, respectively, wrong while the patients
7 Chiensri- Thailand Feasibility support the medical Feasibility n=5 To People Simulation Model UE Mobility and 10 rounds per each set. are performing the
wimola Study practitioner in Study With to Display an Measurement During the test, the exercises. The preliminary
(2017) [33] determining suitable Stroke Animation of The

activity exercises in
the frozen shoulder
treatment process.

Angle Exercise
Data

participants were asked to
move their arms freely and
not to reach the target
angle on the 3rd round and
7th round; then, the
correctness of the 3D
simulation results of each
set for each patient were
recorded and compared
against data on a graph.

results found that our
application can possibly
help medical practitioners
in the treatment process
and tele-rehabilitation
tracking.
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Table 2. Cont.

Stroke
Phase

Technology

Goal of the
Technology

Protocol

Results

Author Country ?r*;lj‘g Objective Resstiagrech
To explore the effects
of home-based
high-dose
accelerometer-based
Prospective feedl:_)ack on (1) .
Maureen ) Experi- perception of paretlc_ o
Whitford United mental upper extremity use;  Feasibility
(2020) [27] States Pre/Post (2) actual amount of Study
Design use; (3) capability.
The secondary
purpose was to
characterize paretic
UE use in the home
setting.
This study focused
on design and
Design assessing the
Maxence and usability and R&D,
Bobin (2018) France Develop-  acceptability of acup  Feasibility
(34] ment for monitoring the Testing
Study arm and hand

activity of stroke
patients.

Chronic

Chronic

Bilateral Triaxial
Wrist
Accelerometers

Smart CLXI Called
SyMPATHy

Improve UE
Function

UE Mobility
Measurement

Participants wore bilateral
wrist accelerometers for 3
weeks, during which seven
sessions of
accelerometer-based
feedback were
administered in the home.

The design process of
sympathy included five
main steps: (1)
identification of the task to
be performed,
determination of the
information to monitor and
sensory feedback to
provide to the patient; (2)
implementation of the
prototype; (3) a preliminary
study of the functionalities
of sympathy; (4)
improvements to the
prototype and an insight
into the visualization
application; (5) a
preliminary study
involving patients on the
usability and acceptability

of the cup.

Participants had significant
perceived gains in how
much (p = 0.017) and how
well (p = 0.050) they used
the paretic UE. However,
there were no significant
group changes in actual
paretic UE amount of use
or capability. At home,
high-dose
accelerometer-based
feedback increased
perceived paretic UE use
and overall awareness of
paretic UE use. Perception
of use may serve as a first
step to promote the
behavioral change
necessary to encourage
actual paretic UE use,
potentially decreasing the
maladaptive effects of
learned non-use on

participation.

The results showed that the
cup was very well accepted
by eight of the nine
patients in monitoring their
activity within a
rehabilitation center or at
home. Moreover, these
eight patients had almost
no concerns about the
design of the cup and its
usability.
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Table 2. Cont.

Study e Research Sample Stroke Goal of the
Author Country Type Objective Stage Size Phase Technology Technology Protocol Results
Consiijlsa joofrThree The feasibility study results
Sub-Systems: (1) A show thgt the g:lev1ce can
. effectively filter the
Wearable Wireless . P ionals and
Physiological The accuracy of ECG and interference signals an
(ECG and EMG) EMG signal coverage is capture contmuou_s
\ DV . ECG/EMG data during
Applicabl Signal Monitoring assessed using ) vitv. B
tg%elg;lee Device, (2) A Host Bland-Altman analysis by egl‘eelrs},er\a/%’nagca‘i];te}{éssy
X X Device (Android comparing with a reference > Y
in-Woo el To demonstrate the I A health th . . . . . . connectivity to
10 ]e(])ng (2021) Korea Feasibility feasibility of the Feasﬂ;lhty male Y S‘:ﬁ)ke Smartphon'e) With Physu_)logmal phy's1'0.10g1.cal signal BLE—enabledlsex}r,ices we
[35] Study device for dail Testing biect (Partici- Real-Time Monitoring acquisition instrument i bl
g evice for daily use. subjec artici Monitoring anda (RHS2116 Stim/Recording anticipate our wearable
pant was _deci physiological signal
healthy) custom-designed System, Intan); a 24 h

Data Processing
Software, and (3)
In-Depth
Bio-Signal
Analysis Through
A Cloud Network
Server

continuous recording
session of ECG and EMG is
conducted.

monitoring system as a
healthcare tool for
post-stroke and motor
rehabilitation in home
environments where
standard monitoring
devices are not reachable.
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3.2.4. Accuracy and Reliability of Smartphone- and Sensor-Based Solutions for Stroke
Patient Rehabilitation

One study found that SAM, unlike conventional pedometers, provides accurate and
reliable measurements of cadence and total stride counts in hemiparetic stroke patients.
This suggests that portable microprocessor-based gait monitoring can effectively quantify
home- and community-based ambulatory activity levels in this population [26].

One study found that using Pressure-Sensitive Bed Mats, sit-to-stand (5iSt) durations
were measured and showed variations among different populations, with post-stroke
adults exhibiting longer durations compared to young and elderly healthy adults. These
findings provide valuable data for monitoring patients in extended-care facilities or smart
home environments [30].

A separate study showed that the SYMPATHYy cup was well accepted by eight out of
nine patients in rehabilitation settings or at home. These patients had minimal concerns
about the design and usability of the cup, indicating its potential as an effective tool for
monitoring arm and hand activity. This suggests that the cup could be a valuable tool for
monitoring UE activity in rehabilitation settings [34].

One study found that The Tentaculus System (TS), an assistive technology solution,
has the potential to support individuals with cognitive impairments in their everyday
activities. These technologies could become more frequently used in the near future,
and the study’s development process may serve as a foundation for guiding future AT
implementations [31].

One study indicated that the iJoint web application could assist medical practitioners
by enabling them to monitor patient exercises, detect errors, and support the rehabilitation
process through telerehabilitation tracking. Preliminary findings suggest its usefulness in
treatment planning [33].

4. Discussion

This scoping review explored the role of DHTs in monitoring and evaluating home-
based stroke rehabilitation. Our findings suggest that DHTs are increasingly feasible and
effective for evaluating and monitoring diverse aspects of stroke recovery in home settings.
The review categorized technologies based on their clinical focus and technological features,
identifying both strengths and limitations in current applications.

4.1. Clinical Focus of Digital Monitoring

Among the studies reviewed, mobility was the most frequently targeted domain. This
is consistent with the critical importance of mobility for independence after stroke [36,37].
Technologies such as the SAM and the SECOSP demonstrated high accuracy and reliability
in mobility assessment. SAM effectively tracked stride counts in chronic hemiparetic stroke
patients [26], while SECOSP outperformed conventional IMU-based systems [29]. Similarly,
pressure-sensitive mats and accelerometers reliably measured transitional movements such
as SiSt, offering valuable feedback for tracking recovery progress [30].

Upper extremity function, another vital area of stroke rehabilitation, was addressed
in several studies using technologies like SULAM, vibrotactile wristbands, and the SyM-
PATHy smart cup [28,32-34]. These tools supported both monitoring and sensory—motor
enhancement, with preliminary evidence supporting their effectiveness in promoting UE
recovery [28,33]. Accelerometer-based feedback increased patients” awareness of paretic
limb use, although it did not always translate to objective functional improvement [27].
A recent scoping review confirmed that most wearable technology applications in stroke
rehabilitation have focused on UE recovery, particularly hemiparetic arms, while LE moni-
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toring remains understudied. Our findings align with this observation but expand on it by
highlighting the monitoring and evaluation angle, not just intervention [38].

Conversely, only a few studies targeted cognition and activities of daily living
(ADLs) [31]. This is a notable gap, considering the high prevalence of post-stroke cognitive
impairments and their impact on independence and quality of life [39]. TS, a sensor-based
cognitive assistive technology, showed potential to enhance ADL performance by guiding
users through daily tasks [31]. Given the relevance of cognition in functional recovery,
more research is warranted in this domain [40].

Additionally, physiological status monitoring received limited attention, though it
holds promise for comprehensive at-home stroke care [41]. One study demonstrated
the feasibility of using a wireless wearable device for continuous ECG and EMG signal
tracking, even in environments where traditional monitoring tools are inaccessible [35]. This
technology enables clinicians to remotely assess cardiac and muscular health, potentially
reducing the need for frequent hospital visits [42].

4.2. Types and Characteristics of Technologies

The majority of DHTs fell into two categories: wearable devices and smartphone
and sensor-based solutions. Wearable technologies, such as SECOSP, SULAM, and GM-
IMU, effectively measured physical activity, particularly UE and LE movement [28,29,
32]. Accelerometer-based devices and wireless physiological monitoring systems further
enabled remote feedback and data collection [27,35].

Smartphone and sensor-based tools, including SAM [26], SYMPATHYy [34], pressure-
sensitive mats [30], and the TS [31], also demonstrated strong performance in tracking
specific rehabilitation metrics. These technologies were generally found to be reliable and
usable, although some limitations such as discomfort, rigid design, and small sample sizes
may hinder broader adoption [28,32,35].

Importantly, while wearables dominate the monitoring domain, the field of DHT
interventions is increasingly trending toward virtual reality [43] and Al-based approaches
in today’s healthcare landscape [44]. This divergence highlights the need for convergence
between monitoring and intervention tools. More interdisciplinary collaboration between
healthcare professionals, engineers, and data scientists is essential to develop holistic,
human-centered solutions for patient adherence and daily use [45].

4.3. Reliability and Clinical Utility

Most included studies demonstrated that wearable and sensor-based technologies pro-
vide high levels of accuracy and reliability, particularly in monitoring mobility and motor
function. For instance, SECOSP showed superior performance compared to IMUs [29], SAM
reliably tracked stride counts in stroke patients [26], and SULAM enabled low-interference
monitoring of daily arm activity [28]. Similarly, pressure mats effectively measured SiSt
transitions across different populations [30], while the SYMPATHYy cup and Tentaculus
System received positive user feedback regarding usability and acceptability [31,34].

However, several challenges persist. In some cases, accelerometer feedback enhanced
patients’ perceived limb function without corresponding objective improvements in motor
outcomes, indicating a disconnect between subjective experiences and clinical progress [27].
Moreover, the design of physiological monitoring devices still requires refinement to
improve user comfort and facilitate engagement during long-term use [35].

A recent meta-analysis further supports the potential of home-based digital rehabilita-
tion, demonstrating that it can achieve outcomes comparable to traditional in-clinic services
in domains such as upper extremity motor ability, static balance, stroke-related quality
of life, and self-reported function [46]. While previous reviews have broadly explored
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home-based stroke care, our review focuses specifically on the monitoring and evaluation
functions of digital health technologies, offering a more detailed analysis of these aspects.

In addition to performance considerations, several studies also highlighted technical
and usability challenges that could impact real-world adoption. Issues such as device
discomfort, difficulties in handling feedback mechanisms [34], and risks associated with
sensor misplacement [32] were frequently reported. Addressing these user-centered con-
cerns is crucial in rehabilitation settings, where comfort, usability, and patient adherence
are critical to success.

4.4. Recommendations for Technologists and Researchers

Technology-wise, improvements can be made at the hardware and software levels
to enhance stroke rehabilitation. For example, the design and usability of devices can be
improved by developing flexible, skin-friendly sensors or smart garments, which would
not only increase patient comfort but also provide richer data on body movements [34,35].
Also, the development of comprehensive monitoring tools that incorporate features like
pressure mapping, limb configuration, and detailed activity data would make systems
more robust and clinically relevant, ultimately improving rehabilitation outcomes [30,34].
From a software perspective, integrating advanced analytics through machine learning
algorithms could significantly improve system functionality, enabling the classification of
movements, detection of abnormalities, and real-time alerts for healthcare providers [35].

Research-wise, expanding the technologies to monitor other body parts and testing
them on larger, more diverse patient populations would improve system versatility and va-
lidity, enhancing their broader applications [28,33]. For instance, combining accelerometer-
based feedback with behavioral interventions, including exercise programs, could help
address learned non-use and better motivate patients toward recovery [27]. Moreover,
integrating multiple modalities, such as pairing systems like SECOSP with IMU sensors,
would offer a more comprehensive view of patient activity by capturing specific motion
percentages and movement intensity throughout the day [29]. Yet, significant gaps remain.
Technologies that address cognitive function, ADLs, or whole-body rehabilitation are under-
represented [47]. Future studies should emphasize more comprehensive approaches that
integrate cognitive and motor rehabilitation, interdisciplinary development, Al integration,
and larger, more diverse samples to ensure generalizability and impact [48-50].

4.5. Methodological Considerations

The methodological robustness across the included studies reveals several recurring
challenges that influence the strength and generalizability of their findings.

Firstly, small sample sizes were a pervasive limitation across almost all studies [26-35].
Many investigations involved fewer than ten participants [26,28,29,31-34], which restricts
statistical power and undermines the generalizability of results to broader clinical popu-
lations. For instance, some studies evaluated devices only in individuals without impair-
ments [28] or solely at a specific functional level (e.g., Tinetti Level 2 stroke patients [29]),
thus narrowing applicability.

Secondly, restricted participant diversity further affected external validity. Several
studies included only participants with mild impairments [31] or excluded those with
particular sensory challenges (e.g., pain or touch sensitivity) [28]. This selective sampling
limits the ability to apply findings across the full spectrum of stroke or rehabilitation
populations [26,28,32].

Third, short-term and highly controlled study designs were common [27,29,33]. Many
systems were tested only under supervised, short-duration sessions in laboratory or reha-
bilitation center settings, rather than through prolonged independent home use. This lack
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of real-world evaluation introduces uncertainty about device performance in naturalistic
environments where user behavior and environmental factors vary greatly [30,34].

Additionally, the assessment focus was often narrow. Several studies validated
only single technical aspects of devices (e.g., concurrent validity or step counting ac-
curacy) [28,29], while omitting broader evaluations like discriminant validity, sensitivity
to change, or usability over time. Moreover, few studies examined how these technolo-
gies influence clinical outcomes or rehabilitation progress, leaving important translational
questions unanswered [30,32].

Overall, while the included studies provided valuable insights into emerging technolo-
gies for stroke rehabilitation and home-based monitoring, the evidence base remains
preliminary. Larger, longer-term, and more ecologically valid studies are needed to
strengthen confidence in the clinical applicability and real-world effectiveness of these
digital health interventions.

4.6. Strengths and Limitations of This Review

A key strength of this review is its clarification of the current state of the art in the use
of DHTs for monitoring and evaluating stroke rehabilitation. This provides a foundation for
researchers to address gaps in existing evidence or expand on the current literature. More-
over, the specific focus on evaluation and monitoring—rather than intervention—offers
novel insights that may contribute to best practices for at-home support and independent
living of stroke patients.

However, this research area is still emerging, and this scoping review included only
10 papers, which limits our ability to formulate strong recommendations. Additionally,
the variety of applications and the diversity of study protocols prevent us from making
highly specific recommendations or suggesting a follow-up systematic review focused on a
particular topic. Furthermore, aspects related to medical device certification, data privacy
regulations, and equity of access to digital health technologies were not explicitly addressed
in the included studies, representing important areas for future research and consideration.

5. Conclusions

DHTs for monitoring and evaluating home-based stroke rehabilitation. The findings
indicate that wearable, sensor-based, and smartphone-linked technologies are increasingly
feasible for assessing mobility and upper extremity function in real-world settings. How-
ever, critical aspects such as cognitive monitoring, ADLs, and whole-body rehabilitation
remain insufficiently addressed in the existing literature. While the reviewed technologies
show promising accuracy and usability, important challenges around patient comfort,
system adaptability, and integration of advanced analytics were identified.

Given the small number of studies and notable methodological heterogeneity, these
findings should be interpreted with caution. Future research should prioritize the devel-
opment of comprehensive, patient-centered monitoring solutions validated across larger
and more diverse populations. Moreover, greater attention to regulatory certification, data
privacy protections, and equitable access will be essential to ensure that emerging digital
health technologies can be safely, effectively, and ethically integrated into home-based
stroke rehabilitation programs.
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Abbreviations

The following abbreviations are used in this manuscript:

DHT digital health technology
UE upper extremity

LE lower extremity

SiSt sit-to-stand

ECG electrocardiogram

EMG electromyogram

SAM Step Activity Monitor

SECOSP  Sensorized Codivilla Spring
SULAM  Strathclyde Upper-Limb Activity Monitor

MU inertial measurement unit
VR virtual reality

TS Tentaculus System
Appendix A

Medline (Ovid) Search; 1946-26 January 2023

1 exp stroke/

2 exp Cerebral Hemorrhage/ s

3 (stroke or strokes or cva* or poststroke* or apoplexy).tw,kw.

4 ((cerebro* or brain or brainstem or cerebral*) adj3 (infarct* or accident®)).tw,kf.
5 brain attack*.tw,kw.

6 exp artificial intelligence/

7 exp Monitoring, Physiologic/

8 exp Monitoring, Ambulatory/

9 Biofeedback, psychology/

10 Self-Help Devices/

11 exp Man-Machine Systems/

12 automation/

13 exp Computer Simulation/

14 exp Video Games/

15 exp wearable electronic devices/

16 exp Cell Phone/ or Mobile Applications/ or Computers, Handheld/
17 Electronic Mail/

18 exp Touch Perception/

19 wireless technology/

20 (artificial intelligen* or Al or neural network™ or (automat* adj2 recogni*) or machine learn-
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ing).tw,kf.

21 robot*.tw,kw.

22 (video gam* or videogam™ or exergam* or exer gam™).tw,kw.

23 ambient assisted living.tw,kw.

24 ambient intelligen*.tw,kw.

25 (assistive adj3 (device* or technolog™ or self-help)).tw,kf.

26 ((ambient or smart or intelligent) adj2 (environment* or home* or house*)).tw,kf.

27 (intelligent adj2 system*).tw,kf.

28 ((technolog™ or comput™) adj5 (ambient or non-wearable* or nonwearable* or unobtrusiv* or
non-intrusive or nonintrusive or pervasive or ubiquitous or non-contact or noncontact or smart or
intelligen* or passive)).tw,kf.

29 (home adj2 (automation or device or module)).tw,kw.

30 (digital technolog* or smart technolog®).tw,kw.

31 ((monitor* or track™) adj2 (biomedical or medical or personal or home* or patient™ or health or
activit* or ambulat™ or physiolog*)).tw,kf.

32 (robot* or automat™ or computer aided or computer assisted or power assist*).tw,kw.

33 (virtual realit* or VR or simulat®).tw,kw.

34 ((interactiv* or virtual) adj2 (environment or technolog*)).tw,kf.

35 augmented realit*.tw,kw.

36 (smartphone or smart-phone*).tw kw.

37 ((mobile or cell or smart or handheld) adj2 (device or phone*)).tw,kf.

38 (iphone* or android* or ipad*).tw kw.

39 (personal digital assistant™ or handheld computer* or handheld device*).tw kw.

40 mobile app*.tw,kw.

41 haptic*.tw kw.

42 biofeedback.tw,kw.

43 ((force or tactile or touch or tactual or electr*) adj2 (feedback or perception)).tw,kf.

44 sensory substitution.tw,kw.

45 piezoelectric*.tw,kw.

46 (vibrotactile or vibration).tw,kw.

47 wearable*.tw kw.

48 sensory aids/

49 ((intelligent or smart) adj1 (home* or technolog* or sensor? or environment)).tw,kw.

50 (at-home or home* or house* or residence or abode or residential or apartment or condo or domicile
or dwelling or take-home).tw,kw.

51 exp Self Care/

52 Self-Management/

53 (self-care or self-manage*).tw,kw.

54 (rehabilitat* or rehab or “occupational therap*” or physiotherap™ or “physical therap*”).tw,kw.
55 rehabilitation/ or “activities of daily living”/ or neurological rehabilitation/ or stroke rehabilita-
tion/ or telerehabilitation/

56 exp Physical Therapy Modalities/

57 Occupational Therapy/

58 or/1-5 [Stroke Search]

59 or/6-49 [Digital Technology Search]

60 or/50-53 [At-Home Search]

61 or/54-57 [Rehab Search]

62 58 and 59 and 60 and 61 (829)

63 limit 62 to english (815)
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