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Abstract

Background: Stroke is one of the most common cerebral vascular diseases, usually affecting people aged 60 years and older.
It leads to a variety of disabilities requiring motor and cognitive rehabilitation. Poststroke rehabilitation is critical for recovery,
particularly for upper limb impairments, which affect approximately 80% of stroke survivors. Conventional rehabilitation often
faces barriers such as cost, accessibility, and patient adherence. In contrast, eHealth technologies offer a promising alternative
by providing accessible, cost-effective, and engaging rehabilitation solutions.

Objective: While numerous systematic reviews have explored various aspects of technology-based rehabilitation for poststroke
upper limb recovery, there is a notable lack of comprehensive synthesis of these findings. This gap presents challenges, primarily
due to the focus on specific technologies, which complicates understanding the overall effectiveness of these interventions.
Consequently, clinicians and researchers may find it difficult to assess the field holistically, potentially hindering informed
decision-making in clinical practice. This review synthesizes evidence from systematic reviews evaluating the effectiveness of
eHealth technology–based interventions for upper limb recovery in poststroke individuals. Two main questions are examined:
(1) Are eHealth technology–based therapies more or equally effective than conventional therapies for stroke rehabilitation? (2)
What are the main clinical considerations for low-cost eHealth technology–based rehabilitation?

Methods: Comprehensive literature searches were conducted in PubMed, Web of Science, Scopus, Embase, and Google Scholar
using predefined inclusion criteria based on the Population, Intervention, Comparison, Outcome, and Study Design (PICOS)
framework. Systematic reviews published in English without date restrictions were included. The PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analysis) flowchart guided study selection. Methodological quality was assessed using
the Assessment of Multiple Systematic Reviews (AMSTAR 2) criteria.

Results: A total of 1792 records were screened, resulting in 7 systematic reviews published between 2019 and 2023 being
included. These reviews encompassed 95 studies involving 2995 participants with a mean age of 58.8 years across acute, subacute,
and chronic stroke phases. Interventions included telerehabilitation, mobile health (mHealth) apps, augmented reality (AR), virtual
reality (VR), wearable devices, and exergames. While AR and VR demonstrated potential benefits when combined with conventional
therapies (eg, AR showing significant improvements in upper limb function with a standardized mean difference 0.657; P<.001),
evidence for stand-alone effectiveness remained inconclusive due to heterogeneity in study designs, intervention protocols, and
outcome measures. Most reviews were rated as critically low quality due to methodological limitations.

Conclusions: eHealth technologies hold promise for enhancing upper limb rehabilitation post stroke by addressing barriers
such as cost and accessibility while providing engaging interventions. However, the field remains fragmented with insufficient
evidence to establish clear efficacy. Future research should focus on standardizing protocols, optimizing neurorehabilitation
principles such as dosage and task specificity, and improving methodological rigor to evaluate these interventions’ long-term
impact better.
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Introduction

Background
A stroke event refers to the alteration in brain functions after a
sudden disruption of brain blood flow. It has an incidence of
15 million people a year. Stroke is one of the most common
cerebral vascular diseases, usually affecting the population aged
60 years and older, leading to a variety of disabilities for about
5 million surviving patients who require motor and cognitive
rehabilitation [1,2].

This massive incidence puts tremendous pressure on health care
systems to satisfy the need for effective and sustainable solutions
for rehabilitation poststroke after hospital discharge. Indeed,
the consequences of stroke encompass a spectrum of disabilities,
spanning physical impairments to cognitive challenges,
including issues with language, social interactions, and
emotional well-being [3]. In about 80% of cases, patients with
stroke experience motor impairments of the upper limbs [4],
which are functionally complex and difficult to recover, making
activities of daily living very difficult for the patients. Poststroke
disability negatively impacts the quality of life and health, and
only 25% of patients recover with only minor impairments [5].

Poststroke rehabilitation has a lead role in the recovery of the
patients, and it is never too late to start [6]. The level of recovery
varies from person to person, but with time, effort, and support,
many patients with stroke can significantly improve their
function and quality of life [7]. For this, stroke rehabilitation
should be planned and implemented in a structured and
coordinated approach to help patients regain their physical,
cognitive, and functional abilities. For instance, the increasing
understanding of brain plasticity is relevant to the rehabilitation
strategy and outcome after brain damage, and the principles of
experience-dependent plasticity are valuable for treatment [8,9].
Indeed, rehabilitation requires multiple and varied therapeutic
approaches at any stage of disease (acute and chronic phases)
[10]. In addition, the quantity and quality of treatment are
important for an effective recovery: rehabilitation after a stroke
should be task-oriented, offered in large doses, and with an
active learning component for providing intentional and more
effective training [11]. Training several times daily is necessary
to exploit the neuronal plasticity that ensures effective
neurorehabilitation.

Nevertheless, high-intensity treatments are very expensive for
the health care system, and hospital stays often must be reduced.
This could mean that patients could still have functional deficits
on the day of hospital discharge [4], especially in the upper limb
[11,12].

In addition, outpatient therapy is not feasible for many patients
because of the high costs of individual specialized therapies
and the logistical difficulties of transportation from or to the
hospital.

Home rehabilitation is a good option to continue recovery from
chronic diseases such as stroke and a good alternative to manage
long-term rehabilitation problems. Therefore, home
rehabilitation is necessary to provide such a large amount of
training [13] because traditional rehabilitation programs do not
usually comply with all the abovementioned requisites. Thus,
to maintain progress in the recovery process, the conventional
rehabilitation pathway must include self-administered home
exercises, a home rehabilitation solution, and outpatient therapy.

However, even within these strategies, certain limitations exist.
Patients often lack motivation or lose interest in performing
exercises independently, for example, they may consider them
too difficult or too easy or monotonous. Here, technology can
play a crucial role. The absence of external feedback can be
overcome with interactive systems that provide real-time
guidance and encouragement, stimulating patients to continue
their rehabilitation [14].

Technology plays a crucial role in bridging the gap between
home rehabilitation and remote therapy. By providing tools and
platforms, it enables patients with stroke to receive therapy,
guidance, and support without the need for a physical presence
in a health care facility. This not only improves long-term
recovery but also allows hospitals to reduce the length of
outpatient treatment and its associated costs, while maximizing
the treatment capacity of therapists.

Technology That Impacts Poststroke Rehabilitation
Attempting to reduce and overcome all the mentioned logistical
and economic barriers of long-term rehabilitation, technological
solutions offer a beneficial and effective alternative to
conventional therapy, making rehabilitation more accessible to
everyone. Rehabilitation technologies can significantly enhance
the effectiveness and accessibility of stroke rehabilitation
programs when incorporating principles of experience-dependent
plasticity [8,9,15]. These advanced and simple technologies are
more commonly explored and used in developed countries,
mainly due to their readiness and availability, but their potential
for accessibility is universal, making them a promising solution
for poststroke rehabilitation worldwide [16].

Advanced technological interventions for poststroke
rehabilitation include robotics, transcranial magnetic stimulation,
transcranial direct current stimulation, brain-computer interface,
and functional electrical stimulation. These therapies, while
effective, require a certain level of expertise and resources that
may not be readily available in a home setting. Therefore, they
are typically conducted in a clinical or rehabilitation center
under the supervision of trained professionals. Other current
less invasive technologies are virtual reality (VR), augmented
reality (AR), and activity trackers (such as accelerometers,
gyroscopes, pedometers, breath sensing, heart rate monitors,
and calorie trackers) [17]. As a cutting-edge and
computer-generated simulation technology, VR can create an
enriched environment, facilitate task-specific training, and
provide multimodal feedback to augment functional recovery
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[18]. Users can use their hands or movement sensors, such as
gloves or joystick, to interact with virtual objects. The
development of low-cost sensors has allowed this technology
to spread at the consumer level: the Sony PlayStation 3,
Microsoft Xbox 360, and Nintendo Wii are examples of
VR-based consoles [15]. AR technology combines real and
virtual objects to provide an interactive real-time experience in
a common environment [19]. Users can interact with AR through
devices such as smartphones, visors, display, or active mirrors.
These devices use cameras, sensors, and software to overlay
digital information onto the real world. In contrast, functional
electrical stimulation or neuromuscular electrical stimulators
have been used predominantly for stimulating lower and upper
extremity functions [20].

Telerehabilitation (TR), mobile health (mHealth) apps, assistive
technologies, and electromechanical gait training (with variable
automated speed and sensing treadmill) are simple technological
interventions for poststroke rehabilitation [17]. Home-based
TR is a branch of telemedicine that consists of the use of a
variety of telecommunication platforms (such as telephone
visits, mobile apps, serious games, web-based self-care
programs, web-based videoconferencing, and sensor-based
telemonitoring) by health care professionals to provide necessary
patient care and remote evaluation, supervision, and support
for persons with disabilities living at home [11,21]. Home-based
TR allows to meet the rehabilitation needs of stroke survivors
living in rural areas with limited health services, especially in
westernized countries, where the stroke burden is rapidly
increasing [22]. Home-based TR implies access at any time and
from any place to rehabilitation services to address stroke
aspects: (1) motor function: upper and lower extremities,
balance, and gait; (2) cognitive function: spatial neglect,
cognition, and memory; and (3) language: aphasia [23]. TR can
be delivered synchronously or asynchronously, depending on
patients’ needs, medical conditions, and treatment plans [24].
The choice between synchronous and asynchronous TR depends
on various factors, including the patient’s needs, the nature of
the therapy, and the available technology. Synchronous sessions
are often used for live consultations, real-time feedback, and
interactive exercises. Asynchronous sessions are more flexible
and beneficial when patients need rehabilitation in their daily
routines. Some TR programs use a combination of both
approaches to offer a well-rounded service that combines
real-time interaction with flexibility and convenience.

Also, mHealth apps are defined as health and well-being mobile
services for medical care delivered using a mobile app or other
wireless technology. These are interesting for their mobility,
multifunctional skills such as reminders and videos, and ability
to support specific rehabilitation goals and promote
self-management [25]. mHealth apps for stroke rehabilitation
can target different aspects of the disease, and there are mobile
apps designed as games to improve finger dexterity and
programs to increase adherence to home rehabilitation exercises,
for example, for upper limb rehabilitation [26,27].

Objectives
This study identifies and appraises published systematic reviews.
The aim is to describe the quality, summarize and compare the

conclusions, and discuss the strengths and weaknesses in the
effectiveness of low-cost eHealth technology–based
rehabilitation for the recovery of the upper limb in poststroke
individuals.

While numerous systematic reviews have examined various
aspects of technology-based rehabilitation for poststroke upper
limb recovery, there is a lack of comprehensive synthesis of
these findings. This gap presents several challenges. The first
challenge concerns the focus on specific technologies, which
makes it difficult for clinicians and researchers to understand
the overall effectiveness of technology-based interventions and
the field holistically. Without this comprehensive understanding,
health care providers may struggle to make informed decisions
about implementing these interventions in clinical practice. We
aim to address these gaps by reviewing systematic reviews and
providing a comprehensive, high-level synthesis of the current
evidence.

This systematic review focuses on technology-based
rehabilitation with interventions supported by synchronous
(real-time care) or asynchronous (not real-time care) TR,
mHealth apps, or eHealth portable devices equipped with VR
or AR apps. Hence, in this systematic review, we assessed the
low-cost eHealth systems to determine their impact on
improving upper limb functional recovery among patients with
stroke by examining 2 main questions: (1) Are eHealth
technology-based therapies more or equally effective than
conventional therapies for stroke rehabilitation? (2) What are
the main clinical considerations for low-cost eHealth
technology–based rehabilitation?

Methods

Databases, Criteria, and Search Strategy
Separate literature searches were conducted in PubMed, Web
of Science, Scopus and Embase databases, and Google Scholar.
The Population, Intervention, Comparison, Outcome, and Study
Design (PICOS) framework was used to define the following
inclusion criteria: (P) the target population was composed of
persons with poststroke, (I) we considered technological
interventions for upper limb rehabilitation in stroke survivors
(ie, eHealth rehabilitation, at home TR, and smartphone-based
rehabilitation), (C) studies were selected with or with no control
group comparison, (O) we considered upper limb function
recovery outcomes, and (S) we search for systematic reviews
written in English that evaluated the effectiveness of
technology-based intervention for the rehabilitation of the upper
limb in poststroke patients. There was no restriction on
publication dates. The combination of key terms reported in
Multimedia Appendix 1 was used for the search in each
database. The searches were finalized in May 2023. Papers were
excluded if they were not systematic review papers or were not
written in English.

According to the predefined criteria, the screening phase was
based on analyzing titles and then abstracts. Later, full-paper
articles of those titles or abstracts of screened publications were
reviewed independently by MR and SL. VS was involved in
reaching a consensus in cases of disagreement. Studies that met
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the inclusion criteria were included, and the results of the
searches were summarized. We used the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analysis)
[28] flowchart in the retrieval and selection process. Each
included systematic review was summarized by extracting
essential data to answer the 2 research questions. The themes
analyzed are (1) types of interventions and technology used, (2)
effectiveness of eHealth technology–based interventions for
recovering the upper limb, and (3) methodological quality
assessments using the Assessment of Multiple Systematic
Reviews (AMSTAR 2) criteria. The summaries were synthesized
to provide a cohesive narrative highlighting similarities and
differences across studies. This process involved comparing
intervention types (eg, VR, AR, and mHealth apps), their
reported effectiveness, and any noted limitations or gaps in
evidence.

Study Quality Assessment
Three authors independently and anonymously appraised the
final papers’methodological quality using the AMSTAR 2 [29].
AMSTAR 2 is designed to appraise systematic reviews of health
care interventions and rate their overall confidence. The tool
can appraise various aspects of systematic reviews of
randomized controlled trials (RCTs), nonrandomized studies
of interventions, or both.

It is composed of 16 items evaluated either with “yes” or “no”
(items 1, 3, 5, 6, 10, 13, 14, and 16); with “yes,” “partial yes,”
or “no” (items 2, 4, 7, 8, and 9); or with “yes,” “no,” or “no
meta-analysis conducted” (items 11, 12, and 15). This tool
evaluates the overall quality based on performance in critical
and noncritical domains, which are assigned different weights
in the rating rules. A “yes” answer means the item is fulfilled
and is considered a positive result. Based on the performance
in these 16 domains with different weights, overall ratings were
generated, and the quality was determined to be “high,”

“moderate,” “low,” or “critically low.” Namely, high confidence
was defined as no or 1 noncritical weakness. Moderate
confidence was defined as more than 1 noncritical weakness.
Low confidence was defined as 1 critical flaw with or with no
noncritical weaknesses. Critically low confidence was defined
as more than 1 critical flaw with or with no noncritical
weaknesses. Each review was appraised by 3 authors (MR, SL,
and VR). In case of disagreement, it was planned that a fourth
author (LA) would have solved them, but this was not the case.
The analysis is reported in Multimedia Appendix 2.

Results

Characteristics of the Selected Reviews
As reported in the PRISMA flowchart (Figure 1), 7 systematic
reviews were included. A summary of the studies and their
findings is reported in Multimedia Appendix 3. Initially, the
search process identified 1450 records from the databases and
an additional 342 by Google Scholar. After duplicates (n=453)
were removed, 1339 papers remained for initial screening by
title. From this process, other 1297 papers were excluded
because (1) studies involved patients for general rehabilitation
(n=18), (2) the intervention was not specific for upper limb
recovery functions (n=195), (3) the intervention was performed
using other technologies (n=402), and (4) studies dealt with
other topics or disorders (n=682). This process resulted in 42
potentially eligible abstracts. The authors analyzed the retained
abstracts to obtain the final list of full-text papers to be reviewed.
After examining the abstracts, 24 were excluded, as they did
not fit the established criteria of the target population and the
specific technology-based intervention. A second screening step
was performed for those full-text papers that matched all the
criteria (n=18). The other 11 were excluded from this process
because the type of studies were not systematic reviews. The 7
studies included were published between 2019 and 2023.
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Figure 1. The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) flowchart.

Five of the selected reviews defined the study’s design using
the PICOS framework [30-34] whereas the other 2 defined the
inclusion criteria [35,36]. Four reviews [30,31,35,36] were
registered in the research protocol on the international database
of prospectively registered systematic reviews in health and
social care (PROSPERO). A total of 95 studies were included
in the 7 reviews that overall mapped not only RCTs
[30,32,33,35,36] and RCTs and non-RCT studies [31,34] but
also observational studies [32] and uncontrolled clinical trials
[34]. A total of 2995 patients were enrolled with a mean age of
58.78 years (SD 0.15 years). The average duration of stroke
onset among the participants ranged from 7 days to more than
5 years, as each of the 7 reviews included patients in the acute
(7 days to 3 months), subacute (3-6 months), and chronic (>6
months) phases. Only 1 paper also included patients without
specifying stroke duration [35].

The chronic patients enrolled have had a stroke from 6 months
or more [33,36], 21 months [35], 3 years [30,34] to 5 years [31],
and more than 5 years [32].

Four of the selected reviews [30-32,34] investigated the
effectiveness of technology-based rehabilitation interventions
on physical functioning compared with a combination of
traditional treatments in patients with stroke [30], upper limb
wearable technology for improving physical activity and social
participation in adult stroke survivors [31], AR for the upper
and lower limb functional recovery after stroke [32], and
mHealth apps containing a physical training in stroke
rehabilitation [34]. Two reviews [33,35] examined the effects
of home-based exergaming interventions on upper limb activity
after stroke, compared with conventional therapy, in
postintervention and follow-up [33]; the use of mobile apps for
stroke rehabilitation on stroke-related impairments (motor
paresis, aphasia, and neglect); and functional outcomes
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(adherence to exercise, activities of daily living, quality of life,
secondary stroke prevention, and depression and anxiety) [35].
Only 1 review [36] gathered evidence on VR-based TR for
patients after stroke and compared it with conventional in-person
rehabilitation.

As reported in Table 1, all 7 reviews analyzed the upper limb
function as an outcome. The categorization of the most used
outcome measures of upper limb is reported in Multimedia
Appendix 4.

Table 1. Outcomes.

Authors (years)Outcomes (upper limb
function)

Hao et al
(2023) [36]

Szeto et al (2023)
[35]

Rintala et al
(2023) [34]

Gelineau et al
(2022) [33]

Phan et al
(2022) [32]

Parker et al
(2020) [31]

Rintala et al
(2019) [30]

√N/AN/AN/AN/A√N/AaSpasticity

√N/A√N/A√√√Pain

√√√N/A√√√Strength

√N/AN/A√√√√Difficulty perceived

√√√√√√√Upper extremity function

√√√√√√√Motor impairment

√√√√√√√Fine manual dexterity

√√√√√√√Gross manual dexterity

aN/A: not applicable.

Five reviews also assessed lower limb function and walking
[30,32,34-36], balance [30,32,34,36] and physical activity, and
function [30,34]. Participation was included as an outcome in
3 of the selected reviews [30-32], while the other 3 [34-36]
evaluated the quality of life. Three studies assessed the activity
of upper limb function [31-33], lower limb function [32], and
participation [31,32] after stroke, according to the World Health
Organization’s International Classification of Functioning,
Disability and Health framework [37].

Types of Interventions and Technology Used
Different low-cost eHealth technology–based interventions were
reported in the 7 reviews analyzed. Web-based video monitoring
and physical home exercises use smartphones, tablets, and
web-based programs for real-time therapist-patient interaction
and feedback. mHealth apps aim to improve limb movement
and dexterity through user interaction with the app, allowing
therapists to preselect exercises and assist caregivers in
monitoring patient progress. Wearable technologies such as
sensors and accelerometers capture actions or measurements
and relay information for analysis and are connected to video
games that require active body movements. AR projects virtual
objects in real environments, allowing patients to interact with
them and receive feedback. VR creates immersive simulations
that require patient interaction, often with remote or in-person
therapist supervision.

Web-Based Video
Web-based video monitoring and techniques for monitoring
physical home exercises, goal settings or overall treatment,
gamification, and accelerometers are mapped in 4 of the selected
reviews [30,33-35]. The tools used varied from smartphones,
phones, tablets, DVDs and programs via the web [30], and video

game environments that required active body movements to
control the game [33], to mHealth apps [34,35].

Looking at the details of the selected reviews, web-based video
monitoring, phone calls, and messaging are the most common
technologies used till now, as mentioned by Rintala et al [30].
They normally ensure a real-time therapist-patient interaction,
with a “call” frequency ranging from 3 to 5 times per week to
1 per month. The therapist can also provide feedback through
the web and, when necessary, by scheduling virtual training
(eg, exercise videos) in advance [30].

Another option for remote technology–based rehabilitation,
analyzed by Gelineau et al [33], is to provide exergames
requiring a physical interaction (active body movements) to
play the game. In that case, nonspecific video game systems
(eg, Nintendo Wii, Xbox Kinect, etc) need to be combined with
specific rehabilitation systems (eg, Rehabilitation Gaming
System, virtual gloves, etc) or specific rehabilitation devices
(eg, Hand Mentor Pro, Polhemus 3, etc). Patients with a
prescription, usually ranging from 3 to 7 days per week, can
use exergames systems independently, producing self-reported
or observational measures (eg, technological sensors and
therapist telehealth visits) [33].

mHealth Apps
Leveraging everyday technologies, such as smartphones and
tablets or PCs, has become increasingly prominent in
rehabilitation. This is made possible through implementing
mHealth apps well investigated in the study by Gelineau et al
[33]. These apps incorporate physical training components and
offer a customizable approach tailored to individual patient
requirements. This customization encompasses specific goals,
desired difficulty levels, and the duration of app usage.
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Moreover, these apps serve various purposes, including
interactive gaming (eg, FINDEX and ARMStrokes), prescription
of exercise routines (eg, CARE4STROKE), and progress
monitoring (eg, STARFISH). They can also be integrated with
devices such as inertial measurement unit sensors and
pedometers to enhance their effectiveness. This innovative use
of technology complements traditional physiotherapy and
widens the spectrum of rehabilitation possibilities.

Generally, the “gaming apps” require limb movement and
interaction, aiming, for example, to improve upper limb and
finger dexterity. In the “exercise prescription” app a therapist
preselects a set of standardized exercises shown in the app,
allowing the caregiver assistance, if necessary. “Monitoring
apps” supervise and check patients’ physical behavior (eg,
number of steps per day, walking or sitting time, walking
distance or speed, etc).

For all the types of apps, the prescription is maximally 30
minutes per session, from 1 to 7 times per week. The therapist’s
constant presence is not necessary, thanks to auditory and
vibration feedback provided directly by the apps [34].

The mobile apps can be on any operating system (iOS, Android,
and Windows) and on any aspect of stroke impairment
rehabilitation (motor paresis, aphasia, and neglect). Focusing
more on their possible goals, we could have therapy apps (with
users’ active device interaction to complete activities) or
rehabilitation videos (exercises mobile guide), education apps
(to learn about stroke), reminders (messaging to encourage
compliance), or even a combination of them [35].

Wearable Technologies
Parker et al [31] described 2 types of wearable devices worn by
patients. The first device operated independently and functioned
as a central connector for other devices, whereas the second one
captured specific action or executed a measurement and then
sent the information to a primary wearable device for analysis.

The “wearable technologies” are something portable to wear
externally on the body and to be used independently of a
therapist. They can be used in both clinical and nonclinical
settings to facilitate recovery, provide formative and real-time
feedback, and measure intervention outcomes over long periods
of time. They span from microelectromechanical systems (with
accelerometers, gyroscopes, etc) to electromyographic
biofeedback to robotics. This type of intervention can last 3-12
weeks, with various intensities [31].

AR- and VR-Based Rehabilitation
AR- and VR-based rehabilitation systems providing games were
reviewed by Phan et al [32] and Hao et al [36]. Such systems
included using head-mounted displays, Leap Motion, HD
webcam, Microsoft Kinect v2 sensors connected to a laptop, or
AR mirrors with visual tracking methods. AR technology is a
real-time projection of virtual objects or scenarios in a common
and real environment or place. During the game, the patients
will interact with these virtual objects and receive automatic
instructions, score, and visual and audio feedback via tracking
devices (mouse, arm skate, HD Webcam, etc). The AR systems
usually allow the creation of a personal training program with

various training intensities, and the treatment duration is between
30 minutes and 1 hour per session [32]. VR is a
computer-generated simulation technology that requires patient
interaction, providing multimodal feedback. VR systems are
often installed at patients’ houses and may include the remote
supervision of a therapist (eg, virtual-based TR group, interfaces
for patient, and therapist remote communications). It is also
used at hospitals or clinics, with a therapist’s in-person
supervision or instruction [36].

Effectiveness of eHealth Technology–Based
Interventions for Recovering the Upper Limb
The selected reviews were analyzed regarding the effectiveness
of the low-cost eHealth interventions. An effective intervention
is based on statistically significant differences in 1 or more
outcomes from the baseline, compared with the control, or if
there is no control comparator, compared with another SD.
Although all technology-based interventions included in these
studies are economically favorable rehabilitation delivery
models, no clear or direct evidence of impact on function
recovery has been underlined.

Parker et al [31] highlighted little evidence to support the use
of wearable technologies to improve activity and participation
in the recovery of the upper limb.

Even if all the other reviews [30,32-36] reported similar
effectiveness to conventional treatments, results are interpreted
and discussed cautiously. For example, Rintala et al [30,34],
Gelineau et al [33], and Szeto et al [35] discussed that
rehabilitation technology, including mHealth apps, may have
benefits as an additional treatment, but a lack of robust evidence
does not consent authors to determine apparent effects.

Also, in the case of AR-based [32] and VR-based [36] TR,
patients might still have a similar subjective experience of
rehabilitation with therapists’ supervision as in-person
rehabilitation. According to Phan et al [32], the use of AR
significantly influenced the upper limb function (standardized
mean difference 0.657, 95% CI 0.287-1.026; P<.001). AR-based
applications could offer options for increasing treatment
intensity and promoting motor recovery after a stroke used with
conventional rehabilitation methods. Also, for Hao et al [36],
VR-based TR is a promising avenue for patients with stroke
that can potentially overcome the barriers of traditional in-person
rehabilitation. VR-based TR achieved comparable outcomes in
the upper extremity function and equivalent effects on balance
ability compared with in-person rehabilitation.

One aspect that holds significant clinical relevance is the
duration of the intervention, which is measured in terms of both
the quantity and the intensity of the dosage. Studies suggested
a positive correlation between the time allocated for therapy
and the therapy outcomes [38]. In the 7 reviews, the duration
of the trials primarily ranged from 2 to 12 weeks.

According to Parker et al [31], improvements were observed
across some studies for the control and intervention groups. The
increase in the amount of rehabilitation has led to improvements
in all the studies analyzed. This observation could suggest that
a fundamental mechanism for improvement is the augmentation
of the amount of rehabilitation administered. This concept has
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been acknowledged and incorporated into the national clinical
guidelines for stroke. Szeto et al [35] concluded that the dosage
and duration should be customized to address individual
problems.

Some studies included in the study by Gelineau et al [33]
reported follow-ups. However, in most of these cases, the
duration of the follow-up is too short (4-24 weeks), leading to
inconsistent results.

The selected reviews did not mention or report rigorous
application of the experience-dependent plasticity principles,
which are not always made explicit or clear [8,9].

In conclusion, further research is necessary to differentiate
between the mechanisms of dosage and intensity. This will aid
in understanding the impact of the volume of rehabilitation
activity and how it compares with the intensity, which is the
amount of rehabilitation administered over a specific time of
period.

Quality Assessment
Among the 7 reviews assessed, 6 were rated as critically low
quality [31-36], and 1 as low quality according to AMSTAR-2
criteria (Multimedia Appendix 2). Key issues affecting the
validity of these reviews included inadequate protocol
registration, inconsistent risk of bias assessments due to poor
reporting on blinding and allocation concealment, and
substantial heterogeneity across studies.

Only 1 review [36] lacked an explicit statement about protocol
registration before the study began. All reviews demonstrated
partial adequacy in their literature searches, with written
protocols or guides that included review questions, search
strategies, inclusion or exclusion criteria, and risk of bias
assessments. None justified the exclusion of individual studies.

For risk of bias assessment, only 1 review [36] failed to use a
satisfactory technique, while another [35] partially excluded
nonrandomized studies of interventions. Three reviews
[31,34,35] did not conduct a meta-analysis and 1 omitted it [32].
Five reviews [30,31,33-35] considered the risk of bias in their
discussions. Only 2 reviews [30,32] adequately investigated
publication bias and its potential impact.

In noncritical domains, 2 reviews [35,36] did not include all
PICO components. All reviews explained their study design
selections and performed study selection in duplicate; however,
only 3 [30,31,33] duplicated data extraction. All reviews
adequately described included studies; 4 [30,33,34,36] met all
required criteria. Only 1 review reported funding sources for
included studies. While 3 reviews [31,34,35] did not conduct a
meta-analysis, only 2 [30,33] assessed the impact of bias on
meta-analysis results. Five reviews [30,32-34,36] satisfactorily
explained observed heterogeneity. Only 1 review failed to report
potential conflicts of interest [30].

Overall, the critically low and low-quality assessments of the
7 reviews reflect the methodological shortcomings reported
across these studies as low to moderate due to methodological
limitations such as small sample sizes, lack of blinding, and
heterogeneity in interventions.

Discussion

Principal Findings
Low-cost eHealth technology–based interventions should
provide affordable and scalable science-based TR to cope with
the pressure on health care systems to satisfy the need for
effective and sustainable solutions for rehabilitation post stroke
after hospital discharge.

In this study, 7 systematic reviews were selected to map the
actual scenario of the use of low-cost eHealth technology–based
interventions by examining two main questions: (1) Are eHealth
technology–based therapies more or equally effective than
conventional therapies for stroke rehabilitation? (2) What are
the main clinical considerations for low-cost eHealth
technology–based rehabilitation?

Most of these studies used advanced technologies with AR- and
VR-based technologies and simple technologies with TR,
mHealth apps, assistive technologies, and gait training.

Despite the differences among the reviews, all reached a
unanimous conclusion, highlighting a cautious interpretation
of data due to unclear evidence of the effectiveness of the
examined technologies in restoring lost upper limb function
[30-36]. Indeed, the variability in interventions, study designs,
participant demographics, and measured outcomes contributed
to heterogeneity across the studies, underscoring the need for
future research to establish rehabilitation intervention principles
that can inform the development of targeted innovative
technologies [30-36]. Studies indicated that AR, VR, wearable
devices, and exergames can improve upper limb motor function
when combined with conventional rehabilitation methods, but
their effectiveness alone is often comparable with traditional
therapy [30,32-34,36].

Different clinical considerations favoring low-cost eHealth
technology–based rehabilitation can be derived from the
analyzed reviews. A central consideration is the potential of
technology-driven interventions to enhance at-home poststroke
rehabilitation for motivating survivors through interactive,
user-friendly, engaging, and cost-effective tools. Indeed, eHealth
systems could be seen as a way to reduce and overcome
logistical and economic barriers of long-term conventional
rehabilitation approaches by providing engaging and motivating
rehabilitation interventions at home. Even if cognitive
impairments or a lack of familiarity with technology can hinder
the adoption of eHealth solutions, systems must be user-friendly
to accommodate stroke survivors with varying levels of ability
[30]. Continued research into the usability and effectiveness of
this kind of system can guide the designers in developing a more
user-friendly and engaging virtual ambient. Moreover, health
care institutions should invest in patient education and
engagement by introducing innovative systems into clinical
practice.

Recent literature suggests that stroke affects the entire brain and
its network properties, making it a network disease. Therefore,
stroke-related neurological deficits and their recovery depend
on neural network interaction patterns and follow principles of
network plasticity [39]. In addition, the observation that network
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interactions are correlated with current and future neurological
function directly leads to whether their modulation through
therapy might be feasible and clinically useful [40]. This
evidence could open new frontiers for developing
technology-based rehabilitation in poststroke individuals.

The feasibility of modulating brain networks through
technology-based therapy may depend on several factors
inherently linked to neurorehabilitation principles. According
to these principles, exposure to specific training experiences in
a recovery pathway improves impairment precisely because of
the activation of these mechanisms of neuronal plasticity and
remodeling [8]. The following neurorehabilitation principles
should guide the selection of training experiences and
rehabilitation technologies to optimize effectiveness [15]:
massed practice, spaced practice, dosage, task-specific practice,
goal-oriented practice, variable practice, increasing difficulty,
multisensory stimulation, rhythmic cueing, explicit feedback
or knowledge of results, implicit feedback or knowledge of
performance, modulate effector selection, action observation
or embodied practice, motor imagery, and social interaction.
On the contrary, the selected reviews did not consistently adhere
to all the principles of experience-dependent plasticity [8]. For
example, interventions involving web-based video monitoring
and phone calls often lack clear dosage specifications [30]. The
AR system analyzed by Phan et al [32] used specific sensors
[41] and viewers [42] to deliver exercises through games in
both clinical and home settings. This system incorporated the
neurorehabilitation principles of feedback (eg, game scores and
social interaction), variable practice, and training intensity.
However, AR systems face limitations: they are not always
user-friendly, portable, or low-cost. While they offer a viable
rehabilitation option, they may not be the most convenient
solution for home-based upper limb rehabilitation.

Gelineau et al [33] highlighted the heterogeneity in
exergame-based rehabilitation regarding the supervision and
treatment dosage. Exergames are promising technologies that
support stroke recovery and TR but still need to be explored
more from clinical and neurorehabilitative perspectives. mHealth
apps studies [34,35] often did not specify dosage prescriptions,
indicating a limited application of neuroscience principles.

In VR-based TR [31,36], some systems offer synchronous
patient supervision, while others provide only asynchronous
settings; both ensure activity feedback and patient supervision.
Nevertheless, the dosage prescriptions for these TR systems
require further exploration. Low-cost eHealth technologies offer
a promising avenue for stroke rehabilitation. They reduce
barriers to rehabilitation by enabling remote monitoring and
therapy delivery. This is particularly beneficial for patients in
rural or underserved areas who face challenges accessing
traditional in-person care [30,36]. Technologies such as wearable
sensors and off-the-shelf gaming systems (eg, Wii) require poor
infrastructure, making them suitable for home use [31,33].
Moreover, wearable devices and sensors allow continuous
monitoring of movement quality, intensity, and frequency,
providing valuable data for therapists to refine treatment plans
remotely [31].

In conclusion, the integration of low-cost eHealth
technology–based rehabilitation into clinical practice requires
addressing usability challenges, standardizing protocols, rigorous
adherence to all the principles of experience-dependent plasticity
[8], and ensuring long-term effectiveness through further
research. Combining these technologies with conventional
therapies appears to yield the most beneficial outcomes for
patients with stroke [43,44].

Limitations
Data sources were drawn only from PubMed, Web of Science,
Scopus and Embase databases, and Google Scholar, excluding
other data sources. Moreover, it is possible to miss relevant
studies, especially if they are published in nonindexed journals,
unavailable in electronic databases, or written in languages not
included in the search criteria. Even if the PICOS framework
was used to define the inclusion criteria, the combination of
key terms to target the population and the specific
technology-based intervention could have omitted some results
from the search. Another significant limitation is the search
strategy, which relied on a simple keyword search in titles and
abstracts across databases. This approach may have
inadvertently excluded relevant studies due to the lack of use
of MeSH (Medical Subject Headings) and other controlled
vocabulary terms that could have enhanced the
comprehensiveness of the search. Medical Subject Headings
terms are designed to capture all relevant papers on a topic,
regardless of variations in terminology used by different authors.
Future reviews should consider incorporating comprehensive
search strategies, including keywords and controlled vocabulary
terms across multiple fields within each database, to enhance
the validity and reliability of conclusions drawn.

The heterogeneity and the different quality levels of the included
studies are the significant limitations claimed by almost all the
selected reviews [30,31,33-36]. Even if each review assessed
quality using Physiotherapy Evidence Database Scale
[30,33,34,36], Cochrane Risk of Bias for RCTs [31,35], Downs
and Black Instrument for non-RCTs [31,34], and QualSyst [32],
given the differences in assessment quality, our reviews’ results
should be interpreted and generalized with caution.

Moreover, we restricted the search strategy to only low-cost
eHealth technology–based interventions for the upper limb
recovery. This decision could have been the reason for excluding
other relevant studies [45,46].

Implications for Clinical Practice and Future Research
This review indicated that the field of technology-based
rehabilitation is still fragmented due to poor evidence achieved
in terms of efficacy. This is probably due to the high
heterogeneity of the experimental studies. We mapped various
study designs, outcomes, and quality levels that demonstrate
only the potential to assist with stroke recovery and augment
face-to-face rehabilitation. Future research is called to frame a
more robust methodology with a larger sample size [31-36] and
valid measurement tools [31,34], deeper investigation on
different gender and age groups [31,32], and other impacts
depending on the stroke stage [33,35]. Also, the trial length and
the study follow-up time were mentioned [35,36]. Regarding

J Med Internet Res 2025 | vol. 27 | e57957 | p. 9https://www.jmir.org/2025/1/e57957
(page number not for citation purposes)

Rampioni et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


technology readiness level, different issues were underlined to
overcome the drawbacks of the reported technology-based
rehabilitation interventions, for example, the integration and
interoperability with intelligent infrastructure and the design of
an attractive, user-friendly, portable, and low-cost system
[32,34,35]. So, when developing a technology-based
rehabilitation program, it is crucial to carefully plan and link
all the relevant actors, user-driven design guidelines, and
principles of neuroscience.

With this potential, the preferred option is to better understand
the impact of technology interventions on varying types of
stroke deficits and related outcomes, both alone and in
combination with traditional rehabilitation. As Gelineau et al
[33] have already highlighted the need for a gold standard, this
field of research could benefit from standardized protocols
provided to patients, enabling comparison and interpretation to
discover evidence currently missing [15].

Conclusions
This review pooled the findings of 7 systematic reviews to map
the actual scenario of the use of low-cost eHealth
technology–based interventions and determine whether (1)
eHealth technology–based therapies are more or equally

effective than conventional therapies for stroke rehabilitation
and (2) what the main clinical considerations for low-cost
eHealth technology-based rehabilitation are. It found
heterogeneity among interventions and measures, but the
commonality of no clear or direct evidence of impact on
recovery of function has been underlined. Advanced and simple
technologies used for stroke rehabilitation allow overcoming
financial, physical, and attitudinal barriers while providing
engaging, specific, and low-cost exercises with constant
feedback and supervision. These technologies serve as a valuable
enhancement to traditional rehabilitation methods, particularly
for the upper limb [47]. Unfortunately, demonstrating the
efficacy of such interventions for restoring function after a stroke
is still a challenge. Combining these technologies with
interventions that follow neurorehabilitation principles may be
more effective in promoting the recovery and retention of motor
and cognitive functions after a stroke. Indeed, the integration
of low-cost eHealth technology–based rehabilitation into clinical
practice requires addressing usability challenges, standardizing
protocols, rigorous adherence to all the principles of
experience-dependent plasticity [8], and ensuring long-term
effectiveness through further research. Combining these
technologies with conventional therapies appears to yield the
most beneficial outcomes for patients with stroke [48,49].
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