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Abstract

Background: Connected sensor technologies can capture raw data and analyze them using advanced statistical methods such
as machine learning or artificial intelligence to generate interpretable behavioral or physiological outcomes. Previous research
conducted on connected sensor technol ogies has focused on design, development, and validation. Published review studies have
either summarized general technological solutions to address specific behaviors such as physical activity or focused on remote
monitoring solutions in specific patient populations.

Objective: This study aimed to map research that focused on using connected sensor technologies to augment rehabilitation
services by informing care decisions.

Methods: The Population, Concept, and Context framework will be used to define inclusion criteria. Relevant articles published
between 2008 to the present will be included if (1) the study enrolled adults (population), (2) the intervention used at least one
connected sensor technology and involved data transfer to a clinician so that the data could be used to inform the intervention
(concept), and (3) the intervention was within the scope of rehabilitation (context). An initial search strategy will be built in
Embase; peer reviewed; and then translated to Ovid MEDLINE ALL, Web of Science Core Collection, and CINAHL. Duplicates
will be removed prior to screening articles for inclusion. Two independent reviewers will screen articlesin 2 stages: title/abstract
and full text. Discrepancieswill be resolved through group discussion. Datafrom eligible articles rel evant to popul ation, concept,
and context will be extracted. Descriptive statistics will be used to report findings, and relevant outcomes will include the type
and frequency of connected sensor used and method of data sharing. Additional details will be narratively summarized and
displayed in tables and figures. Key partners will review results to enhance interpretation and trustworthiness.

Results: We conducted initial searches to refine the search strategy in February 2024. The results of this scoping review are
expected in October 2024.

Conclusions: Resultsfrom the scoping review will identify critical areas of inquiry to advancethefield of technology-augmented
rehabilitation. Results will also support the development of alongitudinal model to support long-term health outcomes.
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Introduction

Connected sensor technologies are defined as “technology
products that process data captured by mobile sensors using
algorithms to generate measures of behavioral and/or
physiological function” [1,2]. Examples include medica
technologies such asingestibles (smart pills) and derma patches,
along with direct-to-consumer wearables that include activity
trackers, heart rate monitors, and smart clothing. Consumer
wearables have grown in popularity and ownership over the
past decade for a variety of reasons. A 2016 market research
survey reported that consumerswere motivated to buy wearable
technologies to support health, and consumers noted benefits
of wearables that include enhancing accountability, improving
exercise habits, and becoming more efficient at home and work
[3]. These mativations for ownership have stayed consistent
over theyears. In fact, the American College of Sports Medicine
annual survey for fitness trends predicted wearable technol ogy
to be the top trend in fitness in the United States for 2024—a
trend that has been in the number one spot for 7 of the previous
9 years [4]. This survey aso highlighted a new trend for
2024—data-driven training technology—that was defined as
using real-time data output such as heart rate to guide workouts

[4].

In addition to consumer uptake, health care systems and
providers are beginning to adopt connected sensor technol ogies.
A driving factor for health system uptake is the need to deliver
health care services to more people at lower costs due to an
aging population with high rates of noncommunicable diseases
[5]. One approach to reduce costs while promoting better health
isthrough the reall ocation of fundsto preventative services such
asprimary care[6] and lifestyle modification programs such as
those that promote physical activity. Common limitations of
these programs, however, are that maintenance beyond 1 year
has not been established [7] and cost-effectiveness is unclear
[8]. Alternatively, funds could be used to support remote
monitoring programs that use connected sensor technologies
with the goal of preventing unnecessary health care utilization.
In theory, earlier detection of health deterioration or
nonadherence, such as in patients with chronic obstructive
pulmonary disease or heart failure, would prompt early, at-home
intervention, thus reducing emergency department visits and
hospitalizations. While evidence to support such mitigation is
mixed [9], one study found that increased adherence was
associated with areduced risk of subsequent hospitalization and
death [10], suggesting that a remote monitoring approach may
be beneficial for some patients.

Despiteincreasing popularity among consumers and health care
systems, the role of connected sensor technologies in
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rehabilitation remains unclear. Potential benefits of using patient
data from sensor technologies include deeper insights on
treatment effectiveness, health behaviors, and symptom patterns
[11-13]. However, there may also be negative effects to using
such data. Both patients and providers recognize that
consumer-grade devices may report inaccurate data [11,12],
and they have concerns about data privacy, how to manage and
use collected data, and what specific data should be shared
[11-13]. Mdalignment of patient and provider expectations may
contribute to tensions within the therapeutic relationship [14].

As such, there is a need to evaluate how connected sensor
technologies can be used effectively to enhance rehabilitation
services. The use of connected sensor technologies in
rehabilitation practice is relatively new, and much remains
unknown given the complexity of available sensor types and
heterogeneous patient populations. Most prior studies have
focused on the development and validation of connected sensor
technologies[15-17] and theinfrastructure necessary to support
data sharing and cloud computing [18,19]. Previous reviews
have focused broadly on technological solutions to address
specific behavior interventions such as weight loss [20], while
others have focused on tools capable of assessment and remote
monitoring of specific patient popul ations—those with cardiac
disease [21], pulmonary disease [22], neurological disorder
[23], and cancer [24]. To our knowledge, no review hasfocused
on the use of connected sensor technologies to inform
rehabilitation interventions. Such a review would identify the
breadth of research, identify knowledge gaps, and elucidate
directions for future study while providing clinicians with case
examples of how to implement connected sensor technologies
into rehabilitation practice.

The aim of this scoping review isto discover and map research
that focuses on using connected sensor technol ogies to augment
rehabilitation services by informing care decisions. The general
research question guiding thisaimisasfollows: What isknown
from existing literature about the remote use of connected sensor
technologiesintegrated into rehabilitation care to monitor patient
status and inform care decisions?

Methods

Overview

The scoping review will be conducted in accordance with the
JBI methodology for scoping reviews [25,26] and reported in
line with PRISMA-ScR (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for Scoping
Reviews) guidelines [27]. We will aso follow the 6-stage
framework for a scoping review proposed by Arksey and
O'Malley [28].
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Stage 1: Identifying the Review Questions

Thefirst stage in the scoping review as outlined by Arksey and
O'Malley [28] istoidentify specific questionsto help guidethe
search strategy and answer the general question posed above.
Thus, we developed the following specific questions:

1. How have researchers studied the use of connected sensor
technologiesin rehabilitation (eg, what types of studies) as
part of afeedback loop between patients and providers?

2. Within the context of rehabilitation care, what types of
connected sensor technologies have been used, how were
they used, and what types of patient-generated health data
were collected?

3. Withwhat patient populations have these connected sensor
technologies been used and what has been found?

4. Haveresearchers explored various partner experiences and
perspectives of using connected sensor technologies in
rehabilitation, and if so, which partner groups are
represented?

5. Based on the scope of research in this area, what are the
general limitations and research gaps?

In addition to these questions, we set specific parameters around
the research of interest such that each study needed to include
(1) a connected sensor technology; (2) data transfer from the
patient to the clinician; and (3) use of the data by the clinician
to inform the rehabilitation intervention.

Stage 2: Identifying Relevant Studies

Based on recommendations from JBI, we used the Population,
Concept, and Context (PCC) framework to develop initial search
terms [26]. These keywords and synonyms will be used to
iteratively develop arobust search strategy.

Population

The population for the scoping review will be limited to adults
(aged =18 years). If a study includes both children and adults,
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the study may beincluded if data can be separated between the
age groups. If data cannot be separated, then the study will be
excluded. We will include all patient populations (those with
cardiac disease, pulmonary disease, etc). We made thisdecision
because we anticipate that connected sensor technol ogies used
during rehabilitation could be applicable to patient populations
other than those studied.

Concept

The concept involves studies that include (1) at least one
connected sensor technology product that collects patient data;
(2) data transfer from the product and patient to the clinician;
and (3) use of the data by the clinician to inform theintervention.
We used the definition provided in The Playbook [1], which
defines a connected sensor technology as “products [that]
process data captured by mobile sensors using algorithms to
generate measures of behavioral and/or physiological function”
(p. 79). A connected sensor technology was further defined as
one that is capable of electronic transfer; thus, early activity
trackers that used an accelerometer to collect step data such as
a pedometer would be out of scope for thisreview asthey were
not connected technologies. Table 1 shows the different sensor
typesthat will be considered for thisreview. It isalsoimportant
to note that multiple sensor types may be combined in one
product. Thus, terms such as connected sensor, remote
monitoring, accelerometer, Bluetooth, inertial measurement
unit, actigraphy, biomedical technology, remote sensing
technol ogy, haptic technology, digital technology, and wearable
electronic devices will be considered for the search strategy.
To capture the concept of data transfer, we will consider terms
such as electronic health record integration, cloud, and
dashboard. Because the final concept—use of data by the
clinician—is difficult to capture using search terms, we will
identify this component during full text review.
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Table 1. Connected sensory technology types® and examples.
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Sensor types Definition Example product (manufacturer)
Accelerometer Senses change in person’s (or object’s) linear velocity * CentrePoint Insight Watch (ActiGraph)®
*  Vivoactive 5 (Garmi n)b
Gyroscope® Senses change in angular velocity *  Apple Watch Series 9 (Apple)°
M agnetometer Measures angles relative to the Earth’s magnetic field * MetaMotion C (Mbientl a)d
Pressure sensor Measures external pressure «  Blue Chip Pressure Mapping Mattress Sensor (Blue
Chip Medical)
o SensoriaMat Wheelchair Cushion (Sensoria)
«  OpenGO Insoles (Moticon)
IMU® Contains multiple sensors to measure motionin 3 axes,; to «  Opal V2R (Clario)

accomplishthis, IMUsinclude accel erometers, gyroscopes, »

magnetometers, and pressure sensors

Biomedical sensor

temperature, etc)

Temperature sensor

Passive infrared sensor Measures infrared light to detect motion

Measures physiological and biological metricswithinthe
human body (heart rate, oxygen saturation, blood glucose,

Senses heat and detect changes in temperature .

Xsens Awinda (Movella)
*  MetaMotion C (Mbientla)?

Omron Complete 2-in-1 Upper Arm Blood Pressure
Monitor and 1-Leak EKG Monitor (Omron)

SmartMat (Podimetrics)

«  DomoCare home monitoring system (DomoSafety
SA)

8This table does not include an exhaustive list of sensor types but rather includes more common examples used in health care.
bThe CentrePoint Ins ght Watch, Vivoactive, and Apple Watch also contain atemperature sensor; the Vivoactive and Apple Watch also have biomedical

sensors, the Apple Watch uses both an accelerometer and a gyroscope.
®Gyroscope and accelerometer are often used concurrently in products.

%The MetaMotion C system is an inertial measurement unit that contains a magnetometer in addition to an accelerometer and gyroscope.

€IMU: inertial measurement unit.

Context

The context will include rehabilitation- and exercise-related
studies. As such, the search terms will include rehabilitation,
physical therapy, physiotherapy, telehealth, telerehabilitation,
digital medicine, and digital health. There will be no other
restrictions on the context.

Understanding the context is important to interpret what may
be possible in different settings. For example, the Veterans
Health Administration (VHA) has been and continues to be a
leader in deploying technology solutions for health care. The
VHA Telehealth Services program office was established over
20 years ago [29] and has developed necessary infrastructure
to support rehabilitation practices that leverage remote patient
monitoring to inform care decisions. In contrast, other health
care systems may have inadequate infrastructure, which is a
significant barrier to organizational implementation of connected
sensor technol ogy—augmented services.

Search Strategy and I nformation Sources

A comprehensiveliterature search was designed and performed
by a medical librarian (CP) in February 2024 for the concepts
of wearable sensors, rehabilitation, and medical health data
The search was built in Embase and trandated to additional
databases. Prior to trandation, the Embase search strategy was
peer-reviewed by amedical librarian following the PRESS (Peer
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Review of Electronic Search Strategies) guidelines [30].
Relevant publications will be identified by searching the
following databases with a combination of standardized index
terms and keywords: Ovid MEDLINE ALL (from 1946 to
February 22, 2024), Embase (via Elsevier, from 1947 to the
present), Web of Science Core Collection (viaThomson Reuters,
including Science Citation Index Expanded, from 1974 to the
present, and Social Sciences Citation Index, from 1974 to the
present), and CINAHL (via EBSCOhost, from 1981 to the
present). When possible, the searches will be limited to adult
studies, with the publication types of conference abstracts and
reviews excluded, and the publication date will be limited to
range from 2008 to the present. Multimedia Appendix 1 provides
the complete list of database search strategies.

Data Management

Following the search, all results will be exported to EndNote
21 (Clarivate Anaytics), and duplicateswill beinitially removed
using thisreference management software. Resultswill then be
uploaded to Covidence systematic review software (Veritas
Health Innovation) for final duplicate removal, screening, and
data extraction.

Stage 3: Article Selection and Eligibility Criteria

This scoping review will consider quantitative, qualitative, and
mixed methods study designs for inclusion. While reviews,
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editorials, and other opinion papers will be excluded, we will
manually search such manuscriptsfor relevant articles. Inclusion
and exclusion criteria are summarized in Table 2 according to
the PCC framework.

Studieswill be screened for inclusion in 2 stages, and each study
will be screened by 2 independent reviewers during both stages.
The first stage will involve screening of titles and abstracts; if
there are no clear exclusion criteria, the study will advance to
the second stage of screening, which is the full-text review.
Full-text articles will be retrieved through the University of
Colorado library and associated resources, through the

Table 2. Inclusion and exclusion criteria.

Rauzi et d

Department of Veterans Affairs library, and by contacting
corresponding authors. If the full text cannot be found through
reasonable means, then the article will be excluded from the
review. All inclusion criteria must be met during the full-text
review for inclusion in the results, and specifically, each of the
3 steps relevant to the concept domain of the PCC framework
must be present (Figure 1). If there are discrepancies at either
screening stage, the articles will be discussed as a team. The
results of the search will be reported in full in the final scoping
review and presented in aPRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) flow diagram [31].

Domain Inclusion Exclusion
Population « Adults (aged =18 years) . Sampleaged <18 years
«  Doesnot involve human subjects (animals, etc)
Concept «  Connected sensor technology product used inthestudy  «  Study not related to anintervention (observational, valida-
either asthe primary or secondary technology (eg, sec- tion, or reliability study; review; opinion; etc.)
ondary to virtua reality intervention) . Nodatatransfer or data transfer requires ongoing active
«  Collects patient data primarily through passive means input from the participant (eg, paper or electronic diary)
.  Datatransfer from the participant’s connected sensor «  Thedataare not used to inform the intervention (eg, ac-
technology to aclinician celerometry data collected only for study outcome)
«  Theclinician uses the data to inform an intervention
Context « Interventionisrelevant to rehabilitation (exercise, physical «  Interventionisnot relevant to rehabilitation (eg, medication
activity, symptom management, etc) adherence)
Other « —a «  Full text not available in English
@Not applicable.

Figure 1. Depiction of theinclusion criteria as defined by the concept domain of the Population, Concept, and Context (PCC) framework.

Patient

(1) Connected sensor
technology collects data

L~

9
hd

k

) Electronic

Cliniciam

(3) Data informs
intervention

Stage 4: Data Extraction and Charting

We will pilot a custom data extraction table within Covidence
and/or Excel (Microsoft) before starting formal dataextraction.
Data extraction will include article characteristics (eg, authors,
title, journal, and year of publication), study characteristics
(study design, country where study was conducted, aim or aims,
population studied, etc), and data pertinent to the scoping review
guestions. As we are interested in describing what is known
about connected sensor technologies integrated into
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rehabilitation interventions, we will extract technology and data
characteristics (eg, type of connected sensor technology, name
and manufacturer, prior validation, and type of data collected
from the connected sensor technology). In addition, we will
describe the method(s) used for data transfer and how the data
were used to inform the intervention. The data extraction table
will be updated as we become more familiar with the literature
and identify salient data to answer the research questions.
Further details of planned data extraction arein Table 3.
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Primary dataextraction will be completed by MRR and checked
by a second member of the team for completeness. Any
discrepancies that arise will be discussed as a team for

Table 3. Data extraction plan.

Rauzi et d

resolution. Authors of paperswill be contacted when needed to
request missing or additional data. Modifications to data
extraction will be detailed in the full scoping review.

Category Data extracted

Population « Samplesize
«  Participant demographics (sex, age, €tc)

«  Population diagnoses (chronic obstructive pulmonary disease, congestive heart failure, Parkinson disease, etc)

Concept Type of sensor technology

Method of data collection

Data transfer methods

Compatibility (platform and operating system)
How sensor technology was used

Prior validation

Method of validation (if applicable)

Context Health care system

Country

Type of data collected from sensor technology (heart rate, step count, sleep duration, etc)

Co-occurring digital health technologies (eg, artificia intelligence)

Type of health care setting (hospital, clinic, home, etc)
Type of rehabilitation (physical therapy, occupational therapy, etc)

Stage 5: Data Synthesis

The scope of the literature will be described using counts (n),
percentages, means, medians, and measures of variance as
appropriate. For example, we will describe the number and type
(randomized controlled trial, quasi-experimental, etc) of studies
that have been conducted. We will also describe the number of
connected sensory technologies studied by category
(accelerometer, magnetometer, etc) and the populationsinwhich
the productswere studied (those muscul oskeletal or neurological
disorders, healthy adults, etc). These results will be presented
in figures and tables. A narrative approach will be used to
describe how connected sensor technol ogies were used during
rehabilitation interventions and to summarize any qualitative
data that may be included in the review.

Stage 6: Partner Engagement

Once results are synthesized, we will present them to various
partner groups including patients and rehabilitation clinicians.
Partner feedback will be incorporated into the results and
discussion to afford a broader presentation and interpretation
of thefindings of the scoping review. We anticipate that partner
input will help identify areas that have been understudied or
not studied, situate the results in the context of priorities of
various partner groups, and identify salient future directionsfor
research.

Results

We conducted initial searches to refine the search strategy in
February 2024. Through this process, we added a date
requirement to include studies from 2008 to the present. We
aim to complete the scoping review through data synthesis (stage
5) by October 2024, followed by partner engagement (stage 6)
before dissemination in a scientific journal.
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Discussion

Principal Findings

The findings from this scoping review will identify how
connected sensor technologies have been integrated into
rehabilitation care and with which populations. We suspect that
many of the interventions using connected sensor technol ogies
will focus on behavior change and that the most common type
of connected sensor technology will be consumer activity
monitors. We al so anticipate that connected sensor technologies
will be commonly applied to cardiac and pulmonary
rehabilitation programs, because these programs are well
established [32-34] and much work has been done to evaluate
the effectiveness of telehealth delivery for these programs
[32,35,36].

Comparison to Prior Work

Previous reviews have evaluated similar concepts to the ones
described in this manuscript. For example, Wei and Wu [37]
conducted a review of preclinical studies that evaluated the
ability of sensors to assess, recognize, and classify human
movements in patient populations. Similarly, Kim et al [38]
reviewed the use of sensorsfor upper-extremity assessment and
intervention in apopulation with stroke. Only 5 of thereviewed
studies used the sensor data to assist with an intervention, but
none of the technologies used in the studies transferred data.
Asaresult, the clinician was not actively involved in using the
sensor data to inform treatments. Another review focused on
the use of wearable technologies in oncology populations and
found 10 studies that used wearables to effect health outcomes
[39]; however, there were no details about the interventions and
how or if sensor data were used by the clinician. The review
described in this protocol will address these limitations.
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Strengths and Limitations

The scoping review protocol has strengths that will improve
the reliability of its findings. First, a strength of thisreview is
the use of established and rigorous methodology [25,26,28].
Second, we are a diverse team with different research
backgrounds and interests in technological applications; this
diversity will enhance the findings by accounting for various
perspectives. Additionally, we will use step 6 (partner
engagement) of the Arksey and O'Malley [28] framework,
which will improve the interpretation, communication, and
dissemination of the findings.

The scoping review also haslimitations. First, thereisalack of
standard language to describe the datatransfer process and how
sensor data are used by a clinician; therefore, our search may
miss articles that use terms not captured in our search strategy.
This limitation also highlights the need for future work to
generate consensus for such terminology. Another limitationis
that the search strategy may miss eligible articles in which a
connected sensor technology was used but was secondary to a
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different health technology (eg, virtua reality intervention that
included connected sensor technologies). Similarly, our search
may miss technologies that were studied privately or went
directly to consumer markets.

Dissemination Plan

Findings from this scoping review will be disseminated through
various communication channels. First, we will share our
findings with partners through presentations and discussions.
Then, formal findings will be disseminated in peer-reviewed
journals, presented at scientific conferences, and shared on
socia medial platforms such as LinkedIn.

Conclusion

We designed this scoping review to help map how connected
sensor technol ogies have been studied to augment rehabilitation
interventions. Results from the scoping review will identify the
current state of this research while highlighting critical areas of
inquiry to advance this field. Results will also support the
development of alongitudinal care model to prioritizelong-term
health outcomes.

We would like to thank Dr. Susan Moore for providing expert guidance for the search strategy. MRR was supported by the
Denver-Sesattle VA Center of Innovation for Veteran-Centered and Va ue-Driven Care through an advanced research fellowship.
The funder did not play arolein the design or conduct of the scoping review. The views expressed in this article are those of the
authors and do not necessarily reflect the position or policy of the Department of Veterans Affairs or the US Government.

Data Availability

Data sharing is not applicable to this protocol as no datasets were generated or analyzed.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Search strategy.
[DOCX File, 34 KB-Multimedia Appendix 1]

References

1. VeteransHealth Administration (VHA). The playbook: digital healthcare edition. Digital Medicine Society (DiMe). 2022.
URL : https://dimesoci ety.org/access-resources/the-pl aybooks/di gital -heal thcare-editi on/#pl aybook [accessed 2024-05-03]

2. CoravosA, Doer M, Goldsack J, Manta C, Shervey M, Woods B, et al. Modernizing and designing eval uation frameworks
for connected sensor technologiesin medicine. NPJ Digit Med. Mar 13, 2020;3:37. [FREE Full text] [doi:

10.1038/s41746-020-0237-3] [Medline: 32195372]

3. Bothun D, Lieberman M. The wearable life 2.0: connected living in awearable world. PwC. 2016. URL : https.//www.
pwc.com/ee/et/publications/pub/pwe-cis-wearables.pdf [accessed 2024-10-21]

4.  Newsome AM, Reed R, Sansone J, Batrakoulis A, McAvoy C, Parrott M. 2024 ACSM worldwide fitness trends: future
directions of the health and fitness industry. ACSM's Health and Fitness Journal. 2024;28(1):14-26. [doi:

10.1249/fit.0000000000000933]

5. deMseijer C, Wouterse B, Polder J, Koopmanschap M. The effect of population aging on health expenditure growth: a
critical review. Eur JAgeing. Dec 15, 2013;10(4):353-361. [FREE Full text] [doi: 10.1007/s10433-013-0280-x] [Medline:

28804308]

6. HouX,Liul, CainJ. Can higher spending on primary healthcare mitigate the impact of ageing and non-communicable
diseases on health expenditure? BMJ Glob Health. Dec 23, 2022;7(12):€010513. [FREE Full text] [doi:

10.1136/bmjgh-2022-010513] [Medline: 36564087]

https://www.researchprotocol s.org/2024/1/e60496

JIMIR Res Protoc 2024 | vol. 13 | e60496 | p. 7
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v13i1e60496_app1.docx&filename=990ed882ba500ccb8b7ddbe64964e508.docx
https://jmir.org/api/download?alt_name=resprot_v13i1e60496_app1.docx&filename=990ed882ba500ccb8b7ddbe64964e508.docx
https://dimesociety.org/access-resources/the-playbooks/digital-healthcare-edition/#playbook
https://doi.org/10.1038/s41746-020-0237-3
http://dx.doi.org/10.1038/s41746-020-0237-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32195372&dopt=Abstract
https://www.pwc.com/ee/et/publications/pub/pwc-cis-wearables.pdf
https://www.pwc.com/ee/et/publications/pub/pwc-cis-wearables.pdf
http://dx.doi.org/10.1249/fit.0000000000000933
https://europepmc.org/abstract/MED/28804308
http://dx.doi.org/10.1007/s10433-013-0280-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28804308&dopt=Abstract
https://gh.bmj.com/lookup/pmidlookup?view=long&pmid=36564087
http://dx.doi.org/10.1136/bmjgh-2022-010513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36564087&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Rauzi et d

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Foster C, Richards J, Thorogood M, Hillsdon M. Remote and web 2.0 interventionsfor promoting physical activity. Cochrane
Database Syst Rev. Sep 30, 2013;9(9):CD010395. [FREE Full text] [doi: 10.1002/14651858.CD010395.pub2] [Medline:
24085594]

Mattli R, Farcher R, Syleouni M, Wieser S, Probst-Hensch N, Schmidt-Trucksiss A, et al. Physical activity interventions
for primary prevention in adults: a systematic review of randomized controlled trial-based economic evaluations. Sports
Med. Apr 21, 2020;50(4):731-750. [FREE Full text] [doi: 10.1007/s40279-019-01233-3] [Medline: 31755043]

Janjua S, Carter D, Threapleton CJ, Prigmore S, Disler RT. Telehealth interventions: remote monitoring and consultations
for peoplewith chronic obstructive pulmonary disease (COPD). Cochrane Database Syst Rev. Jul 20, 2021;7(7):CD013196.
[FREE Full text] [doi: 10.1002/14651858.CD013196.pub?] [Medline: 34693988]

Haynes SC, Tancredi DJ, Tong K, Hoch JS, Ong MK, Ganiats TG, et a. Association of adherence to weight telemonitoring
with health care use and death: a secondary analysis of arandomized clinical trial. JAMA Netw Open. Jul 01,
2020;3(7):€2010174. [EREE Full text] [doi: 10.1001/jamanetworkopen.2020.10174] [Medline: 32648924]

Kim B, Ghasemi P, Stolee P, Lee J. Clinicians and older adults' perceptions of the utility of patient-generated health data
in caring for older adults: exploratory mixed methods study. IMIR Aging. Nov 05, 2021;4(4):e29788. [FREE Full text]
[doi: 10.2196/29788] [Medline: 34738913]

Kang HS, Exworthy M. Wearing the future-wearables to empower users to take greater responsibility for their health and
care: scoping review. JIMIR Mhealth Uhealth. Jul 13, 2022;10(7):e35684. [ FREE Full text] [doi: 10.2196/35684] [Medline:
35830222]

Cohen DJ, Keller SR, Hayes GR, Dorr DA, Ash JS, Sittig DF. Integrating patient-generated health datainto clinical care
settings or clinical decision-making: lessonslearned from project healthdesign. IMIR Hum Factors. Oct 19, 2016;3(2):e26.
[EREE Full text] [doi: 10.2196/humanfactors.5919] [Medline: 27760726]

Petit A, Cambon L. Exploratory study of the implications of research on the use of smart connected devicesfor prevention:
ascoping review. BMC Public Health. Jul 11, 2016;16:552. [FREE Full text] [doi: 10.1186/s12889-016-3225-4] [Medline:
27401769]

Bhatti PT, Herdman SJ, Roy SD, Hall CD, Tusa RJ. A prototype head-motion monitoring system for in-home vestibular
rehabilitation therapy. JBioeng Biomed Sci. 2011; Suppl 1:009. [FREE Full text] [doi: 10.4172/2155-9538.51-009] [Medline:
25866699]

Nguyen HP, Ayachi F, Lavigne-Pelletier C, Blamoutier M, Rahimi F, Boissy P, et al. Auto detection and segmentation of
physical activitiesduring a Timed-Up-and-Go (TUG) task in healthy older adults using multipleinertial sensors. JNeuroeng
Rehabil. Apr 11, 2015;12(1):36. [FREE Full text] [doi: 10.1186/s12984-015-0026-4] [Medline: 25885438]

Skobel E, Martinez-Romero A, Scheibe B, Schauerte B, Marx N, Luprano J, et al. Evaluation of anewly designed shirt-based
ECG and breathing sensor for home-based training as part of cardiac rehabilitation for coronary artery disease. Eur J Prev
Cardiol. Nov 2014;21(11):1332-1340. [doi: 10.1177/2047487313493227] [Medline: 23733743]

Li S, Pham HT, Karunarathne MS, Lee Y S, Ekanayake SW, PathiranaPN. A mobile cloud computing framework integrating
multilevel encoding for performance monitoring in telerehabilitation. Mathematical Problemsin Engineering. Sep 16,
2015;2015:1-14. [doi: 10.1155/2015/617840]

Jeong JW, Lee W, Kim Y J. A real-time wearable physiological monitoring system for home-based healthcare applications.
Sensors (Basel). Dec 24, 2021;22(1):104. [FREE Full text] [doi: 10.3390/s22010104] [Medline: 35009644]

Chew HSJ, Koh WL, Ng JSHY, Tan KK. Sustainability of weight loss through smartphone apps: systematic review and
meta-analysis on anthropometric, metabolic, and dietary outcomes. JMed Internet Res. Sep 21, 2022;24(9):e40141. [FREE
Full text] [doi: 10.2196/40141] [Medline: 36129739]

Jones AK, Yan CL, RiveraRodriquez BP, Kaur S, Andrade-Bucknor S. Role of wearable devicesin cardiac tel erehabilitation:
ascoping review. PLoS One. May 31, 2023;18(5):€0285801. [FREE Full text] [doi: 10.1371/journal.pone.0285801]
[Medline: 37256878]

Donner CF, ZuWallack R, Nici L. Therole of telemedicine in extending and enhancing medical management of the patient
with chronic obstructive pulmonary disease. Medicina (Kaunas). Jul 18, 2021;57(7):726. [FREE Full text] [doi:
10.3390/medicina57070726] [Medline: 34357007]

Woelfle T, Bourguignon L, Lorscheider J, Kappos L, Naegelin Y, Jutzeler CR. Wearable sensor technol ogies to assess
motor functions in people with multiple sclerosis: systematic scoping review and perspective. JMed Internet Res. Jul 27,
2023;25:e44428. [FREE Full text] [doi: 10.2196/44428] [Medline: 37498655]

LeTA, Jivalagian A, Hiba T, Franz J, Ahmadzadeh S, Eubanks T, et al. Multi-agent systems and cancer pain management.
Curr Pain Headache Rep. Sep 29, 2023;27(9):379-386. [doi: 10.1007/s11916-023-01131-4] [Medline: 37382870]

Peters MDJ, Godfrey C, Mclnerney P, Khalil H, Larsen P, Marnie C, et al. Best practice guidance and reporting items for
the devel opment of scoping review protocols. JBI Evid Synth. Apr 01, 2022;20(4):953-968. [doi: 10.11124/IBIES-21-00242]
[Medline: 35102103]

Peters MDJ, Godfrey C, Mclnerney P, Munn Z, Tricco AC, Khalil H, et al. Scoping reviews. In: Aromataris E, Lockwood
C, Porritt K, PillaB, Jordan Z, editors. JBI Manual for Evidence Synthesis. Adelaide, Australia. JBI; 2024. [doi:
10.46658/JBIMES-24-09]

https://www.researchprotocols.org/2024/1/e60496 JMIR Res Protoc 2024 | vol. 13 | 60496 | p. 8

(page number not for citation purposes)


https://europepmc.org/abstract/MED/24085594
http://dx.doi.org/10.1002/14651858.CD010395.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24085594&dopt=Abstract
https://doi.org/10.5167/uzh-178405
http://dx.doi.org/10.1007/s40279-019-01233-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31755043&dopt=Abstract
https://europepmc.org/abstract/MED/34693988
http://dx.doi.org/10.1002/14651858.CD013196.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34693988&dopt=Abstract
https://europepmc.org/abstract/MED/32648924
http://dx.doi.org/10.1001/jamanetworkopen.2020.10174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32648924&dopt=Abstract
https://aging.jmir.org/2021/4/e29788/
http://dx.doi.org/10.2196/29788
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34738913&dopt=Abstract
https://mhealth.jmir.org/2022/7/e35684/
http://dx.doi.org/10.2196/35684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35830222&dopt=Abstract
https://humanfactors.jmir.org/2016/2/e26/
http://dx.doi.org/10.2196/humanfactors.5919
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27760726&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3225-4
http://dx.doi.org/10.1186/s12889-016-3225-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27401769&dopt=Abstract
https://europepmc.org/abstract/MED/25866699
http://dx.doi.org/10.4172/2155-9538.S1-009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25866699&dopt=Abstract
https://jneuroengrehab.biomedcentral.com/articles/10.1186/s12984-015-0026-4
http://dx.doi.org/10.1186/s12984-015-0026-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25885438&dopt=Abstract
http://dx.doi.org/10.1177/2047487313493227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23733743&dopt=Abstract
http://dx.doi.org/10.1155/2015/617840
https://www.mdpi.com/resolver?pii=s22010104
http://dx.doi.org/10.3390/s22010104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35009644&dopt=Abstract
https://www.jmir.org/2022/9/e40141/
https://www.jmir.org/2022/9/e40141/
http://dx.doi.org/10.2196/40141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36129739&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0285801
http://dx.doi.org/10.1371/journal.pone.0285801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37256878&dopt=Abstract
https://www.mdpi.com/resolver?pii=medicina57070726
http://dx.doi.org/10.3390/medicina57070726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34357007&dopt=Abstract
https://www.jmir.org/2023//e44428/
http://dx.doi.org/10.2196/44428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37498655&dopt=Abstract
http://dx.doi.org/10.1007/s11916-023-01131-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37382870&dopt=Abstract
http://dx.doi.org/10.11124/JBIES-21-00242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35102103&dopt=Abstract
http://dx.doi.org/10.46658/JBIMES-24-09
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Rauzi et d

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA extension for scoping reviews
(PRISMA-ScR): checklist and explanation. Ann Intern Med. Oct 02, 2018;169(7):467-473. [EREE Full text] [doi:
10.7326/M18-0850] [Medline: 30178033]

Arksey H, O'Malley L. Scoping studies: towards a methodological framework. International Journal of Social Research
Methodology. Feb 2005;8(1):19-32. [doi: 10.1080/1364557032000119616]

Lutes T. VA Telehealth Services celebrates 20 years. VA News. May 1, 2023. URL : https://news.va.qov/118570/

va-tel ehealth-services-cel ebrates-20-years/ [accessed 2024-10-21]

McGowan J, Sampson M, Salzwedel DM, Cogo E, Foerster V, Lefebvre C. PRESS Peer Review of Electronic Search
Strategies: 2015 guideline statement. J Clin Epidemiol. Jul 2016;75:40-46. [FREE Full text] [doi:
10.1016/j.jclinepi.2016.01.021] [Medline: 27005575]

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et a. The PRISMA 2020 statement: an updated
guidelinefor reporting systematic reviews. BMJ. Mar 29, 2021;372:n71. [FREE Full text] [doi: 10.1136/bmj.n71] [Medline:
33782057]

Cotie LM, VanzellaLM, Pakosh M, Ghisi GLDM. A systematic review of clinical practice guidelines and consensus
statements for cardiac rehabilitation delivery: consensus, divergence, and important knowledge gaps. Can J Cardiol. Mar
2024;40(3):330-346. [doi: 10.1016/j.cjca.2023.10.016] [Medline: 38376955]

Rochester CL, Alison JA, Carlin B, Jenkins AR, Cox NS, Bauldoff G, et al. Pulmonary rehabilitation for adultswith chronic
respiratory disease: an official American Thoracic Society clinical practice guideline. Am JRespir Crit Care Med. Aug 15,
2023;208(4):e7-e26. [FREE Full text] [doi: 10.1164/rccm.202306-1066ST] [Medline: 37581410]

Alison JA, McKeough ZJ, Johnston K, McNamara RJ, Spencer LM, Jenkins SC, et al. Australian and New Zealand
pulmonary rehabilitation guidelines. Respirology. May 24, 2017;22(4):800-819. [FREE Full text] [doi: 10.1111/resp.13025]
[Medline: 28339144]

Hwang R, Bruning J, MorrisN, Mandrusiak A, Russell T. A systematic review of the effects of telerehabilitation in patients
with cardiopulmonary diseases. JCardiopulm Rehabil Prev. 2015;35(6):380-389. [doi: 10.1097/HCR.0000000000000121]
[Medline: 26034937]

Cox NS, Dal Corso S, Hansen H, McDonald CF, Hill CJ, Zanaboni P, et al. Telerehabilitation for chronic respiratory disease.
Cochrane Database Syst Rev. Jan 29, 2021;1(1):CD013040. [FREE Full text] [doi: 10.1002/14651858.CD013040.pub?]
[Medline: 33511633]

Wei S, Wu Z. The application of wearable sensors and machine learning algorithms in rehabilitation training: a systematic
review. Sensors (Basel). Sep 05, 2023;23(18):7667. [FREE Full text] [doi: 10.3390/s23187667] [Medline: 37765724]
Kim GJ, Parnandi A, Eva S, Schambra H. The use of wearable sensors to assess and treat the upper extremity after stroke:
ascoping review. Disabil Rehabil. Oct 30, 2022;44(20):6119-6138. [FREE Full text] [doi: 10.1080/09638288.2021.1957027]
[Medline: 34328803]

CloR K, Verket M, Miiller-Wieland D, Marx N, Schuett K, Jost E, et a. Application of wearables for remote monitoring
of oncology patients: a scoping review. Digit Health. Mar 05, 2024;10:20552076241233998. [FREE Full text] [doi:
10.1177/20552076241233998] [Medline: 38481796]

Abbreviations

PCC: Population, Concept, and Context

PRESS: Peer Review of Electronic Search Strategies

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

PRISMA-ScR: Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping
Reviews

VHA: Veterans Health Administration

Edited by T Leung; submitted 13.05.24; peer-reviewed by S Tayebi Arasteh, C Baxter; comments to author 18.07.24; revised version
received 11.09.24; accepted 28.09.24; published 24.10.24

Please cite as:

Rauzi MR, Akay RB, Balakrishnan S, Piper C, Gobert D, Flach A

Current Sate of Connected Sensor Technologies Used During Rehabilitation Care: Protocol for a Scoping Review
JMIR Res Protoc 2024, 13:e60496

URL: https://www.researchprotocols.org/2024/1/e60496

doi: 10.2196/60496

PMID: 39446418

https://www.researchprotocols.org/2024/1/e60496 JMIR Res Protoc 2024 | vol. 13 | e60496 | p. 9

RenderX

(page number not for citation purposes)


https://www.acpjournals.org/doi/abs/10.7326/M18-0850?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.7326/M18-0850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30178033&dopt=Abstract
http://dx.doi.org/10.1080/1364557032000119616
https://news.va.gov/118570/va-telehealth-services-celebrates-20-years/
https://news.va.gov/118570/va-telehealth-services-celebrates-20-years/
https://linkinghub.elsevier.com/retrieve/pii/S0895-4356(16)00058-5
http://dx.doi.org/10.1016/j.jclinepi.2016.01.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27005575&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=33782057
http://dx.doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33782057&dopt=Abstract
http://dx.doi.org/10.1016/j.cjca.2023.10.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38376955&dopt=Abstract
https://europepmc.org/abstract/MED/37581410
http://dx.doi.org/10.1164/rccm.202306-1066ST
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37581410&dopt=Abstract
https://core.ac.uk/reader/143898763?utm_source=linkout
http://dx.doi.org/10.1111/resp.13025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28339144&dopt=Abstract
http://dx.doi.org/10.1097/HCR.0000000000000121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26034937&dopt=Abstract
https://europepmc.org/abstract/MED/33511633
http://dx.doi.org/10.1002/14651858.CD013040.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33511633&dopt=Abstract
https://www.mdpi.com/resolver?pii=s23187667
http://dx.doi.org/10.3390/s23187667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37765724&dopt=Abstract
https://europepmc.org/abstract/MED/34328803
http://dx.doi.org/10.1080/09638288.2021.1957027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34328803&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/20552076241233998?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/20552076241233998
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38481796&dopt=Abstract
https://www.researchprotocols.org/2024/1/e60496
http://dx.doi.org/10.2196/60496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39446418&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Rauzi et d

©Michelle R Rauzi, Rachael B Akay, Swapna Balakrishnan, Christi Piper, Denise Gobert, Alicia Flach. Originally published in
JMIR Research Protocols (https://www.researchprotocols.org), 24.10.2024. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the origina work, first published in IMIR Research Protocols, is

properly cited. The complete bibliographic information, alink to the original publication on https://www.researchprotocols.org,
aswell asthis copyright and license information must be included.

https://www.researchprotocols.org/2024/1/e60496 JMIR Res Protoc 2024 | vol. 13 | 60496 | p. 10

(page number not for citation purposes)


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

