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Abstract
Background: The COVID-19 global pandemic pushed many rehabilitation practitioners to pivot their in-person practice to
adopt telerehabilitation as their main method of delivery. In addition to documenting information on interventions used with
clients, it is best practice for therapists to use reliable and validated outcome measures to inform their interventions.
Objective: Through this scoping review, we aim to identify (1) which outcomes are being used remotely to assess balance,
mobility, and gait in patients with neurological conditions, and (2) what psychometric data (validity, reliability, etc.) for remotely
administered outcomes are available.
Methods: Three main concepts will be included in our search: (1) neurological conditions; (2) administration by telerehabilitation;
and (3) outcome measures for balance, mobility, and gait. Studies reporting remote assessment of neurological conditions published
since 1990 will be included. The database search will be completed in MEDLINE (Ovid), CINAHL, PubMed, PsycINFO,
EMBASE, and Cochrane. Gray literature including dissertations, conference papers, and protocol papers will also be sourced.
Two reviewers will independently screen each title and abstract using pre-established inclusion and exclusion criteria. Manuscripts
that appear to meet the criteria will be subject to further review, and full-text extraction using a pre-piloted extraction sheet if all
criteria are met. The data will be categorized by assessment types describing impairments (such as balance, strength, and mobility)
or activity limitations or participation restriction (such as functional mobility, ambulatory functions, and activities of daily living).
Results: This scoping review will document outcome measures currently used in the remote assessment of neurological conditions.
To date, 235 titles and abstracts were screened. We are in the process of finalizing the full text screening for the inclusion of
articles. We expect the full screening to be completed in November 2021 and data analysis in January 2022. Our results are
expected to be published in early 2022.
Conclusions: The optimal use of telerehabilitation as a mode to deliver rehabilitation intervention should be coupled with the
completion of validated outcome measures. Therefore, it is crucial to further our knowledge on remote outcome measures and
therapeutic assessments.
International Registered Report Identifier (IRRID): PRR1-10.2196/27186
(JMIR Res Protoc 2021;10(12):e27186) doi: 10.2196/27186
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Introduction
Telerehabilitation, teletherapy, and virtual rehabilitation are
terms describing the use of information and communication
technologies including phone or videoconferencing to provide
rehabilitation services to people remotely, in their home or other
environment [1]. In 2017, Peretti et al [2] reported that the field
of telerehabilitation was considerably new but the use had
rapidly grown in high-income countries. The COVID-19 global
pandemic has only further driven the adoption of this
rehabilitation delivery method. Data from the Ontario
Telemedicine Network (OTN) [3] documented a 36% growth
in virtual visits in their annual 2018-2019 report, totaling over
1 million telemedicine visits. Originally used to reduce travel
time and costs for patients and health care providers, as well as
to improve access to specialists for rural communities [4], the
COVID-19 global pandemic has pushed health care practitioners
to adopt telemedicine as their main method of delivery. Similar
rapid uptake of telerehabilitation enabled rehabilitation clinicians
to continue addressing patient health needs while following
public health guidelines.
Remote rehabilitation interventions for a variety of neurological
conditions highlight the benefits of telerehabilitation and the
need for further research [5-7]. Reviews have systematically
demonstrated a positive impact on outcomes including gait,
mobility, strength, and daily function in people living with
deficits after stroke [8,9], traumatic brain injury [10,11],
Parkinson disease [12], and multiple sclerosis [13,14]. By
contrast, a scoping review by O’Neil et al [15] reported that
there were limited guidelines on the implementation parameters
of interventions delivered remotely.
An outcome measure is defined as a clinical tool to objectively
measure changes in function of a patient as a result of an
intervention [16]. It is best practice for therapists to complete
assessments using reliable and validated outcome measures to
inform their interventions. Choosing valid and reliable outcome
measures is critical in assessing intervention efficacy and
meaningful clinical change [16]. While clinicians use outcome
measures to guide their interventions, insurance companies
require clinicians to objectively document the progress of
patients using validated outcome measures to provide credible
and reliable justification for treatment. Consequently, not using
objective, reliable, valid, and responsive outcome measures
could have financial impacts on patients and health care
providers alike. More importantly, without use of appropriate
outcome measures, clinicians cannot effectively measure the
impact of their proposed intervention on targeted impairments,
therefore not identifying whether interventions are working for
each patient.
Potential barriers such as limited space in the patient’s home,
equipment availability, or safety issues may compromise the
validity or reliability of the remote outcome measures used by
the therapist. Depending on the method used for
telerehabilitation, additional restrictions could also impact the
choice of outcome measure. For example, when assessing
balance, poor visibility via videoconference or the use of phone
calls could lead to choosing measures that are less objective,
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such as patient-reported questionnaires instead of specific
clinical outcome measures targeting balance. Ultimately, the
use of outcome measures that have not been appropriately tested
for reliability and validity will not be able to guide intervention
planning and may adversely affect the patient’s recovery.
The use of valid outcome measures regardless of whether a
clinician is using in-person or tele-platforms methods is
necessary. Previously, a hybrid model of service delivery with
outcomes assessments performed before, after, or during
telerehabilitation interventions was typically completed
in-person; however, due to COVID-19, in-person visits are now
curtailed or cancelled. Although there are a wide range of
reliable and valid in-person rehabilitation assessments [17],
there is a need to systematically review outcome measures
performed via telerehabilitation, to recommend the most valid,
reliable, acceptable, and safe measures to be administered
remotely.
Validity, the ability for a tool to assess what it is intended to
assess, and reliability, the ability for the test to be reproduced
with similar results, are key features of evidence-based
assessments [18]. Mani et al [19] studied assessment techniques
using telerehabilitation in a population with musculoskeletal
deficits including back pain, ankle and elbow joint disorders,
and total knee replacement. Authors from this study concluded
that there was good validity and reliability for a variety of
remote outcome measures including function (eg, Oswestry
Disability Index), range of motion (eg, goniometry), strength
(eg, self-resistance), and balance (eg, Tinetti Balance and Gait
Assessment). While there are a limited number of validated
remote outcome measures for use with the musculoskeletal
population, a gap remains regarding telerehabilitation
assessments for individuals with neurological conditions.
Remote assessments of people living with neurological
conditions are limited but have been studied in both the pediatric
and adult population. For example, the feasibility and concurrent
validity of using the Movement Assessment Battery for Children
has been established by Nicola et al in 2018 [20]. The use of
smartphone apps, accelerometers, and activity tracking devices
to assess activity level and gait parameters in people living with
impairments after stroke, brain injury, and multiple sclerosis
also has been reported as remote assessment methods in recent
reviews [21,22].
This study aims to review the literature to identify and describe
(1) outcome measures that are being used remotely to assess
balance, mobility, and gait in patients with neurological
conditions, and report (2) the available psychometric data (eg,
validity, reliability, consistency, equivalence) for these outcome
measures when used remotely.

Methods
Systematic Search
This scoping review will follow the methodological steps
outlined by Arksey and O’Malley [23], and expanded by
Colquhoun et al [24]. First, a search strategy will be identified
using specific inclusion criteria around the following main
concepts: (1) neurological conditions (eg, acquired brain injury,
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neurodegenerative disorders); (2) administration by
telerehabilitation; and (3) clinical outcome measures (eg,
postural balance, functional mobility, activity of daily living,
gait assessments, motor assessments). Supported by an
institutional research librarian, an initial systematic database
search was conducted between December 13, 2020, and January
5, 2021, in MEDLINE (Ovid), CINAHL, PubMed, PsycINFO,
EMBASE, and Cochrane. The search strategy included MeSH
terms and Boolean strategies to clarify the search and identify
studies published from 1990 to January 2021. Gray literature
including dissertations, conference papers, and references from
protocol papers will also be searched using Google Scholar and
reference lists of included papers will be hand searched
(Multimedia Appendix 1).

Study Screening and Selection

O'Neil et al
criteria (Textbox 1). Using the Covidence software (Covidence
AS), abstracts meeting all inclusion and exclusion criteria will
be selected for full manuscript review. Full texts from selected
articles will be screened independently by the same 2 reviewers
(KB and EMD) to confirm eligibility before proceeding to data
extraction. This screening step will be piloted with 5 selected
studies and reviewed by a third reviewer to increase interrater
reliability prior to screening all articles. Following each
screening step, conflicts will be resolved by a third rater (JO or
LS) when necessary. Interrater reliability between the
independent reviewers for the full-text review will be
documented by reporting the Cohen κ agreement for the
included studies. The reference list from each included scoping
or systematic review will be manually searched for additional
articles.

Two reviewers (KB and EMD) will independently screen each
title and abstract using pre-established inclusion and exclusion
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Textbox 1. Inclusion and exclusion criteria.
Inclusion criteria
Population with neurological conditions
•

Acquired brain injury (ie, traumatic brain injury, stroke, brain tumors)

•

Neurodegenerative disorders (ie, multiple sclerosis, Parkinson disease, amyotrophic lateral sclerosis, motor neuron disease)

Assessment
•

Tele-platform

•

Telerehabilitation (eg, telerehabilitation, virtual rehabilitation, remote rehabilitation)

•

Telemedicine (eg, telehealth, eHealth, mHealth, app, text messaging, sensor based)

•

Virtual reality (eg, augmented reality, computer simulation)

•

Remote consultation (eg, teleconsultation, consultation, remote)

•

Telemonitoring (eg, remote monitoring, remote assessment)

Health professional
•

Allied health occupations, allied health personnel, and rehabilitation therapist (ie, physiotherapist, physical therapist, occupational therapist,
speech language pathologist, communication therapist, kinesiologist, athletic therapist, nurse, rehabilitation therapist, psychologist,
neuropsychologist, social worker)

•

Physiatrist, physicians, physical medicine

Outcome measures
•

Postural balance assessment (eg, balance, postural, postural control)

•

Functional mobility limitation/assessment (eg, functional mobility, transfers, wheelchair mobility). See “Exclusion Criteria”

•

Daily function (eg, upper extremity function, fine motor skills, dressing and toileting, communication)

•

Gait assessment (eg, neurologic ambulation disorders, ambulation disorders, level of independence, ambulation, gait speed, gait analysis)

•

Motor function assessments (eg, strength, range of motion, stage of motor recovery)

Limits
•

Language: English or French

•

Period: 1990-January 2021

Exclusion criteria
Assessment
•

Only in-person assessment

Outcome measures
•

All other outcome measures not listed in the “Inclusion Criteria.”

Study design
•

Meta-analysis and reviews (but original papers in the reference list will be searched for inclusion)

Data Extraction
Data will be extracted using a pre-established data extraction
sheet (Multimedia Appendix 2). To ensure the charting process
is comprehensive, cohesive, and complete, the extraction sheet
will be piloted with a set of articles prior to starting data
extraction.

Quality Appraisal of Included Studies
When possible, a quality appraisal will be completed using the
appropriate quality reporting tool proposed by the Equator
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Network [25]. As such, randomized controlled trials will be
assessed with CONSORT (Consolidated Standards Of Reporting
Trials), case reports with CARE (CAse REports), observational
studies with STROBE (STrengthening the Reporting of
OBservational studies in Epidemiology), and qualitative studies
with the SRQR (Standards for Reporting Qualitative Research).
Overall, the PRISMA-ScR (PRISMA Extension for Scoping
Reviews) checklist will be used to ensure proper reporting of
this proposed scoping review [26].
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Data Analysis and Interpretation
Once data extraction is complete, the information will be
collated and synthesized following a systematic approach.
Guided by the International Classification of Function (ICF),
data will be categorized using various ICF domains. For
example, outcome measures describing impairments of body
structures will include measures such as balance and strength,
while outcome measures assessing activities and participation
will include functional mobility, transfers, ambulation, and
activities of daily living [27]. This list of remote outcome
measures will also include the available psychometric data
including information around validity (eg, content, construct,
convergent), reliability (eg, stability [intraclass correlation
coefficient], consistency [Cronbach α], equivalence [α]).
Once synthesized, data will be subcategorized by types of
regulated health care professionals to facilitate clinical
usefulness. The subcategories will further be classified by the
type of telehealth platform used. Finally, field consultation will
be completed by asking 5 allied health professionals to review
the interpretation table to validate the clinical usefulness and
potential gaps in the interpretation of our findings.

Results
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duplicates, 235 titles and abstracts were screened. We are in the
process of finalizing the full text screening for the inclusion of
articles. We expect the screening to be completed in November
2021 and data analysis in January 2022. Our results are expected
to be published in early 2022.

Discussion
Telerehabilitation can not only improve access for individuals
who may not benefit from traditional in-person services, but it
may also have financial benefits, reducing costs for the health
care system, health care provider, and patient [2]. The optimal
use of telerehabilitation as a mode to deliver rehabilitation
interventions should be coupled with the completion of valid
outcome measures. Therefore, it is crucial to further our
knowledge on remote outcome measures and therapeutic
assessments. Our findings could influence clinical practice and
patient care and guide clinical research in telerehabilitation.
This scoping review will help determine how remote
assessments are currently being conducted and provide
information on the valid and reliable measures currently
available. Furthermore, results from this study will allow
recommendations to be made for what assessments or areas of
remote assessment need to be further validated.

To date, the initial systematic search has been completed and
293 studies were imported for screening. After removing 58

Acknowledgments
At the time of writing, JO was supported by an Ontario Graduate Scholarship, an admission scholarship from the University of
Ottawa, a project research grant from the Canadian Institute for Military and Veteran Health Research and True Patriot Love,
and a Spark project grant from the Centre for Aging and Brain Health Innovation. KB has an admission scholarship from the
University of Ottawa.

Authors' Contributions
Each author has made substantial contribution to the development of the methodology or data collection and analysis or interpretation
of the findings. Each author contributed to the redaction and revision of this protocol.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Search strategy.
[DOCX File , 17 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Data extraction.
[DOCX File , 22 KB-Multimedia Appendix 2]

References
1.
2.

3.

Brennan DM, Mawson S, Brownsell S. Telerehabilitation: enabling the remote delivery of healthcare, rehabilitation, and
self management. Stud Health Technol Inform 2009;145:231-248. [Medline: 19592797]
Peretti A, Amenta F, Tayebati SK, Nittari G, Mahdi SS. Telerehabilitation: Review of the State-of-the-Art and Areas of
Application. JMIR Rehabil Assist Technol 2017 Jul 21;4(2):e7 [FREE Full text] [doi: 10.2196/rehab.7511] [Medline:
28733271]
Ontario Telemedicine Network. 2020. URL: https://otn.ca [accessed 2021-11-28]

https://www.researchprotocols.org/2021/12/e27186

XSL• FO
RenderX

JMIR Res Protoc 2021 | vol. 10 | iss. 12 | e27186 | p. 5
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.
15.

16.

17.
18.
19.

20.

21.

22.

23.

Tan KK, Narayanan AS, Koh GC, Kyaw KKH, Hoenig HM. Development of telerehabilitation application with designated
consultation categories. J Rehabil Res Dev 2014;51(9):1383-1396 [FREE Full text] [doi: 10.1682/JRRD.2014.02.0052]
[Medline: 25785371]
Huijgen BCH, Vollenbroek-Hutten MMR, Zampolini M, Opisso E, Bernabeu M, Van Nieuwenhoven J, et al. Feasibility
of a home-based telerehabilitation system compared to usual care: arm/hand function in patients with stroke, traumatic
brain injury and multiple sclerosis. J Telemed Telecare 2008;14(5):249-256. [doi: 10.1258/jtt.2008.080104] [Medline:
18633000]
Jones TM, Dear BF, Hush JM, Titov N, Dean CM. myMoves Program: Feasibility and Acceptability Study of a Remotely
Delivered Self-Management Program for Increasing Physical Activity Among Adults With Acquired Brain Injury Living
in the Community. Phys Ther 2016 Dec;96(12):1982-1993. [doi: 10.2522/ptj.20160028] [Medline: 27515944]
Sarfo FS, Ulasavets U, Opare-Sem OK, Ovbiagele B. Tele-Rehabilitation after Stroke: An Updated Systematic Review of
the Literature. J Stroke Cerebrovasc Dis 2018 Sep;27(9):2306-2318 [FREE Full text] [doi:
10.1016/j.jstrokecerebrovasdis.2018.05.013] [Medline: 29880211]
Agostini M, Moja L, Banzi R, Pistotti V, Tonin P, Venneri A, et al. Telerehabilitation and recovery of motor function: a
systematic review and meta-analysis. J Telemed Telecare 2015 Jun;21(4):202-213. [doi: 10.1177/1357633X15572201]
[Medline: 25712109]
Laver KE, Adey-Wakeling Z, Crotty M, Lannin NA, George S, Sherrington C. Telerehabilitation services for stroke.
Cochrane Database Syst Rev 2020 Jan 31;1:CD010255 [FREE Full text] [doi: 10.1002/14651858.CD010255.pub3] [Medline:
32002991]
Ownsworth T, Arnautovska U, Beadle E, Shum DHK, Moyle W. Efficacy of Telerehabilitation for Adults With Traumatic
Brain Injury: A Systematic Review. J Head Trauma Rehabil 2018;33(4):E33-E46. [doi: 10.1097/HTR.0000000000000350]
[Medline: 29084100]
Betts S, Feichter L, Kleinig Z, O'Connell-Debais A, Thai H, Wong C, et al. Telerehabilitation Versus Standard Care for
Improving Cognitive Function and Quality of Life for Adults with Traumatic Brain Injury: a Systematic Review. IJAHSP
2018;16(3):1-19. [doi: 10.46743/1540-580x/2018.1753]
Chen YY, Guan BS, Li ZK, Yang QH, Xu TJ, Li HB, et al. Application of telehealth intervention in Parkinson's disease:
A systematic review and meta-analysis. J Telemed Telecare 2020;26(1-2):3-13. [doi: 10.1177/1357633X18792805] [Medline:
30153767]
Amatya B, Galea M, Kesselring J, Khan F. Effectiveness of telerehabilitation interventions in persons with multiple sclerosis:
A systematic review. Mult Scler Relat Disord 2015 Jul;4(4):358-369. [doi: 10.1016/j.msard.2015.06.011] [Medline:
26195057]
Di Tella S, Pagliari C, Blasi V, Mendozzi L, Rovaris M, Baglio F. Integrated telerehabilitation approach in multiple sclerosis:
A systematic review and meta-analysis. J Telemed Telecare 2019 May 27;26(7-8):385-399. [doi: 10.1177/1357633x19850381]
O'Neil J, van Ierssel J, Sveistrup H. Remote supervision of rehabilitation interventions for survivors of moderate or severe
traumatic brain injury: A scoping review. J Telemed Telecare 2020 Oct;26(9):520-535. [doi: 10.1177/1357633X19845466]
[Medline: 31148489]
Sullivan JE, Andrews AW, Lanzino D, Perron AE, Peron A, Potter KA. Outcome measures in neurological physical therapy
practice: part II. A patient-centered process. J Neurol Phys Ther 2011 Jun;35(2):65-74. [doi: 10.1097/NPT.0b013e31821a24eb]
[Medline: 21934361]
Finch E, Brooks D, Stratford PW. Physical Rehabilitation Outcome Measures: A Guide to Enhanced Clinical Decision
Making. New Britain, CT: BC Decker; 2002.
Portney LG, Watkins MP. Foundations of Clinical Research: Application to Practice (3rd Edition). Philadelphia, PA: FA
Davis Company; 2009.
Mani S, Sharma S, Omar B, Paungmali A, Joseph L. Validity and reliability of Internet-based physiotherapy assessment
for musculoskeletal disorders: a systematic review. J Telemed Telecare 2017 Apr;23(3):379-391. [doi:
10.1177/1357633X16642369] [Medline: 27036879]
Nicola K, Waugh J, Charles E, Russell T. The feasibility and concurrent validity of performing the Movement Assessment
Battery for Children - 2nd Edition via telerehabilitation technology. Res Dev Disabil 2018 Jun;77:40-48. [doi:
10.1016/j.ridd.2018.04.001] [Medline: 29656273]
Block VAJ, Pitsch E, Tahir P, Cree BAC, Allen DD, Gelfand JM. Remote Physical Activity Monitoring in Neurological
Disease: A Systematic Review. PLoS One 2016 Apr 28;11(4):e0154335 [FREE Full text] [doi: 10.1371/journal.pone.0154335]
[Medline: 27124611]
Alexander S, Peryer G, Gray E, Barkhof F, Chataway J. Wearable technologies to measure clinical outcomes in multiple
sclerosis: A scoping review. Mult Scler 2021 Oct;27(11):1643-1656 [FREE Full text] [doi: 10.1177/1352458520946005]
[Medline: 32749928]
Arksey H, O'Malley L. Scoping studies: towards a methodological framework? Int. J. Soc. Res. Methodol 2005;8(1):19-32.
[doi: 10.1080/1364557032000119616]

https://www.researchprotocols.org/2021/12/e27186

XSL• FO
RenderX

O'Neil et al

JMIR Res Protoc 2021 | vol. 10 | iss. 12 | e27186 | p. 6
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
24.

25.
26.

27.

O'Neil et al

Colquhoun HL, Levac D, O'Brien KK, Straus S, Tricco AC, Perrier L, et al. Scoping reviews: time for clarity in definition,
methods, and reporting. J Clin Epidemiol 2014 Dec;67(12):1291-1294. [doi: 10.1016/j.jclinepi.2014.03.013] [Medline:
25034198]
CONSORT 2010 Statement: Updated Guidelines for Reporting Parallel Group Randomised Trials. URL: https://www.
equator-network.org/reporting-guidelines/consort/ [accessed 2021-11-27]
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 2018 Oct 02;169(7):467-473 [FREE Full text] [doi:
10.7326/M18-0850] [Medline: 30178033]
Stucki G, Pollock A, Engkasan JP, Selb M. How to use the International Classification of Functioning, Disability and Health
as a reference system for comparative evaluation and standardized reporting of rehabilitation interventions. Eur J Phys
Rehabil Med 2019 Jun;55(3):384-394 [FREE Full text] [doi: 10.23736/S1973-9087.19.05808-8] [Medline: 30990004]

Abbreviations
CARE: CAse Reports
CONSORT: Consolidated Standards Of Reporting Trials
ICF: International Classification of Function
OTN: Ontario Telemedicine Network
PRISMA-ScR: PRISMA Extension for Scoping Reviews
SRQR: Standards for Reporting Qualitative Research
STROBE: STrengthening the Reporting of OBservational studies in Epidemiology

Edited by G Eysenbach; submitted 14.06.21; peer-reviewed by S van der Veen, W Glinkowski, A Stamenkovic; comments to author
02.08.21; revised version received 07.09.21; accepted 03.10.21; published 09.12.21
Please cite as:
O'Neil J, Barnes K, Morgan Donnelly E, Sheehy L, Sveistrup H
Identification and Description of Balance, Mobility, and Gait Assessments Conducted via Telerehabilitation for Individuals With
Neurological Conditions: Protocol for a Scoping Review
JMIR Res Protoc 2021;10(12):e27186
URL: https://www.researchprotocols.org/2021/12/e27186
doi: 10.2196/27186
PMID:

©Jennifer O'Neil, Keely Barnes, Erin Morgan Donnelly, Lisa Sheehy, Heidi Sveistrup. Originally published in JMIR Research
Protocols (https://www.researchprotocols.org), 09.12.2021. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is properly cited. The
complete bibliographic information, a link to the original publication on https://www.researchprotocols.org, as well as this
copyright and license information must be included.

https://www.researchprotocols.org/2021/12/e27186

XSL• FO
RenderX

JMIR Res Protoc 2021 | vol. 10 | iss. 12 | e27186 | p. 7
(page number not for citation purposes)

