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Abstract

Background: Accessto careisamajor challenge for patients with musculoskeletal disorders (MSKDs). Telemedicine is one
of the solutions to improve access to care. However, initial remote diagnosis of MSKDs involves some challenges, such as the
impossibility of touching the patient during the physical examination, which makesit more complex to obtain avalid diagnosis.
No meta-anaysis has been performed to date to synthesize evidence regarding theinitial assessment including aphysical evaluation
using telemedicine to diagnose patients with MSKDs.

Objective: This study aims to appraise the evidence on diagnostic and treatment plan concordance between remote assessment
using synchronous or asynchronous forms of telemedicine and usual in-person assessment for the initial evaluation of various
MSKDs.

Methods: An electronic search was conducted up to August 2023 using terms rel ated to tel emedi cine and assessment of MSKDs.
Methodological quality of studieswas assessed with the Quality Assessment of Diagnostic Accuracy Studies 2 tool. Random-effect
model meta-analyseswere performed. The Grading of Recommendations, Assessment, Development, and Eval uations framework
was used to synthesize the quality and certainty of the evidence.

Results: A total of 23 concordance studies were ligible and included adult participants (N=1493) with various MSKDs. On
the basis of high certainty, pooled k and prevalence-adjusted and bias-adjusted k for the diagnostic concordance between remote
and in-person assessments of MSKDs were 0.80 (95% CI 0.72-0.89; 7 studies, 353 patients) and 0.83 (95% Cl 0.76-0.89; 6
studies, 306 patients). On the basis of moderate certainty, pooled Gwet AC1 for treatment plan concordance between remote and
in-person assessments of MSKDs was 0.90 (95% CI 0.80-0.99; 2 studies, 142 patients).

Conclusions: The diagnostic concordance for MSKDs is good to very good. Treatment plan concordance is probably good to
excellent. Studies evaluating the accuracy to detect red and yellow flags aswell asthe potential increase in associated health care
resources use, such as imaging tests, are needed.
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Introduction

Background

Almost 1.7 hillion people have a musculoskeletal disorder
(MSKD) in the world [1]. MSKDs refer to disorders affecting
muscles, bones, and joints, such aslow back pain, osteoarthritis,
or tendinopathy [2]. MSKDs can lead to pain, disability, and
poor health-related quality of life, resulting in a significant
burden to health care systems as well as to society [2-6].
Evidence shows that avalid diagnosis through a careful initial
evaluation and prompt treatment are essential for MSKDs[2,7].
Recommendations for various MSKDs emphasize the
importance of screening for signs and symptoms of underlying
serious pathologies (red flags) and for psychological factors
associated with a poorer prognosis (yellow flags) during the
initial evaluation aswell as conducting a physical examination
that includes measurements of mobility, strength, and use of
orthopedic tests[2,8].

Significant health inequalities exist between urban and
low-density population areas in several countries, with rural
populations having a higher rate of injury and a higher risk of
chronic MSKDs [9-11]. These inequalities can partialy be
explained by difficulties in accessing primary and secondary
care [12-14]. The COVID-19 pandemic exacerbated these
difficulties, with nearly 1in 5 individua s unableto access health
care during the first year of the COVID-19 pandemic, and
patients with M SKDs were more affected by these delays than
other patient populations [6,15-17]. Access to care is a mgjor
challenge for patients with MSKDs as delays can negatively
impact clinical outcomes, such as pain, disability, or quality of
life, while also potentially exacerbating psychological distress
[18].

Telemedicine has been shown to have many benefitsfor patients,
health care systems, and society [19]. It isan interesting option
for optimizing health care access by removing unnecessary
hurdles, such as geographical location or for patients with
impaired mobility [19-21]. Telemedicine first appeared under
asynchronous formswhere communication between partieswas
not happening in real time [22]. Asynchronous forms are still
used today for communi cation between patientsand health care
providers via messaging systems (emails and instant SM S text
messaging) or smartphone apps for follow-up or counselling
[23]. Synchronous forms of telemedicine with phone calls and
videoconferencing allow real-time interaction between parties
[22]. The use of videoconferencing in telemedicine has been a
major progress by alowing visual evaluation of movement,
edema, or scars, for example, or to observe patient physical
performance and function [24]. The use of telemedicine in
high-income countries now mainly focuses on patient remote
management or follow-ups of patients who have already been
assessed in person [25]. Telemedicine is well implanted in
medical specialties, such as radiology, dermatology, or
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psychiatry, but isnot widely used in the M SKDs care pathways,
particularly for the initial assessment of new patients where a
diagnosis is required [25,26]. The use of telemedicine for
MSKDs brings many challenges related to the geographical
distancing of the patient and the health care provider [27-31].
The loss of physical contact during the physical examination
and treatments raises questions among patients and clinicians
about the relevance, safety, and effectiveness of remote care
[27,30,31]. Patients and health care providers also express
concerns about the quality of the therapeutic relationship when
consultations are not conducted in person [27,28]. However,
telemedicine offers advantages to patients and health care
providers, such as better accessibility, greater flexibility, and
the possibility to offer interventions that are adapted to a
patient’s environment as the remote consultation will likely be
in aperson’s home [27].

Previous systematic reviews and meta-analyses have reported
that remote patient follow-up management after an in-person
initial evaluation is a valid aternative to usual in-person
management and leads to similar benefitsin clinical outcomes
for various M SK Ds, such aslow back pain, neck pain, shoulder
pain, or neurological conditions [32-35]. Previous systematic
reviews focusing on synchronous remote initial assessment
highlighted that most clinical measuresremotely evaluated have
agood concurrent validity and an excellent reliability [24,36].
Remote diagnoses were highly concordant with in-person
diagnoses, but no meta-analysiswas performed on these resuilts,
and these systematic reviews only included studies with
physiotherapists as evaluators, excluding other health care
providers who usually assess patients with MSKDs, such as
orthopedic surgeons or primary care physicians [36]. As the
diagnosis as well as the treatment plan are key elements of an
initial assessment, it is crucia to undertake a comprehensive
appraisal, including ameta-analysis of the concordance between
remote and in-person assessment for new patientswith MSKDs.

Objective

This systematic review with meta-analysis aimed to appraise
the avail able evidence on diagnosis and care concordance after
an initial assessment between a remote evauation and an
in-person evaluation for the evaluation of various MSKDs.

Therefore, the research question for this systematic review was
asfollows: Canacomplete, valid, and safe assessment be carried
out using asynchronous, synchronous or both forms of telehealth
to diagnose various MSKDs?

Methods

Protocol, Registration, and Deviation

The protocol of this systematic review has been registered on
PROSPERO (CRD42022335606) [37]. A total of 2 deviations
from the protocol have occurred and are asfollows: (1) We now
only present resultsfor thefirst specific objective (concordance

JMed Internet Res 2024 | vol. 26 | €52964 | p. 2
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

of diagnosis and management) in thispublication, astherewere
too much data concerning the second objective (concordance
of clinical measures) to be presented in 1 publication (data
concerning the second abjective will be presented in a second
publication); (2) We have now added the calculation of
prediction intervals to further assess the heterogeneity of the

pooled estimates in addition to the 1% and T2 statistics.

Literature Search

An electronic search was conducted in 4 databases (MEDLINE,
Embase, Cochrane Central, and CINAHL) from January 2000
to August 2023 using termsrelated to telemedicine by any type
of health care providers (physicians, orthopedic surgeons,
physiotherapists, or other providers)), MSKDs, and the
assessment or the clinical examination of these conditions. A

Textbox 1. Inclusion criteriafor eligible studies.

Vincent et al

trained librarian was consulted during the development of our
research strategy. We chose to limit our search to the last 2
decadestoidentify technologies still in use and readily available
to clinicians. The full search strategy is available in the
Multimedia Appendix 1. Referencelists of identified published
studies and previous systematic reviews were checked for any
additional studies.

Study Selection

A par of reviewers (RV and MC or AAC) independently
reviewed titles and abstracts to identify studies of interest.
Consensus from reviewers was required to include studies. A
third reviewer (SL) was available if a consensus was not
achieved by the 2 initial reviewers. Textbox 1 shows the
inclusion criteriafor articles.

Inclusion criteria

o Participants with symptoms related to suspected musculoskeletal disorders.

«  Participants assessed during a remote evaluation (synchronous or asynchronous) and compared with an in-person evaluation by any health care

provider.

« Any type of diagnostic, care or treatment plan concordance outcomes (such as raw agreement, K, prevalence-adjusted and bias-adjusted K, or

other concordance coefficients).

«  Technologies used for the remote assessment had to be accessible for routine clinical use (no experimental setup and no use of sensors to be

placed on the participants).

«  Full-article or conference abstracts written in French or English.

Data Extraction

Data of included studies were extracted using a predefined
standardized form documenting the following: authors’ names,
year of publication, study design, country, care settings,
characteristics of the remote assessment (modality and
technology used aswell as the presence of athird party to help
with patient eval uation), body region or regions affected, number
of participants, participant characteristics, health care provider
characteristics, and outcome measures. Data extraction was
performed by 1 evaluator (RV), and the extracted data were
reviewed and verified by a second evaluator (MC or AAC).
When data were missing or incomplete, attempts to contact
original authorswere made to obtain complete dataand results.

Methodological Quality Assessment

Methodological quality of included studies was assessed with
the valid and reliable Quality Assessment of Diagnostic
Accuracy Studies 2 (QUADAS-2) tool [38]. Thistool appraises
patient selection, index tests, reference standard, flow, and
timing. QUADAS-2 also assesses the presence of applicability
concerns that would decrease the external validity of the study
results. Assessment of methodological quality and applicability
concerns was performed by a pair of independent evaluators
(RV and MC or SL or AAC or Claudia Cosculluela); the final
score was obtained through consensus. In case of disagreement,
a third evaluator was available to facilitate consensus (MC or
SL). Studies were considered at risk of biasif at least 1 item of
the QUADAS-2 was evaluated at high risk of bias.

https://www.jmir.org/2024/1/e52964

Data Synthesis

K, prevalence-adjusted and bias-adjusted k (PABAK), and Gwet
ACL1 coefficients were pooled into separate meta-analyses.
Weighted means were calculated for raw agreement.
Random-effect model meta-analyses were performed using the
metafor package in RStudio Team (2020, Rstudio: Integrated
Development for R. Rstudio) [39,40]. Secondary analyses for
different modalities of delivery (asynchronous or synchronous)
and for affected body regions were performed. Sensitivity
analyses were also performed, including only studies with a
low risk of bias (with no item ranked as high risk of biason the
QUADAS-2). Pooled concordance estimates were interpreted
as follows: 0.00-0.20=weak, 0.21-0.40=dlight,
0.41-0.60=moderate, 0.61-0.80=good, 0.81-0.90=very good,
and 0.91-1.00=excellent agreement [41,42]. Coding scriptsare
available in Multimedia Appendix 2. For all meta-analyses, o
levels were set at .05, and 95% Cls were calculated. Statistical

heterogeneity was quantified and reported using the 12 and 12
statisticsand interpreted according to the Cochrane methodol ogy
[43]. Prediction intervals were also calculated using the
Comprehensive Meta-Analysis software (version 4.0; H.Biostat)
to further assess the heterogeneity of the pooled estimates
[44,45]. A narrative synthesis was performed for studies and
outcomes not pooled in meta-analyses or for conference
abstractsincluded in this review.

The Grading of Recommendations, Assessment, Development,
and Evaluations (GRADE) framework was used for grading the
quality and certainty of evidence and for formulating
recommendations [46]. Level of evidence was interpreted as
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follows: very low certainty: thetrue effect is probably markedly
different from the pooled estimated effect, low certainty: the
true effect might be markedly different from the pooled
estimated effect, moderate certainty: we believe that the true
effect is probably closeto the pooled estimated effect, and high
certainty: we are very confident that the true effect issimilar to
the pooled estimated effect.

Results

Overview

After full-text review, 11 studies on in-person remote diagnostic
concordance [42,47-56], 7 studies on in-person remote

Vincent et al

diagnostic and treatment plan concordance [41,57-62], and 3
studies on in-person remote treatment plan concordance [63-65]
wereincluded (Figure 1). No studies presented results on triage
concordance of surgical candidates. A total of 2 conference
abstracts were also included on in-person remote diagnostic
concordance [66,67]. Reasons for exclusions are available in
Multimedia Appendix 3. Full characteristics of the included
studies are presented in Tables 1 and 2 and Table Sl in
Multimedia Appendix 4.

Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart for concordance studies selection.

Database: MEDLINE, Embase, Cochrane Central, and CINAHL
Terms: MSKDs, telemedicine, and assessment
From January 2000 to August 2023

5087 records identified through
database searching and 15 through
other sources

A 4

» 1337 duplicates removed

3765 records screened

3705 records excluded based on
title and abstract

h
60 full-text articles assessed for

Full-text articles excluded:
- No diagnostic or surgical triage

eligibility

A 4

21 concordance studies included
2 conference papers included
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RenderX

agreement outcome: 33 articles

- No comparison with in-person
assessment: 2 articles

- Evaluator in the same room as the
participant: 1 article

- Only healthy participants included:
1 article
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Table 1. Characteristics of the included studies (study settings).

Author and year Design Country Care setting Modality of assessment Technology

Abboud et al [57], 2005 Prospective cohort United States ~ Orthopedic Asynchronous Recorded photographs and
data

Bovonratwet et al [58], Retrospectivecohort  United States ~ Orthopedic Synchronous Videoconferencing

2022

Bradley etal [47],2021 Case control United States ~ Orthopedic Synchronous Videoconferencing

Demaerschalk et a Retrospective cohort ~ United States  Clinic Synchronous Videoconferencing

[48], 2022

Diaset d [56], 2023 Prospective cohort Brazil Orthopedic Synchronous Videoconferencing

Exposto et a [42],2022 Prospective cohort Denmark Dentistry Synchronous Videoconferencing

Melnick et a [65],2023 Retrospective cohort  United States ~ Orthopedic Synchronous Videoconferencing

Michaelson et al [62], Retrospectivecohort United States ~ Orthopedic Synchronous Videoconferencing with the

2023 presence of the patient’s care-
giver

Rabin et al [61], 2022  Prospective cohort Israel Orthopedic Synchronous Videoconferencing with pres-

ence of aresearch assistant or
the patient’s caregiver

Tachakraet a [54], Prospective cohort United King- Emergency Department  Synchronous Videoconferencing with pres-
2000 dom ence of anurse
Wang et a [55], 2022  Prospective cohort United States ~ Orthopedic Asynchronous Recorded video of astandard-

ized clinical examination with
presence of aresearch assis-

tant

Cottrell etal [59], 2018 Prospective cohort Australia Physiotherapy Synchronous Videoconferencing

Lade et a [49], 2012 Prospective cohort Austraia Physiotherapy Synchronous Videoconferencing

Lovo et al [41], 2022 Prospective cohort Canada Rural clinic Synchronous Videoconferencing with pres-
ence of anurse

Peterson et al [63], Prospective cohort United States Physiotherapy Synchronous Videoconferencing

2019

Richardson et al [50],  Prospective cohort Australia Physiotherapy Synchronous Videoconferencing

2017

Russell et a [52], 2010 Prospective cohort Australia Physiotherapy Synchronous Videoconferencing

Russell et a [51], 2010 Prospective cohort Australia Physiotherapy Synchronous Videoconferencing

Steele et al [53], 2012  Prospective cohort Australia Physiotherapy Synchronous Videoconferencing

Turner et a [60], 2019  Prospective cohort United King- Physiotherapy Synchronous Telephone

dom
Worboys et a [64], Prospective cohort Australia Occupational therapy  Synchronous Videoconferencing with pres-
2018 ence of an assistant
https://www.jmir.org/2024/1/e52964 JMed Internet Res 2024 | vol. 26 | €52964 | p. 5
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Table 2. Characteristics of the included studies (patient and evaluator characteristics).

Vincent et al

Author and year Patients Evaluators Accessto
imaging tests
tomakediag-
nosis

Musculoskeletal disor-  Values,n  Age(y), Female  Profession (number Training
ders (MSKDs?) mean (SD) (%) of evaluators)

Abboud et a [57], Upper extremity 100 43 (NRb) 50 Orthopedicsurgeons NR Yes

2005 MSKDs (n=3)

Bovonratwet et al Spine MSKDs 65 57.5(14.8) 46 Orthopedicsurgeons NR Yes

[58], 2022 (n=5)

Bradley et al [47], Shoulder MSKDs 50 58.2 53 Orthopedicsurgeons NR No

2021 (n=9)

Demaerschalk et al MSKDs 300 NR NR Physicians, nurses, NR NR

[48], 2022 and physician assis-

tants
Diaset d [56], 2023  Low back pain 122 47.8(13.1) 66 Orthopedicsurgeons NR NR
(n=17)

Exposto et d [42], Temporomandibular 15 31(12) 75 Dentists (n=5) 10 hoursof training  NR

2022 joint disorders

Melnick et al [65], Spine MSKDs 152 61.4 (15.4) 43 Orthopedicsurgeons NR NR

2023 (n=7)

Michaelson et al [62], Shoulder MSKDs 82 52.6 (NR) NR Orthopedicsurgeons NR Yes

2023 (n=5)

Rabin et a [61], 2022 Shoulder MSKDs 47 446(22) 36 Orthopedic surgeons 4 hours of meeting Yes

(n=2) and training with 5 pi-
lot test participants

Tachakraet a [54], Minor traumainjuries 200 NR 31 Emergency physi- NR Yes

2000 cian

Wang et al [55], 2022 Shoulder MSKDs 32 50.2 (16.2) 47 Orthopedic surgeon  NR Yes

(n=1)
Cottrell et a [59], Chronic MSKDs 42 52.7 (14.5) 57 Advanced practice  Training with 4 pilot ~ Yes
2018 physiotherapists test participants

(n=6)

Ladeet a [49],2012 Elbow MSKDs 10 38(13) 10 Physiotherapy stu-  Support by an experi- NR

dents (n=3) enced physiotherapist

Lovo et al [41], 2022 Chronic back pain 27 53.7(181) 70 Physiotherapists Interprofessional NR

(n=2) and nurses training before the
(n=2) study

Peterson et al [63], Low back pain 47 486(15) 70 Physiotherapists NR NR

2019 (n=2)

Richardson et al [50], Knee MSKDs 18 23(7) 55 Physiotherapists Trainingwith 2 pilot  NR

2017 (n=3) test participants

Russell et al [52], Ankle MSKDs 15 245(10.8) 67 Physiotherapy stu-  Training with 2 pilot  NR

2010 dents (n=3) test participants

Russell et al [51], Lower limb MSKDs 19 26 (13) 74 Physiotherapists Trainingwith 2 pilot  NR

2010 (nonarticular) (n=3) test participants

Steeleet a [53], 2012 Shoulder MSKDs 22 30.7(14.2) 27 Physiotherapy stu-  Support by an experi- NR

dents (n=3) enced physiotherapist

Turner eta [60],2019 MSKDs 55 NR NR Physiotherapists NR NR

(n=22)
Worboys et a [64], Hand injuries 18 NR 45 Occupational theras  NR NR

2018

pists (n=4)

M SK D: muscul oskeletal disorder.
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BNIR: not reported.

Countriesand Clinical Settings

Studies were conducted in Australia (7/23, 30%), the United
States (8/23, 35%), the United Kingdom (4/23, 17%), Denmark
(1/23, 4%), Canada (1/23, 4%), Brazil (1/23, 4%), and |srael
(1/23, 4%). Interms of care settings, studies were conducted in
physiotherapy primary careclinics (8/23, 35%) [49-53,59,60,63],
in orthopedic specialized care (8/23, 35%) [47,55-58,61,62,65],
and in primary medical care (4/23, 17%) [41,48,66,67]; one
study was conducted in an emergency department [54]. One
study was concerning temporomandibular disordersin dentistry
[42], and 1 study was conducted in an occupational therapy
clinic[64]. Synchronous modalities were the most frequent way
of contacting patients (21/23, 91%), with 18 (78%) of the 23
studies using a videoconferencing interface
[41,42,47-56,58,59,61-63,65] and 3 (13%) using telephonecalls
[60,66,67]. Support staff was present to help with patient
assessment and mobilization during the remote evaluation in 5
(22%) of the 23 studies [41,54,55,61,65]. Asynchronous
modalities were used in 2 (8%) of the 23 studies, 1 using
photographs of the patients [57] and 1 using video recordings
of aself-performed clinical examination under the supervision
of an assistant [55].

Participants

A total of 1849 participants were included. Mean age of
participantswas 49.6 (SD 14.9) years. Female gender accounted
for 48% (887/1849) of the participants. Included participants
had spinal disorders (703/1849, 38.02%), upper limb disorders
(375/1849, 20.3%), lower limb disorders (201/1849, 10.9%),
temporomandibular disorders (15/1849, 0.8%), and unspecified
various MSKDs (555/1849, 30%). Of the 23 studies, 5 (22%)
were conducted in university physiotherapy and dentistry clinics,
which included ayounger sample of patients and more acute or
traumatic pathologies[42,50-53]. Other studieswere conducted
essentially in usua orthopedic and physiotherapy clinics and
included broader samples with various MSKDs clinica
representations.

https://www.jmir.org/2024/1/e52964
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Evaluatorsand Training

Evaluators were physiotherapists in 35% (8/23) of the studies,
physictherapy students in 13% (3/23) of the studies, or
orthopedic surgeonsin 35% (8/23) of the studies. Other health
care providers involved were nurses, dentists, occupational
therapists, and emergency and primary care physicians. In 7
(30%) of the 23 studies, evaluators received specific training
on how to peform and adapt their remote assessment
[41,42,50-52,59,61]. No information regarding specific training
was available for the remaining studies[47,48,54-58,60,62-67].
Of the 23 studies, 3 (13%) involving physiotherapy students
allowed them to be advised by a senior physiotherapist if they
felt theneed [49,52,53]. In 7 (30%) of the 23 studies, evaluators
had access to participants imaging test results
[54,55,57-59,61,62] while in 3 (13%) studies they did not
[47,66,67]. No information regarding access to imaging results
was available for the remaining studies.

M ethodological Quality of Included Studies

Of the 21 studies, 3 (14%) had a perfect QUADAS-2 score
[55-57]. A total Of the 21 studies, 11 (52%) had at least 1 item
of the QUADAS-2 scored as a high a risk of bias
[42,47,49,52-54,58,59,62,63,65] and 9 (43%) had at least 1 item
of the QUADAS-2 score scored with an unclear risk of bias
[41,48,49,51-54,58,61]. The main shortcomings concerned
recruitment method or patient selection [50-52,58,59,61,63,64],
the use of case-control study design [42,47], and the lack of
blinding or validity of the evaluators' diagnosis (diagnoses made
by physiotherapy students with inconsistent supervision)
[49,52-54,62,65]. Of the 9 (43%) had an applicability concern
related to the representativeness of the sample of patients
recruited [50-53,58,60,61,63,64]. A study had applicability
concerns due to the choice of theindex test and of the reference
standard for the remote and in-person assessments because the
remote and in-person assessments were conducted
simultaneously [64]. Details are presented in Table 3.
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Table 3. Quality of theincluded concordance studies based on the Quality Assessment of Diagnostic Accuracy Studies 2 Tool.

Author and year Risk of bias Applicability concerns

Patient selec- Index test Referencestan-  Flow and tim-  Patient selec- Index test Reference stan-

tion dard ing tion dard
Abboud et a [57],2005 Low Low Low Low Low Low Low
Diaset a [56], 2023 Low Low Low Low Low Low Low
Wang et a [55], 2022 Low Low Low Low Low Low Low
Bovonratwet et al [58],  Hjgn? Low Unclear Low High? Low Low
2022
Bradley et a [47], 2021 Highb Low Low Low Low Low Low
Cottrell et al [59], 2018 jgn® Low Low Low Low Low Low
Demaerschak et a [48], Low Low Unclear Low Low Low Low
2022
Exposto et a [42], 2022 i Low Low Low Low Low Low
Lade et al [49], 2012 Unclear Low Highd Low Low Low Low
Lovo et al [41], 2022 Unclear Low Low Low Low Low Low
Melnick et al [65], 2023 Low Low High® Low Low Low Low
Michaelson et al [62], Low Low High® Unclear Low Unclear Low
2023
Peterson et al [63], 2019 hjgnf9 Low Low Low High9 Low Low
Rabin et a [61], 2022 Low Unclear Unclear Low Highh Low Low
Richardson et al [50], Low Low Low Low Highi Low Low
2017
Russell et al [52],2010  Unclear Low Highd Low Highi Low Low
Russell et al [51], 2010  Unclear Low Low Low High' Low Low
Steeleet d [53], 2012  Unclear Low Highd Low High' Low Low
Tachakraet al [54], 2022 Unclear Low High' Low Low Low Low
Turner et al [60], 2019  Low Low Low Low Unclear Low Low
Worboyset a [64], 2018 Low Low Low Low High¥ HighX High¥

patients who did not have a specific diagnosis and treatment plan during the remote assessment were excluded, which could increase agreement by
including only patients who could be easily assessed remotely.

PCase-control desi gn was used in the study.

€Only a convenience sampling was used for recruitment.

dA ssessments were conducted by physiotherapy students, which could reduce the validity of the diagnoses made by evaluators.

€During the in-person assessment, evaluators had access to the treatment plan proposed after the remote assessment.

fOnly a convenience sampling was used for recruitment.

9patients with surgical history of the lumbosacral spine, visible deformity, or no reproduction of symptomswith certain orthopedic tests were excluded.

PAImost half of the patients (22/47, 47%) were eval uated during a postoperative or nonoperative follow-up consultation, which could increase agreement
on diagnosis and treatment plan.

"This cohort was composed of younger patients recruited in the university clinic with only acute or subacute injuries, without degenerative pathol ogies.
IThe same evaluator conducted the remote and in-person assessments.
Knitial assessmentswere excl uded, and athird party was present with the patient to assist with data collection, which could have increased the agreement.

. . [62] reported diagnostic changes between in-person and remote
Diagnostic Concor dance Between Remote and assessments; the overall raw agreement was 85.9% (1352/1574
In-Person Assessments patients). Of the 23 studies, diagnostic concordance between
Of the 23 studies, 17 (74%) reported diagnostic concordance  in-person and remote assessments pooled estimations were
results between in-person and remote assessments, and astudy  possible for 7 (30%) studies for k and 6 (26%) for PABAK
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estimates. The pooled estimates are presented in Figure 2. The
pooled k was 0.80 (95% CI 0.72-0.89; 7 studies, 353 patients),
and the pooled PABAK was 0.83 (95% CI 0.76-0.89; 6 studies,
306 patients), corresponding to very good agreement between
both types of assessments. Statistical heterogeneity measured

with the 12 statistic were 65% and 38%, respectively, and

Vincent et al

considered potentially moderate for these meta-analyses.
Prediction intervals for the pooled k and PABAK were
(0.52-0.92) and (0.68-0.91), which were very similar to the
calculated Cls for the PABAK but not for the k, and that
difference could be attributed to the k estimate in the study by
Diaset a [56].

Figure 2. Diagnostic concordance (Cohen ks and prevalence-adjusted and bias-adjusted ks [PABAK]) between in-person and remote assessment in
patients with musculoskeletal disorders. Meta-analysis with pooled Cohen ks included studies with physiotherapists (6/32, 19%), orthopedic surgeons
(23132, 72%), and physiotherapy students (3/32, 9%) as evaluators. Meta-analysis with pooled PABAK's included studies with physiotherapists (6/30,
33%), orthopedic surgeons (21/30, 50%) and physiotherapy students (3/30, 17%) as evaluators. 95% PI: 95% prediction interval; RE: random-effect

model; T/1%/P; test for heterogeneity [50-52,55-57,61].

Study n weight (%) Estimate (95% CI)
Rabin [61], 2022 47 16.0% - 0.82 (0.70-0.94)
Richardseon [50], 2017 18 12.0% e 0.87 (0.69-1.05)
Russell [52], 2010 15 13.8% A 0.93 (0.78-1.08)
Russell [51], 2010 19 10.2% — 0.77 (0.56-0.98)
Wang [55], 2022 32 12.0% L 0.76 (0.58-0.94)
Abboud [57], 2005 100 21.2% —a— 0.86 (0.80-0.92)
Dias [56], 2023 122 14.8% Py 0.58 (0.44-0.72)
353
RE model e 0.80 (0.72-0.89)
P
95% PI: [0.52 ; 0.92] ; 1?=0.0081 ; I?=65% ; P=.0131
T T T T T T T T T T T 1
0 01 03 05 0.7 08 1 11
Kappa
Richardsan [50], 2017 18 104% p— 0.88 (0.70-1.06)
Russell [52], 2010 15 12.9% e 0.93(0.78-1.08)
Russell [51], 2010 19 7.5% —_ 0.77 (0.56-0.98)
Wang [55], 2022 32 11.5% S ——— 0.79 (0.63-0.95)
Abboud [57), 2005 100 32.7% - 0.86 (0.80-0.92)
Dias [56], 2023 122 25.0% —— 0.74 (0.85-0.83)
306
RE medel e 0.83(0.76-0.89)
—
95% PI: [0.68 ; 0.91) ; 12=0.0022 ; I°=38% ; P=.1890
e e e e N I N B
0 01 0.3 0.5 07 09 1 11
PABAK

Another study could not be pooled in previousanalysesas Fleiss
Ks were used to eval uate the agreement between in-person and
remote assessments [42]. Diagnostic concordance between
in-person and remote assessments for the study by Exposto et
al [42] for patients with temporomandibular disorders reported
Fleiss ks between 0.52 and 1.0, depending on the specific
temporomandibular disorders (myalgia of the masseter or the

https://www.jmir.org/2024/1/e52964
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temporalis muscles, temporomandibular arthralgia, or disk
displacement with reduction).

Subgroup analyses were performed according to the presence
or not of a third party to evaluate the participant during the
remote evaluation (Figure S1 in Multimedia Appendix 4),
profession of the health care providers (Figures S2 and S3 in
Multimedia Appendix 4), body regions (Figures S2 and $4 in
Multimedia Appendix 4), and asynchronous or synchronous
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evaluation forms of telemedicine used (Figures S5 and S6 in
Multimedia Appendix 4). Similar results for diagnostic
concordance were reported for all these subgroup analyses. For
body regions, subgroup analyses were performed specific to
upper and lower limb MSKDs. Analyses excluding high
risk-of-bias studies (studies with a QUADAS-2 without items
evaluated at high risk of bias) reported similar results for
diagnostic concordance (Figure S7 in Multimedia Appendix 4).

Treatment Plan Concor dance Between Remote and
I n-Per son Assessments

Of the 23 studies, 8 (35%) reported treatment plan concordance
outcomes between in-person and remote assessments and 2

Vincent et al

(9%) [62,65] reported treatment plan changes between in-person
and remote assessments. Overall raw agreement was 84%
(406/483 patients). Treatment plan concordance between
in-person and remote assessments pool ed estimationswere only
possible for 2 (9%) of the 23 studies for Gwet AC1 coefficient
estimates. The pooled estimates are presented in Figure 3. The
pooled Gwet AC1 coefficient was 0.90 (95% CI 0.80-0.99; 2
studies, 142 patients), corresponding to a good to excellent
agreement between both types of assessments. Statistical

heterogeneity (1°=50%) was potentially moderate for this
meta-analysis. Prediction intervals could not be calculated as
this meta-analysisis based on only 2 studies.

Figure 3. Treatment plan concordance (Gwet AC1 coefficients) between in-person and remote assessment in patients with musculoskeletal disorders.
Meta-analysis with pooled Gwet ACL1 coefficients included studies with advanced practice physiotherapists (6/9, 67%) and orthopedic surgeons (3/9,

33%). Gwet: Gwet AC1 coefficient; RE: random-effect model; T2N1%/P: test for heterogeneity [57,59].

Study n weight (%)

Estimate (95% CI)

Cottrell [59), 2018 42 35.0% it 0.83(0.71-0.95)

Abboud [57], 2005 100 65.0% — 0.93(0.87-0.99)
142

RE model i 0.90 (0.80-0.99)

Tau?=0,0025 ; I*=50% ; P=0.1573

Of the 23 studies, 2 (9%) reporting K estimates (2 studies,
n=147) were not pooled together because of <atistical
heterogeneity (12=94.79%). Thefirst study by Abboud et al [57]
compared the treatment plan concordance among 3 orthopedic
surgeons for patients with upper limb MSKDs and reported an
excellent agreement with a k of 0.91 (95% CI 0.85-0.97; 100
patients). The other study by Rabin et a [61] compared the
treatment plan concordance between 2 orthopedic surgeons for
patients with shoulder pathologies. The authors reported only
moderate agreement between remote and in-person proposed
treatment planswith ak of 0.43 (95% Cl 0.22-0.64; 47 patients).

https://www.jmir.org/2024/1/e52964

0 01 0.3 0.5 0.7

Gwet

Another study was not pooled in these analyses asthe eval uators
were physiotherapists and had to choose among 3 physiotherapy
treatments for low back pain patients (manipulation, specific
exercises, or stabilization exercises). In the study by Peterson
et a [63], the treatment plan concordance between in-person
and remote assessments eval uated was only moderate with ak
of 0.52 (95% CI 0.32-0.72) and a PABAK of 0.52 (95% ClI
0.31-0.72).

GRADE Analysis

Pooled resultsfor diagnostic concordance were of high certainty,
highlighting a good to very good concordance between remote
and in-person assessments (Figure 4).
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Figure4. Summary of thefindingsand Grading of Recommendations, Assessment, Development, and Eval uations analysisfor diagnostic and treatment

plan concordance.

Patient or population: Musculoskeletal disorders

Setting: Primary care, orthopaedic specialized care and physiotherapy

Intervention: Remote patient assessment
Comparison: In-person patient assessment

Pooled concordance [95%CI]
Outcomes

Prediction interval (95%PI)

Overall diagnostic 0.80[0.72 - 0.89]

Number of
participants

Certainty of
the evidence

(studies) (GRADE)

3531(7) Diagnostic concordance of
concordance kappa (0.52-0.92) OODD patients with MSKDs
High between remote and in-
Overall diagnostic 0.83 [0.76 — 0.89] | person assessment is good
306°(6) to very good.
concordance PABAK (0.68 - 0.91)
Treatment plan
concordance of patients
with MSKDs between
Treatment plan 5 odd0 remote and in-person
concordance Gwet 0.90[0.80 -0.99] 142°(2) Moderate®  assessment could be good

to excellent. More studies
are needed to confirm these
results.

1. Diagnostic concordance pooled results included few degenerative pathologies such as osteoarthritis and only low
back pain for spinal musculoskeletal disorders. Evaluators included 23 orthopedic surgeons, 6 physiotherapists, and
3 physiotherapy students as assessors for pooled kappa results and 21 orthopedic surgeons, 6 physiotherapists, and

a. Certainty was downgraded for heterogeneity.

Confidence interval; 95%PI 95% Prediction interval

3 physiotherapy students for pooled prevalence-adjusted and bias-adjusted kappa results.

2. Treatment plan concordance results included 3 orthopedic surgeons and 6 advanced practice physiotherapists.

GRADE Grading of Recommendations, Assessment, Development, and Evaluations; GWET Gwet's ACI
coefficient; MSKDs Musculoskeletal disorders; PABAK Prevalence-adjusted, bias-adjusted Kappa; 95%CI1 95%

Pooled resultsfor treatment plan concordance were of moderate
certainty, highlighting agood to excellent concordance between

remote and in-person assessments (Figure 4). The 1% was at
50%, and prediction interval s could not be cal cul ated; therefore,
certainty of the results was downgraded.

Discussion

Principal Findings

The aim of this systematic review and meta-analysis was to
appraise the available evidence on diagnosis and care
concordance after an initial assessment between a remote
evaluation and an in-person evaluation for theinitial evaluation
of various MSKDs. On the basis of our results, health care
providers can remotely make adiagnosisthat is concordant with
a usua in-person assessment. These results are robust and
among various populations with acute or chronic MSKDs; we

https://www.jmir.org/2024/1/e52964
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conducted several secondary analyses to assess the impact of
various factors that may affect the validity and the feasibility
of aremote assessment. Presence of assistance with the patient,
body region being assessed, technologies used, and different
health care providers' profession did not appear to influence
the accuracy of the remote assessment, but these findings need
to be confirmed due to the limited number of studiesin certain
analyses. Sensitivity analyses, including only studies without
high risk of bias and results from the study by Exposto et al
[42], not pooled in the metaranalysis, yielded similar results.
The study by Dias et al [56] reported alower k than the rest of
the pooled studies but a similar raw agreement and PABAK
(not calculated inthe original paper but extracted and cal culated
by our team). The distribution of diagnosesin the study by Dias
et al [56] shows a very high prevalence of some diagnostic
categories and avery low prevalence of others. Thisimbalance
may have biased and lowered the k statistical value [68,69].
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Overall concordance was found to be high in our review, but it
may still vary across certain MSKDs, and our secondary
analyses with fewer study and participants may not have been
able to capture this issue. Moreover, studies on various spinal
disorders, such as neck pain, or on degenerative pathologies,
such as osteoarthritis, which were only marginally represented
in the included studies, but very prevalent, are also needed.

Treatment plans proposed remotely had a good to excellent
concordance with the treatment plans proposed in person. It
may seem logical that if the remote diagnosis is correct, the
treatment plan would be similar. However, there is uncertainty
about these results because overall less data were available on
the treatment plan in the literature; only 2 studies could be
pooled and showed potentially moderate heterogeneity. Raw
agreement between remote and in-person treatment plan was
84% (406/483 patients; 9 studies), which can be considered
high. Again, these results are promising but need to be
confirmed by more studies using statistical estimatesto conclude
on treatment plan concordance.

However, it should be kept in mind that an initial assessment
is not only a diagnosis and a treatment plan. Some other key
elements were not or could not have been properly evaluated
with aremote assessment in severa of theincluded studies. No
data are available on the detection of serious pathologies (red
flags) or the evaluation psychosocial risk factors (yellow flags)
using a remote assessment [24]. Most red or yellow flags are
identified during the subjective examination by elements of the
patient’s history, specific questions, or questionnaires [8,70].
They may also be identifiable during a remote assessment by
using the same screening procedure as during an in-person
assessment. However, some tests used to rule out the presence
of serious pathologies cannot be performed remotely, such as
certain tests of the neurological examination, and patients may
be less likely to talk about the psychosocial problems they are
experiencing during aremote video or phone encounter. Among
the studiesweincluded, none reported having identified serious
pathologies. However, given the small sample sizes of the
studies and the low prevalence of serious conditions, it is
unlikely that several patients with a serious condition were in
the included samples [8]. Caution is therefore warranted when
concluding that a remote assessment is as safe as traditional
in-person assessment and that patients with important
psychosocial risk factors are accurately identified. Thisis the
first systematic review with meta-analyses addressing the
agreement between remote and in-person diagnoses and
treatment plan for MSKDs. Our results are consistent with
previous reviews investigating the validity and reliability of
different parts of a remote physical examination for MSKDs.
Previous reviews have highlighted that most clinical measures
assessed by videoconferencing applications, such aspain (visua
analog scale) or range of motion assessment in patients with
M SK Ds, have good concurrent validity and excellent reliability
[24,36]. Neverthel ess, some measures, such as orthopedic tests,
which are usually hands on, have lower concurrent validity and
reliability when assessed remotely or simply cannot be
performed [47]. Adaptations to the usual in-person physical
examination in the musculoskeletal field still need to be
developed to achieve validity and reliability comparable to

https://www.jmir.org/2024/1/e52964
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in-person physical examination or to establish that the accuracy
of a remote assessment is not as high [24,36,71]. Our results
are complementary to other reviews with meta-analyses
conducted on remote management of patientswith M SKDsthat
show that remote care after an in-person assessment leads to
similar improvements in clinical outcomes as the usua fully
in-person approach [32-35]. Guidelinesfor M SK Ds management
now emphasize the importance of patient education and
self-management as well as physical activity and exercise
prescription [2]; all these interventions can be performed
remotely [72,73]. In conjunction with our conclusions, the actual
body of evidence on remote patient follow-up and clinical
measures as well as recommended interventions for MSKDs
potentially support the benefits of full remote care pathways
for patients with MSKDs.

As stated earlier, more evidence is till needed on the impact
of remote assessment for MSKDs. Future studies should also
focus on the potential impacts of an initial remote evaluation
on health care resources use, such as the use of imaging and
other paraclinical investigations, astelemedicine could increase
their use. Clinicians and patients express doubts on the validity
and safety of a complete remote evaluation because of the
impossibility of a hands-on assessment [29,74-76]. This
uncertainty induced by the use of telemedicine could increase
their use to confirm their diagnosis. There could aso be an
impact on follow-up visits and referrals to other health care
providers and on modification of the relationship between the
health care provider and the patient (therapeutic aliance) due
to a first video or phone encounter. Telemedicine being an
evolutionin professional practices, quality standards and proper
training of health care providers as well as the integration into
the curriculum for trainees must also be anticipated to ensure
the quality of remote care and promote the integration of
telehealth [28,77,78]. Moreover, digital innovations, such as
tools for clinical decision-making aids and improvements in
information communication technologies, could compensate
for the loss of hands-on assessment and could promote the
acceptability of telemedicine by providing additional tools to
help clinicians with evaluations and treatments [ 79-81].

Particular attention should as well be focused on the
implementation of telemedicine that does not exclude
populations, particularly in rura areas and low-income
populations that may be affected by inequalities in access to
information and communication technologies, such as access
to reliable high-speed internet connections [82]. It isimportant
to devel op remote assessment methods using devices available
to the public (smartphone and tablet) in contexts similar to
clinical reality and not to neglect research of alternatives for
populationswithout accessto a high-speed internet connection,
such as assessment by phone [60,66,67].

Strengthsand Limitations

Strengths of this review include the use of 4 magor
bibliographical databases, acomprehensive search strategy, the
use of the validated QUA DA S-2 score to assess methodol ogical
quality of included studies, and the use of the Grading of
Recommendations, Assessment, Devel opment and Evaluations
approach to rate the certainty of the evidence. Prediction
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intervalswere used to assess the impact of the heterogeneity on
the results [45]. PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines were
followed to ensure a robust review methodology [83].
Furthermore, this study is one of the first meta-analysesto pool
concordance outcomes using novel validated statistical
approaches [40,84].

However, some limitations should be highlighted. The presence
of publication bias could not be assessed because there were
<10 studiesto conduct afunnel plot [85]. Our results highlighted
that the accuracy of remote diagnoses was not influenced by
the type of health care provider or the body region involved.
However, the studies pool ed in the meta-analysesincluded only
orthopedic surgeons or physiotherapists to evaluate mostly
adults with peripheral MSKDs. The accuracy of remote
diagnoses made by other health care providers or in different
clinical settings, such as rheumatology, or for spinal disorders,
such as neck pain, could be different. Moreover, the included
studies were carried out in experimental settings, which could
overestimate the accuracy of the diagnoses compared to real-life
conditions when participants are at home and not in a medical
environment. Most of the studies (3/6, 50%) included in the
meta-analyses used technologies developed specifically for
telemedicine, ensuring an optimal quality of exchange between
the evaluator and the participant. The limited number of studies
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included for treatment plans should also be highlighted.
Therefore, more methodologically sound studies with larger
sample size are needed.

Conclusions

Health care providers can remotely make a diagnosis that is
concordant with a usua in-person assessment for various
M SK Ds. Diagnostic concordance between remote and in-person
assessmentsisgood to very good, and future studies are unlikely
to modify this conclusion. Type of health care provider, body
region, technology used, and the presence of assistance with
the patient do not seem to influence the accuracy of remote
diagnoses, but more studies are needed to confirm the impact
of such factors. Health care providers offer treatment plansthat
are consistent with those usually proposed in person. Treatment
plan concordance between remote and in-person assessments
is probably good to excellent, but future studies may modify
these conclusions. There are still some considerations, such as
the economic impact, modification of therapeutic aliance
between health care provider and patient, or detection of serious
pathol ogiesand psychosocial risk factors, to investigateto fully
appraise the challenges and benefits of the initial remote
evaluation for patients with MSKDs. This systematic review
with meta-analysis adds support for further development of
hybrid or fully remote care pathways for patientswith MSKDs
to facilitate access to musculoskeletal care.
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