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Abstract

Introduction: Telemedicine is the delivery of healthcare across a distance using some form of communication tech-
nology. The COVID-19 pandemic has led to increased adoption of telemedicine with national orthopaedic governing
bodies advocating its use, as evidence suggests that social distancing maybe necessary until 2022. This systematic
review aims to explore evidence for telemedicine in orthopaedics to determine its advantages, validity, effectiveness
and utilisation.

Methods: Databases of PubMed, Web of Science, Scopus and CINAHL were systematically searched and articles were
included if they involved any form of telephone or video consultation in an orthopaedic population. Findings were
synthesised into four themes: patient/clinician satisfaction, accuracy and validity of examination, safety and patient
outcomes and cost effectiveness. Quality assessment was undertaken using Cochrane and Joanna Briggs Institute
appraisal tools.

Results: Twenty-one studies were included consisting of nine randomised controlled trials (RCTs). Studies revealed
high patient satisfaction with telemedicine for convenience, less waiting and travelling time. Telemedicine was cost
effective particularly if patients had to travel long distances, required hospital transport or time off work. No clinically
significant differences were found in patient examination nor measurement of patient-reported outcome measures.
Telemedicine was reported to be a safe method of consultation.

Discussion: Evidence suggests that telemedicine in orthopaedics can be safe, cost effective, valid in clinical assessment
and with high patient/clinician satisfaction. However, more high-quality RCTs are required to elucidate long-term out-
comes. This systematic review presents up-to-date evidence on the use of telemedicine and provides data for organ-
isations considering its use during the COVID-19 pandemic and beyond.
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Introduction . . :
orthopaedic consultations remains to be more clearly

defined.
On March 11, the World Health Organization

declared a COVID-19 pandemic,” and evidence

Telemedicine is the delivery of healthcare across a
distance using some form of communications technol-
ogy.' With continued development of technology, tele-
medicine has become cheaper and easier to access,
enabling a more widespread use.? Reviews of telemedi-

cine in other surgical specialties such as urology,’
vascular surgery *and plastic surgery® have found tele-
medicine to be cost effective, convenient and valid
in its application. Although telerchabilitation of mus-
culoskeletal conditions has been well investigated,6
evidence of telemedicine and its application within
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suggests that ‘prolonged or intermittent social distanc-
ing’ may be necessary until 2022.* National orthopae-
dic associations such as the British Orthopaedic
Association (BOA) and the American Academy of
Orthopaedic Surgeons (AAOS)’ have already issued
pragmatic guidance advocating the use of telemedicine
during COVID-19 in the interest of public health.'”

Access to traditional F2F orthopaedic care is likely
to be reduced in capacity, and therefore there is an
urgent need to employ alternative methods such as tele-
medicine during current COVID-19 circumstances.
This systematic review aims to explore current evidence
for telemedicine in orthopaedic consultations to deter-
mine its advantages, validity and effectiveness, partic-
ularly during an era of limited physical patient contact
and social distancing.

Method

Search strategy

A systematic literature search was conducted in May
2020 in compliance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.!' The databases of MEDLINE (PubMed),
Web of Science, Scopus and CINAHL were searched
and all references of eligible articles were also manually
reviewed. The search strategy involved searching study
titles, abstracts and keywords by combining the terms
orthopaedics AND telemedicine. Several synonyms
and different spelling variations for each search term
were used in order to capture as many articles as pos-
sible. Table 1 shows all 37 synonyms/variations
searched and Table 3 (Supplementary materials)
reveals the full search strategy for each database. The
search was not limited by years (all articles up to May
2020 were included) and only English articles were
reviewed.

Eligibility criteria

A PICO framework (Population, Intervention,
Control, Outcome) was used for our selection criteria.
Articles were eligible for inclusion if they involved an
orthopaedic patient population, using any form of
video or telephone consultation and a measurable out-
come assessing telemedicine.

Articles were excluded if they involved any of the
following: combined speciality patient populations, tel-
erchabilitation studies, military or rural medicine stud-
ies involving remote patient transfers, descriptive
author experiences with no comparable outcomes,
asynchronous consultations and web-based telemedi-
cine not involving telephone or video consultations.
Conference papers and letters were excluded as authors
felt these did not provide enough detail to allow ade-
quate quality/bias assessment of results and evaluate
strength of conclusions.

Study selection and data extraction

Two reviewers (ZH and BA) independently screened
the titles and abstracts of all studies. The full texts of
potential articles were then assessed for eligibility by
both reviewers with a third reviewer (FI) available to
assist for consensus on inclusion. Study data were
extracted using a framework including: author, year
of publication, study type, intervention type, study
population,  themes  assessed and  findings.
Discrepancies in data extraction were adjudicated by
a third assessor (FI).

Quality assessment

Included randomised controlled trials (RCTs) were
assessed for methodological quality and risk of bias
using the revised Cochrane risk-of-bias tool (RoB
2).' This tool allows assessment of bias across several

Table 1. Search terms, synonyms and variations used in search strategy.

Term

Synonyms/variations searched

Orthopaedic
Telemedicine
Teleconferencing
Videoconferencing
Video consultation
Remote consultation
Telehealth
Telephone consultation
Teleconsultation
Mobile health
Teleorthopaedic
tele-orthopedic
Telecare

Orthopaedic, orthopedic, orthopaedics, orthopedics
Telemedicine, tele medicine, tele-medicine
Teleconferencing, tele conferencing, tele-conferencing
Videoconferencing, video conferencing, video-conferencing
Video consultation, video-consultation

Remote consultation, remote-consultation

Telehealth, tele health, tele-health

Telephone consultation, telephone-consultation
Teleconsultation, Tele consultation, Tele-consultation
Mobile health, mhealth, m-health

Teleorthopaedic, tele orthopaedic, tele-orthopaedic, teleorthopedic, teleorthopedic,

Telecare, Tele care, Tele-care
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domains with overall study quality graded as ‘high’,
‘low’ or ‘some concerns’. Remaining cohort studies,
cross-sectional studies and case series were assessed
for methodological quality using critical appraisal
tools from the Joanna Briggs Institute.'® These tools
allow assessment of quality over several domains with
rating scales of ‘yes’, ‘no” and ‘unclear’. Our criteria for
a non-RCT study to be considered low quality was if
more than two domains were graded as ‘no’ or two
domains ‘no’ with one or more domains graded as
‘unclear’. Articles were assessed by two authors (ZH
and BA) and any discrepancies decided by a third
author (FI).

Results

Study characteristics

Electronic searches revealed 2273 records, of which 21
studies met the inclusion criteria. The search process is
depicted in a PRISMA flow chart (Figure 1). Included
studies consisted of nine RCTs,'*2? three cohort stud-
ies, > seven cross-sectional studies®®>? and two case
series.>*** Studies covered a variety of orthopaedic care
including paediatric and adult fracture care, elective
orthopaedics, post-operative follow-up and oncology.
Twelve studies utilised telemedicine at a remote clinical
for a specialist consult, with the remaining nine studies
performing telemedicine consults in the patient’s own
home. Extracted data are summarised in Table 2 with

study outcomes synthesised into four main themes:
Clinician and patient satisfaction, accuracy and validity
of clinical examination, patient safety and outcomes,
cost effectiveness.

The overall risk of bias was deemed low for four out
of the nine (44%) RCTs (Figure 2). All RCTs were
graded ‘some concern’ for the ‘measurement of the out-
come’ domain, predominantly due to no blinding in the
studies, whilst the ‘missing outcome data’ domain was
low risk of bias for all trials (Figure 3). Out of the
remaining 12 non-RCT studies, three studies (25%)
were found to be of high quality. The rest were
graded overall as ‘some concern’ or ‘low quality’ due
to deficiencies in valid measurement of outcomes and
exploration of confounding factors. Quality assessment
results for non-RCT studies can be found in
Supplementary material.

Clinician and patient satisfaction

Fourteen studies assessed clinician/patient satisfaction
including six RCTs, three of which involved joint tele-
medicine with the patient, GP and specialist'®'®** and
three with telemedicine from home.'*'>' All RCTs
revealed no statistically significant difference in
patient satisfaction between the two consultation
methods.'* %1922 Tn terms of clinician satisfaction,
Buvik et al.'® reported 98% of telemedicine versus
99% of F2F were evaluated as ‘good’ or ‘very good’.
However, Haukipuro et al.?* found clinician ratings of

—
Records identified through Additional records identified
§ database searching: through manual reference
® MEDLINE (n = 1171), Web of searching (n = 20)
b Science (n = 506), Scopus (n = 432),
H CINAHL (n=144)
: 1
| !
JR— Records after duplicates removed
(n = 1488)
g
:
@ Records screened Records excluded based on
(n = 1488) title/abstract (n = 1420)
)
g Full-text articles assessed Full-text articles excluded:
% for eligibility Combined specialities (n = 13)
i~} (n=68) Telerehabilitation (n = 10)
Military/rural medicine (n=7)
No audio/video consultation (n=7)
 S— Descriptive studies (n=7)
Asynchronous consultations (n = 3)
—
k1
e Studies included in review*
% (n=21)
&
a

Figure |. PRISMA flow chart showing search process.

*no articles were included from manual reference searching as inclusion criteria were not met.
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Figure 3. Summary for risk of bias assessment using Cochrane RoB2 tool.

‘good’ or ‘very good’ in 80% of telemedicine consulta-
tions compared with 99% with F2F (p<0.001).

The remaining studies showed similar patient satis-
faction rates as the RCTs, ranging from no statistically
significant difference (p=0.071)> to ‘satisfactory’ and
above in 96%.,* 93% in another study,’® and ‘good’ or
‘very good’ in 87%.?% Sultan et al.*® also showed high
satisfaction rates with telemedicine in paediatric
patients with spinal deformity and general orthopaedic
conditions (5.04+0 points vs. 4.84+0.1 points, p =0.08).

Sharareh and Schwarzkopf** studied hip/knee arthro-

plasty follow-up and found higher satisfaction rates
(average of 9.88 out of 10) with additional telemedicine
consults compared with F2F (average of 8.1 out of 10,
p=0.05). Harno et al.?* found clinicians were satisfied
with the image/sound quality and history taking ability
in at least 84% and 91% of the consultations, respec-
tively. However, feasibility of telemedicine was rated as
‘good’ or ‘excellent’ in 49% and the confidence of sur-
geons in telemedicine replacing F2F was low in 89%.
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Patients who underwent telemedicine consultations
wanted to continue with this method of consultation,
with multiple studies reporting high preference rates of
66-97%.'%19222 Reasons for this included time
saving,>? shorter travel time,'®?* less time spent
during consultation'> and more convenient appoint-
ment times.”’ In addition, six studies demonstrated
that total consultation time (including waiting time)
was significantly less (p<0.05)'*152%:262% o1 not signif-
icantly different (p = 0.50)** compared with F2F.

Accuracy and validity of telemedicine examination

Four studies sought to determine the validity of tele-
medicine examination for use in diagnosis and patient-
reported  outcome  measures (PROMs). 223!
Tachakra et al.®' evaluated 200 patients with minor
trauma and compared accuracy of injury examination
using telemedicine vs. a F2F review. Authors found a
high accuracy of specific examination features using
telemedicine with colour change accuracy of 97%,
swelling or deformity of 98%, range of movement
(ROM) of 95%, tenderness of 97% and weight bearing
of 99%. Overtreatment of one injury and under-
treatment of three injuries were reported using telemed-
icine. Another study comparing examination by home
telemedicine vs. F2F consultation in 34 post- operative
knee arthroscopy adolescents found no clinically signif-
icant difference in ROM, incision colour and effusion
size examinations between the two methods of
examination.”’

Two studies also assessed the validity of PROMs
using telemedicine.”’*° Goldstein et al.?’ evaluated
the shoulder Constant Score (CS) and compared
scores using a smart phone (within a clinic setting) vs.
F2F consultation in 47 patients. The mean difference in
CS was a non-significant 0.53 points (95%CI 2.6 to
1.6) between the two methods, and authors concluded
that telemedicine was valid and reliable in estimating
shoulder function using CS scores. Another study eval-
uated the accuracy of the Oxford Shoulder Score and
CS in 29 patients with surgically treated clavicle frac-
tures and compared home Skype vs. clinic visit
scores.’® Authors also reported a non-clinically signif-
icant mean difference in scores of 0.48 (95%CI —0.84 to
—0.12) and 0.68 (95%CI —1.08 to —0.29), respectively,
between the two methods. Other studies assessing cli-
nician satisfaction have also reported high levels of sat-
isfaction with physical examination of patients using
telemedicine.'*'8-22:32

Safety and patient outcomes

Eight studies assessed the safety of telemedicine or
patient outcomes.'# 1¢1820:2434 Byyik et al.!® found

no difference in self-reported serious events or compli-
cations between telemedicine and F2F (p =0.26), simi-
lar to Lambrecht et al’* Sathiyakumar et al."
evaluated fracture management and reported one com-
plication in each group; this included pyelonephritis in
the F2F group and deep vein thrombosis (DVT) in the
telemedicine group. It is unclear with regards to the
association this had to their initial presentation.

Buvik et al.'® assessed planned clinic outcomes and
found no significant difference in follow-up appoint-
ments (p=0.06) or listing for surgery (p=0.07)
between telemedicine and F2F. They also reported
that 27 out of 389 patients required specific F2F
follow-up; three of these were due to physician dissat-
isfaction with telemedicine examination (11%), and the
remainder due to the need for removal of osteosynthe-
sis implants (48%), diagnostic injections (11%), CT
scans (19%) and ‘other’ causes not specified (11%).
Vuolio et al?® similarly reported no difference in
follow-up appointments, and found management
plans were followed equally well in both groups with
no observed difference in emergency department or
unscheduled clinic visits.

A further study by Buvik et al.'® found no signifi-
cant difference in F2F vs. telemedicine scores for
European quality of life five-dimension index (EQ-
5D) and European quality of life visual analogue
scale (EQ-VAS) at baseline and 12-month follow-up
of general orthopaedic patients. Shararech and
Schwarzkopf** also found no significant difference in
hip/knee disability and osteoarthritis outcome scores
(HOOS p=0.21; KOOS p=0.37), EQ-5D (p=0.41),
Short Form survey (p>0.29) or UCLA activity scores
(»=0.25) in their follow-up of hip/knee arthroplasty
patients. Silva et al."> assessed objective outcomes in
children with non-displaced supracondylar fractures.
They found no evidence of fracture displacement and
no significant difference in changes of Baumann’s angle
(p=0.09), carrying angle (p=0.11) or pain scores
(p=0.12) at 8-week follow-up between the two consul-
tation methods. Kane et al.'* also assessed ROM and
pain scores following rotator cuff repair and found no
difference between telemedicine and F2F follow-up
either.

Cost effectiveness

Five studies primarily assessed cost effectiveness of
telemedicine  versus traditional F2F  consulta-
tions.!7?12>28:33 Byyik et al.!” performed a prospective
RCT with a detailed cost analysis of 389 patients com-
paring telemedicine vs. F2F consultations in Norway.
Quality-adjusted life years (QALYs) and resource use
were measured at baseline and 12-month follow-up,
and no statistical significant difference was found in



400

Journal of Telemedicine and Telecare 28(6)

the QALY gained between the two methods (p =0.29).
Authors found telemedicine cost €65 less per F2F con-
sultation and concluded that telemedicine was cost
effective from both a societal and health sector perspec-
tive if consults exceeded 151 and 183 consultations,
respectively.

Another RCT performed a cost minimisation anal-
ysis of 145 patients and found with a workload of a
hundred patients, telemedicine reduced both healthcare
and patient costs by 23%.%' Greater distances travelled
by patients to attend F2F appointments were noted to
provide the most cost saving to patients utilising tele-
medicine. This was also supported by a simulated study
for 207 bone oncology patients who calculated a
healthcare and travel cost saving of 12.2% using tele-
medicine.®® In patients who had to travel from more
than 400 km to visit the hospital in person, a cost
reduction of 72% was calculated. Similar large cost
savings of 45% were reported in primary care referrals
to orthopaedics using telemedicine® and a saving of
£45,958 across 2 years for 630 post carpal tunnel
decompression patients using telephone follow-up.*
Studies assessing patient satisfaction with telemedicine
also support the finding of reduced patient and societal
cost, with patients reporting reduced cost of travelling
and less time off work to be motivating high satisfac-
tion with telemedicine.'®!%-2>23

Discussion

This systematic review aimed to determine current evi-
dence for telemedicine in orthopaedic consultations.
Results reveal that telemedicine can be an accurate,
valid, cost effective, safe and acceptable if not a pref-
erable method of consultation for patients and clini-
cians compared with F2F consultations. These
findings have been demonstrated across a broad appli-
cation of orthopaedic subspecialties within this litera-
ture review including paediatric and adult fracture care,
elective orthopaedics, post-operative follow-up and
orthopaedic oncology patients. This is in keeping
with a recent mapping study of teleorthopaedic trends
which also found that the most common utilisation of
telemedicine was in joint arthroplasty, general post-
operative care and fracture management.*

Patients revealed particularly high satisfaction with
telemedicine for reasons of convenience, reduced
appointment delays, travelling times, travel costs and
time off work, findings which support existing litera-
ture on high patient satisfaction with telemedicine.*®
Recent evidence also suggests that employing a region-
al telemedicine strategy by utilising telemedicine con-
sultations with GPs, patients and orthopaedic
specialists can significantly reduce referral wait time
(reduced from 201.4 to 40 days in a region of

Chile).’” Furthermore, studies within this review
found cost savings were particularly magnified if
patients had to travel significant distances to seek spe-
cialist opinion, required hospital transport, required a
significant time away from work or another individual
to accompany the patient to their appointment.
Evidence also suggests that once patients had been
exposed to telemedicine, the majority preferred further
follow-up using this technology. High patient satisfac-
tion may lead to increased patient compliance and
reduced missed appointments, enabling further
saving. Missed appointments cost the UK NHS £1 bil-
lion annually.*®

Orthopaedic assessment relies heavily on patient
examination, and thus accuracy and validity of patient
examination when using telemedicine is vital. Existing
literature has shown that that ROM in hips,*” knee,***
shoulder,*' elbow,*" wrist** and hand*® can be reliably
and accurately measured using telemedicine technolo-
gy. Studies within this review have demonstrated no
clinically significant differences in patient examination
or PROMs using telemedicine. However, in a study
which concluded telemedicine has good accuracy of
examination, three injuries were found to be under-
treated including a base of fifth metatarsal fracture
and mallet injury, both of which have high a propensity
of non-union.*' No authors reported significant differ-
ences in adverse events or reduced outcomes in patients
using telemedicine vs. F2F consultations, although
studies addressing this subject are minimal and lacking
long-term follow-up.

The methodological quality of studies included in
this review was variable. Studies included were likely
to have an inherent selection bias, given that patients
who agreed to participate in telemedicine studies were
more likely to be more familiar with technology and
more open to newer methods of consultation. In addi-
tion, patients who were unable to access telemedicine
technology, had poor English proficiency or preferred
not to undertake telemedicine consults were excluded
from numerous studies, thus omitting a cohort of
patients who perhaps were likely to be less satisfied
with telemedicine.'*'*'®!”  Given the unblinded
nature of the studies, assessors’ or patients’ motiva-
tions to undertake telemedicine consultations may
have affected the outcome of results.

Three RCTs, based upon the same study protocol,
were found to have high risk of bias in the random-
isation process. At the request of staff, some patients
who required ambulance transport to attend for a F2F
consultation were excluded from randomisation and
examined using telemedicine.’®*? Furthermore, studies
assessing patient/clinician satisfaction used their own
non-validated questionnaires, as no universal and
tested satisfaction measure exists, therefore affecting
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validity of results. Other studies assessed to be of low
quality, using JBI appraisal tools, failed to address
confounding factors such as dissimilar patient follow-
up between telemedicine and F2F consultations®* or
lengthy time periods (up to 2 weeks) between the two
methods where patient condition could change.*

Further work exploring long-term outcomes of
patients utilising telemedicine, validity of various
patient examinations and PROMs is required with
large, high-quality RCTs and longer follow-up.
Moreover, a validated measure to assess clinician and
patient satisfaction is needed for reliability and compa-
rability of study results. Many of our included studies
involved remote joint consultations whereby a primary
care physician and/or specialist nurse with the patient
would perform a telemedicine consultation with the
specialist. Further studies are needed to determine
whether telemedicine consultations from the patient’s
own home are truly reliable and achievable.

There are some limitations within our systematic
review. Although nine out of 21 studies were RCTs,
we also included cohort studies, cross-sectional studies
and case series, providing lower quality evidence.
Nevertheless our findings were supported equally
from all levels of evidence, and including these studies
allowed us to provide a greater breadth of findings.
Given that there is no agreed definition of telemedicine,
with at least 104 definitions in peer-reviewed litera-
ture,* it is possible we may have missed some search
terms, limiting the number of articles included. In addi-
tion, heterogeneity of patient populations and ortho-
paedic pathology within the included studies means
direct comparison of results is difficult and therefore
challenging to determine the true scope of telemedicine
within orthopaedics. However, including a variety of
orthopaedic pathology provides a current insight into
the broad application of telemedicine within orthopae-
dic subspecialties.

Several issues with orthopaedic related telemedicine
still remain to be addressed. A qualitative study by
Caffery et al.* interviewed staff from nine teleortho-
paedic services across Australia, identifying barriers
and enablers to the implementation and running of
teleorthopaedic services. Barriers included initial dis-
ruption and redesigning of care processes, cost of
implementation, difficulty in obtaining imaging from
multiple imaging providers and staff resistance.*
Furthermore, multiple medico-legal and ethical con-
cerns still persist such as the liability of clinicians per-
forming remote examinations/diagnoses, responsibility
of privacy and confidentiality and the potential require-
ment of chaperones during telemedicine consulta-
tions.** This has prompted the General Medical
Council to produce ethical guidance for clinicians to
manage patient risk safely during the current

pandemic.*” Nonetheless, there are already reports in
the literature of the rapid adoption of telemedicine
within orthopaedics because of the present circumstan-
ces,®* a move supported by large reputable national
associations such as the BOA and AAOS.”'° Given the
current necessity of telemedicine, the orthopaedic com-
munity will have to adapt to an era of increased digital
consultation, expanding our understanding of telemed-
icine capabilities and providing further evidence on the
performance of telemedicine. Shared experiences from
colleagues will help us to maximise telemedicine effec-
tiveness, such as Tanaka et al.*® who have produced
virtual orthopaedic examination protocols for the
major body joints during their COVID-19 experience
of telemedicine consultation.

Conclusion

There is variable evidence to suggest that telemedicine
within orthopaedic consultations can be safe, cost
effective, valid in clinical assessment, and with high
patient and clinician satisfaction. However, more
high-quality evidence is required, with stricter method-
ology to elucidate long-term outcomes. This systematic
review presents up-to-date evidence on the use of tele-
medicine in orthopaedics and provides objective data
for organisations considering the utilisation of telemed-
icine within the current COVID-19 pandemic and in
the future.
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