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In the Beginning…

The first documented use of telemedicine in orthopaedic
surgery was in 1993 between video teleconferencing cen-
ters at Tripler Army Medical Center in Oahu, Hawaii and
the Kwajalein Atoll in the Republic of theMarshall Islands,
connecting two archipelagoes separated by 2200 nautical
miles and demonstrating for the first time that telemedicine

could be used to provide orthopaedic specialty care across
geographical distances [18]. Since then, telemedicine has
been used in several aspects of orthopaedic practice, such
as remote consultations, postoperative follow-up and re-
habilitation, but is not yet standard practice [11, 35, 43, 46].

The most well-established use of telemedicine in ortho-
paedics is the virtual fracture clinic, pioneered by theGlasgow
Royal Infirmary [54]. Standardized, evidence-based protocols
are used for a number of stable fractures, and allow many
patients to be discharged directly from the emergency de-
partment [9, 23, 25, 33, 54]. Patients who might benefit from
specialty review are referred to the virtual fracture clinic,
where their patient notes and radiographs are reviewed elec-
tronically the following day by a multidisciplinary team.
Patients then are either discharged directly from the virtual
fracture clinic with telephone advice or attend a face-to-face
clinic for further review. This has proved to be a clinically
acceptable pathway for managing stable injuries and is now
used in many orthopaedic departments across the United
Kingdom and internationally [32].

The coronavirus disease 2019 (COVID-19) pandemic
has forced us to rethink the way that we provide ortho-
paedic trauma care and new departmental policies have
been drawn [1, 7]. Changes initiated by orthopaedic and
other surgical specialties are based on guidelines published
by the British Association of Oral and Maxillofacial
Surgeons in response to the specialties’ high exposure risks
[6]. These guidelines aim to reduce the spread of the virus
according to four basic principles: personal protective
equipment, avoid (contact and transfer of patients), restrict
(the number of visits and generation of aerosols), and ab-
breviate (waiting times and treatment). A critical mani-
festation of this change has been the rapid extension of
telemedicine into many aspects of orthopaedic practice [37,
50]. Video conferencing platforms have allowed depart-
ments to perform electronic video consultations for
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musculoskeletal conditions that do not require in-person
evaluation and minimizes viral exposure for both patients
and care providers [37, 50].

The Argument

Although telemedicine appears to provide an effective way
of continuing vital orthopaedic services throughout the
COVID-19 pandemic, a sudden, unregulated increase in
remote consultations raises concerns about patient safety,
service efficiency, and medicolegal liability. There are some
important concerns that must be addressed that are particu-
larly pertinent if physicians are to continue using tele-
medicine as the pandemic subsides. For example, do we
know whether telemedicine is safe, or are we likely to miss
some important diagnoses that would have been caught if
the patient had been seen in a face-to-face consultation?
Furthermore, it is not yet well defined whether there are
certain patients who will benefit from telemedicine, and
others, who because they may lack access to or familiarity
with the technology, may become marginalized as a result.

Along a similar line, it seems likely that some orthopaedic
problems will be better suited to telemedicine consultations
than others. It is important that we identify these, and more
importantly, any that are not. And is telemedicine truly more
efficient and cost-effective, or does it depend on the setting in
which it is used? It is important that we have answers to these
questions going forward so that departments can adapt their use
of telemedicine appropriately to their own practices in a way
that enhances service efficiency and maintains patient safety.

Essential Elements

We sought to identify all original, prospective (randomized
and nonrandomized) and retrospective studies examining
the use of telemedicine in trauma and orthopaedic surgery.
We searched the terms “orthopaedic” OR “fracture” AND
“telemedicine” OR “virtual” OR “telehealth” OR “video-
conference” in PubMed and the Cochrane Library between
January 1, 2015 and January 5, 2020, yielding 975 articles.
Searches were not limited by language.

We followed a Preferred Reporting Items for Systematic
Reviews and Meta-analyses-styled search process to analyze
results (Fig. 1) [53]. After screening for duplicates using
Endnote library (ENDNOTEX3, Thomson Reuters, Carlsbad,
CA, USA), we excluded 71 results.We eliminated 845 studies
that were not related to the review topic, specifically those
about virtual reality, simulation, robotic surgery, three-
dimensional printing, and computer-assisted planning. We
only included studies in which telemedicine was used for a
patient encounter in trauma or elective orthopaedic surgery and
assessed patient satisfaction, clinical outcomes, clinical exam-
ination or cost-analysis as primary or secondary outcomes.

We used the World Health Organization (WHO)
definition of telemedicine, which is the “delivery of
health care services, where patients and providers are
separated by distance” [56].

After assessment, we included seven randomized con-
trolled trials [10–12, 35, 47, 48, 55], four prospective
studies [19, 27, 45, 49], and 23 retrospective observational
studies [2–5, 8, 13, 16, 17, 20–25, 28, 31, 34, 36, 38, 39, 41,
42, 51] with or without control groups, resulting in the
inclusion of 34 studies.

We assessed the quality of the evidence of the included
studies with the Grading of Recommendations, Assessment,
Development, and Evaluations pro-Guideline Development
Tool online application using Grading of Recommendations,
Assessment, Development, and Evaluations criteria [29].
Based on this assessment, the seven randomized controlled
trials included in this review had low-quality evidence and
four prospective and 23 retrospective observational studies
had very low-quality evidence. The quality of evidence was
downgraded for several reasons, most commonly a lack of
generalizability and lack of control group. Because of the low
number of controlled studies on this topic, we included all
studies without controls in the qualitative analysis.

What We (Think) We Know

Clinical Outcomes and Patient Satisfaction

Most evidence for clinical outcomes relating to the use of
telemedicine in orthopaedic surgery originates from ret-
rospective studies of virtual fracture clinics, and while they
generally demonstrate clinically acceptable outcomes
[3–5, 8, 23, 25, 39, 45], most are neither adequately pow-
ered nor adequately designed to provide an accurate as-
sessment of safety, with no comparison of diagnoses made
(or missed), nor treatments recommended in the virtual
setting compared to a controls.

In a retrospective study of 314 patients managed
through a virtual fracture clinic pathway for isolated stable
Weber B fractures, 99.4% of patients went on to have
complete radiological union [3]. Another large study of
618 patients with fifth metatarsal fractures showed no
difference in the likelihood of nonunion before and after
introduction of a virtual fracture clinic pathway [23]. One
prospective observational study looked at outcomes after
the introduction of a virtual fracture clinic pathway for the
management of stable fractures in 481 patients younger
than 16 years of age [45]. One scaphoid fracture was
missed on initial radiograph and the patient self-presented
to fracture clinic with ongoing pain at 15 days postinjury
and went on to heal without complication.

Studies examining the use of video consultations in
orthopaedics are less consistent with limited assessment of
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patient safety, but there is some evidence supporting their
utility in remote geographic areas and for those undergoing
elective procedures [11, 12, 35, 48]. One randomized
control trial evaluated the quality of care provided to 400
patients who were assigned to receive either a video con-
sultation or standard face-to-face appointment in a
Norwegian tertiary orthopaedic center with a catchment
area of 112,975 km2 [11]. Patients in the video consultation
group attended their local hospital and accessed the ap-
pointment via a video link with a nurse present, who had
been trained in physical examination and casting tech-
niques. There was no difference in re-referrals between
groups within 2 years. Of those in the video consultation
group, 86% said they would prefer a video consultation for
their next appointment compared with 63% of patients who
were seen in a face-to-face appointment, with 82%
reporting a shorter travel time as the reason for their
preference.

In a randomized controlled trial of 52 pediatric patients
with stable Type 1 supracondylar fractures, parents were
either coached to remove casts at home via video consul-
tation or attended a standard face-to-face appointment for
cast removal at 4 weeks postinjury. There was no differ-
ence in fracture displacement, ROM, or pain scores be-
tween groups at 8-week follow-up. Interestingly, parent
satisfaction was almost identical between the two groups
until those in the face-to-face groupweremade aware of the
reduced consultation times for patients in the video con-
sultation group, at which point satisfaction decreased in
parents allocated to the face-to-face group [48].

The use of video consultations for patients undergoing
elective procedures has recently been evaluated in a ran-
domized controlled trial of 66 patients who underwent ar-
throscopic rotator cuff surgery [35]. No difference in pain
scores was reported between the video consultation and
face-to-face groups. Patients in the video consultation

Fig. 1 This figure shows the Preferred Reporting Items for Systematic Reviews and Meta-
analyses flow diagram used for our search; RCTs = randomized controlled trials.
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group had a stronger preference for future video consul-
tations than did those in the face-to-face group. In a ran-
domized control trial of 72 patients who underwent THA,
patients either received postoperative care at home via a
novel telehealth system or via standard fast-track THA
pathway [55]. The authors found reduced length of stay in
the telehealth group compared with the standard fast-track
group, with no differences in health-related quality of life,
anxiety levels, timed up-and-go test results and Oxford hip
scores between the two groups.

Clinical Examination

One concern for surgeons using video consultations is the
limited ability to examine patients [11]. In a study mea-
suring ROM in 52 elbows, eachmeasurement was recorded
in person, through teleconferencing and still-shot photog-
raphy by two researchers trained in goniometry and
showed that teleconference goniometry had a high agree-
ment with clinical goniometry [19]. Teleconference mea-
surements tended to underestimate ROM, which could be
explained by the difficulty in identifying bony landmarks
without palpating the elbow. However, measurements
were still under the clinically accepted range of 5°.

A prospective study used video conferencing with
smartphones to assess shoulder function in 51 patients
attending a shoulder clinic with a variety of complaints.
These patients underwent face-to-face and video consul-
tation in alternating order, with no difference in mean
Constant scores between the two methods. [27].

Cost Analysis and Efficiency

Several studies show that telemedicine results in financial
savings in areas such as departmental spending, Trust or
Clinical Commissioning Group spending (statutory bodies
responsible for the planning and commissioning of national
health care services for their local area in England), patient
travel expenditure, and socioeconomic savings such as less
time off work or school [2, 3, 10, 16, 34, 35, 39, 41, 45, 49].
However, although cost and efficiency studies generally
can analyze the raw expenditures associated with using
telemedicine, and some have compared them with those of
in-person clinics, true assessment of cost-effectiveness
cannot be done without better evaluation of the risks and
potential costs associated with missed diagnoses and/or
inappropriate treatments.

Cost analyses of virtual fracture clinics found that they
cost less than traditional face-to-face clinics [2, 3, 34, 39,
41, 45] and reduce the number of patients attending tradi-
tional fracture clinics [4, 34, 39]. One study showed that a
new virtual fracture clinic pathway for stable fractures

resulted in fewer patients seen in the traditional fracture
clinic, decreased wait times, and an increase in the pro-
portion of patients seen within 72 hours [39]. A further
study used a stochastic discrete event simulation model to
estimate a cost saving of 38% from a new virtual fracture
clinic pathway [2]. In addition, they estimated that their
department saved 30 hours of consultant-led specialist
services that have gradually been reinvested in the de-
velopment of subspecialty services. Although using a
simulation for cost comparison may result in a less-robust
model, it provides the most comprehensive analysis of
costs to date, including staff resources (medical, nursing,
and administrative) and equipment.

There is difficulty in generalizing cost savings because
of variations in the way healthcare systems are funded
worldwide. However, one study estimated that participat-
ing providers could see three pediatric patients in the virtual
fracture clinic in the time it takes to see one patient in the
traditional fracture clinic, estimating the savings to the
clinical commissioning groups at USD 56,450 and to the
hospital at USD 132,920 per year [45]. Norway has a na-
tional health service that reimburses patients for public
transportation expenditure, constituting 3.2% of the total
health budget per year [30]. The cost of establishing a video
consultation pathway for a tertiary referral was examined
[10]. Additional costs were incurred for establishing the
video consultation service, including equipment purchase,
initial training, and a nurse at the local site for cast change
and suture removal. However, when travel costs and time
off work are considered, video consultations costs USD 74
less than face-to-face consultations per patient with no
difference in quality adjusted life years between the two
groups, and so was found to be cost-effective if 151 con-
sultations are made each year.

Video consultations may have a greater role in post-
operative follow-up; patients can be familiarized with the
process beforehand and access their video consultation in
their own homes, reducing the need for travel. In patients
who were randomly assigned to receive video consultation
follow-up after elective arthroscopic rotator cuff surgery
(accessed via a patient’s smartphone or tablet), appoint-
ments were less time-consuming and patients required less
time off work than did those in the face-to-face consultation
group [35].

Knowledge Gaps and Unsupported Practices

Although the evidence appears to consistently support the
use of telemedicine in a range of clinical settings, it must be
borne in mind that the GRADE quality for all studies in this
review is low to very low. Low-quality studies tend to
overestimate the benefit of an intervention, which means
that telemedicine may have more risks, fewer benefits, and
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be less cost-effective than the evidencewe have cited in this
paper.

Safety is also poorly assessed in the source studies.
Many studies make claims of safety based on no adverse
events in a small population sample during the assessment
period. Larger studies are required to make a confident
assessment of safety for the use of telemedicine across a
range of clinical settings. Most studies also had relatively
short follow-up periods, no follow-up or patient-led
follow-up, with patients being advised to attend a face-
to-face clinic if they had ongoing symptoms. Therefore, it
is likely that there were some delayed diagnoses or late
complications not captured by these studies if they oc-
curred beyond the follow-up period, or if patients re-
presented to a different hospital.

In addition, many studies in this review used non-
validated patient satisfaction tools to quantify satisfaction
with telemedicine encounters. Factors that influence pa-
tient satisfaction can vary widely between patients and
attempts to measure this parameter can be misleading, so
we have avoided reporting any nonvalidated outcomes here
[44]. We have, however, reported differences in satisfac-
tion scores when compared with control groups because we
believe this represents a more relevant assessment of pa-
tient experience.

Barriers and How to Overcome Them

The main factor restricting high-level, clear evidence for the
use of telemedicine in orthopaedic surgery is its limited gen-
eralizability. The most consistent and translatable evidence is
in support of a virtual fracture clinic pathway for acute injuries.
Within the limits of the available evidence, it does appear to
be a cost-saving and efficient method of managing a range of
stable, nonoperative fractures. Protocols exist that can be
adapted to different healthcare systemsworldwide [3–5, 8, 23,
25, 39, 45]. However, we recommend careful department-
specific cost analysis to ensure that funding is not reduced
because of a reduction in face-to-face consultations.
Furthermore, stringent and long-term follow-up is required for
those patients managed through virtual fracture clinic path-
ways to provide a more accurate assessment of safety, and we
recommend further research in this area.

Video consultations for acute fractures appears to have
the most benefit in remote geographic areas, for which
face-to-face consultations require substantial travel [11, 12,
38]. For elective follow-up whereby patients can access
appointments from home on their tablet or phone, the cost
of service provision is minimal, in addition to reducing the
length of stay and attendance at face-to-face clinics [35].
This appears to be a promising option for following pa-
tients with an uncomplicated postoperative course as
elective operations are resumed.

Patients who undergo telemedicine consultations have a
higher preference for it in future consultations, and satis-
faction with face-to-face consultations is reduced once
patients are aware of the benefits of telemedicine [11, 48,
55]. These findings suggest that as patients become more
familiar with telemedicine during the COVID-19 pan-
demic, more patients will prefer remote consultations in the
future, and we should have pathways in place to facilitate
this. Furthermore, having telehealth support systems that
reduce hospital length of stay could help expedite the return
to elective operations, in which safeguarding hospital beds
for patients with COVID-19 remains a priority [55].

There is difficulty in generalizing cost savings because
of variations in the way healthcare systems are funded
worldwide. For example, the National Health Service in the
United Kingdom funds services using a national tariff,
whereby acute services are paid according to activity level.
Lower tariffs are paid for nonface-to-face appointments
and must be negotiated with clinical commissioning
groups. However, video consultations are shorter than
face-to-face consultations, which can result in more pa-
tients being seen per session and higher tariffs overall [45].

In the United States, physicians are reimbursed less for
non-face-to-face consultations. During the COVID-19
pandemic, temporary legislation (such as a 1135 waiver)
has been enacted, allowing for telehealth parity during the
crisis [14]. The Centers for Medicare and Medicaid
Services will reimburse physicians for services rendered
through telehealth at the same rate as in-person visits for all
diagnoses and easing “originating site” requirements to
allow telemedicine for patients not in rural locations or in
another healthcare facility. Interstate licensing laws have
been suspended, paving the way for states to allow pro-
viders to practice telemedicine across state lines [15]. It is
unclear whether any of these changes will remain in the
long-term, and issues with billing could be a persistent
barrier to widespread adoption of telemedicine in private
health care systems.

Another factor that may limit wider application of tele-
medicine within orthopaedic surgery is the inability of sur-
geons to examine patients. Research on the efficacy of upper
limb examinations through video consultations seems to be
promising and could be beneficial postoperatively in
assessing ROM in patients who undergo uncomplicated
elective procedures [19, 27]. However, evidence is ex-
tremely limited and further robust research is required in this
area, particularly for lower limb and spinal conditions which
might be less amenable to remote assessment.

Although familiarity with telemedicine platforms will
have increased during the pandemic, concerns regarding data
sharing and indemnity may hinder the widespread use of
telemedicine in the future. In the United States, several plat-
forms have been developed to be Health Insurance Portability
and Accountability Act (HIPAA) compliant, such as
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American Well (Amwell, Boston, MA, USA), MDLink
(MDLink, Ltd, Kingston, Jamaica), Polycom RealPresence
(Plantronics, Santa Cruz, CA, USA), and Snap MD
(SnapMD, Glendale, CA, USA) and are integrated with the
patient’s medical record for documentation and billing. In the
United Kingdom, National Health Service Digital recom-
mends using Microsoft Teams (Microsoft, Redmond, WA,
USA), which is available through mail from the National
Health Service [40]. The General Medical Council, a public
body that governs theUnitedKingdom’smedical register, has
produced good practice guidance on remote consultations that
should be followed, and we recommend that only HIPAA-
supported platforms should be used [26].

We also acknowledge that the COVID-19 pandemic and
the specialties’ role in its management is rapidly changing,
making it difficult to publish recommendations that remain
relevant for any length of time. However, given the obvious
benefits, it is almost certain that telemedicinewill continue to be
used in our everyday practice. As the pandemic subsides, the
balance of risk benefit to patientswill change and the temporary
legislative cover and indemnity arrangements that have pro-
tected physicians throughout the pandemic will disappear. It is
therefore vital that physicians continue to use telemedicine
appropriately, in linewith evidence-based practice tomaximize
efficiency, ensure patient safety, and protect ourselves. It is also
important to identify where further research is required so that
we can work to fill in those gaps in the future.

5-year Forecast

We believe that the use of telemedicine in trauma and or-
thopaedic surgery will be more widespread in the coming
years. Studies suggest that patients who wish to undergo
telemedicine appointments rate it very highly, and thosewho
have used it before are more likely to prefer remote con-
sultations in the future [11, 35, 48]. It is important to identify
those patients who may benefit, such as patients with long
travel times, those with inflexible working hours, those with
careers, those who are comfortable with and have access to
technology, patients with an uncomplicated postoperative
course, and patients older than 60 years with comorbidities
(who constitute a large proportion of patients who undergo
arthroplasty). As patients become increasingly familiar with
telemedicine during the COVID-19 pandemic, the demand
for remote consultations will continue to rise and the spe-
cialty should be prepared to provide them.

Cost-efficiency will be at the forefront of health service
provision for the foreseeable future, with many countries
predicted to enter a prolonged period of economic recession
because of the COVID-19 lockdown [52]. Orthopaedic de-
partments will be expected to streamline spending if we
hope to return to the same standard and volume of service
provided before. Developing a novel telehealth pathway for

patients who undergo elective surgery that reserves inpatient
beds for patients with COVID-19, minimizes the number of
hospital attendances by vulnerable patients, and reduces
department spendingwill help facilitate our return to elective
operations in the protracted post-COVID-19 period.
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