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Abstract
Purpose  Until now, the use of telemedical applications in orthopedics was limited to sparsely populated countries. However, 
due to the SARS-CoV-2 pandemic, interest in orthopedics in these procedures has increased significantly. The aim of this 
systematic review was to find out to what extent there is scientific evidence for the use of telemedicine in the orthopedic field.
Methods  A systematic literature search was carried out in various databases on randomized controlled trials (RCTs) on 
telemedical applications in orthopedics.
Results  Altogether, 14 articles were identified that reported about a total of eight RCTs of telemedical applications in ortho-
pedics. Two RCTs were about a patient-to-doctor video consultation and six RCTs were about telerehabilitation after knee 
and hip arthroplasty (4 × knee arthroplasty, one hip and knee arthroplasty, one hip arthroplasty). For the majority of outcome 
parameters evaluated, there were no significant differences between the study groups. The cost effectiveness of videocon-
sultations depended on the workload (number of patient consultations) as well as the effectiveness of telerehabilitation on 
the distance of the patient’s home to the health care center (30 km round-trip).
Conclusion  There is sufficient evidence to recommend the use of telemedical methods in orthopedics. However, more 
research is necessary to further expand the possibilities of telemedical methods with regard to physical examination.

Keywords  COVID-19 · SARS-Cov-2 · Pandemic · Orthopedic surgery · Video consultation · Telerehabilitation · Knee 
arthroplasty · Diagnostics

Introduction

The SARS-Cov-2 pandemic has hit orthopedics and trauma 
surgery hard in many countries [2, 25, 32]. The novel corona 
virus has led to a global pandemic that has pushed health 
systems in individual regions to the limits of their capacity 
[25].

To prevent an exponential spread of SARS-Cov-2, various 
protective measures were necessary, which prevent droplet 
infection, but also transmission through contaminated sur-
faces. Protective measures to contain the pandemic include 
the distance rules (1.5 m), contact restrictions and wearing 

masks [25]. These measures significantly impair everyday 
clinical practice in orthopedics and trauma surgery. Precisely 
because the transmission of SARS-CoV-2 takes place pri-
marily via droplets or contaminated surfaces, the clinical 
interest in contactless diagnostics and rehabilitation has 
increased in recent weeks.

To maintain clinical practice, interest in methods of tel-
emedicine increase [32]. So far, these procedures have been 
of importance in sparsely populated countries such as Nor-
way, Canada or Australia or in military medicine [7, 28, 
30, 38].

In telemedicine applications, a distinction is made 
between doctor/therapist-to-doctor/therapist and doctor/
therapist-to-patient consultations and between synchronous 
and asynchronous applications [2, 15]. In the context of 
the COVID-19 crisis, there is more interest in synchronous 
doctor-to-patient consultations to circumvent the contact 
blocks than in asynchronous applications or doctor/therapist-
to-doctor/therapist communication.

Scientific studies have demonstrated evidence of tel-
emedical procedures in various medical fields [1, 15, 37]. 
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However, a virtual orthopedic examination may lack the 
essential elements of palpation and the ability to perform 
dynamic diagnostic tests such as the Lachman or pivot shift 
test for the knee or various functional shoulder tests [2]. 
Therefore, the research question arises whether telemedical 
procedures are also suitable for orthopedics as it has been 
shown for other medical fields.

Aim of this systematic review was to find out if there is 
enough scientific evidence for the use of telemedicine appli-
cations in orthopedics.

Materials and methods

Search details

Between May 4, 2020 and Jun 15, 2020, a systematic litera-
ture search was carried out in various databases (PubMed, 
MEDLINE, EMBASE, Scopus, Google scholar) according 
to PRISMA criteria to identify work in which the use of tel-
emedicine in orthopedics was examined. The present study 
was registered prospectively (www.crd.york.ac.uk/PROSP​
ERO; no.: CRD42020190759).

The following search terms were used: telemedicine, 
video consultation, remote consultation or telerehabilita-
tion and orthopedics, orthopedic surgery or trauma surgery. 
If a corresponding study was found, related articles were 
searched in PubMed and searched for relevant publications. 
In addition, the reference section of relevant studies was 
also checked.

The main search was carried out by two reviewers (LB 
and WP). Inclusion and exclusion criteria were used for arti-
cle selection. Inclusion criteria were: (1) use of telemedicine 
in orthopedics, (2) randomized controlled trial (RCT), (3) 
use of synchronous videoconferencing systems, (4) patients 
with a health problem related to the musculoskeletal sys-
tem, and (5) English language. Exclusion criteria were: (1) 
any other specialty than orthopedics, (2) doctor/therapist to 
doctor/therapist communication, (3) observational studies 
including case-series, case-reports, case–controls, cross-
sectional, and cohort studies (4) unpublished studies, trial 
designs and conference abstracts, (5) recommendation and 
guideline papers, previous systematic reviews, previous 
meta-analysis.

Multiple articles of one clinical trial were included as far 
as they reported different outcome parameter.

For this review, telemedicine was defined as synchronous 
or asynchronous consultation using information and com-
munication technology to omit geographical and functional 
distance.

Its goals are for diagnostics or treatment between two or 
more geographically separated health providers (for exam-
ple, physicians or nurses) or between health providers and 

patients and include second expert opinions, tele-manage-
ment, referrals, and rehabilitation.

Risk of bias (quality) assessment

The quality of all included studies was evaluated according 
to Jadad Score and the PEDRO scales. Quality assessment 
was conducted by WP.

Data extraction (selection and coding)

After researching the literature according to the specified 
inclusion and exclusion criteria WP and SB have extracted 
the following data from the selected studies:

1.	 Study details – journal of publication, date of publica-
tion, country/countries where study took place, sample 
size, study design, inclusion and exclusion criteria.

2.	 Telemedicine details.
3.	 Patient details – demographic data, specialty field (e.g. 

arthroplasty, sports trauma, knee, shoulder, military 
medicine).

4.	 Outcome measures (Evaluation of the effectiveness of 
the telemedical consultation by the doctor, cost analysis, 
PROMs).

Strategy for data synthesis

WP and SB have constructed a narrative synthesis of the 
extracted data, structured around the type of telemedicine 
performed, clinical characteristics, and type of outcome. 
Tables have been developed to aid the presentation of the 
extracted data along with the quality assessment. A formal 
meta-analysis was not planned, because it was not expected 
that the studies are sufficiently homogenous in terms of par-
ticipants, interventions and outcomes to provide a meaning-
ful summary.

Results

Search results and study design

The search results are shown in the Fig. 1. Detailed informa-
tion about the study designs is provided in Table 1.

A total of 14 articles were identified that reported about 
a total of 8 RCTs of telemedical applications in orthopedics 
[6–8, 11, 14, 20–22, 27, 30, 33, 34, 36]. Two RCTs were 
about patient-to-doctor video consultation [7, 8, 14, 22, 36] 
and six RCTs were about telerehabilitation after knee and 
hip arthroplasty (4 × knee arthroplasty, one hip arthroplasty 
and one hip and knee arthroplasty) [1, 11, 20, 21, 27, 30, 
33, 34].

http://www.crd.york.ac.uk/PROSPERO
http://www.crd.york.ac.uk/PROSPERO


1733Archives of Orthopaedic and Trauma Surgery (2021) 141:1731–1739	

1 3

Three articles about video consultation were part of a 
controlled study from Norway [6–8] and three other arti-
cles about video consultation were part of a controlled 
study from Finland [14, 22, 36]. Among the articles on 

telerehabilitation, three publications also belonged to one 
study. In each of these articles, different outcome parameters 
were reported [20, 21, 34].

Table 2 shows the results of the study quality analysis 
incorporating the Jadad score and the PEDRO scale. In the 
Jadad Score, all studies achieved a value of 3; in the PEDRO 
scale, the values of the analyzed studies were between 7 and 
8 (Table 2).

Video consultation (patient to doctor)

Table 3 shows a summary of the study results. Two clini-
cal trials were about a synchronous patient-to-doctor video 
consultation. One of these trials is from Finland and one 
from Norway [6–8, 14, 22, 36]. Both trials compared video 
consultations with standard consultation hours for orthope-
dic patients [6–8].

In both studies, the patients of the teleconsultation group 
and of the control group were equally satisfied with the spe-
cialist service and there were no differences in the therapeu-
tical decisions (e.g. surgical indications) between the two 
groups [6–8, 14, 22, 36].

In the Norwegian clinical trial, there was no difference 
in the duration of the consultations (20.9 min standard con-
sultation group vs. 20.5 min telemedicine group), complica-
tions (21% in standard group and 17% telemedicine group) 
[8] and in patient-reported outcome measures (PROMs) [7].
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Fig. 1   Flowchart

Table 1   Study details about randomized controlled trials (rct) about the use of telemedicine in orthopaedics

Study Authors Year Study design (n) Type of communiction Country Use

1 Haukipuro et al. [14] 2000 Rct 145 Physician–patient Finland Orthopedic consultation
Ohinmaa et al. [22] 2002 Rct 145 Physician–patient Finland Orthopedic consultation
Vuolio et al. [36] 2003 Rct 145 Physician–patient Finland Orthopedic consultation

2 Buvik et al. [6] 2019 Rct 400 Physician–patient Norway Orthopedic consultation
Buvik et al. [7] 2019 Rct 400 Physician–patient Norway Orthopedic consultation
Buvik et al. [8] 2016 Rct 400 Physician–patient Norway Orthopedic consultation

3 Moffet et al. [21] 2015 Rct, non-inferiority design 205 Physical therapist–patient, Canada Telerehabilitaion in knee 
arthroplasty

Moffet et al. [20] 2017 Rct 205 Physical therapist–patient Canada Telerehabilitation in knee 
arthroplasty

Tousignant et al. [34] 2015 Rct 197 Physical therapist–patient Canada Telerehabilitation for knee 
arthroplasty

4 Piqueras et al. [27] 2013 Rct 142 Physical therapist–patient Spain Telerehabilitation knee joint 
arthroplasty

5 Russel et al. [30] 2011 Rct, non inferiority design 65 Physical therapist–patient Australien Telerehabilitation for knee 
arthroplasty

6 Tousignant et al. [33] 2011 Rct 48 Physical therapist–patient Canada Telerehabilitation for knee 
arthroplasty

7 Vesterby et al. [35] 2017 Rct 72 Physical therapist–patient Denmark Telerehabilitation for hip 
arthroplasty

8 Eichler et al. [11] 2019 Rct 111 Physical therapist–patient Germany Telerehabilitation for knee and 
hip arthroplasty
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Both studies showed that cost effectiveness of telemed-
icine applications for videoconsulations depends on the 
workload [6, 22]. In the Norwegian study, video consulta-
tion was more cost effective after 151 patient consultations 
per year [6] and in the Finish study, the cost of the video 
consultation was lower after a workload of more than 80 
patients per year [22].

Telerehabilitation

Six studies evaluated the outcome after telerehabilitation 
after knee or hip arthroplasty (Table 4). Four of these stud-
ies only looked at knee prosthetics, one study looked at hip 
arthroplasty only, and one study looked at the effect of teler-
ehabiliation on both hip and knee arthroplasty. These studies 
were from Canada, Australia, Denmark, Spain and Germany 
[11, 20, 21, 27, 30, 33, 34]. A total of 768 patients were 
included in these studies.

Four studies used the Western Ontario and McMaster 
Universities osteoarthritis index (WOMAC) as patient-
reported outcome measure [11, 21, 27, 30]. The WOMAC 
improved in all studies without a group difference at final 
follow-up [11, 21, 27, 30]. In one study, better outcomes 
for the Patient-Specific Functional Scale and the stiffness 
subscale of the WOMAC were found in the telerehabili-
tation group [30]. In two studies, there was no significant 
difference in patient satisfaction between telerehabilitation 
and face-to-face visit [20, 30]. Four studies assessed func-
tional parameters such as range of motion, body strength, 
balance, walking, or functional autonomy for patients after 
total knee arthroplasty [11, 21, 27, 30]. These parameters 
also improved from preoperative to postoperative without a 
group difference at final follow-up [11, 21, 27, 30].

Two studies found that patient-reported outcome meas-
ures (PROMS) and functional parameter (time up and go 
test) improved after conventional and telerehabilitation with-
out a group difference [11, 35].

Table 2   Study details about randomized controlled trials (RCT) about 
the use of telemedicine in orthopedics

Study Authors Jadad score PEDRO 
scale

1 Haukipouro et al. [14] 3 7
Ohinmaa et al. [22]
Vuolio et al. [36]

2 Buvik et al. [6] 3 7
Buvik et al. [7]
Buvik et al. [8]

3 Moffet et al. [21] 3 8
Moffet et al. [20]
Tousignant et al. [34]

4 Piqueras et al. [27] 3 8
5 Russel et al. [30] 3 8
6 Tousignant et al. [33] 3 7
7 Vesterby et al. [35] 3 7
8 Eichler et al. [11] 3 7

Table 3   Results of randomized controlled trials about the use of telemedicine in orthopedic consultations

Study Authors Results

1 Haukipuro et al. [14] Videoconferencing was found to be feasible and the equipment functioned well technically. There were somewhat 
more problems in examining the telemedicine patients than the clinic patients. The two patient groups were 
equally satisfied with the specialist service. The telemedicine patients were more willing to have their next visit 
by videoconferencing than the conventional patients

Ohinmaa et al. [22] At a workload of 100 patients, the total cost, including travel and indirect costs, was 87.8 per patient in the 
telemedicine group and 114.0 per patient in the conventional group (i.e., a total cost saving from the use of tel-
econsultation of 2620). A cost-minimization analysis showed that telemedicine was less costly for society than 
conventional care at a workload of more than 80 patients per year. If the distance to specialist care were reduced 
from 160 to 80 km, the break-even point increased to about 200 patients per year

Vuolio et al. [36] Over half the patients had some form of regenerative arthritis: 15% had hip arthritis, 33% knee arthritis and 4% 
other arthritis. There were no differences in the implementation of the management plan between the two groups

2 Buvik et al. [6] Cost effectiveness: video-based consultations through a distant, specialized clinic are cheaper than regular outpa-
tient presentations, as long as the number of teleconsultations exceeds 151 per year

Buvik et al. [7] Patient satisfaction: 99% of the video-supported and 99% of the regular outpatient group found the consultation to 
be very satisfactory. 86% of the video-based group favored a video-based consultation for the next performance

Buvik et al. [8] Specialist evaluation and side effects: the primary outcome, the sum score of the specialist evaluation, was signifi-
cantly lower (i.e., ‘better’) at UNN compared to RMC (1.72 vs. 1.82, p = 0.0030). The 90% confidence interval 
(CI) for the difference in score (0.05, 0.17) was within the non-inferiority margin. The orthopaedic surgeons 
involved evaluated 98% of the video-assisted consultations as ‘good’ or ‘very good’. In the ancillary analyses, 
there was no significant difference between the two groups. No serious events related to the mode of consulta-
tion
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One study evaluated return to work after total knee and 
hip replacement. In this study, more patients after teler-
ehabilitation returned to work in comparison to the control 
group with conventional physiotherapy (64.6 vs. 46.2%) 
[11].

One study examined the cost effectiveness of telere-
habilitation for knee arthroplasty [34]. This study could 
show that the cost of telerehabilitation was lower than 
face-to-face treatments when the distance to the hospital 
was 30 km or more [34].

Discussion

This systematic review shows that there is sufficient scien-
tific evidence for recommending telemedical applications 
in orthopedics for consultations and rehabilitation.

Eight controlled randomized studies with good scien-
tific quality are available for the use of telemedicine for 
diagnostic consultation hours in communication between 
doctor and patient or for use in rehabilitation between 

Table 4   Results of randomized controlled trials about the use of telemedicine in orthopedic rehabilitation

Study no. Authors Results

3 Moffet et al. [21] The demographic and clinical characteristics of the two groups of patients were similar at baseline. At the last 
follow-up evaluation, the mean differences between the groups with regard to the WOMAC gains, adjusted 
for baseline values, were near zero (for 182 patients in the per-protocol analysis): − 1.6% [95% confidence 
interval (CI): − 5.6%, 2.3%] for the total score, − 1.6% (95% CI: − 5.9%, 2.8%) for pain, − 0.7% (95% CI: 
− 6.8%, 5.4%) for stiffness, and − 1.8% (95% CI: − 5.9%, 2.3%) for function. The confidence intervals were 
all within the predetermined zone of non-inferiority. The secondary outcomes had similar results, as did the 
intention-to-treat analysis, which was conducted afterward for 198 patients

Moffet et al. [20] Characteristics of all participants were similar at baseline. Satisfaction level of both groups did not differ and 
was very high (over 85%). It was neither correlated to personal characteristics nor to improvements of func-
tional level from preoperative to E4. Satisfaction was rather found associated to walking and stair-climbing 
performances

Tousignant et al. [34] The mean cost of a single session was Can $93.08 for the VISIT group (SD $35.70) and $80.99 for the TELE 
group (SD $26.60). When comparing both groups, real total cost analysis showed a cost differential in favor 
of the TELE group (TELE minus VISIT: − $263, 95% CI − $382 to − $143). However, when the patient’s 
home was located less than 30 km round-trip from the health care center, the difference in costs between 
TELE and VISIT treatments was not significant (p = 0.25, 0.26, and 0.11 for the < 10, 10–19, and 20–29 km 
strata, respectively). The cost of TELE treatments was lower than VISIT treatments when the distance was 
30 km or more (30–49 km: $81 < $103, p = 0.002; ≥ 50 km: $90 < $152, p < 0.001)

4 Piqueras et al. [27] Baseline characteristics between groups were comparable. All participants improved after the 2 weeks 
intervention on all outcome variables (p < 0.05). Patients in the interactive virtual telerehabilitation group 
achieved improvements in the functional variables similar to those achieved in the conventional therapy 
group

5 Russel et al. [30] Baseline characteristics between groups were similar, and all participants had significant improvement on all 
outcome measures with the intervention (p < 0.01 for all). After the 6-week intervention, participants in the 
telerehabilitation group achieved outcomes comparable to those of the conventional rehabilitation group 
with regard to flexion and extension range of motion, muscle strength, limb girth, pain, timed up-and-go 
test, quality of life, and clinical gait and WOMAC scores. Better outcomes for the Patient-Specific Func-
tional Scale and the stiffness subscale of the WOMAC were found in the telerehabilitation group (p < 0.05). 
The telerehabilitation intervention was well received by participants, who reported a high level of satisfac-
tion with this novel technology

6 Tousignant et al. [33] Clinical outcomes improved significantly for all subjects in both groups between endpoints. Some variables 
showed larger improvements in the usual care group two months post-discharge from therapy than in the 
telerehabilitation group

7 Vesterby et al. [36] Length of stay was reduced from 2.1 days (95% CI: 2.0–2.3) to 1.1 day (CI: 0.9–1.4; p < 0.001) with the TMS 
intervention. Health-related quality of life increased in both groups, but there were no statistically significant 
differences between groups. There were also no statistically significant differences between groups regard-
ing timed up-and-go test and Oxford hip score at 3 months follow-up. At 12 months follow-up, the rates of 
complications and re-admissions were similar between the groups, but the number of postoperative hospital 
contacts was lower in the TMS group

8 Eichler et al. [11] Both the intervention group (average difference 88.3 m; SD 57.7; p = 0.95) and the control group (average 
difference 79.6 m; SD 48.7; p = 0.95) increased their distance in the 6 min walk test. Improvements in 
other functional parameters, as well as in quality of life and pain, were achieved in both groups. The higher 
proportion of working patients in the intervention group (64.6%; p = 0.01) vs. the control group (46.2%) is 
of note
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physiotherapist and patient [6–8, 11, 14, 20–22, 27, 30, 
33, 34, 36]. These studies have shown that there is no dif-
ference between telemedical applications and conventional 
procedures with regard to patient satisfaction, functional 
outcome parameters and PROMs. Most RCTs about the 
use of synchronous telemedicine in orthopedics have been 
published on the use of videocontrolled rehabilitation after 
knee arthroplasty [6–8, 11, 14, 20–22, 27, 30, 33, 34, 36]. 
Since these are two different entities, both applications, 
video consultation and telerehabilitation, should be dis-
cussed separately.

The quality of the studies examined was overall good. In 
the Jadad score, all studies were three (maximum 5) and on 
the PEDRO scale, the studies were between seven and eight. 
In all studies, there were point deductions in both scores for 
the lack of blinding of the patients. In three studies, however, 
the scientific examiner was blinded. The lack of blinding 
of the patients and therapists is due to the study object. A 
blinding of patients and therapists is not possible in studies 
comparing telerehabilitation with conventional rehabilita-
tion. Nevertheless, studies with a value on the PEDRO scale 
of more than five are considered to have a low risk of bias 
and high methodological quality [24].

Diagnostic video consultations

In telemedicine, a distinction is made between synchronous 
and asynchronous procedures. In this review, we focused 
on synchronous video-based applications (Fig. 2). How-
ever, a randomized study about a web-based follow-up after 
total knee or hip replacement from Canada has shown that 
asynchronous methods also have clinical justification [18, 
19]. Nevertheless, in this study, patients in the conventional 
group were more satisfied with the care provided by the 

surgeon than in the web-based group (92.8 vs. 73.9%) [18]. 
One factor for less patient satisfaction with asynchronous tel-
emedicine could be the missing contact between patient and 
physician [3]. Although no direct contact between patient 
and physician is possible with video transmission, emotions 
can be perceived through the screen. Therefore, contact with 
the patient during synchronous video consultations can 
probably be more empathetic. One point that remains to be 
investigated is if there is a difference between patients who 
already know their doctor in person and patients that were 
confronted with a doctor they never met before.

The authors of both studies on the use of synchronic 
telemedicine in diagnostic consultations concluded that 
video-supported consultations are suitable for orthopedic 
patients [6–8, 14, 22, 36]. However, young patients with 
knee problems (sports traumatological diagnoses) and shoul-
der patients were excluded from one study, because, accord-
ing to the authors, functional examinations (knee stability, 
shoulder tests) play a major role in the diagnosis [6–8]. 
Haukipuro et al. also reported about more problems in exam-
ining the telemedicine patients than the clinic patients [14].

Despite that, the main advantage of synchronous video 
consultation in contrast to asynchronous telemedical appli-
cations is the possibility of a simple physical examination 
with inspection, detection of mobility and simple diagnostic 
tests [2, 32]. Inspection with assessment of skin, erythema, 
effusion and muscular atrophy is of central importance [2, 
32]. The quality of the inspection findings naturally depends 
to a large extent on the quality of the image transmission [2, 
32]. It, therefore, makes sense to send the patient a checklist 
in advance with information on how to conduct the con-
sultation [2, 32]. It should provide information on lighting 
and camera position and clothing [2, 32]. Short, tight-fitting 
sports pants are advantageous as legwear [2, 32].

Simple diagnostic tests are also possible through video 
transmission [2, 32]. The quadrant method is suitable for 
self-palpation of the knee joint by the patient to indicate pain 
point [2]. The range of motion (ROM) can also be evaluated 
with video assistance. A web-based goniometer (Protractor; 
Ben Burlingham) that is compatible with most applications 
can be useful [2, 32]. The reliability of measurements of the 
range of motion of joints on the basis of photo and video 
documentation was convincing in several studies [5, 9].

A simple meniscus test that can be carried out by the 
patient on his own is the Thessaly test, in which the patient 
stands on the affected leg and turns the body inwards and 
outwards [16]. Pain and mechanical abnormalities on the 
side of the affected meniscus are considered positive [16]. 
One-legged squats are another option for functional exami-
nation which are possible via video transmission [26]. How-
ever, functional stability tests for the knee and shoulder as 
well as provocation tests and muscle function tests are not 
possible with videoconsultations. The orthopaedic video 

Fig. 2   Example of a video consultation with inspection of the knee 
joint
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consultation, therefore, has its limitations in the diagnosis 
of instabilities of the knee joint as well as shoulder diseases 
[2, 7, 32]. Perhaps new methods using the modern sensors 
can improve the possibilities for telemedicine for these areas 
in the future [17]. For example, a recent study showed that 
motion-based machine learning software has the potential 
to replace an examination knee within 5° after goniometer 
measurements remotely [29]. In the future, functional diag-
nostics over distances can also be possible on the knee with 
help of sensors [17, 29].

The diagnostic possibilities described can be one reason 
for the positive results of a recent cohort study on the use of 
telemedicine in orthopedic consultations of 13 patients with 
shoulder instability [13]. Another cohort study from Chile 
showed that an orthopedic video consultation could optimize 
waiting times and travel times [28].

The cost effectiveness of telemedicine applications for 
videoconsulations depends on the workload [6, 22]. Patients 
in scarcely populated regions might benefit more from video 
consultations in terms of costs and time-effort. Nevertheless, 
also patients in densely populated urban regions with a full-
time job might still benefit from quickly available consulta-
tions, e.g. in their lunch break.

Telerehabilitation

The results of this systematic review are in accordance with 
another systematic review of the use of telemedicine to 
monitor postoperative rehabilitation which was published 
in 2017 [23]. In contrast to the present study, inclusion to 
this previous systematic review was not restricted to RCTs 
[23]. Therefore, 15 studies with a total of 1316 participants 
were included in this systematic review [23]. Most of these 
studies involved knee and hip replacement [23]. Strong and 
moderate evidence existed for the telerehabilitation after 
knee and hip arthroplasty [23]. Of all upper limb studies, 
only one showed moderate level of evidence [23]. The rest of 
the upper limb studies were of poor methodological quality 
with poor evidence [23]

The results of the present systematic review confirm these 
findings. RCT could only be found for the use of synchro-
nous telemedicine for the rehabilitation after knee and hip 
replacement [1, 10, 11, 20, 21, 27, 30, 33, 34]. This is prob-
ably due to the fact that joint replacement is a very com-
mon orthopedic operation and that rehabilitation after joint 
replacement is highly standardized.

The results of the identified RCT showed that there is 
no difference between telerehabilitation and conventional 
rehabilitation after joint arthroplasty of the lower extremity 
with regard to PROMs and functional outcome parameters 
[1, 10, 11, 20, 21, 27, 30, 33, 34]. However, telerehabilita-
tion was more costeffective in comparison to conventional 

face-to-face rehabilitation as far as the distance between 
physical therapist and patient is more than 30 km [34].

In this systematic review, we focused on RCT about syn-
chronous (real time) telemedicine applications (Fig. 3). The 
need for expensive hard- and software could be a barrier 
to implement video-based telerehabilitation [4]. Two recent 
RCT evaluated the use of an asynchronous for telerehabilita-
tion after knee arthroplasty [4, 12]. In 1 study, 55 patients 
were randomized to either asynchronous telerehabilitation 
on a mobile device, or the control group undergoing conven-
tional physical therapy [4]. No statistically significant differ-
ences in any clinical outcome measure or patient satisfaction 
between groups could be found but outpatient resource utili-
zation was lower in the telerehabilitation group. In another 
RCT virtual reality-based- or traditional rehabilitation was 
compared [12]. In this study, also no significant differences 
could be found with regard to clinical outcome parameter. 
However, the drop out rate in the asynchronous telerehabili-
tation group was 13%. As a possible reason for this finding, 
the authors indicate that the personal relationship between 
physiotherapist and patient is missing in asynchronous teler-
ehabilitation (e.g., mobilization by a therapist using touch). 
Such factors can also serve as a stimulator for a possible pla-
cebo effect of classic physiotherapy [3]. The synchronized 
video-supported telerehabilitation also lacks the physical 
contact between patient and therapist, but there is a visual 
relationship with the exchange of emotions.

One way to improve the precision of telemedical exami-
nations and findings would be to use sensors, particularly 
in the context of rehabilitation [17, 29]. Today, powerful 
motion sensors are so small that they can be attached locally 
to the knee and thus register movements. In addition, sensors 

Fig. 3   Example of a telerehabilitation with correction of the exertion 
of the excercises of the patient by a physiotherapist
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are already so inexpensively available that their use in moni-
toring therapies and rehabilitation seems to be realistic. A 
recently published study showed that the movement detec-
tion of the knee joint in the sagittal plane by means of two 
sensors attached locally to the knee was as precise as with 
a marker-supported movement analysis [17, 29]. In various 
experimental studies, locally attached sensors have already 
been used to monitor rehabilitation after prosthetic knee 
replacement [17, 29, 31]. Another option could a camera-
based motion detection [12]. Such a system was used by 
Eichler et al. [11]. This study was included in this systematic 
review, because it included synchronous elements as well as 
asynchronous elements. While exercising, the patients move-
ment pattern are tracked by the camera, and an automatic 
real-time motion feedback in the form of green and red col-
oration of the single body segments for correct and incorrect 
movements is given [11]. After each exercise, the quality of 
each exercise as well as the whole training is graded, which 
is visible for a physiotherapist for further improvement of the 
training. [11]. Different options for communication between 
patient and therapist were provided [11]: (1) Asynchronous 
audio messages from patient to therapist, (2) Asynchronous 
response from therapist to patient, and (3) Live video confer-
encing that they should conduct individually [11]. Because 
of the synchronous tracking option and the synchronous 
video conferences this study was included in the present sys-
tematic review. In this RCT functional parameters, as well as 
the quality of life and pain, improved in both groups without 
a significant difference, but a higher proportion patients in 
the intervention group returned to work in comparison to the 
control group (64.6 vs. 46.2%) [11].

A limitation of the present systematic review could be 
that no study blinded the patients and therapists and that no 
placebo control could take place. However, this is due to the 
study object. In our view, it is impossible to achieve blind-
ness when examining teleconsultation and telerehabilitation. 
Nevertheless, all studies achieved a score above seven on 
the PEDRO scale, which is a sign of good study quality. 
This is certainly due to the focus on randomized controlled 
trials. However, a potential disadvantage of RCT can be the 
selection bias in these studies [24]. Therefore, the transfer 
of data into the real clinical situation should always be done 
with caution.

Conclusion

Despite all limitations, this systematic review shows that 
there is scientific evidence for telemedical applications 
in orthopedics for consultations and rehabilitation. The 
current evidence is very convincing for telerehabilitation 
after implantation of a knee prosthesis, since six differ-
ent RCTs on this topic have already been published and 

because it has been shown that the results after telereha-
bilitation are comparable to conventional rehabilitation 
after knee arthroplasty. Here, the positive experiences with 
telerehabilitation should be transferred to other rehabilita-
tion procedures (e.g., rehabilitation after reconstruction of 
the anterior cruciate ligament) in the future. Telemedical 
applications could be an alternative to conventional con-
sultation and rehabilitation for sparsely populated coun-
tries, for the military, for the supervision of professional 
athletes (e.g., training camps), or for pandemic situations. 
There is potential to improve the possibilities of telemedi-
cal applications. Therefore, more research is needed in 
this field.
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