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Abstract

Background: Telerehabilitation can contribute to the maintenance of successful rehabilitation regardless of location and time.
The aim of this study was to investigate a specific three-month interactive telerehabilitation routine regarding its effectiveness
in assisting patients with physical functionality and with returning to work compared to typical aftercare.

Objective: The aim of the study was to investigate a specific three-month interactive telerehabilitation with regard to effectiveness
in functioning and return to work compared to usual aftercare.

Methods: From August 2016 to December 2017, 111 patients (mean 54.9 years old; SD 6.8; 54.3% female) with hip or knee
replacement were enrolled in the randomized controlled trial. At discharge from inpatient rehabilitation and after three months,
their distance in the 6-minute walk test was assessed as the primary endpoint. Other functional parameters, including health related
quality of life, pain, and time to return to work, were secondary endpoints.

Results: Patients in the intervention group performed telerehabilitation for an average of 55.0 minutes (SD 9.2) per week.
Adherence was high, at over 75%, until the 7th week of the three-month intervention phase. Almost all the patients and therapists
used the communication options. Both the intervention group (average difference 88.3 m; SD 57.7; P=.95) and the control group
(average difference 79.6 m; SD 48.7; P=.95) increased their distance in the 6-minute-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=.01) versus the control group (46.2%) is of note.

Conclusions: The effect of the investigated telerehabilitation therapy in patients following knee or hip replacement was equivalent
to the usual aftercare in terms of functional testing, quality of life, and pain. Since a significantly higher return-to-work rate could
be achieved, this therapy might be a promising supplement to established aftercare.

Trial Registration: German Clinical Trials Register DRKS00010009; https://www.drks.de/drks_web/navigate.do?
navigationId=trial.HTML&TRIAL_ID=DRKS00010009
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Introduction

Background
According to data from the Organization for Economic
Cooperation and Development (OECD), 299 total hip and 206
total knee replacements were performed per 100,000 people in
Germany in 2015. With these numbers, Germany ranks second
(hip) and fourth (knee) in the world [1]. A further increase in
endoprosthetic interventions on the knee and hip joint is to be
expected due to an aging society and an increasing rate of
obesity [2-4].

After an orthopedic procedure, rehabilitation as a
multidisciplinary approach can improve the function of the
joints and the ability to maintain a normal daily life, as well as
relieve a patient’s pain [5-7]. The effectiveness of rehabilitation
after a knee or hip replacement has already been documented
with substantial evidence [8-12]; however, maintaining the
achieved therapeutic outcome remains a challenge. Prior studies
have reported various barriers to using rehabilitation services,
such as miscellaneous financial, structural, personal, and
attitudinal determinants of access to rehabilitation [13].
Currently, there is an ongoing study, whose results will soon
be published, [14] that seeks to determine barriers to using
rehabilitation services.

In Germany, patients are offered numerous aftercare options,
such as the multimodal intensified program (IRENA) or training
rehabilitation aftercare (T-RENA), but only about half of eligible
patients take advantage of them [15]. Therefore, to improve the
sustainability of postoperative therapies, more flexible and
individualized offers need to be developed.

In this regard, telerehabilitation seems to be the obvious choice
since it can be performed irrespective of location and time, and
it has the potential to increase both utilization and therapy
adherence. The current telerehabilitation offerings should be
adapted to the individual and indication-specific needs of the
patients and should enable contact with the supervising
therapists. However, this could not be investigated with the
currently available systems, as they are either not specific
enough for the indications of a patient or do not offer a tool to
communicate with a therapist [16-22]. The telerehabilitation
systems studied until now often differ in terms of their
communication structures and their feedback options. Thus,
Moffet et al [17] and Tousignant et al [19] investigated
synchronous telerehabilitation applications where the
physiotherapist and the patient communicated in real-time via
videoconferencing, while Bini et al [16] and Piqueras et al [18]
studied systems in which the communication between therapist
and patient took place with a time delay. Additionally, the latter

group of papers used a system with sensor-based kinematic
feedback on motion execution. It is well known that the addition
of external feedback can contribute to improved movement
performance [23]. Regarding kinematic feedback systems, prior
investigations on motion detection using a Kinect sensor already
exist. In two studies, the acceptable reliability and validity of a
Kinect-based motion analysis was demonstrated when compared
to other marker-based kinematic measurement systems [24,25].
Both authors concluded that the Kinect may be a suitable tool
for analyzing movement in the clinical field.

Hence, the MeineReha system [26,27] combines many
components that were thus far investigated individually and
additionally provides real-time visual feedback using a Kinect
camera. Following development and validation [28], the
MeineReha system was supplemented with an individualized
and therapist-controlled telerehabilitation program consisting
of 38 training exercises available for patients after their knee
and hip replacements.

Aim of the study
The aim of this randomized controlled trial was to examine
previously developed telerehabilitation therapy in terms of its
functional parameters, quality of life, and pain relief, as well as
time to return to work, compared to usual aftercare programs.

Methods

Patients
From August 2016 to December 2017, after a screening of 476
patients in three inpatient rehabilitation centers, 111 patients
were included in the randomized controlled trial (Figure 1).
Patients were eligible for inclusion if a total hip or knee
replacement was performed following idiopathic, posttraumatic,
or congenital osteoarthritis, if they were aged between 18-65
years, and if they were insured by the national or regional
German Pension Insurance. Patients not expected to achieve
functional safety in walking with full load by the end of the
rehabilitation were excluded. For those patients, it was assumed
that they would not be able to perform exercises with adequate
load or the assessments at the study site. Insufficient verbal and
written German-language skills also led to exclusion. For the
use of the telerehabilitation system at home, some additional
criteria (eg, High Definition Multimedia Interface
[HDMI]-compatible screen, minimum 2.5-meter space in front
of the screen, and internet access) were required for the patients
at home. After enrollment, patients were assigned to either the
intervention group (IG) or the control group (CG) using block
randomization in a 1:1 ratio and based on randomization lists
drawn up in advance by the biometric institute. Written consent
was obtained from all patients.
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Figure 1. Consolidated Standards of Reporting Trials flow chart for the inclusion process.

Intervention
Following three weeks of inpatient rehabilitation, the patients
assigned to the IG performed a three-month, home-based
telerehabilitation program based on the MeineReha system,
which consisted of a home component as well as a working

portal for the therapist in the clinic. The main component, from
the patient's perspective, was the MeineReha application that
was installed on the rehab box at home. The rehab box
(minicomputer with internet access) was connected to the usual
peripherals (mouse and keyboard) as well as to a screen and
Kinect sensor (camera) (Figure 2).

Figure 2. Hardware of the telerehabilitation system and an example exercise demonstrated by a virtual avatar.
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The exercises to build up strength and improve postural control
were chosen by the supervising therapist from a previously
developed exercise catalog. The training intensity was
individualized in terms of the choice of exercises, the number
of sets and repetitions, and the duration of the breaks, which
could all be adjusted by the therapist. Patients were asked to
perform the training three times a week. There were different
options for the patient and the therapist to communicate with
each other: (1) the patient could record and send audio messages
to their therapist whenever they wanted and the therapist was
able to listen to it whenever their schedule gave them time to
do it; (2) the therapist could respond or start a conversation with
their patient at any time with individualized text messages,
which the patient was shown whenever they started the system
(eg, therapists could either remind the patient to do their
exercises more often or just ask them about their condition);
and (3) the patient and the therapist were able to make
appointments for live video conferences, which they were

supposed to conduct on a weekly basis to perform individual
training consultation or to allow for the patient to ask questions
about their training.

During the training, the exercises were demonstrated on screen
by an avatar (Figure 3). The patient performed the exercises
simultaneously and was detected by means of a Kinect sensor
(camera). The system compensated for a patient’s movement
patterns with a predetermined target movement and sent them
real-time visual feedback in which their relevant body segments
were colored green for correct movements and red in the case
of incorrect movements (Figure 3). The quality of each exercise
was demonstrated to the patient following the performance of
the exercise by using a school grade and the percentage of red
and green values. The grading algorithm considered the
synchronicity of the movements, the compliance with the target
movement, and the number of repetitions. For training
supervision, the therapist was given access to the frequency of
the training as well as the exercise evaluations.

Figure 3. Real-time feedback during an exercise.

Control Group
Patients in the control group did not receive any study-specific
therapy after their inpatient rehabilitation. The follow-up was
carried out identically to the IG three months after
randomization. The patients of both groups were also offered
the usual aftercare, that is IRENA and physiotherapy.

Data Collection
To verify the patients’ adherence, the process data for the IG
(ie, frequency and duration of training, use of communication
options) were read from the system. In addition, the frequency
and duration of training and the use of other aftercare therapies
were recorded by all patients in their training diaries. Further,
all patients were investigated for functional parameters (eg, the
6-minute walk test, the Stair Ascend test, the

Five-Times-Chair-Rise test, and the Timed-Up-and-Go test) at
the study site (University of Potsdam) after the inpatient
rehabilitation. Further, subjective parameters such as the Short
Form Health Survey-36 (SF-36) on health-related quality of
life, pain on the operated joint, stiffness, and function were
assessed using the Western Ontario and McMaster Universities
Arthritis Index (WOMAC), with a patient’s ability to return to
work also being assessed. In addition, patient characteristics,
comorbidities, and medications were documented. The
investigations were repeated after three-months follow-up. In
terms of acceptance, we collected data from the IG using the
Telehealth Usability Questionnaire (TUQ), including the
concepts ease of use, learnability, satisfaction, future use, and
reliability, on a 7-point Likert scale, with a 1 meaning disagree
and a 7 meaning agree. To achieve comparability of the scales,
we normalized the results as a quotient of the sum of the raw
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values and the total number of items, multiplied by a factor of
100.

Statistical Analyses
The statistical analyses were conducted according to the
description in the previously published study protocol [29]. All
analyses were performed with the full analysis set of randomized
patients (modified intention-to-treat). Patient characteristics and
follow-up values were described with mean and standard
deviation (metric variables), and absolute and relative
frequencies (categorical variables). Group-specific changes in
metric variables (trends) were tested for significance versus no
change with one-factorial variance analyses. The calculation of
the number of cases (n=84) was based on the comparison of the
primary endpoint (improvement in the 6-minute walk test)
between the groups. This comparison was carried out with an
analysis of covariance (ANCOVA) with 22 baseline covariates
at the 5% level (two-sided). All metric secondary endpoints
were tested analogously without multiple adjustment. The
ANCOVA estimates of the group differences in the continuous
endpoints are presented in a forest plot. The group difference
in the return-to-work rates was tested with the Chi-squared test.
At the end, an analysis was performed within the IG on whether
the improvement in the 6-minute walk test was dependent of
the number of training units, the number of text messages sent
by the therapist, or the number of audio messages sent by the
patient.

Results

Patient Characteristics
At baseline, data from 87 patients from the IG (n=48) and the
CG (n=37) (Figure 1) could be analyzed. The patients were an
average of 54.9 (SD 6.7) years old, with an average of 56.8 (SD
5.7) for the CG and an average of 53.3 (SD 7.0) years (P=.012)
for the IG. Overall, 51.7% (45/87) were female and had an
above-average level of education (43.7% with a polytechnic or
university degree). About two-thirds (69.0%; 60/87) of the

patients received hip replacements, 31.0% (27/87) knee
replacements, almost half of the patients (43.7%; 38/87) were
obese (body mass index [BMI]≥30 Kg/m²), a third (36.8%;
32/87) of the patients had a cardiac comorbidity, and about a
quarter (24.1%; 21/87) of the patients had an orthopedic
comorbidity. At baseline, 48.4 days (SD 13.1) after surgery,
one in ten patients (9.2%; 8/87) was treated with opioids and
half of the patients (49.4%; 43/87) with nonopioid analgesics.
Before elective surgery, 87.4% (76/87) of patients were gainfully
employed. Table 1 shows the corresponding baseline figures of
87 patients with functional parameters at follow-up, which were
eligible for the multivariate analysis. Categorical variables are
expressed as absolute and relative frequencies with n (%), and
metric variables as mean (SD).

According to the self-reported exercise diary, the patients in the
IG performed their telerehabilitation an average of 55.0 minutes
(SD 9.2) per week. The data read from the system showed a
training duration of 39.0 minutes (SD 8.0). The participation
rate was over 75% until the 7th week of the three-month
intervention phase, but afterwards it decreased in parallel to the
return to work (Figure 4). More than half of the patients
continued their telerehabilitation after the 7th week until the
end of the 12-week intervention. The communication via text
and voice messages between the patients and therapists was
used during the first few weeks. At the beginning of the
intervention phase, almost all of the patients and therapists
contacted each other (98% of the therapists sent text messages
and 88% of the patients sent voice messages), but after the 4th
week there was only a little communication (<50% sent
messages). Overall, the patients sent an average of 6.0 audio
messages (SD 5.9), while the therapists sent a mean of 7.0 text
messages (SD 4.5) during the 12-week intervention.
Furthermore, patients in both the IG and CG used regular
rehabilitation aftercare. A total of 51.3% (20/39) of the CG and
33.3% (16/48) of the IG used IRENA aftercare, and
physiotherapy was conducted by 81.3% (39/48) of the IG and
71.8% (28/39) of the CG.
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Table 1. Patient characteristics (n=87).

P valueTotal cohort
(n=87)

Intervention group
(n=48)

Control group
(n=39)

Characteristics

Socio-demographic data, lifestyle, and postoperative period

.01254.9 (6.7)53.3 (7.0)56.8 (5.7)Age (years), mean (SD)

.6145 (51.7)26 (54.2)19 (48.7)Sex (female), n (%)

.5230.0 (5.5)29.8 (5.9)30.3 (4.9)BMIa (kg/m²), mean (SD)

.8613 (14.9)8 (16.7)5 (12.8)Normal weight: 18.5–<25, n (%)

—b36 (41.4)19 (39.6)17 (43.6)Overweight: 25–<30, n (%)

—38 (43.7)21 (43.8)17 (43.6)Obesity: ≥30, n (%)

.8823 (26.4)13 (27.1)10 (25.6)Smoking behavior (smoker), n (%)

.6118.6 (11.3)18.8 (12.9)18.4 (8.8)Time from surgery to admission of inpatient rehabilitation (days), mean (SD)

.7723.3 (3.5)23.3 (3.5)23.3 (3.7)Time of inpatient rehabilitation (days), mean (SD)

.1148.4 (13.1)46.9 (14.1)50.4 (11.6)Time from surgery to baseline investigation (days), mean (SD)

Education and occupation

.82Graduation, n (%)

48 (55.2)27 (56.3)21 (53.8)Less than general or subject-linked higher education entrance qualification

39 (44.8)21 (43.8)18 (46.2)General or subject-linked higher education entrance qualification

.20Vocational education, n (%)

49 (56.3)30 (62.5)19 (48.7)Less than polytechnic or university degree

38 (43.7)18 (37.5)20 (51.3)Polytechnic or university degree

.9676 (87.4)42 (87.5)34 (87.2)Gainfully employed, n (%)

.834 (4.6)2 (4.2)2 (5.1)Unemployed, n (%)

.2719.2 (48.2)21.3 (47.3)16.6 (49.9)Incapacity for work before surgery (days), mean (SD)

.8417 (19.5)9 (18.8)8 (20.5)Work intensity (moderate/severe), n (%)

aBMI: body mass index
bNot applicable
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Figure 4. Utilization of telemedical assisted exercise therapy.

Functional Parameters
The patients in the IG could increase their 6-minute walking
distance from an average of 440.6 (SD 78.2) to 530.4 meters
(SD 79.0) (Difference [Delta]=88.3 m; SD 57.7 m; P<.001),
and the patients in the CG from 433.3 (SD 80.2) to 513.0 meters
(SD 70.6) (Delta=79.6 m; SD 48.7; P<.001) (Table 2). In the
multivariate analysis, no group difference could be detected
(P=.95) (Figure 5). The improvement within the intervention

group was associated with the number of audio messages sent
by the patient (P=.02), but not with the number of text messages
sent by the therapist (P=.49) or with the number of training
units (P=.07).

Other functional parameters (eg, the Timed Up and Go Test,
the Stair Ascend Test, and the Five Times Chair Rise Test) also
showed similar improvements in both groups (Table 2). The
only multivariate significant group difference could be shown
in the Five Times Chair Rise Test (P=.004) (Figure 3).

Table 2. Functional und subjective parameters (n=87). All values presented as mean (SD).

Differences (Delta)Follow-upBaselineParameter

CGIGP valueCGIGP valueCGbIGa

79.6 (48.7)88.3 (57.7).43513.0 (70.6)530.4 (79.0).90433.3 (80.2)440.6 (78.2)6-minute walk test (m)

–2.5 (3.0)–2.5 (2.4).446.1 (1.5)6.2 (1.2).338.6 (4.0)8.7 (2.7)Stair Ascend Test (s)

–1.5 (2.2)–1.9 (1.5).937.5 (1.6)7.5 (1.2).169.0 (2.4)9.3 (1.8)Timed Up and Go Test (s)

–3.8 (5.1)–2.7 (3.5).0613.2 (2.3)14.2 (2.7).3817.1 (6.2)16.9 (3.7)Five Times Chair Rise Test (s)

11.1 (7.2)10.7 (10.4).8044.4 (8.3)44.6 (9.9).8233.3 (7.9)33.8 (7.6)SF-36c PCSd

0.1 (8.5)–2.5 (12.4).2854.1 (9.8)52.4 (10.6).9853.9 (11.8)54.8 (10.6)SF-36 MCSe

–10.9 (13.5)–14.9 (13.6).5113.9 (14.3)11.5 (12.7).7824.8 (16.4)26.4 (18.5)WOMACf Index

aIG: intervention group
bCG: control group
cSF-36: Short Form Health Survey-36
dPCS: physical component scale
eMCS: mental component scale
fWOMAC: Western Ontario and McMaster Universities Osteoarthritis Index
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Figure 5. Differences in endpoints between intervention and control group, multiple adjusted. SF: Short Form Health Survey; PCS: physical component
scale; MCS: mental component scale; WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index.

Health-Related Quality of Life, Pain, and Return to
Work
Regarding the health-related quality of life on the SF-36, an
improvement in the physical component scale (PCS) was
achieved in both groups. Furthermore, the WOMAC Index
showed a significant reduction in both groups (Table 2). At the
end of the intervention, 31 patients (64.6%) from the IG and 18
patients (46.2%) from the CG were gainfully employed (P=.01).

Acceptance of the Telerehabilitation System
In terms of acceptance of the TUQ, the patients of the IG showed
high consent in the normalized values of the scales of ease of
use and learnability (mean 85.2; SD 2.9) as well as in
satisfaction and future use (mean 79.8; SD 3.2), whereas the
values of the reliability scale were lower (mean 51.8; SD 3.7).

Discussion

Summary
In short, the use of telerehabilitation with patients having just
undergone knee or hip replacements was equivalent to the usual
aftercare in terms of the difference achieved in the 6-minute
walk test. In addition, equivalent increases in both groups were
demonstrated as secondary endpoints for functional mobility,
health-related quality of life, and joint-related complaints.
However, the patients in the intervention group were employed
at a significantly higher rate at the end of the intervention.

The patients in the intervention group intensively used the
telerehabilitation as a complementary aftercare option for a
prolonged period of the study. The difference between the

training durations given by the patient and those read out of the
system can be explained by the preparation and cool-down times
of the exercises, since only the exact execution time of the
exercises was measured in the system. Likewise, the
communication possibilities of the system, in terms of using
text and voice messages, were exhausted. It is self-evident that
the need for close contact with the therapist diminishes over a
longer period, because the patients eventually either returned
to work or all their questions about the system and training had
already been answered.

The usual aftercare treatment was also used extensively by the
patients in both groups. The participation rate of the control
group (51%) in the IRENA aftercare program was comparable
to the participation rate (50%) for the medical rehabilitation
aftercare (MERENA) program in patients with chronic back
pain [15]. More than 30% of the IG patients also used IRENA.
About 80% of the IG performed their telerehabilitation until
the 7th week of the three-month intervention phase, and even
in the following weeks participation rates of more than 60%
could be achieved. The high rate of use of the telerehabilitation
may be due to its being time- and place-independent, as
occupational obligations are a major obstacle to participation
in aftercare [15]. Our study results further show that even after
a sizeable proportion of the patients returned to work there was
still good adherence to the telerehabilitation. This indicates the
practicability of this program for patients of working age
following a knee and hip replacement. Thus, in another study,
good adherence to telerehabilitation for patients having
undergone knee replacements could also be researched [17].

During the three-month investigation phase, a significant
increase in the 6-minute walking distance was recorded in both
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groups. For the population of knee and hip replacement patients,
an improvement of 50-60 meters in the 6-minute walk test is
considered clinically relevant [30]. The values at follow-up
showed only small deviations from the normal values for healthy
individuals, with 578 meters for men and 534 meters for women
in the 50-60 years old age group [31], which shows that patients'
functionality seemed to be largely restored four to five months
post operation. Furthermore, the baseline values of the patients
had already exceeded those of comparable clinical populations
[30,32,33] and thus indicated a high initial level of physical
performance. It is possible that patients had already improved
their functionality in the inpatient rehabilitation to such a high
extent that there was little potential for further improvement.

Consistent with the results of the 6-minute walking test, further
functional mobility tests with significant improvements in both
groups demonstrated the equivalence of the telerehabilitation.
In the Five Times Chair Rise Test, the control group had a
statistically significant and higher improvement, however, the
difference between the groups was significantly below the
clinically relevant value of 2.5 seconds [34], which relativizes
the group difference despite its significance.

As for the WOMAC Index, values below 29.5 points are
considered a treatment success for patients after a knee
replacement [35]. The score achieved by the patients at baseline
was already below this cut-off value. Furthermore, this value
decreased significantly during the intervention phase in both
groups and was below the postoperative WOMAC scores of
comparable clinical populations [36-39].

For health-related quality of life, both groups achieved a
significant increase on the physical component scale during the
study phase. Against the background of the mainly physically
oriented aftercare programs, this enhancement seems reasonable.
However, despite the improvement, at the end of the intervention
patients were slightly below the age-related normative values
of 47-49 points, with an average of 44 points [40]. For the
intervention period of three months, similar values can be found
for patient populations after knee and hip replacement [32,33].
The results of the mental component scale did not change
significantly for either group but were slightly above the norm
of 48-50 points at the end of the intervention [40].

Although most of the investigated endpoints did not show the
superiority of the telerehabilitation, a significantly higher
proportion of the IG returned to work at the end of the
three-month study period. However, this fact cannot be
explained by improved physical performance, quality of life,
or reduced joint-related complaints of the intervention group.
It remains to be discussed whether the possibility of performing

telerehabilitation regardless of time and place could have led
to an earlier return to work by the IG. In addition, the high
dropout rate of the control group (29.1%; 11/39) compared to
the intervention group (14.1%; 7/48) should also be considered.
Given the route to the study site, as well as the time of about
two hours required for each baseline and follow-up investigation,
there exists the possibility that the CG patients who returned to
work were no longer willing to participate in the study.

Limitations
In the investigated sample, an above-average education level
can be ascertained (43.5% with a polytechnic or university
degree). Data from the Employment Agency in Germany shows
that, in the total population, only 20% of gainfully employed
individuals have a polytechnic or university degree [41].
Furthermore, the 5.4% unemployment rate of the sample should
be classified as low compared to the 8.4% Berlin average [42].
In addition, a substantial proportion of patients came from Berlin
and the surrounding countryside. Therefore, in this study, the
access route to the study site that the patients had to traverse
twice independently may have been an obstacle to the
participation of patients from more distant, infrastructurally
weak areas. Only a quarter of the screened patients participated
in the study. Thus, the low participation rate and the discussed
patient characteristics suggest a selection bias.

Another limitation of the study design is the lack of blinding of
study participants and investigators. As a result, this is a possible
influence on the participants during the investigations that
cannot be excluded. It is known that nonblinded studies can
demonstrate greater intervention effects than blinded ones [43].

All patients underwent inpatient rehabilitation and aftercare
treatment. It is not possible to determine which improvements
can be directly traced back to the effect of telerehabilitation, as
due to ethical reasons the usual aftercare programs in this study
were not replaced but instead complemented by the new
approach.

Conclusion
The investigated telerehabilitation for patients having undergone
knee or hip replacement was equivalent to the usual aftercare
treatments in terms of improvements in the 6-minute walk test
and in other functional parameters. However, at the end of the
intervention, patients in the intervention group returned to work
at a significantly higher rate. These results suggest that the
system is complementary to the established aftercare programs
in Germany (eg, IRENA or T-RENA), especially in
infrastructurally weak areas.
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Abbreviations
ANCOVA:  analysis of covariance
BMI:  body mass index
CG:  control group
HDMI:  High Definition Multimedia Interface
IG:  intervention group
IRENA:  multimodal intensified aftercare
MERENA:  medical rehabilitation aftercare
OECD:  Organization for Economic Cooperation and Development
PCS:  physical component scale
SF-36:  Short Form Health Survey-36
T-RENA:  training rehabilitation aftercare
TUQ: Telehealth Usability Questionnaire
WOMAC: Western Ontario and McMaster Universities Arthritis Index
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