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ORIGINAL REPORT
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Objective: To compare the effectiveness of a new interactive
virtual telerehabilitation system and a conventional pro-
gramme following total knee arthroplasty.

Design: Randomized, controlled, single-blind clinical trial.
Participants: A total of 142 total knee arthroplasty patients.
Methods: Participants were randomly assigned to receive
either: (i) conventional out-patient physical therapy; or (ii)
interactive virtual telerchabilitation system. The main out-
come was function assessed with active range of knee move-
ment. Other variables, such as muscle strength, walk speed,
pain and the Western Ontario and McMaster Universities
Osteoarthritis Index, were also collected. Comparisons were
made on the basis of data collected routinely before surgery,
at the end of the rehabilitation programme, and at 3 months
follow-up. Quantitative variables were compared by Mann-
Whitney U test. The agreed alpha risk for all hypothesis test-
ing was 0.05.

Results: Baseline characteristics between groups were com-
parable. All participants improved after the 2-week inter-
vention on all outcome variables (p<0.05). Patients in the
interactive virtual telerehabilitation group achieved im-
provements in the functional variables similar to those
achieved in the conventional therapy group.

Conclusion: A 2-week interactive virtual telerehabilitation
programme is at least as effective as conventional therapy.
Telerehabilitation is a promising alternative to traditional
face-to-face therapies after discharge from total knee ar-
throplasty, especially for those patients who have difficulty
with transportation to rehabilitation centres.
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INTRODUCTION

Total knee arthroplasty (TKA) is an effective surgical proce-
dure that improves the quality of life of patients with severe
knee osteoarthritis by increasing functional capacity and
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reducing pain (1). As evidence of its importance, TKA and
hip arthroplasty are the most frequent surgical procedures
related to hospital admissions in Catalonia, with 22,994 TKA
completed in 2010 (2).

Rehabilitation helps to optimize functional results, enhanc-
ing the clinical and social benefits of the surgery (3). The
volume of healthcare activity these procedures represent, the
resources they consume and the growing demand for improved
efficacy and efficiency in healthcare delivery are all justifica-
tion for measures to decrease their economic impact (4). As
a result, health systems are engaged in a general process of
technological transformation and momentum for the develop-
ment of “eHealth” initiatives (5). This constitutes a strategic
factor for all health services and therefore society as a whole.

Telerehabilitation is a generic term that refers to the delivery
of rehabilitation services via information and communication
technologies. Clinically, this term encompasses a range of
rehabilitation services that include assessment, monitoring,
intervention, supervision, education, consultation, and counsel-
ling. Telerehabilitation has demonstrated good postoperative
results in patients who undergo TKA (6-8). Nonetheless, the
studies are few and we found none in the literature that assessed
a system similar to interactive virtual telerehabilitation (IVT),
which uses biomeasurement equipment with an interactive ap-
plication that shows the patient the exercises to be done and
then, when biometric data have been processed, sends the re-
sults to a central server. The IVT system allows the therapist to
monitor the process and intervene in the rehabilitation process
without the costs and inconvenience to the patient of attend-
ing a healthcare centre. The literature does contain evidence
that IVT is effective in the fields of neurological, cardiac and
communication disorders rehabilitation (9, 10).

Based on these considerations, our group worked with
the research and development department in Granada of the
national telephone company, Telefonica, to develop an IVT
system with the characteristics described that could be used
by rehabilitation patients after a TKA. Working from the hy-
pothesis that the results obtained with IVT in a specific period
of the rehabilitation process would not be inferior to standard
practice, we designed a study with the objective of compar-
ing the effectiveness of IVT and conventional rehabilitation
treatment process for TKA.
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PATIENTS AND METHODS
Design

In this single-blind, randomized, controlled non-inferiority trial, the
new IVT intervention was compared with usual care following TKA.

Participants

From November 2008 to December 2010, 181 participants underwent

primary TKA in a tertiary hospital in the city of Barcelona, Spain.

Patients were eligible for inclusion if they met the following criteria:

 successful primary TKA surgery;

e post-TKA active range of motion: flexion 80° and extension —10°,
without signs of stiffness;

« ability to walk with the use of a walking aid;

« ability to read and understand Spanish;

« ability to understand and accept the trial procedures and to sign an
informed consent form in accordance with national legislation.

Patients were excluded in case of:

 sensory, cognitive and/or praxic impairment;

* concomitant medical conditions that may influence the rehabilitation
process;

« discharge to destination other than home;

 patients with any local or systemic complication (e.g. surgical
wound infection, suspicion of deep vein thrombosis) in the 3-month
follow-up period were also excluded.

The setting was a rehabilitation unit in an acute-care university
general hospital in Barcelona, Spain. The clinical trial was approved
by the local ethics committee for Clinical Research, registered in the
Clinical Trials.gov Identifier: Registry NCT01604174 and conducted
according to the Consolidated Standards of Reporting Trials (CON-
SORT) 2010 Statement.

Sample size

The sample size, a minimum of 70 subjects in each group, was cal-
culated so that accepting a difference between treatments of 3° in the
active range of motion, with a 2.5 standard deviation (SD), achieved an
alpha risk of 0.05 and a beta risk of 20% on a 2-tailed test. The sample
size was overestimated to allow for up to 15% potential drop-outs.

Intervention

Patients were distributed between two treatment groups:

e Group I (control) received the standard clinical protocol of TKA
rehabilitation consisting of 1-h sessions for 10 days

e Group II (IVT) received 1-h IVT sessions for 10 days (5 sessions
performed under a therapist’s supervision to verify the absence of
medical complications that would require exclusion from the study
and 5 sessions performed at home).

The IVT is an interactive virtual software-hardware platform that
facilitates the development of remote rehabilitation therapy for mul-
tiple diseases. As described above, the patient receives the informa-
tion needed to perform the exercises and the therapist can remotely
monitor the patient’s performance. For the purpose of this trial, the
IVT system was designed for lower limb motor recovery in patients
undergoing TKA.

From a technological standpoint, the system has 3 innovative
features:

1. Wireless sensors (WAGYRO): biomedical devices with Zigbee
technology, including a 3-axis accelerometer and two self-powered
gyroscopes (Wireless 9DoF Kinematic Sensor, Shimmer Research,
Dublin, Ireland). These sensors are connected to the patient and
allow calculation of their movement trajectories.

2. Interactive patient application: interactive software with a 3D avatar
that demonstrates the exercises to be undertaken, while patients
reproduce the movements. The application also quantifies the
flexion-extension angle of the knee, the exercise sets and number
of repetitions. The IVT programme included the same exercises per-
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formed in the conventional protocol. Once the data were processed,
they were sent to the therapist’s portal.

3. Web portal for the therapist: receives data and records them for
evaluation, with the option to modify the therapy as the rehabilita-
tion evolves.

The therapist supervised patients remotely on a daily basis from
the hospital to check that they were performing the therapy, adjusted
the prescribed therapy as appropriate, and contacted the patient via
telephone as necessary.

The IVT kit (Fig. 1) contains the following components:

1. A touch-screen all-in-one computer that runs on the client application
TKA (ASUS EeeTop 1602), which includes a Microsoft-licensed
Windows XP Home operating system.

2. A wireless system to capture patient movements, the core of which
is the two sensors, and one low-bandwidth mobile internet device.
Due to the limited monthly data traffic, a flat-rate subscription with
a limit of 200 Mbytes was provided.

3. A tool kit with the items necessary to perform the exercises: straps
for attaching sensors (one placed above the knee and another on the
ankle), a set of weights and a stretch band.

Outcome measures

The outcome measures were:

. active knee extension and active knee flexion, measured in degrees
with a goniometer (11);

2. quadriceps muscle strength, measured in kg with the Nicholas
Manual Muscle Tester (NMMT) dynamometer (Lafayette Instrument
Co., Lafayette, USA);

3. hamstring muscle strength, measured in kg with the NMMT dy-
namometer;

4. functional assessment of balance and gait, using the Timed Get-Up-

and-Go test (12);

. visual analogue scale (VAS) of pain (13);

6. assessment of pain, stiffness and functional capacity with the West-
ern Ontario and McMaster Universities (WOMAC) Osteoarthritis
Index (14);

. the reliability and accuracy of knee joint range of motion after TKA
using conventional goniometer have been evaluated previously (15,
16). The intraclass correlation coefficients (ICC) were > 0.8 within-
and between-observers (except for passive knee extension) (15).
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Procedure

In all cases, functional rehabilitation started the day after TKA. All
participants were instructed by a physical therapist in weight bearing
to tolerance with an assistive device and underwent inpatient care

Fig. 1. Interactive virtual telerchabilitation kit. 1: touch-screen all-in-
one computer; 2: wireless sensors (WAGYRO)+a mobile internet low-
bandwidth; 3: weights; 4: straps for attaching sensors.

J Rehabil Med 45



394 M. Piqueras et al.

(mean length of stay 6.2 days) and outpatient intervention (outpatient
physical therapy or IVT) for the first 3 weeks after surgery. Inpatient
care consisted of assisted walking within 24 h, knee range of motion
exercises and preparing for the return home.

After hospital discharge, conventional physical therapy consisted of
a 2-week face-to-face rehabilitation programme (progressive exercise
and instruction including knee range of motion, gait training, and
instructions in negotiating stairs and community-related obstacles).
Any signs of adverse knee joint responses (e.g. increased swelling or
pain) resulted in a lowering of the intensity, frequency and duration of
the exercises or elimination of a rehabilitation component.

Under the study protocol, all participants performed the first 5
sessions under therapist supervision in the Knee Function Unit of the
Physical Medicine and Rehabilitation Department to ensure proper
monitoring and avoid unnecessary risks related to surgical incisions
and stitches. Before starting home-based intervention, patients were
examined by a doctor to ensure the absence of complications that
might result in exclusion from the study.

Daily 1-h sessions were scheduled (Monday to Friday). The IVT
group followed the pattern of exercises using the virtual platform under
the therapist’s supervision (Fig. 2). At the end of each session, data
were sent to the therapist’s portal. Both groups were also given instruc-
tions to continue the exercise routine over the weekend. Beginning
on the sixth day, the IVT group continued the exercise programme at
home. There were no complaints about setting up the system at home
or major problems arising from use of the portal, which patients found
to be very intuitive and easy to understand.

Except for the WOMAC instrument, administered preoperatively
and at 3 months after TKA, all assessments were performed routinely
the first day of outpatient rehabilitation (7.1 days (SD 1.1) after TKA),
at the end of the rehabilitation programme (2 weeks), and at 3 months
follow-up.

Randomization and blinding

Treatment blinding and randomization were carried out by a member
of the research team using a random number generator. Clinical as-
sessment was conducted exclusively by a trained physiotherapist who
had no knowledge of the patient’s group assignment.

Statistical analysis

Categorical variables are given in absolute and percentage values.
Quantitative variables are given together with the mean and standard
deviation (SD). Univariate analysis used either the y? or the Fisher

Fig. 2. Patient using the interactive virtual telerehabilitation knee rehabil-
itation software.
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exact test for categorical variables and Mann-Whitney U test for
quantitative variables. The level of statistical significance was 0.05
for all hypothesis testing.

Source of funding

This study was partially financed by Telefonica Research and De-
velopment.

RESULTS

The trial procedure (Fig. 3) followed the CONSORT recom-
mendations (17, 18). From November 2008 to December
2010, 505 patients underwent TKA, of whom 191 refused to
participate in the study and 133 met at least one of the exclusion
criteria (cognitive impairment, transfer to a geriatric centre).
The remaining 181 participants were randomized at the time
rehabilitation therapy was started.

During the first 5 sessions, there were 39 drop-outs because
of joint stiffness (active knee flexion <80°) and/or surgical
wound complications (extensive skin necrosis, wound infec-
tion): 21 patients in the control group and 18 patients in the
IVT. Of the 142 patients who completed the intervention,
9 were lost to follow-up for no justifiable medical cause: 4
belonged to the control group and 5 to the IVT.

The participants, 50 (27.6%) men and 131 (72.4%) women,
had a mean age of 73.3 (SD 6.5) years. The percentage of men
was 17% in the control group and 37.5% in the IVT (»p=0.007).

Participants assessed for eligibility
(n=505)

Not randomized (n=324)

Reasons:
191 subjects refused
133 subjects excluded

Randomized (n=181)

Control group (n=91) Intervention (IVT) group (n=90)

Withdrawals (n=21)
Local complication (n=3)
Active range of motion (n=18)

Completed the trial at baseline Completed the trial at baseline
(n=70) (n=72)

Completed the trial at 10 days Completed the trial at 10 days
(n=70) (n=72)
| [

Lost to follow-up (n=5) | | Lost to follow-up (n=4)

Completed the trial at 3 months Completed the trial at 3 months
(n=65) (n=68

Withdrawals (n=18)
Local complication (n=2)
Active range of motion (n=16)

Fig. 3. Trial profile (Consolidated Standards of Reporting Trials
(CONSORT) flow diagram).



Table 1. Baseline comparison of physical and functional measures in
control and interactive virtual telerehabilitation (IVT) groups

Control group  IVT group

(n=170) (n=172)

Mean (SD) Mean (SD) p-value
Active knee flexion, ° 94.4 (6.99) 96.0 (8.90) 0.241
Active knee extension, © —3.17 (3.5) -2.8(3.94) 0.583
Quadriceps strength, kg~ 9.7 (4.16) 9.9 (3.51) 0.067*
Hamstring strength, kg~ 10.4 (3.32) 11.0 (3.95) 0.353
VAS of pain 4.3(1.93) 3.8 (2.01) 0.141
WOMAC 53.1(10.93) 53.5(12.44) 0.834
Timed Get-up-and-go
test, s 22.8 (11.33) 18.9 (7.34) 0.023

*Denotes significance at the p<0.05 level.
VAS: visual analogue scale for pain; WOMAC: Western Ontario and
McMaster Universities Osteoarthritis Index.

All participants had undergone primary TKA because of knee

osteoarthritis.

The baseline clinical characteristics of each group are
described in Table I. The groups are comparable, with no
significant differences in any variable except the Get Up and
Go test: patients in the IVT group completed this test in 22.8
s, compared with 18.9 s in the control group (p=0.023).

Table II shows the changes in the main outcome measures
during the follow-up:

* Active knee flexion range: the increase during the study
period was similar in both groups, with no significant dif-
ferences observed.

+ Active extension range: the greatest increase was observed
in the IVT group at 5 days post-surgery (p=0.045); at 3
months this increase was equal in both groups.

* Muscle quadriceps strength at 5 days: the IVT group achieved
a greater increase in muscle strength (p=0.011), a difference
that was maintained at the 3-month follow-up (p=0.018).

* Timed Get-Up-and-Go test: at 3 months the results were
similar in both groups, but the control group had a lower
baseline and therefore had a greater increase (p=0.008).
There were no significant differences in muscle strength in
the hamstring, VAS, or WOMAC assessments.

Table II. Change in outcome measures in the follow-up period
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DISCUSSION

This trial provides evidence on the effectiveness of telereha-
bilitation after hospital discharge in patients who have under-
gone TKR. The results support the hypothesis that patients in
telerehabilitation can obtain the same outcomes as patients
following the conventional therapy.

Before attempting any further discussion of these findings,
some limitations of the present study should be noted. First,
it was impossible to conduct a double-blind trial; all partici-
pants were instructed not to reveal their intervention group to
the evaluator who took functional measurements. At the time
the trial was performed there was no evidence about teler-
chabilitation results; therefore, only patients without clinical
complications and with good functionality were randomized.
This decision was taken for ethical reasons and to minimize
the risk of harm.

A recent review of the effectiveness and benefits of teler-
chabilitation applications considered studies that had clinical
outcomes from telerehabilitation use in different health fields.
All of the studies available on orthopaedic applications were
concerned with management of joint disorders (19). Russell
etal. (7, 20) found that physical and functional improvements
in patients who had knee arthroplasty were similar to those
in patients with conventional physical therapy. The telereha-
bilitation system in use at that time (with dial-up internet
connections) enabled low-bandwidth (18-kbit/s) real-time
videoconferencing between sites as well as a battery of meas-
urement tools used to quantify physical performance. The
authors conclude that further studies are required to demon-
strate viable telerehabilitation delivery services in real-world
environments using well-controlled research methodologies
and large patient cohorts (20).

Other similar studies after arthroplasty in patients with
post-traumatic contracture of the elbow (21) and after shoul-
der joint replacement (22) showed unclear results about the
comparability of outcomes.

There are still very few telerchabilitation studies that provide
useful data on clinical outcomes. Although the objectives of
our study are similar to those pursued by Russell et al. (8),
our main contribution is that the intervention was performed

Difference from baseline after completing rehabilitation

Difference from baseline at 3 months follow-up

(n=142) (m=133)

Control (n=70) IVT (n=72) Control (n=65) Control (n=68)

Mean (SD) Mean (SD) p-value Mean (SD) Mean (SD) p-value
Active knee flexion 7.71 (6.89) 8.53 (6.56) 0.298 15.63 (8.82) 18.16 (9.71) 0.193
Active knee extension 0.9 (3.7) 0.2 (2.8) 0.045* 0.8 (3.3) 1.3(3.1) 0.478
Quadriceps strength 1.64 (2.60) 2.98 (3.15) 0.011* 5.89(5.17) 8.48 (4.96) 0.018*
Hamstring strength 0.69 (2.22) 1.17 (2.60) 0.278 2.26 (3.30) 2.93(3.33) 0.349
VAS of pain -0.61(1.87) -0.69 (1.44) 0.804 -2.30 (2.03) -1.79 (2.45) 0.284
Timed Get-up-and Go-test 5.22(6.25) -3.36 (5.38) 0.079 —-10.86 (8.72) —7.00 (6.31) 0.020*

*Significance at the p<0.05 level.

IVT: interactive virtual telerehabilitation; VAS: visual analogue scale for pain.
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in a real-world environment (patients continued therapy from
their homes) and that the interactive software was user-friendly
for both the patient and therapist. The IVT environment of-
fers specific, real-time feedback as the patient performs the
exercises. The user profile of those who received the IVT kit
(generally older patients with limited computer experience) led
us to pay special attention to the development of an interface
that presented intuitive icons, included audible messages of
instruction and encouragement, and limited patient interven-
tions with the computer software to an absolute minimum.

Some clinical differences were observed in quadriceps mus-
cle strength, with a mean score 3 kg higher in the IVT group.
This could be attributable to the IVT group having the equip-
ment in their homes and therefore being able to continue their
therapy more effectively over the weekend (activity that was
visible from the therapist portal) and constitutes a difference
from the control group. Although we also observed differences
in the Timed Get-Up-and-Go test, these were not considered
clinically relevant.

The application of new technologies and of telerehabilitation
in particular could offer new possibilities for service delivery
methods in the field of rehabilitation. However, the various
reviews of literature illustrate the need to continue clinical
trials that not only consider the viability of the technologies
but also the patient outcomes (19).

We conclude, from our results, that the use of IVT following
TKA surgery is equally as effective as conventional treatment
during a specific rehabilitation period. This technology also
offers the advantage of decreasing the number of in-person
sessions at the rehabilitation centre (5 fewer than the control
group in our study) and the associated use of costly medical
transport. Finally, we believe that patients benefit from more
intensive and autonomous rehabilitation when they have the
system at their disposal in their own homes. Easy access to
the equipment, software, and therapist allows them to safely
and systematically repeat the rehabilitation session more than
once a day if they choose, and may increase the motivation
to engage in therapeutic exercises. This may also present a
new paradigm for conventional TKA rehabilitation in other
clinical contexts.

REFERENCES

1. Kane RL, Saleh KJ, Wilt TJ, Bershadsky B, Cross 11l WW,
MacDonald RM, et al. Total knee replacement. Rockville, MD:
Agency for Healthcare Research and Quality; 2003 Dec. AHRQ
Publication No. 04-E006-2.

2. Serra-Sutton V, Tebé-Cordomi C, Martinez-Cruz O, Garcia-Altés
A, Espallargues M, on behalf of the RACat Advisory and Direction
Comittee. Arthroplasties Register in Catalonia (RACat): structure
and functioning (according to data 2005-2010) [Internet]. [Cited
2012 June 3]. Barcelona: Agéncia d’Informacio, Avaluacid i
Qualitat en Salut, Servei Catala de la Salut, Departament de Salut,
Generalitat de Catalunya 2012. Available from: www.gencat.cat/
salut/depsan/units/aatrm/html/ ca/dir214/doc13447 . html.

J Rehabil Med 45

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Ferrero-Méndez A, Jiménez-Cosmes L, Pefia-Arrebola A. [Specific

health care units: locomotor apparatus disease.] Rehabilitation
2004; 38: 6: 333-340 (in Spanish).

. Tousignant M, Boissy P, Corriveau H, Moffet H. In-home tele-

rehabilitation for older adults after discharge from acute hospital or
rehabilitation unit: a proof-of-concept study and costs estimation.
Disabil Rehabil: Assistive Technol 2006; 1: 209-216.

. Plan AVANZA 1. ICT in the NHS. Online health program. Red.es

Health Departments of all regions INGESA [Internet]. [Cited 2012
June 3]. Ministry of Health. Available from: www.planavanza.es.

. Tousignant M, Boissy P, Corriveau H, Moffet H, Cabana F. In-

home telerehabilitation for post-knee arthroplasty: a pilot study.
Int J Telerehabil 2009; 1: 25.

. Russell TG, Buttrum P, Wootton R, Jull GA. Rehabilitation after

total knee replacement via low-bandwidth telemedicine: the patient
and therapist experience. J Telemed Telecare 2004; 10: S1: 85-87.

. Russell TG, Buttrum P, Wootton R, Jull GA. Internet-based

outpatient telerehabilitation for patients following total knee
arthroplasty: a randomized controlled trial. ] Bone Joint Surg Am
2011; 93: 113-120.

. Kairy D, Lehoux P, Vincent C, Visintin M. A systematic review

of clinical outcomes, clinical process, healthcare utilization and
costs associated with telerehabilitation. Disabil Rehabil 2009;
31:427-447.

. Hui E, Lai JC, Kwok TC, Woo J. Tele-rehabilitation: a new model

for community-based stroke rehabilitation. J Telemed Telecare
2004; 10: 116: 199-205.

Erickson RP, McPhee MC. Clinical Evaluation. In: Delisa JA,
Gans BM, editors. Rehabilitation medicine: principles and practice.
Philadelphia: Lippincott. Raven Publishers; 1998, p. 11.

Steffen TM, Hacker TA, Mollinger L. Age and gender related test
performance in community-dwelling elderly people. Phys Ther
2002; 82: 128-137.

. Collins SL, Moore RA, McQuay HJ. The visual analogue pain

intensity scale: what is moderate pain in millimetres? Pain 1997;
72:95-97.

Batlle-Gualda E, Esteve-Vives J, Piera J, Hargreaves MC, Cutts
R. [WOMAC: Specific cultural adaptation of knee and hip os-
teoarthritis.] J Rev Esp Reumatol 1999; 26: 38—45 (in Spanish).
Jakobsen TL, Christensen M, Christensen SS, Olsen M, Bandholm
T. Reliability of knee joint range of motion and circumference
measurements after total knee arthroplasty: does tester experience
matter? Physiother Res Int 2010; 15: 126-134.

Lavernia C, D’Apuzzo M, Rossi MD, Lee D. Accuracy of knee
range of motion assessment after total knee arthroplasty. J Arthro-
plasty 2008; 23: 85-91.

Cobos-Carbo A. [Randomized clinical trials (CONSORT).] Med
Clin (Barc) 2005; 125 Suppl 1: 21-27 (in Spanish).

Schulz KF, Altman DG, Moher D, for the CONSORT Group. CON-
SORT 2010 Statement: updated guidelines for reporting parallel
group randomised trials. BMJ 2010; 340: ¢332.

Hailey D, Roine R, Ohinmaa A, Dennett L. Evidence on the ef-
fectiveness of telerchabilitation applications [Internet]. Institute of
Health Economics and Finnish Office for Health Technology As-
sessment, 2010. [Cited 2012 June 3]. Available from: www.ihe.ca
Russell TG, Buttrum P, Wootton R, Jull GA. Low-bandwidth
telerehabilitation for patients who have undergone total knee re-
placement: preliminary results. J Telemed Telecare 2003; 9: 44—47.
Eberl R, Kaminski A, Reckwitz N, Muhr G, Clasbrummel B. The
tele-visit as a telemedical technique in daily clinical practice. First
results for elbow joint arthrolysis. Unfallchirurg 2006; 109: 383—390.
Eriksson L, Lindstrom B, Gard G, Lysholm J. Physiotherapy at
a distance: a controlled study of rehabilitation at home after a
shoulder joint operation. J Telemed Telecare 2009, 15: 215-220.



