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Abstract

Introduction: Knee osteoarthritis is a major cause of disability among the middle to senior age groups. Despite being
effective, office-based physical therapy (OBPT) needs professional human resources and is both costly and time-consuming.
We aimed to compare the efficacy of tele-rehabilitation (tele-rehab) compared with OBPT in patients with knee
osteoarthritis.

Methods: In this randomized clinical trial, patients with symptomatic osteoarthritis of the knee were assigned to participate in
either a 6-week home-based tele-rehab or an OBPT program between 2015 and 2016. Our primary outcome was the mean
change from the baseline until | and 6 month’s post-intervention in scores of the Knee injury and Osteoarthritis Outcome
Score (KOOS) and the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC). We used analysis of
variance for the repeated measure statistical test.

Results: A total of 54 patients entered the final analysis, with 27 in each group. The mean age of the patients was 58.2 +7.41
years and 60.2% were female. In the tele-rehab and OBPT group, KOOS scores increased from baseline to 6 months post-
intervention (50.6 to 83.1 and 49.8 to 81.8) respectively. There was no significant difference between tele-rehab and OBPT
groups in any of the studied scales.

Discussion: The tele-rehab program is as effective as OBPT in improving the function of patients with knee osteoarthritis.
Considering the much lower time and cost consumed by tele-rehab, it is the recommended program for the older population

living in remote sites.
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Introduction

Osteoarthritis (OA) is the most common synovial joint
disease' and is the leading cause of disability among
the elderly.” Its prevalence reaches nearly half of the
middle-aged Iranian population in some areas.” Among
the joints throughout the body, the knee is the most
common joint affected.* OA presents itself with progres-
sive mechanical pain and morning stiffness that lasts less
than 30 minutes. By disease progression, these symptoms
make patients debilitated and limits their function.>®
The treatment goal is to improve the quality of life by
controlling pain, increasing function, and maintaining
joint motion.” To reach this goal, different treatment mod-
alities have been proposed so far including medical (anal-
gesics and intraarticular medicines),® surgical (lavage,
arthroplasty), and physical therapy (exercise, lifestyle

modification, hydrotherapy, hot pack and ultrasonog-
raphy).®'” These modalities are most helpful and effective
when they are combined together. The simplest and earliest
options are to avoid pain-aggravating activities, losing
weight, and consumption of acetaminophen as an analgesic
of choice in OA.'® Surgical approaches are costly and not
the first-line treatment; however, they are recommended at
advanced stages.
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The last decade has witnessed several studies on the
efficacy of non-medical and non-surgical treatment
modalities. These studies provided strong evidence for effi-
cient exercises to reduce pain and increase function.'''?
These exercises require that patients with OA visit specia-
lized clinics for many sessions in order to yield maximized
effect. Unfortunately, for most of the patients who are
mainly middle-aged to elderly, it would not be easy to
visit physical therapy clinics regularly for several times and
weeks especially if they live in remote locations. This issue
needs a lot of time, money, and transportation services.'> '

Tele-rehabilitation (tele-rehab) involves the use of
information and communication technology to deliver
services to people outside the rehab clinics which is poten-
tially associated with less transportation and consequently
reduced treatment expenses and time-savings. A number
of studies have examined the efficacy of tele-rehab services
in OA and there are a number of clinical trials under-
way.'®!7 Almost all published studies claimed the equal
effectiveness of tele-rehab with face-to-face daily sessions
of physical therapy at least in the short term.'® " It seems
that this technique is preferable by healthcare providers (in
this case, physical therapists) and is associated with high
patient satisfaction.” > However, generally the most cited
source of concern was the lack of physical contact.

Considering the above benefits of telemedicine and
especially tele-rehab, and also the scarcity of specialized
rehabilitation services in remote locations outside clinics
and high prevalence of OA in Iran, we aimed to evaluate
the efficacy of tele-rehab using phone calls in improving
pain and function of patients with knee OA in comparison
with office-base physical therapy (OBPT). We tested the
efficacy of tele-rehab services under supervision of a phys-
ical medicine and rehabilitation specialist instead of a
physical therapist and continued our follow up for 6
months post-intervention to assess long-term outcomes
between groups.

Methods

This controlled randomized clinical trial (RCT) was car-
ried out in 2016 in a university medical centre. The design
and protocol of this RCT was reviewed and approved by
the institutional review board and then registered in the
Iranian registry of clinical trials (www.irct.ir) as a world
health organization regulatory representative for clinical
trials in Iran [TIRCT2017013032251N2]. This study was
supervised by the institutional ethics committee to be in
agreement with the Declaration of Helsinki.

Patient selection

We recruited 50-60-year-old patients with knee OA
based on American College of Rheumatology criteria.
The patients were recruited from individuals attending
the physical medicine and rehabilitation clinic who com-
plained of knee pain in most days of the past month.
Patients had to have crepitation in active joint motions

and swelling in examination. Our exclusion criteria con-
sisted of severe (Kellgren—Lawrence grade 4) OA and
morning stiffness longer than 30 minutes.

Sampling and randomization

We used the convenient sampling method based on previ-
ous studies;'® an appropriate formula for comparison of
two proportions. Our final estimated sample size with
10% dropout was equal to 27 individuals in each group
(¢ =0.05, f=0.2). Eligible patients were randomized into
two groups after providing written informed consent. The
first received tele-rehab and the second underwent OBPT.

Interventions. The patients in the tele-rehab group learned
strengthening, endurance, flexibility, and active range of
motion exercises. Then, they received a pamphlet contain-
ing descriptions and pictures detailing the above exercises
and also a logbook to record their activities. Patients were
asked to continue these exercises for three times a week for
6 weeks (total of 18 sessions). They were told to place a
hot pack on their knees for 20 minutes before every ses-
sion. A medical doctor, a specialist in physical therapy
and rehabilitation (one of the authors named SM), was
responsible for making contact with patients via a phone
call on a weekly basis. In this manner, the specialist remo-
tely monitored the progress of exercises, maintaining
principles of daily activities, and symptom improvements.
The specialist asked patients to match their exercises as
instructed by the pamphlet and logbook they received.

In the OBPT group, patients visited the physical therapy
clinic three times a week for 6 weeks (total of 18 sessions)
and underwent treatment with various passive physiother-
apeutic modalities including a 20-minute hot pack,
20-minute 50 Hz transcutaneous electrical nerve stimula-
tion, and ultrasonography (US) with 1 MHz frequency
and 1 watt/cm? intensity for 10 minutes. The same exercises
as the first group were instructed by a physiotherapist for
patients to do at home between sessions.

The patients were not allowed to consume any anal-
gesics except diclofenac 50mg once a day in the 48
hours prior to the first session of treatment.

Pre- and post-treatment evaluations. In both groups, after
acquiring demographic data, the intensity of knee pain
was assessed with the aid of Visual Analogue Scale
(VAS) before the first session of treatments. Then, the
Persian version of Knee injury and Osteoarthritis
Outcome Score (KOOS)** was filled out by an expert in
physical medicine and rehabilitation to measure knee
pain, symptoms, and physical function during daily, rec-
reational, and sport activities and also overall quality of
life. The patients were also provided with Western Ontario
and Macmaster Universities Osteoarthritis Index (WOMAC)
for evaluation of physical function.”> The scores of KOOS
and WOMAC were normalized [(acquired score/total pos-
sible score) x 100]. In accordance with previous studies,'*2°
participants were re-evaluated using the same scales at the
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end of 6 weeks, 1 and 6 months post-treatment time-points to
assess short and long-term effects of each treatment.

Outcome measures

Our main outcome to measure was changes in patients’ pain
and function within each group and between study groups.
We estimated the percent of changes from baseline to 6

Table 1. Baseline characteristics of study groups.

months post-treatment with this formula [(6 months post-
treatment score — baseline score / baseline score) x 100].

Statistical analysis

Final data before and after the treatment were imported
and analysed by SPSS v.23. An independent samples ¢-test
and appropriate non-parametric (Wilcoxon signed rank,

Tele-rehabilitation Office physiotherapy p-value Statistical test
Age 55+52 56 £5.1 0.938 t-test
BMI 30.6 £3.75 29.84+2.95 0.371 t-test
VAS 7£1.2 714 0.838 Kruskal-Wallis
KOOS 44196 44+11.2 0.598 Kruskal-Wallis
WOMAC 47.7+£9.5 477114 0.616 Kruskal-Wallis
Pain subscale 50+11.9 44£125 0.526 Kruskal-Wallis
ADL subscale 45.6 £8.5 456125 0.466 Kruskal-Wallis
Symptom subscale 57.1 £15.09 50+ 14.31 0.175 Kruskal-Wallis
Sport subscale 25+8.7 25+11.75 0.656 Kruskal-Wallis
Qol subscale 375+ 14.1 375+ 146 0.753 Kruskal-Wallis

ADL: activities of daily life; BMI: body mass index; KOOS: Knee injury and Osteoarthritis Outcome Score; QoL: quality of life;
VAS: Visual Analogue Scale; WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index.

Table 2. Mean and median scores in different time-points.

Tele-rehabilitation Office physiotherapy Total
6th | 6 6th | 6 6th | 6
Baseline  week month months Baseline  week month months Baseline  week month months
VAS 6.93% 2.74 2.67 2.48 6.85 2.59 2.52 241 6.89 2.67 2.59 2.44
7.00° 3.00 3.00 3.00 7.00 2.00 2.00 3.00 7.00 3.00 3.00 3.00
KOOS 4691 80.27 81.59 81.99 46.34 79.10  79.65 79.67 46.62 79.68  80.62 80.83
44.05 81.55 8333 83.33 44,05 79.17  80.95 80.95 44.04 81.54 8214 82.14
Pain 50.21 78.81 79.53 79.94 49.18 79.01 80.45 80.56 49.69 7890 7998 80.24
50.00 80.56 77.78 83.33 44.44 80.56 83.33 83.33 48.61 80.55 80.55 83.33
ADL 48.37 83.12 8382 84.04 48.64 8246 8284 82.90 48.50 82.78 83.33 83.46
45.59 8529 8529 85.29 45.59 8382 8382 85.29 45.58 8529 85.29 85.29
Symptom 56.35 8479 8479 85.05 52.78 81.61 82.80 83.20 54.56 8320 8379 84.12
57.14 85.71 85.71 85.71 50.00 85.71 85.71 85.71 55.35 85.71 85.71 85.71
WOMAC  50.56 8235 8286 83.11 49.80 81.34 82.18 81.82 50.18 81.84 825] 82.46
47.73 84.09 8485 84.85 47.73 8258 83.33 83.33 47.72 83.71 83.71 84.46
Sport 30.74 67.41 67.59 67.59 31.48 66.11 67.59 67.59 3111 66.75  67.59 67.59
25.00 70.00 70.00 70.00 25.00 70.00 70.00 70.00 25.00 70.00 70.00 70.00
QoL 37.50 7894  79.17 80.09 36.34 76.85  80.32 80.32 36.92 7789 79.74 80.20
37.50 81.25 81.25 87.50 37.50 81.25 8750 87.50 37.50 81.25 81.25 87.50
*Mean.
®Median.

ADL: activities of daily life; KOOS: Knee injury and Osteoarthritis Outcome Score; QoL: quality of life; VAS: Visual Analogue Scale; WOMAC: Western Ontario

and McMaster Universities Osteoarthritis Index.
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Mann—-Whitney, and Kruskal-Wallis) tests were per-
formed to compare means or medians across two
groups. To assess changes within and between groups,
we conducted an analysis of variance (ANOVA) for
repeated measures. The level of significance was con-
sidered <0.05.

Results
Patient characteristics

From October 2015 to October 2016, after primary evalu-
ation of 110 individuals seeking therapeutic interventions
for knee OA, after providing informed consent, 76 patients
were randomized into two treatment groups. Finally, 54
patients completed the study protocol and were qualified
for intention-to-treat analysis, including 27 in each group.
Among all participants, the mean age was 58.25+7.41
years (45-60), 60.2% were female and the mean body
mass index was 30.2. The baseline characteristics of study
patients are depicted in Table 1. As evident, participants
were matched statistically between both groups.

Outcomes

The mean and median values of VAS, WOMAC, and
KOOS acquired by patients at baseline, immediately,
and 1 and 6 months after treatment are shown in Table 2
and Figures 1-3. Based on an ANOVA, for repeated meas-
ures, the crescendo pattern observed in WOMAC and
KOOS was statistically significant within each group over
time (within patients p < 0.001 for both) but the difference
between the two study groups was not significant (between
patients p=0.860 and 0.619, respectively). In the same

1004
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Figure |. Estimated marginal means for KOOS scores; Darker line
represent tele-rehab and lighter line represent office physiotherapy.
KOOS: knee osteoarthritis scale

manner, the decline in VAS scores was statistically signifi-
cant within both groups (within patients p < 0.001 for both)
but the difference was not significant between groups
(between patients p =0.859).

We estimated the percent of changes from baseline to 6
months post-treatment scores and show the results in
Table 3. As shown, among different components of
KOOS, the greatest change occurred in the quality of
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Figure 2. Estimated marginal means for VAS scores; Darker line
represent tele-rehab and lighter line represent office physiotherapy.
VAS: Visual Analogue Scale
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Figure 3. Estimated marginal means for WOMAC scores; Darker
line represent tele-rehab and lighter line represent office
physiotherapy.

WOMAC: Western Ontario and McMaster Universities’
Osteoarthritis Index
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Table 3. Mean changes of studied scales scores from baseline to 6 months post-treatment.

VAS KOOS Pain ADL Sport QoL Symptom WOMAC
Tele-rehabilitation 62.5+88 75.6+31.5 625+263 76 £259 133.3+525 133.3+889 50+429 67.1+226
Office physiotherapy ~ 62.5+9.5 81.6+30.7 733+31.0 81.2+308 140+586 1333+£90.1 53.8+26.5 75+24.1
p-value 0.867 0.842 0.528 0.931 0.917 0.716 0.328 0.959
Total 625+9.1 794+283 675+287 7941282 140+55.1 133.3+888 51.9£353 725+£232

ADL: activities of daily life; KOOS: Knee injury and Osteoarthritis Outcome Score; QoL: quality of life; VAS: Visual Analogue Scale; WOMAC: Western Ontario

and McMaster Universities Osteoarthritis Index.

life and sport activities subscales in both groups, which
were over 130%. In addition, the smallest change occurred
in symptom subscale which was about 51%.

Discussion

In this study, we evaluated the efficacy of a phone-assisted
tele-rehab program compared with OBPT on symptoms
and physical function of patients with knee OA. In all
participants, we observed a significant improvement in
pain intensity, function, quality of life, and sport activities
from baseline to 6 months post-treatment according to
KOOS, WOMAC and VAS indices. Nevertheless, there
was no significant difference between tele-rehab and
OBPT groups. Interestingly, there was no difference
between the last week of treatment and further evalu-
ations at 1 month and 6 months post-treatment. We
could say that the treatment effect was durable for as
long as 6 months. Our study indicates that tele-rehab is
as effective as OBPT with less transportation, fewer costs,
and less time consumption. Especially debilitated patients
who cannot be admitted to physiotherapy clinics may
benefit from such tele-rehab programs with the same effi-
cacy as long as they follow the recommended exercises and
accept the supervision of a specialist over the phone. The
specialist monitors the quality of exercises, reminds the
principles of healthy knee movement during daily activ-
ities, and warns against harmful movements affecting the
knee.

Another useful influence of specialist supervision is to
maintain the motivation and self-confidence to progress
through regular phone contacts. A lesser need for in-
person admittance to clinics consequently leads to time
and cost savings, reduced work absence hours, reduced
car traffic, and maybe even reduced air pollution. The
above benefits may be associated with better patient com-
pliance and lower probability of treatment intervals.

In Iran, this is the first study of its kind so we cannot
compare our results with national works. However, there
are somehow similar studies around the world. Scherr
et al. showed the efficacy of tele-care using mobile
phones in reducing the hospital admission of patients
with heart failure due to decompensations.”’” Russell
et al. showed the equivalence of a 6-week rehab program
in clinic or tele-rehab using internet applications among
patients with knee arthroplasty.® In addition to knee OA,

the efficacy of tele-rehab programs have also been verified
in other musculoskeletal problems. In a study by Multani
et al. a 4-week tele-rehab program resulted in significant
improvements in pain, muscular strength, and functional
capacity of patients with lower back pain.?

One of the limitations of our study was our tele-com-
munication device. In different studies investigators used
various methods for tele-communications including
phone, videoconference, email, video films, and compact
disc. It is obvious that by increasing attractiveness of
home-based programs (e.g. attractive user friendly web-
based applications) we can facilitate patients’ adherence to
tele-rehabilitation.’® However, use of these methods is
highly correlated to the national communication infra-
structure and the compliance of patients to use them.
Due to this reason, we picked phone calls as our tele-
communication method to attract most of our elderly
patients’ participation.

One of the strengths of our study was the relatively
long-term follow up, until 6 months after treatment.
This way we managed to observe the durability of treat-
ments. This issue has rarely been taken into consideration
in previous investigations and most of the other authors
have only done during and immediately post-treatment
measurements. Another was the similarity between our
participants’ characteristics and other studies. This may
help other investigators to achieve a common conclusion
by reviewing these study results.
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