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ABSTRACT

Objectives: This study aims to evaluate the feasibility and potential benefits of a four-week home-based therapeutic exercise program for 
individuals with osteoarthritis (OA) of the knee.
Patients and methods: Feasibility outcomes, namely the recruitment rate, retention rate, exercise adherence and adverse events, as well as 
pain, knee muscle strength, range of motion, functional mobility, physical function, and postural sway were assessed on 15 individuals (4 males, 
11 females; mean age 62.8±2.5 years; range 55 to 83 years) with knee OA before and after a four-week home-based therapeutic exercise program.
Results: The main results indicated that this program was feasible, as indicated by recruitment, adherence, and safety outcomes. The retention rate 
was 80% and the overall exercise adherence for those completing the program was 93%. The exercise program improved significantly pain intensity 
(Visual Analog Scale: 5.8±2.8 to 3.8±2.4 cm, p=0.006), functional mobility, muscle strength, and physical function (Knee injury and OA Outcome 
Score-Physical Function Short-form: 53.8±21.0 to 41.3±13.9 points, p=0.011).
Conclusion: This home-based therapeutic exercise program is feasible for individuals with OA of the knee and seems to improve pain intensity, 
functional mobility, muscle strength, and physical function.
Keywords: Exercise, physical function, physical therapy, osteoarthritis.

Osteoarthritis (OA) is the most frequent joint 
disorder and accounts for high functional 
sequelae and economic impact, interfering 
with daily living, recreational and occupational 
activities.1,2 The clinical features of OA include 
joint pain, crepitus, stiffness after immobility, 
and limitation of movement that are not always 
associated with radiographic alterations.2-4 
Obesity, joint injury, and impaired muscle 
function are modifiable risk factors for the 
development of OA, which tends to develop 
slowly and last a decade or more.1 

Osteoarthritis is a chronic disease frequently 
overlooked by health-care professionals, who 
see “joint death” as an inevitable stage and wait 
passively for it.1 Knee OA as a chronic condition 
should not be an exception and should be prevented 
and treated early with a comprehensive approach. 
The guidelines for the non-surgical management 
of knee OA emphasize the importance of reducing 
pain and stiffness, and preserving mobility, 
leading to an improved functionality and quality 
of life.5 Exercise (land-based and water-based) 
and strength training are among the therapeutic 
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options recommended to all individuals with knee 
OA.5-7

Exercise proved to be effective and is highly 
recommended; however, patients have to 
participate in exercise programs to get the 
benefits. The availability of excise programs 
is often an issue, particularly in small towns 
and rural areas. Indeed, a supervised exercise 
program performed at gyms or rehabilitation 
clinics may not be available for all patients due to 
several different reasons (e.g. lack of offer - rural 
areas without access to a program; financial 
restraints; lack of time to attend supervised 
classes). Thus, a home-based intervention may be 
a good option, as it overcomes several barriers 
to exercise, namely exercise-related costs, lack 
of transportation, facilities/equipment, and time. 
Previous studies provided encouraging results by 
showing that better adherence to home exercises 
was associated with better patient outcomes 
of pain, physical function, and self-perceived 
effect.8

With the growing aging population and 
increasing prevalence of obesity, the number 
of individuals with knee OA is likely to increase 
in coming years,9 increasing the burden of the 
disease and putting pressure in the physiotherapy 
services and exercise care providers. Therefore, 
there is a need to develop home-based, low-cost, 
time-efficient exercise interventions targeting 
particular muscle groups in order to increase 
strength, functional mobility, and physical function 
in this group of individuals. In the present study, 
we designed a low-cost (the only material needed 
was an elastic band) and time-efficient exercise 
intervention to be performed at home and without 
supervision. Still, benefits from such exercise 
interventions should not be expected without 
adherence to the program. In this sense, we first 
attempted to show that this particular program 
is feasible and patients can and are willing to 
perform it. Therefore, in this study, we aimed 
to evaluate the feasibility and potential benefits 
of a four-week home-based therapeutic exercise 
program for individuals with OA of the knee.

PATIENTS AND METHODS

Fifteen patients (4 males, 11 females; mean age 
62.8±2.5 years; range 55 to 83 years) with OA of 

the knee participated in the present study that took 
place at Hospital Da Luz Clínica De Oiã between 
May 2015 and July 2015. Potential candidates 
were identified in the clinical files of the Hospital 
Da Luz Clínica De Oiã. Then, candidates were 
invited to participate by telephone or face to face, 
and those who agreed were subsequently screened 
according to the following inclusion criteria: 
>50 years of age and knee OA assessed according 
to the clinical criteria of the American College 
of Rheumatology. Exclusion criteria: physical 
disabilities precluding autonomous exercise, knee 
replacement, cancer, uncontrolled hypertension 
or diabetes, auto-immune or psychiatric/cognitive 
disorders, anti-inflammatory and/or analgesic 
medication. The study protocol was approved by 
the Hospital Da Luz - Aveiro Ethics Committee. 
The study was conducted in accordance with the 
principles of the Declaration of Helsinki. 

In addition to the feasibility variables, we 
assessed the following variables: anthropometric, 
clinical, pain, muscle strength, range of motion, 
functional mobility, postural sway, and physical 
function measurements at baseline and 48 hours 
after the last session.

The participants were familiarized with the 
experimental protocol and apparatus. Each 
participant completed all data collection in one 
session. Each variable was assessed by the same 
examiner, not blinded to the study purpose. 
In cases of bilateral knee OA, the knee assessed 
was that with more pain complaint at baseline.

The feasibility outcomes included the 
assessment of the recruitment rate, retention 
rate, exercise adherence, and adverse events. 
An examiner registered the number of 
participants ineligible for study participation 
or refusing to participate (recruitment rate), 
number of dropouts, patients completing all the 
assessments (retention rate), and occurrence of 
adverse events. Exercise adherence (including 
the number of sessions, exercises per session, 
sets, and repetitions) was registered by the 
participants on exercise log sheets. Adherence 
was considered as the relationship of intended 
exercise sessions and the number of actually 
completed sessions.

Demographic and clinical data were obtained 
from health records and consisted of age, 
education, marital status, occupation, present 
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and past health conditions, medication, previous 
physiotherapy or medical treatments to knee OA. 

Height and weight were measured (Seca 285, 
Seca, Birmingham, United Kingdom) and Body 
Mass Index was calculated. Participants were 
asked to rate pain intensity using a 10 cm Visual 
Analog Scale (VAS) anchored with “no pain” and 
“worst pain imaginable”.10

Functional mobility was assessed using 
the Timed Up and Go (TUG) test. Before the 
assessments, participants were asked to perform 
two TUG test trials to familiarize themselves with 
the test. Participants were told to stand up from a 
chair, walk three meters as quickly and as safely 
as possible, cross a line marked on the floor, 
turn around, walk back, and sit down. The time 
taken for participants to rise from a chair, walk, 
turn, and return to the chair was measured (in 
seconds).11 Time taken was attained by taking the 
best of the three trials.

A dynamometer (Advanced Force Gauge 
2500N, Mecmesin Limited, West Sussex, UK) 
was used to assess the maximal isometric strength 
of the knee flexors and extensors. The force 
generated was measured with the force transducer 
of the dynamometer attached to the participant 
at the level of the distal third of the tibia. The 
participant was asked to sit on a chair with the back 
supported, hips flexed at ~95° and knee flexed at 
90°. Before the assessment, three practice trials 
were given for each movement. Then, participants 
were asked to perform three maximal isometric 
voluntary contractions of the knee flexors and 
extensors. Each trial lasted five seconds, so the 
subjects could be instructed to increase their 
strength to maximum over that period. The rest 
between trials was of 30 seconds. The best of the 
three measurements was used for data analysis.

The measurement of the active range of 
motion of the knee joint was performed using a 
standard goniometer as previously described.12 
Participants were placed on dorsal and ventral 
decubitus for measurement of knee extension and 
flexion, respectively. Then, they were asked to 
perform three flexion or extension movements 
actively. The best value of the three trials was 
taken for analysis.

Postural sway was assessed in a force 
platform (AMTI BP400600-2000, AMTI, 

Watertown, MA, USA) with a Bertec digital 
amplifier AM6500 (Bertec Corp., Columbus, 
OH, USA), according to the recommendations.13 
Participants were asked to stand, barefoot, as 
still as possible over the force platform with their 
eyes opened, arms loosely hanging along the 
body and knees at full extension. Three practice 
trials were allowed before testing. Participants 
were asked to perform three valid double-leg 
stance trials of 30 seconds with a 15-second 
resting period in-between. Postural sway data 
were sampled at 500 Hz. A custom MATLAB 
R2014a (MathWorks, Madrid, Spain) program 
was used for data reduction. Variables derived 
from the analysis were center of pressure (CoP) 
displacement (antero-posterior [CoPa-p] and 
medio-lateral [CoPm-l]), CoP speed, and total 
CoP displacement.

Physical function was assessed with the Knee 
injury and Osteoarthritis Outcome Score-Physical 
Function Short-form (KOOS-PS).14 KOOS-PS is a 
joint-specific measure of perceived health status 
composed by seven items that rate the degree of 
difficulty experienced over the previous week due 
to knee problems, with respect to: (i) rising from 
bed, (ii) putting on socks/stockings, (iii) rising 
from sitting, (iv) bending to the floor, (v) twisting/
pivoting on injured knee, (vi) kneeling, and 
(vii) squatting. The items are scored on a five-
point Likert scale (none, mild, moderate, severe, 
extreme) from 0-4. The KOOS-PS is scored by 
summing the raw response and then converting 
the raw score to a true score from 0 to 100 in 
which 0 represents no difficulty and 100 extreme 
difficulties.

The program was composed by range of 
motion and strength training exercises with an 
elastic band (TheraBandTM, Akron, OH, USA), 
targeting knee muscles, namely quadriceps, 
improving the stability of the knee, and 
decreasing the symptoms of knee OA.2 The 
program consisted of a total of 20 sessions with 
five sessions per week. The participants received 
a detailed handout with pictures and descriptions 
of the exercises together with an option of 
telephone contact with a physiotherapist whom 
they could call in case of any doubt.

At the first meeting, a physiotherapist taught 
the exercises to the participants and gave them a 
black elastic band, a printed handout, a training 
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diary, and an exercise log to register the sessions. 
In this meeting, the physiotherapist confirmed 
that the participant performed the exercises 
correctly and understood the program to be 
performed at home.

The program included five exercises: 
(i) isometric knee extension; the participant lying 
on the back with his legs straight out in front of 
him was told to squeeze his knee down towards 
the ground, while actively dorsiflexing the ankle, 
and to hold it for five seconds. (ii) Straight leg 
raising with the participant lying on the back; the 
position was held for five seconds, before the leg 
was lowered slowly back to the floor. (iii) Active 
range of motion exercise; the participant, lying 
prone, was asked to slowly bend and straighten the 
knee through its full range of motion and to hold 
the position of maximum flexion and extension for 
five seconds. (iv) Isometric knee extension at 90° 
with an elastic band; the participant was sitting 
comfortably in a chair with the hips and knees in 
90° of flexion; the elastic band was tied to form a 
circle and placed around the distal third of the leg 
and around the leg of a piece of heavy furniture. 
The participant was facing away from the piece 
of furniture, the elastic band was stretched at the 
initial position, and then the participant was told 
to extend the knee tightening the elastic band and 
to hold that position for five seconds. (v) Isometric 
knee flexion at 90° with an elastic band; the 
participant was sitting comfortably in a chair with 
the hips and knees in 90° of flexion; the elastic 
band was tied to form a circle and placed around 
the distal third of the leg and around the leg of 
a piece of heavy furniture. The participant was 
facing the furniture, the elastic band was stretched 
at the initial position, and then the participant 
was told to pull his leg back tightening the elastic 
band and to hold that position for five seconds. 
The exercise protocol was performed as follows: 
in the first week, the participants performed one 
set of 10 repetitions of each exercise (duration of 
the session: 12 minutes); in the second week, they 
performed two sets of 10 repetitions (duration 
of the session: 24 minutes), in the third week, 
three sets of 10 repetitions (duration of the 
session: 36 minutes), and in the fourth week, 
three sets of 12 repetitions (duration of the 
session: 43 minutes). The resting period between 
repetitions and exercises/sets was five seconds 
and one minute, respectively.

Statistical analysis

Statistical analysis was performed using IBM 
SPSS statistics version 21.0 (IBM Corp., Armonk, 
NY, USA). The normality of data distribution was 
tested with the Shapiro-Wilk test and histograms. 
Variables normally or not normally distributed 
were reported as mean ± standard deviation 
and median (interquartile range), respectively. 
Student’s paired t-test or Wilcoxon signed-rank 
test was performed for within-group comparisons. 
The level of significance was set as p≤0.05.

RESULTS

Baseline characteristics of the participants were 
described in Table 1. Of the 15 participants 
eligible for the study, 15 (100%) completed the 
baseline testing and received the intervention. 
With regard to retention rate, three participants 
withdrew before the final assessment. The reasons 
given included being on vacation at the time of 
the second assessment (n=2) and exacerbated 
pain due to a fall not related to the program (n=1). 
Therefore, 12 participants (80%) completed the 
program.

According to the exercise logs returned by the 
participants, the overall exercise adherence for 
the 12 participants completing the program was 
93%; in average, they performed all exercises 
in 18 out of 20 sessions. Eight participants 
performed all sessions scheduled and all exercises, 

Table 1. Baseline characteristics of study participants

Age (year)   62.8±2.5
Weight (kg)   79.9±13.9
Height (m)   1.6±0.1
Body Mass Index (kg/m2)   31.9±5.3
Level of education 

4° year 4 33.3
6° year 3 25
9° year 3 25
University degree 2 16.7

Health conditions 
Hypertension 5 41.7
Hip osteoarthritis 2 16.7
Dorsal spondyloarthritis 4 33.3
Cervical spondyloarthritis 2 16.7
Cardiovascular disease 5 41.7
Respiratory disease 1 8.3
Depression 1 8.3

SD: Standard deviation.

 n % Mean±SD
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sets and repetitions. Two participants missed 
one session; one participant missed one session 
and did not perform the isometric exercises at 
90° in two sessions. One participant missed two 
sessions; did not perform the exercises at 90° 
in nine sessions, and did not perform the active 
range of motion exercise in one session. The 
reason for not performing the entire session was 
knee pain during these exercises. No adverse 
events were reported besides pain during those 
exercises.

The four-week home-based therapeutic 
exercise program improved significantly pain 
intensity, functional mobility, muscle strength, 
and physical function (Table 2). Three participants 
reported no changes on pain, while the other 
nine (75%) had a minimal improvement of ≥1 on 
VAS. The program did not change body weight 
(79.9±13.9 to 79.9±14.1 kg, p=0.965), knee 
range of motion or postural sway (Table 2).

DISCUSSION

The main findings of this study indicate that 
the four-week home-based therapeutic exercise 
program was feasible, safe, and acceptable among 
potentially eligible participants with OA of the 
knee. The retention rate and the intervention 
adherence were good.

The effectiveness of a therapeutic exercise 
program depends on good adherence, which may 
be quite challenging to achieve and maintain for 

those with knee OA. The adherence in our study 
was similar to that of Bruce-Brand et al.,15 who 
compared the effects of a six-week home-based 
resistance training and neuromuscular electrical 
stimulation on patients with moderate to severe 
knee OA and reported an exercise adherence of 
91% and 83%, respectively. Steinhilber et al.16 
reported an adherence of 99% to a progressive 
home-based strengthening exercise program; 
nonetheless, these individuals also attended a 
supervised institutional exercise therapy session 
per week. Adherence is particularly relevant in 
this clinical condition, as a previous study showed 
that higher exercise adherence was associated 
with greater improvements in physical function 
and disability.17

Our program had a completion rate of 80%, 
which is slightly higher than reported by others.15 
Of the three non-completers, two participants 
reported to have performed the first three weeks of 
the program, but missed the final assessment due 
to being on vacation. One participant dropped out 
prior to the final assessment due to lower limb pain 
in consequence of a fall not related to the program. 
Chaipinyo and Karoonsupcharoen18 used a design 
similar to ours, i.e. they assessed the effects 
of a four-week home-based strength exercise 
program, 30 repetitions/leg/day ¥ 5 days/week, 
and reported a slightly lower completion rate (75%) 
in the strength group; in their study, six (25%) 
participants did not complete the study.

This modality of intervention may represent 
a more realistic approach towards knee OA 

Table 2. Effects of exercise program on functional mobility, physical function, range of motion, pain, muscle strength 
and postural sway

TUG (s)  9.7 4.1  8.8 2.1 0.023
KOOS-PS (points) 53.8±21.0   41.3±13.9   0.011
Knee flexion ROM (°) 87.9±14.0   90.3±14.3   0.078
Knee extension ROM (°)  -4.0 3.0  -3.0 2.0 0.252
VAS (cm) 5.8±2.8   3.8±2.4   0.006
Knee flexor strength (kg)  10.0 7.8  11.3 7.1 0.008
Knee extensor strength (kg) 22.7±10.4   27.5±9.4   0.022
COPa-p (mm) 22.5±6.1   23.9±5.1   0.543
COPm-l (mm) 15.7±6.5   13.7±5.6   0.395
Total COP (mm) 269.2±110.8   252.1±89.4   0.572
COP speed (mm/s) 89.7±36.9   82.8±31.8   0.503

SD: Standard deviation; TUG: Timed up and Go test; KOOS-PS: The Knee injury and Osteoarthritis Outcome Score-Physical Function Short-form; ROM: Range 
of motion; VAS: Visual analog scale; COPa-p: Antero-posterior displacement of center of pressure; COPm-l: Medio-lateral displacement of center of pressure; 
Total CoP: Total distance of center of pressure; CoP speed: Speed of center of pressure.

 Baseline Final

 Mean±SD Median Interquartile range Mean±SD Median Interquartile range p
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rehabilitation in those patients with low to 
moderate symptoms, as it does not require 
supervision or specialized equipment and, 
compared to supervised interventions, has 
lower financial costs, is less labor-intensive and 
time-consuming, and provides more schedule 
flexibility. Another advantage of a non-
supervised intervention is that it reflects more 
realistically how treatment can be continued at 
home after a period of in-hospital/clinic/gym 
supervised treatment. Despite being home-
based, a physical therapist is required to instruct 
participants, ensure that they know how to 
perform the exercises safely, and respond 
to any doubt in the treatment progression. 
A limitation of this kind of intervention relates 
to the difficulties in controlling and ensuring 
identical relative training loads and progressions 
between participants.

The preliminary positive results on pain, 
functional mobility, muscle strength, and physical 
function suggest that this simple and low-cost 
intervention is potentially effective and is worthy of 
further investigation. Pain decreased significantly 
after the intervention in nine participants, i.e. 
a minimum reduction of 0.9 in VAS.19 A recent 
systematic review with meta-analysis comparing 
land-based therapeutic exercise with a non-
exercise control showed that therapeutic exercise 
improves pain, physical function, and quality of 
life of those with knee OA.9 A recent study also 
demonstrated a significant pain reduction after 
a six-week group exercise program integrated 
with self-management education.20 Nonetheless, 
a meta-analysis of randomized controlled trials 
indicated that the effects on pain are maximized 
when manual mobilization or strength training is 
added to exercise therapy.21

The improvements observed in muscle strength 
are in line with the results of previous studies.15,16,22 
Lun et al.22 recently showed that both isolated hip 
or leg strengthening exercises improve knee pain, 
physical function, and quality of life in patients 
with knee OA. Indeed, there is evidence that 
supervised resistance exercise is beneficial in 
terms of reducing pain, alleviating stiffness, and 
improving physical function in patients with knee 
OA.23 Our results in clinical outcomes should 
be considered as preliminary and read carefully, 
since this study did not encompass a control 
or comparison group. Without a control group, 

we were unable to determine the effect of the 
intervention versus that of natural course of the 
disease or the placebo effect. Our results may be 
used to inform future randomized controlled trials, 
single or multi-center, that can address these 
limitations and enable further analyses of the 
(cost-) effectiveness of this program for patients 
with knee OA.

Some limitations of this study should be 
acknowledged. Being a feasibility study, we did 
not include a control group, which is a limitation 
with respect to determining the effects of the 
program. Nonetheless, this initial pilot work for 
this particular home-based treatment of patients 
with knee OA generated outcomes that can be 
used to determine the sample size in subsequent 
randomized controlled studies aiming to ascertain 
the positive findings of this study. We enrolled 
mainly females, thus our results could not exclude 
any different responses from males.

In conclusion, this four-week home-based 
therapeutic exercise program for individuals with 
OA of the knee is safe, well-accepted, and feasible. 
The preliminary results show overall increases 
in pain, functional mobility, muscle strength, 
and physical function in over four weeks. Still, 
this promising clinical improvement should be 
interpreted cautiously given the lack of a control 
group and the small sample size.

Acknowledgments

We would like to express our appreciation to the staff 
of the Clinica de Oiã for their kind assistance.

Declaration of conflicting interests

The authors declared no conflicts of interest with 
respect to the authorship and/or publication of this article.

Funding

iBiMED is a research unit supported by the Portuguese 
foundation for Science and Technology (REF: UID/
BIM/04501/2013) and FEDER/Compete2020 funds.

REFERENCES

1.  Roos EM, Arden NK. Strategies for the prevention 
of knee osteoarthritis. Nat Rev Rheumatol 
2016;12:92-101.

2. Bijlsma JW, Knahr K. Strategies for the prevention 
and management of osteoarthritis of the hip and knee. 



301Home-Based Exercise and Osteoarthritis

Best Practice & Research Clinical Rheumatology 
2007;21:59-76.

3. Cruz-Almeida Y, King CD, Goodin BR, Sibille KT, 
Glover TL, Riley JL, Sotolongo A, Herbert MS, 
Schmidt J, Fessler BJ, Redden DT, Staud R, Bradley 
LA, Fillingim RB. Psychological profiles and pain 
characteristics of older adults with knee osteoarthritis. 
Arthritis Care and Research 2013;65:1786-1794.

4.  Lizis P. Effect of spa physiotherapy on the range 
of motion and muscle strength in women with 
gonarthrosis. Ann Agric Environ Med 2013;20:784-6.

5.  McAlindon TE, Bannuru RR, Sullivan MC, Arden 
NK, Berenbaum F, Bierma-Zeinstra SM, et al. OARSI 
guidelines for the non-surgical management of knee 
osteoarthritis. Osteoarthritis Cartilage 2014;22:363-88.

6.  Brakke R, Singh J, Sullivan W. Physical therapy in 
persons with osteoarthritis. PM R 2012;4:S53-8.

7.  Bennell KL, Hinman RS. A review of the clinical 
evidence for exercise in osteoarthritis of the hip and 
knee. J Sci Med Sport 2011;14:4-9.

8.  Pisters MF, Veenhof C, Schellevis FG, Twisk JW, 
Dekker J, De Bakker DH. Exercise adherence 
improving long-term patient outcome in patients with 
osteoarthritis of the hip and/or knee. Arthritis Care 
Res (Hoboken) 2010;62:1087-94.

9. Fransen M, McConnell S, Harmer AR, Van 
der Esch M, Simic M, Bennell KL. Exercise for 
osteoarthritis of the knee. Cochrane Database Syst 
Rev 20159;1:CD004376.

10. Good M, Stiller C, Zauszniewski JA, Anderson GC, 
Stanton-Hicks M, Grass JA. Sensation and Distress of 
Pain Scales: reliability, validity, and sensitivity. J Nurs 
Meas 2001;9:219-38.

11. Podsiadlo D, Richardson S. The timed “Up & Go”: 
a test of basic functional mobility for frail elderly 
persons. J Am Geriatr Soc 1991;39:142-8.

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

13. Ruhe A, Fejer R, Walker B. Center of pressure 
excursion as a measure of balance performance in 
patients with non-specific low back pain compared to 
healthy controls: a systematic review of the literature. 
Eur Spine J 2011;20:358-68.

14. Gonçalves RS, Cabri J, Pinheiro JP, Ferreira PL, 
Gil J. Reliability, validity and responsiveness of 
the Portuguese version of the Knee injury and 
Osteoarthritis Outcome Score--Physical Function 

Short-form (KOOS-PS). Osteoarthritis Cartilage 
2010;18:372-6.

15. Bruce-Brand RA, Walls RJ, Ong JC, Emerson BS, 
O’Byrne JM, Moyna NM. Effects of home-based 
resistance training and neuromuscular electrical 
stimulation in knee osteoarthritis: a randomized 
controlled trial. BMC Musculoskelet Disord 
2012;13:118.

16. Steinhilber B, Haupt G, Miller R, Boeer J, Grau S, 
Janssen P, et al. Feasibility and efficacy of an 8-week 
progressive home-based strengthening exercise 
program in patients with osteoarthritis of the hip 
and/or total hip joint replacement: a preliminary trial. 
Clin Rheumatol 2012;31:511-9.

17.  van Gool CH, Penninx BW, Kempen GI, Rejeski 
WJ, Miller GD, van Eijk JT, et al. Effects of exercise 
adherence on physical function among overweight 
older adults with knee osteoarthritis. Arthritis Rheum 
2005;53:24-32.

18. Chaipinyo K, Karoonsupcharoen O. No difference 
between home-based strength training and home-
based balance training on pain in patients with knee 
osteoarthritis: a randomised trial. Aust J Physiother 
2009;55:25-30.

19. Kelly AM. Does the clinically significant difference in 
visual analog scale pain scores vary with gender, age, 
or cause of pain? Acad Emerg Med 1998;5:1086-90.

20. Al-Khlaifat L, Herrington LC, Hammond A, Tyson 
SF, Jones RK. The effectiveness of an exercise 
programme on knee loading, muscle co-contraction, 
and pain in patients with medial knee osteoarthritis: 
A pilot study. Knee 2016;23:63-9.

21. Jansen MJ, Viechtbauer W, Lenssen AF, Hendriks 
EJ, de Bie RA. Strength training alone, exercise 
therapy alone, and exercise therapy with passive 
manual mobilisation each reduce pain and disability in 
people with knee osteoarthritis: a systematic review. 
J Physiother 2011;57:11-20.

22. Lun V, Marsh A, Bray R, Lindsay D, Wiley P. Efficacy 
of Hip Strengthening Exercises Compared With Leg 
Strengthening Exercises on Knee Pain, Function, and 
Quality of Life in Patients With Knee Osteoarthritis. 
Clin J Sport Med 2015;25:509-17.

23. Gielen S, Erbs S, Linke A, Möbius-Winkler S, Schuler 
G, Hambrecht R. Home-based versus hospital-based 
exercise programs in patients with coronary artery 
disease: effects on coronary vasomotion. Am Heart 
J 2003;145:E3.


