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Abstract

Background: Clinical guidelines recommend exercise as a core treatment for individuals with knee osteoarthritis
(OA). However, the best type of exercise for clinical benefits is not clear, particularly in different OA subgroups.
Obesity is a common co-morbidity in people with knee OA. There is some evidence suggesting that non-weight
bearing exercise may be more effective than weight bearing exercise in patients with medial knee OA and obesity.

Methods: To compare the efficacy of two different exercise programs (weight bearing functional exercise and non-
weight bearing quadriceps strengthening) on pain and physical function for people ≥50 years with painful medial
knee OA and obesity (body mass index ≥30 kg/m2) 128 people in Melbourne, Australia will be recruited for a two
group parallel-design, assessor- and participant-blinded randomised controlled trial. Participants will be randomly
allocated to undertake a program of either weight bearing functional exercise or non-weight bearing quadriceps
strengthening exercise. Both groups will attend five individual sessions with a physiotherapist who will teach,
monitor and progress the exercise program. Participants will be asked to perform the exercises at home four times
per week for 12 weeks. Outcomes will be measured at baseline and 12 weeks. Primary outcomes are self-reported
knee pain and physical function. Secondary outcomes include other measures of knee pain, physical function,
quality-of-life, participant-perceived global change, physical performance, and lower limb muscle strength.

Discussion: This study will compare the efficacy of two different 12-week physiotherapist-prescribed, home-
based exercise programs for people with medial knee OA and obesity. Findings will provide valuable information to
help inform exercise prescription in this common OA patient subgroup.

Trial registration: Australian New Zealand Clinical Trials Registry reference: ACTRN12617001013358, 14/7/2017
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Background
Knee osteoarthritis (OA), predominantly affecting the
medial tibiofemoral compartment, is a major public
health problem [1, 2]. Pain is a dominant characteristic,
becoming persistent and more limiting as the disease
progresses, resulting in reduced physical function and
quality-of-life and often, costly joint replacement surgery
[3]. Obesity is a common co-morbidity in individuals
with knee OA and is an established risk factor for dis-
ease progression [4–8]. With the significant personal, so-
cial and economic burden of OA well documented [3,
9], targeted effective conservative treatments for people
at high risk of disease progression, such as those with
concomitant obesity, are needed to reduce this burden.
Exercise therapy relieves knee pain at all stages of OA

[10]. Although similar in magnitude to common drug
treatments, effect sizes for exercise are modest [10]. This
may be because randomised controlled trials (RCT) have
generally used a “one-size-fits-all” approach to exercise
prescription, and have not tailored exercise according to
clinical presentation, resulting in attenuation of treat-
ment effects. Our previous study [11] provides prelimin-
ary evidence supporting this premise. We compared two
different types of exercise programs, weight bearing
neuromuscular and non-weight bearing quadriceps
strengthening, in individuals with medial knee OA.
Modest improvements in pain with both programs were
not significantly different between the two. However, ex-
ploratory post-hoc analyses showed that people with
obesity (body mass index ≥30 kg/m2) had different pain
relieving responses from the two exercise programs [12].
Specifically, a greater benefit for pain was found with a
non-weight bearing quadriceps exercise program than
with a weight bearing program. These hypothesis-
generating findings suggest that individuals with medial
knee OA and obesity may require specific types of exer-
cise in order to maximise outcomes.
The mechanism(s) underpinning a potential greater

benefit from non-weight bearing exercise than with
weight bearing exercise in this OA patient subgroup is
not clear. One possible biomechanical mechanism may
be attributed to the greater load placed on the knee joint
in individuals with a higher body mass index [13]. Dur-
ing weight bearing activities such as walking, climbing
stairs, getting in and out of a chair forces through the
knee can be 2–3 times body weight [14]. Therefore, the
higher a person’s weight the greater the load placed on
the knee joints during weight bearing activities. High
rates of pain catastrophising, fear avoidance and kinesio-
phobia in obese individuals has also been documented
and may provide another plausible link between higher
reported musculoskeletal symptom severity and obesity
[15, 16]. We speculate that individuals with painful knee
OA and obesity might respond better in terms of pain

and function when completing a non-weight bearing
(lower knee load), less psychologically threatening form
of exercise for their knee OA than a more complex and
physically demanding weight bearing program.
The primary aim of this RCT is to directly compare

the effects of two different home-based exercise pro-
grams, non-weight bearing quadriceps strengthening
and weight bearing functional exercise on pain and
physical function for individuals with medial compart-
ment knee OA and obesity. We hypothesise that
participants who undertake non-weight bearing quad-
riceps strengthening will have greater improvements
in pain and function than those who undertake
weight bearing exercise at 12 weeks. Our secondary
aim is to compare the effectiveness of the two differ-
ent exercise programs on a range of other outcomes
such as other measures of pain, function, health-
related quality-of-life, global change, muscle strength
and physical performance.

Methods/design
Trial design
This protocol is described according to SPIRIT guide-
lines for clinical trials [17]. The TARGET trial is a two-
arm parallel-groups design, assessor- and participant-
blinded RCT. Reporting of the trial will comply to CON-
SORT [18, 19] and TIDieR [20] guidelines. Fig. 1 out-
lines the RCT phases. The trial will be conducted at The
University of Melbourne over 2 years. Assessments will
be performed at baseline and 12 weeks.

Participants
A total of 128 participants aged ≥50 years with painful
medial knee OA and obesity (body mass index (BMI) ≥
30 kg/m2) will be recruited from the community in
Melbourne, Australia. Potential participants will be iden-
tified by: (1) mail out or emails sent to research volun-
teers on existing databases who have consented to be
contacted, (2) flyers or posters placed on the notice
boards of local clubs, on waiting room walls in medical,
radiology or private physiotherapy clinics, (3) paid adver-
tisements or free postings on Facebook, (4) local and
major newspaper advertisements, and (5) radio or televi-
sion interviews with investigators. Participants will be in-
cluded if they:

i) Are aged ≥50 years;
ii) Report knee pain on most days of the past month;
iii) Have had knee pain for 3 months or more;
iv) Report a minimum average overall pain severity of

4 on an 11-point numeric rating scale (NRS) over
the previous week;

v) Demonstrate tibiofemoral osteophytes on x-ray;
vi) Are obese (BMI ≥ 30 kg/m2);
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vii) Have a mobile phone that has text messaging
functionality and are happy to receive text message
reminders if required during the study.

Exclusion criteria will include:

i) Lateral joint space narrowing greater than or equal
to medial joint space narrowing on x-ray according
to a radiographic atlas [21] (where Grade 0 = no
narrowing, 1 = mild narrowing, 2 = moderate
narrowing, 3 = severe narrowing);

ii) Knee surgery/joint injection in past 6 months or
planned surgery in the next 9 months;

iii) Current or past (4 weeks) oral corticosteroids
use;

iv) Systemic arthritic conditions;
v) Past knee fracture or malignancy;
vi) Past hip/knee joint replacement/tibial osteotomy;

vii) Other condition currently affecting lower limb
function;

viii)Participation in knee strengthening or
neuromuscular/functional exercise in past 6 months
or planning to start exercise in next 9 months;

ix) Unable to walk unaided;
x) Unable to commit to study requirements.

Procedures
Volunteers will undergo screening via an online survey,
followed by telephone screening, to ensure eligibility.
Potentially suitable volunteers will then be invited to
undergo radiographic screening. If participants have a
suitable weight bearing knee x-ray from the past 12
months, this can be used for screening. If participants
do not have a suitable recent x-ray, they will be invited
to have a new knee x-ray taken.

Fig. 1 Participant flow through the randomised controlled trial
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Baseline and follow-up assessments (completed at the
Department of Physiotherapy in the University of Mel-
bourne) will be conducted by the same assessor blinded
to exercise group allocation. Participants will visit a
physiotherapist five times over the 12-week intervention.
Only one knee will be the focus of treatment and evalu-
ation. For participants with bilateral symptoms, the most
symptomatic eligible knee, will be nominated. In cases
where bilateral knees are equally symptomatic, the right
knee will be nominated. Participants will be advised to
continue with their usual medication during the trial.
Regular study newsletters and Christmas cards will be
sent to help with participant retention. Ethical approval
has been obtained from the Human Research Ethics
Committee of the University of Melbourne (HREC No.
1544919) and all participants will provide written in-
formed consent.

Data collection and management
Data will be obtained via online questionnaires (or
paper-based if requested). Data will be stored in secure
electronic databases and de-identified. Some data (i.e.
Physiotherapists’ treatment notes) will be stored either
in hard copy or electronically on the premises of the
treating physiotherapist. Offsite storage will be in ac-
cordance with the protocols for maintaining security and
privacy of data and will be password protected. Once
completed, the notes will be mailed/emailed to re-
searchers to be stored securely. All authors will have ac-
cess to the final trial dataset.

Randomisation allocation concealment and blinding
Randomisation will occur according to a 1: 1 allocation
ratio and be stratified by combination of study physio-
therapist and their physiotherapy clinic (two physiother-
apists worked at two separate clinics each). On
completion of baseline assessment at The University of
Melbourne, participants will be randomly allocated into
one of the two interventions groups: i) non-weight bear-
ing quadriceps strengthening exercise program (NWBE);
or ii) weight bearing functional exercise program (WBE).
The randomisation schedule will be computer gener-

ated, using random permuted blocks of sizes 6 to 12, by
a person not involved in recruitment of participants.
The randomisation schedule will only be accessed via a
password-protected computer program. The person
who will determine if a potential participant is eligible
for inclusion in the trial will be unaware, when this de-
cision is made, as to which group the participant will
be allocated.
Participants will be blinded to study hypotheses and in-

formed that we are comparing two different exercise pro-
grams for people with knee OA. We will not disclose
details of either exercise program prior to randomisation.

After randomisation, participants will only be provided
with details of the exercise program they will be
undertaking.
The person administering physical function outcomes

assessment will be blinded. As questionnaire-based out-
comes are self-reported, and participants are blinded,
this study is also considered assessor blinded. The per-
son performing the statistical analyses will be blinded.
Group allocation can be immediately unblinded if

deemed necessary by the Chief Investigator in the case
of any unexpected adverse events related to the study.

Interventions
Seven physiotherapists in seven private practices at
various locations throughout Melbourne, Australia will
deliver both interventions. The physiotherapists have an
average of 15.1 (range 6–28) years of clinical experience
since qualification and 10.6 (range 3–23) years of post-
graduate clinical musculoskeletal experience. Six (85%)
have formal postgraduate Masters qualifications in
sports or manipulative/musculoskeletal therapy. All
physiotherapists will attend a 4-h training session and
be provided with a treatment manual describing the in-
terventions. Regular telephone meetings will be con-
ducted with the physiotherapists to reinforce the
protocol and discuss any study issues. This will help to
ensure similar treatment administration among the
therapists. Weights and elastic bands will be provided
to the physiotherapist to give to the study participants.
Participants in both groups will visit a physiotherapist

for an individual session five times over 12 weeks (ap-
proximately study weeks 1, 2, 4, 7 and 10). Each session
will last 30–40min. In our previous study, participants
visited the physiotherapist on 14 occasions over 12
weeks [11]. However we reduced this to five sessions in
the current study for several reasons. First, informal
feedback from participants was that the number of ses-
sions was excessive. Second, our other exercise studies
in patients with knee OA have shown comparable adher-
ence with fewer sessions [22, 23]. Third, five sessions is
a more realistic number to generalise to real life clinical
practice. The physiotherapist will teach the participant
an exercise program which they will be asked to perform
at home four times per week. At the scheduled sessions,
the physiotherapist will conduct a brief reassessment to
determine progress and any adverse effects and will
watch the participant complete the program in order to
review and correct quality and form of exercise perform-
ance. Findings will help determine physiotherapists’
decision-making regarding progression or modification
of the exercises. Participants will be asked to record
their exercise completions in a log book. The physio-
therapists will check the participants’ log book and set
goals/targets to help maintain adherence and motivation.
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Both groups will also receive a one-page sheet providing
information about OA.

Non-weight bearing quadriceps strengthening exercise
program (NWBE)
The aim of the non-weight bearing quadriceps strength-
ening exercise program (NWBE) is to improve the
strength of the quadriceps. The program consists of ex-
ercises performed in sitting or supine where the partici-
pant is not bearing their body weight through the
affected lower limb (Additional file 1) and is based on
those used in our previous RCT’s [11, 24, 25].
Participants will be provided with adjustable ankle cuff

weights (0.65 kg to 10 kg) and elastic resistance bands.
They will commence the program with two sets of ten
repetitions for each exercise for the first 2 weeks and
progress to three sets thereafter or as quickly as able.
The starting weight will be the participant’s 10-
repetition maximum weight or determined by the partic-
ipant’s level of effort aiming for between 5 and 8 out of
10 (hard to very hard) on the modified Borg Rating of
Perceived Exertion CR-10 scale for strength training
[26]. Participants will be instructed that each exercise
should be performed slowly in a controlled manner. Pro-
gression will be guided by the physiotherapist at regular
intervals with adjustments to participants’ ankle weights
or elastic resistance bands. Participants will also be en-
couraged to increase the weights (0.5 kg at a time) for
each exercise if they feel the exercise is ‘easier to
complete’ compared to the beginning of that week. The
end position of each exercise is to be held initially for 5
s and then increased to 10 s.
Participants will be advised that the exercises should

be performed within a tolerable level of pain. Some dis-
comfort is expected, but by the next day pain should
subside to usual levels with no increase in knee swelling
following the exercise session. If the physiotherapist feels
that a particular exercise is exacerbating the participant’s
pain, then the physiotherapist may reduce the resistance,
dosage and/or level of exercise until the pain aggravation
settles. If joint swelling or increased pain lasting more
than 1 day occurs, the program should be modified by
reducing the intensity, frequency and/or number of rep-
etitions by half. If pain or swelling is excessive and the
therapist deems it appropriate, the exercise program can
be ceased for a period of time.

Weight bearing functional exercise program (WBE)
This program incorporates neuromuscular exercises.
The aim is to functionally strengthen the lower limb
muscles, improve trunk/lower limb joint alignment and
quality of movement performance. The exercises are
based on those used in our previous RCT [11, 25]. The
five exercises and their progressions are described in

detail in Additional file 1. Participants will be provided
with an adjustable step (10 cm to 15 cm height), foam
mat, and elastic resistance bands.
A major emphasis is on the quality of performance of

each exercise. Participants will be instructed to maintain
alignment of the pelvis and trunk in the frontal plane
(avoid pelvic drop and trunk lateral flexion) and to neu-
trally align their knee (position the knee over the foot as
much as possible) throughout the movements. Knee
flexion should not exceed 30° (except when performing
the chair stand exercise) to reduce the risk of increasing
knee pain. Having hand support within easy reach or
using hand support is important for maintaining balance
and quality of performance throughout the movements.
Exercise progression is essential and is determined by
the physiotherapist, based on a combination of the par-
ticipant’s pain and rating of perceived exertion score for
each exercise (at least 5 out of 10 on a modified Borg
Rating of Perceived Exertion CR-10 scale [26]) and the
physiotherapist’s assessment of the quality of the exer-
cise performance. Exercises should be performed within
a tolerable level of pain as per the method outlined for
the non-weight bearing exercise program. Progressions
will occur by increasing resistance, changing stance sur-
face, and/or varying the repetitions, direction, and speed
of movements. Some participants may not reach the
final level of each exercise depending on their rate of
progression.

Measures
Table 1 outlines the outcomes being measured, and the
time-points for measurement. The primary outcomes
are person-centred, reliable and valid measures recom-
mended for knee OA trials [27, 28].

Descriptive data
Age, gender, duration of knee OA symptoms, previous
treatments, current symptoms in other joints, medical
history, medication use, current employment status and
expectation of treatment outcome will be obtained at
baseline by questionnaire. Measures of height and body
mass will also be collected in the laboratory and body
mass index will be calculated. Radiographic disease se-
verity will be assessed using the Kellgren and Lawrence
grading system [29].

Primary outcomes

Pain Overall average pain severity in the past week will
be measured via an 11-point NRS with terminal descrip-
tors of ‘no pain’ (score 0) and ‘worst pain possible’
(score 10) [30].
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Table 1 Schedule of enrolment, interventions, and assessments

BMI Body Mass Index, NRS numeric rating scale, WOMAC Western Ontario and McMaster Universities Osteoarthritis Index, KOOS Knee Injury and Osteoarthritis
Outcome Score, AQoL 6D Assessment of Quality of Life Instrument, EARS Exercise Adherence Rating Scale
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Physical function The Western Ontario and McMaster
Universities (WOMAC) Osteoarthritis Index (Likert ver-
sion 3.1) [31] will be used to measure limitations with
physical functioning over the past week. This is a self-
report, disease-specific instrument with established val-
idity, reliability and responsiveness [32]. The physical
function subscale contains 17 questions with Likert re-
sponse options ranging from 0 (none) to 4 (extreme).
WOMAC scores will be extracted from the Knee Injury
and Osteoarthritis Outcome Score (KOOS) [33] ques-
tionnaire, which contains the WOMAC questions. Total
scores range from 0 to 68, with higher scores indicating
worse function.

Secondary outcomes
Walking pain Average knee pain severity on walking in
the past week will be measured with an 11-point NRS
with terminal descriptors of ‘no pain’ (score 0) and
‘worst pain possible’ (score 10) [30].

Pain subscale of the KOOS This is scored using nine
questions about knee pain experienced in the last week,
with Likert response options from None to Extreme
[33]. Scores range from 0 to 100 with lower scores indi-
cating worse pain.

Other symptoms subscale of the KOOS The subscale
is scored using seven questions about knee symptoms
experienced in the last week, with Likert response op-
tions from None to Extreme [33]. Scores range from 0
to 100 with lower scores indicating worse symptoms.

Sport and recreation subscale of the KOOS This is
scored using five questions about difficulty with sport
and recreational activities in the last week, with Likert
response options ranging from None to Extreme [33].
Scores range from 0 to 100 with lower scores indicating
greater difficulty.

Knee-related quality-of-life subscale of the KOOS
This is scored using four questions about knee-related
quality of life experienced in the last week, with Likert
response options ranging from Never to Extreme [33].
Scores range from 0 to 100 with lower scores indicating
lower quality of life.

Global change Using 7-point Likert scales, participants
will rate their change in pain, change in physical func-
tion and change overall since baseline. The terminal de-
scriptors will be ‘much worse’ to ‘much better’ [34].
Participants reporting that they are “moderately better”
or “much better” will be classified as “improved”.

Health-related quality-of-life This will be measured
using the Assessment of Quality of Life – 6-Dimension
(AQoL-6D) [35] which comprises 20 items that assess
independent living, mental health, relationships, pain,
coping and senses. Scores range from − 0.04 to 1.00 with
higher scores indicating better quality-of-life.

Physical performance

� 30-s chair sit-to-stand test: The number of complete
chair stands (up and down = one stand) completed
in 30 s will be counted [36]. Higher scores indicate
greater physical function.

� 40 m fast-paced walk test: The total time taken to
walk 4 × 10 m quickly but safely, excluding turns,
will be expressed as speed in m/s [36]. Higher
walking speeds indicate greater physical function.

� 6-step stair-climb and descent test: The total time
taken to ascend and descend a flight of 6 stairs as
quickly and safely as possible will be measured [37].
Use of one handrail is permitted if required. Shorter
times to complete the test indicate greater physical
function.

� Timed single leg stance: Time able to stand on a
single limb is measured (up to 30 s) [38]. The best of
two repetitions is recorded. Longer times balancing
on the single limb indicate greater balance.

� Four square step test: Time taken to step a full circle
once in each direction while facing forward around
four squares created on the ground by walking sticks
will be measured [39]. The average of two repetitions
is recorded. Shorter times to complete the test
indicate greater physical function.

Muscle strength

� Quadriceps: Maximum voluntary isometric strength
of the knee extensors will be assessed on an isokinetic
dynamometer (HUMAC, CSMI, Boston) with the
knee at 90 degrees of knee flexion [40]. Maximum
torque reached over 3 repetitions of 3 s each will be
recorded and normalised to body mass (Nm/kg).

� Hip abductors: Maximum voluntary isometric
strength of the hip abductors recorded using a
handheld dynamometer (Lafayette Manual Muscle
Test System, Lafayette, Indiana) with the hip in
neutral abduction will be assessed. Average force
from 2 repetitions of 3 s each will be recorded,
converted to torque and normalised to body mass
(Nm/kg) [25, 41].

Additional measures
Co-intervention use Medications for knee pain and
other treatments for knee OA will be recorded at
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baseline and 12 weeks. Participants will complete a
custom-developed table about the frequency of use (over
the past 6 months at baseline and the past 12 weeks at
follow up) of a number of pain and arthritis medications
and co-interventions.

Adverse events These will be ascertained by question-
naire at 12 weeks and defined as any problem that par-
ticipants believe was caused by the exercise program
that required them to seek treatment and/or lasted for
two or more days.

Adherence Adherence to the prescribed home exercise
program will be self-reported and measured in three
ways: i) using an 11-point NRS scale from “strongly dis-
agree” to “strongly agree”, participants will rate to what
extent they agree with three statements (“I have been
doing my exercise sessions 4 times each week as recom-
mended”; “Within each exercise session, I have been
doing all of the exercises recommended (e.g. 5 different
exercises)”; “For each exercise, I have been doing the
number of repetitions recommended (e.g. ten times
each)”); ii) Number of prescribed exercise sessions com-
pleted in the last week measured at 12 weeks with scores
ranging from zero to four; iii) Exercise Adherence Rating
Scale (EARS) Section B [42]. Scores range from 0 to 42,
with higher scores indicating better adherence.

Number of physiotherapy sessions attended This will
be collected from the physiotherapist treatment notes.

Other measures
A range of other measures will be collected for subse-
quent analyses of potential moderators and mediators of
clinical effects. These measures will not be used to de-
termine treatment efficacy. The measures include: phys-
ical activity levels using the Physical Activity Scale for
the Elderly [43]; self-efficacy using the Arthritis Self Effi-
cacy Scale [44]; kinesiophobia measured with the Brief
Fear of Movement Scale for OA [45]; pain catastrophis-
ing using the Pain Catastrophising Scale [46]; emotional
state using the Depression, Anxiety, and Stress Scale
(DASS-21, [47]); number of knee pain zones assessed
using the Photographic Knee Pain Map [48]; pain while
performing exercises assessed using an 11-point NRS;
knee confidence and knee stability each scored on a 5-
point Likert scale.

Trial sample size
The sample size was calculated based on both primary
outcomes of pain and function. For an effect size of 0.5,
power 80% and two-sided significance level 0.05, with a
correlation between pre- and post-measurements of 0.45

for pain [11], 51 participants per arm will be required
(using analysis of covariance including baseline pain
measurement as a covariate). To account for 20% loss to
follow up, sample size will be increased to 64 per arm,
for a total of 128. This gives power of 83% to detect an
effect size of 0.5 for function with a correlation between
pre- and post-measurements of 0.49 [11] and a two-
sided significance level of 0.05.

Statistical analysis
Analyses comparing the two treatment groups will be
performed by the statistician (JK) in a blinded fashion
using all available data from all randomised participants.
Demographic and baseline characteristics of participants
will be summarised as appropriate (means and standard
deviations for continuous variables that appear to be ap-
proximately normally distributed, medians and inter-
quartile ranges for other continuous variables, counts
and percentages for categorical variables) and will be
inspected to assess baseline comparability of treatment
groups. For continuous outcomes, differences in change
will be compared between groups using linear regression
models, adjusted for baseline levels of these outcomes,
including random effects for treating physiotherapist to
account for clustering by physiotherapist. Model as-
sumptions will be assessed using standard diagnostic
plots. For binary outcomes, differences between groups
will be compared using relative risks, calculated from lo-
gistic regression models with random effects for treating
physiotherapist [49]. Should the amount of missing data
for an outcome be such that imputation is required,
multiple imputation will be conducted and the method
reported [50].

Monitoring
Fortnightly meetings will be held between the trial co-
ordinator and the lead investigators to monitor adverse
events, and/or any problems that may arise during the
course of the trial and to review recruitment targets and
timelines. Regular contact between the investigators and
the physiotherapists will monitor any problems arising
with implementation of the interventions.

Dissemination plans
Findings of the RCT will be presented at relevant confer-
ences and published in a relevant peer-reviewed journal.
Participants with knee OA will be provided with a lay
summary of findings. Findings will also be disseminated
through the networks of the Centre for Health, Exercise
and Sports Medicine, and the National Health and Med-
ical Research Council Centre for Research Excellence in
Translational Research in Musculoskeletal Pain.
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Discussion
This trial will provide evidence to show whether there is
a difference in clinical outcomes following two different
types of exercise programs in people with medial knee
OA and concomitant obesity, a common knee OA sub-
group. Specifically, it will either prove or disprove the
hypothesis that greater benefits will be found with non-
weight bearing quadriceps strengthening exercise than
with weight bearing functional exercise when applied to
this group. The study will help inform exercise prescrip-
tion recommendations for people with medial knee OA
and obesity.

Additional file

Additional file 1: NWBE and WBE programs. (DOC 749 kb)

Abbreviations
AQoL 6D: Assessment of Quality of Life Instrument; BMI: Body mass index;
CONSORT: Consolidated Standards of Reporting Trials; DASS-21: Depression,
Anxiety, and Stress Scale; EARS: Exercise Adherence Rating Scale;
HREC: Human Research Ethics Committee; KOOS: Knee Injury and
Osteoarthritis Outcome Score; NRS: Numeric rating scale; NWBE: Non-weight
bearing quadriceps strengthening exercise program; OA: Osteoarthritis;
RCT: Randomised controlled trial; TIDieR: Template for Intervention
Description and Replication; WBE: Weight bearing functional exercise
program; WOMAC: Western Ontario and McMaster Universities Osteoarthritis
Index

Acknowledgements
The study physiotherapists providing the physiotherapy treatments are Andrew
Dalwood, Lynne Kruger, Grant Freckleton, Tim McCoy, James Serong, Nathan
Hickman, and Jonathan Dodd.

Authors’ contributions
KLB, RSH, TVW and PWH conceived the idea for the study and KLB is leading
the trial. KLB and PWH obtained funding for the study. KLB, RSH, TVW, RKN,
BM, JK and PWH designed the trial protocol. KLB and AJK drafted the
manuscript with input from other authors. All authors read and approved the
final manuscript.

Funding
This study is funded by the National Health and Medical Research Council
(NHMRC) Program Grant #1091302. KLB is supported by a National Health
and Medical Research Council Principal Research Fellowship (1058440). PWH
is supported by a National Health and Medical Research Council Senior
Principal Research Fellowship (1102905). NHMRC had no role in the design
of the study and in writing of this manuscript. Further they will have no role
in collection, analysis, and interpretation of data.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Ethical approval has been obtained from the University of Melbourne Human
Research Ethics Committee (HREC No. 1544919). All participants will provide
written informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Centre for Health, Exercise and Sports Medicine, Department of
Physiotherapy, School of Health Sciences, The University of Melbourne,
Melbourne, VIC, Australia. 2School of Public Health and Preventive Medicine,
Monash University, Melbourne, VIC, Australia. 3Centre for Clinical Research
Excellence in Spinal Pain, Injury and Health, School of Health and
Rehabilitation Sciences, The University of Queensland, Brisbane, QLD,
Australia.

Received: 6 November 2018 Accepted: 31 May 2019

References
1. Cross M, Smith E, Hoy D, Nolte S, Ackerman I, Fransen M, Bridgett L,

Williams S, Guillemin F, Hill CL, et al. The global burden of hip and knee
osteoarthritis: estimates from the global burden of disease 2010 study. Ann
Rheum Dis. 2014;73(7):1323–30.

2. Murphy LB, Sacks JJ, Brady TJ, Hootman JM, Chapman DP. Anxiety and
depression among US adults with arthritis: prevalence and correlates.
Arthritis Care Res (Hoboken). 2012;64(7):968–76.

3. Johnson VL, Hunter DJ. The epidemiology of osteoarthritis. Best Pract Res
Clin Rheumatol. 2014;28(1):5–15.

4. Tanamas SK, Wluka AE, Davies-Tuck M, Wang Y, Strauss BJ, Proietto J, Dixon
JB, Jones G, Forbes A, Cicuttini FM. Association of weight gain with incident
knee pain, stiffness, and functional difficulties: a longitudinal study. Arthritis
Care Res (Hoboken). 2013;65(1):34–43.

5. Sandmark H, Hogstedt C, Lewold S, Vingard E. Osteoarthrosis of the knee in
men and women in association with overweight, smoking, and hormone
therapy. Ann Rheum Dis. 1999;58(3):151–5.

6. Messier SP, Gutekunst DJ, Davis C, DeVita P. Weight loss reduces knee-joint
loads in overweight and obese older adults with knee osteoarthritis.
Arthritis Rheum. 2005;52(7):2026–32.

7. Messier SP. Obesity and osteoarthritis: disease genesis and
nonpharmacologic weight management. Med Clin North Am. 2009;93(1):
145–59, xi-xii.

8. Ackerman IN, Kemp JL, Crossley KM, Culvenor AG, Hinman RS. Hip and knee
osteoarthritis affects younger people, too. J Orthop Sports Phys Ther. 2017;
47(2):67–79.

9. Hoy DG, Smith E, Cross M, Sanchez-Riera L, Buchbinder R, Blyth FM, Brooks
P, Woolf AD, Osborne RH, Fransen M, et al. The global burden of
musculoskeletal conditions for 2010: an overview of methods. Ann Rheum
Dis. 2014;73(6):982–9.

10. Fransen M, McConnell S, Harmer AR, Van Der Esch M, Simic M, Bennell KL.
Exercise for osteoarthritis of the knee: a Cochrane systematic review. Br J
Sports Med. 2015;49(24):1554–7.

11. Bennell KL, Kyriakides M, Metcalf B, Egerton T, Wrigley TV, Hodges PW, Hunt
MA, Roos EM, Forbes A, Ageberg E, et al. Neuromuscular versus quadriceps
strengthening exercise in patients with medial knee osteoarthritis and varus
malalignment: a randomized controlled trial. Arthritis Rheumatol. 2014;66(4):
950–9.

12. Bennell KL, Dobson F, Roos EM, Skou ST, Hodges P, Wrigley TV, Kyriakides M,
Metcalf B, Hunt MA, Hinman RS. Influence of biomechanical characteristics
on pain and function outcomes from exercise in medial knee osteoarthritis
and Varus malalignment: exploratory analyses from a randomized controlled
trial. Arthritis Care Res (Hoboken). 2015;67(9):1281–8.

13. Lee R, Kean WF. Obesity and knee osteoarthritis. Inflammopharmacology.
2012;20(2):53–8.

14. Korner J, Eberle MA. An update on the science and therapy of obesity and
its relationship to osteoarthritis. Curr Rheumatol Rep. 2001;3(2):101–6.

15. Vincent HK, Adams MC, Vincent KR, Hurley RW. Musculoskeletal pain, fear
avoidance behaviors, and functional decline in obesity: potential
interventions to manage pain and maintain function. Reg Anesth Pain Med.
2013;38(6):481–91.

16. Zdziarski LA, Wasser JG, Vincent HK. Chronic pain management in the obese
patient: a focused review of key challenges and potential exercise solutions.
J Pain Res. 2015;8:63–77.

17. Chan AW, Tetzlaff JM, Altman DG, Laupacis A, Gotzsche PC, Krleza-Jeric K,
Hrobjartsson A, Mann H, Dickersin K, Berlin JA, et al. SPIRIT 2013 statement:
defining standard protocol items for clinical trials. Ann Intern Med. 2013;
158(3):200–7.

Bennell et al. BMC Musculoskeletal Disorders          (2019) 20:291 Page 9 of 10

https://doi.org/10.1186/s12891-019-2662-5


18. Boutron I, Moher D, Altman DG, Schulz KF, Ravaud P. Extending the
CONSORT statement to randomized trials of nonpharmacologic treatment:
explanation and elaboration. Ann Intern Med. 2008;148(4):295–309.

19. Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated
guidelines for reporting parallel group randomised trials. J Pharmacol
Pharmacother. 2010;1(2):100–7.

20. Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher D, Altman
DG, Barbour V, Macdonald H, Johnston M, et al. Better reporting of
interventions: template for intervention description and replication (TIDieR)
checklist and guide. BMJ. 2014;348:g1687.

21. Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K, Christy W, Cooke
TD, Greenwald R, Hochberg M. Development of criteria for the classification
and reporting of osteoarthritis. Classification of osteoarthritis of the knee.
Diagnostic and Therapeutic Criteria Committee of the American
Rheumatism Association. Arthritis Rheum. 1986;29(8):1039–49.

22. Bennell KL, Campbell PK, Egerton T, Metcalf B, Kasza J, Forbes A, Bills C, Gale
J, Harris A, Kolt GS, et al. Telephone coaching to enhance a home-based
physical activity program for knee osteoarthritis: a randomized clinical trial.
Arthritis Care Res (Hoboken). 2017;69(1):84–94.

23. Bennell KL, Nelligan R, Dobson F, Rini C, Keefe F, Kasza J, French S, Bryant C,
Dalwood A, Abbott JH, et al. Effectiveness of an internet-delivered exercise
and pain-coping skills training intervention for persons with chronic knee
pain: a randomized trial. Ann Intern Med. 2017;166(7):453–62.

24. Lim BW, Hinman RS, Wrigley TV, Sharma L, Bennell KL. Does knee
malalignment mediate the effects of quadriceps strengthening on knee
adduction moment, pain, and function in medial knee osteoarthritis? A
randomized controlled trial. Arthritis Care Res. 2008;59(7):943–51.

25. Bennell KL, Egerton T, Wrigley TV, Hodges PW, Hunt M, Roos EM, Kyriakides
M, Metcalf B, Forbes A, Ageberg E, et al. Comparison of neuromuscular and
quadriceps strengthening exercise in the treatment of varus malaligned
knees with medial knee osteoarthritis: a randomised controlled trial
protocol. BMC Musculoskelet Disord. 2011;12:276.

26. Borg G, Ljunggren G, Ceci R. The increase of perceived exertion, aches and
pain in the legs, heart rate and blood lactate during exercise on a bicycle
ergometer. Eur J Appl Physiol Occup Physiol. 1985;54(4):343–9.

27. Messier SP, Callahan LF, Golightly YM, Keefe FJ. OARSI clinical trials
recommendations: design and conduct of clinical trials of lifestyle diet and
exercise interventions for osteoarthritis. Osteoarthr Cartil. 2015;23(5):787–97.

28. Fitzgerald GK, Hinman RS, Zeni J Jr, Risberg MA, Snyder-Mackler L, Bennell
KL. OARSI clinical trials recommendations: design and conduct of clinical
trials of rehabilitation interventions for osteoarthritis. Osteoarthr Cartil. 2015;
23(5):803–14.

29. Kellgren JH, Jeffrey MR, Ball J. The epidemiology of chronic rheumatism: atlas
of standard radiographs, vol. volume 2. Oxford: Blackwell Scientific; 1963.

30. Farrar JT, Young JP Jr, LaMoreaux L, Werth JL, Poole RM. Clinical importance
of changes in chronic pain intensity measured on an 11-point numerical
pain rating scale. Pain. 2001;94(2):149–58.

31. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW.
Validation study of WOMAC: a health status instrument for measuring
clinically important patient relevant outcomes to antirheumatic drug
therapy in patients with osteoarthritis of the hip or knee. J
Rheumatol. 1988;15(12):1833–40.

32. McConnell S, Kolopack P, Davis AM. The Western Ontario and McMaster
universities osteoarthritis index (WOMAC): a review of its utility and
measurement properties. Arthritis Rheum. 2001;45(5):453–61.

33. Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD. Knee injury
and osteoarthritis outcome score (KOOS)--development of a self-
administered outcome measure. J Orthop Sports Phys Ther. 1998;
28(2):88–96.

34. ten Klooster PM, Drossaers-Bakker KW, Taal E, van de Laar MA. Patient-
perceived satisfactory improvement (PPSI): interpreting meaningful change
in pain from the patient's perspective. Pain. 2006;121(1–2):151–7.

35. Osborne RH, Hawthorne G, Lew EA, Gray LC. Quality of life assessment in
the community-dwelling elderly: validation of the assessment of quality of
life (AQoL) instrument and comparison with the SF-36. J Clin Epidemiol.
2003;56(2):138–47.

36. Dobson F, Hinman RS, Roos EM, Abbott JH, Stratford P, Davis AM,
Buchbinder R, Snyder-Mackler L, Henrotin Y, Thumboo J, et al. OARSI
recommended performance-based tests to assess physical function in
people diagnosed with hip or knee osteoarthritis. Osteoarthr Cartil. 2013;
21(8):1042–52.

37. Bennell K, Dobson F, Hinman R. Measures of physical performance
assessments: self-paced walk test (SPWT), stair climb test (SCT), six-minute
walk test (6MWT), chair stand test (CST), timed up & go (TUG), sock test, lift
and carry test (LCT), and Car task. Arthritis Care Res. 2011;63(SUPPL. 11):
S350–70.

38. Franchignoni F, Horak F, Godi M, Nardone A, Giordano A. Using
psychometric techniques to improve the balance evaluation systems test:
the mini-BESTest. J Rehabil Med. 2010;42(4):323–31.

39. Dite W, Temple VA. A clinical test of stepping and change of direction to
identify multiple falling older adults. Arch Phys Med Rehabil. 2002;83(11):
1566–71.

40. Wessel J. Isometric strength measurements of knee extensors in women
with osteoarthritis of the knee. J Rheumatol. 1996;23(2):328–31.

41. Pua YH, Wrigley TW, Cowan SM, Bennell KL. Intrarater test-retest reliability of
hip range of motion and hip muscle strength measurements in persons
with hip osteoarthritis. Arch Phys Med Rehabil. 2008;89(6):1146–54.

42. Newman-Beinart NA, Norton S, Dowling D, Gavriloff D, Vari C, Weinman JA,
Godfrey EL. The development and initial psychometric evaluation of a
measure assessing adherence to prescribed exercise: the exercise adherence
rating scale (EARS). Physiotherapy. 2017;103(2):180–5.

43. Washburn R, Smith K, Jette A. al e: the physical activity scale for the elderly
(PASE): development and evaluation. J Clin Epidemiol. 1993;46:153–62.

44. Lorig K, Chastain RL, Ung E, Shoor S, Holman HR. Development and
evaluation of a scale to measure perceived self-efficacy in people with
arthritis. Arthritis Rheum. 1989;32(1):37–44.

45. Shelby RA, Somers TJ, Keefe FJ, DeVellis BM, Patterson C, Renner JB, Jordan
JM. Brief fear of movement scale for osteoarthritis. Arthritis Care Res
(Hoboken). 2012;64(6):862–71.

46. Osman A, Barrios FX, Gutierrez PM, Kopper BA, Merrifield T, Grittmann L. The
pain catastrophizing scale: further psychometric evaluation with adult
samples. J Behav Med. 2000;23(4):351–65.

47. Henry JD, Crawford JR. The short-form version of the depression anxiety
stress scales (DASS-21): construct validity and normative data in a large non-
clinical sample. Br J Clin Psychol. 2005;44(2):227–39.

48. Elson DW, Jones S, Caplan N, Stewart S, St Clair Gibson A, Kader DF. The
photographic knee pain map: locating knee pain with an instrument
developed for diagnostic, communication and research purposes. Knee.
2011;18(6):417–23.

49. Muller CJ, MacLehose RF. Estimating predicted probabilities from logistic
regression: different methods correspond to different target populations. Int
J Epidemiol. 2014;43(3):962–70.

50. Carpenter JG, Kenward MG. Multiple imputation and its application. West
Sussex: Wiley; 2013.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Bennell et al. BMC Musculoskeletal Disorders          (2019) 20:291 Page 10 of 10


	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	Methods/design
	Trial design
	Participants
	Procedures
	Data collection and management
	Randomisation allocation concealment and blinding
	Interventions
	Non-weight bearing quadriceps strengthening exercise program (NWBE)
	Weight bearing functional exercise program (WBE)

	Measures
	Descriptive data
	Primary outcomes
	Secondary outcomes
	Physical performance
	Muscle strength
	Additional measures
	Other measures

	Trial sample size
	Statistical analysis
	Monitoring
	Dissemination plans

	Discussion
	Additional file
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

